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The idatroduction of radiation therapy imbto bhe .E:Leld
of mediecal practice hos served to provide a bond of common
terest between the medical end physical scientist. Once
This conbact had been established it bocame apparent to the
physicist that vast groups of biologicel phenomens awaited
invesbigation by physical methods, and that medical investigae
tlong could well have been cervied oubt in some of the older
fields of physics many years zgo. Thig ig particularly true

i the field of spectroscopy.

The ;>;°csem*3 thesls was prepaved in a gpectroscopic
laboratory investigating various biologicel phenomena, emonzst
which were the sbsorption spectra of biologically sebive
compoundse.  These giudies naturelly led to itracing the path of
the selecbively abgorbed energy, which‘in turn necesglitated the

xamination of the fiuorescent spectra of the compeunds
concerneds Specifically, in relation to this thesis, the

work of HMecdonald and Iﬁsia?golase(fl) hag esbablished that femsle
sex tissue fluoresces uwnder wlbtra=vicles 1ight %o yleld specthra
that can be lmmediately associabed with the physioclogieal
condition of the individusl under study. Subseguent o the
above publicsbion, further work in the seme laboratory hes
egtabliched the conditions under which the blochemicel compounds

s

pregent in the sex tissue might be made 4o [luoresce in vitro.
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This development offers the possibility of ubilizing
quanbliative speatmpﬁotomefsw of fluorescent "‘sisme. as a
methoc”;. of diz’@g%ly seﬁsimatisg the congentration of v&.;rious
gex hormones in the female sysbems In order to aom?lete\ﬁm
Link between the laboratory meamxfeﬁeﬁ"ba of these fluoresecent
compounde and the fluoreseence in the tissue iteelf, it becomes
necessary to meke quentitative measurements of the emission

spectra of the blesue excited under wltre~violet radiation.

Since the intensities of the emitied spectra sve very
low and the messurements must be mede rapidly, this spectral
analysls reguires the development of o highly sensitive detechbing

syeter for use in conjunction with & monochromator.

The wbilization of photomuliiplier tubes coupled with
modern elechropic cownbing clveoulbs 4o measure light of very low

intensity  obviocusly muzgesbs Lbsell and 4t is this specific

problem thad constitutes the subjech mabter of the pregent papers
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CONSTRUCTION AMD PRINCIPLE OF OFERATION OF THE PHOTOMULTIPLIER

In order to appreciate mere fully th@ problem at hand,
it is desiveble to exsmine briefly the construction and priveiple
of operabion of the p}.mtomultiplie%*, This instrument ccnsiam
of a photocathode and a number :}f secondary emission surfaces,
(cﬁym&es} enclosed in an evacuated gnvelops. The en%rslop@, in
ccm&ercial types at least, 18 gemerally of glass selected with
due regard to the reguirved gpectrsl trenamission. The clynécle
stages are malntained st voltages vhich increase positively
from the cathode in gbeps of from 50 bo 200 voltg, depending on
the bype of multiplier ugeds An elecbron liberated from *bhé
photocuthede is accelersted to the first dynode where it
veleages, on the average, thres ov fmﬁ secon&émy e?;.@e*’&mna,
vihich in turn are acecelerabed to the gocond dynode., This
multiplicative process contlnues throwgh all the S%;ége@,
electrons from the final stage being collected ab the am&e._,

A nine-shoge commercisl multiplier, such as type 9314, operabing
at 8 volts per stage, hes a multiplicatlon factor of aboub 3 ab
such dynode, The oversll current amplification in this case
then, is 39 or epproximetely 2 x 10%, Higher stege voliteges
inerease the secondary emission ratio yielding an overall gain

of as high ag 10° in a ning-gbage tube ab 100 wvolts per stoge.

To obtain high efficiencies, it lg necegsary that the
electrons leaving the dynode stages be guided to the aﬁcceedimg

ones without loss. Thig is accomplished in the 9314 type of
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multiplier by shaping the dynodes to provide the cofrect
electrostatic focusing. These dynodes are arranged in a
cireular array for compactness, but similar focusing adtion

nay be obtained with a linear arrangement. Obher multipliers
employ a successgion of screen dynodes separated by glass

rings which become negatively charged and prevent the drift

of electrons toward the periphery of the tube. Magnetic focuse
ing, employed earlier in the development of the photomultiplier,
is now rarely resorted to, largely because of the bulk and

ineconvenience of the auxilliary apparatus«(z)

SOURCES AND MAGNITUDE OF DARE CURHENT

The primary consideration in the apﬁlication of the
photormltiplier to low light levels is the anode dark current
of the tube. This has been discussed fully by Bngstrom, with
regard to the 9314 and 1P2l,(3) and is atbributed to two major‘
sources: 1) ohmic leakage; 2) amplified thermionic emission.
A third source, regenerative ienizatioﬁ, becomes dominant in
this type of tube at about 110 volts per stage, and may he
avoided by working below this voltage level., Ohmic leakage,
which is proportional to the applied voltage, dominates up
to about 80 volts per stage, above which it is surpassed in
magnitude by the amplified thermionic emission. The latter,
being proportional to the gain of the tube, varies in this
region approximately as the fifth power of the voltage. In
an average 9314 at 100 volts per stage, operating at room

temperature, the total magnitude of the dark current is of the
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order of 107 amperes, about 10 per cent of which is due to
ohmic leakoge. Considerable variations in these values may be

expected from tube to tube.

Thermionic emission may be reduced by two meanss
1) by cooling the emitting surfaces; and 2) by lowering the
applied voltage. The thermionic emission from the cathode at
room temperature may be estimated by using Richardson's

eguations

— . b ‘
A

J - AT? e "% - AaT*e

where j = thermionic emission in amperes/ema

A w a constant depending on the surface material

s
1]

the work function of the maberial, in volbs

«3

T ® the temperature of the emitter in absolute

degrees

For the caesium~antimony surface of the 9314 cathode
@ will be approximately one volty; and A aboubt 0.l amperes’
per sguare centimeber. The thermionic emission from the cathode
at room temperature, then, will be of the order of 1.5 x 10""1'3
smperes per sguare cenblmeter, orv a total of aboub 5 x 10'13
amperes, Lf the tube is operated at 90 volts per stage, the
overall gain is approximately 5 x 105, yielding an anode

current, due to thermionie emission from the cathode, of

2.5 x 1077 amperes.
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At dry dce bemperature (~~235%.), this is reduced
to abonb ,wfi x 1072 anperes, and 2t Liquid oxygen uempemﬁure

(~100%%.) to 6«,5 5 10T4R SMpPeTrass

It may be expected then, that for =1l practical
purpopes, thermionic emission may be completely elimim’aed‘ by

operebing the miltiplier ab liguid oxygen tempersture.

The above calenlotion, however, ignores o field
emission effect which is undoubtedly present, due to the
potential of the firgt dynode. In the sboence of an external
Pield, the potential barri‘er ab the cathode surface is roughly
of the fowm indicated in Figurs 1{s) and, as the caleulations
indicate, the electrons within the surface ha wve, ab low
temperetures, an extremely mall probebility of ati}aisaing
enough eneryy to escapes The presence of an exbernal eleoctyo-
statle fleld albters this situation by chonging the shape of
the barvier ag imiaawcl in Figure 1{b)« An clectron having
insufficient energy to escspe over the barrier nmf} has a

finite w mb&bdi"ay of penabra *smg it and cucm..xa:g from the surfaces

Engsbron has demonstrated that this effect cone

ribubes to the sowcalled thernlonic darl mem*:;u) go thal the
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emission from the cathode at liquid oxygen temperature, though
small in magnitude, is not completely absent. The net effect
is similar to thet of lowering the height of the potential
barrier, so that in addition to increasing the dark current,
the external field will increase the photoelectric efficiency
of the cathode. Consequently any ablempt st reducing the field
emisgion by lowering the potential of the first dynode will
result in a corresponding reduction in photoelectric sensitivity.
In actual operation, a compromise must be reached between minie

muan background and maxiwum sensibivitye.

While this discussion has dealt solely with emission
from the cathode, similar considerabtions apply to the dynodes.
However, these elements will contribute to the thermionic dark
current to a lesser degree Tor two reasons: 1) electroﬁs
originating at the dynodes undergo less multiplication éefore
reaching the anode; and 2) the dynode work funetion is
higher, resulting in reduced thermionic emission. There is
little to be gained by operabting at 1OW'inﬁer¥dyﬁode voltages

since the only significant effect is to reduce the overall

Ste

gain of the tube, leaving the signal-to-noise ratio unchanged.
Whereas the background due to thermionic emission may be
controlled by refrigeration as indicated above, very little
can be done to reduce the ohmic leskage. An attempt was made
to minimize this leakage by stripping the base from a 1P21 and

carefully cleaning the glags envelope, but this procedure
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yielded no percertible improvement. Ib was concluded that the

olmic leskage was almost entlirely due to poor insulabtion in

the interior of the tubes

The anode dark current of several 1¥2L and 1P28
photomlbliplicrs was measured at room tempervabure by
enclosing the tube in a light bmghb brass cylinder and
connecting a galvanomeber of 109 amperes per millimeter
sensitivity between the collecbor and high teunsion supply.
The appropriste dynode voltages were supplisd by conneebing
a bleeder of ten 270X resistors between the pins of the tube
socket. At 90 volts per stage the background variedvfrom
tube to tube between 10'7 and 10'6 amperes as expected. One
mulbiplier howsver, (a 1P21) had an anode davk curvent of only
s x 1077 amperess This indicoted not only good interior insula-

ssion or

p,

tion, but also elther exitremely low thermionic ewm
umasually low gain., Thermionic emission of this wmagnitude
could he accounted for by asguming a work funetlon of aboulb
1.08 volts.w This would wreduce the emission from the cathode
ab é§5°K._fr0m 7 x 10718 amperes (2700 electrons wer minute)
as previously calculated, to about 10™19 amperes, or 37
electrons per winute. There was, then,ka possibility that an
adequate reduction in therwionie background could be obtained
by operating the muliiplier at dry ice temperalure, and it was
decided to investigate the performance of the tube at this
temperature before proceeding with the more complicated and

expensive problem of refrigeration with liquid oxygen.



BACKGROUND AT DRY ICE TEPERATURY
The conbainer 11111“ strabed in Pigure 2 wag congtructed

for the purpose of cooling the tube with dvy ice, the imner
czz,_nm?of hedng avacuated 1o about 50 microns pressure with a
Central Scientific Company "Hypervac! mechanlenl pump bo
prevent condensebion of moisbure around the ele ci::mcol terminsls.

In ovder that the cathode temperature might be estimated, a
small coil of nm"zibaz* 30 copper wire was wound on ’s"g cathode
pin of the photomiltiplier and comnected in one arm of a Wheabe
wone bridge. Ibe resistence ab room temperature {3L.7°0 o, TRE

detormined and the graph of Figure 3 drammy ueing the known

wemperature coefficient of resigtence of coppers

Both & galvenomeber and a pulse-counti g graten were
employed in mowu:*z.ng the background of the 1P2l. The galvanomeber
previously men%,;‘t.cned wes connested in the :smcde cilyeudit and
simultaneous readings of anode current and temperature taken ag

he tube cooleds The resuli L% “fraeb ig plotbed in F:L;;ufe 5

and shows o minimum current of 2.3 x 10 9 amperes ab _~—39®G‘

‘l“hiss procedure was then repeated using the Pulsew-
counting sysbems The galva nomeoe,e was replaced by a 045 megohn
anode resistor, plses develoyad acrogs this resistor beliny fed
throvgh & cathode~follower and 3.1116&6’ amplifier into e seale of

64 snd mechanicsl register. (The ci?mu:’zjo componants aye identieal

with thope vsed later in this projeet and will be descrilbed
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subsequently in some details)  Adjusteble pulse-height

discriminebion wog provided on the input cireuit of the

amplifier, 2llowing bthe selectlon of any one of 30 digerim-

inebion levels between 1 end 100 millivolis,

& rough estimate of the expected aversge baclke
ground pulse~heisht may be obbained if the pulse iz zassumed

to b & square-wave and j‘:,he clreuih dine-constants such thab

ite width ig of the order of 102 seconds. 4 milee originated
by & vingle electron leaving the ea'biméie will; on a:rrii*e:f. a:tfl

e consisgt of & ,;ommaa@ly 10° @leaﬁmnﬁ (if the tube

ig operated at 90 - 100 volbs per stoge), m. a cm.cae of the
orda:é of 2 % 10" coulombs, - The instentansous value of the
current then, subject o the }1’:3@% aamﬁpﬁions s> wWill be 2 xf( 1079
amperes, yielding a vollage 6;*;‘&33} of 2073 volts 'aemsﬁ the 045
megohm anode resisbore The cethode follower gain was sbout
0¢8 so that this would result in a pulse of glishtly less than

a millivolt arwiving =t the amplifier inpub.

However, the counting wete of the systen was limited
by the mechanical regigber to sbout 40,000 counbts per minube,

requiring, ab 90 volbs per gbage, o discriminetion level of li}*"?'
volts to prevent jamming ab room temperatures The data plotted

in Figure 4 were obtalned while operating at this levels
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The bemperature 2)10%@@ in Figures 4 snd § sre, of
courge, those of the cathode pin on the base of the multiplier,
not the acbual eathode %9&}?3?&"&@7&3? Whereas the resisbence
coil reached & congtant temperaturve in ebout 1} hours, it was
over two hours before the background pulse-count reached a
stable velues During this additional helf-hour requived by
the cathode to reach an egullibrinn tenperature, the background

dropped from 115 counts per mimube, as indicated in Figure 5,

o

to % counbs per mimute. Ho guch lag wes observable on the

galvenomeber scale.

The background count at ~39%°C. and o 1 millivels
diserimination level was 1100 pulses per nimute congliderably
bhigher than antieipateds It was concluded that for maximum
sensitivity it would be necessary o operate the photonultiplier

at liguid oxygen temperature.



DESCRIPTION OF THE APPARATUS
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INTRODUCTION

The appexabue was bulld around o 1PZL housed in

a combainer holding llguid oxygen, this conbainer being ploced

#0 that the light from the oubpubt glit of the monochromstor

O

pasged throvgh o window in the ouber well to the cathode of the

A

photomiltipliers The resulbing pulses,developed seross the

gl

anode resigtor of the IP21, weve fod through a cathode follower
and lineer smplifier bo the scaling weile. A hizh vecuum wag
required in part of the conmbtaineor go thet & vacuwm sysbem zlso

had to be assembled,

)

he spparatus will be discussed in detall under the
following headings: 1) +he Liquid oxygen container; 2) +the
vacuun systems 3) the electronlc civeuit; end 4)  the

nonoehromabor,

The main difficultics accompenying refrigeration with
liguid oxygen ares 1) condensabion of mois gbure, eausing lesksre
betwesn electrical contacts, mJ fogging of lighteadnibbing
windows; 2) the rapid rete of evaporation of the liguide Afber
surveying bthe svellable literabure on the subject, 1t was decided
that a modification of & conbainer deseribed by B. W. Engebm >m(5}

would be most suitable in overcoming these problems, This
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conbalner, illustrabed in Pigure 6, consisted of & small
cylindrical tank of four litres cupacity, supporbed inside
o larger cannlster on bhres insulabing legse The space bebtween

*

the tanks wag evacuabted, the imner one being accessible Ffor
£131ing with oxywen thvough a large diameter glass bubes The
photomilbiplier wos supporbed by its bage in a heavy brasg sleeve
on top of the Tanez conbainery light belng sdmitted to the ecathode

through a elrculer window consisting of a plene flaghlight glass

eoaled in bhe oubter wall with Dekhobinsky cements

Bregs wag ug@di throughout the congtruction exdept for
the cylindricel wall of the outer bank vhich was 9% I.D. gbeel
pipes. ALl semms werve soft-goldered, The ocuipidesof both banks
were chromium plated, end the inside of the larger one cadmim
plated to reduse the exchange of heat by radisbion. This work
ves done by Winnipeg Brass Lid. The use of cadmium plate wog
necossitated by the fact thet the bobbom of the oubtside tank was
goldered in place befors the plabing operation, vendering it

impossible to do an adequete platime job with chromium,

The imwer bank was supporbed by Alundum thimbles, nine
centinmeters in lergth, chosen because of the low thermal conduct-
ivity of the meberisl (about 3 x 104 'e.g.ﬁ. undbs ag eompared o
2 = 102 CefeSe unite for glass,) Thore are other materdals, of
courge, such as paraffin, beeswax or rﬁ&sonite » Thel have egual or
batber insulating properbies, bub their relatively low strengthe
require the use of lerger volumes of maberisl » resulting in greater

thernal logsson.



Lo

The filler tube, obtained commercially, was of Pyrex
with Kovar ends. The lower end wes soff-soldered into the top
of the lmmer conbtainer, znd the wpper end to 2 small shesl
bellows. This bellows, which was then soldered inmto the top

o relieve the £iller tube of any

tl»

of the ouber btenk, served
shrain due to the contragtlon of the inner tenk when reduced
bo liguid oxygen tempersturs. It wes eosbtimated that this cone
tractlon would be of the order of one millimeter. Light was
prevented from resching the mulbipiier through the glase tube

e

Ciller hole with o mubber gboppers 4 two-foob

#

é::‘
é‘)
{-i_
5&:‘
[9]
l"”o

length of smell black rubber tublng pushed into & hole in the
ctopper allowed evaporating oxygen to eseape without admitbing

lights

Lgeess to the muldiplier was provided by o small
1id peuled in the top of the cuter tenk with Apiezon "iw,
""" Zlechricel leads were taken through pyrex beads sealed in the
1id, These beads, a commercizl produect, sre provided with a
Kovar vim and centre stem., The ring wers soff-goldered directly

to the 1lid, providing o trouble-free vacuum seols

TIHE VAQUUR SYSTTM

The vagmm vwas malnbained beb sween the walls of the

contsiners by mesng of o mechanical pump (Central Scientifie Company

- -

"Hypervee! vecuun pump) in geries with en oil diffusion hoogter

I &
pump {Distillation Products model #B 7R7) ,( ) Comnections
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between the wnib

@

: were made with brass tubing coupled with rubber

"t

7

hose, ALl joints were painted liberally with red glyptal.

While it was nol considered nscessary to include a
vacuum gunare in bthe sveten, it was estinmeted from the rate of
evaporation of the liguid oxygen that the vacuum obbtained was
of the order of 10 microns or be%t@r.(ﬁ) Four litres of liquid
oxveen lasted from 36 to 48 hours, Leaks were readily detected
as they immediately resulted in sparking between the highe
tension terminals on the tube base. This is due to a variation
in sparking potential with pressure., If we consider two
electrodes placed a fived distance apart in air, and suppose
that the pressurs of the alr is slowly reduced, then the sparking
potential between them slowly decreases until it reaches a
minimam value., This winiemum depends, of course, Qh the shape
and spacing of the electrodes. As the pressure is reduced
farther, the sparking votential rises cquite rapidly. In the case
under cousideration, the pressure was below the point of mininum
sparking votential, so that a slight increase in pressure due
to o leak in the systenm reduced the sparling potential,

causing a discharge between the high-tension terminals,

THE BLECTRONIC CIRCUIT
" The eleetronic circuilt is shown schematically in
Figure 7, and may be subdivided, for purposes of discussion,

into three unitss 1) the photomultiplier and cathode follower;

# see reference (5)



W.T.

POWED, POWER

J— g -

i —

PULSE

PuLste PULSE
PLOTOMULTIDLIER LATUODE DISLRIMINATON SLALING UNIY
FOLLOWED, L AMDPLIEIER

SLUEMATIL LIKNLULT

bowES

>
>

abs - |sewEiw € sutouy
1b21 LEabs 1 '
TUOLOoOULH
COMTAVNEL Libd
S.6
FILUDME 8

PHOTOMULTIPLIEN
ELATHODE FOLLOWER ZINZUIT



16,

2) the linear amrlifisrs and 3) the sealing unit.

slier and cathode follower civenit is

tension suroly was taken

from the Ha T, in the sealer through a coeaxial cable

2

o the cathode ol

3

)
Fmd
e
o
pei
&

er box, and thence to a bleeder of ten
270K resistors commscted between the dynodes. The resishors

sravnd the base of the multirlisr socket increased to about

at ligueid sdr bewperabture so t he voltage between

dinode and the collector was slishtly less than the

o
’:‘
=
o
s
73
!
fts
1

inter=dynode voltages, Since there is
cation et the collector, this has no adverse effect on the

performance of the tube,

Pulses develoned across the one merohm anode resistor

were fed throush a 50 pffe condenser to the control zrid of the

athode follower. The plate and filament supply for the AAGSE

rda

were obtained from the scaler power supply through the smplifier.

The circuit components indicated yielded an anode current of

1
b Yvnee s

RN 4 p%2

approximste J1liamperes with an anode volbtage of

290 wvolts and the screen grid dropping resistor placed the

screen at about 240 volts, the screen curvent being sboub 0.8

"The cathode was positive wilh respect to ground
and the scresn prid blased negatively with respect

5. Flots of the stabtic transfer and

the regicen of operation indicated

of approximately 0.8

o plate resistance, Rp,

transconductance, B of the order of 1200 micromhos. From
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these valueg the following were caleoulatoeds

Tube amplifications Moz :;ﬂ, P?} = 950
Oubput impedances 2 ~ L = g35 ()
o Feal
Voltage smplification Eo - A 0.§ /

EL» }“,*’)7\){: f?f

where B, = cathode biss resistor

= 60 Ky

s

The cathode follower was enclosed in o Lighb-bight
bo:x:’ designed to it over the 1id of the liquid oxygen container,
thereby preventlyny strey light from resching the multiplier
through the pyrex beads, The 64G5 wos carefully wrepped with
#Scotoch® electrical fape to prevent bhe escape of illuminsiion

From the Lilzmenb,

The linear smplifier (Fuclear Tunstrument and Chemicel
Compeny Model 1061) was designed for sperstion from the scaler
power supply (150 and 300 vedece, 643 veiets)s A 3-pin output
plug wes added to the &mpiifi@r to carry the 6,3 v, aod 300 ve
supplies on to the cabinde follower. The pulses from the 6iG5
cathode were cerried by & cowaxial cable to o cathode-follower
imput clrenit in the amplifier having o measured time constant
of sbout 5 microseconds, Adjusteble pulse~height diserimination
from 1 to 100 millivelis was provided by sn ahbbemnabor in the

cathode circuit, The amplificr consisited of two 2-gteoge feedw

back loops with an oversll galn of asboubt 400, feeding into a
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monosteble wultivibrabtor cubrut cireuit, The overall resolving

= I R e "
mLoeroseconds.

ped to be better tha

The sealing aﬂli (tuelear Tnstrument and Chemical

inally d & Gelger

on with the other units. Pdses from
the anplifier were fed 3

s

adiusted to a 0.,; volt

scale of 6L

g were lost in the

hespead counti

1
ik

D“

oub forty thousand

nerator in the uwnlt had an

oubput variable bebween 500 and 1500 volts.

TONOGHTIOM

Light passing into the vhoton m1t1€ﬂ30T was first analyzed

by a Bausch and Lomb monochromabor connected to the window of

the conbainer as illustrated in Pleure 9. - The monochromator

was o consbant e employing a PelleneEroca prism

on a rotating table connected to a calibrated wovelength Jdrum
reading Trom 4000 to “OO” Angstroms. Light from the outpub

s1it was vreflected al i a £5° vrism and

Tocusas

iplier pathods by & convex lens of suiteble

foeal le ions of the nono=

ehronetor and wle T wavelenglbh drun easily

essible for reading,
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The monochromator constants as supplisd by the mante

facturer are as follows:

Prism indéxz of refractions (A= 5893 4) 1.7201

Base of equivalent 609 prisms 3565  rine

Foosal le and 28h.h e
telescope objectives:

Dlameter of sollinmstor and 3LleQ - 1.

telescope objectivess

Since the focal lengths of the collimetor and telescope are
equal, the magnificatiom of the inpuﬁ slit image is unity and
the slits should be kept at equal widths. The normal slit
widths for A = 4000 & and 5893 & respectively are +0016 mn.
and 00023 mme Graphs of resolving power as a function of slit

width for these twe wavelengths are .shown in Figure 10,
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GHARAD TICS OF THE APPAUVATY
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BACKGROUND AND SELECTION OF PHOTOMULTIPLIERS

Afber four hours :m the liguid oxygen container, the
background of the originel P21 used was roduced to 4E pulses
per mimté at o one miiliﬁrolt digerimingtion level. Unfortunately
this tube developed & crack in the eavelop end had to be re-
placeds Nine new mulbipliers (four IP2L, bwo 1P28 and three
9314) were tested for mcﬁ{;mumdg and one, a 9314, was found
to have a background of only 38 pulses per mimate ab Liguid
oxygen temperature and 1 millivolt discrimipation level. The
remadnder had backprounds between this value and 50,000 pulses
per minute. This 9314 subseguently proved more sousibive then
the P21 previcusly employed, and was unsed for the remeinder of
the worke.

It wes found, as noted in & previous investigedion by
Blane-Lapierre and Gizarlass(ﬂ thet = multiplier with exesssively
high beckground at room btemperabure was not much improved by
cooling. It is likely thet in this case the high background is
lorgely due to excessglve chmic leskege, In genersl the backs
ground meagured with a 25 millivold diserimination level a2t room

s

indication of the background above 1

*,

emperature glves a faiw

[l

g

1livolt to be expected at licuid oxyzen temperature.
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PULSE-HRIGHT DISTRIBUTION

In order to determine the besh nulbiplier voltege ond
digscrimination level to employ, the pulse-height distribution wes
meagured for both backzround pulges and those due bo a wealk lighb
signal. Figure 11 dig & plot of buckground against @;ﬁcriminfa,tion
level for the IP2L at 75, 90 and 100 volis per sbage, and the 9314
gt 100 volis per shtages Hesullts obleined with & weak gignal
(vackground sub'brac'bec}.) under the same conditions are plobted
similarly in ¥ e 12+ It may be noted from the graphs that the
0314 =% 100 w‘mlt&z pey stage and o 1 millivols clﬁ.:saz‘imim:bion level
digpleyed & higher sensibiviby z:m"i lower background Gh&f.&. the 1PR1

operating under similer conditions.

Tabhle 1 ig obtained direetly from curves D of Pigures

°

ulses per minute falling in

&

11 and 12 and indicates the number of 1

e

the intervals between sdjecont digeriminstion levels, Table 2 ig
obtained from Table X by dividing thesge values by the width of

the imbervel concermed (expressed in tenth-millivolts), and gives

the spproximate number of pulses per winute felling in o tenth

>

&

millivolt range in the middle of each intervel. The values from
this Table sre plotbed in Figure 13. The curves so obbtained are
the backgrownd wnd signal pulse-height digtribution curve g for the

9314 at Licuid oxygen temperature.

2

Leble difference hetween the digbribuwe

41,

There is o characher
tionsof backgroumd and slgpel pulge-heights due to the fach theb

bhackground pulses may originate ab the dynodes as well ag eb the
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TRTERVAL COUNTS/MINUTE

Badground (Pig.ll D)  Signal (Fig, 12 D)

140 - Lo2 millivolis 1.0 -
1o = Lok L 2oy -
Lol = Leb # 246 ”
16 = 1e8 u ‘ 340 320
1e8 = 240 U 246 340
2.0 = 245 " 52 900
265 = 340 " 440 920
340 = 345 " 36 1000
305 = 440 " o 340 1040
460 = L5 u ' - 1000
he5 = 540 o - 800
540 = 6,0 0 - 1120
640 = 750 " “ 4E0

Fel = Ze0 n e . 240




TAPLE IT

TUTERVAL COUNTS/MINUTE
Background Signal

1605 = 1,15 nillivolbs 0e5 -

1625 = L1o35  ® 1.2 -

Lod5 = Le55 # ' L¢3 -

Le65 = 175 # 145 160
L85 ~ 1495 K L3 170
el = 263 i 1.0 180
27 = 2.8 " 0e8 184
Jed = 363 " 0.7 200
367 = 348 " 0a%7 208
el = Le3 i s 200
La'T » 4e8 " - 160
5045 ~ 5455 # - 112
Gab5 = 6455 " » .8

Todi5 » o585 B o 24
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cathode. Advantage mey be beken of thig, in tubes with high
background, by discriminebing at an eppropriete level, therchy
gadning an increased signal~to-noise ratio withoul excessive

logs of sensitlvitve

RESOLVING TIME OF THE CIRCUIT

The regolvimg bdime of the counting circuit wes found
by & method gimiler o thalb used with Gleger counbing systens,
whilizing the double light gource illugtrabed in Figure 1.
This source consisted of two 1.6 volt flashlizhbt bulbs, each
mounted behind a pair of pinhole sperbures. The two collimeted
beamg of light thus prodused fell on the photomultiplier cathode
sboub helf an dnch spavb. Inbercepbing ‘bﬁ}h beans between the
first and second pinholes were & peir of polaroid lenges, one
fixed, the other fres to ?-:’é"i;ateao & senle graduated from zere to
ninety degrees; cngraved on bthe rin of the movable polaroid,
indiesnted the relative orientation of the axes. The bulbs were
each conneched in series with & 100 chm "Heliopoh? rheostat and =
nilliemeter to & psvellel combination of gix number 6 dry cells.
The rheostabs, together with the polarcids, provided a ressonably
eritical adjustment of the Intensity of illuminsbion falling on

the photomulbiplier catlibde from each lampe

“ "

How suppose the polarcids and filament curvents have

been adjusted so that sach lamp yileolds & convenlent counting

-

rete, ond lamp "AT is turned one.  This will wepuld in say 1y
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photons per second arriving at the cathode and producing
observable pulses. IL only ny of these are registered by the
sysbem which bas a resolving time t, then the total dead
time rer second is glven by nlt and the nuwabsy of counts
arriving during tids dead period will be Nynjt. Thens

Np -n3 = Nymt

or Ny s ©ny I I ¢ )

s

l-nlt

More strictly, this equation should be written:
o5 B

Nq+#Bs n3+8 where B is the background.

However, if we arrange that ny» B, then equation (1) will be
sufficlently accurate,

If lamp ®B" is now turned on also, producing N

]

3

additional pulses per second, thans
I‘El@i\]zg nlg -o‘-—_-—-mn-’«.m--(z)
lﬁﬂl?ﬁ
where Ny, is the observed counting rate. On extinguishing lamp

MAY this counting rate will be reduced Yo say n, pulses per

2
second, and:

Np = np R R &)

1 - not

Combining equation (1), (2) and (3) yields:

fy2 ny np
l= nlgt ]l = nt ]l - nzt

ory, or expanding and neglecting terms in £23

teny #0g=nNjp o====coeoeaa=(h)

2 nino
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TABLE 3
IA = 175 MGAG IB = 170 IVIvo 9 - 700
TRIAL ny (counts/sec. ) n, Ny, €
1 117.2 113.1  229.8 19,0 % 10~¢ sec.
2 113.8 10,7  218.2  12.5 x 10°C sec.
3 120.5 117.0  237.1  14.2 % 10°¢ sec.

AVERAGE RESOLVING TIME:

15, x 1(')“’é 8eC,
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The above procedure was esrried out with the
Tilament corrents of lamps PAM and "BY 175 milliemperes
and 170 millisaperes rospectively and the poleroid axes at
70°,  The observed individual and combinmed counting rates
are shown in Table 3, togethor with the caleuleted resolvi o)
timess The aversge of the re&eivizz;g bimes obbained in four

separate trials was sbout 15 microseconds.

EFFICIENCY OF TUE DEIICTING SYSTm(

If we agowns 2 ;ephoﬁcm incident on the csthode of
the photomulbiplier bmnsi’@rs all itg enewgy to o single
electron by o photeelectric eolligion, then this electron
will heve a probability of esscape,;".plj dependent on the phobon
energy and the neture of the emibbing surfaces I emitted,
the el@m‘ﬁ:c'on will then hove a cerbain probability, Py, of
producing an observable pulse dependent on, amory other
factors, the aversge secopdery emission vedio cnd the pulge-
height di&cwmnatmn level,  The px'oc“tuc*‘ii P o# Py, gives
the probebility that a photon incident on the eathode will
produce an obgervable pulses This probability will be

called the "efficiency” of the sysbem. The following



b
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experiment weg demignred to meapure this efficlency at a

given wavelength and intensity of illuminabion.

To facilibebe the peleulation of the amount of
enervgy veasching the eathode, a galvanometer lemp with a
straight tungsten filament was chogen 28 a source of illiune
ination. This allowed the use of a seb of tables of

tung sten Tilament choracteristics compiled by Langmulr and

-~y

r;:. L] . >
J o:aeas( &) , reproduced in part in Table 3.

The lamp, with its filament in a vertiecsl plane,
was placed at one end of & cylindwical tube about 13 feet
longe The tube, which consisted of a number of four inch
stovepipe sections palnted a dull black on the inside, was
fagtened at the other end over the window of the photow
milbiplier container, (Figure 15). ﬂ number of gbops, placed
at rendom intervels in the tube, minimized the popsibility of
eny eflocted light veaching the Lviloﬁa‘z‘nulﬁipli;@r, The.
filement was blecked off vertically by 2 horizontsl spectro-
scope ¢lit go thab only a small cembral section wes vieible to
the multiplier,  The glit widbh was debeormined directly from
the celibrated é:cum reading. A filber comblnation, congleting
21294) end a Corning

2 naryow transmission band

of & Baird interference filteyr (%
5031 absorpbion filter, heving & i
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204
at 4620 A, was fastened behind the slite

Power for the lamp was supplied by six number 6
dry cells in parallel, comnected in series with a 100 okm
"Heliopot" rheostat and williameter; the voltage drop between
the leads being measured with & vacuum tube voltmeters The
filament length vwas measured with a“éaﬁhe%&mster, its diameter
with a mierometer; the bulb being broken to make “he‘latter
measurement after the exreriment was completeds The diameter
measurement was extremely inaccurate due to the small Fllament
slze and wav used onl to check the dismeter calculated from

the functions given in the Tables

Now if the voltage drop seross the Filament V, is

ma

known, as well as the filamert current I, and filsment length

1y the value of the function YVI may be caleulateds The
1

corresponding value of w' g W (where W = VI) may then be found
1d

by interpolation on the tables, and the £ilament diameter ds
deternined. Howevery the valuc of V must be corrected for the
voltage drop in the leads. If we let the measured value be
| ,
V 5 thens
’ i
VeV «1IR
? . .
where R is the lead resistance. Assuuming the leads to be at
roow temperatures
L0 '
R gh/ol
7(d’ )2
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where p g Tesistivity of tungsten at 293%.
w 5.49 microhm cue
lvg total lead length
d's lead dismeter.
Then V g V' = 411" e ¢ )
(a)? |

The temperature, T, of the filament and its emissivity,
T . ] Cd - a7 :\?/-— 3
&, may be obtained from the tables once the value of VNI/1 is
known. £ is defined as the ratic of bhe total cnergy per square
centimeter radiated by the filament to that radiated by a black
body at the same tewmperature., The spectral emissivity £, ;
on the other hand, is defined as the ratio of the energy per
square centimeter radisted by the filament to thet radisted
by a black body at the same temperature at agiven wavelength A.
Since the colour temperature of tungsten is approximstely

o e (9) . e o

egual to its actusl temperature B ) will be more or less
consbant throughout the speectral region with which we. ave

concerned, and will be approxiva ely sgual to He

Conseguently, knowing &, we may use the Planck
eguation to estimate the awmount of energy radiated by one
square centimeter of filament surface between the transmission

0y

limits of the filter combination. For a black body:

W=, ah = e dn em e =(2)
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where Wy = watbs radiated per sguare cm.

2

in a spéctr@;!_ band of width dx at wovelengbh\

3
i

the temperature of the black body in absolute degreen.

I "
Gy = 34697 x ;3.0“’0 wabbs engetroms® om. ™

w Le32 X 3.08 wetron degreos. - (10)

o
ar
1

G

Then 1f Wy is the number watbe radisted poer sovare centis

meter in the seme spectwel band by the filement, we may writes

‘WA& L’W}\ -4 __Lz——Eccl/\ w“wwwmmm(?})
/\f(eﬁ-l)
¥ow if t gpectrogeope #lit, of width 1 ap 18

placed at a distance R from the cathode, and the filament at
a ui tence RY >R then the effective projected filament length

is given bys

e = ()

Care nugt be taken in choos ging BY and R so that the cabhode

Llies complebely within the wnbm of the illuminstion from the

Ve & are concernsd then with a secbion of the filament
of length 1o and dismeter &, The totel encwevw redlated from
i : ’c.:uf

this section within the transmiss cm 1w1i te of the filter will

be given bys

W, 7L d
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To find the energy flux per upit solid angle normal
to the filament axis we make two assumptionss 1) the distri-
bution of energy is radially synmetrical &&mut the filamenty
2) the distribution in a vertical plane through the filament
cbeys Lamberhts cosine 1&w. Thon the energy flux through the
surface of o vertical segment 4 6 (Figure 16) will be given by

Na¢ . If we let 7 be the flux per unit solid angle normal

A

|

N

to the filament, then the flux at an angle @ to the normal will
be given by Tcos 8, In rarticulsr the energy passing through

the clement of surface dA = yz cosfdod s, will be given bys

Levoxd T ew*8 a0 g

Gl “ = A/ —t A/

Butbs /!’/ = W/\ 7‘,’,@:; =

oe0 VLA: Wl\“é-ﬁﬁ ..—.,.,...._-_(5)

L 7



FlLiubke 16
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If the filter passes n% of the energy ir the transmission band,
then the total energy per unit solid angle arriving at the
cathode, will bes

"[.I: ?\Tﬁ = _n_ E@,“)‘ . v-é_ﬁd/ e (é’)

[RRSEE—-—— A e st i A

/00 t00 )‘&(e‘i&}w/)

LT

The solid angle subtended at the Pilament section by the cathode
is given bys SAR')Z where S is the projectedeathode area normal
to the line joining the filament and cathode. The tobal smount

of energy reaching the cathode, then, is given by

> e e e e e -a(7)
Using the writs indicated ¥ will be in watts. The
energy in ergs per second will be given by £ x 107. Now

each photon of wavelengthA has an energy is given bys

Ef,:‘ﬁlf:%c N ()

AX/O

where Ep = photon energy in ergs
S fer o T8 ot n 10
¢ = velocity of light & 2,998 x 107 cm./sec.

>
1]

wavelength in angstroms.

= Planck!s constant

=
L]

606608 x 1072 erg=sec,
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The number of photons per sscond falling on the

cathode will be given then bys

N;- Ex/07: /6”s ,__—V_L_,Eclal)‘ ,,/fcp(./\xm”‘”
e (RD* 10 [F(eF,) z2m Ac

1ecs N = S ld . L drxio”? o
2T RDY _fe N (o™t 1)

Ixperimental hesulis

a) Voltage drop across filament leads s
7' = 0.75£0.01 wolts
Filament current,
I = 20022 pilliamperes
Filament lenghh,
1 = 1.7952 0,005 cme
Filament »les;zr}.ss,
Total lengt! 1 s 5.00£ 005 cu.

. . ' -
dlameter d =(28,02045)x 10 3 Cltie

(1) rrom eguation (1):

0a75 = L{200 % 10‘3)(5.14,9 % 10'6}(5,00)

(28)° % 1070

v

0,74 wolts,

3 P
(2) YVI. = 0u7h V300 x 107 20,241 volt amperest/3em.~
i) T.795 '
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Then by interpolation on the tabless
ot . -
W = W o= 16,7 watts/cm.z
Jd

a4

W = 074 x 200 % 10'3 = 4593 x 10=3 Clile
W' 16,7 x 1.795

Measured value of d: (5.0£0,5)x 1072 Clite

b) 8lit width lg = 0.705 £.005 mme

[ 1}

2 e !.;.?:Oi 3 0w,

w
]
=

8

5.7 Ol cm,

¢ ,
B l.}_’f} 5 ° 7 Clilg

From equation (4):

" ] -2
lr = %%ggz % 0.0705 g 7ok = 10 7 cm,

¢) TFrom interpolation on the tables T g 14909,
d) The absorption curves for the filters, supplied by the
respectlive manufacturers, are given in Figure 17. The

crbined £ilters have a transmission band abt 4620 4 with an

average widbh of 150 A and 23.5% btransmission,

noe= 23,5

\ = L4620

d = 150
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o) The projected cathode area,

. &<
8 m 2e54 ¥ 095 m 2642 om

-
5

i~
&
3
«@

ing these velues in equation (9) yieldss

3 2 1072 ) = (190 (3,697 x 10"'20)

2 (43567 (6466 = 10727 (2.99¢ = 10°0)

x (150 = 1077)

(4620)% L §

1)
g

s L0 x 107 vhotons/ second,

= 1,02 x 10° phobons/minute,

g) Counts above background recorded at 100 veliy/stege and
140 BV discriminstion levels

%5 counby/minutes

h) The efficiency of the debeching syshems

™

' - T '

P = Ladd 5 107 s Te3 ®OIOTV
1.02 = 10°

That ig to say, at tho given wavelengbh and intensity of
illuminetion there is, on the aversge, one obgervable pulae

for approzimately every 140 photons avriving =t the cathods.



borro tions

The accuracy of the foregoing caleulations depends
lapgely on the applicability of the tables to the filament used.
The tubles were compiled for "ideal® tunzsten filaments; that
is, filsments in a good vacuum, of welleazed tunzsten, and with

Facturers (Ceneral

no heat loss due to the leads. The lanp :

ilectric Co,.) supplied the information that the £ilament was of
pure tungsten in a vacuun, and the authors(langmuir and Jones)

state that the normal vacuum found in commercial lamps is

suffilclent to have a neglizible effect on the heat lost by the

filament. The largest error then, will lie in the heat cope
ducted away from ithe filament by the leads, resulting in a

lower filament temperature than that ssbimatsd, and consequently
‘a reduction in the amount of energy radiated. This effect was
kept to a nnd“mm.uy using only a szall centre section of the

filanent. The temperature here will be a maximum and could

reasonably be expected Lo be close to that given in the tabless

There is, however, a correetion to be made for
absorption and reflection byvﬁhe bulbe The absorption in a
clear glass bulb, aceording to Langmuir and Jones, is about
1%, and total reflection, considering both surfaces, about £.3%.
Heflected and refracted lisht entering the siit indirectly from
the bulb ilsel” was kept at a winimum by blocking off the slit

laterally with black tape to a width of about two millimechbers.
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container is lgmored; as this is congldered sn integra]

‘I’m energy vadished, theﬂg ghould be reduced by
ahout 9?39 mcmawu% bhe efficls c;,r glizghily« Si‘h:!‘;ag, of ém}mm
ig at besdb a good approximn 'bierz. 4 glipht conmtemination of

he ?rt:e:x};"s*'am alone could ilobroduce congiderable ervrore & nore
agcurabe determination could have been mude by hevimg the lamp
and filters calibrated by the National Dureaun of Standsrds

before perfoming the experiments

SPECTRAL RESPONSE OF THE SYSTEM

In order that the illuminotion studied ney be properly
analysed, the specbral responge of the gystem must be debemmined.
Thls wag done by sebbing up bthe lonp menbioned in the pr ckuﬁ
experiment &% en sppropriate digtence from the inpuh alit of the
mopochropator and messuring the resultant scbivity al & mmber

of wavelength geblingse The mditiplier was opersted ab 100 volbts

per gbage with o one miliivold discrininebion level.

23 The spectrsl response to the Light source used is shown in
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b) Voltage V' = 1.59+0,01 ¥,

I =(300£2)x 102 4.

' o o ofa -~ » . % 1 B .
Using epuation (1) of the previous sections

<
i

o st
sV =4 Ip'1
4
[
(a"?

1658 v

Then We W= VI_ = (L58)(300)x 1072 = 17.08 watts/em?
- wid  7id Lo795)(ke53) x 1073

Then by interpolstion on table 3

T g 1870° K

The spectral distribution of radiation from a black body at this

temperature may be obtained from the Planck eguation:

Wi= Tndr- i d) - eeea o (1)
N C

where W, = watts/cm?/unit solid angle/angstrom,.
p
dX\

- wavelength in angstroms,

wavelengbh interval in angstroms,

T = absolute temperature of the body,
81 = L.177 x 1020 wabts angstromsh cm.°2 stevadian=l

Cs & leb32 x 10cg angstrom degrees,
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gives bhe awmount of energy
at wavelength M radiated in a unit solid angle from one sguare
cme of black body al tenperature T. Ve may find the number of

rhotons radisted by dividing

the photon ensrgy ot this

wavelengbhs

1eGoe /VP = EAX/07

vhere B in ergs? = .jc
o=

W I, in erg { ) in Angstroms)

—mmem e e (2)

The graghoof Pigure 19 was obtained by compubing in one

g N
Y
Angstrom intervals (2N = 1) 4CO angstroms apart, betwsen

t3ed

LU0 end 6400 angstroms.

Now if the ordinstes of Figure 18(1) arve divided
by the corrvesponding ordinstes of Figure 19, then the result
wlill be the relative spectral response of the system, in
arbitrary units,; to a source having a unifova photon density
tlxroughout the spectral range considered. This process was

carried cut, snd the resultant curve plotted in Tirure 18(R).
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An aprroprists

N N SR SR 3o 1y sy g o3
i Factor was used throughoul so

b ths maxdimam cesponse could ve plotted for convenience

fnzstrom has published spectral response curves for

3

. 8
the 931A which have a weotimunm at about 3700 A,( ) The
rapid decline of response below L700 A in Figure 18)4) is

rrobably due, then, to ahsorption in the monochrometer and the

PR, NP, R AN 3 PRI N S
WALIDOW QI or COMGALIIRY ¢




APPLICATION T0 THE

ANALYSIS OF FLUORESCENT SPECTRA
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The apparatus was used to examine the fluorescence,
under ultra-violet radiation, of a number of estrogens in
concentrated sulphuric acid, as well as that of urine and
blood samples.’ The execiting radiation from a 5000 volt
water=cooled hydrogen tube was passed through a Perkine
Blmer ultra~violet monochrometor before being focussed on the
solution. This means of irradiation was chosen for two reasons:
1) scattering of the visible portion of the hydrogen spectrum
into the detecting unit, and consequent masking of the
fluorescence, was prevented; 2) the location of the fluor-
escent banﬁs is dependent on, among other factors, the waves
length of the excitation, so that in studying the fluorescence,

this wavelength is of some interest to the chemist.

The Perkin-flmer monochromator was a constante
deviation type employing a fixed sixty degree quartz prism,
the spectrum being swept across the outvul slit by means of a
rotating front=surfaced wirror. The revolving drum driving
this wmirror, being graduated in arbitrvary units, required
calibration, This was done by placing a mercury arc in front
of the input slit and a 1P28 photomultiplier with a galvano=
meter in the anode circuit at the oubput slit. The drum was
then rotated slowly, the presence of a mercury line being
indicated by a sudden deflection of the galvanometer. Two
of the lines so detected were then positively idenﬁified by

reflecting the light from the output slit of the Perkin-Elmer
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monochromator into the Bausch and Lomb instrument, and adjuste
ing the calibrated wavelength drum of the latter till a maximum
activity was produced in the counting system. The lines
jdentified in this manner were at 5461 A and 5791 A. Starting
from these points the calibratiou curve of Figure 20 was drawn
using the table of Mercury lines given in the "Handbook of
Physics and Cheristry" (Chemical Rubber Publishing Company,

1947)

The two monochromators were then connected by a
light=tight brass box with a test-tube holder threaded into
the bottom directly below the input slit of the visible
instrument., A small test tube in ﬁhe holder was filled to the
top with the solution to be examined and its height adjusted
s0 that the surface of the solution was level with the bottom
of the box. The beam emerging from the output slit of the
ultra=violet monochromator was reflected by a front surfaced
mivror so that it travelled downward at a 45° angle énto the
surface of the solution, in a direction perpendicular to the
axis of the Bausch and Lomb collimator. This produced a
fluorescent spot in the solution about five millimeters in
diameter., Some of the fluorescence from this spot was
collected by a double concave mirror placed directly over the
solution, and reflected horizontally into the collimator slit
through a convex lens, %The mirror and lens combination was
such that the spot imege formed at the slit consisted of a

thin vertical line about three quarters the slit lengithe
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The photomultiplier was operated at 100 volts per

- sbage with a one millivolt discrimination level, yielding a
baekground of about 45 pulses per wminute. The wavelength of
the exelting radistion was varied in each case until a maxinum
activity was obtained and the slits of the Rauseh and Lomb
instrument closed down as much as possible to obtain maximum
resolution, However, some of the flucrescence was extreunely

,

weak, requiring the slits to be opened to 0.5 millimeters in

order to obbain any appreciable activity. The fluorescent

i

B

spectra obtained in this manner are illustrated in Figures
21 to 26, These curves were correched For the response of the
9314 by dividing the ordinates by n/100 where n is the %

response 0 the multiplier at the wavelengll considered, as

given in Figure 18(B).

1) 7=Methoxybisdehydrodoisynolic acid

Lxeited by an ulbra-violet band at 3600 angstroms,
52.5b/(miarograms) of this compound dissolved in 2 mle
concentirated svlphuric acid displayed a strong peak at 4620 A

with a weaker one abt 5280 A,

2) Bthinyl Lstradiol
373’1& 2 mle concentrated sulphuric acid, excited
by a band at 3600 4, fluoresced weakly with peaks at L20U,

5000 and 5780 angstroms.

3

SN oB s
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h2.

3) #strone
99) was dissolved in 2 ml. concentrated sulphuric
scid and exeited by an ultra-violet band at 3650 A. The
esulbing fluorescence consisted of & strong single peak at

Ca

LE8LO Ao

L) Dienoestrol
37.53/in 2 nml. concentrated sulphuric acid fluoresced
very weakly when exeited by the 3650 band, displaying peaks

of intensity at 4500, 4920, 5150 and 6000 angstroms.

5) Male Urine Sample
When excited by an ultra=violet band at 3600 A,
this sample fluoresced very strongly with a single peak atb

4300 A.

6) Blood Serun

The fluorescence of this sauple was extremely
weak with a double peak, barely resolved by the instrument,
having wmoxime at A900 and 5100 angstroms. Somewhabt greaber
activity is indicated beyond 6000 angstroms, oubside The range

{

of the instrumenb.

The spectra obltained from the estrogens depend on

thelyr reactions with the acid and are indicative of the cone

3

figuration of the complex molecules so formed. Any possible

5



L3e

anelyses of the molecular structure from these curves however,
being outside the scope of this paper as well as beyond the
ability of the experimenter, is left to the chemist, It
should be mentioned that during the period of the reaction,
which was in some cases as long as four hoursA(at room
temperature), the spectral distribution and intensity of the
fluorescence varied considerably., The spectra illustrated
were obbained after stability had presumably been reached.

The blood and urine spsctra arve of little interest unless the
liquids arve fivst fractionated, and show only that the

fluorescence is strong enough to be analyzed by the instrument.
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The construchion of a light messuring deviee of

-

high sensitivity has been described, itg characterisilcs

»

assessed, and itg performance illustrated by ite spplication

e

o the wnalysie of several organic fluorescent spechys.
o

While similar results have been obbtalned by photc—
grephic methods, these luck speed and com@zﬁeﬂce, ;Sizailw
organic spectrs measured in fsh'i,s lebovatory with a Hilgerw
Medium Quarbs spectrogreph reguired exposure bimes of from
10 to 30 minvbos with & slit vidth of Le40 millimeter.ttD)

The plates go obbained then, of courge, had o bhe processed

and the spectium snalyzed with a densitomeber,

The mosh serious limitevion of the ingbrument is its
narrow specbral range, whdleh, for accurabe meagurements,
is only from 4000 4o 6000 angstroms. While it is known thab

the compounds under considerablon digplay 1ittle sctivity in

£

spachra may exbend inbo the infra-red, Consecuenbly
atbenpte are being made to obbtain photomulbipliers vhoge

spectral responses ere compabible with these requirvemenis

Due to the weakness of the achbivibies nmecsured, the
upper 1imit of 40,000 counts per minpute impoged on the gystenm
Iy

by the low gesling factor did not interfere with the

measuronenbss However, the sealer is now belng replaced by
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a ratemsber, simply for move convenient opef;"atiori, and some
thought i being giiran to the inclusicn in the gysten of an
anbomatic pezﬁ recorders

It may be concluded thet the comsercial types of
photomultiplier used, whon cooled to liquid oxyzen. %emperatwe,
are sultable for applicabion to the messurement of low light
levels, Tt ondy if carefully selecteds Thig processs of
selection will yield at the nost ondy one or two good tubes

out of hens
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