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A tuelve inch curved crysts.l x-ra.y spectrometer \JaS 

constrlJ_cted. ',Ji th i t the x-ray spectru,11 of ra.oioacti ve sources 

could be scanned 1-!Ï th a scintillation counter or recorded on e. 

photos r aphic film. 

The instru.'!lent ha.s a relative li ne 1:idth of a bout 
-7 

0.65~ and e. tra.nsmis sion of around 1 x 10 at 20 Kev. 
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I INTRODUCTION .1ND HISIQRX 

The problem involveêl in this thesis is the construction of ::::. curved 

crystal x-ray spectrometer vThich vmuld be useful in the study of radio::~.ctive 

decay of elements produced by bombaràment in ::::. cyclotron. 

This type of x-ray spectrometer is the latest step in the evolution 

of enerr;y me::::.surement usine crystal diffraction. Start.ing with the f::::.mous 

work of von Laue this method was further developed by Brag~ in his sin2le ::::.nd 
\1) (2) 

double crvstal spect.rometers. 
(3) 

During this time de Broglie, Gouy and 

Darborè suee;ested the possibility of curvine a crystal to obtain focusing. 
(4) 

But the first vmrkable idea \·laS advanced by Dumond and Kirkpatric k and the 
(5) (6) 

first tuo workinc models vTere built independently by Johann and Cauchois 

who useè the s~me principle, in slightly different form, of focusin~ by a 

curved crystal. 

~ instruments built since then have used the same basic principle, 

although the mechanics of applying it have followed different and in~;)ious 

paths. A list of sorne of these rnethods is given in the Biblioeraphy and 

a system developed in this laboratory is outlined in ll.ppendix I. This 

principle is explained in section 2. The advantage of the focusing effect 

is that greater intensity can be obtained than by sirnply reflecting a parallel 

bearn. 

The disc.dvantage of this macJ:'l..ine as applied to nuclear physics is 

its low transmission. Sources of the arder of 100 millicuries are required 

to get eood resu~ts for high energy ganuna-rays. Hhile the low energy gamma-

rays and x-rays can be measured with an activity of the order of a microcurie . 

The instr~~ent has several advantages over the other means of 

measurinr; gamma-rays: 
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{a) The enerey of the gamma-ray is measured 

directly as compared with the indirect means of the 

beta-ray spectrometers. 

{b) Its resolution is in general much higher than 

other types of eammu-ray detectors. 

{c) Sources are very easily mounted in the instr~~ent. 

The main factor to take into account is transiTlission when usin~ 

this type of instrument, with sources prepared by cyclotron lx>mbardment. 

Since the transmission varies \vith the square of the wavelength, the 

spectrometer is only useable for relatively long waveleneths. Therefore, 

the instrument is most suitable for measurements in the x-ray region and 

this fits in with the study of the electron capture activities produced by 

the cyclotron. Thus, the instrmnent was built to study the x-rays and 

low energy gumma-rays produced in radioactive decay. It was desi~ned to 

have sufficient resolution to resolve the x-rays of two neighbouring elements 

and high enough transmission to be useful with cyclotron produced sources. 

1\ second factor, that entered into its design, was versatility. 

Using the principle as explained in section two, the instrument can be set 

up in three ways. From diagram IB it can be seen that a source placed at 

EFG will cause x-rays to be brought to a focus on the circle DSAB at an 

angle with respect to the crystal planes. Equally a source placed at D on 

the focal circle will have a virtual image at S' and a counter placed at 

EFG will detect a line whenever the point D makes an angle e corresponding 

to a Bragg anele for its radiation. 

Therefore the instrument was set up to use a film detecter on the 

focal circle, a scintillation counter on the focal circle, or a scintillation 

counter at EFG. The film is useful for getting low energy x-rays or 
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integratint; the r adiatio'1 to cet vreak lines. The scintillation counter on 

the focal circle rec..uires Hn extended so•.trce and therefore the so1.1rce is easy 

to mount. A source ple.ced on the focal circle has the advantaGe of higher 

transmission. 

In srmunary then the instrument is litTJited by its 101.·1 transrnission. 

It has enouch resolution to separate the K alpha lines of two neighbourin.Ç 

elements, and i8 ~seful in the study of x-rays and low energy camma-rays 

with emphasis on decay by electron capture . 
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II THEQ!iY 

This instrument works on a principle similar to the Rowland 

Grating. From diagram lA it is seen that if a crystal AB is bent with a 

radius 2R, a source placed at S on the focal circle of radius R will have 

its radiation diffracted to the point D on the focal circle from all points 

on the crystal, if the Bragg condition is fulfilled. 

From diagrnm lB it can be seen that a source placed at D gives a 

bearn which is diff r acted from the crystal AB as if it had come from the 

point sr. That is, it has a virtual image at S'. Or a broad source at 

EFG has its radiation brought to a focus at D. 

The first system, as in diagram lA i s only used for long wavelengths. 

The second system can be used for hieher energies up to about 5 Mev. As 

was mentioned in the introduction the second method can be used several 

ways. If the source is placed at EFG, 'o~e can either place a photographie 

plate on the focal circle or the f ocal circle can be scanned with a counter. 

If a source is placed at D, it can be moved along the focal circle and the 

peaks detected with a counter at EFG. 

The photographie plate method allows a l ar ge portion of the 

spectrum to be surveyed at one tL~e. The two counter methods give increased 

detecting efficiency and are therefore more useful with cyclotron produced 

t ar gets . Source prepar ation i s easy for a distributed source whil e the 

line source increases the solid anele and hence the transmission of the 

instrument. 

The mat hematics of this i nstrument is worked out in detail by 
{6) 

Hiss Cauchois . It is obvious t he line v1i ll be f ormed at an angl e r el ative 

to the geometrie centre according to the Bragg r elation 

nf... = 2dsino 
1 
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This a..ngle is chan~ed according to the position of thA planes of the crystal 

relative to the surface of the ~!li ca. 

If the planes are at an an0le ~ to the centre line R, the focus 

,,.,ill be nt nn ~mzle a ± e. 

The linear dispersion of the instrt~ent 

Since 

s ~ 2Rsine 

and fror2 formula. 1 the dispernion is 

(See diacram 2). 

ds 
dÀ 

is ds. 
di ... 

The line Hidth is dependent on tll..ree factor~; (a) the aperture 

of the crydal, (b) the thic!('îess of the crystal and (c) the perfection of 

the cr~r~tnl ~trncture. 

The c;eo~etrical line Hidth '.·nlS ,_.,orkecl o~J.t D~' l.J~~s Cnucl.1ois to be 
2 

3 

L = (F. + ,g _ _) t11.n u 1,. 
8R 

'.-rhere E is th8 tl}:tcknec;::. of the crystal, o is the linear ol_)enin;:; of the 

cryst;;.l, <l.r'.d 

u-rr+e 

Tl1is for:::mlB. ne~lects the effect of the crys~:al rJtrt<.cture Hhich is a very 

T!1e po~ütioc:. of the source for tl1e ber:-::. tr·c\:.:ro'J:'1c1 condition 
(8) 

• .. ms investic::tV'!d b~r P. ~.S:.r!:'.ier, ,;. ?. Bl?.ser, ?. Preisuerk and S. Scherrer • 

.?.::: the sonrce. 
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III TI-JE COi!SI'RTTCTION OF TIF. ~l.P?.tJUu"'TTS 

'J'he instr'l!nent J..rr-ts '!~P cle as flexible as possible. The general ide a 

· .. ;as to have a sli t mo vine on the focal circ le, a crJstal cla:-:lp fixec1 on the 

focal circle, ;md n 'brond source or detecter 1;1hich moves so ::ts to ma:œ th.A 

su:!A o.:n:lR r.:ith t.èP. cr~rst.al planes as the slit. 

This is illu~>trateè i!1 àiacre,n 2. The sli ":: is 0.t F c::ovins on the 

focal circ le HCF. The crysto.l cla."!lp is at :D 
,.UJ.-

(heree.fter CELlleri the source), ~~ust. rota te nbont thP. centre of the crystal 

cla':!p c.pertu:r.e, point ar~ to l:eep the ancles Dl·IS anà This 

1.:ill "'[)8 tr~_.:e if ·~1·P cry::;tn.l plv.n.es useà c.re nor!!lal to the sïJ.rf&ce of the 

T'or i~~J.8 .P'.'.rpoce of' e. description of the ap:x:ré\.tus i t is convenient 

to di vide i t L1to t}œeP. po.rts. The::;e parts e.re the sli t (or photo~raphic fi]_'ll 

holà er), the r:üca cla'!lp and t~e :;oèJ.rce. The req_uirements to be filled by 

the se are dism .. :ssed in the follo'..:i!'l~ sections. 

Grvstd clë.::J.p 

as i ts acc:.œe.c~' toc;ether ' .. ri th the qwüi ty of the mie::. crystal àeter.::d.ne the 

she .. rpP-ess of tl':.e focus of the instrt1.>!1ent. The position of the mica clc~:p :r.ust 

be :Cnmm e..ccurately since this determines the position of the focal circle. 

The slit 

The slit li:cüts the radiation passin~ tl'l.rou,::h it D.nd must therefore be 

r.:.ade of a material '.·!hich stron:.:;ly absorbs x-rays. Its vridth must be 

variable no as to allo',J àifferin:::; B..!D.ounts of a spectral line to be 

exarnined. Fu.rther, rotation abo'.'-t a line dra~m perpendicclar to the ~:;enerator 
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of the focal circle :must be provided. This is necessury since the planes 

of the I!lica crystal are not easily set in the clamp ui th an accuracy bet ter 

than t\.:o decrees relative to this generator. The slit must nove so as to 

x-erc.ain accurately on the focal circle. Fimüly, since it ~-Till be in the vicinity 

of hich enerey CaP.m~-rays it must have a laree amount of shielding around it. 

If a fiLr:1 or plate holder is used in place of a sli t, i t nust have the curvature 

of the focal circle and it must be placed accurately on the focal circle. 

The source 

The source is the least critical part of the instrument. If its 

centre moves away from the Bruce anele, at which it is supposed to be located, 

by even a relatively laree amount, most of the source 'vrill still be radiating 

onto the mica crystal a.11d therefore i t uill be at the Bracg anele for sorne 

part of the crystal. The reader is reminded that the term source is here 

used ta represent either the source or the detecter, ,.rhichever is loce.ted at 

position S of diazra'!l 2. The main requirement is to !ceep its centre at about 

the Braee anele so that the detected intensi ty \.Jill be maxinn.urr. It is also 

necessary to vary the source radially uith respect ta the crystal in arder 

to cet a full rane;e of enereies. Finally, i t vlill require a large amount of 

shielding, since intense radioactive sources \d.ll increase the bac!q; round. 

(b) Details of Construction 

The se requirements \·:ere falfilled in the follovlin;:; ways. 

The crystal cla~p 

The crystal cla>nps were eut ta a radius of t\.Telve inches and then 

ground to a eood surface. This surface \.Jas coated uith 0.01 11 of chromium. 

It ,,ras then lapped to a fine finish by the Optics Laboratory of the Rational 

Research CoQ'Ylcil. 
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The crystal clamps viere boltecl on a base plate and accurately 

located relative to the centre of the focal circle. 

The slit 

The one inch sli t Has made of lead boncled to a brass baclcing. It 

was then milled to as sharp an edee as would be taken by the lead. These 

lead knife edges were then mounted in a groove, and held in place by screws. 

The screws could be loosened to allow adjustment of the slit width and positio!l. 

In order to eet rotation of the slit, it was decided to fasten it 

solidly to a cylindrical lead shield in which the counter or radioactive 

source cmùd be placed. Then to rota te the sli t, the '.·:hale piece of apparatus 

was rotated. This allo·t!ed the use of a thin crystal counter 1·!hose orientation 

relative to the slit did not need to be changed once it was adjusted. Also, 

if a line radioactive so~rce was used, it could be repeatedly keyed into the 

right position. This cylinder was fitted into a plate with a cylindrical 

groove and was then held in place by two U-shaped clamps. One of the clamps 

was fitted with two screws workine in opposite directions aeainst a projection 

fastened to the lead, in order to give the required rotational adjustment. 

This setup is shawn in plate 1. 

The motion cf the slit had to satisfy two conditions. It must move 

along the focal circle, and it must be pointed at the centre of the crystal 

at all tLmes since shielding must be placed in front of it. 

The sli t 1·ras dri ven by an arm from 0 to F in diagram 2. This is 

No. 25 in diagram 3.The slit and castle were placed on a plate (No. 19 of 

diagram 3) Hhich was pi voted at. F and H of diagram 2. Since the distance 

FM is not constant the slidine pivot at M allows the plate to slide as it 

rotates. The slidine pivot is provided by a fork (No. 21) m:>ving alon11 the 

a.xle (No. 20). The arm (No. 25) is pivoted about the axle (No. 23) at the 
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centre of the focal circle. The pivot on the focal circle is provided by 

a bearing whose centre is 611 ± 0.005 11 from the axle (No. 2.3). The plate 

holding the slit is then pivoted by an axle through this bearing. 

The slit carriage (No. 19) had to carry the rather large lead shield. 

This meant that it projected beyond the edge of the base plate (No. 22). At 

the same time, this large \-l'eight had to move accurately enough to keep the 

slit on the focal circle. To prevent any play of the slit carriage, a go~d 

friction contact between the carriage and the base plate was necessarf• This 

was supplied by three iron legs fastened to the carriage. To move this large 

weight as easily as possible and to keep as rouch warping out of the plate as 

possible, two legs (No • .34) were put under the projecting end of the carriage. 

These legs rolled on steel balls. To allow for vertical play the balls were 

spring loadcd and the tension on the balls was adjustable. 

\lhen the apparatus is in operation, the slit (No • .30) and the shield 

(No. 29) and slit mount (No. 27) must be adjustable relativet~ the slit carriage, 

in order to place the slit directly over the pivot (No. 29). If the slit is 

not over this pivot, it will move off the focal circle as the arm (No. 25) 

rotates. To make this adjustment, the slit mount was placed in a rack (No. 28). 

The rack and slit assembly could be adjusted radially along the slit carriage 

(No. 19) by scre'vr (No. 26). The slit mo•.mt could be adjusted across the rack, 

transverse to the slit carriage, to give the tHo dimensional motion relative 

to the carriage required to adjust the slit directly over the pivot (No. 24). 

The drive of the arm (No. 25) is used to !lleasure the Brage angle. 

This angle must be measured to within one minute. From diagram 2 it is seen 

that the angl e FOE is hzice the angle Fl·iE for all po si ti ons of F. This means 

a reduction of t\..ro by driving the arm (No. 25) of diagra"'l. 2. Therefore, to 

provide a slit rotation of say one degree for a complete rotation of the control 
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dial, a gear reduction ratio of 180 was necessary. This ~vas obtained by 

two reductions, a worm gear and worm system with a reduction of 100:1 driven 

by a helical gear system giving a reduction of 1.8:1. This gives the total 

required reduction from the control dial to the slit of 360:1. The control 

dial was divided into 120 divisions. Therefore, one division corresponds to 

a slit rotation of half a minute. 

The shielding around the slit was made in three pieces. The main 

piece is a lead tube eight inches long and four inches in diameter, with a 

two inch diameter hale through the centre of it. The slit is fastened to one 

end of this tube. The hole in the centre of this tube may contain either a 

radioactive source or a counter. This arrangement is No. 29 in diagram 3. 

Two blacks, four inches wide and two inches thick, may be placed in front of 

the slit. Each black has a e;roove eut in it one inch \vide. The groove makes 

an angle with the surface of the block, which corresponds to the half angle 

that the slit subtends at the crystal. These blocks supply good shielding 

of the sli t from radiation leaving the source. They are shovm as No. 30 in 

diagram 3. This means that the slit has at least one inch of lead in all 

directions, except that of the crystal. 

The source 

The source is made up of five parts, the drive, the carriage, the 

mount, the shielding, and the collimators. The drive is done in co-ordination 

with the slit drive. The main shaft of the source drive must be such as to 

change the angles SHD and FNE at the same rate. 

train driven by the main shaft No. 23 diagram 3. 

This was done by a gear 

Since this aneuJ.ar change 

is t -vlice that of the source a reduction of t wo t o one was made by means of t wo 

spur gears (No. 2 and No. 3 of diaeram 3). The shaft (No. 20) of the gear 

(No. 3) was f astened under the centre of the crystal cl~~ps. A plate (No. 9) 
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was fastened to this e;ear. The other end of the plate 1;1as supported by two 

rollers. In the centre of the plate a groove i-ras eut and the source mount 

(no. 10) was keyed into this groove. The source mount is adjustable along 

the groove by means of a screw fixed to the source carriage. It may also be 

adjusted in height by means of four screHs. 

The source shieldinc and holder are combined. They are made of three 

pieces of lead. (See Nos. 12, 15 and 16). Pieces No. 12 and No. 16 are 

rectaneuJ.ar bloc ks. Pie ce l!o. 15 has a groove eut in i t to hold the source. 

The collimators (No. 14) project into this groove. The blacks give t\.ro inches 

of lead shielding around the source. 

The action of the collimators is shown in diaera.t!l L~. The source 

is at DN, the mi.ca clartp is at G and the slit at F. It can be seen that with 

this arransement the source is completely visible to the slit. The radiation 

will go directly frorr. the source to the slit swamping out any radiation reflected 

from the mica. By putting in the collimators KL, SH, and HJ the direct radiation 

is blocked out at this angle and this allovrs smaller Bragg angles to be mea.sured. 

The collimators have to be fa.stened a.t the source and pointed a.t 

the virtual i.raage of the sli t. The collimators \-Te re fa.stened to one si de of 

a U-shaped clamp (No. lJ). These cla"'!.ps were pinned to the source holder just 

above the position of the source. Rods attached to the clamps were pivoted 

above the crystal. The pivots were made adjustable to get the best position 

of the collimators. 

The collL~ators the~~elves were silver. The absorption of X-rays 

in the wavelength region considered \·TaS found to be better for silver than 

for lead and the silver has greater rigidity. 

Three collimators are used and, at a distance of four inches from 

the mica, they allow the minimum Braec angle to be 2.25° which corresponds 
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~;.chieved b~r !.':OVin;; the SO'J.rCA f urther i'' ':! c:.y fro::l the :::.:i.e;:•. 'T'lri.s set nr is 

shaun in ~la te J'To. 1. 

The detector 

The instrtL'r.ent has been testeél. only for the case of a broe.o. source 

anè a line c1etector. The detecbr is a ;:ec1;:e shapeà. crystal of I .. Ta I (Tl) 

'rhe. er~cc;t::l is t !ri.c :: eno'..t.:::;h to s top CJC). Cf:'. of incident lOO ICev. 

. , 
:_r:lpT~'.reo. rP.flect.ivity, the insic:e. of t~'1e cnn ~·::'..::: p&intecl uith 

It i s foll01·red by o. c &thoè.e .f::>llo~·mr 

frŒn the crystal into c· . .si:·~~le che.m1el p;Jl se hei~ht analyser . This instrunent 

allo\TS ~.,_ i:inclou to l::,.e s et abo :_1.t the :;JG <c:~ i:o be sh.:c~.iec1, ther Gby re;]ectins many 

bac;~~rou.ncl cotmts . 

The o:1.tpnt p'..:lses of tite p1..üse hei~:;l1t e.n:~.l~r~er ëor e co:..:tnted '.Jith e. 

:::2anua.lly oper0.ted s c aler. 
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IV AJ).TIJSI'MENT OF THE INSI'RID-ffi:NT 

i~ mica crystal Has used in the instru.-rnent. Its crystal structure 

must be determined in arder to place the mica in the blacks at the correct 

anr;le. This can be found ~-:i th relative ease usine optical methods. The 

mica uas placed in a polarizine; microscope and rotated until extinction was 

reached. The position of the planes to be used in the spectrometer are then 

either parallel or perpendicular to this extinction position. This involves 

four possible positions of the mica in the cla~p. These positions were tried 

until the correct one Has found. 

Gare was taken to ensure that the surface of the mica was flat. 

This was done by strippine; a thin layer off the surface of the piece. J(lso 

all dust and small specks of dirt uere removed from the clamp and the mica 

be fore clamping. 

Five adjustments are needed to bring the instrument to focus. The 

first adjustment is to align the source, the slit pivot and the centre of the 

crystal at an ane;le of ten deerees with the axis of the instru.-rnent. The 

other adjustments are, the ancle of the slit relative to the e;enerator of the 

focal cylinder, the position of the collimators, and the two adjustments to 

the slit for placinz it on the focal circle. 

The slit \..ras placed on the Ka1 line of silver and the anele of the 

slit Has varied until maximum counting rate was reached in a scintillation 

crystal behind the sli t. This position \..ras then checked photographically and 

the two coincided. 

The collimators were alir;ned by irradiating a rhodium foil vrith an 

x.-ray machine and placing the slit on the peak due to the Kc:1 fluorescence. 

The collimator pivot above the mica Has then varied by steps of L" and the 
32 

counts recorded. This vias repeated for each of the three collimators (ra ble 1). 
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TABLE 1 

POSITIONING OF THE COLLIHATORS 

PQsitiQn Centre Rirtht Le ft 
..l" units Col1ima::!;:or ColJ.ill!ator CoJ.ljmator 
.32 Counts/Nin • CQunts/Nin. Counts/l1in. 

0 2462 2640 1650 

1 2496 2656 1580 

2 2656 2396 1690 

.3 .3214 2782 1958 

4 .3600 2800 2004 

5 4128 2942 22.32 

6 44.34 .3078 2462 

7 4218 .3058 2464 

8 .3752 .3284 22.38 

9 2.348 .3.368 

10 .3460 .3056 

11 2790 

12 2474 

The values in table 1 are plotted in graph 1. It can be seen that 

the positionine ofthese collll:lators is not too critical. A variation of one 

sixty-fourth of an inch ,,..rould have only a small effect. 

TviO adjust:r.tents uere incorporated to place the slit over the pivot 

on the focal circle. One of these adjustments moved the slit in a radial 

direction uith respect to the centre of the mica. The other moved the slit 

at right angles to the first direction. These tHo variables are called the 

radial and transverse adjustments respectively. The effect of each adjustment 

on the resolution and the enerzy indicated by the instrument were determined. 
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The line Hidth as a function of the radial adjustment \vas determined 

by measuring the Hidth at half height of the silver Ka1 x -ray line for various 

radial positions. The Ka1 radiation was produced by oombardine; a 0.004" si1ver 

foi1 Hi th x -rays of a higher energy from an x -ray tube. The s1i t was m.oved 

through 0 • .31.3 11 at intervals of 1/2 turns on the 10-.32 screw of the radial 

adjustment. The line uas scanned at each adjustment Hith a 0.00111 s1it. The 

1/2 \IIidth was p1otted in units of 0.2 minutes of arc. 

The re sul ting curve is sho~m in e;raph 2. It can be seen that there 

is a bread minimum between one and six turns. This is a distance of aoout 

0.15611 • From the geometry of the instrument, the line should be aoout 5(Jj, 

1dder at 6 turns away from the minimQ~. Graph 2 bears out this expectation. 

The Braeg angle as indicated by the instrument was plotted as a function 

of the radial adjustment using a method similar to the previous one. The only 

difference was the sli t width \.fhich 1-1as opened to 0.002 11 • The result is shown 

in graph .3. It can be seen that there appears to be a vrea!c extremum near the 

centre of the variation. This is aoout the same point as the minimum in the 

line vddth curve. Therefore the slit was set at this position. 

The line \·ddth and the Bragg angle as indicated by the instrument 

for the silver Ka1 line uere plotted as a function of the transverse adjustment. 

The results are sho\lm in graphs 4 and 5. It is seen that the Bragg angle 

displays a small slope Hhile the line Hidth curve remains relatively constant 

over the whole range . 

Therefore the instrument is relatively insensitive to all these 

adjustments. This means that it is easily brought into focus. 

' 1 
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. V RESULTS 

Resolution 

The line '1-lidth was measured for a small source \.;hich used only a 

small area of the crystal and for a lare;e source usine; the \o~hole aperture of 

the mica. The line uidth using the small aperture and a tin tarr;et as measured 

from graph 6 \-Tas found to be 0.6J%. The line Hidth for a laree source was 

found to be 0.67),. The tare;et for the lare;e source uas rhodiu..'!l and the 

res1lltant profile of the line is shmm in eraph 7. The line Hidth as determined 

e;eometrically was found to be about O.OOJ". This corresponds to a line width 

of 0.2J%. The discrepancy may be explained as due mainly to ~perfections in 

the crystal structure and faults in the surface of the mica and the crystal 

cla.'Tlp. 

Neasurements, as found in 11X-rays in Theory and Experiment 11 by Compton 

and Alliso~ have sho~.m that the crystal structure of calcite broadens the li ne 

structure by more than one minute of ane;le. The Ka1 line of tin in graph 6 

is 2.1 minute \Üde as compared 1.-lith eeometrical uidth of 0.9 !l"inute. The 

total broadenine; is then 1.2 minutes e;reater than the geometrical broadenine. 

The structure of the mca uould be thoue;ht uorse than that of calcite and 

this broadening i:;; therefore not unreasonable. The line uidth from the photo

e;raphic plate seems to be of the same order as that from usine the counter as 

a detector. It can be seen from the microphotometer trace that the two 10. 

lines are just barely resolved (Plate 2). 

The wave leneth ~easurement 

The He.ve lenzth of the Ka1 lint. for tin, rhodiU1:1 and sil ver calc1llated 

from zraphs 6, 7 and 10 respecti vely anà from the :mo~m crystal spacins of 

2.554 .. ~u. 

The Have lene;ths are shmm in table 2. 



0 
0 
CD 

0 
0 

·(0 

31nNIW 

-2&-

0 0 
0 0 
~ 1(\j 

~3d SlNn0J 



RHODIUM K oC., A K o<_ SPECTRAL LINES 
:.. 

20001---

IJ.J 
·t-

:::> 
z (600 
-
:E 
[1:: 

1 1 1 \ 1 1 1 \ 1 

1 
1\) 

lJJ 1' 
Q. 

1200 
(l') 

.... 
z 
::::> 
0 
u 800 

4001---

A t..1r-1 c 1 "'' n cr. c c: ~- c: 



a: 
0 
0::: 
a: 
L&J 

~ 0 

·48 

----~ ~~-~~- - - ~ - - -~ 

% ER ROR 

W AVE L ENGTH IN A·U· 

..... 

'! ~ ' 
. "-.~ 

~- , 
!lit 

' . . .,;, ..... 
~ !' 

if 
·-
" 

'"' 

~ 

·~ 

• 

-~--

! GRAPH 9 ··j ·~ 
TRANSMISSION ·15 

1 
1 

§ A 

/ 

'i// 
1 

! 
1 
1 

--J·OS 

- ·95 

- ··85 
1 

- ·75 ---i 
::0 

. )::> 
____j ·6 5 2 

. (/) 

~ 
;·55 (./) 

1 (./) 

-----l-450 
: z 
1 

'·35 
---l ~ 

1 

· ~5 

·15 

' ---j . 05 
. 1 1 1 1 .. L _ _L ___ _L_. _j 
. 36 ·40 .... .•• ·5'2 ·56.. ·60 

WAVELENGTH IN A·U· 



-- 29 --

T A B LE 2 

Element ~ia~elenrth :Is,v~J.!iJnr·th lU.t:t:f.lr~nç~ E~;tima:t~!l t1 EttQt .y 

Heasured .ti.cce:2ted .AQ· PrQbabj.~ "' 12. 

A1l AU Err or 
A1I 

Rh 0.61204 0.61202 -0.00002 0.00015 0.003 

·~ o. 5530/~ o. 558211 0.0002 0.00015 0.036 

Sn 0.43924 0.48961 0.00037 o.oocl5 0.076 

The meusurement of the waveleneth is shmm to be in good a~:;recment 

vlith the accepted values. It !!laY be noted that the difference in the case 

of tin is more than twice the estinated probable error in the wavelength. 

'l'his can be a system.atic error of the eear mechanism. If l!e plot the percentage 

error as a function of the uavelength (graph 3) ue see that it is a straight 

line. It would take more measurement ta prove this linear relationship over 

the ~·:hole rance. In e..ny case it is seen that the maxim1L'n error is 0.076%. 

This shovrs that the cear reduction train is accu.rate en.ough. 

A photo:raph of the K lines of ~\e \·Jas ta.!œn for diffraction from 

one side of the crystal planes only (plate 2). Thus the Havelengths cannat be 

measured absolutely. Ho'.-mver, the separation between the lines ~1as measured 

and checked against the accepted values (table 3). 

T.\BLE 3 

SEP;lli..ITim; OF K - SERIES LINES OF STLVER 

Separation 
~ 

Se2aration 
AU 

0.0665 

0.0624 

~~cce2ted 
Se2aratiQn 

.AU 

0.0665 

0.062 

Err or 
rj 
~ 

0 

0.66 

This sho•t~s that these results are alr!J.ost as good as the counter 

results. 

.,. 
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The trans~ssion 

The transcission of the instrum.ent ~-ras measured for the Ka doublet 

of three elements. These elements were rhodi~, tin and lanthanum. The slit 

uas set i.Jide enou::;h to straddle the doublet, and i ts lenc;th reduced to 1/211
• 

The slit was turned to loo:~ directly at the source throu[;h the mica in the 

cla;np and the coun~in[; rate uas measured. Then it 'liaS moved onto the peak 

and the counting rate measured again. The counting rate ~.,ras also taken on the 

peak \.:i. th a piece of :llca in front of the sli t, the :llca beine; of the saTTle type 

as is used in the instrument. From this the percentae;e of the direct beam lost 

due to the absorption of the mica in the cla.'llp uas determined. Then fro:n the 

kno,,m distance froi!l the source to the counter the activity at the source vias 

calculated. The measurements \-.rere used to calculate the transmission, table 4. 

TABLE 4 

THE TRANSHISSION 

Element Countinc: Co,_mt;ï.rw On Countj.n~ On Tran§m;!;Siii;!.on 
From Source P~a~ ~Ji thout Pea;~ ~lith 

x lo-7 CQu_ntsLI·ün1 Mica Absorber t1i.ça ~bsoiber 
CQ1J,!ltsb1j.n1 Cçuntsbfin1 

Rh 3.1S x 104 1264 1002 1.04 

Sn 4.3S x 104 1336 1206 0.89 

La 5.76 x 104 '~-39 J O? /'- 0.23 

-~Iidth of sli t 0.0211 Thickness of 
bent crystal 0.0175 11 

Height of slit 0.5" 
Thickness of 

Diarn.eter of source 0.18711 mica a bsorber 0.0133" 

Distance of source 
from counter 16.4411 

The calculation of the transmission is as follov!S. The arca of the 

counter is 0.01 square inches at a distance of 16.44". This .::ives a e;eometrical 
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countine; efficiency of 0.294 x 10-5• The detector co'.mts both the Ka and 

the K;J lines uhen it is looldne; directly at the source. The Ka x-rays form 

5/6 of the total n~~ber of x-rays. Therefore the countinG efficiency becomes 

0.353 x 10-5• .A piece of the same type of mica which is used to diffract the 

x-rays was placed in the bearn going to the line. From this the absorption 

coefficient for this \-ravelength uas calculated. 

I = I e-J..LX 
0 

~fuere: I is the measured intensity 1-lith absorber 

t, is the measured intensity I·Iithout absorber 

~ is the linear absorption coefficient 

x is the thic!rness of the mica 

For rhodiurr. x-rays the absorption coefficient would be: 

f-L = -1 ln .l 
x I 0 

= -1 ln 1002 
0.0133 1206 

-1 = 13.75 inches 

From this, the intensi ty \-li th no mica in the clamp ..,10uld be: 

I' = I' JkX 
0 

= 3•18 x 104 el3.75 x 0.0175 

4.04 x 10
4 

counts/min. 

Using the previously calculated value of the geometrical efficiency the counting 

rate at the source is 1.12 x 10
10 

counts/min. Therefore the transmission is 

Counts/rninute at the line 
Counts/cinute at the source 

= 1.26 x 10-7 

1.12 

-7 This gives a value of 1.12 x 10 • The other values are calculated in the same 

There are three main causes of error in these measurements. They are 

countine;, scattering of the x-ray beam and variations in the intensity of the 
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x-ray bearn, 

The nu.:n.ber of counts taken for each element uere ail greater than 

1000, This meant that the probable error was less than J% from this cause. 

The x-rays from the )"..-ray machine could. have been scattered into the 

sli t from vario~.ls parts of the source holder and collimators altho'..lgh care 1;1as 

taken to keep this as lm·! as possible. This uould make the direct counting 

rate high and therefore increase the transmission, 

The !!lOst likely cauae of error 1-JOl.Ùd be in the measurement of the 

current in the x-ray tube, This Has not measured to better than ± 1~. 
Fluctuations \.Jere noticed in this -vrhen the peaks \o:ere scanned, 

The last factor overshadous the others. HoHever, it is thought the 

measurements -vrere ac cura te to vrl thin ± 15f... 

These values are plotted against uavelength in r;raph 9. It can be 

seen that the transmission increases Hith wavelength. The range is not long 

enough and the points are not accurate enough to determine what sort of a 

functional relation exists. 

For a photoeraphic film, the important quanti ty vJo'..lld. be the number 

of events at a source necessary to eive a line O!l the film. T>!O exposures were 

made. The first one uas forty minutes in 111hich the line vias just visible. 

The second ~·Jas for six hours and is shmm in plate 2. The number of counts per 

minute under this line was then measured v!i th the scintillation counter, Since 

silver-rays have only a slightly shorter wavelength than rhodium the transmission 

values of rhodium vtere used to calculate the total counts at the so'..lrce to 

produce the line, 

The total number of counts under the silver pea !c vias J,25 x 104 

counts/min. assmning the co'..lnter is lOO% efficient. This Has measured from 

graph 10. Therefore the number of counts to produce the line on the film 
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PLATE 2 
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would be 1.47 x 106. This would represent a total number of events at the 

source of 1.47 x 1013 for the forty-five minutes' exposure. The six hours 1 

exposure which gave a eood dark line .... ~ould require eight times this number of 

counts. 

The film used in this experiment was not the most sensitive. However, 

the most sensitive film available wou~d be better by about a factor of three. 

Therefore the source vmuld have to have 5 x 1012 events to be use able wi th the 

film. TheGe fieures would have the same errors as the previous ones, mainly 

due to fluctuations in the x-ray tube current. 

The decay of cerium = 
A lanthanum oxide tarcet \ms bombarded in the cyclotron uith 55 mev. 

protons for 3 hours. The bear:1 current was one micro-arnpere. The cerium was 

chemically separated frore lanthanum and placed in the instrument and the resultant 

x-ray spectrœn due to the decay of ceriurn. was studied. 

Three peaks •,,rere found uith enerzies corresponding to the x-rays of 

cerium, lanthanu.rn and œ.rium. 

The ceriu.rn x-rays Here to::> vreak to allow the study of their half life. 

It Has noted that they Here strong enough to register on the machine but Here 

gone by nine hours after the separation. These x-rays Here probably due to the 

conversion of isomerie states in Cel35 and Ce137• 

The decay of lanthanum x-rays vras follo~ored for 70 hours and plotted 

(graph 11). This decay sho~ored the half life of 19 ± 2 hours. This half life 

is in eood agreement uith published values. 

The decay of the bari11.m. x -rays vre.s follO\·red for 70 hours. The se 

shm.,red a erm·rth and a decay. The half life of Lal35 has been reported as 

19.5 hours. A half life of 24 hours for this decay has been tentatively set 

from measurements in this laboratory. Therefore u.sine Ce135 decay curve as the 
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standard the expected countinr; rate for La.l35 uas calculated. The experimental 

values are shown as they fall around this curve in graph 11. It can 1::.le seen 

that there is eood aereement, and the half life is therefore consistent with 

previously measured values. 
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VI CONCLUSION 

In conclusion it can be said that the instrunent has a relative line 

1-rl.dth of ,N 0.65% 1-rl.th a mica sheet 0.0175" thick. This resolution may be 

increased by reducine the aperture of the mica and a.lso by makine it thinner. 

However1 for most purposes this is entirely adequate since the Ka lines of 

two neiehbouring elements may be separated with two per cent relative line uidth. 

From the m.easurements of the viavelengths of the 3 ka lines of .~1 Sn 

and Rh1 the accuracy of the instrument vias found to be less than 0.1%. This 

accuracy is entirely adequate for the settinc of the slit on a line using the 

dial. It is noted that there is possibly a linear error in the Gear train 

which is hO\·Iever too small to hinder the usefulness of the instru.raent. 

The transcission of the instrUP.lent for <' hroad source seems to vary 

around the value of 0.5 x 10-7 for a 25 Kev. x-ray. This could be improved 

by usine a thic ker mica crystal '<Jhich \·!ould of course reduce the resolution. 

But since a relative line t-~idth of ~ '<Tould be adequate1 thicl::er wica Hould 

be quite useful. However1 it is difficult to get a piece of thic!:: mica of 

reasonable uniformity. This difficulty rnicht be overco~e by la~natinc several 

pieces. 

The greatest sinele improvement to this trana~ssion could be effected 

by interchangine the positions of the SO'.lrc.e and the detector. The interchanee 

would increase the transnlission by a factor of ten. 

~"..nother Hay to increase the transmission would be to increase the 

area of the mica and reduce the radius of curvature. These t...ro factors 1..rould 

cive considerably greater trans~ission perhaps by as much as a factor of five 

or six while still keepine the resolution at useablA value•. 

Thus the instrument has show~ itself capable of studying the decay 

of sources which can cive countinc rates of the arder of 1.5 x 106 counts per 
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second and have radiation enercies up to about 1.00 Kev. This is particularly 

applicable to the study of decay by electron capture of cyclotron produced 

sources. 
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.ù.PPEriDIX I 

In many cases i t '.·!Ould be useful to have the instrtl!!lent ~easure the 

enercy directly, instead of the Brage angle. This is particularly so ~-Jhere a 

scintillation detector is used, since the output of the detector tends to be 

proportional to the enerzy. If the movement of the apparatus is proportional 

to the wavelene;th, then i t would be difficul t to drive a uindo\or around a photo

peak to keep in step uith a drive in the instrUI:l.ent. Therefore, a desien was 

thoueht of uhich \·:ould :m.ake the instru.rnent ::nove directly as the enerey. 

The desic;n had also incorporated several other features. The source 

and detector, in an instrument snch as this, r.mst be heavily shielded a::ainst 

radiation. This shieldins ~ives the::n a lar0e mass and makes them difficult 

to ::nove accurately. The R.ccuracy of r1.ovement is most important for the slit 

since it must be kept on the focal circle. The cla~p is relatively licht and 

therefore easily moved. The movement of the source does not have to be of t he 

sam.e order of accuracy as the clmn.p and the slit. Since the machine can be 

set up Hi th any tvm of the tliTee movinc, the sli t HOT.l!d be best kept steady 

uhile the cla11p n.nd the soü.rce nove . These features have been included in a 

!'!lovement thonsht of here. 

The move::nent is sho'.m schema tic ally in diacrc..r.l 7. The cl&"lp is shO\m 

at ..:il·ill. The focal circle is sho\m as .U·iBCFE. The focus or sli t is at F. The 

diarneter of the foce~ circle normal to the centre of the surface of the crystal 

lies alon:::; l1E. The cr~r::;tal planes used for the Brace diffractions lie alon3 

the line Œ.JI. It is to be noted that the ancle EFl·f is a ri::;ht ancle reeardles s 

of the position of any of the conponents. The an_sl e that ilfl \Tish to measure 

is :mlF. It c::m be seen that if the pr:>int E i ::o forced to I!love alon~ the direction 

:?F and the point ~-~ nlonc the direction JK, the sli t uill ah:ays be on the focal 



0 

-41-

z 

I i 
·····----~ 



- L2-

c:i.rcle of the cr~rstal ~!.B. The source must be forceà to .~'lovn :ô' 0 as t o ~-:cep 

the ansles Gl:.S o.nd If.·!F oc~unl. 

HoH the Brnc~ co'1à.:i.t ion states 

Th\ = 2dsi!!"-' 

'.·There n is the oràer of tl:.e di f f -rilct:i.on., i ... the '.!a.vel en::th, d the cryst:::.l 

is :rr-:r::nrtionnl to 2d/c sce. 2o E is proportion:::l to the c ::;ce. In è.i acr n.m 

ri::;ht 
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