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A DETERMINATION OF THE ABSORPTION SPECTRA 
OF SOME SALMON OILS 

INTRODUCTION 
In connection with research on the determination 

of the pigment content of salmon o i l being conducted by 
Mr. B a s i l E. B a i l e y of the F i s h e r i e s Experimental S t a t i o n 
at Prince Rupert, B.C., i t was desir a b l e to obtain the 
absorption spectra of these o i l s i n the v i s i b l e region, as 
a cheek on the b i o l o g i c a l r e s u l t s . This report o u t l i n e s the 
method used i n obtaining the absorption spectra of the 
samples of salmon o i l submitted to us f o r t e s t . 

APPARATUS AND METHOD USED 
The e s s e n t i a l parts of the apparatus used were a 

Hi l g e r sector photometer and a constant d e v i a t i o n spectro
graph f o r use i n the v i s i b l e region of the spectrum. In 
F i g . 1 are shown the d e t a i l s of the o p t i c a l t r a i n . Light 
from the source S (an incandescent 32 C.P. automobile 
headlight bulb, which i s almost a point source) passes by 
two routes through the sector photometer. Part of the 
diverging beam from the point source passes through the 
c e l l C containing the sample of o i l being tested,through the 
opening i n the upper r o t a t i n g sector R of the photometer, 
i s bent downward by the prism P, and then made s l i g h t l y 
converging by the lens L before f a l l i n g on the biprism B 
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immediately i n f r o n t of the s l i t of the spectrograph. This 
i s f o r the purpose of increasing the i n t e n s i t y at the s l i t . 
In a s i m i l a r manner that p o r t i o n of the "beam which passes 
through the lower c e l l C and r o t a t i n g sector R' i s bent 
upward by the prism P' and also made s l i g h t l y converging by 
the lens before s t r i k i n g the b i p r i s i m F i g . 1(c) represents 
a side view of the biprism.From an examination of i t , and 
a consideration of the properties of r e f r a c t i o n of g l a s s , 
i t i s seen that that p o r t i o n of the upper beam, s t r i k i n g 
the prism at a downward angle, which f a l l s on the upper 
h a l f of the prism i s r e f r a c t e d o f f to the side and absorbed 
by the blackened walls of the i n s i d e of the c o l l i m a t o r , but 
that p o r t i o n which f a l l s on the lower h a l f i s r e f r a c t e d so 
as to emerge h o r i z o n t a l l y . The angle of incidence of the 
beam on the prism i s arranged so that t h i s i s so. In a 
s i m i l a r manner, since the lower beam s t r i k e s the biprism at 
an upward angle, only that part of i t which f a l l s on the 
upper h a l f of the biprism passes along the c o l l i m a t o r . Thus 
the spectrum observed i s divided h o r i z o n t a l l y i n t o two 
sections, one due to l i g h t coming from the lower h a l f of 
the s l i t , which has a l l passed through the c e l l C containing 
the absorbing s o l u t i o n , and the other due to l i g h t coming 
from the upper h a l f of the s l i t , which has a l l passed through 
the c e l l 0' containing no s o l u t i o n . The purpose of passing 
t h i s beam through a c e l l at a l l i s to counterbalance the 
lo s s of i n t e n s i t y i n the upper beam due to r e f l e c t i o n from 



the glass walls at the ends of the c e l l , so that a f t e r 
emerging from the c e l l s the difference i n i n t e n s i t y of the 
beams i s due only to the absorbing s o l u t i o n . The r e l a t i v e 
i n t e n s i t y of the two beams i s , of course, independent of 
f l u c t u a t i o n s i n the i n t e n s i t y of the l i g h t source, since 
both beams are from the same source and w i l l always change 
i n the same proportion. 

After passing through the c e l l s , the beams must 
pass through the openings i n the r o t a t i n g sectors shown i n 
F i g . 1(d). The method i s to out down the average i n t e n s i t y 
of the unabsorbed beam u n t i l i t matches the absorbed beam 
i n i t s e f f e c t on the photographic plate of the spectroscope. 
This i s done by decreasing the amount of opening of the 
r o t a t i n g sector through which the unabsorbed beam must pass, 
thus decreasing the t o t a l exposure time f o r t h i s beam u n t i l 
the blackening on the plate i s the same as f o r the absorbed 
beam, which has l e s s i n t e n s i t y but longer exposure. The 
blackening i s proportional to the product of the i n t e n s i t y 
and the time of exposure]- so that i f t h i s product i s the 
same f o r both beams, the r a t i o s of the two i n t e n s i t i e s a f t e r 
passing through the c e l l s i s i n v e r s e l y proportional to the 
r a t i o of the times of exposure, i . e . i n v e r s e l y proportional 
to the r a t i o of the sector openings, since both sectors are 
rotated at the same speed by an e l e c t r i c motor. The purpose 

1 . See "Ins t r u c t i o n s f o r the use i f the sector photometer1/ 
Adam H i l g e r , Ltd., f o r a discussion of t h i s . 



of allowing the absorbed beam to pass through a r o t a t i n g 
sector of the same frequency of intermittence as the un-
absorbed beam i s to compensate f o r any error i n the blacken
ing* e f f e c t on the pl a t e due th i n t e r m i t t e n t exposure. This 
sector i s kept at f u l l width, while the other i s al t e r e d i n 
the r a t i o required. 

The r a t i o of the i n t e n s i t i e s of the absorbed and 
unabsorbed beams w i l l depend, of course, upon the wave
length. Therefore the blackening e f f e c t on the plate must 
be equalized at as many d i f f e r e n t points of the spectrum 
as are necessary to obtain an absorption curve i n the range 
of wave-lengths desired. In p r a c t i c e , a s e r i e s of p a i r s of 
photographs i s taken on one p l a t e , with d i f f e r e n t openings 
for the v a r i a b l e sector. The developed plate i s then examined 
with an ocular, and on each p a i r of spectra, the points 
marked where the two d e n s i t i e s are the same.These points 
can be located v i s u a l l y with s u f f i c i e n t accuracy f o r most 
purposes. 

The samples submitted to us were dissolved i n 

cyclohexane. More cyclohexane was added i f necessary to 

d i l u t e the s o l u t i o n to make i t come w i t h i n the accurate 

range of measurement of the photometer. As f a r as po s s i b l e , 

each sample was d i l u t e d u n t i l the maximum absorption i n the 

range of the spectrum being examined was about nine-tenths 

of the incident l i g h t . I f the s o l u t i o n was much stronger 





than t h i s , too long exposures were necessary f o r matching 
the spectra at the point of greatest absorption. By observing 

.the spectra v i s u a l l y using d i f f e r e n t sector openings, i t i s 
po s s i b l e , with a l i t t l e p r a c t i c e , to gauge t h i s f a i r l y w e l l . 

Before making the tests., the l i g h t source, photo
meter, l e n s , and c o l l i m a t o r of the spectrograph were care
f u l l y l i n e d up so that when the c e l l s were removed the 
i n t e n s i t i e s of the two beams was exactly the same when viewed 
wi t h an ocular through the s l o t i n the plate-holder of the 
camera. By p l a c i n g an old plate i n p o s i t i o n i n the p l a t e -
holder, the camera was focused on a d i s t a n t object f o r 
p a r a l l e l l i g h t , and attached to the spectroscope. The c o l 
limator was then adjusted u n t i l the spectra were sharply 
focused on the emulsion. I'he exposure times were lengthened 
as the v a r i a b l e sector opening was decreased, so that the. 
t o t a l time during which l i g h t from the beam passing through 
t h i s sector f e l l on the plate remained the same. This was 
necessary to obtain s u f f i c i e n t blackening on the plate f o r 
accurate comparison i n the case of the spectra taken with 
small v a r i a b l e - s e c t o r opening. The spectrum of a copper arc 
was taken at the top and bottom of each plate as a standard 
fo r i d e n t i f y i n g wave-lengths. F i g . 2 shows samples of the 
plates taken, with points of equal i n t e n s i t y marked. 

A c a l i b r a t i o n curve f o r the spectroscope was drawn 
by p l o t t i n g the wave-lengths of several l i n e s throughout the 
copper spectrum against t h e i r distance from an a r b i t r a r y zero 
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p o s i t i o n at the red end of the spectrum, and j o i n i n g the 
pl o t t e d points with a smooth curve. Then by j o i n i n g the 
zero p o s i t i o n s of the two copper spectra on the p l a t e with 
a Straig h t l i n e and from i t measuring the distances of the 
points of equal density, t h e i r wave-lengths can be i d e n t i f i e d 
from the c a l i b r a t i o n curve and p l o t t e d against the corres
ponding sector openings to obtain the absorption curve. The 
v a r i a b l e sector opening i s c a l i b r a t e d to read d i r e c t l y , f o r 
points i n the spectrum of equal density, the quantity l o g ^ i , 
where I 0 i s the i n t e n s i t y of the l i g h t of the wave-length being 
matched that f a l l s on the absorbing s o l u t i o n , and I that of 
the beam l e a v i n g the s o l u t i o n ; i . e . i t reads the logarithm of 
the r a t i o of the sector openings. The amount of emergent 
l i g h t due to a thickness x of absorbing s o l u t i o n i s given by 
I = Ioe"*^, where u i s the e x t i n c t i o n c o e f f i c i e n t of the 
s o l u t i o n , which i s proportional to the concentration of the 
absorbing substance, and I Q i s the amount of incident l i g h t 
of the same wave-length. In terms of the common logarithmic 
base t h i s formula becomes I = I o ( 1 0 ). Thus ux = l o g / 6 , 
and since the thickness of the c e l l i s constant i n t h i s ex-
periment, by p l o t t i n g log / 0-^-against the wave-length, a curve 
i s obtained such that the r e l a t i v e values of the ordinates 
depend only upon the nature of the substance and not upon 
i t s concentration. F i g . 3 shows the absorption curve f o r one 
of the samples of o i l tested. 

I t i s worth while observing that i n l o c a t i n g the 



p o s i t i o n of an absorption maximum, i t i s immaterial whether 
or not the two beams, when there i s no absorbing s o l u t i o n 
present, are of equal i n t e n s i t y . I f they werenSt,the amount 
of absorption read would, of course, be wrong,but the 
p o s i t i o n of the absorption peak would not thereby be s h i f t e d . 

RESULTS 
Some nineteen samples of sockeye and spring salmon 

pigment were tested, and t h e i r absorption curves p l o t t e d . 
Those which showed an absorption band had the peak of the 
band i n the neighborhood of 5000 A.U* On information from 
Mr. B a i l e y , t h i s seemed to bear out the conclusion, obtained 
from b i o l o g i c a l experiments, that the c h i e f pigment present 
i n the o i l was astacene, since previous spectroscopic work 
on t h i s pigment has shown that i t has an absorption band 
with maximum near 5000 A.U. Other samples showed a cont i n u a l 
r i s e i n absorption from the red to the v i o l e t , with a 
f l a t t e n i n g around 5000 A.U. The r i s e i n the curve shown by 
a l l the samples on approaching the u l t r a - v i o l e t i s probably 
just the beginning of the u l t r a - v i o l e t absorption of the 
glass parts of the o p t i c a l t r a i n . 
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/ AH ACCURATE METHOD OF TESTING LIGHT TRAIfSMITTIIG 
PROPERTIES OF GLASS 

INTRODUCTION 
This report o u t l i n e s the method used i n t e s"fcing 

s everal samples of glare-reducing goggles submitted to us 
to a s c e r t a i n percentage t o t a l transmission of l i g h t , a n d 
percentage d i f f e r e n c e i n the transmission of the r i g h t and 
l e f t lenses of a pair} also to obtain the absorption spectrum 
throughout the v i s i b l e r e g i o n . 

EXPERIMENTAL / 
The absorption spectra were obtained i n exactly 

the same way as were the spectra of the salmon o i l s , des
cribed i n the previous paper, with the lens being tested 
mounted i n fr o n t of the upper r o t a t i n g sector of the photo
meter i n place of the two c e l l s . This time, of course, there 
was no compensating c l e a r glass placed i n fr o n t of the 
lower sector, since the t o t a l absorption of the lens was r e 
quired, due to both colouring m a t e r i a l and any r e f l e c t i o n 
from the surfaces. 

In t e s t i n g t o t a l transmission a Ltimmer-Brodhun 
photometer was used. F i g . 1 shows the arrangement of the 
apparatus. S and S' are two 32 C.I*» automobile headlight 
bulbs connected i n s e r i e s , so that the tw6 beams of l i g h t 
f a l l i n g on the screen P of the photometer have the same 
r e l a t i v e i n t e n s i t y even though the current through the 





lamps f l u c t u a t e s . By a system of prisms, l i g h t from the two 
sides of the screen i s made to enter the telescope T as 
adjacent f i e l d s . When the i n t e n s i t i e s on the two sides of 
thefscreen are equal, the two f i e l d s appear of equal b r i g h t 
ness, and the l i n e of demarcation between them disappears, 

S was placed at a f i x e d distance of about lm. 
from the screen. 3" was mounted on an o p t i c a l bench so that 
i t s distance from the screen could be measured to w i t h i n 
1 mm. S 1 was then moved u n t i l the two f i e l d s were matched, 
and i t s distance d 0 from the screen recorded. The l e f t and 
r i g h t lenses of a p a i r of goggles were then placed i n the 
po s i t i o n s L and R r e s p e c t i v e l y , and S 1 moved u n t i l the two 
f i e l d s again matched. I f t h i s new distance i s d,, then by 
applying the inverse square law of l i g h t i n t e n s i t i e s , 
gives the f r a c t i o n of the l i g h t transmitted by L that i s 
transmitted by R. The r e s u l t was checked by interchanging 
L and R. These f i e l d s could be matched very accurately, since 
both were of the same t i n t , having both passed through an 
absorbing l e n s . With no lens i n the path of S, each lens was 
then placed i n the path of S' and the distance of S' al t e r e d 
u n t i l the two f i e l d s again matched. I f t h i s new distance 
i s d^, then (^-jglves the f r a c t i o n a l transmission of the l e n s . 
This s e t t i n g could not be made with such great accuracy, 
since the l i g h t transmitted through the lens was not quite 
of n e u t r a l t i n t , making i t more d i f f i c u l t to obtain the 
balancing p o i n t . 
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Sach -value of d and d was obtained as the mean 

of ten s e t t i n g s . The greatest deviation from the mean f o r 
any s i n g l e s e t t i n g was^fo, so that the possible errer i n 
the* c a l c u l a t i o n of ct, was about lfo. The probable errer would 
be considerably l e s s than t h i s . The possible error i n the 
set t i n g s f o r d^ was about twice as great, g i v i n g a possible 
error of about 2fo i n the percentage transmission of the 
le n s e s . 

The w r i t e r wishes to thank the Forestry Department 
of the Government of the Province of B r i t i s h Columbia f o r 
supplying the goggles used i n t h i s i n v e s t i g a t i o n . 



TEE VELOCITY OF ATOMS IS A COPPER ARC 

I1YTROPTO TIPS' 

In an experiment with a curved copper arc discharge 
i n a vacuum, Tanberg x measured the force of r e a c t i o n on the 
h o r i z o n t a l cathode, and from t h i s force and the rate of 
disappearance of the cathode, c a l c u l a t e d the v e l o c i t y which 
the atoms must have had when they l e f t the cathode, to the 
momentum of which he a t t r i b u t e d the force of r e a c t i o n 
against the cathode. He checked the r e s u l t s by measuring the 
force on a vane suspended i n f r o n t of the cathode and the 
rate of deposit of copper on the vane. He obtained v e l o c i t i e s 
of the order of 16(10)^ cm. per sec. I f t h i s quantity i s 
sub s t i t u t e d f o r v i n the formula l / 2 mv = 3/2 kT, where m 
i s the mass of the copper atom and k the Boltzmann constant, 
an absolute temperature T of 500,000 degrees i s obtained f o r 
the temperature e x i s t i n g at the cathode spot, i f there i s 
j u s t i f i c a t i o n i n assuming, as did Tanberg, that the high 
speeds of the atoms are due to t h e i r temperature motions. 
Later, IC.T. Compton showed that the observed pressures 
could be accounted f o r by assuming that about h a l f of the 
current i n the arc was c a r r i e d by p o s i t i v e copper ions, and 
that a f t e r s t r i k i n g the cathode they d i d not give up a l l t h e i r 
energy but rebounded with about 2c/b of t h e i r o r i g i n a l k i n e t i c 
energy. R. Risch and H', Midi accounted f o r the stream of 
atoms by mu l t i p l e i o n i z a t i o n and subsequent c o l l i s i o n s of 
the second k i n d . Tonks 4 pointed out that the electrons i n a 
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plasma, e s p e c i a l l y those at the cathode, would exert a 
pressure k* which would account f o r the major po r t i o n of the 
r e a c t i o n f o r c e , hut l a t e r ItLdi^ showed that t h i s would lead 
to fncorrect values f o r the e l e c t r o n density. 

The object of t h i s experiment was to see i f 
information on the problem could not be obtained by.making 
use of the Doppler e f f e c t . I f atoms of copper are streaming 
out from the cathode, and are emitting l i g h t , the s p e c t r a l 
l i n e s , i f viewed along the l i n e of s i g h t , should show a 
Doppler s h i f t M g i v e n by^A = A . *'or = 3000 A.U. and v = 
16 km. per s e c , t h i s would give a s h i f t of 0.16 A.u* 

EXPERIMENTAL 

As shown i n F i g . 1, the copper electrodes are 
held i n an are holder so that one i s v e r t i c a l and the other 
h o r i z o n t a l , an arrangement s i m i l a r to that of Tanberg.The 
arc was run on 220 v o l t s , with a current of about 4 amperes. 
In the c i r c u i t was a double throw switch so that the current 
i n the arc could be reversed e a s i l y when desired. 

A H i l g e r E . l . quartz spectrograph was used to 
examine the spectrum of the arc. I t was focused very f i n e l y 
by a method suggested by Dr. Peals of the Dominion Astro-
p h y s i c a l Observatory at V i c t o r i a , B.C. The method can be 
understood by a glance at F i g . 2. A c s l i d i n g shutter i s f i x e d 
onto the lens holder of the spectrograph, so that spectro
grams can be taken using only part of the beam of l i g h t . 
With l i g h t coming from one section of the s l i t by means of 
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a Eartmann diaphragm, a spectrogram i s taken using only 
one-half of the beam as shown. Then another p i c t u r e i s taken 
using an adjacent part of the s l i t and the other h a l f of 
the*beam instead. By reference to the fi g u r e i t i s seen 
that i f the pl a t e i s not at the focus of the len s , the 
l i n e s on the adjacent spectra w i l l be displaced r e l a t i v e 
to one another. A series of p a i r s of spectra i s taken i n 
t h i s way, a l t e r i n g the p o s i t i o n of the rack ca r r y i n g the 
lens and prism by two d i v i s i o n s of the drumhead each time. 
Thus the p o s i t i o n at which the two l i n e s are d i r e c t l y under 
one another can be ascertained and t h i s w i l l be the p o s i t i o n 
for which the plate i s exa c t l y at the focus of the l e n s . I f 
the lines, are not d i r e c t l y under one another f o r the whole 
length of the spectrum, the t i l t of the plate-holder i s 
wrongly adjusted. An examination of a series of photographs 
taken i n t h i s way enables one, a f t e r a l i t t l e p r a c t i c e , to 
obtain q u i c k l y the correct p o s i t i o n of the lens and the 
corre c t t i l t of the plate-holder. 

I f the spectrograph i s improperly focused, the 
p o s i t i o n of a l i n e , even when using the whole width of the 
beam, w i l l be influenced by the angle at which the l i g h t 
from the source s t r i k e s the s l i t , f o r i f the source i s 
moved from side to side the i n t e n s i t y of the beam leaving 
the s l i t to traverse the o p t i c a l path through the spectro
graph w i l l be s h i f t e d f i r s t to one side and then to the other, 
causing the greatest i n t e n s i t y to be recorded at d i f f e r e n t 





-14- . 
p o s i t i o n s on the plate i f i t i s i n the shown i n F i g . 2. 
I f the p l ate i s exactly at the focus, however, the l i g h t 
w i l l f a l l on the same spot no matter where the maximum 
i n t e n s i t y occurs i n the "beam, since a l l the l i g h t converges 
to t h i s p oint. 

One of the plates taken i n focusing the spectro
graph by t h i s method i s shown i n F i g . 3* 

Great d i f f i c u l t y was experienced i n g e t t i n g the 
cathode spot to stay on the end of the electrode. Several 
photographs were taken using d i f f e r e n t s i z e s of electrodes 
and d i f f e r e n t r e l a t i v e p o s i t i o n s of the anode and cathode. 
Using a Hartmann diaphragm as shown i n F i g . 4, an exposure 

was taken using the two outside portions of the s l i t and 
with the upper h o r i z o n t a l electrode as cathode. Then, using 
the c e n t r a l p o r t i o n of the s l i t , and with the electrodes 
reversed, another exposure was taken of as nearly as possible 
the same i n t e n s i t y , but on account of the constant f l u c t u 
a t i o n of the arc, i t was d i f f i c u l t to time t h i s accurately. 
Any s h i f t then observed could be checked f o r mechanical 
error of the spectrograph by reversing the exposures, t h i s 
time using the c e n t r a l . p a r t of the s l i t when the upper 
electrode i s the cathode* 

No r e s u l t s of any d e f i n i t e magnitude were obtained 
u n t i l a copper wire surrounded by a piece of quartz tubing 
was used as the upper electrode. The tubing helped to keep 
the cathode spot on the end of the electrode. A s h i f t was 
then observed towards the red end of the spectrum when the 
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upper electrode f a c i n g the spectrograph was the cathode. 
The s h i f t as measured under a measuring micrometer was about 
.1 A.U., i n the region around 3200 A.U., which would cor
respond to a v e l o c i t y i n the l i n e of sight of about 10 km. 
per s e c , which i s of the same order of magnitude as the 
v e l o c i t i e s that Tanberg c a l c u l a t e d * I f most of the l i g h t 
were coming from the region around the cathode, the s h i f t 
toward the red would i n d i c a t e that the p a r t i c l e s were going 
towards the cathode instead of being emitted from i t . The 
absorption l i n e s of the two strong u l t r a v i o l e t l i n e s 3247 
and 3273 were also s h i f t e d the same amount. In taking t h i s 
photograph no lens was used between the source and the s l i t . 

. Using a quartz l e n s , an enlarged image of the are 
was projected onto the s l i t . The end of the upper electrode 
was focused on the s l i t , and exposures taken when i t was 
f i r s t the cathode and then the anode. Various parts of the 
arc were photographed i n conjunction with Other parts and 
with d i f f e r e n t arrangements of the electrodes, ^ h i s time 
the only d e f i n i t e s h i f t was shown by a plate taken when the 
upper electrode f a c i n g the spectrograph v/as the anode, and 
and the spectrum taken from that part of the arc showed a 
s h i f t toward the re§,which would i n d i c a t e that the l i g h t 
emitting p a r t i c l e s were going towards the anode, or that 
p a r t i c l e s were streaming out from the cathode. Most of the 
plates taken showed eithe r no s h i f t , or so s l i g h t as to be 
hardly detectable. 



DISCUSSION OF RESULTS 
Theories regarding what i s taking place i n the 

arc discharge are very u n c e r t a i n . 6 ' 7 I t has "been necessary 
to .assume that there are p o s i t i v e ions i n the discharge, 
since i f there were only electrons c a r r y i n g the current, 
the r e s u l t i n g space-charge would require more p o t e n t i a l than 
i s present i n a low-voltage arc, i n order to drive i t across 
the gap. One theory i s that the p o s i t i v e ions h i t t i n g the 
cathode keep up i t s temperature so that by thermionic 
emission i t keeps up the supply of electrons f o r the current, 
while these electrons .•hitting the anode keep up the supply 
of p o s i t i v e ions. The objection to t h i s i n the ease of the 
copper arc, however, i s that copper b o i l s before i t reaches 
the temperature required f o r enough thermionic emission 
to account f o r the current observed. Just how much of the 
current i s c a r r i e d by the p o s i t i v e ions i s also uncertain. 

I f the s h i f t stated i s r e a l l y of the order of 0.1 
A.U., i t could not be due to the pole s h i f t observed f i r s t 
by St. John and Babeock^, who observed a s h i f t of the order 
of 0.02 A.U. between the poles and center of the arc, by 
merely observing the arc l a t e r a l l y . The f a c t that the cathode 
disappears, as was observed by Tanberg, would i n d i c a t e that 
i f ions are s t r i k i n g the cathode and being n e u t r a l i z e d , atoms 
are also l e a v i n g . A s h i f t i n one d i r e c t i o n could be explained 
as being due to one of these streams of p a r t i c l e s , and a 
s h i f t i n the other d i r e c t i o n as due to the other stream, 
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the s h i f t observed depending upon whether the portion of the 
arc photographed contained one or the other of the streams i n 
greater proportion. A possible explanation of the s h i f t i n g 
of >the absorption l i n e s of the two strong u l t r a - v i o l e t 
l i n e s would be that the stream of atoms has t h i s trans-
l a t i o n a l T e l o c i t y imposed upon i t i n ad d i t i o n to the d i f f e r 
ent random v e l o c i t i e s of the d i f f e r e n t parts of the stream, 
corresponding to the hot emitting and cooler absorbing parts 
of the are. 

The s h i f t observed i n the two cases i s f a i r l y 
d e f i n i t e , although more work w i l l have to be done before 
the anomalies i n the s h i f t observed i n the d i f f e r e n t p l a t e s , 
the f a c t that two of the plates showed a decided s h i f t while 
the majority showed l i t t l e or none, can be connected up with 
the theory. The f a c t that a s h i f t has been observed, how
ever, shows that there must be some v e l o c i t y e f f e c t , unless 
f u r t h e r i n v e s t i g a t i o n i n d i c a t e s another explanation apart 
from the Doppler e f f e c t , or some experimental e r r o r . 

In any case, the use of the Soppier e f f e c t should 
f u r n i s h a powerful method of i n v e s t i g a t i n g conditions i n 
the arc. I t i s worth while observing that the v e l o c i t i e s 
obtained by Tanberg f o r the stream of atoms leaving the 
cathode i s about the same as a s i n g l y - i o n i z e d copper atom 
would have i f i t f e l l across a 50-volt arc without c o l l i s i o n , 
and about the v e l o c i t y corresponding to the s p e c t r a l s h i f t 
observed. I f there are streams of atoms and ions going i n 
opposite d i r e c t i o n s , i t should be possible to separate them 



by means of an imposed magnetic f i e l d , and take p i c t u r e s 
of each one separately. The main d i f f i c u l t y i n the work 
i s to hold the cathode spot steady, as i t tends to wander 
around continuously and never stay i n one place f o r more 
than a f r a c t i o n of a second. This being the case, 
probably the best r e s u l t s can be obtained f o r the copper 
arc by using the two strong u l t r a - v i o l e t l i n e s , sinee 
they w i l l show up with a very short exposure. Any longer 
exposures.will almost i n v a r i a b l y come from d i f f e r e n t 
parts of the arc due to the wandering of the cathode spot. 
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