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iiBSTR.,iCT

Part r of the thesls describes deveropment of a new
scintfrration corn¿sr techniqueo permitting the simultaneous
d'eter'nfnatlon of concentratl'ons of all- three measurable co¡n-
ponents of airborne radioactivity" Detairs of the deslgn and
construction of mechanical and erectronic apparatus lnvoLved.
are given, with emphasís upon automatic d.ata-record.ing
features. Data yietds for the concentrations of airborne
activities varues of the ord.er of ßfipc/cc of air for
rad.ium active deposito and. l0ff¡^"/"" of air for thorir:¡a
active doposÍt and. for fallout" Daily and rong-term varia_
tions of these concentratlons are compared. with rer-ated
phenonena and. possible correlations suggested.

Part rr of the thesis d.escribes the construction and
callbration of a fixed-field. senicircur-ar Ë-ray spectrograph
for photographic recording of the internal conversíon spectra
of d-rays emitted. by radionuclides" Design consld.erations and.
operational techniques are outlined., Àlignment and. car-ibra_
tion of the speotrograph, to permit measurements at high
resolvÍng power of electron momenta and. conversion_r.ine
intensities using accepted values for ltl92 as a standard.,
are discussed in d.etail. Resolution of o"I¡per cent has been
obtained..
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OHAHIER, T

IIüIRODUOTION

ïn each of the three chains of natural radio-
activity which d.escend. fron the long-lived. parent. uÊ58n

¡J2ã5n and Th2õ2 thute occurs an isotope of an elenent
with Z=86, which is gaseous at normal tenperatüroso

rnÍtiarty recorded. in the rad.ium series as radiun €ltrao-

ation, it received. the nÊme radon, with the d.iscovery of
corresponding isotopes in the actinium and thorium serieso
this element received. the more generar srubor Em¡ for
emanation. rsotope* E*4e3, *"0, uod. E ?ln oo* bear the

names radon, thoron, and. actinón respectiveLy.

Studies indicate the presenco in soil of one part
in t012 of rad.lum and vur¡ring amounts of thoriun anil

actÍniu.n, from which ovorve these three Em isotopes¡ which

d.iffuse upward through the soil. Radon has a half-life of
5'8 claysu thoron one of 54.5 seconds, and actinon one of
3'9 seconds; thus a radon atom has a mueh higher probability
than a thoron or actinon aüom of diffusing into the open air
before d.ecaying" rndeed actÍnon has not yet been sBCCêss-

fully d.etermined. in the atmosphere"

The elements resulting, from the decay of emanation

are solids at normal temperatures, and so are adsorbed. onto

aerosols, primarily those r,vith diameters 0.001_ to 0.04

microns (WSa¡n These solids, knov,rn as rad.i-um, thorir:m, and

actiníum actÍve d.eposit respecüively, are arso of course



I
active; thus there is presenù in the air a distribution
of radioactive particres havÍng their origin in naturar
aetivity in the soilo

Since the first large-scale open-air fission of
heavy erenents bcgan in 1945, a neasurable amount of arti-
ficial activity in the form of É-active ísotopes of the

medium-mass elements has accr.rmulated in the atnosphero.

The long-llved. man-made radíoactive fission products thus
generated. have been christened. ??falloutrt bÍ the popular
press' Thus a given vorume of the atmosphere contains
radioactive material of both naturar and artificiat origin,
whose concentrations may vary with height, terrain, ¡reteor-
orogÍca1 conditions, and. the occurrence of recent nuclear
weapons tests.

Previous investigators since the turn of ühe century
concerned themselves with airbornc radioactÍvlty and

relateci phenomena. They were confronted however v¡ith two

interacting difficultles. rf the active sorÍds were to be

rernoved from the air for analysis, the low specific activity
of air necessitated the processing of rarge volu¡aes to get

usefurly measurable nmounts of radioactivity. However the
short half-lives of the natural_ components meant that if
time-consuming raÖiochemicat scparations were nad.o, large
initiar a¡nounts of these activities were required to co!ß-

pensate for d.ecay d.uring processing" This in turn calred
for large-scale processing of huge voh¡-mes of air.
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fhis report describes development of a new technique
for examination of airborne radioactivity, by means of which
it is possibte with apparatus of smarl d.imensions to dis-
tinguish between and measure simultaneousry the concentra-
tions of radirm actÍve d.eposÍt, thorium active cteposít,
and fallout. Radioactive aerosols are coll-ected. on a smal_l_

firter paper v¡hose activity is then monitored in a scint-
iLLation counter and recorded contÍnuousry¡ giving a decay
curve for the activíty on the firter whlob can be analysed,

into three conponents identified by their hatf-lives as

rad.ir:m active deposit, thorium active deposit, and. faÌlouto
each of whose concentratÍon in the air can then be

calculated,



CIT-IPTTR II

DESCRÏPT]ON OF TITE APPI'RÁT{¡S

I. SéMPIJNG UNIT

The unit used. to obtain samBles of airborne activity
was initiafly installed. at the university of Manitoba by

the x-Rays anrL Nuclear Rad.iations Group of the National
Research council as part of canadare eontribution to the
ïnternational Geophysical year. The rGy project was inter-
ested. exclusively in monitoring fong*lived activities
renalning in measurable quantities on samples which were

to be sent to Ottawa for processing. rt was d.ecided to
atteinpt to measure the short-tÍved natural radioactivitÍes
also present initially, by a non-d.estructive technique in
ord.er to avoid interference with the Ottawa group's deter-
minations. The form of the sanpre suggested the technique
d.escrÍbed. herein.

Plate r shows the sampler installation on the roof
of the science building, ât a height above ground. level of
approximately sixty-five feet, Älr clata listed refers to
air at this location. The semplcr was a commercial unit,
manufactured by the st,aplex co., New york, under the desig-
nation Ty?e TFIA" rt was essentialry a vacuun crcaner
assembly able to draw air at an average rate of about
twenty cubic feet per minute through a fÍve-ineh filter
supported on a wire grid mounted over its air i.nùake" A



A

{s
19
ë¡

.t. .,:
.... - {*¡
I et:' .ì .rti
. .a'

iñ,,irii.:l,."',i.

iì:.äJ . r1ì¡rÑ

ir,êl.:ì.ir I
t'::rrr'r::':il:ì'.r1 .ìl

, I.rlttliìí. tìti:r... l
1.,:i:ìjÁ.. ìi,ìÌf,

r::i.ïii¡ìì'1.:¡ìt.t:.. I
iili\\j,:tìi-.'iìi:i iì,.ìll
!ä!rrì':r.{Ì i ì.i' i.ì.ììl ail

'' ir

:jì ì. .::ir:'

"i'.L,'"r'¿ L

"{l"s $'R:ïFl"*$ ån*i:,u]""i",:i'Li"r:m *:: hlts* ::*r"'} f ,ì:: I .

S*J"*Rt¡s ìru,l}dånüì* Tìrlf.rr*:1.$ i*y i: S ;rìixnJ.'i:':¡l1¡¡,¡ *

Ïn *p*:**.ti*rt ük* hJ-n¡1*ET'bri*ß su,rlÌtü::\:1"*t:t '|.!:¡*

$ åmp}ù:: prÕFer s11¡ j,rlfiÊ fn :.q'¡*::* n.n* : ;:::-: 1.r"''l

th::or:lgÏ: nån&tl de¡:'nes nnd ås Ï*¡:.ls¡:d. ål:kr

pLe.te \?Lùh 'b1:* buïb våsåbl.rs "ir¡st ni:nve

tsntêre Õempl*tely *ne3.o$l"ng hltæ :lrçwh *nd

of tï::.e uaåtð gtr*vrn hçr'** .A,J.r *n'b*y¡s ti:**llçh

the nnrrÕÊr $pee&ð e;:ûìåttå çhc¡ iìùr¿*ång å::{:*

whf ch bhe Ðo]Ëfrn fr'$tìxs Ðgt*nd$; bìti,c ìr,:,,..¡r$

rafn, sRÕTre {Lnd ot}:er rgiå*}Ðssr:;:.i.* ::lni:;t*,1:'

fr.om doporuå.tfng Õn the fi.J-b*::*



o

pítot gauge on the ouil-et side calibrated. in cubic feet per

minute monitored the instantaneous air frow rate u

The f ilt,er used was Eanufactured by H. Reeve Á¡gel
and co' Ltd., i\Tew York, d,csignated Glass Fibre gg4-ÅI{,

r0"5 cn¡ circl-c, and. rated at better than ninety-eight per

cent efficiency for aerosors in the activity-bearing size
range o

rn use, a crean filter vuas exposed for approximately
twenty-four hours, removed in the early afternoon and.

inserted. within three minutes of removal- into the d.etector
head of the filter-activity counter d.eecribed below. The

alrfl-ow rate at the beginning and end. of exposure wâs re-
cord.ed.r to yÍeld an average f low rate over the exposure û

The time of beginning and. end of air exposrre was also noted.;

thus the total volume of air processed. ín a given run cou]-d

be cal-culated.,

fÏO DETECTOR I{EAD

Fig" 1 shows a cross-section of the detector head. of
the filter-activity counter, rt consisted of a r/an ühick
d.isc of ¡rolyvinyl toluene NEIO¿ prastic scintilrator
optically coupled with Dow-^corning JLO6 centistoke siricone
fruid to the photoeatho:te of a Dumont 6564 b* photomurtiprie
tube mounted in an upright position on a weighted. cathode-
fol-lower base and encrosed Ín a large right-tight box (see

P1ate II) "
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I
fhe filter sample was placed active side dor¡nr. on

the scintillator d.isc and covered with a glass disc to
ensure uniform positive cont,aet, The box was closed and.

high tension (rrso volts) applie¿ to the photomultiplier.
The resurting pul.ses were fed. through a standard cathod.e

follower to standard eJectronio equipment described below.

Prior to each fllter-count tests were run to measLlre

background. and system constants (gain and ti¡aer stabirity).
The background counting rate was recorded. with no sample

on the scintirlator but arr other settings as usuar. This
background was later subtracted fro.m. the total measured

counting rate to give the actual rate due to fitter activity.
ii. sy$bem gain test was run by placing a standard csr57 

"oo=""in a prearranged geometry atop the scÍntiltator and noting
the resurting counting rate, lvhich woutd show variations if
system gain changed. The other tost wirl be d.escrÍbed. berow"

ÏIT. ELECTR,ONICS

Pulses from the cathode fo[ower were fed to a

standard pulse amplifier, Tech¡ical lVieasurements Corporation
Model ,tl-eA, and. thence to the input of a three-decade
el-ectronic scaler, TMC lúodel SG-õÀ. ii seloction switeh
made ít possible to use one, two or atl_ three neon d.ecades

before the mechanicar register on the scaler. The pulse
normally used. to kick over the mechanicar register was fed.
to the input of a second. exactry simirar scaler. The

register pulse froru this scaler was employed. to close a
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reray actuating the print-out unit d.escribed below, The

u.se of two scalors in cascade thus permitted. actuation of
the print-out unit at any çovren , of ten counts received.e

fron one hundred to one million, to suit the counting rato
from the d.etector" plate rr shows the scarers, the amplifier,
and. the print-out unit as arrayed for operation. Bias
revels were sct high enough to exclude almost arl spurious
counts, the high gain of the amplifier pernritting thís
without und.ue discrinrination against actual counts.

IIf. PRINT-OUI UN]T

a feature of the technique that carled for con-
sid.erabre thought was the means of recording data and. the
final form in which it woutd be produeed for processing
and storage. ,l.fter several avenues were explored and

d.iscarded it vuas decÍded to emproy a commercial printing
timer, Simplex ModeJ I/VDG-A8 C,pR.

rn this unit the chronometer is an ¿c motor, which
by a ratchet assembly drives a row of coaxiar discs with
raised- numerals on their circumferences, similar to a common

odometer but actuated in steps of one hundredth of a minute.
When a solenoid circuit is closed., a rubber hammer moving

upward forces a strip of paper tape against an inked ribbon,
and. so against the odometer nu¡rerals, leaving on thre tapo
the imprint of the time setting of the odometer at the
instant of actuation of the solenoid.o For the purpose of
this present Birplicationu reads from this ??prinf,* circuit



TIof the timer were run to a heavy-duty reray actuated by

the register pulse from the second. scalerg: âs referred to
in section rrr above. Thus at the instant the mechanicar

register of the second scal-er would. normarry have kicked
over, thetlprint?î cÍrcuit v'¡as cl_osed. and the time record.ed..

In usc, the timer was started from zero at the
instant the count was begun. vfith for example four clecades

lit the ten-thousandth pulse tripped the timer whieh
stamped the time per ten thousand purses on the paper tape,
fhe filter activity was counted thus for forty-eight (later
twenty-four) hours, giving a record. of the filterrs activity
in thc form of a succession of timcs sbnmprd. on a paper tape
(see Ptate II). Subtraction of each tirne from the foltow_
ing gave a series of time increments, each of whose reclp-
rocal tines the appropriate power of ten represented. the
avosage counting rate in the corrcsponding time intervar"
This counti-ng rate was relatcd by a constant factor to the
average activity of the filter in the ti¡ae interval; the
filter-activity counter thus monj_tored the decay of the
activity on the fil_ter.

-l-s a test of the tímcr, the sixty-cycre test input
of the first scarer was used. to provide a constant pulec
rate" with this pulse generator the time interval taken
to rccord. ten thousand pulses is g.z? minutesn ..,rty recorded.
d.eparture from this intcrval served. to pinpoint ti¡rer
trouble.
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V. TECHN]CAL PROBLEIIiS Ai\D SOLUTIONS

At one time or another every stage and. unit in the

counter presented problems. At this point it seems spprop-

riate to discuss their occurrence and sorutions, with refer-
ence to the previous sections of this chapter"

ït is felt that specific reference to troubles

arising merely from fl-ai''¡s in aptraratus employed in thÍs
investigation can be confined to mention of potential
trouble spots; their el-imination is in most cases obvbus.

Ït was necessary to guard against high voltage shorting
in the dyncde resistor chai_n, ungror-rnded cabl-e shields,
loss of emj-ssion in el-ectron tubes (especially important

for comparison of clata over many months when the instal-
latÍon has a trrenty-f ou.r-hour per day duty c\,¡cf e ) r and

mÍcrophonics Ín input stages (because of the raechanical

jar froin the timer punch). Probler:rs peculiar to this type

of experimental aruay r¡¡ilI nov,¡ lce cliscu.ssed in detail.
The first difficufty arose at an early stage when.

it was atüetnpted to use a shal_loi'i' clear dish of 1iquid
scintillator as the lrrimary detector, placÍng t1:e filter
disc in th.is d.ish rvhich lvas Ín the position in the detector

head lator occupied by the plastic scintillator. The liquid
scinùi}la-tor was replaced by the plastic disc v¡hen it r¡¡as

found- impossible to get consistent and reasonable results
because of the uncertain dependence of the liquidrs efficiency
on moisture, temperature, optical_ cloudÍng et cetera. The
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plastic substitudo proved. a most satisfactory replacement,
fulfirling experimental requircments with unexpected.

sircplic ity and reproducibiliùy.
rt was found necessary to avoid as rauch as possibl-e

exposing the pho@athode of the photomultiplier to right"
,ifter such oxposure, even to the low lever of irlr"rmìnatfon
provid.ed by the pilot lights and heaters of the electronic
equipment, the resulting photelectric excitation of the

fihotocathod.e contributed. many spurious pulees to the count
Ímmediatery following. This threatened. distortion of the
beginning of a fil-ter-count decay curve, immediately prior
to which the light-t,ight box had of collrse to be opened.

The fÍlter-counter was therefore install-ed in a small closet;
fhe closet light was turned off and an opaque plastic sheet
was used to cover the reray rack during any intervar when

the light-tight box was open.

i; baffllng problem arose at one stage, when apparent
jumps in counting rate began to occur. rt was then fortuit-
ously noted that on the instant the timer punched., the first
decade on the second scaler frequentl-y recorded up to five
tlcounts?t (usually of course as tho Îrthousandsrf digit for a

given count), whleh resurted in a much too short interval
before the following punch, i. €. a tjumpw in counting
rate" The input bias lvas raÍsed. to fifteen vortsu and this
seened successful in excluding what was apparentry rad.iative
pickup from the hot spark at the maÍns relay actuating the
timer punch.
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fhe timer itserf gave more ùroubre than atl other
units' Thc generar stand.ard of worleriianship in its construc-
tion was disrppointing¡ and. electricar and. nechanical
difficulties occurred repeatedly. There is little point
in cataroguing then, since arnost every subassembly in
the unit deveroped malfunctions, .ii.t length it beeame

possibre to oxpect, no further troubler principally because
arl these subassemblÍes hed been serviccd. and. their weak_
nesses minimized"



CTüAPTER TII

D/,T¿, PROTESSING

; given fil_ter snnple produceil a tape record of
i a short sixty-cycle test; ii a sensitivity or system

gain test; ii.i a background test; iv the activity-count
proper" The further processing of this data will now be

deøoribcd, with reference to ptate 11¡.
Tests i and i.L did not carl for further processing,

merery for conparison to see that the ti¡re sequence in
each case was approximatery the same as that of previous
runs. Test ii! was processed in the sane fashion as the

activity-count proper¡ âs the following exarnple denon-

strates.

Prate rrr shows a sample page of processed tape. Each

stamped tinc was subtracted f'rom the one foltowing, yierd-
ing the series of time intervals that are l-istcd in the
seeond corumn here. The tapc sholvn was produced. lvith a

totar of four dccades on thc two sca]6¡s lit; each time
in'bervar therefore represented the time in roj.nutes por

ten -bhousand counts, rnverting this rclation by taking
reciprocals and rnul-tiplying by ton thousand gave the nurnber

of counts per minute, These average counting rates are

listed in the third columr.

However, they include as weII as genuine counts
from filter activity arso those from backgroundo lvhen

therefore the sbove procedure had. been carried out on the
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background test record (iii) to yield an average back-
ground counting rate (constant within a few per cent) tnis
background counting rate r,vers subtractcd from the total to
yield a series of fÍgures dependent only on filter activity,
the f ourth colurnn in plete IIJ,

Since the average counting rate thus obtained

referred to an interval betwe:n two punched times it seemed.

reasonable to assign it to the nidpoint of the interval;
( it was arways arranged that intcrvels be mu.ch smarler than
the half-lives of the activities being measrred). These

trrid.points wcre .listcd. in the fif th colu¡an f or convenierlce e

Thc data in thÍs form was thcn transf erucd to a graph in
the for¡n of a long semirog gríd_ with abscÍssa a linear time
axis and ordÍnat,e a logaribhlic activity axfs. The resulting
activity curve qualitatively resembl_ed Fig. 2o

i;s indicated in the figuren the long-livecL tail was

prod.uce d to t=0 and subtracted. from the re.maining activity"
The straight tail of this new curve was then produced to
t=0 and subtracted., reaving one more curve which al_so appear
ed straight. rn order, thc three straight-line curves

Teprcsented the rong-lived coaponent of activity on the
filter, the thoriu¡r active deposit, and. the radium active
d.eposit. (The latter two could be identified by theír harf-
lives.) The t=o interccpts of tlresc three curves gave the
counting ratc cluc to each component at thc instant the
count r¡vas bcgun. since this time vrras usually about three
¡einutes aftcr tem.oval of the filter from the sar:rplcr, the
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ctrrve for the short-half-iife radinn active deposit had to
be produced to a poínt three ¡rinutes before t=o to give its
inltiar activity on the fii-ter; the d.ecay of the other two
eomponents during this intervat cour,d be considered neg_
ligÍbre. Thess initiar counting rates courd now be rerated
to airborne concentrations of the components.

rt wourd be welr at this point to observe that a
considerabre irrprovcment in ste,tistical quarity of resurts
took place af1,er cha'geover to the amprif ier s.cecified., in
midMay 1959. å major breakdown at this time resurted. in
several changes and replacementu; alr descriptions are of
the newr nore satisfactory equipment. Results prior to this
changoovcr are ar-so risted.o but though catibration tests
gave the sa-me resurts with the chose.n settings on the new
equipment comparison of the ord and ncw data ¡rust be made
with caution,

Furthern the quality of decay curves given by the
new equipment was so high as to permit twent¡r-four-hour
counts. Forty-eight-hour counts had been taken to ar-10w
the natural_ components to d.ie away, leaving a f lat long_
lived tail whÍch courd be extraporated. to t=0. Now, however,
it became possibre to find the rong-rived. constant counting
rate arithmetically, without plotting, by applyíng the
definition of hetf-rife to the thorium active deposit region,_
Two points fro¡.. this region, total *0unting rates c1 and
c2 at times 10.6 hours apartrwere taken; a rong-tived. count-
lng rate X was assLuned.o Sínce Cr-X was the thorium Bctive
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deposit counti-ng rate at time tl and Õz-x that 10,6 hours
or one half-l-ife later,

2 " (cz-x)= cl- x
or x= 3c2- cI
allowíng aritlunetical deternination of xn This value oould

then be subtracted from the total fitter-activity counting-
rate points before plotting, specding up Jata processing

considerably"

l'ühen initial counting rates from the filter sanpre

due to each of tho ihrce conpononts had bcen detcrmined.,

the final step was to rcratc theso couhting raies to air-
borne conc€r'-trations of the conponcnts over the t j¡re in-
terval of sar¡pling" The diffcrentiat equation for a single
airborne activity being cotl-ected orr ¡r f iLter is

dN'.= n - litl
AT

lvhere N is the number of activc atoms cn the firter, n the
nuinbcr of active ator¿s in the volu-rre of irir processed per
second, and 2 the d.ecay constant of the activity. Thcrefore

_dN__ = dt
n -.âN

and integrating gives

-lf"(n-AN)=!, +c
rI

c a constant " t,t t=C N=0 and therefore

c - - L,þn n
I

With this substj_tution the equàtion bccomes 
n !

JId = ,:. *- ^'
n - lN
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Eventually I r= âñ îTqr
lee

For .å very small, 1u € o activity long-tlvod.u

exBansion of the exponential leads to n - N/t as might
- ãtbe expected." Also, for I large, o vanishes after a

reasonable time anit n = ]Nn The activity in the vol_r¡üæ of
air processed per second is 1n. These consj-doratÍons gfve

the three equatÍons used here to rerato filter actÍvity
to airborne activity¿ Tho equations are risted in Tabre r.

These relations ;leke it possible to deduco airborne
concontrations of the threo colponcnts fro;,r their activities
as corrected. on a filter. But before this deduction cen be

nade it ls necessary to know thc relation between the filter
activity (see Table r) and the counting rate which ühis
activity produces in tho filter-ccunter. The detector
geonetry of ÊÉ neant that onry one-half cf the onitted.
particles struck the detector, intrcducing a factor of
two. Moro difficult to cieter¡rine however, wes the overall
iletection efficioncy apart fro.n the geonetric f actor. rt
wûs noeessary to ogtinate what fraction of the total nulbor
of p:rticles elitted. frcr¿ the sclripre and striking tho
scintlllator actuelly appearod as cor:nts in the fínaL
re cord..

By the tiHe the active firter was praced in the
counter it w¡s r€.lscn¡lbra tc assu:lre that the Ra.,i snd. the
Th-. would, rapidJ-y beco:ie negligibte bec:ruse of theír short
half-lives. Henco the naturll coinponents would. consist of
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the B + C * Cr or B + C * C" chains, in each of r,vhich one D(

and tv,ro ¡jrs are enilted- before the nucleus arrives at a

relatively stabl-e state. Thus one radon or thoron atom

initial-ly present in the sampled air v¡ould give rise to

three theoreticall;' detectable pariícl_es plr_rs a certain

number of conversion electrons " fn practice, experimcntal-

conditions, in particular the input bias, impose a lov¡er

limit on tl:e energy of pa.rbicl-es d.electabl-e; this lov,¡er

limit had here to be determÍned to estinrate the fraction
of the total ni:mber of emitted particles lost.

i\-uclear EnterprÍsesr 1tI8102 plastic scintil-tator has

an efficienc¡r ef approximately one hundred per cent for f-r's
above 0"025 Mev¡ and- the response of the scintill-ator" in-
creases Ìinearl;r r¡'¡ith energ¡r fep such ÅS's. a 6..}llev c(.-particle

produces the same lrulse height in irT.iJtO2 as a 0.025 lúev.-:-par-

ticl-e" lÏith reference to this information, a filter vras treat-
ecl r,,¡ith a drop of solulion containing C1[, a pu-re,{r,-ernitter

v¡ith encl-point 0"158 Mev, allo',,¡ed to d"y, and placed in the

detector l:.eail of tl:e counter. The resulting counting rate
v,ras deterrrinecl as a functicn of the bias setting on the first
scal-er, after subtraction of background at ea_ch l¡ias setting.
Extra,rolation of tlle resu-lting curve al-lowecl ide ntif ication

I Jrof the cnt-off bias v,¡ith lhe enc't-point of the at*r sÞectrum,

establ-ishing an aÐÌlroxirnatel¡r linear energy-bias correspcnd-

ence. li'/ith the working bias used it w s detennined that att

,6't above O.Ol¡O ùtey r,vs¡s recorded." fn thep-spectrum of thor-
ium active deposit accorclÍng ùo FJamersfeld (F39) about

ninet¡' per cent of the totar coni;inuu¡¡ tÍes above o.o4o ilev.
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lüo raclium active cleposit spectrum v¡as readily available in the

liieraLure, but the sÍmilarit;}r of the rì.ecays suggested the as-

stxiption of the sat"ne figurres for botll iadium and thorium active

depcsi'bs: i.e. about l.B r"ecordedÆ-particles per radon or thor-

on parent. Since the tvts frorn the natural- Cr dau-ghters are

greater than ó T,tev tlle;r riete reco::cìecl one hundred per cent. In-

terpos j-tion of a 7/l+'' Perspex clisc beti¡,'een filter and scintilla-
tor cliscs, thereì:y intercepting al-] but a very felv of the high-

est energlrf ts and al-l- tl-r,e 64t", recl.ucecl- the recorded. countÍng

r:¿rte to less than one per cent of its o::iginal value. The õ
contribution to the recorded counting rate I'¿as the¡:fore negli-
gible, because of the low stopping power of the thin detector.

It was notecl that in the r¡,cii.t-.'¡r active cl.eposÍt cou]d

be expected a tobal conversion el-ectron intensit;r e¡ about

0"15 electrons per parent, and in the thorium active deposit

one oî 0,35 (since tl:e 0"024 lúev A-tine l¡¡;rs not detected).

Thus eacl: radon parent g¿1ve rÍse to lr8 + 1+ 0.15 = 2.95

detecled particles, and each thoron parent 1.8 + L " 0,35

. 3.15 detected particleso Consequently to get the radon

and thoron concentrations ln the sainrled air it lv¿s necess-

ary to divide the record,ed coirnting rate b¡r the correspond-

ing correction factor as derived heren

Because of l-ts uncertain colirposition the long-lived

activity had to be considered purely on tÌ:.e bas:'.s of one

ernitted particle per initial ator.n, and no correction for
c}:.ain decay v,¡as made to arrj-ve at a figure for airborne

concentr.ation of this activiüy"
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V'/ith these consideretions it fot]owed that the
activity on tho filter w¿rs tv'iice the record.ed. initiat
counting rate d.ivid.ed by the ch::in-ccc.ry f.:ctcr for each

cc-ìpcnent. using the ippropri¿rte - rs and these v.-lrues for
f il-ter :ctivity in the rel-ations risted in T:bre r, the
proportionarity const¿rnts risted, in Tabre rI were derived,
by which it wes possibre to convert fron counting rate to
airborne concentration in one nulti,plic.:rtive step. The

concentration, so f ar derived in tegrs of the vsfrrms

prccessed per second, wes dividerj by this volu:::e to give
the concentrr,tion ls :ctivity per unit vorw:ie"using the
definition of the curie rs g.zxlOl0 disintegr:tions per
second, the finar constants in Ti:ble rr incrud.e a f actor
tc ,irake the :irborne concentrations ,ìppe1r ,:s nicror,ricro-
curies per cublc centi¡reter of airo rt should here be

orophasÍzed that tire above procodure yiel cls the actual

airborne concent:rations of ùhe gaseou-s thoron a-ncl r-ad.on

activities (not of thein solÍd da.ughter pnoducts), u¡rder.

1,h.e assur:rpti"on Èhai the gaseous par.enö end the soLícl

dau-gh.ber prodr-rcts are 1n radioactÍve equillbni.um,



CH.;PTER IV

RESULTS ÂND T¿.,BUL..TION 0¡f RELiàTED D¿iT,"

The following p.rges are ; t,tbulition of figuros ob-

tained. by :,rnalysis of d.a,t¿r ls d.escribcd in Chapte r IIIe -is

well- ,:s giving the conccntrations of the threc co,rponcnts

of airborne activity for oach day listed, the table includes

a cod.ed brerkCcwn cf .noteorological ccnditions !Ìrevsiting
during the tinc cf sp--1pling. This latter data was jrropared

by tÌ,b Basic Trle i:ther section of the Dor.iiniÕn i)ubllc lïeether

0f f ice et lïinnipeg Intern,":tional .',irtr;ort. The liey to the

cod.e is given in Tubro rrr which reiiroduces the sarient part
of the report forn filled in by the Tteethor Office.

The esterisks in ti{ay indicate the ,.rajor cverhaul

nenticned in Ch:rptor .II, e8ter which the detn beca.es :euch

jnore satisfactory. (Errors will be discussed, belov,r.) Frocr

this point F, T, and R will be used. to d.esignate the coxpon-

ent's due to long-liued activity, thoriun active deeosit,

lnd, rs,diL¡j" sctive d.eposit respectivery " The f lgures in col-
rr;.iJis F and, T rre given in 10-6;ricro¡icrocurios ¡:er cubic
centiieter of rir, lnd. those in colu-;in R in r0-4 ¡aicroiuicro-
curies per cubic conti¡:,eter of air. The dates listed are

those on which sa::çIing bcgan and. ended, in oach csse shcrtly
:fter noon loc,:1 tine. Iùote occrrsir.¡n::l 43-h¡ur s.ìillples, with
the correspcnding dcuble w€i:ther re'¡orts. "Neg, u ilaplies o

negligible ei:rount of the co:aponent in the period., tiuctn.ir c.n

:"r.runf not nt:ccss"iily ncgligiblc but cf unc;rt-iln -.Ì ignitud.e.
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.;TRBORNE CONCTIITR.,TTONS
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T;.BLE TV

DJIY D.-J;';

D/.TIS

Ðec, 14-15

Ðec. L6-L7

Ðe c. 2+-P,5

Dec. 26-27

Ðec. 28-2'9

Dec, 30-51

Jan. L-Z

Jan. 3-4

J¡:,n. 5-6

Jen. 7 -8

Jan. 9-10

Jan. It-l¿
Jan. L3-L4

Jân. t5-16

Jan. IB-19'

Jan. e0-2,L

J.rII. 22-23

Feb. 4-5

Feb. 6-7

Feb" 8-9

Feb. 10-l-1

ì-eb. æ-13

Feb. 14-15

IVETE0RoL0 GIC;-L D.r,T¡i

BICID

L.37

L"23

L.67

z.L2

2,47

t tr'17

a.L'I

3.44

2.92

z "65

3 .50

2.54

4.01

3.09

4.69

3 "77

? "3Q

5.14

5.?,7

5 "53

3.?4

4,O7

5.00

, l15

. lr0
,46¿

,õ89

,240

.l_.00

.156

ne g.

neg c

" II7
neg.

"3?4
ntg.
nog.

negr

"405
nego

uctn.

neg.

uctn n

.9õ5

nege

ne g.

'øUV-

L ø41

4,'âô

L,5e

lr.L3

5",¿0

;684

3.82

I u54

L1g

,8?ô

1"84
:

r;37

lo6¿

1" 69

a.76

2.35

o 604

1,00

4,91

1, 76

3.87

s.40

7B
74
52
72
7e
L1
74
Il
D')

i_2
2].
'Ì 2,

72
72
t1
72
12
73
t1
14
+1
11
e1

La184
L234 18 3

4184
231 56 3

+565
184
e^á .)<, O

994
& L4+

I34 99 3

L44
2tB5

L34 3A 4

3 323
274

+273
1 32 5

159e3
*32,3

43185
185
3?+
186



e8

tr''eb. L6-L7 3 .19

Feb. I3-Ì9 ¿.,i0

!'eb. 20-ZL 5.86

Feb. 2'¿-23 4"10

Feb. 24J¿54 4.8

Feb. 26-27 4.51

Feb ,28--l,liar. l- I. 93

Niar, 2-3 ¿.4L

Mrirn 4-5 .9Oz

Ì''f¿rr. 6-7 3 "27
lViar. B-9 2 "39

lVl¡r " 10-11 ¿. Il-

IViiir. t4-15 I.=+

lvi;r. L6-L?'i" e.5

.irl:r. 2+-25 2.49

l\,Irr.26-27 2,84

I4,:.r. eB-?,9 4.89

iVlar. 30-31 2,67

,-Pr. L-?, l.4l_

,iBr, 3-4 2 "49
,ì,Br o B-g'lt 1,+

;rpr. I4-15'.'k 5"¿

.,prr l8-19 5"57

;41r. 20-21 5 "32

1!fay 1õ-14

I\,jay 15-16

tr.O3

4 "+3

Oegr

ne{j.

neg.

uctn,

"302'
uctn.

IJ.€ g e

uc tn.

ne8,.

¡¡veto

uctn.

uctn.

uctn.

neg.

,606

neg.

..Ê95

uctn.

.600

r.¿_0

ne g.

uctn "

2.8'+

5.63
*

,592

4.35

L,34

5.8?

5"63

a.45

4.48
t) Å a;s r "ltv

2.76
l;,.2 /1

a !r\rt
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CIiqPTER V

A¡IAL:'IS]S OF DATA Ai.lD COIICLÏ]STONS

rn T.rbl-e rv three signÍfÍcant figures are given for
alnost alr da;rs. (starred. d.a¡,.s inclicate insirumental or othen

diff iculLÍes v,¡iclening the error l-ir':its inclef initel-y for these

da¡'s. llolever they are incl-uded for com¡,leteness" ) 't,he com-

ments to foll-or¡¡ refer to Tabl-e IV and histogr"ams included. at
tire theslsr end. A sainÌ:l-e of ùhe senilog p]où usecl to arrive
at the inii;ial- countirig rates for the F, T, and R coilpcnents

will- be found at the bacL< of this bhes is .

thvo experimental values, x and R in Table rr, estab-
lish the error limits on the final figures for ai::borne con-
centration. The initial countÍng rates x can usuall¡r be de-
ternineci to better the,n tr',¡o significant figures, about three
per cent. The pi-tot gar-rge ineasuring airflovr rate could be

read i¡itir fair certirin.t¡r only to al¡out one cubic foot per
rninute in about twent¡r-¡j_ve, or about four per cent, gq:er

errors are negligit::Ie corlparecl to these, ancl the total_ per-
centage error in an average concent::ation obtaineci by this
tecLrniqr-re is of the order of sevejt per cent.

Ferhaps the most obvious featureof arl three con-
ponenüs is the large day-to-day variaùion they exhibit. Tire

immediate suggestion is that this variation is at least
partially the result of local meteorological conditÍons and

their variation. A cursory su-rvey of the data on hand shorvs

however that ùhe day-to-day varÍation of the F conrponent is
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.üuch sc}f,ller than th¿rt cf tho n¿tur:il- ecnponents, which very
over an crder cf uagnitud.e¡ us h3s boen previouSly o¡sorved,"
The F coäponent settles tc grcund. l-ovet fro¡i cn :ccunul:ltion
cf nuclo*r-oxprcsicn debris':.bcve the trcpcpeuse, whire the
natural conpcnents diff use upwa.rd fr¡n the grcund _rs gases,
The settling prccess can be regarded es procoed.ing at a uni-
for¡r rate, but the diffusion process is strongly infruenced.
by the type of terr::iin, locar winds and verticar_::rixing. The
prelsent findings ere thus in acccrcl with these prcpcsed.
nechanis¡rs.

rn presenting e .i¿ore detailed ün.llysis of the present
d'at¡ with regard' to neteorotcgical influences, uttention shculcl
be drawn to the fact that whereas dosultcry experinental work
of this n:ture h¡ts ccntinued for h:l-f o century no s.rtisfntcry
ccrrel:rtÍon of weather end airbcrne activity has ever been
achieved. This is nct surprising, fcr the neteorological sit_
uation cn any given day is r corirplex interacticn ef n¡¡,:re'9qs
paraneters, and the airbcrne activity is a functicn cf ::rany cf
then. The instarr-atÍon :lt winnipeg hãs the definite edvantage
of being situated in a regicn of rel¡ltivel_y flat and urlvrìrying
terr:'rin, ninirrizin¿ the pureJ-y gecgrcphicr.l- aspects cf weather
ts regilrd.s its influence on airb¡rne i-rctivity, rnd enhancing
the pcssibility cf unccvering true netecrclogicel infl-uences.

several- of these shrlrt-tern effects have been dccr-ulenüed
by this investigati3n. The three histcgr.Jxs at the back cf the
thesis display the d.ata in l fcr;r which rever,rs both short and
long-tern trend.s" The ncst effective shcrt-ter¡r infruonce on

the l-evels of all- three ccnponents is the scavengin8 effect of
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heevy snowfall, e. g. scäe fifteen inches during Feb. 24-27;
the levels cf all f:ll r:pid1y ir¡nediately fcllowing this pre-
cipit:ticn. Rainfall, perticularly if it extends cver severrl
days, whilo nct as effective :ls sncwflll in swoepÍng tTre air
clean cf activity¡ ccìus€s narked decre.rses in the R levele Êogo

Ivlcy 35-,?8, June 6-27, JufÍ 4-5, Jury B-ror ¿\uð" b-6, ,ud...:.ug.

L7-ZO. NIost of these reductions .:re paral-l-eled by sinilar drcps
i¡r Tlevels but it will be noted that the offect cn Flevels is
much l-ess flrr"ked " V{hereas it is kn¡r,m thet the naturnl ¡ctivi-
ties aro adscrbed on aorosols cf di¡ineter 0.001 tc 0,04,-{ (w5g),

rittle if anythin¿ is knounr of the nrture cf the falr-cut pcìr-
ticl-es rs regards chrrge rnd. size, The íneffectivenes of rûy
scavengers except snow and heavy rtin (iviay A5_?"6) suggests thet
fallcut nay consi-st cf ¡iuoh sneller particl-es th¡n thcse c;rry-
ing the T and. R oomponents, possibly even ato;ric in naturel the
s¡.rcl-rer pirticl-es wourd h:ve a ccrrespondingly l-ower crcss-sec-
ticn fcr precipitetive scaven¡1ing, leading tc the resurts ncted"

The T rnd. F activities on a given s:r:rplo are {r iaore or
less representative crverage over the slnpring period; however
because cf the short (-3Ð-s.inute) h.,:tf-r-ife cf the R corapcnent
the R :ctivity on the filter is ch,ir¿rcteristic cnry cf the few
hcurs pricr to cessaticn cf sa'plin¿. .,s this wour_d suggost,
the da.ys on which it rained. or sncwed i-rr this period show d.rops

in the R level. 0f the seven d*ys exhibitin8 the towost R revol
only one had. neasurable precÍpÍt:rticn and this cccurred in the
pericd rûenticned.. on three days the winds were variabrer crl
three ncrtherly.]nd on orFoccasion fro,:r the scuthwest. V[ind

d.irection is not theref cre an iiaportant f äctor; but with cnly
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two excepticns e:rch.rf these rcw days wls preceded. by a d.r.ly

with rel.rtively he:,.vy precipituticn. The lowest i:eiisured. v:rlues
of the T se,npcnent occur on d.ays with r'inr F:rticurerry thun-
derstcruis; the highest cccur prcdc¡inuntry on days frce cf
precipit::ticnr. withcut ccrrel_ation with wind directicn.

Each cf the ccÌ-,lpcnents deiaonstr'rtes r characteristic
long-term vnriaticn. D,:ta on h:nd. Ís cf course not yet adoqulto
to est¡:b1ish ,r definitc [e :rly f lu.ctui¿t j-cn fcr the ni,itur¿:l coxr-
ponentsr but sol.le reison:ible interin ccnclusicns cen be dr¡r¡m.
The thcrcn concentr.lticn Ín the winter ¡rcnths apper-Ìrs ¡ir:rcst
negligible, l not unexpected. develcpnent in view cf the f¡ct
thLt the heivy sncw cover in theso.,acnths wculd prcve :l severe
b-rrrier to the 59.5-second harf-lif e thcron glìs. irfiren the
spring break-u¡: occurred. the T oonprnent incre:lsed. ncre th¡n ln
ord.er of ¡ragnituder .js wculd. thereforo be expooted.

The r¡d.on ccncontr¿ition however was siEnific:,ntly higher
in the winter li1cnths thrn in the suij.Lr¿eri ¿¡ pcssible explin:iticn
for this reL.-itivety unexpected phenomenon lies in the firct th¿it
the l-rw ground-level tenperätures in winter crluse frequent
te;rper'.iture inversionSr which n.,rinteln ,¡ sÈlbl_e liller of cir
clcse tc the grcund, allowin6 the ridon concentrertion in a given
¡Ír 'c'rss tc reach considerable size before atnospheric disturb-
ùnces shift it eway fro,r the source cf the radon. However, in
the su.,iÏrer cronths rnpidly nscendÍng therlral-s crecte ccntinual_
turbulence and sweep r::don-becrin6 air ¡rasses upward before e

substrntial ccncentraticn cf the €ias c¿rn buÍr_d ep. since tho
winter snow cöver prcvides cnly ::r tcken b¡rrier tc the rcnger
(3.8¿-day) helf-l-ife r:ìdon, thls üBrees w1th facts cbservedo
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The F level rises s¡rstematicalJ-y through December and

January, re¡rains approximatel;r stabl_e u:rtil nearl;r trhe end of
ìria¡¡e then fal-ls steaclÍÌy, a true decrease (not noted ln ilre

other conponentsr reccrds) lvhich is nov,/ (early lrtoveilber)

being inentionecl ìry Government agencies; the present study

shows the trend continring beyond their clates¡ ând. wÍl-l be

continued untÍ1 rnicl-fÇ60 to obtain further infornaùion on the

important phenonenon of fall-ou.ù¡ afld. correlabe it with nuc-

lear tests. (IrTone occur-recl during the study to date. )

Tl:e smal-l-scal-e convenient techniclue herein described

for siürultaneous monitorÍng of F, T, and R components of ain-
borne r'.dÍoactivity has as ;ret received onl1r lirrtitecl apptica-
tlon, in tÌris install-aLi-on. l,îany possible lines of investiga-
tion suggest therirselves, for v,¡hich the nevlr techrrique is morê 6¡
Less ideally suitecl: 1, simultaneous monitoring of the r¡, T,

ancl R components by sar:plers at several- different heights at
the salile location, to investigate the instantaneous vertical
distributions of the three coiltponents; 2. detall-ed exeLminatíon

of the air at various l-ocations, inchrciing indoor.s with and

t¡¡ithout air conditioning, bel-ov¡ ground- leveIu in open residen-
t ial and indus trial- . areas , êt c etera; I . si:.ort-term s arnpllng

(of the orcler of one hour per filter) on a continuous basis to
monitor the diurnal variation of the R conponent (l'ririch r,vou-ld be

the dominant cornponent, near equilibr.ium on such a sampl-e)n

Other appricabions are no doubt conceivable; resul-ts of these

investigatÍons v¿ould adci materiall-y to ihe availabl-e data on the

increasingly interesting phenomena of air'borne radioactivit;r.
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I}üIRODUCTION

crassícar erperiments before rg00 clomonstrated the
intcractíon between a moving chargc and a nagnctic. fielcl,
whereby the charge was subjected 'bo a verocity-d.ependent

force perpcndicular to the chargors d.irection of mc¡tion.

This effect beca-me the basis of one of the first i_nstru-
ments used. to invostigate the radiations fron active nucleí,
the f ixcd-field photographio-record,ing S-ray spe ctrograph.
ïf a particle witli chirrge e ancl mass m d.escrÍbes v\rith

velocity v a circurar orbit.of radius F in a prane perpen-
dicular to a riagnetic ficld H, thc foltowing rel_ation
between nagnetic and ccntripctal forces must hord:

H e v = * #/F
n'v=eHF

Thus tho no¡rentun of thc particlo is d.irectly proportional
to tire product of the magnetic Í'ierd and. the rad.lus of the
orbit described, rf e particl-c with charge e anil momentr.¡m

unknown traverses such en experimental array, and if thc
fietd Ii and the rad.ius F of thc resul-ting orbit can be

neasured, the nomentu¡n. of the particrc can be detornined.,
rf the field H fs fixcdn particrcs of diffcrent niomenta

will traverse orbits of d.ifferenbp; if a photographic
prate is interposed., the particles of dÍfferent nomenta
wÍrr strike 1t at d.ifferent praces, prod.ucing a spectro-
graphic record of thc sr¡nenùr¡n d.istributiono

Therefore
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By 191? fi-rays had been idontified as high-energy
erectrons and. von Baeycr, Hahn, and Meitner (vrr, vl_a) na¿

obtained. photographic records of the differentiar magnetlc

d.eflcction of ratliation fror: naturarp-enÍttsrs. Danysz

(ore, Dt3) lnproveä their crude design, using defining
sl-its and. bafflcs to select a narrow sheaf of B-rays, aacl.

enclosing source, slito baffres, and photographic plates in
a vacuulx cha¡,rber to red.ucs air scattering of the electron
bean (see Fig. 3 ). With additional photographic plates
perpend.icular to the uniform nagnetic fierd. of his sinpJ,e

instrurnent he traced the orbits of cleetrons fron a line
source pararJ.el to the fietd, and proposed that thes-
particres be nad.o to travel a fulr seiaicircle and. jmpinge

approximately perpend.icuJ-arry upon the detecting photo-
graphic pLate. This nade uso of er flrst-oriler radial
focusi.ng property of thls goometry, a consequence of the
fact that if a se¡iiclrcuLar arc is rotat6d through a small
angre about one end, the other end ¡roves tangentiarry, as

can be seen fro¡n the riaiting orbits sketched. in Flgo g .

ïf a ¡nonoonergetÍc er-ectron source is used., the erectrons
traversing the central orbit strike the plato at the rargest
r¿rdius, and. those whose orbits divorge initially fron the
centrar orbit strike at a srightly snaller rad.iusr pïoducing
a l-ine with a crearly-defined high energy edge corrospond.-
ing to the el-ectrons fro::r the central orbit. Thls d.osÍgn fs
thus ¿rd¡nirabry suited. for anarysis of a raÍxture of nono_
energetic erectron groups, whlch appear as a colLectlon
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of lines with characteristic positions on the d.etectlng

plate 
"

The earlíest spectrosoopic analysis of$-rad.iation,
by the above-mentioned and others, notabry Rutherford. and,

Robinson (nff¡ revealed. such a line structure, whlch

theoroticians i-ritediately interpreted as onalogous to the

lfne structure of optical spectra and arising fron energy

l,"evel structr¡res in the ciecaying nucrei. However d.iscovery

of a continuous conponont of everyB-spoctrun red. to the

assigrur.ent of a d.ifferent ortgin to the lines in the
spectrun" Exanination d,isclosed line*spacing energetically
equal to the atonic shell spacing for any given atoni" At ffrst
Ít was thought that ¿-r nonoenergetio erectron group or. line
arose by photooredtrÍc collisions, each invorving a nuclear
X-ray and one of its own atoalc electrons" Further j.nvee-

tigation led. to a .u.ore su'i'tre interpretat,ion, which suggesb

ed that after aÆi-transition to an exclted. state so.no

daughter nucrei gave up part or all of their excitation
energy not by enission of a if-ray but by a direct inter-
action between the nucreus and one of its atonic electrons,
which was ejected. wÍt,h an energÍ E deterr.ined by the
corresponding ð-*uy energy hu and the ionization energy w

of the shel-t in question thus;

E=hU -W
Detectlon of the x-rays enitted during reirgi.nlz¡tio* cf the
ato¡ric sherls after sueh en ínteraction supported, thls
fheory " Experii,ronts, notr,ibly that cf Bainbridge et al-. (nsr¡
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on techuretirxrr, which decays by electron captl-r-rê¡ d-iscl-osed

that varying the chemícal combination (c'hanging the orbital

r¡/ave functions) changed the <iecay constant; this¡ âs v¡el-l as

instances of el-eciron ernission whei:e the irparent" 6-ray |s

of a ilultipolarity vrhich r¡,¡ould malre the transition probabil-

ity vanishingl,u smallr serves as evidence of a clirect nuc-

lear-orl:ital interaction, christened "internal conversion""

The semlcircular focusing iirethod had been in use for

fifteen years before an examination of i;he sì::ape of an indiv-

idual conversion line from a semici-rcuf¿rr rnachine v¡as under-

talien" i¡/ooster (t:¡27) in l-?27 off erecl a. soil'ri-êmpirical ärethod

for l-ine-shape anal-ysÍs, Ten ye::,rs later Li $'37 ) presenÙed an

exhaustive theoretical- description of the conversion-lj-ne shape

prodr-rcecl- b¡r ¿ semicircul-ar nachine, Papers by Lawson and Tylor

(t[0) and Campbell and Iiy1es (It52) ¿istil]ed the essentials

regarding liire-shape f rom sernj-ci'':cu.lir.r spectrrcscopes, invaluable

for high-resolution v,rork v'rith these lnacl-lines,

fhe relative iirtensities of conversicn lines in a

given spectrum provide lnformation as to the energy-level-

spins and parÍties of t'tre nuclide whose de-excitaù1on gjves

rise to the l-ines" The theoretical material involved is

beyond the scope of this thesis, 'but useful references 1n-

clude Rose (R5B) Parù f , ancl Siegbahn (S55), Cliapter XIV

(al-so r,vritten by Rose).

The f ixed-f ield photographic-recor:ding ¡¡-ray spectro-

graph vras extensively etnplo;red in inves.bigations of the 
.i

conversion-Iine s1-rectra of the U-rays frorn radionucf icles, (

The development of magnetic-lens F-"uy spectrometers and
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scintillation spectroneters for [-rays led to e tenpora.ry
loss of interest in the fixed-fierd instru,,rentr but recent
years h¿:ve seen it rise aga.in tc pro:iinÈnce in nuclclr
physics. ft is now fre,luentry used in conjunction with a

rens-typep-rny speotro;ieter, since the fixed-field instru-
nent c¡:ìn attrin better rcsolution thi.in uny lens-type nachine.
Furtherilore, .'.rthcugh thc se-ricircur¿,ir s.occtrogr.çh hr:s e.

rel-atively row transnissionr ãjrr enùire spectru.n is scenned.

at once irnd the elq)osure tine can be cxtcnd.cd. to coÍ¿pcnsrte
for the 1ow trîns,rission. ivie surcilent of rino intcnsltÍe s

with the photogr.rphic-recording instru*.ient Ís not rìs straight_
forward as th:rt v¿ith ër lens-type ìi;¡sþins, but resul_ts ob_

t¿ined by the fcr;ier nethod ci:n be used to supplcrent rnd
ccnfir¡ those of the l-ens-type ;l¡:chinc :t a higher resorving
pcwor. co:urents on rcsorving power of thc prescnt ;:r¡:chine

,:lre included in the ,,.ipproprl::,t,e fcllowing soctions, when

optiuel c¡nd.itions :rnd i::cjusb.,rents,rre discugsod.



CHAPTER II

DESCR]PTION OF TEE SPECTROGRi'PH

I" MAGNET

several years beforo the present stud¡r was und.er-

taken a group at the university of Manitoba constructed.
a senicircurarÊ-ruy spectroneter of a fÍxed-orbit design
enploying a scintillation d.etector. The nagnetic fietd
was provided by a pernanent nagnet wound with denagnet-
izing coils, by which the residual field on the nagnet

coul-d be varied,; by varying the field in snall_ steps an

enti-re spectrufl cou1d. be scannedn The rllchine was construct-
ed. and tested., but difficurties in naintaining stnbirÍty Ín
the de.ragnetizptåon proeess proved. insr¡rnountable, and

the spectroneter design r,vas abandoned., The varj.ous ç6mpoî_

ents renained. on h¡rnd unused untir it was decÍd.ed. to
utilize the nagnet Ín the construction of a photographic-
recordíng fixed-field Æ-ray spectrograph. (tnitiatty Ít
was planned also to use the vacuu.rl box fro¡r the prevÍous
d.esign, but Íts Vacurriri properties had deteriorated severoly;
it was eventually dÍscard.ed. and. one of a new d.esign was

constructed as described be1ow. )

Necessariry, since the nagnet was in final rnech-
anical form et the co¡r'ence4ent of this project, d.iscussion
here will be confined to a d.escription of this forn, with a

few additional details drawn fron thc nanufacturer r s rlanual"
rt is regrettable but possibl-e that these manufacturerrs
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speciflcatÍons have a d.egreo of uncertainty in that thc
hlstory of the nagnet involves sea voyages between Britainu
canad.a, and, åustralia, and is not fully knor¿rn" rntentional
or accid.entar alterations ji.ay not be accounted, for in the
infor¡ration presently on hand"

Plates rv ancl v show front and rear vi_ews of the
spectrograph fully asse.nbl-ed.. The nagnet sat on a concrete
pedestarn and. thc vacuu¡' box fitted snugly between its poto
piooos as shown. .trso shown are the leads to the denagnet-
izing ooils whose use wirr be doscribed below. Fågr I
gives the three elevations of the uragnetn showing actual
dinensions. Tabte v gives the nanufacturerrs listed.
specifÍcations (suu¡cct to the quarification referred to
above ) .

ïn use, the nagnetrs fierd was ad.justed to a d.esired
approxinate value by brief energizing of the cienagnet izLng
coiLs" lach of the coÍls had a resistance of about ten ohins;
dlrect currenü at a few anps was red fron a heavy-duty
potentlometer chain in the appropriate direction through
the coirs in paralrel for a few scccncs at a tine, untll
fLuxneter neesure¡rents in the air gap indicated. that the
desired. field strength had. been obtained," precise knowredge
of this fierd strength was unnocessarï.¡ since the spectro_
grapb. was to be carlbratcd. at any given fierd setting by
senparing positions of lines of known and unknown Hp i, eo
momenttrar ol1 plates fron the instrunent, as discussed below,
The field setting chosen was of course dictatod by the Ep
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T,.BLT V

X{,INUF¡ICTURER' S SPECIFI CjTTIONS FOR tr{¡,GNET

lfeight ! ¡¡rËrco ircn yoko

,J¡1co iron plce tips
. ¡,Iccü -x II blccks

CCiIS

Maxii¿u¡l pcrnanent f Íeld stren6th:

270 Ibs.

60 lbs.
100 lbs.
100 lbs.

1600 cersted.s

Me¡n non-uniforaity of fteld in central
ar€É.t LZx?4 criso z E.p per cent

Coils: each 1440 turns 16 S. W, Go wi.re

Boltst I/Pil non-n.rgnetic st¡inless steel
Ivlanuf,:cturer: VfiltluH ,fessop & Scns Ltd.",

Sheffiold, England
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range of interest. Equipnent for precise field neasuronent

was unavairable, so the unifoniity of the field, was not

known to better than a few per cent; since thorefore no

corrections of the Hartree type courd be apptled, fierit
aonunifor;rity was consid.ered an indeterninate rÍ-aiting
factor on resolution obtained.

ÏI. V4,CUT]M CIIJ.ùIBER ÅND SYSTEM

The vacuuln systc-o of the spcctrograph consisted of
a rectangular brass box which fitted. between the nagnet

pole faces and was coupled. by an L-shaped. pípe to a diff-
usion pr;1pr Distil-ratlon products noder Mcaz5.0l, backed.

by a IM. M. welch hro-seal rotary forcpunp. The arrangenent

of punrps and L-pipe can be seen in plate V .
iJl dinensions of the brass box ere indicated, in

Fig. 5 wh-ich shows three elovations of the box, whoso

internar fittings witr be described. in e foj_lowing secü,ion.

The box was nrd,e fron sheet brass, sirvon-sordered. at all
JoÍnts. The access panel was hel-d. in place by eight wing-
nuts on fixed bortso and sealed by an O-ring seeted. Ín a

rectangular well on the panel; these d,etafls iaay be noted.

in Plate vl . on the other end, of tho box was an aperture
with an annular f aceplate, which was borted to a sinÍlar
plate on the L-pipe. This joint v\¡as sealcd by a rubber
gasket seated. between the faceplates. The Lower end of the
L-piBe was coupled by a sinilar joint to the top of the
diffusion punprwhich was nounted on a Þxion rr:ck as shown.
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The dlffusion pu¡rp was couprcd. to the forepunp by a joint
with snarler faceplates sealed by an 0-ring and connected

by a short length of vacurun hose to the forepunp as shown.

,\Iso visibre sre the water jackets around. L-pipe and diff-
usion pu4pu which led. to a speciar outret and through which

cold water was continually circulated when prrnpi¡g was in
progress. .iir i:'ldltionar jacket elrowed quenching of the
d.iffusion pLurp if fast cooring was desireci., by octjustnent
of the proper valves in the water circuit,. .,l,Jr rraouua

joints were coated with rþiezon ftI grease before coupling.
rt was fert that preoise knowledge of the vacuuin

level was unnecessarrr, and. that a prossure row enough to
arrow no discharge in a simpre d,io,charge tube woul_d be

ad.equate to nininize air scattering. .lccord.ingry the L-
pipe was fitted with such a süall itischarge tube, visibre
on the ascending coh¡rn in plate if u ...fter pulrping was

cournenced a Tes1a-coi.l hÍgh-vortage tester was enorgizect

and tou,obod. to an electrode pro jecting beyond. the grass
envelope; when no further discherge was seen in the tube
between the internar end. of this e]_ectrode and the netal_

wall of the L-pipen a sufficicntry low air pressure was

assu.ned. to exist in the systeu for operation of the
spectrograph..

III. SOURCE ÂSSMBI.Y

several forns of source have been enployed in this
type orÊ-ray spectrograph wÍth varying dogrees of suocess,
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Eaeb fonm has advantagos discussecl anal¡rtically by Li (L37),

but simplicity and read;r availability led to the choice for

thj-s project of a source in the form of a layer of lridiunt

250rnicrogralns per square centi:neter tÏlicl< sputtered onùo one

side of an aluminun v'rire of circular cl:oss-sectlon and dia-

meter 0"0037 lnches ìry Messrs. Barr cÌ; Stroud Ltd, Glasgow.

After nruch tho'.lght it was decided to mount this wire

in a small holcler rnil-led from 'pure ¡rluruinlun¡ âs shown Ín

Plate Vff and Fig. 6, a method v,rhich si-ri:sequently proved to

have serious shortcorrings. One inactive t¡rire v¡as mounted

thus and ir-rediated at a high pile factor location in the

Harrvell reactor" On the sourcers return the rnotint r¡¡as foi-urd.

to have rvarped under the acute therru,rf stress irnposed,

retaxing the tension on the acLive wire, urhich then devel-

oped suff icient curvllture to limit 1lossible resolu-tion v¡ith

this source to about one per cent.

A second simifar source vlas prepared, and ir:nadiated

at Brookhaven at 1013 n/"^2/"u.. for three ,,iyeetrrs; rvhen it

arrived broken lle¡re¡1¿ salvaging tìre first source was

straightened by trial and error and fibted r,¡ith.a small

brass coll-imator (see Plate VfI), a satisfactory interim

aryangement. The al-uninunl rrlotrrrt r,vith the active vuire was

affixeci v¡ith tvvo screwsto a brass plug as sl.,iown in Fig, 6.

ll.he eniire source assembly v¡as then inserted into tlee

cylincìrical port on top of the vacu-uln box, Fig. 5 shov¡s

the geometry of the sor-rrce asserrbly ín operating position.

The brass plug r,vas fitted with tv¿o O-rings to serve as
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5vacurm s€âIso The various dinenslons as indicated. Ín Fig,
were chosen to give a satisfactory source-slit-ptate
geometry, and the assembly design assured. reproducibiLity
of this goometry. rt wilr be notod. that the slit, not the
sourcer was in the prano of the photographic plate; further
d.lscussion of this point is incrud.oil below. 0ptimal azi-
muthal position of the brass Blug was found by trial ancl

errorr so fhat tho rines producod. were clearry transverse

to the long d.imension of thc plate; marks wcrc scratchod
into the flangos of plut and. port anct alÍgned to duplicate
this azinuthal posítion for succeed.ing plates.

IV. PI,ATE HOLDRR AND .ì.SSE]VIBLY

ïqro avenues ere open to the d.esigner of =r ser¿i-

circurarÊ-ray spectrograph; the instrunent can be intend,ed.

for use for absolute Hp neasure:,rents or conparative Hp
Ìneasuro.uients. In the flrst case provision nust be aad.e for
measu¡enent of the nagnetic fielit strength H and. for
d.ed.uction of p fron the geonotry of sorrrco, slit, ancl

recorded. line" This latter requirenent nalces it preferable
to have sotrrce and plate in the sn-riìe plane. rn the seænd

case spoctrographic record.s are ¡rad,o with two different
sotrrces, one uhoso spectrr.ur is known and the other whoso

spectrura is to be anarysed., under the same conditions of
field, and goonotry, which neecr not however be precisely
known. The resulting known and unknown spectra are con,paredo

and the HF' s of the unknown lines inferred fror: those of
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the known rinos. To serve as a baseu-ne fcr conparison an

l-nd.ex which locate s each spectrographic record. positively
with respect to thc fixed. geo-retry of the instrunent is
usually provid.ed,

Tho present j-nstru¡rent Ís of this second type u sinoe
absolute geonetrical neasüre¡:.ents d.id not need to be mado

it was aocordingry possible to take ndvantage of the prop-
erty of the source-slit-plate goor:retry shown (nig. 5 )

which gives a fixed, shape to the conversion ríne no natter
whet its position on the plate, :naking co;:rparison of line
intensities more straightforward.

rhe design of the plate horder w¿s essentialry
simpre; it is shown in detair in Fig, 7 . The plate was

placed in a sharLow welt, and a brass cover serewed into
place. The plate rested on a rectan8urar aperture into whose

long sides wero nirled. regurarry-spaced rectangurar notches
Íls soen in Plate vrrl'These notches served as the ind.ex

refer¡ed to above, and. appoared. as a square-cut sawtooth
pattern on the odges of each recorded. spectrunr (see oo g.
Prete rx ). i; r/B' brass prate slÍdlng s*oothry in a

channer berow the notched. aperture served as a shutter,
iis the end-view cross-socticn indicates, the pLate

holdor was shaped to srid.e snugry into a bress sloove
permanently nounted with sorder-sealed. screÍrs to the insido
top of the vacu.un. box, as shc¡wn in Fig. b . ,lftor Èhe

loaded. plate horder was srid into operaüing position in the
sleevo, a sr¡lall brass yoke was affixed wíth twc screws
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to the end of tho sleeve, overlapping the end. of the pleto
holder and. locking it in place (see ?l_ite Vf ) .

Tho srit aechanis.û?. was rigidry attached, to the end. of
the pkrto hotder properu to assure fixed. geonetry from srit
tc notches. rts width cour-d be chosen by adjusting the ,oov_
able jaw paraHel ro itserf by neans of ,1 kn'r.rrred screw
projccting beyond the end of the unÍt. The screw is visibre
in plate VïII.

since the plate was not to be exposed untiL the
vacuuil systen had been evaeuated to operating level, the
neans whoreby the shutter could be opened und.cr vacuu,o gave
rise to nuch discussion before the preocnt quito satisfactory
riethod- evorved. sincc thc acccss pancr had. to be easiry
renovabJ-eo .and slncc thc shuttcr was to be withdrawn through
a port situated at the upper end of the eccess paner, it was
nccessary to incorporate a coupling between the shutter
proper and the panel-nrounted withdrawal .nechanis.m, vøhich
coupling could be engaged und.er vÍìcuunl prior to withdrewal
of the the shutter. rt was finarry decided. to acconprÍsh
exposure of the plate by withd.rawing tho shutter into a
tubular extensÍon o$ the vitcu¡rl sþ¿¿þç¡ long enough to
accon::cdate the withdrawn shuttcr" å thin rectangurar
supporting guid.e on the extrei:e cuter end. of the plate
hold.er, beyond the slit, assurfed that the shutter wour_d.

return easiry into the cr-osed. posÍtion after erc,oos',ro. To
withd'raw the shutter a short sorid brass cylin.er rlding
on two greased o-ring seals rrras thrust into the rong tube
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until a solíd. seniclrcre projecting beyond. its inner end.

could. be ¡neshod by rotation of the solid cylinder through
o180 about its axis into a holrow senicircular trough on

the outer end of the shutter propere iìJr extension hand.re
of light brass, hinged. for ccnveni-ence, vüas used. to slide
the solid coupring cyllnd.er into prace, engage the shutter,
and withdraw the coupled. unit, exposÍng the plate" To keep
the sorid cylinäer fron being driven back into the rong
tube by external air prossuro while the chanber was

evacuated., a horseshoe-shap.ed piece of thin brass of
larger di.aneter than the long tube was clipped into a
groove on the outer end. of the sorid cyrÍnder. This
prevented it fron srid.ing into the tube beyond the groove,
which was so positioned ds to assuro that the shutter
wourd in this position be withd.rawn beyond. plato and sLit
and yet renain in the cuter supporting guide, to arrow
olosing the shutter withcut diffieulty. The various foatures
described above can be seen in plates IV and Vï and Fig, 5.



CIISTER IIT

OPF,R-JION OF TIIE SPECTROGR.JH

I. PR-EP,,R.ITION OF T}IE PL..TE

The pl;rteholder lv:ls origin:IIy designe d to rcco-]-
.:lod:.,te ¿;lass-bccked. photcgralrhic ril_:tes, ]O ? /BttNLnXt/lOw ;

however, it w:,,s subsequentrl' l-clrned thi.rt pl.rtes of those

dj-.i-lensions could not be obùained i,vith the dcsirecl ailulsion,
excel:t by sp ec iar crd.cr . .Jter scje inquirics rfld te sts it
was decided tc e-r¡rloy rlf crd. rtfcx ivo-screen ,ri-Rry FiL,r,
cut into stril:s of appropriate size r,uith ¿:ì peper she ar, For
brcvity such :r strip r,vilr bc rcferred tc as i-:, rrprlte es, .¡,rr

h"ndring of uncxposed fil:: w,_ls clonc in totrr drrkness after
it lv.rs fcund th.rt unacccptrblc fcgging resulterj. fro¡r :lny

but the briefest exposurc sven to indirect llght fro.:r q

lVr,:tteri 68 sr:felight, ., pl:rte wes cut.:nd laid into the
werl in the o,ìlerrcd platehorder. severr:,J strips of .'.).ìjrêï

were l.lid on top of the pl¡te to servc.,.s p,:cking tc hold
the pl;rte in position. The tc1: br:rss ccvcr lv:s ;oressed. Ínto
the r¡'¡err and screwed into .pr,-.:cü. The stit wrs ld jusùed to
the d^esired. r,vidth. The pl:rtehorder wss slip.:erl into the
br.lgs sl-eeve in the vrcuu::j. bcx, and. the s;;r,.,:ll_ yoke bcfted.
intc plrce, f ÍxÍng the holder in irosition.
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II. E]CPOSIIRE OF THE PL*"TE

The eccess pnnel wr.s fitted over the borts cn the
open end cf the v:ìcur-L,i bcx a.nd frstened tightly in r:race
with ei6ht wingnuts. The scurcc prug w.rs pïosse d d.own lnto
the cylindric:il port on the cnd of ùhe top cÍ. the v_1cuu;l

box, and tlvisùecl abcut its vcrticar ¿rxis untir the :rarks
nenticned in chapter rr secticn rrr were ;:rignod", bringing
the source wire pr:r¡llet wlth ihc :,t¡gnetic f ield" The fore_
pu,rrp ¿nd diffusion pürp were turned on. rnitielty tests of
vacuuiÌt wero;rrde as discussed in ch:pter rr secticn rr,
using ¿: Tesl-a coil; it l:itcr ;i:rtoriarize d that thc ener-
gizecl Tesla coil v¿¡s contributing spuricus pulses to sev_

eral nearby crectronic units, rnd, rlso fogging exposed

pla.tos inslde tho spectrogr:,ph by light frc,r the bright
dischcrge in the vacuu;i cha-lber. The Tesla coil wes raid
aside, sincc the vacuu.rll rever was not criticar :nd since
trre necessery puäIring tii,rc had. norv been deteruined., vfhen

this ti;re h.rd ela.¡sed tile shutter vr¡ns withcravrn üs d.oscribcd
in Clrairter II Section IV.

,-fter the required ex1:osure ti-rre h.icl e lapsed. the
shutter was .rgein closcd, and the withd.r:ìïr1.,! i:;.ech,:nis¡.a

uncúupled. ¿nd reft in the position seen in platc rv, The

d.iff usicn puixp vias un,irlugged ancl qucnched; when it had.

coolod the foreilui,ç was turned. off and. a glass stopcock on

r1 side oxtension of the discharge tube was oponed, tc brlng
the interior of tho spectrograph to ebaosphoric i)ressure.
The source prug was re;ovçd and set aside. The wingnut,s
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hording tho ..ccess panor were rericved :nd the pcnol rifted
Ul- I o

III. PROCESSINC OF TTIE PL,',TE

The yoke wrs unbcltcd and the platehorder re;ioved
fro:a the s.l-eeve. rn the darkr:on tire top cover cf ths,clate_
holder was unscrewed end prie d. out with :; scrcrvdriver in e

srot rail-red in thc ond of the pratehorder between tho cDver
¡nd the fr¿:ae" The;:r:rte w.:s l-ifted cut of the werl, d.evor_
oped f cr ei¿ht ,dnutcs in Ðupont Liquid x-Ray Deveroper,
w¿¡shed, for twenty second.s in running writer, fixed for ten
¡rinutes in DuPcnt Liquid x-Ray Fixerr ofid w¡shed f or an hour
or;Åore in running wator. -fter d.rying the prate w.:s ready
f or -analysis.



. CH;.PTER IV

C¿,LïBR..TION 0F THE S?ECTR0GR.'*ìH

1 o Ti{EORETI0j:]- Bj.gKGRoUNÐ

rn ord.er to discuss the celibration of the spectro-
greph it wirl be necessery first tc discuss the analysls of
photographic records of conversion lines with respect to rer-
ative intensity and. resolution, as foIIows.

lhotog,raphic density D as defined. as

(1)

(5)

þ = rogro t"
where fo is ligbt transc.iitted. through the unexposed. part of
the firr and r right transaitted through the exposed. ¡_rart.
Silberstein (Seg) showed also

[=Clo$r'(cdE+1) (e)

where c end D( are ccnstants and E Ís exposure and is propor-
tional to the total nu:iber of erectrons received. at ühe poiat
in question. (¡.or Ir19å a dayrs etcposure resulùs in ¿ì decey

of the source cf one per cent.)

16l ri<S æ e, the Itelectron d.ensityîr. Then

logtolo=clogao(e+1)
I

Ncw consld.er nicrophoùo;ieter traces cf å rine and of the sharp
blackening ed.ge or step function produced. on a prate by an

lndex notch (see Fig. I for definitÍons of sy:,:bols to be used,).

Beceuse d.ifferent right strengths j:iay have boen used fcr (a)

and, (b) R6 is not necessarily equal to Rf, nor Ro - Rð l
ïIowever R¡=Bt

Re Ró

so ro¿;ro 
*3 = to*to 

*å = c rosro (eo o 1) (4)

where eo Ís the electron dõnsity of tñe continuun near tho lÍne.
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Fig. B. Microphotoneter trsces of (a) conversion line cnd.

(U) step funcl,ion! Ro = d.ef.l-ection coryesponding to
continsurr rloar lino; R = deflecti_on ccrrospondlng
to perrk; Rl = defrection corresponding to true width
ut half height; Rå = d.eflection coïresponding to
ollêxi)osed. part of filû; Rå = d.efl_ection correspondÍng
tc continuun ne:lr step function. (fne line at crc
represents infinite bi.rckening, i. ê. tj.o lÍ6ht
trmsríiitted. )

:.1so lo8ro 
$o 

= t loelo ( e + l- ) (5)

peak. Coriibiningwhere e is the electron density at the
(+) and (5 ) gives

losroÞ=Closto

= t to*l'

= C loglO

scrisitivity óf

firctor, and. ;i

(ËÉ+)

(ç+".')
(€ '* 1) (6)

where f t =

Thus

V^

-U

€o* l_

where I is
solid angle

The true

thc enerdy

correction

(?)

given by

thc o.'rulslonrp is the

is the area

l"8r-o 
*3 = c rcsts (F'*. t)

rel-rtíve intensity f of ,* line is
r = íE

ï
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under the line of rrrdiusp. Because the ev¿:luation of .i is
in sone cases rather difficult, it is approxi.i,ieted by the

product of the height of the line ::nd its width at h¡ll-f-

hei¿ht, substituting this rectirngle f or the integrated 3.ree

of tho lino. .,lthough the rectin¿Ie is c,ighteen per cent

sieafler than .,, for circular v¡ire scurces, the rntic of the

various rectrrn6les rìre closely the ri:tio cf the aree,s of the

correspcnd.ing Iines to lvithin the experii:rental errorlsb4) .

So r =w (e - eo) Ê.=*ü (eo+ t )e (B))lD
where vr j-s the wj-*bh ¡f the rine ¡'t h¿irf-heiJht Rr. since
the re.l-atir¡e intensities for liJiÒ c;nversion lines of 1yrg2
have been deteriiined ersewhere, equeticn (g) can be used to
plot il curve lor y¡ ,rs : functicn of the en.î:rljies of the
1i-nes in:: q;iven spectru:i, effectivery c¡rl-ibrating the
photographic pllte ûs to the r.,..-r:.r.i..ùllce of its sensitivity
on the energy of theS-particle striking it,

Before (B) cifn be einplcyed. virlues of gt and w nust
be deter;iined , using .equ:ltioú , ( s) . The f irst requireuient is
a val-ue of C, obtained as fol_l_ows " Ixperíi:ental_ val_ues of

and

lcgt' ({xt + t)

1)

RålRå at the sane points on pl.:tes exÞosed different lengths
of ti¡e îre taken. Now D = C toar' (ryE +

D - lccro fo = rog Sål_ HÒ

For the first plate therefore

R,t_ = (Xt., J.- I
R{, r-

U

l-h

where tt is the tiite of exposure, and. Ly l cons;.qnt wÍth the
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appropriate units. tr'or th
Ðl
IL.

-h
ñb/
f(å

where d equals the nu-rLber of deys between the exposure of
the f irst and se cond -nfates, t c coîrect for source decay.

Let th = (0.99)dr¿, the effective expcsure ti*e. Then

(ort, + I)c = B

(cx ti + r)c = q.

Then logp=clog(wtr+
logq=ctog(et¿+

+äå = ïfiff";¡¡
txt'*1=(xt;+])t

where n is ¿r deci'aar frection which can be deteruined froin
the nicrophoto¡reter trace. The ruthor is indebted to lrrof .

s. M. Neantan of the Departraent of ii{athe¡ratical physics :t
the University of ivlanitoba for the following nu-neriotll- i.aethod

e second pliite

F".ss)dte + t]t ãq

1)

1)

õId

(e)

( 10)

and

so

of solving equation (10) for W. Lot x =HtI ¿rnd k = tþ/tr,
Equetion (fo¡ becc.næs .l- + x = (I + k*)t,
¿rnd. nk >I. The root sought satisf ies the

I

-(,nk) '-'" - I
t-
_t!

:nd wilr ordinlrily l-ie closer to the :rbr,vo upper bound.

Tc lpproxioate to the root use the iterativo relaticn
*"*l_=(r+rx")*-r

startin6 with sorre val-ue of xo necr the ui)per bound, success-
ive values x1r *2, *5 et cetera cfin be c¿ll_culated. until a

value *, is found. such that x, t = *". This is the desired
root,

with 0(n(1, k)1,
inequulity

nì-:
< x<(k'-" - 1)



Solviag then for 0( in (10)

C in (9); different pairs of plates

eral vr',lues of C, whose iaepll can be
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allows deternination of

can be used to Eet sev-

used as the required
constant in (0). I'uith Rú/Rå frori. experinentel d.ata (neas-

ured. nee.r the line of interest), oquntion (4) Iead.s to

*S 
= tå = &1 = ( eo + r )c

and so WL= u" + t
Taking Rs fro¡,r the date, oquation (6) leads to

R

Bo=8e=(Ë'*f)C

and €'+f =W, ord =?rq-l
lqowr knowin5 ¿r it is possible to geË R, fron equation (?)

thus &.' = (g + IìCRl \3 /
Rt=Ro/g'+r\-c

\ã /
ihowing R, it Ís then possible to nersure w frcüi the data,
in arbitrary units.

The onry vrrlue now required before (g) can be solveil
f or \ i" p for the rine of interest. rn Fig. 9 d.istences
r and d are not known with any grer.t accuracy; Ít is however
pcssibre tc neasure d, and d, with satÍsfactory accrrFìcy

frou a recorded spectrun and its nicrophotcneter trace. since
the np values of the reccrded. lines ure krown froi:. other
work, it is possible to set up equaticns frcr¿ wi:ich thero
values of the vari-ous lines can be deterniined. r,et

H/or = kL =fr
HP, =

P2

fz
k

kq

t-
fi<1

KI

)os =
=Pt;s

"tI

(n¡



?L
so LLr ce

l\=

Fid.

þ" 'A K<q-)----_, PhotograPhio Pkte
(

.--.. l \. 

'\

d l<dr x d.- )r- iz

9. Geoi,eËry of the source-slit-pIate arr3n6e-

nent, indicating three conversion lines wlth

rad.ii Pt, FzrPS, between which the spacings

d, und. de can be neasured..

Using the

Coiibinlng

and.

fron which

+ dr)2

+ dr * url'
8dd1 + d1z

Sddr+2ddr+8d1d2+d1

= 8drd, + dt' + Ur'

Pythagoras theoren gÍves
...2 2 2+ff =x +d
4Ê2 = *2 + (a,2
4Ê3 = *2 + (¿-t3

yields I (4, - Frz) =

4 (ft, - Frz) =
2 _2+dz

+

$easurable values for
required rad.ii can be

the other peraiaeters, and, a1l other
obti-rined. frc:: ratios of their knor¡m

e(dl+d¿){-d" 
Fø=q 

-gl

This equation can be sorved. f or P1 in terns of known or

H,o's such as equations (tl) .I

The application
cf photographic record.s

this thecry to practicaj_

ccnversion lines will be

in the forlowing section, aÊ it is used. to effect a

bion cf the present instruirent.

of

of
tualysis
cutl-ined.

c¿:Iibra-

- ftÉ ln'f
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2" CALIBRATION PROC]TDURES

After many trial exposures i¡/ere made as described tn
Chapùer ffl using the source described on page 53, the four

spectrum plates j:icturecl actual sj-ze in Pl¿..te fX u¡ere selecüed,

taken to Ottarnr¿, and processed- on a Leeds and- Northrup record-

ing microphotometer bel-onging to the Pure CiremÍstry sectipn of
the iVational Reseárch Council-, Each plaùe r¡,/as scanned end to

end six tirnes, once along; the notches å.nd five times along the

continuum by different panallel paths. A sample of one of
these traces and a sanple plate can be for.¡nd at the back of
the thesis, The rticropìrotometer traces tvere then anal¡r¿effl as

fol-l-ows, to calibrate tho specbnograph and the film employed.

The simi:lest calibration to be niade lyas that of tl:le

index notches (page 57) v',¡Íth respect to electron rnor{entì-m IIf.
The trace along tl'le .notches v¡as taken, and tl:e iìverage dis-
tance between successive sharp (trÍgtr-energy) edges !,¡as meas-

unecì." Since this clistance along the trace corresponded to one

centimeter on the plate, it ivas then possibl-e to measure dts-
fances fro:l a given notch to the pear.-s of the various lines on

the trace, calculate their actual spacíng on the plate, and

plot a grairh of ciistance from a given notch vorsus HÆ (Fig. I0).
Ïf nov¿ an irnkno\¡.rn spectrurn lrere recoräecì with the samê rnagnetic

field, tì:e i:ositions of the f jnes coi,rld be conver.tecl dÍrectly
to iheir l1r,-vari-res b¡r uss of this grap?:" Table vr gives the

resol-ution (full width at hal-f height clivided by momentum

value of the l-ine) for the K-conversion line of the 316 Kev

þray"
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TABLE VI

PERF0Ri\,,lANClil 0F TTIE SPtrCTROGRAPH

Plate Number Sli-t lJicith ltrposure Time Resohrtion

1 2.28 mm. I17 hours .55%

2 1.$B mm. l¡-B hours .L+t%

3 0.Ç! n"nn. 60 hours ,LçI/"

lf- 2.28 mm. l¡0 hours J97I

These values indicate the per:fortilance of the spectro-

graph as demonstr¿rted in its records of the K-cofl-

version l-ine of the 316 Kev ð-ra.-¡ in I"I92"
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The mo¡.e intricate cal-ibration procedure for tho photo

plates, involving the intensities of the conversion 1ines,

emplo¡red the analytic techniques cletailed in sectíon 1 above.

¡'irst, nsing the ¡rethocl ou-tl-ined on pages 68-lO ancr. three pair-

ings of the chosen pJ-ates, an ar/erage valile of the constanb C

l¡/âs obtained. The three trials ancl the resi;lting constants

are shown here: Plates 1ü,2--

Plates 18cl--

Pl-ates 1&l+--

(/= 0,0132 C "2.45
Çx f o,o182 c = 2.oB

fi= 0,0126 c.2.70
Average C = 2,1+L

Table VII gives the electron energies aircl rnomenta for the five
conversíon Jines of 11]-92 used in this v¿ork, Table Vfff gives

absolu-te conversion line intensities wíth the ::eferences lrom

wi:ich they have been taken.. Using the net'hod, of pages 70-7I

t]nep-valu-es of the lines v/ere calculated.o as ]isted here:

2O5K l-ine-- ß ^ !.Bl- cms.

296K line-- f ' 7 ,91+ cms !

3OBK line- - Í) = 8,22 cms .

316lç line-- P = B'38 cms.

L¡6Btc line-- P = 11"35 cms.

Tabl-e fX gives the experimental- val-ues for log Ro/R and

log R¿/R$ and the mean log Ro/R for the four plates exarninod,

Antilogging yielded R¿/R¿ and. the procedure clescribed in the

first paragraph of page 70 v¡.'s carried out, ylelding the factors

wrF-t, and (eo t 1) in equation (B) page 68, ïvith these values

for v'r, ¿t, (eo + 1), andf for each fine, plus the known rel-
atÍve intensity T from Table VfIfe equation (B) luas revurj.Nten

| = w61(eo *')4
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ENERGIES

CONVERSTON

TABLE VIT

A1ID MOïrTiJIqTA oF W\92

LII'ÏES USdD IiI TJ.]IS IdORK

EX ( Ì(ev )

205,1+

295.8

308,4

316,5

[67. e

J_27.0

2T7,1ç

23O,0

238,7

Ilotneritum Hr.e (gau.ss*cm, )

L27L¡

L732

179L

L827

represent the

(852), Bagger-

Ifules and Camp-

3 Bg.I z\zo

AlL values from Jol:ns and Nabl-o (J5l+),

TABLE VTÏT

ABSOLIITtr II',ITINNSITIES OF lrl92

CO1iVERSTOIV LI]'TIJS USED Ti'I TI]TS i;'iORT(

Eg (Kev ) Absolute fntensity of K-LÍne x 103

zo5.Lt

295.8

308.4

3t6.5

l+67. g

The valu.es for intensit¡' 6"t" given

average of values gÍven by Bashilov

Ie¡r (855), anc'L unpublished i,vork of

bel-l, and Connor and Faii:weather.

\"t5
16

r(
33 .8

9.1

E of K-Line (ltev )
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TABLE TX

II,IICROPHOTOTdETER DA TA

Line

PLATIT J;

l¡6Br

316K

3OBK

296K

FLATE 2

l-¡6Bic

3T6K

3OBK

296rç

205x

PLATE 3

l¡6Br

316K

3 OBK

2g6K

205x-

"r35 .130 .13

,tctt' .5L .65

,37 .30 .3 B

"37 .32 "37

. LIL . ÌI¡-O

uc uc

"lto .l¡o

.L¡2 .38

fog n{,/R$

lar'
t)))

.975

r"025

L.045

.115

.355

.37

12(.)t)

-l+35

"O85

,285

.30

?r
t)L

. J55

.115

.l+o5

"!-3

.44
ft

c))

,05 ,o¿f ,055

'348 .3ll .3¿f

. il+ . ilf .11+

.L55 .rl+5 .a1tr5

,055 .o55 "o35

"o55 .055

"34 ,335

.135 .rl+5

" 
il.1- 

" 
llL

. OLl- .oJ+5

,L35
r'O

.)Q

117t) I

.37

.051

. jl+o

,1l¡O

"145

, ol¡6

,o35 "oz5 .oLo

,285 .295 "275

"L2 .13 . 130

.13 ,il15 
"1¿+4

.065 "ol+z .033

.o5 
" 
oho

.275 "29

.l-3 .r2

,120 "r25
,o)+5.0L3

.03 B

.2 Bl¡

.L26

" 
f33

,OLf5

PU\TE 4

3rór I ,L35 ,)42

3o8r I .V5 "l-B
z96K I .r9 .r9
205K I .o5 "08

tí'indicates vafue uncertainn

l¡68rc | .o6o "o5o ,053 .o55

'h4 .LrS

uZQ .185

"r95 o2o

,o5 "06

.05

"435
1neal

.20

,05

.oÚLl

"l+36
rOa

o LQl

"l-95
. o5B
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and used to caleulate I¡ for sach l-ine on the chosen plate"
Table X gives the consolidatecl data for oach of the four plates
Itlote the l-ine giving "r¿t"" This is a corrected value of {,
when the finite thiclmess cf the source is taken into accolLrrt.

The source used in this work r,r¡as z5o microgr4arns per square

centimeter in thickness. Tnvestigations in Edinburgh using

siroil-ar sputtered sources had reveal_e,l that the low energy

portion of the r, Ê-spectrum and its conversion lines vúere

attenuated by source absorption effects. An enpirical correc-
tion function was determined by Fairv¡eather for a source L!-o

micrograrns per square centimeter in thiclcress (thesj_s, r. L.

Fairvueather, University of Edinburgh l-958, page 6Z et seq.),
Ì.ro-rating this function ror 250 micrograms per square centi-
meter yields ihe following correctÍon factors v,¡hich when mul-ti-
plied by 4 correct f{ for sor'rrce thickness, Thls corrected
vali-ie is shown in Table x as{1. The correction factors are

shown here:

Line zoSK z96K 3oBK 3 t6K l¡6Sr

Factor I r,3o8 o"96 o.g5 0.9¿+ o.BB

The graphs of n I against Hp val_ues for the liiresr âs

determined frorn the four plates of different exposures, should

differ only by a constant factor from one another" The vali-res

or q I have therefore been normalized together to yielcl the

best curve through all four sels of data, by plottÍng all four
sets of data on semilog paper and moving each by a vertÍcal
distance to give best overlap. The resulùing graph is Fig. 11.

For most filns ft has a maximum at about HÊ = IOOO, correspond-

ing to momenta of el-ectrons lvith range equal to emul-sion thickness,
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TABLE X

Line

r"377

2 -54:

2,667

2.716

r"116

1. ho3

r,l¡el¡

t.1132

t,5L\.

t"o85

1,314

r,332

1.3[6

I,l+05

r. 116

r,1174

t.509

1"523

t,660

o "138
0.7\-2

o,L¡ZL,

A.L1-Z\

o"o5o

o,3 BL

o 
" 
rlt3

o"r[9

o. o[5

0.o37

o "3l,2
o. 12B

o,t3ó

0.044

0.o53

o "5r7
0"t96

o "2o5
0,o57

10.0

ro "5
7.5

9.0

tl,35
8.3 B

B,zz

7 .g\

9.1

33 .8
rÉ
J-)

-L \J

9.1

33 .8

t5

t6

l+.f5

o "237

o-[9r

o.Lr65

o.5t)1

n'

0 ,2L0

o. [6r
o.Ur2

o.Lr95

PLATE 1

146Br

3t6tr

3OBK

z96tc

PLATE 2

l¡6Btt

3t6x

3 oBri

z9'ov'

zoStc

PU\TE 3

l¡6Br

3 16K

3OBK

z96x

2o5t<

p_rar:¡; l+

l¡-6Br

3t6t<

3 OBK

z96x

zoStc

B"o

B.o

7,o

B.o

7,5

B.o

7,5
,lI.)

!.)

7.0

11 .0

7"o

9.o
B"o

8,0

tt.35
8.3 B

B.zz

T .gLr

5" Bll-

o,557

1" 07

o, 7BI

o 
" 

Bl¡-Z

0.72l.

o "lp9

0,935

o, Bz3

0"816

o.9Hl

tt"35
8.3 B

8.22

7 .94

5. Bll

It,35
O ¡OUnJU

B "22

T .q+

5 "84

9.l-

33 .8

r(
_LO

4. r5

o1

33 .8

I5

lo

L¡-,15

o 
"1-¡

0,766

o.70

o"6Bl

0"61

0,352

0.72

0.665

o "655
0.795

o. Bt5

r.32

t.)a55

t,z\5
t,065

0.7L5

t "zl¡o

1.3 Bo

r,:-95

L,39

COilSOLTDATED DATA

(eo +. t) I ¿' I wxroz





The calibration
also yielded values for
instruaent, in ter¡s of

CTLAIrER V

CONCTUSIONS

d.escribed in the previous chapter

the resoluticn aohÍeved by the
ùrue width at half-height of a

glven line ås a percentage cf the Hf-varue for the line.
These figures for ühe resorution aohieved. with the settings
used for the differont prates are tlsted in Tabre vrr. rt
r¿ust be eiaphasized at this point however that the present
perforr.,aance of the spoctrograph is considerably belcw its
pctentiar capabilities. rt wi]l be recalled ühat the d.ata

used herein wes taken usin6 a source of rerativery l-ow

quality as regard.s both nochanical for¡,r (straiahtness ot
cetera) and nicrophysical oharacteristics. The conparativeJ_y
low specific activity of ï"]92 necossitated a thick (o.eery¡on?)
layer of scurce on the supporting wire, .nllitating furthor
against good. enorgy resolution cf the rines. ¿; future in-
tentlon is to en;:loy a sourco of thoriua active depcsit
platod on a strai6ht sui:¡rcrt wire; this natorial bss suoh e

hÍ6h specific activiüy it cân be used successfurry in a

layer of effectively infinitesi:iar thicrcness, eri.rinatlng
the rino broadening due tc tho rowered. enor8y of thcse Bar_
ticres which ¡rust traverse the thick sourco tc reach its
surface and esc&po.

-:,s can be seen frcm the sanpre raicrc.ohotoneter trace
at the boclc, tho graininess of the fira used in this work
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is so considerable as to obscure lov¡-intensity lines ancl

distort even those of relatively ì:igh intensity. X-ray filni

has been used al-most exclusivel¡r ¿s the recording agent in
tilis type of spectrograph in previously reported. v'¡ork and

it see¡red not unreasonable to attenr.pt to use llford flfex

for it is a wiclel¡r-used X-ra¡r film. Florvever an attempt must

be made to find, an emulÉion srifficiently fine-grai-ned- to

miniurize these diff icu-Ities. The graininess of the present

filn v¡ou-ld have .l:een detected- earl-ier had a rnicrophotometer

been ar¡ailabIe Iocall¡r, and. ihe atterrpt vi¡oul-d have been

made to obtain fine-grain film, alihough this is not the

customar.¡ gracle for X-ray ei:rul-sions"
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