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But in view of the difficulties of the investigation, the
paucity of available material, and the approximate nature of
the results in this almost nnexplored field, no final decision
can as yet be arrived at. A tabulation and a graphic repre-
sentation of the results, with diagrams of the apparatus and a
full discussion of methods and corrections, will be found in
the original paper.

LII. Luminous Discharges in Electrodeless Vacuum-Tubes.
By E. C. RmmineToN*.

SINCE reading a paper in conjunction with Mr. E. W.

Smith on November 25th, 1892, before this Society t, on
“ Experiments in Electric and Magnetic Fields, Constant and
Varying,” the Author’s attention has been drawn to a paper
contributed by Mr. Tesla to the ¢ Electrical Engineer’ of
New York, July 1st, 1891, in which the luminous ring-
shaped discharge obtained when a Leyden jar is discharged
through a coil of wire surrounding an exhausted bulb is
attributed to the electrostatic action of the surrounding wire,
and not to the electric stress set up in the rarefied dielectric
in consequence of the rapidly oscillating magnetic induction
through the bulb.

As one experimental proof of this assertion Mr. Tesla
gives the following experiment :—*“ An ordinary lamp-bulb
was surrounded by one or two turns of thick copper wire,
and a lominous circle excited by discharging the jar through
this primary. The lamp-bulb was provided with a tinfoil
coating on the side opposite to the primary, and euach time
the tinfoil coating was connected to the ground, or to a large
object, the luminosity of the circle was
considerably increased.” Tig. 1.

The aunthor repeated this experi- —O0—0—0—r
ment with two Leyden jars arranged
as in fig. 1, and found that when the
spark-gap was sufficiently large to
produce a bright ring when the tin-
foil was not connected to earth, doing
so produced no noticeable difference — =
in the brilliancy ; but that, if the /
discharge were faint, it was ren-
rendered considerably brighter on
making the earth connexion. Better
results were, however, obtained on

* Communicated by the Physical Society : read April 28, 1893,
T Ante, p. 98.
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connecting the tinfoil to either of the outside coatings, A or
B, of the jars instead of to earth. This result led the author
to try a series of experiments to endeavour to determine
the cause of the effect, of which the typical ones are here given.
Experiment 1 (videfig. 2). A Fig. 2.

and B are the outside coatings s

of a pair of Leyden jars (those o—0——
employed were about pint size).

Cand D two vertical and paral-
lel metal plates, at a distance of
about one foot from the jars. The
spark-gap, 8, is adjusted by a
screw, so that the spark-length A B
can be varied by small amounts
when necessary. A single turn
of wire, a b, encloses an exhausted
bulb, and its ends are connected ¢ Vi
to A and B, as shown in the ‘
figure, so that a the part nearest \
c| o b (D
.,

to C is connected to A, and & to
B. Two loose wires, ¢ and f, are
also connected to A and B.

The spark-gap is now shortened until there is just no
luminous ring in the bulb.

The plates C and D are then connected to the outer
coatings A and B by means of the two loose wires, with the
following results :—

(1) Ato C. DBright ring.

(2) Bto D. Bright ring.

(8) A to Cand B to D simultaneously. Bright ring.

(4) A toD. ’

(5) Bto C. } No luminous ring.

(6) AtoD and B to C.

Ezpt. 2—The wire turn a b is removed from the bulb,
given a half twist, and then replaced ; so that a is now
nearest to D, and b to C. Plates not connected, no luminous
ring.
(1) AtoC.

(2) BtoD. }No Iuminous ring.

(3) Atto C and’B to D.

(4) AtoD.

(5) Bto C. }Bright ring.

(6) AtoDand BtoC. .

Euxpt. 3.—Arranged as in Expt. 1, case (1) or (2). Cis
then connected to D, and the ring becomes less bright.

Egpt. 4.—Arranged as in NExpt. 1,case (1). C and D

2N2



Downloaded by [University of California, San Diego] at 16:46 28 June 2016

508 Mr. E. C. Rimington on Luninous

connected. On approaching U to the bulb, ring becomes
brighter.

On approaching D less bright.

If arranged as Expt. 1, case (2), the reverse happens.

All the above four experiments give the same effects if the
tarn of wire be larger than the bulb, as in fig. 3, only a longer
spark-gap has to be used.

Eapt. 5.—A single turn of
wire (fig. 3), a b, larger than
the bulbis employed, and between
the bulb and the ring a semicir-
cular strip of tinfoil or metal T is
placed. The wire is connected as
in Expt. 1. The spark-gap is
arranged to give no ring. Con-
necting T to B bright ring, T
to A no ring. 'The reverse hap-
pens if the tinfoil is placed in
position T’ as shown by the dotted
line.

Expt. 6.—A piece of gutta-
percha covered wire is bent into
shapes shown in figs. 4 and 5. On placing either of these
over bulb as in fig. 6, a figure of eight-shaped luminous

Fig. 3.

@
S

Fig. 4.
g 5

/__.__
A 4

discharge is obtained, and there is no noticeable difference
between the two.

¥ig. 5.
7 ]

A [
Eapt. T.—Putting the wire (fig. 4) on bulb as in fig. 7, a
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single broad band-ring is obtained, as the two turns will help
one another with respect to magnetizing effect.

Doing the same with the wire (fig. 5) a discharge is
obtained shaped like the sector of an orange, as shown by the
dotted lines, fig. 7.

Fig. 6. Fig. 7.

(24

Ezpt. 8.—Bending a wire as shown in fig. 8, and placing a
bulb in the loop b ¢, there is no effect even with a long spark-
gap, although the potential difference between the sides

Fig. 8.

BULB

¢ and b would be much greater than in the case of a single
turn.

Putting a bulb in the loop, be, of fig. 4 at once gives a
bright ring.
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Experiments 6, 7, and 8 seem to show that ring, or other
shaped, sharp luminous discharges can only be obtained with
the wire so wound as to give magnetic induction through the
bulb, while the first five experiments show that an electro-
static field in the bulb may help the effect. The theory the
author has come to after consideration of the above and
other experiments is :—That if the E.M.F. due to rate of
change of magnetic induction acting in the dielectric of
rarefled gas be insufficient to break it down and produce a
luminous discharge (owing to the spark-gap being too short),
the electrostatic field between the plates C and D, or between
one of the plates and part of the wire, if correctly timed with
respect to the rate of change of current in the wire, will
commence the breakdown of the gas, thus allowing a less
E.M.F. due to the magnetic induction to complete it.

To put this to the test, a single turn of wire was put round
a bulb and the spark-gap adjusted so as to give a very faint
or no luminous ring ; on the top of the bulb was laid a piece
of tinfoil connected to one pole of a } in. spark induction-
coil ; when the coil is worked the tube is filled with a faint
glow : if now the Leyden jars are charged and discharged
there will be sometimes a ring in the bulb which will be
occasionally quite bright. The reason it cannot be always
bright is of course that the discharges of the induction-coil
are periodic, as are also those of the jars, and it is only when
the two are properly timed (i.e. the P.D. due to the coil
coming either just before or simultaneously with the spark)
that there will be a bright ring.

This experiment seems to settle the question and show
conclusively that a properly timed electric stress in the bulb
due to an electrostatic field will allow an E.M.I. due to the
alternating current in the wire to produce a breakdown of
the rarefied gas, which the latter is too small to effect without
the aid of the former¥.

In Expt. 1, when A and C are connected this field will
exist between C and b the side of the turn of wire remote
from C, and must therefore pass through the bulb. When A

* To prevent misconception, it had better be definitely stated that this
electrostatic stress does not necessarily act in the same direction as the
E.M.F. due to the rate of change of magnetic induction, In experiments
(1) to (5) the direction of the former will be through the bulb from side
to side, while that of the latter is a circle coplanar with the wire. As
the discharge in a gas is of a nature more or less electrolytic, being
accompanied by the splitting up of the molecules, it seems reasonable to
supfose that anything which increases the number of dissociated molecules
will enable a smaller stress to produce a breakdown in the form of a
luminous discharge.
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is connected to D, as the strongest ficld is between & and D,
where the P.D.is greatest, it does not pass through the bulb ;
in fact the field in the bulb will simply be that due to the P. D.
between a and 5, or the same as it is if the wires ¢ and f are
disconnected. The results of Experiments 2, 3, 4, and 5 are
also obviously explained by this theory.

To treat the subject mathematically. We have the well-
known equations for the discharge of a condenser :

de . .
L(Zﬁ + Re=~— gK’ where K is the capacity,

and _dg
c= ‘(,ﬁ.
Combining these,
d‘zq qu 1
@t T rRLe=™

To obtain an oscillatory discharge 4L must be greater than
KR?.
Putting a for —B— and b for / KL~ iT; the solution
V K 4L‘
is
g=Qent _*’i;ib_?sin @+0), . . . (1)

where 0=tan—'( —-g ) and Q is the initial charge.

This may be more conveniently written

q=Qe" i“zT"'éz cos (bt —mn),
where
_T __a_ KR?
7= 5 #, or tany= p= LK

If the oscillations are to be rapid,Kll—‘ must be large compared

R2
to L
Therefore 7 will be some small angle.
Instead of quantity we may write P.D of the condenser,

or

v="Ve ﬁ;_zﬁcos(bt—n). e (2)
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The current

_ dq Q . Vo
c= b_KLea sin bt = pLe s . .« . (3)
Now the electrlc stress acting in the bulb is proportional to
the rate of change of current, or to Z%;
and dc bYJe (asinbt+bcosht). . . . . (1)
The current ltself will be a maximum or minimum when
do_,.
de™ 7’
Z,e. when asin bt +b cos bt =0,
__b_ /4L
or when tanbt= 0= m_l,
Therefore bt =6, and is in general nearly equal to g

The maximum values of the current occur when
bt=0, 2mw+0, 47+6, &e.,
and the minimum values when
bt=w+0, 3r+6, 5w+0, &e.

This is shown in the curve (fig. 9), the points M;, M,, Mj,
&c., representing the maximum and minimum values of the

current. The distance O A represents 6, and A B= j —6=1.
It is now necessary to consider when the rate of change of

. de . . ..
the current is greatest. — will be a maximum or minimum

dt
When d2 =0.
Now
2
ZTs = Z‘;—eai { ({l"’_lﬂ) sin ]If+ 2ab cos Ilf.} -
Hence
tan b — 20 RvEKAL-—KR?)
I I Vo S T
Let -
tan—1! R VKL -KR) _

2L—KR?

« will be in general a small angle.
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The rate of change of current will be greatest (either a maxi-
mum or a minimum) when
bt=—q, w—ry, 2mw—r¢, &e.
Obviously b¢ cannot equal —r, so that the rate of change

of current is greatest for values w—ry, 2m—v, &c.; or at
points wy, w, ps, &c.in the curve (fig. 9), and EF=vy, If

Fig. 9.

V o7
Dotted curves are values of the exponential 7 ¢ L

M, M,, M, M, are the maximum values of the current, u,, py u, are
the points where the rate of change of current is greatest.

the oscillations are to be very rapid KR? must be negligible
compared to 4L ; in which case

also
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and they are both very small angles, hence y =27 approxi-
mately, or E'=2AB.
When bt=m—1v,

Y

- / 4L b
de V T !

dt— L
or if the oscillations are very rapid,

do _ Ye_%{ \/g

di~ L
1f, however, ¢=0,
a0 _V
dt — L’

so that the greatest rate of change of current occurs at the
first instant of discharge, although this is not a mathematical
masimum.

Equation (4) may also be written
de _ VNIHE o

dt L

n being the same angle as before.
It is now necessary to consider the values of the P.D.
between the outside coatings A and B of the Leyden jars.
Let ! and » be the inductance and resistance of the coil
connected to the outer coatings, and L and R the same for
the whole circuit. Let v, —vy=x be the P.D. between the
outer coatings at any instant . Then

cos(bt+n), . . . (5)

v
bL

e= —€* sin bt,

and w:vl—v2=cr+Z%,

2= = ¢ {(r+1la) sin bt + Ib cos bt}

o< Sl

e VER+(r4la)?cos (bt—n) . . (6)
where Ta
1

tany = 7

5’ will be in general a small angle not very different from 7 ;
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and if é‘ = %or the time-constant of the coil equals the time-

constant of the whole circuit,

= —2a,

==

o~/=

Sotang'= — %:tan n, or ' =1.

That is « is in phase with v the P.D. at the inner coatings of

the jars.
To find the maxima and minima of & we have
gtf = byLeat [{avr+l(a2_b2)} sin bt + b(rr + 2la)cos bt]=0.

. __ b(r+2q)

s tanbt= - a4 (=0
_ (*L—Rl) yKEL=KRY)
- L(KRr+2L)

= tand.

Then « has its greatest positive or negative values when
bt=8, w+8, 2w +8, &e. O is in general a small angle, and
is positive if

L !
RZ7
and negative if
L 1
RS
i L _1
E - ,;’ 8—0.

If % be not greater than é the first largest value of « will

occur at t=0, and as the rate of change of current is also-
greatest at this instant the two will occur simultaneously.
The next greatest value of & occurs when

LWL
bt=m—38 (1F—R < ;),

and the next greatest rate of change of current when

bt:'lr-'y.
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8 will be less than v, if %be nearly equal to g; so that the

. . . de
maximum value of & will occur after the maximum of a5
but the value of 2 will not differ very much from its maximum

de . . . .
when o7 s maximum *. This bears out the results obtaine

in experiments 1 and 2, though, of course, the electric field in
the bulb will be that due to the P.D. between one of the
plates, C or D, and the opposite side of the turn of wire, and
this will only be about balf that between the outer coatings
A and B. Moreover, the phase of the potential of C will
not be quite the sume as that of A, on account of the
inductance of the connecting wire e. Experiments 1 and 2
were, however, tried with the plates C and D, and the con-
necting wires removed, the turn of wire ab being moved so
as to bring either a or b nearest to A or to B, and the results
obtained were practically the same as those of experiments
1 and 2.

Lffect of Stze of Jurs.

When different-sized Leyden jars are employed with the
game length of spark-gap the luminous ring is more brilliant

% The above investigation into the value of the P.D. hetween the
outer coatings will only give correctly the state of things when a steady
swing has been set up in the circuit; as evidently when ¢=0 the value
of x also equals zero, so that » must start in phase with the current; it
will, however, rapidly get out of phase with the latter, and finally be
nearly in quadrature with it. This is due to an initial wave starting
from the spark-gap which runs round the circuit. Possibly the value of
z can be empirically represented by one of the twa subjoined formulee :—

PO NP (rEla) sin {(b ot
T= 2o+ (r+la)* sin { (bt ) (1 —e—ph)},

o z= ‘%‘ PB4 (ra)? sin {bt + ¥ (1—e—21)},

where = g —~n'y and p some constant. Dr. Lodge, in his researches on

the A and B sparks, approximately represents the initial values of » by
the current multiplied by the impedance of the conductor r, or makes
= Ve s
r= L £26° 4" sin bt.

The initial maximum of x will consequently roughly coincide with the
maximum of the current, or be near the point M, of fig. 9, and will thus
come about a quarter of a period before the second maximum rate of
change of current, point p, (fig. 9).
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with larger jars. Now the E.M.F, acting in the rarefied gas,
and producing the breakdown of the same, is proportional to
de

ﬁ.
Also the greatest value of igthat first oceurs is when t =0,

dt
and then
de Vv

de = L
and the next is for very rapid oscillations

de _V _% /%
% = f@ 2 L.
So that the first value of the E.M.F. acting in the gas is
independent of the capacity, and the next and succeeding
values are less the greater the capacity.

The effect on the eye, however, of the luminous ring will
be the time-integral of the discharge or approximately depend

on
“de
ﬁ (% dt-

The whole limits of ¢, viz., from 0 to %, cannot be taken at

de . . .
once, as 7 keeps reversing, and this reversal will not affect

o
=)

the luminous discharge. Referring to the curve (fig. 9) it
will be seen that the first reversal must take place at M;, when
bt=0, and subsequent ones for values =+, 27 + 6, &c., of &¢.
It is therefore necessary to take first the limits 8 and 0, then
7+80 and 0; 27w+ 0 and 7w+ 6, and so on, alternately writing
the integrals plus and minus.

© '] w+0
L —g—: Ldt= 5}7‘ { . [e“ sinbt]—~ o[e“‘ sin bt]

2r+8

+ [e“‘ sin bt:\ — &e.ad inf.} ]
T+6

Remembering that

sin ( w+6)= —sin#,
sin (2r+6)= sin,

sin (87 + 8) = —sin #, and so on,
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this gives
« w16 T+ 0
j dc smﬂ{eb GO +ed +)+&c.}.
0

The series in the bracket is a geometrical progression, in

a
which the constant factor is ¢ "; and, since « is negative,
this is less than unity.

Hence
“de 2V sin 6 61?9
—dl= —— ——
J; dt bL 1_6%,,
and
tan 0= ___~4LI'{_1§R2, or sinf= \/4[‘:;1}912;
also
4L.—KR? sin 7]
b= \/ IR 5= VEL;
a9
j — dt=2V \/K e
1—e¢ o
2V,\/K
eV - th—e_(ﬂ“e) TK%

Let e ,___'[S_R_2_={U and 7 __.I{_B'_Z_._=y.
V 1L —-KR’ 4L~ KR?

Then the denominator =e’—ex—z/, and

o= 1+x+) J3+&c,
v i x“’ _ 2ay y a° 3w2y
Sxy y®
+—[3—‘—|—§“+& ’

2zy _y* | B’y _ 3ay’
A

+ terms of the 4th, 5th, &c. powers.

- V=y 4 2
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Now x and y will in general be small fractions, since KR?
is usually much less than 4L.
If the oscillations are very rapid, # is very nearly equal to

g. Hence y=2« approximately. Then ¢/—¢*¥ becomes
Q) 3 2
2z 4 261 =2z (1 + %) approx.

Therefore the time-integral

K
2V \/__ — ’
\ z
YL _ = \/% (1— —(—)—) approx.,

Tu(e%)

-7,/ KR _W_R\/K ,
o= M/ILT@‘ TRV T

so time-integral
_4v 1— T R’K
- }’1{"( 96 L

and

approx.

Now from this it is seen that the effect of increasing the
capacity would be to slightly diminish the time-integral, and
consequently probably make the brilliancy of the luminous
discharge less, if it were not that increasing the capacity
diminishes the real resistance of the circuit, since it makes
the oscillations slower, and the resistance R for copper for
rapid oscillations approximately equals &/$6(R;; where [ is
the length of the wire, and R, its resistance for steady cur-

rents. Now b=- approximately.

VKL

(R
2vV KL

so that the time-integral is very roughly proportional to the
fourth root of capacity.

There is also another reason why larger jars might produce
a brighter discharge, even though the time-integral were less.
With larger jars the time taken for the amplitude of the cur-
rent to sink to a value at which it becomes insignificant will

Therefore
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be longer than in the case of small ones. Now, as the initial
value of Z—: is the same whatever the size of the jars, the after

values (although their time-integral is less and their actual
values less also) last longer in the case of larger jars.
When the breakdown of the dielectric of rarefied gas is once
de

beguun by the initial 7 the values of % necessary to keep it

up may probably be very much less, and consequently the
smaller values of ?[; lasting longer, as given by the larger
Jurs, may produce a luminous discharge more brilliant to the
eye than the larger values ofgi; lasting a shorter time, as given

by the smaller jars.

The actual results obtained with a ring of four turns of wire
containing an exhausted bulb about 2% inches in diameter
were that the differences in brilliancy, obtained by using
half-gallon jars, pint jars, or very small jars made from spe-
cimen glasses, were not so very great.

Other Effects. Apparently unclosed Discharges.

A closed luminous discharge is not the only one that can
be obtained. Mr. Tesla, in 1891, pointed out that by wrap-
ping a wire round an exhausted tube so as to form a coarse-
pitched spiral, a luminous spiral discharge is obtained. He
was apparently only able to obtain a very feebly luminous
spiral, but the author has succeeded in getting one quite as

brilliant as in the case of the ring-shaped discharge obtained
with a bulb.
Fig. 10.

JAR ( JAN

.

. A s )

c

In fig. 10 two half-gallon jars have their outer coatings
connected by a wire, A B, bent as shown in the figure. Over
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the wire is laid an exhausted tube, C, with a tinfoil cap*, T,
at one end ; T is connecied to the outer coating of the jar
nearest to it. The object of this is to utilize the electrostatic
effect and make the tube more sensitive to breakdown by the
electromagnetic one. When the jars discharge, a straight
luminous band is observed in the tube directly over A B.

If the tube C be now moved towards the jars, even by a
very small amount, a closed circuit discharge will be obtained.
There is apparently, then, a tendency for the luminous dis-
charge to form a’closed circuit whenever possible ; and it
seems probable that even when the discharge is apparently
not closed, as in the case of the spiral or the straight line,
the electric stress acting in the rarefied gas takes the form
of a closed circuif, but is only intense enough to produce
sharp luminosity close to the wiref. To further test the ques-
tion an unclosed ring tube was made, and when it was placed
inside a coil of wire no trace of a single Juminous band could
be seent. A small glass tube was also bent so as to form a
spiral of four turns, and exhausted. A wire following the
spiral was attached to it, but this also gave no trace of
luminous discharge.

Magnetic Effects of Discharge.

The ring discharge in a bulb or closed circular tube acts
like a metallic circuit as far as magnetic effects are concerned.
This may easily be shown by the following experiment.

A coil of three or four turns of wire has a similar one wound
with it to form a secondary ; the latter is connected to a
third coil, in which is placed an exhausted bulb. The first
coil is connected to the outside coatings of the jars (fig. 1).
The spark-gap can be adjusted so that a fairly bright ring is

# Tt is not always necessary to use this cap, as, if the exhaustion is
high enough to give green phosphorescence of the glass, with the two
half-gallon jars in series, the diccharge can be obtained without the cap.
With another tube of lower vacuum the author finds the cap necessary,

+ That is, the return part of the discharge is so diffused and feehly
luminous as to easily pass unnoticed in comparison with the sharp and
brilliant luminosity close over the conductor. The same applies to the
spiral discharge, each turn of the spiral probably forming a closed circuit
by itself.

yi On afterwards repeating this experiment the author obtained a dis-
charge in parts of the tube, and with half-gallon jars in the whole tube.
The discharge, however, was a closed one, as there were two distinct
bands in the tube, one on the side next te the coil and the other on the
side farthest away from it. This is what might he expected if the
magnetic induction be sufficiently strong.

Phil. Mag. 8. 5. Vol. 35. No. 217, June 1893. 20
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produced in the bulb. If now a second bulb is placed within
the first coil a luminous ring will be formed in it, and the
ring in the other bulb will be much weakened or altogether
extinguished. Exactly the same effect is produced if a metal
plate or closed coil be brought near the first coil in lieu of the
bulb.

Sensitive State of Discharge.

If a single turn of insulated wire surround one of the
exhausted bulbs as in fig. 1, and the spark-gap be adjusted so
as to produce a rather faint luminous ring (the fainter the
better); on approaching the finger and touching the wire at
any point the discharge appears to be repelled, and takes the
shape shown in fig. 11. Instead of touching the wire with
the finger a small piece of tinfoil may
be laid between the wire and the bulb,
asat A (fig. 11), and this may be touched
by the finger or connected to any large
object, insulated or otherwise ; the effect
produced is the same. Connecting the
tinfoil to one of the outer coatings of the
Jars does not produce this effect, and
it is scarcely, if at all, visible when
the luminous ring is brilliant, due to
a longer spark-gap. With a wire ring
of several turns the anthor has not been
able to obtain it. If a turn of bare
wire be employed the effect is produced
when the finger is brought very near to the wire, but if it be
brought into actual contact the effect is no longer visible.
This apparently shows that it is due to the capacity between
the finger or tinfoil and the wire; it is probably of the
same nature as the “sensitive state ” in an ordinary vacuum

tube.

Fig. 11.

Apprxpuy, May 1st, 1893.

Since writing the above the author has made a further
experiment® which at first sight appears to contradict the
onet given in the paragraph on ‘‘ Magnetic Effects of Dis-
charge.”

#* Oelled hereafter the second experiment. This experiment was
shown when the paper was read.
T Called hereafter the first experiment.
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A ring (R) of four turns of wire is joined in series with a
single turn, and the two are connected to the outside coatings
of the jars. In the single turn a bulb is placed and the spark-
gap adjusted until a fairly bright ring is produced in it at
every discharge. If now a closed ring of thick copper-wire,
a metal plate, or a ring of several turns, similar to R, and
with its ends joined, be laid on R to act as a secondary, the
luminous ring in the bulb is brighter ; on substituting for this
an exhausted bulb and placing it in R, there will be a brilliant
ring-discharge in it, while the discharge in the other bulb
will be rendered fainter or altogether extinguished. In this
experiment the exhausted bulb secondary appears to act in
the reverse way to a metallic secondary.

The author then made the following experiments :—

(a) A ring of four turns of guttapercha-covered wire pre-
cisely similar to R was made, its ends were connected to an
ordinary Geissler tube. "When this was used as secondary it
acted exactly in the same manner as the exhaunsted bulb both
in the first and second experiments, the Greissler tube being
brilliantly illuminated.

(5) The Geissler tube was then removed, and the ends of
the secondary coil connected to the coatings of a small Leyden
jar. The effects produced by this secondary were the same as
those produced by the exhausted bulb in both experiments.

(¢) The ends of the secondary were connected to the loops
of a glow-lamp to act as a resistance (about 100 ohms). This
acted similarly to the exhausted bulb in both experiments.

(d) A disk of gilt paper (imitation) and also a ring of the
same were used as secondaries ; these acted similarly to the
bulb in both experiments. When the discharge took place
there were brilliant sparks produced at various spots on the
paper, wherever there was any flaw in the gilding, showing
that considerable energy was dissipated there.

(¢) The secondary coil of four turns had its ends joined by
a strip of gilt paper about 6 inches in length, with a con-
siderable number of flaws in the gilding (produced purposely,
by bending the paper sharply in several places, so as to
obtain considerable sparking). This acted similarly to the
bulb and dimmed the discharge in the bulb surrounded by the
single turn. On shortening the length of gilt paper between
the ends of the secondary, the discharge in the bulb was less
dimmed.

The results of these five experiments are, that any of the
above secondaries are able to reduce the mutual induction
between the primary and secondary in the first experiment
sufficiently to render faint or altogether extinguish the

202
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discharge in the bulb, and act similarly to an exhausted bulb
secondary. In the second experiment a low resistance se-
condary behaves in the reverse manner to an exhausted bulb
secondary, while (¢) and (e) show that a high resistance put
externally into the secondary circuit, and (d) that a secondary
having a high resistance in itself, act in a similar manuer to
an exhausted bulb secondary. () shows that if the ends of
the secondary be attached to a capacity it behaves like the
bulb.

The most probable explanation seems to be the following:—
The amount of energy in the jars when charged is a fixed
quantity for a given spark-gap ; this energy will be mostly
expended in the coil R and the single turn and bulb (the
second experiment). If, now, we can muke energy be ex-
pended elsewhere, as in a secondary, we shall have diminished
the energy received by the bulb, and this will in general dim
it or altogether extinguish it. This will explain what happens
when an exhausted bulb secondary is used ; also experiments
(a), (¢), (d), and (). With regard to experiment (4), energy
may have been expended in heating the glass of the jar on
account of electric hysteresis. Moreover, this secondary did
not dim the bulb so much as the others, but was found to be
capable of improvement in this respect by including some
resistance (in the shape of the glow-lamp or a strip of gilt
paper) in its circuit.

In the case of a low-resistance secondary the energy dissi-
pated in it will be small, since its impedance will not be much
lessened by its being of low resistance on account of the high
frequency. This does not explain, however, why the dis-
charge in the bulb is brighter when a low-resistance secondary
is used ¥,

A further experiment was then made. The coil R in the
second experiment had a similar secondary S placed in it;
this was connected 1o another similar coil T. The spark-gap
was lengthened until a brilliant luminous ring was produced
in a bulb placed in T. The bulb in A was then moved away
from A until there was a very faint luminous ring in it. On
remeving the bulb from T a very slight brightening of the

* Tnis energy explanation is probably not a complete one.  Working
out the frequency in the cases of no secondary, a secondary of four turns
short-circuited, and the same with its ends joined through 100 ;
the author finds that the damping-term is increased when either secondary
is used, but more so with the 100 in circuit. The frequency is much
the same with the 100« in eireuit as when there is no ‘secondary, but
with the secondary short-circuited the frequency is about doubled. = This
may account for the increase in brightness of the discharge in the bulb,
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faint ring of the bulb in A was observed. Instead of placing
an exhausted bulb in T, a coil of four turns with its ends
joined through 100 was laid on T, and the bulb in A adjusted

Fig, 12,

A S

A one turn; S, R, and T each four turns.

to give a very faint ring ; on removing the coil from T a
decided brightening of the discharge in the bulb was observed.
This experiment seems to show fairly conclusively that in-
creasing the energy in the circuit of the secondary S dimi-
nishes the brightness of the discharge in the bulb placed in A*,

LIII. Comparative Experiments with the Dry- and Wet-Bulb
Psychrometer and an improved Chemical ygrometer. By
M. 8. PemBrEY, M. A., M.B., Radcliffe Travelling Fellow ;
late Fell Ezhibitioner of Christ Church, Ozford. (From the
Radcliffe Observatory, Oxford.)t

URING the late winter it seemed desirable to make a
series of comparative experiments with the Dry- and
Wet-Bulb Psychrometer and an improved Chemical Hygro-
meter, in order to ascertain the accuracy of the results given
by the Psychrometer for temperatures below the freezing-
oint.

g A series of comparative experiments, made by me in the
summer of 1889, had shown that the amounts of moisture
calculated from the psychrometric readings varied by +6 per
cent. to —5 per cent.from the amounts actually found by the

# Since writing the above the author finds that Prof. J. J. Thomson
has observed the effects noticed in the second experiment, and gives an
explanation practically identical with the above.

t Communicated by Mr, E, J. Stone, F.R.S,, Radcliffe Observer,



