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A few days before he left for Colorado Springs, Tesla called a photographer who shot a series of pho-
tos of the exterior and interior of the laboratory. He described 63 photographs in total, the most of which
showed his big transformer in operation with a large number of streamers and sparks snapping from “the
additional” coil. He probably enjoyed the sight of those powerful discharges accompanied by thunders and
sparks some tens of meters long. At that time Tesla’s coil-oscillator was already well known and used in
various ways but Tesla was still ahead in research of super high voltages with his mammoth transformer.
When he ended his work in Colorado Springs, he published some of the photographs in several articles
which arouse a flood of enthusiasm and admiration, similar to those following his lectures in America,
England and France in the period 1891-1893. The great German scientist Slaby wrote, having seen Tesla's
photographs, that experimental appliances of other researchers are but toys compared to Tesla's.

The description of photographs contained in his diary was accompanied by detailed descriptions
of oscillator operations. The photos themselves were professionally done and convincingly illustrative
of the dimensions of experiments. Tesla resorted to the double exposure in their production. First the
apparatus in operation was shot and than the next short was done with flesh light, non operative ap-
paratus and a man sitting. He claimed to have seen bright spots on some photos -fire balls and gave a
description of how they were produced. Studies and generation of ball lightning was no objective of
Tesla’s investigation in Colorado Springs but these were special experiments, “interesting from scien-
tific point of view"®®, according to Tesla's words, dealt with when he had time.

Tesla used some parts of his diary in drafting patent specifications which he submitted in the
period between 1899 and 1902. Tesla practiced permanent keeping of notes which probably served as
reminder for writing documents at the time when he published his inventions.

The diary contains some interesting descriptions of nature, most often around his laboratory
and some unusual meteorological phenomena, but everything was concerned with the past or future
explorations.

Immediately after cessation of works in Colorado Springs Tesla wrote a big article The Problem of
Increasing Human Energy®V revealing a series of results arrived at in Colorado Springs. In 1902 he de-
scribed in his statement in the court® how he wrote that article in the following words: “The Century
insisted that | should write the article | promised, but it demanded all my strength. | knew the article
was going to be historical, because for the first time | presented the results far beyond anything ! or any
one else in the world have ever done.”

Tesla’s article proved to be a great sensation and was reprinted more than once, widely quoted,
too. The style of the article was quite different to that of the diary.

His works of Colorado Springs were again written of in 1904. Some interesting data about it
were located in Tesla’s replies to the officials of the American Patent Office in 1902, concerning pat-
ent rights of Tesla and Fessenden.®® That document contains the statements by Tesla’s assistant Fritz
Lowenstein and Tesla’s secretary George Scherff. Tesla temporarily employed Lowenstein in April 1899
in New York and invited him to Colorado Springs in May the same year, where he stayed to work with
Tesla till late September, when due to family reasons he had to return to Germany. Tesla was satisfied
with his work and invited him to come back, which he did in February 1902.

After a triumphant return from Colorado Springs in New York on January 11, 1900, Tesla did not
stop his research into the radio field. In that period, after returning from Colorado Springs and before
beginning to work in a new Wardenclyffe laboratory some time in 1902, Tesla continued to work on ra-
dio transmitters and receivers following the work he had done in Colorado Springs. In the Nikola Tesla
Museum in Belgrade, under a separate section in the Archives several notes have been found and they
are presented in this new edition of Nikola Tesla Notes 1899-1900. They precede the Notes written some
times later in the Wardenclyffe laboratory®",

In this period Marconi came to New York in January 1900 seeking investors and planning on
lecturing on his progress in wireless. According to one of Tesla's recent biographer, Michae! Pupin as
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that Earth is a good
conductor through
which electrical energy
could be transmitted.
He had a premonition
about certain role

of high, conductive
atmospheric layers
in the “global”
system of efectrical
energy transmission
without wires.
Interestingly enough
that view on radio
wave transmission
was considered as
something special

at the beginning"®
but then almost
forgotten until
lately. In the fifties
of XX century the
works of Schumann,
Bremmer, Budden,
Wait, Galeys® and
others treated the
propagation of
electromagnetic
waves of extremely
low frequencies (6 to
30 Hz) and very low
frequencies (3 to 30
kHz) in the way quite
similar to the basic
Tesla’s postulates.




































































































































70

point where they started? 1t would be difficult to believe that they were reflected from the opposite
point of the Earth’s surface, though it may be possible. But I rather think they are reflected from the
point of the cloud where the conducting path began; in this case the point where the lightning struck
the ground would be a nodal point. It is now certain that they can be produced with an oscillator

(This is of immense importance)
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Measurement of inductance of oscillator secondary 36 % turns on tapering frame repeatedly
referred to. The approximate dimensions and form of same are indicated in the sketch. On the base it
was about 51 feet and the sides were inclined at an angle of 45°. The sides were formed of light lattice
work notched for the reception of the wires. The first turn of the secondary began some distance from
the ground so that the average turn was smaller than it ought to have been, judging from dimensions,
that is nearly 145 feet. Nevertheless more wire was actually coiled up owing to the fact that there was
some loss in the corners, and the wire not being perfectly straight added still further to the length so
that 6 coils of wire were rolled up, their lengths being: 1000+1000+1005+1002+762+546=5315 feet
total, Ne 10 B. & S. wire. Deducting ends left gave very nearly 5280 feet or a mile =1610 meters approx.
The wire was wound on by the help of a stand rolled on the floor and supporting the reel. The resistance
of the wire was 5.55 ohms. The readings were as follows:

motor E |
. | =6.17
2115 212 6.2 rom this average
2100 211 6.16 values were E=21133
: o= 883.42
2120 211 6.16

2
%:34.25 (%):1173 R?=30.8 L=

gives L =3826x10%* cm. or 0.03826 henry.
With 40 turns placed at same distance we may take approximate inductance to be about 42x10°
cm. Note: It was before assumed 5x107 but the turns were a trifle closer.

Readings were taken today with the synchronous 8 pole motor to ascertain co as closely as pos-
sible for future measurements with following results:

Time Speed generator (10 pole) Speed motor Speed reduced
5.35 1700 2155 1724
5.40 1700 2165 1732
5.50 1730 2160 1728
6.10 1710 2150 1720
6.20 1705 2170 1736
6.25 1717 2150 1720
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capacity which was largely increased would be detrimental to the rise of potential on the end. This
proved to be the case so that it appears again imperative to overcome also in the receiving circuit the
distributed capacity. Various ways are now to be experimented upon with this object in view.

Colorado Springs
September 4, 1899

Experimental coil wound on frame made of bicycle hoop 25 %" diam., 16 layers, 28 turns in
each, 448 turns total, self-induction about %2 henry. This coil was wound very close to study effect of
distributed capacity. It was connected for purposes of tuning to water pipe on one end the other being
left free. From free end and water pipe short wires were run to a spark gap. The sparking distance was
observed from free end to body of experimenter, next from watermain to body, next between the two
wires and finally with body of experimenter connected to free end, the spark between the same points.
As it was sure that the vibration of coil was too slow for the impressed vibration of approximately
50,000, wire was gradually taken off.

Longest spark
Longest spark | Longest spark | between the
Number I]E;)Oﬂn%efsrt;peanr(l; from water- between the two ends of
of turns 10 body of main end to two ends of coil with Observation
on coil ex eriménter body of coil without capacity of
P experimenter capacity experimenter
on free end
I 1 " A% \% Vi
448 4" ea" scarcely visible | scarcely visible
420 1/8+d 5/64" " "
392 Va+d 5ea" ! 8
364 316" 3h6" ” "
336 Y16+d 36" small spark | small br. spark
308 /s 3he” " spark larger
294 552 552" ! livelier spark
280 /s /8" ! !
266 552 332" ! !

Indications up to present confirm detrimental effect of capacity. A coil was now added in series.

This coil was one used often in New York and was wound on a drum 30" diam. There were about 150
turns total length of wire 1125 feet. To this added the 266 turns of experimental coil giving length of
6.5 feet per turn made length 2100 feet for exp. coil or total 3225 feet. This was very near quarter wave
length as it ought to be. Now results were

! 11 i v \Y Observation
266+150
Exp. additional The" 332" 332" 345" lively
coil
Experiments were now continued with experimental coil alone and showed




small spark Observ.
1 /" 1 . .
252 /3 /5 less d small spark livelier The distributed
capacity
224 32 bright /16" ! ! unmistakably
196 16 116 less d " " prevents rise on
168 /16 46 less d practically the same. end.
EXP. COIL
1 5 EXP. COIL
WATER MAIN L
ADJUSTABLE SPARK GAP ADJUSTABLE SPARK GAP
SECONDARY BALL SECONDARY BALL
SPARK GAP SPARK GAP
EXTRA COIL EXTRA COIL
rA_.l BALL

To observe better the end of coil which was before connected to earth (or water pipe) was now
connected to a wire run from one turn of secondary, that is from the turn which was nearest to earth
connection of secondary. The connection was in the previous experiments as illustrated in one, then
it was changed to the connection shown in 2. Nothing was, in principle, changed by this connection,
only a higher e.m.f. (initial) was obtained and the tuning was made easier. This | have found to be an

excellent way to adopt in tuning coils. The results were as follows:

1. 1. I1. V. V. Observ.
" " very small small spark :
168 Y & spark livelier \\//vasrtlz;?:nmgfrg
140 " 7 G ! down to 19 turns
there was no
112 s 1" stronger " Spark between
the reds even
38 7 7 at a distance of
64" but when
84 5 " "
/8 ! the hand was
70 % 1 p " approached to
free end of coil,
56 34 3 " " sparks would be
drawn %" long
42 % 7 much stronger | much stronger | and then spark
: would jump
28 e 7% % lively %6 still tivelier | between the rods.
_ This obvious and
19 Y % almost nothing | small spark easily explained.
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The connection was now made to the second and then again to the first turn of oscillator secondary 175
and, as even in this case the effects were inconveniently strong, connection was made to the water pipe
to diminish impressed e.m.f. But even now the streamers would go over the spark gap. Several balls were
now experimented with. Results were as follows:

Turns exp. Spark from Spark from Spark between Ball
coil oscill. end free end terminats diam.
516 3 11" 334" no ball
516 14" " 8" 18"
516 " 916" 1" 8"
516 °/16" /16" 174" 5"

It was now important to get an idea of the magnifying ratio and the spark was tried on the water
pipe and on the free end of coil and the lengths compared. On the water pipe it was 64" and on the free
end 1%2". This was fair but the coil was not yet quite well tuned. Completing the adjustment with more
care the spark on the pipe was found 400" and on the free end of the coil 2”. This was quite satisfactory
but not the best by far.

ARI CAPACITY

BREAK
SENS. DEV Q

TUNED COIL

S

SECOND.
OF
IND. COIL

L
COND.
PRIMARY

—— _ BATTERY
BATTERY

[T7] EARTH

Further efforts to tune still more closely resulted in producing a spark between rods 2 4" and
with the capacity of the experimenter on free rod, the same being disconnected from everything, 3 %",
The capacity in the primary oscillating circuit was now 5 tanks on each side and the self-ind. box 7
turns in. This capacity did not secure the best vibration of the sender which was a little slower but was
suitable for the coil and no further attempt was made to tune still more advantageously by winding up
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COIL

EARTH

INSULATING

{ITITI

] mETAL )

i RULE |

H 1

: L}

! SPARK__;
GAP

TIN FOIL

D_________

The wire Ne 20 was now taken off and wire Ne 18 wound in place to study the effect of diminished
resistance. New exp. coil wound on drum 10" diam. used before. It was estimated that for the vibrating
system before described, comprising ball 38 cm. capacity and 120 feet cable 400,000 c. mills, about
400—420 turns would be needed. There was wire enough for 495 turns. The spark was taken to the body
of the experimenter, the length being at once read off by a simple arrangement comprising a small
rule of insulating material and a metal strip, the position of which was adjustable relative to end of
the insulating rule. The metal strip was held in hand and the end of the insulating rule was maintained
almost in touch with the wire forming the free terminal of the coil which was carefully placed in the
proper position such that there was no induced e.m.f. from the primary but only through the ground
connection could the coil be excited. The connection of coil and manner of reading off spark-length is

indicated in the above diagram.

Results:
Spark to body of exp. with
Turns Spark to body of experimenter | small capacity attached to end
of wire

495 34" much less

470 /6" g

460 The+/ea "

450 The+1/52 "

440 916 5"

435 916 "

430 almost 6" 7

425 34" 147

420 %" full 1"

415 " 7

410 1" 946"

405 1 346" 54"

With 405 turns the limit was nearly approached. With 400 turns the spark without capacity was 1
14" and with tinfoil on wire %" with 395 turns the former was 1 ¥4 the latter %" and with 390 the same
also, with 385 practically the same. The system still needed a small capacity for when a hand was held
at a distance of about a foot a spark of 1 34" could be obtained.

These data give wave length.












































































/ BALL ADJUSTABLE
HEIGHT
SPECIAL. COIL i

!

' S. SPARK GAP
ADJUSTABLE

REG. COIL
SECONDARY PRIMARY

PR. GAP

about 11 feet. Nevertheless some action was bound to occur although the wood is very dry here and it
is proposed in later tests to eliminate these errors as much as possible. The roof was covered with some
sort of tar paper the influence of which can only be conjectured at present. The most reliable data will
be those obtained with ball at the highest points when it is above all structures. The connections used
are shown in diagram. The ball was lifted by steps of one foot each and the primary self-induction and
capacity was adjusted until maximum resonant rise was observed on special coil, and adjustable sec-
ondary spark gap serving as analizer, besides streamers which served even as a better guide. The results
of the test are shown on the following table:

Table showing results. The capacities are all reduced to the same inductance so that as the pri-
mary capacity changes, the secondary is changed in the same ratio.

gf(l)%gtdf;g:; Capacity in tanks Percent of increase F[ignugééfrgilécggéoaﬁszlf_
20.66 4.36
21.66 5.05 16%
22.66 5.77 14%
23.66 6.27 9.5%
24.66 6.00 0
25.66 6.24 4%
two primary turns reduced
25.66 6.64 10%
26.66 8.87 33% To correct later factor
27.66 11.48 40% 0-24 e used
28.66 14.84 30% 6.24
29.66 18.64 26%
30.66 21.08 13%
31.66 22.36 6%
32.66 23.28 4%
33.66 24.72 6%
34.66 25.68 4%
35.66 27.00 5%
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Capacity in primary
circuit expressed by the
number of bottles used

Self-induct, of

primary or exciting
circuit Turns in regul.

coil+connections

Spark length on

terminals of the coil

Observation relating
to spark

@%6)_% 1.125 + connections 4% inch
M 2.375 + connections 4 3% inch T_he Spafk was "
2 continually increasing
and the excitation was
_ ] reduced as the capacity
@_2 3.625 + connections 5 %inch was getting Sm;)“er
Mﬂ 4.75 + connections 5 % inch
2
(4x36)-2 6.25 + connections 5 % inch reduced
2
(3X326)_2 8.25 + connections 6 4 inch still more
(2x36) -2 11.625 + connections 7 inch still more
2
(1X326)_2 22 + connections 9 inch still more
31 .
appr 51 24 + connections about same

The spark was getting longer because the efficiency of the exciting circuit was increased, as the
inductance of this circuit was increased and capacity diminished. There were smaller frictional losses

and after each break the system vibrated longer and excited the coil better.

The short stout wire was now substituted by each of the two primary turns separately and joined
in multiple with the results indicated below:

32 13 % turns+1 The primary used was
primary+connections the upper one

32 14 turns+1 The primary used was
primary+connections the lower one

32 14 turnss1 The tuning was very sharp in

— FIMarv-rconnections the first two cases, not quite

2 p y so in the last instance.

In order to get useful data as to the self-induction of the connections and also of the various
turns of the regulating coil which were most frequently used in the experiments, tests were made as fol-
lows. A coil still to be described, built for a special purpose, was used (689 turns, drum 14" diam., 8 feet
fong) and was excited from one terminal of the condensers, as indicated in the sketch below. The coil















primary circuit was again effected until resonance was reached, generally by simply varying the length
of wire of the regulating coil included in the primary circuit. Now as the self-induction of the coil L re-
mained the same through all experiments, the apparent capacity could be easily determined from the
self-induction and the known period of the primary or exciting circuit. By keeping the capacity in the
primary circuit the same or, eventually, the self-induction, the procedure was simplified and the capac-
ity in the system including coil L was then at once given by a simple ratio, as in some cases previously
described. It was preferable to vary the self-induction as the change of this element could be effected
continuously and not step by step, as was the case with the capacity.

The apparatus being arranged as stated, the lowest position of the ball of 18" diam., which was
first used, was 9' 5” from center of ball to ground and the highest 58' 9.

To ascertain the period of the system L the vertical wire was first disconnected and only the spark
wires left on, then the vertical wire was connected and the period again determined by adjusting the
primary circuit, then the ball was placed in its lowest position and finally readings were taken with the
ball at various heights up to the maximum elevation. The results condensed were as follows:

Coil L alone only with spark wires, no vertical wire:

. . Total primary self- .
Capacity total in -induction turns of Height of ball from Analyzing spark at s
primary circuit regulating coil-f conn center to ground
142 7
—— =71 bottles 9% . no ball, no wire 33"
2 turns+connections
Coil with vertical wire and spark wires:
142
- = 71 bottles 18 34 turns+connect no ball 3 14"
Coil with ball, vertical wire and spark wires:
142
T =71 bottles 19 V2 turns+conn. 9 feet 5" 4"
142
B =71 bottles 20 3% turns+conn. 33 feet 9” 4 34"
142
T: 71 bottles 21 V4 turns+conn 58 feet 9” 44"

Owing to the construction of the coil L which, as before stated, aimed at sharp tuning it was easy

. 1 . . .
to detect a variation of e of one furn of the regulating primary coil R.

It was desirable to take some readings with all the bottles in and the results were nearly the same
and could still be read off with fair exactness, although the variation on the regulating coil R was re-
duced to one half, the capacity in the primary being just double that used in the experiments the results
of which were just given.






The readings with all the condensers were as follows:

Capacity in primary

Total self-induction in
primary turns of reg.

Height of ball from

Spark on terminals of L

total coil+connections center to ground
286 bottles 10 ' + conn. 9'5" 41"
10 %6+ conn. 339" 45"
11 + conn. 58' 9" 4 34"

Note to above experiments:

The vibration of the coil L with vertical wire and spark wires was found to be in resonance with

the primary in another series of observations with
18 % turns+connections

142 bottles

whereas before it was found to be so with 18 34 turns. When the different value 18 % turns was
observed the wind was blowing hard and it would seem as if this would have had the effect of increasing
the apparent capacity of the aerial vertical conductor. This is to be followed up.

The experiments seemed to demonstrate clearly that the augmentation of the capacity as the ball
was elevated was in a simple proportion to the height, for at the middle position the value found was
very nearly the arithmetic mean of the values in the extreme positions.

Colorado Springs
Oct. 24, 1899

Tests continued on the effect of elevation upon the capacity of a body connected to earth.

The same coil was used as in the tests just before recorded, but the ball of 18" diam. was substi-
tuted for by one of 30" diam.

These readings were in all probability closer as an improvement in the procedure was made.

The results were as follows:

First set of readings.

Capacity in primary
circuit

Self-inductance of
primary: Turns of reg.

Height of ball above
ground from center

Analyzing spark on
terminals of excited coil

Bottles total mfd. coil+ connections

M:ME} =0.1287 10 3s+connections 9" 11" 44"
W:MB:OJZN 10 34+connections 34" 3" 434"
M:MS:OJZW 11 Y& +connections 58" 6" 5 1"




234 Second set of readings. Capacity reduced in primary to get greater variation on regul. coil.

Bx30)-2 _ 71-0.0639| 19 %+connections 9' 11 43"
Bx30-2 51 0.0639| 20%+connections 34' 37 5 14"
(4x360-2 ) 00639|  21+connections 58'6" 5 34"

Note: After these readings had been taken it was found that the ball sliding on the vertical wire
did not make a good contact. This might have modified the results slightly.

Colorado Springs
Oct. 25, 1899

Experiments on influence of elevation upon capacity of conductor connected to earth continued:

This time simply a wire N2 10 extending vertically in the continuation of the axis of the coil was
used. The coil was the same as before, 689 turns Ne 20 cord on drum of 14" diameter. 36 feet of wire
were first taken and after each reading 3 feet were cut off. Each time resonance with the primary was
attained and the constants of the primary circuit noted, this giving the necessary data for the determi-
nation of the capacity of the vertical wire. The results are indicated below:

Comente | e | Sonductonce o L ongin orverica | e s
total Bottles reg. coil+connect. wire in feet excited coil
%:71 0.0639 17+connect. 36 4"
M—ngb)i:ﬂ 0.0639 16 3/+connect. 33 "
%:71 0.0639 15 3%4+connect. 30 /"
(ix326#:71 0.0639 15 Ya+connect. 27 /16"
%%:71 0.0639 14 ¥+connect. 24 116"
(4—X3Z6)——2:71 0.0639 14 Y4+connect. 21 /16"
%:71 0.0639 13 34+connect. 18 146"




4x36)—2
%zﬂ 0.0639 13 Y4+connect. 15 16"
4x36)-2
%:71 0.0639 12 ¥+connect. 12 13 /4"
4x36)—-2
(———2)—=71 0.0639 12 Va+connect. 9 916"

These readings are approximate.

Colorado Springs
Oct. 26, 1899

Measurement of inductance of 689 turn coil used in investigations on influence of elevation upon
the capacity of a conductor.

Readings were as follows:

Volts av. Current ® Res.
118 3.315 880 28.304

2

E_IB 356 (Ej ~1267.36

I 3.315 /
R® =800.89

I3 2
[7) —R? =446.47 Large dynamometer close
(EJZ Q2 o’ =774,400
L :I—Z =0.00057654 From this [=0.024 henry
®

or=24,000,000 cm.

This is a value slightly smaller than that calculated before. Readings were also taken with small
dynamometer. This slightly damaged. The readings are to be revised upon restandardizing.

Volts av. Current av. W
69.25 2.045 880
E EY EY
7:33.863 (T) =1146.7 LTJ -R?=345.81
R? =800.89

o =774,400

K
L= 00004466 From this 1=0.0211 henry

2
@ or 21,100,000 cm.

Note: This value is decidedly too low owing to dynamometer indicating too large a current.
Possibly during the test o had changed.
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The spark wires leading to the spark gap, serving to observe resonant rise, were N2 26 gutta-
percha coated and each about 25 feet long. It was really only the upper wire leading from the free
terminal which was of importance to consider. The vibration of the coil was first ascertained, nothing
except the spark wires being attached. Next a sphere of 30" diam., the tin foil of which was cut through
with a sharp knife to prevent formation of eddy currents, was connected to the top of the coil and the
vibration again determined. Then the vertical wire was put on and the sphere taken off. After determin-
ing the vibration with the vertical wire the sphere was slipped on the same and readings taken with the

sphere at different heights. The results were as follows:

Coil with spark wires alone.

Capacity in primary
Bottles total mfd

Self-inductance of primary
Turns of reg. coil+conn.

Analyzing spark on terminals of
excited coil

W:71=0.0639

10 Y2+conn.

311

Coil with ball of 30" diam. and spark wires.

Capacity in primary circuit

Self-inductance of primary.

Analyzing spark on terminals of

Bottles total mfd Turns in reg. coil+connections excited coil

M:ﬂ =0.0639 13+conn. 31"
Coil with vertical wire Ne 10, fifty feet and spark wires.

M:H:Q%w 19 ¥%+conn. 37"

Readings with ball of 30" diam., vertical wire and spark wires connected to coil.

pr(i:rig?;g/rlcr&it prsii’ll];_rlyd'l?ucrtr?gicr? Sefg Height of ball from Analyzing spark on
Bottles total mfd coil+conn. center to ground terminals of excited coil
(4X36)_2=71:0.0639 20 ¥%+conn. 9' 11" 434"
(4x36)-2 —71-0.0639 21 3/s4+-conn. 32' 8" 434"
(4X36)_2:71:0.0639 22 +conn. 55' 7" 434"

2

Readings continued with primary capacity modified.
(8x36)—2 =143 =0.1287 11 %+conn. 10" 3" "

239
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@—”2@_—2:143:0.1287

12 Va+conn.

33' 3"

Bx36)=2 _ 44301287

12 7&+conn.

55'9"

1 1/2"

The capacity in primary was now still further reduced.

The readings were as follows:

Capacity in primary

Inductance in primary.

Height of ball above

Analyzing spark on

Bottles total mfd |Turns in reg. coil+ conn.| ground from center |terminals of excited coil
523672 _ 3900809 16 Vo+conn. 10" 3" 4
—(5X326)_2 =89=0.0809 17 Y+conn. 33" 3" 4"
M:% =0.0809 18 Ya+conn. 55' 9" 434"

In these experiments the excitation of the coil was varied by adjusting the small spark gap sepa-
rating one terminal of the Westinghouse transformer from the ground. The tuning was not very sharp as
the ball was large and the magnifying factor of the coil rather small. Taking n approx. 60,000 we have

p=360,000 approx., R=28.3, [=0.024 we have for

after all.

pL

— value
R

28.3

36x10% x0.024

=300 approx. Not so small

It was desirable to take some readings with the self-induction in the primary remaining the same,
the capacity only being varied.

Following results were obtained:

Primary capacity

Primary self-induction.

Height of ball from

Analyzing spark on

Bottles total mfd {Turns in reg. coil.+conn. center to ground terminals of excited coil
133 P qn "
> =66.5=0.05985 22+conn. 10" 3 434
137 I3 " 14
BN =68.5=0.06165 22+conn. 33'3 434
142 =71 =0.0639 22+conn. 55'9” 434"

These data are to be worked out.
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Readings for regulating coil 23.5 turns and connections of break and condensers together in series:

E [ @ R
14.7 52.1 867 This gives average values:
14.8 52.1 867 E ! ® R
15.1 52.1 867 41 521 867

Readings for regulating coil alone for various turns:

Number of turns Resistance
E ! o across which of the turns
e.m.f. read included
¥:3.925 521 867 235
62—3:3.15 52.1 867 19.5
48 54 52.5 867 15.5
2
%—3—:1.65 53.00 867 11.5
2
2 53.00 867 7.5
2
0.5 53.00 867 3.5

To get better readings for the separate turns of the regulating coil the voltage was taken again as
first across the whole: 2 primary turns, connections and regulating coil all in series and the turns of the
latter were then varied, readings being taken for each case. The results are indicated below:

Number of turns
£ | of the regul. coil © Resistance total of
included in the circuit included
circuit
11.55 55.8 0.5 867
11.675 55.8 2.5 867
11.90 55.8 45 867
12.15 55.3 6.5 867
12.45 55.3 8.5 867
12.80 55.3 10.5 867
13.20 549 125 867
13.50+a little 549 14.5 867




13.90 54.9 16.5 867
14.25 54.4 18.5 867
14.60+a little 54.4 20.5 867
14.15 51.1 225 867
14.30 51.1 235 867

To facilitate estimation of the inductance of the various turns the readings were reduced to the

same value of current and are as follows:

11.55 55.8 0.5 867
11.675 55.8 2.5 867
11.90 55.8 4.5 867
12.26 55.8 6.5 867
12.562 55.8 85 867
12.915 55.8 10.5 867
13.416 55.8 12.5 867
13.721 55.8 14.5 867
14128 55.8 16.5 867
14.617 55.8 18.5 367
14.976 55.8 20.5 867
15.452 55.8 22.5 867
15.616 55.8 235 867

Colorado Springs

Oct. 31,1899

Measurement of inductances: New coil for further investigating effect of altitude upon capac-

ity of body connected to earth

The drum of 14" diam. and 8 feet long was again used, the cord Ne 20 being taken off and wire
Ne 10 rubber - covered used instead. Most of the data from before remained, only the number of turns
was reduced from 689 to 346.

The readings of e.m.f., current and frequency were as follows:

E ! CU
85 15.635 880
84.75 15.6 880
825 15.3 880
Average values:

84.38 15.512 880

R
coil with cord 1.752
cord 0.596
coil alone 1.150 ohm
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For two primary turns multiple
Current through primaries
29.2

Current through secondary
17.9

From first set of readings:
M = 437,811 cm

2 prim. multiple

Colorado Springs
Nov. 3, 1899

E.m.f. secondary

11.25

E.m.f. primaries
6.7

W

880 average three
readings

880 average three
readings
From latter readings:
M =425,343 cm.

2 pr. multiple

Investigation for the purpose of ascertaining the influence of elevation upon the capacity of a
conductor connected to a vibrating system as before used, continued:

The coil of 346 turns, Ne 10 wire wound on drum 14" diam., 8 feet long was again used. The spark
wires were as before Ne 26 guttapercha covered, 24 feet long each. The readings were as follows:

. Length of vertical .
Inductance in : Analyzing spark

L . . . wire attached to .
Capacity in primary circuit fofal primary turns reg. free terminal on ten;mmals_
coil+conn. of excited coil of excited coil

Bx36022 o3 0ttles=0.0479 mfd 7 Ve+conn. 45 feet 334"

0.0479 mfd 63+ » 36 = 334"

0.0479 mfd 5%+ 27 » 334"

0.0479 mfd 536+ 18 314"

0.0479 mfd 43+ 9 314"

0.0479 mfd 35+ 0 =« 314"

Note: As repeatedly observed, the first addition of a small length of wire to a coil generally pro-
duces a great effect but a certain small length being bypassed the increase per unit of length becomes

more gradual.

Experiments with coil 346 turns on drum 14" diam. with the view of investigating influence of
elevation upon the capacity of a body connected to earth continued. This time in connection with the
vertical wire a ball 30" diam. was used in the manner before described.

Coil with spark wires alone

Capacity in primary
circuit total

Turns in

regulating coil } Inductance

+connections

Analyzing spark on terminals
of excited coil

333022 _ 53 hottles=0.0479 mfd

3 ¥%+conn.

314"
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Coil with 50 feet wire N2 10 vertical

0.0479 mfd 7 %+conn. 4"

Coil with ball 30" diam. lowest position 103" from center to ground

0.0479 mfd 8 2+conn. 414"

Coil with ball mean position 339" from center to ground

0.0479 mfd 8 7&+conn. 4 14"

Coil with ball highest position 57'3" from center to ground

0.0479 mfd 9 Va+conn. 4 34"

Note: The excitation in this and previous case was as before described by connecting the lower
terminal of coil to that terminal of the condensers (primary) which was connected to small adjustable
spark gap, specially made for this purpose, to earth.

It would be desirable in these tests to do away with the spark wires as these are apt to introduce
errors in the estimates of capacity. Experiments were made with new extra coil to see how close the
maximum rise could be ascertained without any spark wires, merely by observing the streamers. For this
purpose the extra coil was excited from the secondary of oscillator as in some previous instances. First
the extra coil was tuned with spark wires, then the upper wire which is the only one of importance was
taken off and the system again tuned. The results were as follows:

New Extra coil with Spark wires Guttapercha Ne 26, 24 feet long

Capacity in primary circuit total Inductance in primary circuit
bottles mfd Turns of regul. coil +connections
(8x36)-2 326)_2 —143 bottles=0.1287 7%+ connections

New Extra coil without upper Spark wire

Capacity in primary circuit total Inductance in primary circuit
bottles mfd Turns of regul. coil +connections
(8x36) -2 =143 bottles=0.1287 5 ¥ + connections































After 102 turns the increase is 3850 cm. per turn so that the inductance of 10 Yz+n turns+conn. will
be 34,642+nx3850 cm. With the entire coil in, there are 23 V2 turns having 84,692 cm. or 0.000084692 H.

In order to test the accuracy of the preceding measurements, readings of the e.m.f. across the two
primaries, connections and the regulating coil — all joined in series — were taken repeatedly and in as
rapid a succession as was found practicable, the number of the turns of the regulating coil being varied
after each set of readings. The diagram below shows the connections of the various inductances while
the readings, reduced to the same e.m.f. across: [the two primary turns+connections +%2 of one turn of
the regulating coil+flexible cable] are given in table below:

€

TURNS

2 PRIMARY

CONECTIONS

S—

REGULATING COIL

t[:j?r?;%?t?]i E.m.f. across twcoaglr:erﬂ(a)r%thuarlr;so?lgseﬁt]sr%OFenge.CJ(;(i)lnS' plus flexible Difference of
regulating iccossive |

C?H lcrllrcclﬁ‘qfd glfr?::;girriﬁgss second series| third series | fourth series| average readings:

23" 15.873 15.928 15.928 15.928 15.914 0.208
22 15.706 15.706 15.706 15.706 15.706 0.396 %
202 15.318 15.263 15.34 15.318 15.310 0.399 =
1812 14.929 14.8185 14.929 14.929 14.901 0.4155 %
16 2 14.4855 14.4855 14.4855 14.4855 14.4855 0.3835 %
14 5 14.119 14.0415 14.1525 14.097 14102 0.352 %
12 13.764 13.7085 13.764 13.764 13.75 0.3745 =
10 V2 13.3755 13.3755 13.3755 13.3755 13.3755 0.3635 ?E
812 13.0425 12.9537 13.009 13.0425 13.012 0.3164 %
62 12.7095 12.654 12.7095 12.7095 12.6956 0.3191 E
4, 12.3765 12.3765 -12.3765 12.3765 12.3765 0.2221 o
2 12.1545 121212 12.1875 12.1545 12.1544 0.1544 g
Vi 12.00 12.00 12.00 12.00 12.00

Note: When reduced to the same e.m.f. across the two primaries and connections, %2 turn and
flexible cable the average values agree fairly well with the readings before recorded. The table prepared
on the bases of the values before found will be accurate enough for all ordinary estimates. Both sets of
readings show that there is about 0.2 volt variation per turn, the few first turns excepted.



Following readings were taken today for the purpose of putting together a table of the induct-
ances of the various turns of the regulating coil. The machine was specially run and all care was taken
to get the readings as close as practicable. The method used in a previous case was again adopted which
consisted in reading the e.m.f. across the two primary turns in series and simultaneously the e.m.f.
across the two primary turns+connections+the turns in the regulating coil. The resistances as before
stated being entirely negligible, the inductance in each case was given by the ratio of the e.m. forces and
the known inductance of the two primary turns. By this method the error which might have been caused
by a variation of @ which could only be determined by taking the speed of the generator, the apparatus
for the more exact determination of this quantity being unfortunately left in New York. The results are
indicated in the following table:

E.m.f. across | ;
two primary ncrease o
wopinay | TS| o | S
turns in series | "o e reg. coil o step
regulating coil
12.00 12.3 ) 58.8 880
12.00 12.45 2% 58.8 880 0.15
12.00 12.70 4% 58.8 880 0.25
12.00 13.05 64 58.8 880 0.35
12.00 13.40 82 58.8 880 0.35
12.00 13.80 10 v 58.8 880 0.40
12.00 14.20 12 58.8 880 0.40
12.00 14.60 14 58.8 880 0.40
12.00 15.00 16 %2 58.8 880 0.40
12.00 15.40 1812 58.8 880 0.40
12.00 15.80 204 58.8 880 0.40
12.00 16.20 22, 58.8 880 0.40
12.00 16.40 23 58.8 880 0.20

This shows an increase per turn of about 0.20 V, except the few first turns.

Colorado Springs
Nov. 9, 1899

In some experiments it was necessary to use vibrations of lower frequencies and this made it
necessary to insert additional inductances in the condenser discharge circuit. In such cases it was con-
venient to use the two primary turns only; in order to prevent a strong sparking on the secondary and
changing reaction on the primaries it was necessary to join the ends of the secondary. Readings were
taken to determine more closely the inductance of the primaries with the secondary closed.
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Colorado Springs
Nov. 18, 1899

Experiments were continued to ascertain influence of elevation upon capacity of a system con-
nected to earth as in previous instances. Coil 344 turns referred to before was again used. Also wire ver-
tical Ne 10, 50 feet length and ball 30" diam. The procedure was as in a similar case before. The results
were as follows:

Coil without vertical wire.

Capacity in primary Inductance in primary

% =18 bottles=0.0162 mfd 4 /6 turns+conn.

Coil with vertical wire N2e10, 50 feet.

376=18 bottles=0.0162 mfd 14 % turns+conn.

Coil with ball 30" diam. slid on vertical wire.

Capacity primar Height of ball from center to Inductance in primar
pacity p y ground p y

36 aw
7=18 bottles=0.0162 mfd. 10 1 16 V4 turns+conn.
36 7 "
7:18 bottles=0.0162 mfd. 33’8 16 s turns+conn.
36 7 ks
7:18 bottles=0.0162 mfd. 57'3 16 % turns+conn.

On the basis of these readings the following results are obtained: In the first experiment when

the wire was attached, the inductance in primary was: 4E turns+conn.= 14,526 cm. Calling again C,
capacity of excited system we have 16

0.0162x1‘:'3926
C,=—— Y  mfd
g 6x10°
10°
5
, = 20162:14526x9x10° _ 3 550
6x10

In the second case with wire 50 long attached to the excited system the capacity of primary being
the same as before and the inductance of primary being 14 % turns+ +conn=51,004 cm, we have:
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Coil with vertical wire 50 feet (N2 10)

Capacity in primary

Inductance in primary

2x36
2

=36 bottles=0.0324 mfd

8 /16 turns+conn.

Experiments with ball 30" diam.

Capacity primary circuit Height Otzbgarl(l)i?dm center Inductance primary
2230 _ 36 bottles=0.0324 mfd 101" 8% + conn.
2x36 _ 36 hottles=0.0324 mfd 338" 9 + conn.
230 _ 36 bottles=0.0324 mfd 57' 3" 9 v + conn,

from this follows:
When coil was alone the inductance of primary was 3/ turns + conn.=7121 cm. Hence, taking
inductance of coil=6x10° cm, we have similarly to preceding

0.0324x7121
! 6x10°

~9x10°x0.0324x7121
6x10°

mfd or C, =34.61cm,

slightly less than found before.
Now in second experiment with wire connected to vibrating system the inductance was 8 1/16
turns+conn.=25,472 cm. Since the capacity was the same we have as before

€, =242 _3577x3461-123.7999 cm.

7121
From this follows for capacity of wire alone
C,-C,=123.7999-34.61=289.19 cm.

When ball was at a height of 10'1” the inductance was 8 7/8 turns+conn.=28,389 cm; in the middle
position it was 9 turns+conn.=28,870 cm, and in the highest position it was 9+1/8 turns+conn.=29,351
cm. From this following values are obtained:

28,389 . 28,389
S Y

28,870
AVA

%x34.61=3.98666x34.61=137.9783 cm.

C, =4.054x34.61=140.301 cm. and




























Coil 344 turns drum 14" with iron structure connected to free terminal.

Capacity in primary circuit Inductance in primary circuit
Z_X3_§j1_2_=%=42 bottles=0.0378 mfd 2% turns+conn.

Coil with connecting wire alone shifted away from structure (4 feet).

_—_ZX32+12 :8_24:42 bottles=0.0378 mfd 4 turns+conn.

From this follows: the inductance in primary circuit in the first case was 75,548 cm, in the second
case 12,319 cm referring to table of inductances before used. Hence capacity of excited system in first

0.0378x75,548 0.3402x 75,548

————— mfd,or ———"—¢
6x10 60

And similarly C,, :%EB cm, C,, being capacity of excited system in second experiment. This

gives for actual or effective capacity of structure with hood

Cs1 = m:Cs1

03402

C,—-C,= (75,548 -12,319) cm:03402
60

x63,229 cm=358.5 cm.

* Small corrections for inductance may have to be taken later.

Effective capacity of structure of iron pipes with new hood again determined by resonance meth-
od. The new “extra coil” was used, its inductance being as before 0.02 H. The readings were as follows:

Coil with structure and connecting wire

Capacity in primary Inductance in primary

5x36—12=168 bottles=0.1512 mfd 20 35 turns+conn.

Coil with connecting wire alone placed at 4 ft. distance

4%x36=144 bottles=0.1296 mfd 7 turns+conn.

other readings:

50 bottles=0.045 mfd 17 Y4 turns+conn.

40 bottles = 0.036 mfd 20 turns+conn.
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Colorado Springs
Dec. 1,1899

Some particulars about the apparatus used in the experiments here

The connections of the bottles in the two tanks frequently referred to as the “old tanks”, to which
the primary cables and the regulating coil were usually connected and by means of which the finer ad-
justments of capacity in the primary circuit were made, are as shown in the sketch. The top brass plate
has 16 plugs disposed at equal distances in a square and the 36 bottles in the tank being connected
by copper springs as indicated, each plug enabled the cutting out or in of two bottles, with the excep-
tion of the four central plugs which cut in or out three bottles each. Thus the smallest variation of the
capacity on one side was one bottle or 0.0009 mfd, approx. But with the tanks in two sets in series as
usually employed it was one half of one bottle. Considering the large number of bottles the variation
was small enough for most purposes. The bottles in the new tanks were divided in three sets, twelve

bottles in each.

o

L

|

Q

.

—

Measured length of all connections on the condenser sets in primary:

From top of right condenser to break 2' 5" =29.5"
Through break wheel and sp. rod 2" 41" =28.5"
From back to regulating coil 310" =46"
Up through second break and rod 110" =22"
Connection to left condenser 37 =43"
1" To bottom of left condenser 18 %" =20.5"
Connection on bottom between condensers 36" =42"
1" Up to top of right condenser 181" =20.5"

Total length of connections is thus 252"=641 cm, nearly or 21 feet. The section of the connec-
tions is partially that equal to the cable used in primary 1 ¢cm radius and partially less. The inductance
determined by resonance analysis is about 5000 c¢m rotal. The calculated value a trifle more.

Phot. I. Front view of
Laboratory from Pike's
Peak side.
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T,=2Z 0.0648x 252 = 2T /5064858 3 = 28X 1944 122
10 10710 10 10

and n = 82,000 approx.

Note: The tuning was very sharp in both cases, but in the second case the secondary reaction was
smaller, i.e., inductance of the primary greater.

Colorado Springs
Dec. 4, 1899

Experiments to establish equivalence between the inductance of the primary loop comprising
two primary cables in multiple (with secondary reacting) and that of turns of the regulating
coil in primary circuit

Resonance analysis was resorted to and the coil of 344 turns on drum 14" diam. 8 ft. long, wire
Ne 10 was again used. The coil employed had a very small regulating coil in series, and a minute lamp
placed across the few turns of this latter coil was employed to ascertain the maximum resonant rise in
the coil excited. The results were as follows:

Capacity in the primary circuit [nductance in the primary circuit

. . . ne primary loop as above+6 3% turns reg. coil.
8 jars on each side, that is 4 jars= =0.0036 One pri .a.y ] P ] i et+6 % g co
* Small coil in series with coil of 344 turns had 9 turns
mfd R T o
in circuit entirely negligible.

Capacity in the primary circuit Inductance in the primary circuit

15 % turns regulating p. coil only
Capacity same as above * Small coil had 22 turns inserted, still entirely negligible
against 344 turns coil

Since resonance was cbtained in both cases and the primary capacity in both tests remained the
same we have the primary inductances in both cases equal and from this follows that under the condi-
rions of these tests the inductance of the primary as modified by the secondary was equivalent to 15 4—6
% turns of the primary regulating coil. Now from the table of inductances the value for the 15 % turns
i5 52,930 cm and that for the 6 % turns, inserted in the first case, is 21,052 ¢cm. Hence the inductance of
primary cables in this instance was

L,=52,930-21,052=31,878 cm.

Thus the secondary, though “open”, diminished in this case the primary inductance from 56,400
¢m to the above value or about 43.48%.

Phot. 1V. View of
laboratory from the
rear by moonlight.






Colorado Springs
Dec. 5, 1899

Experiments to ascertain equivalence of inductance of primary loop (two primary cables in
multiple) with secondary reacting, and inductance of turns of regulating primary coil under
modified conditions

Again the coil with 344 turns was used and the maximum resonant rise in same determined in
the manner described before. A greater capacity was used this time in the primary so as to come closer
to the free vibration of the secondary and thus cause a stronger reaction upon the primary loop. The
conditions for resonance were satisfied with the following values:

1.

Capacity in primary circuit Inductance in primary circuit
2% 36 . .

, 36 bottles=0.0324 mfd 21 3 3turns pr. regulating coil only

2.

Capacity in primary circuit Inductance in primary circuit

2x36 36 bottles=0.0324 mfd Inductance in primary circuit one primary
h ottes=4. loop as above+15 V2 turns reg. coil.

Since in both tests the primary capacity was not changed in the least the inductance of the pri-
mary loop in this instance was equivalent to that of 21 % turns, less that of 15 V2 turns of the regulating
coil in the primary. This means the inductance of the primary loop was equivalent to that of 21.75-15.5
=6.25 turns of the primary regulating coil or it was 6.25x%3850=24,063 cm only. Induct, diminished
57.33%. This is a still smaller value than found yesterday but is very probably near the maximum as the
secondary showed evidence of a resonating condition. These experiments show the danger of allowing
for the amount of secondary reaction. This is to be borne in mind.

Colorado Springs
Dec. 6, 1899

Further experiments to ascertain equivalence of inductance of the primary loop (two primary
cables in multiple) with secondary reacting, and that of turns of primary regulating coil under
conditions again modified

In the present tests the “new extra coil” modified so as to have only 100 turns was used (this is to
be explained). The coil was used exactly as that of 344 turns before and the maximum rise was deter-
mined in the same way and by the same means as in preceding cases. The results of the two comparative
tests were as follows:

307






Capacity in the primary circuit Inductance in primary circuit
-53(3625—_24:%:78 bottles=0.0702 mfd 11 %6 turns of primary regul. coil only
2.
Capacity in primary circuit Inductance in primary circuit
same as above=0.0702 mfd one primary turn+3 %2 turns reg. pr. coil.

From these tests it follows that under present conditions the inductance of the primary loop with
secondary reacting was equivalent to that of 11 %6 turns less that of 3 %2 turns of the primary regulating
coil. Now the table of inductance gives inductance of the 11 %s turns=37,775 cm, and that of the 3 12
turns= 11,164 cm. Hence the inductance of the primary loop under these conditions was

L,=37,775-11,164=26,611 cm.

The secondary was resonating to some extent but not as well as in experiments recorded yester-
day. The diminution of inductance due to secondary reaction was here 52.82 %

Note: These tests make it advisable to break the secondary on more points when the primary is
used for inductance.

Colorado Springs
Dec.7, 1899

Experiments to ascertain to what extent induced currents in the ground might affect the pri-
mary and secondary oscillating systems now used in the laboratory

Resonance analysis was resorted to and the experiments were performed in the following man-
ner: a square frame 11 %" each side and 3 %" high, wound with 14 turns wire N2 10 was supported
horizontally above the ground, its elevation above the latter being made adjustable. This coil was tuned
in various positions and the effect of the ground observed on the change of the period of oscillation in
the various positions. In order however to get a better range of reading and also to reduce as much as
practicable the effects of the distributed capacity in the coil wound on the square frame the same was
joined in series with another coil of 344 turns wound on a 14” diameter drum, which was before used,
but so that the coil on the square frame was between the ground connection and the coil of 344 turns,
this for the purpose of maintaining between the turns of the square coil a comparatively small differ-
ence of potential thus reducing the effect of distributed capacity of the same. By using the additional
coil the vibration was rendered slower and a better range of reading was secured. The two coils were ex-
cited in the manner repeatedly referred to and described, the maximum resonant rise being determined
by means of a minute lamp shunting a few adjustable turns of a very small coil of entirely negligible
inductance which was in series with both the coils used.
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art of governing the movements and performances of distant automatons, enabling machines to act
as creatures endowed with a mind, will demonstrate to the leading nations the futility of armaments
and impracticability of the present life destroying implements of war and will lead to more permanent
peaceful relations, in harmony with the humanitarian spirit and enlightenment of the age; while the
art of transmitting electrical energy through the natural media, without the use of leading wires, over
vast distances, from great centers, as Niagara, will open up inexhaustible resourses of wealth and power
and, by rendering immense amounts of the energy of the sun available to the wants of man, will perhaps
make it possible for him to produce similar wonderful changes and transformations on the surface of
our globe as are, to all evidence, now being wrought by intelligent beings on a neighbouring planet.

N. Tesla”

Experiment to determine the inductance of coil wound on the square frame before used by
means of resonance analysis and another known coil:

The square coil was connected in series with coil of 344 turns as before and maximum rise was
determined in the same way as described in preceding experiments. The resonant condition was ob-
tained with

Coil 344 turns in series with square coil

Capacity in primary or exciting circuit Inductance in primary circuit:

% =18 bottles=0.0162 mfd 5 less V52 turns reg. coil =15,000 cm approx.

With coil 344 turns alone

Capacity in primary or exciting circuit Inductance in primary circuit:
36 )
7:18 =0.0162 mfd 15 less Ve turns reg. coil=51,700 cm

Assuming now that the addition of capacity when coil on square frame is connected in series be
negligible, as will be the case when the coil which is to be measured is very small in comparison to the
other we may assume, since the capacity in the primary circuit was the same in both experiments, that
the inductances in the primary or exciting circuit are as the inductances of the excited circuit in both
the successive tests. Calling inductance of square coil L and remembering that inductance of the coil
with 344 turns was before recorded to be 0.006 henry, we have:

L+0.006 51700 517
0.006 15,000 150

Elzx(LOO6—(lOO6—L;:0006(51Z—1)=(l006x§§2-:L:(l01468henry
150 150 150

The correctness of this estimate is of course based on the assumption that the capacity added to
the excited system by the square coil is very small compared with the tota! capacity.
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Extra coil alone without structure: b)

Capacity in primary 0.1296 mfd [Inductance in primary 22,650 cm.

Now to secure resonance with structure attached and under best working conditions of the excit-
ing system with possibly only a very few turns of the regulating coil in primary, we have from above to

22650 o same length turns will be 2262 x100=54-551.

reduce inductance of extra coil by a ratio of

I

Colorado Springs
Dec. 14, 1899

Test to ascertain free vibration of new “Extra Coil System” (latest)

The new “extra coil” latest type is wound on same frame 8 3” diam. and 8 feet in length, the wire
being this time N 6 instead of wire N2 10 as before. There are presently just 100 turns. A coil of Ne 6
wire wound on drum 14” diam. and 8 feet long, which was used repeatedly before, was connected in
series with this latest extra coil and resonance determined by means of the adjustable small inductance
as usual and a miniature lamp shunting the turns. The results with no capacity on the terminal which
was “free” were:

Capacity in primary circuit Inductance in primary circuit

5x 36 :@ _ 90 bottles=0.081 mfd One primary turn (two cables in multiple)

2 2 +3 turns regul. coil

When a ball 30" diam. with 4 feet of wire was connected to the free terminal the readings were:

Inductance-primary: as above, only 7 %2 turns

Capacity-primary: 0.081 mfd in regul. coil

In both cases the excitation was effected through the secondary of the oscillator from a point of
the same % turns from ground plate. In the first case the inductance of primary, taking into considera-
tion the secondary reaction, is estimated at 41,000 cm. Adding to this the inductance of connections
and 3 turns of regulating coil =10,000 cm the total inductance was about 51,000 cm. This with a capac-
ity of 0.081 mfd would give the period of the system comprising the two coils in series

T_Zn

51 _2n o5 1275
S0

0.081x —— = 03=
10

Ty
10° 10°

approx. and n=78,500

approx. per second. When the capacity of a ball of 30” diam. is associated with the system we have
the inductance of the primary circuit, as before, 41,000 cm for the primary turn with secondary react-
ing plus 7 %2 turns regulating coil and connections=23,580 cm, with reference to the table, that is,
total=64,580 cm. The period in the second case was therefore
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* With figures taken
from second test the
results are very nearly
the same.

_,_S:Z_Tta /0.081x64588=£7—t7— £33.09 :6.28><7ZZ.9:1437.8
10 10 10 10 10

and n=70,000 approx. The coil connected in series with the extra coil was wound on a drum used before.

In one case this drum was wound with wire N2 10, 346 turns and in this case it had an inductance of

6,040,000 cm. The new “extra coil” latest having 18,000,000 cm approximately, the total inductance
2

may be placed closely enough at 18,000.000+(§%‘Z) % 6,000,000 cm, the coil in series with the extra

coil here used having 283 turns. This gives inductance total 18,000,000+ 4,000,000 approx. =22,000,000

cm. Now if the latter coil of 283 turns would have been omitted then the system would have vibrated

quicker in proportion
6
[22x10° 22 1, o
18x10° V18 3

tfimes or since n in the first case was=78,500, the extra coil alone will vibrate 1.106x78,500=86,800 ap-

prox. If the inductance in primary be left the same as in the first case then the number of bottles will
. 18 9 . 90 810

be reduced by a ratio of —Zzﬂ or instead of bottles total we shall want %9:?—:74 bottles or

nearly so; this means 148 bottles on each side or about 4 tanks. This is only an approximate estimate for

first guidance. Perhaps the reaction of the secondary is somewhat overestimated in this case as it was

not resonating in these tests or near the resonating condition.*

Colorado Springs
Dec. 15,1899

List, for future reference, of some coils used in the experiments up to present

Coil wound on drum 25,25" diam. cord Ne 20 404 turns Length of
Coil " 25,25" cord Ne 10 | 259 turns this drum
Coil ’ 25,25" wire Ne10 | 274turns | /1Ve"apor
Colil g 24" wire Ne 6 207 turns 70 %" long
Coll " 10 16" Bell wire N2 18 | 550 turns
Coil i 14" cord Ne 10 | 346 turns Length of
Coil " 14" Bell wire Ne 18 11314 turns this drum
Coil " 14" wire Ne6 |283turns 8 feet appr.
Coil g 5" wire Ne 2 91 turns 38 14" long
Coil " 5" wire Ne 6 129 turns 38 %" long
Colil " 4" wire Ne 10 | 185 turns 4 ft.
Coil " 4" wire Ne 10 | 141 turns 3 ft. long
Coil g 30 14" wire Ne 25 | 132"

* Exp. resonance






















while another one struck me as | was operating the switch in another corner. They were so feeble at that
distance, however, that they did not cause any injury or pain. Another one struck the camera but, as
subsequently found, did not spoil the plate. These streamers were about the longest produceable in the
present building, with the roof closed, measuring from 31-32 feet in a straight line from origin to end.
Taking into account the curiously curved path the length was probably more than twice this, so that
taking the discharge from tip to tip of these longest streamers, the actual path of the discharge through
the air was from, say, 124—128 feet! If the building would permit | think that with the present appara-
tus, by putting about two to three times the copper in the oscillator a discharge extending through ap-
proximately twice this distance would be obtained, and by overcoming some defects of the present type
of oscillator a further gain of about 50% could still be effected, so that | can certainly expect to reach,
measured in this way, a length from 372 to 384 feet from end to end. In an industrial plant it seems
to me advisable to push the pressure still further and the difficulties in this respect do not seem to me
now to be very great. In the present photograph certain features before commented upon are even bet-
ter shown than in the preceding plates. For instance, the high luminosity on the bottom where a spark
strikes the floor, the “splashing” of the discharge, the branching out and the interruption of a streamer
are all well shown. But the most curious feature is the appearance of “fire balls”. As already noted in a
previous instance a streamer even when not as strong as these here described, will show sometimes one
or more points of greater luminosity than the rest. On a plate an effect of this kind may be produced by
a streamer suddenly bending or turning, but the actual appearance of these luminous spots or points
is unmistakable. In the instance here described the streamers were very powerful and the spots when
they appeared were about an inch or possibly more in diameter, actual “fire balls” as they appeared to
the eye. Now what is the cause of their formation? | attribute them to the presence of some material
in the air at that particular spot which is of such a nature that when heated it increases the luminosity.
It is possible that sodium is concerned in the production of the phenomenon. But the luminous “ball”
must be extremely short lived as it does not impress itself upon the plate sufficiently despite its high
luminosity. One can barely note a small luminous patch on the streamer, the impression of the central
portion of the “ball”. 1t is not improbable that the evolution of the “fire ball” may be connected with
a process akin to explosion or sudden volatilization. Again, in this instance the same kind of plate was
used and the vibration of the extra coil was but slightly quicker than normal.

X. This plate illustrates the discharge issuing from the top of the “extra coil”, from the brass ring
mentioned before, all over its surface. To produce a more beautiful effect in this instance the switch
was thrown in 200 times, but the closure of the circuit was as short as was practicable, only a small
fraction of a second, possibly ¥4 or ¥4 of a second. In plates V11, VIIT and X one hundred closures of the
switch were made. This photograph is extremely beautiful although the streamers were not so large as
in some previous instances. The sparks darting occasionally to the hood rather heighten the effect. The
streamers are of fine texture but not quite so as in the plate described under VII. The reason is that the
brass ring before mentioned, being of a large diameter, does not permit the streamers to issue from it
as readily as the thin wires do and therefore the streamers partake more or less of the nature of sparks,
being thicker and more brilliant and bluish white in color at the origin, while the streamers issuing
from pointed terminals are of a reddish hue, sometimes quite purple and also less noisy and of feebler
fuminosity. Owing to their color and small luminosity they do not impress themselves upon the plate
as powerfully as the streamers coming from surfaces of a relatively large radius of curvature, which are
more or less of a disruptive character, ressembling sparks at the point of issue from the terminal. In this
experiment again the vibration of the extra coil was nearly normal, the plate was of the same kind and
the exposure to the arc light, as in the previous cases described, about 15 minutes, about half of the
light cut off on lens.

XI. Plate illustrates discharge passing laterally to the camera from the central coil across the
shop to another coil on a vertical stand. The length of the sparks | estimate about 15 feet in this in-
stance, possibly more. The sparks are very powerful and brilliant. The discharge was produced by 50
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is smaller, being in fact only about 708,000 cm. The smaller value is evidently the correct one, being the
actual value of the inductance of the primary circuit, as modified by the secondary of the oscillator and
the secondary circuit lighting the lamps. A small streamer was seen to issue from the free terminal of
the secondary, hence it certainly affected the primary, reducing the inductance. The reaction of the sec-
ondary circuit lighting the lamps was comparatively small. In order not to burst the lamps the current
of the supply transformers was very much cut down. I think about 30 lamps could have been lighted in
this manner by pushing to the normal limit the excitation of the primary loop.

Four photographs were made of the discharge of the secondary of latest type, 20 turns of two
wires N 10. The primary consisted of one turn, the two primary cables being connected in multiple arc.
The ratio of conversion being thus 1:20, the e.m.f. at the terminals of secondary, with the primary ex-
cited to full power, was about 400,000 volts. Owing to the low resistance of the secondary —extremely
low when considering the high e.m.f. — the discharge was very powerful, of a dazzling brilliancy, literally
blinding, and caused a deafening noise. The candle power of the arc is equivalent to that of five or six
arc lights of normal strength. At least | conclude so from comparative tests. Photographs were made by
exposing the objects to the light of the secondary discharge and it took only a small fraction of the time
needed for an arc lamp to impress the plate. The secondary discharge of this apparatus is so powerful
that it was always more or less dangerous for the safety of the laboratory and machinery in the same,
and elsewhere, to let it play. A number of times the shop caught fire by sparks passing from some nail,
wire or any kind of conductor. When the discharge was playing sparks were seen to fly almost every-
where through the laboratory, from one to another object and it was evident that it was more or less
risky to let the sparks from the free terminal pass to the ground, because short waves were produced in
the conductors and these were only too apt to rupture the insulation of any apparatus in the circuit or
circuits connected with the oscillator or in the neighbourhood of the same. The danger resides chiefly
in the short waves and the risk was considerably diminished when the secondary, instead of discharging
directly into the short ground connection, was made to discharge through a coil or inductance, slow-
ing down the vibration and preventing the formation of very high harmonics. When the discharge was
effected as in the experiments photographed, a continuous and brilliant arcing tock place over the
lightning arresters and the dynamo at the supply station was short-circuited in rapid succession. When
considering that the arc on the arresters is almost continuous one must admit that these arresters work
extremely well. The discharge, owing to the terrible noise it creates is highly irritating and ! think also
dangerous to the timpanum of the ear. Often pain is experienced in the ears afterward and the buzzing
in the ears continues for hours. If signalling with very short waves were desirable, nothing better could
be used than such a secondary discharge. Although | have not tested its effects at extremely great dis-
tances, | conclude, from comparison with other induction apparatus experimented with, that it would
affect a sensitive device certainly at one thousand miles and very likely at a greater distance, even on
land. The great brilliancy of the discharge is in part due to the comparatively large capacity of the sec-
ondary which, as before shown, is without further provision inseparable from such a coil of very large
diameter. When looking at the arc for a moment one can clearly perceive the arc proper forming the
central and comparatively narrow part of the luminous path, around which there is on each side a bril-
liant band of 2" to 1" width apparently. When the discharge is playing, generally sparks pass on some
places between the secondary top turns, this showing that they are by no means too far apart.

Of the four plates: XV1II., shows the secondary discharging from the free end or terminal formed
by a wire to the ground plate visible on the bottom.

Plate XIX. illustrates the discharge taking place between a ball 30” diam. and the ground plate. In
the former case the discharge is about 3 V4 feet, in the latter about 3 feet long. These photographs were
taken through about half of the full lense opening, nevertheless the discharge is not sharp for although
the focusing was carefully effected the wide luminous band on each side of the arc proper, which was
referred to, blurs the image. To improve the photographs two more plates were exposed, one the same
as plate XVIII., marked XX., showing discharge between a wire and ground plate, and the other, marked
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same to an extremely high temperature, all the higher as the mass of the gas is very small. But although
the gas may have been brought to vivid incandescence, yet its pressure may not be very great. If, upon
the sudden passage of the discharge, the pressure of the heated air exceeds that of the air around, the
luminous ball or space will expand, but most generally it may not do so. For assume, for instance, that
the air in the “vacuous” space was at one hundredth say, of its normal pressure, which might well be
the case, then, since the pressure in the space would be as the absolute temperature of the gas within,
it would require a temperature which seems scarcely realizable, to raise the pressure of the rarefied gas
to the normal air pressure. It is therefore reasonable to expect that, despite the high incandescence of
the rarefied air, the space filled with the same will continue to contract, and here an important consid-
eration presents itself. When, as before explained, the vacuous space was formed, the spark or streamer
passed through the air disruptively, therefore the path was necessarily very thin, threadlike, and the
minute quantity of the air which served as a conductor for the current was expanded with explosive
violence to many thousand times its original volume. Owing to the fact, however, that the quantity of
matter through which the current was conveyed was small, a great facility was offered for giving off
the heat so that the highly expanded gas-owing to its expansion and to radiation and convection of
heat-cooled instantly.

But how is it when the second discharge and possibly many subsequent ones pass through the
rarefied gas? These discharges find the gas already expanded and in a condition to take up much more
energy by reason of the properties it acquires through rarefaction. Evidently, the energy consumption
in any given part of the path of the streamer or spark discharge is, under otherwise the same conditions,
proportionate to the resistance of that part of the path; and since, after the gas has once broken down,
the resistance of other parts of the path of the discharge is much smaller than that including the vacu-
ous space, a comparatively very great energy consumption must necessarily take place in this portion of
the current path. Here, then, is a mass of gas heated to high incandescence suddenly but not, as before,
in a condition to give up heat rapidly. It can not cool down rapidly by expansion, as when the vacuous
space was being formed, nor can it give off much heat by convection. To some extent even radiation is
diminished. On the contrary, despite the high temperature, it is compelled to confinement in a limited
space which is continuously shrinking instead of expanding. All these causes cooperate in maintaining,
for a comparatively long period of time, the gas confined in this space at an elevated temperature, in
a state of high incandescence, in the case under consideration. Thus, it is that the phenomenon of the
“ball” is produced and the same made to persist for a perceptible fraction or interval of time. As might
be expected, the incandescent mass of gas in a medium violently agitated, could not possibly remain
in the same place but will be, as a rule, carried, in some direction or other, by the currents of the air.
Upon little reflection, however, we are led to the conclusion that the ball or incandescent mass, of
whatever shape it be, will always move from the place where an explosion occured first, to some place
where such an explosion occured /afer. This will be most generally in the path of the discharge, from its
origin to its end, but not necessarily always so. For example, it may so happen that a spark produced
in some place strikes an object of a material which is evaporated or volatilized with difficulty, and that
later, in another place, this same or other spark hits an object of a material more volatile. If so then the
explosion on the later place will sooner occur, and the result will be that the current of air, when both
the explosions have subsided, will move from the later to the former locality. But | believe that, in most
cases, the current of air will take the opposite course, as before stated. In whatever direction the move-
ment may occur, it is plain that the velocity can not be very great. In fact, all observers concur in the
opinion that such a “fireball” moves slowly. If we interpret the nature of this wonderful phenomenon
in this manner, we shall find it quite natural that when such a ball encounters in its course an object, as
a piece of organic matter for instance, it will raise the same to a high temperature, thus liberating sud-
denly a great quantity of gas by evaporating or volatilizing the substance with the result of being itself
dissipated or “exploded”. Obviously, also, it may be expected that the conducting mass of the “ball”
originated as described, and moving through a highly insulating medium, will be likely to be highly
electrified, which accords with many of the observations made. A better knowledge of this phenomenon














































































































































































































































































Sept. 5, 1899
From old notebook
Colorado Springs

The large ball was elevated until the secondary of oscillator was in resonance with the primary
there being 7 turns on each side and 13 turns of Regulator in the primary circuit.

An old coil was taken and its vibration determined. The coil was wound in one layer with two
kinds of wire: Wire Ne 22 about ¥ of the layer from one end; wire N2 18 the rest of the layer. The drum
was 25%" diam. When connected with the thick wire to the ground with this wire free resonance was
obtained with 6 turns on each side and 7 turns of Regulator; when turned upside down, that is, with the
thin wire connected to the ground and the thick free, resonance was with 6 turns on each side and 10
turns of Regulator in circuit. In the former case, when the coil was connected to the water main about
300 feet away from the shop it gave a 3" spark to the body of an assistant; when turned the other way
spark was much smaller but thicker. Experience shows thatin coils for receiving the last turns should be
of thinner wire. The receiving circuit should be in fact thickest on ground connection and the conductor
ought to taper down towards the free end. The section at any point may be calculated from data which
give the current. A telephone connected in shunt gives strong sound when a wire added to the free ter-
minal and placed in a certain position, so as to slow down the vibration and bring it in resonance with the
secondary system of oscillator in shop. The sound in the telephone was chiefly due to the low frequency
break — about 3000 per second but a very high note was barely audible between the breaks. The sound in
the telephone ceased as soon as wire was slightly displaced and resonating condition disturbed.

Note: no spark in secondary oscillating system.

Sept. 7, 1899
From old notebook
Colorado Springs

The wire Ne 22 on coil experimented with on Sept. 5, was taken down and wire Nr. 18 wound up.
The total number of turns was now 495. The secondary oscillatory system was used as before and the
coil was connected to the water pipe with one end the other end free straight up. In the succeeding test
turns were gradually cut off from the bottom. Spark length was noted in the way described.

Results:
Number of turns no caspgacrilt(ytgnb?gr‘;ninal Stg?rrrlﬁr‘:valrzpslgrf‘z?él

495 3" smaller
470 716" “
460 e + Yo" "
450 e + Va7" "
440 96" almost same
435 shade more rather less
430 almost "s" %%
425 34" vy "
420 %" full “
415 " "
410 1" 96"


























































































































































































































































Capacity of Condensers

Tank 1 Tank 11
Jar Ne Capacity expressed in Jar Ne Capacity expressed in
B microfarads centimeters N microfarads centimeters
1 0.0193 17,340 7 0.0209 18,810
2 0.0182 16,380 8 0.0190 17,100
3 0.0180 16,200 9 0.0185 16,650
4 0.0190 17,100 10 0.0200 18,000
5 0.0196 17,640 11 0.0245 22,050
6 0.0200 18,000 12 0.0191 17,190
Total from Total from
measurement measurement
of individual 0.1141 102,630 of individual 0.1220 109,800
jars jars
Total from Total from
measurement measurement
of tank as a 0.1158 104,220 of tank as a 0.1228 110,520
whole whole

Capacity of Tanks | and !l in Series

Value derived from

Capacity expressed in

microfarads

centimeters

Measurement of individual jars 0.0581 52,290
Measurement of each tank separate 0.0596 53,640
Measurement of tanks in series 0.0582 52,380

Capacity of condensers with the two tanks connected in series

Tank 1 Tank 11 Capacity in pF Capacity incm
Jars 1 Jars 7 0.0100 uF 9000 cm
"2 “ 8 0.0093 uF 8370 cm
v 3 ‘9 0.0091 pF 8190 cm
‘4 “ 10 0.0097 pF 8730 cm
‘5 “ 0.0110 pF 9900 cm
"6 " 12 0.0098 pf 8820 cm
"o1,2 " 7,8 0.0193 pF 17370 cm
" 1,23 “ 7,89 0.0284 pF 25560 cm
" 1,234 *7,8,9,10 0.0381 pufF 34290 cm
" 1,2345 " 7,8,9,10,11 0.0491 uF 44190 cm
" 1,2,34,56 " 7,89,10,11,12 0.0589 uF 53010 cm







Tank 1 Tank 1! Capacity in uF Capacity in cm
Capacity average
1 jar in each tank 0.009740 pF 8766 cm
2 " 0.01948 uF 17532 cm
3 0.02922 pF 26298 cm
4 " 0.03896 pF 35064 cm
5 0.04870 uF 43830 cm
6 0.05844 uF 52596 cm
Average value of one jar in tank | 0.0190 pF 17100 cm
Average value of one jar in tank 1 0.0200 pF 18000 cm
July 13, 1901

From old notes

Following arrangements of apparatus offer specific advantages particularly in cases when only
high frequencies are desirable. Diagram 1 illustrates ordinary arrangements of condensers C' C" make
and break B and conductor L. In the present modification the conductor is shunted by a condenser C"
and in this way two circuits are formed. By varying the capacities and inductances in the two circuits
very striking effects are obtained especially by observing proper rules of tuning.

c

1)

Enormous electromotive forces per unit length of conductor L are obtainable and also currents
which may reach many hundreds of thousands of amperes. To produce such currents it is necessary to
construct condenser C" of copper or aluminium sheet as tinfoil melts. | construct conductor and con-
denser in one, so that there is no joint except at the ends to the coatings of the condensers C' C" which
are the outer coatings and of heavy metal. |t is astonishing that with say twenty turns of conductor
L — the turn about 1 foot diameter a bulb 1 foot diameter, exhausted as high as practicable with my
mercury pump, is lighted up by induction and the gas inside brought instantly to a very high tempera-
ture. 1t is not absolutely necessary to tune the circuits in this arrangement, for the circuit can be forced
through conductor L simply by reducing its impedance. | find that in this form of apparatus a relatively
very intense higher note can be obtained. For the best performance of course the two circuits should be
tuned to the same fundamental note. In this case I must be just half the wavelength. It may be however
adjusted for the next octave and as above stated the results are surprisingly good. A peculiar advantage
of the arrangement in diagram 1. is that the current through the make and break B may be very small
as compared with that through conductor L. This is sometimes a great improvement but not necessarily
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