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ORIGINS OP THE TERM VRIL 
The name "woivre" suggests waverings and weavings 

and is the andent European reference to Vril energies. Vril is 
the thready, living, glowing, generative energy which projects 
experiential space and matter. Vril is found strongly densifted 
in the ground. Vril permeates experiential space. Vril distribu­
tion is ordained. Vril threads, cbanneJs, and causeways flood 
and intermingle freely. Human artiB.ce uses special material 
configurations to gain Vril contact. Vril gives viscera-eidetic 
experience. Vril is the living generator of the experiential 
universe. 

CELT. Virol Viria: arm, bracelet, woven 
OE. wabem: to waver 
ON. vafra: to hover about 

veifa: to wave 
OE. waefre: restless, waver 

wefen: 
ME. Virl 

Weven: 
OF. Viriola 
F. Vrille: 

Viril: 

to weave 
Virole Virell V erelle Ferrule 
to move to and fro 

tendril, vine 
potent, enlivening 

Vril does not have a singular appearance. Vril is all eidetic 
content and vision, experience, and consdousness. Vril fila­
mentary presence is the experiential axis. V ril filamentary 
presence is the consdous anchor and ground. Vril threads 
provide the consdous ftrmaments. Vril is the reference struc­
ture of the experiential universe. The discovery of true deep 
eidetic content derives through the glowing black aura. The 
human organism translates easily through the glowing black 
aura. 

Vril appears in thready channels which completely per­
meate the inertialized environment of the apparent world. V ril 
auras impact and dissolve inertial space in concentrated points 
of the environment. 

White ray sheaths mark the inertia-dissolving trails of 
highly accelerated eidetic transactions. Eidetic transactions 
combine natural in V ril sheath displays. Ground sourced white 
ray sheaths are observed. White ray sheaths mark V ril paths. 

~ White ray experience is experience of extreme Vril activity. 
These are dangerous to organismic integrity. Bright raylike 
eidetic transactions are seen passaging through aerial routes. 
V ril threads form the core of each such sheath. Aerial white ray 
sheaths mark Vril transactive paths. 

The world is flooded with eidetic images. The apparent 
world is aVril multi-juncture arrangement of eidetic tenninals. 
Inertial dissolution, fracture, deformation, and distortion, fol­
low V ril eidetic world transactions. 

Vril eidetic worlds project the purity of experience which 
have been called "prana, aura, aether, atmosphere, eloptic, 
orgone". These are viscero-inertial manifestations of a deeper 
experience. Eidetic imagery and its experience is the fullness 
which these indirect descriptions represent. 

Eidetic contact is the key to comprehending archane 
knowledge in total context. The mystics knew that universal 

intelligence permeated every experiential thing. Things not 
known or permitted were relegated to the insensate Vril worlds: 
things forbidden because of our inability to engage them. 
Alchymywas totally dependent upon eidetics for its source and 
operative mode. EideUc energies are surging in the Vril · 
structure. We intersect with them through material contact. 
Eidetic worlds reveal select axial centres which concentrate 
distributed awareness across space axes. 

Vril penetrates and collimates in organisms to release 
sudden eidetic experiences. Projective worlds exist indepen­
dently in absence of projected forms. They may be located 
through their projected materials which respond to their 
presence. 

All materials respond to some degree with the local Vril 
channeJs. All materials are viscera-eidetic when touched. 
Eidetic energies are surging in the Vril space-structure. We 
intersect with them through material contact. Eidetic worlds 
reveal select axial centres which concentrate distributed aware­
ness across space axes. 

Materials are needed for the interception of eidetic knowl­
edge. Materials are the detectors by which eideUc knowledge 
is gleaned. Study of earth batteries, undersea communications, 
and aerial batteries, and lightning rods demanded study of the 
foundation of charge generation from a radionic view. To 
comprehend the differential behavior of metals in lightning rod 
patents one necessarily became engaged in the study from the 
radionic considerations. 

Radionic study alone does not suffice since lightning rods 
and various materials exhibit spedftc behaviors not explained 
through rates. Auric studies also did not explain why magneti­
cally charged lightning rods would shield from lightning strikes. 
Convoluted rod forms exhibited shielding ability equivalent to 
platinum. This equivalence was determined to be analchymycal 
one (D.Winter) and necessary study toward that end was 

engaged. 
In testing minerals and metals for their consdous conduc­

tivity and content I discovered that consistent permeating 
viscero-eidetic impressions come both through free space and 
in direct physical contact Spedal regard for the alignment, 
orientation, and disposition amid the stratified world revealed 
that minerals and metals may be Vril activated in excess of their 
native states. Vril junctures and local deep channels effect 
marked alterations in the viscero-eidetic content transacted 
through tested minerals and metals. 

An arrangement of chemicals, minerals, metals, crystals, 
massive stones, jewels, predous metals, electrical componentry; 
stellar, planetary, solar, and lunar light was secured for empiri­
cal testing. I began by simply approaching each isolated form 
in order to sense all and any subjectively received impressions 
which might be projected from the minerals and metals. 
While in several instances sensate discharges from object to 
body provided some degree of impressional reception touch 
contacts worked best. 

Touch contacts provided viscero-eidetic experiences of 
surprisingly consistent detail and content among tested miner­
als and metals. Charts were made for each experiment. Each 
eidetic world is living and active. Each gives differing co-



existent experiences. These are each balanced and kept in 
withdrawn states by the alien presence of inertial space: unUl 
released again. The powerful transmelding of every potenUal 
Vril eideUc world will fulftll and complete the lost essenUal 
holism of our apparent world. 

Ows is a world devoid of vital quality and essence; a 
pressured world experience where inertial space separates, 
dmtorts, binds, quenches, and limits the synaesthesia! free..tlow 
of eideUc worlds. Merging interpenetrating eidetic Vril worlds 
co-exist. This is experientially ascertained through the use of 
various material contacts and material co~tions. Minerals 
and metals are windows which transact with theh' parent Vril 
eideUc worlds. Vril eidetic experience a1texs considerably in 
various material configuraUons and geometries. 

No progress Js made unUl a detailed study of materials and 
material conftguratious begins. We must touch and handle 
materials m order to determine their eideUc contents. EideUc 
imagery and absorpUve experiences are never forced: they 
must proceed from the substance being examined. 

Such transacUous expand the mind ouly when expert­
mentation is made with regard for the Vril clwmehy in one's 
own district. Alignment of experimental work space with these 
underground Vril clwmels Js absolutely essenUal in making 
these empirical determina.Uons. One must make provision for 
ground access .. The use of a ground rod is highly recom­
mended. Testing materials for eideUc content requires Vril 
contact. 

The experimental arrangement must engage materials 
and material configurations with Vril directly. ExperlmentaUon 
may also proceed in darkened rooms preferably. The "eyes­
closed" method serves Vril sensory system well. 

Numerous patents detailed anomalous acUvities when 
ground connected. These behavims required a concise and 
thorough explanation. I believed that a mysterious founda­
tional reality was responsible for all these systemological 
anomalous phenomena. 

Rods, poles, and towers interconnect Vril concentrations 
in space and in the ground. Specific spaUal poise is required to 
locate and connect space-Vril energies. There are aerial Vril 
points as well as ground V ril points. 

Minerals and metals give Vril eideUc transactions. Grounds 
~ effect special experiential transactions. Material configurations 

give V ril eidetic transaction. Relational material configurations 
. transact Vril eidetic experience. Relational holisms transact 
· V ril eidetic experiences. 

Vril threads supply special ~ound connectivities. Vril 
threads supply special aerial connectivities. V ril ground is 
succession of subterranean material contacts. Vril aerial is 
succession of a uri-celestial V ril thread contacts. V ril thread 
contact is ground. V ril contact is aerial space contact. V ril 
worlds transconnect via threadways. 

Vril extensions transconnect Vril eidetic worlds. Vril 
extensions via material contacts engage regional V ril con-' 
sdousness. Material contacts reveal unsuspected eidetic pres­
ence in local surroundings. Native minerals and metals (min­
eral, metal, aystallodes) permit first order eidetic experiences. 
V ril tufted aurae are experiential. 

Kilner observed auric striaUODS but did not engage 
experienUal translations through those aurae. Inertial glowing 
haloes are ncm-dendritic and non-experiential. Vril designed 
appliances serve seusiUves and ease translatory experiences 
among the eideUc worlds. Spedflc Vril thread discharges 
transact Vril eideUc worlds. Vril thread discharges display 
luminatioDS through traveJSed regions. Vril thread discharges 
)uminate with coloratiODS when impacting inertial space. 

White ray groupings are white ray sheaths which sur­
round Vril thread discharges. Black ray groupings are black ray 
sheaths which surround Vril thread discharges. Vril eideUc 
world experience Js partid.pational sensory communion in 
meta-dimensional regions. Vril eidetic experience surpasses 5-
SeDSOI}' stimulations. Inertial appearance remain primiUve 5-
sensol}' stimulations devoid of eidetic content. 

Inertial Technologies radiate excess inertia. Inertial tech­
nologies collimate inertial space. Extreme inertial technologies 
reveal Vril (Tesla). 

InertialluminatiODS represent no meaniD.gful signal. Vril 
luminations are true hoJisticltght. Vrill..ightgenerationrequires 
only Vril configurational 
ampliflen. 

True Vril aurae engage meaniD.gful eidetic focus of 
consdoumess. Vril Science seeks the dissolution and dmpersal 
of inertiCMauric detritus. 

Vril Science selects and studies ouly eideUc meaningiul 
experienUal engagements. Careful observation of inertio-aurae 
during Vril transactions the contractile response of inertial 
detritus. Inertial detritus is contractile during V ril transaction. 
Vril transaction intensifies and extends Vril striated aurae. Vril 
engagements magnify and expand Vril striations. 

V ril threads tunnels through space and ground. Vril 
threads travel along the ground surface. Vril energy is focussed 
along spectftc points of the ground surface. Vril threadways 
appear glowing eidetic when passaging in and through the 
ground. The eidetic glowing threadways were erroneously 
equated with subterranean water by dowsers. 

V ril threadways are surrounded in eidetic transactions of 
experience. Vril is the very generative source of consdousness. 
To peer into Vril is to experience translations of mind and 
experience. Vril eideUc transactions are not merely the articles 
of sensation. To develop Vril Technology Js to rediscover the 
connective linkage of the universe. To develop Vril Technol­
ogy is to redJscover the deepest experiential communion 
craved by all sentient beings. 

V ril phenomena explain eidetic conditions observed in 
nature. Vril is conducted by all materials which it generates. 
Substances each manifest a specific eidetic node which sur­
rounds their enclosed eidetic glowing V ril threadline. The 
enclosed Vril threadline is the generative source and support 
of the material being studied. V ril pro-aeates upon the basic 
existential eidetic which it fundamentally generates. Vril in­
flects, permutes, and surmounts its own foundations. Each such 
stage is a Vril Template. 

Eidetic contents are spontaneously transmitted through 
Vril articulations. Humanly arranged artistic channels trans­

duce Vril ~adulations directly. With Vril the need for exces-



sive human code is ellminated. Code free channels are found 
in singularly sustained ultra-hannonic sounds. Innate eidetic 
contents and evidence for space-distributed intelligence is 
revealed when monitoring telluric and aerial sounds. The need 
for excessive articulations of code is eradicated through Vril 
modulations. Vril designs its own hieroglyphs. 

Eidetic contents are directly trans~tted to recipients 
through Vril articulated designs. Vril culture consists in absorb­
ing and communingwith pure Vril eidetic contents. Departures 
from the immediacy of the apparent world are easily achieved 
through Vril articulations. Vril threads guide the human organ­
ism into deepest eideUc contents of the Vril World. The Vril 
World is the true World of eidetic content. Auras are translatory 
agencies. , 

Vril power points are sensed throughout the experiential 
spaces. Fixed Vril power points are ordained. Fixed Vril power 
points are found throughout experiential space. Vril points can 
be located in aerial space and ground. Vril power points can be 
interpenetrated by material imposition. Tremendous empathic 
and unexpected energeticmanifestatious are conducted through 
such material interpositions. Vril reacUons define all mysteries. 
Vril presence generates all unexpected conscious activities. 
Vril Science explains all scientiftcally observed anomalies. 

Vril is self-determinate. Vril expresses the sensate quaJi.. 
ties of experience. Vril expresses the insensate realities which 
exceed our immediate experience. Vril is natural intent. Vril 
inflects into new expressions. V ril spontaneously permutes into 
unexpected qualities. Vril is self-generative and self~ustaining. 
Vril generates and permutes itself from nothingness. 
Vril threads generate hieroglyphic connective terminals. Ei­
detic experience translates the human organism by direct 
conduction with Vril dendritic threads. Vril threads establish 
conductive forms in the human organism. Auras extend 
feathery vril inflectional threads. 

Ground Vril concentrations provide the most potent 
interactions yet known. Ground Vril densities achieve dramatic 
effects in both human matched conductions and energeUc 
displays of power. Regional climate is Vril-resonant. Regional 
climate is a complex range of empathic and metaphysical 
transformations. Empathic experience includes the unexpected 
activities of archane universal worlds. Vril ground concentra-

7 tions represent boundaries between metaphysical and inertial 
spaces. 

Human involvement with spedftc elements represent the 
' civilizing activity of Vril. Vril is most powerfully conveyed 

through iron deposits. Vril conduction through carbon repre­
sents another major human resonant axis. The human organ­
ism is largely composed of both elements. Carbon and Iron are 
the major human resonant elements. Most technological 
systemologies employ these very materials at their core. 

Iron lines composed all early telegraph systems. V ril 
conducting iron lines transmit exceptional degrees of clarifted 
eidetic contents alongwith encoded signals. Powerful empathic 
communications through iron telegraph lines continue despite 
removal of artificial activations and signal applications. 

Ground connected artifice necessarily conducts Vril. 
Ground connected artifice and component necessarily be-

comes Vril transactive. Vril threads manifest directionality. Vril 
threads anive at ground surface from the depths of ground or 
space. 

Ground surface is the major experiential interactive zone. 
EideUc manifestations at ground level resemble fountains of 
sensual experience. Empladng ground plates or aerial plates 
forms conductive linkages within the incoming auras. Vril 
eideUc transactions may then become suengthened. Strength­
ened eidetic transactions may become more sensate through 
time. Space is aVril-glowing black dendritic mass. The ground 
surface is traversed with horizontal and vertical Vril threads. 
Sentient experience is derived in and among these Vril-gangJial 
interconnections. 

V ril inflection sites release eidetic transactions. Such sites 
become Vril thread connections through human aid. Vril 
technology is participation with Vril itsel£ Human agency 
cooperates and co-structures with Vril intent. Vril responds to 
human need. Vril generates and sustains human conscious­
ness. 

Vril points release special permutative and generative 
powers. Vril power is released to human benetlt when properly 
detected and joined to appropriate artiftce. Cooperation be­
tween human agency and Vril generates civilization.· Vril 
activations are achieved through Vril Technology. Vril Tech­
nological artifices are driven into V ril active points. Access to 
Vril points releases Vril to the needs of the surface. 

Vril eidetic transactions are experiential spaces. The 
glowing black Vril eidetic node is the fundamental conscious 
state. There are endless Vril Eidetics in the black glowing Vril 
eidetic transactions. Black glowing spaces are the ultimate 
resonant Vril nodes. Certain arrangement provoke the sponta­
neous discharge of eidetic transactions. These discharges 
shudder and pulse into grounded materials. The degree and 
order of eidetic pulsations depends upon the grounded mate­
rials. Eidetic transactions display differentiations when con­
ducted through material boundaries. These ditferentiations 
spontaneously blend, pulsate, discharge, and. interact. 

The interplay of Vril amid natural transactive cavities, 
chambers, vaults, halls, shafts, caverns, ribbings, arches, cellars 
and crypts exceed the Vril active potential of free space. Vril 
labyrinthine arrays are necessary to V ril activations. Eidetic 
attention must be forever upon the natural spaces: geology and 
space. Composite conductoiS ditferentiate Vril through each 
section. Differentiation represents Vril spontaneous self-gen­
eration. 

Eidetic transactions are glowing spaces. Eidetic transac­
tions are not particulate or gaseous. Sensation and awareness 
comes from V ril. V ril eidetic is not inertial eidetic. V ril Eidetic 
projection is experience. 

Vril reactions are seen in every material configuration. 
Vril reaction first alter and influence the mind. Overlands are 
Vril activated each land is known by the qualities which Vril 
emanates through their material composition. Ground material 
determines subterranean Vril differentiations. Vril activates all 
overlying materials, arrangements, and design composites. 

Lamps activate and direct pole eidetic transactions. V ril 
differentiation becomes the predominant feature of material 



configurations. Vril Js self-suftlcient Vril Js spontaneously self­
generating. There is no need to supply artificial interruptions in 
V ril systems. No conelated activities or extra power is required 
in Vril Technology. 

The eidetic transactions of grounded metal reservoiis selt: 
expand. Vril supplies the self-generative process. Spontaneous 
accumulation and dJscharge of eidetic transacUons from 
grounded metal reservoiis is the result ofVril presence. Vril can 
provide impulses and motance. vril is the natural and pure 
energy of the UDiverse. Vril requires no extra applica.Uons to 
express qualities. 

Certain materials are highly eidetic node ray active. The 
chief joy os Vril seusitive individuals Js the experiential quality 
of Vril reactions. EideUc transactions are active experiential 
space. Vril emanates space. The experiential Vril Eidetics in 
which sentient beings exist is Vril- generated. 

Some transmitter designs projected incoming Vril 
threadways deep into the ground. These threadways caused 
response in the deep Vril causeways through which regions are 
referenced and joined. The resulting modulation of potent Vril 
channels produced highly directed transmissions of eideUc 
intent Baron Karl von Reichenbach studied the spontane­
ous luminations of all materials in eidetic space condiUons. 
Inter-eidetic transactions produce luminations. Tesla studied 
the spontaneous appearance and disappearance of electro­
detrital charges in materials. Such detrltal formation is constant 
Eidetic transactions transact with the very Vril space in which 
they are generated. Such pro-creative activities vidence the Vril 
attribute of eideticsurmontage. Radionics studies resistive rates 
and auric interactions. 

Geomancy studied the earth-line matrix of saaed spots 
and leylines. These empirical sciences were both largely 
conftned to surficial e.vamination of phenomena. 

Vril science reveals the deep experiential potentials re­
leases in minerals and metals, material aurae, and local space 
alignments. Vril science is experiential empirical science. Vril 
boundaries are impenetrable. 

Sentient beings access Vril hegemenous related regions 
via material windows. 

The appearance of material substances and the qualities 
and attributes of materials derive from Vril eidetic projections. 

7 Vril worlds project the elements. Substance attributes are 
projections ofVril resonant eidetic worlds. Selt:modifying Vril 

, world permutations alter all elements. Permutations in one V ril 
· world may alter materials in many V ril worlds. 

Neurological sensitivity precedes magneto-electric de­
trital discovery (Galvani). 

V ril eidetic worlds generate speciftc extraordinary miner­
als. Minerals, metals, jewels, and aystals differ in their degree 
of eidetic experience. V ril axial contact is required for eidetic 
transactions. Oft:.angle contacts yield inertially contaminated 
experiences. 

These V ril points suffuse and sustain vitality in the devoid 
apparent world infra-structure. Vril revelations provide short­
cuts through which we achieve futural science. Vril eidetic 
messaging's direct and re-structure human consciousness into 
its deepest potentials. V ril eidetic consciousness breaks the 

inertial bondage to the 5-seusory degenerate perceptive mode. 
Vril thread dynamics seem to proceed in deranged and 

mysterious expressions. The observation of this strange Vril 
thread language does not enjoin the examiner with an eidetic 
experience. Touch contact may quench the activity of certain 
Vril transactors: gaps are required. Vril energy in gaps often 
increases with increasing distance from a design. 

Conscious reference determines experiential content Vril 
Science recognizes only eidetic experience achieved through 
material contacts as accurate experiential reference. Vril Sci­
ence gives an experiential world-view which necessarily cWfers 
from objective models presented durlng the last 500 yean. 

The reality of eideUc transactions through material con­
tads annihilates the validity of our excessive reliance upon 
open-eyed Jnformation. The deep Structure of experiential 
reality is eideUc and Vrilllc in nature: differing from the 5-
seusory experience of the apparent world. 

EideUc experiences are whole world experiences. Spedftc 
groups and families of elements reveal spedftc range and 
quality of eideUc experience and can be selectively used. 
Speciftc groupings and families of elements provide needed 
hardware for V ril Technology. 

Vril eidetic transference is achieved through material 
contact. Vril eideUc experience is entuned through material 
con.ftgurattons and arrangements. Vril eidetic experience in 
most material configurations requires contact. Vril ground 
thread interacUon intensities near speciftc natural materials. 
Vril Technology arranges speciflc strong Vril conductoiS for 
Vril eidetic experience. 

Materials are natural Vril World connectors. Spedftc 
materials permit Vril eidetic experiential correspondence. 
Questing for new Vril high-conductive materials brings new 
experience. V ril eidetic material conductoiS must be carefully 
entuned through special designs. Eidetic entuning devices 
utillze speciflc human Vril-sensitive matter. Vril directs aware­
ness. 

Vril tnsens~te threads are sensed as prickling sensaUons 
when contact is not well-designed. These actions were called 
"electrical" because of certain physiological sensations encoun­
tered when absorbing them. Vril may release inertial detritus 
(charges} in the flesh because of absorbed inertial space. 

Vril eidetic absorption expands consciousness in Vril 
eidetic worlds. Vril eidetic absorption eradicates simple inertia­
sensory blocks. Vril Sdence is discovered via V ril eidetic 
connection. Minerals and metals, material configurations, and 
configurational alignment must be eidetically experienced, 
tested, and utilized. Clustred material structures effect inertia­
sensory constrictions. 

Vril Science is not mechanistic. V ril Sdence is empirical 
and experiential. V ril Sdence discoveiS experiential meanings 
through eidetic contacts. 

V ril Technology designs and arranges experientially 
derived componentry. V ril ganglial threadways remain in 
participating organisms. Vril experiences require place-visita­
tion. V ril experience exalt consciousness and virtue. Vril 
threads are indivisible portions of their parent eidetic worlds. 
Vril threads give trans-regional experience. 



LIGHI'NING RODS 
Vril active geometry is evident in Lightning Rods. The use 

of inexpensive metals in geometric configurations equals the 
use of the more expensive Vril conductive materials. It was 
suggested that these metals are alchymycally equivalent to the 
noble metals (D.Winter). Vril reactivities in multiple metal 
conB.gurations are eidetically equivalent _to those of noble 
metals through geometric reconfigurations and manifolds. 

The purpose ofl.Jghtnmg Rods is to control consciousness 
throughout aVril speciftc region. The protection of a building 
is an ancillary purpose of the Rods. Aerial arrays conduct Vril 
from the ground and permit Vril inflections to be freely 
expressed in space. Eidetic rea.cUons surge in the system. 
Certain designs produced super-radiant non-electric eideUc 
projecUons which escaped from thdr aerials through enormous 
distances. Other designs relied upon the self-determined arUcu­
lations of Vril-threads in the ground to make speciftc contact 
with intended communicants. 

Lightning Rods were once universally accepted as caus­
aUve agents of storms. The use of lightning rods was also 
attended by freakish phenomena which disturbed the country­
side. Lengthy dryspells or excessive rainy seasons provoked 
villagers to fwy. 

Dr. Joseph Priestly desaibes several Vrillic phenomena 
which preceded and attended a severe electrical storm. He 
desaibes much more than a regional electrical event and pays 
especial attention to the inerUo-detrital figures which are 
developed during a Vril surge. 

The historical development of lightning rods came in 
special stages. The use of platinum came fhst as traditional lore. 
Magnets were then employed as special shields. This was 
followed by a period where Galvanic systems were used (metal 
combinations) to service those of modest means. The final 
development include the use of ground stakes and assemblies 
to "draw the fluid". 

These claims are mocked unless suftldent knowledge of 
Vril processes is possessed. Vril process involves tremendously 
powerful insensate radiances. A very small quantity of platinum 
is suftldent to guard against a majority of negative weather 
influences. 

V ril stimulates the enlargement of eidetic transactions. 
~ Materials do not properly reveal their true identity in the aerial 

state. Materials must be grounded in order to reveal their truest 
identity. There are several patents which illustrate the methods 

' of modification used to achieve these results. 
V ril surges in certain materials strongly dissolves and 

agglumerates inertia. The manner in which inertia is attacked, 
penetrated, scattered, and dissolved is material-specific. 
Grounded materials strongly conduct Vril. Material conduc­
tors of V ril emanate specific eidetic transactions. 

Grounded platinum conducts Vril. Vril threads tunnel 
through platinum and release an inertia-repelling eidetic 
transaction.materials which are highly eidetic node ray active. 
Platinum is such a material. Platinum was andently prized for 
its protective functions. Early Lightning Rod designs employed 
Platinum as a rule. Platinum coatings were employed where no 
Platinum was to be had in quantity. 

The worldng class could not afford the protective shield­
ing of Platinum Lightning Rods and relied upon alchymycal 
applications to produce equivalent protective effects in combi­
nations of Zinc, Copper, and Iron. 

When eidetic transactions of· materials combine they 
interblend and may permute. Permutations are not degenerate 
products. Permutations are new and unexpected proportions of 
qualities. Permutations are generated in spedftc material con­
figurations. Conflgurations involve 2 or more materials in 
proximity. Vril stimulates the enlargement of eidetic transac­
tions. Materials do not properly reveal their true identity in the 
aerial state. Materials must be grounded in order to reveal their 
truest identity. There are several patents which illustrate the 
methods of modiflcation used to achieve these results. 

Vril swges in certain materials strongly dJssolves and 
agglumerates inertia. The manner in which inertia is attacked, 
penetrated, scattered, and dissolved is material-specific. 
Grounded materials strongly conduct Vril. Material conduc­
tors ofVril emanate specific eideUc transactions. 

Platinum is such a metal. Grounded platinum conducts 
Vril. Vril threads tunnel through platinum and release an 
inertia-repelling eideUc transaction. Platinum repels inertial 
spaces in the natural environment when conducting Vril. Such 
metals are useful as shields because they through out a powerful 
eidetic extension over large volumes of ground. The mere 
presence of the platinum pole was sufBdent to prevent lightning 
strikes. 

Archane context and the knowledge of correspondency 
are lost when eidetic experiential reality is forgotten. Alchymy 
relies upon eidetic content and experiential potentials. There 
were eidetically active materials which could be synthesized 
(Mei~). 

Lightning rods are V ril eidetic world projectors: magnift­
ers of other worldly presence. Lightning rods do not conduct 
the detritus at all. Lightning rods are projective dissolvers of 
inertial presence. Twisted zinc, copper, and iron composites are 
alchymycally equivalent and effectively as capable of protect­
ing a house as well as a point of pure platinum. 

These remarkable empirically determined truths passed 
unnoticed by most sdentiftc students. This cannot be ex­
plained by simple Galvanic sdence; and is certainly not 
explained by electrical sdence which is unwilling to discuss the 
issue. Inertial sdence rejects all possibility that various metals 
effect special protective qualities from lightning strokes. 

V ril Sdence explains the mysterious variation among 
metals by the empirical discovery that metals project eidetic 
worlds into our own world. The eidetic transaction dispels 
inertial conditions and translates portions of another world into 
our own. All minerals and metals are dimensional windows. 

The magniftcation of their eidetic contents requires skill in 
magnifying the degree of translation. Eidetic translations effect 
dissolutions of the inertial space which they penetrate and 
replace apparent conditions with more beneficial ones as 
designed. World conditions can be transmuted by such means; 
and alchymysts actively engaged in just such activities on a 
regular basis. 

The use of magnets to provide spedal protection against 



lighting was noteworthy (Bryan). Examined from the inertial 
viewpoint such action camwt realistically occur. Physical sci­
ence defines the magnet or lodestone according to polarity and 
symmetry of fteld. Inertial sdence dispenses with the notion 
that magnets can project suitable protective IDfluence across 
vast reaches of space. Emerging Vril eidetic worlds generate 
dramatic effects in inertial space. 

Magnets may be buried in material configurations to 
produce strong eidetic node ray eidetic transactions in the 
sWTOunding space. The use of magnets to provide special 
protection against lighting was a noteworthy chapter in light­
Ding rod development. Burial of magnets with sulfur blocks 
increases the eidetic node ray content and briDp the protective 
condition required (Bryan). These conftguraUous also bring 
detrital currents. Earth batteries can be designed from these 
considerations. 

Metal dust composites alter eidetic node of magnets 
positioned in their midst. Such configurations focus the eidetic 
node ray extension at the poles considerably. This results in 
extension of the eidetic node radiant eidetic node and subse­
quent protective power. Platinum repels inertial spaces in the 
natural environment when conducting Vril. Such metals are· 
useful as shields because they through out a powerful eidetic 
extension over large volumes of ground. The mere presence of 
the platinum pole was su1Bcient to prevent lightning strikes. 

Magnets are also powerfully eidetic. They have been 
employed as shields against all manner of negative IDfluence 
including lightning strikes. Empirical e.vamination of such 
designs (Bryan) reveals that a small magnetic charge is suflldent 
to counteract the conduction ofVril and its subsequent detrital 
products during adverse weather conditions. 

Magnets effect powerfully focussed eidetic transactions. 
The use of magnets in lightning rods effected powerful and 
sharp vertical eidetic transactions. Such sharp focussing of 
specific eidetic content proved capable of scattering and 
dissolving electro-detrital accumulations. 

Anomalies and anomalous activities occur in inertial 
space because of the activity ofVril eidetic world transactions. 
Vril technology and Vril activated technological components 
manifest numerous consistent anomalies in inertial space. 
Emerging Vril eidetic worlds generate dramatic effects in 

7 inertial space." 
Vril inflections precede the appearance oflightningwhich 

, release sudden shockwaves, vorticies, CWTents, waves, and 
other inertial patterns well before charges concentrate and 
lightning flashes. 

Aerial batteries do not derive their electrical outputs from 
"static in the air": most aerial batteries are grounded systems. 
The use of extreme electrical tensions to produce modifled vril 
thread discharges was notable in one designer's wonderful 
schemes (Hettinger). 

Lightning rods were designed for the working class who 
could not afford the expensive protection offered through 
platinum. Designers twisted and convoluted less expensive 
metals in curious topological manners to provide remarkably 
equivalent protective actions {Mitchell). The convolute internal 
structure of these lightning rods may be experimentallyveriftef;l 

as vril eidetic transactors of exceptional effect (Stearns). Twisted 
metallic composites were empirically tested (Row). Several 
designs employed geometrically re-conB.gured common metals 
to achieve special and powerful protection for modest homes 
(Martin, Cole). 

Designers necessarily tested their configurations on tall 
lightning rod "blocks". In this arrangement the inventor would 
counterpoise the test design in order for a "lightning strike" to 
occur. On mountain ledges or exceptional towers these tests 
could prove the validity of claim made toward a patent. H a 
claimed action did not prove to have a validity it was discarded. 
American patents are not granted without workmg models or 
court-examined experimental arrangements. The chiefbeneftt 
of the COMPENDIUM is its validity as a legal document. 

Lightning rods achieved their claimed results. We must 
also recognize that these results were proven true in spedftc 
locaticms: special points where geomant1c topography rules 
results. H platinum does not shield against inertial detritus 
(lighming) then perhaps regard must be made for place, 
aligmnent, and position. It seems obvious that lightning rod 
inventors knew which materials to utilize in each specific 
location. What material configuration would work for one point 
might not hold true in another point. 

Sulfur offers powerful eidetic transactions with tendencies 
to spread outward above the immediate ground. Its eidetic 
world is one which brings images ofbrightsunlight. Experience 
of these realities will convince that sulfur used in this manner 
actually dispels storms by translating a perpetual sunny weather 
pattern into an area. 

Originally intended as the grounded section of a won­
drous lightning rod assembly we see in Bryan's earth batteiy an 
early predecessor of work done by L.Hendershot. Energies 
which powerfully emerge from the ground are dealt with in 
special designs made to absorb and re-direct detrital refuse 
(Barber). Bryan's amazing use of the sulfur block as grounding 
medium is signiftcantly Vrillic. 

Appreciation for the fact that inerUal detritus emerges 
both from the ground and from the sky js mentioned in several 
patents (Lyon). Aerial battery do not simply absorb static 
electricity from the sky: ·they are grounded systems. The 
tendency toward heavy reliance on inertial detritus (rather than 
on V ril transactions) culminates in the designs by Palinscar: 
which required large networks to develop suflldent energies for 
usable power. 

Grounded elevations prove to be no protection against 
electnrinertial detritus at all {ground lightning, aerial lightning) 
when their eidetic transactions are inappropriate. The use of 
isolated copper, isolated zinc, or isolated iron points does not 
provide protectively appropriate eidetic transaction to protect 
against aerial lightning. 

Zinc and iron provide protection against the ground 
detritus; with iron exceeding in ability. Each of these have 
groundward conespondence and do not effect dissolving 
power in the volume of inertial space above. 

Certain material conflgurations enhance Vril transactivity 
and depress inertial detritus. Certain material configurations 
enhance the,inertial detritus and depress the Vrillic transactivity. 



their are designs which release greater eidetic transactivity. 
There are designs which release greater visceral transactivity. 
There are designs which magnify inertial products of many 
varieties. This accounts for the "di1Ierent outputs" of each 
design. This accounts for the "di1Ierent species of electridty" 
noted among di1Ierent devices. 

Designs di1Ier in their ability to "prOduce electridty'': 
there are those which produce varying proportions of "charge 
and tensions". Among the aerial and earth batteries we have 
realized a great many of these species. 

Components and systems successfully operate as valu­
ably agendes of human benefit only when acting as strong Vril 
eidetic transactors. Lightning rods operate as protectors be­
cause they are powerful eidetic transactors. Platinum proved to 
be protective in absence of ground assemblies. Vril eidetic 
transact through platinum explains why lightning and other 
inertial residues avoid such minerals and metals. 

Proper placement and alignment is the essential element 
of design when using platinum (Spratt, Cole). The eidetic world 
projection which emanates from the platinum point gives 
experience of stellar heights and bright clear night skies .•• a 
journey which elevates the mind above the cloud-tops to view 
the opened stellar expanse. 

It is the quality and content of the eidetic experience 
transacted through a material configuration which defies the 
inertial environment. Eidetic transaction dissolves and dis­
perses inertia. Storms are disrupted and scattered by V ril 
eidetic projectors (Reich). The eidetic content of the transactive 
experience is the essential element as regards lightning rods. 

Zinc projects eidetic experience of the subtemmean 
ground It therefore will not be a good sky-lightning protector. 
In combination with platinum however, it proves to be an 
excellent protection against ground lightning. Each material 
configuration must be experimentally discerned from the 
eidetic foundation. Designers empirically required that light­
ning rods be tested Comprehending why they worked as 
specified was electrodynamically problematic. Differing metals 
and foldings do not measurably effect important electrical 
parameters when dealing with lightning. Therefore a far more 
significant foundation was required 

Stationary placements of material configurations alter the 
: entire experiential transaction ofV ril in a region. V ril transmu­

tations do occur with spedftc natural stations. The eidetic world 
, which projects "platinum" may be translated via spedftc 

common minerals and metals in spedal geometric symmetry. 
The success of certain lightning rods employed common metals 
because their eidetic worlds may have matched platinum 
transactions. V ril technology emplaces material configurations 
for the magnification of accessible V ril eidetic transactions. 
Speci.ftcally emplaced material increase V ril eidetic and vis­

ceral experience in a region. 
Aerial emplacement of material terminals must be care­

fully delineated: aerial nodes must be reached and linked 
above grounds. In certain instances aerial and ground junc­
tures may be reached and linked V ril eidetic world experience 
gives the key to meaning and organism wholeness. Natural Vril 
junctions and nodes permeate experiential space. 

Eidetic transactions dissolve, scatter, distort, shear, twist, 
whorl, pattern, shape, geometrlze, impel, and fracture inertial 
space concentrations. Lighting strokes are detrital patterns 
which are the results of inertial concentrations. Detrital accumu­
lations and concentrations self-discharge. 

The cloudbusters of Reich are specialized lightning rods. 
Their inclusion of water chaunels projected potent eidetic node 
rays into sky and space through metal tubes. The enormous 
power of such devices prove their eifectiveness in extending 
Vril threads into space while dispersing aerial inertia. Reich's 
cloud-buster is a spedal Vril projector which requires a spedal 
kind of ground The use of iron BX cable as the grounding line 
into water is signiftcant. Inertial detritus is brought into the 
ground site in a conical concentration which is dangerous to 
those who manage them. Care must be taken to avoid the 
inertial flux which is drawn out of the aerial region being 
''worked upon". 

Lightning rods operate because of Vril eidetic transac­
tions not because of mec:Jmo.inertial dynamics. We do not 
make consideration of received inertial detritus. Inertial tech­
nology is not our goal. We seek the eradication of inertial 
technology. 

Numerous Galvanic circuits occur between natural con­
figurations (off-shore islands). Noticeable Vrillic 
correspondendes among bay-enclosed monuments are note­
worthy (Governer's Island and Bedloe's Island in New York 
Harbor). Powerful shocking aerial currents are sensed emanat­
ing from the copper plating on the Statue of I.Jberty. These 
thready radiations are Vrillic but appear whitish because of 
their dissolving power on surrounding inertial space. 

These thready radiations pass to the adjoining island 
(Governor's Island) and to nearby Robin's Reef (the shell of an 
old abandoned lighthouse). Galvanic sdence explained these 
aerial transactions as auric current exchanges through space. 
Galvani experimental verification ~t such CWTeDts exist. 
Volta could not account for the aerial experience of visceral­
sensations between large dissimilar metal plates. 

The effects of weather vanes on district tone are notice­
able. The emergence of house-protecting sceptres follows the 
long tradition of European talismans. Sceptres placed upon 
homes were numerous in structure and material. These designs 
began to be used to protect against lightning and weather 
conditions. 

Radionically designed sceptres were originally designed 
to protect homes from negative entities and influences; and 
may yet be seen surmounting the towers and parapets of 
Victorian architecture. These bring vitality into homes and 
surrounding districts. 

Human attention is powerfully drawn to these structures 
and components. Their effect upon local weather patterns was 
traditionally accepted. Angry villagers tore down several weather­
vanes when it became apparent that these were bringing 
anomalous weather patterns. 
V ril technology must take care never to configure improperly 
aligned structures. 

The truest function and purpose of I.Jghtning Rod forms 
and rooftop pmamentation is to alter conditions and regional 



climates of consciousness. The foremost Vril potential of 
Lightning Rods is the control of consciousness and the prolif­
eration of positive experiential climates. Weather control is an 
andllary effect of these primary functions. 

Rooftop omamentation has been historically linked to 
spiritual warfare. The placement of sceptres and wands upon 
rooftops has ancient origins. In Tibet these designs are made of 
woven organicmatterwhichgreatlyresemble flat multiple plate 
pancake antennae. These forms ward off and entrap negative 
influences which attempt entry from aerial routes. Special 
design forms have been used in embellishing towers. These 
forms enhance ground Vril contact outward Into other space. 

Gothic Cathedrals feature several variations of rooftop 
geometries. Cones are frequently surmounted by spheres of 
stone. These formats may be ribbed. There may be several 
smaller spheroid forms along each ribbing which lead to the 
tower crown. Such forms are extremely Vril active. These are 
powerful Vril discharge points. Intense Vril threads connect 
directly into other space from these forms. Ribbed pyramids 
are exceptionally potent as bilocators. 

Space are the experiential fluorescence ofVril channels. 
Vril threads define human experience of space. Spaces are Vril 
eidetic transactions. Distinctions of space derives from Vril. Vril 
in ground causeways emerges outward in dense dendritic 
threads. These define experiential qualities of spect&c direc­
tions and orientations. Space along each Vril threadway differs 
greatly in quality. Viewing stars and celestial objects is Vril 
dependent. Vril qualities determine what we experience in 
space. 

Vril interworld communications effect environmental 
dynamics. IJgbtmng rods, aerial and earth batteries and all 
technological componentry of communications are Vril eidetic 
world conductors and transactors: they change our world. An 
minds are drawn to them because of the conscious generative 
potential which they bring. The angelic Mercurius Herald is 
often pictured as the messenger of these experiences. It is 
interesting that the mercurial substance is not a literal metallic 
liquid. Vril is the dark, wriggling, generative energy which is 
seen passaging through the depths of deepest ground and 
space. 

The incidental operative success of lightning rods aerial 
: and earth batteries derive from Vril world eidetic transactions 
in the apparent world. Inertial nulliftcations and deformations 
distinguish strong V ril active eidetic world conductors. 

AERIAL BATrEIUES 
Galvani sensed the existence of space stresses between 

and among dissimilar metals long before Volta showed it 
possible to produce inertial detritus in special material configu­
rations. Aerial batteries and material configurations made by 
Galvani proved to be vitalizing and beneficial to body and 
consciousness. Their outputs were not electrical and could not 
be measured on the most sensitive gold-leaf electroscopes at all 
however strongly received in the viscerae. 

The designs of Galvani are fundamental Vril active 
configurations and transact enormous eidetic world experi­
ence. Statioruuy placements of material conftgurations alter the 

entire exper transactions ofV ril in a region. 
Vril transmutations do occur with specific natural stations. Vril 
technology em places material conftguratious for the magnitlca­
tion of accessible Vril eidetic transaction. Speciftcally emplaced 
material increase Vril eidetic and visceral experience in a 
region. 

Materials are eidetic reservoirs. The intensity of eidetic 
Jnteractious produce observed accumula.tious of inertial detri­
tus. Such detritus is accumulated in the rigidi1led inertia of 
matter via msensate Vril tra.Dsactions. This physical manifesta­
tion evidences the acquisition of detrital charge from nothing-
ness. 

Eidetic transactious of metal reservoirs are Intriguing. 
These eidetic transactious expand continuously into inertial 
space (Mesmer, Galvani, Kilner, Reich). Mesmer used the 
eidetic nodes through moss in transaction with iron slag to 
produce extremely vivifying visceral currents. Galvaui discov­
ered the visceral reactivities of metals in proximal arrange­
ments. Galvant recognized the visceral reactivity of the ground 
with space. Aerials and ground gave Vril current threads. Vril 
self:mtlects in spedftc material assemblages; generating and 
projecting unexpected qualiUes. 

Aerial emplacement of material terminals must be ~ 
fully delineated: aerial nodes must be reached and linked 
above grounds. In certain mstances aerial and ground junc­
tures may be reached and linked. Vril eidetic world experience 
gives the key to meaning and organism wholeness. Natural Vril 
junctures and nodes permeate experiential space. 

Aerial nodes are linked via material terminals. Aerial 
terminals transact eidetic experiences with recipients. Special 
regional modiftcations are achieved through the use of special 
aerial-crowning jewels, crystals, and superior meta1s. Axio­
vertical alignments and dbnensions·must be carefully searched. 
Vertically aligned Vril nodes which·span aerial positions and 
ground positions are rare and notable sites. Nodal vertical 
alignments give exceptional and extraordinary eidetic experi­
ences. Such eidetic transactions are brought into a region by the 
mere construction of special towers. 

Recipients experience eidetic transactions communicated 
to them directly through the ground as a result of such V ril 
active towers. Aerial terminals display several eidetic nodes 
throughout their lengths. Earth and aerial "batteries" were 
configured in various material geometries to produce speciftc 
proportions of inertial detritus. Some of these were configured 
to transact with inertial vorticies {Dieckmann). 

Other designs were biologically configured and having 
synaptic gaps (aowns) which both ground and surmount them 
(Dewey). Most of these aerial towers after Galvani utilize the 
inertial detritus resulting from Vril thread discharge-impactions 
from their grounded presence. Such social alignments must 
cease. 

Aerial batteries of Vion, Dewey, Palmscar, and others 
exclusively employed various degrees of the debito-productive 
aspects engaged through V ril eidetic transactions. These de­
signs produced dangerously heavy electro-detrital charges. 
The natural process of static manufacture is the result of the 
natural Vril engagement of inertial space through and among 



minerals and metals (Le Bon).Artiftcial elevations produce 
spontaneous accumulations of inertial detritUs (Palinscar). 

Naturally achieved elevations release and transact variet­
ies of eidetic spedes (Vion). Aerial batteries respond to insen­
sate (white raysheath} spacevrilmodulations (Popov, Duaetet). 
Aerial batteries were later employed as special terminals in 
middle wireless systems which remained forgotten (Murgas, 
Shoemaker). 

Certain aerial batteries employed the eidetic tuning effects 
necessary in transacting with Vril worlds and proportioning 
eidetic impacts with inerUa in an elevated system (Palinscar). 
Others employed systems which made use of daylight earth­
inertial fluxions. Remarkable designs defied electrical prin­
dples (Ward). The projection ofVril thread disclwges and 
absorption of the same caused the aerial batteries of Ward to 
behave in unheralded manner. 

Experiments performed with hollow pipe and rod assem­
blies proved thatsuch configurations (when properly grounded 
and aligned} released powerful visceral eidetic Vril thread 
beams. These actually inaease with intensity through greater 
distances. they are accompanied by a thrilling sensation which 
focusses upon the abdomen. There is definite accompanying 
heat which floods the beam volume. 

The Ward Tower system made use of speciDc Vril 
placement to obtain excessive Vril transactioDS among Vril 
groundpoint junctures. A system of such towers (properly 
placed, configured, and aligned) could provide limitless Vril 
power for use in eidetic communications and consdous mag­
niftcation. As detrital diffractoiS such devices produced sum­
dent inertial condensations to drive the code of telegraph lines. 
Their more wondrous power is largely left in modern times to 
the artists for aesthetic appredation. The magick of lighthouses, 
turrets, towers, aeyries, and other predpices convey vast 
amounts of information to the recipient. The chief use of the 
tower was to gain communion with the heavens. 

Aerial batteries are inertial detrital reactoiS. Aerial batter­
ies arrange mixtures of inertial detritus from Vril potentials by 
design. The manner in which inventors have composed and 
constructed these several forms reveals remarkable distinctions 
in output Output spedes mutually differ considerably among 
these designs. They are each known for their differences: a 
7signiftcant feature among this class of power generators. 

The supposed identical manner of "atmospheric charge 
formation" does not produce identical products in each patent 

' Aerial batteries are eidetic tuners when properly constructed in 
their native state. Aerial batteries are white ray (sheath) conduc­
tors. 

A fundamental mode of communications floods the 
universe. Eidetic transaction occUIS along speciDc Vril lines 
which transact the apparent world. Aerial towers and V ril 
transactive tenninals alter district and regional realities. There 
are ray orientations in which the human organism responds 
most favorably. This alignment occUIS when facing the eidetic 
node ray axis of aVril Channel. Galvanic aerial batteries can 
be constructed in a room in order to achieve these results. Care 
must be taken to align the large area metal plates with local Vril 
channels. 

Positioned amid several geometric arrays provides eidetic 
node ray extension into the swrounding space. The region 
becomes eidetic node ray loaded. This condition is protective 
during storm times. Vril extension from ground enteiS build­
ings. Avalanche detrital process ensues when the energy 
contained in the Vril penetration of local inertial space is 
sWB.dently great 

Vril projects through space at points to generate, sustain, 
and build up materials. Certain aerial batteries are the sites of 
proliftc transaction which lead to transmutations. Early regard 
for geological and geomantic features were used to great 
advantage in effecting powerfully collimated transmissions to 
extremely distant recipients. Investigation of such transmission 
sites has been conducted by a few noted researchers (E.DoDard). 

Aerial batteries are capadtoiS. Varieties of aerial batteries 
have beeninvesUgated through which other Vrilmauifestations 
are fractioned, selected, and magnified define the patent 
collection. Certain aerial battery designs extract only the 
detrital pressures ofVril interactions. Electrical components are 
magnified to exclusion in these designs. There are those aerial 
batteries whichfradionandmagnify eidetic transactions (Ward). 
These are capable of serving as wireless transmitting stations of 
consdous intent Their forms have been repeatedly observed 
throughout the patent registries of early, middle, and late 
wireless communications. 

Radio aeriaJs are radiatoiS of eidetic transactions and are 
terminals into space Vril distributions. Metals are eidetic 
radiatoiS. Metals are potent eidetic radiatoiS when grounded. 
Galvani measured eidetic radiances through both human and 
animal organisms. Metals held in the opened mouth emit 
eidetic radiances which may be felt Meucd discovered the 
empathic potential of a charged wire. Meucd transmitted 
eidetic messages without the use of acoustic artifice. 

The true purpose and function of every Vril Technologi­
cal component is to transmit modified consdousness in human 
operatoiS. Vril Sdence studies Vril and its potentials in order 
to collate knowledge ofVril reactivities. 

The design of aerial capadtoiS has its fust purpose in 
expanding human awareness through V ril. Parallel plate win­
dows are aligned with V ril thread ways to dissolve organically 
internalized inertia and release special vision. V ril aerial batter­
ies fuse human redpients with ground Vril directly. 

Systems through which extended vision may be achieved 
are specially configured materials which utilized ground and 
aerial terminals. Special communications are achieved when 
several individuals use these formats across great distances. 
Such vision enhanceiS are interlinked through aerial projection 
conduits. Natural V ril threadways and channels are their 
primary ground connections. 

White ray sheaths mark the inertia-dissolving trails of 
highly accelerated eidetic transactions. Eidetic transactions 
combine natural in Vril sheath displays. Ground sourced white 
ray sheaths are observed. Aerial towers must not bring exces­
sive inertial detritus into a district. The function of aerial 
batteries and transactors is to transact eidetic worlds with a 
district .. to raise and unify consdousness. 

Rooftop ornaments function as V ril battery-transactoiS. 



Their presence atop buildings of allldnds alteis the experienUal 
enviroument of the enclosure. Aerial batteiy-trausactors may 
also alter loc:al situation via Vril-acttve groundpoint proximity. 
W eathervanes, lightning rods, and radioDic roof ornaments are 
historically associated with weather control 

Vril threadways permit the experiential metging of whole 
worlds. Vril is the noumenous presence of place. Vril reactious 
are sustained, extended, and controlled through arraogements 
of spedflc materiaJs. Vril transactors are created when material 
arrangements are directly linked with Vril threadways. Vril 
reactions traDsmute and modulate cltmacUc conditious in 
whole regions of ground. Aerial batteries are Vril transactors 
which generate weather patterns. 

The studies of materiaJs along attribute parameters other 
than viscero-eidetic is largely fuUle and UDDeCeSSary. Vril 
technology depends on spedal knowledge of eidetic worlds 
and eidetic CODteDt of all Vril transactors and Vril reactors 
mfluence and alter condttious of climate. 

Climate and weather are the results of EideUc transac­
tions. The spurious and tantalizln.g nature of weather is the 
result of mysterious spontaneous eideUc Vril world interacUous 
in districts and regions. 

Lightning rods and aerial batteries and earth batteries 
were by legend associated with weather controL The sense that 
speciflc ground points (wells, monuments, rocks, cliffs) do 
project a vibrant, modulating penetration is familiar to most 
sensitives. Vril is the moving pres~ce. 

The permeation of eidetic qualities despite inertial detri­
tus (photic illumination) proves the suffusive presence of V ril 
threads through the experiential universe. Batteries are eidetic 
reactors in which matter in contact engages viscero-eidetic 
transactivities with inertial space. · 

Galvani designed Vril battery-capadtors. These were 
large metal plates separated by space. Stepping between these 
brings strange visceral effects. 

Aerial Vril nodes are stationary conscious-radiant points 
which provide eidetic transactions through discharge to recep­
tive organisms. 

The use of aerial batteries to intercept the discharges 
between space-points and ground-points was used with success 

. (Dewey). Specific minerals and metals are inertially occluded 
· expressions ofVril eidetic worlds: contact with them engages 
the partidpant in strong (unforced) eidetic journeys. Aerial 

' batteries emplaced in such ground-masses do bring extraordi­
nary effects to a district. Such effects become the substance of 
local legend. Minerals and metals are Vril world windows. 
Some metals are never "struck" by lightning regardless of their 
elevated position and theoretically necessary vulnerability. 
Clearly geomantic anomalies occur in special grounds. 

Wireless experimenters investigated these aerial V ril 
points with especial regard for geomantic position (fesla, 
Marconi, Rogers, Fessenden). R.AFessenden designed later 
systems which entirely eliminated ground connection: engag­
ing galvanic transactions among aerial metallo-forms. Proper 
aerial orientations provided the most powerful signal transfer 
with respect to ground. The empirical experiences of these 
researchers are desaibed in their patents. Each gives the sense 

that some extraordinarily personal transaction occurs between 
device and enviroument. 

Certain orientations differed in ability to transfer powerful 
eidetic CODteDt because Vril distributtoDs are Uregularly ori­
ented throughout experiential space. Such research required 
facile movement of huge arrays. Most researchers abandoned 
this study. Ward was an experimenter who dealt with the 
anomalous tracking of "aerial electric currents". His design 
could be swivelled to "funnel" the aerial charge currents. 

This arrangement is entirely non-electrical in prlmary 
function. Vril threads is the empoweriDg energy. This design 
deserves close study. Experiments along these parameters has 
led to several eideUc discoveries. The use of dissimilar metals 
enhances the strong transaction of vfscero-eidetic power. 

Intuitive guidance led a few seusitive wireless researchers 
to establish their facdities atop speci&c Vril-acttve mountain 
peab. Potent reactions and trausfers were achieved at these 
speci&c sites. Extremely potent long:-distance transfer of sig:aals 
and eidetic content were achieved by surveying local Vril 
concentrations and Vril directionalities. 

There is danger to the improper placement of aerial 
termmi. Aerial terminals are sites where inertio-detrital concen­
trations take place when improperly aligned. Some buildings 
and points are anomalously struck with lightning throughout 
history. Aerial terminal conilguratious endraw Vril threads 
when provided speciftc projections. Aerial projections are 
posiUon speci&c in every loc:ale. 

Vrilsdence examines and locates aerialVrilnode dustres. 
Distal magnifying Vril conductions transact enonnous personal 
fusion in aerial tenninaJs. Distal eidetic groundpomts fod gives 
enormous experience of stellar and planetary terminals. The 
sun is enormous and overwhelming when standing on specitic 
points. Metals and minerals are Vril eidetic world terminals. 
They each give special eidetic connectivity with spedal worlds. 
Some V ril nodes connect us powerfully with a speci&c space 
world (planets, stars, lunar or solar bodies). On these points the 
experience of those worlds overwhelms. 

The apparent World is a complex ofVril eidetic projec­
tions. Vril projections exist in arrangements and conilgurations 
of eidetic world terminals. Finding these and founding aerial 
terminals gives potent activities. Meaningful organismic expe­
rience is attained via V ril eidetic world contacts. 

The study of Inertial dynamics is meaningless and subor­
dinate. V ril eidetic worlds translate organismic experience. 
IJghtning rods and weather vanes were traditionally perceived 
as consdous foci and transmuters of local climate. V rll eidetic 
world transactions extend organismic consdousness. Eidetic 
Vrll world transactions release extra-organo-consdousness. 
Vrll Sdence studies eidetic world transactions in minerals and 
metals, ground configurations and aerial space. Ground and 
aerial conditions modify material V ril eidetic transactions. 

V rll Axes meet at V ril junctures. The arrangement of 
successful aerial batteries required both aerial material forms as 
well as ground configurations (Bryan). Neurological (viscera­
eidetic) sensitivity precedes magneto-electric detrital discovery 
(Galvani). Galvani sensed the existence of space stresses 
between and among dissimilar metals long before Volta 



showed it possible to produce inertial detritus in special 
material conB.gurations. 

Aerial batteries and material configurations made by 
Galvani proved to be entirely vitalizing and beneficial to body 
and consdousness. The designs of Galvani are fundamental 
Vril active configurations and transact in the visceral domain. 
Galvani studied auric effects occurring between sepamted 
metals. Galvani also studied metals in close proximity as well 
as contact metals. Experiments have replicated these effects. 
Holding a contact composite of copper {facing the body) and 
zinc brings tremendous eidetic thrill when facing a Vril trans­
regional channel. 

Grounded objects and aerial elevations spontaneously 
"acquire charge". Aerial nodes are linked via material termi­
nals. Aerials transact according to the materials iD which they 
project. Rods emplaced in rock are powerful transacton. Aerial 
terminals transact eidetic experience with local recipients. 
Lightning rods cannot be adjusted: they are ftxedmetalloforms. 
Aerial batteries can be adjusted: they can be used to alter, 
select, and adjust regional eidetic transactions which self­
reference constantly. Use of rheostatic and capadtative modi­
fications had been employed in many of the patent designs. 
These control features effected drastic local transmutations 
despite their electrodynamic perspective. 

Special regional modifications are achieved through the 
use of special aerial-crowning jewels, aystals, and superior 
metals. Axi~vertical alignments and dimensions must be 
carefully searched. Vertically aligned Vril nodes which span 
aerial positions and ground positions are rare and notable sites. 
Nodal vertical alignments gtve exceptional and extraordinary 
eidetic experiences. 

Such eidetic transactions are brought into a region by the 
mere construction of special toweiS. Redpients experience 
eidetic transactions communicated to them directly through the 
ground as a result of such Vril active towem. 

Aerial terminals display several eidetic nodes throughout 
their lengths. Vril eidetic worlds generate spedftc extraordi­
ruuy minerals. Minerals, metals, jewels, and aystals differ in 
their degree of eidetic experience. Trees extend Vril directly. 
Trees are natural Vril transaction sites. Poles are Vril transac­
toiS. Spedftc V ril transactoiS operate in spedftc V ril Templates. 

7 Poles and toweiS operate in contact with the ground through 
the Template of stratified apparent world. Vril entem and 
emerges through such aerial projections and short-circuits the 
horizontal stratified world of our experience. This is their chief 
power. 

Aerials are espedally potent with regard for Vril juncture 
connections between ground and space. Wood is a special 
organic material having high Vril conductivity. Compact cap­
illary bundles of this vascular kind seem to effect extraordinary 
V ril conductivity. Stones which are threaded with mineral veins 
and fine capillaries are also notably Vril conductive. l.aminar 
deposits of minerals provide special eidetic transactions of 
strong conductivity. 

The toweiS of Ward are similar in form and design and 
purpose to lighthouses in which noteworthy eidetic transactions 
continually take place (M. Theroux). Aerial batteries mimic the 

Vril transactive abilities of trees and mountainpeaks. Some 
systems project energetic collimations ofVril beacons. Trees 
are natural aerial batteries {Squier). Trees are proliftc Vril 
transactors. The granular articulation of wooden poles provides 
Vril with special conductive paths. Wooden poles maintain 
their Vril polarizations and enable strong Vril conductions. 

Certain neighborhoods and districts lose their vitality 
when Vril is bnpeded and disrupted through bnproper place­
ment of buildings and munidpal conB.gurations. When Vril 
eidetic tr.uJsactions are magoifted and properly engaged these 
districts sparkle once again. Such neighborhoods often. retam 
some measure of ground-surface Vril transactions. Cathedrals 
and their attendant aerial terminals are notable eidetic transac­
tors. Earth batteries mimic the organic behaviors of ores, lodes, 
and mineral striations. Earth batteries resemble mitochondria 
{ABerkowitz). 

Galvanic aurae and space tensions are non-electrical in 
nature; being electrical immeasurable though strongly visceraL 
Galvanic aerial batteries provide sensate experiences; felt 
through the chest and thorax as thrilling frictions. 

Aerial batteries and assemblies manifestspontaneous self. 
directing angulating raysheatbs from their points. Vril aert~ 
dendritic connections spontaneously self-organize whensbnple 
terminals are provided them; something which early wireless 
researchem discovered. This phenomenon is evidenced in 
Tesla's illustrations of his fixed-form terminaJs from which self­
directing beams are shown assuming collimated paths. 

Vril contacts define the terms "ground, and "aerial". 
There are relative ground and relative aerials. Each much be 
configured and properly designed to effectively intersect, 
intercept, intermesh, interblend, and transact with Vril juncture 
throughout experiential space. V ril aerial-ground assemblages 
are most powerful in viscer~detic content when both configu­
rations merge with Vril junctures. Special ground-space place­
ments requires the enlistment of old methods {geomantic} for 
ascertaining favorable locales and station sites (Ward). 

Whenever minerals and metals enjoin Vril threads and 
provide proliftc Vrilstriation contacts and intermeshings we call 
these "grounds" or"aerials". The archane concept of the aerial 
viewed the materially projected elevation as cathodes and 
anodes in space. Vril provides the communal transaction 
between worlds and districts. When space provides V ril 
striations in material contacts we call these aerials. Both ground 
and aerial assemblages are conductive intermeshings and 
interlinkages amid the V ril matrix. The absolute need for 
sensitively surrendered and respectful placement of these 
systems on speciftc junctures determines the successful entrain­
ment of Vril potentiaJs. 

Aerial batteries alter district consciousness. Aerial batter­
ies alter district eidetic content The primary function of aerial 
batteries is viscer~detic in nature. The use of rheostats in 
aerial batteries (Palinscar). Eidetic transactions are adjustable. 
Rheostats permit adjustments in proportional balances be­
tween V ril transactivities and inertial reactivities. 

Statioruuy placements of material configurations alter the 
entire exper transaction of V ril in a region. Bilocational expe­
riences thro':lgh matter continually reveal singular truths con-



ceming the Vril environmental structure of a region. Continual 
bilocational vmitatious to spedftc eidetic points reveals the 
existence of powerful Vril centexs in fundamental Vril Tem­
plates. 

Space surrounding such Vril centers Js eidetically pro­
jected space. The integrity of the apparent world depends on 
these points. These Vril points suffuse and sustain vitality in the 
devoid apparent world infra-structure. 

Aerial batteries display transmutatious. Metals and other 
components which bnpact inertial space at high eidetic poten­
tials become suffused with inertial detritus. Detrital bombard­
ment alters matter. Such materials cease functioning with the 
resilience which they originally displayed. This factor plays a 
role in the dysfunction of certain radionic devices which have 
been exposed to a continual barrage in a spedftc alignment. 
We often find the need to nHldjust such destgus and re-align 
them. In some occasions we need to replace their "wom parts". 
Examination shows that such materials have become spongey 
and osseous in nature. 

VIULUC DETRITUS 
Fields, charges, and field-symmetries are the lbnited 

rigidifled expressions of inertial technology requires the ex­
change of inertia as a working substance. Inertial rotoiS 
concentrate inertial detritus. Inertial technology transforms and 
exchanges detritus. There are those sensitive persona who are 
able to see the black waveringl which precede earthquakes. 

There are those sensitive individuals who are able to feel 
the uneasy nervous discomfort produced by these close dis­
tanced wavering's manifestations. These are heat-like waves not 
unlike the N-rays of Blondlot. Inertial spaee are dead space. 
Their origins are mysterious. Sacred writings have deaaibed 
their probable inception. Inertial space cannot resist V ril. 
Inertial space resist the expansion of V ril eidetic transactions. 
Inertial space exert constrictive pressures. Vril and its primary 
manifestations are causative. 

Inertial sdence studies detrital effects and V ril-effected 
patterns. Such inertial patterns also transfer emotional armor to 
space. extemalJzed emotional armor acts as a rigid mantle in 
habitations. These must be broken and dissolved through V ril 

. designs. iron spontaneously dissolves inertial forms. Special 
· iron shapes (cones, helical cones, pyramidal multi-crystals) 

dissolve inertial space spontaneously and continuously. 
Detrital charges are accumulated in the mass of material 

reservoils. Detrital charge is the inertial product of eidetic 
transactions. Such charges have been drained as free-energy 
(Tesla, Perrigo, Moray, Coler, Hendershot). Detrital forma­
tions (electric charges) in materials evidence the continual 
reactivities of all eidetic transactions among themselves. 

Geometric material configurations direct and collimate 
inertial detritus. Specific minerals, metals, lodes, and grounds 
dissolve, absorb, shear, and cavitate inertial space in the native 
states. Iron spontaneously dissolves and eradicates inertial 
space. Iron poles and towers are excessively viscera-eidetic in 
transactivity. Human experience is shaped by Vril transactions. 
We need Vril eidetic transaction. It is Uving nutrient to our 
being. 

Rapid eye movement sleep Js the organismic freeplay 
which signals deep eidetic transaction. Vril provides free 
trans1atmy organismic experience. Vril Js self.referendDg and 
ever active throughout experiential space. Experiential space is 
living and t:raDSactively communicating among its members. 
By these transactive depths do organisms find freedom from 
intemalized inertia. 

Vril channels are weather alleys. These are natural lanes 
in which vril channels effect inertial dissolutious withregulario/. 
Inhabitants can predict when weather is going to change 
because they sense the emerging V ril viscera-eidetic 
transadivities. Altering district relationships between V ril sur­
face radiance and inertial concentrations alters regional climate 
and mood through eidetic traDSadion. It Js possible to pass 
through surrounding storm conditions and pass into regions 
which evince coDSJstent fair weather patterns. Islands often do 
this. 

Geophysical telluric exploration utilizes the inertio-de­
trital components which Vril has inadvertently generated in its 
projection of eidetic worlds. Telluro-electrical currents are 
projected on Vril eidetic transactive axes. The use of design 
forms peculiar to those developed by N.Stubblefteld are 
apparent. 

Telluro-electric currents have viscera-eidetic content be­
cause they are Vril generated. These viscero-eidettc contents 
must be longitudinally enjoined through appropriate materials. 
Geophysics never entertaiDs the notion that such signals may 
themselves be richly intelligent. Signals as eidetic information 
has been rarely discussed (Hieronymous, Lawrence, Bradford). 
Ore bodies, lodes, mineral deposits, ground aystals (pegmatites), 
and aystal caverns project powerful eidetic potentials into the 
surrounding and supported districts. 

T elluro-detrital products are not viscera-eidetic: they are 
inertial in content. V ril projectious are Wlcero-eidettc intelligent 
transactious. The true telluric currents are not magnetoelectric; 
they are Vril dendritic. The true telluric currents cannot be 
directly measured with meters and inertial tools. The true 
telluric currents are experiential. Experience cannot be shared, 
comprehended, or objectifled by measurement. Empirical 
consortium mutually validates such realities. 

The true telluric currents are termed "les Woivres" by the 
andents who sensed, mapped, and relied upon their life­
generating qualities. Vril threadways were called "les woivres" 
by sensitives who saw, felt and experienced their "meny 
dance". These were the true telluric currents; capable of 
enjoining viscera-eidetic experience and transmuting con­
sdousness. 

When V ril ground transactions are intercepted up through 
mountain ores the crystallography of ground aetas components 
of a vast System. Sudden V ril surges effect sudden inertial 
dissolutions. The resultantinertialshockwaves pass through the 
deep strata and escape through the surface into the sky. Such 
effects have been experienced and recorded by credible 
persons (mountain resonance). The resulting shockwaves may 
be witnessed as quakings and inertial concentrations (lightning 
from the ground). The glowing light which follows these inertial 
dissolutions ,Js pure Vrillight; and must not be confused with 



electrical activity. 
The true telluric currents are not magnetc>electric. Nei­

ther are they of water ormercury ... they are not substantial. True 
telluric currents are Vrillic and are capable of communicating 
meanings to us. They are often found swrounded by products 
which project and generate. Those who envision Vrillic "cur­
rents and underground rivers" often mistake them for subter­
ranean watery rivers of glowing, aackling blackness. 

To understand what telluric airrents truly are we must 
first understand transactions ofVriL Inertial examinations of 
detrital tlux among dissimilar minerals and metals (across space 
or in contact) reveals an experienUal dual-current effect which 
OCCUIS in opposed permeating direc:Uons (Galvani). TIDs em­
pirical sensation was the origin of the "dual current" theory of 
electricity. We see that it is emphically detennined and is 
correct; although electridty is not what is being experienced in 
these cases. 

Eyaminations of this visceral kind do not equal the degree 
or excellence of eidetic experiences. £yamtnations based upon 
visceral examinations alone are not sufildent for predicting 
what one will eidetically experience when contacting a material 
configuration. These activities are possessed of another Vril 
Template {the stratitlcation of experience) when considering 
charge manufacture and movement between space and ground 
{Loomis). 

Vril eidetic transactions can cause weather reversals. 
Detrital reversals are often observed in elevated terminals. 
terminals often predpitate weather change. Actions occurring 
in an aerial terminal drive the region or district by projecting 
and collimating eidetic transactions into spedftc portions of 
space inertia. Reich re-discovered these realities. 

Discoveries have been made which strongly correlate the 
eidetic content of matter with fundamental activities in the 
physical environment. The transaction of eidetic experiences 
taken from configurations of minerals and metals represents a 
fundamental and primal cause of mechanistic activities. 

Eidetic world experiences are pre-inertial and pre-natural 
Vril eidetic experience permeates matter. Spedftc natural V ril 
eidetic experiences are exceptional after sunset for several 
hours. V ril channels transact strongly at ground surface during 
the night. 

V ril district junctures self-transact. V ril regions seU:refer­
ence: a mysterious communications process among created 
worlds. Toward whom are the mystery Vril thread beams 
arcing into space? From whose operative activities and inten­
tions are V ril threads arcing into the deeps of upper space? 

Weather is not the result of air-mass movement. Weather 
is the result of mysterious V ril resonance. White rays are highly 
collimated white fibrils of inertia. Some have erroneously called 
these "aether" and have engaged attempts to detect drifts in the 
same (Lodge, Michelson, Morley). Eidetic worlds project the 
purity of experience which have been called "aura, aether, 
atmosphere, eloptic, orgone". Eidetic imagery and its experi­
ence is the fullness which these indirect descriptions represent. 

White rays (ray sheaths) are projected as radiant emis­
sions when intense V ril activity dissolves and cavitates inerUal 
space. The resulting inerUal collimations of white fibrils repre-

sent vast shears in the inertial space. These white rays (ray 
sheaths) glow in the sensate illuminations brought through 
eidetic magnifications. Something of the whole eidetic transac­
tion is diffracted at the inertial shear-site and the pure colors of 
eidetic worlds may leak through. 

Vril activity may also endraw the black ray sheaths {of 
space-distant Vril matrides) and the white ray sheaths by so 
shearing space that distal inertial portions rush into the mtlec­
tion sites as rays. Black rays are highly collimated Vril thread 
bundles: vascular projections of eidetic experience. Vril activity 
of specific focussed mtlections project black rays (ray threads) 
across space as experienUal discharges. They have as their 
intent the juncture and proliferation of new experiential quality 
blends. 

Vril surges in matter create new inflections. Unexpected 
Vril permutations represent pan-regional transmutations of 
consdouaness. The use of Platinum termmals allows lateral 
straightline rayic transmissions overground (Ward). Platinum 
reacts with space directly. Platinum aerial terminals Intensifted 
Vril conductivity m platinum dissolves inertia and inertial 
detritus. The use of iron termmals brings excessivetransactiviUes 
which modify ground Vril threads. 

Vril communicates extraordinary holistic knowledge and 
experience. Vril communicates and permeates through the 
human organismic Vril conduits. Vril sensation transmits the 
sensaUon of archetypes. Vril sensations and communications 
transmit sodally signiflcant dynamyds. Vril messages activate, 
mutate, and sustain dvilization. 

Inertial detritus is material spedftc. Inertia erases emo­
tions and senses. Inertia JJmits, rigidifies, resists, and distorts 
true experience. Sped.ftc eidetic reactions produce inertial 
shockwaves of specific sense-distorting and sense-blocking 
ability. 

Careful aiTaJJgements of materials can reduce and elimi­
nate such inertial shockwaves and their detrital products. 
Careful arrangements of spedftc materials release Vril poten­
tials which overcome the human organism through Vril con­
ductions. Vril technology is the determined effort to create 
humanly valuable Vril reactions. Vril technology has as its goal 
the magnification ofVril experience. Vril experience is maxi­
mum human experience. 

Kilner's study of aurae and haloes did not include the seU: 
luminous aurae which Reichenbach examined. Kilner's study 
required inerUal illuminations of condensations. It is significant 
that Kilner did not describe transactional and translational 
eidetic experiences; although in truth each organismic partici­
pant freely engages in such translatory experiences. Inertial 
sdence refers to these phenomena as "mental wanderings" and 
"daydreams". 

Self-interacting Vril threadways discharge among Vril 
juncture points throughout the infra-structure of this apparent 
world In absence of direct eidetic experience we detect 
appearance of various ray sheaths across ground, from ground 
to space, among distal space-points, from space to ground, and 
among deep subterranean junctures. The black radiance of 
space is the Vril projected space aura. 

The V ril impact of inerUal space produces detrital expres-



sions. Detrital expressions are resisted Vril expressions: the 
highly inertial refuse observed as material droplets, charges, 
parUcles, ftelds, pattems, polarizations, symmetrizations, 
ponderomotive movements, fluxions, currents, oscillations, 
impulses... all the effects which inertial sdence collates and 
erroneously calls primary. 

Leylines are inertial white raysheaths. They coindde with 
Vril natural threadways. The white inertial sheaths themselves 
are detrital currents. Inertial Science measures, maps, and 
charts dynamic changes in "telluric currents" on the basis of 
magneto-electric parameteis alone. 
Vril is tme Jiving enezgy. 

Vril eidetic inter-communications utilize self-differentiat­
ing, self-commatmg, self~onal Vril thread connecUons; 
whereby spedftc eidetic tra.Dsactioua remain distinct and ca­
pable of sell-organization. 

Visceral oJDDi.sensatlon occun during spedftc eidetic 
t:ransact1ons. The sense of "what happens there. • .happens 
here" typiftes this traDSactive sense. 

Vril1ic bilocational experience represents action at a 
distance where no connectivity or interstitial travel edits for the 
parUcipant. Ghostly activities are often caused by such sudden 
transactions. 

Inertia-detrital effects occur when visceral experiences 
exceed eidetic experiences. Zinc-carbon combinations pro­
duce strong visceral sensatioDS in absence of strong eidetic 
sensations. Strong duo-current visceral experience is noted in 
certain dJssimilar metallic assemblies.Contact with zinc or 
carbon brings a sense of"push-pull" activity. This sensation is 
translated into the electro-detrital activity observed and mea­
sured in those systems. It is possible to configure minerals and 
metals for the strict magniftcation of inertia-detrital alone in 
absence of eidetic translation. 

The presence of Vril threads generate telluric magne~ 
electric detritus. Magneto-electric detritus is a sustained V ril­
generated pattern observed throughout special zones of the 
apparent world. This is why charge and magnetism is sustained 
in the world. 

Spontaneous Vril eidetic surges are self-examinations in 
absence of partidpants: Vril self-examines itsel£ V ril eidetic 
worlds engage in free trans-mergings. Vril self-e:qminations 

7 generate magneto-electric manifestations. Such patterns are 
called "telluric" by inertial sdence. Impacted inertia manifests 

, detritus in surfidal and visceral experience.V ril thread passage 
across faultlines releases detritus. This has been observed as 
"telluro-electrical stresses with charge-transfer". 

Faultlines are sites where metals, minerals, and aystals 
are generated. Vril impacted inertia generates "shudderings", 
earthquakes, mountain bourdonnements. Lacking willingness 
to experience viscera-eidetic sensations, Inertial sdence mea­
sures mere patterns generated with natural Vril engages in 
spontaneous eidetic surges. Vril penetrates inertial strata. 

Radiant Vril aurae signal spontaneous eidetic world 
trans merging's. 

V ril is eide~radiant in non-inertial spaces. 
Eidetic transactions do not occur when organismic auric 

contact is misaligned. Eidetic transactions only occur in ~ 

ments where the partidpants can be metged dJrectly with the 
arcing Vril discharges emanating from an active site. There are 
places where eidetic experiences are disturbed and distorted 
by regional disruptions. These must be nH:Onftgured by Vril 
Technology. 

Natural minerals and metals whose surftdal appearance is 
white are minerals and metals which release strong concentra­
tions of inertial detritus. 
Objects which appear dark are minerals and metals which are 
highly Vril conductive. Black minerals and other such sub­
stances (under organismic examinaUcm) release a misty white 
inertial eftluence. Organismic examinaUous project Vril threads 
into such mineraJs and metals with the resulting misty white 
detrital appearance. 

Elements and substances may be classifted according to 
groupings of either black (Vril conductivity) or white (inerUal 
resistivity). Strong dark minerals and substances strongly con­
duct Vril each with various proportions of resultant inertio­
reactive effluence. 

Viscera-visual sightmgs of black raysheaths and white 
raysheatbs are found to be composed of intensely collimated 
Vril thread wrigglings having spedftc activity on the inerUal 
spaces which they transpierce. 
Decisive experimentation in the examination of inertial detritus 
(darlrtwhite minerals) must proceed with eyes closed in dark­
ened rooms. Contact with such minerals releases inertial 
eftluence when contacted organismically. Dark objects are not 
as inertially productive as white minerals. 

Retlective metal surfaces offer some inertial resistances to 
the probings of organismically projected Vril threads. Spatially 
disposed assemblies of dissimilar metals and minerals provide 
visceral experiences of dual currents. Such currents are simul­
taneously opposed passages of Vril and inertial. of various 
proportions. All substances are simultaneously (proportionally) 
Vril-conductive and inertial-resistive. 

Organismic Vril sensory systems do not easily partidpate 
in volumes of high inertial concentration. Dark objects provide 
easier Vril transaction from organism to object. Organismo­
visceral responses of reflective metals vary. Iron is highly vril 
thread absorptive. It is the V ril metal. 
Inertial detritus is strongly absorbed, and distorted away from 
the entire organismic presence when near or in contact with 
Iron. Iron contacts prove to form organismic conical shields. 

Light organic minerals and metals conduct Vril and 
pennit visceral transaction while constantly emanating a mild 
and resistive white inertial efiluence. Natural minerals and. 
metals may be color grouped when studying inertia-detrital 
reactivities under V ril impact. The natural occurrence of 
minerals, and geological minerals and metals (aystals, gems, 
lodes) is a study which requires experience with Vril auric 
projections. 

The eidetic content of all naturally occurring minerals and 
metals which are the organismically meaningful and valuable 
contents. Coloration and surfidal appearance of minerals, 
lodes, and other naturally occurring minerals and metals 
provides information of inertial reactivities only. 

We m:ust empirically examine natural substances to 



discover the true foundations of inertial reactivities and visceral 
attributes. White minerals and white stony substances produce 
proliB.c amounts of inertial detritus which offer organismic 
resistance. Black minerals and metals provide various in­
creased degrees of viscero-eidetic conducUvtty. Between the 
two groupings (black and white) we discover Bxed proportions 
which may be charted. 

Eidetic world projections through materials is spontane­
ous in absence of organismic contact or intent" nature is 
examining itself. 
Eidetic world projections release inertial eflluences through 
inertial space impacts. All minerals and metals are Vril transac­
tion sites. 

We gradually acquire knowledge concerning eidetic fun­
damentals. One learns the viscera-eidetic content of isolated 
matter, material cooBgurations, and (ulUmately) the holisms of 
natural settings. The appreciation and wonderment ftnally 
obtained in eidetically transacting with hoJistic natural settings 
reveals and demands the astonishing reality of divine ordina­
tion and divine plan. 

Eidetic transactions prove to be naUve phenomena uti­
lized by Vril technology. Vril technology is simple; requiring 
knowledge only ofVril natively available transactions. Eidetic 
worlds project the purity of experiences which have been called 
"aura, aether, atmosphere, elopUc, orgone". The inertial mani­
festations of eidetic projections are observed as coronae and 
haloes cr esla, Kilner). 

White rays (ray sheaths) are projected as radiant emis­
sions when intense V ril acUvity dissolves and cavitates inertial 
space. The resulting inertial collimations of white fibrils repre­
sent vast shears in the inertial space. During such intervals 
regions experience "aurorae. .. regional magnetic disturbances". 
These white rays (ray sheaths) glow in the sensate illuminations 
brought through eidetic magnifications. 

Something of the whole eidetic transaction is diffracted at 
the inertial shear-site and the pure coloiS of eidetic worlds may 
leak through. Vril activity may also endraw the black ray 
sheaths (of space-distant Vril matricies) and the white ray 
sheaths by so shearing space that distal inertial portions rush 
into the inflection sites as rays. 

Black rays are highly collimated V ril thread bundles: 
; vascular projections of eidetic experience. V ril activity of 

specific focussed inflections project black rays (ray threads) 
, across space as experiential discharges. They have as their 

intent the juncture and proliferation of new experiential quality 
blends. 

The deepest VrilTemplate generates, sustains, and projects 
the eidetic worlds which are experienced. V ril is the glowing 
blackness from which emerge experiences. V ril is the black 
radiance in which eidetic contents are received. V ril black 
radiances emanate all worlds. V ril transects the inertio-physical 
complex. 

V ril threads affect the nerves of the human organism 
through synaptic engagements. Vril threads affect the sensory 
system in absolute blackness. Vril eidetic content is spontane­
ous and whole. The experience ofVril threads require none of 
the 5-sensors. Grounded materials manifest powerful V ril 

generated qualities. Aerial (disconnected) materials do not 
manifest strong Vril qualities. Grounded examinations of 
materials release strong degrees of experiential penetrations. 
Vril activated materials require speddc orientations along 
known Vril channels. Choice of deepest Vril channels is 
demanded. 

Vril acUvated materials affect specific viscera-eidetic por­
tions of the human organism. The sensory body we experience 
depends upon the eidetic world we experience. Vril activated 
materials reveal Vril counecttvities in the human organism. Vril 
is the glowing blackness from which emerge experiences. Vril 
is the black radiance in which eidetic contents are received. Vril 
black radiances emanate all worlds. Vril acUvated materials 
instantly etJect speddc eidetic transactions which become the 
experiential space. 

Inertial science tracks the passage of "electrical charge" 
through all "conductive minerals and metals" in reductioDistic 
fashicm. Inertial science assumes that common conducUvity of 
a singular essence or influence (charges, ftelds) infers the 
fundamental reality of such transfer. 

Earthquakes are Vril reactions. Earthquakes are inertial 
responses to eidetic world t:ransmergings. Earthquakes release 
detrital components. Danger results when Vril reaction geom­
etries and matter is misconftgured. 

Lunar eclipses and other celestial conftgu.rations effect 
speddc misproportional inertial products aaoss vast regions of 
ground. Vril values are suppressed during such events in 
speciftc districts. These effects are entirely die to emerging 
concentrations of inertial detritus in which organismic partici­
pations are effectively suppressed. 

Viscero-thrombic pulsations have been experienced along 
regional main V ril channels. Viscero-thrombic processions 
have been in'egularly observed to follow speciftc tempi Miner­
aJs and metals which are provided with free-mobility demon­
strate remarkable spontaneous spatial re-alignment when ei­
detic transactions surge. This is the cause of"furUve actions" in 
auric vanes and dialettes. 

Vril Sdence studies and focusses upon eidetic world 
experiences before physical attributes. V ril eidetic world activi­
ties impact and cause all observed world-inertial effects. Vril 
eidetic vision extends throughout the Vrillandscape. Sensitives 
know the axially determined experience-lines through which 
regions may be consdously examined, experienced, and 
occupied. Thus regions are aJso remarkably able to present 
various aspects of the persona from which they derive. 

The viscero- eidetic superiority of specific skyscrapers 
occurs when haphazard ground foundation and aerial projec­
tion link naturally occurring V ril nodes throughout the building 
axis (Chrysler Building). Such vertical Vril node distributions· 
are rare. Vril threads generate, project, sustain, and influence 
geological forms. Inertial detrital discharges follow V rillic 
patterns (lightning). Water channels and courses follow and 
cooperate with V ril energetic ground patterns. 

The metals prove the independent existent of their parent 
eidetic worlds. We can arrange the existence of the projective 
worlds in eidetic reactions and blends.Metals are inertial 
agglumeratipns which densify their eidetic world qualities. 



Copper is projected from a world which is not copper colored: 
one which is green, yellow, and full of sunshine and green 
vegetation. Through copper come an the visceral sensual 
experiences in our world. 

Interception of eidetic information chaunels requires 
speciftc metals and minerals. Special accumulaton, capadton 
(ground connected), tunmg devices, and contactmediaton are 
needed for the successful design of eidetic tra.Dsacton. 

Apparent reality can be distorted and warped. Eidetic 
imagery and experience teaches that world-experience is not a 
fixed rigidity. Eidetic experiences warp meaningful world­
experience. Vril threads and threadways occur on the ground 
surface. Vril chaunels are found in the ground geology at 
depths not exceeding several hundred yards. Vril causeways 
are the vast regional axes which generate and sustain whole 
regioDS. 

Spedftc Vril eidetic worlds release regional memories, 
facts, and revelatory knowledge. Speciflc Vril material ~gu­
ratious permit the experience of timeless travel among eidetic 
worlds. Vril operaton conduct excessive degrees of revelatory 
knowledge. Vril designen and Vril Sdentists take especial 
regard to vril mergings and blendings within Vril systems. 
Vril designen must track Vril paths from organismic contacts 
with minerals and metals, through material masses, and down 
into the eidetic world foundatious. 

Vril mergings are continuous; and may be tracked. Vril 
focussed awareness on Vril insensate generates perceivable 
spontaneous activity. Organismic Vril mergings generate spon­
taneous V rillic activities. Vril thread dynamics seem to proceed 
in deranged and mysterious expressious. The observation of 
this strange Vril thread language does not enjoin the examiner 
with an eidetic experience. Touch contact may quench the 
activity of certain Vril transacton: gaps are required. Vril 
energy in gaps often increases with increasing distance from a 
design. Vril progressively enten the sensate and impacts the 
inertial. 

The eidetic worlds are setandftxed amongtheirnumben. 
Though the detrital hills may dissolve yet these Vril World 
mountains and peaks remain. Archeforms and crystallographic 
pyramidals are the peaks of vast V ril topographies which are 
viscera-eidetic and whose foundatious are timelessly ancient. 
This topography is quasi-material. This topography connects 
with the stan. 

White inertial sheaths bring perceptual congestions, dis­
tortions, and organismic difficulties. The enjoinment and 

concentration of inertial detritus must be avoided. Inertia is 
ftbrillic when concentrated. White inertial ftbriJs are daugerous 
to organismic integrity. White rays are highly collimated white 
fibrils of inertia. White inertial presence rises through the 
surface of dayltt earth. 

Vril projectious release Vril Light into the inertial space. 
These have been observed. Vril Light is pure Light. Galvanic 
metallo-conilguratious are Vril transacton. Vril Light appears 
in spedftc metal and mineral ccmfiguratious (ground and 
apparatus). Devices may entune the manifestation ofVril Light. 
Special materials are Vril Light stones. Pure Vril Light is 
organismtcally vitalizing. Vrilltght is formaUve radiance. Vril 
light does not destroy its conducton. Vrillight is phosphores­
cent in deustfted inertia-detrital spaces. Certain diffracton 
arrange Vril phosphorescence (Plucker, Crookes, Tesla, Mac 
Farland-Moore). 

ChemicalreactioDs are Vril projected traDsactloos. Chemi­
cal detritus appears as compounds of projected maUer chemi­
cal reactious are eidetic. Chemtcal detritus contaiDS viscen> 
eidetic complexes. Projected metals and crystals may not 
mutually diffuse. Vril eidetic transactions among lodes, crys­
tals, and mineral project eidetic materials among the projective 
masses. 

Vril aurae are tufted strlatious. Speciflc Vril aurae contain 
pro-generative intlectious during spedftc Umes. InerUally em­
powered glowing haloes expand Vril aureoles. Electrical acti­
vations expand aurae (Reichenbach, StaiT-Whtte, Tesla, Kilner). 
Forced electro-impulses greatly expand the aura (fesla). 

Vrilcanreleaseluminescence(Stubblefteld,Moray,Tesla). 
Andent legends tell of special glowing stones whose radiance 
was like blazing sunltght. .. at midnight. Vril Light is organismi­
cally magnitled. Vril Light may not be inertially radiant; 
affecting organismic partidpants. 

Inertia produces endlessly meaningless patterns. Sensitives 
follow these patterns in search of the causative Vril threadways 
which provoke their disturbed appearance. 

Vril thread contacts envelop partidpants in communious. 
White radiant displays designate V ril dissolution and radiation 
of inertial space. Black radiant displays designate V ril dissolu­
tion and absorption of inertial space. 
Vril responds to humanly arranged inertial interruptions for 
greater purpose. This Vril Law of sustenance is not mechanistic 
in action. V ril is penonable. Vril intent matches and surpasses 
inertial presence to preserve organismic regional integrity. Vril 
projects generativity and sustains worlds. 



SECTION 
2 

LIGHTNING 
RODS 







. ., ... ~- . , . ..... --" ~·······--· 
• • ; .. • • ~ • • ,Je ~ 







a\~K:::~S?" J?£~~--:~£~~·l\.1 

~· ~~~ ~~·4.· ~c:k:!t.!¥.X~ ~~ 
~draw~the 1~o¥~s,· efpe~~al!f iii makingthe experi-
1" ent of Leyden, from· the eyes, or even fi·om the 

rts near them. -. . · 
Some. ti~e _fincc it' w~.-- imagined, that deafnefs had --=~-... ..lll. 

been relieve~ ~y· eleCl:ri.Gng the patient, by drawing 
the lnaps. from )h~ ~ars~·:and ~y in~king him undergo ~~' ~:=~:.·~~::... 
the electrical ··commotion in . the fame manner. If 
here-a~ter this remedy thould be fant.atlically applied 
to the eyes in this manner to reftore dimnefs of Jight, ~~lllillf..J 
I lhould not wonder,. if perfed: blindnefs were the---·--
col'llleQuence of the ex riment. 

Iry"a very -ingenious experiment our a 
vours to evince the impoffibility of fuccefs, in the ex­
p~iqlents propofed by others of drawing forth the 

-..-~~-:- ... -effluvia of non-elcctrics, cinamon, for infl:ance, and 
~--~~ ........... ~~~~by mixing them \Vith the electrical fluid, to convey 

them with that into a per1on eleCtrified : and our au­
thor thinks, that tho' the effluvia of cinamon and 
the eleCtrical fluid 01ould n1ix within the globe, they 

.................. :~--lo:ll..-: would never come out together through the pores of_.._" __ 
........... -.-:-- the glafs, and thus be conveyed to the priane c.:on­

dud:or; for he thinks, that the eled:rical fluid itfc:lf 
~-.~~cannot come through, and that the priane cond~tl:or ..---.-":l~-.:"~~!i}~~ 

-.-..-..u·~ is al,Nays fupplied from the cufhion, and this laft _"1 
~~~-'-~~frotn the floor. Befides, ~'hen tlu: globe is filled 

with cinamon, or other non-elecrrics, ~lo eleCtricity· 
can be obtnined fro1n its outer furfitce, for the rc::a­
fons before laid do\vn. He has tried another \vay,~-~~~~ 
which he thought n1ore likely to obtain a mixture of~~,.-.,~·;~;~ 

~~=.ij~-~~~ ........ the electrical ;nd other effluvia together, if fuch a 
""·~-'1111 mixture had been poffiblc. He placed a glafs plate ~--~liiiUitf'._., 

..:illlllll::.-~:: · under his culhion, to cut ofF the cotntnunication be-
. t\veen the cu!hion and the fluor: he then brought a 

1/'f.~-:,r.w~~~'t"--_:.~ "'.,..~-fro:--"the~;fuj; ~~ a glaU of oil of · 
·- • and carried another chain from the ·oil of 7!·~ 

~----:------.:a.-----=----~-....::......- to the floor, taking care, that the chain~ 
-~-- the cu1hion to the glafs touched no part of the ~ ~ 

of the machine. Another chain was fixed to ~ 
prime conductor, and held in the hand of a per- ~w;a··;.~ 
to be eled:rified. The ends of the two chains in~~ 

•~--~~~·rfP·'""~._IItlle glafs were near an inch fi·om-each other, the oil ~:l 
turpentine between: Now the globe being turned~ 

dra\Y no fire trom the floor through the n1a- ; 
the communication that way being ·cut off by.. :· 

---_.Ir1-·-·~ ......... thick glafs plate under the cufhion : it muft then-. ~> · 
it through the c · whofe ends were di 'd 

n the oil of tur tine. 



\V,r:, · And as the oil o1tu;Fen:. J J tine . g 1n . an electric per ft, would 
(~.;\ ... not conduct what came up from the floor, the elec-
f.f,{~tricity was obliged to jump fro~ the end ofonech~n 
"'-·~to the ~nd of the other, whJch he could fee Jn 
~I:u-ge (parks ;. and tl1us it had a fair opportunity 
·" fcizing of d1e fincft particles of the oil in its pa1Tage~ 

and carrying them off with it : but no fuch effect 
· followed, nor could he perceive· the leaft difference in 
~-.~the fmell of the electrical cffiuvia thus colled:cd, 
~fro1n what it had when colleCl:ed otherwife; nor 
--~~does it otherwife aff'ed: the body of the perfon elec-
~triDed. He likcwife put into a phial, inftcad of wa- -·--
~ter, a ftrong purging liquid, and then charged the ~~·--- -............. 
~phial, and took re~ed thocks from it; in which 
~cafe every particle of the electrical fluid muft, before 
~~~f.it went through his body. have firft gone thro' the 
~liquid, when the phial is charging, and returned 
~~~through it when difcharging; yet no other effeCl fol-
:~~:..lo\ved than if the had been charged with water. • .. 
~~ He has alfo fmelt the ical fire, dr:twn thro' w~ 
h·~ gold, filver, copper, lead, ir~n, wood, and the hu-~'C_,.J 
~ man body, and could percexvc no difference; the;,:\~ 

· odo_ur being al~ays _the fame, where the fpark does -.,·'J..~' 
~· not burn what 1t ftrikes; and therefore he imagines,~-~;( 

that it does not take that fmell from any quality of the ~~ 
bodies it p:aifes through. There was no abridging l! 
this experiment, which I think very well conceived, . · 
and as well condud:ed, in a manner to m:tke it intel- • . 
ligible; and therefore I have laid tl1c author's words ~ 
nearly before you. · · ~· 

As Mr. Franklin, in :tlctter ~o Mr. Collinfon fomc ~ 
time 1ince, mentioned his intending to try the po\.ver ~"!' 

~--·\illlil! of a very ftrong eled:ric:tl lhock upon a turkey, I~ 
defired Mr. Collinfon to let Mr. Franklin know, that "!"/j 

:... I 1hould be glad to be acquainted \\"ith the refult of~ 
that experiment. He accordingly has been fo very ~ 
obliging as to fend an account of it, \vhich is to the fol-

~-... ----lowing purpofe. He made firfl: feveral experiments 
on fowls, and found, that two large thin glafs jars 
gilt, holding each about 6 gallons, and fuch as I 
mentioned I had employed in the ]aft paper I laid 

'"lllli~~before you upon this fubjefr, were fufficient, when 
fully charged, to kill common hens outright ; but 
the turkeys, though thrown into violent convul1ions, 

~-and then, lying as dead for fome minutes, would re­
~~ cover in lefs than a quarter of an hour. However, 

ha~·ing added three other fuch to the former two, 
Q•~ though. t:JOt fully charged, he killed a turkey of about 

ten pounds weight, 'and believes that they would have • J 
.~~~~killed a much larger. He conceited, as himfclf fays, -;iF-: 

~;:~~~!~=~-~he_?irds ~~~'--d_i_n ~his manner eat uncommonly~ 









.•• ;, ~:J• ~ 
_··:',.DEAlt SIR

1 
;t,; .: •. ! -~~ . 1 ; .·: ·= t!a~•-· ,, 

• J • ,. : . • . , ,. ' ,. I; .. . 

. A~,J4•TI;IE following· ~cco~.~f'_of ~. 
•774• fiorm of lightning w;~s cont-

·municated to me by the obferver Mr. NICHOLsoN 

tea~her of mathentatics in Wakefield, who .is a very 
ingenious man, and a good elc~rician. I have no 
-doubt of his having given proper attention to the 

~~r.~~J:~J. __ .l!. .... lil·-...... ,_, ....... --...... phznomena which he· has n1entioncd, or of his !!!~!!_,It~ 
~!l.r«~·~~~·-~~~·exad:nefs and fidelity in defcribing the1n. ·Some of ~~~:~.1~~; 

·~~~~~~~~~~ ......... - ... - ........ = the circutnfiances appear to n1e to be very extraor- '~~~~~~~r-
~ :·dinary; and, as far as I know·, quite new, not ~!!!!~~a~ 

:.;.~l•.-a:.~•ltaving been noticed by any writer that I have n1et 
~~-1ft~~~ with i I therefore think it very proper that the ac· t.. 

·count of ·them be communicated to the R.oyal c; 

Society. 
.la1n, DEAR SIR, 

r our very humble fcrvant, 
JOSEPii PRIESTLEY. 

ON 



' .tr~~··.·· .. : .. ~ .. ON. dte.:zft_ ~f M~9p,, a:~uflialf. a.n· h9ur pa.~ 
.. • fix in the evening, as 1 was returning ·from. pROFT~N;, 
· a ;yill~ge. p~a~.w;A.~F~LfD,:~I fa,w~, i.~· t~~:!~o~~~-we&,. 

a;. ft~tolDtt ~pproa~P.iJ~S ;:.~e_:: ~jnd, . ~pich .~ad'' bee.~, 
~ .fir.ong ;· ~11 , th~ pay;,. ~~~t~ng:· fr~m ~ t:h~. fa~e quarte~ ·;, 
.... a-nd·~:- q$jjn the, aft~~no9n, of .the fa~e .day,_ there had. 

becn .. f.qme. _vjolent, 0,-lo,yer.s~ o~· hail~ .r. m~de the . be~ 
~f my way to the turnpike at Agbridg_e. The air was­

. fa much darkened, before the florin begc1n·,: that'it. ~---:...-:_..,.._ 
-~was. with. difficulty I found my way .. 

1
~, · When I was- about three bu11dred yards fi·om die: 
._ turnpike, the florm began ;: when I was agreeably.' 
4 furprized with obferving.a flame of light, ds1ncing o~ 
~each ear of the horfe that J. rode, and feveral. oth 
~much brighter on the end of n1y. frick,. which was. 
('ar_!lled with· a. ferule of bra!S,._ but n.otched \Vi . 

~- uilng. Thefe appearances co_~t1nued t1ll l -reachecli. ~·--.1::..61 
~:the turnpike-houfe, .. where I took lhelter.. ·. · r _. ............... 

~~ Prefently after,. there came up fiNe or fix • 
·f. '"'ho111 1 had paffed on the road.. They had all ieen, •::~~ir~~ 
~(~the appearance,. and. were much afl:onilhed.. One of 
~ thetn, in. particular., called for a candle,., to exalnine=-·-·· .. 

I hi_s hor1e's head,. laying, " It had. bec:n. all. on. fire,.. 
" and 1nuft certainly be tinged~'· · -:-:-~.,.,.;;.,. 

r After having continued about twenty. 1ninute~ 
~:the fiorm abated,· and the clouds,. divided, leaving. 
~the northern region. v.ery clear ;. ·excep,t that, · abou . 
~ te~ degrees high,. there w.as a thick cloud,, which. 
lt~en1ed. to throw. out large and. exceedingly beautifu 
~~··dtreams of -light, refembling an Aurora Borealis, to--
j wards anc;>ther cloud that was paffing over it ;: and, .,..~ 
. · ·every no\v and t~en, there aP.P.eared to tall to it ful..;!lli-<JfP'-:..a· 

lf~·~·_·~ _...,_ ~·~-e:i_.,· *' n1etcors 
--11·~-~o-.J . ~~~fr· - ~' 

· ...;
4
/:' • .... ,. .... .m~t~~~~.;as .;~~ .. .. . ~~ ars • . There a_ppear• 

""+'' ·~~es.~~~~~n,u~d. till. ·. catn.~ ~0 ~akefield;j. burn.~ 
thunder was lje'ard':: • • . .JJ t. 'I/ • r:f '_. .:1 °,; •, I . : 1 

, • , J l 

. ~: . ·;:A,:t)Bu.~· :~fn~;' .'9 'c16c*. J a:.' _ldrgC:: balF 'or · nL·~:: paffi:d 
~~.._~ .... 'UJ!9.ff~.~1~~~~l~llt~,~ 1 tqwa~p.~· t~~~c,fo~th·eafr lp~u't of~ :the 

p~q~~~~": l Jla~·~. 4~.ef( l~fot·med{'thnt: n fltgb:t:waa 
~bf~r.v~~·~~~ij;!:~lurc · w~ather .. c.ock ·: •of w a~efitld· ij1ire; 

~~~~ .~~ ~bout~ 24p Jeet_ ~11gh~ !ail.tl.te tln\e tliat· t~e c.:.~sa 
· · tinued. ' · · . · · · · · · · : · · ·. i ~ ' ...... · .-, .. ~:.r. 





Franklin planned to perform the lightning ex-
a.~~ .. periment after the completion of the spire on ..,. .. ,..,.... ........ 

Christ Church, in Philadelphia. In the mean­
time. his book was published in France and 
made a deep impression. A scientist named 
D'Aiibard made a secret trial of the sentry box 
experiment near Paris on May 10, 1752. There 
was a peal of thunder and the iron shaft 
sparkled blue with charge pouring into a 
Leyden jar, proving that the cloud was electri­
fied. Eight days later, the experiment was 
repeated for the King in Paris. 

-~!lrt.; ~BIG The King himself wrote to the Royal Society 

I~~~!~~~~~~~~~~~~~ ·fii!!II:~..-Jial' of London, complimenting · their member, Franklin. Early in July. his experiment was 
~f1t!.a~!l-~ii:al performed in London. By the time the news 

reached him in September, he had been world 
famous for months. Instead of waiting for the 

~~~~~SE~~ completion of the spire. he had meanwhile 
~ performed the kite experiment himself, hut he 

__ .... ,_ ungrudgingly gave D'Aiibard credit for having 
been first to .. draw lightning from the skies." 
However, the world knew that Franklin had 
suggested the experiment; and the awe with 
which people looked upon lightning was now 

~F8:2i~~~;!~,-~ added to Franklin's name. He became a figure 
of a demigod. 

!r~~llt ~~~~~ 



preceding LETrEllS having /;een translated into French, 
and printed at Paris; the Abbe 1\IIazeas, in a Letter to Dr •. 
Stephen Hales, dated St. Germain, May 20, 1752. gives 
thefo//oUJing.Account·(printed ilz the Philosophical Trans­
actions) of ~he Experiment made at 1\'Iarly, ilt pursuance 

. of that proposed /;y Mr. Franklin, Page 2.2.2. 

·V:-: .. · . . .,~,.,. 

'~"' '· ·:~ 
· The Philadelphia11 ex~riments, that Mr. Collinson, a 
~Member of the Royal Society, was so kind as to coJnJnuni­
.~cate to the public, h.aviiJg been universally admired in 

'/"~Fran.&e, the King desi~e(fto see t~em ~rform~d. Where-
'fore the Duke D'dyen offered h1s Majesty h1s country- ,_ ........... ~-....,~-..~ 
house at St. Germain, where M. de Lor, master of Experi­
mental Philosophy, shoUld put those of Phi/adelphia in 
execution. His Majesty saw them with great satisfaction, 
and greatly applauded Messieurs Franlc/in and Collinson. 
These applauses of his 1\llajesty· having excited in Mes­
sieurs de Bu.ff.on, D'A/i/;ard, and de Lor, a desire of-verify­
ing the conjectures of 1\fr. Fra11kiin, upon the analogy of 
thunder and electricity, they prepared the1nselves for 
making the experiment. 

M. D'Aiil/ard chose, for this purpose, a garden situated 
at Marly, where he placed upon an electrical body a 
pointed bar of iron, of 40 feet high. On the tenth of May, 
2.0 Ininutes past two in the afternoon, a stonny cloud hav­
ing p~sed.over the place where the bar stood, those that 
were appointed to observe it, drew near, and attracted 
from it sparks of pre, perceiving the same kind of comJno­
tions as in the comrnon electrical Experiments. 

M. de Lor, sensible of the good success of this experi­
ment, resolved to repeat it at his house in the Estrapade 
at Paris. He raised a bar of iron 99 feet high, placed upon 

li;s~~~~~Sa:.· resJn, two t square, and three 
On the I 8th of May, between four and five in the after- J~ 
noon! a stormy cloud h'!-ving passed over the bar, where it~ 
rema1ned half an hour, he drew sparks from the bar, like O 
those from.· the gun barrel, when, in the electrical experi- · ~ 
ments, the gJpbe is only rubbed by the cushion, and they~ 
produced the sam~ noise, the same fire, and the same .~..:.t. 
crackling. They drew the strongest sparks at the distance :,.,.' 
of nine lines, whil~ the rai.n, mingled with a .little .hail, fe.ll ~ 
from the cloud, w1thout e1ther thunder or hghtn1ng; th1s ~ 
cloud being, according to all appearance, only the conse-~ 
quence of a storm, which happened elsewhere. ._._:-:: 

I am,' with a profound r~spect, ~ 
.Your most hum/;/e and o/;edient servant, 



~~ 
Ia July, 1750,· Fr~ wrote: '1"o determine the~ 
question whether the clouds that contain lightning !I 
are electrified or not, 1 would propose an experi· r 
ment. On top.of some high tower ••• place a kind;.· 
of sentry box. big enough to contain a man and an ~ 
electrical. stand (a P,lo.tjorm that was insulated)·~· · .. 
From the middle of the stand let an iron rod rise ,. 
and pass ·bending out of the door, and upright 
twenty or thirty feet pointed very sharp at the end. ~ 
If the electrical stand be kept clean· and dry, ·a ~ · 

r•·-~of:·~~ man standing on it. when such clouds are passing a. 
low, might be elecU'ified and draw sparks, the 

a clo"d ..... 





''r~~ 

'
~- future Aurar;~; at aaauwaw 1uccec:a 
~: thent.; ·and, as I have obferved above, in twenty­
~ three infi:ances, have found them uniform, except 
~in degree: ·;the gale gener~lly commenciug be· 
_.;_tween tw:enty-four and thirty hours a~tc:r the firfr 
~appearance of the Aurora. More tirne and ob­
~ ferv:uiou will probably difcover, whether the 
~~firength, of the ~1c~ec:~ing g~le, is proportionate to.,.....,. .. "' 
~~the fplendor an.d· v1vac1ty ot the :.:1urora, and the 
• diftance of time bet\veen them. I only iufpefr,. 
~that the !Dare brilliant and aCl:i ve the fi_rfi: is, the 
Jl!fooner wdl·the later occur, be more vto]enr, but 
.\ Jof fhor~er duration, than when the light is lan­
·tguid and dull. Perhaps too, the· colour of the 
~~.Aurora may be Come guide, in forming a judgemeilt. 
~of the coming gale •. That which prece~ded 
~ftorm l have mentioned, \Vas exceedingly fplendid. 
~The tempefi: fucceeded it in lefs than tweaty-four 
.)hours, \vas violent, but of !hart (about eight hours) 
j continuance. In June laft, a little without found­
-ings,· \Ve had for two nig(lts following, faint in­
~~active Aurorrz; the confequent gale was not hard, ~~5~~ 
~~but lafted near three days : the firft day attende9 
~ \vith haze, and fmall rain ; the fecond with haze 
~·only, and· the laft day clear. 

'-... Th~ ben~fit \vhich. this obfervation, on the Au-
~ rora Borealis, when further confirmed· and known, 
~ n1ay be of to feamen, · is obvious, in navigating 
~.near coafis, which tend ea!l: anu weft, particularly 
~in th~ Briti~ channel_. The! may, when war~ed .L: . . "' 

'

·by t~e A11r~ra Borealu, get tnto p~rt, and. eva~e.ilorm, which might have deftroyed them; for ~. 
the 1~pen~u~g .~orm; or,_ by H:r~tchtng over to tneiuo--. '\vinds are fo· dangerous,· in the chaunel, as J .. 
fo.u~h.war4, · tacllttate th~1r pafiage, by that ve~y· therly and fouth-\veft. In a \Vord, fince I have 

~·~ - --:-:- ··· · . this obfervatiou, I have got ·out. of 'the 
... --.-a~..::Cbannel. when other men, . as alert, and in fafter r 

failing iliips, · but.unapprized of this .circ~fial!-ce, ~ 
· have not only been· driven back; but w1th d1fij--;· 

· culty have eicaped fhipw~eck. · · _: .. t 
iiie~~ •· ~ Perhaps, the : obfervat1on, that foutherly gales~:; 

confiantly fucceed thefe pha:nomena,. may h~lp ~ 
to account for the na.ture of the Aurora Borealu·; ~ 
my own thoughts on that fubjeCl:, I .lhall fame~ 
time beg leave to lay before y~u. ·: i' .. 

..... ~~~ I am, \Vith great refpeel, . .. 
~~IIII!.Jtl 

S 1 R~ . ,·· .~.·~':. Your obliged, . :. 

l1umble fervanr; 
'· . 





~~-• Mr. Haukabee, whoea 
··--r~:---- ~~s;:_~~ writings are dated 1709, distinguished himself by experiments and discove-

~r.-..~• .. ries in electrical J.ttrac;:tion, and repulsion, and electric light. He constructed 
an electrical machine, adopting the glass, instead of the sulphur globe. He 
~xperimented upon the subtilty and copiousness of the electric light, and 
likewise upon the. sound and shocks produced by the duid. After the death • 
of Mr. Hauksbee, the science of electricity made but slow progress, and few 
experiments were made for twenty years. In the year 1728, Mr. Stephen -=~ 
·Grey, a pensioner at the Charter House, commenced hia experiments with ___ .__ ·~ 
.an excited glass tube. He and his· friend, :&Ir. "'heeler, made a great ;;z~~~~~~ 
'lftriety of experiments in which they demonstrated, that electricity may be 
eommunicated from one body to another, even without being in contact, 
.and in this way, may be conducted to a great distance. Mr. Grey after­
wards found, that, by suspending rods of iron by silk or h~ir lines, and bring­
ing an excited tube under them, sparks might be drawn, and a light per­
·eeived at the extremities in the dark. He electrified a boy suspended by 
hair lines; and communicated electricity to a soap bubble blown from a 
tobacco pipe. He electrified \\·ater, contained in a dish, placed upon a cake 
·Of rosin, and o.Jso a tube of '~ater. He made some curious e1-periment. 
11pon a small cup of "rater, over which, at the distance of an inch, lie held 
the excited tube. He obser\"ed the water to rise in a conical shape, from 

..:~~:r·• which proceeded a light; small particles of water were thrown otf from the 
cone, and the tube moistened. 

l\Ir. Du Fay, imendant of the French king's gardens, repeated the experi­
ments of }lr. Grey in 1733. He found that by waning the paclc-thread he 
·succeeded better with the e~periment of communicating the electric \'irtue 
through 3. line 1256 feet in length. He made the discovery of two kinds 
of electricity, which he called 'tl-itreous and resinous ; the fonner produced 

·"•~~~-:~·~~ by rubbiug glass, and the latter from excite4 sulphur, sealing wax, &c. 
tr··~R::;--"'~ But this he afterw·ards ga,·e up as erroneous. Mr. Grey, in 1 i34, experi­

mented upon iron rods and ga,·e rise to the tenn metallic conductors. He 
P''e the name pencil of electric ligllt to the stream of electricity, such as 
is seen to issue from an electric point. He suggested the idea that the elec­
tric vinue of the excited tube was similar to that of thunder and lightning, 
and that it could be accumulated. 

Dr. Desaguliers commenced his experiments in li39. He introdur~tl 

the tenn ctmductor to that body to which the excited tube com·eys its~~~~~~i 



.:'~ltri1city. He called bodies in which electricity may be excited by 1'111i•hir~•a"lllllt.,. 

,;j~pj~ heating, electric JHII" • i and rum-electric when they receive electricity, 
~~~~i;ciJir:;i and lose it at once upon the approach of another non-electric. In the yeaz 

1142, several Germans engaged in this subject. Mr. Boze, a professor at~~~~~,~~~~~~;..;:~~ 
P.JiilB•• Wiu.emburg, revives the use of Hauksbee'a globe, inatead of using Grey's 

glaas tube, and added to it a pritM Cti'IUlut:tor. Mr. W"mclder substituted .a 
cushion instead of the hand, which had before been employed to excite the 
globe. Mr. P. Gordon, a Benedic&iue monk and professor o( phil010phy 
Erford, was the fint. who used · a C1Jlindsr instead of a globe. With 
electrical macbine he conveyed the 4uid through wires 200 ells in length 

~...,~ 

and killed small birds. Dr. Ludolf of Berlin, in the year 17 44, kindled ~.. ... ~~..:• 
electricity the ethereal spirit of Frobenius, by the excited glaa tube; W&llifW~~~ 
spark proceeding from an iron conductor. Mr. Boze fired gunpowder 
electricity. Mr. Gordon contrived the electrical star. Mr. Winckler ...... L~r .... ~~;rv 
trived a \Vheel to move by the agency of the same 4uid. Mr. Boze 

conveyed electricity frolli one man to another by a jet of water, \Vhen both~·~~.'-~":'~~~~~ 
were placed upon cakes o( rosin, six paces apart. Mr. Gordon tired spirits, :·~~~".:~~;.~~~~ 
by a jet of water; and the Germans invented the electrical bells. 

Mr. Collinson in 17 45 sent to the Library Company of Philadelphia, an 
account of these experiments, togetber with a tube, and directions how to 
use iL Franklin, with some of his friends, immediately engaged in a course 
of experiments, the results of which are well knowu. He was enabled to 

make a number of important discoveries, and to propose theories to account. 
for \"arious phenomena, which have been universally adopted, and \Vhich 
bid fair to endure for ages. 

In the year 17 45, such was the attention given to the subject of electricity, 
that experiments upon it were publicly advertised and exhibited for money 
in Germany and Holiand. Dr. Miles, of England, in the same year fired 
phosphorus by the application of the excited tube itself without the interven­
tion of a conductor. It \Vas at this period that Dr. 'Vatson's attention was 

.-... a-:-.. ~_ ............ --. given to this subject. He fired o.ir, made inflammable by a chemical process, 
and discharged a musket by the electric fluid. He made many experiments, 

~~~!!~~ some of which \Vill be described as we proceed. 
The year 17 4.5 was made famous by the discovery of lhe Leyden Phial 

~:l:iiiiO~ by Mr. Cuneus a native of Leyden. It appears also to have been discovered 
by Mr. Von Kleist, dean of the Cathedral in Crunin about the same time. 
By this discovery, electricity could be accumulated and severe shocks given. 
Mr. Gralath,in li46,ga,·eashocktotwentypersons at once, and at a consid­
erable distance from the mnchine. He constructed the electrical battery by 
charging se\·eral pbials at once. 1\lr. \Vinckler, and also 1\L Monnier, in 
Frnuce, transmitted the electric fluid through se\·eral feet of water as a part 



circuit. 
the Leyden jars. Improvements were made by Dr. Watson, and others, 

l~~~~~~~~~~~thi;e Leyden phial, by coating the inside and outside of it with tin foiL 
Nollet gave a shock to 180 or the guards in the king's presence; and 

the grand convent of the Carthusians in PBris, the whole community 
lfOiftll4Ml a line of 3600 feet in length, by means of wires between them. 

whole company upon the discharge of the phial, gave a sudden spring 
the same instant. The French philosophers tried the same experiment 

•tbll'O~I«h a circuit of persons, holding wires between them, two and a halt 
miles in length. In another experiment the water of the basin in the 
Tuilleries was made a part of the circuit. 

M. Monnier, the younger, to discover the velocity of electricity, discharg· ~-~~IJ~~­
the Leyden phial through an iron wire 4000 feet in length, and another 

1319 feet, but could not discover the time required for its passage. Dr. 
Franklin communicated his observations, in a series of letters, to his friend ~1'-1-l 
Collinson, the tint of which is dated March 28, 1747. In these he shows 
the power of points in dmwing and throwing off the electrical matter. He 
alao made the grand discovery of a plus and minw, or· of a positive and 
mgati'IHJ state of electricity. Shortly after Franklin, from his principles of 
plus and minus state, explo.ined, in a satisfactory manner, the phenomena 
-of the Leyden phial. Dr. Watson and others in July 1S, 1747, conveyed 
the electric duid across the Thames at 'V estminster bridge ; the width of 
the river making a part of the circuit. On the 24th of July, he tried the 
~~riment of forcing the electric tluid to make a circuit \Vith the bend of 
the river, at the New Rh•er at Stoke, Newington. He supposed that the 
~lectric fiuid would follo\v the river alone, through its circuitous windings, 
and retum by the \Vire. He suspected from the result of this experiment, 

..:::.~.;..•&~::_.::;:~:J;;~ .. ::- that the ground also conducted the tluid. On the 2Sth, he proved the fact 
by supporting a wire 150 feet in length upon baked sticks, using the ground 

·4illll~•4~il as half of the circuit. On the 5th, of August, he tried another experiment 
of maL.;ng the dry ground a purt of the circuit for a mile in extent, and found 
it to conduct equally as well as water. The last e:xperiment \\~as tried at 
Shooter's Hill, on the 14th of August of the same year. But one shower of 
rain had fallen for the fh·e preceding weeks. The \Vires, two miles in 
length, were supported hpon baked sticks, and the dry ground was used for 
the return two miles of the circuit. They found the transmission of the 

;~N:~~~tj~~~~ electric fiuid to be instantaneous. Dr. 'Vatson made many other experi­
ments which we must pass over. 

Mr. Ellicott constructed an electrometer for tllerumring the quantity of 
~ .. _._ .. ~lllt"W-. electricity. Mr. Maimbury, at Edinburg, electrified t\\;o myrtle trees, during·~!::!!!~~ 

the month of October, 1746, when they put forth emnll braucl1es and 

~:...~rlil 



shrubs of the mme kind, which had not beem 
electrified. The same experiment was tried upon seeds, sowed in garden 

mc~'ZJ~~~ pots with the same success. llr. Jallabert, 1rlr. Boze and the Abbe Menon 

principal of the College of Buell, nt Angen, tried the same experiments ~~'f~~~S~~~~~ 
upon plants, by electrifying bottles in which they were growing. He prov- :. 

~i)1B.j .. ed that electrified plants always grew faster, o.nd had finer items, leaves and 
ftowers than those which were not electrified. 

In the year 1148, Dr. Franklin, and his friends, held an electricalfeut• 
on the banks of the Schuylkill near Philadelphia, md as the account is 
amusing, as well as scientific, we will gh·e an a(1count of it as related by 
Franklin, in a letter to his friend Collinson, dnted Philadelphia, 1748. 
(1 vol. of Fmnklin~s \Yorks, p. 202.) 

"Chagrined a little Lbat we hnve been hitherto able to produce nothing 
in this way of use to mankind ; and the hot weather coming on, when elec­
trical experimeuts are not so agreeable, it is proposed to put an end to them --~~ 
for this season, somewllat humc;>rously, in a pn11y of plensure, on the banks 

........:::~ ... ·~- of the Skuy!..-il." 
"Spirits, at the snme time, .are to be fired by a spark sent from side to side 

through the rh·er, \\"ithout any other conductor than the water, an experi­
ment which we some time since performed, to the amazement of many. 
A turkey. is to be killed for our dinner by the electrical shock, and roasted 
by the electrical jack, before a fire kindled by the electrified bottle : when 
the healths of RH the famous electricians of England, Holland, France, and 
Germnny nre to be dmnk in electrified bwnpers,t under a discharge of guns 
f.rom the electric(d battery." 

"In the year 17 49, rmnklin first sugge!ted his iden of e~"}llaining the phe­
nomena of thunder gusts, and of the aurora borealis, upon electrical princi­
ples. He points out many particulars in which lightning and electricity 
agree ; in the same year he coucei\·ed the bold idea of ascertaining Lha 

• •• As the pussibility of this experiment bas not been easily conceived, I shall here describe it. 
Two iron rods, about three feet long, were planted just within the margin of the river, on the 

=ilift~~~~:; opposite sidet. A thick piece of wire, with a smaU round knob at its end, wu 6zed on the top 
• of one of the rods, bending downwards, 110 as to deliver commodiously the spark upon the aur­

face- of the spirit. A small wire, fastened by one end to the handle oC the spoon containing tbe 
spirit, was carried acro~s tbe river, and supported in the air by the rope commonly used to bold 
by, in drawing ferry boats over. The other end of this wire wu tied round the coating of the 
bottle; which being cha~Jed, the spark was delivered from the hook to the top of the rod •taad· 
ing in the water on that side. At the t~ame instant the rod on the other side delivered a spark into 
the spoon and fired the spirit; the electric fire returning to tbe coating of the bottle, tluougb tbe 
haadle of the spoon and the supported '"ire conn•cted with them." 

t "An electrified bumper is a small thin glass tumbler, nearly filled with wine, ud electrified :~~~~~~~~~~~ 
as the bottle. This, wheD brought to the Ups, gives a sboek, it the party be close shaved, uad. 1111 
tloa not breathe on the " Dtt . .:::__]':"4'~;,y.. 



lliiiii:.J~ truth of his doctrine, by actually drawing down the lightning, by means of 
sharp pointed iron rods, 'raised into the region of the clouds. Admitting the 

'~s.~~~~~~~ identity of electricity and lightning, and knowing the power of points in re­
pelling bodies charged with electricity, and in conducting the ftuid silently 

IIIIID'l~!' ..... 

and imperceptibly, he suggested the idea of securing houses, ships, &c. 
from being damaged by lightning, by raising pointed rods several feet above 
the most. elevated part of the building to be protected, and the other end 
descending some feet into the ground. It was not until the summer of 
1752, that he was enabled to complete his grand discovery by experiments." 

"While he was \vaiting for the erection of a spire, it occurred to him that !=~~~~,!i:-~~~~ 
he ~ight have more ready access to the region of clouds, by means of a ~ 
common kite. He prepared one by fastening t\vo cross sticks to a silk hand- -~~--", .. 
kerchief, which would not suffer so much from the rain as paper. To the Sll•a 
upright stick was affixed nn iron point. The string was, as usual, of hemp, 
except the lower end, which was silk. Where the hempen string termi­
nated, a key \Vas fastened. With this apparatus, on the appearance of a 
thunder gust approaching, he went .out into the commons, accompanied by 
his son, to whom alone-he communicated his intentions, well knowing the 
·ridicule which, too genernlly for the interests of science, awaits unsuccess­
ful experilnents in philosophy. He placed himself under a shade, to avoid 
the rain; his kite was rai:!ed-a thunder cloud passed over it-no sign of 
electricity nppenred. He almost despaired of success, when, suddenly, he 
observed the loose fibres of his string to move towards nn erect position. He 
no\v presented his knuckle to the key, nnd received n strong spark ; repeat­
ed spnrks were drawn from the key; a phial was charged, a shock given, 
and nil the experiments made which are usually performed with electricity." 

"Franklin constntcted rods so as to bring the lightning into his house, for 
the purpose of ascertnining if it was of the positive or negative kind. He 
succeeded in the experiment for the first time in April, I i53, when it ap­
peared that the electricity was negative. On the 6th of June he met with 
a cloud electrified positively. The discoveries of Franklin roused the atten· 
tion of all Europe, and many distinguished electricians repeated them with 
success. Professor Richman, of St. Petersburg, while making some experi­
ments upon the electrical state of the atmosphere, was killed by the electric 
ftuid, August, l753. Towards the end of the eighteenth century, electricity 
was assiduously cultivnted by a great number of eminent individuals, who 
extended the boundaries of the science by numerous experiments, and by 
the invention of ingeniolll and useful instruments. Experiments were r!a1~~-~~ 
made upon air, water and ice; and in relation to the surf3.ces of electric-...... -..-.. 
bodies; in relation to the two electrical stntes; upon the detlagration of the 111111..~~·~11!1 i§il~~~~~~~ 

dec:omi'POIIitictn of solids and liquids," &c. &c. 





I& IIIO.w 'bel ..... to dut btdLllac .. , ... .,... ... 
be iUulatucl IIOQJ &h.- b1 c,Uuden o1 ..... (lclua't, 

CIDIIIida tbe la&tur of madl lmpedalaat). 
JdlllbeUl he ciMUieCtllll wltll &M eulla Ia tbo ...a 
~ .,-ble. ..a JtGt1a1Dc Ia be&&er tor dUa pv.. 

tbaa ~a p1Mtt it la JDII&alllc .. ..a witb dut .... ,a,., 
W&d. tbo wa&er·Pit..- of &lut citr. Tla1e euaacaoa ... , 
aaado bT a ribboa ot copper ow liDD •lducucl to &lao eild ot 
JO;l a& oao ol iu u&ruait~ ucl wnps-l . uuud &be 
a& tho udaur. U acoaaectioA ol t.laia klllllt. imp:actica. 

lod alaoulcl be ODDdlalll.-.1 boriaoa&aliT &o d&tt DUU'Citl 

aacl tlld tiUIIMil nnleallr cloWD'IRI'Il utU &be ..a aa. 
&Jae wa&er .. dowp M l&a lvw.t.& luYOJ. ·Tiae laorbDDt.al 
id t1ut lod mar w bllrit.<d l• • l&ralWD ql poudud cLar. 
uulub...., Tlw IUtl .W.t&lcl bu piMud, iD prwlereaae, ua .. 

:-· ~ , ... , ..... •r L .. ll•••ac · 
.• 1 lfEMRI'. Eorrulll' :-A correepondnt in :lour nam­
~ ' ber rnr Stort. Atla Mf8. •• lc iJt a comlllD+ '"""to 

.. ,1.,.- that lisclttninst rudA llhould be l .. ulated." 
tl-.1 Jw ...U.! ronaaaon Wi'/. Jae would *ve beea 
n ... rt"r riatht; but wh .. tb .. r t•rrur or lM!Iitl, lt '"an 
anclllnf!ftt auain .. & him, under tla .. uld znasbn that 
what .... ,.,~budv lJP.ll.,.. ... muat hl" true.'t In fad, 
tht'lll"lief.et~e,.;r, if 1nueh••-,la &IJDflllt ftl\"PI'Mi. 

.-\1m•• aU mn wlao Jaa,.,. naade r•ll!CtrtclC,. a atudy !!~~~;~~~,~~~~ 
t...tbtvP and trvh it, anrlthe rwt 11llh1t wo~d believe 
it lten.t~~~e *' tau~ht. .-\If mar elf'C'trtc telrgrapb 

mt"ft beliPYI!' and J•.ra.-ticr• it. But, •1• J'Oar corre. ~~,~~=~~~~~~~< 
p..Went, '"th"" U~atninsr mrt ouarltt rather to.be 10 

cnntri'""l "" to facililah.• r~ ....... sre t.rom u, ...... lllllllll ... ~"lr.!.llllll .. 
hnildinar tra th~ n•l and tlu~nno to the atmnepherv, 

~·.-.~·· art·l ""'·rt';..,l." rr Jl'', "'' , .. have: our lhrhcniaJC 
J"'~l& Jaicl with uur t."OUr.ot.,. of brick llr cfapbu.J"'lll, 
an•llltil"ltincz th"'nr.ch mar rnof.ot wtth one tSad ia tit«' 
bttiltlinr.c llllll thr• utlll'r llltt ; for, in that Jneiunn, 
tht•V ~ouhl ••••rlllinh· nuarh ln•:lt•r fao•ilhat•• tht." fl"''t" W4ll& lide or. Uw INaildbalf. A rocl of d&la kla.l mar bat 

up br aa ...uaar, blackamitb. Tlut lOll Ia '1.-lua 1e ia WI.•~~ J~Jte fruna thf' . lmiJeliiiJC tn the ntiiiOIIJiftt•J"'", and 
ac$::Gitluce wilb o11r laaUtllluaowJwp ol aU tbe f'acta ol "'­ ft,o .. _,.,..,, 

Atllellll~nl imt•roftllll'a&a oa i& aN wurtbh-. ud. .. lt i>' tnat• tfuat ''t'lll'l"'•nr,. nf ••lt-.•tririty aN oonthlu­
alh· ri"~ul~ttinsr rhrmtJ:h ma_.,. nf mllttf!r In a rare· 
fir·.'l !Ot&tP.,." awl "~ "'' eloin~ot r•·rf'nrm a , . ....,. uaetw 
nlftrl', an•l '"'' llt.,.,J nn lir.chtninr.c J"'MIII tn rid Ita o( 

an t•IQPOIIIICI bJ dwle wbo uu ha& •ligla&IJ 
•ctltllalla&4MI witll tho ahjt.-ct. 

tho· frir•nrl, hut wlu-n it cnmr!l in l••lt.l', nn ftbo out- 1.,.,M-.;,,;a>II:'"••LMI~~~"''Il' 
11i•l•• ,,r nnr '""·llin&..,., thrn """ l•n•ft•r tn "'tCrJM"'l' 
"""'" "nll!ltrtu·tinn" In itM lllltlflftfoCI! inrn th~ dwell· 
inr.c. · \ 

f t•Annnt I'IIIIC't•i\'o• II( Rn~· llJI\IIII'I'tea-lQCOM('t'r• 
lnll "lhthtnin:: rud '"'' .-rcty •·ah·... \Ve !:enainlr 

~:l:li~~£;1.' do nnt ~n··mtr• t•lt.,·trit'itv In nur tlwrDinga In 
,., ... ;:;;l~iiiiiiiiil-.:~·~-=dan&e"'V"" •tuantitit'!',"" a l~•ilrr clrM.,. et~arn. and lC 

,. .... r ... .:::;;r..:z.~O!. W'l' tiltl I 14hnulol \\'Rnt tho• Mfl't\' \'1\h'l' nn cmductora 
te..tinsr It nut ... lliiO\'t• tlUiliCf'!ltl'll. and nntAGapled on liiiii'<O-'" ............ 
th•~ nulf'i•lt• mt•n·lr. It .-mal•l ""''"' that a~htning 
mrt "hunld l~t• narhrr a Mlth•ht than a vai\'P utl to 
not luulatP it i~ tn h•\"1! it ,.., thiat the tA maY 
Jlt'D"tratl' it 1\n•J ,,,, olalltl\lf1' IM-,rnnd it. I~ l~t tru~. 
u hr tPll" ttfl, that tlw mel 11hnultl 1,e hroaght in Iii::~~.·~=--~~-.-~.,.,.. .. .,,-~ 

· "nlt'tallir ~nntart" •rith llll intpnrtant metaOic aub­
tttanl'M nn th~ nut.ooi•l•! nf thl' btftt'lllnsr. But wbr f 

1~~~~~,r ~imf'IY IIO'I'IIttlll' th•· rntl will ho!'rr.IIP.\"00 thtreby of 
• ''" 'lllal'h ........ ,ri,.itr "" will ,... "'"tnirrrl '" rharJ:e 

... _,,.,. "'"~•1. ·'""' - llltt·ntl l'"i"~" , .. n .. ~ .. t~·t ~ by 
til~lutri-'1Rll ""~· ,., ... rt, ... t fmm tt ; bnt •f lntt tht"Or.r 
ill , .. ,rr ... ·t. whv n"t o·nnn• .. ·t thl' ""' with 1tn~ m~tala 
•it !tin till' h;m,... au& Wt•IIIUI otlt..idt!'! ~ 

l'ru(. """'~"" ~fltnn, lalt• ur Antioch t'olll' c.o, than 
whom tlaP"• i~ Rll hir.clf'' 1\uthority nn thie ubj~t.l!!!~'!::l~~ 
-!8, "Th" ultl rnt•tltt•iluf rutPninl( tht' to the 
lttJUIIfl by an lJ"')n lt&f'IP, i11 a clil'l'et invita\ion. or 
rather a dii'I'Ct. ~mamand, to the lir.chtnin'gt ~omo 
in; artd whr.n it dnt'tt come in. w.- all kno what 

~~~~ll)ditliltwrtit.'R it taake~~. Eleetrir.ity, lndl"ed, is v luable, 
il• intlill~nMhJn·tn all our th .. l'llingt~~, but nn~ln the 
form uf bolr.t." j 

Boat, ~tr. 1-:0iitnr, whilr~ f tlu111 ~trgu,. fur in .. olatlon, 
I Wlltthl "".! nti!•lt'lul, llnd, th•"''"~· Mf I ~o not 
mt .. n J:la""' rin~"· l•ln nut I'Ainllidl'r ~tny n4 lUI in· 
141llatt,.l whirh run .. thl'fonah J:IIIMfl, for, wlala.•n the 
ek..-tril"it~· '''"'~~'"Y~ rh•• lliiUIII, ""it itt'"'" tnt if in 
tl1P ftJrm of '"'h". tlll'n tho~ "'"I immf'fliAtl'l\' 111 in 
rllDtact with till' "'""'" whi•·h lu~lct the gl-"", and 
bftonmt'ft, in fu•·t. a Ml&J•I~l J"'xl, anel th., nt"nld" are 
fttll O( diMIIMtt!rlo nUJ..,lfl loy 1111rh 1'<11111: indeoo,1Jtt.'Orle 
Neiag tlacir failuJ"'''I, and hnll .. vin&( them t1 he, "" 
they aM frCI&erally r.allrd, li~rhtnin&( ,.,..,,,., haVP. mme 
to be ekeptlt'&l to( the vahaP. or all rory. 



ef LlaiiiDIDire 

Dr. llelaeJia. ••r• tb• JI«At~nk•' Jl~•~. b:&J P.D~ 
note to tbe Academy ot Selenc:e•.t on the falmlnatlnc 

ro•~r ol bo Ilea receotlr atraek by llgbtalag. and ot 
whicb be a.J.lu(ft t• nawt:lhL! inlt&aeel. . 0. ''• 

o( JCUMIS.S&. a IUD WU tiZkd bJ' lia-ta&IIJac aear 
Ganlea oa Pbau at Paril; tbe bodJ' I"88UUII•J 

tor fiOme lime e%pOMd to a pouriag rabl. Alter the 
atorm two IOidierl.la atlalptiag to wt ap Uae bodr, 
rec:el"td two liolelltlhocb. .Ia Uaeotlaer~ nkta 

I •at ~~-D~malla,!lWO ~·· 
bsd bela oNfted to lei. ap! agaiD Ia tbelr fonDe 
plafts two telegraphic J'OI(a ibst bad bMa tlarowa 

.~~~~~~~!~dow" •luring a .llorm; toOk hold ot · dMt cere. ~....,..~ 
,"Tapblc wire. Altboa,;b lt. n• two bonn after tbe =jl;i!j~~-~~ 
storm,. there wu~ maeb eted.ridtJ lett tbat: tM m.ta=: ;;:~- -=~~-.,-... ~,;.,o~~-
fint. tspf'rint:N a rew alight iboeU. :aa•l tbft a,. 
hoth thi'OW11 to tbe ground. :The f.landa or both·wmt' 
acorebed. Uti ooe ot tbecn did: not eftS tor '~i',tiiiM' •bo• aar •lgn.• or Uf~ .. '!'be' oaber, ia alt4'111pdft!r •• , · 
J!:el 11p,· ant tlowa a;;atn. an~l.lft 10 doing . 
comrade. who was eomlng to.h;l:J uslst:an~, witlt·hi:J·. 
elbOw •. ·no third ma was th•n throwtt.tlown Ia hli 
tum, experieace.l .YUIO.. nen-ous eft'&.tetl, and bi.4 0'411~~~...ai~~~~-4~ 

I!'II"' ... A.~·arm ,.... marke.t witb a hard at the fpot, wbeftl be 
ha..t IH!en tonche.l br the ntbqr maR'• elbow. 

\V ,,_ • ._,., .. 

-~--..... r······ Xleearteal Ma...-rl••••• 
,\,.tmal:olaiea.: u i~t tint flh·t uf tbu L'ttttCt•aaU'IUlnta ut alae, t•nwer 

ul a li,:lotuhat;-lla .. la ihln a auhuatu latt•n•l, V1•t u wuiule~rlul '" at .. • •·'-h·aa& uf ll~~t •·utla'at ""'''"'" •llt·ctud la7 h, u wall loU· 

fur•• a•uloh .. l .... l: A ~·h·IUutf&al'h·r l'Uihoi•t• uf a alt·lit .. h·ly ,~._ •• , ~i~~=~~:~~;:~~~~~i;i~i~~~,..···aa ''"'" tlu· luUnwhatt t'lll"'rieu""'• uf tbu wrih·r. au·v .. r I•·· 

"U"l"'"'''"' au•tt•u•lic uo•t'lllt• 10urruauadl.d li7 a'"'" "' ''"1'1"'' 
wirt•, thrma.:-1• ~hie·la a e·urr•·ul uf a•lt•o·Uil'l!yt·•• ,,. .... ; wlaua. 1:!"1111 ... •~"•""' 
,.,.,., thi .. ,,.,..,..:•· ,.a,.,.,. a••••·•• the• llt'o·•ll•• r•t•iolly tuna• anauu•l 
if,. I"'"'' "' ,. .. ,., ....... i•tta. ·nai• l•·iutt aua•l•·r:-i• .. •l. I a·uuaao·e·tt .. l 
tlol' "ito• ul aa ~·h·ououattt·h·r wiah alu• wah·r t•itot':t uf IS.hiauurt•, 

·~ 'llsji{c;JTiilt\:cmae~:ti;~li!~(1:htiP.i~l~b~iii;fy~[imid~2~ .... , 11"' "'1"'' ,.,,,, "' 11••· ··uil ~··"' .iuitu·•l "' • t;ll:t t•it"' ,., • ..:~a.--.;.••!11"'..:-. 

j!~~~~~l;~~:r~~~i~~;~~;~~~~~~~~~i~~~~~ '""'"'' iu tlu· "''"'"~''"' I''"' ul tho• dl\·. Tlau"" \'au•l ta

11

•taal lio· p~ah·taa uf o·lo·t•Hio• lll'f\'t'll Plt•·U'III·;l I&W.oy tloro·e· tuil•·• lu 
ala .. uur&la ,..,.,.,, I•• ala .. ,, . .,..,\'l,ir, lllt<l llllltiU "" lllllll1 l!t tlaat 

.,,.., ••••I ••••Uiu·a•lto\'t•r tlu• •·ity .• \ llauaoole·r aoturua ~·•• raichal( 
&I tlat• lt111r, Ill lilt Jfft'lll lA oliaottAIII'II ill ll111 bllftla lb&t ulll)' llll! 

illumhaaduaa ul '"" o·luaa•l• tut.l wl ... a a dll»la ·-·,·~arred. Yo:l, 

II~:J:~:::~~=~~~~~:.:~~~~1:::~=~~!~~~~rn~~~~~-~~ " ....... .,., .. , ........... ""'· ........ ,.,. ""· lli'U•IIu -· .......... , .. u. de·r&o·d tlaruu.:la '"" ur lwt•uty tlo•gro:..... 'I'll• two ttet"urra•a.-.. 11 
wt•ru aluu&hauuuua, •t•tt~~ro·utly, f••r I ecal&lll d .. tect au• ali 
t.·aacu laa tb11 ha:ttaaat ul &laa:lr llallllilu~talittu. 



qaoee from LfOJlla bla 
rod ehould nua ..r-w dae wbole 

'l~J•Iillllll~' ridp." -~ich.lf dut rldp Ia l.wel. 
pi-......._ dae lanJa&oN wbere 
will haYe to•nua ap JaUL • No lliitou 
COllie IJOra data. prDYidbl« dae rod .... 
to tWrr &U cbatp. lna& 11.-, It wW l1111lD e11tr' .,...J 

, lll'ek ...._ o&Jaer rn.d to &be .......... 
'lt&aDcelt nf &hla tlH haYe eiome ud~ 
~ &IOD. Thtt 1DIM& tieqlll'll& ue thOII8 on ........... -.d~ 
ua.,. ba all otlltw bnweeD &be maio 
Une, &be wire I• bJOatrftt Ia at &be 

..... --.- . .A ... -~ .. ID'f, and. I'IIDaUa,r alonw aev &be lutNDIIPftt;.,,. ... .:~o.l.ll.: 
Y~~~~~~··r.~~ ICitlla •ftral feel wheN the eat-oft: 

Wled to detach the lllii&I"UUIl•& dartarr a 
1 .._ Ucl thea rotuaa. Unally the wift! in th•· 

odlce 18 OIWI'PW aad lllllall~ &baa . th .. bon rl . ,.. ....... 
side. . • . 

Now the et"eet of a hea.y e&roke on th~ Jiltt" ,,. •·-~ 
uually thie: If it autk• a pole &nt. thr top aiiO\· .. 
aad below the iuulator. Ia brokn, pert It( thoo 

. ell.arlp goN dowa &be pole, the rNt. srot..l .,. th,. 
.~~~o."'r....-::l~.~ wire. and if i& doe. aoc mel& the "Wift' bet.....,.. tht­

polN aad jump mr, it wtll break • thf' aest J•ll" ,_ 
- J low tho hwulator. llbowiag thac &lao wire multi nut 

---~ I earrr all th~ eftarge Whell thent Wq &ftyt.'hinl( tn 
jump to. &m~tfma half a doztoa pnl.-. will 11huw 
the eft'eet of thla lingle RI'Oke, aad 11till titc• wirw• 
wi.U have all i& C'&ll carry. The fim ,ftln• tiai11 _.,.,. 

~·~nllll:ll'•~~o..., lato i& wiU jump from the coprer wire to th~ l.'!'fmnd 
wile. aomeUma. a couple ol feet. OJ~ratcn ha\'oo 

• teamed thia IIIICI'e& and · a.aaally haTe the l'""""'"d 
wire dOH to the eut.otr. 

~ .. ·~.~ ~~-'~~~ Yov c:onwpftdftt rft.a·--:0:-:h-:-lo.--:-la~!'-o.-1-J,.;..ij•-n-·,-ht. ~~ 
Ia -r-aldag about lanlatloa, u l beUe,-e It 'dflf'll 

.~~~~~--iii! good but rather lajary; bat I df!i!r with hi~ in mn . 
._1" .... -..-;::;· D~lnrr t~e rod to the gatten, apoata, «-tr.jl.illhl· rt~~"-iC:oDdDI:C 

._.._..-• DID~ dna t M'ID to care how far It ~ in ~l'ttin.: 
to &he earth pro'ridlng it hu a good road til tra\"ool. 
Lu& 111111liDer our school houe wu etrut"l. n ... ~~~ liiaoe, 
rod wu ia·coatact witb tlae jfUtter, J•rt u( h w•·nt •.-:..o...-.::::~~~ .... 
oa thu c:oaduetor to &be O.tt•m aad bam it. j 

To aecuro a hoWIO apiut dCflt'l'ndinK ancl 1111 

eendfarr atrokre_ I would ran lltri(lll of mtiJ--r 
~ov:;4._._ HCb mraer of the building, under the •icllaff, 

the roo( boarda aad Wider the abialfiN. and l'"mli. 
nate them with a poiat at ~he •ode of thP riel!~\'. 
Theae, iu good coancctioa with tbn ground. ''"ill ,.. .. 
care the hoWM> ~DB all ue.adiarr "'"'k•~: "'ill 
I would baTe a aood rod, the btoet and c:ht•&~-' uf 

· which ie a 11111alliroa •ble. half or th,.....•Jn•rt~l'll"' 
an loeb ia diameter, with a ate.tl rolar. all 
black aad •piked to the bulldlnll with .. rart .... an• 
de.eendlall all the way from thu )JOint In tl•• 
grouad. 

h would bo a good plan to Jaa,·o the tin 
or c:oaaeeted with the ground with a 
to •Te &he c:IR8ra. 

1.-eoa, Ill., Sept. 10, 1868. 

Philadelphia. Aug. 
P. S.. After finishlA$t thla paper, I found &D 

ol &A at"ri&l TOJ'&~ am'da_cr the doada 4a.ri.ag thtm_. c!. s101'::2, made iD Ohio.lD 1&2. by llr. \\-. .. lD 
whlcli !:&e b.i·cXaace \0 Ol.erT-e the ~ bY 
elec1r..ci~y •. Or.~~ whirlwiA4 or comafp .. sed 
a!Jo of h&if·noa& A. bail .torm is acbo.,edged. 

·~~~~~~;:~~'-i~~~~~~~ lou~ ago, io.be u eleetric pht'1lomenoli. an~ Ugh~ ff5:.1111 .. ~ 
.,.11(\,.,.._~-11!!._'.•~~ Ding rods ha,·o been suggested to bo rai8ed ou a.,_....._,.._. ... 

•r~O::..::!oif.··:"'':i~~"' kind oC tclegr.ph poles, at regular dlatances:'·in 
districta subjected to destruc:tiT"e hail .tormsJ Tb ..... 
are Wd to be ~'1· ud lD eomo loc:all 
fec1.11 IUttee~fuL - P. H. . \V. 



~~~~-~~-:~~~~~ 
~~'-~t~· "I" .:;l- · J,. THOUGHTS ON COSMICAL ELECTR1CITY.1 

, BY PBOF. BLDilJ TBOIISON. 

PBoF. TBOJISOlf pref&eed his remarks by statiDg that it wu not 
his iutention to g!ve an illustrated popular lecture, but rather to --.~-.. ... iiiliJ! 

reeent to 'the Electrical Section of the lnetitute a number of 
lhoughta which had come to him, and which mut be regarded ----=~·-........ 
u ill the nature of aoeculationa or guHBeL He bad attempled to 
apply knoWD prillciples to conditions of the heavenly bpdies, and 
he thought there was much to learn in thia fteld. 

Beginnillg with the cOnaideration that u we riae from the 
earth's surface to dUferent altidudes there appears to be a gradual ,. .•. _,_., 
increue of potentlal .~th respect . to the ground, such thal at a 
thou.&Uld feet. u at the top of the Ei1fel tower, there may be 10,-
000 volta di.lterence between the air at the top and the surface, he 
1181U.iDed that this di1ference might increase aa we reach high alti· ···~~!C~-": 
tudea, and tl}a~ at 20 or 30 milee the poten~ di1ference mig~t 
amount to a lnillion vola. mora or leu. ThiS would seem to iudi- ~.-.- ....... ,lr 
cate the poiilealiion of .a poei~•e ·charge ~y the higher layen of the 
atmoaphere .. 1 .Re s~ted;,)ewe~. t.hat 1t had.D~tyet ~n proved 
that a pare:ps coUld catrr a charge of electnmty, and Qlltanced 
the cue of a drop of water 8Uipended iD the air lmd charged to a 
~ pc)fielltial ; if the air were dry and the drop evaporated, the 
potential would i:ise gradually until, when it was entirely evapora 

. --

1. ~blenct of a 1eature deUYend before tbe E1eccrica1 Sea&lOD ot tbe Fr&Dk· 
liD Iut:ltute. l'ladar. i)eceaaber u. ta . . 

ated, the potential would be infinite. This COIISideradon would 
be baaed on the fact, if iti be a fact. that llquida in evaporating do 
Dot part with their electricity. The increued pofielltial of the 
drop, however, might have other e1fecta, such u the repulaioll of t 
its particles and ita di'rilion illto an utremely comminuted state. E.\..~ 
~:~n evaporation to pure vapor the electricity must go some- ,.~, 1,, 

~ter s~tiag the nature of the electrical charge u dependent 
upon capac1ty and potential, be showed that whenever the capac- ~~ 
~ty ia dimiuiahed, the potential with a given amount of electricity I 
·rises. and vice vel'l&; but weDt on to state that attraction and ~ · 
repulaioD, and other phenomena could be explained by the gen·l' 
eriU tendency of all bodies to iDcreaaed capacity. He adduced 
CODaideratioDa going to show that there waa a relative repulsion 
betwef>n liquid charges of electricity besides the attraction be. 
tween opposite charges, aDd that therefore, the lines of electro. 
static stress would agree with those of ~etism ill their tend· ~ 
ency to shorten and also to spread laterally. 

He then took up the questioD aa to whether a perfect vacuum 
ia, or is not, a conductor of electricity and brought forward the 
results of recent iuvestiptioDs as showing that an ucellent . - .:: 
vacuum ia Dot a conductor. but on the otlier band ill the DlOit ~ t.. 
perfect iaaulator. TaldDg thill in connection with the fact that ~Ill 
deDse air ia a good insulator. that rarefied gaa ill a fair conductr, .-- ~ 
and that the solid body of the earth ia·a conductor, he compared .'~; 
the earth to a huge coodellller ~~~a poeitift charge in the ~ 
outer I!Yen. while the earth itself might be leu positive or nega-
tive. UsiDg the results of Prot. Rowland's works on the move- ~~~ :s:tlil.:· 
ment of a charged body ~iviDg rise to magnetism, and the priD· 
ciple of an air condenser, he pu' forward the idea that the ~. ~ 
being a huge rotatillg condenser wi&.h a positive ~ in the ., 
upper layers of the atmosphere and negative charge at the • 
ground, it would neceuarily follow that the magnetism could be ~~ 
developed in the region between this upper layer and the earth ~.,.: 
by the rotation of these charges. - ~ 

He then traced the actual direction of the magnetism which ~_A, 
would be produced, findiDg that the direction was the proper one .,-,:: 
to accord with facts and that the compass Deedle indicates the -~~ 
direction. He reverted to the idea which had come to him that lill":~w 
po11ibly thunder storms were in a measure due to 1Jawa in the ,. .-~ 
deDse air as a dielectric and explained in detail, somewhat, hia ~ ..t!t·' 
thoughts on this subject. He drew attention to the co~uencea ~ 
which would follow the poSBeSSion by a mass of nebulous gaa of r '-' ~ 
a charge of electricity; th~ if insulated in apace, would, u ita ~.~...;, 
volumes dimillished by the radiation of heat and condenaation, ~· ~"~ .... • 
gradually iucrease in potential. however amall the charge origi· '­
nally possessed. The sun might, therefore, be a charged body 
having a relatively high potential, which potential would uDdergo ., 
elevation on further condensation. He put forward, u a thought ~ 
on this subject, a possible explanation of the solar periods as due ~ 
to Alectrical states, the san reaching a certain potential and then ~ 
by the repulsion of small electrified particles losiDg that potential ~ 
by the passing of the coronal stream, and not only a part of the ,.. .•. )c 
charge which it possessed, but also a coDaiderable amount of the ~ 
charged material which might be encountered by the earth in ita · • 
movement around the sun, and so gave rise to an auroral display. ~ .... 
He showed that the action woald necessarily be the periodic one. ~ , 
He showed the tendency of electrified bedies to lose their charge, ~ •. · 
especially in the presence of rays of light aud the higher rays of ~­
the spectrum, and thought that .this action might possibly have 
aome relation to the possession of and disposition of charges by ~ 
the heavenly bodies. · 

He conciaded the lecture by stating that it was possible, in I> ~ 
his opinion, that temporary stars. that is, stars becoming visible ; 
aad then farling away, might therefore be explained on an elec-
trical hypothesis, viz., that charged bodies possessing a di1ference 
of electrical potential when they approach near enough might 
exchange electricity between themselves on the grandest scale, ~,J~ .. ~~~:~ .. · .. 'j giving rise to a uniformity of charge on their leaving each other; •ollf w 

that this would naturc~.lly be done in a vast display which would 
only last for a moment of time. He stated in' conclusion that 
these were only thoughts after all, bat such as he believed would ~ 
be of interest to the members of the Section. 

~ ,_~_)1 
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UNITED STATES PATENT OFFICE. 

JOS. S. BARBER, OF GLOUCESTER, MASSACHUSETTS. 

IMPROVEMENT IN THE LIGHTNING-RODS FOR PROTECTING BUILDINGS, &c., FROM THE EFFECTS OF 
,- LIGHTNING. 

Specification forming part of Letters Patent No. 1,098, dated Xarch 5, 1~39. 

To a.lZ wluma tt may concern: 
Be it known that I, J OSEPB: S. BAB.BEB, of 

Gloucester, Essex county, State of Massachu­
setts, have invented new and useful impro,·e­
men ts on the modes generally practiced of 
protecting buildings or other property from the 
destructive effects of lightning, of which the 
following is a specification. 

liyimprovements, the principles thereof, the 
manner in which I have coutemplated the ap-

•plicationof those principles by which the same 
may be distinguished from other inventions, 
together with those parts, improvements, or 
combinations I claim as-my inventions and 
discoveries, I have hereinafter Set forth and de­
scribed, which description, taken in connection 
with the accompanying dra\vings herein re­
ferred to, forms my specification. 

Figure 1 represents a view of my invention. 
Fig. !! will serve to show its application to a 
bualtling and its mode of operation. · 

A is ~• hollow paraboloid or othe1· suitable 
shaped body, constructed of copper or any 
good conducting metal, having attached to its 
10\l"Cr side any desirable number of lea\"'ed, 
notched, or pointetl pieces of metal, b b b b, 
shaped and ·arranged as seen iu the drawings, 
or otherwise properly formed to answer their 
iutentlet.l purposes. 

To the tot> of the body A. a set of branching 
\fire points (of any conduct.ing metal) is fb:ed, 
as seen at B, Fig. 1, constructed as there rep­
resented, or in any other suitable manner. 

The whole of the above apparatus is to be 
mounted on a long staff of wood, C, or other 
proper non-conductor of the electric tloid, w b ich 

sta1f is to be applied to some suitable part of 
the top of a house or other building, as repre­
sented in Fig. 2. Between the top of the staft" 
C and the shoulder D (through which the rod 
passes) there may be interposed a quantity 
of resin, through which the rod B also passes 
into the staff, the resin being a more perfect 
non-conductor, and thereby more e1lectual1y 
protecting the building to which the apparatus 
is attached. The electricity being attracted 
from a cloud by the points B will be dispersed 
or disseminated through the atmosphere by 
the points of the metallic lea\"'es b b b b, the 
stn.ff or non-conductor C preventing the fluid 
from injuri11g the building. 

Should one of the above apparatus not be 
deemellsufficient to protectany house on which 
the same may be erected, two or more may be 
used, which, in order to diffuse the lightning 
more etfectually should it strike either, may be 
connected by a wire or wires extending from 
the metallic body of one to that of the other. 

Having thus described my improvements, I 
shall claim as my invention as follO\vs, viz: 

A paraboloill, constntcted as above described, 
and its combination with a set of branching 
wire points in the manner abo\"'e <le~cribed, and 
for the purpose abo\~e set forth. 

In testimony that the abo,·e is a true de­
scription of my said in\"'eotion and impro,·e· 
ments I have hereto set my band this 14th day 
of July, in the year 1838. 

JOS. S. BA.RBER. [L. s.] 
Witnesses: 

R. H. EDDY, 
EZRA LINCOLN, Jr. 

- -ll~llr;r~~~·----------11 r;r~~,.,.,. 
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UNITED STATES PATENT 0FFJCEo 

RtN:S L'AYGL.AIS, 0~, ASSUMPTION COUNTY, LOUISIANA. 

IMPROVEMENT IN LIGHTNING·CONOUCTO.RS. 

Specification forming p~ of Letters Paten"i No. 4,801', dated October 3, 1~6. 

To aU r.cl,mn it may concern: C represents the conductor. This conductor 
Be it known that I, RENE L'ANGLAIS, of is made of seYeral kinds of metals. 'rhe upper 

Paincourt\"ille, Assumt)tiou county, State or part, c', is matte of platina, to resist the shock 
Loaisiaua, lun·e in,·eutetl a ne\V aud Useful of the electric 1luid when struck on the point. 
Electrical Conductor, which is described as C1 is composed of copper, to lessen the shock 
follows, rcfet-ence being bad to the annexed on the iron rod. · 
drawings of the $am.-, making part of this C3 is the iron rod or conductor for condact-
speciftcation: ing the ft.aill to the chain leading to tbe earth. 

Figure 1 i:i au ele,·ation of the conductor. C4 is the chain or conductor. · 
Fig. 2 is a plan of one of the ghtss isolators. The sections c' tP lfl are united by dowel-pins 
Fig. 3 is a vertical section of ditto. I P, Jet ioto corresponding boles borell in Lhe 

A represents the frame for supporting the I entlsoffhesectiousret)reseuted by dotted lines. 
conductor and isolators. This frame ~s made D are the arms that (>ass at right aogles 
of metal in the form revreseoted in Fig. 1 or through the conductor, and which rest in the 
of any suitable and con\'"enient form, and is recesses of the isolators aforesaid, for support­
secured to the top or the roorby screws, bolts, ing the rod or conductor in the centers of the 
or other fastenings. openings in the isolators. 

B· are the cylindrical glass i~olators placed j ll4 is an isolator for sustaining the lower 
in the frame for sustaining the conductor in section of the conductor and pre,·euting it from 
its proper position. Each isolator is made 1 touching the roof. 
with a cylindrical opening in the center of 1 What I claim as my invention, and desire 
greater diameter than the conductor, which to secare by Letters Patent, is-
passes through said opening ''"ithout touching The manner of constructing tbe glass isola­
any part of the isolator. A recess, B', is tors with sboultlers aod cylindrical recesses, in 
formed in the upper end of the isolator tore· themanuerandforth~purposeabo\'"etlescribed, 
ceh·e a pin or arm, D, of a oon·conducting in combination with tbe frame and rod con· 
material, that passes through the rod or con· strnc~ed as above set forth. 
doctor at t•ight angles thereto, and which sus- 1 

taios the upper sections of the conductor in a 'I . 
\'"ertical position and pre,·ents the conductor 
from touching the isolator. The lower end 1 ~Vituesses: 
of the isolator is reduced in diameter to form I w~. P. ELLIOT, 
shoulders B3, to rest upon the horizontal bars A. E. H. JOHNSON. 
A2 of the frame. 

R£:8f: L'.ANG LAIS. 
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UNITED STATES pATENT OFFICE. 

JAMES SPRATT, OF OINCINNATI, OHIO. 

IMPROVEMENT IN LIQHTNINQ·RODS. 

S1•ecifieation forming part of Letters Patent No. 8,930, dated lfay4, 1@52. 

fo all 1r/wtl& it may cmaceru: 
Be it known tbat I, J~HES ~PRATT, of Cin-

'rn•·tti in the county of Harutlton and State 
tt( ,)hi~ hn\"e invented new and useful Irn-
010n!lll~Uts in the Points of Lightning-Rods, 
~(which the followi~g is a •eciftca~ion. 

The ol~je,~t of my 1mpr?vement.s rs ~o pa·o­
tide against the destructiOn of hghtnmg-rod 
roiuts by melting, as they not unfrequently do, 
(nlm the suclden ovPrcharge of tbe electric 
rurrent. 

IJ:n·in~, iu the course of Heveral):ears' ex-
.1.,rieru~e Ill the '!launfllcture and set~mg tlJl or 

•Jhtning-rods, frequently obsen•etl mstances 
of tle~trnction of the points by lightning, and 
....-ollecting that .some time p_rel"ious a J)oint 
(onurtl of ~mccesst\"e layen of •ron, bras~, and 
tia wl.Jich I bud set np in an isolated position 
ror' e~periment, being soon after struck b.v 
lightning, the outer co, .. ering of tin melted o.tf', 
lfariug -the brass entirely unaft"ected ; and 
10~qucntly, during the same sea\son, receh·­
iatt ;auother shock, the brass wa.~ melted off 
from the il·on, which, in its turn, was also left 
•ntir(>, [ was led to the plan of forming my 
pointg uf a unauber of metals incased one 
within another, the most fusible to the out. 
aidc.a. 'fhe etfect of this arrangement is that 
&be fusing action of an excessh·e shock oflight­
aillg is confined to the outer metallic layer or 
ru:ating, which iu tfowing may be saifl to carry 
cbe electric tluid with it, or rather perhaps it 
l'f'Ct'in•s in the act of melting au accession to 
alA comlucting powers; but whate,·er may be 
Cb@ true scientific solution of the phenomenon, 
tbe fact iK demonstratecl by experience that at'­
tfr the melting of oue lay(>r t.he next below it 

is left unscathed and J>erfect. Thus, by meaoa 
ora sufficient uumberoflayers-say from three 
to four-a point may be made capable of aor­
,·h·ing as many extraordinary shocks as any 
one point is likely to encounter, at least during 
tlae existence of any kind of rcxl such as now 
in use. 

The number of laye1·s way ''ary from two 
to three, or upward, according to the desired 
completeness of the instrument, but the fol­
lowing I hal·e found suitable: Tile innermost 
point may be of steel, which may be incased 
in brass, the brass in zinc, and, lastly, the zinc 
may be coated with the alloy of platinum, sil­
ver, &c., formerly 1>atented by me, which is a 
sopea·ior conducting mec.liunt, and capable of 
receiving and preser,·ing a higb finish. Each 
layer should be about from one-sixteenth to 
one-eighth of au inch thick, ancl way be cast 
onto the preceding one. 

In the annexed drawings the rod is shown 
in section, manufactured as abol"e described. 

Having thus fully tlescribed the nature of 
my improvement, what I claim therein as new, 
and desire to sec01·e by Letters Patent, is­

The formation of the point of a lightning-
. rod, of three or more metals, incased one \vi thin 
another, the most fusible to the outside, in or­
der to (,re\•ent the destruction of the eutire 
point by melting from an overcharge of the 
electric tluid. 

In testimony \vhereof I ha\"e hereunto set 
my ball(l before two subscribing witnesses. 

J Al\fES SPRATT. 
\Vitnesses: 

GEO. H. KNIGHT, 
EDWARD H. KNIGH'l'. 
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UNITED STATES PATENT OFFICE. 

AMOS LYON, OF WORCESTER, MASSACHUSETTS. 

IMPROVEMENT IN LIQHTNINO·RODS. 

Specification t"ormiug part of Letters Patent No. J J,~SI, dated July 11, 1854. 

To allt.CkOt~& it 'fiUl,'J em&eerA: · 
Be it known that, I, Alios LYON, of Wor­

cester, in the county of Worcester and State 
of Massachnsetta, hal"'e invented a new an im­
proved mode of constructing lightning-rods 
and of attaching the same tO buildings; and I 
do hereby declare the following to be a full and 
e~act description thereof, reference being had 
to the accompanying drawings, and the let­
ters of reference marked .thereon. 

The nature of my invention consista, mainly, 
in the nse of sheet-copper (on other metals to 
t>rodnce the same result) made in such a form 
for a lightning-rod as to present to the electri­
cal atmosphere a proportionally large amount 
of surface with bot a smaller amount of metal 
than is ordinarily used for the same purpose. 

To enable others to make use of my inven­
tion, I will proceed to describe its construction 
and the manner of adjusting the rod to build· 
ings. 

I take sheet-copper about the thickness of 
sheathing or wash-boiler copper, 1lve feet long, 
more or less, and cut it into strips three~onrths 
of an inch wide, or according to the size rod 
I wish to make, one of which I leave in a fiat 
form, as may be seen in the accompanying 
drawing No. 6. The other two I bend (in a 
machine for the purpose) at their center length· 
wise to an angle of sixty degrees, au end view 
of which may be seen at No.5. The two, when 
bent, I solder, the one upon one side of the 1lat 
piece, in spots about six inches apart, and the 
other upon the other side thereof, in the same 
manner as represented in drawing NQ. 7 at 
letter C. When tbns pot together six contin­
uous edges are presented eqoiclistant from 
ench other. 

This rod is made continuous throughout its 
entire length, when adjusted npon a building, 

· by letting the ends lap in the manner repre­
sented in drawings Nos. 3 and 4 and letters 
B B. An opening being left in No.3 and a 
tongue upon ;the end of No. 4, when pot to­
gether may be fastened by a wire, as is seen 
in drawing No. 1 at letter B. Throughout the 

~ 

entire length of this rod I cut in upon its edges, 
with shears, in such manner that needle-like 
points are presented in di1ferent directions, as 
may be seen in drawing No. 1, from letters H 
to C. The ·points are intended to receive or 
break up the force of a current of electricity 
in its passage to or from the enrtb. 

In adjusting this rod to buildings where the 
case requires it to be bent, I cot in upon op­
posite sides aatJlcientJy near each other aml 
deep enough to enable me to bend as I please. 
(See drawing No.1 at letter F.} I attach this 
rod to buildings by the use of blocks of Iig­
nnmvitm wood as non -conducting mediums, 
made in the following manner: I turn them 
out in a bell form about one and three-fourths 
inch in length, leaving the base about one 
and a half inch and the other end about 
one inch. Near each end I cat a groove of 
suitable size to admit of a wire fastening once 
or more around. (See drawing No.2, as also 
No.1 at letter D.} In winding on this wire I 
have a pin upon opposite sides of the block, 
around which I form the eye for a nail or screw 
with which to fasten it to the building. At 
the smallest end of the block I wind a double 
wire and twist it on opposite sides, then pass 
the two wires around the rod and twist .ftrmly 
to the same. (See drawing No.1 at letter E.) 
These blocks I place about .ftve feet apart, or 
as often as may be reqnired to sustain the rod. 

What I clailn as my invention, nnd desire 
to secure by Letters Patent, is-

The metallic surface lightning.-rod made in 
the form herein described, or in any and every 
form where sheet-copper, sheet brass or iron, 
(either of which may be coated with metal or 
not,} and where the surface is all or nearly all 
exposed to the electrical atmosphere, and is 
adapted to present points upon its edges 
throughout its entire length, accoruiog to the 
mode herein described. 

Witnesses: 
DARING A. Woon, 
LEWIS C. MUNN. 

A:liOS LYON. 
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11~11~~~1 ~~~~~~~ - UNITED STATES PATENT OFFICE. 

L. S. BALDWUf AND LUCIUS PARKS, Ob, LEROY, NEW YORK, ASSIGNORS 
TO L. S. B.!.LDWIY. 

IMPROVED CONSTRUCTION OF LIGHTNING-RODS. 

Spec~tica.tion forming part of Letters Patent Yo. 23,01'1', dated August !>, 15'i0. 

1'u all tdon& it may concern: dart, E, the edges of which d tl, Fig. 4, are 
Be it known that we, L. S. BALDWIN and made prominent by 1luting the sides. It is com­

LrciUS P .• uucs, of Le Roy, in the county of posed of copper, the surfaces being plated with 
Li\'"ingston and State of Ye'v York, ha\"'e in- siln~r,and that part constituting the point with 
,·ented certain new and useful Impro\·ements gold. Below the dart, near its place of con­
in the Construction of Lightning-Rods; and nection with the rod, a bulb, G, is provided, 
we do hereby declare that the following is a which is hollow, and filled ''"ith a powerful 
full and exact description thereof, reference loadstone magnet. 
ueing bud to the accompanying t.lra,vings, in In the upper surface of the bulb are inserted 
'""hich- I the auxiliary points H, three in number, their 

Figure 1 represents a \"'ertical elt!\"atiou of direction di\"'erging from tlw main pllint E, 
a portion of our rod; Fig. 2, a cross-section aml their position relath·e to it equidistant be­
thereof; Fig. 3, au ele\·ation of points and sec· tween the angles d, so as to bring their line of 
tion of the bulb K; Fig. 4, a plan ,~iew of the attraction to act intermediately, or upon a dif­
same. fereut fiehl from that of the edges d. They 

Similar letters refer to corresponding parts are made of steel, and become magnetized from 
iu all of the figures. being in contact at their lower ends with the 
. To con~trnct our rotl we take a piece of sheet- magnet K, thus combining the intluence of 

copper of suitable dimensions, and shape it by magnetism \vith the arrangement of the trip­
pa:;siug it through a machine for the purpose ple-edge pointed dart E anll auxiliary darts 
into a quadrangular tube of the required ~ize, H, for presenting the most complete range of 
~ny, about one-half or .fi\"'e-eightbs of au inch. attraction to the electl'ical atmosphere. Ex­
A :5econd operation by machinery con,·erts ib periment pro\·es that a greatly-increased pO\ver 
plane faces into couca\·e or tluted sides ... -\, Fig. of attraction is attained by these rneaus. 
:!. It is then twistetl till it assumes the spiral The interior rod, B, is inserted iu the socket 
torm sho'"'n in Fig. 1. It is then slipped o\·er li, which is made sufficiently long to afford a 
au iron rod, B, of 11 .size just sufficient to till secure fastening, by which it is brought in con­
the aperture, which may be seen througb its met with the copper conducting-tube A. 
center, aud which is apparently round, as the The whole combined forms a remarkably 
eye foJio,vs into its depths, the interior or cou- strong nml efficient rod, and is cheaply made, 
\·ex surfaces of tlle .fluted sides forming a. con· and cun be put togetller with unusual facility. 
tiuuous spiru.l bearing on the surface of the \Ye am a'vare that a patent '"'a.s granted 
rod. Thi~:~ secures great strength and stiffness liarch 30, lS:iS, on the in \·en tion of Oren White, 
to the couabinet.l rod, the four angles c of the consisting of iron wires enwrapped by sheet­
tulle, together with its conca,·e side~:~, which copper, aml this we do uot claim; but we be­
bear against the iron, acting as braces to the lie\·e our method herein described is au im­
iutl·rior roc.J, the two mutually strengthening provement on said plan, both as regards the 
each other. gr~ater stiffness, as \\"ell as unobstructed con-

The space uetwedl the rml audits shank at ducting-surface in the space formed by. the 
t>acla of the angles ser\·es to gh·e a greater su- angles c c, \t'ith a less amount of material. 
perticial arc<L to the conducting capacity of the Therefore 
copper, while, should that pro\"'e insufficient We claim-
for the amount of electricity present, the iron, The employment of a quadrangular tube of 
as the nPxt best conductor, \fill receive the sur- sheet metal with spiral-fluted sides A, in com· 
pins. biuatiou with the straight central S'lpportiug-

1u joiuiug the pieces of the copper tubing, rod B, substantially in the manner and for the 
one eml is slightly enlarged to receiYe that of purposes herein set forth. 
the next piece, while the rot! B, by extC'Dding L ll LD nrlN 
tl. h b h t h . t l". b • s. ) .. :.\. ' ' .;.; . uroug ot , pre\·en s t e pom .1rom ecom- LUUIUS pARKS. 
ing disconnected. If joints are required in the 
inner rod they should occur at points interme­
diate between those of the copper. 

Our principal·point consists of a triangular 

Witnesses: 
E. C. ALLE~, 
I. ~I. FORE)IA.~. 
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ISAAC JOH~SOY, OF I~ODI ST....\TIO~, ILLI~OIS. 

IMPROVEMENT IN LIGHTNING·CONDUCTORS. 

~pt-citi,·atiou forming part uf Lcttus Patent Xo. 4.1',310, tlnt£>cl Aprill~, l~tiiJ. 

1;, (,I/ 1rlwm it uwy concel"n: I The _use of ~opper fo~metl iu to. au an.gular 
He it known that I, Isuc JoHNSON, of tube w1th an Iron rocl m the mtddle 1s not 

1,uli Station, in the county of Kane antl State new in the selperal pllrticulars here mentioned, 
,;f Illinois, ha,·e in,·ented a ne'v and Itnpro,·ed I different prel"ious inventions showing one or 
1 i·•htnin~-Comluctor; antl I do hereby declare more of them; but the triangular torm, es. 

1 j 1~t the t'ullowing is a full and esact descrip- 1 pecially when including there,l'ith the~e enu­
.11,11 thereof, reference being bad to the accom· · merated features before separately known, pro­
;,auyiug drawings, making part of this ~tleci- duces aco~bined resul~ of con~tr~ctiou and ef­
rit'ation- feet not before accomplished wtthm my knowl-

Fi;.:ure 1 l.>eing a. side·ele\"'ation of the upper edge; and I will proceed to point ont wherein 
,.

111
1 of a lightniug-concluctor constructed in I propose to ba,·e produced no\"'elty of in,·eu-

111r impro\""et.l manner; Fig. 2, a longitudinal tion and snperior usefulness of purpose tbere­
.... ;~tiun of th~ conductor through the joint of by in all respects consistent with one another. 
rwu of the contiguous lengths of which the As shown in the drawings, I construct the 
··nndnctor is composed; Fig. 3, ~• cross-section J tube A of strips of sheet-copper, folded by a, 
of the eontlnctor through one of the joints. suitable machine or otherwise into a triangn-

I...il\t.' letters designate corresponding purts Jar tube, and the tube may be made of i.\ sin-
111 allnf the figures. gle thickness of the sheet of copper, going 

In the construction and application of light- once around, or of two thicknesses, the sccoud 
niu~·conc.luctors there are se\"'eral important toldecl in succession o\"'er tlle first or inner 
rt'(ll-tisites, of '"bich the most essential are, thickness, as shown in Fig~. !.! and 3, or of a. 
_,urlicient .-ouductiug capacity, the utmost dis- greater number, if desired. The angl~~ a a a 
persin! capability, continuity of proper shape are made as sharp as practicable, unc.l to in­
t!Jroughont the entire length, the most sur- crease the acuteness thereof I beud or arch the 
fac~ an' I lei.l~t "·eight consistent with compact- sides c c c of the tube inwnr'-1 toward the cen­
ne~s and conducting power, the necessary ter, as shown in Fig. 3. This arched or cou­
:ttreugth, rigidity, and durauilit.y, chea1mess ca,·e form also renders the ca,·ity of the tube 
:aml readiness of construction, portability and much smaller, so thata small '"ire, C, is passed 
conrenience in putting up. The best con- , through it aud fills it to the middle of the sides. 
•luctor is one \Vhich best fulfills all of these and althoughitfttslooselyin the tni.Je,so as to 
requisites without etfecting either ro the tletri· be readilyinsertedaml withdrawn, the inward­
ment of any other. The object of my iu,·entiou ly-archetl sides, whene,·crtllel'C is a tendency to 
1stoattaiu these n,h·antages to the fnll<'st ex· bend or crush the rod, l.>ear a~ainst the wire, 
tent practicable. I thereby ~ustaining the shape and securing 

For the conducto1· I eruplos copper, wllich co~paratl\"ely great strength ami rigidity. 
ts the best practical.>le material, iu sheet form, Tlu.s effect is much greater with the triaugn­
~~~ as to obttlin the required snrfaee, sufficient lar than with any other possible form, for not 
111 size or qna11tity of rnetal to secure the full oul~· is the effect due to the arching as great 
ro~~tluctiug <!apacity, triangular in fi>rm or ~sIll any other form, bnt one angle is always 
cross· sectiou, wberei.Jy the best tlispersi\'e 111 tlle direction of the straiu aml resists it by 
po\\"t!t is attained and the greatest rigidity and a triangular brace, the strongest possible. A 
strength are produced of which sheet metal spiral twist is generally gi,·en to the tube..:\., as 
ft)rming a tube is capaul~. The side:i arc also indicated in the drawings. 
nmde more or less conca,·e or arching inward, The angles a a a of the triangle are more 
~o as to render the angles wore acute and in- acut~ than those of any other polygonal forw, 
crea~~ the strength; an«< to complete the req- and 1t is well known that the sharper or more 
nisite of strength, as '"ell as to furui.sh tbc acute the edges of a conductor the greater the 
l~st means of uniting the whole together, I power or facility to disperse or dissipate the 
~xtend an iron wire through the entire length, electricity, and consequently the more effect­
o~ throug-h such portions as may require it, in-j ual to discharge it without injurious eft'ect to the 
s1tle of the triangular tube. building; but there is another principle arising 
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from and peculiar to the triangular form of mach 
~aloe in incrPasing the dispersive power of the 
conductor, and, besides, it is believed, increas· 
ing the conducting capacity of the rod. This is 
the greatly-increased etf'ect of induction pro­
duced by tLe triangular form, or, by wbate~er 
theory tbe induction of electricity is explained, 
whether of positi ~e and negati~e states orqoan­
tities of one finid or of two kinds of electricity, 
the fact is the same, that whenever there is au 
excess or tension of electricity in anything or 
part of anything there is always the opposite 
electric state produced in neighboring or op­
posite things or parts of the same thing; 
hence, with the triangular form, since each 
angle is opposite to the middle of a side, the 
full indocth·e etf'ect is produced without di· 
minishing or neutralizing the tension at the 
other angles of the conductor, whereas, with 
the quadrangular or any other angular form 
of conductor except the triangular, one angle 
is always e~actly or more nearly opposite to 
another angle, so that one more or less neutral· 
izes the action of the other and a less tension 
orquantityoftheelectricityis possible. This 
increased tension in the angles of the trian­
gular form increases the dispersh·e action of 
the electricity, and there appears reason to be­
lieve that the whole conductor is th.ereby ren­
dered capable of conducting a greater amount 
ofelectricity, understmilarcircnmstances,than 
other forms of conductor of equal quantity of 
metal and extent of surface. Then, the triao­
galarin wardly-arched form, by giving a smaller 
internal cavity and requiring a smaller rod or 
wire, C, than the quadrangular or any other 
form of a greater number of sides, c.beapens 
the constroc~ioo and facilitates the portability 
of the conductor in a peculiar manner, for, 
using only a simple wire of moderate size gives 
sufficient strength, by binding the lengths or 
sections of the tubular portion A ot' the con­
ductor together, which are sufficiently rigid in 
themseh·es, owing to their triangular torm. 
This wire is not only cheaper in itself than a 
rod, bot it can be carried about in any length, 
coiled up or wound on a reel, and then it is 
readily straightened again with the bands iu 
putting up the conc.luctor; \vhereas a rod of 
iron of sufficient size to fit other angular forms 
of conductor practically cannot be coiled up, 
but must be carried _in lengths or dilisions, 
and the joints of rods in sections are lery apt 
to break, which renders the rods much infe­
rior to a continuous wire, the latter being\·ery 
~eldom liable to break. 

The lengths or sections of the copper tube 
A are made a little smaller or contracted at 
the upper ends, as at g, so as to enter the 
lower ends of the lengths above an inch or two, 
and thus couple the sections together. · ""hen 
the rod is pat up the lengths or sections are 
slipped or strung successively upon the wire 
C, their ends connected by inserting one in an­
other, as above, and then simply indenting the 
lapped joints in one or two places, as indicated 
at h h, Fig. 2, with pincher3 or their equivalent •. 

Thus all rivets, screws, and soldering ara lli~ 
pensed with and the joints are connect~J ail 
the more rapidly and with slight expense. LcS:a 
obstruction to the currents of electricity is alSv 
off'ered in this way. The conductors, likewiSt. 
are readily taken do,vn again and mo\·ed wlJetJ 
ever necessary, the method of uniting the sec 
tionsaod the use of wire rendering them \"e~­
easy to be again separated by band. 

Another advantage of the triangular forUJ 
of conductor arises from its coon~ction \fith 
the point B. The triangular is obliously tll" 
best angular form which can be gh·en to tll" 
point, fulfilling all the requisites of the Ue~t 
qaietJy-receiringqoality. The triangular form 
of the conductor A enables the point B to lJt' 
inserted in or joined to it and ha\·e the edg~~ 
4 a 4 of the conductor exactly continuous with 
the edges b b b of the point, and the side~ t" r 
c of the conductor continuous with the sitl~s J 
il d of the point. This secures another ,·ery 
goo<l result, since it is known that a conductor 
which has no breaks, ben<ls, nor obstruction~ 
in its surface is better and surer to concluct 
electricity than those having such defects. 

The socket-shank of the point B i~ in8ert~l 
into the npper end of the tube .!., and ruuy lJe 
secured therein by a ri let, f, Fig. 1, or in an.' 
other suitable manner. 

The triangular form of the coruluctor. tht' 
best in itself. and the triangular form of t~t· 
point, the best in itself, are thus combiuetlm 
this conductor, and in their onion a third fea· 
ture of perfection is secured-that of the cou· 
tinuousangles and sides. No othereouductor. 
within my knowledge, has e\·er so perfe~tly 
combined the best qnalitiel-4 of a snfe liglJtmn::· 
conductor. 

Ha.~ing thus folly <lescribec.l my impron!tl 
lightning- conductor, I wish it to be uutler· 
stood that I do not claim an angular no~ a 
tabular conc.luctor in itself, nor arcbiu:; 1t.s 
sides, nor extending a rod through its cent~r. 
separately considered; butsincelshowtlJa~ tbt 
triangular form enhances the good effects ot tfb~ 
other features, thus rendering the angles ? j 

tubular conductor more acute and disperstnJ 
and the tube stronger and more rigid, "11 

since the central iron rod is thereb\ eual>Ietl tt• 
be much smaller-in fact, a mere~ wire-th~' 
rendering it cheaper, lighter, ami more porta 
ble, and in one piece- . . . 

\\hat I claim as ru\· in\·eution. ami tle!- 1 ~ 
to secure by Letters Patent, is- · . 

A lightning-conductor composell of~ tna~•· 
gular tube, _-\, with inwardly-archeu s1de~. 1~ 
combination with a continuous central uv ll 
wire, C, extending partly or wholly tbrou~r 
the length of the tube, substantially a:; antl 1 

the purposes berein set forth. J 
The abo\·e specification of my impr~~~h 

lightning - conductor signed by me tJus .. t 
day of December, 1864. 0~ · ISAAC JOfn~S · · 

'\Yi tnesses : 
J.S. Bnows, 
s.w .. wooD. --11~11~~11------------IIJ¥'•~111~ 
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UNITED STATES PATENT OFFICE. 

S. J. ~I I 'f C H E L L, 0 F S T. L 0 U I S, li IS S 0 U R I. 

IMPROVEMENT IN LIGHTNING•ROOS. 

Spccifie~tion forming part of Letter3 Patent :s-o • .S7,S.&G, <lated liay ".l:!, l~w. 

1"·· ,,/! ;ritum it may concern: . point A. of the head A.'. The main 1Joiut-.\. is 
n'"· iL known that I, S. J. )liTCHELL, of St. continued a little tlistance to the height indi­

I.••IIi~. in the connty of St. Louis and State of cated by 2, where it is di\"it.led into l>ranches 
'li:":;onri, !Ja,·e inn~·nte£1 a new &HHl useful Im- 1 of unequal heights, which c.li\"erge so as to 
:,r11·;cllll'Ht in Lightning-Rod~; a.nd I do here- giYe the best attracting-surface to the point. 
~.r .Il'elo.u·e thnt tuc following is a. fuJI, clear, It will be observed that the stP.m B an'l the 
•1i1d L'~act description ~thereof, 'l'hich will ·en- other parts of the bead A' arc rhomboidal in 
•1t.it- rho~e :skillet! iu the art to make and usc cross-section, and that the ·main point A., l>e­
thl' ~aruc, reference being had to th~ accom- t\veeu the points marked 4 and ~' is sligbtly 
pauyiug tlrawings, forming part of this specifi- twisted. The space inclosed within the l>rnnches 
catton. and bars d d' is also rhomboidal in shape. 

Tlle t.lr.~wing, consisting of one figurl•, rep- The tignre represents the head A' of tho 
rc:o>cuts a lightning-rod constructed a.fter my lightning-rod iu perspectin~ at an angle of 
inn~ution. about tbrty-fh·e degrees with tbe plane of ol>· 

'flae object of my fan·eutiou is to produce a II ser\·atiou, in order to sho'v at the same ,·iew 
Ji;:iatuing-·rotl wllich will conduct the tlnid with the moue of connecting the stem B with the 
more certainty to tbc conductor or main rod, main point .A and the tli\·ergence of tile upper 
while it also presents ~"L great numb~r of at· I branches 1. If seen iu front ele\·ation, the 
trading-poiuts or a lar;.:e attructiug-surfacc upper l>ranches 1 would form one liue to the 
,,itllout euhauciug the •litlic11lties of construe- 1 eye, for the reason that the lesser and outer 
tiun or the cost. urancbes 1 di\·erge from the inner and ,-erti-

.\.' repl'cseuts tue ll~ad of a lightuing-rou, cal branch 1 iu a plane \vhicll is at right an­
tilted iu it.s hollow l>ase D' with a screw-threau, gles with tl1c plane of the branches cl and bars 
by which it is to be secured to the main con- tl'. Tue result of this construction is to pre· 
.tucring- ro•l. (Sot shown.) The ba~e B' is seut the attracting- points 3 and the le~ser 
.. howu in section in the tigurc. l>rancucs 1 ou opposite sides of the beau A', 

Tucstem Bestends for~\ littletlistance auo,·e m· in plaues at right angles to eaciJ other. 
,~,.,.base~ wllen it (livides into two branches, d, Ha,·iug thus dc.scriued my irn·ention, I claim 
·,\ hicll •li\·erg·e on ,.posite sides of tlte axis of as new and desire to secure by Letters Patent­
; be :-;teru Bat au au;:lc tllcrewith of about forty- Tuc separation or divisiou of the wain point 
1ir•~ degrees, terrninatiug in attracting-points 3. _-\. iuto two uars, connecting uy means of 
rwo uars, d', spring from the upper sides of urauches tl 'rith the stem B of the rou, sub­
rhc:o::e branches at puiuts whose distance a bon' stantially as dcscribetl. 
tl!c stem n is cqnal to about one-third of their 
leu~tu. The l>ars d' extend in Hues at right 
aug-le:s with tuc branches ti·om whose :sides thev 
•priug, respccth·ely, until they meet at a poiu"t 
ruarketl J, where they unite with the main 

\\.itnesses: 
D.!. VID P. HULL, 
"f:'<r. F. CozzE~s. 

~- J. JUTCHELL. 

- -11~111~~11----------IIJ¥•~11~ 
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• \.. S. SHERWOOD, OF DETROIT, :\IICHIGA:N. 

IMPROVEMENT IN LIGHTNING-RODS. 

:-'pl!cirication forming part of Letters Patent ~o. 3~,3~9. elated J:muary 30, lf!G(). 

•• ,,::' 1rhum it may concern: . 1 ~nrfa~e auc.lmass ~f the rod \vi.thout increasing 
· I'. ir lwown that I, A. S. SHERWOOD, ot 11ts width. By this I accomplish these se\"'eral 

.. ::. 11 ,. of Detroit, in the county of \Va.yne I desirable results-,·iz., first, the use of the 
·,·!
1
1:1 :-'iate of )Iichigan, h~\·e ~n\"'eu.ted a new thin .sheet-met~l pos~essing the greatest con­

. .i 11 .,t'ful Impt·o,·ement 111 Ltghtumg-Rotl~; 1 ductl\"e capactty, (sth·et· excepted;) seconu, 
1::.1 1 dv hcrcl>y declare that the following is : ol>tainin~ the greatest possible amount of sur­
. rull. clear. aml exact tlescriptiou ot' the con- ! t~1ce to the ltaast. possil>le amount of metal; 

... nll'tiou anti operation of the same, reference I third, increasing the strength ancl stitt'ness of 
~·. 111 :! laa•l tn tho aunexetl drawings, making 1 the ribbon without diminisi.Jiug the sm·fi1ee or 
A .. part nt' this speciticatiou, iu \\"hich- 1 matet·ially increasing its weight; fourth, at· 
· Fi::nre 1 shows the top aml point of a light· 1 taining a finish and symmetry iu its coustruc· 
,1111 :::roll hrol;:en, l>ut e.xhil>iting its connection , tion which can l>e obtain eel iu no other way. 
,, 1ri1 my im}H'o\·ement. Fig. :.! represents a I Taking thin sheet-copper, I corrugate a strip 
\ ~~"""· iu cro:-;~-~ection, of thP- corrugated circu- I \'ride euongh to rcceh·e the top or platinum 
:.1r portion ut' the rod. Fig. 3 shows a. part of ' point A. when tormetl into a tube, B, aml this 
·:w nul in ele,·atiou, aml Fig. 4 i:; a cross- I make as long as the rotlts to pr~ject al>o\·e 
.,.,·riun t!JI·oug-h the same. the building to which the rotl is to be attached. 

It i:-' helien!tl to l>e conceded l>y electricians 1 fasten the point .-\. securely within the top 
r!wt eo111ln•·tiou is in proportion to mass and of the corrugated tube B, antl at the l>ottorn I 
.;artiaet•. ami that none bnt the pt·ecious met- tlatteu the tube aut! attach it securely, by ri\"'­
.ds are ht•ttet· emuluctors of electricity than ets or otbe1·wise, to the portion of the rou C 
,.,,I'Jiel'. To use with proper economy copper which is to enter the gt·ouml. Thus I make 
,-.,rulnl'toi·:s it is desimble to make them as my rocl of a single length ot' narrow copper 
l!:.:ht as nHa~· l>e t'Unntl consistent with proper ril>l>on aaul fasten it in place iu any appro\·ed 
,rrcu~tll and clural>ility, and narrow strips of uumner. But to stiften the ril>l>ou and in­
···•ppt•r made in the shape ot' plain ribbon, crease its mass without nsing hea.\='y sheet-cop-
11.1rc therefore l>cen used as li~lltning-rotls, per o1· wakin~ the eontluctot· any witler thau 
:iu·rl'lJy :-;ecuriug the largest surtace pmpor· is uecessm·.r~ 1 turn tile ec.lges c anti c' O\"Cr 
:Hme•l to mass; l>nt this plain ril>l>ou is ol>- upon the ril>l>uu, or o\·er and around a copper 
···eriouaulc hccanse fragile, aud it is the ol>- wire, D, so as to eml>race the whole circuw­
,.,.r of m\· iu,·eutiou to remedY this uetect tereuce of the wire amlllohl it tirrnh·. 
·.r ruakin';; liglltuiug-rous o1· c~onductors of \\·hat I claim as my iun~ntion, aiatl desire 

.-lt•ctt·icity of slleet-copper with a. corrugated to secure l>y Letters Patent, il'l-
··ircnlat· top! aml to stitl'en ancl strengthen the Tile coml>iuatiouof the turuetl or wiretl cop· 
:1arrow ril>oon portion of ti.Je rotl without in· per riul>on witll the corru:;atetl. tubular top, 
iTCa.siug· its width; antl my iu \'ention consists snl>stanLially as autl for the purpose tlescril>etl. 
ill corru~ating thin sheet-copper aml fot·wing lu te:stirnouy \'\"hereof I !.Hn·e het·eunto sub­
: he portion of the lightning-rot! that recei\·es I scril>e(lmy name. 
till' point anti projects al>o,·e the l>uiltliug into s n -o 
·' tnbP, which is securely attached to the re- . .A. S. HE ·" n OD. 
!llaillller of a lightning-rod wade oftllin sheet- I \Yitnesses: 
•·nppet· ril>l>ou turnetl o\·er ou a. copper wire at I R..U.PH (J. SJIITH, 
a., edges, or on itself, and thus augment the \V'. S. PE:'iFIELD. 

- -11~11~1--1 ---IIIV~II~I 
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UNITED STATES PATENT 0FFJCEo 

L 0 U IS J . H A \V L E Y , 0 F B.A. L T I :\1 0 R E, :li .ARYL A Y D . 

IMPROVEMENT IN LIGHTNING-RODS. 

Specification forming part of Letters Patent No. 32,.JtJ, clnted Febrnary 6, 1866. 

To nll rrlwm, it ;na.lJ ccmcern: I Between the iron. and the copper is inter-
Be it known that I, LOUIS J. HA.WLEY, of posed a layer of zinc at all the places where 

tht• dty and county of Baltimore, antl State of I by rh·et Cor wireD the p~uts are joined, the 
~lar~·lantl, lun·em:ulenewaod useful Iwpro,·e· I intention of \Vhich is to separate and expose 
mcnts in Lightning· Rods; ancl I tlo hereby I the surfaces of the bars nucl mllnce a gah·aoic 
1h·ciare the tollowing to be ~• full, clear, ancl e~- 1 action in the rod by placin~ the best conductor 
act , lescri ption of t!Je nature, construction, and in the een ter sn pported by side conductors. 
uperation of the same, sufficient to enable one By this arrangement the central strip may 
~killetl in t!Je :u~ to which it appertains to conduct a posith·e char~l', while the shle strips 
··ou.struct and use the same, reference being may discharge a. negatin., or a~sist in uitfusing 
h;ul to the accompanying drawings. \Vhich a1·e a bea'\"y charge of eit!Jer, the combined rod 
111 ~ule part of t!Jis specification~ and in \V!Jich- ~lffortling :L ,·ery large amount ot' conducting-

Figure 1 is an ele\·ation. Fig. 2 is a \·ertical surface within the limited cliameter ancl equal 
central section. at the splices to any other part, while the zinc 

TlJe in,·ention eonsists in the nrrangemeut at the connections presern~s the rml iu goocl 
and mode of attaehment of the metalli of contlitiun hy the ~ah·anic action irulnced. 
which the rod is cotupO!-ied. nucl in utilizing T!Je point E. of platetl copper, is lapped b~· 
tlw emls of the wires whereby the metals ar~ its shanl~ upon the upper ~cctiou of the rocl 
tied together as supplementary conductors and attncht>tl thereto, and the rod is secured 
•li:o>tribntetl along the length of t!Je rocl. in any suitable m~umer to the building. 

The rotl is uuu.Je in sections of an.'· suitable Ha'\"ing tlescribed my irl\·entiou, what I 
lcugth-say ten feet-and consists ot' a central claim thl•rein as new, a.ml desire to secure by 
ropper strip, .A., of that length inclosed he· Letters Patent, is-
tWt!~ll two pieces of half-ronnel or halt'·on\1 1. The lightning· rotl constructed as de­
iron, B B'. The inclosing iron rmls B B' are scribecl arul represented, consisting of a cen­
.so prolonged. one at each end, as to make ~L tral copp<'r strip inclosed between lap-joint 
.splice-joint. (slJO\vn at b b',) \f'here one section irora side pieces, tlw points of connectiuu be­
is attached b~· :l. lap-joint to the next section. ing pm\'itletl with iratcrposetlzinc plates. 
whetlJer it ue the point or another section of :.!. The snpplcmentary coruluctor formed by 
the same charnctc1· as itself. This lap may the points uf the prolong-ed wire baud D D, 
c:\teml about three ilwlles, mm·c or less. as descril.Jecl aml represented. 

The two ironlmrsantl tlleiriuclosed strip are The aho,·e specification of my impro\'ement 
r:tstened together by riYets C C, and by wires in lightning-rods signed this ~StlJ day of .-\.n­
U D, which are passefl througlt holes in the I L;Ust, lSu;;, 
metal rods aml strips, auu, being twisted, are 1 L. J. HA WI·~Y. 
afterward prolonged and poiuted, projecting I \Vitnesses: 
from the rocl so as to net as conductors to in- I ALEX. A. C . .KL.A.UCKE, 
crease the protectiYe power of the rod. I OcTA..YIUS KsiGHT. 

- -
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,JOHN F. BOYNTON, OF SYRACUSE, NEW YORK. 

Lltiw• Ptr"nt No. 00,194, uted Oetob~r 26, 186U •. 

DIPROVEJI!lll'l' !B' LIQB'lKJXQ..ROD PODn'S. 

To all 1oltOII& it 111411 cu"'""": 
Re it kno\Vn thnt J, Jomr It,. Bon~Tos, ut" tbe city 

o( SnilCtt!'e, oonnty o( Onuuclni(R, in tht• Rtat" of New 
York, lm,·e in\'tmtcocl n ne\Y :md hntta,n·t"d point t()r a. 
liJfhluinJt-I"CM.I, desi,pu,ltttl us Uuyntun'11 IJlghtning-Uod 
)" .. dgt•tl Point; nnd 1 clu ht•a-eby d~·lun• that th.s follow­
lug i~ a fnll :'ntl ex;w:t dtt~telilttiou theJ't.'Of, n•fenmen 
being Jmcl to thfl RC\.'ttltltNmying thmvingll, nnd to thfl 
lrtters uf rc•fea-enet• m:u·ketl thttn>ttn, 

1'hc' n:Ltm-e of m~· hl\'entiou Cttnt~b•t~ uf :t lightnin~t­
rntl tit•, :su consta·uctc!tl th:at it cua; he stmck lvith 3 
tlie from n piel'O of J•lnte ur shtaet-mc.'t:al, :uul RO conn . 
J.,-ated :1.'4 to iaaca·tt~ its ~urtial't", and give lltnmgth ~uad 
•titlilf'N-.. tn the nuaterinl. It il4 RIULiteUIJOnte\Yimt n:c a 
111~eaa·-lae:LCI, willa 1111 etlgt•, whit>h nct~ :tM an estentlc~l 
puiut, and iM l'Onthmt'd :mnmd fa·om tlt.s point unto 
the hilt, tribt~, ur tcra1tlt.•, ,riJida c:um•~·bl it with th6 
1"011. It is pa·o,·itled with oMe ur rum,. t•oaTug:,tion~C, 
••lt•\·att-tl or tlttlll't'IIM.-tl, whicb nmy run lon~titnclinall~·, 
and with othei"K tlh·ea·ginf( nt cliH't•a·ent :Lngles tuwan.l 
ur nntu the edge, thereby ~th·in~ to the t!'lge a phdn 
or ziJfza" comlitinn, and inct1'~&Hing thtt surf.Y.e of the 

plate, the whole p~nting much the appearauce of 
tbe vert.sbM and ribe.oC 3 flala. 

A lA tb6 r~mlle, tube or hUt uf the oorrugatN apuar-
point ot' a lightning-rod. · . 

11, the point caf the &pt'nr-hc."Kd. 
0 0, edgeL 
n, longitudinal comlgntiUihl. 
R E. Jatttml altenaatblf( wmtgutiuniC. 
tl h• the rin~r which boldll the lmlves .or the a&pdl'~·: 

ff'n1lleA together, by being milled ur liOidered •. 
1 am iuvare lightning-rod pointa Ita\·~ been tna.lu hi 

\':trhmM ways nnd toi"IIllf; but 
\VIaat I claim ~my ian·entiun, anc.l clttsire tu Keeun~. 

by JA.-ttel"a Patent, is-
1. A lightning-rod point, •·itb ('urnpouncl euaTnga­

tiunac,· and oona~trunted as above described. 
:!. The compound com•g:ated point-, combined wlna 

3 &\\'oLged female nt' tnlw, thr t>tmnecting it with the 
rod. 

Witne8St'!l': .JOHN Jt\ HOYNTO~. 
T. C. CmnmLL ,., 
H. HARRRTT. 

~ ~ 
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~uittd ~tatts ~Jattnt o&.ffitt. 
\\"ILLIAM H. U}~YBrHN AND F .• J. MAR'flN, Olt, I,HILAUEIJPHIA, PENNSYL­

VANIA. 

Letttra Patnat .So. !HJ,268, uud OctoiMr 26, 1869. 

IMPRO"V:JlMEK'l' Df LIGBUDfG-RODS. 

'l'Jle SC:ariale refenecl to Ia tbeH Letten Pataat aa4 aaakbll put of tJae aame. 

fo n/1 1rl10111 it 11UrY COIICI'· 'J& : 

Jtu it known tlmt we, )\"'u.a.r.\lr S. U~Ynt'n:s anti 
•••• J. )J AltTI:S, of tho c·it.r and c•unnty or Philrul~fphin, 
1111t1 Stntc uf l'enlls~·h·;mi:t, hnn• hn·t-mc'tl 3 lll"\V nnd 
u:Wfnl I mp•·o,·cmtmt in l.,hdtluin~-lf, .. t~; anti we do 
Jwtt•b,· tll'chu-e tlmt. th~ tollnwin~ i,. :1- titll, c·l•·ur, :md 
e•X:Ict• rlt•SCI'i)ttion nf the t'UIItlti'IICthm Ullf~ nttemtittll 
uf thl" s:um•, n•tl-11•11N tM~inJ,t h:ul to the nt'c~umrt:my­
lnJ,t •h•"'·inr:.~, umkin~ a 1•:u-t uf I hi14 KJ~itic:,lion, in 
•·ltit-h tlu~ fiJ,tm·•~ i2l a t•lnn ,:i .. w uf th., t•ud uf th6 

""'· Tlti~ iu,·c·ntiuu il4 :m huprm· .. mc~nt llfMtll the }t:\tt'nt 
,_rr.mtc•rl tu. \\•1111il~·:•, Ue·~·hnm, ancl J hmtcr, .J uJy 1 :J, 
umH. That JN&tt•nt wn" ftn· a. '""' titrutf"fl nf a t'UJlJlt"r 
.,,n•rin;r llJMUI a. ntllecl imu ·c.·c.•ntl·t•. 

Tltil4 inn•utiun cnn~o~i~o~t~ in cnmhiniug :' ,;h•~·t-('U(l(Jer 
rc•,·•·ritt;!, •·mt:o~ta·twtc.•d in n. JH•enli:n· na:mnc•t·, with a 
Khc·•·t-1.im~ c.oenta· .. , Himil:n·ly t·uuta·in'll, whl'UC't~ c't'l'taiu 
:ul\":tutagc•l4 e·c•Knlt, :aK llt'n•itmllc•r fully ~·t t;•a1h. 

In the th":"\"ill~"'-
.\ i:o a liJ,Chtuing-a·cttl, uf tht• kind ftrodnc.od b.\· Uey­

bn111 and )l:u·tiu'l'l l'tttl-tt.muing m:lt'hine. pnt .. ut~•l • \n­
gul4t 1·, 184m. 

Tim l'Utl A i~ m:ule np nf a Kltt'f't-7.inc· t:t.'ttll't', n, :md 
;&liht't't·f'ttfl(lt'l' l'U\'l'l'illg, b. 

'fht• ~ntterinl"it~· uf :a. shl'et-zitu: <.'t•lltl"t! un•a· :t rniJf'fl 
irun ttllt• Jil!K iu tlai11: tlmt tht• 1.hlf', whilt• it afti•nl~, in 
cunm•t·tinu with a t·uppea· c·un•rill;!. sntlidt•ut srn·nJ,tth 
lit!' a Jirl't·•·lass I"IMI, t•usf!" al•uul lil(r pt.·a· t'1~ttt.lt•sM than 
iruu; that. it lml-4 twit'l.' tlu~ puwt•J' ut' t'tttuluctin;r dt'l'· 
trit·it ,. ; that. it is uun·•·utTIIl'in·; awl that, wlwu t'Hitl· 

·l,iu•·•i with cnpJH'I' as a t•m•·riuj!, 1111 tl1t' inta·cHill'~tiun 
uf :-ullil'it~llt auuil't m·e· · fmm I lw atmnl'Jtht•t·••, t he• t•arth, 
ut· raiu. :' du•mic:~tl •·•·tiuu is JII"IM'n•·•~•l, wltit·h goes tu­
warcl tht! pr~sc•n·atiuu uf tlw t'UJIJH'I", ami increases tlu., 
r·u~tcludh·ity uf tim rut!, h~· pruch•ciug u t·unstant rur­
•·~;•t of t•lt•t·trif.'il\'. 

Tilt~ c~utt·c a :i.uc.l tht! CU\"t!rillg b :li"C uuth furmetl of 

· ah~t-met:\1, duubletl tl(tOll it~~elf iu rit..., :1M described 
in the said lleybuna and )(artln ltAtent, the centre 
lwiug nm thnmgh thn rnnchin•~ fi~t, :uul tht~ •~m·eriug 
then allJJiit!f.l. 'l'be Kll'tmgth ~iven to th~ natl hy thi" 
ft.tnnulioo ia such that sheet-zinc~'\ mt-tnl uatnr"c\11>: 
weak, Btt far a" ifll J,.•wer or t-nelming strninM i~ con­
ceruetl-niaty ~ mmmJactn~l iut•• :' reutr411 l"~SN­
ing, \Yith the cntltN•r oo\·r.rin,z, :nuplt'! l(titfi•~~~ fcar all 
pa-acticnl pnrpc~. 

'rh .. centre, in the Venuilyn, Ueyhnrn, "'ul llmatc•r 
rod. iM made ut' n•lled intn, and tlli~ cmmut be mnnu­
fht'tnred iutn 3 li~htniu)(-rod c~~ntru l'ft deeat>ly n" 
sh~~t-?.inr, :uc ;my mnnnthl't nrer kunw='; anti, if Hlttaet­
iwn \Vel't' lll'lt'tl tu fi•rm t h.- JQtnte kilul uf cc~ntl-c :t:4 th.­
Uc.•yhnm ;\Ud llnrtin l"tMI n~, it. wouhl Itt• nt.'t.'t'ICA:li'Y 
tn ~ah·aniz .. it, to Jll't.'\"t~llt uxiclntiuu, nwin~ to tlu~ tlac.·li 
that thf' c.•ntlltt~t· t'tt\'t•ring t~ould nut he :applic•tl to :& 

Mhet.•t-intn t~lltl"8 in MUCh :l IIUIIIItt•r :11' to Uutkt• it W:\• 

h·r-tight, UM the l't~tllil'litt~ )JI'I!It"llll' wnnlcl injlll't' tlw 
ribs. 

Onh·unized l'heet-imn wonltl be 1t1nt1• Mt:-4tl.r tluan 
sbP.et-1.inc, and in nu re~pect RllJM!tinr. 

Jl:n·iug thus cll'~riht~l om· inn•ntion, 
What we t~ll'im :1M new, anti df~l4il't! tu ~w.c·ut-e hy Lt·t· 

ters l,ateut, i~ 
As :111 article nf umnnllactm't•, a Kt.'t·tiun uf lil!hl nin~­

r•ttl, ~ollltKJ:q_•rl uf '' l4hc~t-.7.inc t•t-ntn•, lecnt npun itl'l'lt' 
in wt·h~, a111l a rnt,IM'I' cm·t·riuJ(, similal"l.r tiu·nll'cl, ~uh­
stautiall~· in the» m:tmll'r :uul Ji•l' tlw pnrpn~~ot• •l•·­
srrihccl. 

To the ahm·e SJH~cifit-aLiuu of um· imtn·m·••mPIIt, we 
haw ~·t mer h:uul14, this lith cln.'· uf Allj!llst, lKfi!). 

\VIIJLfAM S. Hgl"BUHX. 
Jt'. J. MAH'I'IN. 

\Vihtt'RiieK: 
0UAS. A. PETTIT, 
s. c. KE310S. 
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Letters Patent No. 109,455, dated November 22. 18i0. 
c 

IMPROVEMENT IN LIGHTNING•RODS. 

'rb.e Schedule refen'ed to il1 tla .. l:.t:ten Patct aDd makiuc pat of tlae same. 

:. , ; ~:·.•!:.-; ~ Uo,,·, of Iutl!aua, in the county of Iu­
: .• ::;t .t:;d :~tatt: uf l,enm:ylntuia, have in\·entetl cer­

. :"t lw·i_..-o\·em•·ut.s iu Lightning-Ro«ls, of whid1 thP. 
: .. ,;;,,., :n:.: is a ~[leciticatiou. 

.\"ftfiU"t.' 1tml Ol~jects of tile Im:entio11. 

necting S«!ctiuu, a substantial joiut is e1rectetl, "'bich· 
~~ thns fnl1y securetl by a. common copper rivet. 

Descri1JI.ion 1Jf Drau:illg. 
.l!'ignre 1 represents a .:Sectional part of the rotl, show­

ing the SC\'eral folds -~ the width of the foid::~ ll, and 
Tiw iir "'[parr. ut' my in\·cution relates to collstruct- ri\·et-hole~ fo1· filStcniug joiut.s C . 

. 1:.: a ;i:;i:tniu~-ro•l l>f shcl!t·•~opper of cou\·euicnt size ! Figure~ illnstmtes the .sections juiueti, the trnns­
,1 ., ,,.: :t·s t,f. plicatiuns ttl' iunmsc tiJitl~ ur pi&Litsl verse litH! ~xi.Jii>iting th~ pnint of junction with the 

:rt!!!li:l!,! l•mgitntliuaJiy otllll ligiJtJy preSSt!tl uown, le:n·- l'i\'«!t-tll::;t~ning C . 
. :r:.: .. w •• !l ·~·acttnms or spact:s intcn·cuing ti.J~ fuitl~, Figure 3 t·cpr~sctJt:s the iu:atl uf :s~ction with t.IJe 
., !ww:,_,. t!Jt! emulnctiou snrfitce of tho rod is lan.;cly ua•:k~ o1· fulds cnt •lttwn, tiwming a shonltler :nul sepa­
;uctt···"'t·d. the extl·nt ot' such .:;nrtiu:c IJcing Jimit~u unly ratiug the !~an:~. 
it; ;i!•.: l:illllher auu ureadtlJ of the tuhls. The roll is 1.-'tgtm~ 4 illusu·atc~ tltc 1uot uf St!Ctiou, sbowing 
.:b•J ;·.d:-~•:•l .-;pimlly, adtlin:; to it~ symmetry antl pre- spaces lret\it:cu tulds, into \\"hich the sep~rnted leaves, 
n·utiu:; rile ri,ldli IJeing O[)ctlctl, tlacreuy stl'cugtueuiug as shown in fig. ~J, are iuscrccd~ ti1rming the connections 
;r. TiH.~ point section, o1· th~}t pm·t which may extcntl hetwt•t•n the :o~c\"crai ;;cction:; . 
. du,\'•! ~IJt! lmilliing o1· other :>bjl•ct upon which it may 
i1•! ··rcctt:ti, 111a~· IJc furtlu~r strcngthcuetl by i11:;crtiu;; 
:,..twt·cn rhc ourcl' fultls ot· lean•s a.s mam· wires as 
.:1ail he :tcecssa1·y to iu.sm·c the «lcsil'ctl restilt. 

Tlic 5eevnd n~u·t of mv im·entiou relates to tl1c man­
ad·~ as ~lHlWII, ;Jf juiuiug to:;~thc1· the n•spccti\·c picecs 
"r .:wet ions of rod, make as ahore tlescrib~tl, saitl joints 
lll'!"lllllll'diuus udn~ fumu~tl uy cuttin~ away a portion 
·r' tire i_~aek ,_,f t iw rcspecti n: fiJids at ouc c1ul •Jf each 

·• .-;irmat part •Jf tile ru•l, separating the lcan:s. ~uul 
··:··.tri:l!! a slwultlcr to JUt·et tlw cuds of tlw counect-

11:.! ::.etil•>ll; thcu, uy takiug tJac ClltiS uf rltc :it!\'tl':l{ 

... L·:iuu.~ or' rut! tuns prepareu, and iuscrtin~ tiJc sepa- I 
1;:kd lean:s ut· ti•lds iuto th~ intct"iiticcs of the con-

Cluim.tt. 

l•·laim as Ill\' iun·utiou-
1. A lightning-rod, coustmctetl of ~\ s~ries of pli­

catiuus o1· folds of mctaJ, substantially a.s and fc>r the 
purposes I.JcreiuiJcfore set turth. 

:!. The manner of count!cting the sc,·eral sectional 
parts, subsrautial!y ;1s anrl tiw the purposes h~J·cinbe­
ti•re ;o;er ti•1·rlr. 

\\'iruL·:s~~:): 
:'EL.\.R )f. l'L.\RK. 
Cu.\.~. H. Row. 

(iEOH(iE HO\V. 

-IWA~lll~ll 
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[TN! TED STATES PATENT OFFICE. 

IMPROVEMENT IN LIGHTNING·CONDUCTCRS. 

1
;, ,1f 1rf1om lf llut!f Cfllll'ti'U: . • 1 :-;m·ract· has mnda tu clo wirla tlw c·vnclneth·ity uf 

1
:.· ir k.nuwn that 1, 0Tn.xn:L PI:EsTns, nf~ourh ! li~htuin;.r-rmb. Ccuuln..tua·:-; cuuapu:-;c•cl uf hmacl 

Jt.llc:oorillt·. iu the ~unllt)· uf ::5tf>UUt>n ancl S~atP ui' :--Hilps -~~~ uwt::ll&;n·iu~ ~rt•at :-;upt~t·tic·ial art'a aucl 
, ·" Yurl~~ han-. 111\'l'llh•tl a new uncllll'\l•tnl Im- hut :-;IJ~!lr erol'~·:-oc•t·tJtmal at'Pa nan• ht•t·n Pill-

',,, 
1
•11wut iu Li;.rl..atning--t'uncluctua·~: autl [ clu pluyc-tl with ~.u.cll'P:->lllt;-;. I <llll awaa·t~ tlmt, with a 

;''., •. ,.,. clc·c.·hart• that the fulluwiu~ is a full. c·h.·ar. dc·w uf iw·n•a . ...;iug- tht• snpc·rtic-ial art•a, t•omlnc·t­
_,, ,Jc·x•wr clt•:o;cl·iptiou thl•l't•ot; whid1 will I"Uahlt• •»l's han~ ut•ell 111acit· ut' won·u wirt•, awl all"o of 
:;'h•·rs sld11'-'•l in t_he art tu auakt• aJHl n~t· !111' lm:icl~··i u1: phtitt·tl wirt· iu tlw tuhnl:u· tc•t·n.t. 

,
111 

•• l'l'lt•rt.·ut·t• hemg bml tu tlua at·t·-umpau;nu;.:- 1 •lt;-;c·luuu a!l c•umhwrm·:oo t·ou:ootrtu:tt-cl hy c.•ttht•r 
j';.;,,, in~ furmin~ part ut' tllil'< spt•d.:katiou. \n.•aYiu~-. hr.dtliu;.:. nt· phlitiug· tlw wire•. 
' Thi:o> iun·utiou rl'lutt•s tu uew ;uul_u:-ot·!'nl ilu- 3iy li~latuiu;.:·-,·ouchu-rot· is mutlt• of wirc·s twi:-~t-
··run•uu•HTS in lightniug--t·untlucturs, wht·r,·hy •·tl w~··rlwr an.nwl a eort• or tnht·~ all•l i:-; iu ont­
~11 •. ,. an• malic• mure ctl't.·t·th·t· than tltc·y !ann• wartl t'o:111 th<' ."':tlllt' aa.s a win• rupt• illlllc·ourinn­
i 

11 
iwrtu ht•ell; aucl it euusi:->ts in maki II{;' i: ht• t'nll- ,,. L' !'rnut •·nc.l tn eucl. &! uc 1 illil~- ht· of ;auy 1'4'1f nirc·tl 

,;
11
..r 111• tulmlm· t·umpost•tl ut' H st·t·ics uf wil'l's Jeu;..:·tla. 1u twi.sti:r:,! tlw wirt s arunutl u solitl 

~-'' 1:-rc·•l rn:,::Pthl'l', aud citht·r with ot• wiihout au t·otc·, till' eun· i;-; wirlulrawu, which h.·u\·es the 
:u..fu:ooetl mt•rallic! tnht•. tht• cull:->trnt'iiun uf litt• c·or~tiut·tur tuhu:;a·. Ir twi:o;tecl carouncl n Jllt•tallit~ 
,,,

11
,Jawtur \)l•iug- as lwreiuafter mut·t• t'nlly tho· tnb•· tiH' tnht• i~ alluwc.·tl to rt•uwiu. wltil'la ah;u 

.. -riht·tl. lc•a\·t·s llll' c·uucln..tm· tu!tnlaa·. lu t•itlwr ea:-;t.• 
lu tlw ac(·umpau~·iugc.lrawiug, Fig-m·e 1 rt-pl'l'· till' c:owlttt't"l' i:-o 01 taht• cuUI(His••cl of wh·c•l'\ twist­

.... 11r s a :·w•·tiora uf a t•uJJe.lnl'tut· cuustrtWtl'cl CJI' pt{ to~Pt lwr a :u 1 ha \'iu;..:- the· strt·u:.:-t h a llC l th~xi­
" in·:-o twi!"tetl tn~t·tlll'r tc•rmiu:.; a tnhe. Fi;:. :! b hility oi' u \ril'l~ wpc· w lac·u ruatlt• withuur rlw iu­
·• luu;.dtwliual s.-diun uf Fi;:. l un tht• liut• J' J'. tc·riol' tnlw. l•nr whic·h i~, uf t•om·sc•. llWl'l' stitl' 
,h .. will:,! rlw wirPs sm·ronucliu:.:- a lllt'taliie tnht•. and li~i,l '.\ hl'!l Uliltle with t ht· tnl~t·. 
F!::. :~ j:o; a t·ru:o;s-sc!c·tiou ot' Fi;:. 1 takt•ll ou tllf' lladu~ tlnt:-o ck=--•·t·ihcotl ua.\· iun·utiuu, I daim 
Iiiii' !I.'!· Fig·. 4 i~ a t·ru:.s·l'il'C(icm ur .Fi;:. :! Ull as Ht'\\" ;1!111 elc•:,irt• to :-.c•c·m·t· uy L..ttc·rs Palt·llt-
1111' Iiaw .: :. 1. T!u· tnhlllai' H~iltni:rg-c·ouduc·tut· A. con-

:-\iuailar lPtters of l'l'fcn•uc.·t• iru lit·a t t' c·ut'l't•:-.powl- :srru..rt·tl uf win ·s B t \d:-Ott:tl tog-c·tht'a·. su h:->tau-
111;: paa·t!". tiall.- a:-o :o;huwu awl clt•:-oc·a·ihecl. 

.\ t·eprt•:-;cuts the c·uutlnetm·: B, tht• win•.s; t'. :.!: .\.. li~hnriu~-c·otuluc·tut· cumpus«·tl of win·s ll 
:lu· iuteriut· llll'tallic· tnht•. Till' wia·t·s B an· twi .... tt·cl t;•g'C'Ilat·r iu tltc· tnlcnlar t\mu inc·lu;-;ing a 
:wi:4Pcl tu;,.:"t•tht•r l'itlwr m·omHI a :->ulitl c·un• whic·h lllt'taliic· tnlw. l'. :oitthsrcaur ialh· a:-; :-olauwu awl tic-
: .. n·Uatl\'t'tl. or a uwtallic~ tnht'. t ·~ \\·hic·l1 Jartc·r i:o' St'rihl.'tl. · · · 
.dltcwt·tl to ·t·t•!llain: iu t·itllt'l' c·:ast• a tubular •·uu- :: .• \ t11hu!ar li:.:-Jaruillg·-c·oJilllll'tol'. c·uu:->tl'llt·tt·cl 
ollll'ttll' is ftH'lllt•tl ,\-laic·h :!l't'ilth· ill~n·ast·s till' t•'\· uf win·s t\dstt>tl ro~c·tla .. •t' t•itJu•t' Witia Ol' witltullt 
~··ur of snrt;wt• of the t:t~aulnc·tua·. all iue·!n:-ot·cl uu·talii;· tuh•·· 

I :am aware that it i:-; t·nutc·uc(t••l tlc:tl claP c·ull· The· a!,nn~ .spc c·ilil·ariuu of Ill,\· iun·utiou :-;ig·Jwcl 
·lu..ti\"it~· of a Jig-hnaiug·-rml b ;u·c·urcliu;..:· tu t!IC' U\' uac· rlai . ...; :.:d da\" of .\li~ll.:-'t. IS71. 
.m·a of its cro:o;s-st•ctiun. li,Y mn1 t·.xp•·l'i••Ht·•·~ . . c n;JI ~ lEL PHE~TUS. 
•\ laic·h has uut ht•cll \"('1'\' limitt.•tl ill tlat' uu:-;iut•s.s 
,.f m:mntac::tnl'iug- aml J;ltrtin;.:· np li; . .dtruiu~-c·on­
•lut"tul's. lt•atls Jilt' to tluul>t tlw eutin• eol'l't't'tllt'=-'S 
uf that tht~ory. lu pml'tit•t• I ha\'C t(mml tlwt 

(iEuwa: \\· . .:\1.\DE.E. 
T. B . .\lu:::ll.ER. (.10) 
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UNITED STATES PATENT OFFICE-. 
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DWIGHT F. WELSH, OF NEV .A.D.A, OHIO. 

IMPROVEMENT IN LIGHTNING-RODS. 

Specidc:1tion fom1ing part of Letters Patent Yo. 123,958, dated Febrnary 20, 18i2. 

SPECIFIC~TIO:'r. 1 manner the seYernl sections are united to form 
I a continnous rod. To secure theru togetht'r, a 

I, DWIGHT F. -n·ELsu, of ~ e\:uln, in the wire rod, U. is pussetl throu~h boles near where 
county of \\·~·auclot and State of Ohio. ha\e the sections are unitt .. tl, auc.l is brought togeth­
iln·ented a c~rtain ne,,· and Impro'\"'ed Light- er and twisted; tl.H~ enc.lsof the \Vire are passed 
ning-rod, of which the following is a specitica- around on the opposite sitle and are twisted 
tiou: togetherse,·ernl times, securing all firmly. The 

This in,pention relates to the const.ntction of sheets mny al~o be cnt with slots at either 
a lightuing-rotl of sheet metal, bent in u. cor- end so as to form, alternately, a socket on 
rugated lorm, and then uniting the edges so as one end and a shoulder on tue other. The 
to toa'ln a corrugated or tlutetf colnmu or rod, sections might also be cast in molds, to forut 
in wbicb a greater amount of surface is gained II comtgn.ted or fin ted rods similar to the beut 
for conducting the electric ttuicl. It also re- sheets, ba,·iug sockets auu shonltlt-rs nltt'r­
lates to the method of uniting the sections of natel,\·, if tle!"ired; but the method of torming 
the roo, whereiJy the same may IJe made con- the ruds of sheet metal I cOI:s:tler the simplest 
tinnous to an unlimited e.xteut. mad most economical method, my principal 

The tollowiug description fully sets forth the object being to produce a tint eel rod ha ,·iug a 
construction and objects of my invention. large amount of snrthce in the smallest com-

In the tlruwing, l•'ignre 1 is au ele\ation or pass, for conducting electricity from buildings. 
side ,·je,v, and Fig. 2 is an end ,-jew of the rod. 1 am aware that hollow tinted lightning-rods 
l•,ig 3 is an end view of a comtgnted sheet. of thin metal ha \e bt>eu mmmt~~etured IJet'Ore 
Fig. 4: represents the manner of slottin~ tht- the date of my iu,·ention; but the sections of 
ends of the sheets tor the purpose of uniting the same are formed of three or more di~tinct 
the sections. pieces, the connecting of which, to torm such 

~-\. in the se\emlfignr~s represents sheets of section, in,·oh·es mnch labor and e~pense. I 
metal, (copper is pt·efernble, but any suitable pret~r umnuthcturing the sections of my rod 
metal may be used,) \vhich are passed through each of a ~ingle strip of metal, as described, as 
a tormiug-machine, and bent in a corrugated the rotl is ~troug~r aud more cheaply made; 
form, as ~een in Fig. 3, the ends of the sheets but t\vo strips could be used in the constrne­
ba,·ing- been pre,·iously cnt with slot~, as seen tion of each section with but slight increast' in 
in Fig. 4:. The oluectof said slots will be here- labor and cost. 
iuafter shown. 'l'he sheets arethen turned so \Vhat I claim is-
as to bring their sitle edges b b together, and 1 . .A li~htning-rod each seetion of which is 
are then united with solder or any other suit- formed, re~pectively, f1·orn one or two sheets of 
able means, the end appearnnce of the said metal, so bent or tinted that when the side 
sheet beiug that of a star, as seen in Fig 2. edges of such sheet o1· sheets are brought to­
By cutting the ends of the sheets into slots, as gether and connected a hollow section of rod 
at(>resaid~ and folding the shet-ts so as to makA of stellate form is produced, us described. 
the folds at the slots and between the slots al- 2. The strips of metal so slotted at their ends 
ternately, the ends of the rod, when tolded, that when formed into sections of rod the slots 
w~U h&n-e a shoulder all arouucl, as seen at B, produce upon each ellfl of the section ~L tongue, 
F1g. 1. To form a socket nt each end of the or a socket, or a tongue and socket, re~pect.i\·e­
r?tl7 the sheets are fohled in the opposite direc- ly, as described, tor the purpose set tort h. 
tum, so as to bring the slots at the inside of D\VlGHT 1•'. \VELSH. 
therotl. Theshoultlertheu being on the inside, Witnesses: 
the socket will receh·e the end of the section J. N. GooDBREAD, 
ha¥iug the shoulder on the outside. Iu this E. F. ELLIOTT •. 

~ ~ 
~~iiiiiiiiiiiiiiiliiiiiiiiiiiiiiiiiiiiiiiiiiiiiii.....--~ 



~~~~~~~ 

J. W. HANKENSON. 

Improvement in Lightning Rods. 
No. 128,617. Patented July 2,1872. 

fig.J. 

c: 

• I • 
II 
I! 
i! 
I 
I 
! 

I: ! I !l.,.. 
... i i 

I 
I 

!I 

ll 
I 
li 

! I 

-

- -ll~lltr~~I--1------III'AVIII,.I 



I~II~~Atl ~~~JII~I -
128,811 

'UNITED STATES PATENT OFFICE . 

.J.\'IE:-5 \\". IIASKEYSOY, .OF ~OLIS, ML.~SOT.!., ASSIGSOR TO Hili­
SELF ..t.L"'ID MOHOLA. BRA. WLEY, OF SAliE PLACE. 

IMPROVEMENT IN LIGHTNING•RODS. 

Specification forming part of Letters Patent No. 12S,Gli, dated July 2, 1672. 

SPECIFICil'ION. 

f,, flllzritam it may concern: 
l3e it known that I, J. W. HA..."iKE~SON, of 

'liuueapolis, in the county of Hennepin and 
~ 1 : 1 rc of )Iinnesota, ha'r'e in 'rented certain uew 
.11111nset'hl Impro'r'ements in Lightning-Rods; 
:, 1111 I do hereby declare that the following is 
;a full~ dear, and exact description thereot~ ref­
··r•·nce being bad to the accompanying draw-
111::anu to the letters ot' reference marked there­
"'~ which form a pu.rt of this specification. 

The nature of my in'\'"tmtion consists in a 
··oppcr lightning-rod made of four strips, form­
in;: au inner and an outer shell, and the inner 
:o-lwll pro'\'"ided with a center or core of zinc, as 
will be hereinafter more fully set for.th. 

In order to enable othet'S skilled in the art 
I•» which my in\ention appertains to make and 
usc the same, I will now proceed to describe 
u:-; construction and operation, referring to the 
;anne~ed drawing, in which- . • 

Figure 1 represents a side elevation, anti 
Fi~. :! a cross-section of my lightning-rod. 

)fy lightning-rod is composed of four strips, 
.\ j_ and B B, of copper, the two strips A A 
f••rmiug an outer shell, pressed or otherwise 
nnited together so as to form projecting :tlanges 
,, ''~running- longitudinally with the rod. The 

two strips B B form an oval inner shell, as 
shown, its edges being held in two opposite 
flnnges, a, of the outer shell. These pieces B 
B add to the conducti'\'"e surface of the rod, 
and still in a compact form. Through tbe in­
ner shell B is passed a center or core, C, of 
zinc, forming with the copper a. combination 
which produces galvanic action! thereby pro­
tecting the inside of the rod from verdigris or 
corrosion, which destroys the metal and con­
ducti\e power of the rod. ...-\.. center or core of 
zinc may be used with any copper lightning­
rod for the same purpose. 

Hal"ing thus f!lllY described my inYention, 
wbat I claim as new, and desire to secure by 
Letters Patent, is-

A lightning-rod, made of an interior and an 
exterior copper shell, and provided with a zinc 
center or core, substantially as and for the 
purposes herein set forth. 

In testimony that I claim the foregoing as 
my own I affi:s: my signature in presence of 
t\T"O witnesses. 

J _-\.)IES "~- II.A.~~{E.SSOS. 

Witnesses: 
H. ,V. )fcX .. un, 
)UB.TI~ V. PRA.TT. 

-
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UNITED STATES PATENT OFFICE. 

D.A VID ~SO:N, OF O'DLUl..!.POLIS, Di''D~..!.. 

IMPROVEMENT IN LIGHTNING•RODS. · 

Speciflc:~.tlon !ornling p:~.rt of Letters Patent .No. 1~9~61'G, <l:~oted July 23: 18:"2. 

1'o all zclwm, it may concent: 
Be it known that I, DAVID liUNSON, of In­

dianapolis, iu the county of ~arion anti State 
uf Indi~1na, ha,·e inl"ented a new and useful 
lrnprol"emeut in Lightning-Rods, of which the 
tollowing is a specitication: . 

Iu the accompanying drawing, Figure 1 
represents a Yie"· of a piece of my improl"ed 
li~htuing-rotl, and Fig. !! is a sectional view 
uf the same. Figs. 3 and 4 r..-present a. single 
angular copper wire, stl:aight. antl twistl'd 
around its own a:s.is, trom the latter of which 
the rope is formed. 

l!y in\'"entiou consists of a lightning- rotl 
formed of any suitable number of angular 
copper-"·ire ropes, each rope consisting of a 
plurality of angular copper wires, each of 
which angular wires is first twisted around its 
own a:s.is and a number of them lnid or twist­
ell together to form such rope, when com­
hined \\"ith an iron core by lnyiug or twisting 
them around such core. 

In c~trrying out my in\·ention, I dra"· out 
or roll out a number of copper wires of any 
angular shape in contrJ.<listinction to a round 
or rlat shape, so as to present three or more 
sharp edges ami faces. Each one of these 
wires is then twisted around its own axis, ami 

a plurality of these wires laid or twisted iJ.ito 
a rope, b. A suitable number of such ropes 
hal"ing thus been prepared, they are spirally 
luid or t'visted around a core, a, so as to en­
tirely co\·er and hide the core, and so that the 
complete rod presents on its entire surtace­
an infinitesimal number of broken surtaces, 
sharp edges~ and angles. \'fhich l"ery materially 
increase the capacit~· of the rod to attract am.l 
conduct the electric tiuid. 

The use of au iron core. while it increases 
the gall"anic activity of tlie rod, also giYes it 
a. larger bulk at a reduced expense, the entire 
outer surface being copper, while the strength­
ening core a is of the cheaper iron. 

A. rod formed according to myimpro\·ement 
presents a \'"ery hantlsom~ appearance, while 
it is a reliable and certain lightuing-conductor. 

Ha\"ing described my invention, I claim­
A: lightning-rod consisting ot' a plurality of 

nugulnr copper-wire ropes, constructed essen­
tially as described, when cornbinetl with and 
laid around au iron core, esseuti~llly iu the 
manner set forth. 

D.\ YID .:\IC'~SOS. 
'Yituesses: 

THOS. H. :UOWLES, 
CH~RLES ,Y. 'f~YLOR. 
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.II-·~ . ~~ UNITED STATES PATENT 

-~"""" J.AliES C. BRYAN, Oh"' I>HIL.A.DELPTIIA; PENSSi."LYANI.A. 

IMPROVEMENT IN LIGHTNING•RODS. 

Stlecificatiou forming pal't of Lettcre Patent No. I GO, 131, dated February 23, 1875; application filed 
January 21, 1875. 

To all zcltom it may concern: or poles of the horseshoe-magnets E, one wire 
Ueit knO\vn tlmt I,JA.JIESCHA.Pl\I.A.NBn.rAN, aromul each )lole. I then unite the two wires 

of l>hilmlelphia, State of l,ennsylnuaia, h~n·e pnssing around the limbs of each magnet, as 
irn·entetl a. certain Impro\'"emeut in Lightning-,shown a.t l\I, so tbnt the wires act u.s the 
Uods autl Fixtures of the same; I c.lo hereu.r 1\eeper tor the magnets. The se,~eutb or cen· 
declare the following to be a fnll and correct te1· H aml the protector I pa.~s into u.nu attach 
tlcscription of the same, retcrem~e lming hacl to tbe copper point ~"'. The entit·e rot.l His then 
to the accomtmnJing drawings fo1·wing a. IUU't pn.ssell through the support B, which is pro­
of this speciticn.tiou. Yitled wit.h cavities for the large wires to pas~ 

'l'he ol>ject of my inl"t'ntion is to prmlnce a through B a1Hl m·ound G, null theu throngb 
lightning-rod capable ofcoJieeting, cou,·ering, statl' <J. This staff is snppm-ted by a sta.ntl­
aucl tlischarging the hmwicst churgc of elec- ard, D, whose construction is fully descril>etl 
tricity. atlcl claimed in nnother application for patent 

.1\ly in\·ention consists of magn{'tic batteries made by me. At the ground eml I untwist 
applied to the top mul lJottom ot' the roll, aic.l- the rod antl tnldug the central or seventh \fire 
iug to collect ancl c.lispm·se the elect.1·icity 0 and protector I pass them to one sitle uutl 
through Sc\·eral point~ in the atmospJwre arul away from the earth magnetic ua.ttt~r)", uctoro 
earth. 'fhey are councctctl uy n rod cupuble de~criuecl. The other six wires I wind uronrul 
of conn~ying the bca,·iest charge of lightning. the polc~s of the eartll-nmgnets 1\: nen.r the 
'l'he rotl being Slll'l'omulet.l by n protector, I {'ntls thereof. 'fhis earth- uattery is buriet.l 
call this the "l\lagnet.ie Lightning-Hotl." se\'el·a1 feet below the surface and in a tlirec-

lu describing this I'Ot.l I will 1irst explain tiou coincit.leut with wngnetic poles of the 
the construction of the magnetic batteries. earth-battery. In this a1·raugement the U}l· 
Ji'or tlae top I take tlu·ee nickel-plated steel per magnetic battery ser,·es to collect nntl 
magnets, E, bent, as shown in .lfigm·c 2, uy aml disperse any atmospheric current of electric­
upon a machine in\"eutet.l ami patentet.ll>y me, ity, while tho eartb magnetic battery per­
n.ut.l a central copper ]>Oint, It', sih·er plated, forms the same otllce for any earth-current, 
mul solit.l platinum at the tip l\ arul, placing thus causing ancl maintaining an equilibrium 
them in a suitable mold, I cast · a.rountl their of clcctricu.l conditions. 
jn~action a. tla.ttenetl ball, H, ot' chemically-pm·c As the points of rods often become encnm­
zinc. 'l'he untlt.•r side of this ball is formctl bm·ml with tlags, streamers, kites, &c., 1 h~wc 
with a cu.\"ity, tho sides or flanges of which tle\'iset.l the screen shown in Fig. 3 ami dotted 
}11'oject 0\"Cr aiHl down upon tho SOCket ll of lines, lf'ig. 17 to protect the poiuts from the 
the hollo\V stamlu.r£1 or staff 0, as shown u.t sum e. I take iron or bra.ss wh·e arul form it 
N, thus preYeuting the access of ,,·a.tet· to the into the shnpe shown o\·er a wetlge-block rnatle 
interior of tho stun: This I call a magnetic for tho 1mrpose. The wires m·e securetl to­
battery, and I find that. from its construction the getber at their })Oints of intersection in any 
}mrts thereof will not oxidize. For the bot- suitable way. This screen or frame is tlaeu 
tom I take three straight double-pointed and placed over the upper magnetic battery ant.l 
nickel-plated steel magnets, KKK, autl, plac- fastened at the base of the zinc ball G to the 
iug them in a suitable mold, unite them by large copper wires of II, aml at the top to the 
casting around them a ring or circle, L, of magnets at the junction l\I l\I l\I of tho wires. 
chemically- pure zinc. This I designate the 'Vhat I claim, and desire to secure by Let­
magnetic earth-battery. The rod H I make ters Patent, is-
o~ seven large copper wires, Nos. 9 amt 10 1. The combination of the cnrvetl horse­
WJ_re-g~l.ge. These may be twisted together or shoe steel zqagnets E, the wires \VOtmd aroun«l 
luul straight. .Around them I wrap se\·eral them and couuectetl at l\I, the ball of chemi­
small copper wires t.o cover the surface of the cally-pure zinc, having ca,·ity N, anti the con­
large wires, designated as protector I. I take uectiou of copper 1>oiut }\ substantially as 
six of the large wires of the rod H nnd wrap antl for the purpose as set forth. 
them in alternate directions arountl the arms 2. The straight steel magnets K, in combi-

nation with the ring or circle L of chemically­
pure zinc, substantially as and for the pur­
pose set fox·tb. 

3. The combination, with the series of 
magnets K K K aml E E E, of the rod II, 
constntcted as described, and provided with 
the protector I, substantially as and for the 
purpose set forth. 

4. The point.<lefender,consistingoftbewire­
net, constructed as set forth, and attached to 
the upper group of magnetic points, substan­
tially a.s aml for the purpose set forth. 

JA}illS CHAPliAN BUY.AN. 
'Vitnesses: 

Jos. T. K. PLANT, 
THEOPlllLUS S. KIID.tELL. 
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~'Y UNITED STATES PATENT OFFICE. 'Y~ 

J.A.llES CHA.Pliil BRYAN, OF PIIILADELPHIA, PEN~SYLV.\.YI.d. 

IMPROVEMENT IN LIGHTNING•RODS. 

Specification forming part of Lettera Patent No. 100,134, date February23, 18i5; application filed 
January 27, 1875. 

To all zclwm it m~y coucern: 
Be it known that 1, JAli£S CIIAPlU.N BRY· 

AN, of Philadelphia, State of Pennsyln1.nin, 
have itn·entell a new anc.l mmful1mpt·o,·ement 
in Lightning-Hods nnclli"ixtnres pet·taining to 
the same, that I style '''l'he .i.\Iagnctic Elec· 
trical Lightning. Uou ;" mul I do hereby de­
clare the follO\ving to be a full aml correct de­
sci'itltion of the same, reference being had to 
the accompanying dt-awing~, aucl to the let­
ters of reference marked thereon, making a 
part of this specification, in \T'hich-

Jfigure 1 represents a side elenJ.tion of the 
magnetic electrical lightuing·rOtl with its ar­
l'angements nml devices, as lll~reirmt'ter de­
sct·iuetl; lfig. ~,the center metaJlic casting for 
stanclard, without the leml tlJat supports the 
statl'; lfig. 3, the rotl in detail; Fig.~, the wire 
roof-fastening tor supporting the I'Otl; Fig. 5, 
metallic fastening for snppmting the rotl; Fig. 
6, the lend insulator surrounding the rofl; Fig. 
7, the poin t-exteusiou o\·er the statl' tot· pro­
tecting the rotl. 

The oiJject of my inv·ention is to produce a 
lightning-rod tlJat will attract fi·om the atmos­
phere or the earth, and disperse the heaviest 
charge of electricity tlJrough several channels, 
thereby causing an equiliiJrium between the 
posith·e aml uegatin~ powers of that element; 
further, to so erect and fasten a rod in posi­
tion that, while firm aml substantial, no stains 
on builc.ling, leakage, or iujury to roofs may be 
caused. 

:My invention consists of those features 
more particularly hereinafter described and 
claimed. 

I take three straight tlouble-pointetl nic1cel­
plated steel magnets, A, Fig. 1, aml arountl 
their centers I cast, by ai(l of any suitaiJle 
mold, a fhtttish ball of chemically-}mre zinc, B, 
"\\' hich creates a galvanic action in tlJe steel 
maguets A. This arrangement I call the mag­
netic IJattery, L, the magnets of t.he battery L 
being placetl north anti south on top of the 
l'ou, according to the magnetie poles, for the 
purpose of collecti u g and dispersing electricity. 
'flJe zinc ball B has a mwity in the lower part 
thn.t allows it to extend over socket 0, as rep­
reset! ted in Fig. 7, tlJns keeping the water 
U'OIP entering the lJollow statl' D. Tlle roll E, 

Fig. 3, consists of six: ln.rge insulated copper 
wh·es ot' different nmniJcrs, (say, Nos. U ancl 
10,) F and H, arranged iu alternate numbers 
to surround a center copper wire, II. These 
wires ~., ti-, ~., G, ~, G, :uulll may he twisted to­
gether or straight, u. .. ~ desire1l. They nre sm·­
roumletl or protectetl on the outside by small 
ropeR, composed of small copper wires (se,·en 
of ~o. 2~ wire-gage) twisted at·onnd b., U F G 
~., G at the angle of forty-th·e degrees, so as 
to iuclost~ the surface, thus mukiug tbe com­
plete rocl E. I use two sizes or numbers of 
wire for rml E, so that tlJe ditle1·ent connec­
tions to the batteries usetl may be reatlily 
tral!l'd and followed. At the other enc.l ot' the 
rod I plant in the earth \T'hat. I call my mag· 
netic em'th ·battery, l\1, t!onsistiug of tlu·ee 
straight douiJlH-pnintecl nickel-platetl steel 
magnets, placcclnorth antl south to IJe a.trectetl 
by the earth's magnetic currents, to u.ttract arul 
tlisperse the electricit\·. 

In erecting, I place "'the magnetic battery L 
on statl' D d, resting on socket C, which is pm·t 
of D tl. I pass rod E through staff D d, which 
is made of tubing; then lap the copper in:m­
lated wires F F b, al·ouml the positive poles of 
the magnets ..A., to near tlle end of poles or 
points, without iusulu.tion. The same way ln.p 
lt G G aroullll tlu.~ negative poles of the mag­
nets A •. - In socket C, apertures being made 
for wil·es ~, F b., and G G G to pass from staff 
D d at J J, take the other end of roll E, antl 
connect it with the magnetic earth-l>n.ttery l\[; 
lap F F F arourul tlJe uegati\·e poles of tlJe 
magnets I, to near the enu of poles or points, 
without insulu.tion, anti iu the same wa.y lu.p 
G G G arouutl the positive poles of the mag­
nets I, to ncar the end of poles ot· points with­
out insulat.ion. 

Tile large copper insulated wires F F F and 
G G G act as the kePper of a horseshoe·mag-

. net, between the mu.gnets A and I of the bat­
teries L amll\I, connecting tlJem aml convey­
ing a cm·reut of electricity tht·ougu G, r, I•,, 
auc.l A. 

The largo copper wire H, with the protector 
of rotl E, pn.sses to one side of tlte magnetic 
earth· bu.tte1·y l\I, aiding as a discharger. I 
designate this arrangement as the" l\Iagnetic 
Electrical Lightning-Hod," as the electricit.y is 

~ ~ 
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~ ,.. coltocted anti cllatterRetl tbroiiiJb magnetlo 
Ill.. T ...., poiaata of batteriee plaoed ba the "tDIOKfthere, 

~and earth current trom tlao raoptlvo JtOiuta of 
tbe atmosphere thro!llfh Mn·enll chataan~l~~ tn 
the poeith·e point. or the nutgnetic ba,ttery ot• 
the eart.h-eurrent; al110, the nepth·e electric· 
ity of the eartll ia collectecl by the t'NJIII th·e 
points of tbe magnetic ba\ttery of tho enrtb, 
and con\·eyetl through several cbamu~lat to tho 
ma~t~Jetio baattory on tort, where it 111 tliat»ersed 
by the negath·e Jtninta in the o.tmoaa•hero, tlmat 
canadng an equilibrium. or the ata,ndanl y, 
In Fig. 1, that auttt)()rta ataft' ]) tl, center J•iooo 
n (~ Fig. 2) h1 mndo of mallcllblo iron or 
bi'BM. Its center 0 htu\ ca\·itica ou tho imd•lo, 
ba which leatl 1• (see l~IJC. 1) bt nm, adlowinJ,t 
atal' D cl to pass tlamugla tho nt•Jter amd to 
acrew in tho lower block n, which tH Mnm•nrul· 
eel on the inside by 1•, an M to holcl n d Jlrmly 
ancl not nlluw tlao lend 1• to get lcM•~e. 1'ho 
block I& IaRS cbaranol Q on ttncll or ibJ aldeM, 
with bolta S, t~xtuncling ont fru111 center or <~, 
eacla holding a l••t.:, T, lYbicb ia comtmsed uf 
two piecoa ot" wmuJ(ht·lmn nr br1UtR rh·c!tt'd t••· 
gother, witla~eruw.holua in tlut ltnvur cnr\'O 11t 
U l'ilr ~~eruwa tn enter to hold It In itH JmHitiun 
on tho building, nud with " hnlt, In Umt JHtr· 
tion that )JIUCHtllM tlarongla t!hiUUit•l (1, nr blm'k 
It, fitting tho bolt auul Ht-eun~l t.ht•rntu hy uutM. 

Uy tho ubctvournm.:NmmtH I J•r•Hmn•" Urm 
pUal.lo Ata\ntlanl tlmt caua ho taekma llJt:art. lc•r 
tranaportaltiou. 

Tile 8Jtire·r•rutMtnr v r.nnMiMht or nuall••nhln 
Jmn or hntMM CllHthtJC, with " ltulo thnml'h t lm 
centtar, ha \\'lllc~la 'hr~aldH ''"' mat in, No thalt 
tbe tnbing U nuay bn Mcnn\'t"l tlac•n•ln fnnn 
alMJ\"e auul tnhiuat tl frum lH\Inw. 'l'latt lu\\'t'r 
J•art or v IM lnaulo MC\"c•nd l•whttH \flth•r tlum 
the tc•J•, ami Into a tint. Murtiu!.,, nM nt. \\'. 

. Thnml(h tho tnt• or .. IIJtlre ur Jthnuu~l .. " huln 
Ill '"'"''.1

' tho lo\\·er , ... rt ur Ml.atlf ,, JtUMHIIIJ,C 
down Into t.lttt huh,, "' tlltt \V rt•MIM ma lnJ•, ht•· 
htJf J~tdd firmly Ju liM \"'"Ilion hy Mt!MtWM. 
TbrouJ(h V tht•nt IM " 11lc n hnh•, X, htc!linln~: 
UJtWll I'd lliH)\"0 \ V for t hn rcHI I•~ to JtUNN I h rHU J: h 
111• tho Mtntr H. 'J'ht, UJtJmr Juart. ur X u~· 
h·nt!a n\'t•r ,.., no WRtA•r t!I'U c•ntt•r Htnfr U ''· 
Tlao Mt~ruw Y holdM V lllld 1, tnJ.C••tlu•r, Mn tlmt, 
It Vl"lt'" ho ort'C,hHI nu Nlldf I J ''· hult•xe•H will 
not J(t•t nut or l"'"ltlnn. Jly t hnNtt m••niiM I 
oonv .. y thtt nHI I•, cmhehln nr tht' hnllclhtJC, llml 
Jm waat~r m•n tmhtr thtt WtMHI nruuaul t hu Nhall', 
while tho nnnlhuai•JHtlntA huh••••" ""' kt•J•t In 
their truo JtetNitlma. c Jr t.hn ti&NhmlnJ( ~, ••mn-
1"•*"1 or llllllltttlhlt9 lrcm ur hriUtN, " IN tim Nt't'· 
Uuu tlu•t I• *'""'"'' nr drh·c•n halo t.lan hulltl· 
har. b I• "" hmlluod Rhnnhlttr lH•hv••••n '' aanrl 
r.Hl 1~. tJ IN a ella• ur c-xltmNiun ma t ltu lu\vt•r 
J•nrt of ~. ht!low ''• to t!l&rry tlttt \Yillt•r ,., . .,. .. 
tho bulldhalf, 110 tlmt nu "'''haM htt t!11Ut4t'41 un 
tlao IIRIUO. , 111 a lmlluw ,,,n·lty with t wu •·~· 

~ .A tefn•lntal or tatNtrha.r JH•Int.-.,f, "" Mhuwn In l··l.r. 
G, and •urruunclt .. l on tho htMitht hy aan haNU· 
l"tnr, }~Jr. fl. \Vhftta tl••• rtHI I~ 111 J•h .. !•ttl In 
oavlty ,, ., .. ct Rttrromulrd by lnMnllltcar I•'IJC. fl, 

~ i ~ I i ~ tnpPriiiJ JHiilltul'/ am 1'"'"••••1 ~~~ 

ptlaer to bold 1011 B In px~ltlon., anti/'AMWfft 
for aJJOlot to collect and dJsobarge eleatriclt7. 
'fhn ,.bingle or alate f•Mtellhtg g Ia comJMleetl 
of irma or hrMI whwa, bent or formed over a 
nmld, so tb1't tho1 will be three ancl a half 
inches nr•art at the hue, ancl ·crofts eaacla 
other at a laefrht or three hacbea, an•l Ia a 
tlan.-o·••••arter-of.an-fnol' MJUare,.aa. at..A. i 
rer•rcs~nta a wire that cros~~eat at Ia, for tying, 
BS shown in li"'J". '· Tho t.op Ia, with wire i, ia 
incl0118tl ha leRtl by a Jnold Dlft{le ror the pur­
JMJMt~, \Yitla a lend or hollow cal"ity, 11, to,. the 
rod J~ to lie In, arul witla an extension of leawl, 
I, to h•r• o\·er rod H wbon the enfla oft are 
clntKttl tor..rbther, u atm. At tlao baee extend. 
two wirett, ta "' to be Jtlaced untlor the layer of 
abingio.~ ur sla'tea abo\·e wbero it Is placecl on 
tho nte•r, amino «loai~uato t.wo bent wires rroo1 
tho Oft()()Mito aiclo • a, to be Jtlaced under the 
tthinglctt or Hla,tos it sits nt•on, all beluc ftnnly 
Jnitmcl togotlat!r. By removing tbe wires n" 
"uti o o 1 havo a tha or Jrra\•el roof raatPniug, 
aa "t p, llig. 1. Tlae ar•J•Iication of tltoee rwtt· 
mah1gM dooat llot injure tho roor, and the rod Jtl 
ha'" ., c:lu"•co to oontrnct n.ucl oXJtAnd, winter 
aaud Hnrmner, and no rnbhiMia r .. nlleotll on tho 
rtHtf'. t•"IJ:. n roJU'Otw.nt.~tn r•iot~cnr flatlead uaotl. 
llM lUI humlaltor ror Z, with a rrouvo thmnf,(b 
tim c~·utnr, on 0110 Mid.,, "" at q, to Rt oan·lr.y e, 
J••IJ.C. li, wlah!la ltun·e" " Hhonhlnr, r, 1•"'1". 1, on 
mu~h Mitln ur ~~ WhOII tl10 fllfJOfiatg J~intll/ Rro 
dntet~d. It IM UHOCI on Mtxmnt or itH tJIIaability' 
k•·•~t•ing lht\ waatt-r fro111 onh!rhtJ& ht•tween tho 
rcHl 1•: auul fnHtouhaJC Z, and niHtt bOC'.aUIO it IM 
emtMirlen!d tho IJOMt IIUII·CtnllhiC:tnr or all ~iao 
IUUhtbt. 

It iMmiNfnmury to ,,.. .... fhn ro.l t.hron"b a r•lreo 
nt t uhlnJ( IH•(uro It tmtnn t.ltn •~•arth, tbon ata,ttle 
tie~• luhiu.r firmly to tim bnUdha~r, 10 tlu•t the 
rrHit~aumut lHt d1Mherht1tl. h1 wlntor, tho WRh!r 
••nlnnt elm tuhhtJC', fn,.,.""• auul bunbl tho tub· 
ln.r. 'J'u t•nwmat UaiM rruen or.marrht.r I lun·o 
mneln i' umlcl to run Jc•aul, 1uul umko" attM~kt•tl 
"• l•'la,r. 1, t.n tit nrnnnd rcHI I•: lllld tu t•xtt'IU 
tluwn un t.hn cmtNicln nt' tuhinll t, ttrttMHhta( tht' 
lc••ul t la,:ht llnlllnd rtHI J~, 11n nn \\'l'tur t!l\lll'nh•r 
llu' tuhhtJ.C t, 1uul thu" au·uh•c•tha~r rml I•~ fa·um 
hc•inJ,C cliNt lll'ht'tl. 

\\'hill. I dnhn UM Ill\' ht\'l'ftllnn IH-
1. 'l'ltn r•mnhlu"rlmi, wllh Clan npaaur h•rml· 

nul ul' •• ll~:htnhtJ.C·I·ncl, ut' tlan Mt•rh•M m """'I 
IIIUtctu•fM 4\ IUICI tim luall ur r.inn Jtatrtlaally .... 
t!lm•h•JC t h•• ttantrne•tH lltul •·~ h•nclhiJ.C n\•t,r Rttuke•t 
C ~, HUhNIIlllfillJI.Y liM ht•l'l''ll Mt•t rm•fh. 

:!. 'l'hn 11HI C!UIUitttMt'd nr Clan ...... ~. ... or IIIMtl• 
lnle•cl \\·lrt•M 1•', 1•', 1•', CJ, Cl, Cl, a&ncl 11, \Ynund 
nH clt•Nt!t'IIH••I, 1Uul \\'rnt•Jtt'fl with " ltl'utootur,, 
HUhNhUtllnll)' liM hN·oln MC't fttrth, 

:&. 'l'h" t!nmhlnnUnn, with " llghtnlr•.r·rml 
t!nlllftrtMt••l ut' t lm Nt•rh•M nl' wln•H, lut dMtn·lhc,.l, 
uf t au h•rmlnul 1111\JCIIt'ltC, haattnrln" J, a'nd 1\1, 
••n•~h Nln.cln mn.rm~t. ul' e•ltiiC'r hntt••r1 bt•h•te 
t!UUIIC't~lt'tl fn Olin IIII'Jllll't n( thn ntht•r hRU4•ry 
h)· htMnhah•cl wlre•H t•unnr•e•tlnJ,C thulr OJtiHNdtn 
1mlc•R, MllhHtnnthally llH auacl fur tho a•ur1w•o Itt' 
...... h. 
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4. The combination, with a lightning-rod, of 
the series of magnets placed at the lower enc.l 
thereof, arul forming a magnetic etuth-bnttery, 
substantially as and tor the purpose herein set 
forth. 

5. The snpporting-Rtamlarcl N, consisting of 
the ceo tra.l portion 0 ancllenc.l P, providecl wi tb 
ca,·ities Q, bolts S, and groo\"es, constructed 
ns shown, the parts being arrnnged aml com­
bined substantially as and for the purpose 
herein set tort11. 

6. The spire-protector, consisting of the tube 
pro,·ic.lctl with tlange ,V, ot·ifice X, and fasten­
ing-scre\V' Y, substantially as anc.l for the pur­
pose herein set forth. 

7. The inclinec.l shoulder 7J, clip c, tapering 
points I of the metallic fastening z, as herein 
set forth. 

8. 'file roof-fastenings consisting oCtile frame 

nncl tie wire i, secured together by the lea(l 
fillet or baucl '" l, cast thereon, aml extensions 
n a, substantially as and for thepurpose herein 
set forth. 

U. Theinsulatingstripoflenc.lha'ringa grool"e 
along its center to fit \Vi thin tile arms I of sup­
port z, and the side flanges for extension Ot"er 
the arms f, substantially as all(l for the pur­
pose herein set forth. 

10. The combination, with the rocl and the 
protecting-tube t, of the leacl socket or pro­
tector a, extending over the top of the tube 
and grasping the rod, substantially as anti for 
the purpose specifioc.l. 

J..:l:llES CITAPli.AN BRYAN. 

'Vitnesse.,: 
Jos. T. K. PLA..~T, 
TIIEOPHILUS S. KnnmLL. 
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NITED STATES PATENT OFFICE. 

JOUS ..:\. KLECK~J~n, OF CANTON, OHIO, ASSIGNOR TO HlliSELF AND 
IIENHY F. SliOL'fY, OF S.A~IE PLACE. 

IMPROVEMENT IN LIGHTNING•RODS. 

~ ttcifil'ation forming part of Letters Patent No. 10~,8~8, dated Mar 4, 1875; 1opplicath o filed 
··I . 

J aonary 26, 1"14. 

nil 1rltom it may concern: the exterior conducting-surfaces. The bnlce-
1.,10 it kno"·u tlmt 1, JouN A. KLECKNER, of points 1>, after being united, as at f, to the 

J ton in the county of .Stnrk null 8tate of outer series U. then extend to and into tile. 
~1!0 11~,-e hn·ented certain new oud useful main point A; tbeir tangs btaing dh·idcd, as 
.~;.~rements in Lightning-Hods and tbP.ir and for the purpose above mentioned, in rela­
Aataachuu.•nts; au~ I do hereby dech,re t.be tion to those d. Openings are made through 
followin"' to be a full, clear, and exact desc11p· the nutiu rod at various lloints or distances 
. n of ttae same, reference being had to the throughout its length, so that the fiuicl may 
:..mrm~yin~ draw:_ings waking u ll~'rt of this equalize itself by passing from the exterior to 

M"CiticnUoo, m wb1ch- the interior, or vice \"ersa, os the case may be. 
•1 fi~ure 1 represents, in per~pecth·ta, the The ground end of the rod is also furni::shell 
pointlf and npper portion of the rod, togethe\' with holes or optanings, so that the fluid may 
... uh 3 por~ion. ?f the body. or coudnctor, ;,~ncl pass tberethrough from the interior of t.he hol-
1 means of mutmg the sect.aons t.he1·eof. 14 tgs. low rOll into the eartb. Tbe main rod A is 
.. ·s ~nul 4 represent details of the construe- best when made of copper, an<l to make it 
(j.,~1' of tho ro4l, which will be more particu- light, strong, and inexpensh·e tbe copper may 
Jarly referred to hereufter. }f'jg, 5 I"CpreSelltN Ue tbiu, Ullt fortued Of a Sel•ies Of Spina.l raised 
1n ttml ,·ie\r of the coupling utn·ice shown at ribs, g, \\"ith plain, or slightly-n.rched or cor­
t'i~!C. 2 nnd 3. rng~Ued, hmds h between them, ancl across the 

)(\·in,·entiou relates to a lightning-rod umcle interior of the so made hollow rod is a corru­
tuluilur or hollow, and ribbed or corrugntcu gatecl \va.U or partition, i, which adds not only 
ro iucrl':t~e the extent of condneting-stufact,, to the extent of interior conductiug-surfnce, 
both inside uud outside of the rod, aud braced but materially strengthens the rod itself. Tile 
in8idc tor a similar purpose. us also to gi \"e in- main rod B, being made of slleet metal, ribbetl 
rnmsed sti·eugth, and t'uruisbetl with a series and corrugated as described, will be in sec­
of pnints so uuule as to recei\·e ancl conduct tions, wbich must be unitecl when the rod is to 
tl•o ttuicl partially on the exterior ancl Jhll'· be put up. 'fo make a cou \"euient aml ready 
tinily on the interior conducting· sm·fuces, splice, I ~boulder and receNs the adjacent ends 
ami with openings or boles, through which the of tbe sections, as at j, Fig. 4, forming, us it 
duitl may pass from the exterior to the inte- were, alternating tongues aucl groo\•es; and 
riur of the roll, a.ml ,·icc Yersa, all of whieh these being nmtcbed and slipped one into the 
,. ill he more particularly tlcscriuetl in con nee- other, a wire, k, is passed thmngh the lap peel 
tinn with the c.Jrawiug~. ends, ancl urought arouucl tbe exterior aml 

'fh•~ main central iloiut .A i~ umcle coni<ml thstenetl, as seen in Fig. 4. Such a splice 
a1ul hullow, anc.l tipped with plutiua. a, or other will answer iu most cases; but if the rocl ue 
tuaitablc metal. 'l'his point has thruugh it a. hetn·y aJHl much exposed, theu a slee,·e, 1~, 
~~t•l'it•s of hole~, b, for allowiug- tho tlnitl to di- as in Fig. I, may he first pnssccl o\·cr this 
,·i·l~ a1ul pnss oil' pnrt.ia.lly on the iutel'inr :mel ton~uo :uul g-mo\·e or lapped joint j, anc.l the 
Jl:&rtially on the t~xh•rim· surtiwt>!i thereot: wire k run thmugh around the joint mad 
The puint .A is connectetl to the main rml B I slec\"'e, which will greatly sh't.!ngthen the splice. 
at c uy ri\·ets or otherwise. .Aronml the ceu- If it be desira.ule to couuect the point nntl por­
tral point A :u·e arraugt•t.l a series of bmcc- tion of t.his special rod to auy other kiuc.l of <l 
}Joints, U C, &c. 1.'he tangs d of thf'se b1·a.ce- lightning roll or conductor, a coupling-pin, as 
JN,iuts 0 nre split or tlh·itletl, one umuch ex- at li', .Figs.!!, 3, 5 may be used, wlJerciu B rep­
tending tlnwu outside of the maiu point A, resents my form of rotl, ant.l G represents au­
erc!Nliing the joint c, and ri \'etec.L to uotll the other form of roc.l to be uuited thereto. The 
l"~lllt A nml tile main rotlll. 1.'1Je other branch coupling-piece .If is mac.le in two parts, wllich ..A.. ..A.. ""'llll 
ut the tang passes tllrough an opening, c, in screw togetber, as at m, anll it is, moreo\·er, ~ ~ 
the main poiut. into the interior thereot; so as hollow, for a purpose to be hereinafter men­
lu diritle tile fluid O\"'er the interior as well as tioned. 1.'l..te rod .B is set o\"er a shoulder on 

~ ~ 
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the upper end of the coupling, aml rh·etec.l to 
it. ln the lower end of the coupling is a nut, 
.,,, with openings o around it, which connect 
with the OJ,en tipace through the conpling, so 
that a hollow rod, B, may be connected witb 
a solid one, G," and both the exterior and in­
tt-rior couclnctiug-surfuces ot· the holiO\v rod 
lend onto the exterior ot' tbe solid rod. To 
unite the two kinds of rods, the coupling F 
and its connected section and points is sc1·ewetl 
onto a screw-shank on the rod G, as seen at 
Fig. 3. 

Ha\"ing thus fully described my invention, 
what I claim is-

1. In combination with a hollow, ribbed, or 
corrugated main rod, the hollow conical mniu 
]loiut A, \Vhen both the rod and point are 
pierced to adrnit the passage of the tluid iut.o 
the interior of the point all(l rod, as and tor 
the purpose described. 

2. In combination with the hollow an4 
pierced point and rod, the brace-point~, wir~ 
branched tangs, so as to cond net the tluid hoc~ 
onto and into the holiO\v Jloiut or rod, or I.Mb, 
substantially as dettcribed. 

3. The tongued and groo~ed joint anti \fil't'tl 
spJicej k, \vith or wit.hont the slee\·e E, all :uul 
tor the 1mrpose described. 

4. In combination with the l101low, riuht .. l. 
corrugated, and piercetl main rod B, the coiiJ• 
ling-~,iece F, for the purpose of joining ,;;•i•l 
rod B to a solid rod of any kintl, as tle~crilJt-.1 
and represented. 

JOllY .A. KLECK:SEU. 

'Vi tnesst-s: 
s. SLANA.-mR, 
\V. \V. CLA.RK. 

~ ~ 
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' CIIAUJ,ES STE.r\llNS, OF LOWELL, MASSACHUSETTS, ASSIGNOR TO JACOB A. KISSELL, OF 
CIIICAGO, II~LINOIS, WHO ASSIGNS ltAtF OF IUS RIGHT TO NA'fHAN BLICKENSDER­
FER, OF ERIE COUN'fY, PENNSYLVANIA. 

Letter~ Pt&tellt No. 65,775, dated JuJU 11, 1867. 

IMPROVEKEBT IN LIGHTNING-BODS. 

f~r !r~rbulr ttfttttb t.o ht t~rse ].'rttrrs fJattnt anb ntaking Jatt of t'e samt. 

TO ALL· 'fO WHOM THESE PRESENTS SHALL COME: 
Be it known that I, CIIARr.£8 S·rsARl'CS, ur LI)\YCJI, in the county of Midcllesex, ancl CommonweAlth of }fu-

111chusetts, h11vc inventccl a new and nsefut .Jniutlcss "'" S!tliclly Cn'ltinuous Sheet-~letul Lightning-Rod; anri I 
hereby cleclaru that the fullowing !!pt'cification, in cnfanttction with the ac.-compmnying drawings, constitutes. a 
lucid. clcftr, ancl exact clesf!ription of tho Sl\tne. In refening tel saicl clrawingtt-

Figuro 1 denote! a sirle view of the coil of sheet metal re:acly for being formed. 
Figure 2, au eclgc view of the sZLmu. 
Figure 3. an ex tl!l"ior Yicw of o1y rocl nfter being sh:apcd. 
Figure 4, an end view or it. 
Invention: 1'he ruaturo of my invention ccnsists in a soliclly C!Qntirneons sheet-metal or copper lightuing-rod, 

having gre:at inherent strength, oncl which is Cl)rrugatecl ancl twiste•l, or otherwi!le fnrmecl or shaped, to rendily 
e:atcb the electric fluid ~y its vnrying anrl projecting edges, atul to embn•ly suOi~iont stability and strength (or 
erection arul pe1·mnnent 11upport, and :1t the snme time be susceptible or being hPnt. to conform to the inequali­
ties ancl shnpes of tho structure withm1t ilnpniring the appellrJ,nco, sta·engt!l, or eff'e;:t of the rorl, an•l "' the 
nme time not requiring a single joint in it for the whole 11tructure. • 

Construction: ·ro enable others llkillorl in the 11rt to which u•y invention a.ppertniras to Cl)nstruct and carry 
out the same, I wilt clescribe it M roll•>lYS: 

I prefer ~tbeet cnpper tn other me.tltl, by rc:~-sou of its cncapnel!s, gri!ILt tltlctility, mn<l density, an•l its great 
:o~usceptibility ,r readily rceaivi:•g ;':acl snfely cn:n·eying aw••Y large volum" of the electric ftui•l or current. 
'fhe object ~&ttained by the soli•l continnity of tho rocl is;' perfect conductor, by Ju,ving no brer~ka or joints in 
which the eleeta·icity will be liable to jump in traversing it, ancl Rlso in its grent strength and convenience or 
ea·ection. 'J'he shnpe muKt be givl'rLthe rod ~t the pluce of e:-eetion, as it C1'nnot be transported artl'r being 
shap«!d. Tho sheet copper is first rollctl nf great length; ILncl of the clesirecl thickness ancl \\·itlth, ~ntl coilc•l into 
rolls, Sl'en at figs. 1 and 2 of tho drBwing, which Bre easy toltransport to any phLcc fur erecting my rorl, as ulso 
the machine which I have invorttetl llnri no" use for corrugating and twisting the rocl,"which consists of corru­
gating oncl iwisting rolll'rR sn combined thu.t by entering the outer encl of the Cl)il of strip copper and turning a 
ernnk, the strip mct1'l is passed through and uniformly oorrug1tteri 1u:ul twisted, as seen Rt fi~. 3 ancl 4 of the 
clralving. When a sufficient length of it bas been shnped, it is cut ofT with ~thean, ancl is then ren•ly for erection 
on the structt.re in one continuons piece from end to end·, an•l may be securc!l thcrttt•l by n.ny goo•l insulators, 
the top, of courl!e, projecting above the highest point of' tho huilcling, llncl the luwer enci rea.ching to clampncss 
in tbe earth below the building. Uy giving the within-described sh:~pc to th<' ro•l, it is impos~tiule for the light­
ning to stl·ike the a·ncl without coming dil·ectly in cout11ct with the edges of the sheet metal, which a.re doubly 
continuous tho entire length of the! rod. 

Various curves or shapes m~ty be given the rod, bu·t the corru;ate1l and twistefl shape I deem preferabltt to 
"ny otlt<'r. 

'l'he cheapness of my rocl a.tul of its applicn.tion is obvious, from avoicling all joints and splices and con­
triv:mces for thn.t put·pose in the old ro•ls. But the most prominent fe:,ture iii in the great conducting power of 
the rod, llntl the acltlitional sn.fety thereby guaranteed to lire u.ml property, a.nd without a.tlditionul expense. 

Whnt I claim as my invention, and desire to secure by Letten P;,tcnt, is-
A lightning-roll or conductoa·, consisting of a solitlly continuous stdp of sheet metal, suhst~ntially as described. 

CIIA.S. STEARNS. I 

Witnesses: 
E. W. ScoTT, 
l\1. A. ScoTT. 
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UNITED STATES PATENT OFFICE~ 

HEN BY VI. SPANG, OF READING, PENNSYLVANIA. . . 

IMPROVEMENT IN. LIGHTNING•ROD,S.; 

speailcaUon forming pari of Letters Patenfi No. 167,415, dafiecl September '1, 18'15; reita11e No. 8,83~, date~ 
JaaDK7 4, 18'16; appllcatioa tUecl December 14, 18'15. .~ 

~0 all whom.- U tna,y otmcen~: fully explained in the following specification, · 
Be it known that I, HDBY W. SPANG, of with reference totbeac~aompanyingdrawings, 

Reading, iu the county of Berks and State of in which-
Pennsylvania, have invented certain new and Figure 1 is a view in elevation of my inveu-
u~ful Improvements. iu Lightning-Conduct· tion. Fig. 2 is a plan view of a metallic drain· 
ors ; and I do hereby declare that the follo\V· or gutter. Fig. 3 shows a moditi~tion of my 
ing is a full, clear, and exact description invention. 
thereof, that will enable others skilled in the A is an ordinary metallic rain-pipe, con­
art to wbich it appertains to make and use nected with, and leading from, 'the metallic­
the same, referepce being had to the adcom- roof a of a house at the gutter or trough ol 
panying drawings, a~d to the letters of refer· thereof. B is a metallic draiu or gutter, the 
ence marked thei'OOn, which form a part of basin b of which receives the rain o1· waste 
this specification. ·. · water 1lowiug through and from pipe A. This 

~ 
,~ 

This inTention consists in connecting au or- drain or gutter is connected to pipe A by a · 
dinary metallic raiD·J•ipe of a hoqse or other metallic rod, C, pipe, or othflr suital>le metal· ' 
structure with a metallic roof or other light· lie conductor, and near the month of the gut­
ning attractor or conductor at its top, aml with ter, and in the bottom thereof, is au aperture, 
a perforated metallic pipe l)laced in the earth b', at which a metallic pipe, D, having an 
near its bottom or foot, anll a suitable dis- OJ)ening at its top and bottom, and any suit· 
tance from the foundation-walls of the house, able number of Ol)enings or perforations, E, 
and arranged so as to form a perfect line of of any desired form or .size, along its entire 
electrical conductors, anti keep the eartb sur- length or sides, is conilected to tbe draiu or 
rounding the said perforated pipe, and auy gutter B, and extends downward into the 
other terminal metullic conductor connected earth. The aperture 11 in the bottmn of the 
therewith, moist by means of rain or \Vasta w~... gutter B CUIJ be co\·eretl by a perforatell disk 
ter, and thereby secure a good ~artb-connectiou in sumu1er, said llerfor-c1ted didk l\llowing the 
therefor, and also aff"ord means by \vhich a passage' of \vnter into pipe D, but preventing 
portion of the attracted elect1·icity will be dif- the passage of trash, by \Vhich t.he pipe uiight 
fused, during a thunder-storm, over the ftow- become clogged. ~u the winter the 1,erfo1·at­
ing rain·Wl\ter, and into the moist surface of ed disk may be replacetl by a solid one, so as· 
the earth;. the said metallic nlin-pipe being to pre\·ent the water entering pipe· ··D and· 
connected \Vith the perforated pipe by means freezing, as at that season the earth is usually 
of a metallic drain or gutter, pipe, rod, or sutliciently moist, and there is seldom any 
other suitable conductor, or directly there· thunder and lightning. '\Vheu the house has 
with. ItaJsoconsists inanimprQvedearth-ter- a· metallic roof, as shown at a in the drawing," 
minal for lightning conductors or rods, con· and pipe A is coni1ected therewith, au attract­
sisting of a metallic pipe with perforations or ing-rod, F, which extenlls al>ove the top· of 
openings along its entire length or sides, so j the chimney or other elevated projection of 
that the rain or waste water \Vhich enters the the bouse, should be erectec.l directly upon 
pipe will not only ~ow into tbe earth at the I tb.e roof, a~d be metallically connected there- ' 
bottom, but also· mto the earth along the wtth ; but 10 case the bouse has a wootlen,­
whole length of the pipe, the1·eby causing a slate, or other.roof of poor conducting mate·. 
large1· amount of earth to be readily saturu.ted rial, the lightning attractor or· conductor F7 
with water, and enabling lightning or atmos- which ~hould4also ext.eml along the ridge or 
pheric· electricity to be more readily diffused said roof in e,·ery direction, ·ancl along the· 
than by any other method, device, or devices edge of said roof at each gable, must be con~ 
heretofore employed for moistening the earth nected with rain-pipe A, or with the met~llic 
surrounding the terminal conductor and dit:. eave trough ·or gutter, to which said pipe A. . • .a. .. :"'lll! 
fusing lightning. is connected. · ,A ~ 

The details of construction involved in my . The drain or gutter B, or the pive which 
jnvention, and the operatio~ thereof, will IJe ~ay be used for conveyi~g the water from 

~ ~ 
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rain-pipe A into the perforate({ pipe D, may · oughly saturated with water. It is also 
be of any desired length, and muy, if desired, visable to make use of a gutter or drain B nr · 
extend into the street-gutter, or into a se\ver, have the upper p01tion of perforated l;i(J~· D · 
and the perforated pipeD may he extended or the connecting conductor placed so as to be 
from any portion of the said drain or gutter, in contact with the tlO\l"ing rain-,vater dnring 
or drain-pipe. · a thunder-storm, so that a portion of the at. 

The perforated pipe D can be connecte<l tracted lightning \l"ill be diffused through the 
with rain-pipe A by means of a solid rod or said flowiug rain-water over the moist su1-tace 
bar placed on the top of the earth, or beneath of the earth. · 
the surface thereof, instead of by a gutter or It is well known that in order to diffuse 
pipe, as hereinbefore desc1·ibed, ~uti may·also lightning readily into tbe earth and secure the 
be placed and armuged so that the wa~te- proper action of lightning-conductors, it is nee­
water from a pump or hydrimt, or water from . essury that the said conductors must terminate·· 
a gutter or stream; will also flow into the said in, or at least come in contact with, a large. 
1)erfora.ted pipe D, aud keep the earth about and well-moist portion of the earth. Dry earth 
said pipe well moistened during the summer. is a poo~ conductor, into which the atmospheric 

The pipeD can be round, squart~, triangu- electricity does not rea,lily flow from th3 ter­
lar, or ·or any desired form, and may also lun·e minal comtuctor ora metallic rod, pipe, or other. 
any number or perforated branches; also, an lightning-conductor erected upon a house, and 
enlargement at its bottom or top, so as to hold when said com.luctor does not have a suitable 
a large quantity or water during a thunder· reser\"oir of well-moist earth into which to 
storm; aud it can also hav~ any oth~r metal- quickly and readily discharge its attracted· 
lie terminal conductors connected therewith. electricity it becomes worthless as a protee-
. It is, however, preterable to use a· straight tioo, us the electricity is then apt to leave the: 
pipe without branches, so that it can be conductor, pass into the building, and damage· 
drhyen downward into the earth, and the earth or destroy it, and endanger the inma~es. The· 
iusicle thereof be afterward taken out by means object, therefore, or employing the perforated 
of a small auger or shovel, or be well packed pipe D and e~tendiug it downward into the 
in a hole made by a rod with a sharp point earth is in order that a portion of the rain or 
drit"en into the earth, or a hole made by an waste water may flow into the pipe D and 
earth auger or eical"ator. moisten the earth surrounding and beneath 

Instead of employing a solid iron pipe, D, said pit>~, and thereby provide a suitable res~· 
round, square, or of any otber suitable form, er\"oir of moist ~artb, and particularly during 
perforated with openiugs or holes, several a thunder-storm, for the diffusion of lightning 
cur\"ed or flat pieces or bars of il'On can be into the earth. I carry the pipe D to a dis­
used, and be fitted and held together at the tance below the surface of the earth where 
top and bottom by means of metal hoops, or there is approximntely permanent moisture; 
other suitable fastenings, so that there will hut as the depth to which the heat of the sun 
be a suitable space or opening between each uries the earth \"aries during the summer; I 
pair of said pieces or bars, which will allow a.im to have my pipe or terminal conductor so 
the water to pass through and moisten the placed that, if not actually within the line of 
earth surrounding and beneath them, ancl permanentmoisturt',communication tbere\vith 
thereby answer the same purpose as a .solid will be \?ery soon established after the cow· 
iron perforated pipe, and also be convenient mencement of a thunder-storm, bt·means of 
for causing a good contact to be made with the rain-water do wing through the IO\ver open· 
the earth, by spreading the said pieces and ing aD<l pex·forations of pipe D. 
pressing them tightly against the sides of a \Vater is a conductor of electricity, and dur· 
holft mad~ by a driving-rod, an earth-auger, ing a thunder-storm the greater portion of rain-' 
or excavator. water flowing from rain-pipe A passes over 

In the modification shown in Fig. 3 the per· the drain or gutter B, or the top of perforated 
fora ted pipeD' connects above ground directly pipe D or connecting conductor, and spreads 
with the metallic rain-pipe A, which is sntl· over the surface of the earth, or a brick or stone 
posed to be in metallic conuectiou with a light- gutter or pavement, and reaches the eartll 
ning attractor or conduc_tor at its top, and it through the interstices of the pavement, or 

,has a perforated funnel or enlargement, d, con- flows into a running gutter or se\v-er, and the 
nectetl therewith by an elbow-joint at the foot said rain-water assists in diffusing the attracted 
th~reof, so as to bold~ large quantity of water, electricity from said drain or gutter B, or pipe 
aud a terminal metallic plate, d', is connecte(l D, or connecting conductor, over tbe moist sur· 
to and extends vertically downward from tbe face of the earth, along the gutters, pavements, 
perforated funnel or enlargemelit d, as show~:~. sewers, &c. 
In this arrangement the perforated piJ?e D' is The gas-pipes in a building, or any other me· 
sut,plied with water directly from rain-pipe A, tallic conductor, may be used as part of the 
and the said perforated pipe is near the foun- lightning-conductors, in connection with per· 
.dation-wall of the house. I prefer, however, forated pipeD, and care should be taken that 
to have the perforated pipe placed at least six a good electrical connection is made between 
feet from the foundation-walls of the house, thejointsofthegas-pipes bysolderingorbraz­
so as to prevent them from· becoming thor- .mg them tog~ther,or by an additional con· , ~ 
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doctor, as the red lead uSed at the joints of 
such pipes is a poor conductor of electricity; 
and the meter must also be shunted by means 
of a copper sheet or wire, or other good con­
ductor having greater conductivity than the 
material of the meter and the lead joints thtsre­
of, so as to prevent the meter from bein~dam­
aged and the gas set on 1lre by the meltmg of 
the lead joints. · 

The pipeD, with perforations or openings E, 
as hereinbefore described, constitutes a much 
better medium for saturating the earth with 
water than au ordinary pipe, with the usual 
openings at ita opposite ends, or any of the 
devices heretofore employed for that purpose, 
for the r~ason-that the said pipeD not only 
saturates the earth at the bottom of the pipe, 
but also saturates the earth aloug its entire' 
Jeugth. which is not accomplished by the ordi­
nary pipe, or any other de,·ices heretofore used~ 
The ·said pille D will more readily di1f11se light-

3 

ning and make a bet.ter earth-connection from 
the fact that a large amount ofwell-~oist earth 
offers leas resistance to the pa~~sage of electricity 
than a small amount of moist earth. 

Having uow fuiJy described the construction 
and operation of my invention, I claim- · 

1. The com~ination of metallic rain-pipe A 
with perforated metallic pipeD, said pipes be­
ing electrically COQ.nected, as described, and 
forming a lightning-conductor, substantially 
as set forth. • 

2. Metallic pipe D, having perforations or 
openings E, as described, and for the purpose 
ttet forth. 

In testimony that I claim the foregoing I 
have hereunto set oiy hand this lOth day of 
December, 18i5. i · 

HENRY W. SP .A.NG. 
Witnesses: .., 

DA.NL. SPANG, 
J. WA.BREN.TRYON. 

~ ~ 
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~ .,..1JNITED STATES PATENT OFFICE. 

JOHN J. COLE, OF ST. LOUIS, MISSOURI. 

IMPROVEMENT IN LIGHTNING•RODS. 

!ptcidcatioD tormiDJ pan of Lett.n Pateat No. 183,4:10, dated December 19, 1876; application4led 
Karch 23, 1876. 

ro allzohom it tnay 001&C8n&: 
Be it known that I, Jon. J. CoLE, of St. 

JA)uis, in the county of St. Louis and State of 
')liasouri, have invented a new and usefullm· 

rovewent in Lightning-Rods; and 1 do here· 
Cr declare the !bl!owiug . to be a full, clear, 
and exact descnpt1on thereof, referenets being 
bad to the accompanying drawings, forming a 

rt of tilis specification, in which-
pi .Figures 1 and 3 are views of rods and points 
embodying my invention. Fig. 2 shows the 
manner of jointing; Figs. 4, 5, and 6, attach· 
ments or devices for attaching the rod to a 
building. Fig. 7 is a section on the line a: :e 
of Fig. 1. Fig. 8 is a section on tbe line y y 
of Fig. 3. Figs. 9, 10, aud 11 represent that 
portion of my rod wbich is elevated above 
the building, as supported by the standard· 
Jegs attached thereto, with the awi t~h between 

·the satme. Figa. 12, 13, and 14 re(,resent my 
double connectors, or T·splice-plate devices 
for connecting two or more rods together, or 
tor branch rods with the main line. Fig. 15 
ahows staple· rivet for connecting joiubl of 
rod. Fig. 16 is a section of a point, sbowiug 
platinum wire. Fig. 17 is a• detaehed vie\v of 
tbe switch used bt'tween the standards. Figs. 
18, 19, and 20 illustrate modifications based 
on tile plain-back anti ribbed-tace rods. 

Like letters refer to like parts wilerever 
they occur. 

l\ly invention relates to the construction of 
lightning· rods and their attacbments; aud 
consists, first, iu forming the rod with one 
Jlat or plain surface, having a splice-groove 
and a longitudinally ribbed or guttered face, 
whereby the rod may be employed iu siugle 
line, ami will apply itself to the building, or 
may be used in double Hue, back to back, if 
preterred; second, in forming the point with 
a platinum wire of sufficient length to prevent 
the <.lest1·uction of the point by a t;lisclut.rge of 
lightuiug, tbe body of tbe point being cast 
opou the wir~ at the time tbe point is tormed; 
tbird, iu supporting the upright portion of thti 
rot.1 above the building by braces connected 
directly to the main rod and huilding, in wbich 
~he wain rod way form one leg of tile brace, 
It' desire(l; fourth, in connecting the lu·ace 
and ground rods by a wetalJic connt'ction or 
twitch, forming a circuit t~. facili~te ~he dis· 

cbarge of that portion of the electricity with 
\Vbich thE' brc&ces may becomt' charged; tiftb, 
and tlually, in details of construction pertain· 
iug to tbe rod and i~ at.tauhments, hereinafter 
more specifically set forth. 

U pou iu vestigatiou I bave discovered that 
it is as neceasary to attacb a properly-con­
structed point to the low6r eod of the light­
uiug-rod, which goeb into the grouud, aa to the 
upper eud, which exttiudtt into the air, tor the 
followiug reasons: tirttt, to di~charge the pos· 
itive electricity wbich is received by the rod 
from the cloud, and, second, t.o receh·e upon. 
the rod the negative eleutricity, wbieh, nuder 
certuin ch·cuwtJtances, is discharged by the 
roo from tbe earth into the air. It is a well· 
establitthed fact that a tine point is the best 
discbarger of electricity us well as the best 
receiver of it; therefore, every lightning-rod 
should he pro\·ided with a properly · con.­
structed point at each eud. But scientists, iu 
their treatises upon the subject, have oot de­
scribed such a l'od, and manufacturers of 
lightning-rotls, in th6 practical ap()lication of 
tile science, bave, in no inat~1.nce, furnished 
their rod3 witb a grouucl voint. 

\Vhilti great stress baa been laid UI>On the 
necessity of a properly-constructed point tor 
the top of the rod, uo atttintion ila~ been paic.l 
to tbe furnishiug of a point to receive and 
dischcu·gti elcctt·icity ~'t tb6 eart-h. Now, I 
meet this requiremeut uy nttachiug to tile 
lower eud of wy ligbtniug-md a platinum· 
tip peel poiu t, const1·ncted suus tau tially as 
tbe point ahove de::;criued in ::;econd state· 
mcut of invention, with such changes as reu· 
der it more suitable fot· a ground poiut, a.Ut.l 
leaving otf the OI'IULmeutal fiuish, which wquld 
be useless uuc.ler ground. 

I will uow proceed to tlescribe my inven· 
tion, ~to tbat otbers skilled in til6 art to wbich 
it ~'LJJ>ertaius may apply the samti. 

In tile tlrawiugs, A irulic•t.tes thti rod, which 
may be made solid, or of sheet aneta.J, or of 
any suitablti metal, preferably h·ou aml solitl, 
tol'med with a fiatt uaek, a. which is g11ntirally 
groovetl, as at a'. Upou the reversti or face of 
tile rod are a series of longitudiual rius or 
flanges, b b b, tbe middle rib, wlum three are 
used, beiug prefenLbly hlrger tbau tile edge 
rius. This form of rod gives au iocreWiet.l 
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cooductiog-surface with tbe requisite strength only a~,. 0 f~o·· xpense of the point, and, eo 
aud lightut_ass; and when tba rod is rendered far as is at 0

• • esent known, tile bea,·iest dia. 
ntagative, the positive current, by the mutuul charge bas seltlotn melted more than from 
repultliou of its ,,articles, will. travel oo the three-fourths to one inch of a point, and tbia o 

two outer ftnngea, leal"ing the centml-·flange ht not likely to occur if the contact is perf• 
either as neutral gronnd or for the ascent of and a terminal point (as hereinu.fttar specified) 
the negath·e current; it is therpfore essential is employed. 
that the flanges or ribs shall be of untaqual D D1 1)1, Frgs. 4, 5, and 6, are a series of de· 
height. Wht,an the groove 1¥ is omitted the vices devised by me, ·and adapted for securia1 
joint between the sections may, in a single the rod to buildings. Of these D D1 are e• 
line of rod, be made by riveting a ftat t,late llecially intendecl for the single rotl, a.lltl are 
to the sections by a thimble, or iu any' of the grooved, as at tl d.', to .flt the ribbed face, the 
weiJ-known ways; bt1t as I Jlreferably groove flat face of the rod resting ag-.. iust the builtl· 
the tlat face of the rod, I have provided a ing. 1)1 may be emtlloyed when the rod ia 
s~cial couoectiug-plate, B, \Vbioh c..oorresponda used double, (see Fig. 1,) and its shatle is sueb 
io width \\'itb the rod, and bas upon one ft\Ce that it may be sprung open to introduce tbe 
a longitndinal rib, 61, which corresponds to rod, after which it may be bent together to 
the groove a/ of the rod. The ends of the claUJ() the rod securely. E, Fig.l4, is a spliee­
sect1ous, being adjusted, (see Fig. 2,) are se- plate or connector for making connections be­
cured by staple-rivets 61, Fig. 15, which lie twee11 two or wore rods, or connecting brancb 
within the gutters formed by the ribs b b, thus· rods with the main line. This plate is geoer· 
lapt,ing or crouiug the joint, insuring coo- ally of equal width with the rod, and baa • 
tact, and increasing the strength of the joint. longitudinal rib, 1, whicb dts the groove ta' of 
C indicates the JlOiut, which may be nsed the branch, and a transverse rib, e', which 
either aa an initial or terminal point, and fits groove a/ of the ground rod. In an"kiu~ 
which rnay vary in shaJ,e, (see Figs. 1 and 3,) the connection between the branch aucl ground 
acconliug as it is used with a single or double rods the branch rod E', Fig. 12, is pa-eferablf 
line of rod, but, in either case, constructed beveled, so as to fit an ugly against the ground 
on the same principle. It is preferably grooved rod A. The splice-piece and rods are thea 
at its 10\,er portion to correspond with the usually covered by a sheath or cap-piece, F, 
ribbed rod, and ia provided with a fiange, c, Fig. 13, and the whole secured by rivets, aa 
by means of which it may be riveted to the indicated in the drawings. 
single or between the double line of rod of By means of the attachments D 0 1 o•, be­
the sntlerior section. The llOiots 0 are usually fore specified, the rod may be attached to a~f 
of copper, and are pro,·icJed with a central building in the well-known manner; but ':f 
wire, tl, Fig. 16, of platinum, which is in· stead of the tripod or common method 
serted at the t:ime of forming or casting the bracing the point-rod, or that portion ele,·ated 
point, so that, should the point be melted at above the ridge of the building, I use a doubble 
any timtt, it does not become useless, as is the rod or blank for a short distance below t 1 

caBA where it is sima•ly tipped in the onlioary point, (l'imiJar to what is shown in Fig. 1,) 80 

manner, lmt may be removed, shar(lened, and as to strengthen and stift'en the rod, and makbe 
r~placed at little expense aud with slight Ia- a neater ·and better connection between t • 
bor. Platinum· tipped points, as ordinarily rod and Jloint. I also provide a series of br..cr. 
constructed, in which the wire is secured in rods, G G, which may be plain, but are pre· 
the tip by soldering, tbe passage of the eleo- erably ribbed longitudinally upon on~ faa_~ 
tricity destroys the solder, and the wire be- which rods I rivet to the maio or po10t .~ 
comes loose io its socket, and is liable to fall (see Fig. 10) a short distance below the po~u; 
out, and, having no proper metallic contact and then spread them out, and secure t e cl 
with the body of the point, is comparatively to the roof iu such a manner as to braceya~r 
useless if it remains in. This difficulty I sustain the point-rod. H indicates a 
ovprcome in my point by casting the body of other shaped metal (preferably coppe~) pia~ 
the }loint about the platinum tip, thus roakiog which I term a "switch," and wh1ch IS so be 
a union betw~en the two that is not destroyed ranged as to connect the distant ends of ~el­
by the passage of the electricity, and which brace-rods with the maio rod, thus ~DJP 

, serves to retain the wire firmly in place, bow- ing the circuit, and facilitating the dtscba~ 
ever often the point way be subjected to a of any electricity with which the brace-r 
discharge of lightning. Where tbe wire ex- may become charged. rod 1 
tends the whole length of the point, it will .To the lower or ground end of the salt 
serve to re-euforce the conducting power of connect a terminal point, which may be tU •' 
the point, and, by facilitating the traos~ission substantially like the upper point, except_~~ 
of the charge to the maio rod, (the wire itself the ail ver plating would usually be om• eO-
being capable also of sustaining high beat,) as aim ply adding to the expense and not D 
will materially retard or taven prevent tbe essary tor utility or a(,pearaoce. ·ul1 
melting o,f a point. Wheu the sole object ia The preceding description bas been ID'11 01 
to permit of. the resharJleoing the point, the directetl to a single rod or blank; but ~=pt 
wire need not be extended tor more than ao the maio ad vantages of the form or ~ · 
inch and a half or two inches, as more would Shown ia, that by placing the/oda or~ , . ~ 
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back to back a strong and symmetric double 
rotl is obtained, similar to wha~.t is illustrated 
in Fig. 1. 

\Vheu the double line is used the sections 
may be connected by lapping or breaking joints 
and riveting without the utte of splice·J)lates, 
but retaining the staple-rivet before described. 
For securing such a rod to the· building the 
de,·ice shown in Fig. 4 has· been provided. 

The rod 01ay or mny not be insulated, as 
preferred. It is especially adapted to be used 
without insulation. If insulated, the single 
rod is SUl>ported upon and wired to an insu­
lator having a rib to .fit the groove a/ of the 
.dat race of the rod ; the double rod would be 
insulated by an ordinary ... ring-insulator. In 
all cases I prefer a platinum wire in the poi.nt, 
as specified; but, instead of platinum, any 
metal the m~lting-point of which exceeds that 
of the copper may be substituted, provided 
such metal resists corrosion and is a good 
conductor. 

.Among the advantages of my rod are the 
readiness with which it may be produced by 
the rolla; its great strength in proportion to 
the contained metal; ita adaptation to plain 
surfaces and improved general appearance; 
tlu~ facility and cheapneat~ by which joints 
waLy be made without apparent interruption 
of the continuity of the rod, as occurs where 
thimbles are used; the better contact between 
~ections obtained; the increased conducting­
surface when, as in roof-ro(ls, &c., the grooves 
contain water; and if lateral discharges OO· 
cur, the ribs form a continuous point, which 
will, iu case of a single rod, serve to direct 
the discharge away from the building. 

Hcwiug thus described my invention, what 
I cJnim, and desir" to secure by Letters Pat­
ent, is-

1. The rod herP.iu described, having a tlat 
fa.ce, a, grooved as at a', and a series of longi· 
tudinal ribs Ul)Oil the re\·erse face, the cen­
tral rib of the series projecting beyoud the 
side rius, substantially as specified. 

2. A lightning-rod having the tlat face a, 

grooved as at a', and the reverse ribbed face, 
substantially as and for the purpose specified. 

3. In combination with the sections of rod 
A, having grooves a', the longitodiually-ribbed 
splice-plate, substantially as and for the par­
pose specified. 

4-. In combination with two or more sections 
of rod, A,· having grooves a', the longitudi· 
nally and transversely ribbed splice • plate, 
aubt~tantiaJJy as aud for the purpose specified. 

5. In combination with twoaectionsotrod,A, 
having groo\"88 a', the longitudinally-ribbed 
svlice-plate and staple-rivet, substantially aa 
and for the ()Urpose specified • 

6. In combination with two or more sec­
tiona of rod, A, having grooves a', the longi­
tudinally and transversely ribbed splice-plate, 
and the cap or sheath, substat.ntially as and 
for the purpose ~peci.fted. 

7. The combination o~ the upright or point 
·rod and the brace-rods G G, connl~Cted df. 
rectly to the point-rod, substantially as and 
for the purpoae·apecified. 

8. The combination of the upright or point 
rod, the brace· rods connected thereto, and 
the switch, substantially as and for the pur­
pose specified. 

. 9. A lightning-rod point provided with a 
central wire of platinum throughout ita 
length, snbataotially as and for the purpose 
specUled. 

10. In combination with a lightning-rod, a 
terminal or ground point, properly tipped 
and protected with platinum or other suitable 
metal, substantially as and for the purpose 
speci1led. 

11. A lightning-rod point provided with a 
platinum tip cast therein, as and for the par· 
pose set forth. 

In testimony whereof I, the said JoHN J. 
CoLE, have hereunto set my hand. 

JOHN J. COLE. 
Witnesses: 

·F. W. RITTBB, Jr., 
JA.llms I. IU.r. 
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UNITED STATES PATENT OFFICE. 

WILLIAM W. PATTERSON, OF ·CORNIN~, IOWA. 

IMPROVEMENT IN LIGHTNING•RODS. 

Specification forming part of Letters Patent No. I 93.991. dated August 7, 1877; application filed 
A pri 130, 1877. 

: 'Io all who1n it may concer1': 
Be it known that I, WILLIAM '\V. PATTER· 

· SON, of Corning, in the county of Admus ;uul 
State of !own, have invented a new ancl URt.~· 
ful lmpro,•emeut in Lightning-Rod TipA, of 
which the following is " specification: 

This inl'ent.ion has for its object the produc· 
tion of a lightning-rod tip, which consists of 

. intersecting circles studded with points at 
various angles, and a small globe or ball sus­
pcudecl within thi8 circle. 
· In the annexed drawings, making a pa.rt of 
this specification, l~'igm·e 1 ht a ,,erspecti\'e 
view of the tip. Fig. 2 .is •• vertical section. 

The same letters an~ employed in botb fig­
ures in the indication of identical parts. 

'fhe tip consists of two c\rcles, 0 und 0', of 
silver and ~opper plates, placed so that their 
horizontal diameters shall be at right angles, 
both circles being studded with metallic points 
B B, made of the snme metals as the circles. 

Immediately beneath the main point a mag­
uetic ball or globe, D, is suspended by a strip 
of zinc, E, so that the ball will hang within 
the intersecting. circles. A is the ~t~ru by 
which the till is attached to the ligi.Jtumg­
rod. 

"\Vhat I claim as my invention, and 'l~sire 
to secure by Letters Patent, is-

A ligbtning-rotl tip formed by the uuion of 
two intersecting circles of metal, aud having 
a series ot'. points projecting therefrom at 
\'arious · nugles, and a magnetized lmll or 
glube suRpenc.led within the intersecting cir­
cles, su bstu.n tiully as set fot·tb. 

In testimony whet·eof I have signed my 
name to this specifim1otion in the preseuce of 
t\vo subscribing witnes~es. 

\VILLIAl\1 W. PATTERSON. 
\Vitnesses: 

AsBURY COLLINS, 
A. W. CRIPPEN. 
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G. W. CAIN. 
Ligh tning-Cond uotor. 

No. 218,708. Patented Aug. 19, 18~~· __ 
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GEORGE W. CAIN, OF NEW~ORT., NEW HAliPSHIBE. 

IMPROVEMENT IN LIQHTNING.·CONDUCTORS. 

Specification forming part of Lett.era Patent No. Sl8,708, dated A.agust 19, 1Si9; application tiled 
November 1, 1878. 
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To allwl&om it may cmacem: end and united by the couplin~boxes C C', &~~ 

Be it known that I, GEORGE W. CA..IN, ot which are constructed with appropriate female~'; 
Yewport:. in the county of Sullivan and State screws, in the usual manner. D ~ a copper'! 
ot"New Hampshire, have invented a new and wire wound around the condnctor from the::~ 
useful Impro\"'ement in Lightning-Conductors, point A to the entl to be inserted in the gmund, .-:.! 
of which the tbllO\ving is a full, clear, and con- the design of wbich is to increase the conduct- -~ 
cise description, reference being had to the ing power of the rod. E is a collar with p~ ; 
~Lccompauying drawings, making a part of jecting arms, which support the upper ends t 
this specification, in which the same letters of the braces F F', &c., and G is a collar of ; 
indicate identical parts in the saane figures. ·the same form, which supports the lower ends ~ 

Figure 1 is a perspecti~e view of the con- of said braces. .J 
doctor when reat.ly for elel'"ation. Fig. 2 is a The bmcing-1-ods I also construct of copper·~ 
,·iew of the same in sections. Fig. 3 is a view or other good conducting metaL The base ~5 
of the coupling-bo.xes. Fig. 4 is a l'"iew of the end of the conductor should be overlaid with ·4 
point which receives the electricity. Fig. :Sis copper, commencing immediately above the·:~ 
a view of the top and bottom supports of the ground. · .-::~ 
uraces. Thus constructed, the lower end of the con· }: 

I denominate my iu,·ention the "Indepeud- 1 doctor should be inserted in the ground at -
ent, Isolated, Self-Supporting Lightning-Con- least eight teet deep, and from four to eight 
doctor." feet from the building to be protected, and 

I am a\\·are that lightning-conductors hal·e the upper end or point should project from 
before been isolated troan tbe buil<lings which four to eight feet abo\"'e the highest portion · 
they were designed to protect, being supported of the same building, or to a sufficient height 1 

uy one or more Ilieces of timber standing apart above to protect the building. 
from saitl building. My independent _isolated condnctor may be 
~y conductor is so constructed as to stand constructed of a single rod of wire or other 

apm·t ~rom the bui.lding independet!tly of.any s~itable metal without joints, as abo,·e de­
snpport from outsttle stntctures or erections scribed. 
of timber or other material. By this means Hating above described my impro'"'emeut 
the conductor is entirely isolated from the in lightning-conc.lnctors, what I claim, and de­
unilc.ling which it protects, and· danger is sire to secure by Letters Patent, is-
thereby avoided from imperfect insulation or .An independent, isol~tetl, stalf- supporting 
from moisture produced by rain or other cause; lightning-conductor con~tructed with or with­
and in this con sis~~ the real point of· my in- out joints, as and for the purpose abo\·e de-
\•ention. scribed. 

l'Iy impro\·ed conductor is consti:Ucted of Witness my hand this 30th day of October, 
irou, steel, copper, or other good conducting 1878. 
we tal, as follows, \"'iz: A is the point for re­
ceiving the electricity, and is connected by a 
coupling-bo::s:, C, with the upper portion or 
joint of the conductor B. B B', &c., are parts 
or joints· constructed with male screws at each 

GEORGE W. CAIN. 

Witnesses: 
1\!A.RY E. BURKE~ 
EDMUND BURKE: 
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UNITED STATES PATENT OFFICE. 

,JOSEPHuS C. CHA.)lBERS, OF CIYCI~.ATI, OHIO, ..!.SSIGNOH. TO THE CH~-\.li­
BEUS YATIONAL LIGHT.YING PROTECTION CO)IP.:L.TI, OF S.A.3IE PLA-CE. 

/ 

INSULATED CRESTING. 

SPECIFICATION forming pa.rt of Letters Patent No. 224,:504, dated February 10, 1880. 

A.ppllcatioa flled YoYember 21. 18'79. 

To 1tll lrlwm it may concern : dependent ou this theory, which I believe to 
Be it kumt"n thn.t I, JosEPHUS C. CH.ur- be correct, inasmuch as it is manifest that my 

nF.r.S, of Ciuciunati, in the county of Hamil- insulated cresting doeM not afthrll or ott'er to a 
ton aml State of Ohio, baYt! in,·eutt!tl a new lightning-stroke the potent attraction which 

~ .uul n:o:eful Insulated Cresting for Builtliugs, is oft"el'ed b\· crestings hav·ing electrical con- so 
• c>t which the following is a s~cificatiou. nectiou with the uuillling to which they are 

The snluect of my hn"eution is <l cresting applit!d. • 
pl'udtlt~tl with numerous points, but el~ctri- The mode of carrying m.r inY~ntion into ef­
cally insulated both from the earth ancl from feet will uc understood uy retereuce to the ac-

10 th•:' building to \\'hich it is applied, so a.s to companying drawings, in wuich- 55 
pre,·eur sa.id points affording attraction to Figure 1 is a front ,-it!w or t~u;atle uf a cre.st­
dcctricity, allll thus in \·it.ing a .stroke of light- ing, A. lUOnnted npou in~ulutors B, of gla~s or 
uiu!.!". as_ tb~v clo when eleetricalh· conut'cted other electrical non-conclnctor, whrch in~ula-
tu t'he lmilt.liiJg in the ordinary way. tors are .securely set upon or th~t~JJt>fl to wooden 

r'" It i:; well known that nil botlies of conduct- ::~tantlarc..ls C ~recteu upon the bniltliug. Fig. 6o 
J iug- material, when immln.ted, receh·e elec- :! i::i a partly-s~ctiouetl ~le,·arion ottlu., iu.snlat­

tricity by induction, a.utl tbe electricity so ing support such as I p1·e!ct· to employ, ll ue­
e,·okecl is oppo~it~ trom tbnt of the botly by iug tht! glass or otb~r insulator pi'Oper; C, tbe 
n-hich it was iuducecl, ''"hile a coutluctor re- wooden standard; D. the iron straps b)· which 

:o ceh·iug electricity by conduction recei\·es the 
1 

it is attached to the uuihliug. 65 
~ame kirul' as the body trow which it was ob- ' The in~nlator proper, B, is l>~ll-furmetl in or­
tain~tl. It will hence appear that a cresting I der to si.Jetl the rain, aml has '' screw -soc~ket 
iusulatctl as abo,·e described \t'ill, on the ap- for secure attachment to the post. It lms a 
proach of a thnnder-cJoncl, receh·e efecti·icity summit-groo\·e to rtaceh·e aml I.Joltl th~ hori-

:s by the iuducti\·e influence of boti.J the earti.J zontal portion of the cresting, aucl a circnmf~r- 70 
ar1tl the cloncl actiug in unison npou it, dtwel- enti.al groo\·e for the eng-agemeut of wire ern­
oping- at the same moment a pair of poles on ployetl to holtl sait.l portion in ti.Jc summit­
saitl cresting. Supposing the clorul tube posi- groo,·e. 
tin-~ tlw upper parts ot· point~ of the c1·cstiug I claim as new anti of my iun~minn-

JO will he neg-ative, wi.JiJe the base, which is next 1. A metallic C!re.sting electrically iusulatecl i 5 
the hou.se, will l>e positin~, the house-top ue- boti.J from the lmilc.ling ami from the grouud, 
iug- ne~.mti\·c hy rca~ou of electrical cuuucction snu:stantially as ~ct fo1·th. 
with the earth. :!. A systl~Ul of uptnruetl ruetallit~ points, 

It is lll<tuifcst that a cresting thus insulated lnuitetl autl snpportetl uy hol'izoutal portions 
33 will uot utter auy potent attraction to the elec- eJe,·att-tl from the uuiltliu~, aucl IJa\·iug com- So 

tric.:iry in the cloucl; but I am fm·thel' of the I plcte electrical insulation both froru tl.te uuild­
opiuiou, l>ast.'tl on extcush·e ancl protracted iug ancl from the gl'ouucl, suustautialJy as set 
ou~eiTatiou of .snch insulatetl Cl't!stiugs aucl forth. 
ro•ls nuder the iutineuce of atmospheric clec- Iu testimony of which invention I llercunto 

-to tricity, that a unillling which. ti.Je insulatetl set my hantl. 
crestiu~ sm·romHls o~ ::J.nrmo!mts is less liable JOSEPHUS c. CH.l.)fBEHS. 
to recen·e a .stroke ot hgbtnmg ti.Jan another 
builuiug, tree, or de,·atc<l object, or than the 
snrromuliug ground itself'. 

~j The utility of ruy in\·entiou is not, howeYer, 

Attest: 
GEO. II. K~IGHT, 
J. L. LOG A.~. 
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UNITED STATES PATENT OFFICE. 

D..t VID MUNSON, OF lliDIA..N..tPOLIS, ~DI.A1i..!.. 

IMPROVEMENT IN LIGHTNING•RODS. 

5pecitication forming part of Letters Patent No. 184,16-1, dated ~ovember 7, 1876; application tiled 
April 1, 1876. 

To all tclto'ln it may concern: The core a and the alternate strands B I 
Be it known that I, DA vm liUNSON, of In- form simply of copper, withont coating of any 

diann polis, in the county of l'Iarion and State kind. The other alternate strands (J I form 
of Indiana, have invented ne\l" and useful Im- likewise of copper; but I plate its ~urfl&ce with 
prov-ements in Lightning-Conductors, of which tin or nickel plating, completely covering its 
tile following is a specitication: periphery with that metal, so that it is e1fect · 

Jly inv-ention relates to certain novel fea- ually protected frow ~orrosion by e1:posure to 
tures in the construction and arr.1ngement of the weather. 
the se,·eral parts of a lightning rod or con- By plating these rods or strands C their at­
d.uctor, c.lesignetl for the protection of build- tracting power is maintained undiminished for 
iugs from the injurious and destructive etfects yeat-s, as the ~- 'dation produced IJy exposure 
of lightning; the nature, oi.Jjects, and relations tends to insulate the several parts of the rod, 
of which will be fully set torth in the follow- and thereby diminish its efficiency. 
ing dt!scription, reference being batl to the ac- .A.s, howe~er, the sole use of plated rods or 
companying dra,vings, in which- strands in the torrnatiou of the rod would in-

Figure 1 represents a portion of a lightning- crease the cost of the manufactured article, I 
rod construct~ according to my invention; 1 alternate the strands of plated copper C with 
Fig. ~, a cross-section. I strands B of the simple unplatetl metal, the 

.A. i~ one of the rods, made of copper, which conducting po,ver of which, as it bas many 
constitutes a central stem or core, around I point::~ throughout its length of contact with 
which are wound the others, B C. The rods the plated strands, is preserved by this con­
are all formed four-sided, or, properly speak- I tact t'or a much longer period of time, as well 
iug, with four deep V· formed or concave re- as preser,·etl from corrosion thereby. 
cesses, equal in depth, so that the sections of The process of galvanizing metallic wire­
one of the rods or strauds torm a, Greek cross. particularly copper wire-tends to destroy 
The central core and the surrounding strands those qualities of the wire which fit it for the 
may be of e1:actly the same size, so that the purposes of a ligbtning.conductor. lly use of 
same kind of rod may ser~e both for core and plated \Vire is t'ree from this objection. 
strand, and thus cheapen the construction. I If desired, all the strands may be plated in­
Botll the core and the strands are twisted, as stead of alternately; but the latter 1 prefer, 
shown, so that the ribs of each run spirally I as being more e.tfecti ve or economical. 
around the rod, and present thousands of Tile ~tate of the art shows that :sheet-copp4:'r, 
points around the cable tormed of these formed in folds or Buted, has been tinned on 
strands~ dividing the attracted electric Buill ' one side, as iu my patent of Feuruary 11, 
into small parts, and diminishing or destroy-j18ti8; arul that three or more round iron wires, 
ing its compactness of body, and conscqueut . co,·eretl \l"ith zinc or tin, anti three ot· more 
power of injury. '1 round copper wires hav-e bet.>n laid together 

I prefer tile four-sided core or strand to an . to form tlle body or cot·e of the rod without a 
angular form of a less number of sides, tirst, I central core, the copper wires being laid be· 
because it affords a greater snrt11ce of wire in I tween the iron-plated wires in rope forrn at 
proportion to the material, and consequently the outsitle of the rod, so as to bring au iron­
:sav-e::; the latter, While increasing the special platetl Wire Uet\Veeu any tWO atljaceut CO[Jper 
efficiency of the rod by the increased number wires, as in the patent of Cushman, of l'larch 
of attracting-points presented; and, secondly, 7, 1871. ..!.n iron core, of angular cross-sec­
becau.se it can IJe more compactly wound tion, incased iu a copper strip, and twisted to 
around the core than either a rouutl, square, or present sharp edges, has been used, as in tlle 
triangular form, antl a greater number of patent of Vermilya, Reyburn, and Hunter, of 
poiut.s of contact between the atljacent parts July 13, 18u9. Se\·eral strantls of copper 
of t!Je core and of the several strands than wii:e, of triangular or square cros~·section, 
either of the forms before meutiouea, and is, ha.\·e been twisted round each other to form a 
e.:s:ternally, more nearly cyliutlrical in s!Ja.pe. ropo without a cent1-al core, as in the patent 

-
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of Otis, ·or July 21, 1868. A central straight terior shall present innumerable sharp lines 
copper core, of circular cross-section, sur- throu~bont the rod. Cop11er is the lu~st m~tal 
rounded by three or more twisted iron wires for lightning-rods, aud the square forw i:; the 
of the same form, has been used, as in the safest; hence I employ a copper core. of four­
patent of ll. D. Phelps, of December 19,1871; I edged form and twisted, to obtaiu the best 
while in the patents granted to me June 23, e1fec' by interior and exterior sharp points, as 
1872, I ha\·e combined a plurality of angular the lightning-discharges spread immetliatelr 
copper wirP.s, each separate wire being twisted o~er the whole surface of t\visted points, nod 
round its own axis, and a number of such thereby becoUJe weakened. 
twisted wires formed into a rope, n.ud a uurn- The plating of the twisted strands gi\'"es an 
ber of such ropes twisted rourul each other, important ath·auta:,:e in keeping the spaces 
and in "·hich such t\T"iMted "·ire ropes ba\'"e between the sharp folds of the \vires clean auu 
been laid around an iron core, of circular cross. smt>otb. 
section. and iu \\·hich two or more separ~"Lte I claim-
and distinct ropes of such angular twisted ..-\. ligbtning-roc.l in which are combined a 
copper wires ha\·~ been combir.et.l with a like I central core,..!.., of twi.sted copper \T"ire, lla\·iug 
number of iron core-roc.ls, of circular cross- four recessed sides, forruiug recei~iug-ed~es, 
section, both being intert\T"i.sted with eu.ch . ~1nc.l strands B U of similar shaped <"Lncl t\t'iscetl 
other. Tht-se forms of contluctors, as patented copper wire, twisted spirally around said 
to me, have been shown to t>rotluce good re- t\\·istetl core, each saitl alternate t\T"istetl wire 
sults; but my present irnpro\·ernents are c.le- hPing plated, the whole forming a uew light· 
signed to render them still more perfect. uing-couc.luctor, as bereiu set forth. 

It is important that the metal u.sec.l for r In testimony whereof I ha~e affi.s:ec.l my sig­
liglltning-rods should be as rough and sharp· nature in tbe presence of two witnesses. 
cornered as possible, to give it the best re- D.A VID li~SOS. 
ceiving-power; and hence l have corubinecl Witnesses: 
suchasharp-corneredcorewith sharp-cornered J. A. RUTHERFORD, 
outer wires, so that both the interior and ex- J. 'VEST \V AGNER. 

-

- -11 ... 11~11-------iltrh'~ll,.ll 



im ~ ~ @: 
~ ~ 

., 

~· 
N. lESLA. ...,, 

LIGHTNING PROTECTOR. 
Af'f'liCAfiON fiUO MAY 6, 1111. 

1,266,175. Patented lluy 1·1, 1018. 

F.g.1. 

,,____....-.... """"\. 

F~.2. Fi9 .4 ... 
so L 

c=:J6 >JJ 

·- -t~l.r 

Fig. 7. Fig. s. 
16 

~ ~ 
~--------~---------4 



~·= . ~·~ 
- tJNITED S'l,ATES PATENT OFFICE. .. 
~-~ NIKOLA TESLA. OF NEW YOB.K, ll. Y. 

LIGJITNING-PROTECTOB.. 
I 

1,200,175. Specilcatloa of I.ettera l'ateat. Putent~d l\lay14, 1918. 
.&pplicattoa lled Ka:r 8, 1818. Serlalll'o. 85,830. 

Tu ,,u tL'Iwm it may cont•en&: smaall rtrdius, or pointed, and it is pursuant 
Be it known thnt I, XlKOt ... \ TEsr.A, a r.iti- to a misapplication of these, and other, 

~en of the United Stntcs, residing at. New tt·uths thnt the commercial lightning rod of 
York, in the county and State of Ne'v York, today is made very slender and pointed. My 

5 h:l\'P. iJn·entPd cerh\in new and useful Irn- invention, on the contrary, while taking 60 
JH'o\·emtants in Lightning- Protedors, of cognizance of these truths, correctly applies 
whidt th~ Collnwing is n full, clealr, and ex- them in the provision of a lightning pro­
:\ct (lescription. tector that distinctively atiords an elevated 
Th~ obj('l't uf thP. pa·e!'ient invention is to t.erminnl lun·ing its outer conducting boun-

10 prn,·iclt~ lig-htning protectors of a novel and daries arran,..red on surfaces of large radii 65 
impro,·ecl cle:-;ign strictly in conformity with of curvature on two dimensions. The prin­
the ta·ue chnrnctc.sr of the phenomena, morQ ciples \Vhich underlie my in,·ention and cor­
t•llicit~nt in nc~tion, nncl fnr mure •lepeuuuble rect npplicution of \vhich dictat.e the fonn 
in s:a fC'·;.!tUtnling lift, ami property, than :\nd manner of installation of my protector, 

15 thu:-:e het'C'tofore (•mployecl. I will now expluin ·in contrast 'vith.the con- 70 
To an umh~rstnndmg of the nature of my Yentional pointed lightnin~ rod. 

inn~nt ion :uul its basic distinction from the In permittinJr lcukage 1nto the -air, the 
lightniu;.! rods of common nso, it i3 nee- neeJle-shaped lightning-rod i~ popularly 
essnl',Y ln·iefly to explain tJ!e principles upon bPlic\·etl to perform two funct10ns: one to 

20 whida mv protector is clesagned as contra!,1.- drain the ground of its nr.gntil"e electricity, 75 
t-el with ·tho~e underlying tho now-prevail- the other tu neutralize the positil"e of the 
in~ type of lightning rod. • . clouds. To some degree it does both. But 

:-iim·e tht.! mtroduction of the hghtmng a systematic study of electrical disturbances 
a·od h_,. Bt•njamin Franklin in the latter in the earth hus rnaule it palpably .evident 

25 p:H"t oC the C'ightcenth century, its adoption that the action of Franklin's conductor, as 80 
as n nu!ans of protection ts.gllinst destructive commonly interpreted, is chiefly illusionary. 
atmnsph<'a'it' ,Jisch:u·gt~s hus ln~n pru.ctically Actual nu~nsurement pron!s the quantitv of 
uni,·c.srsnJ. Its cnictu:y, t.o s1 certnill degree, t.·l~etricity ('scnping even from many points, 
has ht•t•n unqnestionnhly established through· to he entia·ch· msi~nificant when compared 

30 shtt i:-,ticnl records but there is gcnernll7 with that inclucetl within a considerable ter- 85 
)H"t•\·alcnt, ne\'ertheless, a singular theoret1- restrial areaa,' nnd of no moment whatever in 
l':tl fallucy ns to its opr.ration, a1nd its con- the process of dissipntion. But it is true 
sta·uct inn is radically defective in mie fen.- thut the nef!ntivel,Y. charged air in the vi­
turl'. mtmel}· its typical pointed termimll. cinity of the ro<l, rendered conductive 

35 I 11 rity li~htning protector I avoid points, tht·nugh the influence of the same, facilitatea 90 
111~<1 use nn entil·ely different type of ter- the pnssn~tC of the bolt. Therefore it in­
rnmnl. crcalSl'~ tim prohubility of o. lighting. dis­

.\<:cua·cling to the prevniling opinion, tho charge in its '·icinity. The fundamental 
via·tnr. ·of the F1·llnldin type of lightning rod fnc·ts undt>rlying this type of lightning-rod 

40 is l:u·gt·h· bast•cl em the property of points or n1·u: lt"irst, it attt.t·ncts lightning, so t.hn.t it g5 
~haa·p crl~:<'s to ~h·e nJf clectrJcit.y into the will he strncl' oftener than \Vould be the 
ait·. .\s shown h~· Coulomb, the qun.ntity of lmilcling if it· were not present; second, it 
~lt•d rit·it_,. f>t.•a· unit ttrt'll, ch.·~ignnted by h.irn n•rult•rs hurmless most, hut not all, of the 
"~led ric~~ I dens it v!' incr~ust•s as the rndins c1i~chut·J!eS which it recei vcs; third, by ren-

1:. uf cua·,·ntun• ,,f tlit• surface is reduced. Sub- dering the air condact.ive, and for other 100 
sc·•luc•nt J_,. it wns pru\'Pd. hy mnthcmalicul l't•nsnn~. it i" snm<'tirn<'s tlu~ cause of dnmogo 
n nn lysis. t luat tht• au·f'umulatctl charge ere- tn nrighboring ohjC'cts; and fourth, on the 
:"t·d an outwaa·d nm·tnnl fm·t•c Cf}Unl tn 2~ wholr., its powC'r of preventing injury pre­
t iuw~ t lw s•Junn• of 1 lu.• th•usity, Rnd e.tperi- clominnh•s, more 01· les.c;, o\·er the hazards it 

50 uu·nt has cl~monstrnh•cl thut when the lat.ter invitPS. · 105 

,.~ 

c•xcc•c•rl~ upproximately 20 C. G. S. units, a ~ly prot~dor, by con.tro.st, is founded on 
srt·a•:suu·a· ur ('orunn is fornwd. From theso pa·inciplC'~ diametrically opposite. Its ter-
uhst•l'' at ions anrl dc•duct ions it is ob,·ious minnl hns n Iau·gr sm·fnct•. It secures a \'P.I'V ~ 

-

rhnt sm·h m:a.v h:appt•n nt 11 _c~omparntivcly low density and preserves tho insulating -
:,~ luw pre~w·u if tlu: wuductor 1s uf extremely qualities of t.ho ambient medium, therebr. 110 -
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minimit.ing 1ealcat,re, and in thu~ acting as a. 
quusi-l·t~peHant to increase enormously tho 

·safety factor. 
For the best· and most economical insta.lla-

5 tion of protecti\"e devices .nccording to my· 
invention, those factors a.nd phenomena that 
dictate size1 number of protectoa-s and phys­
ic:'Ll qualit1cs of the appn.t·atus n1ust, bo 
gt·aspetl by the instulling engiueer, and pre-

to lirninn.rily, for full under.itantling of tho 
r>rinciplt>~ of my in,·cntion, these shnuld bo 
briefly expla.inec.l. 

I~conomicnl installation, of l!oursc, de· 
amuds th:Lt the protective capability of any 

15 gh·en equipment. be not neodlessly greater 
than is re(luired to meet the maxtmum ex­
pectancies under the conditions surrounding 
the particular build~ng to be protected, and 

· these depend, partially as I shall show, 
20 upon the character of tho landscape proxi­

mate to the building sito. 
In the drawings, Figures 1 to 4 inclusive, 

are dingrams rctJuisite to illustration of the 
facts and conditions relevant to t.hc deter· 

21 minut.ion of specific instu.llo.tion~ of my in­
vention, and lt'i~. 5 to 8 illustrato construc­
tion and application of the protectors.· Spe­
cifically: 

Fig. 1 is a. .landscape suited for plll·pose 
so of explanntion; Figs. 2, 3 :uu.L4 ... aro theoreti­

cal dtagrnms; Figs. 5 and 6 illustrntCJ forms 
of improved protector!:!; tmtl l''igs. 7 uml 8 
show buildings equipped with the same. 

In Fig. 1, 1 represents Lord !{elvin's '-re-
36 duced" area. of the rPgion, which is virtuu.lly 

pa1·t of the extendt!tl nnruffi<~d occan-surf11ce. 
(See "l'apt:rs c.m l~ .. lectrusl.atit:.·a a11d Magnet­
ism" uy :->ir \\'illiam Thomson). Under m·­
dinnry weather conditions, when tho sky h,.; 

.co clear, the total aJnouut of electl'icitv dis­
tributt!d over tho ltLrul i~ Ut!urly t lu.~ stirno us 
that which woulcl Le cuutainell w itl&in iL"4 
horizontal proj~etinn. But in tiuH•s uf 
!;lurm, uwiu:~ to t.he inductive oction of the 

4& clouds, nn immcnsH d1nrge mny bt~ aLccu­
mulated in the lOt:ulit.y, tho tlt~tisit.y Lt~inl-{ 
greatest at th~ n1ost elevntcd \lcu·timu; of 
the grmmtL .Assuminlt this, unt t!r the con­
ditions e.tist.ing nt any moment, let n.nother 

~o sphericJll surface 2, concent1·ic with the 
enrth, be drawn-whidt nuiy bt~ cal!t~d "elt~c­
tricul niveau"--such that the qunntiti~ 
stored 0\'61" and under it lLl'e •~qual. In othcl· 
words, their algebraic sum, taken r'~Iatively 

66 to th~ imngiruu·y surfnf'c, iu the positive ami 
neg-uti ve sense, i~ 1til. · Objects llbO\·e the 
"nivcau" 2u·e exposed to ever w much more 
rislc tluua those below. Thus, a l.milding at 
3, on a site of exccssi\'e density, is npt to, be 
hit sooner or Inter, whilo ono in a. depn•ssioa1 
4, where the charge (ier unit u.re1L is very 

60 

small, is almost entirely safe. It foiJowH 
that tho one building 3 requires more ex­
tensive equipm<.-nt than drn~s llae ot lu~r. In 

~~ i i 'tnnees, however, the probability of 

being sh·uck i~ Ut!ct·eustarl by the presence of 
my protcctot·, where.as it would be iuct·eased 
by the presenco of the Franklin t"OC.l~ for rea­
sons that I will now expl11in. · 

.An understanding of but pna·t of the 70 
truths reJat ire tu elcdl·ica 1 lti~chn rges. a nu 
their misapplication due to the waut. of 
fuller appreciation hus doubt.less been re­
sponsible fo1· the Franklin .lightning rod 
taking its (:on\·entionnl pointed fol'fn. hut '15· 
theoretical <·onsith•t'JLt im1s, and the importt\nt 
discovcl'ies that hn ve been m:HJ~ in thu 
course of hnc:-;t igations with a wirelcs:; 
trunsn1iUer of gr·tmt ucth·ity by which nre:i 
of a volullle nnd tt•nsinn compar·ahle to tlto:--\2 80 
oc-.curring in nature wea·e obtninc&l (~~Pt·uh· 
lems of Increasing Ilmnun (4;nel·gy" c~~ttury 
JllagaaitltJ: June 1900 11nd Patents fH5,5a6, 
649,621, 787,!12 and L,llO,i32) at once csrau­
lish the fu.lluey of the hitherto pre\·ailing. 85 
notion on. which the Franklin type of rofl 
is based, show the dist.in(·th·e 110\'elty of my 
ljgbtning pt·otectur, :uul guid~ the construe­
tor in thei use of my invention. 

In Fig.~ 2, 5 is a small ~-phere in contact 90 
with a large one.· 6, pa1;tly :;hown. It can 
be proved by the Uu•ory of el~ctric images 
that whed the two bodim; atrc chnr~ed the 
mean density on the smull one will he only 

r:a 
ff-1.64493 
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times greater than that on the oth~~. (See 
"l!. .. lectMc:-ity and ;.1/ugnetilll~" by Ch•rk 
"l.[axwell) .. Iu Fit~· :1, tho twu sphcn•s 7 ltnd 100 
8 aro placed stllnt~ distunee npnrt nntl eon­
uected tlu·ough a thin wiro U. 'l'hi~ ~>\·:;tern 
having b•~tm excited t\S bcfm·o, the density on 
t.ho smu.ll sphet·c is lili:cly to he nmny t imcs 
t.hat on tho lnrgH one. Since both arc at 10~ 
the same pohmtial it follcHvs tlirrctly tlwt 
the densities on tlwm will be invt.>t"St.'lv as 
t.heir rn.dit of cm·\·ntun•. If th,~ th.•n:;at·v uf 
7 be dcsignatOtl us c! nnd the radius 1-. tht"n 
t.he cluugt! q=·l.,;r2d, the pot<'nlial p==l::rti 110 
anJ the outwa1·d fon~t·, normal to tlu.• sur­
fllct', f::2r.d2

• As hcfure stutcd, wh"n tl 
surpt\SSCS 20 C. <1. S. units, the fl')J"ee / 1"~· 
comes snlliciently intt•nso to brenk down t ht• 
tliclectl'ic unu u. ·~tl·l'almc•· m· co1·ona u ppe~u·~. 115 
ln this ct\SC p=807tr. Hence, with u splu:r~ 
of o••e cehtimctca· l·tulius disruption woulel 
talto plncc ut n potentitLI p=~01t=~;)l.3:!S 
E. S. units. or 7.1,:WHA ,·olts. In •·eatlity, th~ 
dischn1·t.~e occurs Ht a lowea· prc:-.sm·t• as a 120 
(:Vnsecluencc of muwen distr~l111tion on th~ 
~umll :;phel"o, the density h~in~ gl't•ntest un 
U1o si~le t.urm~d awny f1·oa.n the l,u·gc_ cuu•. 
In tlus n~spcct the behavtor of ·a ruunt~,t 
c.onuuctor is just tht• a·evm-s.~. Theot·t~tically. 
it might erroneously be inft~ITed f.-om thu 
pru,:cding, tlult shtu·p projections would (ll"l'­
mit cl04.:trieity to eseup~ ut the loWl!St pu· 
tent iuls, but. this d•1<.-s not folluw. The n·a-

SUII will ~e cleu•· r.~m llll in•(~·~iun o~iirl r ai I 



4, in lvhich such 11 net~dle-shaped conductor 
10, is illustratecl, a minute portion ol its 
tapering end ucing mn •·kt-'<1 U. \V crP. th.is 
portion rernon~d from t.he ln.t·,~n ptut 10 an•) 

5 t'h~ctrictllly connectecl with the same through 
an infinitely thin wire, the cluuge would ho 
gin•n otr l"(!tulily. But the Jlrt•seut.~e of 10 
hns the effect of reducing the capacity of 
11, so that a much higher pressure is r..--

10 fjuh·ed to raise t.he density to the critiral 
vnlue. The l:uger the body, t.he more pro­
nonnt•etl is this influent•e, which is also de­
pendent on confi,.rtaration, llncl is muximum 
fur a spherP.. 'Vhen tho l:it\me is of con-

15 sid('rnhl(' size it. tnlu~:i tl much great.rr elfc~­
trurnnt i ,.,~ furro Umn uncll•r onlinarv circnm­
stanct!S to pr04.1ut·e str('ttnu•r·s from tho pniut. 
To exphtin this app:uent tu1omaly athmtiot\ 
is cnlll'd to 14'ig. a. If the raulii of t.hc two 

20 spht~l·es, 1 anti H, bo ue!:tign11tcd r ancl It re­
spl'ctin•ly, their chnrr,l's q ancl Q ancl the 
distance betwl'en theu· centers D, the po-

tential a't 7, duo to Q is ~ • But 7, owing to 
25 

the rnPtnllic connection U, is ,,t the potential 

Q.,.j. 
U r 

30 ""hP.rl D is compllrttbl·~ to R. the mt.•climn 
surrounding' the small sphere will orclirmrily 
be nt o potentinl not much different frmu 
thalt of the latll'r atnd millions of \'olt.s JnllY 
h:l\·e to be nppli~cl hefm·,~ stl·t.·tuntH'S issue, 

35 ~,·en from shall'{). prot~uc~ing ~clges. It is 
Jmportnnt to· ,br.:u· tins 111 numl. foa· tho 
t•au·th is but " \'llSt. concluding gluhe. It 
follows thut u po_int.c~d light ning-a·ocl must 
he run f:1r :tbcn·e Jrt"muul in orth~r to opernto 

-tO at. all. nncl from t.he fm·,•gc·,ing it. will ue np­
pal'rnL that the pointing of the l'lul. fo1· sup-

l,os.~cl emissb·e eH'ect. is in pn .. t ncutrnlized 
l\. the irwre:~sing size httlow the P"trernc end, 

niul t.hc laa·ger the a·ocl, Cot· r~duction of elec-
-tS trodc resistance, the more pa·ououncPd is this 

l'ountt!r-influenc.·~. I•"or theso renoons ~t is 
irnport:ant to bear in rnincl thnt suflicitmt 
thickm~ss of the.~ rotl for very low eledrot.lt!­
r·t•sistnnt~e i~ ruther incompa1tible with the 

60 hiJ.;h t•mi~-.;ivc t.•op:ability sought in the n•··~­
clle-likt~ Frnnldin-rod, hut, tlS hcrein11fh~ 
set forth, it is wholly tlt•sirn.ble in the use 
of mv irn·••ntion. whr.rcin the tea·minal t~on­
struci.iun is intrndc.•cl for suppt·es.-;ion of 

S5 t•ha rgc-ern iss ion rut ht~t· tluln to foster it. 
The notion thnt Frunldin's tlevice woultl 

he efTPctin~ in dissipating tes·r,•sh·iall chalr~t.·~ 
may ue tra,~cd to t.'Rl'IV cXpt~riments with 
!'.tutic fr·it-tinnal mnd1in('.s. when u nrec.lle 

60 wns fomul ('npnble of quicldy draining nn 
,. .....,. .A insulatt•d el('cta·itictl hmly. But t.ho innppli-
~ _.. cuhiljt\" of this fact to the contlition~ of 

-

li~htning pa·oh•l'tion will be cvid ... nt from 
rxaminatinn of tht• simplr tllt'oreti..·:al prin· 

~ i ~ 161(; ~11\olw<l, which at the same time sub· 

stantiate the clesirability of e."tnblishing 
protection hy tl voiding such dr:1irm~e. The 
density at the pointeil end I should be in­
l'er.;ely llR the rrulius nf curvntun~ of the 
surface, uut suc~h a corulition is unrfttlizuhlc. 70 
Supposo Fig. 4 to represent. '" conductor of 
radiuR 100 times t.hat of the nt."Ccl1e; then. 
although its surface per unit length is 
grentcr in the same rndio, tho culmc1ty is 
only double. Thus, '~bile twiee t u~ quun- 76 
tity of elect.ricity is storfcl, the density on 
·the rod iR but one-fift.ieth of that on the· nee-
dle, from which it follows that. the latter 
is far more eOicient. llut the ernissi,•e pow.-r 
of 11ny such comluctor is circumscriLt~cL 80 
lrWlgine that tbc "pointed" (in l'etllity blunt 
or rounclod) end bo continuously rctlticed in 
size so as to 11pproximato the itl~al more nncl 
more. During the process o( redudiun. tlu~ 
den~ity will be increasing 11.11 the r11dius of 86 
curvature gets smt1ller·, hut in n. proportion 
distinctly less than linear; on the other 
hand, the area of the t~xtreme caul. that is, 
the section through which thu· duuge passes 
out into the air, will be diminishing as tho uo 
S«Jllare of the radius. 1fhis rela~ion 11lone 
·imposes '" definite limit to the perfornwnco 
of n. pointed concluctor, and it shoulu be 
noticed that the electrode resist.auce would 
be augmented llt t.ho snme time. I•"urther- 06 
more, the eJiicacy of the •·od is much im­
pairt!d through potential due t.o the charge 
of the ground, ns has heen indi~nt••J with 
reference to Fig. 3. 1)1·actical ,.~timt1tcs of 
t.he electrical quantities concerned in natural 100 
disturbnnees show, mor('OVel·, how absolutely 
impossible are the functions uttrilmt(.\(l to 
the pointed lightning comluctm·. A single 
cloud may contain 2Xl0" C. G. S. units, 'or 
mo1·c, iruludug in the ctu·th 1111 t.Hlui \'ult-nl 10$ 
amount, which 11 number of lightmng rocls 
could not· neutralize in ma1ny years. Pur­
ticulnrly to instautco conditions thnt nuay 
hJL ve to bo met, reference is nmue to the 
J.:Zectrical lV orld of !In rch 5, 100 l, wherein 110 
it o.p/1enrs that. upon one occusion appro~i­
mnte y 12,000 strokes occurrccl within two 
hoUl"S within 11 ruuius of Jess than !)0 kilo· 
meters fron1 tho pla.co of observaltion. 

llut although the pointed lightni1tg-rotl 115 
is· quite ineffective in the one •·espect uoteu, 
it hus t.he pa·opcrty of n.ttructing lightning 
to n high dt'grP.e, firstly on nccouut. of its 
shape and· secondly because it ionizt•s and 
rendors conductive the surroundin~ air. 120 
This bas been unquestion:1bly l'Stahlished in 
long cont.inued tests '~ith the wireless trans­
mit~r above-mentioned, and in this ft'atm·o 
lies the chief uisad\·n.ntu.ge of the li"rauklin 
type of a pparntus. 

All of tho foregoing ser\'('S to show thot 
sinco it is uttl'rly impracticable to l'ffed an 
e'1ualization of ch1ll'gcs emissi\'(~ly tha·ough 
pointed lightning-•·ods uncl•!r the con•litions 

126 

presented'by the vost force~ of rmtn~gi r!'.: ' 
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improvement lie; in the 11Uainmunl of t\ 

minimized probability of lightning st1·oke 
to tho areu. to he protected coupled \vitb 
adequate conducti v1ty to render harmless 

s those strokes that may, notwithstanding, 
occur. 

Furthermore, a correct iLpplica.tion of tho 
truths that havo thns boon explained with 
reference to the familiar ~inted typo of 

10 lightning-rod not onlv substantiates tho 
tneoretical propriety ol the fonn in which I 
develop my improved lightning protet:t9r, 
but will lead the installing cn~:,rine.er properlv 
to take cognizance of those conditions du-o 

_ lS to location of the building, with rt~spect to 
surrounding earth formations o.nd other 
buildings, probn.bilities of maximum potcn­
tial-difi'crenccs and CJULrg«Hltmsities to bo CX• 
pectcd under the prevailing atmospheric 

20 conditions of the site, and dcstrable clectl'otlo 
resistance and capacities of the protectors 
installed. . 

The improved protector, as above stated, 
behaves in a manner just oppositt~ t.o tho 

26 Franklin type and is incomparably safer for 
this renson. 'I'he result is secured by the uso 
of a.·terminal or conducting surface of large 
radius of curvature and suJficient area to 
make the density very smr1Jl and thereby 

30 prevent the leakage of the charge nnu the 
1onization of the air. 'I'ho devicu may b~ 
greatly varied in size and shape but it is es­
sential thnt all ils outer conducting t!lcrncnts 
should be disposed along an ideal enveloping 

36 surfacn of lar·ge.radius nnd that they shouhl 
have a considerable total a reo.. . 

In Fig. 5, lt'ig. G, lt"'ig. 7 u.mi_Fig. 8, diffet·­
ent kinds of such tenninals and llrrangn­
meuts of s:uuP. aro illustrut.ml. In I~'ig. ~, 1~ 

~o is a cast or spun metal shell of ellipsoidu.l 
outlines, having on its under side t&. slc6vu 
with a bushing 13 of _porcelain or other in­
sulating material, adapted to be slippetl 
tightly on a rod 14, wh1ch rnny be an ordi· 

~5 nnry lightning conductor. Ii'ig. 6 shows a 
terminal 15 made up of rounded or flat 
metal bars ru.di:1tin1r from a central hub 
which is snpporkcl <hrcctly on a similar r;;d 
rmd in electr1c:tl contact w1th the same. The 

50 speciul object of this type is to reduce tho 
wind resistance, but it is essential that tho 
ho.rs ha1 ,.c l\ sulflcient nrrl\ to insure smu.ll 
d~nsit~·, nnd nlso that they ~rc clost.~ tmough 
to malce the nggrr.gt\tc cupuc1ty nc1u·ly equnl 

55 t.o that. of u. continuous slwll of tht~ snmc out­
side dimension~. In Fi~. 7 lL CllfJOla-shapcd 
nmj earthed roof is cart·iecl by tL chimney, 
set·vinl! in this Wt\y tho twofold JWncticul 
purpo~t~ of hood und prot.cdor. Any kind 

GO of ruetnl mnv bt~ used in its <~unstruction but 
it is indi.sriewmbJe tluLt its mawr surface 
1'\lwuld be ft·t·e of shut·p t•tl~l':-i uaul pn,jec­
t.ions from whida stream<~rs might t•manau~. 
J n lil<e maunct· ruulllers, funuels unci n!Ul.."i 

~~ 'i 'j';t.-ansfut·mcd into ellcct.h·e lightnin:; 

prott~ton; if equipped with suitul,Je devices 
or desiJ..,rned in conformity with this inven-

-tion. Still a. not her modification is i 11 ustra ted 
in Y.'ig. 8 in which, instead of one, f,mr 
grounded bars arc provided with 11s mru1y 70 
S{>Un shells or attachments 18. with t-he ob· 
vtous object of reducing the risk. 

From the forl~going 1t will be cleu.r that in 
all cases tbo tcrmim1l prevents Jeakngc of 
nlectricity and attendant ionization ot the 7 5 
air. It is immn.terinl to this end whether it 
is insulatrd or not. Should it be struck tho 
current will ptlSS readily to the ground either 
directly or, as in ~·ig. 5, through a f-mnll air­
gap between 12 untl 14. But such an aeci- so 

·dent is rendered extremely improbo.ble ow­
ing to tbe, fact thut thm:e are e\·erywhere 
pmnts and :pa·ojcctions on which thn tcrTcs­
t-rio.l char~~ attains u. high c.lensity o.nd where 
the air is tohizcd. Thus the action of the iru- 85 
proved p_rotector is ettuivnlent to n. •·epelh1nt 
force. This being so. it is not nce('s..•mr_y to 
su ppo't-t ·it ait a. grettt height, but the ~rromul 

. connection shou)tl bo mo. lie with the u~autl 
cure and the conductor leading to it must. bo uo 
of us small a St~lf-induction u.nd resistance as 
practicublc.j 

I claim as my invention: 
l. A lightning prot-4•ctor t:ousistiuu of an 

elevated tcrmimil, ha,·inl{ its outer conduct- !>5 
ing bonmluries nr1·angcd on sudnccs of lar·~e 
radii of cur;vaturn in both dimensious. and n. 
grounde(l condudnr· of smull &!Jf-iauludiun, 
as set forthJ 

~- A lightning prot~dor compo:;etl of a. tOO 
metallic shell of lau·ge radius of eurvat.Hn', 
orul a. groulltletl comluctoa· of snudl :-.;clf-iu­
lluction, ns described~ 

3. Apl!arutus fo1· protcdion tlgainst at­
mo!iphertc dischnrges comprisiug au c•rLrt h 1 o:; 
coau1ection of small rcsisttL&ace. IL cuncluctut· 
of small self-induction and 1\ tt!rminal cal·-
ricd by the samo nwl havin~ 11 la.q~c radius 
of curvatu1·e in two dimensions ns. nnd fot· 
tho purpose set forth. 

4. In appal'ntus for protection nguinst at­
mospheric discllBrges 1\11 insUllLled metallic 
shell of ll\r,.,re radius of curvature supportctl 

110 

by a grounded conductor and separated fl'orn 
tho samo through a small air-gap as, nnd fot· 115 
the purpose described. 

5. A lightning protector compr1sang, in 
combination, u.n clt~vn.tctl terminal of Jar:!e 
arcu und radius of cur\'tLturo in two climcn­
sious, u.ncl a grounded conductor of small 1 ::u 
self-induction, us set f01·th. 

6. In apparntus for protection agniust 
li1~htning chsl!hnt·gcs, tho cmnbinu.tion of all 
eJe,·ntc<l metnllic ruuf of lau·ge art•a tlml 
rtulius of cm·vutm·c in two dimensions, aaul 1 :!5 
n J!t·unntled t•ondudor of smnll sdf-imluc- ~-~ 
tiull nnd •·csi~t.um:t!, as dc::;crihcd. 

7. As nn na·tidt• of JUtlllllflldUn! 11 lilt'· -
talli,· slu!ll uf luq;l' radius of Clll"\'ulnn~ pl"O· 

viUc.J with 11 sl.,.,vo a•lnpled fot• nllach~I~U I ~,; ' 
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to a lightning ro•l ns, ami for the purposo 
l'l't !m·th. • 

~ ... \ lightning protecto1· cnmpa·isiug nn 
ellipsoidal metallic shell and a grounded 

5 conclnctor of smnll scU-im.luction, us set 
forth. 

0. In ~tppnrntus for p1·otection nga.inst nt-

nwsphet·ic disdmrges a cupola-shaped me­
tnllic terminu.l of sJnooth outer surface, in 
comhinntion 'vith a grounded conductor of ttl 
~mall self-induction and resistance. as de-
scribed. · 

In testimony whereof I nffix my signa.turc. 
NIKOL"\. TESLA. 

~ ~ 
~~~~~==========~4 



Gilded copper arrow vane of latter 
half of nineteenth century is on store 
in Shelburne, Vennont. 
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- Azrow and star nne is from Mutual Fire 
IDsurance Building in Montpelier, 
Vermoat. Made fn mic:l-nineteenth 
c:eutury, it is gilded iron. (Siulllnmw 

• 

The First Congregational Church in 
Woodbury, Connecticut, also has a 
handsome banneret vane with piercing 
to vary the design. 



Banneret-anow vane with glass ball on 
shalt is on bam in East Braintree, 
Vermont. Vane is also Ughtning rod. 

Simple arrow vane on church in Sharon, 
Vennont 

Arrow with intricate scrollwork on 
church in Williamstown, Vennont 
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UNITED STATES PATENT OFFICE~ 

C. F. VARLEY, OF .YE'V YORK, ~. Y. 

IMPROVEMENT IN TELEGRAPH-POLES. 

5pccificntion forming part of Letters P:a.tent ~o. 73.-19:1, dnted llat·cla lll, I.~o:!. 

Tu all zrlwm it ma.v concerll.: 
Be it known thati,CROJIWELL FLEETWOOD 

, • .lRLEY, a. British subject, now residing in the 
city, county, and State of Ne\v York, hal"'e in­
,·entetl a. new and useful Impro,·ement in Elec­
tric Telegraphs ; aml I do hereby declaru that 
the following is a. fuU, ~lear, and e~act descrip­
tion thereof, reference being had to the accom­
panyingdr-J.wiugs, making part of this St>eci· 
tication, in which-

} .. igure 1 is an elel"'ation of a pole for hold­
ing the telegr-.1phic wires, with my said im­
Jlrol"'ement applied thereto, and Fig. :! an ele­
\"atiou of a. modification thereot: 

In telegraphic lines consisting of more than 
one conducting-wire, in case of a" leak" in any 
one wire by reason of any imperfection in the 
insulators, the current thus leaking is liable to 
run to the other wires, or some of them, and 
thereby to produce a disturbance in the mes­
sa~e8 transmitted. 

The object of my said in,·ention is to al"'oid 
the difficulty abo,·e statec.l, which consists in 
combining with the pole which sustains the 
wirt~s aut.l with the insulators attached thereto 
a conducting-wire e~tending into the ground 
for conducting off and discharging such leak, 
antl therebypre\·ent it from reaching the other 
'rires. 

In_Fig. 1 of the accompanying drawings, a 
represents an ordinary telegraph· pole with 
cross-arms b, to which the insulators are at· 
taclled. To this pole I secure a conducting­
wire, c. which is secured to the upper part of 
the pole, and which may be prol"'ided with a 
point projecting upward to act as a lightning-

rot! to receh·e and discharge electricity from 
the atmosphere. It is then wrapped aronntl 
the upper one of the arms b, on one side of the 
pole ; then to and around the arm b on the op­
posite side, aud then, crossing the pole, clown 
to the second arm, b, wrapped around that on 
one side of the pole, and then around the same 
arm on the other side of the pole, and, in like 
mannr.r, around the other arms, ami, finally, 
clown iuto the ground. 

I pref~r to indent or notch the arms where 
the wire is wrapped around them, to prevent 
currents from being conducted uuc.ler tbe wire 
by moisture lotlging on the surface of the arms 
in case the wires should not be in contact. 

\Vbeu the poles are made without arms, and 
with the insulators attached direct:y to the 
poles, as represented in Fig. !! of the accom· 
panyingdra,vings. the wirec~hould be w:nppetl 
around the pole between the sel"'ernl tu~ula­
tors,as at d,and then run dowu into the ground, 
anti when so applied I profer to indent the pole 
where the wire is wrapped atourul it, and for 
the reason stated abo,·e as to the iudt>nting of 
the arms. 

\Vhat I claim as my in,·eutiou, anti clcsire 
to secure by Letters Patent, is-

The combination of a conducting-wire run­
ning to the ground with the telegraph- pole 
and the insulators attached thereto, substan­
tially as and for the purpose set forth. 

"'"i tnesses: 
W:lt. H. BISHOP, 
A. DE L.&CY. 

U. F. VARLEY. 
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ARTHUR BARBARIN, OF NE'V ORLEANS, LOUISIANA. 

Lettl'ft PatmC No. 68,407, datetl S.rpttmkr 3, 1867'. 

IMPBOVEJIEBT IN LIGliTBING-ARIESTEIS. 

TO ALL WHOl\1 IT .li.-\.Y CONaERS: 
De_ it known that I, l\1\Tnrn BAnD.\ niX, of rbc city of New Orlc:~.ns, :anll Stato of .Louisi:~.na, have invented 

a certain new, useful, and "Improvetl ~I:agnctic I~ighming-Arrcster," for telegl':lphs, cables, &c.; and· I do 
hereby declare the following to be a run, elcar, :antl e:uct clctcription of the sa~, referenco being had to the 
:~nnexed •lnwing!, makin3 a p:~.rt of this specific:~.tion. 

It is well known that "lightuing·:~.rrc:~ters ··• for tclcgra.gbs, c:~.bles; &:c., have Cor some time :~.uracted the 
serious :~.ttention of telegraphers, and many hue been·prouuccd, used a short tim"e, an'l thrown :t.side bee:u11e 
fonnd i.nsufticienc to :~.nswcr the purpose for which they were intended. 

The main or gre:~.t point to :~.rrive :~.t is to create :m urester with the power at all iimes to earry oif the 
great bulk of" :atmospheric electricity" to the ground before it reaches the helix of :r. m:~.gnet or passes through. 
a cable by which the complete or partial destruction of either is prevented :~.nd the opern.tor sat:ed from injury; 
in other words, to sep:s.r:~.te the ":atmospheric" from the "battery .. electricity without interfering with.the 
r•a.ssage of the l:~.tter to its destination. This I belie\"C can be fully :u:biend by the use and applic:~.~ion of per· 
mauent magnet., or of e!ectro-magnctiam to tcJegrapl1 arresters, in lieu of the ordinary unm"'lgnetized met~l 
plates, llr other method now. in use. 

In Figure 1, A is :~. steel m:agnetized b:r.r or rod forming :1. straight permanent magnet. This magnet ia 
supported by two met:s.l supports, 6 b :s.nd 6' ll, ha\·ing on their top two tho.mb-screws, c. and c', to securo or clasp. 
the ends of the bar or m:s.gnet when the same is placed (as shown on the drawings, fig. 1,) through the ring or neck 
of the supporta, (see Figure 6,} and to form at the s:~.me time a reliable connection with the ground by memos of 
wirea or metal bands connected thereto through their binding-screws. (These screws arc not shown on tho 
drawings, but they are a well-known appliance used enrywhere.) D mnd D' are two metal pillars, each with 
a fixed metal disk, ' and c', (of an~ suitable size, :r.nd secured in any known manner to their respective pillar,) 
proYided with pointed projectiztg pinaf and/' :~.round or near their periphery, as shown by the drawings. g :r.nd 
g' are tw~ movable adjusting-screws, .with hook ends, aa seen in the dr:s.wings, running :r.nd supported through 
their respective pillara and disks, to regulate the tenaion of the fine metal wire i passing through the centre 
hole J o( the magnet when this wire is attached to each hook end of the screws, so :r.s to form the continuation 
of the main line through the m:~.gnet'to its destination, without, however, touching the magnet. (See Figure 7; 
the black lines signify the centre hole J, and the red line the wire i.} When the pillars D and D' are placed 
in position for operation, the ends of their pointed pina on the disks are brought aa near to the f':~.ce or poles o£ 
the magnet as possible, without, howenr, permitting any contact with each other, so that the full attr:t.qtive 
force or power or the magnet shall at all times exert its iaBuence upon the points and disk or each pillar at the 
same time that a like action sh:lll take place upon the centr11l wire i, "hich, owing to its limited size or diameter 
compared witB th:~.t of main Jines, sh:~.ll cause such :r. resist:~nce to tho "atmospheric electricity" passing upon 
it that a portion, if not all, shall be tlischargcu at the points of the pins at tho same time th:~.t the rem:~.inder, if· 
any. shall be ta!.:en otT of the wirn by the magnet a.nd transmitted to the grouncl by means of the supports b b 
and ll b' connected thereto bt:forc it sLall reach an office or cable. 

In Figure 2, A An1l A' arc two riistind ho1·s~shoe permanent m:agnct~, s10g1~ or compound, W'tth their oppo­
site poles f:scing c:tch otl1cr, and securc'l to au ordinary insulating-board or fr11me (as shown in the dnwings) 
by me:1ns o( the mct:1l bintling-scre\fs a a a :r.nt! a' a' a' of cmch mngnet. DctlY·een these ma.gncts, facing their 
opposite -poles, :~nd "itlwut contact "·itl1 the same, a piece of mctl\l or stationary arm:r.ture, B, of toy size, sh:~pe, 
or thicknesil, prov)•lcd \fith sharp projecting pins c c c c at each end, or a piece or metal wh·e of any size or 
thickness used as a substitute, with or without projecting pins, is secured to the same board or frame by the 
binding·scre,.s d :~.nd d'. When these magnets :~.rc in position for operation, their poles are pl:~.ccd as close :r.s 
possible to the ends of the projecting pins c c c c of the stationary armature B or wire, without, however, touch­
ing either, in order th:~.t they mn.y 11.t all times exert their attra.ctivo influence upon either, and ca.use any 
"atmospheric electricity" upon a main line re:1ching either to be repulsed by two poles of the magnets, while it 
is drawn or nttr:acted by the other two anti conveyed to the ground through the bindiog·screws a a a ~nd a' a' a1 

nntl 'Yires //for f' .!' f', connected thereto before reaching :~.n office magnot or cable. Instead of two permn· 
nent mngnet~, hro electro-m:~ogn_ets m11y be use(l lfith equal success, but in the latter case the insulated wire of' 
the m:.gncts should be protected from lightning and connected to an ordinary batter;r, DS described iD fig. 4. - -11~111¥...~11----------IIJY•~II~ 
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Figure 3 ia a moclification o£ fig. 2, inasmuch u A ud A' are two stn.ight permanent mngneta, (instead tA 
horse-shoe m:~.gnets,) with teeth 6 6 6 and 6' 6' .. 6' placed p:~.r:~.Uel to ~ond with their opposite poles fn.cing caeh 
other. These magnets n.ro secured to :~.n insul:~.ting-bo:~.rcl or frame by their binding-screws c c :aml e' 41', whicb 
also sene tho puposc o£ connecting them with the ground by means or wires or mutal b:uulsf or f', :and tbeir 
teeth 6 6 6 :~.nd i' 6' ll arc so arranged that they may bo placetl as nrar u possible, aml between tlt,sc o£ the 
additional plate D, marked ll', without contact, which pl:ate is secured to it1 position between the magnets by 
the binding-screws e and •'· Instead or toothed magnets, tho saane straight permanent magnets may be usocl, 
but without teeth. In thAt cue there shoulrl be two toodacd stationvyiTDlatures D, (e:~.cb secured to the boarrl 
by binding-screws,) placcrl u ncar Ill pouible, and fi&Cing tho poles or each end or tho magnets, without cor. !:Let, 
ao that the main line should continuo its eourse to its destina.tiou by means or :~. metal wire, or a.ny diameter, 
secured to the biuding-screws of the armatures, and passed between and very close to the m:~gncta without 
touching them. · 

Figure 4 is similar tO Sg. 1 in all ita pAl'ts and connections with a telegraph line or a cable, excepting th:~ot 
in this duice an electro-magnet, A, is used instead or 11 permanent magnet in connection with the metal binding­
acrewa t: a, to which tho poles of an orrlin:~.ry battery should be connected when in use, for the p1H'pose of 
magnetizing the sort iron ro•l.A, .fig. 7, pasaing through the glau cylinder A, &g. 5, around which the helix is 
wrapped. Z and l' represent the hnch01 or the glast cylinder or insulator, (see fig. 5,) which are to prevent the 
slipping. or escape of the conTolutions of the magnet wire from the cylinder. When tm electro-magnet instead 
o£ a permanent m:~.gnct is applied or used as an ":a.rrester," the gl:a.Ss cylinder is used for the better protection 
or the insulated wire forming the helix of the magnet, a.a it completely insulates the same from the destructh·e 
action or lightning when :a.ttra.cted b1 the magnetized rod au~ conveyed to the grouncl tbrou:;la the suppor-ts b I• 
and 6' 6' and their wires or banda, eonnected thereto in the usual manner. 

As it ia well known that gold, silYCr, and copper aro among tho very best or" lightning-conductors," I 
m:r.y, if I dce,pl it desir:~.blu, "olectroplato" the metal cores or magnets with either, for Ca.cilitating the convey­
ance ()f ":r.tmosphcric eltJctricity" to tha ground, a.nd :a.lso for preYentiog the oxidation of tha metals. 

The conne:tions of the horein-ducribed devices with a m:r.in teleg~ph line- or witb a cable, kc., whc!l 
unngcd for oper:~.tion arc :11 follows: In figs. 1 or 4 tho end of a IQ:r.in line, before connecting with :a.n office 
magnet or with a c:r.hle, is first connected to one or the binding-screws of the pillars D or D', continuing it~ 
course apon the fine metal wire i (attached to both pillars through the centre or the m:~ognets) to ita destination, 
while the supports.6 6 and 6' i' aro in metallic contacnvith the met:~.l core or magnet, (see A, &g. 7,) fo1· the 
purpose of connying to the ground any atmospheric electricity that m"1 be. attracted b1· either pole of the 
magnet boforo reaching an office magnc:.t or :. c:~.blc. In fig. 2 the main line m is first connected to the binding· 
screw d of the stationary armature B, (or or the wire used u a substitute,) and from its other binding-sere'" d' 
contin11es its course upon the pieco or fine wire p, forming pare or :~. ltarger wire, (as shown in the dra,•ings,) to 
its destination. This piece of fine wire p, in counection with a larger one, is used for the purpose of ret.:arding 
the passage or tho atmospheric electricity upon the armature, sou to enable tho a.ttr:~.ctivc po\fer Qr the.'~ ru'\~nets 
to dra\f it o6 and convey it to the ground before it can overcome the resistance, caused by the limited :size or 
diameter o£ tho wire, :r.nd reach the of& co magnet or the cable. And the oppo!i to pole! of the tnagnets are amde 
to f:~.ce each other in order that the atmospheric electricity, (whether negative or positive, lfhen passing on the 
armature D or ita substitute,) shall be repulsed by two of thctn and drawn to the grouud by the ~Uher two through 
the wires J J J and f' f' f before it ·reaches an office magnet or a c:~.ble. In &g. 3 the .c,nncctions '"i th a maia 
line or a cable :r.nd the ground are precisely the same u those in &g. 2. 

Should it be found necessary to uso any of the herein-described devices iu connection witl,any telegraph 
line outside or a.n oftice,- i. 1., to connect either to any part of a. Jino between any two stations, it '"ill only be 
necessary in such cases to•cut tho line in two and to connect c:~.ch end o£ the wire to each binding-screw of the 
plate or substitute pln.ced between the magne..ts, or to each pillar D and D' of figs. 1 and 4 after having secured 
the arrester in a proper place. 

I desire it .to be fully understood that I do not confine myself io any particular size, shape, or power of 
the magnets, as they mn.y bo used single or C'>mpound; nor do I confine myself to the pArticular size or diam­
eter of.the wires i or p, when used as herein described, but, arter having fully described my invention, what I 
claim, and desire to secure by Letters Patent, is-

1. The application and use in connection with a paratonert·o or lightniag-arr~ter for telegraph wires, c:~.bles, 
&c., or one or more permanent magnets or elcctro-m~gnet1, as and for the pnrposes herein described. 

2.. A lightning-arrester in which ono or more permanent or electro-ma.gneta are combined with the telegr:\ph 
wiro or· c:~.ble and other parts of aaid arrester, in the muner shown and described, or in any other form of 
mechanical arrangement substantially equivalent to the same, as aet forth. 

Witneases: 
Rurus R. RHoDES, 

H. N. JENKINS. 

ARTHUR BARBARIN. 
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J. N. GAMEWELL. 

Lightning Arrester. 

Paten~ed Aug. 7, 1855. 
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UNITED STATES PATENT OFFICE. 

JOll~ N. GA.)IE,VELL, OF CAllDEY, SOCTH C..lROLI~ ... \.. 

IMPROVEMENT IN APPARATUS FOR DISCHARGING ATMOSPHERIC ELECTRICITY FROM TELEGRAPH-WIRES. 

-~pecific~tion forming part of Letters P~teut No. 13,389, d~te41 Angnst 7, ts:-,.;. 

To all trlwm it mfly t'OilCtrn: 
Be it known that I, JoR:'i Y. G~liEWELL, 

of Camden. in the district of Kershaw and State 
of South Carolina, ha~e iJn·enteti a new and 
useful Instrument for Relie\"ing the \Vires of 
the Electric Telegraph of .Atmospheric Elec­
tricity; anti I clo hereby llecla1·c that the fol­
lowing is a fnll, clear, antl exa-ct description 
of the same. reference being hml to the accom­
panying urawing8, forming part of this speci­
fication. in which-

Figure 1 is a front Yiew of the instrument. 
Fig. 2 is a Yertical trnns~ersc section of the 
same in the line .r .r of Fig. 1. Fig. 3 is a trans­
\"erse sectiJn, aml Fig. 4 a. top ~iew, of parts 
of the instrument: Fig. ti is a detached \"iew 
of a llart of the t1-ain of wire throllgh which 
the gal~anic current passes. 

Similar letters oi reference indicate corre­
sponding parts in the se~er:t\ figures. 

This in~eution .consists in an instrument 
which is intentlet.l to connect the maiu wire of 
the telegrapll with the recei~ing-magnet at 
e\"'ery station,. for the purpose of transmitting 
only the gal ~mtic or writing current antl dis­
clmrging into the earth, before it can arri~e at 
the magnet, all atmospheric electricity with 
which the "·ires become snrclJarged when the 
atmosphere is in q. highly electrical state, 
thereby ob\"'iating all danger of injury to the 
magnets or other apparatus, anti enabling the 
telegrn11h to be operated tlnring the Se\·erest 
thnnc.ler-storms. 

The theory upon whicll this instrument is 
constructed is basetl mainly upon the estab­
lishetl principle that atmospheric electricity 
will leap ti·mn onc.. coutluctor to another, but 
that a gah·anic current such as nsed in the 
ordinary working of tlJe telegrapll will not 
pass through the smallest space without a. con­
tinuous contlnctor. Its construction autl op­
eration are as fQllows: 

...-\. lJ are two tioartls placecl edgewise one 
abo~e the other. and made adjustable at llif­
terent distances apart by screws t: c, allll kept 
in proper longitmlinal relation to each other 
hy do,·etail bars a. a, which are attachetl to .A. 
and fit hi cloYetail groo~es in the entls of B. 
To the face of the upper board, B, are secnretl 
unmber of studs b b c c, of i\ory or other insu­
lating material~ to support a train of wire, D 
D, whicil fo1·rns part of tile main circuit ami 
passes upward aml dowuwartl in a serpentine 
torm, bemling rather suddenly, as shown in 
Figs.lantl.j. This train of wire is composeti of 

long pieces d '-'l of some inferior conductor­
as, tor instance, platina or iron (representetl in 
blue color)-and short pieces fJ of superior con­
ductor-as, for instance, gold, sil ~er, or cop­
per( representetl in red color)-in alternatesnc· 
cession, each long piece d e l of inferior con­
ductor starting at the lower bend, close to one 
of the lower stutis, c c, passing over one of the 
upper .studs, b b, and then passing downward, 
to be sdhlerecl or otherwise connected with the 
end tl of the nest similar piece by means or 
one of the shorter pieces fJ fJ of superior con­
doctor, which, after making the· connection 
between/ and d, descends to terminate in a 
point, It, below the bottom of the npper board. 
B. The reason for this estension to apoin t is 
that points, sharp angles, &c., arc fa~orable 
to the discharge of electricity. The lengths of 
wire composing this trainD D diminish gradu­
ally in size from one end to the other, the iirst 
being of about one-tenth of an inch and the 
last about ooe two-hundredths of an inch in 
thickness. The train is connected at the thick­
est end with the osoal main wire, i, which en­
ters the office, and at the thinnest eml with 
one end of a thin sheet of platina, j, from 
whose opposite end a fine platina wire, k, leads 
to the magnet. 

Iu close proximity to the points I& '" are the 
points l l oC a series of superior couducting-

·Wires, 1· r, which are soldered or other,t'ise at­
tached to the bottom of a copper trough, E, 
which rests upon tile lo\\·er boartl, A. These 
points are for the purpose of recciYing dis­
charges of atmospheric electricity from It It, as 
will be hereinafter more thlly explained. 

Tbe trough, wbich is .sh0\"11 with its front 
partly broken away in Fig. 1, contains water 
to moisten the atmm;phere in the ncigllboi·­
hootl of tht' points It I, to can~c tile electricity 
to be readily condnctetl from It to l, and to pre­
~ent the fusion of the points; and to tile bot­
tom of the saitl trough are _attached one. or 
lllOl'e wires, m, of copper, to enter the ground. 

On opposite sides of alltl at a sllort distance 
from the platina plate j are placet! two copper , 
plates, 1l ·n, which arc insulated uy the brack­
ets 0 0, which carry them a·.lll the platina 
plate anll attacil them to the board B. These 
copper plates u n are stmltled all o~er their in­
ncr faces witll points p p, of supe,rior conduct­
ing-metal, which are in close prosimity to the 
platina plate j, (see section :Fig. 3 antl plan 
Fig. 4,) and they arc counectetl with the trough 
E by copper wires '1 q, which are of such form 

-
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that they will yield readily when the boards I paeity be one fourth or one-third, four inches 
are adjusted by the screws 0 C. will be sufficient. 

To facilitate the esplanation of the opera- The short lengths g of wire I make of silt'er 
tion of the instrument, the distinction of color of a- total length of three-quarters of an inch, 
before referrec.l to between the superior auc.l the part forming the connection between the 
inferior conductors is obserred throughout. lengths of platina being one-ftuarter and the 
The sheet of platina j and the wire k, which I>art extended to form the point It Heing b~1lf 
torm parts of the writing-eirenit, are ·colored au inch. 
blue, anc.l the t>oints ll and lJ p, the trough E, The trough E may contain a tlepth of water 
tbe plates n n, ami the wires q q and m m; which of about three-quarters of an inch ; but this is 
discharge the atmospheric electricity, are col- not material, r..s it only requires to l>e sufficient 
ored red. to moisten the snrronnding air. 

To proceed ""ith the explanation of the op- The wires r r may be all of sih·cr, or the sub-
eration: The wire i brings into the office the mergec.l part of copper anc.l the pointecl parts 
galt'anic or writing current, arul also any at- ll (which sboultl barely project aiJo,-e the ""a· 
mospheric current with which it may bat'e be- ter) of sill"'er. · 
come surcharged, anc.l the whole charge, con- Tbe only adjnstment which the instrument 
sisting of the atmospheric aml gal,anie cur- requires is to set the IlOints 1, 1, ancl ll in .the . 
rents, is·receh·ec.l by the first length of inferior closest proximity without touching c.luriug a 
conducting-wire in the train D D; but in pass- highly electrical sta.te of the atmosphere. antl 
ing from the first to the second length cl e f to mo\"e them further apart c.luring an oruinary 
of inferior conducting-wire it has to pass for a state thereof; but eYen this adjustment way 
short c.listance along the superior conducting- not be nessary, as the present knO\vled.ge of 
wire g, which, by reason of its extension in electrical phenomena leac.ls to the u~Jief that 
the form of a point which is in proximity to a when the points are in close proximity without 
point, l, in communication with the ground, is touching there is no uanger of tha di~charge 
caused to discharge a portion of the atmos- of the galvanic eu~nt. · • 
pheric electricity, which is recei~ed by I and At the terminal stations of the t~legrapb­
conducted by the trough E anc.l wires 1~1 into line only one of these instruments is rettuirec.I, 
the ground. The charge, in passing from the as the current only enters in oue dil·ection; 
second to the third length f1 e /of inferior con- but ¥ the intermediate stations two are nee· 
ducting-wire through the seconc.llength ofsu- essar,_,·iz., one on eaclr sic.le of the receit"ing­
perior conducting-wire g, is caused in the same ·magnet. 
way to make a second discharge from the sec- The practical utility of and demand for such 
ond point 1, to the seconc.l point I, anc.l the same an instrument may, in some measure, bees· 
effect is repeated until the whole of the at· timatetl by the fact tbat the loss of a single 
mospheric current is uischnrge<l anc.l the gal- telegraph-line in the l.Tnitetl States during the 
t'anie current only remains in the wire; or, if last year by interruptions in its operation 
any of the atmospheric current still remains causetl by the pre,·alence of electricity in the 
when it reaches the platina plate j, it is re· atmosphere was computed at a snm of forty 
cei\"'ec.l npon the points 1J p and conducted by thousand dollars. The successful operation of 
the plates n n anti wires '1 q to the trough E, the iustntment as a nuignct-protcctor has been 
from which it passes by the wire m into the pro,·ed beyond tloubt. 
ground. I do not claim the use of c.lischargin~-points 

The reason for uiminishing the size of the connectetl with the gromul to carry oft" atmos· 
train of wireD D is that the current, thougl1 pberie electricity. 
diminishing in quantity, may be continually What I claim as my in\·tmtion, and tlesire to 
obstructed, and greater facility thereby af- secure by Letters Patent, is-
fortled for the discharges at the points ll. The method of obstructing the passage of 

The number of discharging-points Tt. It em- atmospheric electricity along tlte line from one 
ploye<l is by no means arbitrary. About fif- tlischargiug-point to another, or their equi\·a. 
teen or twenty mar be successfully ewplo,retl. Ients provided for a similar purpose~ by reduc­

The length of wire between the discharging- ing the capacity or the comluctm· forming ~aid 
l>Oints It It will depend upon the distance of the line at aut! immediately aft-er its junction with 
points It II from the points 1 l. said c.lischa.rging-points It It, whether tl..mt re· 

The resistance offered to the passage of c.luction consists in the employment of an,iu· 
the atmospheric electricity along tlte inferior ferior conducting material or in reducing the 
conductors from one uis<~harging-point It to dimensions of the couc.luctor, as herein set 
another It shoulll be greater than that pre- forth, or any other equi\"alent methocl of re· 
sen tell by the thin plate of air between the tluciug the conducting capacity at those parts 
points lt. 1, anu·l l. I usually make these of the line, thereby torcing the discharge of 
lengths of inferior conductor from tbnr to six the atmospheric electricity from the points h 
inches long; but they will uepenu, as statec.l be- It, as he1·eiu c.lescribetl. 
fore, upon the distance between the points It li \Yitnesses: JOBS S. GA.:\lE\VELL. 
and l l. If adjusted to a proximity of one- S. H. \V ..U.Es, 
twentieth of an inch anc.l the rec.luction of ca· I. G. l\I..lSON. 

. ' 

-
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Lightning Arrester. 

No. 25,939. Patented Nov. 1, 1859. 
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UNiTED STATES PATENT OFFICE. 

E. F. B..l.R~ES, OF BROOKLYN, NE'V YORK. 

IMPROVED METHOD OF PROTECTING TElEGRAPHIC INSTRUMEN-TS AGAINST ATMOSPHERIC ElECTRICITY. 

Stleeitication forming 1,art of Letters Patent S'o. ~3.939, tlatetl Xo,·ember 1, Je5tl. 

To all tC"nom it may concen&: 
Be it known that I, EDXUND F. BARn:s, of 

thecityofBrooklyn,countyofKings,andState 
ot"~ew York, ha\·einventedand applied to use 
certain ne\T and useful improl"ements in appa­
ratus to be use<l in connection with telegraphic 
machinery or instruments for the purpose of 
preventing the e:tfect of undue quantities of at­
mospheric electricity, and \Vbicb. I call an "..1t­
mospheric-Electricity Discharger;" and I do 
hereby lleclare that the following is a fall, clear, 
and exact description thereof, reference being 
had to the accompanying drawings, and to the 
letters of reference marked thereon, and mak­
ing a. part of this specification. 

The nature of my invention consists in in­
terposing between the main wil·eof a telegraph· 
line and thetelegraphicinstrumentan arrange­
ment or combination of parts which shall dis­
perse any undue quantity of atmospheric elec­
tricity before it reaches tbe telegraphic instru­
ment, and thus prevent its usual etfects in in­
terfering with the free action of the instrument. 
Snch arrangement or combination and it.~ ac­
tion is as follows: 

.-\. is a. vessel, of glass, earthen ware, or any 
material which is a non-conductor of electricity, 
and ba-ring through its bottom a small hole, a. 
Through such hole passes a. small platinum 
wire, B, and it is then closed by any substance 
which will render it close, so that the 'ressel 
will hold liquid. One eud of such platinum 
wire is attaclled to the wire C of the main line, 
andtbeotherendis attached to a wire, D, which 
leads to one of the poles of the'' mutatort so 
called, (when such instrument is used,) or to 
the resident magnet in a. telegraphic instru-
m~~ ~ 

From tile end of the main wire C project 
points or short wires b c d, which esteod into 
the vessel .A and below the surface of the fluid 
contained in it. This fluid is of such a. char­
acter (ns a solution of one part of sulphuric acid 
and twel\e parts of water) that while it is a 
conductor of electricity its conductibility is less 
than that of the platinum wire which passes 
through it connecting the main wire and the 
mutator or instrument. Such platinum wire 
is also of such a size that it will allow the proper 
and easy passage of all necessary electricity to 
operate the instrument. 

So long as the main wire is charged with only 
the ,;oltaic current or the electricity produced 
by the battery, the whole passes through the 
platinum wire to the instrument, because the 
conductibility of such \Vire is greater than 
that of the fluid in the 'ressel into which the 
points b c d enter, and none of the electricity 
will therefore pass from off such points. When­
ever the main wire becomes additionally 
charged by a superJ.bundance of atmospheric 
electricity the intensity of which is higher, the 
platinum wire will, in fact, continue to conduct 
only the t'ol taic current, or but little in addition 
thereto, an<l such atmospheric electricity will 
pass from the main wire by means of the points 
b c d iu the finid in ~' that being the next best 
conductor, near the platinum wire, an<l w.ill be 
dissipated again into the atmosphere. The 
etfect of the \Vhole arrangement is therefore to 
dissii>ate the atmospheric electricity before it 
reaches the telegraphic instrument, the oper­
ation of which is not thus interfered with, bot 
it works as well, or nearly as well, when atmos­
pb~ric electricity is excited as when inert. 

The benefit and ad\·antage of my in-reution 
is therefore to provide aud ha't'e in constant 
readiness upon and in connection with any tel­
egraphic line and the instruments used there­
on a. certain means of dissipating any atmos­
pheric electricity, which else would seriously 
interfere with their use and action ; but on the 
other hantl such arrangement does not in any 
respect interfere with the proper action of such 
instrumentsnnderordioarycircumstances,and 
ha,·e any telegraphic line furnished with thh; 
inl"ention can be worked during times when 
the equilibrium of the atmospheric electricity 
is disturbed as when not. 

Tile vessel.!. may be filled with any slightly­
acidulated fiuid instead of the fluid mixed ex­
actly as abot'e described, or may be filled with 
pure water, though in such case such ,·essel 
will require to be considerably larger. 
sn~er or copper wire or a wire of auy good 

conductibility may be used in place of the 
platinum wire; but the latter is much prefer­
able, as it is a sufficient conductor and does not 
fuse at any ordinary temperature. 

By so discharging the atmospheric electricity 
all danger is pret'ented of its melting the wire 
in the coils ot" the magnet when its 'rolume is 
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large, or, when smallt!r, of destroying the ad­
jnstability of any magnet as at present·used. 

What 1 claim as my invention, and desire to 
secure by Letters Patent, is-

1. The application and use, in a telegraphic 
line or in connection with telegraphic instru­
ments, of a ,-essel, .. -\,.containing acidublted 
water or tluitl, as described, and hal"ing a plati­
num o1· other metallic wire, B, of better con­
ductibility than the contents of such ·vessel, 
passing through such Ye~sel and connecting 
by one end with the main wire and by the other 1 

with the telegraphic machine, the whole ar· 
rc1.nged substantially as and for the purposes 
set forth. 

2. In combination or connection with such 
vessel of tiuid A and wire B, the arrangement 
of the metallic&loints b c don the wire of the 
main line au<le.£tendinginto thetluitl in .A,sub­
stantia11y as and for the purpose set forth. 

- EDMUND F. BA.R!mS. 
\V'itnesses: 

S.D. LA.W, 
.ALFRED )!C{.NTIRE. 
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G. A. STEARNS. 

Lightning Arrester. 

Patented June:: .. .''1, 1864. ..._ 
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UNIT ED STATES pATENT OFFICE. 

H EORG E .-\. STE.AR.NS, OF ROCHESTER, ~E\V YORK, ASSIGNOR TO HillS ELF 
.. -\.ND ELIJAH V .ALENTIYE, OF liiLW ..\U'KEE, \VISCOYSIY. 

IMPROVEMENT IN LIGHTNING-ARRESTERS FOR TELEGRAPHS. 

:O:pt~ciliration forming part of L~tters Patent ~o • .J3,:163, ll<lt~ti .Jnue 21. 1864. 

To all tdwm. it may COJICen&: 

Be it known that I, GEORGE A. STEA.KNS, 
of Rochester, in the county of Monroe aml 
State of Yew York, have invented a uew and 
Impro\·etl ParatonnerreorLightniog-Arrester, 
for the protection of telegrapic apparatus from 
injury antl derangement by atmospheric elec­
tricity; autl I do hereby declare that the fol­
lowing is a full, clear, anti e:~act desct·iption 
thereof, reference being bad to the accompany­
ing drawings, forming a part or this specifica­
tion, in which-

Figure 1 is a perspecti \'e \'iew of my hn­
pro\'"etl apparatus; Fig.!?, a section of the same 
in the line .z .z of Fig. 1, aml Fig. 3 a section 
in the line y !I of Fig. 1. 

Similar letters indicate like parts in the seV"-
eral figures. . 

It is well known to telegravb ot>erators anti 
others familiar with the working of the elec­
tric telegraph that the operation of a line is 
frequently impeded, and even pre\"entetl, by 
reason of the wires becoming surcharged with 
atmosheric electricity, in addition t.o the cur­
rent of \"oltaic electricity by means of which 
the signals are transmitte~ over the wires. 
Serious damage to the telegraphic apparatus, 
as well as sometimes to the operators them­
sel\'"es, frequentlr results from this cause, as 
also great incoD\·enience to the public. These 
inconveniences are experienced particularly 
during the continuance of a lightning-storm, 
although they also arise during damp weather. 
l\Iany efforts ha,·e been made to ob,·iate these 
e\'"ils by pro\"iding an attachment to the ordi­
nary apparatus of a telegraph-office, by means 
of which the atmospheric electricity may be 
clischargetl from the wires without impeding 
the due passage and operation of the voltaic 
current; but none of the paratonnerres that 
have hitherto been inV"ented are perfectly re­
liable and efficient in their operation, inas­
much as none of them afford a continuous con­
ductor tor the passage of the atmospheric elec· 
tricity from the line-wires to the ground in a 
separate current from that of the \oltaic elec­
tricity. 

l\fy present invention has for its object the 
remedying of this defect, anti is based upon 
the tliscoYerr that certain substances-such as 
charcoal, powdered sulphur, powdered glass, 
amber, and their equivalents-are good con-

doctors of atmospheric electricity, but are prac· 
tically non-conductors of \'"oltaic electricity. 

The accompanying dr-..Lwings represent a 
practical application of this disco\·ery to the 
Jmrpose indicated. 
. A represent'i a uase-hlock, of WOOtl, gutta­
percha, or other suitable nou-comlnctiug sub­
stance, through wbich two large opening~ are 
cut, as representee! in Fig. 3. To the under 
side of this block is securetl a metallic plate. 
B, of such size as to completely co,·er both of 
the openings through the block. Upon tbe up­
per side of the block. are securetl the twC' me­
tallic plates C C', each covering oue of the 
through-openings, and wbich plates C and C' 
are made to form part of the line-circuit of the 
telegraph. 

Between the plates B C autl B C' is t>lacetl 
the charcoal, powderetl glass, amber, or other 
equivalent substance which is a good conduc­
tor of atmospheric electricity and a non-con­
ductor of voltaic electricity. This substance 
must be in immediate contact with both the 
upper plates, U C', and the lower plate, B, and 
when charcoal is employed as a conductor I 
fin<l it preferable to use it in a solid fonu and 
to place it \Vith the grain as near as may be 
perpendicular to the metallic plates. 

The paratonnerre may be placed either in· 
sitle or ou~ide of the telegtaph-office. It is 
provided with suitable binding-posts for the 
attachment of the various wires. The under 
plate, B, may be pro\"itled with a tongue, D, 
which passes around one edge of the base-block 
A, aud is secured to the upper surface thereof 
uy ·means of the binding-post Tt, with which is 
connected the ground-\Vire E, tor discharging 
the atmospheric electricity into the earth. 

The ground-connection may be established 
in any other suitable manner. 

In Fig. 1, a represents one of the main-line 
wires, which is connected with the metallic plate 
C by means of the binuing-post e. The plate C 
is thus made to form part of the line-circuit, 
and transmits the voltaic current by means of 
the small platinum wire c, bimling-post e, and 
relay-wire a' to the registering apparatus. 

b represents another line-wire between which 
and the registering apparatus a metallic con­
nection is established by weans of the binding· 
posts g' and f, metallic plate C', platinum wire 
c, and rela~·wire b'. The platinum wires c c', 

-
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are of such a. size as to conduct no gl'eater cu1·-~ \vhat I claim as new, a lUI d~sire to secure by 
rent than will the relay-wires a' and b'. Letters Patent, is-

The operation of my pamtonnerre is obvious 1. Establishing a communication between 
and \""ery simple. The atmospheric eJectricity, the line-circuit of an electric telegraph and the 
being con'\"eyed by tbe line-wires to the plate earth IJy the use of charcoal, powdered glass, 
Cor C', is conducted by the charcoal, or other po,vdered amber, powdered sulphur, or other 
similar suustance to the plate B, "·hence it is equi\""alent substance, when brought into con· 
discharged into the earth by means of the tact with snch line-circuit IJ~· means of a suit­
ground-wire E, an'l at .the ~a me time the ,·ol· aule apparatus, for the purpose of discharging 
taic current mar be iu fnll ami uninterrnptetl from the wire all atmospheric electricity before 
operation. it can IJe communicated to the registering ap-

In order to wake my impro,·ctl lightning-ar- 1 paratus, substantially in the. manner herein 
re~tcr more efficient iu discharging \"iolent cur- , represented and describctl. 
rents of atmospheric electricity, snell as are I :!. \\ ... hen charcoal, powdered glass, powd~retl 
present during a sel"ere lightning storm, 1 in- aml>er, pO\nlcretl sulphur, or other equivalent 
~ert fine metallic wires in the charcoal, or other I substance is employed fo1· the purpose aiJol"e 
equi~alcnt substance, iu a. pet·penuicnla.l' po- iudicatetl, anti in -substantially th~ manner 
sition relath·e to the plates B aml C, and so ht>rein tlescril>t"d, inserting therein metallic 
that they are in contact with one of tilese plates rods or wires, iu the manner and for the pur-
and nearly so \Vith the other. pose herein represented and descriuetl. 

As this my impro,·etl paratonuerre arrests TI.Je abo,·e specification or my improvement 
not only ti.Je violent ·currents, IJut e\·cu the to pre,·eut atmospheric electricity from inter· 
slight~st currents of atmoMpheric electricity, it feriug with the workings of the telegraph 
is plain that its use will ob\·iu.te ti.Je necessity signed b~· me this 4t.b day of February, ... -\. D. 
of that frequeut clmnge of adjustment which 186-l. 
i~ a source of so much annoyance aull trouule · 
to the operJ.tor~ and which, to he made iutelli- GEO. ·A. STEARX8. 
geotly,reqnireslougpra.cticalexperience. Tbns I 1n pt·esencc of-
the duty of the operator is much simplified. H.i.RR.!.H J. REY~OLDS, 

Ha\"ing thus fully described mr iu\"entiou, )(. B. CO)IFOR'r. 
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A. L FINN. 

Telegraph Insulator. 
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Patented March 24, 1868. I ~ 
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J. L. FINS. OF ELYRIA, OHIO. 

Lettc:r• P4tent ~vo. 7;j,880, tlatr.d Jlarcl& 24, 1868. 

IMPROVEMENT IN TELEGRAPR-INSULATOBS. 

l~e ~t~rbult rtftrctb ta in t~tSt Jdttn Jattnt w ntaiing p:trt at tqe santt. 

TU ALL WllU)l IT MAY CONCERN~ 

Be it known that I, J. L. FI3N, o£ Elyria, ia the county of Lorain, and State of Ohio, have invented s 
, 11.:w :~.od useful Improvement in Telegraph-Insulators; :md I do hereby declare that the fl;lllowing is a full, 
ctc:~or, and exact ueJcription thereof, which will enable others skilled in the art to m:~.ke :md usc the snmc, refer­
ence being bad to tbe accompanying drawings, forming part o~this specific:~.tion. 

Th!s invention consists oC :m improved telegr:~.ph-iosul~tor ancl lightning-arrester; aocl its objects are 
~J 1,,·ovi:le a mor~ eif'cctual mode of insulating telegraph-wires, and to collect aucl a.rrest tho free electricity 
pcrnclin~ the wir~a, :r.nd convey it harmlessly into the ground. It c:m :~.lso be :s.ppliell in other c:~.ses in which 
the prescncu or f"ree electricity interferes with tbo use of tho olectrometer or g::.lvanometer. In the :~.ccomp:my· 
ins drawings-

Fjgure 1 is a vertical section of my improvod insul:a.tor, :s.nd 
Figure Z is a bottom plan thereof. 
The same letters apply to tho samo p:s.rts in both dr:~.wing!. 
'rho insulator consisCa o( ~ dome or bell-tih:a.pcd shell, .:\, of east iron, or othcar auit:~.blc m:~.terial, c:urying 

,, hullow llh:a.ok, 4, inserted in tho arm or bo:J.ror X, :~.ttachcd to the telegraph-polo Y, :&ncl in which shank is 
llttcJ an insulator, B, of glass, chin", porcel:J.in, or other non-conducting substance, glass being preferred. 
l'h~ shank 4 is secured in the arm X by one or more pins T passing through the arm :J.nd into :s. slot or groove 
iu tho exterior surf:~.ce of the shank made to receive it, or it may be secured in ~tny other suitable ma.nncr. 
The arm X is :~.ttacbed to the tclcgr"ph-pole Y in :~.ny suit:a.ble manner, ao that the mouth of the bell hangs 
.bwn, to preserve the mpp:~.r:~.tus from.tho weather, a.nd from wa.tery connection with the earth. An iron fork, C, 
l!carin;; the! tclcgnph-wirc in its prongs c c, hooked for that purpose, is beJel by its sh:a.nk, C, in the glass i~su· 
;:Lt·:r n~ :m~ m:sy be secured '"ith cement, if desired. A toothed conductor, D, m:a.ue of sheet copper, or other 
~·;o•l ~ondtu:ting substance, is secured in pla.ce by a screw, E, pusing through :a. slot, F, in the shank or sh:a.rt 
!i r;( the toothed conductor, into the rim or b:r.sc of the shell .o\, and is :r.djusted by mcnns or the screw E ~nd 
.:lilt F to ~itbin one-twentieth of a.n inch from the telegt·:a.ph-wire, ~ncl I prefer that it shall appro:a.ch tho wire 
bo:-twcen tb~ prongs of the iroo Cork f: c. A ground or conducting-wire, K, 11ttachetl to ancl electrically con· 
nected \Tith the shnft Hi or tho toothetl conductor D, i:i leu to the telegr~ph-polc Y, :a.ncl thence into the ground' • 
. \.nd by 'hi:; a.rrangement the free electricity "hich, !luring storms, or :m electric condition o( the ~tmospbere, 
.. ;· fr,>m nny other C3ase, m~ty perv:r.cle the wire!, o!tcn sedously impeding the working of and sometimes 
,Jc:;troying the telegraph, '\\"ill be collected ancl arrested by the toothed conductor, :a.nu carried harmlessly away. 

Thd ~csult.s obtnined by the electro~eter :1nrl g'l h·:t•:omctcr :~.re often rendered unrelial>le through tho 
prcscn•~c of frco electricity, :mtl my in,·ention c~u be rc:~.Jily a.Ja.ptecl to remove this cause of error. 

I 'io not confine myself to the usc of any particulal· form of arrester, but prefer the form here shown. 
H:n·ing thus Jcscribccl my invention, what I claim as new, anJ desire to secure by Letters Pa.tcot, is-
1. '!he combination and arr:~.ngement of the bell-sha.pcJ shell A, forked 3ha.nk C, the llUju:»ta.ble toothed 

o;l)nductor D, and conuuctin:;-wia·e K, substanti:~lly as clcscriLcd for the purpose specified. 
2. Securing the shank a to the bearer X, by mc:1.ns of the t:a.ogcntial pins 1', passing through :1. groove in 

the side of tbc said shank, s:1bstantially as described for the pua·pose .spccific•l. 

Witnesses: 
I. R. FI!\~, 

~- w. BLISS. 

J. L~ FINN. 

-
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HERMAN MELVILLE WROTE AN EXTRAORDINARY ACCOUNT OF 

LIGHTNING STORMS, LIGHTNING RODS, AND 

A PECULIAR BREED OF SALESMAN ••• 

Wn-r grand irregular thunder, thought I, ataDding em~ 
my hearth-stone &JilOD.I the Acrocerawaiaa biDs, u the.·:: 
IC&ttered bolt. boomed overhead, and c:ruhed down · · 
among the valleya, every bolt followed by zigzag irradia-. ·. 
tiona, and l1rift aJanta of aha.rp rain, which auch"bly · 
DDg, lib a charge of spea.r-point., OIL my low •bingJ84 .: .. 
mof. I 111ppose, though, that the mounta.iu here-.·. 
abouta break and cham up the thunder, 10 that it is .far 
lll01'8 glorious here tbaa Oil the plain. Hark !-4omecme · 
at the door. Who ia this that chooaes a time of thlmder 
for maJdng caDs t And why don't be, ID&Il·fubioll. 
1lle the lmocker, iDste&d of makiDg that doleful under- • 
taker's clatter with his fiat apinat. the hoDow panel t 
But let him in. Ah, here he comea. ' • Good day, sir ' : 
an entire atra.nger. • Pray be aeated.' What is that 
atra.age-looking walking-stick he carries t • A tiDe thunder· 
ltorm, sir., 
· 'Fine t-Awfull ' 

• You are wet. Sta.ad here on the hearth before the 
ire.' 

• Not for worlds r '. 
The stranger atill ·stood in the aact middle of the 

cottage, where he bad first planted himself. Bill siugu­
larity impeDed a closer scmtmy. A lean, gloomy figure. 
Hair dark and lank, mattedly streaked over his brow. 
His sunken pitfalls of eyes were ringed by indigo baloa, 
and played with an UmOCUOWI sort of lightning : the 
gleam without the bolt. The whole Dl&ll wu dripping. 

171 

172 THE PIAZZA. TALES 

He stood in a puddle on the bare oak tloor : hls strange. 
walldng-stick vertically resting at his side. · 

It waa a polished copper rod, four feet long, length­
wise attached to a neat wooden staif by insertion. into 
two balJs of greenish glass, ringed with copper bands. 
The metal rod terminated at the top tripodwise, in three 
keen tines, brightly gilt. He held the thing by the 
wooden. part alone. 

• Sir,' said I, bowing politely, • have I the honour of 
a "riait from that IDustrioas god, Jupiter Tonans t So 
stood he in the Greek statue of old, grasping the lightning­
bolt. If you be he, or his viceroy, I have to thank 
you for this noble storm you have brewed among our 
mountains. Listen : That was a glorious peal. Ah, 
to a lover of the majestic, it is a good thing to have the 
Thunderer himself in one's cottage. The thunder grows 
finer for that. .. But. pray be seated. . This old rush­
bottomed l.rm-chair,'I grant, is a poor substitute 'for 
your evergreen ~ne .on Olympus ; but, condescend 
to be seated!,_'':.· . . •· ,.t 

While. I th~. pleasantly spoke, the stranger eyed me, 
ball. in wOn.cter, and half in a strange sort of horror ; 
but did Dot move a foot. 

• Do, air, be seated; you need to be dried ere g~ing 
forth ·agam.' . · ' 

I.· planted the chair invitingly on the broad hearth, 
where . a little fire had been kindled that afternoon to 
dissipate the dampness, not the cold ; for it was early 
in the month of September. 

But without heeding my solicitation, and still standing 
in the middle of the tloor, the stranger gazed at me 
portentously and spoke. 

• Sir,' said he, • excuse me ; but instead of my accept,i#g· 
your invitation to be seated on the hearth there, 'I . / 

· solemnly wam , you, that you had ~t accept mine, ~ ~ 

;~- -~ ...,~,.......,.... I:' 

•.::&•~L·t "!!: ...; 2" ~-. ---=----- ··-·•JI-.t - ,. •••·~a-- • . .... . ~. 



THE LIGHTNING-ROD !rfAN 

azul staud with me in the middle of the room. Good 
lleaYeDS r. he cried,startmg-• there is &Dother of those 
awful crashes. I ·warn you, sir, t{1IR the hearth.' 

• Hr. Jupiter ToD&D.S,' aid I. qaietly 10JliDg my body . 
Oil the atone, • I stand Tflr7 well here.' 

• Are you so horridly ignorant, theD,' he cried, • aa 
DOt to know, that by far the moat daapro111 part; of a 
house, during such a terrific tempest aa this, ia the fire. 
place'' 

• Nay, I did not know that,• involuntarily ateppiDg 
upon the first board nut; to the stone. 

The straDger DOW aasam.eci such &ll 1111pJeasant air of 
aacceaful admonition, that-quite involUDtarily agaiD­
I· stepped back upon the hearth, &Del threw myself into 
the erectest, proudest postme I could COIDID&Dd. But 
I said notbing. 

'For heaven's aab,' he cried, with a strange m.iztme 
of alarm' and intimidation-' for heaven's sake, get oa 
the hearth ! Know you not, that the heated air and 
aoot are conductors ;-to ay nothiDg of those immense 
iron fire-dogs t Quit the apot-I aonjure-:-I com.m&lld 
you.' 

'Mr. Jupiter Tonans, I am not accustomed to be 
aollllll&Dded in my own house. • 

' CaD me not by that pagan nam.e. You are profane 
in thia time of terror.' 

• Sir, will you be so good aa to tell me your busine~~~ t 
If you seek shelter from the storm, you are welcome, 
so loag aa you be civil ; but if you come on business, 
open it forthwith. Who are you t • 

'I am a dealer in lightning-rods,' said the stranger, e~.-..r-.. 
aoftening his tone ; • my special buainess is- Merciful 
heaven ! what a crash !-Have you ever been struck­
your· premises, I mean t No t It 'a best to be pro- . 
vided ' ;--eignificantly rattling his metallic staif on the ; 4oor ;-' by D&ture, there are no caatlea in thunder­

atorms ; ye*, •Y but the wo~ and of thia cottage I 
can mab a Gibraltar by a few waves of this wand. 
Hark, what llim&layaa of concussious l ' 

' You uiiemip~ yourself ; your special businese you 
were about·, . ..pe..Jt of.' · 

'My ~ ~b~ is to travel the country for 
orders f~-~~ligh~- rods. This ia my specimen 
rod,' t&ppmg ,;his~ .. staff ; ' I have the best of refer- . 
eDCeS '-fu:inb~:.~a his pockets. 'In Criggan last 1f!l"" 
month, I put ·tap·. three-and-twenty rods on only five 1"!·. 

b~~ ~- -~~ ltnot at Criggan last week, about If 
midnight on. SatUrday, that the steeple, the big elm., J• 
and the ~blj-room cupola were struck t Any_ . ..fJ...f 
your rods there t' · · ""', 

' Not on the tree and cupola, but the steeple.' '· · 
' Of what use ia your rod, then t ' 
' Of life-and-death use. But my workman waa heed-

le~~~. In fitting the rod at top to the steeple, he allowed 
a part of the metal to graze the tin sheetiag. Hence 
the accident. Not my fault, but his. Hark ! ' 

• Never mind. That clap bur.st quite loud enough 
to be heard without finger-pointing. Did you hear of 
the event at Montreal last year 1 A servant girl struck 
at her bedside with a rosary in her hand ; the beads 
being metal. Does your beat extend into the Canadas t ' 

• No. And I hear that there, iron rods only a:re in 
use. They should have mi"M, which are copper. Iron 
is eaaily fused. Then they draw out the rod so slender, 
that it has not body enough to conduct the full electric 
curre~t. The metal melts ; the building ia destroyed. 
My copper rods never act so. Those Canad.iana are ,_ ... ~...6 
fools. Some of them knob the rod at the top, which :4~ !i~· 
risks a deadly explosion, instead of imperceptibly carry- ~- · ,!",./. .... ~ 

r.-.:.~?;:l. -:·.~- _f" ~'1tf§-~-
~~ .. ~ ........... ,--. 

·._..·. rc-·~~~5~ -~ 
=~~~~=-·~r1~J~ ~ 



fDg down the carrent into the ~ u this eart- of 
rod daeL Jliu ~~·~true lOCi. Look at it. ODly 
one doDar • foot.• . '. ··~~- -~~ ·• 

• This abuee of·~ . enm caDiDg in another might 
make 0118 ~-~ ~t to youraelf.' 

• Hark ! ..... The th~ becomes lea muttering. It ia 
ILAI'iDg 11.1, ud ~-the ~ too. Hark l One 
crammed crash 1 All·~·:n"bratiou made one by near­
DeS~~. Another Sash. 'Hold t ' 

' What do you 1 • I ll8oid. aeeiDg him now, iData.Dtaa.e­
ously relinquiahiDg his ltd, Jean intently forn.rd 
toward the wiDdow, with hia light fore ud middleo 
fingers Oil his left wrist. 

But ere the WOlds had well escaped ~e. another 
uclamation esaped him. 

• Crash ! cmly three pulsa leu than • tiUrd of a mile 
oil-yonder, aomewhere in that wooc:L I paaaed thne 
atrickea. oab there, ripped out new and glittering. The 
oak draws lightuiDg more than other timber, having 
iron in aolution in its eap. Your loor here aeema 
oa.k.' . 

' Heart-of-oak. From the peculiar time of your call 
upon me, I suppoee you purposely select stormy weather 
for your journeys. When the thunder is roaring, you 
deem it an hoar peculia.rly faVourable for producing 
impreaiou favourable to your trade.' 

'Hark !-Awful! ' · 
' For one who would arm others with fea.rlelaneu, 

you seem unbeaeemingly timorous yourself. Common 
men choose fair weather for their travels; you choose 
thunder-storms ; and yet--' 
. 'That· I travel in thunder-storms, I grant ; but not 
without particular precautions, such as only a lightnillg­
rod man may Jmow. Hark l Quick-look at my speci­
men rod. Only one doDar a foot/ 
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1 • A very fine rod, I dare say. But what are these 
particular precautions of yours t Yet first let me c~ 
yonder shutters ; the slanting rain is beating through 
the saah. I will bar up.' 

' Are you mad 1 Know you not that yon iron bar 
ia a swift conductor t Desist.' 

' I will simply close the shutters, then, and call my 
boy to bring me a wooden bar. Pray, touch the bell-
pull there.' . - . . .. 

• Are you frantic t That ·bell-wire might blast you. 
Never touch bell-wire. in ·a. thunder-storm, nor ring a 
bell of any aort.' -· ,.: _:· · :.. . 

• Nor those in belfries t .. ~1~ will you tell me where 
and how one may be safe in a time like this t Is there 
any part of my ho~· I ~y .~u.ctli. ~th hopes of my 
life t ' · · . . ~ ·:·. -~·i/~:.:·- · · . · 

• There is; but ·not wl;lire" you _D.~;r:·stand. Come 
away from the·. wall. The '.~~n§ ~;~metimes run 
down a wall, and-a man being i. ~t~r_.. conductor than 
a wall-it would leave the w&ll and run into him. Swoop ! 
TluB must have'talien very nigh. That must ha.ve been 
globular lightning.' 

• Very probably. Tell me at. once, which is, in your 
opinion, the safest part of this house t ' 

• This room~ and this one spot in it where I stand. 
Come hither.' .• 

• The reasons first.' l-.., 
' Hark !-after the flash the gust-the sashes shiver- ~ . 

the house, the house !-Come ruther to me! ' ~-' 
' The reasons, if you please.' • :. . 
' Come hither to me ! ' · • - ~ 
' Thank you aga.in, I think I will try my old stand- : _ ?_.- • 

the hearth. And now, Mr. Lightning-rod man, in the ~~ 
pauses of the thunder, be so good. as to .te· 11 me your~· 
reasons for esteeming this one room of the house the / '9- . ;~ 

·~-1 



.. ... ~ ~--·.... ... 
:0Si~l· ~--'= - ,. 
·.=:~:~ .~_·._: 
"0._::~....___ • ,'Ill ~--..::1 • A-L- A-L- _.__., 
• r <-:.. _ ...... ~~i safest, and JOW owu. cme .-.w&pomt ~ - ~~~~~~-· 
• · ~\."!J""I • lpOC iD it! . 
~~ .. .,i~~-...:.'-1 There wu now a little ceaation of the atorm for a 
,:': ~ ~ .. ., while. The LightDiDg-rod man aeemed. re1iend, and 
... ~ ... t •• ~ replied: 
· : ~ Si · -4 • Your house ia a one-storied hoaae, with an attic and 
~-~~~a.:f~. 'd) a ceDar; t1Us room ia between. -~ ita comparative 
• ~~~~~ -~ safety. Because lightniDg ~ puees from the 
~ ~~; ~ .i) clouds to the earth, and ~ from the earth 
• ·, , . :.." to the clouds. Do you comprehend 1-&nd ·1 chooae · 

~ ·•. the middle of the room," 1iecaa8e, if the light-
•· ' Ding should strike the house )~ · ..U. li would come 

down the chimDey or wall&;.~ 10, · obviously, th' 
further you are from tbem; ~-~~: Come hither 
to me, now.' . -~\1-~ :~.: · :-:-_ · 

• Presently. Something you ~ 8id, '-ilistead of 
alarmiDg me, hu atrangely inspired 'coDfidence! 

• .What have I sa.id t ' .- •. 
' You sa.id that sometimes lightning 8aahee from the 

eanh to the clouds.' \-. 
' Ay, the retuming-~:-~ it js c8.Ded; when the 

earth, beiDg overcharged with the fluid, lashes ita surplus 
apward.' 

' The retummg-stroke ; that is, from earth to sky. 
Better and better. But come here on the hearth and 
dry yomself.' 

' I am better here, and better wet.' 
'Howt' ... 
'It ia the safest thing you can do-Hark. again !-to 

get yourself thoroughly drenched in a thunder-storm. 
Wet clothes are better conductors than the body ; and 
so, if the lightnmg' strike, it. might pass down the wet 
clothes without touching the body. The storm deepens 
again. Have you a rag in the house t Rugs ~ non­
oonduoton. Get one, that I may. atal1c:l on it here, and you, too. · The skies bJacken-4t is dusk at noon. Ra.rk ! 

-the rug, the rug ! ' · · 
I gave him one; while the hooded mountains seemed 

closing and tumbliug into the cottage. 
• And now,·. ~ o.ar 'being dumb will not help us,' 

sa.id I, res~ -l!lY pla:ce, • let me hear your precautions 
in tra.veJiinl during th~-storma.' · 

• W&i~ tiJl this o~e ~ past! · · · · 
• ~ay, p~ with' the precautions. You stand iD 

the Safest p(:Jssible place ~ to your own account. 
Go on.' - : :· ::,.::.:. ~,- · ..... r-. . · 

• Briefly, then. ·I ·av~id ~tnes, high houses, lonely 
hams, upland paature&i~ "~ water, flocks of cattle 
and sheep, a crowd. of meD.. If I travel OD foot-as 
to-day-I do not walk ~ f if in my buggy, I touch 
not ita back or sides ; if on horseback, I dismount and 
lead the horse. · _But of all things, I avoid taJl men.' 

• Do I dream _t ... ·Man avoid man t and in danger-
time, too.' ·~ · . · 

• Tall men iD a thunder-storm I avoid. Are you so 
grossly ignorant as not to know, that the height of a 
six-footer is sufficient to discharge an electric cloud 
upon him ! Are not lonely Kentuckians, ploughing, amit 
in the unfinished fun'Ow t Nay, if the six-footer stand 
by running water, the cloud will sometimes .telea him 
as ita conductor to that runo.ing water. Hark! Sure, 
yon black pinnacle is split. Yes, a man is a good 
conductor. The lightning goes through and through a 
man, but only peels a· tree. But, sir, you have kept 
me so long answering your questions that I have not 
yet come to business. Will you order one of my rods t 
Look at this specimen one. See: it is of the best of 
copper. Copper 'a the best conductor. Your house is 
low ; but being upon the mountains, that lowness does --~:3illl" 
not one' whit depress it. You mountaineers are moat 
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~ midnight moon. He sprang upon me ; his tri-
forked thiDg at my heart. - · · "" 
I~ it ; I ma.~ped ~t! I .• daahed .. __ ... q. it·_·; I trod it ; and '-~ 
~: C::~rn:!:~~;,.~.--~· ~y door, ~ ~ ·'L· ~' 

:But spite of my treatment,- &za4. spi~ of my c:lissuaaive ~ 
tiJk of hiJi to my neighbours,·~ :Lightninl-rod man 
still dweDa in the land; still travels "in storm-time, and , ... ~~•fJW~t\ 
drives a brave trade with the fears-.Qf man. 
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'(3 . . _1752, erec . an tron to the 
•·. IIghtnmg down mto my house, m order to make some ex­

periments on it, with two bells to give notice when the rod 
should be electrify'd: A contrivance obvious to every 

· electrician. 
~ I found the bells rang sometimes when there was no 
i lightning or thunder, but only a dark cloud over the rod; 
J that sometimes after a flash of lightning they would sud-1~~~ 
,• denly stop; and at other times, when they had not rangJJ ~~~~~~~~~~~~~~~ ... b .... ,~.-~ .... 
j before, they would, after a flash, suddenly begin to ring; I 
~ that the electricity was sometimes very faint, so that when 
J a small spark was obtained, another could not be got for~--~ 
_;some time after; at other times the sparks would follow _.._..llll!a-~1! 
:~extremely quick, and once I had a continual stream from...--.....-----··· 
~ bell to bell, the size of a crow-quill: Even during the same 
-~ gqst there were considerable variations. 
f ~ln the winter following I conceived an experiment, to 
J try whether the ~lauds were ~lec:rified positively or 1ze~a­
-~; tiveZv; but my pomted rod, wtth rts apparatus, becommg 
1 out of order, 1 did not refit it till towards the ~pring, when 

l I expected the warm weather would bring on more frequent 

~ thund~r-clou~s. . . prime conductor: Whe~ charged, to place them on-~~ 
'I The experul!ent. was. thts: To ta~e two phtals; _charge ble within three or four inches of each other, a small cork~ 
-~ one of them wrth ltghtnmg from the.tron rod, and grve thelball being suspended by a fine silk thread from the cieling, ... 
~ other an al ch by the electrtc glass globe, through so as it might play between the wires. If both bottles then~ 

~IAIPr·PA electrified positively, the ball being attracted and re-~ 
--~pc:•led by one, must be also repelled by the other. If the t\ 

positively, and the other negatively; then the ball would~. 
attracted. and repelled alternately by each, and continue~ 
play between them as long as any considerable charge~~ 

. d y ame . ·~· 

lleing very intent on making this experiment, it was no>~ 
all ntortification to me, that I happened to be abroad~: 

-"'-··""ring two of the greatest thunder-storms we had early in ~ 
_ ..... .._»_.the spring, and though I had given orders in my family,;;:, 
..,-}_.,, ..... uJtat if the bells rang when I was from home, they should~ 

-~~~~i~S~~i~~-!ljl:;~lcatch some of the lightning for me in electrical phials, and .J. 
"~~l:~~~p::..-...~~:~ . .21~~ ~ did so, yet it was mostly dissipated before my return,~ 

in some of the other gusts, the quantity of lightning I 3 
9j!5~~~was able to obtain was so small, and the charge so weak,· , 
~ that 1 could not satisfy myself: Yet I sometimes saw what~: 

· htened my suspicions, and inflamed my curiosity. ~ 
At last, on the 12th of dpril, 1753, there being a smart .... \ 

~~~IY'"'t of some continuance, I charged one phial pretty well~ 
with .lightning, and the other equally, as near as I could~ 
·udge, with electricity from my gl~tss globe; and, having~ 

B~~lPlaced them properly, l beheld, with great surprize and._::~ 
pleasure, the cork ball play briskly between them; and was ~~ 

~ij~jJru,~avinced that one bottle was electrised negatively. f, .... 
~ I r~pe~ted this exp~riment several tiRte_s during the gust, ·~ 

t.:;~•.-:J"'··· ..... m etght succeedmg gusts, always with the same sue- ~r; 
~~jJI!~cess; and being of opinion (for reasons 1 formerly gave in . 

y letter to ~lr. Kinnersley, since printed in London) that . , 
glass globe electrises positively, I concluded that the .... 

uds are alwtl_:vs electrised negatively, or have always in ~ 
than their natural uanti of the electric fluid. .... 
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IMPROVED METHOD OF UTILIZI-NG ATMOSPHERIC ELECTRICITY. 

Specification forming part of Letters Patent No. ~8, '2'93, dated June 19, 1860. 

To alltcl&o!J" it may concern: ·~ responding length, and isco~1structedofa num-
Be it known that I, HI~POLYTE CHARLES ber: of tubes, short wooden tubes I' being in· 

VIoN, of Paris, in the Empire of France, engi- , serted \vbere the tubes I are joined, and a fast­
neer, have in,·entcd a new 1\lOfle of Obtaining I ening-ring, 1", being slippe<l over each of the 
Atmospheric Electricity and Terrcstrin.l Elcc- joints, as seeu in Fig. 3 of Plate 4. ·At certain 
tricity aml its Industrial A}lplicatious; aml I distances the tube I is fasteue<l to the net-work 
do bc~a·eby declm·e that tbe following is a full, ofthepositivewires(afterwardtobedescribet.l) 
clear, and exact <lescription or the same, refer- in order to secnre the tube against the action 
ence being bad to tbe accompanyingdrawiugs, of the wiml, ami at each of these fastening· 
making J>nrt of this specification, ill which- places a washer, 1111, is inserted in the tube in 

Plate 1 represents a front elevntion; Plate 2, . ortler tbat the tube shall not be compressed by 
n. sit.le ele~ation of an nerostat, in combination the wire or other means employed to faste~ it 
with certain other devices for obtaining at- to the net-\vork of positive wires. (See ~.,ig. 4, 
mostlheric and terrestrial electricity; Plate 3, Plate. 4.) 
n. plan of the device for obtaining terrestrial The aerostat is surronmle<l with a net-work 
electricity; Plate 4, detached portions or the of wires, one layer of the wires, <J, being pn.r­
npparatus. Plate 5 shows a front Yiew, aml allel with the axis ot" the aerostat and fastened 
Plate G a vertical section anti various details to rings D at both ends of the aerostat, and 
or the apparatus when applie<l in mountainous the other layer of wires, B, extending partially 
regions, the use of an aerostat being diRJlensed around the aerostat at right angles to tbe wires 
with. . C. One end of each of the wires B extends 

The object of my in,·ention is to form an around an iron tube, E, some distance below 
electric pile of great power by using the posi- the n~rostat aml meets the other end of it be-

- th·e electricity contained in the atmosphere, t\veen the tube E aml the aerostat. The t\vo 
and the negative elec"tricity contained in the ends are fastene<l together by a ligature, B'. 
earth, so as to make the electl'icity therein con- (See Fig. 1, Plate 4.) Each eml of the tube E 
tained available for inclustrial purposes. · terminates i~~o a ball, e. The wires B n.re fast-

To enable others skilled in the art to make ened to the surface ot' the tube E by means of 
and use my invention, I will procee<l to de· a helical wire, F, ·wound around the tube aml 
scribe its construction and operation. across the wires B, as seen in Fig. 1, Plate 4. 

A is aerostat of a tubular form closed at both The upper ends of long vertical wires G are 
ends. It is made of suitable ~aterial, so as to also wound around cylinder E, each wire G be­
be impervious to air. Its dimensions are such tween two of the wires B, and the euds se­
as to gi\"e it great asccnsional power when curetl by a ligature, G', as seen in Fig. l, Plate 
filled with gas. 4. The helical wire F is also wound across 

a a are valves in the surface of the aerostat, the wires G, so as to keep them in their places 
to be opened when the inflation of the aerostat on tube E. . 
should become too great. The verticul wires G, which al'e to be the 

A long intlia-rubber tube, I, communicates conductors of the positive electricity of the 
with the interior of the aerostat, being attached atmosphere, must be of a length prpportionat~ 
to the latter, near one end of its ends D, as seen to the desired efficacy of the electric pile, and 
in Plate 1, while the lower end or the tube I the size ~nd ascensioual power of the aerostat 
is attached to a gasometer, (not E~howu in the must, of course, be adequate to sustain the 
drawings.) The gasometer is to be fed with weight of and keep suspendeu the wires G, (a 
hy<lrogen gas, produced by the action of the weight still further increase<l by the horizon· 
pile itself, the uegath?e wires of \Vhich (after- tal cross-wires H, with which tbe vertical wires 
war(l to be describe<l) enter a body of water at G are interlaced, iu order to form a net-work 
or· near the base of the apparatus and decom- not liable to be deranged by the action of the 

~ ...&.. ...&.. pose the water so as to pro.duce the hydrogen winds or similar influences.) The two outside ...&.. ...&.. ~ 
...-... ~ gas. As the aerostat is supposed to be at a wires, G, are stronger than the rest of them, _..-.. ~ 

considerable height the tube I must be of cor- and their lower ends are fastened to dyna· 

~ ~ 
~----------------4 
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mometers of any suitable couetmction. These 
<lynamometers are attached to the ends or a 
massh·e iron cylinder, J, and they serve to in· 
dicate the tension in the ontside wires, G, anc.l 
the correspondin.r ascensionnl J)()Wer of the 
aerostat. According to the reading of these 
dynamometers the aerostat has to be sop111ied 
(through tube I) \Vith more or less gas. The 
lower eud of Pach of the wires G is wonod 
around the cylinder J, and secured by liga­
tures similar to those n.bove described. The 
wires G are all insolated (by a coating of gutta· 
percha or similar substance,) except where 
they are in contact with tube E and with cyl· 
inder J, and a similar insulating coating is 
laid on cylinder J, after the lo\Ver ends of the 
wires G have been fastened to it. 

Another cyliuc.ler, K, similar to J, is placed 
at some <listance from and parallel to cylinder 
J. It is connected with cylinder J by wires 
L, wound around both cylinders and interlaced 
with cross-wires ]{. Tbe wire-work L 1\·[ anti 
cylinders are insulated (in a manner alreatly 
dttscribed} against outside inftnences, so that 
the only electric communication between the 
t\vocylinders will be through the wires J.J. The 
two cylinders are placed upon insolatecl col· 
nmns P. The cylimler K may be use<l as a 
substitute for cylimler J, and '·ice versa, 
whenc,·er repairs be,~omenecessary. Insulated 
branch wire or wirPs are attached to the cyl­
inders ,J !{ and \Tir~s L, so as to comluct the 
posith•e electricity obtllined from the atmos­
phere by means of the above-described appa­
r;\tus to whPre,·er it is desired for industrial 
tmrposes. The insulated \Vires Q (interlaced 
with cross-wires R} are placetl on the ground 
underneath and parallel to the positive wires 
I.J. Both ends of each of tbe wires Q are snnk 
into the earth or submerged in \Vater, and fast­
ened to a metallic plate coated with a metal 
not subject to oxidation. These \Vires Q are 
the conductors for tbe negath·e electricity of 
the ·earth, and a branch wire or wires attached 
to the wires Q serve to transmit the negati\'·e 
terrestrial electricity to where,·er it is wantecl 
for industrial or other purposes. 

By uniting to the ends of the positive anc.l the 
negath·e branch wire or wires a powerful elec­
tric current will be obtained, one pole of which 
is the atmosphere and the other the earth, and 
may be applied to any suitable useful purpose. 

1 willuow proceed to describe the modifica­
tion of the above-described apparatus when to 
be applied in mountainous countries. 

P represents the positi\·e electric copper or 
other metal wires coated O\ .. er with an insulat­
ing substance. The upper ends of each of the 

positive wires is soldered to a prompter, 0, at 
P', Figs. 1, 5, aml 6, Plate 6. The lower por­
tion of each of tbe positive-wires is secured to 
an insulator, T, Fig. 2, Sheet 6. The posith .. e 
wires are held above the gronnd by joints A, 
Figs. 3 and 4, Sheet. 6, projecting from the soil 
at suitable distances from each other. The 
·Wires Pare intende(l to follo\v the inequalities 
of the ground on whicb they are laid. · 

The prompters 0, Figs. 5 aud 6, Sheet 6, are 
iron 1·otlB sharpened to a point and silvere(l or 
CO}lpered at their upt>er ends. The lower part 
of the JlrOmpter is fastened into a pole, S,cov­
ered with tar, which isolates the pt•ontpterarul 
hohls it in a firm position. A large metallic 
plate may hA solderecl to each prompter, a~ 
shown in Fig. 6. The posith .. e wires may. he 
soldttred to the rod of ench prompter or to the 
plate which is fastened thereto. 

One or more br"nch lines, E, are soldered 011 
to the posith·e wires to transmit the posith·e 
atmo11pheric talectricity for which the wirPs P 
ar·e the conductors to any deshnble point. 

N are uegathre iron or other metal conduc­
tors coatecl with an insulating substance. The 
upper emls of these wires rest on the ground 
near the positive insulators. The lower eml~ 
of these wires are solderetl to a metallic plate 
or plates, V, Fig. 7, Plate 6, coated with a metal 
not sultlcct to oxidation. The nPgntivo wires 
are sunk into the gronntl at \"ery great depth 
or into wells, ri\·ers, or into the sea. ~rhe neg­
n.th·e electric branch wires are attacbetl to the 
uegath·e conductors N in the same manner as 
the posi th·e bra ncb wires are tot be positive con­
ductors. 1,he branch \vil·es and the soldering 
a.re coated O\'Pr with an insulating snbstu.nce. 
'l'hey are intended to carry the negn.th·e ter­
restinl ~lcctricity to any desired point. 

\Vbat I cluim as my invention, aJI(l desire to 
secnr·e by Letters Patent, is-

1. 'rhe peculiar arrangement of means here­
in specified, whereby I aru enabled to use the 
positiveelectricitycoutained in the atmosphere 
anc.l the negath·e electricity contained in the 
earth, and thus form an electric pile of consid· 
erable power and make the electricity therein 
contained a\·ailable for industrial purposes, as 
set forth. 

2. The combination of an aerostat and ver· 
tical wire-work with a tube, I, for admitting 
gas into the aerostat, in the manner ancl for 
the purposes al>o,·e set forth. 

• CHAULES YION. 

\Vitnesses: 
HARRY ,V. SPENCER, 
A. GUioN, Jr. 

~ ~ 
~--------~-------------4 
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UNITED STATES PATENT OFFICE . .,. ~ 
'VII..LIAli IIENU.Y W .AUD, OF AUBURN, NEW YORK. 

IMPROVEMENT IN COLLECTING ELECTRICITY FOR TELEGRAPHING, &.c. 

81>ecifica.tiou forming part of Letters Patent No. 1~6,3t6, dated A1>ril 30, 1872. 

I, 'VlLLLUI liENRY ,y AUD7 of Aubnm, in 
the county of Cayuga ancl State of New York, 
lm\"'e invented n.n Electrical Tower for Accu­
mulu.ting Natural Electricity for 'felegraphic 
Purposes, of which the following is a specifica­
tion: 

l\fy inYentiun consists of a tower for the pur­
pose of receiving ancl imparting naturnl elec­
hicity, so as to be in constant contact with 
that upper stratum of electricity which sur­
romuls the earth, by tapping which a ne'\'"er- · 
failing supply is formed when brought into 
contact witl1 the earth, as will be JUore fully 
explained hereinafter. 

In the accompanying dra\ving, Figure 1 rep­
resents a side elevation of my impro,·e<l elec­
tric:.tl tower. Fig. 2 is a Yerticul central sec­
tion of the upper part of the same. Figs. 3, 4, 
5, 6, and 7 a1·e <letacbc<l yfews of seve1·al parts 
of the same. 

The tower is coustructetl in three separate 
sections, a lmver, a middle, anti an upper one; 
an<l is placed on ele¥ate<l mountain tops or 
peaks. The lower one, A, is a mere shell, hav­
ing a door, a, and is constructed of any mate­
rial suitable for the purpose. It is insulated 
from the mitldle portion n by means of,a glass 
diaphragm, c, held betweensimilardiuphrugms 
of rubber, d, and of gutta-percha, e, by means 
of :flanges a' u.nd b', formetl on the upper eml 
of the lower portion aml the lower end of the 
middle portion of the tower respectively. 
These flanges are secured to each other by in­
sulated bolts f. '!'he middle portion B is pro­
v·ided with suitable openings or windows, G, 
lmV'iug slmtters or slats g pivoted in them, so 
that, by means of raising or lowering rods It, 
suitably connected to snitl shutters, the open­
ings G mny be shut or opened. A projecting 
roof, H, is tormet.l on or scmue<l to the middle 
portion B just o\·er the openings G, aml. which 
seryes the double purpose of protecting the 
saitl openings from the eU'ects of the weather, 
such as rain or snow, nml also for receh·ing 
the aerhll electricity, which maybe drawn ft·om 
it by wires i, for lnnd-line purposes. Above 
this .. roof H the middle portion of the tower is 
again irisulatet.l by diaphragms of glass, rub­
ber, and gutta-percha from the upper portion 
I of the tower in the same mnnnet· as it is in­
sulated f1·om its lower portion. A circular 
plate, j, secured on the inside of this U!)per .. 

portion, bears a short tube, J, which is sur­
rounded by the tube K of the ventilator I.~, 
from which latter the vane }I extends; or the 
tube J may be held by rods extending from 
the side of the tower centrally. This \"enti­
lator is supporte<l by a rod or shaft, k, firmly 
attached to the tube K, and having its lower 
bearing in a step, l, on a brace, m, crossing the · 
middle portion B of the tower just above the 
openingsG. Thisrodorshaftkisformedin two 
parts, insulated from each other, as shown nt k'. 
On the lower portion of this shaft k is keyed 
or otherwise secured a sleeve, n, from which a 
horizontal serpentine cam-plate, o, shown in 
detail in Figs. 4 and 5, extends, over the rim or 
which the torked ends p of rods h. seize, antl 
which is so arranged relatively to the vane .:u 
and the shutters or slats g that the revolution 
of the vane by the wind will open the wind­
ward and close the leeward shutters or slats 
g and 011enings G by means of the rods lt. 
Gui<le-plates or their equi\"'alents N, pro\"'ided 
with suitable openings, through which the 
rods '" pass; keep th~ upper forked ends '" or 
the latter in constant contact with the cam-
plate o, which raises or lowers the rods, :nul 
consequently opens or closes the openings Gas 
it re'\'"olves. A circular roof, 0, extends f1·om 

·the tube 1{ of the ventilator so as to co\"'er aml 
protect the open upper end of the tower. The 
upper portion I of the tower is provided with 
an insulating-tube, p', through which a copper 
wire7 q, enters the portion I of the tower, mul 
is coiled around the tube J just under the tube 
K, which wire may connect that upper portion 
of the tower with any land line of wires. The 
upper portion I of the tower, as well as the 
tubes J K, ~ay be 'constructed of zinc, w bile 
the vane may be made of zinc, copper, or 
any equivalent material, which, with the zinc 
anc.l the moisture of the atmosphere, wouh.l 
form au electrical current. .As the vane re­
vol¥es it opens the openings to windward and 
closes those to leeward, thus helping to drh·e 
an aerial current of electricity into the insu­
lated middle portion of the tower, which cur-
rent passes upwardly through the. upper por- 6._ ~ 
tion of the tower and out through the venti-
lator or the top, which is swung around by the­
wind or aerial electrical current, thus forming 
a draught in addition to the closing of the I @ ~ 
-~ntters·or openings to leeward, ~~ .r-.., • 
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of wbich draught the electrical current is 
forced upwardly and out at the vane. The 
top portion of the to,ver is of course completely 
insulated from all below it including the re­
volving central ventilator-shaft. As the mid­
dle portion of .the tower allows the electrical 
current of atmosphere, wind, &c., to pass 
within, up, and out at the top it forms a con­
tinuous current, whereby the tower is receiv­
ing continually fresh and new supplies of elec­
tricity, which can be drawn from the projecting 
roof H by the wires i for the use of land lines 
of telegraphs or for other purposes such as 
light, heat, &c. By the use of aerial electricity 
I entirely dispense with artHiciul batteries, 
forming my circuit merely by connecting the 
aerial current with the earth current. For in­
stance, to bring Buenos Ayres, in South Amer­
ica, into direct connection with New York, the. 
following plan would be pursued: One elec­
trical tower is erected on Pike's Peak or any 
other suitable high mountain in North Amer­
ica, and another similar tower on some suitable 

·peak of the Andes in South .America.. Tbe 
tormer would, by means or land-lines, be con­
nected directly with Denver, which place is 
again connected with all the prominent cities of 
the States. In a similar manner the southern 
tmverisconnected by land-lines with thepromi­
nent cities via Quito. New York telegraphs to 
the tower on Pike's Peak, ancl the operator hav­
iug connected the laud-line with the aerial cur­
rent, the signals are transmitted through the 
aerial current tothetowerin theAndesinSouth 
America., and from there-the land-lines being 
suitably connected with the aerial current-to 
Quito and Buenos Ayres. In this manner a 
message would be sent entirely by natural 
electricity in place of artificial. In the same 
manner a message may be sent across the 
ocean by having a higlt tower on each conti­
nent, each of which towers would have to be, 
or course, through land-lines connectecl with 
the earth to enable the ground current with 
the aerial current to form a circuit. Different 
towers may be erected on the different conti­
nents, and if they are all what is technically 

called booked on-that i~ to say, connected 
to the earth-a signal giV"en at one tower will 
be repeated at all the t.owers, they being con­
nected with each other by the aerial current. 
If the earth-connection is severed, or the insu­
lation with the tower destroyed, there is no 
power; but by insulating the tower an(l con­
centrating its force to a point, bringing the 
same corresponding eifec.t from the earth cur­
rent in connection, an exceedingly powerful 
electrical force is create<l. 

Having described my invention, I claim-
1. A tower constn1cted so as to collect hold, 

distribute, an<l utilize aerial currents of natu­
ral electricity for telegraphic and other pul·· 
poses, essentially as described. 

2. A tower for collecting aerial currents of 
natural electricity, constructed of three sec­
tions, insulated ti·om each other ancl the earth, 
or their equivalents, substantially in the man­
ner describe<l. 

3. In an electrical tower, the combination 
. of the shutters or slats g With the YentiJutor­
vane in such a manner that the vane, through 
.suitable mechanism, always opens the shuttel's 
to windward and closes theiu to leeward, sub­
stantially as describell. 

4. Iu an electrical tower, the collecting, dis­
tributing, and protecting roof H, substantially 
as and for the purpose described. 

5. The combination of the tube J and venti­
lator L \Vith its \"ane :u and the coiled wire or 
small cable q, substantially as and for the pur-
pose set forth. . 

6. The combination of the insulated shaft k 
and rods'" having forked upper encls k' with 
the shutters or blinds g, serpentine cam-plate 
o, aml ventilator L, substantially as aml for 
the purpose described. 

The above specification of my improyemeut, 
being a tower for accumulating natural elec­
tricity for telegraphic 11urposes, signell this 
29th day of June, A. D. 1871. 

,V. II. WARD. 
Witnesses: 

A. L. p ALl\lER, 
J. II. S·rARI!f. 

~ ~ 
~------~----------4 
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METHOD OF UTILIZING NATURAL ELECTRIC ENERGY. 

SPBCIFICATIO!r formiDC part ot ~.etten J!.&teD' lro. 414,943, elated lrovember 18, 1880. 

A"UeaU.IW ••Jl, 1118. S.rialW. 308,111. •loiiiGdel,, 

Tt1 till ,.,,,,, il "'"II ,.,,,.,.r,: 
lit~ il knnwn t.lant I, li.\ICK \\". Uto:WIU\ ur 

~ynlt'Ut~t•. in I hu t'tlllllly u( Onundngn. in t he• 
~hah•ur Xt•\\· \" ,,rk, lun·t~ hn·e•nh'«ltuow nml ""''· 

5 rnl hnJU'U\"t'lllt•lll14 in the• lle•t.luHI et( t "t ili1.i11g 
Xntunal Jt:le"t•t rh~ Je:ne't'f.C~". u( whit!h t he• (ullnw­
in..r.1nke•n in e•unnc'«•tiun with the•IU't'ttmJm~·­
ittJ.r tln&Willf,:'!'C, il4 II (nil, t•le•nr, nntl e•XIU'I elt'-
14t•riJtl iun. 

10 'I'IU' nhjt't.'( u( thi14 itn·e•tatiull il4 In JtrU\'itJe• 
n nwl heM I wlmn~h~· nntnnale•le~t•l rie-.al t•ne•r,ry­
"''"'" liM I hu "'M•nllc~l "nl met14lthc•ric• e•h~t•l a·ie·ral 
e·m~t'J.r\·," ••r t•h"t•lrit•aal enc•r•u· llml nun· IN• ele'­
rin~tl'rrum the• diiTt•n•tac.oo uf puh•ntiail e•xiMt· 

15 ing IM•t wc•e•n t wn J•ui n ,,., utu~ lw•i ng t he• e•ru·t h 
nne I tlw ntlwr t ht•· ntnau14lthc•t't' nl un t•lt'\·nt inn 
nlHt\"l' the t'llrt h-ntll\" he• c•nllt't'h'll ur nt ili1.c••l 
fur the• \·au·hm,.c tiM«~ In whic•h t•lc•e•h·ic•il ,. iM 
"_.1.ue .. a. · · 

20 lt. '""" he•e•n ruund thnt ........... ,...nc•e•uf , ..... ~-
• ric• it y i It I he llltiH'r t•e•J,tietiiM u( t ht• II t lltUM(the•t't• 
il4 nc•l t'lutlhtt~tl tu t humle~•··c•luncl!4, hut c•am 
'"' ele·h~·h~tl nt nil timt•l4 nnel urtt.•n in ..rre•nt. 
•amnatitie•M in cliffere•nt •·mulitiunM nC u ... nt· 

2 S mn,.t•here•. In lhlf' we•n t lwr t hiM t•le~t•ta·it•· 
ity JM JIIUMtl~· JMtMith•t•; hut. itt l'het\\'e~t·y nr 
Mturmy wt•nt her nt•gntin! t!le•t•t rit•ih· iM nM ft't.'­
•tnently nwt with ns JHtMith·e', auitl it i~ in 
Mllrh wc•nt llt'r tlmt t ht' intlic•nlinnM of t•h't'tt•it•· 

30 ity, wht•thc•r Jlm•it h·t' ur ue•gnt.in~, nre UMtmlly 
the• !4h·ongeHt. It lutM n)MC, hc't~ll fmmd thnt 
llM We• Jll'ttt't't'l( fiU'tllt'r (l'UIU the' t'llrth'14 Mlll'• 
fnt•c•, wht!l ht•r UJtWurtl ft'ttlll ;, le•\·t·l Jthtnc• 
t het"t!nC ur hnri1.ontully Crum nn t•le\·nt ion, the 

35 lKthmtinl uf JMtintl4 in the nir ht't.•ome•M more 
auul mua·e cliiTt•rt•nt f11tm thnt uf the t'nrth, 
Uat• ditT~a·t•neo bt•ing, i!' n ha·unel Me·n~·, Mimpl)· 
JU'tlpnrt tonnl tn tho clt14hmc~t·; he•twc• wo c•nn 
infc.•t• tlmt. there~ il" ele~ctl·i(•ity rcMiclin:,t un the! 

4t> Ml ... fllt'C n( the• t~nt•lh, t.hn denMity uf 'Whie•h Ill 
nny moment in t h~ ltJ<•nlity nf nhst•l'\"llliun il4 
nwn14Ul't'tl by the cliR't•a·cne(Htf polt'ntinl Cumul 
ln c•x iKt lwt wc•cn t hc• ••na·t h n ntl n :,ri n•n pui n t 
in the nit• llt'UI' it. 'J'hc I'C'MUICM n( oh."4t•r\"ll• 

45 t imaM Rhnw tluat tho ,.,. riulionM nf the c•lt~t•tric­
it~· reMitlha..r In the.• uhnetMphm•t• iM the• mnin 
CllllMC of I ht• \"llrilltiUIIM uf tilt' t~lt~t•h•ic~it )' Clll 
tht• tmrfnc•c or lht' eJU·t h. A chu•·gc~tl c•lmul 

~ ~ en· hcHiy nC nir inchl<'t'K clct•C.rieitv uf tho OJl-

-

so (MtHitc kind tn itH own on I ht!. Jl1U't!4 or the 
t•au·th'H t'ttrfnt•c o\·er which i.t Jti114Kt'M nnd .In~•· 

ehll'e'M Hllt•h \•llt·intimtH. 'l'lw elilfc•rt•nc!t• n( 
JMth•UI inJ in ilwrt•aaMillf,C tilt' diKla&IIC'l' fnma t Itt• 
e•aart h iM ehu• tn t•lt't•lr.ie•it\' inehtt't~l un t.lw MUr· 
file'" uf t lw e••u·t h hy ua~l"""itt• e•lt'4•l rit!ily in 55 
t be• nir cn·e•rhe•utl, naul t he• nir huiua: ll tum· 
t'tmeltwt ur t he• t'le•e•t rit•it it•" "l't' u tudtlc• tu t't»tn· 
hiue•. .;\M t•lt't•tt•it•nl tll'lasity il4 J,tt'e•uh•r ttll ()Mt­
jt•t•tittJ,t purt"' uf n Mttt•l";we•t.luuann thn!'Ct.•whit•h 
nn• pl:uu• ur e'lttte•al\·e·. Kll'un..rt•r inclie•ntimaM fio 
lll't' nhtnitwd em hiiiM tlum in nalle•yM, ir tlw 
e'ltlh~t•ting nt•lmnahiM he• nt the• "''UlU' eliMtunt~~ 
(rum t he• gnm ud in hul h •~""'''"· 'l'he an-t•nt~o 
•liiTe•n•twe uf JMth•nt in I i"' :,rt"t•nh•r in t "" win· 
lc•r thnn in flat• Mnmmc•r: l.ittlu ur nn t'tTt!lt~tM l•s 
e•aua ht• uhtaa i lit'« I w i I hi n ilwln!4111't'l4 m· mu lt•r • 
t rt't"M.IlM tlwy h•nel tn MC.'l'\'t'll t he• lli'JliUUlUM. 

lmtMmuch "" e•h'«•ta·icity ta,l\·t•IM in prc~rer· 
t•m!e• t hl'ttnJ.rh t he• hc'l41 e•unehuotttt'!'C, it. follnwM 
t hnt. ir " t•nt h uf luw rt'l4iMtauwt• iM furmetl 70 
(14ut•h "" tht• e•n~t•t inn nr '' nuotnl pult•) tun"'"'· 
llcic•nt. e•lt•\·nt inn n IHJ\'o t h~' t•nrt h tho t•lt~!· 
trit•itie'M in the• ntnattMpllt'n• nntl t.hut nn thu 
"" rfnc•t• uf t he• t•n a·t h w iII lt•tlt I t u , .. ,m uhw ame I 
t ,,1\.t'l t h nm..rh I ho ""' iel pn tIt in u c•u a·n•n t. or 7 5 
cmt·rc•ntM, aand if thi~ JHtlt• h•rminnh!:dn '' metnl 
(HtiUt or ll IIUnth~r uf 1411t'h JM)ilttK the• CIU't h 
nnelt•lutadM t\Xe•hnnge• the•ir nt•t"•~ite• clt't~tric•i· 
tit'l4 without n eliMrna•ti\·l· ttiMt.•luu•J.rt.'-ll!i\ the• 
liJ,thtning-but- in n ~luw nucl gnuhual wuy So 
tht'tntgh (•un\·e•c•tima. Ut•Hitlt•M Mnpplying till' 
lU)t of the ttnlo with lMtillfl4, II lll~tnl plllt..O tn 
whic•h tht~ Mllitl JHtilltM ltl'H tiXt'tl Utll'nt!tK thu 
nt•P•""ite c~llac.•ta·ic•ity in the ntmetKplwrt•. In 
onh•r tn ohtu.in n J.!'l"t•nh•a· nne I inere·n~d t•ITt~t•t., Ss 
a. lau·ge nlt'lnl pluh• iM hm·ic~tlnt thl' fool uC tlw 
JHlle nncl c·lt~·t rienlly rnunt't'h~tllht•rt•with, naul 
it4 Jll'tn·ich~l with puintM m· ht·nnt•ht!M t•xh.•ntl­
hag in tliiTc•a·c•nt tlh•tac!tiunM in the' grumul. 'l"hc 
a•lnh• nntl hrauwht'M nmy lm ~na·r•mndt'tl h)· 90 
nwtnllic! I'C•fnl4t', eukc•, ua· utlll'r gneHl c•emchwt· 
in~. Mll h,.ct n ut.'e•. The• nwtullic pui n lM on t ht• 
(Ufl o( the )NJle• shnnhl he• MhUrp, IUH( Jtrt•ft•t'• 
11hly uf t•uppe•r,llnelnmy ht• plntini7.t~tl, ;.riltlml, 
ur gnh·nni?.e~tl tn Jn-e•n•nt cut'l'ttl"inn. lt. hn\·· 95 
ing lH•e•n UMl't'l'h\hu .. l hy praclit•nl cxpct·i­
nwntK tlmt. t•it lwr n llnnw m• eh·npping wnh•r 
nt nn elt•\·ntiun uhn\'t' tlw"'urfut•e uf tlw t•Ju·t.h 
proehlttt•!4 (.'ttll\'eoc•tintt uf t'lt•t•lt'iC!ity, it iK eth\'i• ~ ""111111 

OIIM tJmf Mllt'h IIU'UilM lUll)' he l'tnl•lnyt'tl in 100~ ~ 
phu.·e~ n( the• JMtintH ht•t·dnhe•(na·o l'l•ft•l'l't'CI tu. -
.. \:t the t•h.~trit,ity in t he• nt mnMphen• il4 Mowc-

~~~--~ ~~~ 



iml~ -· ~ • times J~ith·o ancl ntltc~r tlmCM llt'J.~th·~. tile 
~...... ~ di~lnll nf 1110 ClllftllltM iM nut. lliWU)14 the• 

tcauue-thut. iM, thu ntmtiMJ•Iaeril! c•lt-et ricad en· 
••lit)• IN l'UDlltU!Il'll ur I& c•urn~nt. nt ''" llllcmnl· 

5 hag. clu,metl•r, dowhatc in nnu dln't't lou 011 aua 
ft\"Cnlgt' about "" lllllt•h nr tho tlnu• AM In the 
ftJIJM18ito clin.'l'tintl, but tht• Jc•ngtll nf the C'lll"­
rtmt in A caertaha clln"«'tima, nr th~ lengths ot 
t hnc• hut Wt'C'II rt~\·enqa IM ur •·lumJ-~'K In t he• eli· 

ao rt'l'tiOel nt ltM lin\\·, iM J:rt•ully \'Urh .. l. 'l'hiM 
ltllcl AIMn t1•~ \'Arit'll Mtrt•nr:~h nr ... ,. c•urn•tatK 
hA\"l'Jll't.'\"etlted tht• UtiJi7.attioU of UtiiUIMJihc•ritt 
e•lltt!lric•nlt•uc.,_'Y in t"ttmmen•inl e1muat lti~ fur 
tht• \"nriuns )ntrJMIM4'K fur whieh ''lt'C!trieity IM 

1 s J-"tmendly Nnt•lnyC'CI. In nnler tout II ill' Kneh 
"(•ur~nt nr c•nrn•ntM, the·~· ~hnuld he• tn,IIR­
runnNl into 1\ t'nllthlllntlM dirt.'l•t C'Urnmt. n( 
n n i felrm "' n•ngt h. Tlat• "1'1''' nat liM fnr necocnn· 
J•lbdaiUJ: tlat• t.mnMfUMIIUt.inll nf At IIIOMJthcrie 

:ro c•ICt·tric!it)· hatn 11 clln'l•t c•tarn•nt nt unirnma 
Mtn•ngth iMMU144"C'J•tihle• nr IM•ing Jn't~Utl)· llltMii· 
lll'll. 't•hc• Jtn•fc•rn"l fnrm nC npt•nnlttal', hnw. 
f'\'er, for Currying t.ht• hn·c•IIIIUU Jtntctlc•nlly 
Into c.•ft"t-ct I will nnw Jlrttt-t'C'Il tu dt'l't•rlltt• tn 

zs Mho\V that tht• nu~thcMl iM c.•:atanlelc~ nf nc•tnnl 
JtOr(•trnm n~. ~~~ ic 1 n 1'1'" t'nl "" iM iII UMI nat e"l in 
UaP. diAgrAm IU't"CtiiiJttln,·ing thiMMIH'C'illealtinn. 

Hc•ferrint: MJil'C•ilic•ully tn ~tid clingnun, A 
rc•tn"C•l"f'ntM '' tall'tnllic• JH•I••, whic•h iM Mhuwn 

Jo hnn•, but mu~· he~ c•tn·t~lnJH'Cl in Mnihahlc~ inMll· 
lntingnmll•rinl, if tle"Mil'lthlc•. B iM the• hnS4•nf 
tht•nCun'!CititlJHtle•, whit•h hn~· iMnf inMulnting 
mntcrinl Met· in tlu' J:runntl 1•:. (' iM tl lnt"J-~' 
mt~halt•lntc bt•nt•aath the.~ Milici ltttMt•, unci lmM 

35 )MtintK nr hrauwlu-M ,., c•stc•tulin.: tlwn•(nnu in 
dHTenmt din~·tinnM in tht' J:rtmaul. ('' iM n 
lllt'lnllic JMlMI t"XIt"tuling ft .. llll t he• tc~aitl Jtlnh• 
llhU\'t• the.• MllrfllC"t' U( tht• J:l'tnltul nne( han·ing 
n tl'rminnl •I uf thu t•h-.•uit U. On the• ln(t nf 

40 ~aid JMtlo iM mnuntl'll n nuatullir c•n1• 1-•, c•nn· 
tdKt.iiiJ,t, Jtn•ft~nthly, nf U f"ttn\•t•" dJMk 'trn\·lclc"( 
with MhftrJt h•un urt'npraer (MtintM I'•"' alc•h , .. , .. 
jt'l"t in nil cliref•tinnK fl"'"' tht• MlliUC'. AM Ill-. 
fUI"C! tut•ntiunt"1, the KllitlJHlilltM IIIU\"1l4• Jtlnttocl 

45 with B Muitnhle nacotnl thnt fnrm" ai gtMHI c.-.m­
clnt•tor nncl prc•\"t•ntM t'nt'Ht~inn. ~imilnrcnt•M 
I•'' mny he.• J•lnc't"l nn ut he.•r inMnlntc"l IMtlt•M. AM 
..\', in the \'ic~inily, unel eunawcted with tht• 
11Ulill )Htlt• .\ hy Ill~. c•lt.•c•h·it~ t•nnchiC"tnr If, (or 

so int·n·n~ing the en'loct. Tlw JN•It• .\' mny he of 
\\'CMMI, UUcl the JMtlt~ .\ mny llll'i4t1K' ctf the• ~aune 
mnh••·inl ir pru\·htt .. l with n nwtul c•muhwtur 
within or un I he uut~idc.•, t•xtc,neling rnnn tlw 
c.•nr• to t.lu~ ntht•r h•rminnl tl' u( tim eirenil n. 

55 The 2"ni•1 c•ircuit U lt•nd~ fa·nm 11 ... tc•rmiunl tl 
thnmgh nn IUihunntic• \'au·inhlu a·•~i,.tniWl' «=. 
t lwne!c~ tu mau ctf t he• JMtlt.~M uf '' sc!l"emd•u·~· ur 
~lorngc.• hutt.l'ry II, nne I fl'tttn tlw utlu~r pule,,£ 
l'llid · hlltlt•I'Y thrungh nn nntomntie• em·n•nt-

6o •~gulnt.or tu th«' tea·mhual tl' . .• \n nntuannlie 
tmrrcmt-n~\·t·l~t·r nr JNtle•-t'luaugc•r .J iM locntt-.1 

~ ~ in the~ salicl e.•in-nit fur a·e•\'t"M'ing tlw cnrn•ut 

-

wh~nc\·er there i~ n c•lumgc• in itM clh·c•cliun, 
Mo tlmt it nmy hl• a"N•tilic~l nr 1-'tnaiJ:hh•nt'tl 

65 cluring tmnsit and ('ftUMC.'tl to t.nwc•l nt nil 

~ 
tim~ wh~tht"r its clit·ec•tinn iM tnwna'tl or f1·um 
the •~nrth in one nucl th«' MAUle clil"t'etiun 

~ I. 
- ~ ~ . 

thn•ugla a (lOrtima or tho c~ireuit euntalnhag ~ ~ 
tho ~ndarylNtttP.ry. •t•Ju• re\•cr!4UIM are Ae- .....,. · .....,. ... 
t-nlllftllfdaed Ullf·OIIUlt ic.•J&Jiy b)• mCilliM of'' Jth"• 70 
nk'll JMtlarlzt'll Rrtm&t ""' 1,, lnc•aatc.'ll bet"''"'" 
two .,lltet-nt-IIIAJCIIl'tM «" ,., ha\·h•Jf tht•ir toctiiM in· 
clucll'll in a slumt-c•inmit. hc•t\\'cacn the• h•auiM 
nr thl' eireuit ll. Tht" nua,..rtaetM un• wmnui~Ctt 
that A north JMtln \\'ill IH• Jlrt"M•nh'll tu the• nr· 75 
mnhii"C' un nnu Mith~ auul u Mnut h JH•It• un tht.~ 
ntht•r. \\"ht.•n the• l'ttrn•nl iM fluwing in" t•t!r· 
hlin ctinac-tinn, tht• tcaaitl JMtlaarized ••nmatnrc• 
\\"ill be l't.'ftellc."l hy mu• m~tgnct auul n•tnu•tc"l 
hy tht• othf't·, und tlll'n~by mn\"t'll tn one• Miclt•. So 
\\·hen tho c•urn.•nt. eiUIIIJtr.M itM •lirt't'tinn 
thnntgh tltu IIIIIJ(Ill•tt', tht\ JMtlt'M nf the• ~aiel 
magnatM 8ft' ru\"f't'Mt'll nntl tho nrnuahne• i" 
IM•tl• rt'JK•llccl unci nt1 nu•tc"l tu I ht• othc•r Midc~. 
An11rm ll,nf clhunllJ-rtuatlt~ mnh•rinl, iM llxc .. lln Ns 
and e•"h•ntiM fnun tltc• aaraunl urc• ~tncl iM .... ,,., ... 
hy t hu NUIU'• lle•t \\"l'C'Il U UIU\"U blc• t•ttcl u( lht• 
11rna atncl tlac~JCtlitl '"!lrn•nt-rr\"t•t"MC•r il' 11 t•h·ult"l 
l"Utult'Ct.iml m•Jink t•, by whh•h the.• ntuliun ul' 
tlwarm IM t"tm\·e,·c-.1 tn the• ,,.,., • .,..,.... ~tup~ r 90 
""' pnn·ided fur II mil ing the.• mu,·e.·ment ,;r 
tiH• Mtaicl nrm. unci '"' aulju~tnhh• re'l'iMtauwc• d' 
ill' includt•tl in tht.• ~hnut d" In l't'J:Ulntc• I h•• 
t•urrcmt thnmgh tlua !"Umt•. 

'l'he!enrn•nt-nognlaatur hc•rt•inhe•fun• n•f•·•·•·•·•l 95 
ht Jlft'\"e•ntM Mhnrt-c•in•uit inr: nr t ht• rnpiel •lis­
t.•luargl' nf t he• Kt•c•uauhu·~· hnl h•a·~· intu tlw nit· 
nnd r:rnund wht.•ll t lwl"~ rNaJ,rt h nC ~ni•l hnt h•t·~·­
e•urt't•nt IH't"Utnt'M :,rt't•nh•a· I hun thnl JUt~in~r tu 
the.• hnth•ry. =-'nitl l"t•:,rulntur h" e.•uml"'l'&t'll uf too 
nn elec•tn,.nuagnt"l I, hawing itM c•nil in t ht• c·ia--
c•nit U •• \ J•h·uiNIJMthu·i1.t•t1•u·uuatua-.•y i~c·un· 
nctt•h'CI alt. itM Jth·ut In nnt• h•1·minnl nf llw e•uil 
uf l'llifl lllftf,tiiC't, UtUJ WIU'n tile' c•urn•nt iM Oct\\'• 
in~: tu tlw hnttc•ry l"'th1 nrnmtun.• iM uttr;acoh'tl 105 
h~· the• mnr.tnf•t. I uncllwlcl in c.ocmhac•t with the 
t'tnJ• II, t.n whit•h the• h•rminnl nf the.' 144't.."ttnelnr~· 
hnttur~· IM c.'ttnUl'l"h•d. In tlw nfm"t•Mnltl run· 
tllticm • ll (a·c-e ot• )nW·t•e'Mil'ltUIU'C Jlllt h fur I he• 
c•urrcnt iM Jtnn·idt."l tu the~ hnth•t·y; hnt wluon r ao 
the huU,c,•ry-t•urn•nt exet•t"CIM t ht• t!luarging-c•m·-
n•nt thl' nmgnt"t-puh'l' "'"' ,.,.,.t'I'MC"l nnel tlu• 
n rnua t u rt' i!4 n•Jwlle•c I h~· t hc" IIUll(lll't, nne I t lw 
frt•t• ttnth nf the~ t•i M!U it i~ bt .. )kt•U ht•t Wt.•t•n tlw 
nrnuahtrt• uauul MlOJt h. In m-.lt•rtnnmintnin 115 
the aarrn11turc jn the• lnttt•a· l"'~ition until thu 
ehnrging • curnmt hn~ hc~e·n in~rt'lt:o\t'Cl in 
strength nlKl\.(' thnt nr the hntte•·r-cm·n•nt m· 
cliM(•hnrr:ing-cm•rt•nt, naul Mn tlul~ the Mali•l•·••~t· 
ulntnr will nutcnauttic!nlly ntte•rnte, n Mhnnt 1 :o 
put h I( ur high n•MiMtnncc• iM Jn-.n·iclc..ocl nmmul 
tilt' nrmnturo u n1ul Mtnp !1. Tho hiJ:h l't•Mhd· 
n1uou nf thf' MAicll'lhnnt ll'l uhtninml hy hu~lncl-
hag " •·lwc»Mtnt m. 'rhiM Mhunt pnth ua· c•ia·-
t.•n it li, with tho t"t•Mi!"IIUWt', Jlt•rau it M " Mum II r: 5 
hut MUnlc•itmt umonnt ur t'Uri'C.mt tn Ouw 
tht"tntJ,th tlu• lllllJ:Ilt•l I to hnJd tht• nt·nmtlll'l' 
nwny from the ~tup h until tlw (•ura•c•nt. ill' •·••· 
\·e~a":'4l•t1, nn•l tJwn mu\·c· tht~ na·mntnrc huc.-k tn 
~tot• h tn e.•lnf(t~ tlw fl·t•c• oa•lttw-rc•MiMtnnc.•t• put h • 
A KJwin~e i iK t•nn·itlc••l to nsl'liMt. the mo\·t•mc•nl 
ur the n•·nullm·o C1·nm the mnglll't whl'n it il' 

IJO~-~ .. 
· ...,,, .. n ... t by tl••· ""m•·· · ~' 

'l'hn el~octo·l•• I'Uo·n•nt mny hi' tlh'l'<'~ 'i 
1 
~. 
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cluct~acl tn tmnMiuting clovieeJ4- -Muc•la aMiampM 
ur elcc.-t nnnolorM; but, lUI bul"t'lnbefnre Ktat~acl, 
Nlid current is,,rerenably emt,lnyed to chArJtO 
une or more ctt•IIM or t.lau aeccnadaary haUt•ry 1_1, 

_ 5 mad tlai!' battery stnn'K or Metuaauh.t-CK t-he 
e•lt't'tril'lll «'IU'rlrY and MIIJIJtlil'M the Ntid tnUIM­
hat-ing dt~\·i~'l'. Tu llhiMtmtu t.lae• h\tter rea•· 
t ... ,,,lt~UdMctr \\"ift'M J.amd (/ f&rt't'Xh•ndtacl frum 
1ht• J)Uie'S or t•le't'tn,dt!tl u( Mid hulle•r~·, nnd 

10 h'lamdaal ha.c ciC'\"1~ In tlaC' MhllJto nr inc•IUith'K• 
cocml hunt'" /, aro t•manc'Ctetl \\"lth tim !aid 
win• In nnaltlt,le arc. lntlaowln• J.buu'ttm· 
mun c•in•nit. mAkt•r und breaker 11 to ciOMO 
ami U(K•n the' cinanit. to the• h\ln(tM. 'fhu Mid 

1 s hut h•r,· maty 1~ c•hn.,..rc.acl in M«'rie'tl or r,nmlle~l. 
The nutnmutic ,·nrinhle n.'RiMtauwo U main· 

tninM the~ c••arn•nt flowh•Jr Uanm~rh tho c•in•nit 
U "l•t•ruxinuatc.•ly uniform by im•n•tudn~r tho 
1'1"MiMIIUICe~ t luon•ill UJlOII llll hiC~I"C'IlMC! n( 

20 td-nmtcth. Z"'t&icl n"MiMtanc"t' iM nut ''h*•luh•ly 
nttt'e"""'ary nnd nmy he• diMJtent'C'd wit h. 

·a"hc light n i n.c·nrn."Kt('r ll iM tn ~hurt -<•i n•u it 
n n•ry h«-an·y curnmt tu J•n•\"c•nt 1 ht• !41Umt 
r.,, ... ltllM.'6ing t hnmgh the nt hc•r )»artt& u( t ht• 

25 llJtpnnat tiM anti injuring it-. ..\ lo~··n"MiMtnnc"C• 
!"hunt c), with " c•in.•uit mnkt•r auad bn•ttkl'r 
1 hen• in, iM C'UIIIle'C•httJ bt•tWC'ell t lit' 1t"IU1M n( the 
c•h·('nit U,nc•nr the• h•rminaiK tlutul tl', tn C"C)IIl• 
lth•h•l~· Mhurt·c•in•nit I he• llftJtllfU( liM Wht•ll tft'-

JO l"iJ'C'tl. 
I ha,·ing cle'l"t'riht'tl m.'· in\·c•nt inn, wh:at I 

· · c•lnim Ill" IIC'W,nncl cle•Mirt• tn Mt•e•m"t• h\· f.c•l h•rM 
Pnh•nt·, iM- · 

I. Thn nwthcHI uf utili1.i11g nhnetMftlwa·h• 
35 c•lcec•ta·ic•nlc•nc•racy, cotmMil"t in..r in,•nnchuot inac t hC' 

c•lt't•t a·it· ••nt·a-.•nt m·c•urnmtM ltc•f't..\n•en t he• e•tU·th 
rmcl n puint. in tlw nt mnMitlwrn nt nn c•lt!\'lll inn 
niHt\"t' tlw c•nrt h, rcec•t ifyinac ur l"h,tightrning 
tlua t!UI"re•niM •luring lrnnMit,nntl Mtnriugnrruo· 

40 c.·umulnting t he• e•lc't.•l rit•nl t.'llt't•~.ty uf Mnicl a·c·<~­
tific-.1 c.•m·t-c•nt ur c.•urn•ntM. 

:! •. AM ltrt•limhuu·y Ml.t•pM in I ht' 1114'1 lwei ur 
uti li:t.i ng n I nan~aahC'rit• t~lec.-t.t·ic•n I l•nm·g\·, ('nn­
chlt't i ng t hc• ''lc"t•t rit" cu rrc•n t m· <"'i a·rt.•n lM 

45 t h l,llll(h n pnt h uf lnw n•!'4iMtn nl'C ht•tWt'Nl tho 
c•na·th '""' the• ntm•~t•he•t·r nt '"' c•lt•\·ntinu 
UhO\"H tilt' e'AI'I Ia, Uutintnining 1\n apJU''UXi· 
mnlc'l~· nnif•wm ~ll·c·ngth uf rm·•·••nt- nnd l't~­
tir~·in:.t .. ,. l"fl·nighh•ning tlw Rnmc• clm·iu~ 

so tl·n ll='i I. 

:&.··AM t,rolinthaary stt'JJM in tho mC'thucl oC 
utili~lng aatmOMt,hcric c.-leet.rical c•nmogy, ('011· 
chaeting tho oltat-trit~ current or currentM 
thnnagla A (N&th or low roMit~taUICO bct\\"t'ell tho 
~llrtla 1Uacl tho ahntM(,bcn~ llt. an eh•\"llt lora SS 
a\IM)\"e t ht• t"a&rt.la, and n.ac•t ICying or td naight <"II· 
ing Mid c••arn•ntM tharing t.mnKit. 

... The IIIC'tltocl or uUlixhag lltlllttKttht•ric• 
t•h'<'t ric•1aJ t'IIOfiU" or clorh·lng t'IIC'I"g)' rnnn t lm 
clift"t'rt'llt'C of Olt.ac.-tricaiJHtlCIIfia&J OXiMtiiiJ;t ht'- 6o 
twet•n the earth and " )Mllnt or )lOin~ ln the~ 
ahnOMJllu~ro at an ele,·at.lnn aalHn·o t h~ c•nrt h, 
t'OII,. iMtin&e in eonducthag tht• «!urront ur cur· 
n•ntlt hct\\"c'Cn tho t.wn JKtin1K through "pnth 
or lu"· rcsiMhuaeo, nac•tirying or Mtnlightening 65 
tho Nlid CUrront!l in A JHtrtiun n( tht• JtAlh 
durha.c tmmdt, and Klnring or ac't•umnlr&t ing 
t lao clet~tric•u I tmt!I"J:Y t hen!tt(. 

G. ThC' mt•t hncl or utilixing nt-m•~plwrit~ 
c.•lc'f!l rlelll C'IIC'I"JCY nr eh•rh·ing C'lll'l'ltY r.,, ... t ht• 70 
dUTt•nmec or e•let•t rienl IHth•nt.inl ~d~t-ing he•· 
l\\"et•n tho c•urth nnd n JHtint. ur JH•intM in the• 
ntnu~t•hc•ru nt IUt C'lc,·nt iun niH,, . ., 11m c•au1 h. 
e'tntMiMting in c'tmthwt in.c t hC' rurn•nt. or c•m·· 
rC'IIIM bc•tWC":.'II tht• twn JKtilliM thruUJ.th 1\ pnlh 75 
nf luw ~MiMh&nl'e~. nuaintnining All nJ•pruxi· 
mutely unifurm td.n•n~.tt h ur ··nri'C•nt, 1'\..'t't if~·· 
hag ur Mtnaightc•ning the• Maticl e•nra·c•nt~ inn 
JH•rtinn nf the• Jtalh cluring lrnn~i1, n.ncl l"lnr· 
in~: nr nc•e•umuluting the e•h"C·ta·it•nl t'IU"I"J.tY· No 

••• The• nwt hod nr utilizing Ill mnMplwriH 
elt•c•t rie•n I enc•r,:y c•nmJKtMl~tl ur " t.•n rn•n t of " 
\"nrit,.l nltt•ramt inac (•hnrm•h•r, t•nnMil"t ing in 
t•nnd nc•tl ng I lu~ t•hoct ric• c•u rn.•n t nr c•u a·r••nl M 

t h rcmgh I& Jmth n( Juw rt'Mil"1 anre• hot Wt'C'Il t ht• 85 
c•n rt h 11 n•l the u111ltiRJtlwn• n 1. n n t.•lt•\"UI iuta 
niHn't' thl~ rnrth, nnel tlwn nrc•unmlnting the• 
t•lc•c.•trit•nl t•lle'l"'.lY u( Mlticl (•Ura•enl m• C"III"I'C'Il(!" 

while• lluwing in lHtlh tlil"tec•tiunM in mw m• 
mu~ •·t~IIM of n l'4t"C'nnclnry m· l"hU1lllt' hn1lt•a·~·, 90 
llM tlt~t"l"iht.•d. • 

In t ''"' i mun ,. wht!l'1'ttr I hal\·e• ht•t·c•mat u 
l'ligauoelm~· auuiat' this :!Hth clayur Apa·il, l~S!I. 

\\'it llt'l".'6e'M: 
t'. II. I h · 1-~1.1., 
( ·. L. BI-:SitlXUS. 

~ ~ 
~------------------------~ 
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APPARATUS FOR COLLECTING ATMOSPHERIC ELECTRICITY. 

SPECU'ICATIOX formintt part o£ Letters Patent No. 874,427, datecll!ltay 21, 1901. 

Applicatloll 6lftl JulylO, 1900. i'ttri:tl No. 23,102. .No mnr•""•·· 

fi, ''" whom il "'''!! ,.,,,.,.,.,~.: 
Be iL known thnt I, .Axaum P4\LJo~~(·s.\u, '' 

~uh.iet•l uf tht\ Kiug nf llnn~nr~·, rt•~itlin~ at. 
Bncln·l'••~t h, Au~t.a·iu·ll nnar:u·y, lut ,.,, hl\'t•n lt•cl 

s. ll <!ertnin au~'" :uul ll!4t•ful .Appnrut.uK fm· Cul­
lect iII~ AllllflK()hea·it•r,l l·:lnetl·ici t.y, ur wh ic~h 
1 hu Cullu\\"ing is" full, l'lea•·, nncl t'xnct HIH~ci­
licntiun. 

The fJI"P-1'4t.mt in\·tmtiun c~nawc•rnM nn nppn· 
• ., 1'1\tliM Cor collet!ting auul clrh·in..r ur (!Oncluct· 

hag :ltmusphericnl electricity \Vhich rnncler!-4 
it. 1n·ncticnble t.o ohtuin nmhwiul •ttmntitieR 
uf the ~ume in t'Or\·icenhle Cua·m. 

Tho exp~rimcntH nmclt• hitherto luwe ht!t.m 
r s limitetl tu do,·iuting or conchwtin:.t tho ''h~c­

ta·icity by Killli)Ie lightning-rudH wit.hout nuak­
ing n.llowilnce Cor th., (tl'ngrt,l'JS nr thu theory 
or ntmo:oephea·iel\1 electa·icity. It is ob\·iuus 
tlmt ouly extremely ~mull fltuuatit.ieH of t•lec-

20 tricit.y cuu bc cullet!te•l in thiK mnnnor, ancl, 
lllOI'eO\"Cr, it WU!4 ohtainetl in ;' fot•m which 
t.•nt h"l~ly pret•hulf"cl itH ntilizntiun. It. is e\·i­
clont. that n. HOUI't•O or ~Jectrit•it.y or il'l'f'J,ClliUI" 

yif'lcl t•nn only ht~ utilbmcl by means of n.c-
25 cnmnlntors n.nu for cbur~ing n.ccumulutm-s 

unly n Ctlrl•tmt o( COU!'JlUUt J)Otentiul CUll he 
Olll[tluyecl. The ()OI·Ciltin.l or electricity cle· 
rh·ed cu· clc,·iut.ccl by mennH of " ll~htninar· 
t•ncl \"UI'iCH withiu witJo limitH, nncl, IIIOI'CU\'Or, 

JO it. iH KO hiJ,th lhnt it CIUIUOt he UHecl IlL nll rcw 
dmrgi ug n.ecum u latoa·s. All the~c • lrn whacks 
aa·~ rcmeclit'tl hy the pre!!Jent in\· .. ntiun, hy 
which the utmosph~a·ic elucta·icity is oht.;,iuml 
in l;u·gcr qtumtiticH with nH luw nnd cnnstn.nt 

35 a putentin.l mt mny ho cl~Hil·ml. 
Thu hh•a uucloa·lyin~ t.lw in\·entiun i~ bnKl'tl 

CUI tho motlern theory nf nt lllctHphm·ic• olt~C­
I.I'icit.y, ac!cm·cling tu whiuh it iK prudawccl I.Jy 
I he conclmasatinn of Hll"IUU Ul' Ill I tlt"UlU4 \'Upnr~, 

40 n.nel thut the iiiCI'f"ILHO of putc•utiu( i~ olTectl't( 
hy tho t!UilCOIII.rntion nf the Hlllllll da·op!'!' ctf 
W;& t.m• iII to lnt•ger ones, ILH t.ho pro port inn Of 
t.hc :o~tu•fnt!e uf tho cla·up~ to tho volumt~ nC 
Kame iK IIULI.Ol'iaiJy I'OtlUCt'Cl thea·ehy. .AccUI'CI· 

45 ing tu t.hi~ theory thP. \\'llh•r·tla-oplctH flniLt.ing 
in the lnyerH ct( nil• ~LI'l' CtJil!olitlOI'UcliLM \"Ohic(os 
m· c•au·•·iel'l'l n( tho elc~cta·il~ity, aml u I'lL I icmnl 
s;:~lCIIl of the th.•\·iat ion or tho ILfiiWH(thCI•ic 

~ ,A •~lect.a·it·itr must tlca·ivu it. fa·mn tho watoa·· 

-

so •h·up~. 'i'hi~ iH alt.nilwd hy tho (ll't!!40IIt iu­
\·c•nt ion i 11 t.lw fulluwi II:! mnn1wr: ..\ cmlltwt • 

~ ~ ~ 

11 
;.·l••lr nr ••• l11rgt• "Mtn·f:&c••• ••• l'"""ihlu i• 

(U'O\"idccl with HIUU(t nnetllc·~. ThiH i~ mun•cl 
in tlw hh:h••r ln\"01":4 nf nil·, while• ltt~in~ c•cm­
tinnalh·l·wuh~•t in· a snitnhlc• llt'at.inl! elt•\·h·c•. 55 
Owint.e' tu the• lu:nt the• \\'altw·eh·opl'l immt•· 
eliiLtely aLmhicmt t.n t.lm •~ullt~c·t.int.t·hml~· willltr• 
P.\'llJtm•nh•tl, their e•npn.c•ity i:4 ;.crnclnnll.r •·•·· 
claumcl, while! tim I•otc•nliul .,r 1 ht! l~hlli'Jrt~ r.cruws 
nut.il it rt~nc~lu·~ nn inlinitc hci;.cht. \\'it.h in· 6o 
liuite ~nmllnt·~~ uf the cll·up:4. It. i~ n•a,clily 
at•tuu·uut thnt. tlw \\"hulu uhur;:o ur thu clrup~ 
aLl'~ 1'4uun UH t luay hn\"C ht'l'll e\·npur;Ltc•el will 
lu\\"e JUlK.'Matl t.o t.lw cnllt.•ctm· oa• (•ollt..'Ctin~­
hmly, fa-om \Vhif!h it. c.-:m ht' t!muluctt~cl. l•'m· Gs 
the (Uil•JtO:oCO of a·~pln.l•i ng I hfl t•\":'(»nr:ttc~ l 
tlrottl'4, \Vhieh h•n·o ht~~n d~tu·h·ctl ••f their 
chna·are by UO\Y·clmrart.~tl tlr·op~. the eulll•ctcu· il'4 
mu\·etl i u relnt.inn tu tlu~ nmhien t nil-. 

One wuy or e:u·a·ying out tho in \"c•nt.iun is 70 
t'eJtrt•~eutetl in cliugrn.m in tho :u-companying 
da·awinJ,.rs, in whit!h-

l••ignre 1 iH n lont.tit.tuli nul st•ct.inn ut' the.• 
cnllf"cting-bnllonn. Fi;:. :! shnwH tlw clo,·i:at-
i ng nrul t.•ou verKiun dc\·it·o, nau I l•'ig. :J a c ltnni I. 7 s 
l••i~. 4- iH U diugriLilllliiLtiC (Jt'I'H(tet~l i\•e \"it'\\" of 
n fcH'm of nntomutic a·el(ulutm· Coa· t.lw a·h~u­
Htnt.ic machine. 

Thu "l•l•llrntnK t!onKi~ht of n hallonn huxing 
two wullH nnd co\"Ol't••l with '' liJ,tht wil·•• nut, So 
(U't•fl'l•llbly Of UfUIUinitllll wia·o, KUicJ lll'l heing 
Klttclelod Wtt.h llt!.,dln:oe. B~~itll,H, t.hl' hnllumt 
en•·•·ios the net :S, em which t.hl' l'in~ ·l, nuult.• 
of n sol ill hut light nmtm·iul,( wuocl,cnm~,&c.,) 
iK fixed. ·rhiK a·ing c:,•·•·it•:oe tho lm!4kot. 1; by Ss 
mmmK nC I hu col'cls oa· rnpoH 5. On n hn·ol 
wit.la tho t•in~ ·l is tho t·inar i, whi(•h is kn(•l· 
~)tl''''"tl hy tho blnelc!~ ua• wings !J, which m·c• 
juua·amlml in a nuuuwa· In t•ot.at.o cm~ily. Tllf" 
a·i us: 7 i:ot kt•(tt. ll.~w• lly in poKi I ion hy t.he t•m·.t~ 90 
ur t·upeK M. 'l'ho bluelt•H m· win~H cunHiKI· uf a 
fi'IUIIC" CU\"CI'(~C( Wil·h light. IUillt•l'iJLI, lllltl I hl•il• 
a·otntiuu in eithur· cli1·t~ctiun i~ limilt•el hy t.ht• 
~t.up~ ur lccl;..cu:oe I O. Thn hlaciHs or win;.c~ l'ua·m 
1uh·•mtn~e·mudy lUI nn;.clu of Hixt.y tu :oeo\'c'nf.\" CJS 
clogl'eoH wit.h tho \"t••·t.it•al lirw. • 

All wiro awl~, r·opc·~, •·in:.,::4, nncl hlaelt':i m· 
wing~ mny he t~n\"eu·ocl with ~mall mt!lal awc•­
cllc~!4 whi"h ILI'l' t•lnct •·imLll\· conawctc•cl wit.h 
eada ntluar. • 1oo ....._ ""'1111111 

F1·nm tlw !"(uu•c• II, fna·nte•el hc~twc•on t.hn •lou- ~ 
hln wnllKuf tho halluon, tlw pipn :!ti lmtcls ft'tun • 
I ht•lu\\'t~~~ puint. nf t IU" ~Illite" tul.llf" sc•t·pnnl iuc• · 

t~•'"'riLIII('"I iullu• hn~k••l 1;, whh·l~~ i~ 
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connected \Vith thtl Jlipt• 1:1, ending ira tho 111,. 
)Jer Jl&rt or tho MJlACt• 11. bOt\\'l'811 the tWO 
\\"llllat 1 2. Tho a~ort»en t i no is h.-.,L.-cl by m~t,llM 
Of" llUitnhlo HOtlrcU or he"t., whereb)• & \V"rtn 

.5 currttnt ur lr'"' or 1\ir c!inmh&tea~ continunlly 
between the elotablo \\"1\llll of thu hl\lloon. 

Under the baU"ket. f.hfl ball-be"ring 1-1 iM ar­
nuJ,.recl in ol('ctricnl c~onnt'ctiura willa the win­
neb, ""d itoM Mt.ncl is clectricn.ll)· ,,.mntACtl-.1 

1.:> with the c"a·otully-inMulutod light thonarh =m!­
flcitmtly stnmg cnblo Ia. 

On the e"rth'K :tnrfuce iM '' winch IU, [."hr. 
2, by mt-aUJM of wbic.•h ~he hKIIonn clln bo uu,•le 
to uc•encl or deMcend ''" Moon 1\.'1 t.lae int.erior 

13 S(tllce or the bnllocm iM Oiled with illuminut­
lng guM or hytlro~en. 

•rJae t'llcl of t.ho (•8hf4~.f~UI't• iM MUJch.~l"t'fJ t.O " 
cullt~·tnr urnm:,tt'tl IIJHtll unci inl"nhah~l rrum 
t.ho UXIU uf tht• Willt•h, lllltl the' c•lec~l.rit~ity iM 

20 conduc:tl•tl Crnm thiM cnlleet.or by meunM ur •• 
sliding eunhwt. rl'he c•olloet iug uf t.ht• cle•e· 
trielty tnkt~M (Jhll'et hy mo\·ing t.lao hnllcMm t•nu­
tinnnuMiy U(Hntd elOWII by IUl"IUtMuf t ht• Wilu•h. 
In thiM mo\·ement the h~Lilocm iK t urtlt'el h\" 

25 lllc.aftllll nf the winJt:t ur hlndt•" 9, whic•h nrt• 
ndaptt~l t.o turn the bnlleKm uh,·n~·M in the· 
21ame direction whether ausccntllngurdcKC!c•n•l· 
ing, u in the clu'n'-re from a&Mcending into tle­
HCendlng nC tho h''llonn, or \'iuu '""''~"''• tho 

:~o bhules urt• t u rnecl o\·ur by tho nerlnl rt•Kist· 
ant~e, unci t h UK i mrunt t.ho rntnti ng mol ion to 
tho baLlluon in tho MILIIle dh'l'Clion. In urclor 
to avoid ron-iou nr the <:nhle, the bnll-henring 
1-1 iK (trO\"ieled. "l"hiH tllt·ntul-dowu motion 

35 UJU) rotating of tho lJallootl U<:eOIIlJtli:tiU .. 'M .t.ht' 
(Jtlr(JUMU nf lll"iugillf!' it, into <:UnlUCt. With UK 
mnny water pnrt.iules flouting in tho uir ILM 
JIU.to~Ki hit~. 

A21 tho electa·iciLy L'OIUI ucted frum tho col-
oiO leetor-wing 17 posse~ n much too high nnel 

'"''rying JKitent.inl for mukinar its clircct. "IIPli· 
tmt.inn prnt!t.h~nbh•, 1U1d us it iH UHil:\1 wi 1 h aua 
irt•egul"r Mourc~o uf ulect.rit~ity tu flrKt cluargo 
llCCII Ill nlut.OrH uncllu furtlwr ntiJi~O thoon.'lily• 

4j rogul"ted l'Urreut.oC thf\snn~o only, it becumu:t 
neeeMHau·y to Meek to mainhLin tho electricity 
concluetl-.1 Cr·om the cnllt•t•lur 17 t'or t hu chnrg· 
i_ng uf tho JlC.:Clllllllll\t.urs Ut. n COIIKtnnt Jml-Oil• 
t.inl unci cnn\·t~rt. thu potcmtinl to " uaut•h 

50 lower uno; hut"" wo denl in t.hil4 c:aa.to~o with'' 
clh·ect. curruut ur•elinnry c!UU\"(!I'tea·M c:auanot. ho 
IIHttd fur I hi:t (HII'JJCJMo. Mnrc•n\·er, tim c·l~c!· 
t.ricity (JUM'JC.i4SUl4 in thiM CIL."in" much t.no high 
ftc)t.OU t.inl, 210 t.lmt. with tho Clll ftloymou t. u( etr• 

55 cliruLry con\·ea·tunt tho grentoHt. Juu·t of tho 
'mllec:t.etl <'loctri«~ity wuulcl ho luMt ngnin. 
Tho unly prnct.ie!nl mct.hotl for t.laiM tma·puKu 
iM Lht' con Vt•rt i ng hy lllei,UM ur I ho Plnn te 
t•hl'OKhatic umchino, hy whiuh thil4 hiJ,Ch·\·ul-

6o t.nge elot~tt·it~ity man bc• t.ranl!lfm·naecl nhnnKt 
wit.lumt. nny loMM wlmt.cwnr. 'rhuK tho •tn~l4· 
tiOU u( (mil \'CH"Mion \VUilleJ hn Mnh•od, Ullcl nuly 
t.lm CJIII"~Iiuu uf umiulmuauc•ct uf c~unl4tnuL pu-

-

tont.inl r·omninM. Thi:t h• ubrnilll'cl iu t.hc• ful· 
G5 lowing uuauum·: Thu rhc•uHtntiu uuwhiuu IH 

or cmly 1\ pnr•t, Of I,Jto ltlnlml iM f!UIIIIt'C~I.e•el With 

~~ I ~~rtlllllll.or u( ""Y """"' rou•r.iun, l.lu• "'"''. 

uhle (ta&rt of which cloKe'M " mmtau~t wlli<~h 
e\·cmtnnlly nnt UaLtmt am olc•c.at rmnl\gnf't \Vhic~h 
effc~ct~t t.lm ttwituhin:,t nr rt'\'UI"Kiun uf 1 he rlwu- jw 
Hh,tiu nuu•hine. Artur tho Kwit.chinJ!' nf tho 
rh.,uMhttiu nuachine it. iM elit~c:hura,rt•tl, t.ho po· 
t.P.uthd ralht tu 1.01'0, {liil,) "nd tho t!lectrum-
~···r re!'tnmt-K itM init:~al r•miition, whereby 
tho current nf thl\ ule<,truml&gnet. which er- 75 
fe'et.M tho n•\"e-ntinu iH lntt•rrnJJlecl "rul tho 
r•lu.lc•M or Uat• rht..•uKtl&t.iu nuachi .... 1\rl' l"eCUll• 
nt·•~tt·•l tu fJot.enl i"l. 'rhe nuwhiue iM then 
rt~mly fur nmuwed ch"ra:e Klld iM ugnin tli:t-
c•hau·gnel wlum the~ •h~turminetl pntunti"l iM So 
rmLchtttl. 1'hittnctiun it~ t•untiuuully l'l'()tm; ·.••I" 
KM Inn,: ;&.'1 tho ''l•l'''rutnH it~ ita ttlt•.~t·;aticm. 

A fnrm uf tho JU&tunmtic~ t•t•gulutcu· fur thn 
rht-.a.'4t:&tic! nuachinu iM rt•prc•l'Ccmtt~cl in l•,iJ.t. ·1. 
:!i iM t lm c•untm~t·t!\'liudt~r uf t.ho r·ht•nKta&l ic• S= 
uuat!lailuo,uu whit•h,rurc!lmu·net\.'IHUkt!, nnly tho 
C!UIIIIU~h; feu• thu c:luarging ftUMitiun u( lht•t:ctll• 
tlemMe•a·-plnw:t Ul"t! tdauwu, whilt~ 1 lw t!uutawtH 
Cur tho tJb•cluu·~iug (Httotiliun, whic!h c•ume inln 
IWI iun after tlan cunl llc:l.·t'.)'li n•lur· huH ht~tm tJO 
t.ur·m•cl, l&rt• omit..tucl. The cuutiug of tht• cun­
tlunMer-pllltl'K i:o~ cunauoch•tl in t.•lucta·it~n.l ch·· 
euit with t hu stnrimu\1')" hn.ll :m :anel thu mo\·· 
n.hlo hull :i:! uf tho uluu·go-nmttH" :JII. \Vhuu 
the chau:.;e ut the t•huetKLutic much iuo rit~l'M, 95 
th•~ bull :J:!, IU'I'J&ngcd em 'thu uno t•xtr"'mit.y oC 
tim let\"ur:Jl, ht rU(tt:llt•tl nnelulo~Lccrtuiu Mtruku 
n.ct UJLletel by IIICIUIH uf t htt t'm•k :J3, which il'C 
faL'\ICJWtl Oil the ball :J:!, JUHI by tlipping into 1l 
mm·cury-c:U(J it clu~e~ the ch·csait of tho Kuur·co roo 
oCmarr·tmt:a. ThiMcurrunt (taMMe~ t.lu·ongh tho 
wiuding:>t uf thu ~uwhcn· ua· n.a·nu,turu a~'l, Hxucl 
on th~~lutftuf tho cuut.wt-.,ylimltH·,;uul it ahsu 
paL-tseJS tha·uugh t.lau t•lt•ciJ·unan:.cuer. ;11;, Tht•r·~-
by t.lw uontn.ct-uylintlur iH tur·notl hy n. ct•a·tnin 105 
uuglu auad tim a·houMLn.tic naachino iK thllM· a·n· 
verJSl'tl. Then if thu t.unJSiun tlecren~os by cliH· 
churgo nncl t.ltc l't!lnl htiou of t.hu hn.IIM :!!t 32 
tlcclineH Kct Cn.a· t.lmL t.lw cuutnct. iK interrU(tl·t..'ll 
KL :J:J thu Hftriug :Ji lUI'IlK Lho t~onlnuL·e!}"linclea• 110 
hllu ilK nm·uual puHitiun nnd Lho rhco~tnt.iu 
muchino iM aguiu :iWilchml tu tumtinn. Tho 
regnln.tiun of tho elut!trumutcr iM olft•c:l.etl 
by tho nclju~tn.hlu Wt•ighl:t :1~ :J~t. \\"hun 
lur~rer CJUI&nliti~:ot uf oluut.a·icit.y Khn.ll hu clu- 115 
a·h·eel or· clu\·i:tlud, Lwu r·huuslatic nmt:hinuK 
mny U(tt'rn.to nll.t!rllah~ly :iu,r.luat. whilo t.hu uun 
iH hniug •liHclu"·god t.hu ul.laur can IJuchargml. 
It i:ot l'tmclily nppua·out tlmt if tho cnpae~ity of 
t.lru rhcnMtntit~ mnchinu i~ nul. dmu:.;utl tho uo 
~:~witehiuJ( ur l'o\·~a·Kiun hy l.ho t'loct.l·umut.t•a· 
Will nhVIL)'tl tnko 1JhLCU ILL t.lac MILIUO ltUl.l~ll tin I 
uf tho rlwu~tutic IIU't~hirw, IUUllLK tho lllllll· 

boa· or (tla&teM, IUld honco t.hu PI"O(UJI"t iun or 
CUll \•erMion, l"eiiU&iUK tiUt HUIUO I ht.t t•Uri'Oilt 125 
iuqmlKU:ot elm·h·utl ur ch•\·iut.c~•l fa·um tim a·huu· 
Htntit.~ umchinu wi II al:iu lun·u thu sauw putma­
tial. 

~·~ Tho i ra·c•gu llu-i t icl4 uf t.lw :iuna·c·u uf c•loc~­
tr·ic~it.y chauJ.:u lht! intor\'ILI uf t.inw in whit!lat.hu 
t!haa·~"" fulluw m&da ulhur; hut. ns lung ILH t.lw 
puiNatinla"UumiuM mtnMlant.t.hiH lms 1au iujur·i· 

IJO-
ttiiH u(Ttu·l· •m t:Jau uluu·a.r•' ut' r.hu Jtc"e~nmulal.ctl'l"'. ~ 
'l'hu •~UI'I"t•nl. •le•rivc,•l or· ele•\·ialt•el fa·um t he• 

. ~II ~A 
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rheostiLtic -machine ea\n be further trans­
formed by an onlinalry con,·t'rtt•r 21 :!2, anti 
whene\·l'r it itt sumciently constnnt it can bt' 
utilized \vithout tho Intervention of tile ac-

5 eumtllntont. •rJuu.ttmvertentcl\n beconuectotl 
or diHConnucte.l by meam' of t.lle tlonbl~ 

• swit-ch 1 tl 20 2!1. 
24 ''"d 25 nre the\ t.llflmlucting-,vire~, whh~h 

rnn either c.lh·eetly to the flh\ee of consumt»· 
to t.ion nr to nn nccunualator-balttory. 

Having now· clescribccl my hn•ention, wlmt. 
I chlim nH ne\v, aml clrucire to M~nre hy T..utters 
PJLt.cnt, is-

1. An npt»an\tliM forcollt'ct.ing atmospheric 
15 ~lcctri"ity P.omprhtin~ n collectinJt • hocly 

ndaLt•tccl tn ht• kallt in mot.fnn, hnl\r.lng mt•nnM 
fur Kadel hocly,alluln rhccJMtnt.ic nu\chinenucln 
c.'ttn\"l'rt.t•r cnnnoct~l with Lim Mnid hocly ell't!· 
trica\lly, l!ltth."ltant hdly ll.'t clnst•rllH.-cl. 

20 :!. An ll(lltl\raltm• fur colluct.int: 1\tmospherit• 
elt•ct.rit•it.y for MtOrl\f:C COtn(»riMiiiJ,t " C!Oil(~t~t­
hlt.(·hncJy ncluptod tu be k•~t•t in motion in tho 
nmhi~nt. nir, hentin~ mcaLD!t fnr ttaitl body, a 
emu t nt~t cu- lc•lld I ng frnm KH.itl hocly, IL rhon-

25 •Mt.nti<: mnchine connectud with the saLitl con· 
cluctor, IUl electnnneter connected with Mnitl 

rheoataLtlc machine electrically," conh\ct con­
trollecl b)• t.he electrometer, nnd nn electro­
magnet controllml hy l!laLitl contnct, Knitl elcc­
tronulgnet controlling the re\'et'!ling of tho 30 
1·hoo~hLtic m~!hine, sul~tnntiaLlly n.s tie­
scribed. 

:J. In cornbinntinn, tho hnlloon-like collect­
ing-body, luL\"ing thecollec~t inJ,t-JlointH, menn!t 
Cor hon.ting th., interior f-illn.CC of ~tnhl botly," JS 
cmulnctor lc•nclinr: from the b1LIIoon-like bocly, 
ancl ell-ctrit·nl chn·iceH fm• l'taeei\'ing t·hO cua·­
rcnt thert~frnm, ~ub~tnnt inlly ali cle~ca•ibecl. 

-1. In cmu.ltinntion, t hl' hnlluuu-likt~ eull~ct­
lu~r-bucly, rueanK fnr t111·niug tlu' l!lauue cctn- 40 
Khlntly in maP c.Ua·t•ctinn in buth U!'cenclin~ 
anti cleMct'ncling, cmuluct.in~ mcn.nH lendin:.c 
from tlw haLllnnn nne I c.-lc.-•~t a·it·al clt•,·ic•c.•s I'm· rc•­
t•uh'ing t he.• t~na·a·t•nt. 1 hm·ufa·um, l"U hMlamtially 
aL.'I cle~c..·rihc..•cl. 45 

In witnc•~M wtwa•t•nf I luu·e ht•a·c•nnt.o ~f\t 111 ,. 
luuul in (W0!'4t•nc.•t• uf t.wu wit.aw~st.•H. · 

A~UOH P.\1.1-:X('S.\H .. 

\\"it. nt~H!4t'S : 
l4:uc;~:~J·: IIAJUtX~.Jn, 
PAC I.. H()J.Jo:sta:y. 
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J;, ,,/I 11'/:um ;, ""'!' ,.,.,,., ,.,, : ' i:-4 :t haul c•umhu-tm· uf e•le·e•tt·ie·it \'. a• -t.uwn 
J;,. it lilttt\\11 llml I. \\',1.111: I. l'a.,~ ... h.. It\· lht• e•le·c·u·cMit• ... uf :an ua·eliauu·\· :•lati•· IIIli· 

01 c•iti7.t'll ut" I Ill• ·a·nih .. l :-'t:ah•..; ••• , ... j,lin:: at ,.f,in~·. \\'he•u till' e•le .. ·ta·e"l•·~ 'a a·•· pl:an·d 
Phil:ult•lphiu. in tilt' e·uunn· u( Phila•le•lt•lain ··lu..;c• auu•·the•a·. tl.a•• alluu-plu·a·,. i=' ·•·•·It '" 

·, :IIIII ~l:alt• uf Pt•llii:00\'1\':aUi:a. la:l\··· irn·e·nlt•el t':ll'l'\' t 1 ... , ..... , ...... : ... , ....... r ................ ,,.,., •.•.• ~.. 
··e·a·auiu m•w :nul u;.•fnl lrupr'u\·e·uwnt!'l in· In aiautlll'l', lmr if plue·e•d f:u· :tpal'l tl••· ··•1r 
.\pp:anuu~ fut•('ulle•e·tiuJ,t.\luu ... pllt'l'i~·l·:le"'' I'I·Ht ill' ult,.u·n•·t•••l I•,\'· tl ... iuh·l'\e•u.iu~ lttl'. 
ta·wit,\', uf '' hit·h I he• fulltm in~ j ... a ~pt .. ·i- ·Th• clt•ll"'4' luwe•1• .. t.t•:al:a uf I Ja,. ni ua••·plll'n: 
ti··at!c•l!. :atfua·el" une• uf'tlw '"''"'' ll"ll·•'••lld•a•·t .. a·- ul •··· 

pi ~1\· iun•utiuu l't•l:ah•!'" Itt :t llll'thutl uf t•uJ. t·lt•t'll'ie~il\·. :&:-·. !-htt\\'11 ill 1111' t'ulltlllt•ti••U uf 
!,•,·tiia,.r ylt'l'tl'ie·i~.\' f1·uu~ a :-ll·:~l:t la.tll•ll wi1h tla_,.: t•la·c~t i·ic· c·m·a·t•nt. It,\• te·l••;!t':apla. ua· t e·ulle·,r 
e·l.·•·tt·wtt ,. :at ht!!la :ah ll uelc·- 111 t lw nt auu .. -. wu·c·~ un I he• t•:u·ala "" "'lll'fn•·•·· wlwt·•· uul~· :a 
"'"''"''· tl;t·uu:!l• tltt• nu·eliuu1 .. r :a wit·•· e·:alelt•; :-umll e\n:amit~· u( tl'u• t•le•••tt·i·· ·~··n·•·•·ut •:-··a:·•'" 
.. u-.pt•n•l•·•l fe·u1u uut• ua· 1uun• '·••li•"•ll~ :uul tlu·unJ! a aluo :alllht~plal•a·t•: wlule• l':art•h•·•l · •· ~'' 

1:. iu e•uaan•\·in•• alai"' e·lt••·tt·ie·it\' tn tlw t•:u·th's u:n .. ttllt'l't• :affm·cl..: :a :!'"••I c•uuclawtira:.! uwdi:a. 
-ul'f:a•·t•. • ,.. · :a- ~huwn It~· tlu• v:ac•emm tul"·· Tl ... upp•·•· 

Tilt• ultjt••·l ,,f "'·'· iun·ntiura i:' tu tn'n\·iclt• ... ll'nt:a nf tilt" nllun:-plu•l't• ltt•in:r l':tl'c• in 1'1'"· 
a 4.'1tll\'I'\':IIU't' uf lilt' t•l.ot•tJ•n llluti\e• (Ul't't• tn IJCU'Iictfl let thl• :ahitue)(', :11111 ltt•in:: :1 ~·•o•) 
! •t! fumicl in tilt' llftf.M't' :-ll':tt:a uf tlw :alluus- •·uu•luf'tu•· of Plrt·ta·ic·ity while• t t... t .. w .. t· ':' ... 

;u ;•lat!~! lu lht• t!aartla',:o; ~•ll'f:ac~t.-: wla~n· it ruu\" •trnhl uf rhe Rtntu!~iphe~ beillJ! cl~n~P nud 
l .... utilh····l r ... · C'fllllllll'l't•in.l 111111 ollat•a· pur- :1 fYnrdin~r :1 unn. ('ftnthll'tin~ Jllf•,li·· r .... t 1.·· 
!•"·•··"'· . c•h•d·a·il•· f'Urn'nt. tlau"'· ('IIJI:oet•~ nn nlt-trn•·t ictu 

.\ (m·tht•l' ultjcoe•t uf Ill\" itt\'t•llfiun is tu j tu tht•· c•lt'f•trlt~ f'lll'l'rlll, ttr JIUWe•r ill ito\ Jail•· 
!JI'U\'ic)c• tl fle•\·ic•t• Ul' lllt'C'Jt:ini:-ru h\' Whic•h II ~l!~t' tn tlu• t•:tt•th"• ~~~~·faU'f' (I'UIII the• c•!c•c·tr·ir• ,.. .. 

:.!'• s•ril:tltlt• c·ullt'l'lua• fut• tilt.- c•ll•c·tr·ic:nl t•llt'l':.!\' .. 1i·n!:1 uf' 1111' :aluut-plarrt• mulc•t' ut·•lin:u·\· 
itt till' uppl't' f-ll'nta uf tlu~ c·u•·th"s. nllll~.~- · c·uu.Jitiou... 'rlwn. lamn·,·•·a·. th•~ c·mnulai• 
plwr'l• IIIII\" h~ c•h.•\';tlt•cl in tlac~ :o"Uic1 stmtn ~ r·luml"' uf il tlmwlt•t• ~tm1n pn"'~ n\·c•r tluo -•u·· 
:aucl It,· which tht• -aitl c•lt·c·tt·ic· t•tU'I'"\' 111:1\" f:wu o( tlat• t-ul'tlt. thr!'tt• c•loml.; hc•ill=.!' nf ,.,.1.,. 
I.H• tmill"tllith•el tu :ancl c•ollt•t·h·•l :at the""enl'th't~' :~Tt•nt hri,::dat. tlae moi~hu·t• in ~nicl c·luu.i .. ~;, 

::n ... m·f;wt·~ Crntu whic·la fl!tinl ~t nul~· l!c cnn· : fnl'lll" u lwttt•t• c:nnch~r·tnr nf ••lc•r•tr·it·it~· t!::m 
eluC'tt'tl tn 1111.\" phu·t• wlu.•l't' tt i~ •lt•su·c·l lo : clnt~ !h.~ or~· llll'. "'tth thl• rt"'ult tlmt th(.' 
••st• thl• snnat'. I t•!e•e·trt~aty m the up~r ll=trntn ·or tht• ntnJt)!ie· 

.\ fm·tl•t•a· ubjt .. ·t of m~· innmtion is to ll•lattl'u ht·t•nks thronJth the AAiel dmul nr-: n 
-uppot'l naul nnchur :-nicl clt~,·ic.·c in nny Ut'· ' :-lr1'nk of lightninll nncl in thnt fnnn renrhr~ tlO 

:\!, sit·cd pu~ition. . t•\·t-n to thl' enrth"s l'ltarfu~e, whilea tha thin 
.\ fm·thcr ohjt~t of m,· in\·cntiun iR to ' m· l'lhnllow ~tr:atn of rlouclR. oh~t·n·••cl in tlw 

Pl'U\'ide :lll imiU'O\"('d f~u·m of c.•nlll'rtm· r ~ .. ··:alll'\1 ":O('ttlt•tl rnin •• :;tOI'Jll. clu uot ('X· 
thruu~h whida t ll' l'llt'I'~'Y n( the sniu uppe1· tt•n•l upwurcl ton :-utlirirnt lac•i:!ht tn Cm·1u a 
.. u·utn u( thl" rua·th~:ot ntnau:-plu-e·•· '""·'· Itt.• ('nl- c·ua~thwlin~t nu .. lium fm· thtt t•l•·,.·tt·ic·it\· f1·orh :~a 

10 Jc.•c·tl'claantl tt·uul"mittl'u for \'ut·inul" pm·pnscs the• t•IN·tri(.' l"tl·nta au till' f':u·tla'..; ;m·(:wl'. 
tn tlm rna·th'~ sm·fnrl'. l··ut• this l'l'lll"Oil the•t•t• i~ n~unlh· nu H~ht· 

01 hl't' ohJt•t!ts nf "''" in\'l'nl ion will uppcar uitaJ,! clm·ira,: tlat• ~uiel luttl'l' ,·:u·it•t ,. of rain 
in tltt~ SJWe:tfic•nl iun n'ncl claim~ below. slunn. · 

For n fm·thl•r. full~ •:lt•:n· :uul c.•nmplcte dis- . By lllt':aus of .111.\' ilan•ul ion •. I I san• 1•1'11· 1uu 
H. c·lu..:urt~ uf Ill\' 111\'c•nt 1uu. a·c•fel't•nce uuay he nclc .. t u lltt'l'hnut:oOIH fm· t•nll••c·t "''' 1 lw ,.J,., .. 

lmcl t.u llae {n}~n~ cll'st~•·!ptin!l auul n<'cmn- tt·ic·ul c•ne•t·~~, ua· puwt•a· e~t·t•:ah•cllt~· u:allll'c• 
punymg tlr:awmJrs. 111 whwh hkl' refertmre nncl !'"turc•el Ill tlw uppt•t· ~tr:atn uf t':tl't·fit··l 
c·hm:nctc.arA refer tn correspnaatlin~ ptu1s. a~a· uf tho t•au·th•s :atluet!-Opla~t·e• :ancl lmn! JU'U· 

FJglll'e 1 IS nn t'le\'nhonul. \'le\\" of one \ ult•cl ll c.·uauhl('tnt• r .... ~lllcl ,.Jt·c•tr·i·· t'lll'l'"Y }U.i 
r.u form or emhodiment of my in,·ention and I tn tht• l'urtla"s sm·ru ... •. ,... 

fi~. 2 is a detailed ,·icw of one form of InY Uefe&'l'mg nnw lu t lw ,~a,, wia~:.:-.. 1 indi. 
lmJlro\·ed collector. I eah•s n·hnt nmy be t:nlll•d the lo"·e1' limit=- ..&. "''IIII 

~ A The pas.c;age of the electrical CUl'l'ent to I ua· boundaries or tim Mrntn of electric en- .. ~ 

-

the earth unCler ordinnrr conditions is pre- j ,...~Y. ul~,,.,. tlw ;..ua·r:U'e 2 o.r th.e rurth. uo .. 
t•G ''ented by an oLstruchon olforded by the : -~ nuhcalPM n bnlluuu wht('h as c•lt•\·:atl'(l tu · 

·~ ·ie~ lower strata (If tbe atmosphere, which i 11 high ~ltihule matil it ~ut<'l'l' tlw s~~-~ 



tum. ·rhe.• aid btallonn :s ~•rritlfl a t.r 4 nf tht-1'\-ttl hy tntenn" ur imcnlntin~ rin:t,c 14. 1-1. 
\\"tJCkl or amy utht•r suitnbltt nnn-enntlllctin~ 14. I mnv aai!OO prn\·itlt' ntlllitinuaal intonlltt• 
uautt•a·ial "UMflt'nell'tl bv in"'ulaat inr: lhakM a or it•,: rin~ • 1-1 he•t ""'"'" t hut I"''"' iun ul thr 
n•n· otht•l' SUitnbJe (e.)nu uf in"'ufattinn fmtu nnt'lana·iUJr to:&ltlt~ 1:! lM•t Wl't'U tilt' hnllcMtll :S 
th~ bnllunu :1. l7JlUil eitht.tr en.d uf the Hnie.l naul tht• ~upplt•u..-ueul lt:alluun" 11. auul :tiM~~• ;. 
hur ·I 1 muunt t.'ttllt'l"to~. nne (nrtn nf \\"hic.•b ht•tWt't'll thatt Juu·t u( the e•niJit• 1 ~ ht•t ""'"'" 
1 lut\·t• illu~tnatt't.l nlf j»he•n'2ol of cvillttl \\"hoe tl:t• ~uprale.•mt•ut:al h:•ll·"•n·• 1:.! :mel the.• l'ru·th'~ 
n -u• the utnl"l" t•utl,.· , of whie!la h•rminntt• !'lll·fnt't'. lum.\·aal="ul•ru\·ieh•. awur thet•nrth',. 
in Mhnrp JH•int"'· Tht• hmc.•r turns tl( tht' l'lllitl I !'illl"fnt't• ...... Ill tilt' ln\\"t•r , .... t ur tlu• tandaur· 

Jte ="Jiht·n"' n nne I W 11n• wn&Jtl""l atl'ltlmtl tht• 1 iue c•nltl,"" I~. :ooiuaihu· insulnt in:r links l·l. ·; ~, 
wuucl\•11 hear l nnd unitc.'tl ""' ut ~ tu aa cun- \\ hilt.• I h:a n• cle•"'t•t·ill4"1 linl\:4 11s Cua·min:z u 
thlt'tUI" uf t•lt't•ta•it• t'llt•rJ!\"9 lt11•ft•ntbh .. ll lalrJtt•· t•till\'l•tait•UI rul'lll u( ill•Ulaatin•r &lt•\'it't' fur 
t'ttp1Jt'l' Wh1• lt, 1•hi21 \\"ia"e ur t'ttll~lnt•lur St tJac• Jtttrputot•:oo IIINt\'t' ~·t rau·th, f cln llUl wi:och 
t•xtt•n,t,c tu tht• e.•nrth·~ 14nrflat't•.auul amtv han·e '" 114• e•uu~u·m•cl u24 114•i11Jrlhuih'tl tu the.• zo'&llm.•. 

~t· it,. c.•n•l :-~uitaabh· llttaal'heee,l tu aua. e.alt't•trie ne· inaa:oomtlt"h &a!"l aul\· "uitultlt• tutn· •·nucluc·tiug ~'' 
•~umulaalur ur ,;the.•r pit~'\· nf ·l'lt"t.-lrieal IIJllhl• , .. ,,.,., ... , ima au:w • IN• 11:-it'tl. in plau.-u n( the.~ 
rutuf. I lun·t• illuall'lthocl ,, .. ,. lnnn nf any liul'"' I~. . · . 
inn•ntiuu in whieh the.• euaulnt•tur lt is t'ttll·l Tlw u•rauinnl" 1: •• 1:1 u( till'. toh•ao:t:.,.rt• lttat· 
llt't'h'll tu uuc.• pole uf n :ootuna.,_'U haattery 10 : h·a·,· 1ft nm.\" 114· , ... um•c•h•cl tn ana\· pic't'\' of 

.• ~o un tht• t•nrth•s ~nrf'au'l'. . . 1 c•lc .. ·u·ie• "1•1Jn111lt: .... wlai&·h it j .. tlc'l'tl't"l tu run ~~ 
'flat• :o&)lia·a~l ~phc.•n."" n, e;• un~ lln•lt•nahh· I ut• "l"'t•;th• Ulltl i ,. dc•.sil·:ahlt• um.• uf the.• pull':, 

,,..,.,.itlt'tl with 11 Jtnlish•••l mc•tullu• l'IUr(aat.=...• nC t ht• l•::th•t·.'· is zuhaptt"tl tu Itt• t:nmttae~h·cl hy 
h• f'urru n ~ucMI c.•nnchu•tur of ell't·trit•it\" anul t!at• l"Witc·h IIi with tht• ttua·th"l'l ~urCau't•. Tht• 
th•• nmtt•t·hal uf snitl :ootJhe.•nas :oohould nltcO lit• luwt•r t•n•l,. nf tht• :uu•hua·in!! c•;altlt'!4 1:.! un• 

25 uf sud1 11 duar:aetl'r th11t it will nut rust ur ~·c·nn•l,· :uu·hun•tl tu tht• t•:u·th•s :oom•fau"t• 1Ut !Jtl 
c·nr·n"lt• ur taarn.i~h. ..\ Jlt•li•!u•c.l c.•ntlpt•r \\"in~ 1 nt 1 !: . 
ur '' e·opJler wan• Jllntlecl \\"lth lllutmum ur . " 11 h t hc• at ppn a-:u liM ru·r:m~"tacl ami c.•un­
,_ .. uld or n ~·lid Jllutinmu or 1!', tl wire may tn-•·tc .. l in tht• maunu•a· illw·llo:atc.•d in l•"ig. 1 .. 
he Ull'tl for· t bi:o~ rmrJ)QoiC, iruatt~uuc:h as these 1 ht• t•ltae·ta·ic.· t•m•a·:.r~· in t he• hiv-h !'(rut a uf' tlu~ 

30 .mntt.•rinhi :u-e ll-:t2"t nlfl'Cllocl t.y moisture nnd t•:u1h':; ntmnsttluoa·c· ,, ..... ~·· fu und tha•ott!.da U6 
thl' ntmOSJlht.•re. The said spheres or eol· tlw e.-.•n•lm·tin• spit·n ""ftln•t-.•:o~ f\ ur G' to tht• 
1«.'.-tor:- uu1v ht.• mntlc uf smnoth \Vire as ,,,uckc·tut• !t :tl!ll i~ :oonitaahh· :o;tua"t•d or nsc.ecJ 
!;hown in tlu~ ~pht·~ clesignalhecl h\· the nu· nt tht.• t•ru-th's !'utt•fatc'l•. whiJ;. thc• hnllomu1 11 
Jm•r.al t; ua• of 1tnrbt•c1 win·~ als il4 !'1\own nt U' !'nppurt. n p:111 uf t he• wt·i~ht uf tht• nnehnr-

3li nnt.l illnstt·nttttl un n lnJl."l'r $'1llt• in I•'i,r. 2 nf in;: t"lthlt~ I:!. naul J•••t·mit t he.• hnllonn :S tu 100 
the dra\\·in~ The latter form is p.-.ter· n"K•t•ncl ahc hi;zh ~~~ •~ JlCIM.-'ihlc.•. oa· tu~·t'H.-tnn· 
niJie inasmuda DK it pro,·it1es at Jaar~re number fua• it tn c•tafC'I' tlw ~awl t•lt·eh·ic·ral ~trnht c;f 
uf points thrnn:th· whic•h the eJectdf!ity mo\• tlac C.'IU1h·~ ntmu,.;,lllt•rc•. Jl~· nrntngin:.t thtt 
!low to t J.1e wire from the snrntnndint:: arr IIIU'~Utnt~ 1 t nf t le .~~tiJit'S 12 S~llliUCtric~J1y 

40 1n the saud upper strntn of tbe earths at· n.r tn nny other pm:tttnn thnn an '! strnt~ht 106 
JUOiii>he~. · . . luw. the balloon 3 nuty be held tn· a sub-

In orclt•r that the ~upportin~ balloon 3 stnntially fixt»<l po!lition "•ith rt-lation to the 
mny be h«.'lcl in a relttth·ely fixed ~ition, it c•au1h. 
should be suitabl.f aneboml to the earth's ""hilo I ha,·e i11ustrntt-d in the drnwings 

46 finrfnee. Innsmuch lll'i the lmllonn 3 must nnd ha,·e described in the specification a llO 
be c.-le,·atec.l to a ,·ery. high position, the form of appnrntus in \vhich my invention 
wei~ht of the anchoring e~tblc.·~ forms an auny be <.'ftaTied out, it is ob,·icms that the 
impoaiant ron~idcrntion. und if desired or ch11win~ nre more or less din~rrnmmatic 
uecE'S~au·y cml' nr more· ~npplemental bal-~ d.n•win:.rs, that is. to sny, thnt the propot·· 

~o loon~ 11. 11. 11 may he nttnehed to eaeh of ttnns nf the ,·aa·to~tl'l pau·ts nre not nt.-ees- 116 
!Ia(• ~Jlchnrin~ cnl!lt'S 12. 12, 12 as illnstrnted sn .. ily those ~·hirh wnulcl Ofll'na.te tu the best 
1n F t~. 1, tu n-hen~ tlu~ hnllnon 3 of sn«.'h nclnmta,re, umsmuch ns l'Ctinin portions 
~,.eight a"' ~,-uuld fl.l"e\"t'Dt it from ascending h:n·e .ht'en shown ns grently enlnrged in the 
1nto the sand c.-lloc•trlcnl ~trat\1. ·In onler thnt clrawmgs for tht' snlce of clearness, nnd that 

66 th~ ek-etricity from the snid uppt.'r strntn it is likely thnt moa·e thnn one snppletul'ntaal 120 
of the earth's aatmosJlhere mn\· not be con- hallonn would he rettnird for each cable in 
dueted down the anchoring callles 12, 12, 12, ordt•r to snt>fM•rt tho wei~ht of the snmc, 
I attaeh tht•m to the snr>JlOrting balloon 3 nnd tu relie,·e the snppnrtin~t balloon 3 of 
nnd to the snptllemental l.ialloons 11 and to snrh weight, aut would Jli'C!\'ent it from as· 

oo th~ earth'~ surface through suitable insu- ceruling ii1to the high elc.-c:tricul strnta of the 12ii 
lattn~ de\"ICH 14. t'Urth's atm011phere, hut such ehan~os in 

~ ~ In the fnnn of my in,·ention illn~trnte<l form. pro~rt1on nnd armn,..JOement I regard 
in J.'ig. 1, below the bar 4, I suspend a rin~r IlK laein" fullv within the nina and &eOpe of 

-

13 of any suitnble material from the bal· my irn·ention~ so lon~r aH ancb forrnsor modi- -' I~. j j t and attach the anchormg cables 12 ftcations fall ~ithin .h. scope of the •P!1,.
1 
r I ' 



t~l daaiauK. It i• aiHO to be und~rstOOtl tlual ' lttain~ pa·u,·i<~l with puiut""' t•uu,lm·tinJ! 
1 he 8turaa,.'\• baath•ry ur &leemmalaa&or which I IJrnjt.IJ(.oflUilH. auul mt•aanH to ~upport tiltitl l'nl· 
haa,·e ~hnwn aas b..'intt t•onnt.~t•h'CI tu m\· rol· 1 t't•tur in tht~ hi,rh ~1•"1a•ic·nl stnun ,,r tlu.• 
lt.l(•tor. iM only aa t\·1~ ut al(JpaarntuH whi,:h caan t'1111h." atmut~\aht•rt•. 

6 hu ttJk•nllt.'tl by t1ae cua·a-eut ,•ullt't.'h.-tl hv th~ n. Tht• ,._, ... aiauatinu with 11 haallnuu. nf nn 46 
,..,,ht•a·t~ n. U' auael tnau,..miUt'tl tu the ~urth c•lt'C.-1 rit'lll cullt.'t!har t•an•rit'CI tht•n•h,· t~nmpri:t· 
t U'tNIJth the wi~ ~~ and when I use the · in;: •• non-t·unthlt't inJ,C haar. uaul aa ; .. mchu·t inJ: 
wnnl "llt."t•muulauur • I mc•nn amv Jlit'l'~ nf "''"' wumul MJlit'lalh· tlw&'t'ttU tn (ua·m npt•n 
u~·a'nl "l'l'•n•aahlft whic•h iM UJM•natl'«l h\· the ,.ult1"lnutinlh· Mllht•a·i't·nl .. hutlit"' aapnn tlu~ ntl· 

w t•nra"t•nt U'ltUK~uiltt'tl tht•rt'ln tlarnn~li the pnMilc• c•llell'4 't.ht•t·c•u(. Get 
wia,, ut• , ...... h ... tua• U. · i. 'l'ht• e•umltin:atiun with. :a hnlluuu. u( nn 

lin,. inJ,C t hul'l elt~·ril.e.l Ill\" in\ t•ut inn, wluat . e•lti!t't rie·nl , .. ,IJe"t•tur rnrrit"l t ht•t't-lt\" c•nmpri~-
1 dniau nml clt~irt\ tu prutl't:l t.y IA.-th•n~I•ut- in~otaa nun-e·uauhae•tiuglmr. :a c•uauliaC'Iiu:,r wia,~ 
l'lll uf tim l~nihecl =-'t:ah~H i~: wumul ~pia·nlh· tht•rtec•n tu (urm upe•n sula. 

J:t l• Tim c·uu!lt~nntiun wi_th aua t.•ll't~tri"ul ~ .. ,(. ~taautinll,· Mplu:t•ic·uiiNH!ie.,. 111•un the• nppc~ih• i•i» 
lloctua· t•umfu·asm~ot at hut• u( nnn-cusuluctmJ,t · t•uclM thl•l't>caf. am e•lt .. ·ta·wnl tU't"lllll.nlaatua·. uaul 
aullh•a·ilal. 111111 1111 upt•n spht•a·it•nl e~mcluetm• ~ aarat•leec·tric•nl•oc•mu~t•tiullltt•twt•t•u tht• snitlt·nl· 
\'lll'l'it .. l .. ,. ~aaitl ....... ur Uat'IIIIS tu M11ppoa1: I lt'l•tur nne& l'llicl IIC't"IIIUUlntur. 
~•i•l l'nlle~·h.n· in the hi~:h t!h.'Clric•aal ~raatll uf . ~. Tlau e•unahhmt inn with ;a hnllnnn. unci 

:.!U tl:u t•:arth"l" nllmt-=phea"l•. . uwtnas tu aauc•hur !41aill hullcttm.ur nu l•ltec•tt·i.·nl ou 
:!. Tht~ .,,aubiuaa&iun with aa ha~lluon~ nf aua , ... u, .. ·ttn• snptHtl'll.ecl h\· ~ttitl hnlluou ntul in· 

t'lt•c·u·it·ul t'ttllt't•tua• "'"PIHU1l'el then.-l.ty aaml snlntt'll tlu.•a•t•frum.uu·e~lc•c•tt•ic,,lau"t•umnlaatua·. 
illl'IUia&ttecJ t ht.•t·~fa•uau, t.•uaupri~iug ll bur O{ lllltl :1 t.'UIUIUchn• (.'Uilllt't'liu:,t ~aiel t'tllltec•ten• 
unll·t'Cttachu·t in~ mntc•riaal. auul aa C.'!nudnctnr · lllul t4taic1 IU'l~lllutalaatoa·. 

::. wuuucl ~"J»il'lllh• au·uuutl l"itit.l hau·. n. The l!nmhhautiou of un ~lt't·trit•nl col· 86 
:;. Tht• <'ntuC.iunt iun with 1111 ~l~tricnl col- . lcoctur. nac~aua~ to HUJ)purt saaicl collltelur aat at 

le~·tua• <'UIIIJU·iliillJC aa non·(.•nutlm•ting bnr, and ; hiJ.rh elt•\·auiun from th~ t•aarth's l'fUrfuee nnd 
:1 e·uu•lndl\'t• ware wuuml tht•roon to fonn 1 wuhiu tlu~ ell.'Ctrit.'1ll strntaa uf the cnrth's nt­
:aa up••n :o,UI.,..tuntiullr MJ>herico.tl budy, and jmusl)lu•re, aua \.'le~tric~al u..-,·umulutor ~t th" 

:~u 111\'1111.., to I"U('))Ol't soid <"Oil~tor in the higb t•nrt t"t!~ ~UI"flll.'t~, &lll eil.actricul COUilt!Cliun UC· 70 
··l,~t·tl'it•ul ~t·uta of the eaa1h~s atmosphere. I t we~u suitl c•ollt!Ctur and saaid all.'CUmulntur. 

I. Tht• l'naubinlltiuu ~\"ith u ltnllnuu, uf uu ! :nulmt-t!ns tu immlute l"llitl support in~ meuns 
e•h·e·trwnl t.'ltlll't'htt• t•:u·rat.'tl thet"l•ltv aucl c:um- i Ca·um suael oollc.-ctor nncl from the ettrth. 
pa:i ... intt n nun·'""!ulm·tiug bur, an .. la polishccl l In tl'!Stim•!ny whea·eof, I han~ lu~reunto set 

:;~ wu·c.· wound .liiJU,ally tl.•crt."m tn form an · my luuuJ tln21 2ath daay of June, 1007. 
capt•u suiJstuutually fiJJht.•t·•cnl body. 'VALTEll 1 PENNOCI.. . 

:,. Thu t:uaubinaatiou witb an eltactricnl col- i .. · "~ ~ ~. 
le.octut• cumpri=-in,rn non-c.'onthacting bar, and j \\·itnc.-.sses: 
u wire \Tutmd SJlirally thereon to form an ! lh:on F. QuiNN, 

40 opc~n substantially spherical body, said wire : Wlr. G. Gul'N. 

~ ~ 
~~~~~~~~==~~ 
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ON THE ELECTRICAL CURRENTS OF THE EARTH. 

BY CJLUU.B8 MATTEUCCI. 

:..;:r::~ ... .._.,~~y · The study of electtio currents in .the terrestrial stmta dates, I think, from the 
J"'~;.,.·~-,-:~~.~!5ff· discovery of the gn.lVIUlomotor. M: Fox, iu Engl&nd, was tho first who saw the 
~'Ctz~~,~~ril~ needle deviate when diffe1'0nt points of a motnllio vein wero touched with the 
::. extremitios of tl•e wire or. the galvanometer. )[. Ueequerel afterwards made very 

~~!1411iii:I.I~~-IJIIIIIIiiillllli.. .... ._ ............. extell8ivel'88eftrchesoneJectriccurrentsobtn.ir.edbotweenmassesofwatorandatrata. 
of earth existing under different contlitionat. Till tbon thotl8 experiments woru 

~Si~4'1~-.. ~ri'~ '"!~1fi'"=··: regardetl but as obscure 011888 of eleotro-chemical action, or c.liJiicnlt interpretation. 
~~~:r:-~~~~~-:;i;-Jill~~'l~'~h~:ere WAS no thot1ght, iu this case, of any such thing as a terrosta·io.l pbeuomenon­
~ · is to •"Y' of sponlnt&e0fl8 electric currents, as the,v are called by the celebratod 

aatronomor of flroonwich-until very strong cloct•ical currents ba.c.l boon observed 
~~:;;.~~r.i1J.in telegmplaic wires <luling the appearance of tile aurora borealis. 'l'lais pllenome- -~~-~~ti1~~~;~ 

u· ...... ,l.~I!Jim DOD presontec.l itself for tho first time, N overnhor 17, 184 7' in the telographio wires ~ 
~~i~~§~~~~~or 'l'uscany, while a J>right o.urom WAS visible on tho horizon. 'l'he description 
~ of tlais phouomonon, which I go.vo to the ~,rcmcb .Academy in a letter a<ldressed 

to }1. Amgo, wo.s fullowod shortly o.fterwards by similar observation~ mac.le 
in the Uuitotl States. In late years numerous observations have boen made on 

~·1111'il..~i; ~N~'-.. 1!. this sul,ject on all telographio lines, ancl havo confirmed tho fir~.;t 1·esults. It 
y..,_~~~~!l:..·~~.,~~;· w~natm'Bl to soek the existence of electric cun-ents and their laws in telegraphic 

:-:-~y.~~;::":'\lfi:-.Wllres. independent or the siniultanoous appeaa·ance or tho o.m·om borealis, and 
Academy of Sciences is cogniza.nt of tho reatearobes on thi~ subject which 

been made publio by sucb eminent savant11 o.s MU. llaumgarten, llarlo\v, 
alltl "\Valkor. When their memoirs a1·o read with tho attention they 

ono can tail to be struck with tho c.lifliculty which proseu.ts itself in 
~Jl&lriO()Ui:&iU~ tho l'OSUlts thoy have oota.inoc.l and deducing HOillO general COnSO• 

might set us in the way of explaining these phenomena.. All these 
.UI;l'IMJeilorollles hu.vo ueen conducted by introducing a galvanometer iuto"(OJ4'gmphio 

~..-..w~ ~..--.... -.~ anti anoasuring the currents at sncl, times o.s the lines wero not in service 

!~~~,~~:~~~·: tmusmiS~~iou of <loa~patcbes. Ortliuaa·y communications, established aatl 
hie ttlutionat botwcou tho metallic wims anc.l the earth, aro etroctec.l, wo 

.~~~~~rj~~-~ tliJiurout ways; sometimes they aro formed by platos of imu or copper 
into the wu.ter or wells more or lass deep, autl connectec.l with tho 

~~ ...,~~M.;11.i~m4,talllic wire:~; sometimes those wires communicate with the shafts of pumps or 
mils of an iron l'oad. With the exception of the distinguished astronomer 

...u., ......... , who seems, especially in his later experiments, to have .. duly con-
the necessity of gnarding against currents excited by tho extremities of 

in cmnnmuication'witb tbe earth, tile observers have given WI no inti­
~..,., w•:uu.•u how theso communications were <.-sta.oliahod. 

et it is oot·diftteult to discover on any telegmphic line taken at hazar(l that 
11161111'11!•~ ,~~~~lli':i::t,:curronts.; obfD.ined in these linea depenu on the hotcroguncowmct~a of tho 

wa~KAA.L'".::-~~ 1111 which cmumuuicate with the e.arth. I have often seen thcsu currents 
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umlergo n cbnngo of sit,l'tl when tho pn~itinn or the pln.teR wns chn.ngctl or, 
their lu~t.crogeneonRness ""''" mOt.lifietl hy cnnsing tho curnmt of u. lmttPry tu pu.ss ·Jii-..,I~~·~~'W 
in a gh·en tlirection. 'l'beso munmts c.litcu.ppear, or nrc considernhly weak•m~ . 
by employing plates antl licptids n.s homogeneous as possihl<". ll~· employing 
more sem~itivo galvanometers atul qnite homogeneous plates of copper, it . 
will rMdily be n.'OOb"llizetl thn.t tho slightest tliftenmco in tho oompot~itiun of· 
tho water of tho ten~inal wells sntlict'B to excite cnr1·ents. It noocl ~·.:u·cely be. 
~Mldcd tbnt in operating upon tole~,rrn.pbio lines, it is necessary to tnko account 
of the secondnry polarities which tho cnrronts of. tho hnttory clevelnp, some­
times in one dirootion, Mmetimes in tho other. 'l,elt~grnphio lineslmvc nlso other···-·---= 

._.=--..---~ causes of error duo to the variable t--ontoot of tbe wiro with tho pusts. .l!,rnm tho 
moment \vhon I proposed to sttuly this snltjt,ct, l felt t".onvimmd thn.t, heforo 
aught olflt•, it wns ut.•cessm·y t.o pn~t'l'S~' n. mc~thod by whida wnnlcl bo n~alized 
tho condition of having long c~mlncting wirl'f', JK~rfl'C~tly isuln.tt'fl, e:lttoncletl in·~~~~~o.·...-: 
<lefinito directions, the commnnicn.tions of which with th~ earth should ue 
lntely homogeuc...'On~, ami which should fimn mixed ch·cuits, nil endowed · 
same oonduetibility •. It was in tho following manner that I attainotl ""c~:~i'•.111;111::iii 
objects: 

'l'he wiro which I emt•loyetl \VAS of copper, two millimetros in diameter, lm(l~~~~~ 
covoret:l witb gnttii.·J.Kn"Cha; this wire wns suspended hy moans of n. sort of 
wrought in tho tot• of n. rocl or slcncler post u£ \\·ooc.l, such n.s is in usc hero 

, .. _......_ ·milittuy tele~:,rm1,hio linCH. 'l'heso wooclcn rods were plnnted at a distw:•-oo·~~o~f~ "ti~ .. c~ .. ~·i·~--~· -~ -~~~< 
or 30 metros ii·mu one n.uothor, in two lines exn.ctly trncod, one in tho n: ., ... ..-,;;;;~a 

meridian, tho other pel"pentlicnlar to tho meridian. Encb of these lines w~~~!J~~~~ ~ ... ~r."" .. ~\ 
kilometres in length, tho plnco where they were est.'lhlishet.l being the .1. 

~~~s;~~~~~~~ Saint 1\laurico, 22 kilonu~trel4 fhnn. 'l'nrin, a plniu sot npn.rt for military OXI~rciseLi~ ... ~~~·-..;~r.:~ ... ~.:..-; 
··~ ,..,...."""_._..,..... 'rho communications bt•t\,·ot~n tho extremities of tho wiro nnd tho earth wa~~~!r{r:-:...,.=:::...~·":~.t:~~ _.,.p .. .,., ll!lillll!l~.,_. ~ffoctetl in tho following mnnuer. At tbo oxtromit.y of ench line I cnnsed "' 

be dug a kind of }tit of rectnugnlnr furm, two motr011 in tlcptb nntl length, 
one in bremltla; nt tho bottom ot' this pit wns formotl n. cn.vity much smaJler, 
wlaiuh might ho tormetl n. smt of cnptmlc, having a witltb nml depth of 30 
tnetrlos. A heel nf cln.y, snch :Ltl iK n~ecl in the fiLhricn.tion of pottery, wus c:u:er-tllJY: 
spreutl uvt•r the interior surf:t.l~O uf this cn.psnle, SO ns tu }ll'OVOUt t.ho WAter 
percolutiug too mpitlly through its wn.ll. 'l'ho snmo wntor, hoing thnt fmm n 
was employetl fm· the four ctwititos, n.ucl tho por~m nppuintetl tu snperi 
cncb extremity luLll n supply of this wuter nt hnml, in orllt•r to mnintnin it col.lStlUlt.ly. 
nt tho same lovel. Lnstly, a pumns cyliaulcr, such as is nsotl fua· tho batteries 
Dnuicll, 1illetl with n. sntumtotl a.ml nent11Ll solnt.iuu of the snlphato of zinc, 
plunged in tho wn.tor n.t the centro of tho cavity, nml t.lao wire of t.hc line 
nuited to a plato of zinc perft.'Ctly munlgamatod, nml which in turn <le:sce~nd41q 
into tho solution uf tho sulplmto. 'l'ho pm·ons cylinders thus prcpamd 
platc~s employetl wore wstetl in nth"nnct~, and this tcRt.ing wns nmewell f1;om 
to time, so as to .ho snro thnt tho plates wore pe1'fectly bomogoucous. It 
happens that two plntes once routlcrod pmpcdy homogeneous undergo 
for sovl~ml tlnyR wucu they romnin cum~tnntly innm.!l'Soll in the solutiou. 
howovt•r. n. Alight hetl,rogeuoity n.p}1en.a·, it will snnico to wnsh mul n.uanl!gal~ 
them anew, iu order to rentler them ngnin homogououns. 'l'ho .two li 
mnAt be nscertninocl in n.dvanco to have tltc tmluo·comlnctihility. In a 
Jllain, like tluat in which I upomtet1, t.ho pitH J,l'ing OXl~nvntctl ia"1 nearly the 
stratum, tho tlifferencl'R uf cuncluctihility conlcl uot be gt·~at; hut 1 SD(:cet!@i 

in rendering them ecpml hy clt•t•pc•uiug hy n. fow centimt•tn.·~ the c:L\·itil's 
tho hottom or tho pits of that Jino which wns fumul to ho lUQJ't rel'il'tant. 

In this manner tho ctmtlitiun~ ur tho circuit which 1 cleem ~ssentiul for 
oxpl~riuu•nts W<"ro rt•n.li:wcl. 1 t. iA )11"t1(1l'1' t.o rcmm·lt thnt, wil4hing to h.•st in 
two similrn· t'xcnvn.tiou~, with t1nvit ic·~ ut t.hc bottom ~~ nhu\"O llosc1i 
ft\l"lllCt.l at a WStallCO of five to siX IUCtl'l"S fl'OIIl 0110 U.Uotlun·, 1 foum\uo 
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current between these co.vities, as I batl obtained none in employing the two 
porous cylinders with their. plates of zinc plnnged in a vat filled with water. I 
proposed also to test bef01-elumd wbether the naturo of the fonnations in which 
the pits were excavated might have some influent--e. With this view 1 caused 
the earth proceeding from the excavation of 1,it21 noo.r tho place whe1-e I was 
establi~laed to be tmusportotl, antl two cavities lonuocl in a neighboring field to 
be flllt."tl with it; l1aviug then int1-odneotl into this l•tu-th, in thu manner already 

: descri1at.>c.l, tbe extremitk"S of tlte galvanometer, I ohtainod no sign of a current. 
. . Very near tho place wlaere tho two lines, north-~uth and eW~t-west, Cl'Ossetl 
one another, each of the lines was intemtpted, au(l the extre111ities thus obtained 
wero J,assed into two CO.J>sules fillet.l with murcmry in tbe cbamber whero I had 
·stationt.od myself with tho hralvanometer. I omploy(.ttl altc1-no.toly tbroo go.lvan- . 
ometors-oue of 1,600 coils, another of 100, wul a tlah·d of 24,000 coils; the 

. nn10bers wbich I shall report in my memoir were obtainetl with the fu"St ol them. 
I must be excused for these long details on the process which I employed; I 

have thought it necessary to give them, as well hy reason of the impo1·ta.nce of 
researches as of tbo difticnltics a.ud uncerto.iuty rnot with in tho investiga­
wbich I have },efore cited. I continuctl t.ho oxpe1iments on tho two lines 

nearly ~ month, ii·om the 12th or 16th of Murch to the 15th of April of the 
presttnt year, dnring.which time the weather wru~ generally fair, the air cold and 
dry, the sun very wo.nu. I cu.nnot report in tl1is ahl:ftrn.ct all tho numbel'S obtained 

this long sclies of expmimonts; fur ten days thu ohl:iOrvn.t.ions wet·o made 
hom· by hour, with a cha11ge of ol•lforvm'l:i. 1 run compolled, therelo1·e, 

~:,rive lwt'O only a recapitulo.tiou of the l'Osnlts at which I ltavo o.t·1·ived. 
1. In two circuits, fmmecl iu the manner which I hu.Yo tlosClibed, it is rare not 
find electric currents more or less constant, wlwa:;o ol'igin cannot be a.ttlibuted 

~&tiSOJlnttely to the hcterugenetJusness of tho tonuintLlmctallic plates, nor t.o chemical 
LctW(.'Cil tho water in which tho plates arc imtnel'ded u.u<l the ten·$trla.l 

2. 'l'ltese currents augment in intensity by deopeuing tho cavities into which 
te111aiuu.l plates are plunged from 010.60 to 2 metros; tho gt·ou.ter conducti-. 

i'ouml iu tho mixc~d liuo hy tlc..>cponing the tcrminnl cu.vitios uccouuttl fo1· this 
'l'ho samo may ho snid uf tho a:;light aml tnuatiieut u.uguumto.tion of the 

cut·rents wlaich is realized by the ctl'oct of ruin ou thu cu.1·th immediately 
; su:rro:uwlll.tug tho en vi ties in· which tho electrode~:~ aro plnugotl. 

· · 3. It has not lat.-on found that the extent of tltu plate~:~ of ziuc aml tlw <limueter 
the porons VCSHels luwe a distinctly null'kecl iutlucuco ou tho iutoUt;ity of these 

c~w~wu.t~, when oporu.tiug u.t a c.lepth of two mctl'c:t. 
the metitliu.n or south-north line, tlao cm·reut has ulwnys mnintu.inetl a 

~·-··---· (lil'Cction; lnmdretls of observt~otious have continually ~hown tha.t.:;.,tho 
t ontoru(.l the gu.lva.nometor hy the metallic liuo cuming from tho tlouth, 

issnecl from it through tho line dirt"Ctcll to tho uorth. lly comparing tho 
neurly conformable deviations ohtainell in thh~ great uuanhot· of olu:~crva­
it would nppetu· that thia:; oummt presents in tho 24 hours two maximums 

minimums of intensity. 'l'ho two miniautmu:~ uccur during the day uml 
night, o.t nearly tho same hours, that is ti·01u 11 to 1 o'clock.· After 

....--~J ..... -.. in the night, the cUl·ront angmcutl:i unc.l attaius a maximum at from 
1 o'clock in tho morning. In tho day this 1nuximum oscillu.tos hctweeu 3 
7 o'clock in tho aftonwon. 'l'ho differcmco of iuten::;ity uetween tho maxi­

and the minimums of intensity is greater than that of 1 to 2. 
In the et}U&turial line the results are very diHerent, aml subject to great 

~1att"on1s. },requently the needle rests at ·uo, frequently it oHcillates, sometimes 
oue qnadmnt, sometimes into the other, ranging frum two to three degrellS, 
evcu 14° and 15° on tho same sido, and uftou ot~cillating aromul 0°. Tho 

of tlw~u cm"l·t•nts, which laus uccul"l'ed 111ot1t Ji·cqueutly iu the equatmiu.l 
was from wost to east. 
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6. D\· cstnblishing c•clmmnuh·ntiuntt l'etwren the lint•s sonth-cnf't, liD11f 
and north-cost, nortla-wcf1t, the CUITt-nttt n•olizctl were gt•n«.>rnll~· those whiub 
latetl in the purtion of tho line pcrtnining to tht~ sonth-north line. · · 

7. Only tbt' h.'IIIJK."a1,tnro nanrt' or lt•fls e]u,·nt«.>d, which ,·urietl from o• at night 
to + 14° or 20° bv dny, wns c\·t·r uhf't•rvt~tl; tho lmmitlity ur tlrynC88 uf tho air. 
nml even stonny ,\·(•ather, land on iuflu«.>nce on the tlin..-etion autl intensity of tho 
«."Urrent of tho meridiou lintl. · 

8. r.rhe t·esnlts hnvo hct'n tho MDl(', whether the metollic portion of the lint 
Wtllf suspcruletl on pu~otts or lnid npnn t lw surfnce of tho t,rronutl. : 

'lVlmt is the origin of these cnrrmatsT I h«.>licYe it impuN~iulo to nnttwer this 
qnestioil with nny confitlt•nct'. 1Yhnt uught tu he' cnn~&idt•r('(l utt Jlcrftactly proved 
by experiment is, tlult in 3 wit't•, wlu.•n it rc'ttdat't' 3 t•t•rtnin lt•ngth nutl its oxtrom­
ities nrc in goutl connuunit·n.tinn with tho t•rn·th, t.lat•re iac tm «.>lcctt·io e'niTCut \vbich 
t.-oustnntly circn lntes, RUt I prillt'ipn 11~· iu t.lat• tlirt·t~ti•.m of t be• mn~nt•tio mt•1idinn; 
the origin of this cnrrtmt i~ m•itht•r in tht• uu•tnllit' pnrt c.•f tho drcnit., nor in the 
tenniual metnllio pl:tt('fl, nur in rm~· cllt'mit•nl nctinn whit•h might he surmised ·. 
between the telTestrinl stmt3 nml these phttett, or tho liqnitls iu which thl'y are 
i11amerst'tl. 

Should these currents be rouFidcrMl ns deri,·Ml tmrrents f I lu"·e ht'retofore :·"i ·..:"~llii~l~·~·­
domonstmtecl, wlaat n\·<'ry one nt preflent nclmitfl, nml which is nccordaut \\ith. 
theory, that tho reHi~tnnt~c of n. ter1·c~trial strntum is \·e~ry Uf!ttrly nnll aml cloea 
not vary with the length of tlant strntnm. 'l'hof'O cont~itlemtinns arc not Iavor­
n.ulo to the idea t.lan.t tho cmTcnt.- we hn,·e clcscrihetl n.ro clcrivetl etan·ents. On :l~~~~f'l.~;~~':' ·~·--­
the plain of Saint !Iaurice, I hnYe umclo some eXJN'riments to Of;Certnin to what . 
c1ist&'lnce from tho elet"trocles of tho hnt.tery dt'riV('(l cnmmts were stmsiblo. I 
n8Cll for oxtremities of tho dt~Jivt'tl circuit tho snmo plotes of zhao plunged in the 
Rntnmted solution uf tho flnlphnto of 1.inc which luwo hm•n clcscrib ... d n.t.uve. 'rhe · 
circuit of tho pile \\'M six Jdlomeh't'S in lc.•ngth; its extr«.>mitics cun~istctl ut' square ..... -~ ........ 
pln.tes of ~n)'pt•r, 20 t'('ntimeh'('R tu tht~ ~iclt•, iuuur.rsed in "·nter to tho flepth of two 
metres. '!'he hnth•ry wntt c••mpullrtl uf 20 t•lt•nwnts of Hnnit•ll; tlat• gn · · 
meter of tht.• tl<>rh•«.>tl cin~uit. wns thnt of 1,500 coil~, ht•ful'O uwutiont•tl. 'Vhen 
t'Rcb of thl' clet•trtttlt•l!l nt' tht• clt•ti\·t•tl t•irt•nit wnp n.t 3 ditdnn«"o of 10 mt•tres from 
tho clt'CtrutlM' of tht• hnttcr.'·, inn. tttr:ti:U"ht. lino ht•tw<"en these t'ltach·Otles, I ohtninetl 
a stt•mly tlerin•c.l unn·c•ut ut' :J:I0

; t hit4 tlt•\·int ion rc•mniuetl con stout dnriug tbe · · 
"·bo.lo tim~ that the• cnrrcnt of t.lat' buttery tlicl not \·nry, thnt is for seveml hours. 

~~~;~~~~~~~! On mcrenamg, to 50 mc.•tJ't'll, tho tlist:uaco ht•twc.•t•n tho dt.'Ctrodcs of the hnttcry·j:J~-,~C..~t;ll~fr_,:~ 
il nnd thol'O of the tlerh·t•cl t•in~uit, t lwm \\'l'l"<' 4° ut' tl('rivetl cnn·cnt; n.t. 100 metres at~ ~:'-Z'~~">'~ 

this dewintiuu wns hnn.•ly hult' n. tlt•grt't•; naul nt. 3 tlistn.nc~o of 200 mett"l's, it ia. ~~;,..- ... 
doubtful whetllt'r tht•a't' wns Rll\" lllo\·t•mPnt nt nil in tho "nh·nuomerer nt tho 

_...,_ ........ closing of the circuit of tho hntt;~n·. It R«.>ems to mo cliflicult to derive from these 
~xperiments any satisfactory rcply.as to tbo uo.turo of tho elechio currents observed: 
in long mixed lines. --~~~ 

Gene!n.l Snbiue, tho higl~est nnt.hm·ity of tho prcRt'nt <lny in }>Oint of teJTestrial.:1~~~~ 
mngnet1sm, nppet~J~ t~• a~tl11ut nhsolntPly _the moguetic inUne•~co of the su.n upon· ;.1 
tho earth. llut., 1f tins mJlnt'tWtt hf' ncluuttccl, whnt t'xplnnn.taou c:m he gtven of·. ~·-~~J~ 
the cun·euts wo oht.ninctl mul tho cliflcrunc('s of thuso currc.•nts ncconliu•• as the -~~·~~~~f' ~ 
liuo is in tho mc~illinn or pt••·pemlit•ulnr to it, or tho periUtls of intensity in the 
former of those hues 7 Assnn•cllv t ht'RO man·ents cmmut ho tmrrcuts of imluction 
due to tho rotatiuu uf tho enrth. • 1 t is stated that l!,at.lw1· S«.>cchi, tho indoJati- · 'ff~~~~~-.c~ 
g:t.hlo astronomer of ltumc, is occupied nt this time in iu\•t'Sticrn.tiuu· tho oonuec-: 
tion which exists between tht\ clectl"io currents of loner mixctlliues

0
aml tho vati- · ·.!J:=.~·~~ili:~~ 

:ltiuns observed in tho instruments which mc.•n.sure tho ~aagnetio force of the earth. 
If n connection of this kiml wore wull ot~tnhlishml, wu should certainly have tukeu : ·.m.~·--=~·-·-• 
a ~tcp towards tho iuterprctu.t.iou of tho electric pheuomonn of the e:1rtl1. r.iliiW.~~~~td::'~ 

It remains to report n result which lms sumo impurtanco, and which I htt.vo · · 
constantly realized: 'l,he~ turresta·iu.l currents ho.vo a grcate1· intensity, iu the 
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cas& of a mixed line, when, the distance between the eXtremities remaining tho 
the terminal c2nities which constitute the communication between tho wires 

and enrth are at different levels, than when these communications are estab-
lished in a horizontal plane. For the verification of this, I have established on : .ai!.411f'.;.;~"~~t,.~~~~:.~ 
the heights of Turin a line whose wire, in a stmigbt direction, has a length of !....--...... _, 600 metres, while the tcm1inal cavities have a. di1ference of level of 
nearly 150 metres. Tho line which joins the two cavities is in an inte11nediate 
direction, or southeast and northwest. 'rhe cun·ent has circulated constantly, 
fur five or six months, from below upwt.Lrds in the wire, or from the northwest to •r.-.•·~~=r.. 
the southwest extremity. All the precautions which I have befo1·e described 

. were observed in the construction of the cn.vities in ~·hich tbe plates of zinc are 
. BUnk, and I n.m certain tbat the current obt:Uned depends neither on u.ny hetero­
geneousness iu tho 'vire, nor on tho tenuinal plates, nor on a. chemicn.l actiou 
between the pln.tes and tho terrest1inl stmtn. in which they ru.·e imbedded. ""hen 

· e:t.ro is taken, as I have pmcticml fur sevcrnl days in succession, to maintn.in at a 
· constn.nt height tho liquids of tho terminal cn.vities, that is to say, tho water n.n<l 
the solution of sulphn.te in the porous vessels, tho deviation remains nen.dy inva.ri- ·~=ii~~~·~·=~ 

. &ble, whatever may be the state of the sky and temperatw·e of the ail·, and only ;: 
· after quite a long rn.in bas the deviation tempomlily incren.sed. · In this line I 
·1Jave not 1-cmal"lted the periods of which I have spoJ,en. Other lines of nearly ,...:.~:~ 
.·the same length, est:J.blishcd in similar foi."'Wl.tions at tho foot of tho hill on a 

~-~- horizontul plane, yielded no sensible devi:i.tion. 
H the influence of the diif'erence of level of the extremities of the metn.llic line 

should be verified in a great number of di1ferent cases, if the direction of tho 
corrent in tho wire should prove constant, that is to ~, always from below 
. upwards, might we not be tempted to attlibute these cu11·ents to t.he negative 
electric state of tho en.rth, the tension of which is then unequn.l between tho plain 

--·-----•• and the elovn.ted points, as we find in an electrified globe comrnunicn.ting ~ith n. ~...,;)!! .. ~,.: 
r~~~::~~~~~~~ metallic point T As the signs of the positive elect1icity of the air are seen in "'-1--'-'··',~-
:.ti effect to a.ngment in proportion as we :J.Scend in the atmosphere, so abo are the 

. signs of ne~l':J.tivo electlicity found to be stl"'ngcr in ascending, when au isolated 
·copper \Viro, one extremity of which communicn.tes with the earth, is ca1Tied with ~:~~~~~~tl.~~~]~ 
the other extremity in contact with the ball of the electroscope. 'rhis c.xpla.nn- ~ 

:~~~~~~~,;~~~ tion might P8 submitted to proof when the atmosphere presents for a ccrtmn 
timo signs of negative olt..-ctricity. I hn.vo ·sometimes obt:t.incd vet·y transient 

:.i!R~\;I-Ii~1!'1!Jll:~i'11E: signs of this electricity at tbe approach of storms of min, without noticing any 
variation in the current of tho line. 

My chief object has been to in\'cstignte tho relation wllich exists between 
these ctuTcnts and atruosphe1ic electricity, and next, to verify the result obtained 

~i~·· and described in tho first part of this memoir, by studying these cu1Tents in 
lines, the extremities of which are sunk in the earth at different levels. The 

~'L".._.._...~ first OX}JCliments were mn.de upon tbe line above desclibed, between tho hill of 
'l,urln n.nd tbe adjacent plain. The extremities, a.s has been already said, were ter­

. minatet.l hy plates of n.malgamn.ted zinc immersed in a sn.turn.ted solution of sulphate 
of zinc coutuined in a porous vessel, which was plun~ed in turn in the wn.tcr of a 
sort of capsule oxcavntL>tl from one to two mcu·es below the surfn.ce of the cru-tb. 

~~;o1L"'ii,,:,..:~...;;;;;;; This mudc of constructing the mixct.l• line is the only ono which yields sure a~d 
constn.nt results, a.nd I woulcl advise n.ll physicists who occupy themselves w1th . 

. the subject not to devin.te from it. 'rho water which filled the two cavities wn.s 
_.,....,..-..: the sn.me, and CMe was taken to maintn.in it at a constn.nt level. Dwing several 

days of July, in tho prescut year, I have continued to observe from hour to hour 
tho devin.tiuns of the gn.lvn.nomcter inserted in this line; the current was always 

· an ascending one in the wire, though I changed several times the' position and 

· · • By this term we understand a circuit composed of an extended wire and the atmta of earth 
iDtervening between its extremities.-J. H. 
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tl1e ground in which the tenuin41 ca,·ities "·ere clug, and the tle,-i:ltion was not 
f""nd tu vary in a lnpse of manr <lays, pnn;cled there \\":18 ntaither tt•Dlpe:)t nor 
min. After min,. the de,;ation was coustantl~- seen to ineren~. I luaro satis­
fied mysel~ by measuring a constant current tmnsmitted in thitc mixetl cirL-uit, 
that the augmentAtion which ft,llowed min was only the efF~t of the better cun­
tluctibility of tho enrth deopencling on a t~tatu uf ~rrmtt"r lnnnic.liry in tho telTet~triul 
stmt:am imme<li:Ue1y in contact "·itb the es:tn.•mit.ies of tlal' line. Ancl, in 1uct, 
it coultl be ohtnilu .. "tl by pouring annmd till' l·:t'riry in "·hich the l'lcctruc.lt.-=s wero 
plunaed, within a. rndittllf of two to three metnas, a 1't~w lmckl'ts of water. 

I ~:n·u triL"tl tbo immersion of tho electmc.lt~ iu tbo wnter of n well, which wa 
etrectetl by a very simple conbi"-nuce. ltur this pu11mse, I tulie a thick square 
piece of cork ancl fix, in a. hole mncle in tbis cork, porous ves~:~els fillec.l with sul­
pha.te of zinc. 'l"l1e <..'Ork sn:;pentle(l by a cord flouts ou tlac watt~1· of the well 
into which tbe ponms \"essels c.lt.oscencl;. hy· nu•nn::~ of a copper wh·c CCIV£~rec.l with 
gnttu·perc:lm aJUl 1Jomul to the c01·d, tho l•lt'Ctrode uC zinc w&~ iutn~tlm·cd intu tho 
porous ves~l ami conuunnicntt'd wit.b th~ liuc. I was thus ahlc to <.•.stahli2ih the 

' IDiXt.><lline, employiug the \\"Cll W:Lter tlS l~Xtremities of the tCITestrial ~tranun, in 
which the electrodes wero sunk. With this al"mngement, also, I have realizucl a.n 
ASCending cuiTCnt in tho wit·t",a.nd the dovintiou was only a few dl"brrees gn•o.te1· tha.n 
that of the cmTent ohtuinlad hy using the artificial cavities or pits which I have de­
scn"hed above. By nsiug tbe wellK \l"e bnve this mh·antnge: tlmt tl1e conditions 
of conductibility of the terrestJ.ia.l strata. into which tho electrodes are iutroduced 
reuw.in inYnrinblo. It hi nccessa1·v to nsce1·ta.in iu advnnce that tlae "·aters of the ·t-z~~-~1:~~~~~~ 
two wel.k;, when those "'hich we employ a.re in two c:wities fimuecl in the earth t 
at a ~hurt llistu.nce frnu~ one anothl~r, do not yield nn t•lt"ctric current. I have 
variLacl ~lS fur us possible the oxcnvutions sitnnted at differont level:;, hut in nil 
t.-a.ses ha,·e fonnc.l th9 current in the~ metallic· line to },c an m~cendiug uue. I waa 
even euuhled to divide the line at the hill of 'rnrin, a length of rwurly 600 metres, · 
alJOnt midwny where there exi~tl"c.l a well, aml this l'l"lllnrltahlc :mel constant 
result wus n.•ulizec.l: thut, nutwithst'nmling the greu.ter nosist:mco of the entire 
line, the enn·eut, wlaich· cuntium .. 'tl to bt\ m;cenc.l:mt in tho two lmh·l's, hacl still a 
ll-ss intensity in the two linf.>s takt"u sepnrntely than in the entim line. 

I haYc hutl au opportunity of oln;crving in th~e line:; tho effects of two or 
three stonus du1ing the month of July. I will fit-st rcmnrk, tlmt I h~\·e sa.ti:med 
myself tb .. 'l.t in lea.\ing one of the extremities uf tho line in comnumication · 
the electrode a.nd the earth, nnc.l the other in tho air, I hml nc,·er uny truce of 
cutTcnt, ll\"Cil \\'hl•u using a galvrmomctm· of 24,000 cuil~. I hnvo often 
th~ o:s:pt'tiruent of putting nu isolnt~l motallil~ Ye~~cl, ut tho l'flll of a. woo<len 
staff from seven to eight Ul(•tres high, in commnnicutiun with the extremity of 
tbu line which was in the air; placing in the ,-esscl sometiml's lightctl 
sometimes tonclHvood, somct.itues slmvinbrs snturatetl with Imming nlcohol, 
order to oht:a.iu :~. largo flame nud a current of hcntcll :a.ir. In nil the~ 
mont~, whichever might he tho extremity of tho lino immersed in the 
mi~cd in tho air, I lun·e lll'Yel' ohtninec.l a t~igu of the cm1·l•nt in the most tl 
galvnnomett"r, prm:idc.•c.l cnre were oh~<.·rvetl to h:ulute the line effi•ctunlly 
uct-onut wem tnkl'll of thl' iudimtion~ uf tlw galnmometcr nt tho motuc.mt 
it wns neccssnn· to tonch tht' line with the lmud~. 

Noithur, lhu·i;ag storm~, Im .. ·o I oh~l't'\"cd, with tho liill', whic:h wns only 600 
metres in Jength, any dt'viutiun in the necc.lle at the momt.•ut whon lightning . 
flushed between clouds, pt·o,·idetl the two extremities of the line ~re not in com­
nmnicatiuu with the grnuuc.l. '\\"hen this conununication is ... esta.hli~hell and a 
deviation of the needle has resulted fwm the tcrrc~trinl ctuTt.•ut, n 'snc.ttleu m 
ment is seen to take plncu at euch flush, such ns would bo occa~iuu'ccl by tlw dis- ·-~~ill-~~;:', 
chat'O'C uf tho torpedo fi:sh. I ohl'!l'l'\"ec.l tLt tho sumo time tho gah·:momcter· o.nd 
nu olcctruscopc of c.lry lmt.tcril•s (cc piles si:cllcs) comtunuicutiug with au iruu wiro 
frulll se\·cu to eight llll·tw~ long, wdl il;ulatc:c.l ~uul misctl iu the nir, ~Llllllmving 

·.:~r ~IEllil 
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a piece of lighted touch-wood at the upper extremity. Most frequently the elec­
troscope gu.vo signs more or less· strong of positive electricity, which au~rrnented 
suddenly at the moment of the Bash. At the same instant the needle of the gal­
vanometer :Dlali6 a. deviation of at least 15° to 20°. This sudden deviation was 
always in the same direction, indicating an ascending current in the wire, and 
was n.dditionul to the terrestrial curreut. It lihould b6 remarked that I have 
hn.d tho opportunity of nmking thi:i obscrvn.tion in a cn.se in which, on account. 
of pln.te::t of copper being employed n.s electrode~ th6 current of the line wa.s con· 
tmry to tho terrostli:U current which is constantly obt:t.ined with electrodes of 
zinc. 

':rhus, then, the ascen<ling current in the wire whose extremities t.Lre sunk in ..-.:::::-:~ 
CO.\'ities which have a dilference of level of about 150 metres, n.nd which, from ·~1·~~~~~~ 
tho maamer of opemtiug, must be reg-.~rrdetl ~ a·terre=:;trin.l current independent 
of tho cbcJUical a.ctions of the electroclc.."d n.1ul r;he st1":l.ta of the ea.rth-thi~ current, 
I sny. :t.ngment::t smltlculy at tho morncnt wuen there is n.n elc..~tlic w1:10h~e 
between cloml~. There 1·cmains here an i111portant observ:uion to be mn.de, 1n 
which, as yet, I ~1.ve not been n.ble to succeed : to notice, namely, what would 
happen when the a.tmospueric electricity is negative. 

I hn.ve deemccl it of some importance for the theory of these phenomena. to .S:~IIG~'5"~ 
substitute for the iron '\\;re suspended on bells of po1·celain, a. copper wire covered ~~.r:ll-. .... 
witl1 gutta-per<:hn. laitl upou tho ea.1th a.nd buried u.s much n.s possible in the gmss 
a.ncl under the lcn.ves. None of the phenomena before.described in the su~pended 
line, wbothcr with n. clear sky or dwing storm~, have been mOtlified by thi;; 
cbn.nge of tho metn.llic line.. We can conceive that during the flash of lightning, 
at tho momcut when an electrified cloud, which hwl acted by influence ou the 
points of tho grouull pln.cetl within its sphen~ of n.ction, discharges itself and sutl· 

- , _ _.... . clenly cca~es to a.llt, a suuclen neutmlization mny take pln.ce in the conducting 
wire, producing the electricn.l effect noticed with. the gn.lv-J.nometer. ~~ 

It remains for me to report tho results I hn.ve obtained by operating on telc. 
1~~~,~~~~- gmphic Hues of gren.t length wul whose extremities we1·e n.t a gren.t ditl'(n·ence of 
~ ~:;aiC=~ level. I employed tho same galvanometer n.n<l the same process of co•nmnnica.-

:il~:~~-~·~( tion for the cxtrclDities of the line with the ea1th, that is to say, pln.tes of a.mal-
.. ~-·~~~~~l::ll gamn.tetl zinc, imtnersed in sulphn.te of zinc, contn.ined in porous vessels flon.ting ?_~~~~?tai~!£ 

.,. . :on the water in the llULnner I have described. 1 have made th1·ee series of experi- \~~~~\;~ 

ments, one on tho telegraphic line from I vreo to. Saint Vincent, in the vn.lley of ~~~~~e~~~~~~ 
'i~l~~~~-:~(~l~~ '!(~~~~~~-~ -'~~~~W~;~ 36 kilometres iu length, n.n<l i.u which the difference of l~vel of the cxtrem-
.4111 wn.s 281 metres. Tue second series wn.s mac.le on the line from Saint Vin- · 

~--···cent to Aosta, 2S kilometres long, the tliffereuce of level of the extrmuities being 
· 83 metres. 'rho thin11ine, 27 kilometres in length, pn.ssed from ..!osta to Cour­

, at tho extremity of the vn.llcy, aml the <lift'erence of level of the two 
extremities was 642 metres. 'fhe clectrotles of zinc were sunk in cn.vities dug iu 

· the to the tlcpth of about half a metre. 'l'hcse cn.vities ! cn.used to be 
IL~~~If .. J511<~ h tho whitish water pt-oceeding from tho glaciers, ,.,·hich flows in great 

~~!"'!~~; at>UDtl3.lflCO in tho vruley ; heing that which, Ulltlcr tho cu·cwnstn.nccs, might bo ,.Mi_1!1Mit:·'"f1rf~ 
~'-':!"OIJ!'~;"lll'!::~ considered n.s haviug iu every respect tho sn.1uo composition. I =:;houlll~:~tace that 

~....., .•• ,.:...ii~4''.:"'1_.._......_ line from I vrco to Srunt Vincent is neady parnllcl to the melidian, while tho 
:..-"'11!1~'\~."1~~·.._.~~,:· other, from Saint Vincent to Courmn.jeur, iutcr::;ects the fonuet almol:it 11erpou- --..-. ... ---­
~~~~~~-....~~ diculady. 

· Tho fullowhw were the re=:;ults obtained .. '!'he electric currents in the~c three 
._..-...-~ •. '•••u""'' notwithst~ndiug the much gren.ter resistn.uce in compn.risou with, tho line of 

•w--~:.bliU metres on which I hn.tl previously operatcll, were struugct·; ns wore ultiO tho 
fCil'Ula.r duvin.tions, so as to rise from 40° to G0°, o.n<l eYcn 50°, im;tcfLCl or 20° 
·an~ 26° which l ha<l 1·cu.lizccl ou tho hill of 'l'udu. 'l'IHJ CXJ1crhucnll:6 were 
,JD:I.dc at very dilfcrent hum"!;, lmt tho rugulaL' clo~Ul.tion huli<:atu•.l in oy-cry <::~J 
an asccmliuy cnrrcut iu tho wiro, wt in thu u~pcrum~utH uu th~ huo u{ tlu: lull 
just mcutioucd. ln thu greater uuw bel' of ca::c~:;, the deviu.tu>n or the llCclllU 
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remaine.l nt tho s.-uno angle dnring the whole experiment, wlait~b sometimes COD· 

tinnflfl fiar nn hunr; bnt 1 bnvo oht«>r\•etl also, withmtt any dumge luwiug occur· 
red in the state of t!to sky, a movemuut in tbe noc"tlle al111ost pcriutlic. 'l'wico I 
laavo ~~~ tho · nt.>etllo clevinto at tiNt by an ascending cttrrcut, mad aft.or some 
nairuatt.'B cll'1!1COru1 tu zom, then pali4R iut.o tlao op(lOKito ttnntlmut nn•l retum ruter­
wnrcls to tho t•rcviuns deviation, bt.acuming c\"eutnally Hxetl mull•r tho action of 
tho ctu't'Cmt IU'(."ttnding in tho win,. J t hn.M fi«.'Ometl to mo thu.t t.J.iN phouomo1aota 
\\'1\14 l•rt."flf•ntetl wlmu tho \VMc'r whic~la fillc•d tho cnvities of the' olt.>ctmtlos wns in 
n•ovcmout mad llowotl mpidly awn.y n.rotuatl tbo porous vosSt•IR. ltt.•fll~tiuu on 
the condit.ions under wbich wo n.re ''nmtlellt."tl to orcmto in thiR sort of oxt-.eri- ·~~=-~,\1:~~,~~~ 
mouts, will snilico to evince tho clillit~ulty of ~·lving all tho doubts which way 
present tlaemRelvt-"8 in tho t•rosoout.ion of otar burnirit.'S. 

NotwiUastmuling tho diUicnltit.'tl inhcn•nt in such resoorohcs, aml which impose· 
on tho (lhysicist tho ~,rroatest fl"S(..'fVt~ in his coudnl'ions, we tnuy rt•g:ml, I think, 
the following rt>snlt1.4 ns .l't•untlt>tl uu n lnr~ro number of fncts conJonuu.hlu with one :1i~~~.-.:;~~~t~ .,., ....... ~. 
amotbor and ohtninocl nuder dilft.•rent cirenml.4tanccs : ~~~~~ .. ~~~~l:~ 

'Vlaen B riaetallic line iR stretclu."tl upon t.ho oorth, but isoln.t<'tl from it, \Vlaile. ] 
the extromitit'S of tho wiro cumm•micu.t.o with tho enrt.h at two points hn.viug a ...... r~""'~'":'"..._,.._ 
diJfenmt olovn.t.ion, 11.11 olootric muTtmt circnlu.tos mmstnut.ly in tho wiro, tho canso · 
of which current ron be n.ttrilmtctlucithur to tho chumicnluctiou of tho electrodes, 
Dor to tlant uf the tcrn~strinl stant.u. in which tlu~y aro sunk. 

'nais unrront is con~:~tn.ntly tlirentt."tl in tho wiro from the lowest town.nls the 
laighest point, anti its intensity iH gn~uter iu tho longer lines aud us tho tlilforence 
of level of tho cxtromitit.'S is more c.~ouNidomblo. 

'l'ho intensity of this cnrreut docs not vnry sensibly with tho tlepth of the 
cn.vities in which tho olootrotlt..-M nru snuk, autl is tho same in tho wire tmspondctl 
at some metres from tho ground ns in t.lant which is in contact with it. 

'l'wo cin·nmstmaces t•rt•fi1Cut themf;oh·os ns constantly nssoci:Lk'C.l with this tlbe­
nomtAuon, dn•must.n.ncl'S which, by their RtULlogics, nmy nssist in t'xplniniug it; _111~~.-.~ 
] ~uean t hl~ clitll-rtmco nr tcmpmntm·o of t.ho h\"0 oxtromo points n.ml tho tliU't.•rence 
of elt.>chic tl•nllion of tht'tto puintil. 1 shnll only rmunrk hero that 1 could cite 
resul~ iu which tho intlnouco ot' diJli..•rouce of tempeautnre C·oultl not ho consid­
ered as <.:."LUSO of this phenomenon, which to we appew'S toLe duo to tel'l'Ostrial 
electricity. · -. ._. ............ . 



. OBSERVATIONS ON THE ELECTRIC RESONANCE (BOURDOID\~1> 
OF MOUNTAINS.• 

Leaving Sa.int-l!oritz (Grisons) June 22, 1865, I made an ascension of the 
Piz Surley7 a mountain composed' of crystalline rocks, whose smnmit7 more or 

·'""~-=~""-L less conic, attains an altitude of 37200 meters. 
.,.-_ ........ _.___._ . During the previous days the north wind had constantly preVUI1ed; on the 

Eo;.~-2!;!!d the wind became variable, and tho sky was charged with floating clouLls. 
Towards midday these vapors augmented :md gathered in masses above the 

~~~~ highest summits, snst:Uning themselves, however, at snch an eleYarion as not to 
veil most or tho spires :md peaks of the Engadine, on which fell soon some loml 

........ ..,...,~.~. sho'\\·ers. Their aspect of pmcdery vaps7 semi-transparent, caused us to tako 
them for mere squalls of snow or sleet. . 

·In eft'ect, towards one in the afternoon, we were onrsell"'es assniled by a fine 
and thin sleet, at the same time that similar squalls en\·efoped most of the spires of 
rock, such as the Piz Ot, Piz Julier, Piz Langnrd, &c., and the snowy summits 
of the Bemi114, while a voilent fall of min descended on the valle't- of Suiut-
lioritz. , • · 

..... -.,.~·---~~r-.. .. ~r.:~.,... Tho cold increased, and half an hour later, when we h:ul arrived at tho top of 
. tho Piz Surley, the full of sleet becoming more abundant, we disposed onrscl,·es 
· to take a repast, and len.ned our stn.ves against a small pymmiLl of dry stones 
which crowns the summit of the mountain. Almost at the sn.me inst:J.nt I espe-

..... ,;r· ten,ced in tho back, at the ·left shoulder, a. piercing pain, like tho.t which wouhl 
produced by a pin slowly driven into tho flesh, and when I "applied the hand 
the place without ·finding .anything there, -similn.r pain was felt in J~o 

shoulder. Supposing that my linen overcoat contn.ined pius, I thre\\· it 
; hut, far from finding relief, I perceived tbo.t the pains augmented, invading 

----"""~·-~"' 1111111 '?tt•A whole back from shoulder to shoulder; they were accompanied by tickling,· 
distressing twinges, such as would be produced by a wasp which was m-cep­

--~.,..,-"'i ..... over the skin n.nd piercing me with stings. Hastily .removing my second 
~~-=~~~~ll!lfi~~li' I discovered nothing of a nature to ~ound the flesh. 1.'he pain, \vhiob 
• continued, then assmned tho character· o'f .a bum. Without ieflecting, I 

~~~·lii·~~~M;~·[;.;d tbo.t my woolen shirt, thong~ J; oould not tell how, had taken fire, and 
going to throw off the rest of my apparel, when· our n.ttention was attrn.cted 

~-·•~.J a noise which resembled the humming of large insects. This proceeded from 
'--'11U~~~~arthree·staves, which, inclined against-the rock, were cltanting loudly, giving 

a whistling so.und analogous to that of a kettle, the water of which is on the 
of enterin«P into ebullition. All this may have occupied four or five minutes. 

comprehended, on the instant, that my painful sensn.tions proceeded from an 
~~~~,~~~~ electrical efHux which was taking place from the summit of the mountain. 
t:: extemporized experiments on our stn.ves yielded no appeo.rance of any 

uor auy light appreciable by day ; they vibrated with force in tllo hand 



aud gave a very distinct sound ; whether held in a vertical position, with the iron 
point above or below, u in o. horizontal one, the vibrations remmued the same, 
but no sound escaped from the surface of the ground. · 

The sky bad become gmy over its whole extent, although unequally chu.rged 
.with clouds. Some minutes afterwards I felt the b:lirs of my head and face 
stD.nd on end, imput!Dg a sensation analogous to tho.t of a mzor passed when dry 
through a stifF beArd. A young Frenchman, who accompanied me, exclaimed 
that he felt a sensation in every particular hair of his incipient moustache, and thAt 
strong cnrrents were ~ from tho tips of his e:J.rS. On lifting my band I 
felt currents quite aa distinctly 'escaping from my fingers. Iu· short, n. strong 
electricity was flowiDg frqm staves, clothes, eAnJ, hair, and from all the .Uent 
parts of our bodies. · ··,;. ' · · 

A single explosi(m' olthlinJer was now h&A'nl towanls tho west in tho distance. 
Wo quitted the~ of. the mountain '\\ith spme pt-ocipito.tion, n.ntl tlescendt.>tl 
about 100 meters. In proportion as we proceeclt.'tl our smves vibrated less n.nd 

~~~~i less strongly, and we stopped when their sonn~l had become so feeble as to be 
no lo11oaoer perceptible except on bringing them close to tho ear. 'rhe pain in tho 
back batt ceased with the first stops of tho descent, but I s.till retained a certain 
vague impression of it.· ' ! . ---- ._,,c_,., __ 

Ton minutes after tho first, a second reverberntion of thunder was heard to tho 
west at a great distance, U(l these were :ill.. No lightning wn.s seen. HAlf an 
hour after wo htulleft the summit tho sleet hatl ceased, the clouds broke away, 
and at 30 minutes after two we again reached the topmost point of tho Piz 
Surley, there to find sunsbhie. · 

'Ve judged that the same phenomenon must hn.ve been produced on all the 
peaks formed by projecting rocks, for all, like that which \VO occupied, were 
enveloped in whirls of sleet, while no con<lensation showed itself in the rest of 
the sky; and the great suowy summits of tho llerninn., to which clun!f groups of 
clouds, seemed also exempt from it. But, tho sruno lln.y, a violent sto1111 burst 
upon the Bemese Alps, where :m English lady wns struck by lightning. On 
the horizon, divers peaks, especially the sharpest, such n.s tho Piz Ot ancl the 
Piz La.ngnard, continuec.t to· be enveloped by sleety whirls, oven whcu the sky 

llill'_.~.- had everywhere begun to grO\V blue. • 
I had been the witness ot" another case of the etBux of electricity from tho summit ~~~.,.,.:; 

of mountains when I visited, iome years ~· the N evatlo de Tolucn, in .liexico; ~=-- ... -. ... R'I~ 
but there tho phenomenon had still more mtensity, as might be e~pocted, since 
it occurrec.l under the tropics, o.t :m altitude of about 4,500 metet'S. I muy be 
allowetl to cite here what I hnve elsewbero sa.id of it. • · 

In the month of .August, 1856, I made, with .li. Peyrot, the ascent of 'the 
Ncvado de Toluca; it was in the miclst of tho miny season, and there wns some 
degree o£ imprudence in attempting the expedition at thnt time. 'Vo ntmined 
the summit withont any menacing appearance of tho skies, though cumuli wore 
to be seen here ami there, and from time to time fogs settled ou the neetlles of 
rocks which spring aloft f1'om the crest of tho mougtn.in. 'Vo rested on tho 
border of the crater to recover our strengtb aml enjoy forB moment the !,J'faD<l 
spectnclo which unfolcled itself at our teet. }'\·ulll the height of the cclgu tbo 
eye plung'--d into tbnt immense amphithc.ater, whose focus, ~ong extinct, is now 
occupied by t\vo small lakes, townrds wluch we were proparmg to dt>scend. A 
cold an<l disagreeable wind arose from this gulf, and, whilo we wel'c to.king a 
sli•rht repast, we sa\V a thick cloml penetrate into the cmtet· by its southeast 
nr,fch and asceml towards us, eddying at·ountl the walls of the arnp1tithcater .. 
l,rcsently we were en~·eloped in a gl:t~iul fog. Snrp~isctl by. this th~·e!'t.eui~<g 
s\·mptom, we saw thn.t wo bad not au mstnnt to lose 1f we wtshed to Yll:!tt the 
crater, aud I commenced clambering down ?ver tho rubbish which lends to the 



... 

bottom of the abyss. . But scmcely had I reached half way -when ·the storm, 
bursting forth with astonishiug suddenness, obliged me to reascend as soon as 
possible towards the point I had left. · . · ~t~~~ 

There was at first a fine min, then small h:.Ul, driven by a violent wind.· In ~~~~ 
a moment the mountain became white and the cold intense. The bmsta of j 
thunder,. at first interrupted, soon seemed to roll without cCssa.tion and with fearful 
cmshes, especially when they issued from the· circuit of the emter, into which 
darted, at ft-eqncnt intervals, &shes of li~htn~. Without shelter in the midst ~St;:~-~ ~:M.~ 
of these naked 'rooks, without even a b.tock· behind which to- cower, nothing .... ~...,.~ 
.remnincd for us but to sit down on the earth with backs turned to the hail. .After -P":'-~"'-
the lapse of some time the cold becmne insupportable, and the dread with which •iiij~~S·~~~~ 
the tempest lwl inspired us drove us from the summit, though our observations -' 
wero untinishcd. While we descended mpidly the rocks of the Neva.do, min !l~~t!~~~~~ 
for a.n insta.nt succeeded the ho.il, :md ns we coasted a small stony mvine, • formed 

. by ancient outcrops of trachyte, and where the vegetation of shrubs commences, _.,......,.-.,.,. ....... 
the storm seemed momentarily to subside. The thunder ceased or drew off to a 
dista.nce, but we presently saw a gmyish cloud advance, which enveloped us 
during its p~ooe, and was accampanied ·wit/1 sleet. Immedintely the hair of our 

· IndiaD. atten<umts was observed to be in agitation as if about to stand erect, and 
we experienced various electrical sensations in the beard and ears. . Next a dull, 
undefinable noise wns hearc:l, at first feeble though geneml, but presently stronger .. ~.Mill" 
and perfcctly distinct. The~ wns a. universal crepitation, llS thou"'h the smaii 
stones of the whole mountain. were clashing ~ouinst one another. ·Bur terrified ... ,...,.~ 
Indians guve free vent to thoir supCl'Stition in wo1'Cls, and it cannot be dunied 
that there was something disquieting in the sounds which- then prev:illed in the 
mountain. This phenomenon lasted five or six minutes, and then the min and "!AA .. N-.~:·-=~;Id~~~ .. ~~ 
thunder ~"'Zlin commenced in full force. Tho stonn became more supportable 
when we liad descended to the upper limit of the forests, although one of those 
diluvial rains was falling which characterize the hot scnson under the tropics. 

):[.F. C1-uveri, an Italian ph\·sicist, settled at 1\Ioxico, who, beforo mysolf, had 
made an ascent of the Nevado de 'l'oJuca. at the commencement of the rainy 
SC::LSOn, recountec.l to me that he had been a witness of the same facts, which he 
could not recall without an imp1-essiou of terror. The electric state was still _,r,.,....,"'r-:..,....,.. 
moro violent. The traveler in question ascended the mountain May 19, 184b, t.·~~~~~~ 
by the southeast side, s~ng fiom Tonango, and descended by the northwest 
slope to Toluca. The southwest side was at that season destitute of snow. '11he 
electric phenomenon was suddenly brought on by a cloud a.niving from tho west,_.-~~~!;~~~ 
o.nd which luul perhaps taken its rise on the fields of sno\V of that side. ' Sca.rcely ~~=,.. 
were the travelers enveloped in it when they experioncecl tho sensation which 

-·~··~•t,:.•~-·~.;~~ elecuicity produces, and this was almost immediately iollo,ved by a dull noise. ·~~~~=~~~ 
'l1hey felt U"l'e!!Ular cUITCnts of electricity at all their extremities, tho fingers, the 
eW'S, the nose~ 'l,ho fear which seized them in the midst of these lofty solitudes 
impelletl them· at once to commence their descent at ~precipitate pace. The 
thunder dill not yet resoood, but at ~he. en~ of five. l!lmutcs tllerc fell a sncno 
FeScmblillg rice, and the cloud com~u~!catmg tts olectn~1t! to ~be ground, tl~o ~mo 
noise arose therefrom which I have mdtcatcd above. 'I hts notso waa very mtonso 
and sceme<.l gencml in all the mountain. '!'he long lw.!r of the Ind~H bccarr~o 
stiff and erect crivin,.,. to their beads an enormous ~rrn1tude. 'l'be s1ght of thts 
phenomenon ~l'klell t~ the l'an~c telTors of tho excursioniajts, who h:ld counted UIJOil 

timling nothing but ple~ure 1.n the adv~nture. . ·. . 
'].'he very singular nmse whtch makes 1tseli heard 1n the rocks. of tho moun tams 

at the moment of the electric pbenomenon dcser~es to be studied by competo~t 
physicists. It resembles the rattling sound whtch pebbles would produce if 

•]:"or greater precision I have modified this pa~~~~•P.• having w~itton in my _tormer noti«:~: 
"ws we followed a stony vnlley." There was, .in fiLet, ~ut •~ shght Jeprcaa&ou u£ lbe 80ll, 
whence the word •• vo.lley " say11 too muc;)l and m1ght be nusunderstood. , 



struck against one another on being alternately attmcted by elcc'-· 
t.ricity ; but it appeors to me to proceed unqnestioDAbly from a sort crepitation or 
crackling of electricity escn.ping throuJh the asperitie. of the stony" surtb.ce. 

A third observation of the same kind we owe to M. Cmverl, who was sur­
prised by the same meteor.near the snmmit of PrJpoc:ttepetl, September 15, 1864; 
with tbi8 difference, that the incident taking place on fields of snow, the noise 
of the crepitation of tho ground was not produced. 

l'lll!.-..~:;.a~ The following are the analogous facts whicb ltavc como to my knowledge : i 
.In 1767 H. B. de Sn.u88ll1'8 visited tho top of tho Brovont in company with 

Pictet and J ala.bert. • The travelers wero thoro directly electrified to such an 
extent that on stretchin!f out their hands they experienced prickings at the end 
of l.be fingers; the electricitv escaped from them with a kiJul of thrilling sensation. 
Sparks, it was foon(I, might be drawn from the button of a gold ban(l which 
surrounded one of their ha.ts, and also from the iron entl of a mountain strut 

':"~~~ 'l'hese effects were attributed to a grcD.t stom1-clond which occupied tho middle 
- .. ~---- .J~--.-..J~···~~ region of .Mont Blanc, and "·hich gmdually extended itself above the Brevent. 

.... ~~~~~~·~~1~~~~t At a dozen toises below the top of that mountain the electricity was no longer 
·' perceived. The storm raged a.roun(l !Iont Blanc, but on tho Brovont there fell 

~~,IIIWII.:= only a light rain o! short dumti<an, 41ld then the disturbance was dissipated. 
From thiS recital it is 048Y to see that tho storm ditl not prevail upon the Drevent 
at the moment of tho observation, since thoro was no min falling; but that, at 
this point, the electricity disclw·ged itself in a continuous current by tho summit 
of the mountain. 

In 1863, M. Spence Watson, visiting, with some gui<les tho Col clc ln. Jung­
frau, was overtaken by a hurricane, attendec:l witb hail and snow. 'l'he staves 
commenced their peculiar cluznt; the expeditionists cx:peticnced sensations of 
heat in diJfe1·ent parts of their bodies,t especially the hc:~.d, aml the bail· stool~ 
erect ; a guide took ofF his hat, excla.imin~ .. that his head was burning ; a veil 
was kept stiff and straight in the air. .i:lcctrjc currents, n.t the· same time, 
esca.ped· at the ends of the fingers. Claps of thunder (in the distance, for no 
lightning was seen) for an instant interrupted the phenomenon. Fiually, shocks· 
were felt, and li. 'V atson had the right arm pamlyzetl for some minutes. 'l,his 
arm continued for several how11 to bo the seat of acr1to pains.f During this 
time tiUJ &nOUI feU u;l1istling like luzil.§ Bnt what is Jnost remarkable was tho 
emission of a. no~so by the snow, a cmckling similar to that o~ a l>risk shower 
of hail, evidently the analogue of that which the ground of the N eva<lo do 'J1oluc.a. 
emittec:l in the obset'Vation above described. The phenomenon lasted 25 minutes. 
It ha<l no unpleasant consequence, except a buruiug in the faces of the tmv~lers 

...___ ... _,'"--' -_-_ ..... _---.~ as if tbey had been exposed to tho sun on tho snow. . , ; 
M. Forbes, while crossing by St. 'l,hcocltJlc, hcu.nl tho cbnnt of the staves, and, 

~~~,.1;1-t(l;4.~ in July, 1856, .l£ • .Alizier, of Gcnevn, wituesse<l tho samo phenomenon near the 
~ wmmit of tho Oldcnhom, when tho sky was overcast and a storm was imminent, 

which burst forth an honr aftorwtuds an <I 10as mill,qlcd -with !tail. II '\V c will not 
speak of-tho stoim during which Colonel Duclnvnltlcr ami his aid \Vct·c strnck by 

~~)1~1 '-~Rill;!~ lightning ou tbo Scntia: f01· thoro tl1e phcnomcnou was of a ditlercnt order and 
"""'.-:Jf'lill\:~~~ fulls rather within the category of the thunilerholt. • 

Dut the noctumal illumination of l'•>eks pertains probably to the phenomenon· ~ ~ 
~"liM~ of electric c.W.ux Ji·om · culminant penks. l\I. Jtuurnct cites, on this suhject, the 
"'·~;::. striking luminosity of tbe rocks of tho Gmmls-linlcts p!unt .Blanc), observed 

by li . .Black wall, on the night of Angnst 11, 1854, and wl&ich was accompanied 

• Yuguge duru us Alpes, tome ii. '.·· 
t Thia sen·saciou tJf host seelll8 to me to bo of the same kind with tho pain whicll.I txpe-

rienced in ihe back. ; ·. 
• t A./pint: Juarnal., September, 1863. 
t Prubably sno'v resetnbliug rico, a sleety shower. 

.. D See r.he notE! of ,l. C. ll. Briqu~r. ( E.cl•u des .ilpes, I 865, No. 4.) Sr&r les plttnomcn11 
"'\1.,"-.W.~~ elu.tTitJ11C8 qai 4CCU111pU.!Jil111l/c:t Urtl!ft!:l d du /ITGI&de8 tdlitu.du, whero thelie observntiOUS ar8 

~;;~fi~co~ll!ec~ted~ Wld compw"ed. Geneva. low. 
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by sparks. On the other hand, the phenomenon of electricity displayed on the 
lakes, and on the very dry plains of elevated plateoox, does not seem to me of. 
tho same nature. FinAlly, the surpriSing fact of the so-called galloping elee- ~~'1.Y:~ 
tricity, coursing over prairies, observed by M. Quiquerez, near Courtamon, mAY 
be regtmled as a vn.riety of lightning ; a miniature lightning, resulting from 
the fuct that the olectrllied clond was ~g the eartli and discharged itself ,_,~.---
o~er the whole surface by a thousand sparks, which were seen to ran 41ong the U.C~~~~'lll.s.-,.-.....,.., 
ground. It. is probable that these phenon1enli · shonl<l be divided into seveml 
.eLtegories, the CD.USeS of which are not identicnl. Some proceed from a statio 
tension, others from a series of discharges having a certain analogy ~ lightning. 

':rhe phenQmenon of the cllant of batons or staves, in other words, the reson· 
ance or bout-clonnement of the soil, constitutes still another. species. It .has been 
observed only en the summit of mountains or of culminant peaks; never, as far ·~!~~~~~~~~~~ 
as I know, on plains or at the bottom of valleys. It supposes a continuous 
dynamic action, or, an eBlux of the flnid towards the clouds by the most salient 
terrestrial conductors, sensibly different n"'m statio tensions and abrupt dischar~s. 

If we collate the observations which have been above indicn.ted, we shall dis­
tinguish therein several common features: 

1st. Tbo eftlux of electricity by the culminant rocks of mount::Uns is produced 
under a clouded sky, charged with low clouds, enveloping the summits or po.ssing 
at a small <list:mco above them, but without the occurt-enoe of electric discharges 
abo\-o th~ place whence the continuous e1flux is proceeding. It would seem, 
therefore, that when this efilux takes place,. it sufiiciently relieves the electric · 
tension to prevent lightning from being fo1'D1ed. . . 

2d. In all the c%1Ses ol1served, the summit of the mountain was enveloped hy a 
shower of linil or sleet, which leads to the supposition that the continuous efflux 
of electricity from the ground towards the clouds is not unconnected with thu 
formation of..the vapor and probably also with that of the hail. · ~,.,..._.,.P!'I 

At tl1e Piz Surley and at the Nevndo (le Toluca there fell a sleet or snow 
resembling rice, and at tho pass of the J ungfrau the snow fellwkistling like /tail, 
which S(..>ems to indicate that it was mther sleet which was fallinA" than snow. 

Donhtless we should take into account the higher temperature of the vn.lleys, 
where the hail, proceeding to melt, twns into min; but still we do not think that 
in the particular cases whic;:h .,ve 4n.ve. just indicate<l the phenomenon of min 
falling in the valley and that of the sleet of the isolated mountain peaks relate 
to a condensation taking plnce in accordance with identical laws through tho 
whole extent of the sky. Thus, in particular, dtuing the observation of June 
22, 1865, I saw on the ho1izon all tho spires of J"'Ckl:i, although isolated and far 
re1noto from one another, enveloped by a powdery sleet· which continued for a 
long time, while in the rest of the sky all condensation had ceased, and in the 
vn.lley there fell a ~opious shower of min, but of very sho~ duration. 

1Uoreover, the phenomenon which passed around the summits of the rocks was 
quite tlilierent from that l\·hich deluged tbe valleys. Aroun<l these lofty pyl'I.L· 
mitls there were columns of a fine sleet of great rarity; in the valley a heavy 
and drenching min, such ns the thin sleet of the smnmits would not have pro­
ducell hn<l it been converted into water. Around tho elevated projections, 
the1·efore, by whicb the electricity wns :flowing off, tho condell$ation pt-csente<l 

·the special character of being little abundant, powdery (fine sleet), a~d mo1·e 
persistent than in the 1·est of the sky. · . 

':riu~ olcctlic phenomenon which has been desolibed, and which wo tenn the 
electlic resonance of tho mountains, seems not to bo 1·aro in high 1·egions, without, 

.lJOwcver, being ve1·y fre<.1ncnt. Among the gnidcs n.nu buntel"s whom I have 
interrogated on tho subject, some had nover observed it·; others bacl heard it bnt 
once o1· twice in their lives. Bnt it is proper to add thn.t it is precisely on those 
.daYs when menacing skies rt>pel adventurers from the highest altitudes that the 
phenomenon manifests itself. ~ . ' 



•YIIl"UKOINIIlla lllru!MOLUUW'. 

Tile JIU' ft'ftlllly ek.ett fur.U.Iwa lut .. re.tlal c.:orrubora· 
llM t.:•tiiiiOD)" uf aa •ltJtU'•"' law rt"~C~&rtlietf llhl pru,~~a~tatiua 
uf eartiiCI~ lllUY&.'tlaenta ,._, rttJrlilf IIIODIJ I;II"U Circlet of 
..ur jlloiW, .. well .. cvkJeac.-u Ua111& liMN~ ac .. uatc IIMAI411Dtrala 
..,. r,....~a~ly araa-it&Md lllt•ult helb (aJtprual-.lilltr to 
,,.., t:irt:h•~:ni~tcitka& .,., .... u ... wltl& c.:uta&iae~a&al UeudJi,. ~·-!!7":,. 
II&. odaar t-. wkla .daluru wl&lela et~A~Utate ill l'lllllii a& ewerJ 

IU',u-llll llw ......... u .. a...t b•aU.J.Iw,•l• tiwitzc•tlaad, ·~~···· ... d...-riiM.'f! Ia uue of ID¥ l*l*'a. rhcl aL &lae llu11trul 
IIMI:&iq of U.. £ A. A. al.. 



· au~~· salAJIBA• TE•PBBATVBB. • ~ 
, 'fbe drlvha~ or t''he acreat Mlnsplon tiannr.l thr«fuch 

tb• ·Alp~~ I• a ordln~e 110mP lntPrtot~tlDIC •lata on thP 
aub,lftei ot lubterrannn ttonll''\ratur .. i Thr. work bu 
pro~l'f!INd In thft north h .. tttii~IK ern~ 21,11tHt frf't." 1~ntl 
•• •thP MOUth UeaellniC 0\"ftr 17.UUO, r....... TPRIJM'rftture 

I I !o ' obttt\rvatlonp ~f'V. lM't'n· te,:lrn tHath 
1 

t the rOt"k "l''l 
the atmneph•Nt· Th• tPntJtf'ratur•" qf thP ro.-k: llh~w 
a eteady lnr"i-"" wtth th•• ciPJtt h ~r a~n .. tratlon 1 In 

.both bndln1~l Thn• at: l,ti-ltt ttP.t !trnm thP pnrt~l 
ot tbe north bMtlln~e thf'! 1oc·k ahnwr•· a tempt"rnt~lre 

\ I 'f 
· of 64.3 de~e. Jo•ah .. whllf' In thP ROut hPacllnK at ~he 
"a,aaae dlatanc.'e;jtrom the portal thf'~· ~mperature ~aa · 

· 6tU deJCI. At-~.5tiU.ff'flt thr trma,.ra UI'Pin the:'!o~th 
1 h••llnK wu ~-6 .......... and 111 the nth h•aclln~ 6~.7 
· d•~&e. At U,920 ff'flt from thP. 110 th hPnelln~& the 
:. tempttrature waa 'i6,3 dPICM.: at tr..c.moir"'t lt. h .. t; rl~~ 
,to 86.3 tlep., ~nd Ill tG..fOO· ftoet~ll ttatlon th' t~· 
peratu~e: '' t~e . rO.•k '!a" M!t. ~ · de~•· The hllhf.At 
t•mj~•tufe r~ordt>tl prrvloua to September ~aM wla• 

. 92.2 te••·· Jo•ah F..nrly tn i Ortobf'r; a )Ieavy at ream of I 
, w.atP ,:wa" en~ untttred. whlrh tf'~tiJdrarUy• dro~P t~~ 
pn~ea ·or work-ren. from t~1e ht!nd,ng jand nfte~ltarr.' 
temporary suMpenatnn nf :work ln the main ·tunnel. 
1'he hPaYieat ft~W of' WRtf!r rl'C'orclhl."~\ tb~t. time ~~~ 
about. 20,0. pllP.n• pf'r llel"'I\C~: ¥~ w,hlle It It~ twr" 
"rodu.-tl•~ of' ~nn~ahlerohle hacon,~·r_ nl,nc:e In th~ t•tn· 
net work. It brought with It thn ad'Yanta~ee that It 
~rocluceil ver)o mark._l · clt"t"rf'n~ I ln I the temperature 
~~the rot"k. The t•mpera_t~reta ot t~u~ ~lr are not glv,n, 
for the· rf"aaon~ thnt th•y. vary with the amoiJnt of 

\ I I 
Tttntllatl~t.. U rlnl the $Umnter It found 1nl"C'~K· 
•ry to dellver to the northern the •un:1•l 
39,000 cubic f~t of air, and fet>t ~o the 

;~ . . . ! I ... 

Tile A Mrera ••• ,,.. ......... Telqraplle. : 
~r. l'ulle)", Ea!~lllffr ef 1'elt•Jral•h•, writt .. ta the J..Gudua 

Ti••: . .· I 
.. A• aaultllc attf'Dl\lta W.. 1_. dlftn\'d tn t'lut ullilcl of the 

aWt~ra UD tbu k-lrl(rat.l... ~ba1• 1'"' will JM'nW& oae who 
lau ,,., ... eotuw.d"od with tlm tl'la'l(rat•ll fruaa the ••1 lint tu 
t'llltlalu ba wlaat uaaun•r thai• tnuHtUtlawi-•11 :ur lllt'IIIIAgl'll ia .lu­
h•rl••'"l wlth,aaad w~ ~ .... ,..._ .. a tu 11.""'1' •1• tbe ,..,.... 
WDUil'&tilla, 1 

.. 'fha• aurora i• alll'l"*'" "'hr rau••l bJ a llow ut l'lrrt rlrity · 
tlartt~atrll tlatt atDM•t•ht•rv at IIi wry t.'n•t bight, wl&l•rt• thtt air 
i• eStrt!IDl'l1 ...... ! . ~ • 

.. It ill, ha 11111, a kind "'1'llf{htnintc. alillrriattc fruna urdinary 
lil(hllliiiJC lu lwinl( a ~ ... 11 aMatl .craalual lluw ilaet.,..l nl a via .. 
la•nl aaaal 11udcle•aa dhlrhar,p- 1 • · • 

•• Tlu· ••n•• , .. ...,.. wbid~ J-rt•haa"t•ll th .. aurnra l'""lun•lt'al*• 
f'Urrt•nltt Whirh JlttW f"tlll! ,...,. &•art llf tlu• ••rth'• IIUI'fat"H tn _ ........ L 

aauut ltt•r; aaad, u a t.;h•JCraa•lalr win- i• alway11 nlllatt·a·u .. t tntlu• 
t"&rtli at , .... a, a•aaal, a Jtttrllt!P ~~ tta .... • eur,.•aat• lllllllt awn·-rilJ C:::.lr.··'-
1..,. darttDJ(la ata .. wil'8 frttiu ODtl ... , .. ,.. t•• the nth•r, Jtrttvlala .. l 

_...~_._ ......... , tla" two llt&tlt•at~~laaa•t••aa 'f l~ha tlat'lranan~~•,wlllrlailuaaaaally, ... ..&. ..... .: 

th•t~atcla 'nut alway11, aarul~ ,...,. and wa•att. : 
.. 'Mu .... *).Gila-d 1 

....... , c,..nlltll' &1'1' frt"ttllt'llllJ V1'1'1 t•tW• 

tul (tit")" ... ,.. "l""'lally , ... , u lllit:l•t laavtt IM"t·aa t'llf"-"t:ta-d,. 
alurintc th• lat• brllllatt& ,,lllflaya). bal. what Ia ""'"' .'"'~hJ.•. ,:~ .. 
MIIUr attill, tha•y t"tN&alaaatlf lfU"/ in .,,.!lll(th, &&Ill aa..t Ill dartOC:· "'-.'f.llt ""·. 
tluta, a1t1l, , .... ,,.. .. ,u .. ntly, •fake I& hua .. -ihlt• tn ,. ... Jaa ......... !:"· •. y~?-~ 

.. 'flu•y al•• atfw& "'" a'adna•n' I'I>IIIL-· hat nul anallk-la•aat11 ~~ 
I•• vi .. iht ... ,.~,,.,.,., mad!fr "'"!'ti&l arraaag••mf'nha. Tla•·r wa•n! ,.,.,. 

Jtttwt•rful t•U!•"Jtb, '""."""'• on Tul!lldayttv .. aaing,lud .. dt.oc:t thr. '·~ 
taagm-t nl a 'l'bumt~tlllpltaaiiOIJat•tur, wltida i• rt•llr a l"OIDflUII 
m~llt- vrry eh-lit .. tA•Iy -f~. u m~acla · u lKJU dlvbdoaa 
whtta 1& wu "'" t'tllllll't't"l W. •••1 wire wlaatt-v••r. . 

.. I& will be oltvinue, ffnal. what hu brt-n aid, lila& auwe 
tttlqcraph wima are auoref clia&ubtlcl thaa u&ben. Tho. I'WI· I:...A'IM"".-"".J .. 

nin1 tll'&rly tu& autl w~ auft"•r lfttltlt. It will aiiiR baa rradUy 
..... ,&hat if the c:cmtwa·t~•aa W,ith tlu• e·arth , .... '"' aliattPIIIM:!tl 
with tim •·urrt•nta will hfl •·nt•·r tlw wii'I•Jt. , 

,. \\'bo•U llll'rtt II,.. lll'\'cii'Jil Wirt•JI •41VllilaltJt,! I01•I\YI!t'U tba• twu 
l'taatiunll &b•· , .. rtJa "'aat·,.,·timut ara• a·ut au•l till' Wil'l•tt an• ·--=--·--··• 
lt•tf""~• ''" lilt ••• UMt ttlatl • I •••:Ia Jtair a:t 11 rt•ttaru wirt• iu a•lan• 
uf tlat• •·arth. tlma furmiug a •:uaua•l••h• Ull'lallir. .-ircuit. llut, 1.:::.~..,11.., 
altlut~~,Ch thi•t•lan ia ••lll .. ·th·e!, it will l•· "'''Ill th11t i& •·•aablt'tl 
ua tn lUll' unly '"'"halt luf tlw iawraun••nltt lllli·•·ta-.1. .\L the tiiii!"W~~ 
'"'lalralnUit .. ·, "" 'l'ua~la4y, wt• wa•J'I• ulolitc•"ltu ""'I' lifty win·aJ.-.,_""1~\.···• 
iaa tlaia tuaaautt·r, lullillte' ~ ttllet• lwt•llty.liw 1-irt·aaiht . 

.. \\'l• t"&llal•• , .. , .... ,.~t Lwo win•a:tn lift tu tlannv tl ... h·raniual r.;=-~~ 
atlaliullll .... , uf tbu n .... ,., ollataarltalll't•, hut, .... tim dift't'tiuaa ... ~ 

tlan •·arala. a·um•lt\ \at "*'"I&' t.'lllll'lltul, tbiat m•~tlautl tlt01•a "'" 
t:i"•· ""'f ,. ..... 1 ........ u,cr • , . . . , 

" It i11 al:~~• tta-iltll! iat ...... ., ,....,~ t•• tli\"i•l•• th•• win• at ltuth ~;4 ~ 
. •·n•l:t, inu• .. hao·illt( • '"ot&Cl•·u .. ~'l. ur \'t•ry lurw• lo~•y•l•·u j•r. ••"I :~ ·· · ::' F·_ 
"i.,;ualha,: hy ia~thu·th·a·.•lim·laaarJt•·•· 'l'hi11 Allat•·•·r:s t••rfa'l·lly ~~ 
fur • •·•lth·, l111t haa11 uu, at ura•~~t•nt ,,.., ... fuauad •·lli.-ctiv•• fur ~I.~ 

MR. HERBERT SPENCER, in his " Principles or Sociology " 
(Jrd edition, New York, vol. i. p. 207), relates the beliefs in the 
creation or mankind under the ground or in caverns, current 
among the Todas in Asia, the Basutos in Africa, and at least 
one-half of the American tribes. A similar belie{ I have lately 
found in a Chinese record. In Li Shih's SiiiJ p,;Ja.wul&~ld 
(written in the 13th cent. A.D., Japanese edition, 1683, tom. ii. 
p. 3) a quotation from the Ning-k:vJJa.fttn runs as follows:­
.. Primitively there was no Liau·Kien in Shuh (Mw Sze Chuen); 
this tribe .emanated from red clay in a cave .of Teb-yang 
mountain, whence bits of the soil had began to roll out. 
each roll enlarging them, so tbat at last thereuy was created a 
couple, who gave birth to many." 

~·~~~t".J.: laud wir••:t. 1 ~ 'r4 
~·~itt,~·~-~--~.~~..:...~~, ~·.e:: .... _... .-=' ~. _ .... _, .. ·-·~~-... ~u,~'=""-nz ~-- .... ~ · 

In another paragraph Mr. Spencer remarks :-" Stationary 
descendants of troglodytes think that they return into a 
subterranean other·world whence they emerged (i!Jitl. 
p. 213). According to thi!l, I would suggest that the same 
belief, entertained by some aborigines in China, has revived 
itself among the Taoists, who used to call their paradise the 
"Cave-Heaven" {Tung·Tieo)-t . .(. Twan Ching-Shih describes 
the "Cave-Heaven" 10,000 lis in circumference and 26oo /is 
in height (his "Miscellanies,'' Japanese edition, 1697. tom. ii. 
p. 1), and Li Shih enumerates tbirty·six caves in the empire, all 
entitled "Heavens" (i!Jid. tom. i, p. 8). 

KUMo\GUSU l\II~AKATA. 
IS Blith6eld Street, Kensington, W., .November 2. 

SUBTERRANEAN ELECTRICAL DIS-
TURBANCES 

A FEW minutes before and after the earthquakes of 
the I 7th March last powerful positive electrical . __ ,._..._, 

currents were rushing towards England through the two 
Anglo·American telegraph cables, which are broken near .. ,.~ ..... .r.~~ 
Trinity Bay, Newfoundland. Mr. C. F. Varley, C.E., ~~"-i~~ 
who informed us of the fact, broaches the novel speculation -- ._.._.,__._ 
that some earthquakes may be due to subterranean light­
ning. He imagines that as the hot centre of the earth is 
approached, a layer of hot dried mck may be found which 
is an insulator, while the red bot mass lower down is a 
conductor. If this conjecture be true-and there is plausi­
bility in it-then the world itself is an enormous Leyden ~~.,t·:~~~~~­
jar, which only requires charging to a very moderate lll!ll!f'JI!i.~ .. 
degree to be equal to the produ,ction of terrific explosive 
~charges. ·~~~~~~~~ 

The French Atlantic cable was disturbed at the same ~ 
time, and so were many of the English land-lines, but the -~j~~~~ 
only observations as to the direction of the current were.,.~..#,.....__, 
made by means of the Anglo-American telegraph cables. ...... ~'~"'~~ .... 

A DUmber 'Of Mr. Varley's charts about earth-currents -r:.~IIW'~ 
were published in the Government Blue Book of ·xssg-
6o, showing that the direction of these currents across 
England was in a very notable degree determin~d by the 
contour of the coast, and that the same auroral discharges 
would often produce currents at right angles to each other 

-- • . •. ,.,. ____ ..... __ __._ -~ n .. :._:_ . -



-~.·--··-~ ,great qlect~mac.aeUc dla1Rlrltt&a·ceel 
_...~.~~.,..,. .,. .... .N., ... ~he world. In 1DaDJ'. placee ·the teleglaplalo' wine . ...,_,r ""·-•~~~· 

wort.·: They had too Dwty.prlrite m~ot their,·~ ...... ,...,...,.,_ 
to ~'t'eT·. .At. WuhJDCtoll aDd Ph.Uadelphla.ln . AIIIIDDiati~"/. 
the telegraphic lfpal men Nceind aevere eleebto it!a_c•~oc~~~· 
.At a ltat.loa 1D Nonr-r th~ . telegraphic anmua ; wala ~ .. IS;! ...... ...__ 

fbi tO~ aDd at. Bo.toa. ~ North • Amftiea. li ftame~ ot: h 
lowed! the· pen 'of ·Bain'• eleotrlo te.lepph; which;· •? 
h•re,.' perhap8 know,· writ.,. d<rwD the : m~-. 
ehemleallr prepaNd pa~r." · ; . . , . •. " 

Bach facta .. lheee •bow a marked CODDeCtiOil ·be& ..... ~l\.11111 
CJlatar~coe o( the IUD, which might moet D&i~IIIIJJr:illitl 
aappoaed to In volvo elecUleal developmtilta. 
aad electric coadltloa• of our . earth ; and i& Ia, · ~--~l] 
no wieo uarea10oablo t.O 111ppo1e that •,l1D41J1Pllel~i~~·~~.:.._"iillji:,i 
triclty may to a lfre&& atea&, be dae, diNetly or l'DCIIIIIU:,. 
ttJ tho lnductlvo lnftaoDce of the aoo, aided !11. lta~eftiW~ 
'ho eni.j)oraUn action• above 11tnr, ~' .. ~ .. 



that {as is case ~ ·""""~"":..l .... .F:.-..-
with a Wimshurst or other machine) there are fainter, tenta- --·-----~~~:-,; ...... ;.iilt;J;::~ 
tive, branching discharges that precede the bright spark. But, 
if this were the case, they should surely be heard in some cases 
before any spark occurs at all. 

Finally, the sound, though it appeared to come out of the 
air, might have been due to the movements of the stones and 

. rocks over the surface of the mountain, occurring when the 
stress was relieved. Such a sound might well reach one before 
the sound of the spark. W ALTEI. LARD EN. 

R.N. E. College, Devonport, July 24-



:.·. 

_t.; :That may as a great. magnet tbo 
a.~bonomeaa of the dip of t.he needle ( 544) sufficiently show : and tho -..-J~.,.. 

~~15...,.. 9 
facta counoc:tod with clcc:tro-m~"'lutism, as set Cortb in tho }>rcc:cdiug 
l'agc&, lead to tho conclusion that, when A magnetic nccdla is in its lf\,.;.if!;:~~~l'~."ililllll~~:-; 
uat.nml posit.ion of nortla and south, tboro cxiast electrical currents in ~Jill._..,..,. 

planes at right angles tu t.he ncedJo dcsc:entling on its east siclo, :md u-
~S!~~.-. cending on its west side ; wo must hence snt>t>ose that currents of 

Electricity aro constantly circulating within tho earth, especially near its 
I'1UfiLce, tiom cast to west, in planes pamllcl to tbu magnetic equator. 

(715) Tho canso of these olcctrical currcnw has been thus cx­
pl:Lincd. * The earth, during ita diurnal motion on its a.~s froan west 
to east, baa its surface successively exposed to tbo solar mys, in an op- ~~~·~!"-~.._..-~ 
posite direction, or from east to west. The surface of the earth, there- rl 
fore, pArticularly between the tropics, will be heated and cooled in 
succession, from east to west, and currents of Electricity on tburmo· ·~ ~-1!11111~~1' 
electric principleS "·ill, at tho samo time, be cst:Wlitilu:d in the suno 
direction: now, these currents once established, from cast to west, will, ..... r;;.a.-.~ 

__ ~- . .._ of course, give occasion to the magnetism of the c:1rth from north tu 
soutb. Hence. the magnetic directive power of the earth, in a direction ~~~~~ti~~~~~~..t::~:~f'_j 
nearly p:uallel with its axis, is derived from the them1o-electric currents ~'1:~~4PJII~If!l 
induced in if.s equatorial regions by the unequal distribution of, beat _ ... ----- .. , 
thoro present, aud depenlling principally on its diurnal motion (sec pars. 
570, 571.) It does not belong to tho question to consider whether tho 
phenomenA of tlaermo-electricity actually depend on tlac dccom1>osition 
or heat, latent or sensible, as somo suppose,-·thc facu arc well cstab-

i)i~~l~IJif! lished, and the simple manner in which they accouait for terrestrial 1;~~~-=~\~~~~~~~~~~i!jf!l 
magnetism, gives them a higb degree of importance and interest. 

(71 H) The whole subject cannot perhaps be better concluded than 
with tbe following quotation, from the work of a highly distinguished 2~~~~ii1\o~M 
philosopher. t "These recent and beautiful discoveries show in tho ~t;~~~C~~~~ 
most striking manner, that tbe operations of nature are more extra-
ordinary, and indicate u1ore or simplicity and wisdom of design in --.,-4~~~~~9;~:!,:;!;.~ 
proportion as they are better understood. Dy what simple expedients, 
wben known, are those wondt'rful phenomena of the earth's Electricity 
and ~lagnetism produced, wl1ich fonncrly appeared so anomalous and ~~.:::::1~~:,.. 
perplexing 1 Aml what encouragement do tbcsu discoveries bold out 
to us witb respect to future discoveries, that may tlarow still further 
light upon tho operations of the great .Architect of the uui verse ?" 
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2'1J ,. IJ/ilw f( M. lltliMii}lll A..,.._.: 
Art ilftll .... appea~l RWI&IIJ in MYeral ,...,., .. litatloiC 

u..a N~w Y11rk ill a biKitly uaa~enet~od day-&b•& abe ....... , 
"' Niln-1, ltna.ldy11 Uridp •·•1•1 ... , cac •• ••~ •II bi~ebly 
!Uelltdi.£~1!. .\a &bia aliCia& r.mav~ylu lk l(rtlrt~tl rradt·r 
hat· •u•t•tr-"tU at..a llw lllaiCII•'Ii"w &lua" ulul11&cd ,. .. ,..,. 
na&lllr to N~w Yurk cily, ud u IliaD)' uf )'toUr •uiM"ribt-r .. 
..... a~~aktu~ly ftl6 yuur a1111wer• w ~&uwcrullll tt&WIOlttH•• 11111 
fur tlut rlucid•tloa 01 ap..,.u&. ~~eiwu&lllc lll)'lll~ria, I b•ve 
li~UU~ill &ba& p.:t·baptt a lllla&wtcoL Ia pl~tiD llluru•111 uf e&· 
p.ri&Dcale 111111111 .a vade,... llllld, lo alueidlalc ll•i• .ubj~&, 
llaiiCitl, iD C"DjUIM:lloa WiLla D dllllflliD• Ml"tr lo C&lalaiD CVell 
&v &a..- wtau a..vo aut a•lld• a apgcjal •Uady uf ~cicac:u a 
few of&be lalcra&illlt•lleuuuaeaa cautte&ad wi&b 

""'*''• ...., .. ,,_ lrvw i&• own; 11~&~1 rcawflcd &o 
elltlul&bell&ttYe,rle., u ............. l ... wblcla 
1111r IMW&bern b•llli~~ttlwre. t:OU..t .... t&ly. lbe bo&&olll ul &bt• 
IWve, ur of llae laial(tt. CUIJ, ete.. wiU aUI'tiC& &be IMIU&Ia (IN' 
ua~~~a~kud ead) of uur IU'CIU.; wlaile 11111 lttp of &lae ~~&ave. 

·-·......-• -- ... ~. a&tf11Ct11 &be naartb, ut ....,l&ad •nd. ••f uur IDiltJDC&Ia neavo. If w• •PI•IJ uur .._. .. to &be T ,., .. of a N. aad 
H. railftiiMI, wo lao& •aal1 lad I~ llae l•aw11r ol &be 
mlu&riiiU Lbe H. .... of Otlr ....... wbilelbe ..... 
.. ar ... ea 11111 N. ead ot our ...idle, f,U, we al110 wa..r. 
u .. &wot ratlla t.'UIIMt nariJ lftt(elta.r (•Y wl&bia Lwo 
&bill &bu N. t:ad ul llae r.U ..au.cu alae zt. ...ct ol ow 

~r.:~••a~:ii\-:;~""'\ 
wlailolbu d. ~ud uf liM• mil •llr.u:l• &be 
ul oear tnai(Ut•&ic: ttt.ococllt•. ·• 

Qui&. n=c:c-nlly. lat!iua; ~tniuwt tn - lt.. •lfuc:& pmdUCtttl 
&bu Dllellltr ltv railll la•d 1-:. ami \V., I uatHII'ittM:ttlt'll '"' 

ncetaUr latitl lwre:; ., ... thti,C fruw • H. wrani~& ... , lu Ute 
uf N•:w ll~&rn••"'"• ud l(r•du•IIY uurviatr tllart114. .... , -.a.,"r.-• 
Ute ruttd jt11r11ua.'1i a cluu el&ll& cuunao tu Evallllwille. 
... lluwcw~r, • br ... •·l• , .... a nf alttMtl laalt a anile ... ~:zot....,K' 

lltar&a (rtllll Utu \V•btuala ICiv .. r, a' atllallcr&niRIIII, aatl ~:Ji~i.:: 
t .... tu juin u .. u&laer, acar wlwn. Ia..& mua &Nell rt;_!~~:~ 

r-ttlllltlllllll't ... ,.. ... ....... ~ t."ttrvc. Tlte ...... (IIIOre ......au, ~ 
lladcr•&WII by aa iaaattee:&lua uf alae c.lit&tlrlllll) w ... u ful· 
luwa; · , luac ul &be ...,.11 elld ul UJ 

..,ll ... wltil• tbo •ota&la elld ul ,., ••1 

.... 11tH &Ia ..... ....... • .... rail• ttUriiC& ,... auarlwd 
tad. 

~U:!!::::;:::?:ri=~ ~. TM .... n'lllll&a went ull&altMid fan~~~ ...ala I•W aU 

\ 
aruuad lite 11ur1lwall' a:urve, aud cvc11 altt·r tlaeJ h_.IIC· 

• •auircd • dua Wt.'l'i lu •-' cuurw; llitowlaiJ &a..& acta NiiM· 
U~d:=:rT==r1i"::'ll•aujra:d lbw ...... ua•1uulic jMIIari&J wbic:la "'*W a.. eabebil· 

rd ltr. ••J IUIIICtteUc ..Uia u.c.illa&ittiJ trwiJ lu eaur 1111nwa 
bcm •ttltct~~, dippin1 alloo Ill i&a aorllt ettd IXIIIIIidct..Wy ww•· 
•••d illtU•t~eaadi:d II& l11 c.:u&cr of aravilJ. 

ll. A~JplJ "" &lae oceda.u IIIII tllal &erualaua. a law • .......,. 
lie. wu1e ut.cncd; bu&, llllftt.'Ciallyaaarer Ute Juaclkla. IU 
rail• all 1••• u .. awwal reaul& fouad oa Iiiii aaala &rM:Il. 

4. Tbo wltet:hl uf &be Clll8 lala&ldit•r on lite aor&la ~~ttd 11011111 
1111c:k tolluwcd &lae ..... law, ~altlbllia1 bulb Yenlcal aad 
l.wr•llaadUtlliflll, .olba& &faa luwer ri•• ud tlae fotward w 
aurda , .. n ul &laa periphery altr.clccltt.. uoaauked ead of 
llae uu~lle, wbll• &be upper aad rnr, w MHalla por&lua• ol 
tb• pctlt•laery of Uae •IM:rlallrac.ietllbe warl&_. cad. : 

5. 'fhe WMiaol au•ataodiDIJ tiD Uw t-ML a11d wa& rOIId 
eabl'-l&L-d tbe fttlluwlur w'Miillh&iua. Tbe luwn& rila ol 
all abu •ltt.'t:l-. wlae&ber ~t&ettdiDI ua 11111 ..,,,. ral .. or oa I be 
-'A r11i .. ul ..... &rael&, ia c:uGMqUCIIC.'O ot Yenlc:aallllduc· 
&iuo ll&&r..a:IA:d llae uamarked ~lid ot &l~e Deeldle. aad lbu upo 
I~' ril••• .,&rau:led &be ua•rkcd ealli of llae aftdle; bu& &he 
middle pur&iun11 of lbeperit•hrry, bulb IIDUtriorud putt&criw, 
uf lhu wl ... -cl• ~tl11odlng uiA lbu uorlb rail, ~olltKled &lae uu· 
m•rkc:d uatd, wbihtlliwil•r utitklht 1JOrlio11• of wbee,. •lttad· 

• lug u11 •01111t n•il» .,tr.u:t~llbu markL-d cud; Ia C«~AMIIIIIeiiC'e 
ul bllti&ualalloduc:Uun. &bw wbr~l• lteiUIC c:uaaaeclcd by lrua 

...._ •. dL'Il, 1111d lb11• 1•rncatla1 cunllidctable utelllti..a tUtvee tlut 
!: lnu:k, vi:&., rruw llUUib &u aurlb . 

I llllguelile *'"Ill• lit lt•vc •~"'lllin,od II• JIOIIlrily Ia tilll -• 
lllllD&at.'r, lltiUt~ly by lbtt eallb'• im.hau&iun, wbeu tit• ore coo• 

~ laiu• • larlltt ~uuugb ttert•culaMe ul jtiiiC iroa. A large 
""iJUuhuea (I Ia. '''"IC lay B!i._da:cp atad •·cl~biDif li~ lb.) 

to:' wltiult I oblalued fruw uttar l"ilttl Kaub, )li~~t~~~url, c:afublla 
· f , ... & .. rily, ou&ualy 11& il• l•&cral t·aHI,., bu& •• Yctllcally, u 

lite Juwer llUrfllC:C ••rau:l.ll lbc IIIIIUIII'ktlli eDd of a ttf:l:dlt.', 
wbila &be plam:. wbi~b evideally ouc:upicd lbe ustp.r.urfiiCII 
ia II• auive brd, •UI'IIc&• tbe llllltketl t'lld of Ute andle. • 

lrou futa&."t:a iuwU'iably c&bibhuniytlte pularily by venlcal 
i~&~luc&iua; 1t1t 1111111 11111110 bucket I, lwll-, etC. Bu& lu lba C:MM 
of a hell alauu& ll f&. In di•wclur a& it• bua, aud ""'"'&wet 

- .. \~~~-... ,.. ree& dat:p, &ap.:riav ... llWUL • ,, .... ita dlll&aH:Itor ., , ...... ,,. I 
fouad &ba& •ltbuutrla tlau &up allrac:k:d tl•u 111ul&ed t-ud caf tile 
aHdle, lbtt bulltt&D allrtM:I~I &l14111DIIIIIrked etad uf llae IIC.oedle 
ualy uouDd tbv nur&ltllrly ltalf uf tbe •:ircumloroace. wbUe 
&laeiiOU&Iu:ra punlttu ut lblttluwer riut auractt~~ltbe marked 
eDd iu CUaa.IIIIJIIIIDI.'O ot lateral ioducliua. aa Ia N. aud H. 
raUL 

'fb111, UIIOU a CODII .. rt.oo taf all lbne f11c:lll, i' 1100Uid ap· 
,,.., lhlll, if &be Ulllguctbtan lulluc:wd by&be t:an~l•due Itt 110o 
catllt'd uurreuta ut c:Jec:tricily. llallliU curreale 1116.& bu • .,,.. 
uuiA lbt: 111i111, IIDd UIUJtl IIIU\'U rriiiD W~•& IO t'IIIJI1 Uuder the 
.... u&b lu 11111llt rai&., au•l fruua 11uu&lt ll• tturlla uudt:r &he we•& 
lo r...a. ladd rail .. 1111 h11lic:al~d by llau l&friiWa Ia lbtt dillgraua. 

Tlaia aa."Wtd• perfc«:lly wilb ~~~;bll& we loltuukl &bcuretk:lllly 
eattc.-.:1, iu uur llllr&lll.'ru betniattberc, it &lut t:lt:t:trit:iaylhe &be 
ar&h"• a:ru.& j,. d1111 w llwuuu t!lt:e:&riual uurreula frtt111 ....a to 
wea&. 'IU&Wt:IJ, fruw lbu IUCort: b&."•IA:d tollaa 1- lwatw ptJr· 
&ioa. 011 a11y JCiYeP l.alilude, wblle &be t:arllt revuiva froaa 
we.& ·au ... ..a; u weU u •lau fruaa clec:&rlcal curreta&a &readiaas 
trutn trutlh:ttl w Arctic regiou~o -

A-llu: udwurk uf lrua raila •pr•la from Yftlf' to year 
~~~Ure u&ca .. iv~iy over our cun&ineu&, i& will be la&erclllnK to 
ulaoacnt: wlte&bur w nu&ai&J c&&"Ct l• prtaduc:ed, me14Wrolosi· 
cal, t~Mri&:Uilur•l, t:le., by lbill dilfUIIiUD .,, IDII[IDC&ill&n. 
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i• tfM> aMi"ftt tnwn nl )f-cllftl .. UIN'el citr, 
.... a th• rH&.a... ... ntth- .:,...• nuam•• ,....,. 
.. rthot •:, ....... a th• ,.,.ntra o( ctri•ntal ..,..... 
•lor. A ,,,..,... .. , rioht r"' .. tl•l• ••ld )1-.cne. 
•i• hrin.e• ... to tlte •l~init! ur the 180.C 

__ .. _ _ ""'arkulelrcm-minH i1t tl111 .....t•l; Nlllark· 

4~~r: at.&. M& ror tlte qt~antitr ot •etal J'"ldwt'd, 
hut (or .tl.. t--liar ,..,..,.,,. ot the on. 
n.. aatnm.l Is ... oblalaN hu llae lptCille 
muae vt }..,lea..,., 01' (•• ..., corrnpt .. ) 
1..-..... 1r • 1trip o(allie -..be LalaacM 
11ft .. ro&at. It wUl tAm •• &Ja• poia& &Ul lt 
tllll• n .unetloa wlaiclt ia OPJ.n.ite ~ the 
a.tloa otth ..n•; U4lt~~&bell•be""l"' 
(Na ... to IUC, IOllaenfON .... the ...... 
.._. ltltlldla a cllreotlon •rtfa ... aouda. 

,· Aeeordlnlf wia te hlater7i _. t~&loa, 
~-ud abon& lf ...... a dw,e'&, a& & Ytf'1 
·-.a. ,_.-. •. ciYilllllll ,... . · .r .. or 

_.;;;::-;_~~·~·'~"'11•' _. ·winee aatarall7 W th8ir~tte. 
~ ... ~~~-M;. • d~ to • ..... ilh'•• ..a ·!fltnoa& 

..... ~ ..... ....., ... , Ill l!fe-lUce....., ottlala -..t N:nrlj;an ot 
,., ........ 01' .... a. l;!''"' "''7 ot 
siaw ., Sailor.,.·· la &1M .•• • raW .. ·[·· pta' 
z.t.ta~...-..~ Hew.... 1& It 11 ... 
~ ........... h ... ~ ..... '"' 
lt .. Mnala tW Ia ,;.;. .. ;tE ...... &1M 
.Ciatletk .... ~ .. '' ........ 'nil ~ 
· Ia dlelleaatalaot ..... tJwialoJa 
t~,.Wu.e..u...a.t&U~aaYII,_.• 
"-'~1 .. "• .... , ...... J~:\tba& :• ... ..... ,.. ...................... ~ .... . 
!b•tlttae pllo&W tor.toW \o 1te tn~ . or. ,. 
~-· ~hllo· Jllllla· ...a ,.. &lao P ... t11 
~'-Waf.!• Uao -..aa~. bt 91~ ot at.-
'ltni'o&5oa, Wldl • boni~l· .. ' ..... [.. . ..... 
l,bt ... auk Into tlaa ... ··I·.· ~ .. I r . . .. 
. · Sl._. &lao Cri .... •• aa•lp&loa ' ben 

l.tiii'Al~~··' . nt.llul.alo U..Dluk'Sea,: ... f.'baN·la 
eoa41'1111Mt41ft ol-the A...wa* lahle it . •· ro. 

1~~~~~~iii1~~~~~;~tr,yeJer. ' ... sial,. ••• , Ia~ 1 ,.. 
~ oD tho eoU&aot &lao . Dluk s•• . ...,. 

i aa4 \be~· of~• 'tb~ ~~ 
wnolr, aupaetei tlaat the oam.,... 

h ... Wactocl ... ,. --iaeuo ld ...... 
aupicioa ltcl to u ·la.-lptUid, · wblu· 

----..-- ·-........ , ........ tbedl.O...., or. YalUbla •Ia• 
_._, •• ·~---·Of' leadatono oa ' &be 

._. .... __ ,'"!91'••- olwWah taollalaltc•:O:' 

"'"~., .... , ........ ~.~~-
1 ............ U.tlao •liiOCIIUI 

Onl\we .. 1hapedaapa· 
1..4~ ..... ,. 
,,.,. .... pbllolopa..i. • WbiU ... -............. ,.~, 
i .&.·--;,.WoN ..w,. ........... , ............. ~· 

tillite llllnadea Ia ...d. 
, ..... natal a ... ......,. ; :Mit an. 
·ror·&boiOIId .... obatlao~r \be liil'~:.~ 
.... 11 •• u,, to • ,.....ot ~ ·~ t& ._. ••~':."~·~ 
b7: m~ta trletloa, loa~~~~ bf Jtbo o,...Uoa aot 
. tlie allgbtll& power 1&1114 ~ pYllfr to; tho 
·•teelaol• aa amout otipo.,.,,U.u 1._11 
1""_.. 1 Uul atoll tbu t.~ l~ taw toM . .. ,pet!.... Bat thla po~ olpltjt'al liMit,----.-.: 
:at riJCia& aap• to tba ...... ot Uio autll Ia 
,.cit th_!t,oalt quult7 thaa al•llfrllll' ,........ 
·no utraodnlnR•oa•lt taval .. • .,..., ... ,;~~~~~~~i~~~ii=~ a.iel 1teella DO I• woo ... l, ..... lll4leetl 10 

nQSela 110 tha& eOMl.....We lb .... ._: • ......,. 
to' remo•o tlao obJect att~; ~- .... "'JIIIIi • .--·--· 

btoa~rh& In ooa&M& wltllll •. A ... ...,. ot ... 
cbanlolauan Hw 1111 .. 111 Ia. 1101\olq &laalliii.;.Jit'-~~·!I'F.:~,.II;;. 
probl••-taow to NMO U.la powtf u..t\11 tor 
1ucomo&lon, Uti tlaero Ia ptM ptobaWiltJ tba& pn\11h of the bnriaon ; ia tlai• way · it ·be-
&betm•T•••a&uall7 ......... Ahll•••" wa com" uwl11l to tl"' traftller l17 la ... l•antl h7· 

aea, ~. lafl ran tlirft't lala roana to a117 }'Oint 1::.-"~-....J· are not ablo to eaplua the aa.a .. itt ....... 
ltan, 711 wo haYO ucertalaa..& &ba~ '·' I• lnd• ho pi~..... howin~ wellthat-

1aatal7 a.naeatOtl whb elea&rlelt11 tor wo ••• :.:. ::.::.:, '::! :."!!':: ~~-=;-. 
J•rottlaca the one tro•·"o ..... The aaarlaar'• lfe•eo tba olcl name lo..l...atono ia con~t. 
oom.- 10u&•t• ol a pleoe of .-.. 1 •la•1•..l Aaotlaer remarkaLia proPft&7 iftlterent ia 
lib •• a"ow, llaat baa L•- ~I.a...& ·whit m•RMl ia tha& of ba•in!J a power, whicla we 
el&- ai4N141Hono or naatelle&, · Wl1en &laue caU &lao repulaiYe orrepellintc powor, tlaisiano I'A'·:•~.:.\,, 
,,.t .. , lt le oall .. a •atriM&Iu -...a•• I Ia I• l~ acta .. tbaa it• attraetins power. Ia \bl• 

i._: --•·-~:::: ••1 tho ch .. i•t• bat~ siv•a to &lao •echahica 
---• .... _.. -IWI•r.:..& .. 4."~''6 • &wo laonoa.-oaa \bat pub• aDcl oaa tlaat 

i pull•; ancll& i• for thoa to •lvo tha meau 
of laar~ .... inJC them to a vo~laiel•-• r .. & P,~ 
bab17 MJOGd tho hono-taiDbiiC 'powora• or 

P:if;~:!t~~~B}~§ )(r. laimMif. S11M1MVI l'tuall.l · 







, made at the ObRmatory 
the o•38 m. equatorial by MM. G. Rayet and 

c~. The observations COYer the time from September 8-ro 
induuve, and comprise the mean position of three stars taken 
u points of comparison.-Obsenations of Brooks's new comet 

~ft~(Augast 24o 1887) made at the Obserntory of Nice with the 
~~~~~-liC~~~ l o·JS ar. Gautier equatorial, by M. Charlois. The apparent 

positions are given for the period from August 25 to September 
'"'~~~~ 2 inclusive. On the former date the comet· had a nucleus of 

the tenth magnitude surrounded by an elongated nebulosity at 
the angle ol position of 304•.-on the variations of the telluric 
c:anenb,-by M. J. J. Landerer. During the last nine yean. the 
,amber of daJI when the c:arrent flowed nortb-east and soath· 
west being indicated by 1, those cin which it ftowed in the 
epposite direction will be represented by 6·7. Several changes 
of dh:ection "'erJ seldom occurred on the same day, and they 
were nearl7 always connected with violent atmospheric dis" 
turbances. From 8 a.m. to 9 p.m. the intensity oCthe current 
going north-eastwards attained a maximum towards ro o'clock 

.... ~_... ............ and two minima about 4 and 9 o'clock, the mean intensity · 
the maximum being o·ooor24 ampere, that of the minima 
o·oo~3 and O'oOoo7+ For the opposite current this maxi­
mum and these minima become respectively one minimum and 
two maxima at about the same hours, wtth mean intensities 

· 0'000122 and 



.. , .. . ... 

"In order to render tho esperiment ~oro stroJ1gly roprcscntativc of 
tho actUAl state of the earth, the globe jn the state above dcscribed, was 
covered by the gores of ~ common globe, wlaich were laid on so :us ~ 

-·~--- bring the poles of Ulis wire ammgement-into the situ:~.tion of the earth's 
magnetic poles, a.c:cordiug to tLe best observ:~.tions we 11:~. ve for this 

~::-........ detenniution; I tllerefore plac8d them in latitude 72° north, and 72° 
south, and oza tho meridian corrCsponding with ·7G0 west, by wbich mc:ms 
the tugnetic and true equtors cut one another at about 14 ° east a.nd 
16SO west longitude. · 

" The globe being thus completed, a delicate needle must be suspended 
above it, neutmlized Crom the eft"ect of the earth's magnetism, according 
to the principle I employed in my obscrvn.tions on the daily variation, 
and described in the Philosopbicd Tmns.'\Ctions for 1S23 ; by which 
means it will become entirely unclcr tho superficial ga.Iv:mic a.rra.ngemeut 
just described. Conceive the globe now to be placed so ns to bring 
London into the zenith, then the two ends of the conducting wire being 
connected witll the po~ of a powerful battery, it will be seen immediately 
thAt the needle, "whic~· was before indiJFcrent to any direction, "ill ha.\~8 
its north end depressed about 70°, as nearly as tho eye can judge, u:kicl£ 
u MIJ actual dip in London. If now we tum tho globe about on its 
support, so as to bring to the zenith pla.ces equally distant with England 
from the magnetic pole, we shall find the dip remains the same; but 
the v:lriation will continually chauge, being fir.:;t zero, and then gr:ulually 
increa.si:ng ea.stwaard as happens ou the earth. If again we tum the 
globe so as to m:lko tho pole approach tho 7..<~nitb, tho dip will increase, 
till at tho polo itself tho ncocllo will become perf~-ctly vertical. l\la.kiug 
now Uais polo recede, tho dill will dccre:LSo till at the equator it 
vanishes, tbo needle becotDing horizontal ; continuing the motion, and 
approaching the soutb pole, the south end of the needle will be found 
to dip, increasing continually Crom the equator to tho pole, where it 
becomes again vertical, but reversed as re~ards its vcrtic:uity a.t the 
north polo ... 

( 571) But although :a. sphere thus arranged may be made to exhibit 
Uae phenomena of terrestrial magnetism without the aid of any magnetic 
body, we have yet to learn bow such a system of electrical currents can 
have existence in the earth, unless we refer them to the action of tho 
sun on a metallic thermo-electric apparatus di::ttrilmlcd over the ca~th. 
It would still, bowev('r, remain to be shown what thili thermo-electric 
apparatus is, and where and how it is distributotl. 

'Vhethcr we seck for a cause of terrestrial magnetism in electrical 
currents, induced on the earth's surface, or whether we refer it to mag­
netism induced on the ferruginous matter it contains, or in its atmo­
sphere, we are limited to the Sun, if not as a primary cause, at least as 

---·~11~ .,, 
~~l 



'• .,, 

an :agent, to wbich mAgDetic phenomena Juno a distinct refcreneo ; 
tutaru investig:ltion mus~ decide wbcther it acts by its beat, or by its 
light, or by specific rays or imluences of a magnetic nature. Darlocci 
and Zantcdescbi found that both natural and artificial mngnets boo 
their magnetism grcntly increased by exposure to common soLv rays ; a 

c-~l~-·~~~!! result whicb coultluo~ ruisc fnnn their hcatiii!J power, as :ua iucrc:wo of 
tcJnpcmturo invruiably climiui."b'-'9 tho }lOWer of magnets. 

(572) It is an admitted f'act that the aurora borealu is :1r powerful 
source of magnetism, and that the 10u.tk pole of the needle h.-w :1r distinct 

"'j~~~lii connexion witla it. Dr. Dalton, in :1r work published in 1793, luas 
--;. .. "" ,, ......... _ •. ~ • advanced several ingenious bypotltetical views, respecting the cause of 

:1it~t!~~~~~~~~ the aurora, and its magnetic in:flucnce. Ho says, "the region or tho 
,-: aurora is one bmulrcd and nny miles above the c.'arth ·:~ surface. 

ii~~~~~ Immccliatoly above tho earth's s~rfaco is the region or the clouds, then 
the region of the meteors, cnllcd falling stars ~d fire-balls, and beyond 
this region is tba~ of tbo aurora. "• 

" W o ~ under tho necessity of considering tho lJcam• or tho areroJ•a 

lJol·calu oC a forruoinozu nature, bcc:mso nothing else is known to bo 
~:w~,'f·. magnetic ; and consequently that thero exists in tho higher l't'gton of 
- . .:..~.·-•·r the atmosphere, an electric fluid partaking of the properties o£ iron, or ..... ~-.~~ .... ~ 

:.;.~:=?.:=z.~~ r:atber of ma!J11Ctic steel;· and that tbis :fluid, doubtless from its magnetic -.!~'lllliiiiP 
..,.,. ~liL-.a.. t1r. property, assumes tho form of cylindrical beams. 

" \Vitb regnrd to the exciting cause or tho aurorn, I believe it "·ill 
':.illllll".,.,... be found in cl~a.ngo of temperature. Nothing is known to a.Jlcct the 

Ailll"~~--~~ 1naguctism of stt.'Cl : hc:..t wt.oakcus :..uc.l d&.-stroys it; electricity tlut.-s 
moro ; it sometimes changes tho polo of 0110 dcnomiuatiun to t.laat or 
another, or inverts tho ntagnctism. lienee we arc ooligcll to ha,·o 
recourse to one of these two agents, in accounting for the mutations 
above mentioned. .As for beat, we should find it difficult, I bclie,·e, to 

·-~L.r-- assign :1r reason for such sudden and irregular }lrodnctions of it in tho 
...._.._ .... _ .. -:,-:,~';......,_....,. bighcr n•gious of tho atmos1,Iacrc, without introduciug electricity as :m ~.-~JIIIIIIIIIiiia:~ .. 

.. ~ .. ':'t~R~~~~!II~~ agent in those productions; but rather than mako such a supposition, 
~~~,1;1·t§~~~,..= .. it would be more philosophical to suppose electricity to produce tho ~-11_..._.~~·~........_ 

eif'ect on magnetic matter WUEDI .. \TELY. Tbc beams of tbe au1·ora being ~~~~~~ 1rJu;~M 
, __ .. .-:.;. ..... magnetic will b:~.vo their magnetism weakened, d(.'Stroyed, or inverted, 

~~~~ '~~~~~~~ J>ro tempore, by tbo several shocks they rccci vc duriug the auror:L." 
In another place he says, "I conceive that a beam may have its mag­

,_.,.__.~ netism inverted, and exist so Cor :1. time, &c." Agn.in, "As tbe bcamll 
~~i!i~ ·are swimming in a fluid of equal density with themselves, ·they arc in 

* Dr. Dalton :~odduces in proo£ of the great height of tbe auron its extremely 
n.ttenua.ted light, which, he says, may spread over one-lull£ of the hemisphere, and £."'Na-1M~ 
not yield more light than the full moon: this, he says, arises from the extreme ,:z.~.,.fll:l":';;lllllt.a:311._~~\\.--: 
rarefaction or the air • .-. 

. . . ~~· ... ~· .. f._. ..• 
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the SIUDO predicament as ~ magnetic bu or needle swimming. in ~ iluid 
of the same specific gravity with itself: but this lD.st will only rest in 
equililJrio, when in the direction of the dippitzg '!Ued/8, owing to what 
is called the earell."1tnagnetinn; and as the former also rests in that 
position ouly, tbo effects being similar, we must, by tbo ntlcs of philo· 
sopbiaing, ascribe them to tho samo c:wsc. Uenco then it follows, 
TUAT TUB Al1RO.IU. DOI&EALIS 18 A JIAONETIC PIIF.lCOl\lENON, ABD ~ 

DEUIS AilE GOVEJUI'ED DY TilE E.~RTII
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that au objection may bo stated to tbis ; it the beams be swimming in 
~ iluid of equal density, it will bo said they ought to be drawn down 
by the action of tho earth's magnetism. Upon this I may observe, 
thai it is not my business to show why this is not the ca..c=c, bce3usa I 
propose the magnetism of tho beams as a thing dcmonstmble, and not 
as :1 hypothesis. \Vc arc not to deny tbe causu of gmvity, because wo 
c:mnot show how the effect is produced. ~lay not the difficulty be 
removed by supposing tbe beams of lur density thu.n the surrounding 
1luid r-

Lastly, although it hns been cleuly proved that a source of 
magnetism does exist in the atmosphere, yet it ma.y be asked if there is 
aay reason fo~ believing that the magnetism in tho atmosphere is strong 
enough to be considered as the onl!J source of terrestrial magnetism. It 
has been sbo\VD by 1\I. Ara.go, that the aurorm which exist only a.t St. 
Petersburg, in Siberia, and even in N ortb America., actually disturb the 
magnetic needle at Paris ; and ho considers it highly probable tbnt the 
nurorm even round the south pole oC our globe extcml their iuJlncncc to 
Paris. Sufficient, however, has, I thinl,, been sruc.l, to show that ma.ny 
more enquiries are wanting, before tbo question as to tho tn1e cause or 
causes o£ terrestriaJ. magnetism can be satisfactorily BDS\Vered. • 

* See two papers entitled tc Contributions to Terrestrial 1\lagnetism," communi­
cated to the Royal Society by 1\lnjor Sabine, and rcncl .Mnrch lOth, 1840, and Feb. 
11th, 184.1. Sec also a full nccount or a very extensive series or observations lDaUC 

at the magnetic observatories or Toronto, Trevntulnnn, St. IJclcua, nml the Cnpc or 
Good Hope, cluring a ~mnrkablc rnnguctic tli!ltnrhmu:c Oil the 2fith nml 2Cith or 
September, 1841, in the 20th Yo}. or the Land E. Phil. 1\Ing. Also a notice ot a 
remarkable magnetic rlisturbauce which occurred on the 2nd aud 4th or July 1842, 
observed at the Dublin 1\lngnetical Observatory, and communicated to tbc Pbil. 
Mag. Vol. xxi. by Dr. Lloyd. 
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(562) In .April183G, D3r0n .Alc.undcr Von Ilumboldt addrcssccl ~ 
letter to His Royal Highness the Duke of Sussex, president of the 

~ Royal Society of London, to solicit the co-operation of that body 
~~. tow:r.rds the advancement of the knowledge· of terrestrial magnetism, .__ .......... -
9 by the est:Lblishmcnt o~ magnetic stations, and corresponding observa­

tions, and soliciting it to ~tend, in tbo colonies of Great Britain, tho 
line of aimultAIJcous obsorvAtious ; these st:ltinns he propo.~ to bo 
established, either in tbo tropiCAl regions on cacb sido of tho m~"Uetic 

~:s:!:~"i&·~• t"flUator, or in the high latitudes of the southem hemisphere, and 
Canada. 

~~r!II(J: · This distinguished tmveller has been for many years much occupied 

IIIIIE.~; .. --

"'·ith tbo. phenomena or tho intensity of tbo magnetic forces, and tbo 
inclination and dt.-clination of tho magnetic needle. During tbo ycus. 
1806 and 1807, particularly at tho periods of the equinoxes and ~r.JIIIIila~ 
solstices, he measured tlae angular alterations of the magnetic meridian, • W'llll~ .~!~~Ifill 
at intervals of an bour, often of half an bour, without interruption, 
during four, five, and six days, and as many nights, in a large garden 
at Berlin. The instrument be employed was ~ magnetic telescope '\,;;;..,.~~ ~~ 

(lunetto aimanteil) of Prony, cap:Wlu of boi11g reversed upon its axis, 
suspended according to the method of Coulomb, placCd in a glass '!"_\~:1#1••.,._;:-•c~ 
frame, and .directed towards a very distant meridian mark, the divi- ;:oro.,_,,.~-. ...... 
sions of which, illuminated during the night, indic:lted even six or ~~·lr.l.,~ 
seven seconds of ll.orary variation. In verifying the habitual regularity ,._.&"'l.w~~-
of a nocturnal period, be was struck witb tho frequency of the per­
turbations, especially qf oscillations, the amplitude or which extended 
beyond all the divisions of the scale, and which occurred repea1Jedly at 
the same hours before sun-rise, and the violent and accelerated move­
ments of wbich could ~ot bo attribute.l to any accidtmtal mechanical 6~~rq:~ ... ,. ~~~ ~,~~~~~~..,~ 
cause. These Tagaries of tho needle, the almost periodical retum of 
which has been recently confirmed by M. Kupft'er, appeared to Hum­
boldt the eft'ect of a re-action of the interior of tbe earth towlll'ds the ~~~~~~~~~""'q 
surface, of f1lti!JfU1tic 8tonJU, which indicate a rapid change of tension. ~.·~~~~~~~ 

~.....,.up.r· ... ~~·~r.-. From that time, he says, he has been anxious to establish on the 
enst and west of the meridian of Berlin, appn.mtus similar to his owu, 
in order to obtain corresponding observations, made at great distances, ~.3~~~J;..,;: 
and at tbe same hours. ...~~~~::l!llt.~ 

(563) In 1827, Baron Tiumboldt renewed these observations at IS.~IP2!5111!~~~1 
Dorlin, and endca vourcd at the same time to generalize the means of 
simultaneous observatio~, the accidental enlploymcnt of which had 



. ' 

produced such importmt results. One of Ga.mbey"s compasses \\"aS 

placed in the mogtUtic paflilion, in which no portion of iron was intro­
duced, which had been erected in the middle of a. garden. At his 
request, tho ImperiAl Academy a.nd the Cura.tor of the U nivcrsity 
of Caza.n, crect«.'d 'IIW!JJietie kou~e11 at St. Pctcrsburgb and at Ca.z:m, 
and the Imperia.l Dcpa.rimcnt for l\Iinc.'S having concuricd in tho sa.me 
object, n&a9't1.etic 11tation• ha.~e been successively established at llos­
cow, Ba.rnaoul, a.nd a.t Nertschinsk. The .Academy of St. Pct«..rsburgb 
has done still more, a.nd ha.s sent a. courageous a.nd clever astronomer, 
H. George Fuss, tho brother of its perpetual secrct:lry, to Pekin, a.nd 
has procured tbo erection thoro of a. 11UlfiiUJtic pa-cilicm in tho conYent 
g:mleu of the Monks of the Greek church. Since tho rctun1 of 
M. Fuss, ll. Kowa.nko couti11ucs tbo observations <Of horary declina­
tion, corrcspond~ng to those of Gem1a.ny, St. Petersburgh, Caz:m, a.nd 
Nicolajeif in the Crimea, whero Admiral·Grcigh ba.s cst:lblishcd one of 
Gambey•s compasses, the ca.re of wbich is confided to the director 
of tho observatory, .1\lr. Knorrc. A magnetic apparatus· lta.s also· been 
established at tho dcptb of thirty-fi vo fathoms, in a.n aclit in tho mines 
of Freiberg, in Saxony, where M. Reich, to whom we a.ro indebted £or 
va.luable experim~nts a.nd observations upon the mea.n temperature 
of tbe earth a.t difierent depths, is a.ssiduously engngcd in making 
observations at regulated intervals. Observations of horary declina• 
tion, maclo a.t llarmato, in- the province of Antioquin., in South 
America, in nortb lat. 5°21~, in a place where, a.s at Caz.'\n and 
Ba.maoul, in Asia, the declination is ca.stem, ba vo been tmnsmittud by 
lf. Boussiitgault; while on tl~e. north-western coa.sts ot tho now con­
tinent, at Sitka, in the Russum settlements, Baron Von W mnga.J, ALso 
provided witli one of Ganii>ey's compa.sscs, has taken part in tho 
simultaneous observations made at tho time of the solstices and 
equinoxes. .1\Iagnetic apparatus ba.vc also been sent by Baron Hum­
boldt to Havannn.b and Cuba. ;"and M • .Arago ha.s erected a compa.ss, at 
llis own expence, in the interior ·or l!exico, where the soil is elevated six 
thousand feet above the level o£ the sea. Preparations arc likewise 
malc.ing for tbe establishment of a.' magnetic station in Iceland. 

( 564) Tbe suggestions of Baron IIumbolUt received front tho Roya.l 
Society the attention which they merited ; and a committee wa.s ap­
pointed for carrying his recommendations into effect. Conformably 
with the report made by this committee, the ten following places were 
fixed on by the council, a.s being the most eligible for carrying on mag­
netic observations, according to the plan recommended by Baron Von 
Humboldt :-Gibraltar, Corfu, Ceylon, Hobart Town, Ja.ma.ica, Barba.­
docs, Newfoundla.nd, Toronto, and the of Good Hope; 
.these places being penna.ncnt -

.._""9.11....,.;:.._-



1221. Electric Earl/a-Current Duturba11ees and 1/l.eir Origi11. J. E. Taylor. 
11\uy. Soc., Proc. 71. pp. ~i'J'J, Feb.18, 1908.)-The author refers to dis-
1nrbances ·noticed during experiments on wireless telegraphy for the British 
J• .... tal Telegraphs. The noises are distinct from the ordinary telegraphic and 
uaducti•e distwbances. They are more frequent in summer than in winter, 
mo .. r in evidence fot a..few hours about sunset, and herald the approach of a 
"l••rm or gale. The noises recall Sowing .and bubbling water, further, crackling 
.unl rocllet discharges; these latter the author ascribes to the passage of meteors 
"bida set up electric discharges in the upper rarefied atmosphere. The other 
lltti!OeS he CODDects with the ionisation of the air ; disturbances are caused 
"hm the ionisation -is dissipated by an electric field. There are also high­
"'"Jncncy afecta·noticeablc= only on the coherers or other forms of Hertzian. 
\\a\·e receiYerL · H. B .. 



Earth-Cwrenta 
H. Preece's commaaic:ation concerning the earth­

.. _ ...... ,... ·-··'""" occurred on the 24ll• and 25th of Jut October 
i!fi,,Parfaall.. published in )'OQr issue o( the Jrcl of November, 

to baud, he says : .,1.his is only a sample of what 
~eoualy all cmr Eagland, and probably the ~""''llll!!!llt:...,:~ 

ACCORDING to a tele-gram from New York, one of the finest 
displays of the aurora borealis ever known in that latitude wu 
observed on the evening nf February 13- The phenomenon 
'tretcbed over a great belt of territory from Iowa to t~e At· 
Iulie. A peculiar effect wu produced on the telegraph system, 

. and for intervals o( thfte or four minutes at a time the wires 
were !10 surcharged with atmospheric electricity that between 
New York and Albany it was pos5ihle to send messages without 
the aid of the regular hatttrit!l. The canent, however, wu 
intermittent, and the e>tf~ct unsatisfactory. 1-·or nearly two hours 
onlinary basiness could not be transacted \vith any degree of 
exactness. The aurora seemed to occupy the whole of the 
northern heavens, and was beautifully marked, the colOGring 
being clear and distinct. People at first feared that a great fire 

-.1!!111...:.11 wu raging. 

A VIOLI£N·r tbundcr.;torm occurred on Ben Nevi .. last \Yeek 
from 11 p.m. of Jt'riday to 2 a.m. of Saturday, St. Ehno's fire 
appearing there at the same time. D11ring another thunder· 
st?rm on Saturday afternoon Rashes came off from the telegraph 

-~~ ~tre connections in!itle the observatCiry ; and about the same 
tuna ~ fire·hall was seen to strike the ground nen.t the foot of 
the hall. The hygrometric fluctu:~otions at the time were re· 
lllarkable. 

MO. 12Jj, VOL. 48] 
.~~:r~. ~-, _;~t:· .... "S~".-••=-•tf11iiai!911NI 

jULY !J, 1893] 
-~:.-·.oo;~~~-

1'ho J·:nglla~h lmtwra puhlhth tho rollowlng h•ttor, In 
rchltlun tu thu rtocont mnJ,tnctlc tttonn, from PnJl'o8sor 
Alry, lho Aalronomor UoytLI :.- "~~~!('til 

u JlUYAL ~VATORY, t 
II Gn.'t'nwlch, Aug. ~12 M. r 

11 llru n ~m :-Atth~ date ol my lett or yestenlay tho , 
m~"tll'llc atorw had somowhaL auba~td.oel. Vory loon, 
howc.•ver, thoro were slgria ol great activity ami by 
11 o'clock or lo.at. night (Frhlay, AuguaL 4th), tho 
mngnetlc atonn wu sonslhly o.a violent. as boloro 
nml contlnuctl so through all tho 'oarly momlng boun: 
tt hu tlet,ilnctl a lltllu Uuough tho morning, but at 
tho 1,rcsont. lime (Saturday, August 6, at noon) lt Is 
·sllll very active. .. · 

~·· • T~ao sr>ontaneous earth currents were not· qutto so 
strong In the lnat. twonty.four ·boon (ending Satur• 

1 

{lay, An,:;ust 6, at. noon) as ln tho t,recoc.llng twenty~ 
.·tour hours (oncllug Frhlay, ·August 4, at. n~n), bu~ 
they ·,arc sUil very acth·e. A nearly continuous 
rc~ster Is mndo by tho currents on. the Dartronl \vfro 
(~v.hlch nt. flrdt w~ro not. very a~rong) to mltlnlgilt or 
I• rul11y, August. 4; but sloce·, that. time· tho traces 
luwo; J~cen lost, arul ·uie curronta on tho Croy(lon wlro 
Jmvo;:hcon \'~ry violent; only for n. ahbrt time,• ond· 
.lng about Jorl•ll\1, Au1,rust 4,:' at 3 P. M'., wns the 
moll.,nl sutlleienlly gonllo to-ha"fo ten any rocortt antl 
then lrl;ltN!rfl.>cUy. After that. (lmo the currents 'were 
so violent. that tho trace Is tot~ly lost. , • j .. 

"Jt ~s .senrco in J)OtslbUit.y t~t.:a tolegrapb current .:l!lilll~lll 
can ~avo _PO.Sit'tl along the AUa:nuc cable In a :lQbrible 
sta~o tlurtng any, part ot thla tl.mo. "a. D. AIRY 0 •' " 

"G.: SAWARD, Esq." .. 1.'. . .! •· 



~ . . 
. E.~ECUTIV. Ol"PPC,.. . • 

IIITDltATIOlfAL <>aA1f TU.KSJ:UPH COIIPAIIY. 
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1
vou, Aug. 24, 1892. 

~CLEVELAND AssE, ·Esq., 
;.;.~ Associate Editor, " American Met,wolbgical 'Journal: " 

Dear Sir,- Your esteemed favor of A uly 20, asking me for 
. . a statement of the effect of th_e electri~i "storms upon the cables 

of this company in Ju. ly, was duly~eived, and I referred it to 
our cable manager at Key \Vest for eport. His absence from 
home has delayed his reply. I no. , however, beg to send you 
the following extracts from the qiaries of our offices at Punta 

_,·--·- Fla., Key West, Fla., and· Havana, Cuba, which I trust 
""~ .. ~· .... ·-·•;11 be of service: - ·, 

. " PUNTA RA.sSA, 

~-



r--'"- ........ ·, ~ 
. ,,; .: ~·~ 

How Aurora Borealis Affects TelelllllPh anO Cable Li~es· ;~ ~ .. ~ > 
. llt=rtt ~or tbtt &rat tJnatt, art~ told the lolltle faacta uf juat hoJ~ the "AUI'O, ~-Ua'! dect• __ ,.f . _ ~ · ~1: 

telephone and teleQraph lin•, as well aa ocean aablea. The facta pr .. ated··are·from·:t)l• · : ~-· 
records of a l~dlna Anaeriaan electrical entlneer who baa been In a poeltloa.! fdrtq~q&tely,".to .. · • : '~'P. 
carry on olllclaal o'7'""do1111 IUUI teeta oa tbla Uttle uod-:t~ ph~ fOI' ~· :V~ ·~ 

~illl~l the .. Nurthern l.itchts," pays readaN the tartla. pcrhapa in tlac form of if the face of the sun had brokea out ia a • · T ifF. :\urura llurt·ali~. ~uamnunly "Th~ force of that disturbance. a_· s it feverish condition of the aun. It letllll a1 · ~ · 

us a ~iliit nuw and th~n. the laat torrnata of ~lcctrons. wu only aufticient"to fearful raah, solnumcrout an«tao larp arc ~ .. ~_ 
aevcre att<a~k uaa telcKraph aaad tele- be noticed in ita elect.· thna the ma1netic the a pots that have bcaa obicrved. aome ' . ••. , 

' plaunc circuits, as . well as ocean currents of the t'arth, upon delicately bal· even larac enouab to be seaa witb tbe naked 
cables. having occurred on Au1ust 9th. anced enercies in electro-magnetic instru- eye. 1 • , . • 
The, display was both st»eetacular and de· 1nmts; but imacine it raagni6ed tea lima "The sun." writea lo1aaunarion. "is•always .,_ ~ 
muralizinc to man-made electric com· ur a huaadr~ times. and ttien what P Sun- a furnace of . Inconceivable phytical and ~r 
munication lines. A few warda un this spots and their repercussion upon the earth chemical phenoaatn" bombanblaentl of elec- ' 
ren1arkable phmomenon and its ori~ein, have only been .studied for a few decada. trificd particles abd enormoua en1ptiolll .Of .' f 
wlaida is nuw thought to be due to sun-spou, and it is but a few years since we first caaae IJU. of which we can pin no idea evcat1 • ~ · 
should lte of iaateresL . into possession of instruments and aaina from the thunder-bolts qf heaven which ~) · ' 
"~incc a magnetic storm of the int~nsity det~ndina 011 electricity for their action. jso llal'h in liahtnin1 from th~·cloaad': n~ from: · .. ~--

.·. :~ 

.,.~\1 
• ~·j~_.~~~ 

''1_1~,: 

-~I-:~~ 
·:---.. . 
1:~ 

:~ 
. ,;._"" 
:; 

The "Aurora Borealla" Vlalts Ua Every Now and Then, the Laat One Having Occurred on Auguat t, 1tt7. ·AI Theae Tlmea There are • 
Severe Electrical Qlaturbancea ~:~u ur._8o~l~c-.!rr.~o:'hl~~d R~:·.~:!:P: ,::,e"!a~:. ~~ ~!!!~.~~~~'ndr!f•::~~=.• Electric Current.: Often ~re• 

th;at we ha\'e nut yet CXJ,erimeutal knowl.:. 
edge of what the maximum of this solar 
CXJllusive influence UJ)On them may be. 

.. There are vurious jthcorics concerning 
the 11recise manner in which the solar in­
fluence is transformed to the earth. One of 
the most J.roballle sUJlposcs it to be done 
thru shafts of invisihle radiations, resem• 
bling the cathode rays, which come from 

. the sun, and, UJlun meeting the atmosphere, 
altcr the condurtivity of the UfJper ~trata 
a11tl thus stimulate the circulation uf aerial 
c:lc:a:tric currents. The shafts of radiation, 
or of electrons, arise from cc1\lres of violent 
di:-.turhance un the sun's surface." · 

A ,.:nod ex&Jlauatiou is given IJy the farn­
uus Freru:h astronomer-Camille Flam­
marion, who ext,lains in L'J.lluslraliofl that 
these northern liKhts are caused by ' the 

the: thunders of man which escape froa1 the 
monstrous throats of cannon. These spots 
on the sun are actuaJiy at lca»t 158,000 miles 
in diameter. Our earth is about 8,000 miles 
in diamc:ter, so it could faU into one of lhCID 
acul I.e lo!lt." 

The great streamers of light that flickucd 
on:r the northern ~Jcy, like the rays of giant 
scar~hlights, on many cvcnin~ts in August 
;md Sc:&Jtcm!Jer were, accordmg to Flam­
marion, radiatiu,as of electric light directly 
f rum the valit volcanoes and fiery tornadoes 
that arc torturing the face of the sun. And· 
these radieations c:xtcau1 out a1 far at the 
urllit of Neptune, more than 2.793,000,000 
miles I 
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technical society a }>ieee or •pparatus, shown in 
the illustration, which, when connected in circuit 
with a telegraph-line, will show tile varying 
strength of the current in the line, ~tering 
the results on a diagram. The earth-currents 
are generally very weak, and only can be 

Fra. 1. 

BEGJl:;TERING.A.PPARATUS FOREARTH­
CUR~ENTS.t 

Foa the purpose of studying the enrth­
curreots on telegraph-lines, the instrument­
maker, Wauscbatr of Berlin, hns mndc for the 
earth-current committee of the German electro-

I Froaa t.be .April Dumber or ZriPc:Arift fil.r inetrumenUJI­... ,.,.. 

shown by the most delicate galvanometers, ~~~~~~ 
so that no l'egistering apparatus requiring .a 
great amount of force could be used. 'fhts 
necessitated the use of photogmphy. 'fhat the 
obser\·ations might he independent or the honr 
of the day, an artificial source or light was ,._ ... -~ . .....-.., .. 
nsed. The most sensitiv~ dry plates were em· ~~1~~~· 
ployed, and, to keep out all extraneous light, the 



whole apparatus is covered with a wooden box, 
- ........... " --..---- removed in the illustration. This cover turns 
.._,, .. , .. - . ...,;::. on the hinges at c, and, when closed, rests in 

the grooves f. The tubes rand r' are furnished 
with two cloth-lined metal collars, which can be 
pressed up against the box where the tubes pass 

~'li~~~~· through it. The outer end or r is closed with 
\..., ..... -.,, .. .., ...... .._~~~f...;~ a plate in which there are three round boles side 

it forms the driving-weight. The downward·' 
velocity is about 80 mm. per hour •• Thia ia 
sufllcient to allow or changes ft-om minute to .. 
minute being easily distinguished. For the ' 
purpose of allowing different rata of speed~·· 
it is proposed to put another rack on the back'~ 
or 8, which, by a sliding motion, may be made : 
to catch on a second pinion -of different size • .:~. 

l'te. t.. 

by side in a horizontal line. Before this plate is 
the diaphragm d, which can be turned on a ver­
tical axis, and through which there is one bole. 

:·~~~-~~ With this diaphragm the central opening in the 
-..-...-.~ end of r may be alone left: open. In front is 
.... ~:... placed a kerosene lamp. From the ftame of 

.,....,_--=- this lamp a fine pencil of rays passes through 
the bole in d, along the tubes r and r', and is 
reftected by a total reftecting-prism, p, which 
throws it on the mirror, G, of the galvanometer, 
which is connected in circuit with the line by 
the wires z.. From the mirror (} the light is 

. · .. reftected. back through the lens l, which brings 
. . .. :~ ~ the rays to a focus on the photographic plate. 

~~1~'·· ,;.~ This plate is· put in a bolder, k, in the slirle S, 
: . · ·~ .• ~~~ before~be beginningofthe observation. There 
~ .._ .. ~ are spnng clamps on S, so that, when the cover' 

r ~:'-..; is drawn from in front of the plate, the holder 
· ~ ~ will remain in S. In order that it may be pos-

sible to expose the plate after the box-cover is 
put down, there is a slit covered with rubber 

;~~~aillijf~ cloth in the box, through which the fingers may 
reach the top of the plate-holder and pull out 
the sliding front. The slide s·travels on guides 
F, and on one side is furnisqed with two roll­
ers, and on the other with one ; so that the 
movement may be as straight as t.he guide against 
wbich the. two rollers press. In the front-side of 
F there is a horizontal slit at the height of the 
focus of the rays. The back side of. S carries 
a rack which tits a pinion on the driving-axil 
of the clock U. The downward movement of 
S is therefore regulated. by this clock, of which 

. . 
For lesser changes the pendulum may be=~ed 
in·length. . .. • :. •· .,~ ··' ~~[~~~~~-W~ 

The wires leading to the galvanometer:~; 
connected with a commutator. "\Vhen ·the:· 
needle is in its position of rest, a straight: Une' ···~~~~W:~:.... 
will be marked on the plate ·by an J!_P:w· ·~l·)~~~:;r-~t;.C~~ 
movement of the. slide. From, this line: tlie 
detlectiona caused when the earth-currents·~~, 
are measured. Time-signals may be·m~e by 
. turning back the diaphragm d, .when marks ;;m 
be made on each side of the neutral line. FrOm·. 
time to time, currents of known strength:may·, 
be sent through the apparatus, and will. ·p~ .- ... _,...·~· 
duce spots, as b.. . . ·:·.·t ~.:. 

.. J?ig. 2 shows one of the diagrams 'obtained.~ · 
·~•· abscissa line was drawn through .the por-' 
tiona a, which were marked by tbe light. . . The . 
portions a are brok~n, and at . thea~. points'~ 
occur the dots b, the result of the ltnoWJJ; cor,.,: 
rents. c, c are the time-signals. • .. ·. '· ..::·.;~ 



Ele.CfricaL Engineer. 
VoLXVnL .• U~UST 19, 1894. No. aao,. 

RECENT OBSI!RVATJONS ON BARTH CURRENTS. The storm of July 20 did not apparently pursue the 
nT • usual euterly and westerly direction, but too:lt a co11r11e 

~
• . . more ndrly lf. lf. w. judfing from the results of a number 

~~ of simultaneous obaervatiODJ taken on·ai«erent wires with 
. (:S,.i~ . the view of determining the line of maximum dilturbanae. 
· '"!t: .. ' The greateet di«erence of potential discovered on any .. "'·-"-"""•• ~ :: •. wire on that oocaaion wu 61 volta, but from indicatiou 
.' .. ~ • noted at· tim'!B when it waafound impl'I¥Sticable to take __..._":'!'...1 
.. ~~ : ~ ~ ,J ·- - ·- --- acient.itlc meuurementa. it wu eYident that the electro-
~ motive force developed in aome circuit& amounted to 

UliE working.Qf ~Je~..ll~. linea extending in an upwards of 1150 volta. · -.. --:1'..14..-:::;.~:.:.. 
. .. , euterly and westerly· d~iion wu. greatlr From the result of other. teeta, the writer was 'able to 
~~~_;~· ·' ~ aifected by the magnetic storm of ,Aug. 19 ana practically demonstrate that the dUference of potential 
~ ~ 4 to which wu accompanied QY dilplaya of bril- eatablilhed between the ends of any wire il directly pro-
··:!~ ~ liant aurona observed in various aectioiu"'of portional to the 'g10grapl&ictll length of ita circuit; or in · ·. J ~~'t~ the country. The disturbance wu ~t. obaer-Yecl. about 9 other words, the electrical prenure developed is not deter­
~~ ~; .. - r. 11. on Sunday AuJ· 19, when the wuea began tO work mined by the actual course taken by the wm., but by that 

, :; ~ ·:;;-~ badly, and become 10 mtenae at frequent intervala through- of a straight Jine, drawn from one extremity or· ground • .-.:~4I~!'J 
· out the night u to render circuits uaelea, not only on tand connection to the other. 

-~ii~~ lines but on submarine wires aa well. The atorm, which Thia statement, which might otherwise appear so self. 
~ exhibited many of ~e ordinary charaoteriatioa of such evident u to be superftuoua, is intended to ·emphasize the 

phenomena, did DOt finally disappear until after S P. Jl., fact that the distance between any two points OD the 
)londay, Aug. 20, though ita e1!ecta after 9 o'clock on the earth's surface is 10 small compared witli the distance~.-.,...,~..,. 

~ .. ~,r, morning of that day were not very marked eut of bet~een the sun and earth, that the law of invene squarea -~··--·--­
-~~~:m Chicago ; but they were suilciently pronounced on linea as ordinarily applied to electric foreea · is ~tically 

west of that point to cause temporary stoppage of work, reduced to one in which ·the B. K. P. developed in any ..,~_.,."-' 
.. -..-.- especially on automatic and quadruplex circuits. conductor is directly proportional tO the· shortest diltau~ 

Similar phenomena were noted on July 10, and the dis- between ita terminals. · .. · . :· ;~, . 
turbance which was fint felt about S.20 .._ .. , uaumed a · Sun spots are generally credited with being the cauae of 
wave-like character which reached ita' highest altitude earth currents, and it is .a fact within the writer's kuowl­
with almost ·perfect regularity about once every two hours · edge and experience that no magnetic storm of any mag- -.,f"CCl'~ 

-~~·~ until 7.30 P. K., when the storm .0 far subs~ded u to leave nitude hu ever appeared without ita accompanying. solar 
.............. --... the working of land linea una1fected. disturbance; but it is equally ·a fact that the two pheno. 

The ebb and ftow of the· earth currents during the mena- are not invariably auooiated with each other, in..,; 
prevalence of the storm were generally characterized with much u groups of prominent sun spots have oftentiiDel 
remark.'\ble steadiness and deliberation. forming a strong been visible upon the sun'• disc when earth currents have 

--..,;j---~ contrast to the violent ftuctuations of many preceding been conspicuous by their absence. . 
• magnetic storms, one of which exhibited no fewer than 150 · This circumstance would appear· to confirm the viewa 
. variations in the magnitude and polarity of ita currents iu held by Dr. M.A. Veeder who has made a study of the -··-~ ......... 

the course of a ain,le minute. An interesting practical subject, and who is in pouesaion of data which apparently 
point in this connection conailta in the fact that whereu prove that magnetic storms are only possible when the 

:,.~-~IW.." land lines are in~ariably influenced by eit~er of these a~ots are in a particular locality and when the earth occu­
classes of earth current, provided the latter is sufficiently p1e11 a certain position in relation to thoae spots. 
strong, the submarine cables do not seriously feel the He further contends that the e1fecta produced are 
effects of a very gradual variation of current. brought about by co-nduction rather- than by induction, 

..... ,,_.__ It frequently happens that the Atlantic and other cables and that the masses of matter thrown o1f from the aun 
enjoy comparative Immunity from earth current interrup· when the latter is violently agitated, conatitute the medium 
tions at times when land linea~ more or leas proetrated; through which the electrical energy is transmitted from ... -,~--~"'-r 
while at other times the cable circuit& have au1fered from the sun to the earth, u otherwise the preaence of earth 
comparatively weak but ftuctuating currents that had no currents ought to be fe)t whenever and wherever sun IJPOtl 
practical induence upon the working of aerial wiree. This are viaible, if the latte~. are to be regarded: u \he direct 
anomalous action arises from the fact that condensers are cause of terrestrial magnetic phenomena. . 
interposed in cable circuits, which are operated, not by The subject is one of considerable scientific interest, and 
continuous currents as in the case .of laud linea, but. by is at present engaging the attention of scientis~ through­
induced currents of momentary duration produced by the out the civilized world, a great number of whom are in 

._...~., .... , charging and discharging of the eondenaers. The latter direct communication with Dr. Veeder on the subject. 
heing responsive only to sudden variations in current Through the courtesy of General Eckert, Preaident and 
l'ltrength; it· will be evident ·that such· apparatus serves to General Manager of the Western Union Telegraph' Co.; 
exclude lrom the cables all but the more variable class of observations are now being taken on that ~ompany'a ~ei 
~·urront_s,_ which .lat.t~r, however, a1fect the cable irreapect.- which it ii hoped will be· of service in· aidinl ~~clj_ 
lYe of the current value.· · · ·· · · · · iilvestigatioua. · · 





wr1at1oat ad dlaral ~ · Eftlf day the 1leed1e 
from a few mimates 011 oae side to a fetr miD11tes 011 the 

· otber·llide of its maa p,ositioa, ad at times there • much 
greater wriatioDL • What are called "magnetic storms" are of­
not .,., UJlf'nqaeot occurrence. In a magnetic stonD the needle 
:will· ofteu. fty twenty minuta, thirty miD'!tes, a d~ or e'fell 
·u amcla u two or three degrees IOIDetimes, from ats proper 

. positioa-if I may use that term-ita proper position for the 
time; that fl. the polidon which it JDilht be espectecl to have 
at the time accordiDg to the statistics of preYioal observatioaa. 

. I apeak of the Deetile in geaeraL The ordiDary obserYation of 
the horimatal ueedle shaft these phaomeaa. So does obser· 
fttiosa on the dif of the needle. So does obsenation -on the 
total intensity o the temstrial magnetic fon:e. 

The .three elemeDts, deflection, dip, and total intensity, all 
"'lr/ ftftr/. day with the ordinary diurnal variatioa, and irrega· 
lady with the magnetic storm. The magnetic storm is always 
usociated. with a visible phenomenoa, which we call, habitually, 
e1ectrica1 ;-arora borealis. and, DO doubt, alto aurora of 

· tile ICMithem polar regio111. We haft the atrongest pouible 
~. reuoas for belleYing that &arol1l. consists of electric currenll, 
~--~- like the electric pheDOJDeaa pNsentecl by currents of elec· 
'\~ tlicity through what are called vacuum tubes, through the space 

'>_. 'occapied by vacaams of different qualities iD the well-known 
. ~ tubes. Of course, the very -expression, "YIICIIUIDI of 

. · different qulities" is a contradiction in terms. It implies that 
.·-.:.!! there are Sinall q1Wltities of matter of dift'erent kinds left in those 
~ nearest approaches to a perfect ncuwn which we can make. 
.JIC:.. Well now, it is known to yoa all that aurora borealis is pro­
~ perly comparable with the phenomena presented by vacaam 

· tubes. The appearance of the light, the variations which it 
· -preseutl, and the magnetic accompaniments, are all confirmatory 
of this view, so that we may accept it as one of the truths of 

. ICienae.- Well now-and here is a point upon which, I think, the 
practical telegraphist not only can, but will, befo~ long give to 

__ abstract science data for Judging-is the deftectiun of the needle · 
a direct effect of the auroral current, or are the auroral current 

· nd the deflection of the needle common rc:sults of another 
~~ c:aue'l 
~~ - With refereace to this point. I must speak of underground 

sipaliiag is doae, u it -n:rJ freq1aeDtly il at aabmariu 
with a c:oacleDser at each eod. The scientific ob&ertatioa 

-be diatarbetl uDdoubtedly, and considerably distvbed 
klldiag of messages, but the ditturbance is only transient. 
in the YCrf pause at the end of a word there will be a IUfl~c:UIIdllllii~ 
near approach to steadiness in the potential at the 
connected with the electrometer to allow a careful 
estimate with practical accuracy the indication that he 
were there no working o( the line going on-at the time. 
netic stonD of cousiderable intensity does not stop the 
does indeed scarcely interfere with the working, of a subllllal• 
line in many instauces when a condenser is used at each end. . 

Thus, observations, even when the line is working, 
made during magnetic storms, and again, during hours 
line is not working, if there are any, and even the 
lines have occasional hours of rest. Perhaps, then, h~--•'1"'.-1 
the oper:ators have no time or zeal leCt, or, rather, 
sure thef have always zeal, but I am not sure that 
is always time leCt, and it may be impossible for 
bear the strain longer than their office hours require 
when there is an operator, or a superintendent, or a wc:~;~~~~P.i 
or an extra operator who may have a little- time _on 
the~ I say, any single obse"ation or any series of .o~lselr'flt*r1 
that he c:ua make on the electric potentials at one eiUi o( aa 
sulated hne will give valuable fe"Ults. When arrangemeots 
be made for siinultaneuus observations of the potentials 
electrometer ~ the two ends of tbe line, the results will be 
more ?a.luablc. 

And; laslly, I may ju'lt say that when an electrometer is ~t~~~;~~~ 
available, a galvanometer of very large resistance may be ~ 
played. This will not in the slightest de.:rec interfere with 
practical working any more than would an electrometer, -.;r... ·-­
will it lJe mon: diffi..:ult to get results of the sc~ntific obl..,raliiOIII~ 

J:~'"'; c:DrreDta. There again I have named a hou~hold word to every· 
~,: ... 1· one who bas anything to do with the operation of working the 
~~~· .electric telegraph, and not a very pleasing household wonl I 

:; • 1 must say. I am sure most practical telegraphers would rather "j~~~! 

~ ~'\,. ·rents ; let us make the best of them. They are always with us ; 
~-' ,. let. ua see whether we cannot make something of them, si.tce they 

haft given us so much trouble. Now, if we could have simul. 

·~~ l\~.::.. never hear of earth currettts again. Still we have got earth cur. C 

not overpuweringly disturbed by the practi<al working if a 
nometer is used than when an electrometer is available. 
more: resistance that can be put in between the cable 
the earth in circuit wi•h the galvanometer the better, and the 

sihility of the galvanumeter will still be fout!d perhaps more ;i~~~~~~~ necessary. Then, insread of reducing it by a shunt, let 

j, taneous observations of the underground currents, of the three 
.~ · ~ ~ magnetic elements, and of the aurora, we should have a mass of 
:•.J .. ~ evidence from which, I believe, without fail, ':"e ought to be" 
...,.. ., able to conclude an answer more or less definite to the ques~ 
.;;~, tion I have put. Are \Ve to look in the regions external to 
~ - oar atmosphere for the cause of the underground currents, or 
~; t' -are we to look under the earth for some unknown cause aft"ecting 
--'F".;. terrestrial magnetism, and giving rise to an induction of those 
~ f/.. cutrents? The direction of the effects, if we can only observe 
... thOse directions,· will help us most materially to judge aa to what 

UlSwer should be given. 
~ . .. It is my desire to make a suggestion which may reach mem· 
1 ~ : bss ol this societt, and associates in distant parts of the world. 
,_r~~ I make it not m~ly to occupy a little time in an inaugural ad. 
~ dress, but with the UlOit earnest desire and ezpecLation that 

something may be done in the direction of my suggestion. I do 
. not venture to say t~t something ma~ come from my suggestion, 

:.-.: · beJ:ause, perhaps, wtthout any suggestion from me, the acute and 

~
. ";..'.l!- intelligent operators whom our great submarine telegraph coot• 

· ,_1 panies have spread far and wide over the earth, are fully alive to 
~ the importance of such observations as I am now speaking of. 

I would just briefly say that this kind of observation is what 
'Would be of value for the scientific problem-to observe the in· 

. 
dication of aa electrometer at each end of a tel~egr.tph line at any 
time, whether during a magnetic storm or not, and at any time 

·, of the night or day. If the line be worked with a condenser at 
each end, this observation can be made without in the slightest 

.c.. ... :- . d~ influencing, and therefore without in the. slightest dc=gree 
·· ~~' dasturbing, the practical work throughout the line. Put on· an 
\<~ e~ectrometer in direct connection with the line, connect t~e out­
.. _.,.·;\:~ Slde of the electrometer with a proper earth connection• and it 
~ ... ·.: may be. observed qaite irrespectively of the signalling.; when the 
;::-.:..., -. -·~ .•• Y'. , ..... ..,..., 

magnets, giving a more powertul direction to the needle. 
applied tor adjllsting it. The resistaoce in circuit with 
galvanometer between cable-end and earth ought to be at• ~=~~~~~~~If! 
twcnty·timt:a the cable's copper·resistance to make the 171 

nometer observations as val11able as those to be had by 
meter • 

I should speak aliO of the subject or atmospheric electf11CIEJ~1f::::C 

The electric telegraph brings this phenomenon into c~;~~;~;~~~~i~lt1 with terrestrial magnetism with eartb current•, and thr:?ugh thea 
with aurora bur.:ali11, in a manr;er for which ohser't'lltions made 
bef.~re the time of the electric telegraph. or without the aid 
the electric telegraph, had aot given us any data wbateftl:~e_·.a.~~J:~SJ 
Scientific obliervations on terrestrial magnetism, 1~1~::~=~b~~j~~ aurora, and on atmospheric electricity, had shown a c1 
between the aurora and terrestrial magnetism in the 
di:oturbaraccs that I have alluded to at the time of 
storms ; but no connection between magnetic storms 
atmospheric electricity, thunderstorms, or generally the 
the weather-what is commonly called meteorology-has ,_,_"'l":ir.....:::::: 

-been discovered. . itlherto~t~~~~~~~~~ The one common link connecting these phenomena h 
known to us is exhibited in the ele.:tric telegraph. A tel•~lPb•:~f"'ll~~~ 
line-an air line more particularly, but a submarine line ~lt-1:~-.-~~w 
shows us unu5ually great diaturbances, not only when there 
auror:Lli and variation» o( terrestrial magnetism, but · when 
atmospheric electricity is in a disturbed state. . That. 
should be so electricians here present will readily understaad.. 
They will understand when they con•ider the change of .t .. t'tll• =.·• --
fication of the earth's surface which a lightning discharge . 
sarily produ~ 

I fear I might occupy:too much· of your time, or "else I woulcl 
just like to say a word upon atmospheric electricity, and to c:a1l 
your attention to the quantitative relations which questions 
connection with this subject ~ar to those of ordinary earth 
rentli and the phenomena of terre-.trial magnetism. In 
weath~r, the surtt\c:e of the earth is always, in these ..,untries--~·--~ 
all t:\'ents, found negatively electrified. Now the limitation 
these countries that 1 have made sug~.:ests a point fllr the 
tical telc:gmpbists all over the world. Let us know 
is only in En~lanu, lo,rance, and Italy that in fine weather the. 
earth's surface hi negatively electrified. · 









I UA v.E recently encountered phenomena in the domain 
of earth currents which varied somewhat from the ordi. 
nary manifestations with which I am familiar, and an 
account of which may be of interest. 

One of the Jines. of the Postal Telegraph-Cable Co. 
carryin" three wires, traverses a section on the eaat bank 
of the Mississippi, b~tween Venice and Alton, Ill., w~ich 
was inundated dur10g the recent flood. At one pomt, 
about 10 miles from St. Louis, two poles were washed out 
anc.l two of the wires were broken and fell into the river. 
1.,he third wire pulled out its pins and remained intact, 
spanning tl.te break in the pole li.ne, and cle~r of th~ wa~er. 
On groundmg the two broken wtres at. the St. Lotus oftict.>, 
a current wa~ formed of sufficient strength to work the 
instruments on both wires. The current was negative in 
polarity with an E. 11. 1:·. uf about 13 volt!i, as shown on a 
voltmet;r. The current rem<~.ined steady, with no per­
ceptible iluctuation for t;everal day~, until the wired Wt!re 
taken out of the water a.ucl restored to their normal con­
dition. Durino· that time the two broken wirett wea·e kept 

::I k } 1 ·t· , . open at Alton,. beyond the brea · ; t 1e 01_1 y ' .tve wue 
within three malett of the break wa~ the tlurd wtre on the 
~tame linto, the op«!ning of that. at Alton did not affect the 
current on the other two wire~ in the leattt ; so that there 
would st-em to be no donut about t.he current iu them being 

-~···-- an toarth current. 
\\' e have another instance of a permanent earth current 

...... ,. __ ........ in one of our cit.y wire~. The wir~ ext.enc.ltt l;'bout five n~il~1:1 
to a point. in the ~;outh \\'el!ltern part of the mty where It 1~ 

,;11~{-. "grounJctl" on the water pipe~ in a manufa~turiJ~g 
~: establi~bnwnt, ~everal block~:~ .away from any ;lectra.c r~a.J'. 

.. 
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ABNOBU.t.L currents o natura e ectnc1ty were aga1n ..;.~ 
prevalent on the telegraph wires on Friday, March 17, ~ 
though comparatively little interference with the regu.lar ~ 
working was caused by them. They fint became act1ve .. 
about 4 p.m., acquired a maximum force· about 6 p.m.,~ 

I and were gradually subsiding when the writer ceased ~~ 
taking observations at 9.30 p. m. The following are some e'l 
of the results of the measurements made over the Weatem 

<Union wires during that time: ' 

~ EARTH CURRENT 0BSKRVA.TJONS, M.t.RCB 17, 1898. 

·:. 

I 
,,,. 

-----· 
I 

Tlmo I .A.pproz- j llazimum EltoCCI'I>-

· lmate motiYe 
ot \VIre. acrouoded &1. Dlat&Dce RMi:tt- I Curreo& Force 

De•elop· 
Obaervatloa.l &Dee I StntDctb ed 

I 

l\liles 

I 
Obma ! Mil- Volt. 

&mpei'Q 

4.05 p. D\, Elizabeth, N. J ..... Hi 80 35 2.8 
4.15 " Bound Brook, N.J. a.l I - 20 --.:....~ way or line of telegraph wares. Ou gronudmg tlu~ ware 

;_. :~ at the main ot~ice, a. lll:~a~ive current with au J~: 11. ~·. of _15 ~ 
-... r~""" volt~; ~Shows Itself. J lut~ cuneut hati remametl at Hs ~ 
•' J ~ 1)re~:~ent. strength for over tivu yearl-1, :mel fluctuates but little.~ , .a.-&..,,! 
if~.,?.,.~ The current is amply sufficient to work the wire without 
y the use of any battery. . _ 

·. • In many other wireH t.hc earth current 1s found to be ; • 

4.25 
4.32 
4.35 
4 40 
4.42 
4.4-l 
4.46 
·• 49 

.. Philadelphia, P4, .. 91 .. New Haven, Conn. 78 .. Boston, Mass ....... 244 
•' Albany, N. Y ..... 150 .. Albany, N.Y ...... 147 .. Midcll~town, Conn. il .. Scranton, Pa ....... 1-l!l .. Buffalo, N. Y ...... 4•") 

2275 
! 910 

2825 

I 
2850 
1170 

1:452 I 

8-lll I 
1~6:! I 

I 

4 
4 
'j 

2.5 
12 
8 
8 

111 

9.1 
3.6 

19.7 
7.1 

14.0 
6.8 
0.7 

H:LU 

i 
~ 
·~ ... 
--~\ 

1
~-~ 

t t-' app~eciable on. an .ordinary relay, but doe~:~ not approach 
. the 1.nstances mtetl m strength or permanence. 

. ®.·s :..~~-~.~- s.~-~ ,.~~~~. M!W -.;; .~~-::· IJ.. . ~~ :..:"•~ • oo::::.;.(._,.,_. .. 
~~ ·<~-:.:···" '. , (June 8,_ 1892.r u ,....._'--=-
~~~~- -~-- ~~~ 
~~J'~ T.HE ._ELECTRICAL ENGINEER. 

• 'to • ' . . . ·!_. 

·l.M .. Aluany, N. Y ..... 160 2220 ;) 11.1 
4.54 .. lla\"erstraw, N. Y .. a9 273 I 14 a.s 
5.r,u .. llarrit;l.mrg, Pa ..... HJj 1379 

,.. 
9.6 

j 
I 

ii,.'i-l .. Pitu.burgh, Pa ..... 401 a1-t5 ;) I 15.7 .. 
. • H.:!.) •· PiLt:;uurgh, Pa ..... 

1

1 4111 3420 4 , 18.6 
.7.111 •· Long lalanu City... 41 250 3 ., 7.5 

..... M.15 ·• Uu1falo, N.Y ...... 

1

1 422 1800 S 5.-t ~ 

6.o't Pattor:;on N.J ..... 19 210 60 i 12.6 

~.22 to I I.! t p J 19 840 7 I - 8 .~.--~ S.SOp.w. ~· ocran on, a....... -s il. :, 

9.10 p. w. Hackensack. N. J .. l 15 , 10 J; 

-~ 
The tiiMt.nrbance was characterized by none of those i 

violent tluctuations in the iutenMitv and direction of the~ 
forc~tt which formed Mo conspicnoutt· a feature of last year's ~ 
phenomena ; an'l at no time was the potential difference ~~~ 
between auy two grountltt greater than about twenty volts. !JI 

:1 The tttrength of the earth currents on ~:~ome wires . -~ 
exceeded that of the regular Mignalling currents, though ~ 
geu~rally for brief per~odtt only, while th~ rise and f_all in :.r .... 
value were marked with great delib~rat1on, and wtt.hout ~ 
dis th~ u~uaw=dency .~o.' .. '~~;r:!!!.:' .?!~la~_ty~-~ 

T H e'"'kt E: CT RIC~ L E. N G I NEE R. ·., 

-
"'....._.....,..., .. 

~ . )larch 90, 1893. 1_ . 

• •. ., .... , -~ ... ---wa. Qll . .~~~ . ..,. 



One o( the mof;t hC'nntifnl <'i<'cfrit·nl pht•nnmC'nn imn~innhle wns witnC'~Z~ed on 
tb~ C\"ening of tbe 9th Jnnnnry, lS6S~ in rht• t•flicr uf th<' .Atlnntic nrul Pncifio 
t<•l.-gm,,h lint', n ... !llt"ster, Ne\f York. lrire x •.. 1 uf tili~ lirn• wns tluwn ht'twron 
this city and Hyrnr.uf:f'. SmifiC'nly it wn~ cli~·~"'"t•rt•c1 t l1nt twit llf'r wiro wonJd 
Work. .A r.unfilllffllfR t'UITellt of t•lt•ctricit J" W:IS lfwn uiJSt'f\"f•cl tu ht• Jl:l~f;illg" OVCf 

the winos and tl.arnn~rla the ~,·t•rnl instrmm•ut~. :nul a his whilo the l.nttcrit's were 
dctncbt-tJ. 'l'he mnn•nt S('('ntl'tl tn ho uf the.• ,.~,fmtu• .. ,. n mt•tlinm-1-lhu~l pipe-stem, 
aml exhibited th~ fw.Vl'rn.l colors of t.ho rninhm,·. l\"it h tho ltt·~· upt•n tho current 
iluu·ed in waves ur tmtlnlntiunfl, mul frum the f'nn:lmrgc>tl wiro it lt•apetl over tho 
insulated l"'rtious uf the k••y mul pa.c;~c.·cl nlung thn wires ht~ymul. 'rho snmo 
}'hcnumcnou wns oltRrn•t'll nt lluflhlo mul at Olovd:uul. 'l'hn g:as in t.ho nflico 
was lightctl without dilliculty hy bultling tho euc.l nf n wiro within nn inch or two 
of tho gas-burner. 'l'ho cnrrr.ut wns intcn~o ennugiL to shnek one holding tho 
wires or instruml'uts; indecfl, one of tim f'mpluJ·cli uf tho ollico hnd his fingers 
scomhed by tho currt~nt. 'Vith closed l;.eys tho cun-ent wns continuous, as before 
stntt'cl. 

'l'his phenomrnon hns ne\·er been witn~sscd except when coltl went her prevails 
extensh·ely. 'fhc bwken wiro spokrn of~ which rested on the gromul, wns tho 
point of communi•::ttiou with tho emih. 
· Hero we mny 1wtico ono thing nut g('nca·a11y knuwn. A portion of n. E=peech 

of lion. 'Villi:un 11. Rl~wnrcl in Jtochester, n. few .r<•nrH s-:inc~r, wns telt•grnphed to 
New Yurk :uul from Ht•ston to l>ortl:uul h'• th<' l'let't.ric:al influcm~es nf tho :mrorn 
hurcn.liE=, nll the ltnttl•t·ies ou tho line being tlet.uchctl. 'nais fent, it is suid

7 
has ~-·~.a·" 

been tetl. 

Tho ng mltllt.lOllfll 
tho Institution : ,. 

The 'l''l'litiuns you put with reference to tho Uochester elt>ctrical phenomena \' 
nro thns nuswered : · ~--. l 

l. \Vhetht'r nny :appenmnct' of tl10 nnrora. wns yh:ihlo nt tho timof. !learn · · ~. 
of nom~; sk ,. clumlt•tl n.t ltochester, 'l'umntn, mul .1\Loutren.l, mul stomung. ~ 

2. 'Vlwlh~·r tlao cliilc.har,!!es Wt'ro cuutiumms or titfnl1 }'rum H • .1!,. lllncl;.all, (j~ 
n~:uuagt't· uf tht> .ltl:mtit• :u;~l Pa<'ilit~ 'l'l'lt~~rnt~h Uvmp:m~·, Uocl~C'~ter, 1 lt•nrn ns 'f· , ~: 
Jialluw:;: At . .t.:m p.m. truul•ll• etttulllt'lH'C'tl wlnll' he' w:u; '' trnnsnuttmg a telt•gmrn ~~~ 
tu Xt•w York o\·t•r lho No. l wirt>, which wn~ nftt•rwnnls lucntccl. ht't\\"el'll F~tlton ,-.~.z.. 
mul :;ynu·u~l', uuc wiro hcing hrukt'n7 :and the Wt'~tern end hnngmg ncrnsR ~o. 2, ~ ~ 
re~o~h!cl on tho grouml. At t~10 smne instnut I t!ut.icecl my relny. surclmrgctl w1th .nn .. ;~ t~. 
mm~n:tl :mwnut uf mncrawt1sm. Upon np(•nmg m~· lit')", wh1ch wo u~nnlly grvo ~-- · ~ 
tho ~ixh•t•nth c.af nu incl1 plny, tlisdmrgcs uf t•ll•l'tricity~ n\·cmging·us high n.s 300 . l 
pnl"_·ntiuus n. minntu from mw platiun point to the utht•a·, mul tl~c ncnrt'l" I pln~etl -~~­
th£'~e puiuts tlw more mpitl they occurrecl. • • • • 'l'ho Hnitl w:as pnssmg .- · ~ 
from west to enst thron!-{h tho key. ln ntltlitinu there wns n ctu·rent nhout tho~~, ~Ita': 
size of n pin flnwiu~ from the core of the helices tn tho soft piece· of iron on tho .. \!. 
armntun~, which ~omulc(l Yl'ry mndt like t'lcl'tricity protlnt·t~tl br friction on a,~-~.:;'''· . 
glnss cylirulet· n-,J•,C'n pn~sing: t~ :t Le~·den jnr." Tht• phenomenon coutiune(~ u?til 'B':~'t) 
nhunt. 7 p. m. l he wntt•r lllhlrms lll(' thnt. he hn:a WJtnt•sst'd =~ hnlf tlc.lZen sumJnr ~­
hut. W(•nker tli::play:s uul'iug the.• past 14 ~·l'nr:t, nutl alwnys between ".4 P· Ill. nnd ~-
7 p. Ill. .-· 

Fwm 0. 'Y. Dt•nn, mnnn~er nf the ~nmo lin(', Glcn•lnncl, Ohio, I lenm as , 
ft•llow~: .ln t•xtr:~m·ons t·~n-rt•nt JU:ttlt• it impus~iJ.It• to wurk tlw wiw un Jmmnry... . . 
9th lust. It w:as fu·st twllced nt V n. when the current grew SIJ str01 that · 



( Tbe ·.\.uro= f!urnau.. . f 

\\"u "'" au•k\'tt if lhu curntntlt Jlntduct!tl on lla'c~ "'in•K clurinJ.C 
. tlw .. u •lhtplAy .. aru lltruc•r•huric, aetlnJC dirt'C't fnnn tlll'l'u 1u1n,. 
ral t•hoiUJIUt'lla, thu11 iri'ILlliatlnJf ~hu ht-aw••nlf, &n1l whk¥' 

woavo daelr trium1Jhal t.:oronu up llJtJI&Lfl•ntly 
&mong thu t»lant.otll Y Although theru aLn•, un­
qut!&tionably, largt.tmalltCa of t.•luctrlc cluudet Mil· 
log in thu upper .rc:rioos o( thu air clurinj,C tlau 
pr~&uncu ot th0110 auroral clilt(ll&ylt, yet thu fw·t 
that all, or nearly all, lntcrtercnctt fro111 tho t•ur­
ronta then edLibitud can bo pro,·entod by Kirnr•IY 
uaiog two wh·oa iaatoa.d of thu earth and '"in•, 
provua tW thcao curronte aru e&Wil'tl by a eli• 
turbanco of of tho earth'• normal elt.'ctric •taw. 
The earth'• onllnary electric tenttion ia diaturbctl, 
and ita currontll are, ao to apeak, SCAttorod by 
this induced current fronftho VIUit masaeat of eltoc· 
tricityin tho aky, but aro uYcr aooking, by tho 
vlolont·actlon peculiar to tllom, to rea&oro them· 
HUlvua to their nonnal coodltlon, th~ cauain.c 
tom.porary electric currenta of gn.>at power and 
rapid changt.'l o( toulon. Thus thoy entor a 
wlro fron1 one earth connection in this cftort at 
rc~ttoratlon, and aro chaaud back by another from 
tho oppoatlto cxti, oxhlbltlng t~o Yiolont and 
changoful curru t which mark theao magnutic 
atorma. Tho ea '• lt&ulf, -Ia a great n•ttef\'ttir 
of electricity, ofl"&tr g no aenaiblo n.-.iet&no: to 
tho entranoo o( electrical eurronta. 70& nrying 
In lta electric tonltlon or condition a& ditr..:reDt 
polnta. Thla cau. an almoet ce&~NICIII action uf 
the earth'11 currenta, and at almnet all tint• 

· thoy can be Cult UJJOn tho wlree wh~h they u!IIJ 
to eff'uct t3:'e equalization of tholr ten•ion. Du· 
ring the a l dlaplaya this actlon ls esceeain. 
At tho aam time lt caa acareoly bo regardc.od a11 

incorrect to aay that it la tho induction of vut 
volumee of eloc:trlcity from tho upper air which 
cauaea theae os:traonllnary currents lYhich, aa1 

seen, can boutlllsod and ltamcuod Cor human acnic:o; 
· ~- 1aa a Uno can bo workod by any polarity, providc.od tbu 

w!Wio wlro la workod wit a llko polatty, tho changing cur· 
ronta do not prevent th~ line from log operated during 

··~· . the violent contoat for tlie aupromac of tho one current or 
~. . ~ .. •thtt othor.-Joumal of lh1 Tekgl'dpl&. 
•' 
~:.::,;. ....... , .. ,. 
~· ~ ,~~ ..-,.,,~-::;l! 

BERLIN 

Physical Society, December 3. 1886.-Prof. von Helm­
holtz in the chair.-Dr. Konig exhibited a von Kries colour· 
•nixing appara.tus, the third specimen of the kind hitherto a.N~""""'•~ ~ 
turned out m the factory of Schmidt and Hinsch, and discussed 
in a searching manner the construction of this instrument. The 
ins&rament contained essentially two displaceable slits, the light 
of which was by a prism decomposed into two spectra falling on 
each other and producing the mixture of the coloun. A second 
doable slit,. and a simple fifth slit :lllowed a comparison of the 
lllixed col011n and an admixture at pleasure of white light.-Dr. 
Weinstein reported on his deductions from obsenatioos of the 
earth's current in the telegraph lines of the German Empire. 
Among the results already elsewhere published of h.is calculations 
(li41e NA'fUK~ vol. xxxiii. p. 624) it may here be brought out that, 
apart from its disturbances, the earth's current showed a daily 
pet iod with eight fluctuations, which, however, did not cx.-cur 
throughout the whole year, nor always in a ~imilar•lirecLion. These - .,_ .--. ..., 
Ruc:tuations were least in the moruing between five and seven 
o'clock. TI1ey were the cause that the statements respecting 
the daily maxima and minima differed so considerably among 
the different authors. · The earth's current showed an in~imate 
relation to the earth's magnetism, and especially to the de­
clination. The speaker failed, however, to discover a relation 
in the earth'~t current to the period of the sun's rotation, although 
such a rdation was asserted for the earth's matsrnetism. The 
latter, too, wru; a point whicl1 the speaker doubted, and that 
because he had been unable to confim1 the relation, which was •UIII...-t.tF 
likewise affirmed, between the aurora. and the sun's rotation. 
It was true he obtained an average period of about twenty-five 
days, but the minima amounted to twelve and the maxima· to 
rhirty-seven days, and between such extremes a mean was not 
allowable. l'or the oartb's current likewise he found minima of 
twelve days and maxima of thirty-seven days, and this reSult ap· 
peared to hint to c:onftict with the assumption of a connection 
between the earth'ti current ami the sun's rotation. lie con· 
jec:tured that in the case of the earth's magnetism single values 
deviating too strongly from one another had been united into a 
mean. liu it further relatell that the intensity of the earth· I"'IIIIIIIIJtiiit-,'­
current proved itself to he nearly proportional to the length of 
the lines. In the lliscu=t!iion following this address, Dr. Brix l----­
spoke of the eartb plates which hatl been introduced in the lines 
WlCd for measurements of the earth-currents, and which had "'"'IIA.L .... III" 
hitherto proved so little disturbing that (or the present the intro­
duction of unpolarh;able plates was desisted from. 



~· 
~~: ~ EARTH CURRENTS.t 

BY WJI, l!'ID. 

~ ~ ~ TBI: author began by diauing magnetic or electric storma, 
• · '· their cauaee and e1fecta, and the probable way in which these 
11f:~tt4tlec:trieal disturbanctt, produced by solar convulaiolll, are trau­

mitted in wa~e• through the ether ud impatted to what he 
termed the .. electrical atmosphere" of the earth, inducing 
electrical waves, or earth currents. During the prevahmce of ~~2~~!~~~~~~~g~E~~~ these earth currentat, be said, the earth's surf'actt is divid~ into 

....r,l\"'-'•&4lilequipotential planes, between any adjacent two of which a dif­
ference of potential always exiata. The greatest interruptions 

on~~-- are in~ariably felt along lines of force running acroaa tlwle 
planes. 

The aceompanyiDJ diagram roughly illustrates the muner in 
which an electrioal daaturbance ia propagated from the sun to the ---·-· 
earth. The diaturbing force gi~ea rise to a aeriea of electrical im- ,~!IJ~~~~~~~~f 
pulae1 which are tranamitted in all direction• through space in the -....~~-~. 
form of spherical wavee which de~elop upon the surface of the 
earth th.oae linN of equal preuure or potential represented in the ~-... r-.l .... ~ 
drawing u circles or ~rtiona thereof. The electric force like 
many other forces dim1nishn with the distance according to the 
law of inverse ~uarea, but the value of the force at a given point 
on any one of the circles is the same u at all other points on the 
same circle becauae they are alll equally distant from the centre of 
disturbance. Hence such a circle !:fpre&enta an equipotential aur· 
face along which the natural forces are inactive. All other sur­
faces, however, will neceuarily hove different values, and there­
fore an inequality of potential e:z.iatl which tends to create an B. 
II. P. in anz telegrapli wire connecting the various circles. It is 

• 

our . ge~t wirt-'8. During tbe past term of storms for instance 
thtt carcu1ts between New York and Butfalo which vary from 4:;6 
to 482. nlilea ·in length, exhibited the high~t B. u. ~t•'s.; the ~•lue 
of wh1ch on dev~ral occasions exceeded 600 volta, and on A.ug.12 
last, r~ched tb~ unt,r~ented magnitude of 768 volta. 

Twrce or tbnc~ ~unng the rece~t storm period, there appeand 
to be a sudden sluftmfC of the t!QUtpotential planes to an easterly 
and westerly _dir~ction, which is quite an unusual, as well as reo 
markable. cucuwstance, and one quite difficult to property 
o.cc~uut for. At. the times re~erred t«?, the wires north and IJOUth, 
wh1ch had prevrously experienced httle or no interruption be­
came totally unworkable, whereas the easterlv and westerly r~ute 
appeoz:ed to he more or leu clt•ar of' the earth currents. Then 
\\ere tuu~s _also when~ number of wiret~ b~tween the same pointa 
would be mllueuced ID t1Uch a manner, that while one or two 
nai,rht oo found p~rfectly wor~able the rest could not be operated 
at al~. Th_e~ cur1ous anomalies to,retht>r with oth~r stronl{e in· 
CODiustenctes ~h~t were noted at the tint~, can only be explained 
on tha supJ,Osltlon that some of' the eqUipotential lines in11tead of 
forming portions of spherical surf aetas, were ntore or leu distorted 
by the action of other diliturbing influences into highlr irregular 
figurt's such as the spectrum of one ruagnt·t would show in tbtt 
prest'DCe.of other maRnets. lrregulur curves formed in this way 
and. paaa10g through the. varioutt pointtt noted-all being nut• 
sur1ly ut I he sume potential-would render poasible the main ten· 
ance of rt'gular cmuruunication bt!twe~u such point~t. 

The author then devoted sowe time to the various theoriH 
~oncerning normal ~ar:th currents, and showed diagrams of read· 
m~;s t~ken .upon a portton of' the A.tllintic cable in 1857 illustrating 
~l~ctrtcal tuJu.l etf~t::s. The t'tf~ct of' local interfert>ncea upon the 
working of tdegraph lines wa~t tht'n considered at length and tbl! 
papt'r closed with the stateo1ent that, although the ph~nomen• 
of ea~th currttnts~re but imperf~ctly understood, thtoir etfects are 
~ un~ver:wJ and_ tm{l'>rtant tha~ ~t. requires no great astretcb of 
1magmatton to conce1 ve the poss1b1hty of an extended applicatioa 
of these currents to us~ful purposes at some future time. 



UTTER FROM MR. CHARLES CUTTIUSS. 

THB CoMKER.CIAL CADLE Cor.tPANY. MACKAY-BENNETT CABLES. 

Nxw YoRK, July 23, l~l. 
PROP. CLEVELAND ABBE. • 

D1ar Sir,- Yours referring to the electrical phenomena 
of the ISth, 16th and 17th to hand. · 

I take pleasure in giving you all the data we have on hand, 
but" as you will understand, our receiving apparatus is of the 
most delicate order and we never permit any strong currents 
to pass through it. Consequently of the major part of the 
disturbances we have no record. Further, in order to prevent 
our btiSi~ess being delayed by extraneous currents, we employ 
condensers in circuit with our apparatus, and therefore currents 
of considerable intensity could exist 011 our cables without our ~~·--· 
having any record of them unless they varied somewhat rapidly 
in potential, when of course they would manifest themselves. 
This will undoubtedly account for our not observing any dis- ~~~~~~~~~~~~~=:.~~~£,~ 
turbance during the 1 sth or 17th, and on the 16th only for a 
period of about two and one-half hours. The electrical waves 
attained sufficient strength and changed in potential with suffi­
cient rapidity to record themselves at 12.21 P. M. on the 16th inst. 
They were quite strong, and in some cases between I 2. 21 and 
12.25 the difference of potential must have exceeded so volts. 
Between 12.2S and 12.28 I judge .there were cases of upwards 
of so volts difference of potential from 12.28 to 12.30. I do 
not think any wave gave a difference of more than 30 volts. 
From 12.30 to 12.31 one wave possibly gave a difference of 
so ~o 6o volts. From 12.31 to 12.39 no wave exceeding r 5 to 
20 volts. From 12.39 to 12.39·45 there were 6 waves of about 
35 to 45 volts, but from 12.39·45 to .12.40, there was a wave of 
such exceptional severity that in order to s<we our instruments 
I at once put the cable to earth. This wave· undoubtedly must\~·:·~~ 
have exceeded 100 volts. From this time until 2. 56 P. M. we ~~~-i.i~~~ 
occasionally found periods when work could be safely resumed, 
but from 2.56 P. 1\l. we have no further disturbance reconled. 
I regret my inability to furnish you with more exact data, but 
you will understand that from the reasons given above we can­
not take the risk of damaging our instruments or the cable by 
attempting to measure these currents, but on the first approach 
of a severe disturbance we ground the whole apparatus. The 
differences of potential that I have given are such as I should 
judge would cause a wave of the character recorded, if it was 
applied in the form of a battery at the distant end of the cable, 
but as you will understand it does not necessarily follow that 
both ends of the cable were of opposite sign, and the current ~-.-..~..-.-...... b.;ll~~~-;;:1·1 
recorded may have been transfcned through the dielectric; in 
this case both ends of the cable would have the same sign, and ' 
the disturbance producing it must have been enormously larger ~~~~~-~IL 
than the figures I have quoted. 

I~ at any time I can be of service to you in connection with 
the.·-- or other observations, I shoulu be most happy to c..lo all in 
my power. Yours truly, CuAs. CuTTRIS, 

· Electrician C. Cable Co., 
Room 1 16, Dre.t:d Buildi11g, Ne-zv York. 

CLEVELAND A~tm. 



TIM .. 

12.4oi. 
I2.41 
12.43 
12.44 
12.45 
12.46 

CllllaDT STauoTH. E. M. F. DavaLO,.. 

. I 3 3 Milliamperes. 492. I 
68 ,. 251.6 
20 , 74·0 
IS u 55·5 
19 .. 70·3 
l4 " s 1.8 

A wire between New York and Elizabeth, N. ]., showed the 
following variations : -

TIML 

1.51 P. M. 
1-53 .. 
1-55 .. 
'·55~ .. 
1.56 .. 
2 .. • • 

2.10 upwards of 

CuwRKN"l' STaRNGTII. 

55 Milliamperes. 
15 .. 
8o " 
95 " 
25 ., 
40 " 

• I 50 " 

The maximum difference of potential between the distant 
grounds being about 210 volts. 

Other wires of different lengths and extending in various 
directions showed equally strong and fluctuating forces travers­
ing them, notably in a New York-Philadelphia wire, and in a 
circuit between Chicago and Omaha, in which pressures of 140 
and 390 volts respectively were obtained. 

The line of least intensity at any time during the disturbance 
was apparently north and south, though circuits running in this 
direction were frequently as useless for practical purposes as 
those in the direct line of the storm. 

The exciting forces quieted down somewhat by 3 P. M., but 
continued to interrupt the wires (more especially those running 
east and west) at short intervals during the remainder of the 
evening. 

They were active at irregular intervals and for variable periods 
all night, and during a portion of the following day. 

They have not since been observed on aerial lines, but appear 
to have subjected the Atlantic Cable Circuits to further inc.on­
venience on Monday and Tuesday, July 18 and 19. 



LECTURE VIII. 

ON ELECTRO·l\lAGNETISli. 

DiiCOvcry by Ocntcd-~fut11al actions and relative motions of magnets and wires 
carrying currents of Elec:tric:ity-Inductiou of pcnna.ncut ma.gnctism on steel 
and tcmpnra.ry magnetism on soft iron-Ritchie's Rota.ting lingnet-Rotnting 
coil-Electro-magnets of Roberts, Radfonl and Joule-Ritchie's observations 
on Electro-magnets-Electro-ma.gnetic Engines: Da.venport's, Taylors, Da.vid­
son's, Ja.cobi's, Ta.lbot's, Whea.tstone's, Henley's and Ba.in's--Ga.lvanometers: 
Ironmongcrs' hydrosta.tic ga.lvanometer-Dr. Locke's Tbermoscopic galvanome­
ter- Electro-magnetic telegraphs: ~ucxa.uder's, liorse's,. Da,·y's, Wheatstone 
and Cooke's needle telegraph ; their improved .Electro-magnet telegraph ; their 
printing telegraph -1\Iethods of insulating the wires- Bain's E.'tperiments; 
his Electro-magnetic printing telegraph ; his other applica.tious of Electro­
mngnctism; Ws Electro magnetic clocks -The Rev. lir. Lockcy':s contact. 
fonncrs-,Vhcatstonc's Eleetro-mobrtlctic eloclc:. 

(5i3) TuE tli!;tnrhancc produced in the magnetic needle by the anrorn 
~.-r...tllf· borealis and lightning, hall long suggcstcll to philosophl•rs that the 
-~----~·agencies of Electricity aud magnetism must be counected by some 

close and intimate relation. For nearly half a century the discovery 
of this relation was a. favourite subject of speculation; aml it is curions 

-~--···-=-...~ to compare the various opinions ,,·hich were maint.'\hlell by different 
_..., .. n ... ,., experimentalists. l\Iagnetic properties were easily communicated to 

bars of stecl, by pnssiug strong electrical shocks through them, but no 
general ln.w could be trnccd as goven1ing the polarity thereby imparted. 
D' .A.bilarcl imnginetl, that be had proved that the electric discharge im­
parts a. northern polarity, to that point of a. steel bar at which it enters, 
and a southcm polarity to that at which it makes its exit : aud this 
quite independently of tho position of the needle, with respect to the 
magnetic poles of the earth. 'Villc.c, on the other baud, was equally 

~l~~~~~~~~~~;~~~~:~f~:='~ satisfied that au invaria.hle conncxion exists between the negative Elec-
~ tricity, and the northern 
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6.2! 1' %0 ~~u ... s .• , I - i 0 roo-... 6.27 20 "8•a,.8 8.30 - I 0 : tions made •• I 
6.:a, - 0 ug~ .. - I - · between 

'-l' p 8 .J4 Q.IC 0 
90 ' I 0 ;18.30 &: 9.0 C"" ~ =-- - I 6.J] , 13 : 9-401. - 0 I P.!lll. 

P means Positive from L~>ndon to Portsmouth. 

. /.,1 ~ --. . 
of stonns of this character, the effect has been simultaneous ~~-·~~~ 
all over the globe. The French Atlantic cable was .. ~ 
seriously affected ; the s_trength of the current ~ at ?D~ » , . • 
time equal to go Dan~ell cells. It w~ a~ tt~es un \ • ·~ .,.... 
possible to read even with condensers 1n ctrcmt. The ~· ... • · . 
American lines were also disturbed in the East, West, ] 
and N onh, but not in the South. '-~ 

It is much to be regretted that simultaneous obsel'V!L· ~ ~ . 
tions cannot be ~e in ":Lrious parts of lhe ilobet de~al- ·~'-\'r\­
iDg, in comprehenstble umts of measurement, the di~ton i..., ~ ·, · 
and strength of these currents, as well as the e~t tu~e .;.~~~~ 
of their appearance and disappearance. We mtgbt thc;n ·~Y' ..... , ' 

arrive at some knowledge of their cause. ~-~r~ 

The officer who made these observations writes :- A•tl." 
"Strong deflections arising from earth currents were ob­
served on all circuits e.'tcept the local ones. The duration 
of the currents changed from north to south at intervals 
o( a few minutes, and varied in strength from 1° to 68°. 
ne strength of the. current was proportionate to the 
lelrgth of the wire. Thus Chichester circuit (a short one) 
wu aft'ected less than the Guildford, and the latter less 
than the London circuits. The working was maintained 
to London with comparative ease by looping two. circuits 
together at each end.n The latter method is that usually 
adopted to overcome the disturbance due to earth currents, 
but or coune it is only applicable in places where there 

...... -·· ~ ~ 
Feb..7!7 W. H. PREEC~~~ 

are twa wires or more. 
~~ ..... ~----~~ 

Another officer at the Waterloo Station, London, ob. 
served the deflections gradually appear on,every needle 
circuit, of which many concentrate at that :station. They 
commenced about 2 P.M., and from that period to 8 P.lL 
they had all alike been more or less disturbed.· It was 
noticed that the needles moved over gradually, not by a 

- .... -. ---.. continuous motion, but by jerks, resembling that of the 
minute hand of a large clock. This has, however, been 
proved to be due to the friction of the pivots, and not to 
any pulsations in the. currents. 

The currents were always most apparent, and first no­
ti.cea~le on t~e !ongest lines, and as the lengths of the 
c1rcutts termmatmg at Waterloo are very variable, this 

~._.Do .. -.~ gradual appearance was very interesting. Lines running 
:'\lCIIIL"'•--::.::: south-west and west appear to have been most affected. 

All the wires in the Channel Islands were also very 
~ .... .....,;~ much disturbed. In fact Jersey was broken down to 

England for three hours, owing to the fact of there only 
being one cable. The section most affected was that 
between England and Guernsey. It .was also noted that 
the wires in France were much influenced. 

MAGNETIC A.~.VD su~v SPOT PHEJ.fOMEJ.VA. 
FOR FEBRUARY, 18io. . ~· 

(As rect~rded a/ lite Ki111 O!Jsn-Jafory.) · •· ,. 

0 ~ F ~bru:u-y I st about 5 p.m. there occurred a very it; 
considcr.1ble disturbance of the three magnetsc 

elements, which lasted until about 2 o'cl~c~ in. the early 
morning of the next day. The tendency ot tht~ dtsturhance ~ 
was to diminish the declination and the hor.zontal force, ~~, 
while on the other hand the vertical force was .in~r~ased ~ 

1 during the first half of the distu~bance and d111'1~1s~ed rl': •{ 
during the second. The oscillauons of the dec_Imat1~n .· 1\-
~Y.!'tJ ~,. ·-Ihe ~sturbance ~ ac:.om~111ed wttb·'j§., 

. aurnra,- \\illCil WaS Widely OOSen·ed, ana alSO wltli 
currents affecting the telc~raphic wires. From the 

appearance of the traces one is inclined to associate the 
aurora and earth currcms with the oscillations of declina­
tion rather than with thost! of the other elements. 

On February n, a little after 6 p.m., another disturb· 
ance took place, which c_ontinued more or. les_s for thirty 
hours. As in the prcv1ous case the oscxllattons l)f the 
declination were most marked, but these w~rc not so 
excessive :-.s ft:·r the previous disturbance. Au aurc:a 
was visible at 8 so p.m. of February I r, and one was :::a1d 
also to have been observed on February 1:::. . 

The following is the record of sun-spots dert\·cd from 
the pictures taken :-

Febtwl.ry 5 .... 4 small groups 
, 6 ... s , 
,. 8 ... s .. 
., 10 ••• 3 
" 11 •.• 4 

IS ... s 
20 •.• 7 

, 21 ••• 5 , 

2 large ones · 
I rather larg-e, l very b.rge 
2 large, 1 very large 
4 l:irge, 1 very l!!.rse 
2 very large 
1 large, 2 very large 
1 lar~e 
1 large 

., 22 ••• 5 " 
.. 24 ... 4 .. . . . 4 
" Z) . .. 3 " ..,;7 

~~~~~~20~-·~:~~.~~~~~~~~ 
"j ""'!"?~·lioc~~ ,--;r: . .. 

~L'F'~. ~)it:Ct--~:~--:~ . ~ 
~~~:.~~-:,_ ·~-==· ~~-~ 



On Friday evening Prof. .A. W. Rucker, M.A., D.Sc., 
Sec. R.S., .M.R.l, delivered a lecture at the Royal Institu­
tion on "Earth Currents and Electric Traction." Sir 
William Crookes presided. 

Prof. Rucn:R first referred to the electrical currenta 
which traversed the earth's mrfaca. In addition to these 
he had reuon to believe that there might be, at great 
depthl within the earth. currents of greater importance, to 
wmch the phenomena of tarreatrial magnetism were due. 
Further, we had reuon to believe that soma currents 
might flow into the atmosphere, itself a seat of electrical 
phenomena. It waa pouible that cnrrenta might flow 
from earth to air, and from air to earth. But apart from 
all these there were other currents of considerable force 
which were distributed in the earth from dynamos, with 
the result that great electrical disturbances had taken place 
at some of the magnetic obn"atories ; so that in reality, 

where the lines for electric traction were first laid down 
very roughly, with the result that large earth currents were 
allowed to disturb the neighbourhood. He showed by 
means of a diagram the disturbances that were caused by the 
South London Railway, and another diagram indicated tho~e 
noticed at Greenwich. The promoters of several electnc 
railways had already agreed not to llSe~ earth.ed returns 
on their lines. He believed that the 1nsulatmg of ~he 
return wire bad introduced additional cost and diffi­
culties in the construction of the railways and tramways 
in question. In the case of the tramways running in the 
neighbourhood of K.ew, it had been arranged to put the 
return conductor overhead, and to have two trollers to 
collect the current instead of one as formerly. In sp1te of 
the ready way in which the promoters of the tramways 
had met the observatory authorities, the next year or two 
would be a very anxious time with observatories .. Oba.er­
vations had been made at Kew now for somethtng bke 
40 years, and to remove thi~ obseryatory from the 
neighbourhood would, be a nat~o!l~l d1saster. Anot~er 
point he referred to was the poss1b1hty of currents floWl~g 
from the air to the earth and from the earth to the atr. 
It had been suggested that there was a great system of 
electrical distribution due to this phenomenon, and that the 
aurora was connected with it. Of lata the question of the 
determination as to the heights assumed by the aurora 
had entered upon another phue, but the actual measure· 
ment of these heights was open, as he showed, to P.Ve 
doubts. In conclllSion, he alluded to the attempts whtch 
were about to be made to add to our magnetic knowledge 
in the southern hemisphere by the expeditions of England 
and Germany, both of which would work together, though 
they would take different routes. 

earth currents might be divided into two claaaal-natural 
and artificial. Natural currents might be divided into those 
which existed near the earth's surface, those which might 
flow at a considerable distance beneath the earth's surface ; 
and those currents which flowed from earth to air, and 
from air to earth. He first considered the currents which 
flowed at a considerable distance beneath the earth's surface. 
At a depth of 10 or 12 miles we should come to a point 
where magnetised bodies would cease to be magnetic, 
u the increased tem~rature would be sdicient to 
destroy that property. He illuatrated thia annihilation of 
magnetic force by means of a piece of basalt, and pointed 
out that the argument, which would hold good in the eaae 
of iron, would also apply to the rocb in which iron or ita 
oxides were found. A very interestinJ uperiment made 
by Mr. Henry Wilde waa referred to; m which an attemnt 
waa made to imitate the magnetic condition of the earth. 
A globe of about 18in. in diameter and containing a spindle 
around which iron was wound was inclined at a certain 
angle. There were really two sets of wires through which a 
current could be passed. The interesting and important 
thing was this, whether, when a small magnet waa placed 
near this artificial globe, it would behave towards it 
the same as a magnetic needle would on the surface 
of the earth. But it waa found that what on the 
artificial globe so formed ~be ocean parts had to be covered . 
with a thin sheet of iron,. and immediately there · 
waa obtained the most remarkable agreement between 
the model so constructed and the earth itself. In the 
course of further expenmenta there waa thrown on a screen 
what he called a shell-an oblong piece of metal with a 
small magnet in the centre. .Fine iron filings were indis­
criminately scattered within and also outside this shell. 
The e11"ect was that the enclosed filings immediately 
aaaumed magnetic linea, while those at the outside of the 
rim were still free and retained their original position. 
Conversely, when the magnet was placed outside the rim, 
the .filings all around it arranged themselves into magnetic 
lines, while those enclosed remained perfectly free, and, of ,...., •. ..r::~ 
course, unchanged in position. The magnetic curve linea 
of both hemispheres of our earth were shown on the 
screen and described, and the lecturer proceeded to enquire 
into the existing differences of magnetic matter under the 
seas and on land. If there was such a thing aa an iron 
shell round the earth, then there might at once arise a a·...:-a-..~~11,_.:: 
suggestion as to the nature of meteoric iron. But on 
inspecting the great Australian meteorite in the British 
MllSeum, he found that this showed no magnetism at all 
except that due to our earth's induction. The same held 

_ 1 .r. with a number of the smaller meteorites he bad tested 
~~t'f .J also at South Kensington. He experimented with a large 
• ~ piece of meteoric iron which had been lent to him. On 
-.: .. ·,:.~ \. ~ testing this with a sensitive magnetic needle, the same 
~, ~ ~ • result was apparent, the attnct.ive force being still 
.:~~~~ due to our earth's induction. Terrestrial. magnetism 

.,;. :~, ~-"~ was one of the moat backward of the sc1ences. We ;,: . -s~ did noli really know why the earth was magnetised. 
\. ~ 1 Speaking of artificial curran c. and their danger to m~etic 
~ - .. o&aonatories, and to a .lea extent to colleges, be sa1d the 
~ ncea caused bv these were first noticed in 
~~. ~~-If--,·~-~ 
. ~ • '~':..r- :r''~·~--A~~' .. loBI ......... 



EARTH-CURRENTS 

13.1. Introduction. Variable electrical currents in the earth's crust .... ~ ..... ~:..... 
were first observed when telegraphy along extended lines was intro­
duced. In the circuit formed by the line, grounded at the ends, and tho 
earth, irregular currents of much higher intensity than the artificial 
currents used for telegraphic communication appeared occasionally and 
obliterated the signals. Such 'earth-ctirrent storms' occur at the same 
t.ime as magnetic storms and aurorae, and therefore share several 

~-==~~~ _characteristics such as world-wide appearance, relations to sunspots, 
:,-~.,;~~~~~~ 27 -day recurrence tendency, higher frequency at the equinoxes, and so 
~·~~AV-~~-- on. This similarity points to a close physical relationship between the 

two phenomena, and is the main reason why these 'telluric currents' 
are discussed here along with geomagnetism. 

-~~.-:--.:..--~ . ...-- Burbank [2), in a. bibliography of the early literature, ascribes to 
..-.-..~ • ..._,i5oillli~~U Barlow (1] the fi[*:)t obsen.-ntions 'On the spontaneous electric currents 

observed in the wires of the electric telegraph •, made in I 84 7 on the 
.-...· .... ·-- English telegraph lines. In the same bibliography we find the charac- ~llllla.~~:~~~~·"""'-!11....,#! 

teristic title of a German book by Clement (3] on 'The great northern 
~~~~~ light in the night before the 29th of August, 1859, and the confu:;ion 

--~ ...... ..._.... of the telcgro.plt.)• in North America and Europe'; aurora was seen in 
~-~~--.. r~~-:11... ...... ~-..- latitudes as low as 14° (north) on the Atlantic, and on some telegraphic 

lines in France the greatest eff~ct's observed were equivalent to 800 Yolts ~£;:-iliill: 
~·\!.for a. distance of 600 km. Natural potential differences of se\·eralli!!lliiii~C~~~:..· 

hundred volts also occurred in Norwegian cables during the great -~~~~~;~1~ 
~.,..liii:.;.~~~ magnetic storm of 1938 April 16 (p. 329). 

Systematic observations of earth-currents are best made by two more ~~·•~~ar.;_.., 
or less independent steps. (a) Continuous records arc made of the 

. natural potential differences between the ends of two straight insulated __ ,__. 
!.,.......,...,. ,_....,.-_~=-- wires, from 1 to 10 km. long, orientated north-south and east-\vest .. 

.,..'%:-,_~-...,.~ Eaci1 wire ends in two electrodes buried in the grottml, nnd the potential t:..~l.-.'._~•• 4.,_.,...l~ 
differences between the electrodes arc recorded by ~uitablc voltmeters ~~~~"--,k~~'A 
(potentiometers}. In this way the measuring system does not carry a. 

..._,_.~_:.-.- current, and interferes as little as possible with the natural conditions. 
~jjjK;. • ..-. ~~·~ (b) In addition, the distribution of the conducth·ity of the soil is 

determined by special sur,teys. The earth's resistivity below the upper­
most layers depends only on geological conditions, and therefore varies 
only slowly with time; but changing meteorological conditions, especi;.llly 



been available for such measurements, and since their construction is 
not suitable for exact tests, no satisfactory results have been obtaig!'d; 
that is to say, the measurements do not give conclusive evidence of_ 
a constant part in the earth-cu~nta, which is greater than the contact- ·. 
potentials of the electrodes on long lines, thn.t is, greater than about·--~~~~~~ ...~ .. ~~ 

.~...-~~.....::--. ... 0·1 volt per 100 km., or 1 mlllivoltfkm. In the discussion of earth~ 
currents, therefore, we have 10 far no counterpart to tho planetary 

,1fi~=1iillli:s~>~""'~~ll~~ permanent magnetic field o£ the earth; our discussion is confined to· 
the variations occurring within such time limits as to exclude changes ~~~~~ 

~ .... -

}"sa. a. lllWitrating c:l"-ctric earth-cum;onta duo to apontanooua polar­
ization 

----~~--_.._L..l oftlte contact-potentials. These variations are the regul~r daily change~, 
and the irregular changes during magnetic and earth-current storms . 

....... ._.--= Th.e first indication of a real change in earth-currents, ~ith a period · 
-..,.....,_.. __ longer than one day, is afforded by Rooney's (46] discovery that the~~~~~~ 

daily mean of the potential gradient for a very disturbed day differs ~ ..... 
from that for a markedly calm day by about 0·1 millivoltfkm. at Tucson ~,~~ --:.~~• 
(Arizona); this amounts to a few per cent. of the amplitude of the daily.....,....------·-:-:-,. 
variation; at Huancayo an effect of similar relative magnitude is found. 
The additional average current on disturbed days is directed toward 
the north-east at Tucson, and to the south-cast at Huancayo; these 
directions may be modified by local geological features. 

13.12. Spontaneous polarization. An exception to the stn.tement 
in§ ll, that constant earth currents or }>otential differences cannot be 
observed, is found in the small-scale 'self-potentials' measured over, 
certain ores. Consider (Fig. ti) a copper sulphide ore under an over~·-' 
burden of 20 feet. Owing to the moisture of the soil the upper portion·--_.-;:----
of the vein is oxidized. Thereby an electrochemical potential difference. 
of half a volt or more arises between the upper and lower portions, and_ 
currents flow down~~rd in the well-conducting vein, and upward in ··fZ~;~~~-~ 



~-..~- i ~~~~li~~~~· the poorly conducting surrounding soil, as in a ha.t:t.-,..,.;:-
linea near the a~face converge to a 'negative centre' above the ore, 
and the equipotential lines surround this centre. These potential dif. 
ferences can be found by means of non-polarizable electrodes, much in 
the same way as in the case of an artilicial current-supply (§ 5). The 
method is restricted to sulphide ore-bodies of a pyritic character, and 
fails even there if an impervious clay overburden prevents percolation 
and, thereby, active oxidation. But in many circumstances spontaneous 
polarization is a good indicator; as early as 1830 Fox (47] placed large 
copper plates as electrodes against the rock inside Cornish mines, 

~lllS;i-~4-r-:~~.;~ measured the natural current with a galvanometer, and located large 
deposits. 

~~"'~.....;;;;.~~• liuch smaller in individual size and intensity, though perhaps a more 
--~lllliii:::~~_..~..... common phenomenon, are the 'turbulent currents' measured by Hunkel 

4);!~~;::;(28]\\ithnon-polarizingelcctrodes;theyappearasirregularlydistributed 
~.-.....::: .,.~.,......._ positive and negative poles of a. few millivolts, at distances of the order 

o£ a .foot. They seem to be connected with arno.ll inequalities in the 
-""i:":'•·-•- chemical disintegration of the soil, causing local difference~ in the 

'acidity • of the soil solutions. Near faults, the disintegration extend.:~ 
~~~~~~~~1 deeper, and more intense poles can be expected. 

13.13. The problem of vertJcal earth-currents. Between two 
~~til:~;. ~~".-.t.,;.earth-electrodes placed in the soil at different altitudes on a hill-side, 

there is generally an average potential difference of the order of 100 
millivolts per km. length of the line, with a current ftowing in the con­
necting wire toward tho upper station. This current seems to be more 

:.....~-==- constant and relatively less variable, the steeper the line; its variations 
-,.-11! do not change in accordance with the terrestrial-magnetic variations, 

. as do the earth-current variations in horizontal lines (2, 48-50]. But 
;~observations on a line extending up the side of Vesuvius revealed that 

the current, which ftows upward during volcanically quiet times, is 
~~~ln~~ reversed during timecJ of volcanic activity. At the Ben Nevis Observa­

. tory in Scotland a strong current which flowed upward when the summit 
::; wns clcnr, was reYcrscd when fog or clouds enveloped the summit. 

Gish [ 49] is sceptical as to these meo.:Jurements. If the currents 
measured in the wires do actually flow in the soil from all sides of the 
mountain top, the circuit must be closed somehow. If it is assumed that 
the gradient has the same upward direction throughout the mountain, 
then the current should be closed through the air; a large current would 

~.,-.a. go into the air on the summit. This, however, is exactly the opposite 
direction of the air-earth current observed in atmospheric electricity. 



air lS 

1 volt/em., which,· with an average resistivity in the open air of 6 x 1011 
oh~ em., results in· a current-d~nsity 2X I0-11 amp.fcm.2 flowing front 
the air into the p-ound. The magnitude of the apparent 'uphill' earth- · 

·currents, with a. voltage of, say, 0·2 volt per km. height difference, or 
2 x 10-a voltfcm., flowing in earth of resistivity 105 ohm em., '\\"ould,. 
be 2x 10-11 amp.fcm.', that is, 100,000 times more intense than the 

............... _ ... actually obserV'ed air-earth current. ~~- .. ~·~~ 
This leaves only two alternatives: either we must assume that the 

lfi~=4ili:Sil' .... ""':·'uphill' currents form closed circuits with currents flowing downward ~b?~-~~~~~~ 
in the interior of the mountain, or that they only represent sylitcmatic 
electrode effects due, for instance, to a variation of acidity (hydrogen- ~~~t-;iii 
ion content) of the soil with height, depending on height-differences in 
erosion or "·eathering. In the latter case, the mountain resembles a ~ 

_.::llllfl-,~• battery in which a current flows only when the circuit is closed by the !....,.._.r:: 
.Y-::~et4~ctro(les n.nd the wire between. No final decision has been reached as ~--~~!11!·~ 

~-~l:'~r ~~~~~to such possible electrochemical or thermo-electrical processes. 
Lemstrom (10], as long n.s fifty years ago, put bi~ 'point-a.pparn.tu~' 

llll~~fion the tops of the Finnish mountains; it consisted of barbed wire 
(fastened on insulators) covering several hundred square metres of the ~..._,~~~~~~L~~r;~ 
top, and was connected, through a galvanometer, with an ca.rthed 

te in the valley. The numerous point-discharges-at night sometimes ~ii~~~~ 
visible as Saint Elmo's fire-set up a downward current, which is Jr. 
readily explained as a consequence of the normal atmospheric-electric 

.S"Jir:s~vertical current. Similar but much weaker currents are observed in the ----=-.. -

wires leading to ordinary aerials (antenna-currents). 
13.14. The general character and magnitude of earth-current ~~~;;if,l~~ 

~~.:?" ... .., variations. At a number of places where earth-currents have been ~,~;JI·N 
observed, among them \Vatheroo, Huancayo, Ebro, Paris (Pare St. 
1\Iaur), and .Batavia, the direction of the resultant current-How is -~~~~~~:)~ 
practically restricted to a single azimuth or its reverse. Although this 
peculiarity is absent at a few stations (for instance, at Tucson, Arizona, ~~-... ~~·-
where the direction of the resultant flow may vnry con~idernhly), it. is.~ .. .. 
striking that it should be found at such '\\idely spread localities, 
especially where the resistivity is found to be so laterally uniforn1 as 
near Watheroo and Huancayo. In 12 earth-current systems, each about 

. . . 200 km. long, operated on the cables and wire-lines of tho Bell System 
r ·!along the eastern coast of North America from Maine to Cuba (56], this 

""""' .. ~._ .. ,.. pronounced constancy of direction (there, towards the north-west or 

~~~~~~!~~so~u~t~h~-e~as~t) is found to prevail along the eastem part, possibly even 



- -Cuba; but there are three stations (in 1\faine, in Illinois, and in 
.. ...-Ju\'n:c Mississippi. valley) where the resultant current-flows are not 

...... ,ft., ... alined, but vary in direction. 
Another general feature is the close relation between the earth-

~::..Molll~~ 

resistivity of the locality and the magnitude of the earth-current. 
variations. A remarkable example was observed at Huancayo; the eastJ.. 
~oo~m]JOI1Lent was in the earlier years recorded on two lines, and tho 

•taot~ent:tal gTa.dient was found to be nearly twice as large on the line 
laid where the resistivity was locally about three times as high as is 

--~ ___ generally found in the region: Since the current-density equals the ratio 
~~~~~ ... ]~~of the potential gradient to the resistivity, tJtis would suggest that the 

• magnitude of the current-density varies less, from place to place, than 
' that of the potential gradient. In \Vatheroo the potential gradient 

(~"'~=-=!~~-· on quiet da.ys, averaged for a certain hour, is of the order 1 milli- .,_~~~-oo;r 
.-.;~~~~~1&. voltfkm. = I0-1 volt/em. which, with p approximately equal to 1,000 ,~j~~~~.-

~~~~~~~~ohm em. up to 300 m. depth, indicates a current-density of roughly 
I0-11 amp.fcm.2 At Huancn.yo, the corresponding vnlue is about 
3 X 10-8 (voltfcm.)/10 1 ohm em.= 3 X 10-12 ainp.fcm.:: During magnetic 

..,:.,...._ .... storms inst\lntaneous values of the current-density inay be 10 or e\·en --..r ... __ 
100 times a.s high. ~~~~~ 

~~~~~~!~f: 13.15. Earth-current storms. The simultaneous occurrence of 
magnetic and earth-current disturbances is the best established fact 
about earth-currents. Statistical discussions of the frequency of earth­
current storms therefore indicate the same features as are found for 

..... ~ ............... magnetic storms, namely, a variation in parallel with the 11-year sun-._..-..;,.....--~""'"' 
spot cycle, a higher frequency at the equinoxes, frequency of sudden 

~---··-:=-... ~~r~ commencements after quiet. intervals, and a 27-day recurrence (56)~~~~J~~1l~ 
tendency. 

As to quantitative relations bet\\·een the two vectors, the earth­
current density and the disturbance of the magnetic force, the evidence 
is much less conclusive. Van Bemmelen (57] compared simultaneous 
oscillations, having periods between 1 and 20 minutes of time, in the 

:..: c::ast earth-current component B nnll the north magnetic componL·nt X. _.JIIII .. --.-

He found that the oscillations have approximately opposite phn.ses­
---~- though the highest current towards the east occurs somewhat earlier :""''j'jl~..-r 

~~ . ...:...ir • .._....,. than the smallest north magnetic force-and that the ratio of the 
amplitudes of E and X decreases when the duration (or period) of the ri;~~~~~~Ji~~ 
oscillation increo.ses; but the ratio decreases much less rapidly than 
the reciprocal of the durn.tion. However, even these results cannot be~~-.--...~~ ... _... 
regarded as significant, because the oscillations in the north earth-





'cm:orez1t component N showed much closer relation to those in E than 
~--~~ those in the magnetic east component Y; the 'single-azimuth'charac-'-.~•::.lijp::;~'-:-::;::-~ -..---

of the earth~nt, descnDed in § "14, blurs the relationship with 
variations of the horizontal magnetic components which, generally, 

chan~e much more in direction (9.17 and 9.18). 
Nevertheless, it seems to be established that fluctuations of short 

~~~.~.u • ..,., or high frequency, are comparatively more pronounced in earth-
lcw~Jlt records (Fig. 6) than in magnetic records. 

Bosler (58], from the Pare St. Maur (Paris) curves, found a parallelism 
between X and E, and &Jso between Y and N; an observer looking in 

-~ ... -the direction of the earth-current would describe this relation as a 
·~~-··••n~ deftexion of the magnetic force towards the left. Bock and l\Ioench [59] 

~Ill!!;•...;...~~~.:~ found similarities between the northward earth-current and the varia-
-~_....__ tions of declination. 

At stations in low latitudes the oscillatory disturbances of short 
periods (from a few minutes up to an hour) arc of about the same order 

--~~·~~.~~~~~-r;:::; of magnitude as the normal range of the daily variation (expressed in ·---=-- ... 
hourly means); only during exceptional storms do they become as much 
as twenty or thirty times as great. At the.t>olar station. of Fairbanks, 

~~~ Alaska (60], the short-period disturbances cl:tending over half an hour 
or less had amplitudes exceeding the normal daily variations in ratios 

~~~rf!~ 50 to 150. Also the absolute resultants were sometimes as high as 1,000 
millivoltjkm. ; this might be partly due to the supposedly high resistivity 

:.a~l•:.:~*'-~~~a: of the frozen soil. The oscillatory disturbances were practic~Ily absent 
during the hours of daylight. ··During the night their intensity varied;!~~-
from hour to hour in good correlation with the aurora.. 

~3.16. Daily variations. The tabulated hourly values for the ~~~~~~·~1~ 
~il '111~~~ earth-current components are combined in the same way as magnetic 

observations, in order to obtain the average daily variations, expressed ~ . .-~,._._ 
as deviations from the daily mean which, as being without physical 

~---.::;; significance(§ 11), is not considered. They share the following features 
•'-'oJW;J..,. with the magnetic daily variations. The variations are more rapid 
#!~~~~during the dn.ylight hours than at night; their range is higher in summer 

than in '\inter. Thi~ is mosli convincingly demonstrated by tho' v· athcroo 
results (38], because the resistivity at Watheroo has no marked seasonal · 

.. ~~ . ..:.;;;lrtii-....lli variation, and also by the Tucson re~ults (Fig. 7). The main variation ~JIIo.v--: 
~ic:i;;~'- is in the north components. Observations in the northern and southern 

hemispheres point to a phase-change near the equator; at midda the 
--:~::";'~~liZ~~ lllliiJa'\.."''ii• main currents flow towards tho from both sides. 

"~ 



ll.lO. Indication of 30-day recurrence in great storms. 
tweive largest magnetic storms in the years 1890-1921, for which at ~,.-~p:·~~ 
Potadam the sum of the ranges in the three force components exceeded 

~·_:.;~~- l,OOOy, can be arranged in three groups of recurrences separated by ~~~-2~9:~~ 
intervala which are multiples of 29·97 days (Schmidt (20]). Taking the ~~--:.Mill~ 

"1lllliil:l,..,,..~~~ noon. of 18~8 November 16 (Julian day number 2,400,000) as the origin 
~ .. :Jiii~~:t:<!IIIP"~~ of a numbering of days, the times of commencements of these storms· 

are given by 29·97n+r, where " is an integer and r, in the three groups, 
-=--~---...... ~....~ is 4·8, 23·7, 16·8. Angenheister (12] found indications of a 30-day " 

recurrenceintervalindaysforwhich C == 1·8to2·0. AlsoPollak(l6.21], ·-.... ---... ~­
:;"=:'41i:~~~~~~~~ in his periodogra.m of the magnetic character-figures from 1906 to 1926, 

~~~~·iiiiir. found a high amplitude for persistent waves of 29·9 and 30·1 days. 
~.::".!!,~~ Schmidt (20] takes the 30-day period as an indication of a deeper layer 

of the sun, rotating more slowly than the surface; these eruption centres - . ....._......._,._~~~[~~~ 
might persist for years, but act rarely. 

Howe\·cr, these periods of length about 30 d~1.ys still appear doubtful, 
because rigorous statistical tests show that the evidence for them is_ ~~IIIIo:" 
not yet sufficient: the arguments of Schmidt (20] are especially con~ 

··-'·.-~~''!!!'" 
vincing in that respect. The reader is referred to 16.29, 16.30, and 

.. ~..,.~ 16.33, where the general test methods are explained, and applicatio~ . 
....... ~ .. ""'"--" ... to the 27-day rec'tirrence tendency are described. · -

If the solar M-regions (§ 6) responsible for magnetic disturbance ..c,,...,_.,..._:;-_a;;;. 

--=--

on earth should follow the drift of sunspots from high to low solar 
latitudes during the cycle, the longer rotation-period of higher solar ::;;;,---~ 
latitudes should be reflected in a lengthening of the 27 -day recurrence 
interval (p. 399). " 

Moreover, the fact that 27 -day recurrence sequences are longer at the 
end· of the solar cycle(§~ (f)) may be taken as indicating that at that 
time the M -regions are nearer the equator and aim their emissions more 
accurately toward the earth, so that the streams sweep across the earth 
at every rotation during their lifetime, while at the beginning of the 

~:II~~ cycle they are emitted at such an angle to the ecliptic that they reach 
'i~~~r~~~g~~ the earth only occasionally. But, of course, an alternative interpretation 
~ is that M -regions live longer at the end of the solar cycle .. 

evidence as a whole suggests a width of from 10° to 30° for 
streams which cause storms. 



INTERACTIONS OF TELLURIC CURRENTS ~Seidomly have man-made systems been viewed as sci:~ ..... ..,/~ 
WITH MAN-MADE SYSTEMS ~ entific i?struments that are useful for studying the natu- ~·.·~~~ 
The natural telluric current environment can signifi-~ ral ~nvtronment. Often a man-~ade syst~m can be~~ 

cantly affect man-made systems. Conve=ly, human o!l consJ_d~ed part of t~e natural envuonment 1tself. Ceo-~ 
t~hnology can ··pollute•• the natural telluric current cn-~

1 
P~lY~•c•.sts can then. 1~agine su~h large man-~ad.e tools;· . " _. 

~tronment. The mechanisms by which these interac- . as stmalar to s~ecaf1cally des~gned measurmg mstru-~\~ 
~-·--..::, .. boos occur, as well as their modeling, are far from being ments that, unhke laboratory mstruments that are nor- ':"fo:.~~~~ 

7:_~,.:~-1~ understood satisfactorily and comprehensively. Ceo-~ mally presumed to negligibly affect the system, actually:-: . ...,.,,.;..:.. 
physicists have often viewed such interactionc; as an nn-J interfere with the natural ph~nomena, often quite seri- ~~. ~~ 
wanted, unnatural nuisance. Engineers have almost al-,. ously · S~ch h.ug~ and expenstve man-made systems can-~~~ 
ways been concerned with thresholds of system- allow, m prmc1ple, some complex experiments and ~?,;a. 

-~· ~ ....... ~ reliability and with a system·s capability to react posi-~ measureme~ts, which otherwise could not be carried ~~ 
tively to any sudden change in the natural environment, out. For th1s reason this topic has particular scientific !I" ~~? 
always on a strict basis of yield/cost ratio. Moreover, value, much beyond a matter of scientific curiosity or of Mtll 

,.~lll.ii'l technologic~l i~provements have been progressively in- a more o~ less ~inor nuisance affecting the operation of •' ~· · 
traduced wtthm systems to ensure a higher and higher huge engmeertng systems. ~~-. 
reliability (e. g., Axe, 1968; Anderson, 1979), so that it The liter~ture ~n the subject tends to be rather sparse. ~... . . J. 

becomes difficult to compare effects observed on differ- However, ftve prt~cipal areas of interest can be consid- \J .. : 
ent systems in different years. ered. Th~e are chscussed below; some of this material·~ . 

has ht.-en previously reviewed elsewhere (Axe, 1968; ~~ .:·. 
· l..anzerotti, 1H79a, IH79h, 1979c, 1983; Paulikas and ~-a. M 

· Lanzerotti, 1982). ~ ~~ 
~~ 

Comm1mication Cables ~~ 
--~~··4'. Historically, this is the best investigated and docu- ~.:..,·-~ .. 

mented effect of telluric currents on technological sys-~-~ ... ~ 
terns. In fact, after the lightning rod, the telegraph was •: ~~'~._..· • 

~~-~~ essentially the earliest of man-made electromagnetic de-~~~A 
vices in use. Subsequently, telegraph lines have been' .;i--i 
pro~rcssively supplantL'<l hy telephone lines, and sub-~ 

-"•...._.__. ... -.. ~ marme cables have supplanted the former radio links' ... 
~~--.:..-.~ between the telephone networks of different continents •· (: 

(e.g., Blackwell, 1928; Bown, 1930, 1937; Schelleng, ~C-.;;r/~-; 
1.H30). Even with the advent of communication satel-~~. 
htt..-s, cable systems are still of major economic impor-~-· 
tance for long-distance communications. tr~ · , ' 

The first detection of effects on a telegraph wire dates :!.• .~/. 
haek to the years lX•I7-lH!12. The first ohservutiuns up- -:r-c:~ 

ll!~s~l pear to he from l~ngland hy Barlow ( 1849). As stated by*':·~. 
Prescott ( l86fi): '$:~ 

--..~ ...... ~ ;~~ 
-~~~~,i 1\1. Matteucci had the opportunity of observing this magnetic~:~ 

influence under a new and remarkable form. He saw, during -:5·"= ._ ... 
the appearance of the aurora borealis of November 17, 1848, ~-: · - "'#• 
the soft iron armatures employed in the electric telegraph be- ~ '7 , l;; 
tween Florence and Pisa remain attached to their electro-~ 
magnetics, as if the latter were powerfully magnetized, with--~ .. 
out, however, the apparatus hcing in action, and without the ... __ , .. _ 
currents in the battery being set in action. This singular effect 
ceases with the aurora, and the telegraphs, as well as the bat­
terit!S, could operate anew, without having suffered any alter-
tion. Mr. Hi also observed in nd a decided 



action of the aurora borealis. November 17. I 848. The nm~­
netized needle was always driven toward the same side. <!V<~n 
with much force. But it is in our own country that the net inn nf 

.--1·-·---· the aurora upon the telegraph-wires has hetm the most re­
---···- markable .... In September. 1851 •... there was remark­

>'1:""·~ ~oo~.-,.,., able aurora. which took complete pos.~s.~inn nf all the tele­
graph lines in New England and prevented any busines.c; from 
being transacted during its continuance. 

- .._ .-~ The days between August 28 and September 2~ 1859~ 
~- were also quite remarkable, not only for some wonder-

. ~~ ful auroral displays (Clement~ 1860; Hansteen. 1860; 
~~'~ Prescott~ 1860, 1866). Clement's (1860) book had a self-
1~~~ explanatory title: Tl1e Great Northern I .. iglat em the 
·~~ Niglat before 29 Ar~grt.~t 1859 and the Cmrju.tima of the 
,"'\;:~ , ~ TelegraJJIJ ira North America ancl EuroJJe. Accord in~ to 
.~;.t'"·~ Chapman and Bartels ( 1940) ~ this aurora was seen in the 
~~~~1';::\! Atlantic at a latitude as low as 14° N. while in France 
~~: 800 V were induced on a wire over a distance of 600 km. 
~7.~~ From Prescott (1866): 

~ We have. however, the second yet mnre wonderful cff<~ts nf 
the aurora upon the wires: namely. tire u.fe of auroral rurrcut 

.') jor transmitting and receiving telegraphic di.,patclae:c. Thi~ al-
-A u most incredible feat was accomplished ... on the wires of the ;..e¥ ~ 

~~.,-~ American Telegraph Company between Bo~tnn and l'nrtland, 
.... ;s-(~ •·. upon the wires of the Old Colony and I• all Hiver Hail road 
:~..,~'S .~) Company between South Braintree and Fall River. and upon 

~ 
•. ,~~~ other lines in various parts of the country .... Such wa.c; the 
~ ... ~\' .. state of the line on the September 2nd~ 1850. when for more 
_,. -;. .. ~ than one hour they held communication OVl~r the win•s with 
~~ ~ ~ the aid of celestial halleries alone. 
'~:4-~~ 

~
~.··. ~ Other studies of historical interest on telluric currents 
.;~. . _ ·\ in communication cables are mentioned in the Appen-
r.. • - dix. 
~~ In 1910 work was begun in Norway by Carl Stiirrncr 
~J of measuring the height of polar aurorae (SWrmcr. 

*· ~~ 1955). Sto~mer used photographs taken si~nultancously 
~ from two s1tes separated by a few tens of k1lometers. lie 

~
. · .. ~was able to send a mes .. ~age of alert to his co-workers 
. . ·~-~~: about an imminent night of photographic work when­,.!! .. -. . ·- ev.er he measured disturbances in the local telegraph 

~~~ .... ~~·~ wues. . . . 
·~~ A geomagnetic storm m Sweden m May 1921 (Ger-
.~~~-= maine~ 1942; Sanders, 1961) produced voltages of 6.3 to 
~- ~~;- .. 20 V/km (i.e., 1 kVor moreover 100 to 200 km, with 2.5 
~~ -~ A, while the threshold for serious troubles was 15 mA) . ....,. ......... 
:~"'!it' . ., A large magnetic storm on April16, 1H3R. produced po-
~~~~~~ tentials of several hundred volts over local wires in Nor­
~~'~.S~ way (Chapman and Bartels, 1040). 
If~~ On March 24, 1940 (Germaine, 1942: Harang~ lH5l; 
~~~ Brook.4i~ 1959; Sanders, 1961). a gcoma~netic storm 
!.. ~ damaged the Norwegian wirelines (s50-60 V/km, 

• - 600 V ~ > 4 A), while in the United Stales, more thau 

500 V were estimated to have occurred along some lines. 
Reports from two sites near Tromso, Norway, stated 

. . . Spark.~ and permanent arcs were formed in the coupling • . 
racks and watch had to be kept during the night to prevent fire -'1 
breaking out .... One line was connected to earth through a ~~ .. 
2 mm thick copper wire. which at once got red hot. corre- · 
sponding to a current more than 10 amps (Harang, 1951). ; 

In the second half of the nineteenth century, Earth ~ , 
currents in submarine cables were rather extensively in- \ .. :;, 
vesti~ated.Saunders (1880, 1881) and Graves (1873) re-~ 
ported some of their work, which included a c~ble be-~ 
tween Suez and Aden and a cable between Valentia and ~ 
Newfoundland. Wollaston (1881) concluded that his 
current measurements on a submarine cable across the 
En~lish Channel resulted from tidal currents and re­
lated an 1851 conversation with Faraday on the matter. 
The latter was quoted as quite enthused about this con­
firmation of his earlier predictions. 

Axe (1968) listed several geomagnetic storm-induced 
effects on submarine cables occurring in 1957-1967 (to­
tal voltage drops range from 50 V to 2700 V for the dif­
ferent occurrences). The largest voltage drop (Figure 
16.9) occurred across a transatlantic cable (equivalent 
to 0. 75 V /km) at the time of the huge storm on February 
11 ~ 1958, which produced a well-known spectacular au­
roral display down to low latitudes (Brooks, 1959; 
Winckler et al . ., 1959; Sanders, 1961; Akasofu et al., 
1966). It is noteworthy that .. the cable to Hawaii which 
ori~inatcs about 140 miles north of San Francisco exhib­
ited no major voltage swings" (Winckler et al., 1959). 

A major geomagnetic event on August 4, 1972., caused 
the outage of a continental cable in the midwestern 
United States. The outage ha~ been investigated (Ander­
son et al.~ 1974; Anderson, 1979) by modeling the tel-
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F'IGUIU•: 10.9 Output voltnge of the powcr-fct.'t.l C<JUipment at the 
Ohan. Scntland. end of the Obun-Clareville. Newfoundland. cable. 
The vnltng(! varintinn in North America was sonu~what larJter. leading 
tn a total variation of about 2700 V acros..f the cable. From Axe (1968). 



Iurie currents in terms of a compressed magnetosphere 
with magnetopause and magnetosphere currents elec­
tromagnetically inducing over a three-layer conducting 
Earth. 

Summarizing, shutdowns in both land and sea cables, 
as well as fires, have been caused by telluric currents 
induced by geomagnetic storms, and suitable precau­
tions have to be taken (Root, 1979) in order to attempt to 

:'\-'!'!'~~·~ avoid them. 

........ ~~ 

A singular example of man-made telluric current 
"pollution" occurred when a high-altitude nuclear 
bomb test produced perturbations in the Earth's radia­
tion belts and geomagnetic field. As recounted in Axe 

_... ....... ,..... (1968): 

The disturbance was just detectable on the power-feeding 
voltage and current recorder charts on the Australia-New 

._.!If•• Zealand, United Kingdom-Sweden and Bournemouth-Jersey 
systems. On a circuit originally set up on the Donaghadce-Port 
Kail No. 3 cable for the measurement of voltage due to water 
flow, the disturbance was clearly recorded. 

The data at the time of the event are shown in Figure 
16.10 (Axe, 1968). 

All the effects considered above refer to electromag­
netic induction from ionospheric and magnetospheric 
variations. However, there are also effects on submarine 
communication cables related to water flows (tidal and 
otherwise). The problem has been extensively reviewed 
by Meloni et al. (1983}; see later section. Less dramatic, 
although relevant, man-induce<;). telluric current pertur­
bations on land cables should be expected in heavily in­
dustrialized or populated areas (e. g., Kovalevskiy eta/., 

-~~~1961). 

Pnwerlines 

The historical record of powerlines being greatly dis­
>l411~--...-·.-- tributed or completely disrupted by geomagnetic storms 
~~~.-..- appears somewhat less detailed than that for communi­
~,_.~ cations cables. One interruption of service occurred on 

March 24, 1940, in New England, New York, eastern 
· Pennsylvania, Minnesota, Quebec, and Ontario 

.. (Davidson, 1940; Brooks, 1959). As well, during the 
~- great geomagnetic storm of February 11, 1958, the To-

¥ 

.)! . ronto area suffered from a blackout produced by a geo-
-~ i~~ • magnetic storm. Currents up to about 100 A were in-

. great storm of August 4, 1972 (McKinnon, 1972). ln­
. duced currents on power systems in the auroral zone 

.. -- · have been discussed by Aspnes eta/. (1981) and Akasofu 

.a_~ and Aspnes (1982; see Figure 16.11). Some of the most 

.~~detailed investigations aimed at establishing engineer­
relations for power systems have been carried out hy 
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Albertson and Van Baelen ( 1H70). Albertson t'l al. 
(1970, 1973, 1974), ACHES (1H75) (sec also references 
therein), BoerneH~ta/. (1983). and Pirjola (1BR3). 

The geomagnetic currents induced in a power system 
. ~.--.u-.can produce problems of several different types (Aihert-
. .-........ , ___ .. son et al., 1973, 1974: review by Williams. 1979). First. 

1 
~ the arbitrary differential relay operation in power dis­

. ~~ ... -~ tribution systems during geomagnetic storms can pro­
riJ>_.~ ~ duce a judgmental problem; system operators are un­
~~;,i sure of whether the malfunctioning relay indication is 
~:f.''- an induced-current effect in a transformer or a real 
(~~~~~.transformer malfunction. Second, the currents actually 
• • · · induced in the winding of a power transformer can 
~\ .. _.. ~; 1 If L~~-~ , ~ resu t in ha -cycle saturation of the transformer core. 
~~!··~This saturation can produce fluctuations ill' the trans­
~~~ 4r;, former operation itself. This local healing can greatly 
~~shorten the lifetime of a transformer. 
~~(~...., Summarizing, the effects of induced telluric currents 

on power systems produce outages as well as damages to 
expensive transformers. Gorely and Uvarov (19tH) esti­

~,~~- mated that in the Norilsk region (Siberia) up to tens of 
.•~.':'W~ amperes can be expected on powerlines of lOU to 150 km 
~~tfl"~ length. Since 500-kV transformers capable of with­
~~(~) standing even 3 to 4 A without saturatin~ appear to 
.~;'!1 ~'S, · cause problems for manufacturing (Sebesta. HJ7H). a 

.,~,.; way of avoiding such serious damage is to use powerli nes 
~ of limited total length (e.g., Akasofu and Merritt, 1H7H, 

v ..- ~~.suggest no more than 500 km for Alaska). Pirjola (1H83), 
~~~ from measurements made at four locations in Finland, 
~~~concluded that currents of the ordt~r of 100 A lastin~ 
~ about 1 h should damage transformers. if p· l" ~". '{?~.·-~ zpe mes 

' ... • Varley ( 1873) reported that large Earth currents on a 
~ ~~ , · · · ~ short length of telegraph cable in London appear lo 

· . ~ have been related to current-; flowing on large, nearby 

R gas .pipelines. Studies of induced telluric currents on 
pipelines took renewed importance when the long, 

~Trans-Alaskan pipeline (1280 km long) was built. The 
~~,.,effects of telluric currents appear to be of most impor-
111!"~-;~ tance in affecting electronic equipment related to oper­
~~~:: ational monitoring and corrosion control rather than in 
~~~ producing specific serious corrosion problems. 
~...;;~ ·... Viewing a pipeline as a man-made part of the natural 
~~{~~~_:- environment, it is noteworthy to mention the 30-A cur­t.'?·... . 
-~"~· -.~ rent reported by Peabody (HJ79) to cross the Panama 
~~.! hthmus, from ocean to ocean, a current that also 
~~ chang~s dir:ction. Such specific curn~nts can prod.uce 
Y!:.<~~ corrosaon faalures at some ocean termmals of the pape­
~,.~~ lines, even before the pipeline is in operation. Such '>---· ... ~problems can he avoided most simply hy suitable sepa­

.... rate ground connections (Peabody, HJ7H). 
. ,, 

The Ala.~kan pipeline ha.~ bt.-cn the subject 
investigations, principally because of its location across 
the auroral zone (Hessler, 1974). Campbell (1978, 1979, ~ 
HJ80) and Campbell and Zimmerman ( 1980) provided a ~ 
comprehensive account of the problem and concluded • 
that the current I expected to flow within the pipeline is ~ 
related to the geomagnetic index A, by the linear rela- ~ 
tionship 1 = 5.0 A1, - 0. 7. Based on the statistics of ~ 
occurrence of the A,, index (larger for greater geomag- * 
netic activity), at least once a year about 600 A should be ~ 
observed, 800 A should be observed at least once everv 2 ~ 
years, and 1200 A should be observed at least once ev~ry ~~ 
5 years. The dimensions of the Ala-;kan pipeline ( diame­
ter of -1.22 m, a mean wall thickness of -1.30 em, a 
rt."Sistance per unit length of -2.81 X I0- 6 0/m, and an ~ 
end-to-end total resistance of 3.6 0; Campbell, 1979) ~~ 
suggest that it is a large man-made conductor that is ca- ~ 
pable of significantly affecting the local natural regime ~ 
of telluric currents. ' 

RaUwa~ ~ 
Pollution by artificially produced telluric currents as· I 

sociated with railway operations have been investigated ~ 
from several viewpoints. Burbank (1905) reported the ~ 
effects in 1890 of the South London Electric Railway on ~ 
the Earth current records being made at Greenwich. 
The nuisance for geomagnetic observations of telluric 
currents associated with return currents from de electri­
fied railways has perhaps been the most widely investi­
gated effect (LaCour and Hoge, 1937; Rossiger, 1942; 
YanaJ,(ihara and Oshima. 1953; Mikerina, 1962; Yana­
gihara and Yokouchi, 1965; Yanagihara, 1977). The 
spatial extent within the ground of telluric currents 
from railway operations has been investigated by Kova­
levskiy el al. (1961) in the southern Urals. They detected 
telluric current pulses with periods between a few sec- ~ 
onds and 20 minutes and amplitudes of about 0.5 to 3 VI 
km. They found the effects to drop off rapidly within 10 ~#ll 
to 15 km from the railway, although still being domi- ~ 
nant over natural telluric currents at 30 km, and still ~ 
detectable at 60 km (where the measurements stopped). :--f 

Meunier (196H), following a previous inve'itigation by ~ 
Dupouy (1950), detected telluric current effects related ~~ 
to a specific operation (lowering and raising the panto-~ 
graph) of the Paris-Toulouse railway at 115 km distance 
from the railroad. This effect, in fact, can sometimes be 
detected on the magnetograms from the Chambon-la­
Foret observatory. An exam pie of the effect is shown in . 
Figure 16.12. Jones and Kelly (1966) detected Earth ~ 
currents in Montreal, clearly correlated with a de pow- tc' 

ered railway some 20 km distant. 
F. Molina (private communication, Osservatorio 
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FIGURE 16.12 Artificial Earth currents (north-south din.-ction) 
measun.>d (Fournier and Hossignol, Hl74) at Nnzay (France) and c..'nn­
current fluctuations in the total magnetic Field mcasurt.:d at Chamhun­
la-Forct, on opposite sides of the Paris-~rnulnusc clcctrifil.'<.l railway 
line. 

Ceofisico Monte Parzio, Italy), in close examination of 
standard magnetogram records from the observatory at 
I..'Aquila, has found a difference in the width of the 
trace depending on whether the Italian railwuys arc on 
strike or not. In the former case, the Z-component trace 
is about a factor of 2less thick than during normal oper­
ations. The noise introduced appears to he about 0.5 nT. 

""~---- The closest railway is about 30 km away. 
A most impressive telluric current effect (Fraser-

~-~ Smith and Coates, 1978; Fraser-Smith, 19R l) in the San 
Y-mileliM~~ Francisco Bay area has been produced by BAHT (the 

San Francisco Bay Area Rapid Transit system). ULF 
waves (frequency less than 5 Hz) are observed, having 
energy at a frequency predominantly below about 0.3 

1 Hz. Their amplitudes are at least ten times greater than 
J",; '· ~ - the natural background environment, i.e., they are 
·~ comparable with the levels reached during great gco-
: magnetic storms. The effect originated by BAHT ap-
:_ ·- pears to occur over an area of about 100 km2 • 

.. A similar effect has been detected by Lowes ( 1982) in 
-~~Newcastle upon Tyne (U.K.), produced by thedc rapid 
~·~ transit underground railway system. F. J. Lowes (Uni-

.... versity of Newcastle upon Tyne, private communica-
--~~ tion, 1985) also noted that when the system starts up in 

~fl·.· .. 
the morning he can follow individual train movements~ ·- . ~ 
over about 12 km of trac~ before there is too much su- ~·.;;"" 
perimposition of the signals. ~ 

-~ 
Corrosion 

~_! 

Corrosion in buried metal structures (in addition to ;z_~-~ 
pipelines) is significantly enhanced by the occurrence of r:.-f ~ 
tell.ur_ic currents, presumably via electrolytic processes:~~~ 
Th1s 1s a well-known phenomenon to people routinely~~~~ 
working on repairs of telephone cables or of pipes (for~~ 
water or otherwise). Severe damage comes mainly from ~~. 
man-made telluric currents when the conductors are~~ 
buried close to de electrified railways or tramways. A ~t! 
simple insulating coating, provided that it has no holes, ~ 
appears to be the best protection. The problem is dis-~~ 
cussed to some extent by Peabody (1979). A much older 'i­
rcfcrence (given by Kovalevskiy et al., 1961) is Tsiker-~ 
man (1960). The problem can exist also for buried~ ~ 
powerlines that have, unlike aerial power lines, some fg~ 
relevant problems of heat flow (Salvage, 1975). ~~ _. 

, ~ 

~'r APPLICATIONS OF TELLURIC CURRENT 
MEASUHEMENTS ~~1 :~~y 
Listing all. possible applications of telluric current ~ .. '! .... 

measurements is presumptuous and almost impossible. f.~'-· .. 
A tentative scheme is given here, which, perhaps, can .; ~ ~ ':.; 
provide a first approach to such a complex topic. "-~ .. ...:~! 

·-...... ..... & 
11:. ':"~' 
~~clll~ ... 

/)d ""' itm of El ec:l rom 11 grwtic: Sigrwf,, from S J>llr.e · ~ 

The Earth (including natural conductivity structures · . . 
ancl man-made systems, such as communication cables 1 
and powerline.s) can he treated as a receiving antenna, ~~~.; 
usdul for monitoring the external origin electromag-. 
netic fields. Communication cables of varying length ~'. 
can provide information on the spatial scale as a func- ~~ ~'::?' p~ 

~ •• ., • .J 

tion off rcqncncy of the external signal. See Meloni et al. ·-: 1· ~~ 
(I !ll!:l) for additional discussions of this point. ~ 

...... ~ 
Prospecting of Underground Structures : • .,/lt!f. 
Prospecting of underground structures is the most de-~~~ 

velopcd application of telluric currents. The methodol-~~: 
ogy is quite extensive. There are two principal ap- ~ ': .. , l. 
proachcs, viz., Magncto-Tellurics (MT), which uses~ 
measurements of the two horizontal components of both· 
the geomagnetic and the geoelectric fields, and Ceo­
magnetic Depth Sounding (CDS), which uses measure­
ments of all three components of the geomagnetic field. 
··Active" methods (see, e.g., Keller, lH76; Ward, 1983) 
make usc of man-made electromagnetic fields. Such 



,; methods are well suited for shallow prospecting but can 
~ hardly be applied to deeper layers. because of the skin-

• , 4 depth phenomenon. Such required lonJ'-pcriml clPclro-·.; .. fj .. ~ , · · ma~netic waves cannot he g(~ncratcd practil·ally. Long 
1,' · .' powerlines have bt.'Cn used for generating clectrumag-
' · netic induction fields for prospecting purposes (e.g., • . .:· \ . ..: Gill and MacDonald, 1967). 
'{Jj ~·;;" .\:~. A distinction should be made between prospecting 
;.· t ~· ·techniques that use the static geomagnetic field of the 
.~"~~"/4 Earth and techniques that use electromagnetic induc­
~.:;..-q-~~ . tion effects. In handling the standard aeromagnetic and 
-~~~oceanographic magnetic surveys, whose purposes are to 
~.f~~~ understand the. static fields. the time-varying fields re­
~;~ corded at a ground-based site .. close .. to the area of the 
'~~~survey must be subtracted from the air or the ocean sig­
~~?- .' ~ nal. This introdm:es some errors. whose nchml vnlut•s 
.· /,.d!~~~ are often difficult to estimate (e.g .• Heford. 197H). The 
~ .(; . ~~';time-varying component from sueh surveys can be used 

.. ,rz..: for geomagnetic depth-sounding studies (Gregori and 
· ~ Lanzerotti, 1979a). 
~-.,~ 4 

~:. ,. ~ Dee11-Eartla Studie.~ 

... ~ _. P..~ Telluric currents are likely eventually to he important 
!~~~tools for prospL-cting the deep structure of the Earth. 
~,~Y~)·:-. thus providing valuahlc complemt•ntary information to 
... ~.,,~~._~'.\ ... that provided by seismic waves. A grt'nt advantage of . ., ~ . 

,... ·. CDS methods is that, while manv studil-s conecntrate 
~ ·-~~:~ on magnetic storm events, the stud.ies can also be carried 
"'-"A··~$.....;. out using inducing signals during more quiet times. sig­
:M~~~ nals that arc always in existence. The usc of induced cur­

~~ rents from natural electroma~nelic waves for deep-
' ·' Earth research is being pursued actively in a number of 

~~ countries, particular! y the Soviet Union. Hecent reviews 
~~ include book.• by Hokityansky (l!JI!2).1'ntra and Mallick 

· ~~ (1980), Parkinson (1982), and Berdichcvsky and 
:~ .... ~ Zhdanov (1984). 

g' ... ~ Tidal Plaenornena and Water Flows 

There are three types of tides: atmospheric, oceanic, 
:~~~· and solid Earth. Atmospherie tides generate a lar~e part 
e~~~ .. ~ of the external-origin inducing field of long period: oce­
~~ ani~ tides p.roduce a time-varyin~ ~e~mu~gnetic.ficld as­
~,$..;.;. soc1ated w1th water flows;· and sohd-Earth ·tides can 
~ . .a.:~ similarly produce a geomagnetic field because they can --· ... , ~4/r' · ... .,. produce an eventual water flow that will produce a 
?:'?~~~f magnetic field. Theoretical and obs(•rvational aspeets of 
~~.~~ the phenomena have been discussed by Meloni l'l al. 
~~(1983). . 
·~ ..... ~. . Within the past decade extensive use of shorter under-
~'<,_~ sea cables (such as those across the Dover Strait~ e.g .• 

~ Prandle, HJ78) has been made for studies of tidal oscilla-
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FIGUHE 16.13 CahlevoltaJteontheDonaghadce-PortPatrickcable ~ 
em a Jtt..'«utUlJtnctically disturbed day (from Prandle and Harrison. 
1!)75). 

tions and water flow. Cables across the Irish Sea have~ 
been used for such studies (for example, Prandle and 
Harrison~ 1975; Prandle, 1979). Geomagnetic distur­
bances can affect the meac;urement capabilities and, 
hence, results of such a cable-monitoring system. The 
data presented in Figure 16.13 are from chart record­
ings of the cable voltage on the Donoghadee-Port Pa­
trick cable on a day of geomagnetic disturbances (Pran­
dle and Harrison, HJ75). The low-frequency variation 
in the voltage, spanning the record, is produced by tidal 
flow. The hi~her-frequency variations, produced by 
geomagnetic storm induction of currents in the cable, 
()hscnre the variations in such a manner that the data 
cannot he usLsd reliably for water-flow information on 
such a day. 

Earlier. Wertheim (1954), in studying water flow 
across the Florida straits using the Key West-Havana ·~(It· 
cable, found occasional rapid variations in the c. able 

1
. _, 

voltage. He attributed these to geomagnetic effects and . 
tried to model them using magnetometer data from the 
San Juan Observatory. Recent work in studies of the , 
Florida current were reported by Larsen and Sanford "-:::;: 

(1985). I 
Earth:~ Astrouomicallvlotiou ~ 

. The variation in the length of the day and the dis- ~~. 
placements of the positions of the geographic poles are ~~ 
amon~ the most precise and fascinating topics in (J ... r 
geophysics and have now become a vast discipline. The • · 
problem. however, of a possible role of telluric currents 
in producin~ a braking or an acceleration in the Earth"s 
rotation or in displacing the Earth's poles appears still 
basically unsolved and/or is not considered important 
hy many. This is discussed in some detail by Meloni et al. 
( 1 H83) (and references therein), where also the possible 

.• ,,~~;:;:~-



use of a transatlantic communication cable is discussed 
as a possible experimental device to detect such an ef-

~····,- feet. 

Earthquakes, Volcanoes, and Geodynamics 

•/. '• .. · Since telluric currents are excellently suited for deep­
rt:"'~";·,.. Earth investigations, they are in principle also suitable 
~_:,~~ for monitoring long-scale time variations as well. The 
~~_. most investigated aspect from this viewpoint is con­
~~''- cerned with earthquake precursors (e.g., review by 
~~ Honkura, 1981, and references therein). A clear distinc­
·~ .. ~ tion should be made among three different, pos.!iible 
~~,~types of phenomena: (1) geomagnetic effects that can 
• / -~!~~ presumably be said to be "very shallow·· and are likely 
~~ ~~ ~~· related to piezomagnetism, following changes in local 
:~stresses in the upper crust, which is an effect strictly lo­
~~ .... cal and can completely change in a distance of a few 
.!•/~ kilometers or less; (2) "shallow" effects that can be de-
', tected by ground resistivity changes or hy suitably short-
~..... ·period MT or CDS investigations; and (3) .. deep .. or 
~ .•~ ¥ ;:--:_~"very deep" effects that can be most suitably detected by 
~~'!If- means of long-period CDS investigations. This latter 
~~~~ category of effects is more strictly related to telluric cur­
~~~~;~ :..4 rents than are the first two types of effect. 
~~~· Additional possible applications in this area include 
~~~ (1) slowly varying effects correlated with geodynamic 
~""'"'-..."'"~and tectonic features, (2) shallow effects related to 
M~~ magma migration in volcanic area'i, and (3) the moni­
~ toring of temporal variations in underground structures 

as related to fluid extraction (or reinjection). The slaal­
low effects could, however, possibly he better detected 

~~by use o£ man-made electromagnetic fields than hy 
·~~means of natural fields. Telluric currents are also well 

~ .. ~suited for investigating ocean-bottom and geothermal 
"· · ., areas (see Law, 1983; Berktold~ 1983). 

·~ . 
Communications 

~ \Vithin the last 10 to 15 years suggestions have been 
~~~made that a natural waveguide in the Earth's crust, 
'lll!'-i::-:,~ composed of the insulating layer of dry rocks sand-
~~; wiched between the upper hydrated conducting and the 
~...!:.:~·underlying conducting hot layer, could be used for com­
~..,/'"·~ munication purposes. This suggestion, however, does 
~"?~~~-: not seem to have been followed by any known applica­
~ tion. Existing literature is referenced in Gregori and 
~~~ Lanzerotti (1982). A practical problem is certainly con­
~,.,.~ cerned with the spatial nonuniformity of such a wave­
~~) guide, the width and depth of which is undoubtedly 

/ -~~-.~ widely varying (e.g, compare a cratonic area with a 
' :;---.,. ~ mid-oceanic ridge area) and is essentiallv unknown in >.' 411 J 

ar fashion, magma chambers in mid-oceanic 
ridges can be considered the natural "equivalent"" of :.,.. . i 
man-made submarine communication cables. The con-~ 
ductivities are such that the mid-Atlantic ridge is equiv- · . .' 
alent to about 1000 such cables in parallel (see Gregori 
and Lanzerotti, 1982). · 

An interesting communication experiment related to 

et al. (1977). They operated, as a transmitting antenna ~ 
(using a simple car battery)~ a circuit loop composed of ·' 
seawater encircling a small peninsula in a nearly en- " : 
closed area. 

Biological Effects 

The response of living species to electromagnetic 
fields (such fields being either responsible for, or a con­
sequence of, telluric currents) is a difficult but impor­
tant problem. Several examples discussed in the litera­
ture include the induced currents in a tree produced by 
geomagnetic fluctuations (Fraser-Smith, 1978) and the 1L.IIIII~~­
use of magnetic fields for orientation by aquatic bacte­
ria (e.g., Blakemore~ 1975) and by migrating birds 
(e.g., Moore, 1977; Larkin and Sutherland, 1977; Aler­
stam and Hogstedt, 1983; Beason and Nichols, 1984). 
Telluric currents could play a role in some control of fish --..... -·-· 
(e.g., Leggett,1977; Kalmijn, 1978; Brownetal., 1979; -~ 
Fainberg, 1980; Fonarev, 1982). Magnetite crystals 
have been reported as isolated from a sinus in the yel­
lowfin tuna (Walker et al., 1984). Enhanced DNA syn­
tlu.."Sis has been reported for human fibroblasts exposed 
to magnetic-field fluctuations with frequencies and am­
plitudes similar to many geomagnetic occurrences (Li­
boff et czl., 1984). The entire area is fraught with contro­
versy, particularly that related to magnetic effects, and 
has been reviewed by Parkinson (1982) and commented 
on by Thomson ( 1983). 

CONCLUSIONS 

Historically, telluric currents were intensively inves­
tigated in the second half of the nineteenth century, par­
ticularly because of their influences on long telegraph 
conductors (see Appendix). The intrinsic difficulties en- ., ... ,.L .. ,r 

.., many FPflrlfll"'l~ 

countered in obtaining fundamental understanding, 
basically related to the several causes that can be core­
sponsihle for the observed effects, discouraged geophys­
icists from pursuing such investigations vigorously. 
llowever, with respect to a century ago, large improve­
ments have been made in a number of areas, including 
recording techniqm .. -s, density of available observations, 
international data exchanges, computational facilities, 
mathematical methodologies, and general geophysical 

~~~ ~~~~ 



understanding. Hence, research in this area would ap­
~="':!W~ pear to be poised for achieving significant new under­

standing. 
Investigations using, and studying, the telluric cur­

rents suffer from three principal drawback.~: (a) the spa­
tial coverage by the recording equipment is often tcKJ 
sparse compared to the extent and spatial gradients of 
the phenomena under investigation; (b) there is not gen­
eral agreement on the experiment and analysis metho­
dologies, often leading to difficulties when comparing 
the results from different investigations; and (c) the use, 
within the general understanding of deep geophysical 
structures, of the information provided hy ck-ctromag-

,~~~~~~ netic techniques is often neglected. It is hoped that these 
! deficiences will be ameliorated in future telluric current 

work. 
Telluric currents are a relevant part of our electro­

magnetic environment, both as a consequence of the 
time-varying natural electromagnetic field and as a con­
sequence of moving seawater. Human interactions with 
telluric currents and their related effects are definitely 
important, even though such interactions are only in- _. .. ~·-
completely understood. A considerable effort on geo­
magnetic source characteristics and Earth conductivity ._,...,._-. . ..., 
characteristics arc required hcforc a salisfuctory und 
comprehensive understanding can he achieved. The 
critical role of telluric currents within the geophysical 

, .. 'l~-::::=ll!lii environment, encompas..~ingsuch areas as the l~arth•s as- I.C:~~~~[ 
tronomical motion, to current channeling, to eventual .......... --.ar'>"~~.-.,:.;~ 
implications for ocean-water motion, still appears as a 
challenging frontier. As well, further assessments must ~~i~i~~~~~!~ 
be made on the actual role of telluric currents, as well as ~ 
of the geomagnetic field in toto, on biological systems. ~.a.~~,.~~~"'l~""!-:i'-~~~4~f11C~M~!'i·~ 
The field is multidisciplinary and fascinating. Substan- -~•~_.a.;.,r,.....~,;;...,. 
tial achievements can be expected in the near future. ~~~m·m~·:~r:~'~ 



trical diatUrb&DC8s. ~howenr. o£ a 
aemae~,.~ iD ~ ·diachD.rgea o£ lightning, or involve lite or ordi· 
JWT· property iD .danger, ~e quite su1Jicient to derange th& · 
op~ o£ the :telegraph. D~g snow and hail-storms, ••~~~""""~'~~ ...... ~ 
whiln .drr £op are preniling, when the AurOra boreAlis a~ 

~~~~~ ~an, .. ~d iD. f:nlth. during most meteorologicAl chADges, ·much · 
t;~~~~!:~ electricity is ·develoPed .in the atmosphere. It is sometimes 

~1' ·tran.sf'errea to . the telegraph-wires, but ai £req,uently 
ita action is. only indirect. A body. in which D-ee. electricity. 
is ~ uy way developed determines a Similar electrical con­
dition in an . insUlated mua of mctu.l near· it,· exnct.ly u a •..,j•f"'..,.. 

~~~~~i~;· DlAct"Det induces· magnetism iD pi~~ oi iron placed in its neigh• 
A~~· .;.c~-~~11- bourhood. Thus .an electrical cloud Boating along above the J!~C~rJ~~~ 

~~.-,~.,~~~~;.llif'W-~·7..: exten~ wires _generates a current of electric;ity. in th~; ·or, 

~~~~~~ij~ to speAk ·more atrictly, cau8es the el~~ity ~~y· p~ent 
------~-- in.a ~ent state in the wire, to become (rea ADd move along-the 

me~aL : The currents which thus trav~ A.s well as thos~ which 
are· directly transferred ir~m the atmosphere, .. ha~e. · the same 
. ~ecta on the . iD~ex-needles and signal-bells,· as th~. ~ectricity · 
purposely sent along the wires £rom the battery. ~The needles 
. are swung unceasingly to and fro, or re~ -for hours·· ddected 

~ ozi~:aide. Th~ bells _ring violently at irregular ~tervab; or1iiii~~:!a~~~~~i~ a.tf;ip:~~ly,w~ th~ ieighta·~ run down.· ~i~ cannot be 
trans~tted at all when atmospheric electricit1. is· tliua ·largely 
dev~oped; ·and they become '"i:ilore or less confused whenever it 

:1•- . . .. . • 

~~ .. ~~b~~~t~~-~- is'~fiiciently powerful to a1I'ect the ~dex-needles. · · 
~-_ .. -:~~ '~;-Apart altogether irom its practical impOrtance, there is some• 

~g ~citing in the contemplation o£ these strange a~ospheric -~~~~iT.~~~~~ij~i 
in1luences. · ~:It must be not a little startling: to the drowsy 

!!:=-~~~~~~·'occ:upant ·.or some. solitary telegraph ·station,_~ ~e .. roused from ~~~'-4J~~Z~~ 
·~~~~~~~!~~~~~~his mi¥ght~slumber·by the ·spectral clanging. o£ his sigi1DoL 
.~ bell; ~d~g .. him·~quail at the wild quiverings-o£ the magnets,·~~~~ll~i~~~~~ 

· ·-:-swayed .. p~y~by .. ~o .~mortal hands. • ._:, ~ imaginative ~ ' 
' '-.. ~~ :~ . . ··;.: :.: ~·· .. ··:: : . ·;~·~ ·;. . ~ ~· . • . : -;;;... '"''!P'"' 



· mighl.then ~-the legends whiclJ. ten o£ ctisembodiecleouk 
aent back to this earth, to divulge some great secret of the 
worlcl o( spirits,· and seeking in vain for me&ns o£ utterance, . 

"'·----r-. which slWl be intelligible to those in the body.· A philosopher, 
~~r~~~j~t4P'~~~~~VI! too, lllight accept and interpret the IeJen~ ·For it.ia sober 

wth,· that the app&nntly aimless fmd ,mduingl.S movements 
o£ the uia;nctic needles when vibraiulg at .SUCh tilncs, are,· 
After' all, the e%presaive finger-signs ot A d~b. Alphabet,· in 

~~,~~- which nature is explaiDing to us certain o£ her mysteries; ud .• ._ ...... ~~----
~~~~ii~~~~!~~~~~~Qt·alreaciy, too, we are leArning something- o£ their Sipifica.n~~ ,,..,.-.. ~:..;" 

~-:··Pecaliar cllillculties have attended the transmission o£ electria, ,'L_, . ..,~r.: 
signals through iom8 o£ the milway twmela. Those !aa~~·been·. 
traced m.'·some cases to the etl"ect o£ tlie moisture trickling 

.. ~ the walls in destroying insulation; md the wires bve m 
consequence been coated, like those of the marine telegraph, 

~..-,.:~~~~• ,nth gutta percha. In other cases the index-needles· at th~ 
~.-:lm~~f~ ;etations nearest the twmela have· remained set to one side for 

.·-eonsidemble periods. This has been referred to the in1laence 
:on the tunnel wires or electrical or ~anetic disturbances in 
. the strata in the neighbourhood of the tunneL If this view be 

.,._ ~~~....,..--~~ · Yell-founded, it would be wise to make the telegraph-wires 
.::~~~~~' ·~,h~·they·pals 'thrOugh the tunnels, of c'opper, and not o£ 

· ~n, u, the non-~anetic chnracter o£ the former metAl 
:/~ 'it less susceptible o£ electrical excitement. A wire 
.:'~ot be magnetic md electric:U in the same direction P.t the 

tim~ I£ a telepph·wire become m~anetic in the direc­
oC its length, like a long compass-needle, it will resist the 

:.-:passage o£ comparatively feeble electric currents, which would 
.'have traversed it had it been non-m0a<PDetic. This Cact has not, 

.'!:perhaps.;.been sufiiciently considered in the explanations which· 
-~~ve ·been· given oC the derangements .. of the. ·telegraph. Iron· 
~;~~omes ao•~rendily magnetic, that the telegraph-wires, when ~:-~..6111!~ 
\~ade ·ai they. generally are of that :meb:Ll, cannot in certain.. cir· . 

________ -;::;-.. _-... -~.~~tanC*..~~p~·:·being.magnetise<! by the ~: .N9w}h~1i. ··. 



-· .·-

..t;::r' -~- .• . . . ~ . . .. • . . • • • • . . . 
;;,~~wa)'l·: are ·proJected bl: India, 1t may not be &IIlllS also 
~;ia_otic:e.that Dear the Equator iron Mcia•or wires l)iug north and 
.·ath. after.& time become Dlaacrnetic. And Wher&Ter, in other. -i.. ~~· ... ~ 
regions, the wires are extended in the direction or the magnetic 

dip, the iaine etl"ect will. occur. The cheapness, elasticity, ·and IIIJ..~~~~~ 
~ ot iroD, Ju.»weTer, more than counteroalance .the incon• 
TeDiences under notice. · 
· :Many or the evils referred to are aToided in the !'russian 

telegraph, w~ch has also been adopted in Saxony and . .Austria. 
In it the wires, ~hich are. or copper, are not stretched along. 
pOsts, but co:vered with gutta percha and buried at aome-liule 
iepth in the ground.· Snow-storms, heavy rains, and logs. do 
DOt destroy the insulation of the wires, as they do that o£ those 
suspended in the air ; nor are the subterranean wires deranged 
by atmospheric electricity, or subject to the in1luence or thunder-

. storms. -·But it does.· not appear that they are indifferen~ to the 
disturbing effect o£ the aurora bo~, which often completely 
suspez:da the working o£ the aerial telegraph ; and it may be 
suspected that nltemtions in the intensity of the earth's mag­
netism, ·which we. know are constantly occurring, will afi"ect the 
buried much more than the suspended wires. . 
· In favour of the subterranean telegraph, it is alleged that, 
though at first more costly, in the end it is much cheaper than 
the· aeriAl one, as the posts which the latter demands· require 
renewal at intervals, and the suspended wires, in consequence 
or their exposure . to grel1t TIU'iations of temperature, and the 
norations . determined in them by the impulse of the\wind, the 
passage·~ railway trains, and the tr:msmission of electric cur­
ren_ts, 1uidergo a change in structure, and become ~ ltrittle -, · 
readily tO. snap across. On the English railways; however, . ---~""'~~ ... -.... 
such . brittl~ness · as the Prussian engineers refer to has n~t 
been· observed to occur in the suspended wires, although _it is 

.·not to ; be ··denied · that ·both in the aerial and subtemman 
J • 

·-- ·'' ~- .-..... --LA"''"- ..J~oolii~~ :·:telegmphs the.; Wires. alqwly undergo ~ molecul;lr change, which 
~~~~, itl{i;.~-... ~~~-iii:::.iii . t . . .. 



~,~~ii~n._.,._~ .Jrill alter their power to convey electrjcity; and that the a8rial ~~~~~~~~~· 
~~~~~~! ,arrangement is uposecl to mora diaturbizag agencies tlum. the ;: 

~~:"~ilt-llllll:il"t•~·--•;~ 'JUhtemmean·one.. · ·· ··· ~~~~~~, 
~-~~~wr. ----·"·=~~i'il-iii :. · On the other hand, it is acknowledged that it is more di1Jiculc ~~~!!!!~~= 

~·~fliii2•!t~Ji ~ lecure the insulation of the buried wires, and where. this is 
dtsiectiTe it necessitates the emplo1Jil8llt or more powerful 
batteriel to force the current along the imperfect conductors. ~-........ r .. 

Further; the burled wires •are with di11culty reached when ~~~~~ .. ~ 
deranged, and eACh wire laid down requires a trench to be 

~ii~iii~~t!~~ prepared .Cor itt whereas m the aerial telegraph one post will 
~ :ii:iili..illll~~~-.::=~ fJ8Zr1 smy nwnber or wires. The euc:uing oi the wires also in 

gutta perc~ determines certain electrical conditions similar to 
thoae oC J1 Leyden jar, which do not occur in the suspended 
}rires, and which DUlY interfere with the action oi the embedded 

wires u tr:m.smitters oi electricity •. · ~~~~~~~~~~~~ . :The Prussian subtemme:m telegraph has only been in use 
since 1848, so thAt its peculiaritie.s . and defects are much less 
lplown than the English aerial one, \Thich has been at work .-~~CP: 
~e 1838. • A further period, accordingly, must elapse before 

· Jre c:r.n decide which "is the preferable arrangement.. Had gutta 
percha been a8 well kno.wn in 1838 ds it was ten years later, 

~~~~~~&~ ·aubterranem telegraphs would lf?ng ago have been constructed 
~ England, where they were abandoned from _the difficulty 
experienced ·in .finding a suimble and sufficient insulating sub­
~~ce with which to cover the ;buried wires. A subtemm~an 
~~fPI'nph, or rather set of telegraph-wires, is _about to be Wd 
clown in England by a new company, so thu.t before long we ~~~~~~~ 
sh~ be able to contrast the working pf the two methods 
at 'present in . vogue. 



INCAPABLE OF PERSONALLY EXPERIENCING VRIL 

PHYSICISTS CAN MEREL:Y MEASURE THE BY PRODUCTS 

OF VRIL PASSAGES. . . 
THESE ARE NEVER SYMMETRIZED WITH RESPECT TO VRIL THREAD PASSAGES ... -.......... _ .. 

AND ARE THEREFORE UNRELIABLE IN DEFINING EXACT DIRECTIONS 

1821 

1832 

1846-
1847 

1850 
1859 

1867 

1881 

1884-
1887 

1883-
1884 

OR INTENSITIES OF VRIL 

First reported measurement of geomagnetic declina­
tion and dip in London (as discussed., for example, in 
Malin and Bullard, 1981; Barraclough, 1982). For 
the early hbtory of geomagnetism, including the 
works of Gilbert and Gauss,' refer also to Mitchell 
(1932a, 1932b; 1937), Chapman (1963), Mattis 
(1965, Chap. l), Parkinson (1982, Chap. 6), and 
Merrill and McElhinny (1983). 
First modeling of the geomagnetic field by Gilbert"s 
(1600) terrella (Malin, 1983). 
Davy (1821) suggested the existence of Earth cur­
rents that, he argued, could be responsible for varia­
tions in the geomagnetic declination (Burbank, 
1905). 
Faraday (1832) envisaged for the first time the exis­
tence of induced currents in water, related to water 
flows and tid~. He also attempted, without success, 
to detect, from the Waterloo Bridge, such currents 
flowing within the Thames. Gauss (1833) reported 
the first-measurements, on May 21, 1832, of the ab­
solute value of the geomagnetic field (Malin, 1982). 
Barlow ( 1849) made the first observations, i.n En­
gland, ··on the spontaneous electric currents ob­
served in the wires of the electric telegraph.·· 
Matteucci detected induced currents in the telegraph 
wire between Florence and Pisa, while Highton ob­
served the same effect in England (see section on 
Communication Cables). • 
Similar effects were reported in the United States. 
A telegraph line in the United States was reported 
operated by means of the natural induced currents 
during geomagnetic disturbances on September 2. 
Lamont ( 1862) reported one of the first experiments 
to specifically address Earth currents (carried out in 
the Munich Alps). 
Experiment by Airy (1868) on two wires of 13 and 16 
km from Greenwich. 
Secchi (1867) reported measurements on two almost 
orthogonal telegraph lines of lengths 58 km (Rome­
Arsoli) and 52 km (Rome-Anzio). 
The Electrical Congress, meeting in Paris, recom­
mended that certain short lines be set apart in each 
country for the study of Earth current phenomena 
and that longer lines be used as frequently as possible 
(Burbank, 1905). 
Four complete years of records on two telegraph 
wires in Germany (262 and 120 km) investigated by 
Weinstein (1902) and Steiner (1908). 
Blavier (1884) reco.rded, for 9 months, Earth poten­
tials on five long telegraph lines extending from 
Paris, ranging in length from 200 to 390 km. See also 
Counil et al. 1983). 
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SPLICED WIRES 
l' 

Electric wires are joined by splicing after the ends have first been ·scraped. Scraoinc . ._ 
removes the dirt and oxide which is a non-conductor. The joint or splice 

is soldered to insure a good connection which wilt not heat. 

SA-ICED LII\ES EJV'.PLOY ..eLICPL CON\ECTI'viTY 

VRIL ENTWII\ED r£rPLS DISPLAY II\ERTIAL CETRITIJS 



' 

Copper 
Zi11c 

GRAVITY ·OR "CROWFOOT" CELL 

VRIL-STRO\G ~TERIPLS CF VARICLJS II\ERTIPL PRODLCTIVITY 

MAY BE ARRAI\EED TO YIB..D VARlET IES CF CE:TR I TPL COMPO\ENTS 

Ill-ERE II\ERTIPL DETRI TLJS ~S IN A SPECIFIED MAN\ER 

E I IETIC WJRLD TRANSACTIO\JS 

PROcu::E PO\I[ERr1JTIVE DIRECTICJ\IPLITY CF II\ERTIPL SPACE 
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THE FIRST MAGNET 

The first magnet was a hard black mineral called 
lodestone. This one has been dipped in iron filings 
and the filings are clinging to the ends in tufts. 

VRIL THREAD PROJECTIONS SHD< LODESTO\E AT "SCUTH PCLE" 

~IC PATTERN STANDS ClJT IN CO\ITII\LO..S VRIL IMPACT 

VRIL THREADS TlJ\JNEL THRO..EH I~ 

~TS AF£ 01\LY "PE~T" VIA VRIL a:JNCt.CTI0\1 

VRIL PROJECTIONS SUSTAIN INERTIAL <MAGNETIC> POLARIZATION-PATTERNS 

~TIC PATTERNS DISPLAY MICROIDAL IMPERFECTICN3 CLE TO IRO\I CRYSTAL 

LODESTO\E RODS AND EARS INTERNALIZE VRIL CO\IO...CTION 

GECI'ETRIC al\FIGURATIONS DIFFERENTIATE VRIL PATHS FR0'1 II\ERTIAL PATIERI\S 

u-~PED ~S DIFFERENTIATE VRIL IRO\I CONDLCTIVE PATH 

II\ERTIAL PATTERN 



Copper Disk 

FARADAY'S GENERATOR 

The huge generators which supply electric current for lighting a ·whole countryside had their ' 
beginning in this simple affair devised by the famous Michael Faraday • 

. MJT IVE IMPLLSES CREATE VRIL DISCCN\ECTIVITIES IN MATTER 

VR IL THREADS ARE 0 ISCO\ITII\Ul.JS IN COPPER 0 I SK 

II\ERTIA EfffERS DISK FRC11 ECGES IN WHITE SHIM"ERII\GS 

VRIL POINT Sl.STENPti'-CE I 8 SH.J\ITEO THRO....GI I RQ\J YO<E 

I 1\ERT IAL MAGNETIC PATTERN GEO'£TR !CALLY DIFFERENT I A TEO FR0'1 VR IL 

.. 1\EUTRA.... a:JPPER-GO\CENTRATEO Ir£RTIA TRAVERSES ~IC PATTERN 
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WHiqH SUDDENLY EXPRESSED UNKNOWN VISCERAL TRANSACTIONS OF THRILLING CONTENT , .. 

SIMILAR RESPONSES WERE EXPERIENCED AMID SPECIALLY ALIGNED METALLIC PLATES ~ . . " .. 
IN ABSENCE OF PHYSICAL CONTACT ~'"'..:",;~ 



-

GALVANIC INFLUENCES WERE SAID TO BE CURRENTS WHICH REQUIRED CONNECTIVITY .. , 

~ AND DUAL POLARITIES FOR RESPONSE REGISTRATION 
/l 

HERE WE SEE THE GALVANIC RESPONSE IN ABSENCE OF COMPLETE CIRCUITRY OR GROUND ,; 

GALVANIC RESPONSES ARE VRIL SPACE TRANSACTIONS WHICH ARE PROJECTED THROUGH~~ 
MINERALS AND METALS AT ALL TIMES 

THE INTERBLENDING EIDETIC TRANSACTIVITIES PRODUCE INERTIAL DETRITUS 

WHICH CAN BE MEASURED 



VOLTA'S PILE 

Volta's pile was the first 
electric battery. It consisted 
of alternate disks of copper 
and zinc arranged in a pile . 

. .. \a 

GALVANIC CONFIGURATIONS YIELD VERY LITTLE INERTIAL DETRITUS AND STRONG VRIL CONTENT 
VOLTAIC CONFIGURATIONS USE SPECIAL MATERIALS TO PRODUCE 

HIGH INERTIAL CONCENTRATIONS IN TERMINALS OF CONTACT 

GALVAN! NEVER CONFRONTED VOLTA ON THIS ISSUE .•. 
BUT INSISTED THROUGHOUT HIS LIFE THAT HIS OWN DISCOVERY 

HAD NOTHING TO DO WITH THOSE MADE BY VOLTA 
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TELLL.fUC EXPLORATICl\1 UTILIZES VRIL GEI\ERATED II\SUIPL ce:TRITPL PROD..CTS 

TEL.LURO-EL.ECTRICA. a.JRRENTS ARE PROJECTED Cl\1 VRIL EICETIC TRAI\SACTIVE AXES 

SlUBELEFIELD CESIGN3 HAVE Fa...ND Tl-EIR WAY INTO PRCEPECTII\G 

TELLURO-ELECTRICPL . a.JRRENTS a:NTAIN l.NJSED VISCERO-EICETIC CD\ITENT 

ORE BJDIES, LOCES, MII\ERPL CEPCEITS AND CRYSTPLS PROJECT PG.ERFLL 

TELLLJRO-Ir-cRTIPL ~S !\EVER REVEPL VISCERO-EICETIC a:NTENTS 

VRIL CD1PCl\ENTS AND 11\ERTID-CETRITPL. ENTOJRP6E PROJECT INTO DISTRICTS 





...._. A•nnl Dlerlap.· 

.: Xsaaa. EDnoM;-Tbe rnr 1870 will loa• be -~r· 
td br tile IAballl~t• ol &he Ual&ed 111--. .fbr the 81•& 
aamt.:r ol brilUan~ aDNial dilplar-; &ad. wJalJe we coald 
Lu.Ur CO)De&-lv• ot .,-Ttblag tha& would eqal tJaa. o1 the 
puc S.:pt•~wber, Wt -.Tainl"• nbibltloa wiD tar escol ur 
of it• pa-deCftiiiOr•. The dar had been cool, .with fnqaea' 
~owen. blat rowuda ut:nia" bad almoa& aa&lreJ~ cleared 
awar. A' 8·30 a heavy wtnd COIIUDOU..od blowiD~r from thu 

\\"., earn. ia:r; befor.:. i' "ua& qDDtldee of thick blac:k 
that drift~· ba au E. a11d E. 8. E. dlrecUoa, eatlftlr 

· covt-riag dae aon~cna · hea'l'eu, aad -.& IAterm• br.kiatr 
forth iD baliea C~f ,be ~ TiTicl lildatDlDg. The hea'l'eaa 
flam Lh• zeaith so the aortbena horiaola, wvre tlaced with a 

. bright gn!f:D •had~~ alk:naadag wi~h tba& o~ a bt:autil111 JD.e 
culor, tbroagh which the lftaD tWinkled With a pale fellow 
Ja.'ttt·r. Tbc S. \V;aadN. E. point• of tlw horizoa ul &hu 
mea d'"-cid'"-d &iD""i"f red; while the diM& X. that of ,tho 
gn:ea. · The ny•·•t tim.a _esteadt.11 to tho Dolphin. Thu iD· 
&c:AIIity of the dia,,J~y wu leaent:d b7 thu brilliaacy of thu 

. &tW•A, wWch wujuat riling, aad bad it nut lM~n for \hla, tho 
· IOIIUt . . aight...-ould haYc ~~~ lllaJ{niti~t:nl. The cllsplay muat havo re:; ~~ 'IM:n YiafitJic: on: Llt! Jtft. .. ~r part uf tbn Nurthc:m ~t&tt"l,&nd-

1 aL u !Af}ut wbtrn d~ry cr1e could •·ltnl·.. It. 
tllaJM!IIifeCI ~. Cl.icap, 111., 0\.~ 1Gtb·. II. JI. B.\00& "~1 .. C I j 

UIU1n::.:oa tlae two .• 1~_, 1 · ,, ~ ·~ ,' · 

·1'-'''~~-
!\:~'W 
''( 

I • ,'\_'1. ~ 
'.; . \~ 

ELECTRIC EARTH CURRENTS ARE II'ERTID-DETRITPL PROCLCTS OF VRILLIC EXQ-JANGES 

PRIMARY TRANS-REGIONAL EFFECTS ARE NEVER ELECTRICAL: THEY ARE MAGNETIC. 

VRIL EMFO,\ERS ~IC PATTERI\S 

VRIL SURGES CAUSE CORRESPO\IDII\G EARLY MAGNETIC FLUXIO\S 

SUBSEQUENT ELECTRICAL OETR I nJS 

FOLLON PFTER CERTAIN Tiri:: INTERVALS 

.,,.~-~:ERIEXE REG!S:~;,.:::;.:IL DIS~~~PN:E~ .. ~:~ .. :~:C~ ~..:-Wf'ilo~ 



[1.61 E.lut~r Jtus ul .64/J lainu1/f r1s{HiruUII1 /t~r •Ji~tiiiiiS 1z· 
jruslli fly .6is carrupt~II.UIIIs., Neillur ca11 ,6, •Niertllit 
ttl f"dllnt, t1r ttl cllrrtspa•d witA lu writers "/: ,.,.itcttti : 
IIUIIIIU&npls illltllfi4d for tAis ar 4117 t1l/ur /JIUI 11{ NATUJl •• 
Na ~t~~lic1 is tdtll t~{ """"7"""" ctlmlllunicaluns.] 

Earth Currents. 
THE A1-tronomer Ro}fal was kind enough to show ·me the 

permanent photographic records of earth currents daring the 
great magnetic storm on February 20-zr, ancl they indicated 
so unmista.kably such rapid and violent a.lternations, that I sup· 
pliell our princivaJ relay stations with telephones and with 
instructions to insert them in circuit whenever they observed 
indications of disturbances. This happened on March Jo-Jr, · 
during thedi!~play of the Aurora Boreali,. Mr. Oonnitborne, in .1--.--

, ..... -~ -----~ Llanfair P.G., Anglesea, reports:-" At 2.0 a.m. (Sa.nuday) 
the telephone receiver was again tried, and then 'twangs' 

:,.a w~re beard as if a. stre~ched wire bad been struck, and a. kind of 
;~ whistliug sound. The strength of tbe earth current was 17'7 
~· .. mal!ia.mp\:res .. , l\lr. ~Iiles, in Lo111·estoft, reports:-" Noise on 
"·'' 408 (Liverpool·llamburg) wire seemed like that heard wh'en a 
t, tly·111heel is r~pidly revolving," and "sounds in telephone 
,l appear like heavy carts rumbling in the distance.'' Mr. ~!~~~~ 

ScJ.i!e, in Ibverf.,rdwest, report;S :-" lbrch 31, 2.) :t.m. ;:: 

Earth currents on all •ires ; wires completely storped .••• 
Peculiar and weild sounds distinctly perceivtd, some highlr· 
pitched musical notes, others ruembl10g murmur of wues on a 
distant beach. • • • The musical !ounds would "'ert mucb 

:.. . .A,., • .--::. resemble those emitted by a number of sirens driven at lint 
!>lowly, then increased until a 'screech' is produced, then 
again dying away. Duration of each averaged about twenty 
seconds.'' These experienced obsuve~, situated at three dis· 
tant point11, and pnfectly acquain:ed with the ordiaaay in. 
ductive dbtuabances on tei~J.hone circuit>, simultaneow.lf 
observed and independently reco1dcd their own impressions uf 
peculiar sounds exerted in telerhones by •ery rapid aile•na· 
tions or pulsations of currents 111 hich accompanied or were 
consequent on sun-spots, earth currents, and the Aurora 
Borealis. \\'. II. PREICE. 

G.P.O., April g. 

PLJRORPL EVENTS ARE 1-D..ISTIC TRPNSPCTIO\S 

IUtORPL EVENTS EXCEED 11-£ El\l'vELOP CF SLN AND EARTH REGICN3: 

.· t.i:? "=' t~4 .. J . ··~ 
~ .. :~ 
)~--
~,_ ... 

TI-EY ARE VRIL GEI\ERATED II\FLECTICJ\5 CF EI\IJRrn.S LNIVERSPL EXTENT AND Sl.FFLSIO\J ,...._ ~) 

RECORDS CF TB..EGRAA-fiC DISTURSP4\CES ARE EXTANT ·. 

TELEGRAPHIC POTENTIPLS ~ l'rn-EXPERIENTIPL EN3RAVII\GS 

scr£ TaEGRAPHIC RECORD 8\ERAVII\GS CORRESPQ\JCED WITH VISCERO-EI DETIC EPISOIES 

ll.JRII\E TI-E ~S CF TI-EIR REGISTRATIO\I 

VRIL TEL.EfHJ\JIC 80...NOS EXCEED r£ASLJREI"'ENTS CF 11-EIR CETRITPL POTENTIA.. 

VRIL TELEPI-DJIC SCl..NJS ARE VISCERO-EIIETIC IN CCl\ITENT 

V ISCERO-EI CET IC CCl\ITENT IS PEJ\ETRATII\E 

AND EXCESSIVE IN TRANEM.JTATIVE POTENTIPL 



o• tD U.AG..U! 0~ tsLJ~aArii. ataact~. ·uu : cJ.,mp dar, aot oalr d.-.. mora ur I•• 
· ~ · · ~-\1·:~~ ~ · t-lctrldtr I It• wa1 to &he ~truculll at • ..-,, pule -.J!'W"...., 

Ola .... 217 ot oar .... " ........ ,.wailaetl .. 1lr· ... vi& with ...... a.tloa, .... , .. tlaelaull&ld at· 
Uclo• tbe "llaa...-ea& ul,..JtocrapU, .. *hlrla h•d aao.plac:r• Ll a euncluc:tur, faulli ... .,,Jan~ ul &he 
rolerent .. to .aa l•poriat aalt powpe oe:-t oe wbat win.• IOIDO c.t &leu el«frkltr S. dla-bar-C\'d Co 
WMd•••ed a lult7 oa llae,.dat Uae'AIIM'\I.:aa Tolo- u .. earth, furmlaic ateruulatl drc:ult atroac•r aad 
Jn'Ph Co•puaJia 1he cl•llfti'J' ot a........ Tbat nroacer r~o fruJ:D thttmalu l.altuf1. lienee, 
artkto hu attl'llded coa.W.raWe atteatloa ucllau at It taa. J.rok•· at. a cll•taat oalat, pur mac· 

~~~~~~;"'·\ t.at eolldtad a repiJ f..O• UO.. ~ J. D. Catoa,. · Chhtf. attt cbaraad, f'hd wJaea &be drctdt 
!7= .' Ju•d'" of JIUIICM. wbo 1aU W lllada ••rieri•Dc. I"' .. .,.._ tbo •iaiaet attalu ·Ita full atnactla 

-.~nu..:tlnll wltla tho .... lia~t ot 14tlt'lfl'rb&. •aukker It It laad baGa eaUr.:J, · aeatral ; laaace. 
Tb., lulluwllll( .. JadP Catena' I J'ei'IJ 'to U :- tlao that )'uar • adjuaUDC ll'riAif bo drawa 
Yuu .. , : "no trutb ~ tlaat tho pnMDhJatoaa ot fudber wbea wo"'lq-wltb a dl•t,.,.t oftlce oaa 

teole.'(CrapbfDC II ju.l U rJalu aad'llmplo U HJ Of .tho .. p willa• ODO. Dear. '11&1• tOGitJ be a& 
' arta wbl:h mua pnctlat~· .Tia~·l• ao~·dlftlcsltJ 1 ... & b1 carelul ldju.lllaeD& lllllo 

• Ia waiting m~ n»nectlr ~thoro lalapeoaalac ioa wore uaaltoria ; bu&· I& ll aoL M 
· aa aWGiat or cop,lac a letter f'OPeriJ. It Uao ••· tho W.peratan· of tb.i a&mMpbere are 

IIIP Ia wrlttea comdiJ·br tbo orerator a&. tho atart. coailaDUJ 110 .II the ·aoua& of elr.\rlcltJ 
It auaaot pcMalbiJ co wroac o~r ~o :•~ •·. '(be aiL Ill eoadadt!d poaiad Ia · the · liaode atat.ed .. coa-
rewtubed Ia tulfParhlair Ia t.r ~ YGfJ. 'OrdiDAI'J' Datqro ataady ·• ._ tba cout.aat yarla&Joa ot 
-It Ia a labor aaalopu to wdUDI willa a cVIDIDVD tbo ·~ dn:talt, uad U tlaLI CUD• 

.. · ···:.:'f\'- :. ~·~ ·~~- · · ' . of ~u.e··~& dota ID)' be. iaa 
tor tho pranit tlaA( tiaeoreUc:all7 aad· liaaf. ~ ,omitted b7 tlacM lutaa· 'J . · , . . . . , n .. ., ~··• ;,r. t~ ,!'~•.' -~.mat Ia UaW laeYitabla crvuad clmal&. 

~ \ · ' . ~ l~U 7u& 011 lua1 tel...,,}lnoa o~Of1 Ia' auUattr ~ dUIICilllf wbb:b 1011 
~ '' • . uaau u e..efJ prucUcal.tel .. pher .will appnc~to al l&a~cauaraaut a. (amll~ 

: ·~· •· t.. .. t wlll. app~te ht a IIUJe.rolcd. oa ll lbu elecPic:al .:ar,n:lata wblcJa an 
· • t.ct..;wlUa_ wlalcb rou .are · &heir W,J. tbrougil Uao atmo-

• (iua Tho tel&:gnapblc alrJaabet Ia fonaed of dote, .tbiOach tbo wire uad operate 
~~":i.~= ....... _ • Una aud apaCe.. U froaa ADJ caa.e. two or moro of pniCI.lj tho -.me u .thoeloctrlci&Ji 

" , ftj • th ...... doll uo raa toptla.r a U~J• JUde. ~. It oae Uae b.tt~rJ; . · oldbaarUr, tbGN . ..,. 10 , .. ,.c.~.·..-:...:::...:;... 
• :y I• omltk'd, a ~pace S. left aacl a· ciUI'tlhlll letter .. occul .. aopnc&lc!allDCOa~.Waco to Uao· 

'\... ~ \ J
1
\f !uraa~.od thaD tbo uu ~atftUI •. ~ For laataaoo, tho I~ ; Ina&. 101Detlaa• ~ef are 10 alro~tc aacl 

-.~V ·~ . .,.,J ter • coaalata or tbreo clota. •. Jf &woOl tlaele 4~an to W.k the ~Jea~pla.w.lro wltbout UJ 
' " .... ~ " raD tepther .... • or~· • Ia Jlla!le, or !t ou S. oial i.tmO.pherta W.,.t., wbea ft~fac 

~ ~ we baYo a11 i or aao,· abtJ.ICi I mlatbt lllutia~ a, Uao ~~'1 cur~ata, lacreue 
~ ~ u11t tho alrbat..~r. ~ow, It .. llabioto ot'Ciar doa dlroctloa aw&rall~ Ilia· pro-
\~ .. , uClen barrera, th:d ono Jutkr· maJ be iu..titat~ I"' ltreJiltb, .pia read.rlag It pwlibJuiWlU-•._~_.::~K: 

• ~ anutlu:r, wlaida •ill•tlllmako aenio Ia a qa,c...p'ifut l•tler "i& uotlaer.u abc»Yo dL-.crlbed. · . 
.. _._.C:~~l u( aa entirdy •IUf'cr~at mcmlag. . Ueac:e, I •r wltla ·IM!rotod oat. aomo or tho woe& p~m-

_.._. .. .JIItr'. the Kuntnt.·k,,Jud~,whCMO lporaaat)'OU rerroft,;bat pateat dl8Scultlae ·with which tho tole·· 
iur whoan I aaa lnc:lioed to break a laaco, that tbore to ·coatead. Ia. oN.w . to aYold erroa. 

--~. r ....... , iifl! .. DC) aW.Oiute ll"CU~ity &~"Ina& mL1tAkea bat to repca& 'weil eatablilllied f~~et. ~tt'"'tt:tl tu bJ tlao 
r. ··~·~ ' . ..__.. tbe mft~ftP back. In ba. detente allow mo to •1 e..rT practical tcl~ogr~pber. Nt.oceti.ru; 

I llu•l I undenCaad lhoat cha~u wu. fouad"ocl uroa t~o ' Jead to bllatakn wblda tho 
b::ttlm•mJ or • pea& .... ,. oC tho blot!& esp:rleacecl Quino& avolcl, aad wblcb CIUI 

an•llntelllgeot lcl"''ff'pbt'fl. ·.Jfu•houLI be oseuled• bJ reptaUaa' :the .meuaco. back. 
then; fur tc:JIIag tlact. Jurr th;t MletJ Maufrct that care' aauit dot.Ct Uao ml•take ; ·tor 
tlu• mCII!C&JN lllaoutd bu n:peat"-d bK"k to guucl apluat poalbJo tha&tbo.Amo ln14trrnptloalhoulcl 
all ~h•aco of mlat.,ke•. ADd 1 aubanl& that ruu aaJ of tbao, cauioi .~o i~rodacu tho ld~nU· 
Wl'fO "JI&Oe Ju&~~lJ and. Uttlu hanb wbcayouaald: . tho rerotltlcna. ' .. ~.· . r • •. 

-" Thf1 ~Uti on bu1ble11a laM alw:a)-1 arpearecl &0 . not tbeon~ dUHcuUica-tbe!)' aro pi'Rc:· 
u.- liku a dudge lo extort aauaej oa· thu oao bud i oper•~~·~~;iaot untltntl,ncl tbo caa•, 
wbilo on tho· otbrr It 't"cml.lntendcd .tu terYo aa a the dlmeultlee. ..Witb au mac:h to c:oa· 
ICf~D bchfncl wblcb tlae cumraaimay rurr tu bldo.ft· Indued Won;ier(n(tbat ao f~w mlatakel 

. ~elf from tho CUDJteqlicncs or lt11 OWII grtttcl n••J:It.-rt. •• I .thllak ,tho tt•le.~rarb COIUp:anlt .. I&N 
Now, It llee."IDI to me: that goo.l faith tu the: .,uiJIIc aacl tho hlglat'flt J cmlll fur that .. ~ bt rer· 
Jutlce to the . tdcgna(,h .~ompanlc:•, iJ.:auan•l the · hlc:b thc1 h.a\"u tr.Uu ..... l &hc:lr aaumt•rvw. 
truth on llal• u oai all. otbc:r aul~edil. · ·1 will thuro• • · · 
foro •tate, ba u few wonla a.· I m"y~ bc'.w It It that ·You In error then •lal'n you •·•ltl that. u thl" • .~ .... -...--· .... -
llucta '· ror11 ma•t lntYI&..I!I)' ioincotlnat"'l ~ur.. · .re~tiUun " I• a du:cl~u tu c:stort munc.•J orr~~~ ..--...-~ ... ~.'--"" 

Yutt "ro awaru lbn' hJMlR tlao .lk-curatu CIJ~t•n,Uun~t nl esc:UIIt.t nt'"e:luct. 11ac truth 111 It 111 IU.'«.'t'UIU)" 

the! rd:ey runJ{nut, anel t'lllJt.'Ciallr tla '' rnrtluu u( It tv '""" · rKy, anti juu c-.us tlu tbtt ptaltlfc nu 
wbure th• L-uauae.:tlon I• ma.lu In '*''" luna! • r.: .. ,,lt, hh;ht·r than tu hn1•r ... M thl11 · f~td npm tlat·ua. 
nerythlnte dc:IJCncl•~ 1111• t'Vfllle"C·tlun ',1• '· ··"• l•r Uutlla.l• II Utj to n•t..t.,ku l~t •lit;hl and Vt•rr le•w 
twu Murat plntlnum JN:Int• helng ltr ·• •\..c•·lht•r ual~tlak~·.. m~~o~lu curu•ltle.•rlr•K tlu• aamnl .. •t nf ••••·•· ll~.'~UIII!llt:~~ 
hy tim haduc:nl"' of tlau IDitJ(IutC, an•l itae·'"' ... l"''"h"'l \•ct it •lc~t•~t e·d•t ·aaiul •lanultl a ... ,;u:.,,Jt .. l 
by tbo furt.-u ut an OJtput~lrtJ( •&•rlr•K· . F:v~ry tlmu tllt'IIIJ 11 lmrnrtamt ntt·tc•·•t.:e•. 

· f"Jhtlll •ru tte:INaralf!fl a putldu ftf Uau ·liatot;al I• luik .. l 
._ ........ ,, ' ' ' l~e '''""'"I "' llu• ttledrlclty with wlat•·la It I" 

• ""'IIC••I. Wht!fl " fuar&Jclo of atllltluune f,. ttfana•ly 
tu ... :•f It 1 .. Jl,eltJu tn "l'·'n tho 11r:K.'U t14tf'!"atilll{ tlau I wu 
(WthtiK "'"l a•ruvent lhct rlrcult from ltt.•inJ; hruke·n. 

~~~fj~lt~~!'!~~~ 1'hl11 wonltl nt"f'Vttllllrily run twu ur tn,,,,! •lut .. hatu" 
liaar. \flte!n la·•~··vcr, tlw luf•·talllt)' u( lltl' • urlt'UC 
t'\f'l't'fl ....... ru"IUJ( , ... jut, wltida I.e ui.u.tll) II ... I ...... . 

tlw rn•·t •I I.e lollflu,.f, le·.uh·~ :a r ... clelnuua, whi• It Itt a'h 

he~nl.tlln:.: ~ ............ .,. lllltl .,,,,. ""'"" ...... r ........... ch - - . 

.1. lt. c•A1~•~ . 










