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INTRODUCTION 

The project at hand is a.n investigation of methods 

which might be used for the determination of a plot of 

1n Q, vs _71r, as shown in Figure l, where Q is the cross­

section, and yr is the relative velocity of interacting 

particles. Previously; plots of this nature have been 

obtained only through much diligent and laborious work. 

At a specifically selected rel.&tive velocity, an indi­

vidual cross~sect i on was measured, via a machine shown 

schematically in Figure 2. By making measurements at 

many relative velocities, the desired graph could be 

constructed. 

It is proposed that by making certain modifications 

(shown in Figure 3) of the instrument, the plot can be 

displayed on e.n oscilloscope screen. My work has been 

concerned with determining the theor etical, practical, 

and financial f easibility of this proposal. I have been 

able to show t he feasibility, at least on the first two 

counts . 
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'.mE~TICAL 

Significance of .. ln S vs ln :yr: The cross-section is the proba-.. 

bility- of particles in two crossed beams interacting with one another., 

and it is velocity dependent. If we assume a certain velocity dis­

tribution in the source beam, we can measure the effect of diffe• 

rent velocities on the cross-section. As the relative velocity- of 

interacting particles increases the collisional cross-section de• 

creases. This effect is a direct result of the interaction time 

available to the interacting particles. 

With reference to Figure l., as the relative velocity increases 

( or the ln 'Yr for that matter)., the cross-section becomes smaller; 
l ' L ,,c. ' 

and since O = Q = l., the 1n Q becomes a more negative number. 

Therefore ... ln Q becomes a more positive number. This accounts for 

the siope of the plot. 

As a digression., let us examine Q more closely in order to gain 

an appreciation for its magnituile. The unit of the cross-section is 

square centimeters., or area. It is a measure of the area of molec­

ular influence. The radius of this innuence is on the order of 

10•1 cm. Using the equation A = -,'112, an area on the order of 10-i• 

J is obtained. 

The minimac-d n the curve are indicative of the bound or stable 

states that can exist while the particles are interacting. The 

distance along the x-axis, between minima is related to the depth 

of the potential energy well. 

As can be seen., the plot yiel~ch information about systems 

of interacting particles., and it would be deSirable to have a fast, 

convenient., and accurate means of obtaining it. 

Basic Mechanics of the Pro;E!osed Instrument: Referring to Figure 3., 

it can be seen that the parts of the instrument include: 

1. Oven- for the g-eneration of a source beam of particles, 

2. Difining slits- collimation of the beam., 

3. Source beam chopper ... pul•es the source beam, 

4. Flight tube• length allows velocity selection among particles 

within a give pulse., 

5. '1-oss target beam• used to interact with source beam, 
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6. Target beam chopper• pulses target beam, 

7. Vacuum pumps• evacuation of fiight tube, oven, and detector 

chambers to 10••- 10·7 torr, 

8. Detector- detects the intensity of the source beam atter 

interaction, 

9. Electronics :fo.r ta.king the 1n of the output signal of 

detector, 

10. oscilloscope screen• displays the desired plot. 

For a. gas which is in ~rmal equilibrium, the Maxwellian distri­

bution law will hold. 

If we arrange things so that thf(! diameter or width of the de­

fining slits is less th&1 or equal to the mean free path of the 

molecules in the oven, the beam be governed by the laws of effusive 

flow. This is because the number of collisions which occur within 

the vicinity of the slits is drastically reduced, thereby giving a 

non•turbulent fl.ow. 'l'his is convenient as there is a good mathe"' 

matical treatment of effusive flow, and beca1,1se the intensity of the 

beam is described by a cosine relationship. 

Velocity selection and distribution ve governed by the length 

of the tube and period of the pulsing beam.. When the source beam 

particles interact with the target beam they are scattered out of 

the beam with a resultant attenuation. ~e detector measures this 

attenuation and by comparisop. with the measurements of beam intensity ' 

of an unattenuated beam, puts out a signal which can be converted 

electronically to an 1n signal and displayed on the oscilloscope 

screen. 

Reproducing the Conditions which Exist within the Am,aratUI: As 

stated previously, the velocity distribution of the particles in the 

oven is consistent with the Maxwell distribution law., 

i dnc . = 4,,- / m ) s/2 ~e -pc2, (1) 
de \g,n,kt 

Where., N is the toteJ. number of molecules in the oven, (31fHa.n/dc).,..;1_s 
the fraction of molecules in the speed range c to c + de per unit width 



of the interval , mis t he mass in grams of one molecule, k is 

Boltzmann's constent i n cgs uni t s, tis t he absolute temperature 

in degrees Kelvin, c i s the velocity i n cgs units, and ~= 11!/2kT. 

B;tgure 4 shows a typical plot of (1/N) (dnjdc ) vs . c. According 

t o Maxwellian law the most probabl e velocity, c , is (2kT/m)1 / 2 , 

and t he r oot mean square velocity, f"c?)1 /2., is <§kT/m)1 / 2 , where 

(?,)1/ 2 > c > cmp,. 

An expression f or the distribution of particles as a function 

of' time spent along the flight tube is now needed ( that is a.n ex­

pression for the velocity dietribution). According to the lawG 

of effusive flow the number of particles within the velocity 

range v and v + dv i s C v3e-pv2 dv. After time t a particle of 

velocity v well have undergone a displacement s, where s • vt. 

'l'herefore particles in the velocity range v + dv will be spread over 

a distance ds, where ds = t dv. If I is the number of particles 

per unit length of the f light tube then, 

...... ..s ·- ·v2 Ids= Grre ~ dV , (2) 

Where, C1 is a constant of proportionality, vis the velocity and 

·~ m/2kt. Substituting tdv for ds, one obtains , 

Itdv = avf3e"'0v2-dv • 

.. ~ It= (;i!'e • 

I = (O/t) v3e-: vR, and s ince v := s/t, 

I c o[ (s/t)3 /t]e· s2/t2 , so that 

I ·~ a( s3 /t•)e.,. s2/t2. (3) 

Equation (3) i s the desired expressi on. Comparing equation (1) with 

equation (3), it i s seen that the Maxwellian expression has a c2 term, 

while equation (3) has a v3 term ( c-=v). The reason tor this 1s that 

the molecules with the greatest probability of escaping into the 

flight tube are those ·with the highest velocity. To be sure, some 

molecules of lower velocity will escape but the probabill ty decreases 

with decrease in velocity. As a consequence the most pro~lble velocity 

found in the beam can be shown to be the root mean square velocity, 

4. 



(~/2. ·· t·•· tb c:- r , w:1. n1n · .e oven . 

The most 11r ;bablo ·velocity is that associated with the maximum 

on the velocity distri bution curve. Therefore, equation (3) is used, 

and the de:riva.tive i s ta.ken, whi ch is then set El4Ual to zero and solved 

f{ ) ,.__!3 -,;v2 
V = e,re ' 1. 

d:f'( V) = 3cv2e -B,v2 .. ( 2Rve •{3"/l) a-./3. 
dv 

Betting this equal to zero, and substituting for f3 ,. 

0 • f(v) = 3C'v2e"'v2m/2k'E._~o(vm/kT)e-v2m/2kT; 
dv 

0 = (J're•v2-m./2kT(3-v2m/kT) 

The condition which determines v is, 
mp 

0 = 3•rm/kT, 

../1- (m/kT) = 3, 

v2 = 3kT/m 

v (ettusive flow) "' (3kT/m)i / 2 , (4) mp 

Comparison of equation (4) with (?)1 / 2 ifot5~~he Maxwellian law shows 

that, 

The use of eQ.'Mtion (3) in a computer program a pproximates the 

condition where there is no cros:,; beam; and where it is t{ttl.y assumed 

that there is no attenuation of the source beam by background gases 

in tbe flight tube , 

!n order to take attenuation by & background gas into account t he 

fol.lowing equations are used~ 

!o = e •t,/A ( 6)-I - ,, 

Where., (I/J:0 ) i~ the ratio of the attenuated beam to the unattenuated 

beam,. ii fa the length of the flight tube. 

• ,,r1 /2(v/ )2 / (n Q, f ( v/ )) 1 (7) 
f't g eff , 

1Dr. Thomas c. Imeson, Doctoral Thesis. 
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where, vis the velocity of the molecules in the bee.m, . (2kT/mg)1 / 2 

(where mg is the mass of the attenuating gas), ng is the number density 

of the attenuating gas (ng ~ [N/Vol.] = [P/kT], units are all cgs),. 

and Qetf is the effective cross.section. 

If (v/rv) is a.llowed to equal x, then, 

x:2 ,. . . . I 7' t2 
'\li{ x) = xe • + (2x2 + 1) [(2/111 2 ) J0 e"' dt ], (8) 

where the factor {2/,,,1 / 2 ) f' r,;e --tf. dt is the error function ( erf). ,J o 

This integral. cannot be evaluated by ordinary integration techniques. 

In a computer i t can be appro:d~ted by, 

erf• {2/J / 2 )(1.0-(1.0/ tl,o+A1 •x2+Ae •~~+~ •x'+As ·x5+Ae•x03 18) J1, ( 9) 

Where, Ai • • 070523oS, 

Ae ZI .o4228202, 

As• .00927057, 
At = .000156o4,· 

As• .00027257, 

Ae • .oooolt-303; 
Qeff in equation ( 7) can be approximated roughly by the equation 2, 

Q . = Q ( 1/v )af( S•l) ( 10) 
eff o ' 

where, s • 6 •. 1,. vis velocity of beam pN'ticles, and Q ,. e5 "37 (kT/d), 
0 

where d • 1.27 cm. 

The next step which must be taken is the calculation of the absolute 

intensity as a function of the angle measured from a normal to the 

silt (or detector). The equation used is, 
i 

I • (J./n) (dn/dv) =!= &,tA(r/t)e"'flV sin cos d.(? ; (11) 

1 . -=cecil Hastings., Jr., Ap:proxizna.tions for Digital Computers, 

p. 187, (1966), Princeton University Press. 

2i.t. M. Hessel and P. Kusch, •tt>eviations fl-om the l/r8 potential 

in Scattering o:f' a Polar Molecule by Non00Pola.r Gases," J. Chem. Plzy:s. 

43, 305, (1965). 

3Earle H. Kennard, Kinetic Theory of Gases, pp. 61-64, ( 1938), McGraw• 

Hill Book Company, Inc. 
6. 



where, A= (n/ rr )3/ 2 ,. is the e.ngle measured from the normal to the 

slit, and d is the radius of the detector. Equation (11) can be 

rewritten slightly so that, 

(12) 

where s is. the length of the flight tube. Using ,tlquation ( 12), the 

absolute intensity- can be calculated as a. f\lnction of e for a flight 

tube length of two meters (assuming 10~6 torr back.ground air pressure, 

and detector area of 3 x 10•• sq. in.). 



EXPERIMENTAL 

Experimental Results: The following data are for potassium, cesium, 

and rubidium at an oven temperature of 4501._iK, with flight tube le~t1)hs 

o:f' 50.0 cm, 100.0 cm, 150.0 cm, 200.0 cm, and 250.0 cm. The first 

three plots are I vs s, with five constant times. The times are 

calculated using the equation t = s/v, where for each elements 

v = vmp (effusive flow), and a time is obtained for each flight 

tube length. 

These graphs are fairly insensitive because of the large in• 

creinent of distant (9.0 cm) along the x-axis. That is, the velocity 

spread is compressed. Nevertheless, a first approximation of the 

tube lengths which will yield the best velocity distribution, with 

the least attenuation of intensity can be made. These lengths are 

150.0 cm, 200.0 cm, and 250.0 cm. 

In order to narrow down the choices further, the next three plots 

are used. These are I vs t, and are much more sensitive, because 

(keeping the above three distances constant) the increment oft is 

on the order of 10 ""4 sec. This is a much smaller incre1nent along 

the x--axis, and has the effect of expanding the velocity spread. 

According to these data a flight tube distance of 150.0 cm to 200.0 cm 

is appropriate, because U e distribution of velocities for the flight 

tube of 250.0 cm is spread over too great a range with a resultant 

loss in intensity. 

The last set of data is a table of values for the attenuation of 

a beam of potassium atoms, due to the background scattering of nitro­

gen in the flight tube. Tube lengths and velocities used are thos 

obtained from the second. set of graphs. ( I/I0 ), the attenuation, is 

calculated at a flight tube temperature of 300°K, and pressures of 

10-s, 10-e, and 10•7 torr. The data sh0w that for both tube lengths, 

at a pressure of 10-7 torr, (I/I0 ) is very close to l. That is, atten• 

uation is small. It might well be noted that a tube length of 150.0 cm 

gives slightly better results. 

8. 
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SUMMARY 

It has been shown that the proposed apparatus is feasible 

theoretically and practically. The physical oqnditions necessary 

to obtain good beam intensity are certainly not prohibitive; 

pressures of 10·7 torr are obtainable, as are flight tube lengths 

of 150.0 cm to 200.0 cm. Not only that,. but there are no new 

methods used; just a recombination of old ones into a fresh pattern. 

44. 
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// JO B 
// FO 
* ONE wORD I TEGE RS 
* XT EN DE D PR ECISIO 
* I OCS(CAMD,1403 PRINTER,TYPEWRIT ER) 
** ROB ERT M. HEN ES CHEM IST RY 272 TIME CONSTANT 

DIM ENSI ON S(20),T(ZO),Sll)i01) 
C0MMO A I( 5 ,100) 

R IT E ( 5 ,100l 
1 RE 0 ( 2 ,1 0 1) ANAME ,AMASS, ATE MK 

lf(AMAS S-99.9)300,301,300 
300 WR IT E(5,102J ANAME,AMASS,AT EMK 

AK=l.3 804E-l6 
PI= 3 .141 
B=A MASS/(2.0*AK*ATE MK) 
Z=A K•AT EM K/AMAS S 
VMP =(2.0•Z>•••5 
VA=(8.0•Z/PI>•••5 
VRMS=(3. 0 •Z)•••5 
W IT E ( 5 ,l 0 3) 
WR IT E( 5 ,104) VM P,VA,VRMS 
\~R IT E (5,105) 
VMP2=VRMS 
VA2=(.7 5•(2.0•PI•Z>••.5) 
VRMS2=Z••.5 
WR I TE ( S ,104lVMP 2 ,VA 2 ,VRMS 2 
BIGG=O. O 

0 2 I=l,20 
READ(2,l08) S(l) 
IF(S(I)-99.9)12,3,12 

12 If(S(I)-BIGG)2,2,13 
13 IG G=S(l) 

2 CON TI NUE 
3 J=l-1 

00 4 1<=1,J 
J2=K 
T(K)=S(K)/VMP2 

4 RIT E( 5 ,109l T(Kl,S(Kl,J2 
wR IT E ( 5 ,106) 
Sl(l>=O. O 
LS=( 8 IGG*3.5/100.0)+.5 
QS~ls 
WRIHH S ,110) QS 
BB I G=O. O 
WR IT E( 5 ,lll) 
DO 6 M-=1,100 
MM=M 
00 7 K=l,J 
Al(K,Ml=(Sl(Ml••3/T(K)••4)•EXP(-B•Sl(M)••2/T(K)••2) 
IF(AI<K, M)-BBIG} 7,7, 3 1 

31 BB I G=AI(K,M) 
7 CO NTI NU 

WR ITEC 5 ,112)MM,Sl(MJ,(Al(K,M),Kil,J\ 
6 Sl( M+l)=SI(M)+QS 

00 3 0 K=l,J 
0 3 2 M= l,100 

Al(K,M)=AI(K,M)/ BB I 
IF( AI(K,M)-l.O E-04) 14,32,32 

14 Al(K,M>=O"0 
32 CONTI NUE 
30 CONTI NUE 



CALL PL T02(J,l00 ) 
1TE( 5 ,ll6) 

WRI TE(l,11 3 ) 
PAU E l 
CA LL OA TSW ( 2 , NNNJ 
GO TO (l, 7 2l tNNN 

72 00 a K= l, J 
J 2= 1 
BBI G=O . O 
Sl(l) =O. O 
IS = (S(K) • 3. 5 /100 .0) + . 5 
AS=I S 
WR I TE ( 5 ,l02)ANAME, AMASS , ATEMK 
WRI TE ( 5 ,109)T( K),S( K),J 2 
WR I TE ( 5 ,l 0 6) 
WRI TE ( S ,110) AS 
ijf< l TE(5, l l 5J 
0 0 9 M=l , 1 0 0 
MM= M 
Al( K, M)=( Sl(M )••3/T (K )• • 4)• EXP (- B•Sl ( M)• •2 / T(K )• •2 ) 
I F ( Al(K, M)- BB I G) 20 , 20 , 21 

21 BB I G= Al( K,M) 
20 WR IT E(5 ,ll4) MM , S1( ~ t, Al( K, M> 

9 Sl( M+l) =S l( M)+AS 
DO 6 0 M=ltlOO 
AI( K, M) =A l( K, M)/ BBI G 
I F( Al( K, M)-l.O E- 0 4) 3 3 , 60 , 60 

33 Al{ K, M) =- 0.0 
60 CON TI NUE 

CALL PLT02(1, 1 00 ) 
WR I TE <5 ,116) 

8 CONT I UE 
GO TO l 

301 CAL L EXIT 
100 FORMAT('lCOMPARISON OF ~OST PR08A8l~ SPEED , AVERA GE SPEED , AND •, 

l 1 ROOT MEAN SQUARE SPEEO OF',/,' MAXl,tS LLI AN DIST RI BUT I ON, ANO ', 
2 •0 tST RI 8UTI ON IN ~FFUSIVE fLO~ ~l 

101 FOR MAT( A2 ,1X E11. 4 ,1 XF4. 0 ) 
10 2 FORM AT(' OTY PE OF ATOM I S ', A2 ,' MASS= ', El 2. 5 ,• GRAMS •, 

l 'T E,i PERA TU RE=' , F6 .l, ' DE G. K.') 
103 FORMAT('OACC ORD I NG TD MA XWE LLIAN Dl ~lR l BUTl ON , VMP=(2K T/M )••. 5 ,', 

l ' AV =( 8KT/3.14 1M)••. 5 , 1 /,' RMSV= ( 3KT/ Ml••. 5 1 ) 

104 FORMAT(• OVMP= 1 , EI 2 . 5 , 1 CM/ SEC AV=•~E I2. 5 ,• CM /S EC RMSV =', 
1El2. 5 , 'C M/S EC ') 

105 FOR MAT(' OAC COROI NG TO EFFU SI VE FL OW DISTRI BUT ION, ', 
l 1 VMP= ( 3K T/Ml *•• 5,',/,' AV=. 75 ( 2*3 .1 4 1KT/ M)•• . 5 , RM SV =( KT / M)• • . 5 •1 

106 FORM AT( 1 0PLOT OF l VS S ACCORD ING TO JHE EQUA TI ON ', 
l * 1=C<S••3/T**4> ~f • • <-8S • • ZIT•• 21• f • 

108 FORM AT( E8 .2) 
109 FOR MAT('OTI ME= 1 , Ell. 3 ,• SEC DI STA NCE=•, - 11. 3 ,•C M FOR POI TS •, 

112,/) 
110 FOR MAT(' OI NCREM ENT ALONG X- AX I S= ',F 5.l,' C ,---CONS TANT Tl E' , 

l' UN NORMALI ZED DATA ') 
11 1 FORMA T(• ST EP DISTANCE(I N CH ) POJN TS l PO INTS 2 •, 

l ' POI NTS 3 POINTS 4 POINT S 5 ') 
112 FOR MAT(' 'tl4,7 , F5.1, 7XE10 .3,4(4X E10 .3)) 
113 FO RMAT(' OA TS W NO. 2 DOWN FOR I ND IVIDUAL GR AP HS , UP FOR SKI PP! G•, 

l • I NDIV I DUAL GRA PHS. PUSH START.') 
114 FORMAT (' ', 14,7XF5 . l .7XEl0. 3 ) 
11 5 FORMAT(' ST EP OIST ANCE (I N CM ) POtN TS l ') 
11 6 FOR MAT ( 'l') ____ __., __ , .. " _ _., .. _,___ 5 
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ENO 

5 } 



II FOR 
• NE WO RD I NTEG ERS 
* EXT ENDED PRECISION 
• I OCS (CA D,1403 PRI TER,TYPE WR IT R) 
•LIST ALL 
•• ROBERT M. HENES CHEMISTRY 272 DISTANCE CONSTA NT 

DIM EN SION S(20),T(20>,Tl(f01) 
COMMO AI (S,1 00) 
WR I TE (5,100) 

l READ(2,101) ANAME ,A MASS,ATEM K 
IF (A MASS-99.9)300,301 , 300 

300 WR ITE( 5 ,102) ANAME,AMASS,ATEMK 
AK=l.3804E-l6 
P l= 3 .141 
B::::A MASS /(2. 0•AK•ATEMK ) 
Z=AK•AT EMK/AMASS 
VMP-=(2. 0•Zt••.5 
VA= l 8 .0•Z/PI>•••5 
VRMS=(3.0•Z>••. 5 
WR IT E(S,103) 
WR IT E( 5 ,104) VMP,VA,V RM S 
WR IT E(5,105) 
VMP2=VRMS 
VA2=(.7S•(2.0•PI•Z>•••5> 
VRMS2=Z••.5 
WR IT E( 5 ,104)V MP2 ,V A2 , VRMS2 
BIG G=O. O 
DO 2 I=l,20 
REA0(2,l0.8 ) S(I) 
IF(S(l)-99.9)2,3,2 

2 CONTINU E 
3 J=I-1 

DO 4 K=l,J 
J2= K 
TCK)=S(K)/VMP2 
IF(T(K)-8 IGG)4;4,13 

13 B IGG::::T(IO 
4 WR IT E( S ,109) T(K),S(K),JZ 

WR IT E(S,106) 
LS=(( BI GG •3.5/100.0)/l.O E-06)+. 5 
QS=l.OE-06•LS 
Tl(l)=QS 
WR IT E(5,110) QS 
BB I G=O.O 
WR IT ( 5 , 111 ) 
DO 6 M=l,100 
MM=M 
00 7 K=l,J 
AI(K,M)=(S(K>••31Tl(M)••4)• EX PC-8•S(K)••2/Tl(M)••2) 
IF(Al{K,M)- BB I G) 7,7, 31 

31 BB I G=Al(K,M) 
7 CONTI NUE 

WR ITE(5,112)MM,Tl(M),(A1(K, Ml,K ~l ,J) 
6 Tl( M+l)=Tl(M) ♦QS 

0 0 30 K=ltJ 
00 32 M=l ,1 00 
Al(K,M):AJ(K,M)/BBI G 
IF( Al (K,M)-l.O E-04) 14,32,32 

14 AI(K,M)=O.O 
32 CONTINUE 
30 CONTINUE ----------~~------ ·····-·· · - 5 



CALL PLT02(J,l00) 
W I TE ( 5,l l 6l 
WR IT E(l,11 3 ) 
PAUSE l 
CALL OATSW(2,NNN) 
GO TO (1,72), NNN 

72 DO 8 K=l,J 
J2= l 
BB I G=O. O 
I S=((T(K)•3.5/l00.0)/l.O E-06l+. 5 
AS= l.OE-06 •1S 
TUll= AS 
WR 1T E(5,102)ANAME ,AMA SS,ATEMK 
W, IT E( 5 tl09)T(K),S(K),J 2 
WR I TE ( 5 ,106l 
~,R I TE ( S,110) AS 
WR IT E(5t11$t 
DO 9 M=l,100 
MM=tf 
AI ( K, M)-(S(K)•• 3/Tl( M)••4l• EX P(- 8•S(Kl•*2/Tl(Ml•*2l 
IF( Al(K,Ml- BB IG)20,20,21 

21 BB IG= Al(K,Ml 
20 WR ITE(5,114)MM,Tl(M),AI(K,M) 

9 Tl( M+l)=Tl(M)+AS 
DO 60 M= l,100 
AI( K, Ml =A I(K,M)/ BB I ­
IF(Al(K,M)-l.OE-04) 33,60,60 

33 AI( K,M)=O.O 
60 CONTINU 

CALL PLT02(1,l00l 
WR IT E( 5 ,116J . 

8 CONTINU E 
GO TO l 

30 1 CA LL E: XlT 
100 FORMAT('lCOMPARISON OF MOST PR06A6 LE SP EED , AVERAGE SP EEO t ANO •, 

l'ROOT MEAN SQUARE SPEED OF ',I,' MAIWELLfAN DISTRIBUTION, ANO •, 
2 • 01 STR raur lON UJ ·u=cJJSl VE PLO W• 1 . ., :t» 

101 FOR MAT(A2,lXEll.4,lXF4.0) 
102 FORMAT('OTYPE OF ATOM IS ', A2 ,' MASS=', El 2 . 5,' GRA MS ', 

l'TE MPERAT UR E= ',F6.l,' DEG . K.') 
l 03 FORMA T ( 'OACCORO I NG TO ~AXWELLI AN O fSTR I BUT I ON , VMP= l 2KT / M) ••. 5 ,' , 

l • AV=(8KT/3.141 M)•••St '/, 1 RM SV:(JKT/Mt••. 5 '> 
104 FORMAT( 1 0VMP=',E12.11•CM/SEC Av~•.e12.5, 1 CM/SEC R~SV= ', 

1 El2.5, 'CM/S EC ' l 
105 FORMA T('OACCO RDING TO EFFUSIVE FLO W DIST RI BUTIO N, •, 

l 'V MP=( 3KT/Ml••. 5 ,',/,' AV =.7j(2• 3 .141KT/ M)•*•5, MSV =(KT/ M)**• 5 ') 
106 FORMAT(•OPLOT OF f VS T ACCOR01NG THt EQUA Tt ON ',i 

1 • l=CtS••.3/T••'tl• t ••'( ... as••21T* '*2)' , 
108 FORMAT(E8.2J 
109 FO RMA T(' OTIM E= 1 ,Ell. 3 , 1 SE C FOR POI NTS', 

112,/l 
110 FORMAT('OINCREM EN T ALONG X-AXIS=',El3.6,'SEC,---CONSTA NT •, 

l • DISTANCE UNNORMALIZED DATA • l . 
111 FORMAT(' ST EP TIME(JN SEC J POINTS l POINlS 2 ', 

l'POlNTS 3 PO I NTS 4 POINTl 5 '} 
112 FOR AT(' ',I4,2 XE 13 . 6 ,3 XE 10.3,4(4 XE 10 .3)) 
113 FORMAT ('D ATS W NO. 2 DOWN FOR I ND IVI DUA L GRAPHS , UP FOR SKIP PI NG ', 

l' I NDIVIDUAL GRAP HS, PUSH START.') 
114 FORMAT(• •,I4,2XElJ.6,3XEl0 • 3 > 
115 FORM AT(• STEP TIME(IN SEC) POINTS l•l 
116 FORMAT ( • l' ) 3 



END 



---' 
// FOR. 
* LIST ALL 
* ONE WO RD INTEGE RS 
* : XTEN OE O PR CISIO N 
* IOC S (CA R0 ,1403 PRINTER) 
* • RO BERT M. HEN ES .. . CHEM lSTRY 1,12 .. •. Jit (0) 

Dl MENS I ON VEL ( 2, 11 J , ANG t 3 >, ALEN ( 2l , 'i'L A#d < 2 , 3 , 11) , A tT f?( 2, 3, 11) , 
1PS I(2,lll,PR E(3) 

AK=l .38 E-l6 
P l= 3 .14l 
Al=.070523078 
A: 2=.042282012 
A3= .0092 70527 
A4=.000152014 
AS =.000276567 
A6=.000 0 43063 
FACl~SQRT(PI) 
fAC2 =2.0/ f ACl 
RE A0(2,100) TEMP,AMG,QEFF 
ALP HA=SQR T{(2.0•AK•T EMP )/ AMG) 

EA0 (2,1 01 ) AME 1, NAME 2 
REA0(2 ,102l(AL EN(l),I=l,2) 
REA0 (2,103 )(PRE <l>,l=l, 3) 
00 2 1=1,3 
PRESA= ( PRE (t)/760 .0)•l.OlE 06 

2 ANG( l)=P RE SA/(AK•T EMP ) 
READ (2,1 04)((VEL(I,J),I=l,2l,J=l,ll) 
00 3 I =l ,2 
00 4 J=l,11 
X=VEL(I,J)/ALPHA 
OENO=(l.O+Al•X+A2 •X ••2 +A3 •X••J+A4• X••4+ A5 •X• •5+A6•X••6 l• •l6 
ER F=FA C2• (1.0-(l. O/ OE NO)l 

4 PSl(I,J}=(X• EXP (-X••2ll+((2. 0•X •• 2+1. 0 l• ERF ) 
3 CON TI UE 

00 5 I :a: l, 2 
00 6 J:1 ,3 
DO 7 K=l.ll _ l . • ~ . . 

ALA M(l,J,Kl=FACl+(V EL(I,Kl/ ALP HA >•• 2/(A NG IJl •QEFF• PSI(I, Kl) 
7 AITI<I,J,Kl =EXP (-AL EN II)/ ALA M(I,J,K)) 
6 CONT I NUE 
5 CONfINU E 

WR I TE (5,105) NAME 1, NAME2,T EMP 
00 8 I= 1, 2 
Ml=I 
WR I TE ( 5 ,1 06) Ml, ALE (I) 
WR IT E( 5 ,107)(P RE (l),L=l, 3 ) 
WR IT EC5 ,108) ~ 
DO 9 K:; l, l l 

9 WR IT E ( 5 ,109) VE'L (l, KJ,( A-IT?(I,J,K) l,~> 
WR IT E(S ,110) 

8 CONTI UE 
100 FORMAT ( F5 .l,1 XE 10.4,1 XE 10 .4) 
101 FOR MAT(A3,lXA3) 
102 FORMAT(F6.2,1 XF6 .2) 
103 FORMAT ( E7 .1,2(1 XE7.l)) 
104 FOR AT( El 0.4,lX El 0 .4) 
105 FORMA T('l',18X'TABULAR DA TA FOR A BEAM OF ', A3 ,' ATT _N UATEO BY1 , A3 , 

l' AT',F6.l, 1 DEG. K',/////1 
l 06 FORMAT< ' •, 30)<' TABLE NlJMt3ER ' , l 2, • - .:i,: TUB E LENGlH= • , PT. 2, • CM • • / / /) 
107 FORMAT(• •, 9X'VELOCITV--- FOR PR ESSURES OF (A)•ea .1,• MMHG (8 )', 

lEB.l,' MMHG (CP, es .1,• MMHG 1 ,//t.,, S 



'--' 

1C8 FORMAT (' ~39l ' f /IJQ 
109 FORMA T(• •4X E11.4,• CM/SEC',15XE11.4,2(8XE11.4)) 
11 0 FORMAT(' ',/////) 

CAL L EXIT 
EN D 

------------- -------------------- ---- -~------'----"--- -
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