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4 tyelve inch curved crystal x-ray spectrometer was
constructed. Vith it the x~ray spectrum of radioactive sources
could be scanned with a scintillation counter or recorded on a
photographic film.

The instrument has a relative line width of about

-7
0.65" and a transmission of around 1 x 10 at 20 Kev.
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I _TNTRODI i Y

The problem involved in this thesis is the construction of 2 curved
crystal x-ray spectrometer which would be useful in the study of radioactive
decay of elements produced by bombarcdment in 2 cyclotron,

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

of energy mecsurement using crystal diffraction., Starting with the fomous

work of von Laue this method was further developed by Brag% %n his(s%ngl and
1 2
double crystal spectrometers, During this time de Broglie, Gouy and

3)

Darboré  suggested the possibility of curving & crystal to obtain focusing.
But the first worleble idea was advanced by Dumond and Kirkpatrick(h)and thg
first two working models were built independently by Johann(ﬁ)and Cauchois( )
who used the same principle, in slightly different form, of focusing by 2
curved crystal.

All instruments built since then have used the same basic principle,
althouzh the mechanics of applying it have followed different and in%enious
pathse & list of some of these methods is given in the Bibliography 7 and
a system developed in this laboratory is outlined in Appendix T, This
principle is explained in section 2. The advantage of the focusing effect
is that greater intensity can be obtained than by simply reflecting a parellel
beam,

The disadvantage of this machine as applied to nuclear physics is
its low transmission. Sources of the order of 100 millicuries are required
to gel good results for high energy gamma-rays. While the low energy gamma-
rays and x-rays can be measured with an activity of the order of a microcurie.

The instrument has several advantages over the other means of

measuring gamma~-rays:
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(2) The energy 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 gamma-ray detectors.

(¢) Sources are very easily mounted in the instrument,

The main factor to take into account is transmission when using
this type of instrument, with sources prepared by cyclotron bombardment.,
Since the transmission varies with the square of the wavelength, the
spectrometer is only useable for relatively long wavelengthse 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 cyclotrons Thus, the instrument was built to study the x-—rays and
low energy gamma-rays produced in radioactive decay. It was designed to
have sufficient resolution to resolve the x~rays of two neighbouring elements
and high enough transmission to be useful with cyclotron produced sources.

A 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 wayse. From diagrem 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 angle for its radiation,

Therefore the instrument was set up to use o film detector on the

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

counter at EFGe The film is useful for getting low energy x-rays or
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integrating the radiation to get weak lines, The scintillation counter on
the focal circle reguires an extended source and therefore the source is easy
to mount. & source placed on the focal circle has the advantage of higher
transmission.

In simmary then the instrument is limited by its low transmission.
It has erourh resolution to separate the X alpha lines of two neighbouring
elements, and is useful in the study of X-rays and low energy gamma-rays

with emphasis on decay by electron capturee.



IY THEORY

This instrument works on a principle similar to the Rowland
Grating. From diagram 14 it is seen that if a crystal AB is bent with a
radius 2R, & 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 diagram 1B it can be seen that a source placed at D gives a
beam which is diffracted from the crystal AB as if it had come from the
point St, That is, it has a virtual imege at S', Or a broad source at
EFG has its radiation brought to a focus at D,

The first system, as in diagram 1A is only used for long wavelengths.
The second system can be used for higher energies up to about 5 Meve As
was mentioned in the introduction the second method can be used several
wayss If the source is placed at EFG, we can either place a photographic
plate on the focal circle or the focal 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 photographic plate method allows & large portion of the
spectrum to be surveyed at one time., The two counter methods give increased
detecting efficiency and are therefore more useful with cyclotron produced
targets. Source preparation is easy for a distributed source while the
line source increases the solid angle and hence the transmission of the
instrument,

The zathematics of this instrument is worked out in detail by
Miss Cauchoisf ) It is obvious the line will be formed at an angle relative

to the geometric centre according to the Bragg relation

nA\ = 2dsine
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This angle ic changed according to the position of the planes of the crystal
relative to the surface of the mica.
If the plares are at an angle 2 to the centre line R, the focus

will he at an ansle o + o.

<

The linear dispercion of the instrument is ds.
dh
Since
s = ZRsine 2
and from formula 1 the dispersion is
ds = nR 3
d a

(See diagram 2).
The line width is dependent on three factorsci (a) the aperture
of the cryctal, (b) the thickness of the crystal and (c) the perfection of

s

the erystal cirncture.

The ceometrical line width wac worked out by Idss Cauchois to be
2
L=(F+ o) tan u A
&R

wvhere B is the thickness of the crystal, o is the linear opening of the

I
'

u=o+e

This formula neglects the effect of the crystal structure which is a very

sl
complex nroblem, even for sn imatresced crystal.

] ]

The posgition of the source for the hes round condition

o (8)

was investigated by P, Yormier, J, P, Blaser, P, Preisverk and S. Scherrer .

Theyr found thic was bect when the detector ig 3 times as far from the ervstal
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11 THE CONSIRICTION OF TR APPINATTS

(2) Gener=1 Descrintion

The instrument wags made as flexible as possible. The general idea
was to have a slit moving on the focal circle, a crystal clamp fixed on the
focal circle, #nd ~ broad source or detector which moves so as to malke the
gcme ancle vith the crystal planes as the slit.

This is illustrated in cdiagrem 2, The slit ic ai ¥ moving on the
focal cirecle IMCF. The crystal clamp is at .B. The broad source or cdetector,
(herezfter celled the source), must rotate sbout the centre of the crystal
clamp eperture, point i, so as to lieep the angles DINS and OMF egiuel. This
will be true il the crysial planes used are normal to the surface of the
crystal clamp. IT they are rot rnormel, the ancle Fi0 must be the angle between
the slit @nd the erystal planes used,

tor the purpose of a description of the appsratus it is convenient
to divide it into three parts. These parts are the slit (or photocraphic film
holder), the mica clamg and the source. The requirements to be filled by
these are discussed in the followin: sections,

Crvstel clamp

The crystal clamp is the most important feature of ihe Instrument

as ite accuracy together with the quelity of the mics crystal determine the

m

hargress of the focus of the instrument. The position of the mica clamp must
be knoun accurately since this determines the position of the foecsl circle.
The slit

The £1it limits the radiation passing throuch it and must therefore be
rmade of a material which stroncly absorbs x-rays. Tts width must be
variable so as to allow differins amounts of a spectral line to be

examined, Further, rotation about « line draim perpendicular to the generator
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of the focal clrcle must be provided. This is necessary since the planes
of the mica crystal are not easily set in the clamp with an accuracy better
than two degrees relative to this generator. The slit must move so as to
rexain accurately on the focal circle. Finslly, since it will be in the vicinity
of hirh erergy gemma-rays it must have a larce amount of shielding around it.
If a2 film or plate holder is used in place of a slit, it 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 Bracg angle, at which it is supposed to be located,
by even a relatively large amount, most of the source will still be radiating
onto the mica crystal and therefore it will be at the Bracg ansle for some
part of the crystal, The reader 1s reminded that the term source is here
used to represent either the source or the detector, whichever is loczted at
position 5 of diagram 2. The main reguirement is to teep its centre at about
the Brags angle so that the detected intensity will be maximum. It is also
necessary to vary the source radially with respect to the crystal in order
to get a full range of energies. Finally, it will reguire a large amount of
shielding, since intense radiocactive sources will increase the bacliground.
(v) Details of Construction

These requirements were fulfilled in the following wayse.
The crystal clamp

The crystal clamps were cut to a radius of twelve inches and then
ground to a good surface. This surface was coated with 0.01" of chromium.
It was then lapped to a fine finish by the Optics Laboratory of the National

Research Council,
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The crystal clamps were bolted on a base plate and accurately
located relative to the centre of the focal circle,
The slit

The one inch slit was made of lead bonded to 2 brass backing., It
was then milled to as sharp an edge 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 position.

In order to get rotation of the slit, it was decided to fasten it
solidly to a cylindrical lead shield in which the counter or radiocactive
source could be placed. Then to rotate the slit, the whole piece of apparatus
was rotated. This allowed the use of a thin crystal counter whose orientation
relative to the slit did not need to be changed once it was adjusted. Also,
if a line radioactive source 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 clampse. One of the clamps
was fitted with two screws working ih opposite directions against a projection
fastened to the lead, in order to give the reguired rotational adjustment.
This setup is shown in plate 1.

The motion cf the slit had to satisfy two conditions. It must move
along the focal circle, and 1t must be pointed at the centre of the crystal
at all times since shielding must be placed in front of it.

The slit was driven by an arm from O to F in diagram 2. This is
Nos 25 in diagram 3.The slit and castle were placed on a plate (No. 19 of
diagram 3) which was pivoted at F and M of diagrem 2. Since the distance
FM is not constant the sliding pivot at M allows the plate to slide as it

rotates. The sliding pivot is provided by a fork (No, 21) moving along the

axle (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 cirecle is provided by
a bearing whose centre is 6" + 0.005" from the axle (No. 23)s 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 weight had to move accurately enough to keep the
slit on the focal circle. To prevent any play of the slit carriage, a good
friction contact between the carriage and the base plate was necessary, This
was supplied by three iron legs fastened to the carriage. To move this large

welght as easily as possible and to keep as much 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 loaded and the tension on the balls was adjustable.

When the apparatus is in operation, the slit (No. 30) and the shield
(Noe 29) and slit mount (No. 27) must be adjustable relativeto 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 screw (No. 26). The slit mount could be adjusted across the rack,
transverse to the slit carriage, to give the two 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 measure the Bragg angle.

This angle must be measured to within one minute. From diagram 2 it is seen
that the angle FOE is twice the angle FME for all positions of F, This means
a reduction of two by driving the arm (No. 25) of diagram 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 was 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 1l.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 divisionse. Therefore, one division corresponds to
a slit rotation of half a minute,

The shielding around the slit was made in three piecess The main
piece is a lead tube eight inches long and four inches in diameter, with a
two inch diameter hole 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 blocks, four inches wide and two inches thick, may be placed in front of
the slite Fach block has a groove cut in it one inch wide, 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 slit from radiation leaving the source. They are shown 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 SMD and FME at the same rate. This was done by a gear
train driven by the main shaft No. 23 diagram 3. Since this angular change
is twice that of the source a reduction of two to one was made by means of two
spur gears (No. 2 and No. 3 of diagram 3). The shaft (No. 20) of the gear

(No. 3) was fastened under the centre of the crystal clamps. 4 plate (No. 9)
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was fastened to this gear. The other end of the plate was supporied by two
rollers. In the centre of the plate a groove was cut and the source mount
(Mo. 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 screws.

The source shielding 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
rectangular blocks. Piece lo. 15 has a groove cut in it to hold the source.

The collimators (No. 14) project into this groove. The blocks give two inches
of lead shielding around the source.

The action of the collimators is shown in diagram 4. The source
is at DN, the mlca clamp is at G and the slit at Fs It can be seen that with
this arrangement the source is completely visible to the slit. The radiation
will go directly from the source to the slit swamping out any radiation reflected
from the mica. By putting in the collimators KL, S, and HJ the direct radiation
is blocked out at this angle and this allows smaller Bragg angles to be measured.

The collimators have to be fastened at the source and pointed at
the virtual image of the slit. The collimators were fastened to one side of
a U-shaped clamp (No. 13). These clamps 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 collimators themselves were silver. The absorption of X-rays
in the wavelength region considered was 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 Bragg angle to be 2.25° which corresponds
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to an ener.y of 2hout 60 ¥ev., Hicher energies and smoller enslec zay he
schieved by moving the source further ewny fron the =micn, This set up is
shovm in plate llo, 1,

The detector

The instrument has been tested only for the case of a broad source

and a line detector. The detector is a uwedge shaped crystal of ¥a I (T1)
held in an elwninan co (@ee Alazren 5).
The cristal iIs thicl enoush to stop Qo X" of incident 1C0 Xev.

¥=rors. or improved reflectivity, the ingide of the can woco pain

& mixture of mnonasivn owide and wuater

an inch thicize This ab
Tev,

The phototube is an RC.L 6199, It is followed by a cathode followver
whose circuil iz ghowm in diarrem 6, The csthode fallovwer feeds the pulses
from the crystal into &« ginile chennel pulee height analyser, This instrument
allous & window to be set aboul the pecls to be studied, thereby rejecting many

baciioround counts,

The output pulses of the pulse helcht annlyzer zre counted with =

manually operated scaler.
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IV _ADJUSTMENT OF THE INSTRUMENT

A mica crystal was used in the instrument. Its crystal structure
must be determined in order to place the mica in the blocks at the correct
angle. This can be found with relative ease using optical methods. The
mica was placed in a polarizing 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 clamps These positions were tried
until the correct one was found.

Care was taken to ensure that the surface of the mica was flat.
This was done by stripping a thin layer off the surface of the piece. Ailso
all dust and small specks of dirt were removed from the clamp and the mica
before 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 angle of ten degrees with the axis of the instrument. The
other adjustments are, the angle of the slit relative to the generator of the
focal cylinder, the position of the collimators, and the two adjustments to
the slit for placing it on the focal circles

The slit was placed on the Koy line of silver and the angle of the
slit was varied until maximum counting rate was reached in a scintillation
crystal behind the slit. This position was then checled photographically and
the two coincided.

The collimators were aligned by irradiating a rhodium foil with an
x-ray machine and placing the slit on the peak due to the Koy fluorescence.
The collimator pivot above the mica was then varied by steps of 1 " and the

32
counts recorded. This was repeated for each of the three collimators ( Table 1).
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TABLE 1

POSITIONING OF THE COLLIMATORS

Position Centre Risht Left
_1" units Collimator Collimato Collimator
32 Counts/Min, Counts/Min, Counts/Min,
0 24,62 2610 1650
1 24,96 2656 1580
2 2656 2896 1690
3 321 2782 1958
A 3600 2300 2004,
5 4123 2942 2232
6 4431, 3078 2462
7 4218 3058 PINTA
8 3752 328, 2238
9 2348 3368
10 3460 3056
11 2790
12 pIN/A

The values in table 1 are plotted in graph l. It can be seen that
the positioning ofthese collimators is not too critical. A variation of one
sixty=-fourth of an inch would have only a small effect.

Two adjustments were incorporated to place the slit over the pivot
on the focal circles One of these adjustments moved the slit in a radial
direction with respect to the centre of the mica, The other moved the slit
at right angles to the first direction. These two variables are called the
radial and transverse adjustments respectively, The effect of each adjustment

on the resolution and the energy indicated by the instrument were determined.
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The line width as a function of the radial adjusiment was determined
by measuring the widih at half height of the silver Koy x -ray line for various
radial positions. The Kap radiation was produced by bombarding a 0,004" silver
foil with x-rays of a higher energy from an x-ray tube. The slit was moved
through 0.313" at intervals of 1/2 turns on the 10-32 screw of the radial
adjustment. The line was scanned at each adjustment with a 0,001" slit. The
1/2 width was plotted in units of 0.2 minutes of arc.

The resulting curve is showm in graph 2. It can be seen that there
is a broad minimum between one and six turns. This is a distance of about
0.156%, From the geometry of the instrument, the line should be about 50%
wider at 6 turns away from the minimum, Graph 2 bears out this expectation.

The Bragg 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 slit width which was opened to 0.002", The result is shown
in graph 3. It can be seen that there appears to be a weak extremum near the
centre of the variation. This is about the same point as the minimum in the
line width curve. Therefore the slit was set at this position.

The line width and the Bragg angle as indicated by the instrument
for the silver Kogj line were plotted as a function of the transverse adjustment.
The results are shown in graphs 4 and 5. It is seen that the Bragg angle
displays a small slope while the line width 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.
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.V _RESULTS
Resolution

The line widtih was measured for a small source which used only a
small area of the crystal and for a large source using the whole aperture of
the mica. The line width using the small aperture and a tin target as measured
from graph 6 was found to be 0.63%. The line width for a large source was
found to be 0.67%. The target for the large source was rhodium and the
resultant profile of the line is shown in graph 7. The line width as determined
geometrically was found to be about 0,003", This corresponds to a line width
of 0,23%., The discrepancy may be explained as due mainly to imperfections in
the crystal structure and faults in the surface of the mica and the crystal |
clampe.

Measurements, as found in "X-rays in Theory and Experiment' by Compton
and Allisom, have shown that the crystal structure of calcite broadens the line
structure by more than one minute of angle. The Koy line of tin in graph 6
is 2,1 minute wide as compared with geometrical width of 0.9 minute. The
total broadening is then 1.2 minutes greater than the geometrical broadening.
The structure of the mica would be thought worse than that of calcite and
this broadening is therefore not unreasonable. The line width from the photo-
graphic plate seems to be of the same order as that from using the counter as
a detector. It can bé seen from the microphotometer trace that the two K
lines are just barely resolved (Plate 2).

The wave lencth measurement

The wave length of the Kal line for tin, rhodium and silver calculated

from graphs 6, 7 and 10 respectively and from the imown crystal spacing of

2. 551{- .:a.Uo

The wave lengths are showvn in table 2.
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TABLE 2

Element Jiayelensth Havelencth Difference Estimated 2 Exrror

Measured Accepted - AU Probable S
AU AU Error
: ' %
Rh 0.61204 0,61202 -0.00002 0.,00015 0.003
Ag 0.55804 0.55824 0.,0002 0.00015 0,036

The measurement of the wavelength is showm to be'in good agreenent
with the accepted values, It may be noted that the difference in the case
of tin is more than twice the estimated probable error in the wavelength.
This can be a systematic error of the gear mechanism. If we plot the percentage
error as a function of the wavelength (graph 3) we see that it is a straight
line. It would taxe more measurement to prove this linear relationship over
the whole rance. In any case it is seen that the maximum error is 0.076%.
This shows that the rear reduction train is accurate enough.

A photosraph of the X lines of Ag was talen for diffraction from
one side of the crystal planes only (plate 2). Thus the wavelengths cannot be
measured absolutely. However, the separation between the lines was measured

and checked against the accepted values (table 3).

TABLE 3
SEPARATION OF K — SERIES LINES OF STILVER
Iine Separation Separation Jccepted Error
cm AU Separation 3
AU
Kg - 1 0,397 0.0665 0,0665 0

This shows that these results are almost as good as the counter

results.
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The transmission

The transmission of the instrument was measured for the Xa doublet
of three elements, These elements were rhodium, tin and lanthamm. The slit
vas set wide enouch to straddle the doublet, and its length reduced to 1/2".
The slit was turned to looik directly at the source through the mica in the
clamp and the counting rate was measured. Then it was moved onto the peak
and the counting rate measured againe. The counting rate was also talen on the
peak with a piece of mica in front of the slit, the mica being of the same type
as 1s used in the instrument. From this the percentage of the direct beam lost
due to the absorption of the mica in the eclamp was determined. Then from the
‘mown distance from the source to the counter the activity at the source was

calculateds The measurements were used to calculate the transmission, table 4.

TABLE 4
THE TRANSMISSION
Element Counting Counting On Counting On Transmission
From Source Peal Without Peaic With 7
Counts/Min, Mica Absorber Mica Absorber x 1071
Counts/Min, Counts/Min,
Rh 3.18 x 10% 1264, 1002 1.04
Sn .38 x 10% 1336 1206 0,89
Ia 5,76 x 10% 439 392 0,23
Width of slit 0.02" Thickness of
bent crystal 0,0175"
Height of slit Q.5"

Thickness of
Diameter of source 0.187" mica absorber 0,0133"

Distance of source
from counter 16441

The calculation of the transmission is as follows. The area of the

counter is 0,01 square inches at a distance of 16.44". This gives a geometrical
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counting efficiency of 0.294 x 10_5. The detector counts both the Ko and
the X} 1lines when it is looking directly at the source. The Xa x-rays form
5/6 of the total number of x-rays. Therefore the counting efficiency becomes
0.353 x 10_5. A plece of the same type of mica which is used to diffract the
x-rays was placed in the beam going to the line, From this the absorption
coefficient for this wavelength was calculated,
I=TI,e

Where: I is the measured intensity with absorber

% is the measured intensity without absorber

i is the linear absorption coefficient

x is the thiclness of the mica

For rhodium x~-rays the absorption coefficient would be:

p=-11nJ
X IO

= -1 1In 71002
0,0133 1206
-1

= 13.75 inches

From this, the intensity with no mica in the clamp would be:

It = 7t X

0

3.18 x 10% 1375 x 0.0175

4
Le0L x 10 counts/min.
Using the previously calculated value of the geometrical efficiency the counting

0
rate at the source is 1.12 x lOl counts/min., Therefore the transmission is

Counts/minute at the line = .26 x 107/
Counts/minute at the source 1,12

This gives a value of 1,12 x 10-7. The other values are calculated in the same

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

counting, scattering of the x~ray beam and variations in the intensity of the
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X~ray beam,

The numnber of counts taken for each element were all creater than
1000, This meant that the probable error was less than 3% from this cause.

The x~rays from the s-ray machine could have been scattered into the
slit from various parts of the source holder and collimators although care was
taken to keep this as low as possible. This would make the direct counting
rate high and therefore increase the transmission.

The most likely cause of error would be in the measurement of the
current in the x-ray tube. This was not measured to better than t+ 10%.
Fluctuations were noticed in this when the peaks were scanned.

The last factor overshadows the others. However, it is thought the
measurements were accurate to within + 15%.

These values are plotted against wavelength in graph 9. It can be
seen that the transmission increases with wavelength. The range is not long
enough and the points are not accurate enough to determine what sort of a
functional relation existse.

For a photographic film, the important quantity would be the number
of events at a source necessary to give a line on the film. Two exposures were
mades The first one was forty minutes in which the line was just visible,

The second was for six hours and is shown in plate 2. The number of counts per
minute under this line was then measured with the scintillation counter. Since
silver-rays have only a slightly shorter wavelength than rhodium the transmission
values of rhodium were used to calculate the total counts at the source to
produce the line,

The total number of counts under the silver peak was 3.25 x 104
counts/min, assuming the counter is 100% efficient. This was measured from

graph 10, Therefore the number of counts to produce the line on the film
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would be l.47 x 106. This would represent a total number of events at the
source of 1l.47 x 10%2 for the forty-five minutes! exposure. The six hours!
exposure which gave a good dark line would require eight times this number of

countse.

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

the most sensitive film available would be better by about a factor of three.
Therefore the source would have to have 5 x lO12 events to be useable with the
film. These figures 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 target was bombarded in the cyclotron with 55 mev,
protons for 8 hours. The beam current was one micro-ampere., The cerium was
chemically separated from lanthanum and placed in the instrument and the resultant
x~ray spectrum due to the decay of cerium was studied.

Three peals were found with energies corresponding to the x-rays of
cerium, lanthanum and barium,

The cerium x-rays were too weak to allow the study of their half life.
It was noted that they were strong enough to register on the machine but were
gone by nine hours after the separation., These x-rays were probably due to the

135 137

conversion of isomeric states in Ce and Ce™™ &

The decay of lanthanum x-rays was followed for 70 hours and plotted
(¢raph 11). This decay showed the half life of 19 + 2 hours. This half life
is in good agreement with published values.

The decay of the barium x-rays was followed for 70 hours. These

showed a growth and a decay. The half life of Lal35 nas been reported as

12.5 hours, 4 half life of 2/ hours for this decay has been tentatively set

from measurements in this laboratory. Therefore using Ce135 decay curve as the
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standard the expected counting rate for Lal3% yas calculated. The experimental
values are shown as they fall around this curve in graph 11l. It can be seen

that there is good agreement, and the half life is therefore consistent with

previously measured values,
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VI GONCLUSION

In conclusion it can be said that the instrument has a relative line
width of .~/ 0.65% with a mica sheet 0.0175" thicke This resolution may be
increased by reducing the aperture of the mica and also by maicing it thinner.
However, for most purposes this is entirely adequate since the Ko lines of
two neighbouring elements may be separated with two per cent relative line width.

From the measurements of the waveleﬁgths of the 3 ka lines of Ag, Sn
and Rh, the accuracy of the instrument was found to be less than 0.1%. This
accuracy is entirely adequate for the setting 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 however too small to hinder the usefulness of the instrument.

The transmission of the instrument for ¢ hroad source seems to vary
around the value of 0.5 x 10~7 for a 25 Keve x-raye. This could be improved
by using a thicker mica crystal which would of course reduce the resolution.,
But since a relative line width of 2% would be adequate, thiclker mica would
be guite useful. However, it is difficult to get a piece of thick mica of
reasonable uniformity. This difficulty might be overcome by laminating several
pleces.

The greatest single improvement to this transmission could be effected
by interchanging the positions of the source and the detector. The interchange
would increase the transmission by a factor of ten.

Jnother way to increase the transmission would be to increase the
area of the mica and reduce the radius of curvature. These two factors would
c¢ive considerably greater transmission perhaps by as much as a factor of five
or six while still keeping the resolution at useable values.

Thus the instrument has shown itself capable of studying the decay

of sources which can give counting rates of the order of 1.5 x lO6 counts per
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second and have radiation energies up to about 100 Kev.e This is particularly
applicable to the study of decay by electron capture of cyclotron produced

sources.
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SPPEDIX T

In many cases it would be useful to have the instrument measure the
energy directly, instead of the Bragg angle., This is particularly so where a
scintillation detector is used, since the output of the detector tends to be
proportional to the enersy. If the movement of the apparatus is proportional
to the wavelength, then it would be difficult to drive a window around a photo-
peak to lteep in step with a drive in the instrument. Therefore, a design was
thought of which would make the instrument move directly as the energy.

The design had also incorporated several other features. The source
and detector, in an instrument such as this, must be heavily shielded against
radiation. This shielding cives them a large mass and makes them difficult
to move accurately. The accuracy of movement is most important for the slit
since it must be kept on the focal circle., The clamp is relatively light and
therefore easily moved. The movement of the source does not have to be of the
same order of accuracy as the clamp and the slit. Since the machine can be
set up with any two of the three moving, the slit would be best kept steady
while the clamp and the source move. These features have been included in a
movemenl thoncht of nere.

The movement is shown schematically in diagram 7. The clamp is shown
at AB. The focal circle is showm as ANBCFE, The focus or slit is at F. The
diameter of the focal circle normal to the centre of the surface of the crystal
lies along iE. The crystal planes used for the Bragg diffractions lie along
the line GMI, Tt is to be noted that the angle EFH is a richt angle regardless
of the position of any of the components. The ancle that we wish to measure
is HiFs Tt can be seen that if the point E iz forced to move aloﬁg the direction

PF and the point M alons the direction JE, the slit will always be on the focal
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circle of the crystal AB. The source must be forced to move g0 as to zeen
the ancles G5 and HIF e¢unal.
How the Brags condition states
nh = 2dsine
where n is the order of the diffraction, N the wavelencth, & the crystel
spacinsg and e the Brors ancle. Vow & is proportional to 1/E therefore n/E
is proportional to 2d/csce. S0 E is proportionsl to tﬁo ceco, In clacram

a a7

7 if the point H is forced lo move alonz a direction I nd the distance HII
La i

is measured we czee vhaeit Il eciels PFesca nnd therefore 1c pronortional to &,

The souree 3 may be ériven by nivoting the orm 30 at Il and then driving

3. by tha arn T3, where H) eaunle PT and the ancle 100 ig alupre lent & richt
nole.
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