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Mean Excitation Potentials* 

DONALD C. SACHS, Stanford Research Institute, Stanford, California 

AND 

. REGINALD RICHARDSON, Department of Physics, University of California, I^os Angeles, California 

(Received September 22, 1952) 

Previous experimental results of the present authors on the energy loss of 18-Mcv protons in aluminum 
are corrected to give a value for the mean excitation potential /= 168 ev. It is pointed out that recent 
work on the range-energy relationship for protons in aluminum may indicate a variation of / with proton 
energy which is considerably larger than that to be attributed to the nonparticipation of the K electrons 

THE results of a measu"emen t of the absolute 
energy loss of protons upon passing through 

various materials have been recently published.-' Since 
that time, it has become evident that an out-of-date 
and inaccurate value of the constant t2/nu- was used- 
in computing the mean excitation potentials of these 
materials. In the light of new work3-'' that has been 
done in the field of proton ranges and excitation 
potentials, it was thought worth while to correct Uie 
previous computations. 

In Bethe's energy loss formula,6 

-dE/dx=(l*XZ*e*/mi*)B,    B = Z \n(2m^/l)-Ct, 

the ulomic stopping number li can be obtained front 
i.he experimentally detei mined dE/da by using the 
relation 

PA 

Here fl = v/c,  t^—^-jnu?,  A = atomic  weight  of   the 

* This work was supported \'.. part by the joint program of the 
U. ?. Office ot Nava! Research aud the U. S. Atomic Energy 
Commission. 

' D. C. r,achs and J. R. Richardson, Phys. Rev. 83, 834 (1951). 
!\Vc are greatly indebted tc Dr. Joseph E. Perry for bringing 

this discrepancy to our attention. 
'- N. Bloemberger and P. J. van Heerden, Phys. Rev. 83, 561 

(1951). 
4 K. B. Mather and E. Segre, Thys. Rev. 84, 191 (1951). 
•E. L. Hubbard and K. R. MacKcnzie, Phys. Rev. 85, 107 

(1952). 
•M. S. Livingston and H. A. Bethe. Revs. Modern Phys. 9, 

262 (1937). See this paper for notation. 
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absorber, .Y„= Avogadro's number, and —dE'da is the 
energy loss per unit surface density of the absorbing 
foil. Negligible error is introduced in this experiment 
by using the average value of Si1 during the energy loss. 
Also the mean excitation potential 

/ = 2ff-mc3 exp[(- B\-Ck) '/.J 

It is to be noted from these relations that a half- 
percent error in r0 will be reflected as a six percent error 
in T. 

Using the value 2.818X10"13 cm for r0 we oh tarn the 
corrected results for aluminum which are shows: in 
Table I. The values of the other constants used are 
wc2=0.5108 Mev, .Y0= 6.0228 X103 atoms per gram 
atom (chemical scale), .-1 = 26.9S g for aluminum. The 
weighted avenge for aluminum becomes /—]6S elec- 
tron volts. 

TABLE I. Mean excitation potential of aluminum. 

Surface 
(tensity 

(rog/cni*) 

Most probable 
energy loss 

(Mov) 

Mean excitation 
>Mlent::;l (ev) 

(with probable error) 

7.153 0.153 170.3±21.5 
14054 0.301 181.3+13.6 
21.432 0.465 172.; J- 8.6 
21.532 0.470 lf,7.0± 9.6 
33.875 0.737 175.8+ 7.0 
38.395 0.839 173.8± 5.0 
47.457 1.048 168 7± 8.3 
57.493 1.276 168.6± 5.9 
67.294 1.515 160.9± 5.4 
76.849 1.737 161.6± 4.1 

163 



1164 D.    C.    SACHS    AND    J.    R.    RICHARDSON 

60     80 
ENERGY    • 

300 40C 

F:c. 1. Mean excitation potential of aluminum as a function of 
proton energy. The soliJ curve connects points obtained from 
proton range-energy experiments. The dotted curve represents 
an approximate thin-foil energy loss function. 

Table II presents a summary of the results of recent 
experiments7 which determined the mean excitation 
potential of aluminum. Our experiment (Sachs-Richard- 
son) was performed with thin foils of material where 
the loss of proton energy in the foil? was a small 
fraction of (he incident energy (see Table I). In con- 
trast, the remaining experimenters measured the com- 
plete proton ranges in aluminum. Assuming for the 
moment that there is a real variation of / with proton 
energy, Kaus has calculated the value of the proton 
energy which represents an effective value for the 
entire energy loss. He assumes that 

/(£) = /„- a log£ 

is the functional relations!:!;) between / and the proton 
energy and that a//o<;().!. From this, one obtains the 

TABLE II. The results of recent experiments which measured the 
mean excitation potential of aluminum. 

Incident Effective 
Mean 

excitation 
rtrotnn proton potential M 

Experiment 
energy 
(Mev) 

energy 
(Mev) 

aluminum 
(ev) 

Sachs-Richardson* 17.8 17.:; 168 ±3 
Hul,bard MacKenzicb 18.0 10.8 170±2.5 
Bloemjergtn- 35-50 21-30 164±5 
van Heerdenc rr\ _•»«: 30-45 161 ±5 
Mather-Seere^ i<6 204 150±5 

a Sec reference 1. 
L See reterer.ee 5. 
c See reference 3. 
d See reference 4. 

result that £,.,rc^0.6£ln... This £eit for each experiment 
is shown in column 3 of Table II. Of course, for thin 
foils we have E<.ti^Eu>c- In column 4 of this table, the 
/M valuer, (with standard deviations) are listed. The 
standard deviations to the excitation potentials were 
obtained from the res[>ective papers with the exception 
of that of ^fathe^ and Segre. In this case the standard 
deviation had to be computed from their statements8 

of the approximate deviations (i.e., about 1 Mev for 
the energy and 0.2 g/cm* for the ranges). 

Figure 1 shows a semi-log plot of the mean excitation 
potential cf aluminum M proton energy. The open 
circles refer to the incident proton energies (column 2 
of Table II), while the solid circles represent the 
effective energies as defined above. The point corre- 
sponding to the thin foil result is not changed when 
account is taken of the effective proton energy. Upon 

TABLE III  Weighted averages of the mean excitation 
potentials of various materials. 

Weighted averaRe mean 
Material esL tji'on potential tev) 

Nickel 399 
Copper 435 
Rhodium 799 
Silver 796 
Cadmium 792 
Tin 853 
Tantalum 1148 
Gold 1383 
Nylon 41.3 

consideration of the results in the figure, it is clear that 
better experimental data would be desirable before 
deciding that the variation of / with energy is real. 
It should also be pointed out that the effect of / of the 
nonparticipation of K electrons6 has been taken into 
account in the treatment of the experimental data when 
use is made of C*. Even if these calculated corrections 
were ignored entirely, the apparent variation of / over 
this energy range would only be of the order of 6 ev, 
which is small compared to the indicated experimental 
variation. 

The thin foil mean ionization potentials for some 
other materials are shown in Table III. These results 
were computed using Ct, Ci, • • • =0, i.e., no corrections 
for nonparticipating electrons were made. These correc- 
tions, if they were known, would tend to lower the 
values of the potentials. 

1 See also D. H. Simmons, Proc. Phys. Soc. (London) A65, 454 
(1952). * Sec reference 4, p. 193. 
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Spectrometer Measurement on the High Energy 
Positrons of Sodium 22* 

BYRON T. WKIOUI 
Department of Physics, University of California, Los AKfelts. ( alijurnia 

(Received D'-eemlx-r 18. W.SJi 

f TSIN'G a small solenoids! spectrometer," a measurement of 
\_/   the ratio A' of the partial decay constant for the lower en- 

ergy spectrum .1 to that of the higher energy spectrum H of posi- 
trons from Na= was made. 

The source.2 .vhose strength was approximately 0.3 mi!licun>'s, 
was deposited on a Nylon foil whose thickness was 2.5 nig cm *. 
The source was 15 mm in diameter and ds average thickness 
2 mg cm ;. 

The detector was a miniature end-window tleigcr counter of 
length 25 mm and cathode diameter 7 mm. The end of the i uunter 
formed the "energy-selecting hole" of the spectrometer. The 
background counting rate with no source in the spectrometer 
was 0.07 counts sec '. this increased to 0.0'1 counts sec ' with the 
0.3 niillicurie source in position and with an aluminum plate 
blanking off the "angle selecting bailies" near the source. The 
background further increased lo 0 10-0.12 counts ...c ' with the 
source iii position and with a I.ucite ring °otiiciently :hi. k to slop 
the most energetic positrons placed at the ring focus The value-* 
quoted are for the range observed in spe< !ru:n /*», points near tin- 
upper limit corresponding to the smaller background. It was by 
the use of such a ring absorber placed at the ring focus that a 
background counting rate tor each of tin points oliserved in spec 
trum H was determined. The most uncertai 
rates had a standard deviation of S percent. 

Momentum plots of the observed spectra are shown in Fig 1. 
The scale of ordiuatcs is in counts sec ' per unit momentum ithe 
momentum being measured in units «-./--. The lines I and H 
indicate theoretical shapes for allowed spectra. Spectrum .1 agrees 
with the theoretical shape down to (IS m,<c. a point well below the 
maximum A Kurie plot yields an end poinl of 540 -5 kev, in 
agreement with prior reMiils.3 

V 
Np 

:iz,n il 

'Ox 

-NET!- rr.r=:> 

/: 

Became of the greal similarity of the transitions between the 
ese background ground Males of Be10- li10 and \a»- V.--'. -he So-called .'>. cor- 

rection' was considered for spectrum I'>. The data lii the /'• spec- 
trum considerably better than the allowed shape />'. This is 
indicated by I'ig. ! ami shown more clearly by the Kurie plots of 
spectrum /i in I'ig 2. The end point of spectrum H i- :ii |S^ii±-(iil 
kev. a value in agreement with the sum of ihe energy of i he 
gamma-ray 11 277 kevt'of N'.t-"-' and the end -mint o. s|>ccirutn .1 
i 5 12 krvi 3 Ihe net counting rale for [xiin's near the peak of spec- 
trum H was ! 5 times ihe background rale I lie standard • is. \ i.i- 
lions in ihe net cuuutirg rates are indicated. 

To oblain A' :•:•: compared the arias under curves .1 and />... 
Hi.- -esult i~ A'-H-tKI fc-WHI. This leads, using a hall-life of 2.00 
year,'-' for lire decay \ia specfrutn .1. lo a decay constant foi the 
dot ay of \'a- lo the ground stale of No" of > 5 3.;.- I.0X '<) '- 
sec ', llu- value being greater if a fraction of the decay ot speclrum 

I _ !i is by orbital electron capture. 
j  '.' Tlli'/< value which results is — HI'-1. This ir. an order of magni 
I, - tudc less than the value based" on earlier experimental work" and 
•   :; about half an order less than '.In- value based in part on a theo 
>  i rctical consideration.* 

• Sii|iinirti--I in part bv tin- j»im program of the t'. S. Otlire of N.o.il 
K.—.-.IT. ': .unl 111.- I'   S, An,inn- Knew ( nin,in-,inn 

' lli-r..ii   I    \\ i mlii. Air.    I    I'll.,. 20. .'ill iluSJl. 
11'srrir.i-! "•-"> ii„-  l-,,i,„„..  Division ui   the I. S   Atomic  Kni-rgr 

c 

M-M, M.JM p   j„iTS *•.. 

l-lo.   I. Momentum t,lot-i tor the tw i positron siiectra ot Na37. 

1 M.ieklin. Uili.fuky. nml Wu. t'fivs Rev   78.  (IS (J'ISO). 
' H. !•:. M..i-h.ik. I'lo-   Rev   75. MS il')4')l. 
• I'. I    AllneurT. I'liyi. Mev. 76. -US 'I'M')). 
» I.   I    I.,i-l.-it. I'tiva. K.-i   76. X.1S . I'M'n. 
> AtntiM M. I-Viii'      '   K.-v-   \l...|.-:n I'iivs   23. HI    1'isn 
" K. II. M.,iK.in-t.    i inn! K. I'. \\ ..Il. I'liys. Kev. 76. I .'(.I (I'M') 
• IC I'eeuberg and K. ( . Hammaek. I'livn. Rev. 75. IS7" i|'M')>. 
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The Short-Lived Radioisotopes P * and Cl*5t 
N ill. \V.  t.i \ss.  I.i.i is   K    Jl NSt v   vsn   I.   KliitSMU  RinlAklisus 
/ >ef>itrttntnt ef t'hysics. I 'itivtrsity of t alit'ornia, /.m A H^rlf*. California 

tKtvrivn! Marrli i. ws.ti 

r-plIK scries of radioa< live i.-oiopcs BH, X», \a». ami A1-' has 28.0012*0.(1007 amu, and for the Cl» a mass of 31.W63±0 0007 
I     beer! ro|i«>r(ed hy Alvarez1 ami hy Birge.' These isotopes amu. using the values of I.i! fur the masses of Si" and SB. These 

all decay !>y positron emission, at least some of the branches of nuclei are apparently just barely stable to proton emission, 
which lc.nl to excited states that decay hy alpha-particle emission We   have  search?'!   for alpha-particles  from   these  activities, 

We  have observed  Iwo new  activities which  result  from  the using  a  ZnS  screen   and  photomultiplicr,   but   without   positive 
bombardment of silicon and suitor by 20-Mev protons from the results.   The sensitivity of our arrangement can be indicated by 
I'l'J.A cyclotron   I'rum threshold and energy considerations, we the   following   statement:   Kit her   (a)   the   alpha-particles   have 
ascribe these ;u tivities to I'-" a:i i I ;"-'. additiotuil members of the energy Ic-s than 1 Mev or (b) the transition " hich results in their 

. c   series 
in-.i;, 

Che   method   of  deletion   involved   the  use  of  a 
irtil'ahon gamma ray spectr-imeier with a Nal crystal. 
il:    '  I'f.'iif.  ,.'" the (":r .;. ti\l'.   is (1.3(101:0 (KM second, and in 

• lit ..- . it — - '   emit- :: r   r,.i : idiattoti uf energy 4.?<±t) 1 
!••'• " .••- I..',!!.! io be ').2<(lit>.()itl sees:;.; 

'.: '••',. - ..   • 

1 he  llroi     os l< 
measured r« 511 !ve (• 
\?.v ' :    ..•..-. 

tall jr. \|ev 

emission ii.is.i probability less than 10 percent of those transitions 
which result in gamma-ray emission. 

We have also obtained some results on Al" from the reaction 
Mg"i />.«'-.\l'-'' We observe gamma-radiations of energy 7 1 ±0.2 
Mev 5 $±0.2 Mev, 43±0.2 Mev. and 2.°±0.2 Mev. Our value 
• ••- the hall life is 2 I0±r0.04 seconds which agrees wiihin experi- 

e itat etntt with the value obtained by liirge.2 

• \ M'.I-I :n 'he i-i;iil ;'Oinr:'m i>i die I'. S Dlliee uf Suva! Research 
:• ,!    :.•• I     s   AL.TPL.- I'urryv I iiinmisstoti. 

• i.   V«.     \l,.u.v   l':.v,   Ko    80. 51') ilVSOl 
• \   t     liutx. l'l:j-«   K.-v    B5. 75.1 . \'>S2\ 
• I     \\    ! •.   fir, .   K.-v    »«   Hit-    |'>5>) 
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^sitron-Electron Scattering at 1.3 Mev* 

HoRACK  A.   Ho-.VKf   ANT   K     K.   MACKKNZIK 

University of California, Los Angeles, California 

(Received December 15, 1952) 

'sing an incident beam energy of 1.3 Mev, the ratio of electron to positron scattering on atomic electrons 
has been determined for the case where one-half (he incident energy is transferred to the atomic electron. The 

asurcd ratio is 1.82 ±0.11, which agrees with the theoretical ratio of 1 83, calculated from the expressions 
iven by Miller and Hhabha when exchange effects are included. The theoretical ratio, excluding exchange 

effects, is 1.36. 

CO 
'VHTK 

INTRODUCTION 

hgory of electron-electron scattering, pub- 
J. lished by Miller1 in 1932, has been checked 

experimentally several times in recent years- and ap- 
pears to be correct. However, the theory of positron- 
electron scattering, published by Bhabha3 in 1036, has 
had very little in the way of confirmation. Several ex- 
periments using cloud chambers' have given indecisive 
results because of the difficulty of obtaining enough 
tracks to give Rood statistics. Recently, using counters, 
Ashkin and Woodward' were able to measure the ratio 
of positron-electron to electron-electron scattering for 
600-kev particles and obtained g<K)d agreement with 
theory. This ratio is easier to measure than the absolute 
cross section and is the quantity measured in tins work. 

The Mp'ller formula for electron-electron scattering 
and the Bhabha formula for positron-electron scattering 
are reproduced below, where the differential cross- 
section is given as a function of the fractional energy t 
imparted to the stationary particle. 

£   2 

o 
I 

M0LLER 

BHABHA   (NO  EXCHANGE) 

I A3  ANGLE 

30* 35" 40° 

FiC. I. Theoretical differential scattering cross section in 
aboratory system as a function of laboratory angle. Experimental 

point is shown at 33.5°. 

* Supported in part by the j int program of the U. S. Olficc of 
Naval Research and the (J. S. Atomic Energy Commission. 

t Now at Reed College, Portland, Oregon. 
1 C. Miller, Ann. phys. 406, 531 (1932). 
2L. Page, Phys Rev. 81, 1062 (1951); Scott, Hanson, and 

I.yman, Phys. Kev. 84, 638 i"l951); Groetzinger, I.eder. Ribe, and 
Itcrgcr, I'hys. Rev. 79, 454 1.1950). 

3H. J. Bhabha, Proc. Roy. Soc. (London) A154, 195 (1936). 
* Ho Zah-Wei, Compt, rend. 226, 1083 (1948); Von 0. Ritter 

el al. 7. Naturforsch. 6a, 243 (1951); G. R. Hoke, Phys. Rev. 87, 
285 (1952). 

•A. Ashkin and W. M. Woodward, Phys. Rev. 87, 236 (1952). 

Myfller    [p.    569,    reference    1,    with    A = t    and 
(?-iw*(7-l)f]: 

(7.0, 

where 

)   -—C 
tit/»    m-c* \y — \)-t- 

7   r «'-' « 
G(y,t)= 1+ • -      

7-i  lL       (1-t)2    (l-«) 

•(r)"( 
(r/a\       Ire'        y 

dt) B    »r,*(y-\r-(- 

'   f y;.7-(-l)L 

Hhabha 
--7)} 

F(T,«), 

where 

F(y. (•) {l + 2(7-l)(l-«) 

-t-(7-1)2(1-<+£<-)} +(—   ) *2 

V7+I/ 

X{3+2(7-l)+( >~D (••- «+ r)} 

7-1 
 e{.H-4(7- lid- 0+ (7- -\) 

7+1 

1 
r 

(l-rVe*)'' 

I- ,(7 *)-- 
1 
 [1 + 2(7- 
7(7+1) 

D(l- 0 

Wi - «-)}]• 

+ (Y-1)S(1-H-4«*)3- 

The quantity /•'o(7, f) is the first term in the expres- 
sion for F(y, t) and refers to what Bhabha calls ordinary 
scattering, or the scattering that would take place if the 
electron and positron could not annihilate. The second 
term is :he "exchange" term representing the possibility 
of annihilation and re-creation of a new pair, and the 
third term is the interference term between the first two. 
Bhabha plots F(y. «; and F0(7, <) against e for various 

678 
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creased to 1 mil. The new geometrical factors introduced 
by the wide beam caused the monitor counter to miss If) 
percent of the events that were registered by the defining 
counter. With a 1-mil Nylon foil, multiple scattering 
caused another loss estimated to be around 20 percent, 
based on extrapolation to very thin foils of the curves 
given by Snyder and Scott.8 The 16 percent figure is 
common to both the electron and positron cases, but 
since the multiple scattering is reported as 10 percent 
less for positrons than for electrons,7 a correction of 2 
percent was subtracted from the positron counting rate. 

As can lie seen from Fig. 1, the apparent ratio of 
electron-electron scattering to positron-electron scat- 
tering will be somewhat reduced by the above angular 
spread. The effect was graphically estimated to be 2 
[>ercent; hence the measured ratio was increased by 2 
percent. 

The positron source produced a large background of 
annihilation radiation. The coincidence counters were 
biased so that they were very insensitive to this radia- 
tion, but the main beam counter was not so biased, since 
it was desirable that all the incident [x>sitrons and 
electrons be recorded. A 12 percent correction was 
necessary for this gamma-background. It was de- 
termined by recording the gamma-ray background when 
the main beam was stopped at the entrance to the lead 
collimator. 

In addition to the above corrections, there were 
several processes which could give false coincidences. 
The single counting rates for electrons were 20 counts 
per second in the defining counter and 28 in the other. 
Practically all of these counts were stray electrons, 
scattered primarily from the edges of the lead collimator. 
This was shown by noting that the single counting rates 
were not reduced more than the statistical counting 
error of 1.5 percent, when Uie foil was removed. V. ith a 
coincidence resolving time of 1 microsecond, the acci- 
dental rate was negligible compared with the true 
coincidence rate of 0.13 count per second. For positrons, 
the initial rales were about 40 and 50 counts per second, 
mostly because of annihilation quanta from the source. 
The order of magnitude of the total number of acci- 
dental counts was calculated from a simple integral 
formula involving the resolving time, the individual 
rales and the half-life. For the first few hours the rela- 
tion was integrated numerical!'- because of the presence 
of the 48- and 68-minute activities resulting from Gaw 

and Ga6". The correction was approximately 10 percent 
of the total recorded coincidences. 

Another correction must be applied in the case where 
a positron stops in one counter and one of the annihila- 
tion quanta is absorbed in the other. Taking into 
account the number of positrons striking the counters, 
the solid angles seen by each counter relative to the 
other, and the approximate efficiency of the counters for 

e 

U) 

u 
!< 
UJ 
s 
u z 
o 2 o 

2   M;I NYLON 

• H. S. Snyder and \V. T. Scotl, Pays. Rev. 76, 220 (1<>4"). 
' Groetzingcr, Humphrey, and Kibe, I'hys. Rev. 85, 78 (1952). 

30 40 50 
PULSE    HEIGHT   (Volts) 

FlG. A. Number of sun terms events recorded per 10s incident 
particles on 2-roil Nylon foil as a function of discriminator 
bias. 

0.51 gamma-rays, the correction was estimated to be 
around 4 percent. 

Since the individual counting rates did not change 
(within statistical limits) when the foil was removed, it 
was possible to subtract faise coincidences due to both 
uie above causes by making runs with and without the 
foil in place. The total correction was 15 percent, which, 
was very close to the calculated estimate. 

Filse coincidences, which cannot be subtracter! ex- 
perimentally, can be recorded in the following way: 
When a positron is absorbed in either the denning or 
monitor crystal, there is a certain probability that one of 
the annihilation quanta will be absorbed in the same 
crystal. For such a gamma-ray the avc • .re path length 
in the crystal, for all positions of the impinging positron, 
is of the order of 0.4 cm. For 0.51-Mev gamma-rays in 
Nal, the fractional loss of photons per cm, resulting 
from the photoelectric effect, is 0.057.* For a path length 
of 0.4 cm, the probability of conversion is then 2.3 
percent, giving a total probability of 4 6 percent, since 
there are two annihilation quanta. Consequently some 
small pulses, which would normally be rejected bv the 
high bias setting, would have their heights increased by 
0.51 Mev and be recorded, whereas the corresponding 
small pulses in the electron-electron scattering case 
would not. This effect was estimated by noting the in- 
crease in coincidence rale in the electron-electron scat- 
tering case Wi'ici'i toe uisciiiiiiiuttoi bias was lowered an 
amount corresponding to 0.5 Mev (approximately zero 
bias) in one side channel at a time. The average increase 
lor such a procedure in both channels was 47 percent. 
Thus the correction to be subtracted from the positron 

coincidence rale is 4.6 percent of 47 percent, which is 2.2 
percent. There are also Compton electrons which are 
four times as numerous as the photoelectrons, but have 
an average energy of only 0.2 Mev. Lowering the bias in 
one channel by an amount corresponding to 0.2 Mev 
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increased the rate 20 percent. Hence the amount 
subtracted is four times 4.6 percent of 20 percent, which 
is 3.7 percent. When this is added to the above 2.2 
percent, the total correction is about 6 percent. 

RESULTS 

The ratio of electron-electron to positron-electron 
scattering is shown in Figs. 1 and 3 after all corrections 
have been applied. The theoretical ratio at 33.5° is 1.83 
(with exchange), and 1.36 (no exchange). The experi- 
mental ratio is 1.82±0.11. Most of this error is due to 
uncertainties in the corrections. The Bhabha theory 
with exchange is thus very definitely favored. 

The coincidence rates quoted above are only 0.35 

times the rates expected from absolute cross section 
calculations. When the theoretical rate is reduced by the 
previously mentioned factors of 16 percent and 20 
percent successively, a counting rate for electrons of 0.22 
coincidence/sec is obtained. The absolute experimental 
coincidence rate lies somewhere between 0.27 count/sec, 
which is the rate just above the noise level near zero 
bias, and 0.13 count/sec, which is the rate at the knee of 
the curve. Hence no conclusions can be drawn regarding 
absolute cross sections. 

The authors wish to express thanks to H. Keller, R. 
LeLevier, and R. Schrack who designed and built t'ie 
spectrometer, and to G. Jones and S. Plunkett for 
assistance with electronic equipment. 
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