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1. ABSTRACT

The spectrometer was originally designed and built
by the AECL, Nuclear Physics Branch, in an experiment to
determine the neutron lifetime (1), It was then acquired
by the University of Ottawa in order to do experiments in
the Nuclear Physics Lab, suong which the detezmination of
the exact shape of the continuous beta spectrum of p32,

The present work describes the spectrometer and

associated apparatus, the tests which ere done after re-

137 Tml70

assembling and the final calibretion with a Cs and a
sougce,
Conclusions are drawn as to the performance of the

instrument and to the purposes for which it could be used,
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11, GCENERAL DEBSCRIPTION OF SPBCTROMETERS

A, Introduction

In beta.ray spectroscopy ugse is made of magnetic
and electric ficlds to deflect and focus the emitted particles
in order to determine their energies and numbers, Instruments
employing a magnetic field can be classified as (i) the flat
type in which the particles are forced to describe a cixculsar
path and (ii) the lens type in which the particles describe
helical paths. There are also spectrometers using an
electrostatic field., These are employed for particles of
very low emergies only, K, Siegbahn gives detailed information

sbout the various types in use (2),

B. Flat type spectrometexs

(i) Permanent Magnet, 180° deflection, see Fig, 1.

Pig. 1




Page 7

The souzrce is placed bétween pole pleces, i.e, in
a homogeneous field so that the beta particle describes a
citculai path with a8 radius proportional to its momentum and
in a direction determined by the sign of its charge, Hence,
s photographic plate placed 180° from the source blackens
there where particles are captured, One finds a non uniformly
blackened ares plus one or more lines, Spacings between the
lines are & measure of the emerxgy of the pazrticles which
are ejected in the process of internal conversion.

This type has the advantage of low cost, convenient
calibration of the magnetic field to a2 high degxee of accuracy
from a conversion line of known momentum and the possibility
to use photographic plates on which @ large part of the
spectrum can be registered, The transmission - the ratio of
particles detected to particles emitted . is quite low,
because only B narrow beam can be passed from the souzce in
order to get reasonable resolution, and because the patficles
aze focussed in one plane, Also, it is difficult to derive
intensitics of radiation from the degree of photographic
blackening (3).

(ii) Vvariable field, 180° deflection.

When the ficld is varied the beta particles
describe orbits of different redii. Hence one can focus
particles of a certain cmergy on say, a counter. Thus bdoth

nomentum and intensity can be measured.
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Since focussing only occure in one plane she
transmission of such an instrument is relatively low,
(1i1) Variable field, double focussing
Space focuesing can be obtained by varying the

field radially as:
= ~3
n Ho.tl (1)

An optimum condition for focussing in two planes
is obtained when the particles are deflected over V2 radlans,
A resolution of ,01% is possible while the transmission is
very much improved, The field, however, hag to be more
carefully shaped than given dy (1), i.e. further terms containing
powers of r arc involved, This type cmploys sometimes iron
pole pleces to shape the field, The.iron. however, causes
local distortions of the field due to inhomogneity of the
material, The trend 15 to avoid the use of irom snd to shape

the field by means of an arrangement of coils,

C. Leans Spectrometer

(1) Principle
Blectrons and positrons asre focussed by magnetic
fields in very much the same manner as light by optical
ienses (4), This principle is applied to the lens spectrometerx
which may have cither thin or thick lenses. Thisg type has
been thoroughly investigated because of its low cost and

reasonable figure of merxit,
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The focussing action of s long solenoid creating
a homogeneous field is treated in some detail, see Fig, 2.
COnsidér 8 beta particle emitted from a thin souxce, i.e.,
not subjected to straggling. Its veloclity can be rcsolved
in a velocity parallel to the lines of the field: v, and
a velocity perpendiculazr to the lines of the fleld: v,.
Now the nagnetic field acts om v only. ilence the particle

is accelerated to describe a circuliar path, given by:

- (2)

where:
H: strength of the ficld in gauss

r3 radius of desgcribed circle
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my the mass of the particle, which ia beta.
gpectroascopy slways has to be taken
relativistically because of high velocities
3 e; unit of electro.static charge
$ c; velocity of light
The particle has also a forward component of motion,
consgidering those of the isotropically cemitted perticles
which reach the daetector. The total motion can be thought

of as being described slong the surface of a right cylinder,

i.e. helical. Now assume a baffle midway between source

and counter having am annular slit., If the adjustment is such
that all "cylinders™ are tangent to the geometrical axis of
the spectrometer, then those pazticles are deteéted which

have r = 3(Re AR), i.e. they are about 180° deflected at the
place of the baffle and they retugzn to the axis just there

wheze the detector is located, assuming a point source and

poiat detector,
Prom (2):

nv_c
£ (3)

eH

and from the requirement for detection:

r = 3R
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then:
vt » ReH (4)
2nc
The time of flight for both motions igé equal:
tw 271% o i (5)
Ve Vy
Where
1y diastance sgource.detector
Hence:
v, = ..".'_‘f (8
2T ac
The momentum of the paxticle is given by:
p = my (7
Then:
p2 - uzvz
2,.2 2
= a%(vy + v,)
2 2
- (Reﬂ\ . ( le!i\
2¢ 2T ¢
2.2 (7a)
- ©H (Ra . 12)
4c2 2

Fros the last equation fdlows that the momentum of the

particle is proportional to the field,
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From: p = nv

B = me?

T = E-nocz.

it can be shown that:

2
p?c? = 1° ¢ 21m,¢2,

Wherze T is the kinetic enexgy of the particle.

Henge: 2 2 2
2 o 2tmge? = £H (2 4 L )
4 nz
i.e.:
2.2
T <'r R 2)_ el (ﬁznz’13>
mgC IOCE 41’:.‘5
and: ,
2T
He moc? \[—"( 2) (8)
eV 1T Rgl moc
1
= 132.2\/’1., ( T + 2) C:‘Au&b-%
nocz -dcz

for our set up,

(8) also relates the main dimensions of the spectrometer
to the energy of the particles. It canm be geem that the
factors R and 1 appear in the same order of magnitude,

The case for a curved magnetic ficld is quite difficult

to treat mathematically since r varies with the shape of the
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field, The particle now describes half a lemniscate
instead of a circle if one projects its path on a plane
pespendicularxr to the axis, The assumptions made in the

calculations have to be checked experimentally.

(ii) Thick lens spectrometer, See Pig, 4

The field strength can be messured to one part in
104. Hence, line spacings can be determined accurately.

This type, however, suffers from sphexrical sbersation
in case of high transmiassion. 1In case of high resolution
the souzce needs to be very small and the gdjustmcnts are
very critical, hence the luminosity - transmigsion times
source area . is very small, It &s difficult t§ shield the
detector, especially a photomultiplier, from the magnetic
fiteld., In the latter case onc has often to resgort to a long
1ight pipe. The iong solenoid spectrometer is othorwise
ensy to design,

(1ii) The thin lens spectrometer

This type is widely used because of the advantages
of vaziable magnification, convenient accessibility of
source and counter, large solid angles, rsther somll size
end small expenditure of capital (35).

The principle of the focussing action of a short
solenoid depends upon chromatic aberxation Just as in the

case of a long solenoid, i.e., dispersion in the strongly curved
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do not fall on the detector window., Fig.

The focal length is given by:

and magnetically by the approximation:

f = 3:

k2

where:
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nagnetic field will oceur causing eclectrons of various
wavelengths to focus om the inage at different plsces. Im

fact, baffles are provided to capture the particles which

S.

a: width of the field distributior curve at

haif height,

k3 H, a
2H ¢

H; the field strength at the centre of the coil

Hp: the momentum of the electron to be focussed

The image 18 subjected to rotation:

Tk

sz + 1

0 =

(9

(10)

(11)

(12)
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Positrons and electrons exhibit opposite senses

; of zotation and can be separated by the usc of a so called

? paddie~.wheel. It has vanéo shaped such that particles of one
i kind are allowed to spiral through the grooves while particles
5 of the other kind, spirzalling ia the opposite sense, are

; stopped by the vanes,

; A thin lens will always cause spherical aberration,
f i.e., paztinl focussing in front of the image plane, This is
f due to the fact that the outer part of the lens focusses with
| shorter focal lengths than the middle paxrt because of ‘the
diffexence in angles of incidemce, Its influence on the

: theoretical resolving power can be found both mathematically

i and, much simpler, by experiment, |

The resolving power, or shozxtly teaolution. is

; defined as the width of the curve at eithexr the base, Ry, OF

: et half height, R. Geometrically, it can be found as follows,

Suppose the path of the spiralling particle is

Pt

(_mu)d-

Filg. s &

stzaightened out and¢ rrojected in a flat plahe,as shown in fig. 5a.
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Whezre: S; the dismeter of the souxce window,
w; the diameter of the counter window,
d; the radius of the 81it in the baffie,

u +ve f, the focal length,

and m & Y , the wagnification,

Suppose the fileld ia“kept constant, then the momentum of the
parcticle is epproximately proportional to the radius of the
s1it in the dbaffle, as given by cquation (7a).

Hence:
pxad

cd B*Ya d(uel) at the location of the
v
counter window,

The side of the counser window W aliows a sp:ead|
A p* in the momentunm, which is approximately proportional
to the length W, if one considers a point souzce only.
Similariy, & finite side § of the source window causes o
spread A p*?, This spread, however, is measured at the'counter

side imstead of the source sidec and has thexefore to be

multiplied by the magnificatien:

If u = v, then the resolution at half height is:

2 24

Aprtec ms
Henceos .
Ry, =0P . M omS (13)
P (m + 1)d

g = Zo WS (14)
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The transmission is approximately given dy:

dAd
T = (15)

2u2

wherze A d = gli%s width in centre baffle.

Spherical aberration cdecreases the theoretical
v@iues considerzably as can be seen from Chapter V. Careful
design of the baffle system, however, will eliminate most

of the spherical aberration (6).
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11X DRSCRIPTION OF THE APPARATUS INSTALLED

A. Introduction

The general idea of our set up is given in Pig. 3.
The souzce is mounted im s. The beta rays are focussed on
an anthracene crystel in c, caus:ing 1light flashes. Thesc
flashes aze converted into electric pulses by the photo.
multiplier in the head.ampliifier., The pulses arc fed to
a single channel pulse height analyzer where they are
discriminated by means of a variable lower bias settia;. and
if desired, an upper bias setting. A scale of 64 counts
the output of the P.H.A.

The magnet current causes a linearly varying voltage
drop over the 0.5 ohm resistor. This voltage is compared
in the stabiliszer with a reference voltage, set by a helipot
control. The stabilizer ocutput current generates the field
in the generator. The magnitude of the magnet curzent is thus
stabiliged for any setting of the helipot control. |

The vacuum is maintained by a mechanical pump plus
s three stage diffusion pump. It ie measuged by pirseni gé}es

and an ion gf}e.

B, Vacuum chamber and vacuum system

The chamber consists of an aluminum tank, 73" imnmer
dis and 33 1/16" leng. It is closed off on either side by

fianges. The flange on the sourxce side is of brass and supports
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}i{hc vacuum gages which are uounted on two copper elbows in
?‘ordc: to prevent 1ight from leaking into the chambex, The
é;soutce. cbnaistiug of a radio active deposit about 2mm in

Hl dia on a thin aluminum foil i mounted on an elevation on

the fiange, about 13" high. This distance is sufficientto
%‘teduce back scatter to an insignificant tevel. The position
} of the active deposit is reproducible with an exror of less
| than i om,

The flange on the countexr side is made of aluminum
; and supporte the fish.eye holder and the phototudbe holder,

! Both source and detector end are provided with rubber gaskets
fl which are pisced in grooves, Although rubber gaskets may not
ﬁ be theoretically as good as a welded structure, they are

i essential 4f the system is to be demountable and are in general

; use, It is possible to obtain s vacuum of better than 10‘°

? unl{g with such gaskets if a cold trap filled with liquid N,

is used. Such s vacuum is not mnccessary io a upectrouetér of
such lemgth as discussed in the accompanying thesis of Y, Motoda.
i However, it happened that a vacuum of .1 micron of Hg could

i easily be maintained., Nevertheless, it appearcd that the

flange supporting the counter had & small 1ight 1eai. This

leak caused the counting zate at low bias setting to Jump fron

6S to 110 c/m. (It has to be noted that the bias setting of
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é the discriminator in this case was daifferent from the sctting
} for the background count as mentioned on page 18). The leak
i was te-edted by coverimg the counter end with a black cloth,

; The baffle system consists of a zring which is

; closely fitted to the chambes and a central disc leaving an

apnelar siit of i". Gamma rays are attcnuated by a lead

stopper of about 4™ long.
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We were fortunate to have chamber and attachments,
but for one flange, made of aluminum because it does not
scatter beta pazticles as much as brass does (5). The
background count was about 27 c/m if a 5 microcurrie 170
source was placed in the chamber, I¢ should be possible to
geduce the background by intcznal shielding against scattered
particles (6).

The vacuum i{s maintaimed by a three stage, watercooled
aiffusion pump in comjunction with & mechanical pump. It
is measured by a pair of Pirani gi%es -~ one tube with a
geference vacuum and one connected to the chamber - and by
an ion gage, which is switched on when the vacuum i8 7
microns or better., The best vacuum obtained sc¢ far is .02

micron.

c. Maﬁnet
A coil containing adbout 3600 turns surrounds the

CALCULATED .

centre of the chamber. TheVfield distribution for our coil

is given in Pig. 6. It is mounted on s carriex which rolls

on a pair of tracks, Purthermoze, the coil cam be elevated,

shifted and swinged in various planes. Precise alignment of

vacuum chamber with the magnet field proved to be a difficult

and tedious task. .It might be desirable to check the

tocation and shape of the image by exposing & photographic




. . 3
B = 2:1" s\ A

Wheze 2 is the angle between the axis end a 1ine from a point
on the axis to be uiddle of the coil turns,

4o . 2o 0 20 40  Focal LENGTH
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plate in front of the phosphor to the focussed bean of bets
particles. The vacuum chamber and coll tracks are rigidly

mounted on a wooden tadle,

D. Degeussing coils

From the table is also supported s sat of lelmholte
degaussing coils, These coils creste a magnetic field
which eliminates the vertical component of the earth msgnetic
field. They are described in extenso im the accompanying
thesie of Y. Motods (7). An auto storage battery furnishes
the curreat for the degaussing coile.

The axis of the chember is lined up with the earth
magunetic field in order to preveat defilections of particles

of the lower enerxgies,

E, Generater, Blectzona!get and Stabilizerx

The wiriag diagram is given in Appendix I. On the
generator chassis are mounted a 3 phase, 5S0V motor, a D.C.
generator and am exciter. A 3 Ohm resistox s connected
in series with generator and magnet in order to provide &
voltage ptopo:tioncl to the magnitude of the magnet current.

The exeiteg. generating 60V, provides the source
of curreat for the.generntox field. The magnitude of this
current is controlled by a bank of 16 6AST tubes, which can
be xegarded ss & variable resistor. This bank of tubes in

tura 1s controlled by the stabilizer circuilt as descrided
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below,
The central element of the stabiliger is a 400 cycle

choppe;. It conducts alternatively the voltage over the

1 Ohm rcsistor and a refezence voltage to a four stage
ampiifier, The reference voltage is obtained from dzy cells,
by means of a helipot., Its magnitude can thus accurately

be reproduced,

A G6AC7 tube gemegates 400 cycles by neaﬁn of =
thrce stage capacitance coupled phase uhift network, p:oyidiug
s 180° degree shift between plate and comtrol grid. The .
plate of the oscillator is coupled to a potmeter by wmeans
of a capacitor. The bias om the suplifier stage is adjusted
o drive the chopper with 6V, This value is not cxpitical,
The oscillator as well as the othei steges in the stabiliszer
chassis are built in shielding boxes and heavily decoupled
in order to prevent the occuxremce of oscillations of the
whole systenm, .

Now the chopper feeds sn alternating step function
into the four stage amplifier., The control grids of the
second, third and fourth anplifier contain an R-C netvwork
having a time constant of 1/400 sec in orxdex to suppress
harmonice and to round the step functionm off to a shape
suitable for feeding the phase sensitive detectos.

This detector is driven by am A.C volgage of 400
cycles whose amplitude 1:_1nd£cated by the voltmeter acCKoss

transfurmer T3 and whose phase is controlled by the phasing




Page 21

i network of 100X Ohams variable resistor plus .O3uF capacitor
; over the first 6SN7 triode. The phase has to be matched with
; the shifted phase of the output pulse of the ampiifier., GEvery
. tiaebboth diodes are conducting, & pulse from T1 is supcrimposed
‘E on the current through the diodes causing one side to carry
more current than the other. Hence the voitage dzops over
the SOK Chm resistors becone unequal and the grid of the
cathode follower is biassed by their difference, while the
galvanometexr indicates an out-of.balance, The circuit is
zeroed by a 7.5k Ohm potentiometerx, The voltage drop over the
0.5 Ohm gesistor in the magnet cizcuit is equal to the
ceference voltage Lif the gsivanoneter is zeored, i.c,, a steady
biss is supplied to the 6AS7 tubes instead of correcting
pulses superimposed upoen & non co::eci bias level, It is
therefore imperative to adjust the 7.5% Ohm potentiometexr to give
gero curreant through the galvanometex in order to obtain an
exsct relation between magnet curzeat and helipot settings.
The plate of the output stage of the 6SH7 is coupled to ground
thtoggh a 100K Ohm resistor and a mA meser. The voltage
drop over this xesistor provides the diss on the grids of
the 6AS? tubes and is indicated by the neterx,

The piate current of the 6AS7 tubes passes through
the fileld of the generzator. The maximum value in the preseat
get up is about 4 Amps, gesulting in & maguet curreat of

about 13 Amps. Those values can be increased by using an
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additional voltage souxce in series with the exciter, The
experiments to be done, however, do not require large fields,
Hence, the modification is omitted,

It is necessary to use fecd back in order to
prevent the system from osciliating. Two differemtiating
circuits are employed, PFirst, a 2uF capacitor is connected
| across the magnet, It fceds a voltage proportional to the
| rate of change of curreant through the magnet into the
chopper, i.¢., some reliance is placed on the fact that the
voltage across the coil is proportional ¢o the rate of change
of current through it. Another network is connected batween
the plates of the 6AS7 tubes and the control grid of the second

6SH7? triode correding the bias on the 6AS7 tubdbes,

The power supply is of conventional design., One
of the two phases of the sacondary winding is used for a
negative H.T, supply as well as for full vave rectification,

In addition teo the circuits described, safeguards

are incogporated against sudden breakdown and overheating.
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There is & considerable amount of emergy stored in the
field of the magnet, once it is built up. This enexgy is
convezfed into & high potential should the magnet curreant
drop out suddemly. Therefore, a Tungar tas fiiled diode
is employed providing san inertialess short as soon as

the reverse potential exceeds 25V. The other safeguard
consists of a trip cizcult activated if the resistance of
the magnet should increase above a certain value due to
heating up. This could occur when the cooling water is
tugrned off while the magnet carries a heavy current. AS
csn be seen from the circuit diagram, the magnet is a branch
of a "heatstone Bridge, Another branch can be adjusted to

match the resistance of the scction of the magnet in use.

A Weston Sensitrol gslvanometer controls a relay in the

power line to the motor.

F. Phosphoxr and photorultiplier

The wiring of the photomultiplier and cathode
follewer ic to best suit the particular set up, Namely
by taking the output pulse of the photomultiplier from the
last dynode ome collects positive pulses, The cathode
foilower provides athigh impedance to the output of the
photomultiplier. On the other hamd, its cathode cireuit
possesses a low impedance., Hence, it is eminently suited

to dzive a coaxial cable with positive pulses.
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The photomultiplier is an RCA 1?21 tube having a
é suitable signal to noise ratic by operation on 850V. The
tube is placed in a mild steecl holder in ordez %o sghield it
! from the magnetic field,

The bdeta particles are focussed on an anthracene
phosphor of abost 5 am dias and sbout 2 mm thickness. It
attenuates the incident particles such that about 80% are
stopped in the phosphor thereby giving up all their energy.
The semaining 20% leave the phosphor with very wuch reduced
enargies. These values are calculsted from the end point
enezglies of the comtinuous spectrum of 63137(1). The
pbosphor is cmbedded in a lucite 1ight pipe, called fish.eye,
which transmits the light flashes to the photo cathode, The
phosphor end of the figh.eye 48 covered by an sluminum foil -
225 microgram/cm® - which reflects outgoing light back into
the 1ight pipe., The foil stops about 4% of the 22.7 KeV.

X pesk electrons (8,9) of 10170 white the rest is let through
with reduced energies causing a shift of especially the K
peak towards the lower end of the momentum scale and also sn

additional spread in the registered momentsa,
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G. _Single channel pulss height snalyzer

(1) Principie
This snalyzer, of ABCL design, consiste primcipally
of a phase inverter followed by a threc stage amplifier, a
iower and an upper channcl discriminator and an anticoincidence
mixer from which the standard output pulsc is obtained, sce
Appendix 1I,
(11) Opezation of cirxcuit elementes
The input pulse is attenuated to the desired
voltage by means of a chain of resistors and fed imnto s phase

inverter. The sign of the pulse is changed by using the
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inverter as n straight amplifier. In the other setting it
functions ns a cathode follower. The design calls for
negative pulses at the input of the amplifier.

The amplifier consists of two sharp cut of £ pentodes
followed by a beam power tube all coupled by simple RC
networks, Overell gain for undistorted output is abdbout 750.
The positive output pulse is fed to the first stage of
both channels: the cathode followers VS5 and V18 and to
gnother cathode follower, V22, The latter has an output Jack
at the rear of the chassis enabling ome to study the shape
of the pulaes on an oscilloscope as they come from the
photomultiplier.

The lower channel only will be deactibéd here since
both channels are identical,

The bigs of tube VS is controlled by a 100K Obkm
helipot, cean:cted betweem ground and a regulated 73V supply,
being in fsct 72V. Adjusting the helipot from O to 1000 on
the dial results in voltages on the control grid of V5 of
+70V to +47V with the cathode following closely. The
voltage of the cathode of the crystal diode is maintained et
75V while the cathode of V6 varies slightly with the.bias
on VS, The addition of V6 in series with the crystal diode
is necessary in order to prevent the occurrence of back
current since the crystal diodes do not cut off completely

in the "forbidden" direction., See figure 7,
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Pulse and regulated anode voltage have to add up
to ovex and above 72V in ogdexr to cause D1 to coamduct.
The cathode of DR is kept at 2 voltage of 72V because of
the self inductence L which bas a low DC resistance.
Osciiliations in the l-R metwork axe prevented by diode
D2 shorting s reversed potential to the 73V supply. The
amplifier V7 is thus drivem by a pulse caused dy the
trigger action in the discrimimator, .

The plate of the diode D3 is kept at about 10 volts
below ite cathode., Hemce D3 1iuits the amplitude of the
negative pulse in the ﬁlutc 1ine to adout 10 volts, the
excess being absorbdad by capacitor Ci, The positive pulse
is blocked by the diode D1 of PFig, 8, The fiip-flop stage
is thus driven by a very well defined, negative pulse.

The tubes VS amd V9 are components of a modified
Schmitt trigger circuit, 8180 kinown as s voltage discriminator
(10), Figure 3 shows the circuit with steady atate ioltngel.
i.e., when no signsl of negative sign is applied to the
cathode of D1, The biss on the control grid of VB is then
1 volt. Hemce, the tube is conducting causing a bias of 11
vV on V9 which is cut off,

Now auppose a small negative signal is applied to
the cathode of D1, It begins to conduct and the grid of

Ve will be lowered in potemtial. The plate cuzzeant of V8
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deczeases and algo the biss of V9 since the cathodes of V8

and V9 age suppliced with a cenatant voltage from the regulators
Vil., The rising input pulse is amplified by V8 until V9
beging to conduct, producing a negative pulse on its anode,
This pulse is fed back to the grid of V8 through C2 and adds
in incressing the bias. Consequently, the pulse om the plate
of V9 grows zapidly. VB will be cut off and the circuit will
attain a steady astate,

The descridbed process takes place almost at once
since V9 can be biassed 80 as to be not completely cut off.
The original Schmitt circuit diffesxs in that a series of
osciligtions occurs during the transition of one stezdy state
to another,

The time constant of the iecovezy of the grid of V8
is detegmined by C2 and R3 in parsilel with R2 combined with
the impedance of grid of V8 to plate of V9. The betting of
C2 determines the time constant of this metwork, 1.e,,
the time elspsing fzom the point where the magative pulse
on the plate of V9 rises until the timc the network swings
back, C2 is to be adjusted for 1 microsecond. Now the
initial negative pulse on the grid of ¥8 has died out in
the mesntime and the bias om V8 i3 restored to approximately
1 Volt., Thesrefoxe, Dy the time the nmetwork tends to swing

back it is completely free to do so, Heace the grid potemtial
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of V8 imcxcases as & ttebtunctiou and comsequently V8 atarts
conductinx'thé:cby immediasely zeducing the plate curreat
of V9'ta 2 small vaiue, The circuit is agsain in a steady
state, the one we stazrted from during our considerations,

Now the large megative pulse is put through a .25
psec delay line, attenusted, and has to be compared with
pulses from the upper channel in the anti.coincidence stages;
see figure 9,

When no signals are applied, the fizst triode is
conducting end the second is cut off, A negative pulee on
the grid of the first triode lowezs the cathode potential.,
the triode being comnected as s cathode follower, Thie
decreases the bias on the second triode and & pulse appears
in the channel output. The simultsneous arrival of pulses
from both chasnels, however, mates that the relative potential
aifference between cathode and grid of the second tziode
does not change appreciably so¢ that the tube xeuainu.cut of f
end no pulsc is delivered,

Piode D1 passes curremt im the network R3, R2, R8
which cams be adjusted to give a proper bias on the second
triode with respect to beth pulses. Dlode D2 sexves to feed
in the pulse fzom the upper channel which has a rather long
decay time due to the high walue of the leak roaistox, Also,

this puise will lagg in phase relative to the pulse of the




-

.uW.W(PWMUZ.&D;UZ.DUl:L.L4 % .U_ ......

|

PR AR i

SEPRRaE S8
I RRSas eyl

Ry &

-t v

[EE PRNOSHAT B I

t.t‘

T
opkd

Trrraee

e




Page 2¢

lower chapnel because on an incoming pulse of finite rise
time the lowegr discriminator will always fire before the
upper. It is essentisl that the pulse from the lower
discriminator should amive at the anti.colscldence cizcuit
pinuitqﬁeously of ieter to prevent feed through of the

initial past of thec pulse from the lower discrimimator,

(111) ISun-a:y.

The pulse height analyzer discriminates betwecen
pulses of different amplitudes by fecding them into two
channels. The lower channel passces all pulses exceeding a
presct bias voltage and stops the rest ag does the upper
chanmel bdbut at a higher voltage., The cutput of both channels
is combined in the anti.coincidence stage which firxcs only
when a pulse is passed through the 1§we: channcl but falls
short of the level of the uppex channel, Hence it is poseidle
to resolve a spectrum in counts pexr momentum interval: the
diffexence between the dias levels, - at corresponding
momenta . the avezage dizs levels.

(iv) Additienal featurcs,

(1) An adjustable window width odbtained from dry
ceils. The cell voltage is superimposed upon the bias of the
lowey channel and then used to bias the uppar chennci. This

enables one %0 scan a spoctrun with a constant wisdow,
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(2) A txiple coincidance cirgculd, which is not
described here since it is not used yet.
(3) It is slsoc possible to make use of a scan unit

controlling the bias of the lower chanmel,

H. Pulse Generatorx

The basic idea of the pulse gemcrator is te give
pulses whose gzoistive amplitude is accurately kmown. It
is used for adjustment of the pulase height analyser and
foxr calibration of levels of discximination.

The output voltage of the well regulated power
supply is attenusted in two stages, sece Pig. 10. They
consist of heldpots, while am extra 1 4 10 attemuator can
be switched in, A Western Blectric Mercury Relay is
employed, It charges a 005 mP capacitor fzom the power
supply and disgcharges it through an RC output network at
the recugrence fraquency of 60 c¢/s.

3. Scale of 64

The scale of 64 is an Atomic Instrumernt Model 101A.
Its opezation i quite simple and straight forwaxd and
wiil be briefly describded,

The £aput21- conpected to & Pulse Amplitude
Discriminator censisting of two tudes which compsgise s
Schmitt trigger circuit, The operation of this cizculdt is
deteilbtd undezr the Pulse Height Analyszer. Discrimination
is obtained bi setting the bias level of the first tude a
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certain value below or above a 100V reference voltage,
Pulses of either sign can be discriminated. The pulse

from fhe trigger circulit is smplified end fed to s serice

of 6 scales of two which are of conventional design., The
1ast three stagee can be by passed to make a scale of 8.

The stasrdard output pulse drives s mechanical gegister.

The power supply is electronically regslated keeping

the voltage constant for 10% variations in either the line

voltage or load current,
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1v,. MBASUREMENTS

A, Genexal

After the spectrometer and associated apparatus
have been installed, measurements have to bde done in orxder
to calibrate setsings and to detexmine the degree of
accuracy which can be attained.

First we carzied out relatively simple tests to
find:

(1) the resolution of the counter,

(ii) the resoliution of the spectrometer,

(1ii) the tzansmissioen, '

(iv) the lincarity of the stabiliszer setting,

(v) the fluctuation ofAthe stabiliser cuzrent,

we used a C8237 and a Tal7? gource to do the
measusements and to conpare results with some of the previous
wozk dome on these nuclides.

Tha decay scheme of 60137 is given in fig. 10a.
Two modes of beta decay exist: adbout 8% of the transitions
occurs directly to the groumd state of 2al37 with a
maximum beta anerxgy of 1,17 MeV snd about 92% of the transitions
occur to an excited state of Bal37 from which it decays
by emission of s ,6616 MeV gumma ray in competition wich

the emission of internal conversion electrons.

e
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So far two forms of empirical classification of

beta emitters have emexged. One is based on the relationship
between the end point enexgy of the transition and the haif
period and the other is based on the shape of the beta spectrum (16).
The first claseification involves logft values. The high
energy transition has a partical half life of 33 ~ 400 vry
which for sn end point enerxgy YWo ®» 1,17 MNeV coiggcpond- to
logft = 12,2, The transition is thezefore classcd as a
second forbidden transition with a change in angular momentum
AI =2 2 and no change in pasrity.

The ciassification of the shape of the spectrum
is by the type of shape correctioan factor raquired to
multiply the nuclear matrix element in order to obtain a
stzaight Ferui.zn:rie ploet. The nuclear matrix element can
be visualised physically as representing the degree of overlap
of the wave function of the transforming nucleom in its

initial and final state.
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It is found (17) that the correction factor £in the
case of the high energy tramsition confirms the classification
by th& log £t value, Likewise it is found that the low
energy transition is & first forbidden tzansition with a
change of angulazr wmomentum of AI = 2 2 and a change of parity.

The gamma decay of 33137*petn1ts to make an estimate
with regard to the value of the angular momentum of this
state., The rather lomg decay half pexiod of 2.6 min indicates
s change of several units of angular momentum to the ground
gtate. Furthermore, from the large K conversion coefficient
and the small E/L zatio can de concluded that this transition

is an M4 transition having the selectien rule AI s 4, yes (18),
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The decay scheuwe of Tn17° is given in fig. 10 b,
76% of the transitionshave a maximum energy of 968 KeV,
while 24% of the betss have a maximunenergy of 884 KeV, leaving
the Yb17° nucleus in an excited state, 84.4 KeV above ground
ievel. This state decays to the ground state by omission
of a gamma ray, found to be an electric quadzupole transition,
or by emission of an ingernal comverxs¥iom clectron.

The log ft values 9.0 snd 9.3 for thc higher and
lower energy transitions respectively suggest that both
transitions are first forbidden and involve & change in pard¥y.
It is difficult to infer the degree of forbiddenness from
the shape of thé beta specira since the Kurie p;ots yield
almost straight lines., However, the high and low enezgy
spectra can de resolved from the gross beta spectrum by using
coincidence techniques (14), The shape of the spectrum of
the high enexgy compoment appesrs to have 8 first forbidden
shape. It is then assumed from experimeatal results that
the spectrum of the low energy component has also a first
fordidden shape.

Returning to the description of the measurements,
we used a 5 microcurie Cs'37 source for the steps ULt

Then the overall performance of the instrument was

checked by taking the full spectrum of a beta emitter, VWe
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170

137 souxce and a 5 microcurie Tm source,

used the same Csg
It was expected to find tha end point of the continuous

beta sbectrun from a Fermi-Xurie plot with an error of less
than 7 KeV, Furthermore, the use of the Tm sourxce, which
yields X, L, and M lines superimposed upon the continuous
spectrum, allows the calculation of the xespective conversion
coefficients for the lower energy region., Should they

agree reasonably well with the known values, then the
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spectrometer can be said to perform satisfactorily,

The latter two measurements fall under the headings:

(vi) Resolving the continuous spectrum of csl37,

(Vii) Resolving the continuous spectrum of 1?0,

The magnet coil is made up of 4 windings., We
used the outer two with which an electromn momentum of
5000 gauss-cm can be focussed, The use of only the outer
coils decreases the spherical aberration,

It was found that attenuation of the signals in
the input of the analyzer to 2 leads to a satisfactory
signal 'input voltage. The high gain of the amplifier
otherwise causes overloading. in this particular set up

The current in the degausging coil was maintained
at 1.12 Amps, which eliminated the vertical component of
the earth magnetic field with an error of less than 1 in
103. The direction of the magnet field is opposite to the
direction of the horizontal component of the earth magnetic
field. This direction was found to give a higher
transmission and a better resolution than the North-South
direction., We were not able to find an explanation for

this phenomenonm.

All experiments are run using a slit width in the

baffle in the vacuum chamber of 4",

The vacuum was usually better tham 2 micron,
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The sluminum foil wrapping on the fish eye weighed
600 n!c:ogtaaa/caz at first, It was replaced by a foil
wei’hing 225 aicxoatana/cnz to meke recording of the 23.7
xev; K.peak of ™mi?0 possible. All measurements are
taken using the thimmer foll except the resolution of the

counter at 624 EeV., There is no noticible difference at

this energy.
B, Tests

(1) The zesolution of the counter

137 provided

The internal conversion K-.peak of Cs
monoketic electrons of 624,2 eV enmergy. A fixed window
of 6%, which value was obtained from the pulse generator
by comparison, was superimposed upon the setting of the
lower channel. Counts were takenm in two minutes intervals.
The graphical result is shown im Figuze 11. The resolution,
being width at half height, is calculated from the graph

a8 31.3%. - reasonadle for this type of counter,

(11) The zesolutien of the spaectrometer,

Integral bdias curves of the Pulse Height Analyser
weza taken in oprder to find a satisfactory plateau setting
st vazrious cner;ie;. gee fig, 12. The best lowesr bias
setting for use with both Cs and Tm source was found to
be 138 dial divisions, The output from the lower channel

was fed to the scaler., Then the magnet curreat was vazied
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over the range of the peak. The resolutions at half
height of the Ces X peak and the Ta L peak are 2.16% and
2.0% rzespectively; the higher value of the latter
detezrmination duc to the combimation of L IX and L IIX
electrons into one peak,

The resolution at helf height is theoreticamlly:

ne*w
s T St

2(me+1)d

R e

Assuming a triangular resolution curve by approximation:

Rs (1xl ¢ 2,73)x100 s 3,5%
2T+ X 3128 x 25.4

(111) Transmission .
Again using the EK.pecak of 65137. then the number

of electrons emitted per min is:

N = stxength in curies x 60 mins xcxx
electrons/min
o S x 3.7 x 104 x 60 x .}

- 11.1 x lﬂs/nin.

Max Counting rate is 2350 c/m, hence the fractiomal solid

angle 1s:

2350 x 100

T = = ,21%

11.1 x 109

(13)

Qan
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The trancmission is given by the geometry as:

d xAd
2

T =

(18)
20

Whereby w e & %X s

[ [ ] L] 0
3.125 x 25,4 x 6,3 » 10 - .14%

2
2 x 422

In onr case the radius of the detector window is much
largey then m x s, which explains the discrepancy between
experincntal and theoretical value,
(iv) Limearity

As explained in the discussion of the iagnet
stabilizer, the refereace voltage for the chopper is taken
from dry cells by means of a 10 turm helipot.

Using the csl3? source, the diffexence between K

and L lines is:

|k = L] o 653.3 - 676.2

K 653.3

- 3.51% as expressed im dial settings.
The value given by fhe actual momenta is 3,52%., The dial
settings, however, cannot be calibrated absolutely until
the refesence voltage is taken from or cempared to the

voltage from Weston Standard cells.
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(v) Fluctuation of magnet current

An oscilloscope was calibrated with a low A.C.
voltage and then conmected to the 3 Ohm resistoxr in the
magnet current line., The voltage filuctuations were
converted into units of current and appeared to be less
than ,02% of the nominal magnet current,

{vi) Resolving the continuous spectzum of c3137

The full spectrum is given in fig. 12 and the
corresponding Permi-Zurie plot im fig. 13,

Both plots are corrected for the contimous background
spectrum, which consists of a straight line through the
counts per minute at Hpw O and at He ®» 3640 gauss.cnm,

Also tesolﬁtion corzectior is applied to the e#d region

of the continuous spectrum, This correction is given by

G.B. Owen et al (13) as:

2,2
alp) = m(p) - & (" ') | (18)
4 dp®/p

wherze?
n(p) = true count
un(p) = observed count

a = half width at haif height

An emexgy dependent correction factor is npplied
to the Permi.Kurie plot in oxder to obtain a straight

1ine (8).
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This factor is for s Gamow.Teller first forbidden
tzansition, as in the case of the 92% low energy

trensition of 031373

c, ® E.1) ¢ (Wy-w)? (19)

where:
W: the kinetic energy of the electxom in
absolute units

B’locz

noc2

- B(MeV) ¢ 1 (20)

0.5

Wt the end point of the beta spectrum in

absolute units

w = 323 ¢ 511 4 3 022 for the low enexgy

[+] e —
311

transition of 03137.

The end point as foumd from the Permi-.Kuxie plot

L
is 514 - 5 RKeV. R,D. Evans gives .51 MeV,
The drooping in the P,.X, plot below 130 KeV 48 to

be expected from the foil thickness and from the source

thickness,
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(vii) Resolving the comtinuous spectrum of l70

Pirst a remark has to be made with regazd to the
integral bias cursves, fig. il. As was to be expected, a
counter plateau for K peak electroms could hardly be seen.

We therefore resorted to calidration of the lower chanmel
bias by mesms of the pulse generator. It was fizst set

to give pulses comparable to pulses fxom L peak electrons
and then it was set to give pulses comparable to a /L
fraction of the enmergy of the L peak electrons. The mid.
point of the platesu was thus found and wa only had to

take counts in its vicinity to determine ita exact location.
Theze sappesred to be no appreciabdle diffezence with the
setting calibrated from the pulse genmerator.

The full spectyum is shown in fig. 14 and the Fermi.
Kurie plet in fig, 15. The correction for background
is applied to both curves, the corzection foxr spectrometer
gesolution is applied to tha calculations for the F.K plot
only.

The Permi-Kuric plot is very nearly a straight line,
An inflection at about 9635 KaeV could mo doudby have beea
shown if colncld;nce techniques could have been ssed. Time,
however, did not permit tkis. The emd point is found to
be 977 2 9 RaV, Graham et sl give 968 XeV,

K, L, and M ratios are determined from the reapective

areas under the pesks plotted as counting rate per unit




oM * Q00%7 000¢ 00072 ooo},

- 007

b Ooq

- 009

W] WNPLO3S VLIS
o)

Fig. 14

- 00%

= 000

"




- o/o/o/f o/
5
/AM
/m/m .
/ ///w//we
<

Tv.




Page 40

momentum vs momentum, The ratios determined by Gray and

by Graham et al are slsc given.

Ratlo Gray Grahaw He
ERiL:M 100:314:72 100:360:~ 100:785:245
LtM:K 100:22,9:32 100: -~ :27.8 100:32:12,7
M3LiK 100:139:436 - 1oo§4g§g?§ﬁ3%

The E/L and the L/M values a:e‘much lower than the
values obtained by Gray and Graham et al. This is slmost
certainly due to absorption in the 225 microgram foil over
the counterxr resulting in a 1oss of counts which is more

pronounced at lower enerxgles,

The internal conversion coefficient for L electroms,

“Le is given by:

24 E = 1+ *M-bf_ 21)

1

Where K, Ny and the zatios are obtained from the respective
areas under the curve of counting rate per unit momentum

vs momentum,

Hencet
1

(=4

L

0.24 x 10.9 » 1 ¢ ,127 + 312 =

*
r ® +.843

Graham et al gives a value of 4.1,
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v CONCLUSIONS

The values of both resolution and transmission
of the spectrometer are highez than might be expected
from geometrical considerations. This is due to the difference
ip ratios of ¥/S = 2,75 and u/v m m = 1, The counterxr window
absorbs thus not only electroms of the proper nomenmtum dut
also clectrone of slightly different momentum. The ratio

of u/v should be decreased to 1/2.75 in oxder to match

the counter window to the source area. The trananission

however, will not change veiy much because it was measured
on’ monokinetic electrons.

Deutsch et al, however, points ocut that the most
satisfactory values for both transmission and resolution are
obtained at & magnification of ome. In our case better
results would probably have been obtained if we hgd deed
sluminum rings to decrease the effective counter window,

The linearity of the stsbilizer settings and the
susll value of the filuctuations in the magnet current are
satisfactory, although therc is still room for improvement
by the use of the already mentioned KWeston cells and probadly
by a more careful adjustment of the stabiliser,

The following can be said with regard to the L

iine conversion coefficient. As remarked above, the foil
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over the counter has very likely been too thick. W¥We will
therefore assume our K/L ratio to be in error, due to
iucouplete counting of K electron counts by the counter.
Hence we take the value of NE/NL from our experimental
data and the X/L and M/L values from Grahaw et s8l.

We cstimate the errors as follows:.

(i) The factor 0.24 which givees the fraction of the
decays of Tel70 which lead to the excited state of bl70,
ig taken from the work of Graham et al, wherxe it was
obtained by a coincidence technique. Other vorkers have
obtained 0.22, We thercfore take ¥ ,02 as the error in
this quantity.

(i) The ratio Eﬁ is obtained dy taking a ratio of
areas and is subjeciLto uncertainty in estimating the
area at the base of the L peak end of the continuum at
the low enezgy end, IDstimates from our data on different
assumptions indicate an error of 2 1.5 in this ratio.

(ii1) The error in K/L is taken from the work of Grahem
ct al as ¥ ,04,

(iv) The cgzor in M/L is estimated as I .04,

Hence, |
(.242.02) x (10.9%1.5) = 1 + (0.362.04) ¢ (0,31%0.4) + *
O 4
giving

x +2,08
L - 1.05_'45

This value is in disagreement with that obtained by

Graham et al who used an absolute counting technique. We

‘i
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would expect our value to be low dge to:.

(1) Prossible loss of L conversion electrons in the
sougce. There is some evidence for this in the pronounced
low energy tail on the L line,

(ii) Non perfect alignment of the spectrometezr., This
would be more serious at low energies than at high enerxgies
and would tend to make our observed value ofNL/Ng low.

(111 Posslﬁle 1o8s of L conversion counts in the
counter. Thig is not expected to be serious as the bdiae
curve appeared to be very flat at this emergy.

To resolve this discrepancy further work would be
necessary involving a redetermination with a thinmer source.
The time availabie for this work (3 months) hai not permitted
us to investigate this, We conclude that there may be
some doubt &8 to the published values of theo, for ™m170
but further work is requized to establish this.

As to the performance of the spectromeger, it may
be concluded that thie instrument certainly permits the
invectigator to obtain reliable flgures over a wide range
of particle energics provided some more work is done
on improvement of the resolution and use is madec of the

provision for coimcidence counting whee appllcadle,

[
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