
HIGH-POTE:N.'TIAL DISCHARGES. 
BY A. FREDERICK COLLINS. 

The various manifestations of high-frequency and 

high-potential discharges offer a fertile field of re

search, especially for the amateur investigator, since 

LIGHTING AN INCANDESCENT LAMP 

SHORT-CIRCUITED WITH HEAVY 

COPPER. 

The current has the choice of two paths-an easy 
one through the copper bur and a path of higher 

resistance throllgh the lamp-and it chooses 
the latter_ Ordinary currents would 

take the easier path. 

it is a subject 

that has receiv

ed comparative

ly little atten

tion considering 

i t s  significance 

as revealed in 

its recent appli

cations to elec

trotherapy, r a -

diography, a n d  

wireless telegra

phy. 

T h e  t e r m  

"e l e c t r i c  

discharge" is un

derstood to in

clude all modes 

o f  equalization 

of differences of 

p o t e n t i a l  

between the ter

m i n a l s  o f  a 

source of elec

trical energy on 

their connection 

by a conductor, 

by the removal 

of their charges 

by a stream of 

electrical parti-

des of air, or by a sudden discharge that breaks down 

the air or other intervening dielectric_ These are the 

three chief methods of restoring the electrical equi

librium, and are known respectively as the conductive, 

the connective, and the disruptive discharge_ 

The various forms may be further subdivided into 

alternating, arc, brush, brush and spray, dead-beat, 

flaming, glowing, lateral, oscillating, periodic, stream

ing, stratified, impulsive, and periodic discharges, and 

these may be produced by utilizing a source of direct 

or alternating current of low voltage, as for instance 

a commercial generator; a high-potential apparatus 

as an induction coil, or a high-potential, high-frequen

cy arrangement, as a Tesla coil, depending upon the 

requirements of the various cases_ 

In this review we are concerned only with disruptive 

and connective discharges, the former in its applica

tion to wireless telegraphy and the latter in its rela

tion to the human body. Since only potentials such 

as can be obtained with an ordinary induction coil 

are needed for disruptive discharges, these will be 

described first. 

In the production of a discharge of this nature there 

are two diametrically opposite conditions involved, the 

first representing an oscillator and spark-gap in an 

unenergized and non-conductive state, and the second 

when it is energized and rendered highly conductive, 

thus completing the circuit_ To bring about this re

sult the arms of the oscillator are charged with high

potential energy impressed upon them, which is set up 

in the secondary of the coil in the form of currents_ 

This kinetic energy is then converted into electrostatic 

energy, and when the static charge is maximum for a 

given resistance offered by the dielectric between the 

surfaces of the spark-gap electrodes heat is evolved in 

consequence, and when a certain critical temperature 

is reached the positive electrode volatilizes, and it is 

this effect that forms the initiative in breaking down 

the dielectric of the spark-gap. 

The law relating to the heat evolved states that it 

THE AUTOGRAPH OF AN ELECTRIC SPARK, WRIT 

TEN ON A PHOTOGRAPHIC PLATE. 

Scientific American 

is proportional to the square of the charging current 

and to the resistance of the dielectric between the posi

tive and negative electrodes forming the boundaries 

of the spark-gap_ The energy that is emitted from 

the positive electrode is proportional to the potential 

difference impressed on the oscillator system and the 

specific inductive capacity, while it is inversely as the 

distance separating the spark-gap electrodes. The 

length of the spark that passes depends also largely 

on the following factors, namely, the difference of po

tential between them, the character of the medium that 

separates them, and on the density or pressure of the 

dielectric through which the discharge passes_ 

A decrease in the pressure of the medium serves to 

increase the distance through which a spark will pass, 

but a point is quickly reached wherein a further de

crease has the effect of cutting down the length of the 

spark, and hence where a low vacuum will permit the 

passage of high-potential currents over longer dis

tances than in air, a high vacuum retards them even 

though the potential may be considerably increased. 

Then again the metal of which the electrodes are 

made determines the sparking capacity to a certain 

appreciable extent since some retard and others assist 

the process of volatilization, and finally the size and 

shape of the spark-gap-electrodes also have their ef

fect upon the discharges. 

From these considerations it will be observed that 

when the electrodes are placed closely together the 

strength of the charging current is increased, and 

hence the heat developed causes the temperature to 

rise. When the sparking distance is greater than the 

maximum difference of potential can easily break 

down, a faintly luminous discharge will be seen issu-
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HIGH-FREQUENCY STREAMING DISCHARGE. 

ing from the positive electrode, especially if it should 

present any sharp points. This phenomenon occurs 

in virtue of the fact that metallic points are more 

easily heated than those in the form of spheres. 

When the charge and temperature reach a critical 

value a conducting microscopic thread of gaseous vapor 

is developed and this is attracted to the negative elec

trode, to which it passes by the path of the least re

sistance. When this filament bridges the gap its diam

eter is very greatly increased, the resistance that was 

previously enormously high becomes minimum, and 

the current surges forth and back until the energy of 

the system is damped out by the sum of the resist

ances. 

While Tesla was not the first to produce the varied 

and beautiful forms of convective discharges he was 

probably the first to systematically investigate them. 

Though convective discharges may be frequently ob

served from a pointed positive electrode of an induc

tion coil, they are much more intense and brilliant 

when the potential and frequency of the oscillations 

are stepped up by means of a secondary transformer. 

The compact apparatus for obtaining high-frequency 

and high-potential discharges shown in the illustra

tions was designed by Prof. Ovington, who repeated 

many of Tesla's experiments and introduced several 

new ones during the recent electrical exhibition at 

the Madison Square Garden. 

With high potentials and high frequencies the elec

trostatic field is collapsed more easily than when those 

of lower value are reached, while the oscillations in

crease the temperature developed by the transition of 

static into kinetic energy and for this reason the vol

ume of vapor is increased and an arc discharge re

sults. 

The flaming and streaming discharges which are 

forms of the connective discharge are closely allied and 

occur when the frequency and potential is increased 

beyond a certain value; under these conditions the dis

charge assumes definite characteristics wholly differ

ent from those of the disruptive discharge. In these 

BURNING PLATINUM WIRE WITH CURRENTS PASSING 

THROUGH THE BODY, 

A platinulP wire IS held in the fingers and ncar one terminal ?f the machine., 
The spark jumps to tbe body aud through the WIre, 

forms of discharge the energy passes between the elec

trodes as luminous streams. Such discharges obtained 
with high-frequency coils are different from those 

obtained with electrostatic machines, as they lack in 

the violet color developed by the positive static elec

trode as well as the bright glow of the negative elec

trode_ 

When the frequency and potential necessary to pro

duce the flaming and streaming discharges is increased 

new phenomena result and a brush and spray discharge 

is obtained_ With suitable electrodes comprising a 

large number of small points the emanations resemble 

jets from a gas-flame escaping unrler high pressure. 

According to Tesla "they not only resemble but they 

are veritable flames, for they are hot. Certainly they 

are not as hot as a flame of gas, but they would be 

so if the frequency and potential would be sufficiently 

high." 

If the frequency and potential is further increased, 

the discharge will pass through several inches of solid 

glass. Ordinarily glass is an insulator of electricity, 

and yet in this case the streams flow through it ap

parently with the greatest freedom. The flow of lumin

ous energy has a tendency to stream out and to be dis

sipated to such an extent that when the brush is pro

duc�d at the positive electrode no disruptive discharges 

will occur, even though the hand or any conducting 

object is held within the stream, and what is even 

more singular,the luminous stream is not at all easily 

deflected from its path by the approach of a conduct

ing body. 

Under these remarkable conditions the energy loses 

its property of producing sensation when it comes in 

contact with or passes through the human body, and 

a person may now be connected with the source of high

potential and high-frequency currents and be complete

ly charged, though he will feel nothing; that he is a 

portion of an oscillator, however. can be readily de

termined, for if a vacuum tube is brought near any 

part of his body it will glow due to the electric waves 

emanating from him. To illustrate how absolutely 

devoid the sensory nerves are to these currents, a 

ELECTRIC TESTS. 

The current issues at an enormous voltage from a larlle 
)lumber of small points, so that it seems like iets of 

lmrning gas escaping at hi!lh prllSsure. 
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vacuum tube may be held in the mouth, and a current 

passed through the lamp lights it and then continues 

on its course, passing through the membranes Of the 

mouth, which are perhaps the most sensitive of any 

in the body, yet no sensation whatever is experienced. 

A half·dozen incandescent lamps may be lighted with 

current passing through the body and no sensation is 

felt although instant death would result were the rate 

of oscillation reduced within certain limits. 

To show the impedance a copper bar of large diam

eter offers to a high· frequency current, an incandes· 
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method in therapeutic practice. Heat, light, and elec

tricity when properly applied have accomplished sur

prising results. With the apparatus shown not only 

are all the various remedial manipulations of elec

tricity available, but current is also supplied suitable 

for producing the X-rays, ultra-violet light, etc. 

• • • 

THE AERO CLUB OF AMERICA'S EXHIBIT OF AERO

NAUTICAL APPARATUS. 
A most interesting exhibit, in connection with the 

Sixth Annual Automobile Show held recently in the 

93 

bined box kite and aeroplane, Myer's electrical torpelfo, 

and Kimball's heliocoptere. The original Hargrave 

box kite was also shown, as well as numerous models 

designed by Herring and Chanute. Besides these very 

complete exhibits of apparatus, the walls of the room 

were covered with a large collection of photographs 

showing the machines of other inventors, such as 

Whitehead, Berliner, and Santos·Dumont; and other 

photographs showing airships and ballo'ons in flight, 

together with bird's-eye views taken from the same. 

In another room cinematograph exhibitions were given 

Side and End Views of Prof. Bell's Tetrahedral Kite, 'Vhi('h, 'Vhell It is Released in l\1id-Air, Descends in a Series of (;ul'ves, and Sometimes Describes a 
Complete (;irc1e Like a Soaring Bird. 

This photograph .how� the rear of kite, which is m ade up of tetrahedral cells constrncted of spruce sticks 4 mm. (0.157 inch) square and 25 em. 
(9842 inehes) loni', bound together with fine twine and covered with red silk. The weight of a single cell is 9� grms., or 73 of an ounce. 

Langley'S Steam Aerodrome-the First Power-Driven Aeroplane to l<'ly. 

This view shows the tail tipped upward, whicb is accomplished automat
ically by a pcndluTl1 in the bow when 1h� kite makes a dive, 

Samples of Brown's Bi-Planes. 

The fir.s� sllcce�sflll �ight of tbis machine was at Quantico, Va .. on May 6, 1896. 'rhe rudder at the left of this picture forms part of 
LIlienthal s ghdlllg machIne. In tbe nght-hand corner of the room i. seen the Herring-Arnot two·surface aeroplane which has 

been used successfully by Mr. Herring and the Wright brothers. 

This type of aeroplane consisting of two following sllrfaces was invented about 
1878. Langley's aerodrome was built on this plan. But 20 pounds per horse 

power can be lifted with this type of machine where frOIll 100 to 150 
pounds per horse power can be lifted witll tbe superposed plane type. 

The lUotor and Basket of Santos-Dumont's No.9 Airship. 

A blower i. IIrranged! to blow on the motor cylinders to cool .hem properly. A large bicycle wheel acts as 
a flywheel and the shatt carrying the propeller runs forward to the front of tte framework. 'fhe 

model two-surface aeroplane in left-hand corner is a motor-driven model which is said to 

One of the Original Lilienthal Gliding lUachines with Which He lUade 
Hundreds of Successful Flights. 

have made numerous successful free flights. 
This machine has a rudder, which is shown in tbe view of Langley'. aerodrome. Lilienthal succeeded in 

steering i n  a sharp curve to right or left with this machine. 

INTERESTING EXHIBITS AT THE AERO CLUB'S EXHIBITION. 

cent lamp is short-circuited across the former and the 

current is thus given the choice of two paths, aTI ap

parently easy one of small ohmic resistance and high 

impedance through the copper rod, or a seemingly more 

difficult one of large ohmic resistance and low im

pedance through the lamp. While an ordinary cur

rent would of course choose the former, the extraor

dinary current traverses the latter path. 

The practical application of these discharges is found 

in radiotherapy. Their use is being extended more 

and more, and by many it is considered a rational 

69th Regiment Armory, was that made by the newly

formed Aero Club of America. This exhibit was the 

most complete of its kind ever held in any part of the 

world, for all types of flying machines, balloons, and 

airships were represented. In the same room with 

Santos-Dumont's NO. 9 airship was to be seen one of 

the original gliding machines of Herr Otto Lilienthal, 

as well_as the gasoline and steam-propelled aerodromes 

of Prof. Langley and the motor-driven aeroplane mod

els of HeEi!tg arrc! Hargrave. Other apparatus shown 

consisted of Prof. Bell's tetrahedral kite, Ludlow's com· 

twice every day. The views shown consisted of motion 

pictures of the Vanderbilt automobile race, the Mount 

Washington hill climb, balloon ascensions, and experi· 

ments in raising aeroplanes when towing them by 

means of a motor boat. In showcases placed in the 

exhibition hall were seen primitive models of flying 

machines from the Patent Office at Washington, light 

motors and other appliances for aeronautical work, to· 

gether with a collection of books bearing on the sub

ject. Among the exhibits of apparatus of historic in

terest were the large wood propellers which Mr. Her-
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