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Abstract ~ ?f'l 

A thermal potassium beam has been velocity selected,and 

scattered by neon, argon, ~nd xenon gases. The dependence of 

the total cross section on relative velocity is approximately 
-.4 - 8 v for K-A and K-Xe, and v • for K-Ne. The average relative 

velocity ranges were 400 to 1430 meters/sec. for Ne, 480 to 1350 

meters/sec. for A, and 380 to 1320 meters/sec. for Xe. The 

dependence of the cross section on relative velocity was obtained 

by removing the cross section from the collision frequency integral. 

- 4 m For the v • dependences, this gives results correct to 3p. For 

the v-· 8 dependences, the error is most likely greater. Three 

gas temperatures were used: liquid air, room, and 200 deg. c. 
The results for a given gas at different temperatures are consistent 

with kinetic theory predictions. 
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1. Introduction 

The relative velocity dependence of total elas.tic.~·atom~atom cross 

sections gives one a means of fixing interatomic potential 

parameters. 1 ' 2'3 The dependence of the K-Ne,. K-A, and K-Xe cross-

sections on average relative velocity has been determined by 

measuring the attenuation of a velocity selected K beam when passed 

through a scattering chamber containing Ne, A, and Xe gases. The 

scattering chamber could be maintained at liquid air, room, and 

200 dego C temperatures~ These different scattering chamber 

temperatures enable the relative velocity range to be extended 

·and provide a means of checking the kinetic theory predictions .for 
J .. : ,', 

the attenuation of a velocity selected·beam. . .• 

2. Apparatus 

Fig. 1 is a diagram of the apparatus. Three freon trapped · 

oil diffusion pumps and three liquid air traps were used for pumping. 

Pressures were 2xlo-7 Torr or better. 

The oven was made of nickle, and the slit temperature was 

measured.by two chromel-alumel thermocouples. A nickle spiral 

mounted in the passage to the slit assured that the beam atoms had 

the slit temperatureo For velocity selection, the oven slit was 

moved off the beam axis by 22 mils. 

The velocity selector was a Stern-Gerlach magnet of the Rabi 

type. 
. --1 

Its gradient-to-field ratio wa~ 2.52·cm • The use of such 

a magnet as a velocity selector has been discussed by Bederson 
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and Rubin. 4 ·The velocity resolution6vBfvB' where vB is the beam 

velocity, is inversely proportional to the displacement of the 

oven slit from the beam axiso In our case this resolution was 

5%. The beam velocity reaching the detector is proportional to 

the square root of the magnet current, and the velocity selected 

4 2 ) beam intensity is proportional to vBexp(-mv~2kT • The maximum 

intensity of the velo~ity sel~cted beam occurs at vB = {2q; where 

oC= the most probable oven velocity. This fact is used to 

calibrate the beam velocity. The velocity analyzer magnet was 

used to check the action of the velocity selector magnet, but 

was otherwise not needed. 

The scattering chamber had a liquid air resevoir and four 

heaters. Room temperatures and above were measured by two 

chromel-alumel thermocouples, while the liquid air temperatures 

were measured by two copper-constantan thermocouples. The scatter-

ing gas was admitted to a gas resevoir where its pressure was 

read on a McLeod gauge. See Fig. 1. The gas flowed through a 

glass capillary tube.to the scattering chamber. 

The conventional surface ionization detector employed a 2 mil 

92% Pt-8% W wire made by Sigmund Cohn Corp. The non-velocity 

selected beam was 10-lO amperes, and was measured on an Ekco 

Type 616A vibrating reed elec~rometero 

The slit widths were: ·S1 = 3 mils; s2 = 5 mils; s3 = 2 mils; 

s4 = 2 mils •. s2· served only to limit the amount of K entering 
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the magnet. The beam width is defined by s3 and s4• Its width. 

at half the beam intensity in terms of the displacement of the 

2 mil detector wire was 3.5 mils. Geometrically, the largest· 

angle any beam atom could be-scattered through in the laboratory 

system and still hit the detector was 80 seconds~ 

3. Procedure 

With no scattering gas, the unattenuated beam I was measured 
0 . 

for a series of selector magnet currents. The beam velocities 

were calculated from the oven slit temperature, the selector 

magnet currents, and the magnet current for which the beam intensity 

was a_ maximum. A fixed amount of gas was admitted to the gas 

resevoir at a pressure P, which was measured on the McLeod gauge. , 

The attenuated beam I was then measured for the same series of 

magnet currentso From these two sets of readings, the attenuation 

I/I
0 

for different beam velocities was calculated. 

Some measurements were also made of the attenuation at fixed 

beam velocities but different gas resevoir pressures. Plots of 

Log I/I
0 

vso gas flow through the capillary were linear to within 

the accuracy of the McLeod gaugeo 

4. Calculation of the Cross Sections 

The attenuation of,a velocity selected beam by a gas with a 

Maxwellian Velocity distribution can be expressed as 

' (1) 
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where Q(v) is the cross section, v is the relative velocity 

between the beam and gas molecules, n(l) is the scattering gas 

density, f~vg)dvg is the fraction of gas atoms with speeds between 

vg and vg+dvg, dw/4~ is the fraction of gas atoms with velocities 

in the solid angle dw, and 1 is the beam path length. If Q(v) is 

assumed to be a slowly varying function.of v, it can be taken 

outside the integral and equation (1) becomes: 

(2) 

v is the average relative velocity between the beam and gas atoms, 

and is equal to vBFa
0 

(oo,x), where Fa
0 

(oO,x) is a function tabulated 

by Berkling et al.5 x is equal to vB divided by the most probable 

scattering gas velocity. If this expression for the average 

relative velocity is substituted int'o equation (2), 

N ln(I0 /I) 
Q(v) = ---~-

Fa0 (~,x) Sn( 1 )dl 
(3) 

For the case where Q(v) varies as v-· 4, equation (3) can be com

pared to the exact expression obtained by Pauly. 6 Over the relative 

velocity ranges encountered in this work, the difference is less 

than 3%. For more rapidly varying cross sections, the error is 

probably greater. 

Let F
0 

be the conductance7 of the capillary, Fs the total con

ductance of the scattering .chamber, and Tr the temperature of the 

gas ·resevoir. The density in the scattering chamber is then 
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6 
proportional to F c P 7 F s Tr, if F c << F s. · Equation ( 3) can now be 

written as, 

Q(v) .~constant 
.. ln(I0 /I)Fs Tr. 
0.------

Fao (oO,x)F
0

P 
J (4) 

which was the equation used to calculate numbers proportional to 

the cross sections. In practice, Fs was strictly in the molecular 

flow region and was proportional· to J Ts/NC where Ts is the scatter

ing chamber temperature and M is the mass of the scattering gas· 

atoms. F
0 

extended slightly out of the molecular flow region, 

and·Knudsenis7 formula was used to calculate it. 

5. Results and Conclusions 

Points calculated from representative data are shown in 

Fig. 2. The scattering gas temperatures are indicated by: 

x = liquid air; o = room; 0 = 200 c. Xe and A were used at room 

and 200 deg. C temperatures, while Ne was used at all three tem

peratures. The same.constant was used in equation (4) for the. 

reduction of all data. This constant is a geometrical factor, 

and is the same. for every gas-. ·rt has not been precisely evaluated 

yet, so that the· magnitudes of the cross sections are not correct 

absolutely_, bu.t are correct relative to one another. The solid 

curves have a v-· 4 dependence, which is that calculated by 

Massey and Mohr. 8 The normalization of these curves is arbitrary. 
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Fig. 2 shows that the Kinetic Theory predictions for the 

attenuation of a velocity selected beam by gases at different 

temperatures are reliab~e. For t~e same gas, points corresponding 

to different scattering gas temperatures are in close agreement. 

The relative velocity ranges of Xe and A are extended only 
I 

slightly by the use of the two higher scattering gas temperatures, 

but the range for Ne is extended substantially by the use of 

liquid air temperatures. 

It is ~een that our data for the K-Xe cross section follows 
·- 4 a v • dependence rather well, and if the points are examined 

.carefully, slight undulatory deviations can be noted. This is in 

agreement with K-Xe results of Rothe, Rol, Trujillo, and Neynaber.3 

The K-A cross section, while rou~hly following a v-· 4 curve, has 

deviations from it which are readily observed. The K-Ne cross 

section does not follow the Massey-Mohr·calculation, and the 

overall dependence is given approximately by v-· 8• In these 

latter two cases, it is possible that if the relative velocity 

ranges were extended, the deviation from the v-· 4 curve would be-

come undulatory about this curve. The structure of the K-Ne data 

is quite similar· to the results of Rol and Rothe9 for Li-Ne at 

higher relative velocities. Also, the magnitudes of the K-Xe, K~A, 

and K-Ne cross sections relative to one another are similar to 

their results for Li-Xe, Li-A, and Li-Ne. 

Acknowledgement 

The. authors gratefully acknowledge the assistance· of 

Professor K. Rubin. 



- 8 -

References· 

1. R.B. Bernstein, J. Chern. Phys. 33, 795, (1960) 

2. R.Bo Bernstein, J. Chern. Phys. 34, 361 (1961) 

3. E.W. Rothe, P.K.·;:Rol, S.M. Trujillo, and R.Ho. Neynaber, 

Phys. Rev •. 128, 659 (1962) 

.4. B.Bederson and K. Rubin, A.E.C. Technical Report No. NY0-10,117 

. ( (Unpublished) 

5o K. Berkling, R. Helbing, K. Kramer, H. Pauly, Ch. Schlier, 

and P. Toschek, z. Physik 166, 406 _(1962) 

6.' H. Pauly, z. Naturforsch 15a, 277 (1960) 

7. s. Dushman, Scientific Fbundations of-Vacuum Technique, 

(John Wiley and Sons, Inc. , 194.9) 

8. H.s.w. Massey and C.B.O. Mohr, Proc • .Roy. Soc. (London) Al44, 

188- (1934) 

9. P.K •. i·Rol and E.Wo Rothe, Phys. Rev. Leters ·9, 494 (1962) 



" 

Fig. 1. Apparatus. Dimensions are in em. The slit widths 

were: sl = 3 mils; s2 = 5 mils; s3 = 2 mils; s4 = 2 mils •. 

Fig. 2. Cross sections··.vs.· average relative velocities • 

. Scattering gas temperatures are denoted by: x =liquid air; 

o = room; fJ = 200 deg. Co 

f. 
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