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CHAPTER 5 INSTRUMENTATION 

5. I . Introduction 

For the polarization measurements presented in this thesis 

we made use of the Mott scattering method, which is by far the most 

accurate method for electrons with energies below, say, 500 keV. 

This method was briefly described in sect. 2.1. Our polarimeter 

had been calibrated by means of a double-scattering experiment 

at electron energies between 46 and 261 keV, as described by van 

Klinken (Kli65,66a). lts best performance falls in the upper half 

of this range . The tritium S-particles were accelerated before 

being analysed in the polarimeter . This acceleration does not 

affect the degree of longitudinal polarization of the beam, as 

shown by Tolhoek (To156). Originally we intended to accelerate the 

S-particles to a fixed final energy of 128 keV (vl o = 0.6): at this 

energy a calibration accuracy of better than 1% had been achieved. 

Because of difficulties with field emission (subsect. 5.2.4) th is final 

energy was lowered to 79 keV Çv!o = 0.5), at which energy a 

calibration accuracy of about 1.3% is still possible. The recali

bration of the polarimeter at 79 keV is described in sect . 5.4. 

The investigation was performed with two different arrangements, 

which are sketched in fig . 5.1 . We started with arrangement I, but 

changed later to arrangement 11, for reasons to be explained here-

af ter. In following the electrons from source to detector we 

distinguish : the source which can be replaced by a source simulator 

(subsect. 5 . 2.2); a preaccelerator and a lens L1 for primary energy 

selection; a deflector followed by the main accelerator (fig. 5. I .1) 

or the main accelerator followed by a deflector (fig. 5. I.II)~ 

intermediate lenses L2 and L3: and the Mott polarimeter with 

scattering foil and four scintillation detectors. Lenses, 

deflector and detectors are all energy selective. By applying an 

accelerating or retarding bias voltage Vp to the sourèe various 

parts of the tritium spectrum could be investigated with a fixed 

setting of other parts of the equipment. 

In the electrostatic deflector the spin orientation of the 
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electrans remains approximately the same, whil e their direction 

of motion changes. Thus the polarization of the beam is trans

formed from longitudinal to transverse . 
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Fig . 5. 1. The two basi aY'Y'angements : I with derZ-ection befoY'e 
acceleY'ation and II with deflection afteY' acceleY'ation . AY'Y'angement 
II has been used foY' "the main measuY'ements . 

As discus sed in sect. 2.1, the polarization analysis is based 

on the spin dependence of Coulomb scat t e ring of th e transversely 

polarized electrans. The detectors land 2 , at sca ttering angles 

of 1170
, meas ure the l ef t-right asymmetry in the plane normal to 

the polarization vector of the electrons incident on a gold foil. 

Neglecting corrections for instrumental asymmetries the relation 

between the left-right asymmetry, the degree of transverse pola

rization P
T 

and the efficiency S an of the polarimeter is 

(5. I ) 

Here , Land Rare the counting rates for the "left" and "right" 

detector , respectively . The calibration of the polarimeter by a 

double- scattering experiment (sect . 5 . 4) gives a value for S an 

which includes the influence of foil thickness, angular spread , 
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scattering from walis, etc . The effect of possible differences 

between the detectors 1 and 2 is eliminated by interchanging 

the detectors periodically by rotating the polarimeter over 1800
• 

Instrumental asymmetries connected with a possible misalignment 

of the beam are detected simultaneously with the detectors 3 and 4. 

These detectors were placed at 45 0 where the Mott function S is 

close to zero (see fig. 2. la). Spurious asymmetries were inves

tigated in addition with a source simulator as will be described 

in subsect. 5.2 . 2 and in sect . 7.2. 

In arrangement I the electrons are first deflected over 900 

and then accelerated to 79 keV. primary focusing is obtained with 

lens L1' the deflector and lens L2' all adjusted to transmit 

electrons of 10.1 keV. The energy resolution (FWHM) of the total 

arrangement is 0.6 keV, mainly determined by the deflector. 

In arrangement 11 the electrons are first accelerated and 

then deflected over 105 0
• This angle was somewhat larger than in 

arrangement I in order to compensate for spin rotation at 

relativistic energies (subsect. 5.2.6). The energy resolution of 

arrangement 11 is 2.8 keV, mainly determined by L 1 and the deflector. 

At Vp = 0 the transmission window is centered at 15.5 keV, which 

corresponds to a mean energy of the transmitted tritium electrons 

of 14.5 keV. 

We preferred arrangement 11 because th ere the polarization 

asymmetry is measured in a plane perpendicular to the plane of 

electrostatic deflection. This plane of deflection is asymmetry 

plane of the apparatus. (The detectors in fig. 5 .1.11 must be ro

tated over +90 0 or -90 0 for being in their actual counting 

position). In arrangement I the symmetry was less perfect, because 

lens L2 rotated the transverse polarization and the beam profile 

at a difference rate. As shown by Tolhoek (ToI56) the spin of an 

electron moving along the z-axis in a magnetic field B, 

precesses around this axis over an angle 

(5.2) 

where the so cal led Bp-value of the electron is proportional to 

its momentum. The intensity distribution of the beam, however, is 
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rotated over anangle a /2 (Rus50). In principle it is possible to 

construct a lens which rotates neither the spin nor the beam 

profile, namely by using two coils with equal but opposite fields. 

Lens L3 in arrangement I was constructed in such a way , but this 

could not be done for L2 because not enough power was available at 

the high-voltage level of this lens. Other disadvantages of arran

gement I were the rather poor discrimination against field

emission electrons from the main accelerator (subsect. 5.2.5) 

and its relatively low transmission. 

In the following, we discuss arrangement 11 only . Still, the 

results obtained with arrangement I are valid within the error 

limits given. They are consistent with the results obtained with 

arrangement 11 and will be presented in sect. 7 . 2. 

5.2. Details of arrangement 11 

In this section detail s are given of the equipment employed 

for the polarization measurements with arrangement 11. The basic 

parts are shown in fig. 5.2 and an overall view of the arrangement 

is presented by a photograph (fig. 5.3). 

The arrangement is a succession of energy selective devices 

placed in series and adjusted to each other: magnetic lenses, main 

accelerator, deflector and the scintillation detectors. In the 

course of the polarization experiments the setting of the various 

devices remained constant, apart from small corrections. An energy 

interval from the source spectrum was selected with the accelerating 

or retarding voltage Vp between the electrodes of the preaccelerator. 

The advantage of this set-up is evident : once adjusted, the total 

arrangement can be used for various parts of the tritium S-spectrum , 

without tedious readjustments of the beam alignment. 

At low energy level the transmission window, as determined by 

L1' is centered at 15.5 keV (somewhat varying in the course of t.he 

measurements), while the devices af ter the main accelerator are 

adjusted to about 79 keV. 

The polarimeter is at ground potential . An isolation trans

former provides 200 Watt power for instrumentation at the high

voltage side (-63.5 kV) of the arrangement. The vertical component 
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Fig . 5. 3. Photograph of arrangement 11. Parts of the vacuum and high- voltage facilities were 
removed. Photograph : Mr. R. J. van Zanten . 



of the earth magnetic field was reduced by an order of magnitude 

with a set of Helmholtz coils . The magnetic lenses L1, L2 and L3 

provide energy selection, beam focusing and possibilities for 

geometrical adjustment. The lenses have soft-iron shields to 

reduce stray fields. A vacuum of about 10- 5 Torr was maintained by 

two oil-diffusion pumps, which were equipped with liquid nitrogen 

cooled vapour traps during the measurements with the 23 ~g/cm2 

source. 

Fluorescent screens could be inserted in the source chamber, 

between main accelerator and lens L3, and at the place of the 

scattering foil in the polarimeter, offering possibilities to 

check visually focusing and adjustment of the beam. For this pur

pose the source simulator was used since the tritium sources were 

too weak. 

The distance from the source to the scat tering foil in the 

polarimeter amounts to 210 cm, which corresponds, at a pressure 

of 10- 5 Torr, to a layer thickness of about 0.004 ~g/cm2 . The 

depolarizing influence of such a thin layer can be entirely 

neglected, even at the lowest energies involved in this investi

gation (see ch. 6). 

5.2. I . Source chamber 

A tritium source (see ch. 4 for a description of the tritium 

sources), the source simulator and a fluorescent screen were 

mounted on a sliding support, so that they could be interchanged 

easily and without breaking the vacuum . The position of these 

devices should be adjusted and reproduced to within about 0.1 mm, 

both in the horizontal and in the vertical plane. This adjustment 

appeared to be not very critical (fig. 5.7 e ). The source is in 

good electrical contact with the sliding support and with the s ur

rounding aluminium source chamber to prevent charging up. 

During the measurements with the 23 ~g/cm2 source we reduced 

souree contamination by placing 17 mm in front of the source a 

diaphragm ring of copper (inner diameter 25 mm), connected through 

a thermally isolated copper rod with an external liquid nitrogen 

bath. We checked with a thermocouple that the source, which was in 
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good thermal contact with the sliding support and the source 

chamber, remained approximately at room temperature. 

Background contributions could be measured by placing a 

thick copper absorber in front of the source. This absorber could 

be manipulated externally without breaking vacuum or high-voltage. 

Similarly depolarization measurements were performed by placing 

silver or carbon foils in front of the source (subsect. 6.3.2). 

5.2.2. Source simulator 

To detect possible residual instrumental asymmetries, not 

corrected for by the forward detectors 3 and 4, we made a device 

for replacing the source by a source simulator, emitting unpola

rized electrons from a similar area and with approximately the 

same angular and energy distr'ibution. The electrons are emitted by 

a tungsten filament (the cathode of the electron gun in fig. 5.2) 

at a variable voltage V with respect to the potentialof the 
g 

source housing and are scattered by two parallel gold foils. One 

foil, of 0.7 mg/cm2 weight, could be mounted at the position of 

the tritium source on a diaphragm with an inner diameter of 10 mmo 

The other foil, of 0.3 mg/cmL , serves as prescatterer and was 

placed 5 mm from the former. With a somewhat defocused primary 

beam the spatial distribution of the scattered electrons could be 

made homogeneous inside the diaphragm ring. The electrons leave the 

source simulator with a roughly Gaussian angular distribution and 

with a broad energy distribution. We estimate that the root mean 

square scattering angle is about 20 0 (Mo147), so that the angular 

distribution approaches isotropy inside the effective solid angle 

in which the electrons are transmitted towards the Mott polarimeter 

(between angles of 50 and 140 with respect to the beam axis). The 

mean energy loss of the electrons in the two foils is about 10 keV 

for typical V values of -20 kV. The shape of the energy distri-
g 

but ion could be made similar to the shape of the tritium spectrum 

in the energy region of interest by a proper choice of V • A g 
typical energy spectrum of the simulator is compared in fig. 5.4 

with the spectrum of the tritium source. 

53 



x 

x trit ium souree 

• souree simulator 

41 
0 X U 
111 

\ .ei 
L-
0 

>. 
+' 
'iii 
~ 
+' 
c 

x~ 
accelerating....-- retarding x---=:: 

-3 o 3 
Vp (kV) 

Fig . 5. 4. Comparison of the intensit~ distributions of souree 
simu~ator (Va = - 26 kV) and 23 ~g/cm tritium souree in the 
neighbourhooa of Vp = o. 

5.2.3. Preacce lerator 

The preaccele rator consists of two aluminium electrodes 

placed at a distance d = 12 mm from each other. The first e lect rode 

(inner diameter 24 mm) at a distance of 34 mm from the source , is in 

electrical contact with the source chamber . The second electrode 

(inner diameter 28 mm) is in electrical contac t wirh the first elec

trode of the main accelerator. The potential difference Vp , i.e. the 

potentialof the first electrode with respe ct to th at of the second 

one, could be adjusted between +10 and -1 0 kV. The focusing action 

of the preaccelerator is weak; the focal distance is given appro

ximately by (Zwo45) 

f (5 .3 ) 
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where Ein and Eout are the kinetic energies of the electrons 

before and af ter the preacceleration (E
out 

='E
in 

- Vp )' For 

instance, at Eout = 15.5 keV (the usual value) and Ein = 10 keV 

we find a focal distance as large as 370 mmo Only at energies 

be low 10 keV the focusing may become disturbing. Indeed one may 

notice later (in fig. 5.6) that the energy calibration shows a 

deviation from linearity for the 57Fe-line at 7.3 keV. 

5.2.4. Magnetic lenses L) and L2 

The focal distance of lens L) is given by the expression 

(5.4) 

and amounts to 90 mm for the chosen current setting. The distance 

between L) and the source is 180 mm, so that electrons of 15.5 keV 

are roughly focused on a diaphragm with inner diameter of 25 mm 

between L) and L2 (see fig . 5 . 2) . 

A cent ral absorber with a diameter of 32 mm, placed inside 

a ring with inner diameter of 90 mm, and various diaphragms were 

inserted inside lens L) to improve its energy selectivity and to 

reduce the possible influence of scat tering in various parts of 

the arrangement, especially in the deflector. Due to this dia

phragm system only electrons emitted by the source at angles 

between 5
0 

and 140 with respect to the normal on the surf ace of 

the source are transmitted towards the deflector (solid angle 

0.17 steradian) . 

Lens L2 is identical to L) apart from the fact that it has no 

soft-iron shield on its side towards the main accelerator . It 

serves for focusing purposes, but it plays an additional role 

in reducing field emission of electrons from the main accelerator 

(see below) . 

5.2.5. Main accelerator 

The main acceleratort consists of eight ceramic sections with 

t Made available by the Groningen Van de Graaff group. 
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stainless-steel electrodes over which a voltage of 63.5 

(= 79 - 15.5) kV was equally distributed with the aid of a number 

of high-voltage resistors (100 MTI; type Welwyn). In arrangement I 

the field emission of these electrodes caused a troublesome 

fluctuating background, sometimes amounting to about 40% of the 

total counting rate. The energy resolution of lens L3 was insuf

ficient to separate S-particles and field-emission electrons. To 

reduce field emission we introduced three precautions: i) the 

inner diameters of the electrodes inside the main accelerator 

were chosen such to defocus field-emission electrons coming from 

the first electrodes; ii) the electrodes were highly polished, 

ultra-sonically cleaned in a freon bath t and platedtt with a gold 

layer of about 30 ~g/cm2 to enlarge the work function; and iii) 

lens L2 was placed close to the main accelerator, without a s oft 

iron shield on its side oriented towards the main accelerator, so 

that its stray magnetic field deflects electrons that are field 

emitted by the first, most critical, electrode. 

In arrangement 11 field emission in the main accelerator is 

of no concern.mainly because of the energy s e lectivity of the 

deflector. 

5.2.6. Magnetic lens L3 and deflector 

The beam is focused on the entrance of the deflector by lens 

L3. This deflector has been described by van Klinken (Kli65,66a). 

For the present experiment it was adjusted for optimum perfor

mance at 79 keV, with voltages on the spherical deflector plates 

of + and -9.8 kV. 

The deflection angle ç = 105 0 gives a longitudinal-~o

transverse convers ion ratio 0.9999 at 79 keV, according to the 

relation given by Tolhoek (Tol56) for spin rotation in macroscopic 

electric fields (no spin-orbit coupling) 

n = Eç /(E + m a2 ). 
e 

(5.5) 

t 
The freon bath of the Groningen "Instituut voor Ruimteonderzoek". 

tt Thanks are due to Mr. J.A. Reinders and Mr. L. Venema for perform
ing this plating. 

56 



Her~n is the spin rotation angle, E the kinetic energy of the 

e-particles and m c 2 their rest energy. 
e 

5. 2 .7. Polarimeter 

The polarimeter has also been described in detail by van 

Klinken (Kli65,66a). For the tritium experiment it was equipped 

with two 160 ± 10 ~g/cm2 gold scatterers on 30 ± 5 ~g/cm2 formvar 

backings t and with four detectors having aluminized (for mini-

mi zing light losses) plastic scintillators of 0.1 mm thickness: 

this thickness is chosen only slightly larger than the maximum 

range of 79 keV electrons in the scintillation material to mini

mize the background of the detectors. Detectors land 2 (fig. 

5.2), with an eff e ctive area of 20 x 25 mm2 , were placed at a 

mean scattering angle of 1170 at 45 mm from the centre of the 

scatterer. For simultaneous zero-measurements the detectors 3 

and 4, with s c intillators of 6 x 15 mm2 , were placed 50 mm from 

the cent re of the scatterer at a mean scattering angle of 450
• 

In fig. 5.5 a typical scintillation spectrum is shown. 

Fig . 5. 5. Scintillation spectrum 
of detecto~ 2; a~~ows indi cate the 
disc~iminato~ setting. 

10 20 :JO 
pulse height (V) 

The limiting diaphragm in front of the scattering foil was 

t Both foils were made by vacuum evaporation by Mr. J.A. Reinders 
and Mr. L. Venema. 
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connected to the polarimeter chamber, so that it rotates with this 

chamber. This reduces instrumental asymmetries caused by a possible 

small misalignment of the diaphragm system. 

For the present investigation the polarimeter was recalibrated, 

as will be described in sect. 5.4. 

5.3. Energy calibration 

The energy calibration of the system of fig. 5.2 was per

formed with a number of conversion lines. We have used the 7.3 keV 

K and the 13.6 keV LI convers ion lines of the 14.4 keV transition 

of 57Fe, with a source of 57Co electroplated on platinum; the 17.2 

keV L linesand the 23 . 8 keV M lines (average energies) of the 25.7 

keV transition of 161Dy , with a 161Tb source ion-implanted in iron t , 

and the 24.5 keV Th-A line using a Th(B+C+C") source recoil-implan

ted in aluminium. The calibration sources have the same dimensions 

as the tritium sources and are sufficiently homogeneous; source 

thickness effects are small as was checked with the double-focus-

ing spectrometer . 

The results of the energy calibration are shown in fig. 5.6 . 

In the inset of this figure the line profile observed for the 

Th-A line is shown. This profile could be least-squares fitted to a 

Gaussian function with a quadratic background (due to S-transitions 

in the calibration source): the FWHM energy width amounts to 

2.8 ± 0.1 keV. The same value was obtained from an adjustment to 

the profile of the 13.6 keV 57Fe-L line (not shown). 

In fig. 5.7 the energy selectivity of various devices is 

illustrated. We estimate for the separate FWHM energy widths: 

4.3 keV for lens Ll' 13 keV for lens L2 ' 42 keV for main accele

rator plus lens L3' 3.8 keV for the deflector and 50 keV for the 

scintillation counters (see fig. 5.5), in good agreement with the 

observed overall resolution of 2.8 keV. The system resolution was 

thus mainly determined by the lens Ll and the deflector. 

The transmission of the total system is low. For instance, the 

probability that an electron which i s emitted by a tritium atom with 

an energy of 15.5 keV, is detected in one of the backward-angle 

t We thank Mr. L. Niesen for making available this source, which 
had been used in a Mössbauer experiment. 
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straight Line shohln, with a sLope of about 1 keV/kV, represents a 
fit to the data above 10 keV. The inset shows a Line profiLe at 
24 . 5 keV plotting the reLative number of eLectrons incident on 
the goLd scatterer versus Vp. 

detectors amounts, for the optimum energy setting, using Vp 0, 

to about 10-6 . 

The energy width of 2 .8 keV is rather large. A better energy 

resolution could easily have been achieved, for example by using 

narrower diaphragms in lens Ll. However, this would have reduced 

the true counting rates near the end-point energy to unacceptably 

low values. The v/c-resolution, in which we are mainly interested, 

is about a factor two smal ler than the energy resolution and 

amounts at, for example, 15 keV to 9%. The influence of the fini te 

resolution on the observed degree of longitudinal polarization 

is discussed in sect. 7. 2 . 

In fig. 5.8 a Kurie plot of the 23 Vg/cm 2 tritium source, 

obtained with the system of fig. 5.2 by varying the voltage Vp ' 
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Fig . 5. 7. The number of electr ons incident on t he gold foil in t he 
polarimeter as a function of the adjustment of various devices . For 
each curve only one parameter was varied, while the others remained 
f i xed at thei r optimum values. The t hinner source was used as elec
t ron source . 

is shown. The observed counting rates were corrected for the ener

gy resolution of the system with the aid of eq. 4.7. Below about 

14 keV the Kurie plot shows an increasing excess of electrons. 

Only a part of this excess can be attributed to scattering in souree 

and backing: for comparison we indicated in the figure also the 

Kurie plot obtained with the double-focusing spectrometer (sect. 

4.3). The discrepancy may be related to the applied method of 

energy selection and preacceleration. At energy settings below 

15.5 keV accelerating voltages Vp were used. It cannot be excluded 

that secondary electrons, induced by the B-radiation, were ex

tracted from the preaccelerator section by this accelerating pot en

tial. Though of low energy these electrons may pass lens Ll and 

the deflector. Because of this uncertainty we finally disregard 

polarization measurements obtained with accelerating voltages Vp 
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(see sect. 7.3). 

5.4. Calibration of the Mott polarimeter 

The efficiency San of the polarimeter had been determined earlieJ 

by Van Klinken (Kli6 5 ,66a) by means of a double-s cat tering experiment. 

In such an experiment an initially unpolarized beam is polarized 

transversely by the first s cattering. The degree of transverse 

pol ariza tion is analysed in the second scattering. If all condi-

tions (geometry. scatterer thicknes s ) of both scatterings are the 

same , the ob se rved asymme try equals in es sence the square of the 

effe c tive S-value (see sect. 2.1). In such a way van Klinken has 
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measured effective S-values S IS and S IT for 105
0 

scattering on 

150 ~g/cm2 gold foils at various energies between 46 and 261 keV. 

The scattering foils were placed in symmetrie (5) or in transmission 

(T) position with respect to the incoming and the scattered beam 

(see inset of fig. 5.9). 

We have redetermined the efficiency San of the polarimeter 

at 79 keV with the aid of such foils with known va lues for SIS 

and S IT' This recalibration was undertaken because the previous 

calibration by van Klinken had been performed rather long ago and 

because the geometry inside the polarimeter had been slightly 

changed since then. 

For the recalibration the equipment of fig. 5.2 was re

arranged to the configuration of fig. 5.9. The electron gun was 

used as souree of unpolarized electronsj the central absorber 

in lens Ll was removedj the position of the deflector chamber was 

altered, while the deflector was replaced by a 150 ~g /cm2 gold 

foil, as used by van Klinkenj the position of the polarimeter 

was also changed. During this calibration the geometry inside 

the polarimeter was exactly the same as during the tritium 8-

polarization measurements. Thus.the asymmetry observed during the 

calibration amounts essentially to S ISSan or S I ~an (compare eq. 

5.1). During the calibration the supports of the polarising foil 

and of the foil in the polarimeter were regularly shifted up and 

down to el imina te the influence of inhomogeneities of the foils. In 

this way the effect of cracked vacuum oil adhering to the pola

rising foil was also reduced. This polarising foil could be 

shifted externally, so that the position of the beam spot on the 

foil could be adjusted in such a way thát the asymmetry for the 

forward detectors in the polarimeter was close to zero. More 

details of the calibration procedure can be found in refs. 

Kli65,66a. 

The recalibration was performed at an energy of 79.4 ± 0.4 keV. 

Results are shown in table 5.1. We used the va lues S IS = 0.184 ± 

0.0045 and S IT = 0.211 ± 0.003 obtained by van Klinken. A weighted 

average of the results presented in the table gives S 
an 

-0.2055 ± 0.0028 for polarimeter foil a and San = -0.2058 ± 0.0030 
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Tab~e 5.1. 

Resu~ts for t he ca~ibration of the po ~arime ter a) 

Polarimeter 
S ISSan 

b) 
S I ~an 

b) 
S Number 2 d) 

Prob> foil an of cycles c ) Xv 

a -0.03742(5 2) -0.2034 (57) 6 0.21 0.96 

a -0.04351 (27) -0.2062(32) 10 0.66 0.75 

b -0.03641 (65 ) -0.1979(60) 9 I. 37 0.20 

b -0.04400 (36) -0. 2084(34) 22 I. 30 0.17 

a} See text for detai~s . 

b} Errors in ~east significant figures , given in parentheses, are the ~argest of interna~ and 
externa~ errors . 

c} Each cyc~e consists of two runs with a~ternate counter positions (see sect . 7. 1) . 

d} Chi- square divided by the number of degrees of freedom, which is in this case the number of 
cyc~es minus one . 

e } The probabi~ity that a ~arger chi- square is found when the exper iment i s repeated (from ref. 
Bev69) . 

e) 



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

for polarimeter foil b. These results are essentially the same, as 

is expected.since the preparation procedure of the two foils was 

exactly the same. We thus use for both foils the overall average 

-0.2056 ± 0.0027. (5.6) 

The error is mainly due to the errors of S IS and S IT. The result 

5.6 agrees weIl with the value -0.200 ± 0.004 obtained by van 

Klinken for a slightly different energy and geometry. Due to the 

shape of the S-spectrum and to small readjustments, the mean 

energy of the electrons during the S-polarization measurements was 

1.0 to 2.4 keV lower than 79.4 keV. We derived from the measure

ments of van Klinken that the fractional variation with energy of 

S amounts to 1.3 ± 0. 2% per keV in this energy region. With this 
an 

correction the actual San-values for the tritium S-polarization 

measurements were obtained (table 7.1). 
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