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A DBTERMINATION OF THE ABSORPTION SPECTRA |
OF SOME SALMON OILS

g

LNIRODUOTION

In conneotlon with research on the determlnatlon
~of . the pigment content of salmon,01l being oon&ucted by
M'-r.kBasil E. Balley of the Plsherles Experlmental Station

o at Prlnce Rupert B, C., it Was desirable to obtain the

absorptlon speetra of these 01ls 1n the v1sib1e reglon, as
a. ¢check on the blologlcal results. This report outllnes the
method used in obtaining the absorptlon'spectra of the

e'samples of selmonyoil Sﬁbmitted‘to us for tests

'APPARATUS AND MI.‘THOD USED |

Ihe essential parts of the apparatus ﬁsed were a
~Hilger seoﬁor photometer and a constent dev1at10n spectro~
| ;graph for use in the v181ble reglon of the spectrum. In
Fig. 1 are shown the detalls of the optical train, nght
from the source S (an inoandescent 32 C,P. automobile
headlight~bu1b‘ whioh 1s~a1most~a pOlnt source) passes by
two routes through the sector photometer. Part of the
dlverging beam from the point source passes through the
cell C contalnlng the gample of oil being teSted,through the
opening in the uppef rotating eector R of the phbtometer,
is bent @otharg by the prism P, and then'madeoSIightly
‘ converging by the lens L before falling on the bipriSm B
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1mmediately in front of the slit of the speetrograph Thls
is for the purpose of 1nereasing the intensity at the sllt.
In a 31milar manner that portlon of the beam Whleh passes
~through the lower cell G! and rotatlng sector RY is bent
upward by the prism Pr and also made slightly converglng by'
the 1enskbefore striklng the biprism. Flg. l(p) represents

a sidefview of the biprism.From anlexaminationfof,it, aﬁd

‘a consideration of thekprOPérties‘ofkrefractiOn‘Of glaSS,
kit"is seen ﬁhatbthat portion of the~ﬁppe: beam,~striking:
ﬁhe prism'at'a'downward angle,'which falls on the'uppsr :
half of the prlsm is refracted off to the side and absorbed
by the blackened walls of the ingide of the colllmator, but
" that portitm which falls on the lower half is refracted so
éﬁs to ‘emerge‘i’ h,’o’ri‘zontally:. "‘Th_e_ angle of incidence of the-
"beam on the prism‘is‘arrahged‘so'that this is so. In a
"similar*manner,'sincégthe'loWer‘beam‘strikesfthe biprismuat
an‘upward‘anglé, only>thatibart of it which falls on the
upper half of the‘bipfism pasSes along thékppllimator.’Thus’
"the‘3pectrumk0bServed is divided‘horizontaliy info two '
seetibﬁs'kbne‘due to light coming'from'the’lower‘half of.
the sllt Whlch has all passed through the cell C contalnlng
the absorbing solutlon, and the other due to llght comlng
from the upper half of the slit, whlch has all passed through‘
~the cell ¢! contalnlng no solutlon. The purpose of passing
thls beam through a cell at all ig to counterbalance the

loss of intenslty in the upper beam due to reflect;on from
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- the glass walls at the ends of the cell so that efter
kemerglng from the cells the difference in 1ntens1ty of the
beamsils due only to the absorbing solutlon. The relatlve
infbnsity~of the two beams is, of eourse,vindependent of
. fiuctuationsrin the~intensity of the light source, since

‘both beems are. from the same source and will always change
in the same proportlon. : |

After pass1ng througn the cells, the beams must

opass through the openings in the rotatlng sectors shown in
~ Fig. 1(d) The method is to cut down the average 1ntensity
of the unabsorbed beam untll 1t matches the absorbed beam
in 1ts effect on the photographic plate of the spectroscope.
Thls is done by decrea31ng the amount of openlng of the
rotatlnc sector through whlch the unabsorbed beam must pass,f
thus deoreasing the total exposure time for this beam until
’the blackenlng on the plate 1s the same as for the absorbed
beem,,whrch)has less intensity but longer exposure, The
‘ blackening is proportional o the product of the intensity
and the tlme of exposure1 80 that if this product is the
 seme for both beams the ratios of the two 1nten51t1es arter
passlng through the cells is 1nverse1y proportlonal to the
. ratlo of the tlmes of exposure, i.e. 1nversely proportlonal
'to the ratlo of the sector openings, gince both sectors are

rotated at the seme speed by an electric motor. The purpose

1. See “Instructlons for the use 1f the sector photometer“

 Adam Hilger, Lta., for a dlscussion of this.
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of allow1nﬂ the absorbed beam to pass through a rotatlng
sector of the same frequency of intermittence as the un-
absorbed beam 1S'to,eompensate'f0r any error in the blackenQ
1ng"effect on the plate due th 1nterm1ttent exposure. This
“sector is kept at full Wldth while the other is altered in
,’ohe ratio I'equired. ‘ ' ‘

The ratio of the intensitieé of the absorbedvand
unabsorbed'boams Qill depend  of~coﬁise‘ upon the Wave—'
length Therefore the blackenlng effect on the plate must
- be equallzed at as many dlfferent~p01nts of the spectrum |
as are necessary to obtaln an absorptlon eurve in the range
of wave-lengths de51red. In practice, a series of pairs of
photographs is taken on one plate, ,With~different opeﬁings
for the varlable sector. The developed plate is then examlned
,‘w1th an ocular and on each palr of spectra the “points
kmarked where the two den31t1es are the same s These p01nts‘
-¢an be 1ocated v1sua11y w1th sufflclent accuracy for mos’t
purposes. | |
| ~ The samplesfsubmitted to usowere dissolved in
oyciohexano; MOre cyelchexane was added~ifqnecessary'to
dilute the solution to maeke it come Within,thefaccurato
i rangekof,measurement of the photometer§ As for aslpossibie,
each sample Was‘dilﬁted antil fhe'moximum absorption in the
~,range of the~spectrum‘being examiﬁed\was abOutVnine;tentho

of the incident light. If the solution was much stronger
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than this too long exposures were necessary for matehlng
the speetra at the p01nt of greatest absorp’slon° By observ1ng
athe speetra visually us1ng dlfferent seetor openlngs lt‘ls
p0331ble with a little practlee to gauge thls falrlykwell;'
,Before making the tests,~the light source, photo-
meter 'lene and eolllmator ef the speetrograph were care-
‘fully lined up 50 that when the cells were removed the
1nten31t1es of the. two beams was exaetly the same when v1ewed
with an ocular throu h the slot in the plate—holder of the
:,camera. By plaelng an old plate in position in the plate-‘
'holder the eamera was foeused on a distant obgeet for |
parallel llght an& attaehed 0 the spectroseope. The cel-
llmator was then adgusted untll the spectra were sharply
focused on the emu181on. 1he exposure tlmes were lengthened
as the variable sector opening was decreased, S0 that the
:, total tlme durlng whleh llght from the beam passing through
this seetor fell on the plate remained the same.,Thls Was

necessary to obtaln sufflelent blaekenlng on the_plate'for

~ agcurate comparison in the case of‘tneVSpeetra‘taken’with

small'variable?seetor;opening. The speetrum of a copper are 4
’ was taken at thektopnand bottom‘of each platelasia standard
‘,’for identifying Waveflengths;-Fig. 2 shows samples of the
plates faken.‘wifh\points of equal inteuSity'marked.
| A eallbratlon curve for the ~spectroscope was drawn
by plottlng the wave-lengths of several lines throughout the

- copper speetrum against thelr dlstance fromran‘arbltrary Zero
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position at the red end of the spectrum, and 3omingthé
plottedkpoints with‘a~smoothucurve; Then~by Joining the
Zero p081t10ns of the two copper speetra on the plate with
1a stralght line and from i¥ measurlng the dlstances of the
T points of equal den31ty, their Waveelemgths»can be identified

,from the callbratlon curve and plotted agalnst the corres- |
pondlnv sector openlngs to obtaln the absorptlon curve., The
vi varlable sector opening 1s calibrated to read directly, for
_‘p01nts in the spectrum of equal density, the quantlty logo%
‘Where I, 1s the 1ntens1ty of the light of the Wave-length being
matched that falls on “the absorbing solutlon and I that of
" the beem 1eav1ng the solution i.e. it reads the 1ogar1thm of
;:the ratio of the seotor openlngs. The amount of emergent
light due to a thlckness xvof absorblng solutlon is. glven by
I = - I.e ux’ where u is the extlnctlon ooefflclent of the
‘solutlon which is proportlonal to the eoncentratlon of the
labsorblng substance, and I ~is the amount of 1ncldent 110ht
vof the same wave- len th In terms of the common logarithmic
base this formula becomes I I (lO k); Tlus ux = logm-g. ,
! and 31nce the”thlekness of the cell is eonstant in this ex-
periment, by plottlng logml:agalnst the wave-length a gurve
is obtained such that the relatlve‘values of the ordinates
,depend only upon the nature of the substance ana notg upon
~1ts eoncentratlon. Fig. 3 shows the absorptlon curve for .one
of the samples of 0il tested | - |

It is worth Whlle obsefving that in locating the
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posiﬁion of an“absorption maximim, it is immateriaIVWhether
er notﬁthe tWO“beams,‘when,there is no absorbing solution
fpresent,vare of equal intensiﬁyeklf they Weren?t,the amount
‘ofsgbserption~read would, ef~eoﬁrse,‘be wrong,iut the

~position of the absorption peak would not thereby be shifted.

L Some nlneteen samples of sockeye -and sprlng salmon .
pigment were tested and thelr absorption curves plotted.

, Those whieh showed an absorptlon band had the peak of the
\bapd in the nelghborhood>01 QOOO’AsUf On information from

: Mi;:Bailey, this seemed %o bear oat’the cohelusiOn; obtained
fﬁOmlbiologieal experiments; that'the-chiéf pigment preSent
in the 011 was astacene, since prev1ous spectroseoplc work ,
on this plgment has shown that it has an absorptlon band ‘
with max1mum near 5000 A, U. @ther samples showed a eontlnual
vrlse in absorptlon from the red to the v1olet w1th a
>flatten1ng around 5000 A U. The rige in the curve shown by
all the samples on approachlng the- ultra~v1olet is probably
~just the,beglnning of the ultra—yloletlabsorption of the

fglass;parts of the pptieal train.
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AN ACCURATE METHOD OF TESTING LIGHT TRANSMITTING
PROPERTIES OF GTASS

kINTEODUCTION

| Thls report outllnes the method used in testing
'several samples of glare-reduolng goggles submltted to. us

t0 ‘ascertain percentage total transm1ss1on of 11ght and
peroentage,dlfferencelln the transmission of the right and
left lenses of*arpair;:also5tokObtain theyabsorptiOn spectrum

,thrOughdut,the visible region.

~ EXPERIMENTAL

| The absorptlon.spectra were obtalned 1n exactly

| the same Way as were the spectra of the salmon 01ls des-
‘erlbed in the prev1ous paper, Wlth the lens belng tested
mounted in front of the upper rotatlng seetor of the photo~
meter in place of the two cells, Thls tlme, of course, there
f’was no compensatlng clear glass placed in front of the

Tower sector, 31nce the total absorptlon of the lens was re~
| qulred due to both.oolourlng material and any refleetion
'from the surfaces. ;

In testlng total transm1351on a Lummer-Brodhun
lphotometer was used. Plg. 1 shows the arranvement of the
‘apparatus. S and S' are two 32 c,P. automoblle headlight
bulbs connected 1n serles, so that the two beams of light
‘ falling on the screen P of the photometer have the same |

relative ;ntens1ty even though the current through the
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: lamps‘fluctuates. Byfa system of prisms llght from the two
sldes of the screen is made to enter the telescope T as
: adgacent flelds. When the 1ntens1ties on the two s1des of
'thezscreen are equal the two fields appear of equal brlght-
ness, and the llne of demarcatlon between them dlsappears.

| kS Was placed at a flxedfdlstance of about;lm;
from the'screeh, S’kWas mounted'on an optical‘bench so that
its dlstance from the screen eould be measured to within
\l mm. S was then moved untll the two flelds were matched,
and its dlstance d, from the screen recorded The left and
rlght lenses of a palr of goggles Were then placed in the‘
' pos1tions L and R respectlvely, and S' moved untll the twc:"'
‘flelds again matched If this new dlstance is 4, then by
,applylng the 1nverse square law of llght 1ntens1t1es ‘é%ﬁ;

o

glves the fractlon of the llght transmltted by L that is

Ce transmitted by R The result was ehecked by 1nterchang1ng

L and R These flelds could be matched very accurately, smnce
. both Were of the same tint hav1ng both passed through an
absorbing lens, With no lens in the path of S, eaech lens was
thenrplaced inithe_path of S' and the distance of §° altered
'“until the “two tzelds again matched.kIf this new distance
is-d,, then(ﬁlﬁﬁwes the fractional transmlss1on of the lens.
Thls settlng could not be made with such great accuracy,
ks1nce the light transmitted through the 1ens was not quite

of neutral tint, making it more dlfflcult to obtaln the

balancing p01nt.
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Each value of d eand 4 was obtalned as the mean
:of ten settlngs. The greatest dev1ation from the mean for
' any SLngle setting wasz_%, so that the possible errer in
the*calculatlon of¢i was about lﬁ. The probable errer Wouid
 ~be considerably less than thls. The p0381b1e error in the
settlngs for d Was about tw1ee as great glving a p0331b1e

'error of abcut Zo 1n the pereentaoe transm1331on of the

Alenses.k
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THE VELOCITY OF ATOMS IN A COPPER ARG

; I‘N;TRODUCTION
| L | In an experlment Wlth a eurved copper are dlscharde
. ‘1n£a vacuum, Tanbergl measured the force of reactlon on the
horlzontal oathode, and from this force and the rate of
'alsappearanee of the cathode, calculated the veloelty which
the atoms must have had when they left the cathode to the
momentum of which he attributed the foree oereaetlon
agalnst the - eathode. He checked the results by measurlng the
. force on a vane suspended in front of the eathoae and the
rate of denos1t of copper on the vane. He obtalned velocltles
koftthe order of,lﬁ(lQ)~ cm.;per sec, If thls quantlty is ”
;substituted for vvin the formulakl/Z'uvz 3/2 kT, where m
~is the mass of the eopper atom and k the Boltzmann eonstant
-~ an absolute temperature T of 50@@00 degrees is obtalned for
the temperature ex1st1ng at the cathode spot if there is |
. gustlfleatlon in assuming, as did Tanberg, that the high
kspeeds of the atoms are due to their temperature motions.
- Later, Kslo Comptong showed that the observed pressures
- could be aceounted for by assuming that about half of the
kaeurrent Ln‘the are'was carrled by pos1t1ve copper ions, and
that after striking‘the eathode they did not give up all their
energy but rebounded Wlth about 27 of thelr orlglnal kinetle
energy. R. Risch and ¥. 14di% accounted for the stream of
- atoms by multlple 1on1zatlon and subsequent collisions of

"k the second kind, Tonks4 pointed out that the electrons'inia
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plasma especially those at the eathode would exert a. B
pressure kT Wthh Would account for the major portlon of the
| reaction force, but later de15 showed That this would lead
to 1ncorreot values for the eleetron dens1ty. ‘ |

,The'onect of,thissexperiment,was,to see if
~information ohfthe‘problem cOuld not be obtained by making
use of the Doppler effects If atoms of‘COpper are streaming‘

out from the cathode, and are emlttlng light, the speetral

: [llnes s if v1ewed along the llne of s1ghﬁ ‘should show a .

Doppler shlftAAglven byAA——-A = 3000‘A6Uﬁfand - g‘

16 km. perrsec., thlsywould glve alshift;of O.lé AgU-’

LIPERTMENTAT, - ) |

VsAs shOWn in Fig.‘l~ the copper electrodes'are
held in en are holder g0 that one is vertical and the other
horlzontal an arranﬂement 31m11ar to that of Tanberg The
arc was run on 220 volts, with a eurrent of about 4 amperes.
In the cireult was a double throw switeh so that the current
in the arec could be reversed'eas1ly when~des1red._

A Hllger E.1l. quaetz speotrograph was used to
examlne the spectrum of the arc. It was focused very flnely
by a method suggested by Dr. Beals of the Domlnion Astro—
physical Observabory at Vietorla B.Cs The method cen be
understood by a glance at Flg. Z A“slldlng shutter is fixed
onto the lens holder of the speotrograph 80 that speotro~
grams can be taken u31ng only part of the beam of llﬂht.

With llghtf00m1ng,fromsonefseetlon of the slit by means of.
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a Hartmann dlaphragm a spectrcgram is taken using only
one-half of the;beam as shown, Then another plcture‘is taken
" us1ng an ad jacent parﬁ of the slit and the other half of
;theﬁbeam instead. By reference to the figure it is seen
that if the plate is not at the focus of the lens, the
lines on the adjacent spectra will be displaced relatlve
to one another. A serles of pairs of spectra is taken in
| ‘thls way, alterinb the position of the rack carrying the
1ens and prlsm,by two divisions of the drumhead,each tlme.
L Thus the position at which the two lines are directly under
cne enother can be‘ascertained and this will be;theepQSiticn
for‘whicn the'plate is'eXactly etythe focus‘ofrthe 1ens. If
the lines are not dlrectly under one another for the whole
jlength of the spectrum, the tilt of the plate-holder is
; wronnly adjusted‘ An examlnatlon of a serles of photographs
taken 1n thls WaJ enables one, after a llttle practice, to
obtain qulckly the correct position of the lens and the |
correct tllt of the plate-holder. ’ |
If the spectrograph 1s 1mproperly focused the
'position;of a llne, even when using the whole width of the
'beam w111 be 1nfluenced by the anvle at which the llvht
from the source strlkes the slit, for if the source is
\fmoved Ffrom s1de to 51de the 1nten51ty of the beam leaving
k'the slit to traverse the optlcal path through the spectro-:
- graph will be shifted flrst to one side and then to the other,

causing the'greatest intensity to;be'recorded at different
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pos1tlons on the plate if it is in the shown in Fig. 2.
If. the plate 1is exactly at the focus, however, the light
k will fall on the same spot no matter. Where the maximum
1nten51ty ogeurs in the beam, since all the llght converges
4o this p01nt | .
| - One of the plates taken in foeu31ng the specﬁro-
‘ graph bJ thls method is shown in Fig. 5.
k Great dlfflculty was experlenoed in getting the
oathode spot to stay on the end of the electrode. Several
photographs were taken using differenﬁ 81zes of electrodes
and dlfferent'relatlve p031t10ns,of the‘anode~and cathodea

Using a Hartmenn,diaphregmbeskshoWn'in Tig, 4, an exposure
WaS‘takeopﬁsing the two outside portions‘of the slit and
With the opper‘horiZOntalfeleotrode asocathOde.,Then,\ueing
thekcentral'portiOn'of the s1if, and with the electrodes
greversed, enother exposure was taken of as nearly as possibie
othe:same intensity; but on account of the‘eonstaht fluetu- |
ketion'offthe ero, it'WaS‘diffioult’toetime thispaeeuratelya
= Any shift then observed could be eheeked.for mechanieal
error of the spectrograph by revers1ng the exposures this
time us1ng the . central part of the slit when the upper |
electrode is the cathode. ‘

“No,results of any definiteomagnitude Were obtained
until a copper wire eurroundea by a pieee of‘quartz tubing
Wasuﬁsed,as the upper eleetrode; The tubing helped to keep
the cathode spot on the and of the electrode. A shift was

then observed towsrds the red end of the spectrum when the
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uuper electrode Iaclng the spectrograph was the oathode.
- The shlft as measured under a measuring micrometer was about
| ;l;A,U,;‘ln_the region around 5200 A.U., which Would!cor-‘

reséond to~a relocity in the iine of siﬂht'of about 10 km,

' per sec., whlch 1s of the same order of magnltude as the

velocltles that Tanberg oalculated. If most of the llght

were coming from- the region around the cathode, the shlft

V‘toward the red would indiecate that the partlcles were g01ng

towards +the eathode instead of being emitted from it, The

kabsorptlon 11nes of the two stronv ultra v101et lines 6247

"‘and 3273 Were,also shlfted the~same amount. In taklng thls

‘photOgraph no lens,was~used'between the souree and the slit,
| . Using a'Quartz lens;;an enlarged image of the arc
~was projected onto the slit. Therend of the'upper electrode

:was focused on the sllt and exposures taken When 1t Was

‘1;f1rst the eathode and then the anode. Various parts of the

karo were photographedglu,eongunetlon with other,parts;and'f
with differentdarrangements of the electrodes. This time

: the'onlyjdefinite shift was shown by a plate taken when the
upper electrode facing the speetrograph was the anode, and
’,andethe‘speetrum takenffromkthat part of thekare'showed a

- shift t0warci the re,wnich would indicate that the light
emlttlng particles were going towards the anode or that
partlcles were streamlng out from the oathode, Most of the
plates taken showed either no shift or . so sl;ght'as to bek

’hardly deteotable.
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: DISCUSSION OF RESULTS

Theories regardlng what is taklng plaee in the
arc diseharge are very uheertaln.a7 It has~been necessary

to Assume that there are pos1t1ve ions in the dlscharge,

' gince if there Were only eleetrons carrylng the eurrent

the resultlng,space-charge would require more potential.than

is present in a 10W-voltage arc, in order to drive it across

’k~the gap. One theory is that the positlve ions hitting the

‘cathode keep up 1ts temperature 80 that by thermioniec

o em1ss1on it keeps up the supply of electrons for the current,

whlle these electrons hlttlng the anode keep up the supply
v‘of;p081t1ve ions. The obgeetlon to this in the case of the
eopper are, howeVer,riS that copper boils before it~reaches"
the temperature reQuiredﬁfor'enough thermionickemissiOn~

to adcount for the current obeerved.'ﬁust how much of the
current isoearried by‘the poeitive lons is alsokuncertain;

- If the shift stated is really of the order of 0.1

"~‘A U., it could not be due to the pole shift observed first

by St. John and Babcoeka, who observed a shift of the order
of 0.02 4,7, between the‘poles and center of the are, by
merely observ1ng ‘the arec 1aterelly. The faot that the cathode
"dlsappears, as was observed by Tanberg,‘would indicate that
if ions are strlklng the cathode and being neutraliged, atoms
are also leav1ng. A shift~in one dlrectlon‘could be explained
‘as being due to one of these etreams of ﬁerticles’;and ar

shift~in the other direction as due to the other stream,
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the shlft observed dependlng upon Whether the portlon of the
’are photographed eontalned one or the other of the streams in
greeter‘pr0portior. A,poseib}e explanation of the shifting
58 of #&he absorptionflinee‘of thertwo'strong ultraevio1et‘
‘1ines'Would be that the streem of atoms has‘thi3~traﬁs—
latlonal velooity 1mposed upon 1t in additlon to the dlffer-’
ent. random velocltles of “the dlfferent parts of the stream,
’correspondlng to the hot emlttlng and eooler absorblng parts
of the arc. B |
’ The shift observed 1n the two cages 1g: falrly
‘definite; although~more workjw111 have to be done before
‘the anqmanes in the shift observed in the different plates,
the fact that two of the plates showed a decided shift while
~the majority showed liftle oronone; can be\connected up With'
ﬁhertheory. The fact thaﬁ’a shift has been obeerved, how-
‘ever;'showskthaf there must be somefvelooityoeffect, unless
’lfurther inVesﬁigatiOn indicates another explanation‘apart
from fhe Doppler effect, or SOmereXperimental error.
In any ease, the use of the Doppler effect should

‘furnlsh a powerful method of 1nvest1gatlng condltions in

the aro. It is Worthfwhlle observing that the velocltlesk
obtaihed by,Tanbergffor the stream of atOms leaving the
cathode is about the same as a siﬁglyaionized eopﬁer aﬁom
~ would have if it fell acrOSs a'50-volt are Withoutrcollision,
‘and about the veloelty correspondlng +to the spectral shlft
observed. If there are streams of atoms and ions g01ng in

opp031te dlrectlons, it should be p0531b1e to separate them



.by means of‘an imposed magnetic field, and take plctures’
' of eaeh one separately. The main dlffleulty in the work
is to hold “the eathode 8pot steady, as it tends to wander
arouna eontlnuously ang never stay in one ‘place for more
than a fraetlon of a second. This belng the ease |
probably the best results can be obtalned for the gopper -
are by u31ng the two strong ultra—v1olet llnes, sinee
they will show up Wlth a very short exposure. Any 1onger
exposures w111 almost 1nvar1ab1y ¢ome from different

parts of the are &ue to the Wanderlng of the eathode spot
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