
(J) 
(I) 
u ·-2: 
(I) 

en 
>-s..... 

~ 
..0 --s..... 
(I) ......., 
C 

>-s..... 
co s..... 

..0 ·-__J 

~ 
::) 

Gillies, George 

User ID: 

1111111111 

Preferred Delivery: 

Dept Engineering 
Address Mech. Eng. 

105D 

Pick up Library: PHYS 

Status: Faculty 
Email Address: gtg@virginia.edu 
VIRGO: 

Copyright Information: 

NOTICE: This material may be 
protected by copyright law (Title 
17, United States Code) 

Policy: 
11/28/2018 9:11:01 AM (cdh2n) Item ID: 
X001801648 

Date Needed: 02/25/2019 

Email Address: gtg@virginia.edu 

George Gillies 

Pick up Library: PHYS 

TN#: 181843 7 I llllll lllll llllllllll lllll 111111111111111111 

Call#: T1 .F8 V .206 1928 
X001801648 

Location: IVY BY-REQUEST 

Book/Journ11 Title: 

Journal of the Franklin 
Institute 
Book Author: 

Other Info: 

Volume: 206 

Issue: 6 

Year: 1928 

Pages: 809-815 

Article Author: J. w. Beams and E. 0. 
Lawrence 

Article Title: The time lag of the spark 
gap 

University of Virginia 
Alderman Library 
Interlibrary Services 
PO Box 400109 
160 N. McCormick Road 
Charlottesville, VA 22904-4109 

0 
0 
(") 
C 

3 
CD 
:J ,........ 

0 
CD 
-· < 
CD 

'< 
I -< 

'< 
en ,........ 
ID 
(") 
;,::-
en ....._ 
r 
m 
0 

I 

)> 
;:I.. -· (") -CD 



168 CURRENT TOPICS. [J. F. I. 

Quantitative Determination of Nickel in the Presence of 
Chromium. When alpha benzildioxime is added to the ammo
nia~al solution of a nickel salt, the nickel is precipitated quanti
tat1vel_Y as the nickel derivative of the dioxime. However, if 
chromic salts are also present, they contaminate the precipitate 
even when tartrates or citrates have been added to the solution. 
FREDERICK G. GERMUTH of the Department of Public Works of 
Baltimore ( Chemist Analyst, 1928, I7, No. 2, pages 3, 7) finds 
that the addition of a minute quantity of cupric ammonium chloride 
to the solution prior to precipitation of the nickel prevents occlusion 
of chromium in the nickel precipitate, and thus increases the 
accuracy of the determination. J. S. H. 

Hydrogen Peroxide. A. C. CUTHBERTSON, G. L. MATHESON 
AND 0. MAASS of McGill University (Jour. Am. Chem. Soc., 1928, 
50'. II20-II21) 

0 
find that pure hydrogen peroxide has a melting 

pomt of - 0.89 C., and a density of 1.4649 at o° C. J. S. H. 

ON RELAXATION OF ELECTRIC FIELDS IN KERR CELLS 
AND APPARENT LAGS OF THE KERR EFFECT. 

BY 

J. W. BEAMS, PH.D. AND ERNEST 0. LAWRENCE, PH.D. 

INTRODUCTION. 

WHEN an electric field is impressed between paraHel plates 
immersed in carbon bisulphide it is found that the liquid 
becomes doubly refracting. This phenomenon, called the 
Kerr Effect, has been known for a long time and has been 
used in various ways in optical investigations involving very 
short time intervals. Recently one of the authors 1 made use 
of a modification of the method of Abraham and Lemoine 2 

in a study of the relative times of appearance of spectrum 
lines in spark discharges and later 3 carried out some experi
ments which indicated that in some liquids the Kerr effect 
lags behind a rapidly changing electric field. During the past 
year the authors 4 studied the photo-electric effects produced 
by short flashes of light and also investigated in further detail 
the apparent lags of the Kerr effect in "'various liquids. The 
present work is a continuation of these experiments. 

EXPERIMENTAL ARRANGEMENT AND THEORY OF THE METHOD. 

The experimental arrangement for the study of lags in the 
Kerr effect and for the production of short light flashes centers 
around two Kerr cells, K1 and K2, placed between crossed 
Nicol prisms, N1 and N2. The normals to the surfaces of the 
plates of one cell are at right angles to the normals to the 
surfaces of the other pair of plates and both sets of normals 
make angles of forty-five degrees with the electric vector of 
the plane polarized light passing between the plates from N1. 

1 Beams, Phys. Rev., Vol. 28, p. 475, 1926. 
2 Abraham and Lemoine, Comp. Rend., Vol. 130, p. 245 (1900). 
3 Beams and Allison, Phil. Mag., Vol. 3, p. II99, 1927. 
4 Lawrence and Beams, Proc. Nat'l. Acad., Vol. 13, p. 207 (1927). Beams 

and Lawrence, Proc. Nat'l. Acad., Vol. 13, p. 505 (1927). 
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As the diagram indicates, (Fig. 1), the plates are attached to 
the sp3:rk gap SG by wires of variable length T 1T 2 , the spark 
gap bemg also the source of light for the Nicol prism-Kerr 
cell optical system. 

FIG. r. 

Ti ii 

] 0 D -··,--7 0 0 
L1 Nl Kl K2 N2 L2 

T C PC 

Ti i;_ 

~rior to the discharge of the spark the potential differ~nce 
applied across the spark gap by the transformer T and con
denser C is also impressed across K 1 and K 2• Being at right 
angles to each other, however, the ellipticity of the light pro
duced_ by the double refraction in K1 is compensated by the 
opposite double refraction in K2 and therefore the light 
emerges fr~m K2 plane polarized and unable to pass through 
N2, On discharge of the spark a steep discharge wave is 
propagated al~ng the wires and at a time after the beginning 
of th? spark _discharge equal to the wire path divided by the 
velocity of light the cells begin their discharge. Thus, for 
example, if the leads to K2 are longer than the leads to K 
K1 will begin discharging before K2 and during the period 
when _th? fields bet~een the plates are unequal the light will 
be elliptically polarized and a portion of the light from N 
will emerge from N 2• 

1 

The intensity of the light emerging from the Nicol N 2 is 
a function of the differences of the birefringence in the two 
c:lls _and, indeed, because of the small values actually opera
tive m ~he present experiments, the intensity of the light is 
~roportlonal to the square of the differences in the retarda
tions of the electric vector. The double refraction being 
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proportional to the square of the electric field between the 
cell plates, it follows that the intensity of the light I is 

I = Io(V12 - Vi2
)

2
, 

where V1 and V2 are the voltages across K1 and K2 at any 
time t and Io is the proportionality constant which of course 
depends on such factors as the Kerr constant of the liquids, 
the size of the Kerr cells, the intensity of the light entering 
N1, etc. 

In order to obtain a qualitative theory of the action of the 
electro-optical arrangement it is assumed that the electric 
field between the Kerr cell plates disappears exponentially in 
time after the discharge wave strikes the cell. Thus, if the 
leads to the Kerr cells differ in length by l ems. such that K 1 

begins its relaxation of the electric field at time ti and K2 at 
a corresponding time t2 + tz, where ti = l/c, c being the 
velo€ity of light, the intensity of the light emerging from N2 
at any time prior to ti will be zero (for the cells are arranged 
so that each shall compensate the effects of the other when 
both are charged to the same voltage) and in the time interval 
t1 to l1 + tz the intensity will be 

p,+t, = I V4(1 - e-2a,t)2 
t, 0 ., , 

and for all values of t greater than ti + tz the intensity of 
the ti:ansmitted light will be proportional to 

where of course ai. and a 2 are the exponential time constants 
which determine the rapidity of relaxation of the electric 
field in K1 and K2, respectively. 

The total flux of light energy through N2 consequently is 

which reduces on integration to 

E = Eo [ti+ l¥2 e-2a1ti +'a1 - 3a2] . (l) 
(a1 + a2)a1 4a1a2 
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If the Kerr cells are identical in shape and are placed 
symmetrically with respect to other parts of the electrical 
circuit their time rates of discharge are equal, i.e., 

For such a special case, equ. (1) reduces to 

E = Eo [tz + 
2
1
a (e-2

at, - I)]. (2) 

Clearly for tz = o, that is, when the wires connecting the cells 
to the spark gap are of the same length the birefringence in 
the two cells compensate for all time and the flux of light 
from N2 is zero. 

It is equally evident from equation (1) that in case a1 > a2 

the flux of energy from N 2 is not zero when tz = o and indeed 
the energy flux is not even a minimum. The value of ti for 
which E is a minimum is of course the value which satisfies 
the condition, 

dE 
-=O 
dtz 

and is 

tm =-log --- · I ( 2a2 ) 
2a1 a2 + a2 

Thus, if the voltages across the plates of the Kerr cells 
decrease exponentially at different rates typified by the 
constants a 1 and a 2 , the maximum extinction of the light is 
attained when the wire paths to the two cells are unequal 
by the amount l ems. where 

l = elm. 

Substituting this value of tm in equ. (1) we have an expres
sion for the magnitude of the flux of energy through the 
shutter when the wire paths are arranged to give greatest 
extinction, viz., 

Ern = _I_ [log ( 2a2 ) + a1 - 3a2 + 1]. (4) 
2a1 - a1 + a2 2a2 
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It is easy to see, moreover, that different rates of discharge 
of the Kerr cells irrespective of the mode of discharge, would 
always be in evidence by such lack of complete extinction of 
the light through the optical system. · 

EXPERIMENTAL OBSERVATIONS. 

Fig. 2 exhibits results which are typical. Curve A is a 
plot of the photo-electric current produced in a photo-cell PC 
due to light emerging from N 2 corresponding to various 
differences of lengths of lead wires to K 1 and K 2 when K 1 

and K2 are identical in dimensions and symmetrically placed 
in the circuit. The photo-electric current, and therefore the 
amount of light emerging from N 2 , is zero when the wires 
to the two cells are of the same length, the extinction of the 
light being perfect within the experimental error. Curve A 
is the theoretical variation of the flux of radiation as calculated 
from equ. (2) assuming a to be 108 ; the circles represent the 
experimental observations. The close agreement of the data 
with the curve cannot be regarded as definitely indicating 
that _the voltage across the ~err cell plates drops in an expo
nential 1:1ann~r; an appre~iably different type of discharge 
w?uld giv~ nse to very similar data. It may be inf erred 
with considerable confidence, however, that the discharge 
takes place in less than 10-8 sec. ., 

The circles of Curve B are a similar plot of the observed 
amounts of light passing through the optical system for the 
same Kerr cells with a third cell K 3 placed in parallel with K 2 • 

The plates of K1 and K2 were 8 ems. long, I cm. wide and 
were separated by 0.5 cm. of carbon bisulphide. K 3 was 
15 ems. long and ot_herwise similar to K 1 and K 2• The system 
K2 Ka had a capacity therefore of about 3 times the capacity 
of K1, !he differences of capacity of the two systems caused 
Ki to discharge more rapidly than K 2• This difference of 
rates <;>f _dischar~e produced the shift of the wire path difference 
for mimmum hght transmission from zero to 180 ems. and 
also destroyed the ability of the shutter to extinguish com
pletely the light. Assuming that the cells discharge expo
~entially with time constants of a 1 = 108 and a 2 = ½. 108 it 
is computed from equ. (3) that the wire path differences for 
maximum extinction is the observed 180 ems. However, the 
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variation of the flux of light through the optical system with 
different relative wire paths to K1 and K2 is very much 
different from the variation to be expected from equation (1). 
Indeed, the minimum flux of light is less than a tenth of the 

FIG. 2. 

-60 0 60 /20 /80 240 300 360 420 
W/re Path In Cel?t/melers 
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amount predicted by equ. (4). It appears therefore that an 
exponential discharge cannot account quantitatively for the 
action of the Kerr cells. The fact that there are very marked 
shifts of relative wire paths for maximum extinction of the 
light, the light extinction nevertheless being so nearly com
plete, indicates that the discharge is less rapid initially and 
more rapid in its later stages. 

FIG. 3. 

- /0 

3 2 i 0 I 2 3 
Time In 10~9 Sec. 

The dependence of the rate of discharge on the capacity 
of the cells suggested that cells of smaller capacities would 
yield much more rapid relaxations of the birefringence. Cells 
having plates 2 ems. long with otherwise similar dimensions 
to the 8 ems. cells gave the data of Fig. 3 where the curve is 
the theoretical curve, [equ. (2) J with a = 2 · I08 and the 
circles represent the experimental observations. Also, in
serting correspondingly small capacities in parallel with the 
cells gave rise to differences of wire paths to the two cells for 
extinction of the light which interpreted by equ. (3) indicated 

VoL. 206, No. 1232-13 
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such larger values of a and therefore more rapid decay of the 
double refraction. However, the change in a with change in 
capacity was not linear and ·seemed to approach a limiting 
value for cells of these dimensions. 

DISCUSSION. 

The way in which the Kerr cells discharge clearly depends 
not only on their capacities and the inductance and resistance 
(resistance being negligible) of the connecting wires but also 
on the rate of fall of voltage across the spark gap and the 
steepness of the discharge wave which travels along the 
wires from the spark gap to the Kerr cells. A very interesting 
research having an important bearing on these considerations 
has recently been carried out by Rogowski, Flegler and 
Tamm.5 They have studied the form of wave fronts traveling 
along parallel wires 60 meters long resulting from suddenly 
impressing a voltage at one end by closing a switch, a Braun 
tube oscillograph being attached at the other end. Their 
photographs show in most cases wave fronts steeper than they 
were able to detect, although slopes of 3 • I0-8 sec. should have 
been quite evident. On increasing the speed of the time axis 
such as easily to resolve less than I0-8 sec. they found that 
the wave fronts were even steeper than 10-8 sec., alt.hough a 
slight slope was in evidence. The small slope which they 
observed was probably largely due to the finite rate of charging 
of the deflecting plates of the oscillograph having capacities 
of about 6 ems. They concluded that the capacity of the 
plates was negligible because it _was observed that placing a 
capacity of IO ems. in parallel with the deflecting plates pro
duced no appreciable change in observed effects. However, 
this test was carried out using a slower time axis which was 
incapable of resolving effects of I0-8 sec. duration, Even with 
the slower time axis a very marked effect was produced when 
plates of 20 ems. capacity were inserted in parallel with the 
deflecting plates, the magnitude of the effect being such as 
to mak~ it quite evident that the capacity of the oscillograph 
determmed the steepest observed slopes. Their very fine 
technique led also to a study of the time of break down of spark 

5 
Rogowski, Flegler and Tamm, Archiv. fur Elektrotechnik, Vol. 18, p. 479 

(1927). , 
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gaps They found that the voltage across a spark gap ~rops 
to a ~mall value in less than I0-8 sec. even when the platmum 

oints of the spark gap were 6 ems. ~part. . 
p · The general conclusion to be gamed from their re~ear~h 
therefore is that the wave fronts traveling :1own the wires m 
the present experiments had slopes extendmg over less tha~ 
IO-s sec. and consequently that the inductance _of the lea 
wires and the capacity of the Kerr cells determmed largely 
the nature of the fall of voltage across the plates. If the 
effect of resistance of the lead wires were large compared to 
the effect of their inductance the voltage would have dropped 
exponentially as has been assumed above in the th:ory ~f the 
action of the optical system. A sim~le computati~)l~ s ows, 
however that the resistance of the wires was negligible. and 
therefor; the discharge, instead of falli:3-g .o~ _exponentially, 
because of the inductance, was less rapid mitla~ly and more 
rapid in its later stage. As pointed_ out in a~ e:3-rher parag:aph 
this estimate of the nature of the discharge is m accord with a 
reasonable interpretation of the experimental data of curve B, 

Fig. 2. . ff d d by 
In a study of the photo-electric e ects p~o uce 

flashes of light emerging from the ele~tro-optlcal shutter 
corresponding to various differences of ~ire paths to ~; ~:: 
cells it was· concluded that flashes as short as IO . • 

dur~tion were produced. In view of the present defimte 
evidence for the very appreciable discharge rates the forme~ 
conclusion must be modified. The shortes~ flashes pro_~uce 
were more probably of the order of magmtude of IO sec. 

duration. h' h h b n 
Experimental observations in the past w ic b a;e de~ 

interpreted as evidence of a lag of the Kerr effect e m t e 
electric field are, on the basis of the pre~~ht work, more 

robably due merely to the different capa.citles .of cells con
faining dissimilar liquids having various di.electric co_nstants. 

In 1913 Gutton 6 carried out some experiments which were 
interpreted as indicative of very considerable lags of tfie K:;~ 
effect in various liquids. He arranged two Kerr ce s wi 
their plates at right angles to each other between crossed 

s Gutton, Jour. d. Phys., Vol. 3, p. 445 (1913). 
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nicols and adjusted the distance apart of one of the pairs of 
plates so that the Kerr effects produced in each cell were com
pensated, thereby extinguishing the light observed through 
the crossed nicol. He found that, with different liquids 
in the two cells, although their Kerr effects compensated for 
equal applied static voltages, extinction of the light was not 
attained when sufficiently high frequency alternating voltages 
were used. He found it necessary to increase the field in one 
of the cells by a readjustment of the separation of the plates 
in order to regain extinction. This was interpreted as indicat- .. 
ing that the Kerr effect in one of the liquids was unable to 
build up as rapidly as the changing electric field and therefore 
required a larger capacity, i.e., greater electric field to produce 
sufficient birefringence to compensate the double refraction 
in the other cell. It is more probable that the cell of larger 
capacity did not charge up to the same potential as the smaller 
cell and for this reason alone compensation was not attained 
at high frequencies. 

The two cells containing different liquids when adjusted 
to compensate each other with equal static potential differ
ences across the pairs of plates will have capacities propor
tional to the ratio of the dielectric constant to the Kerr 
constant of the liquids. This is true because a large Kerr 
constant requires a small cell to produce a given birefringence 
and for given dimensions of the plates the capacity of course 
is proportional to the dielectric constant. It is to be expected 
therefore that a cell containing a liquid having a large value 
for this ratio would have a relatively slow charging and dis
charging rate and would apparently exhibit a lag of the Kerr 
effect relative to the Kerr effect in the other cell containing 
a liquid having a smaller value for this ratio. This is really 
what Gutton observed as the table below indicates. 

Pairs of Liquids. 
R . Dielectric constant 

atto Kerr constant · Lag of Kerr Effect. 
Nitrobenzene..... . . . . . . . . . . . . . .0046 

Bromonapthalene ............... 016 

Nitrobenzene. . . . . . . . . . . . . . . . . .0046 
Carbonbisulphide.. . . . . . . . . . . . . .026 

Carbonbisulphide.. . . . . . . . . . . . . .026 
Toluene ............ ·~ ......... 10 

o.6 (10-8 sec.) 

1.4 (10-8 sec.) 

1.7 (10-8 sec.) 
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The first column lists the pairs of liquids examined, the 
second column records the ratios of the dielectric const~nt to 
the Kerr constants (which are proportiona_l to t~e :apacity of 
the cells containing the liquids) for the vanous hqmds and the 
third column contains the observed apparent exce~s lag of the 
Kerr effect in the 8econd liquid relative to a lag m the fi~st. 
It is seen that in all cases the cell having the larger capacity 
contained the liquid exhibiting the larger apparent lag of 
the Kerr effect. Consequently, it is to be concluded th~t 
his observations cannot be regarded as measures of lags m 
the Kerr effect but are the results of capacity e~ects_. 

The observations in the past 3 using the technique mvolved 
in the present experiments which were interpreted as observa
tions of lags of the Kerr effect are quite ~vidently_ also due to 
capacity effects. The extinction of the :ight pa~smg througJ:i 
the optical system was so nearly perfect m expe_nments_ of this 
sort-although the rates of discharge were sufficiently different 
to require very marked differences in wire paths to the ce~ls 
to obtain extinction-that a relative lag of the Kerr effect m 
one of the liquids presented itself as the most reasonable 
interpretation of the phenomenon. Howeve~, the present 
work makes such a view quite out of the quest10n. 

There is, therefore, at the present Sime no experime~tal 
evidence for the existence of a lag of the Ken: eff ~ct b~hi1:d 
rapidly changing electric fields. This conclusion ~s qmte _m 
accord with prevailing theories of the Kerr effect which predict 
such lags to be considerably less than were detectable by any 
of the mentioned experiments. 

SLOANE LABORATORY, 
YALE UNIVERSITY, 

June 12, 1928. 
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PHYSICO-CHEMICAL CONSIDERATIONS IN 
ASTROPHYSICS.* 

BY 

PROFESSOR DOCTOR WALTHER NERNST, 

Professor of Physicai Chemistry, University of Berlin. 

No. 2 

AMONG the greatest advances which astrophysics has made 
in recent years, undoubtedly belong the apparently extremely 
reliable determination of the age of the earth, which has been 
arrived at on the basis of measurements by numerous investi
gators using the methods and theories of radio-activity. It is 
now regarded practically everywhere a£ certain that the pro
duction of the solid crust of the earth took place about sixteen 
hundred million years ago. 

We make the following assumptions: 
I. The earth was split off from the sun as a ball of fire of 

high temperature. 
2. The Universe is in a stationary condition, that is, the 

present fixed stars cool continually and new ones are being 
formed. 

So far as the first assumption is concerned, I cannot con
ceive that it can really be brought into question; all other 
assumptions, of whatever character, appear so extremely arti
ficial that they, at least for the present, can scarcely be dis-

* Read by Dr. Irving Langmuir. 
(Note.-The Franklin Institute is not resp0nsible for the statements and opinions advanced 

by contributors to the JOURNAL.) 
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