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Abstract V

TlI» bint«»tiea of elastic scattering, inelastic scattering,
and the two body reaction probit* U developed In the relativistic

limit end txart *Kprttfti4Kfii obtained for the energies, angles, and

sol Id-ao/lr- transformation* Involved. results ere speclallted

for xero rest mua of more of the particle* involved. An

outline for the coding of the problem cm the I.B.H. Electronic

Data Processing Machine, Type 701 is presented.
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KIAMtiex of the

Relativistic Two-tody Probloa

I* Introduction

The general problem of the collision of two point mimi of rest mm
ml and ej la aolubla analytically by application of the principle# of oon-
sarvation of anergy and eoaentia. Consider the target partiela ay at real
in the laboratory frane of reference & and the bowbarding particle m\ in*
cldent with kinetic energy TQ in the positive Xdirection* The oenter-of-
naas fraaa of reference C' ie than a coordinate eyeten translating In the
positive Xdirection with reaped to Cat such velocity that the net aoaan*
tua four-vector (px, py9 pB, =} ) treneforme exactly aa doea the apaoe*tine
four-rector (x, yf t, t). Ws oan then write the appropriate Lorenti trene-

formation* of pertinent dynaaloal quantities aa followsi

ox (P, tudj )y’ V =+ (PX-U‘J‘)V*
3 "V 2wty
P» * P.”’ P.” * p.
S 5. .
— . . , N * ) Y
ox m (i i V Jy c2 C 4 :
2 , - 1/2

where y‘ m(1- U=
C*
tlon la daacrlbed belowt

) and o  velocity of light. The renalning note-

Hotatlon
m root mss of incident particle before collision

b2 " rest mats of target particle before collision
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Pl
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uj
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NOTE*

re@t m i of partlcl® nak>ng an angle 0 with poaltiv® x-exi®

r««t a il of particle aakin®; an irv’|* with po®itlv® x-axie
aoaantua of Incident particl®

ftoamUa of Lariat particl®

total energy of Incident partlcl®

total "energy of target partlcl®

kin®tic ®®rgy of Incident partlcl®

kIn®tlo energy of target partlcl®

velocity of Incident particl®

velocity of target partlcl®

velocity of fraa® C* r®I®tlv® to fraaa C

angl® which velocity of partlcl® ’I‘_“ aakaa wltn positive r-txli la
th® c®nt®r-of-aa®« fraa® c' after oollltlon

angl® which velocity of partial® ~ aak®a with potltlv® x-arl® la
th® lab fraa® C after collision

angle which velocity of partlcl® HNaakea with potltiv® x-axia In

th® lab fraa® C after oollieion.

Above quantities ar® prised when In th® center-of-aai® frtao C*

and laprlaod In th® leb fraaa C. Th® auperacript "1" la uaed to signify

a quantity b®for® th® collision hat occurred and a aupereorlpt "f" after

th® oolllelon



XI* Haatic Soattsring

fbr tbs mm whsrs tha parUclsa collids «luU otlljf w* toss ths follow

inf sisplifloatlonsi

2) banes

P2 \Y/ P2
Oonaldsring ths gsnsral principle* of rslatlvistic sschanios, y bass for any

partids of mm a Boring with rslocity v tha following rsaultsi
6) E - BO2r whir* r ¢ (1 -1t 2~ — 9 .

'y £« P2+ .V
«2

It follows froift 6) and 7) that
« P - M (Y?-\)V2

sod oonaldsring that lh« total anargy | la Just tha sun of tha rsst mrmrgj

ac™ and ths klinstlo snargj T ws haY*t

9 T e bo2 (r- 1)

Making ths furthar slaplifloation that partlcls ab s at rsat in ths lab

frs&s wt hars that

10) Y, « @-~ )12 .1 *Inos u2 « 0
and f\irthsr that ths tranalatlonal vslvdty of fraas C*# la Just
2
. - 1/2
ny %, e+ u2 r * o2 vhsrt -
- 172
(1-3f-)

Making a Lora”ts trmnsfonatlon 2} from ths lab frsjas to ¢\ ws hars for pj



-4r

) e - -2
end alnca e U-t"N) bi can aubatltute for £ fttai fcj. 6)
howaver we «m that

13) pj (rj2 - 7

and fro* tha property of the C fraaa that the cat aoaentua ba aaro va havai
U) e pj ¢ azc -1 2 o #|f (r{2- )12

Equating 12) and 14) va obtain

15) >20 (rj2 - 1)L2

Solving for Yj va have
16) e (Sl ¢TH) / 2 (i) Y 4lj

y# Bight also obtain y| In taraa of Yj by a similar procedure. Haka a Lorenta

traneformation 2) from fraaa C to C* to obtain p”.
17) pj ¢ 2o fyd (gt - Dva - yxiy™ - 1)™J
Moting alao frtin $) that p| la given by A

U) W * »jc |2 - I)F2

and ooabining 8g. 1°) and Eq. H) va derive*

19a) yh e *th) N(N) €2 (=N vy el ~2  or equivalently

op) .-W
) 1 " +nH

Than ona can obtain tha velocity of particle bj in C* fraaa aa

200 4] - ! (rji- A2

Than ona can obtain tha total energies and *E™ directly from ft*. 6)



2U) 1t)] - bjCr o fs{ o

21b) - BjoS-j e+ fEj -«
and fron Sg. 9) we have the results forkinetic energy T.

22») T o «j«2 <rj - 1)
22b) e »202 (rj - 1)

together with the initial quantities

23)  *i “ m° rl vhhra - gxy< Ve
2
24) Y2 + »2C
25) T « T * @ - 1) hence Ti s s
26)
27) 1/2

PL " *1° AYj2 A

28)

Bg. 2*/) together with Bg. 25) then yield for w

1/2
20) W - g-*— 42 (-]
) 1S4 4j 1 "1° igd )
®lc
30) 0

_ 172
W v 1Y G2 D

After tha collision has occurred we seek relations between the angle of scat-

tering in the C frame and in the C frame. First, to relate 9 and Q we note

froe Fig. 1 that in lab frame:

V
32)  Un3 « _Zi



In the frame C1 tho partiole momenta aura
opposed In direction as In Fig. 2. Then,
by asking a Lorants transformation 1)

from the frame Cl to the lab frame we ob-

tain

33) fpXl - (fP™ & uog )r| «BJC IrJ (rj2 - 1)"2 00*2 ¢ (rr2 -

and

34y  TBp = B shc (r{ - 1)1"2 airiQ

Whore we have used the reault 5) that the momenta of the particlea in frame C*

are not altered by the oollision. Then substituting 33) and 34) into 32) we obtain

35) tan© - sirfl__ where <€ * (4
’/\
Toxqen | w2 |||

making the substitution
36) tan”™ ¢ Tj tin®
we can then solve Eq. 35) for cosQ and obtain a quadratic expression with solugon!

37s)  00«Q t +\ wH, ( -«.)

Eg. 37) may be written in the equivalent form*

S oAy A Sis? uMtl
) . J

(<;*-w ©
We oan graph'oally represent angle JC-by considering Eg. 35)




If we construct a sector in a unit
circle Baking an angle Q with the posl~
tlve % direction, then the oomponent*
of this vector are sli& and oosU. ingle
A 1Is then the angle between the i-axie

and the bub of the vectors of aagnltude

a* and cosQ In the x-dlreetion and

airi2 In the ~-direction. There are

clearly three cases.

Case a): In fig. 3 we have s* > 1 (this

Is equivalent to criterion > b2).

There are clearly two possible directions

of the unit vector, and hence two values
fig. 4 of Q which produce a given Y4j* Hence

we mist use both the ¢ and - sign in

the equation. 3*?) e

fBl Since the radical in 37) cannot be

negative there suet be e naxlsuB value

of 6 when

tan"HaT e« 1 which yields

Fig. 5

«*** * Bln”l /\2

Case b)i In fig. 4 we have aj< 1 (This criterion is equlvalsnt to B} < b2).
There can be only one angle U for a given y i and consequently oo”i Is single
valued. Inspection of fig. 4 and Bj. 37a) shows that ooeli Bust start out

for snail anglesy \ M ¢ 1 and approach the value - asy ~ —>90~f passing

through the vslus coflQ * 0 for some intermediate angle fbr 01



codU increases negatively from - aj b - 1 m /- 19cPe Ib realise these
conditions the following criteria resulti

(1) for / i »90° vim ¢ sign In Bg* 37.

(2; for t\ >90° use sign In fig. 37.
Angle / i and hence 0 nay take on all values free 0 to 13t".
Casa c)i In Fig* 5w have U - 1. (This criterion la equivalent to » - a").
The diagram shows that there are two possible values of Q for a given )t|.,
but one root is always 16CP. This corresponds to using the negative root In
Eq. )7). Ue nay reject this root and always use ¢ sign, In which case Bg* 37)

alap)iflea toi

1- tan2©
39) oosNi o m —-
1 0 yi Un2e

Ue may also find angle ft in terms of Qas followsi

Prow Pig. 1 and 2 It is observed that

40)  tar$ - iB¥2
rP*2

Use Lorents transformation |I) to the lab frame to obtain
41) % - »2c(td2- 1)I72r) [I - oo”j < fpJ r™ i - corflj

42) tPyi --p20

Substituting Eqg. 41) and 42) Into 40) we obtain

43) tanff - -~ oot ?
Y2 2

The simultaneous solution of Eq. 35) and fij. 43) gives
44) 17:11] | IR S ———— - —

I (<*,¢>} 4 (<£.-0]
which, for e ra" reduces to



45) tan© oot”
Yl 1

Finally we consider the particle .energies* Fbr the total energy of

particle u\ after collision in the c¢' frame, use & 6) to obtain
46) f»* ajcsz(

Perfora a Lorenti transformation to lab fraise and use 8q. 1”) to obtaini
47) \ * [fA~~ucgV (y'* - 1)l ?200*]Y,

e Bjc2 i Yp ¢ (r|1 - 1)I*2 (Y2 00gQ"|
It will then be observed that for case a) there are two possible values of
*1% for a given Q.

Using Bg. 6) we write for the total energy of particle n® after collision

in the C1 frame

4%) m m2°* fj

and from a Lorenta transformation to lab frame we obtain
49) m »2C tj2 - (rj2 - 1) cedi j

Substitution Eq. 43) into 49) yields

%

Nl

It may be seen from B* 43) that for case a) there are two possible values
of /J for a given © Then from Eqg. 0) we heve two possible values

Using Bg. 9) we obtain the final kinstic energise
5la) 412 - 2 a2* i \
L :

which may be reduced to the alternate form

A .
51Db) fT2 - 2 »?e2 Lf I

in terns of the initial energy and momentum*
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By asking a Lorents transformation to the lab fYaae we write for tha

BOBtntia of particla c,

+ Z-
and from tha definition of aoaentui
m2 N2 t2 . »2 %
we obtain
f 2 2 . f 2
P2 0 m2 ¢ * P2
To obtain an analytical expression for we oust oonaldar aaoh oaaa
separately. In oasc a) is a double-valued function for a given 9 and
consequently wo have two values of 1)
54) fTa> - fEL(1)-» lei
fTi(2) . ~(2) . ,ie2
For case b) wo have only one value of to consider froe Bg. 47). Then

55) -\ - Blc2.
Finally Tor cite c¢) wo use &} )9) In 4?) to obtain m sinpliflsd fora for

56) \ - » ¢c2\ 2%*
L -1 4 (r,+.") w ve
frooi whloh wa can liroedlately write the kinetic energy

T (o » ~€ 1

An alternate fora for is obtained by aubstltuting the Initial kinetic
energy TQ into 57a)

Tc cot 9
57b) - -

1 ¢- (2fi_) sin2e
2 N 02



Ths pertinent dynsadoal quantities are prosentad Is tabular fora in Tablaa

I, 11, TU9 and IV.
To obtain tho transformation cf intensity for tho C* frame to tha lab

from# 1st ua first derive several additional relations among the angles. W¢

Observed that Eg. 33) gives la the leb system. Furtherecre, Eq. 7) gives
for in the lab frame
' 4Ef- 8 x '
53 A - '
) P" Cv

) . r
from which we oan writs ass

\ * (>Se* c' _ W\V &W

Equating Bg. 59) and 33) we obtain the result

60) ooc 0 \ oxJL 4 ff,\( _.*.1»

. i . . f
Again, Bg. 34) gives py”. M oan obtain an alternate expression for N (

by noting i

£ 4cy B

\

Equating 8qs. 01) and 34), ws find!

(S."-il* M .ju
62) sin 9 m
L f f 2

In both 8gs« 60) and 62) the substitution ¢ s"0 has been made.

Differentiating ft). 60) end considering as s function of Q as in
ft). 17) we obtains
6 5 - ¢ K mmmmmmmmmmmmemee-
’) sis Q dQ

onflhil) - w A1



In the mum atnncr wa can write expressions relating ( and U. A Lorents

. fn
tranaforaatlon to the lab fraee gives for ~ 1

» [ Yny , 2 :
-r2vr2 - 1) 00» Q ¢ y2 (y2 - 1)
Noting again that nay also be written by virtue of 7)i
\ -

wa can equate ftja. 64/ and ">5) to obtaini

B —o \(1™ 41(2™  -vjix-")
By alAilar reasoning we find that a lorent* tranaforaatlon gives for Pj" i
67) Pfj - W2 m - m°(y22-1)~2alaQ

and wa also have for *Rwv

68) ~* - wn Cw A"

Equating Bgs. 67) and 68) we havet

r;2-1)r2.In a
69) aln ff

In both aquations 66) and 69) the relation m *T2 ¢ a” 2 has been used.

To derive the intensity tranaforaatlon, differentiate B* 66) considering

AS2 as a function of Qas in &v 49) and obtain

PR = Sinb 4
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111. Reaction*

WE can carry over oosw of the ideas of ‘he preceding section foy noting that

before the reaction occurs, the 4r**ic*| properties of particlee *i and «; are

Jo (A

identical, such as ' and

e (i < 3ince the center-of-
»

aass. fraae 0* translates with the seat
velocity before collision as after, then
FIG. 6

is also unchanged. Further, the
(Lab System Before Reaction) _ :
conservation of eoosntua requires that

since there is no net nomentua in frane

v [/
m tu | C* before collision, there can be none
. Jooe 4 »
after, i.e., - fv These
expressions are “lven set
rw. 7
N
(C-M System Before Reaction) n) > M.c. (V
FIQ. 9 The total fhirgjpe of the particles after
the reaction aret
4 * af, |
7V) f-i * *'c
4 _ x>
75) r m *
L i c f Al
W jitin* « o mft and . e e
FIG. 9

(C-M Systen After Reaction)



-16-

aend noting that the expresslona for f:,; and «(r:_v7 are the same aa In tbs preceding

section, ws can apply the conservation of energy

76) *8/ o

& .
and obtain the relation for in teraa of ~ . Then substituting Eg#it)

for tx. in terns of Q| we hare:

n>S' B AIHW

where A m «V & ¢
B ¢« Mi-Kv
. . . 4
oubatitutlon of this into Eq. 73) yields for Ift

B Vo 2AM

L)
To obtain an expression for t, make a Lorenti tranefonsetion to the lab

system and using Egq* 71) we hare:

E. a [Vrj v ( uA o x1]

To determine the function coajl we must first transform the components
«
to tha lab system, obtaining:

8) e @« +V,'

v*}, - *C (V'-IV* A- -O-
Dividing Kg. 81) by Kg. 80) and noting from Fig. 8 that tan 9 e we have
7'*
82) tan 6 - oo — ’V|I‘"

where o(

*L [ <40 A. f oi V (V n

Solving Eq. 82) for coo m obtain a quadratic expression with solution

fi3) JL - m rir*. Lon e 1V-A'+.(-nvl

where tan & * Bl tan®
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Inspectlon of Egs. 62) and 63) shove that again \m hare three cases possible,
case a) where of,> | t case h) where et, <1 and case c) where * 1. Ths
us considerations apply for each of these rases as in tho preo-ding section,
and Figs. 3, lit *nd $ are still pertinent. For a given angle 0, rase a) still
$fcres two solutions for. ccs and hence for E, ® For case a) we again hare a

i
marimu* value for 6 resulting when the radical in Eq, 60 goes to aero, ?h»n

. .
. - i
ol"a) tan * r~--—--—-- —r or alternately

8lib) e sin' [-—— [

"VT- 0( *k-.

In case c¢) we again find a redundant root using the negative reilcal ir. 1 q. 83)
for which Si « ISO0. Using only the positive radical, £g» 83) simplifies to

i- N

85) cos Sl | i.***%’

It may be noted that the criteria that I » { <K,el have no analogy
hart to as they did in the elastic scattering case. However it Is quite
generally true that ef,» —4 as may be seen by lirect substitution, and con-

sageently our criteria for th« various arws la equivalent to asking whither the
velocity of centcr-of-suas is greater than, less than, or equal to the centiiv of-

naan velocity of particle after reaction* This concept is eatable of r«omr»t-

rical presentation.

To obtain we make a Lorenti tranafo"*ation to ths lab coordinates and
have -S
bo VE- - - (
. . . . f. »
Again we can find 'f in terms of Jfc, by transforming momentum components
and 1° the lab system and notlnr from that tan” ¢ jEIU
p<w

P) V.3 Yooii +V (C-1)I



86)

Then diride Kg. 68) by 87)# obtaining

a-w* IX SKt T\ | C-Ol
89) » u>Ktrc a - «

ta tcAKL-il it (*riwAv
Setting tan 4\ - In* '"e c*n obtain an alternate expression for cooJX by

aolrtng Kg. 88)*

coit N L1 1

Seweral additional ralationa my be obtained relating tha centar-of-aaae to

lab angina by tranafarming the nonentun conponenta to the oenter-of-naaa eyetea.

W harai j
91) ~ - X - mAev O*# ~ (fl.*--") c'
whore we hare again uaed Kg. 7). HemeTer, we also knew that can be ex-
pressed aa
Fo
(<> fn’ — H.C 1

Equating Kge. 91) and 9?) one finda

<3 K\{ \,/PiIEVTM?v CV-1 crdlc r/A i) t

1 9
Tranaformation of tha coaponent to tha lab ayetea yieldai

aw ( * -Mvc(Vv.,yw -n.
IHit me already hare froai Kg. 7) that

1 ]
95) - - ul

K(jutting Kgo, 9li) and 9.») one obtainsi

*, . % A P - *~Y

where we hare used the result that Era’ll. ¢ By a elmilar procedure we
r *
can relate ainJt and ein 0 by transforming Spij to the lab aysteal
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"> xfyV H't( Vo ) A
biz m already have traa Eq. 7) that

98) *Cf ** ®

. . 4m VvV %
Equating Ega. 97) and 98) and noting that t-I1m ». >R€ m 1

<u* -A. a Cfc-T ax(e-mE»)
(V '-o0 4
Finally m asy relate coall to coe f by treneformation of to tha center-

of mmeai system and obtain!

/ \ MV
1000 *f4 m {rin - 1vCcv’' cy - (fc-») T
and noting that It follow froa Eq. 72) that*
m ) » =*» . <-
Equating Fga. 100) and 101) m arrive ati
it») -(\V*-A * Fg-<m -A-
To obtain tha relatianahip batman the Intensity of particles In the
center-of-aaaa and lab aystaa, differantlata Eq. 93) regarding |, aa a function

of JL aa given by Eq. 79) and obtain

““ 15~ &Y
ntr* -nw

To derive the Intensity relation batman partlelas In the center-of-aass
eyetea and lab aystaa, differantlata Eq. 102) regarding ~E*_ as a function of JL
aa giver, by Eq. 85) and obtaini

Ity

100) XC')  ti+~SLASL

(W™
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Kint.Il/ m can writ* arpraaalona for ¢ In t«rae of y* by olnulttnsoualy tolring

&ga. 96) and 99): eliainatinf sInil batvaan thm and obtain*

109) *

Solving Kga. 93) and 102) almiltaneoualy and aliainatlnc coaj® batwaaa thaa,

N v

m have

106) »

For convanlanca, aany of tha partinant dynaalctl relation* in thalr taction ara

tabulated In tablaa V, VI, VH, and VIII.
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m,c ( *,*-°) w

TAfcl-Er |

Kinetic Energy

T

T.3 aW v -M

0-f <yxy (»,«"yt«N-0vV UHMNCVU *.-7

Rest
Partlala Haas

incident m,
J

target MV

R **E\V

TABU M

(Lab Systaa Before Reaction)

Total Kneror
* €f

V'wCv

(Center-of-Ma”"s 3yetea Before Reaction)

Hoaentua
i § S
*C.(
*h - (tV'-|V "
0

Kinetic Energy
o T*/

MUCV( Vo6l-N

Total Energy
e *

*cwvr/

*vceclru

(* .-**0cC

Velocity
*M

(<N V -

Velocity
‘v

Auv)l

7' <'-'m>1
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flab Syitee After Reaction)

-—

: Rest Kinetic Ener Total Ener Velocit
Particle Haa}si S 9y gy y
Incident | r S - «.CW
tarRet Mv £ ' 4Eu- rt_c'-

c -1

TAHE VU
(Center-of-Hasa Syeten After Reaction)
Particle]js;g Momentue linetic Energy Total lantr Velocity
incident 94 *.clVv
>
target . H.CKV - %) h,.cW f A 'v)*
c - f 0 a (M+HW) cv 0

TABLE Tin
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For the two-body reaction problem where all of the particles Involved have

finite rest Masses, there are wjviral additional quantities useful to compute.

Consider the following four special cases,
case a) In reactions such as
p' 4 pT >irt .t
it may be necessary to compute and TO, knowing f and e

In the lab frame we write the conservation of energy

107) *UtV+Ti” 4 ~vtL - H,CV4 T, 4 HVtV4 »V

and the conservation of momentumt

108) A -wW Aty - u -tCcv

which are simultaneous equations In the two unknowns.

Solving we have

*id we take the positive square root In Kg 109) since TQmust tie positive.

Then we solve for B CHN

no) * xv N 4 Tw - {

These results nmay also be useful for meson production roactlona by nucleon-nucleon

and nucleon-nuclei collisions.

case b) With such reactions where wedesire to find  and knowing fU.

y t *nd *2 ** can Procee(J u previous case and write down con-
servation of energy In lab framei
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4 4

m) wiG «T0\ H,cv4 Hvtu *"T| * T*
aid conoervatlon of KMsntun
ml A2 >(V ) = -)'a . ¢
Solving iljeultAneouiljr mb find

X
u3) W.c* + HtCv *T, +TW -fc]
where t> =
Uli)

T F - || i,0V+ HC.™ A +TV-*\C-ly1 + #(meMCN T ¢

o |
cam 0) Another UMful cam occurs when m, Is not An ionising particle And vs

deelra to find And TQ Tor such reactions as

> mn f?4-<,

or Any neutron reaction. It Is not possible to know e And ~ bet only Q+f * f-

If vo Also know H2, And A tb*n vs cad solve for the four unknowns

1, T0, 6 And f frail the coiuwmtlon aquations In the lab system -

4 4
h,cw4 *vc%V r Mcu ¢ Mtw & T, +Tu

116) cos 4 Ny

X17)
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us)
Solving alMiltanao”alx w
At
119)  (0of a —~
N((
N
1200 cada — B
1
in)
w,t*'= A f Mc
122 = - .
) T® r*s, C NG OofoU’)

where W0 have written

A nfu Tw™7

T O
caoe d) It La also of Interest to calculate fT? onl wg when 9, y , Kj, Hj, enf

and art known. We can aolwe for fT2 directly by writing down the con-

servation of BonntuM equation In ™ -direction*

123) 4in - H.V'-

which ylolda
121%) nr -Kcv+ Vo DrE

et E Tl ey N d N I)]

125 v = rt,ecv+ 77~«i,cu-""  +\f (iuc'-)\ Em
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IV. Two-Boty Reactions Involving Zero HastAParticle*.

In this aeotlon ve consider reactions Involving photons and neutrinos eittor

as incident or product partldas, In general, is finite.

east a) Consider the reaction illustrated in Fig. 10. Tto klnenatlos of this

olass of reactions is applicable to
photenuclear processes, photodisintegration,
as sell as photo-asson production fro*

either a photon-noelson collision or a

photon-nuclei collision.

Fig. 10

Such osuirlno reactions as

f
v) + AV * O %
are also included, if one assuaon the neutrino te hive a aero rest mss. If the
neutrino has a finite rest mss, tto forMlisn of section 11l Is gipllcabl*.
The Initial conditions In the 1st freM Mj be written as followsi
i*)  le,*r#. nw

LEx , Mtty

1f3' a C.
a
pe- ~ O
and in tto centor-of-Mss i asi -
1?27) E, o <f/=*
‘a j
V.' o -
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If we transform Ej to the c-g frase by a Lorenti transformation

and equate this to tha value of WE, in Eg. 127), than wo can sohe for )Ww ao

*
i,,.- n

120)  xy *
1= x < 4 WY

Aftar tha rtaction we have tha following conditions In tha c-g fraaat

130) +E (= M,c*-V

H.Cc (4Yi4-i)

V »
*V ® Huc. IYw i

It will be will be recognised that these results are identical to thoaa obtained

In the previous section In Ege. 71), 72)F 7b)* and 75)* Hence it is only necessary
t 4v i

to write a new expression for 5, and note that Y~ can be written in terea of

~Y, fros the last two relatione of Egs. 130)t

lyf N MI'My=x \ . §\W-

ul> I> * 1 *-u 1\

Trow the conservation of energy in the c-g frame we can write

\3) = H.i"V/ «aM.CWV |

which nay be solved for i, aat

UCrilt-)! fKV_
13B3) v -

Then ell of tha resultant expressions in section 111 follow.



OM b) lart*. u U IUttitraud ilia poaaibility «f both an tnaidM* and

v :t m [|8];:product particU haring an rat m

featuring M| photo-woetUtion «f 4
Molao* viU abayiit docar to Um
grand ataU. Ttaa kinanatlcal litaatlcn

ri«, a bafora Uh maction la identical to

I W
cwilial coo—ywnUy \ﬁ% U «I*m t* W). Wtw r—cti—* km tl

tha o-g fnati

¢EJ - «»c'V

V-V

T» eanwmtlan of «»«r*y In tho o-t fro— ro<pilx»» th»t

LD .. O] = ARA

and upon eubatitotloo of Kg. 129) for 00 ham

_ (12 Y

t bav Kw

vy V>

Noting that for a toro root aaao parttele Eqg. 7) givea for tha

m can natal a Iranti tranaforation of to tha lab ajotaa and obtain

uT) *E, * "err'on

SIxIlirl]’m lonnti tru»fonutlon yloUa for

L) *H > B33 YWy



ft find relation* bstma c-f aa|S*b angles w first

W) 4f*. « TV*-.:

4 4 "
m t\/.tv *

f u I %<

ua) 2<y* Ifaa’***

IU) % |~ | y
4

«»o«nin« that tu t « J-L' M dlrida fctj. UIO) bj t.,. 1)9) «u obtain
*fc.

W) *ucd, e —

* o, XIIT- o—* fil
‘t_’
This canto inserted u befor* to find cot SX*
) a -af WM 1 4—
*4  A4uVTfi

here U* cun foroi, It Th* kinetic energies folio* fro*
th* definition, U»M ~ 2 % | end fTj * fEj - MjC*

Noting that va can also nrlU "pj (as

Wy *v e |
then aquatint Ii*S) and 140) yields*

. (XT* |V
) —9- — XU

Witcw!'

and fttrthar alnoa ‘py™ mjr tlao ba writtan

wj ~ , .rcr .
*V h/\ _SP

e It *U1 ba no>Ud that Ctf, camat ba greater than unity md approach** unity
only in the high energy limit.
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vhm Yw ¥ explicitly a function of as In Kg* 18h). Substituting this

value of coe.fl, la the pertinent result for % , nanely Kg« 65) we obtain

fro* which we solve for
19) \j -

Then solving £g. W& for wo finally obtaini

> H. 7 T S™i«MuV *Hj-
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N it w poaalblc to eooetract « rector dlafran

ud lob aoglaa. Salntirlatloally, It an b# atom that aa analogue

altuition axlatai however It la bo looker mild to add velodtiee or — da \Y;

mirit (ra yaienv/1
aaataaiillyt ntlw na A find a jropor azpraaaloo for the raloUra seaantkKw K

of the two fraau . to vtlllaa the
Qainc tha loraota troaafaraaUoaa ua dob flrat tranafora fP*1 and ~

to the oentar-of-aaee ftane aa In B)a. 80) and 81), obtalnin*

V, o \V dilmo ¢
AV = *2t fe n”
Than notint Uiet m-m* and, free ¢). U)

Sj - .
[I-W Dp
ve oan walljr derive the identity
L h

197) k) ¢ rfit =1

VP,"

where -«

198) Ao Mlati o (gIs -

and use baa been Mtda of fti# 74) for .

If ne eat fp{ * b, and 1Y2 *Pi *af and note that

of the ceoWr-of frtai, then a* mag ma and b mbj ¢ bx Ina ooa-
pletely analogous fashion vs night writ# on expression for the roooentua of

particle by aerely replacing subscript "1 In Iqc* 197) nod 198) by eub-
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mcript Gaoarallslaf by ualng tho tubocript mn* where i m1, 2 m oib

rourita 197) and 196) mi

200) *» v BB (‘t22 m 1)1/

mg* 199) la tha equation of a rectangular alilpaa displaced a dietanoa ( n
fn
aloof tha udi with eaal aajor axis a, >m 1 alnor axis t, and with

aeoaatrlolty

and fool looatad a dlatanca

f - aa
to tha right and loft of the cer.tar of tha alilpaa* Hanoa tha lows of point*
daaerlbad by tha vaotor la aa alilpaa la mommUm apace, tha raault 199)
balnf eaally ganarallaad to thraa dlnanalona where tha looua la aa alllpaold
of revolution*

Thar# art dearly thraa poaalbla situations,

(1) , (2 <a aad (3) o oo (* |fuaaata, *ij
that# thraa oaaaa bacoaa #n )l | aQ<1, and #B «1l reepaotleely*
from tha daflaltlon of tha quantltlaa (naad "a" it la readily daaonatratad
that aB la ldantltpi to tha ~ introduced previously In 2g. 62)* tha oaaa for

>1 la 11lultratad graphically la flf* 17 and for *n* 1 in fig* 18*



Fig* 18



Xt Fig. 17 it is evident that O will have e audmm value leee than *

and farther that there are two poesihle orientation* of and henna of Q
far a given 0. The vector Ib* will dialaleh to aero in the olaeeloal Halt
as S j 1 and the potato 1 and B* will ocOlfsee oa the elrele of redive
mt* which Is the classical locus whan b -ta« the atgaltode of !&' aay be

eooputed directly face the known lengths end A ae

aoi) I»'] o ", - )

1 1



TABU U

masses Cr uarrifix particles and light Nuoua
(ALL VALLES Oi AW¥)

IV ff | 1 VASS zZ | nm
. Mmo ir4 1°0H 9.0348 19.996769
H  1,0081A) W 10.020840 M2*  a .000499
1 1.008906 cll 11.014922 3.998354
2.016740 F 12.003809 | MLO! S .001764
N  3.017005 <*  13.007478 1 »e**  20.01536
Ha3 3.(06906 F 14.007687 - M21  21.004201
Hd  4.0(9871 c15 15.014162 M22  22.001604
5.003808 F 12.082776 Be3  22.997053
Ht6  6.08083 F 13.009664 M.® 3.998565
«ol 7.0B38 F 14.007520 Mg*/ 3.001453
u’ 1'5.(03940 F 15004862 £ 3.992640
u6 6.017094 F 16.011171 MiZ> 24.993752
UT 7.018292 = 17.013964 25.990796
u*  8.025093 F 16.0)3069 26.992666
ur 9.0908 F 15.007767 Loy 27.992714
B#  6.0823 F 16.000000 A2~ 24.007691
Be7  7.019159 017 17,004f)4 1 Al2* 24990312
Be»  8.007049 0*  18.004855 Al* 25995120
Bt7 9,015046 F 19.009591 Al*7  26.990060
BtK 10.006716 1E 20.0143 . Al28  27.990771
BfP JL.0251 F 16.0171 Al«  20.989925
B® 8.026768 | F 17.007506
B 9C06195 _ IF 18.006646
1® 10.016119 F L 19.004448 Yy
~F 11.012795__ _F j 20.006340
12.018168 M*  18.011185
“F  13.0804 ML9! 19.007945 — - N

e In corwerting frw AMUto MS? Ui* rector - 931.160 MBMAM It
ueed, beeed on the beet valuee far Avegedro'e mber A the Telocity
of light In noun «8 tho charge on the electron i.

Am6.02472 1025 perttelee/eole »t SIP
0 - 2997929 1010 m /f

e - 1.60207 10"19 couloebe (MIS)



PARTICLE

Ivl 1
7T*
ir~

TT+

5%-

Kl

NG

Vv*-

VI

«a . -

TABU X

LTtWT MOM P ttt

lol.ot O.H
209.9 1 XX

24W * 3.A
211ft o3

271 . ¥re .2

HIATT XX901 DATA

?/¥X 20

?1¥ X 20
Isotis

lif.ft 0.7

uf.ft o.l

9 U tix
H it ix.

179 t¥ U

179 T9 a-

/O0io

toco

iooo * /So

fooot mo

MfcAS
(A #HU)

0 U3S9

0.1i1lS» 3
0. 19520
0.t9?7S9

0.iS»03

0.6c/L

O. So It
0.sSm

0.S U I

0.sS-ijn

0O S3of
o.fjo

O.Siof

0.S3V f

e m r

O.S**B7t
o0.stB il

0. 5>fi74
o. rv8l4

Riim ik i
[
/~k
5
[z

/3

/3
/3

n (N o© O ©

N U IM
Mrosy \C«4t*«Vt

>*_*4**a/\

TT**ar

T A AN
T ¥ f'
TT*» )k*oi
4

A% ™

St-.>.-*»/er

o> R R o>
tx'-x  2W* + W~
Z*— ir*t airm
T*- r*+ r

r--* x v *r*

z Y ~*jr *
r"_* * r

&*-* w*r*+w-~
ro- ir% n*

X Ao

V*-r
X = [** -» V
[e-# [r% xA>*
¥'-e N-4 ».4-0
V| -*t ** Jr;

Ka ~ ft** \»J=*



PAftTitlt

A#
2 n

tr

H+
wi"

M*S$
¢ HuWw

ziol tl
23*1 * |

*317 tj
25>0r *o

X5HO1 30

HYFBUX DATA

hass
(** Imv)

11-0,8

l.xno

iXxXno
1193ft
13938

1}

**O*ii*c.«

*fftfU «c€ oetAy UM iKis
13 A" - prd W
13 2 W «-n°
T* -#tf-nr*

13 2" -,
o1 A + tt*
n HT-* A+t "



1.

h*

5*

-Hi -

Bibliography

Bgerimental Kuclaar Phyilcs* Segre, I* ®@d« Vol. 2* John Viley
ad Soa, Inc. (193)

Chapter 1 by P. Morrison contains most of the derivations
and formulae used in section Il of this report on elastic seat-
taringe Morrison®s notation la also adopted In this report*
Purtharf the momentum four-rector used In this report is pre-
sented by Morrison*

Quantum Mechanics* Schiff, L.1. McGraw-Hill (190)

The non-ralatlrlatic limit for the Jacobian from the
center-of-nass to lab system la glran on page 9fF.1
The Classical Theory of fields. Landau, L* and Lifachuts, K.
tr. by M* Uameroash. Addieon-Weeley (1951) .

Ralatiristlc Idnamatlcs Is susnarlted hare iIn chapter
The examples of the formulations of the relatlristic decay prob-
lem on page were useful iIn deriving the formulae of section V
of thia report*

Introduction to the Thoory of Relativity, Bergmann, P.
Prentice-Hall

This work woe used as background material only* Use of
the Lorents transformation is lllustrated as well as the funda-
mental relativistic formulae for energy and momentum In inertial
frames of reference™
Meson Physics, Marshak, R* HcOraw-Hill (19B2)

The relativistic kinematics of sinmple meson production is
presented, as well as a chapter on multiple meson production.
The pertinent formulae of sections IV ad V of this report are

found In Marshak with slightly different notation*



6*

-So-

L 1-723* ftps llanos Scientific Laboratory, Sows, A., Carlson, B
Goldstein, M#t Boaen, L#, and Sweeney, D. (19U9)

All of the formulae of eectlone Il and Ill of thia report
eay be reduced in the claaeical Halt to those in LA-723 providing
that the following correctlone are nadat

(1) replace equation Don page 10 by

(2) replace equation 2#10, page 12 by

In equation 2*1 the expressions for A*and Ag remain unchanged*
Otherwise| LA-723 presents the correct classical foreulation of
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neoessary in the present work, as in 1A-723 to restrict to
being the heavy particle produced in a reaction) rather, the
formulation here is sufficiently general bo that nay be either
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Chapter Til. Computations

The calculation aa outlined on page 39 hat bean coded for
the I1.B.N. Electronic Data Processing Machine, Type 701. The Input
data cooaltt of the quantities TQ, a», wr, W, and Ag with
scaling and units as Illustrated on the key-punch fora”™page?” The
logic of deciding which case to coepute and whether or not the
quantities Involved are doable-valued Is written into the code. The
results are illustrated in Tablet XI-LXVl; a complete calculation
and listing for a case of 0- O0-7T and A & <= 5° requires
37 seconds of Machine tine. The Input data are printed out at
the top of each listing In the order they appear on the key-punch
form.

The significance of the results for and *Tg(0) aay be

evaluated free the conservation of energy In the laboratory fraas as

2D "~»hV x. -

It Is aasuaed that fT™ and T2 are known to the saas significance
as Is the sua ¢ fT2* Using this procedure it has been observed
that the accuracy Is a function both of TQ and 6 but In no case
are the results less significant than - 100 ev. When the sua

20 Mev and relativistic effects becoas significant to
the order of 0.50, It has been noted that the slgnflcance of the
results laprove to the order of - 10 ev. This loss of significance
at low energies Is due to the dropping of significant digits Inherent
In the relativistic quantity (y2 - 1)t when y Is on the order of unity.

It has been found necessary to Halt the output of the



Jacobian transformations J(0) and J( ¥ ) to the decloal scaling

(3J). When they exceed this aaount the quantity *999.9999999

IS printed, further, only ths absolute values of these transfoimtioaa
are tabulated.

Tbs code has not been designed to handle cases where the
bombarding energy TQ is less than the threshold energy of an
endothermic reaction. To obtain a relativistic expression for 7,
we can First write the expression for the conservation of total energy

in the center-of-neee frame ss
2**)

for the case when the Kinetic energies of both reaction products
and Kg vanish. Substitution of eq. 19b) for *V, In tems of

*

and of tg. 9) for 7 we obtain for the threshold

Upon substi lutien of the reaction Q" defined es
Q r M4avViuycI '+( * C

we can write eg. 20b) In the nore convenient form

>x€'I\)/ :Ir_l ’-r——— 71 1

ar
The significance of the ratio has been

0

Investigated and, for the special case of elastic scattering aty be

showmn to depend only on the ratio 2 . further, iIn thia case, the
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quantltles J(f), J{f ), f and SI aleo depend only on thin mil
ratio, Bence a listing for proton-proton scattering at a given

bombarding energy Is also valid for deuteroo-deuteron scattering, etc.
t A«r
with the qualification that the quantities L and — ware

M.cT M
foraed.
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RELATIVISTIC TWO-BODY PROBLEM
(Always punch zero in columns 61-63 and 67-70)

A0
TO(MEV) m, (AMU) mc(AMU) M, (AMU) Mt(AMU) (DEG)
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0.01)0013
27,4204006
0.0171293
74.9146589
0.0203091
72.40)3129
0¥02310)0
09.0922992
0.0266276
07.3010)33
0.0296655
04,8715501

0.0126011
62.)627?764

0.0360072
59.0330601
0.0369403
57.)464713
0.04196)7
34.0199260
0.0447853
52,5545653
0.0474155
49,0296712
0.0501942
47,5263668
0.0526018
44,0216475
0.0330697?
42.5222907?
0.0)7407)
19.6216732
0.0)97337
37.12190009
0.06)967?)
34.6230127
0.0039104
32.1247429
0.0720087?
29.6270327?
0.0740169
27.3296607
0.07301*4

24.8524430
0.00565%6
22.3)49597
0.00)2)02

19.6)676*4

0.0927070
17.3)71101
0.0998970
14,0)47951
0.11179*4
12.32 764*2
0.1274570
9.01 137*2
0.15)7101
7,275343)
0,1967490
4,60)2206
0,2969826
1,6610937
0,6101626
0,0000000
0,077684)



THETA

0*0

2.50

5*00

7*50

10.00

12.50

15.00

17.50

20.00

22.50

25.00

27.50

30.0

12.50

33.00

57.50

40.00

42.50

45.00

47.50

50.00

52.50

55.00

57.50

50.00

52.50

55.00

57.50

70.00

72.50

75.00

77.50

«0.00

42.50

*5.00

*7.50

*+7.5555116

ENERGY 1

10.
9
19.
0
10.
0
19.
0
10.
Cc
10.
0
16.
0
16.
0
17.
0
17.
0
16.
0
15.
0
14.
0
14.
0
13.
0
12
0
11.
0
10

0
7
0
6
0
5
0
4
0
4
0
3
0
2
0
2
0
1
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0

90006

.00005

05140
00003
*4632
00003
65530

.00003

30016

.00003

05277

.00003

64501

.00003

17250

.00003

6)651

.0000)

04203

.0000)

30)70

.00003

60695
00003
05600

.00003

17777

.0000)

36767

.0000)

3)295
0000)
67621

.0000)
61140
.0009)
95675
.00003
06600
.00003
20240
.00004
39206
.00004
.5220)
.00004
71666
.00004
94601
.00004
.2156)
.00004
32741
.00004
66646
.00005

.30)21
.00006
77614
.00006
31110
.00006
01176
.00010
56067
.00014
32067
.00024
.1)354
.0005)
.017)9
.00)91
00610
.0000)

20.00000
ENERGY 2

0.0000i
10.00906
0.0)630
10.00006
0.15)67
10.00906
0. 34460
10.90996
0.60062
10.90906
0.94722
10.90006
1.)5416
10.90906
1.627)0
10.90906
2.36540
19.90906
2.93796
10.99906
3.60620
10.99906
4.30344
19.90906
5.04)09
19.99996
5.62222
19.99996
6.6)212
19.99996
7.46745
19.99996
6.32179
10.99996
9.16639
19.99996
10.06125
19.99996
10.9)309
19.99096
11.70751
19.00096
12.64794
19.99096
13.47797
19.99995
14.2613)
19.99995
15.05199
19.99095
15.76417
10.99095
16.47230
19.00095

17.11151
10.99094

17.69676
10.99094
10.22)65
10.9909)
10.66661
10.99001
10.06621
19.00069
10.41012
10.09065
10.6701)
10.09076
10.66645
10.09046
10.06260
10.00606
20.00616
10.00006

1
J

0
000
0
*909.
0
999,
0.
<999
0
<999
0.
+999.
0
+999.
0
<090.
0.
<090.
0
+999.
0
«000.
0
<099.
0.
990.
0
900.
0
009.
0.
+999.
0
+999.
0
«009.
0
<099.
0
«099.
0
<009.
0
«009.
0
+909.
0
+909.
0
909.
0
+999.
0.
+909.
0.
+909.

0

.0069661

07 THETA

2471616
0099099

247407)

0009099

.2401460

9990999

249)650
9000999

.2511)59

9909099

2534155
9099999

.2562460

9099099

.2396551

9099999

2636600
9099999

.266361)

9099090

.27)7516

9999990

.2709129

0099990

2669200
0999090

.204862)

9099990

.3038474

0009909
3140032
9009009

.3254932

0009099

.3)630)6

9909999

.35)2729

9999999

.3700948

9999999

.360)377

0009009

4114701

0909999

4370954

9909999

4670045

9909999

.3022330

9909999

3442623

9999999
5931113
9909999

6576591
9909999

.73630)9

*909*9999999

0
«000.
0
«009.
1
«909.
1
«990.
1
«909.
2
720.
4
19
24.
«900.

6379201

0900909
9740013
9699909
1651602
9999990

4326266

0990900

.9321906

099)990

.0632 301

6571312

4967760

7923366
6720907
0999909

1.0061450

J 07 PH}

*+000.0090000

0.2473656
5.17)97)1
0.2473636
2.8314737
0*2473656
1.9124666
0.247)656
1.4)62747
0.2473656
1.15)6766
0.2473656
0.9647966
0.247)636
0.6302177
0.247)656
0.7297266
0.247)650
0.6310626
0.247)639
0.5001727
0.247)630
0.3390561
0.247)650
0.40645)0
0.247)630
0.4636578
0.247)659
0.4)41437
0.247)650
0.408671)
0.247)659
0.)67051e
0.247)659
0.)680693
0.247)639
0.3313206
0.247)659
0.3)69800
0.247)650
0.3241771
0.247)660
0.3126774
0.247)660
0.3026906
0.2473660
0.2940607
0.2473660
0.2662366
0.2473660
0.2793763
0.2473660
0.2733309
0.2473661
0.2660421
0.2473661
0.26)450)
0.2473661
0.259304%
0.2473662
0.2561617
0.2473663
0.23)3674
0.2473664
0.2311533
0.2473667
0.2494376
0.2473673
0.2462220
0.2473602
0.2474766
0.2473906
0.2473647
0.2473*60

1.0060661

OMEGA

0.0000000

179.9909007

5.0263062

179.9900907

10.0570071

179.9060036

15.0630009

179.9659032

20.1124443

179.9060036

25.1301070

179.9001240

30.1646)37

179.9621630

)5*1604412

179.96)5121

40.212777)

179.979*117

45.2)46691

179.9796112

50.23504)6

179.9773462

55.27)7190

179.07291)1

60.2906112

179.9703)52

65.3036)01

179.9667222

70.)167067

179.966622)

75.1297966

179.96)6595

60.))66665

179.9506262

65.1459202

179.95660)6

00.3509755

179.9320537

05.3540811

170.0476076
100.355)2)4
170.94)1616
103.1546194
170.0)801)2
110.3527283
170.0)21662
U5.)492667
170.0254664
120.344711)
170.0176421
123.3)04)7)
170.906606)
130.33)0377
170.6061632
133.3266026
170.1653049
140.)232658S
170.0695289
145.324505)
170.84893)3
150.3292265
170.8220947
153.)4)44)2
170.7643401
160.3756166
170.7277667
163.4471047
170.6)1)971
170.6266176
170.4257)50
176.623)16)
176.403150)
170.9990907
179.9090907

1.0081430

PHI

170.0900997

0.0000000
87.2272)36
0.0000000
64.9174447
0.0000000
62.4110)70
0.006)777
79.6666966
0.0120944
77.3644406
0.0148274
74.6405720
0.0176372
72.3174404
0.0200672
60.705)310
0.0237224
67.2746912
0.0266276
64.7556942
0.0292363
62.236)229
0.0)20407
50.722817)
0.0)49706
57.2092397
0.0)95612
54.6077175
0.0422375
32.166)197
0.0450387
40.6610062
0.0474)55
47.1756705
0.0490471
44.6728761
0.0521004
42.172014)
0.054)971
19.67)2)94
0.0595526
37.1764*79
0.0617665
34.661500)
0.06)7157
32.16646)0
0.06560?0
29.6069660
0.0706)51
27.2067656
0.0736311
24.717667)
0.0772507
22.2201902
0.063084)
19.7407065
0.0805605
17.25170 34
0.0967881
14# 760*086
0.106913)
12« 2*53067
0.1248207
0.7%14747
0.1403513
7.2)0%099
0.1951469
4#6623099
0.29)1700
1.6606245
0.797105)
0.0000000
0.0695920



THETA
0*0
2*50
5*00
7.50
10,00
12*50
15.0C
17*50
20*0
22*50
25*00
27*50
30*00
32*50
35.00
37*30
*0*0
42*50
45*00
47*30
50.0-
52*30
53*00
57*50
60*00
62*30
65*00
67*50
70*00
72*50
75*00
77*50
60*00
12.50
83*00
67*50

87*6601662

ENERGY |

50*00006
0*00003
49.90232
0*00003
49.60990
0*00003
49*12320
0*00003
40*45220
0*00003
47*59641
0*00003
46*36662
0*00003
45*36563
Q.0U003
44*00917
0*00003
42*50563
0*00003
40*66769
0*00003
39*10649
0*00003
37*24165
0*00003
33*26216
0*00003
33.24552
0*00003
31*14763
0*00003
29*00463
0*00003
26*63370
0*00003
26*65090
0*00004
22*%47311
0*00004
20*31660
0*00004
19*19022
0*00004
16*13319
0*00004
14.13705
0*00005
12*%22452
0*00005
10*%40962
0*00006
6*70556
0*00007

7*12472
0*00006

5*67646
0*00009
4*37714

' 0*00012

3*23007
0*00015
2%245)6
0*00020
1*43002
0*00031
0*76966
0*00054
0%32046
0*00127
0%04240
0*00975
0%02029
0*00003

50*00000

ENC6GY 2

0*00001
50*00005

0*09776
50*00003

0%39017
30*00003

0%67467
30*00003

1*34767
30*00003

2*%40366
30*00003

3*%43325
50*00005

4%63424
50*00005

5%99090
50*00005

7%49425
50*00005

9*13219
50*00005
10*09159
50*00005
12%75042
50*00005
14*71769
50*00005
16*75455
50*00005
10*65245
50*00005
20%99525
50*00005
23*16636
50*00005
25%34917
50*00005
27*52697
50*00005
29%66326
50*00005
31*60166
50*00004
33*66606
50*00004
35*66303
50*00004
37*77556
50*00003
39*59046
50*00003
41%29451
50*00002
42%67536
50%90001

44*32163
49*99999
45*62294
49*99997
46*77002
49*%99994
47*7)471
49*99900
46*37007
49*%99970
49*21042
49*%99954
49*67162
49*99081
49*95760
49*99033
30*02030
50*%00003

1*0089661

J 0f THETA

0*2433170
©*999*%9999999
0*%2435735
*999*9999999
0*2443453
*999*9999999
0*2456394
*999%9999999
0*2474676
*999*9999099
0%2496469
*999*9999999
0*2527999
*999*9999999
0*2563552
©999.9999999
0*2605464
*999*9999999
0*2654226
°999%9999999
0*2710307
*999%9999999
0*2774353
*999*9999999
0*%2647119
*999%9999999
0%2929515
*999%9999999
0*1022630
*999%9999999
0*1127761
*999*9999999
0*3246563
*999*%9999999
0*3360927
*999*%9999999
0*3533272
*999%9999999
0*3706576
*999%9999909
0*3904579
°999%9999999
0*4132034
*999*9999999
0*4395068
*999*9999999
0*4701707
*999%9999999
0*5062671
*099*%9999999
0*5492596
°999%9999999
06011967
*999*9999999
0*6650464
*999%9999999

0*7452562
*909090*90999999
0*0400124

*999%9999999"'

0%*9673675
+999%9999999
1*1610837
+999.9999999
1.47423)0
+999.9999999
1.96171)1
+999.9999999
2.9)00574
7)4.7766644
4.5306953
19*640)101
23.149)026
+999.9999999

1*0061450
J of PM

+999%9999999
0*2435149
5%*5191446
0%2435149
2*6610951
0%2435149
1*9126369
0%2435149
1*4376975
0*2435149
1*1530147
0%2435149
0%9637225
0%*2435149*
0%6209554
0*2435149
0*7262965
0%2435149
0*6503659
0*2435149
0*5664142
0%2435149
0*3300441
0%24)5149
0%496)664
0%24)5149
0*4614478
0%2435149
0*4317956
0%24)5149
0*4063870
0*2435149
0*3644391
0*2435149
0*3653545
0*2435149
0*3466693
0%24)5149
0%3)40192
0%24)5149
0*3211130
0%24)5149
0*3097164
0%2435149
0*2996392
0*2435150
0%290725)
0*2435150
0*2626460
0*2435150
0*2736946
0%24)3130
0*2697624
0*2635130
0%2644)52
0*2435150

0%2397913
0.24)5131
0%2)97990
0*2435151
0%2524176
0%2433152
0*2496100
0%24)3154
0%2473489
0*2435156
0%2496110
0*2435163
0%2443811
0%2435162
0%2436262
0%2435404
0%24)5123
0%24)5149

10069661

OMEGA

0*0000000
179*%9999997
5%0661259
179*9914204
10*1357393
179*96790)7
13%202)464
179*96600)6
20*2674364
179*9651730
25*330)916
179*9620700
30*3912685
179*96130)6
33%44910)6
179*9660030
40*5036271
179%960644)
43*5544631
179%9790114
50%6012643
179*%9762771
53*64)701)
179%972473)
60*6614921
179%97291)1
65.7143951
179*9691200
70%742206)
179*9660930
75%7647771
179%9623)3)
00*7019940
179%9596262
85%79)6007
179*9563207
90*8001926
179*952)046
95%8012156
179*9461288
100*7969732
179%94)3976
105*7876423
179%9)02)44
110*77)4516
179%9)2)706
115%7547124
179*92)6541
120%7)18269
179*9179674
123%70)3092
179*9090765
1)0*67)9106
179%6905265

1)5*6442161
179*08571)2

140*6116856
179*0699014
149*5799229
179%04942)3
1)0.3515375
179*0231)04
153*3310690
179.70)4491
160%327)224
179%72662)5

163*5612176
179*%6325594

170%7024574
179%4274412
176*66)5066
176*4017645
179%9999997
179%9999997

10061450

PHI

179*9999997

0*0000000
87*3384461
0*0000000
04%8934643
0*0000000
62%2962)10
0*0000000
79%73)9920
0*0140971
77%1716061
0%0090771
74%6124009
0*0110567
72*0956494
0*01)0619
69*5022766
0*0140274
66*9926167
0*0163601
64.4071923
0*0164972
61*6661277
0%020)891
99.32969)4
0*0215509
56*7966642
0*0231950
94.2726927
0*0266276
91*7520946
0%0279750
49.2)69605
0*0296655
46*7274980
0*0)12766
44*2235041
0%0)46151
41,7291002
0*0)60072
39%2)21642
0%0)92969
36*7445692
0*0407646
34%262107)
0%*0439)42
31*7645467
0*0469100
29*3115006
0%0499471
26%6420270
0*0940)11
24*3776125
0%059)447

21*%9159929
0*0654240

16%4964942
0*0725165
16*%9904125
0*082013)
14*5402760
0*0931020
12*07949)7
0*1117944
9*611679)
0%1)65648
7*%1262056
0*1643051
4*5864796
0*2644099
1*6466696
0%70944)1
0*0000000
0*0407646



THETA

lilt

7*50

10.00

12.30

13.00

17.30

20.00

22.30

23.00

27.30

30.00

32.30

33.00

37.30

62.50

45*00

*7.30

30.0

32.30

33.00

37.30

60.00

62.30

63.00

67.30

70.0

72.30

73.00

77.30

60.00

12.30

«3.00

»7.30

67.6602713

ENERGY |

90.
0
99.
0
99.
0
96.
0
96.
0
93.
0
92.
0
90.
0
67.
0
66.
0
61.
0
77.
0
79.
0
70.
0

0
61.
0
37.
0
33.
0
66.
0
66.
0
40.
0
33.
0
31.
0
27.
0
23.
0
20.
0
17.
0
13.

=
OOOOOOOHOI\)OC’OOOOOI—\O

99008

.00002

79063

.00002

19060

.00002

20373

.00002

62639

.00002

07623

.00002

96393

.00002

31609

.00002

76371

.00002

66236

.00002

33033

.00002

77773

.00002

99381

.00003

02996

.00003
.63.

91662

.00003

69226

.00003

36301

.00003

03066

.00003

66227

.00006

31379

.00006

01776

.00006

60606

.00003

70963

.00003

73600

.00006

97962

.00007

60031

.00006

06620

.00000

93936

.00012
.10160

.00013
.93199
.00019
.90716
.00023
.36223
.00036
76973
.00097
.96001
.00102
.66040
.00263
.06266
.01897
.03939
.00002

100.00000

ENERGY 2

0.00001
100.00002
0.20033
100.00002
0.60060
100.00002
1.79626
100.00002
3.17361
100.00002
4.92377
100.00002
7.03603
100.00002
9.46390
100.00002
12.23627
100.00002
13.31763
99.99996
16.66963
91.99996
22.22227
99.99996
26.00616
99.99996
29.97006
99.99996
34.06196
99.99996
36.30779
99.99996
62.61900
99.99996
66.96999
99.99996
31.93774
99.99996
59.66621
99.99996
99.96225
99.99996
66.19394
99.99996
66.29038
99.99996
72.24202
99.99994
76.02096
99.99994
79.99991
99.99994
62.99363
99.99994
66.06063
99.99990

66.69620

99.99967
91.66002
99.99963
93.69286
99.99979
99.61777
99.99966
97.21026

99.99966
98.66002

99.99901
99.39960
99.99796
99.91739
99.98109
100.03962
100.00002

1.0089661

J OF THETA

0.2371696
©999.9999990
0.2376636
©999.9999990
0.2362664
©999.9990090
0.2396507
©999.9990099
0.2416027
©999.0999390
0.2461419
©999.9999999
0.2672915
©999.9990999
0.2510606
©999.9999999
0.2555437
©099.9990999
0.2607311
©999.9999999
0.2666905
©999.9909090
0.273466)
©009.9900990
0.2612010
©999.9999999
0%2699261
©999.9999999
0.2997666
©999.99V0990
0.3106660
©999.9999999
0.3233799
©999.9999999
0.3379136

©999.9999999
0.3939116
©999.9999099
0.3716777
©999.9999999
0.3923960
©999.9999999
0.4161932
©999.9999999
0.4435771
©999.9999999
0.4754906
©999.9990990
0.5129926
©999.9999999
0.5575838
©999.9990999
0.6113672
©999.9999999
0.6773624
©999.9999999
0.7601916
©999.9999999
0.6669655
©999.9999999
1.0096997
©999.9999999
1.2097677
©999.9909999
1.9102992

©999.9999999
2.0109929

©999.9999999
3.0049966
765.2698362
4.6665276
.20.2372639
25.7775161
©999.9999999
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36.81996)2
*2.)162246
66.76)0641
69.212)029
72.60)7)16
75.9531423
79.264)363
62.3291)92
83.7474107
66.9170634
92.0)60852
93.1023)88
96.1145997

101.0706660

103.9666922

106.8061744

109.38770)7

11213049706

114.9606742

117.35)73))

120.06)6014

122.5307744

124,9347624

127.2961907

129.3733990

1*51.79)6)4)

1)3.9319747

1)6.0511077?

1)6.0927861

140.0763409

U2.0100690

145.6692670

143.7160193

147.4963641

149.2)74*71

150.9223616

152.370)110

134.1764965

133.749127)

1)7.2644200

156.7865651

160.2377416
161.7001072
163.11)786)
164.3066767
165.6754461
167.2235094
168.5330561
169.6660515
171.1644)44
172.4300017
173.7240674
174.990630)
176.2492619
177.3023016
176.7370796
179.9999997

2.0)47400

PHI

0.0000000
64.9304617
86.0620316
64.7)64)1)
62.42496)5
60.564)17)
76.7)))701
76.6964030
75.0)47)99
75.1922936
71.5610269
69.3>))166
67.7172057
63.91)2119
64,:70424)
62.540161)
60.5749417
56.6759467
57.09)03)0
33.377814)
51.6816106
52.006023*
30.3513)64
46.7167635
47.10964)6
43.52465%7
43.9651506
42.4)7266)
40.9761)37
19.4463666
)7,9995p37
16.37996T6
15.1906637
1).817776)
12.5037130
11.206)603
29.94)6761
78.7106757
77.5090009
76.3)6 704)
25.199)624
24.0906620
23.0121322
21.9629680
20.9425040
19.9301291
16.964779)
16.0456046
17.1)16471
16.2419)4)
15.3732893
14.5)07641
13.707746)
12.90)57)0
12.1166769
11.3)139)4
10.6007372

9.6633810
9.1447710
6.4)7)465
7.7421633
7.05623)6
6.3646276
3.7202119
5.0640749

u.4152461
3.7727919

5.1)57397
2.5032772
1>6742906
1.2460282
0.6235366
0.0900000
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0*00
2.50
$+00
7.50

10*00
12*50
15*00
17*50
20*00
22*50
25%00
27*50
>0*00
52.50
55%00
57*50
40*00
42.50
45.00
47.50
50*00
52%50
55%00
57*50
«0*00
62*50
65*00
67*50
70.00
72*50
75.00
77*50
60*00
82*50
« 5%00
67.50
90.00
92.50
95*00
97*50

100*00

102*50

105*00

107*50

110*00

112*50

115*00

117*50

120*00

122*50

125*00

127*50

1)0*00

1)2*50

1)5*00

1)7.50

140.00

142.50
145*00
147*50
150*00
152*50
155*00
157*50
160*00
62*50
.65*00
167*50
170*00
172*50
175*00
177*50
160*00
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6*99999
9.99042
9*96176
9*91420
9.6460)
9.76)65
9.66161
9*%54251
9*40709
9*25616
9.09067
6.91157
6.7199)
6*51666
6.50)62
6.06114
7.6609)
7.61416
7.57207
7.12692
6.67696
6.626)6
6.575)6
6.1250)
6.67646
6.6)065
6«)8665
.15101
.91662
.69265
47)1)
.26076
.05597
.65910
.67041

6

4

4

4

4

4

5

5

5.49008
5.31819
5.15479
2.99962
2.85)21
2.71461
2.5644)
2.46185
2.34661
2.2)904
2.1)626
2.04416
1.9564)
1.67476
1.79664
1.726)7
1%66)07
1*6026)
1*54660
1*495)1
1%44792
1%404)9
1%)64)2
1*32811
1%29497
1%2649)
1%2)76)
1*21)54
1*19194
1*17290
1*156))
1*14214
1*13025
1%12062
1*11)17
1*10766
1*10472
1*10)67

10.00000
CNCSGf |

0.00004
0.00961
0*016*6
0.0656)
0*15199
0.2)637
0*3)640
0*45750
0*59292
0*74)6)
0*909)4
1.06645
1*26009
1*46)15
1*69650
1*91690
2*14908
2*16566
2*62797
2*67410
3*12)06
S*57)66
562467
5.67501
4.12)56
4.569)9
4.61146
4*64907
506122
5*507)6
5*52692
5*7)929
5*94407
6*14092
6*32964
6*50994
6*66)83
6*64526
7*0002)
7«14682
.28527
41560
.5)620
.65)24
.76101

.66178
.95566

.04)61
6*12527
8*20119
6*%27167
6*3)698
6.39740
6.45)24
6*5047)
8.55211
59566

.6)552
67192
70507
.7)510
76222
76651
60611
62715
6*64)73
8*%65792
8*66961
8%67942
6*68667
6.89216
6.695)2
6.69637
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0.4421262
0*4424466
0%44)4096
0%4450202
0*4472667
0%4502210
0*45)6)86
0*4561585
0%46)20)6
0*4690006
0*4753611
0*4629799
0%4912)74
0*300)966
u.31031)6
0*5216366
0*5)38346
0%3471700
0.3617166
0.5773617
0*%5947671
0%61)4912
0.6)37764
0*65575)7
0*6795413
0*7052660
0.7)3060)
0.76)0660
0.7954264
0%6)02962
0*6676296
0*9061653
0%9313216
0%9979933
1*0477393
1*1009367
1*1377276
1*216166)
1%*2624)63
1*1303)76
1*%4%260)9
1%*49639)4
1*376)169
1%662)24 4
1*7499136
1*6411)0)
1%91)6419
2*03)746)
2*%134)728
2%2379776
2*)4))6)3
2*4506764
2.3594267
2%6666717
2*7760219
2*6666552
2*%994)324
3*100)644
3*2036603
)* 30)7264
3*3996562
3%491)512
.377)365
6577469
.7)1)716
7976156
6565539
.9071060
.949054)
.9620589
.0056300
0201732
4.Q249626
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©999.9999999

1.3262267
3.4974021
2%4924660
1%90)9717
1*3)196)0
1%262466)
1%10)2317
0*9692256
0*6633304
0*782567
0%11)2)67
0.659)199
0%6126661
0%3727929
0*3)65267
0*3066299
0*4626731
0%4600477
0.4)96667
0.4219266
0*%40391)9
.3913679
3766707
3670447
.3365)41
3470166
.3)6)77)
.3)03747
.37 3)764
3166617
.3109170
.305469?
.300329?
0%29599)1
0.29164)6
0*28604)8
0%764)667
0%26136)4
0%2764661
0%27579)0
0%27)343)
0%271096)
0*7690410
0*2671550
C* 2654265
0%26)6421
0%262)901
0%2610596
0.2598405
0*2587741
0%2577020
0*2567666
0.25)9117
0*2551;06
0%2)44)78
0*25)766)
0%*25)1779
0%252642?
0%*2521574
0%2517204
0%2513262
0%*2509767?
2506660
.25039)6
2501597
.249957)
2497667
2496521
.249)467
2494720
.249427)
2494124
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t.0081450
0*1 GA

0.0000000
3.7)9)241
7.3172101

U.27 12236
13.0197)10
16.7609218
27%49267)7
26*2137149
29%921)443
3)*6144296
37%2904066
40%94749)0
44.59)6676
46*1966798
31.783:514
33*3460664
56*877792?
62*3760)9)
65%64469)7
69%27)4667
72.6681993
76*9*%96H )
79*%1107040
625961126
65%6147661
66*994)9)0
92.103)789
95%16960)1
96.181452?

101*1168)72

104*0344)64!

106*6726067

109.65081)0

112.3674326

115.0218770

117.613)601

170.1422103

122.6076707

125.010099)

127.3498796

129.6276157

1)1.9441480

1)4.000)06)

1)6.0979)78
1)8.1)76)46

140.12164)7

142.0)1616)

143.9290)07

145%7560249

147.3)46349

149.2669562

150%9351460

152*601)674

154.2078778

155.7768360

157.31046)5

156.8109694

160*2805294
161*721269?
16)+1353833
164.5249017
165%6919044
167.2)64292
168.5664448
169.8779240
171.1747870
172.4569467
17).7322547
174.9965474
176.2536913
177.5054187
176.7535101
179.9999997

2.0147?«0G

Phi

179.9999997

63.6971370
65.9200101
64.2326760
62.44)67))
60*366)66*
18*7)3830 3
76%8742971
73*0206050
73*17)4737
7143)2943)
69.5026047
67.6643)86
6).8 7666 7)
64.0607446
62.29S77 33
60«))2)496
)8 .7811539
37.0466176
)).3 307)?5
)).6)38106
31%9)66149
30%3014696
+8*6664066
*7,059064*
4).471665)
*1.9146)96
*2%181)147?
*0*6759080
39*396510*
17,9500780
-6%))1298?
35#1428)61
))* 7851912
12%4)649)1
31*163406*
29*8996143
28.6677476
27*%4673467?
26%298)?39
2)*16029)9
24.0)76761
22.975)476
21.9277013
20*9066020
19.917)?05
16.953)122
16.0156987
17*%10)1026
16*2146673
1)+349)50 9
14*5061258
13*69)8690
12*8814670
12*0976160
11*3)18417
10*)823774

9*6464146
9.1266)07
8.42258)1
7*7286136
7%04687)7
6*373)776
5%7101295
5%0)514)9
4.4074)67
3.7661265
3*1)02141
2*%4966005
1*6709660
1%2456217?
0%6224391
0*0000000
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0*0

2.
5.
.50
10.
12

15.

17
22

25
27

42
45

52

67

92
95
97

102

115

120

127

132

140

150

157
160

'62.

50
00

00
50
00

.50
20.

00

.50
.00
.50
10.
32.
35.
37.
40.

00
50

5C
00

.50
.00
47.
50.
.50
55.
57.
60.
62.
65.
67.
70.
72.
75.
77.
60.
62.
65.

50

00
50
00
50
00
50
00
50
00
50
00
50
00

.50
.00
.50
.00
.50
100.

00

.50
105.
107.
110.
112.

50
00
50

.00
117.

.00
122.
125.

.50
130.

50

00

.50
135.
137.

00
50

.00

142.
145.
147.

50
00
50

.00
152.
155.

50
00

.50
.00

50

j&.00

167
170
172
175
177
180

.50
.00
.50
.00
.50
.0*

ENERGY 1

20.
19.
19.
19.
19.
19.
19.
19.
18.
18.
16.
17.
17.
17.
16.
16.
15.
15.
14.
14.
13.
17.
12.
12.
11.
11.
10.
10.

9

9
6
8.

6
7.
7

6

6
6
5
5
5
5
4
4
4
4
4
3
3
3
3
3
3
3
2.
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

00001
96076
92314
62752
69449
52486
31977
06040
60626
50506
17259
61266
42601
02031
59210
14562
66395
2090)
72356
2)011
7)112
2290)
72619
22467
72720
23519
75073
27351

.01110

35686

.92000

49565

.066)3

69)03

31615
.95602
6126)
28663
.977)3
68475
40660
114848
.90396
67452
45961
25664
.07102
89611
.733)0
58198
44153
31137
.19093
07967

97706

.6626)
79592

71648
64394
57792
51807
46410
41572
37268
.3)475
30175
27348
24981
.23U61
21579
20525
.19895
.19685
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ENERGY 2

0*00004
01926
07689
17252
.30555
47516
68028
91962
1.19176
1*49496
1%62744
2.18719
2%57202
2%97975
3%4079)
3%65422
4*31608
4%79102
5%27646
5%76995
6%26892
0.77101
7%27585
7*77517
6%27287
6.76486
9.249)4
9.72454
10.18897
10.64118
11.08006
11.50452
11.91)74
12.30702
12.68)91
13.0440)
13.36724
13.7134)
14.02274

14.315)2
14.59148
14.65158
15.09610
15.32555
15.54046
15*74144
15%92904
16*10)95
16*26678
16%41610
16*55054
16*66670
16*60914
16%92042
17*02301
17*11745
17.20414

17,28359
17.3561)
17.42214
17.48200
17*53598
17*56434
17%62740
1766533
17%698)3
17.72657
17*75026
17.76945
17*78427
17%79482
17.80111
17.80)20
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1*0061*50

[

4*00%82
.4%0 3716
4%13*%35
4*29689
4*52662
4*62173
4516*77
0%456226*
0*461)165
0.4671*46
0%47)6024
0%46)2660
0*4695926
0*4966305
0*5090291
0*5202*41
0*5325376
0* 5*59774
0*5606361
0*5766011
0%59)9548
0*6127967
0%63)2256
0*655)578
0.679)102
0*7052096
0%7)31900
0%763)92)
0%*79596)4
0*6)10559
0*8666261
0%9094329
0*9530360
0%9997926
1*0498564
1*103)73)
1*1604767
1%22129)2
1*285919)
1*3544)76
1*426900)
1*603)307?
1*68371*4
1*6680007?
1*7560919
1*6470485
1*9430786
2*0415426
2*%1429436
2*%2469366
2*%3531225
2**610495
2*5702170
2*6800813
2*%7900537
2*8995096

3*0077934
3%*11%2)1)
3%2181185
3*3187559
3**15%)07
3.507*512
3.59%1254
3%6747949
3%7488)99
3*8156649
3*8747394
3*9255833
3%9677712
4.0009616
4.0248676
4.0392929
4.0441165
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3.663*675
2.52)1297
1.90759)8
1.5)15)6)
1.2808692
1.10194)7
0.967917*
0.86420VS
0.78154%)
0.71427 U
0

0.6117760
0.5719702
0.5)7741)
0.50606)9
0.4621)31
0.4591)2)
0.4)916)6
0%421241)
.405241%
.3909052
.3780180
.3669960
.355896)
.346383)
.3377502
.3299018

.6566009

3227577
3162457
3103046
3048790
2999211
.295367)
.2912)9*
287%427
.26)9665
.2807828
2778663
2751940
2727%52
2705010
.2684*40
2665565
2648303
26)2464
2617947
.260464%*
0.2592*56
0.258129*
0*2571075
0*2561723
0.2553175
0.2545365
0*25382)9
0.25)1747
0.252584)
0.2520466
0.2515639
0%2511270
0.2507349
0.250 3849
0.2500747
0.2498024

0.2495660
0.2493647

0.2491955
0*2490590
0*2489537
0*2466789
0*24803*2
0*2488194

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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0.0000000
3*%766)97)
1.5)48900

11.2976469

15.0547706

16*6043603

22*54*5660

26*27)4036

29*9869501

33*6892)52

37.3722747

*1.0)60465

*4*67851)6

46%2976042

51%6912126

55%4572124

58.99)4509

62.4977706

65%9679625

69*4018)16

72%7971721

76.1517819

79.%6)4739

82.7)009%)

85.9495171

89.11966)2

92,2)8601)

95.30*3699

96.3151969

101.2694165
104.165509)
107.0021242
109.7780001
112.4924086
115.144)422
117.7)3)4*4
120.2590987
122.7215)79
125.1208186
127.45 73*66
129.7)1748)
1)1.9446687
134.0977699
136.191703*
138.22810)5
140.2085535
142.1)47894
144.006666)
145.8)21400
147.6072446
149.3)60684
151.0200286
152.6636444
154.2667486
155.832)50)
157.362662)
158.6596823

160.3261826
161.7637)14
163.1746)67
16*.5610109
165.9248936
167.2683209
168.59)276)
169.9017137
171.1955480
172.4767163
173.7470217
175.0003566
176.2625054
177.5113)44
178.7565164
179.9999997

8*8169888
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179*9999997

67*5728464
86*0746431
04.2873172
62*49%7642
60*36274)6
78*%6949940
76*69026)1
74%9686670
7)+1167)50
71*271467)
69.4357149
67%6123)62
05.79940)2
64*0005709
62*%2149870
60*4*46961
56*%6904559
36%99)74)9
55%2)51)00
33*3)6)620
31*85801)9
50%201)508
46*5673290
46*957)913
43*3721590
*3%0127477
42.280167)
40*7751519
39*2987061
37*8913865
'6%41)9951
35%0470401
31*6910818
32*3661911
31*07)2767
79%6118267
28*5821976
27*3840906
26*%2174964
25*0619489
21%9771191
22*9024010
21*65719)1
20*6407699
19*6523075
16*690 9851
17*9556169
17*0456402
16*1600612
15%297)7)4
14*4367)30
13*%8)70424
12*%6)71616
12*05606)5
11%2929697
10*6456160

9*6140787

9*0969216

8*5930994

7*7014496

7.0710671
6.350 9011

5%6699944

5%0)72953
4.9918412

3*7527699

3*1101011
2*%46997)6

1*864)186

1*241)657
0%*6202)54
0.0000000
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0*0
2*50
5*00
7.50
10*00
12*50
15.00
17,50
20.00
22*50
25*00
27*50
50*00
12*50
15*00
>?»50
40*00
42*50
45*00
41*50
50*00
52*50
55*00
57*50
60*00
62*50
65*00
67*50
70*00
72*50
75*00
77.50
60*00
62*50
65*00
67*50
90*00
92*50
95*00
97*50
100*00
102*50
109.00
107*50
110*00
112*50
119*00
117*50
120*00
122*50
129*00
127*50
110*00
112*50

115*00
117*50

140*00
142*50
145*00
147*50
160*00
152*60
156*00
157*60
160*00
162*50
.65*00
167*60
170*00
172*50
175*00
177*50
160*00

49*99995
49,95107
49,60477
49* 56197
49*22426
46*79191
46.7713V
4766610
46*97619
46*20799
45*16569
44,45525
41,4»159
42*45074
41,16676
40*%24190
19*07664
17*67910
16*65601
15*41974
14,15952
12,69650
11,61960
10*17546
29*12752
27,69471
26*66175
25*49264
24,11180
21*20201
22*10642
21*04749
20*02727
19*04 7)1
16*10666
17*21261
16*55400
15*56607
14*77954
14,u629I
11*56716
12*72190
12*11557
11*5*647
11*01576
10*51561
10,05104

9,61790

9,21462
8*64027
6*49271
6*17069

7*67276

7,59760

7* 34569
7,11042

6*69607
6*69971
6*52045
6*15729
6*20942
6*07607
5.W5655
5*95022
5*75654
5*67501
5*60521
5*54675
5*49953
5*¥46271
5*45669
5*%42114
5,41596

50*00090
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0%00004
0%*04991
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w.4)902
0*77972

1*2061)

1*72960
2,1)567
1*02559
1*70197
4,6)407
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1).14)91
14,5162)
15,64142
17,10)44
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19%62446
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24*50712
25*66614
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32*76752
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54,45186
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17,27601
37,66456
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7*50
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17*50
*0*00
21.50
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32*50
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177*%50
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62*67014
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57%6)096
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163.4774)94
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66.10U135
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74.3671466
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52%7714774
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12*60
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17*50
20*00
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25*00
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50*00
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35*00
37*50
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42.50
45.00
47.50
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57.50
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67.50
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117*50
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994*16346
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667*68284
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139*4934664
141 * 369246 f
143*186634/
1.44*9448616
146*6492191
U8* 1010166
149*90269)3
151*4862964
152%9644728
164*4294693
165*85)6993
167.2)91640
168*6883982
169*90)6487
161*1867046
162*4402367

163*6669913
164*8660 71?
166*0424657
167+1971046
168*3)18678
169*4405769
170*6490637
171*6)60205
172*7082171
173*770)086
174,8229153
175.0676916
176.9062281
177.9400696
178.9707914
179.9999997

2*0147*00

PHI

0.0000000
87.4)54966
84%9224061
82*4002288
79*89)4166
77,4089446
74,9514721
>2%6265244
70%1364496
67* 7646760
65.4769090
63* 2147037
61.0001)95
68.8367810
66%7226274
64.001009)
62*6540093
60*6999400
40*7996)44
40*9*>)0l )9
46*1597069
43*4194774
41*73U7?49
40.0950398
38*609)361
36*97346)0
36+4864121
34*0471916
)? 6647298
31.30 79376
30.0067046
28.7468947
27,5)03668
26.36495))
25.2194666
24%1227794
23*0636337
22.0408350
21*06)1074
20*099)996
19*1702092
18*2006096
17,429062)
16*5984167
15.7954417
15.0186688
14*2674621
13,6399912
12* 5362400
12.1520139
11*4091)28
10.0454429
10.2198105
9.6111)06
9.0183468

8.440)877

7.8762466

7.)?49267
6.7854747
6.25696)1

6.7384604

3.2291167
4*720066?
4*2344799

3*7475467

3.2664767

2*7904976

2*3166319

1*860600?

1*3866098
0%9226440
0*4609234

0.0000000



THETA

0*0

2.

50

5*00

10
12
15
17
20
22
25
27
50
32
35
37
*0
*2
*5
*7
50
52
55
57
60
62
65
67
70
72
75
77
60
62
65
67
90
92
95
97
100
102
105
107
110
112
115
117
120
122
125
127

130

135

1*0
1*2
1*5
1*7

157
160
162

65
167

172
175

180

.50
.0 -
.50
.00
.50
.00
.50
.00
.50
.00
.50
.00
.50
.00
.50
.00
.50
.00
.50
.00
.50
.00
.50
.00
.50
.00
.50
.00
.50
.00
.50
.00
.50
.00
.50
.00
.50
.00
.50
.00
.50
.00
.50
.00
.50
.00
.50
.00
.50
.00
132.

50

.00
137.

.00

.50
.00
.50
150.
152.
155.
.50
.00
.50
.00
.50
170.
.50
.00
177.
.00

50

00
5C
00

50

ENERGY 1

9909.99080
90*0.06667
976*.2009~*
9*63.57370
911*.90072
6678.12507
619*.0*703
7662.3321*
7160.15*36
66*1.*9817
6137.01***
565*.25369
5196.11072
*771.3*153
*375.073*2
*009.25076
3673.00*66
336*.9*066
3083.35599
2826.39571
2592.1623*
2376.78907
216*.*6620
2007.56667
18*6.*7016
1699.7*619
1566.08265
1***. 27156
1333.22356
1231.95022
1139.55725
1055.2359*
976.25612
907.95 383
6*3.73362
785.05270
731.*2029
662.39093
637.56027
596.56128
559.05979
52*.752**
*93.36262
*6**63696
*38.35236
*1*.29**5
392.2756*
372.123*6
353.68063
336.80*99
321.36671
307.2*835
29*.3*320
262.55*70

271.795*3
261.966*8

253.C 5636
2*4.9*097
237.56236
23C.92870
224.93355
219.55557
214.75785
210.50765
206.77730
203.5*092
200.7775*
198.*6916
196.60052
195.15926
194.13676
193.52555
193.32226

10000.00000

ENERGY 2

0*00019
59.93299
235.79861
516**2575
865.09906
1321*87*52
1605*95260
2317*667*2
2839*8*523
3356*501*2
3862*98515
*3*5.7*570
*601.86887
5228.65606
5624.92613
5990.7*881
6326*99*93
6635*05893
6916*64361
7173*60369
7*07*63725
7621*210*8
7615*51339
7992*43089
8153.5295*
8300.25159
8*33.91687
6555.72790
8666.77582
8768.0*933
6860.**2*9
89*4.76369
9021.7**58
9092.0*565
9156.26593
9214.9*708
9266.5793*
9317.60863
9362.4391*
9*03.43820
9**0.93958
9*75.2*727
9506*6)693
9535.36076
9561.6*718
9585.70510
960 7* 72380
9627.87613
96*6.31893
9663.19**9
9678*6328*
9692*75132
9705*656*7
9717****78
9728*20*16
9736*01322
97*6*9*312
9755.05866
9762**1723
9769.07097
9775.06606
9780.4*391
9785.2*171
9789.49189
9793.222*0
9796.45856
9799.22198
9801.5305*
9803.39915
9804.6*0*6
9805.66268
9806*47*00
9806*677*0

1*0081*50

J 06 THETA

0.077%*81
0%0782915
0*0808+*80
0*085195*
0*091%630
0*0996306
0%1105269
0%1238262
0%1%00562
0*1395766
0*1827960
0%2101605
0%2%21530
0%2792910
0%3221252
0%3712368
0**272368
0*49076%6
0*562%666
0.6*309609
0*7333161
0*8336921
0*9456000
1*0692*33
1¥2056536
1.3556910
1.5202*%*3
1%700229*
1*8965876
2¥1102826
2%3%229%0
2%59)6119
2*8652276
3*1561199
3*%732437
3*8115107
*+1737696
*e56078%6
*.9732118
5%4116678
6*6762085
6*3672930
6*6647622
7%4263046
7%997)347
8*5909675
9%2079952
9%8%6874*
10%6067228
11%1622696
11*6739866
12%6776706
13%2906716
14*0068040
14*7283986
15%4%6)259
16%15325*1

16*8336667
17.5)39357
18*197)577
16*6)32129
19**388207
20*0096116
20*541166*
21*0292693
21*4700162
21*6597852
22*1953299
22**738527?
22.6930115
22,8508796
22*9461759
22*9760320

2.01*7*00

J Of PH|

*999*9999999

5%9)62127
2*7970690
1*7067)10
1*1513%70
0%62)1292
0%61*25*3
0**7 31183
0.3792%30
0*3112612
0*2616653
0%22516)9
0%1972993
0%1757602
0*1586267
0%*1*53167
0%13*3639
0.125*3%6
071160237
0%1118258
0%106597*
0%1021510
0%¥0963*2)
0*0950567
0%092211?
0%0897287
0.08735*3
0*0656%13
0%*0839323
0%062*55*
0%08112*7
0%079938*
0*0786767
0*0779265
0*0770739
0%076)09°?
0*075616*
0%07%9952
0%07**322
0%07)9226
0*073*613
0*0730%33
0*0726638
0.Cc723191
0*0720059
0*0717210
0*071%617
0%0712237
0.0710107
0.07061*6
0*070636*
0%070%737
0*070 3256
0*0701907
0*0700679
0*0699562

9*06965*8

0¥0697628
0*0696795
0*06960**
0*0693368
0*069*76)
0*069%223
0*06937%6
0%0693327
0%0692964
0*069265*
0¥0692398
00692187
0*0692025
00691911
0%0 69 1S *i
0*0691820

1*0081*50
OMEGA

0*0000000

6*967**24
17*6*097*4
26%5)26068
34*9661760
*3%¥0769%22
50.6251*21
36*17*6562
65*%11272*9
71.6)3671)
77+75030*7
8).470)71*
68.61%*609*
93.60*1706
96 *4625250
10?+6129756
106*8785675
110%661*3)2
114.2%2%5609
117.5611179
120.715*095
123.6618)10
126**36**38
129*0%99568
131.51779*0
133+%850 2169
136.06 7*176
138.1%6672%*
1*0.1321962
1*2.0157030
1*3.80601*2
1*5.509)920
1*7*1315362
1*6.6776506
150.1525266
151.360552+*
132.9057920
154.19200**
155%4226950
156*6011161
137.730)372
156.6132232
159.632*698
160.6306666
161.6102%91
162.7)3%692
163.622528)
16*.*795090
165.306*005
166.1050729
166.6773*%*3
167.62*9281
166.3%*9%672
169.032526*

169.7)56105
170.4001)69

171.0*7*938

171.6789732
172.2956*60
172.69930095
173.4905206
| 7+.0703635
174.6*03610
173.20155)9
175.75%4577
176.3003282
176.8*00632
177%37*5641
177.90%7512
178.4315929
178.9556816
179+%*78 2601
179%9999997

2%¥01%7*00
PHI

179.9999997
81.621*315
73.3860932
65.656%8**
39.0687623
33.1182936
¥7.91)093*
*3.3987732
)9.#863399
36.06837*7
33.1232126
10.3276377
26.2)79*71
26.2079071
24.3977621
22.77*7196
21.3117233
19.966)616
16.7600963
17.677)37*
16.6631306
13.7)25219

14.6701951
14.0702791

1).326029)
12.8)16)70
11.962163*
11.373220*
10.801059*
10.2623861
9.73%3110
9.27*2811
6200369
3693733
9610917
5929725
.27 376*3
6721%%0
.5)69080
2169563
911279+
.6119%06
.3)90727
3.0706746
4.81)569*
4*5685168
4%32699)1
4.10040%2
).6601362
3.6677066
).*62528)
.26%1266
0720)%)
8636026
7050207
3292611

W W wWwo 0oy NN

NN NW W

.336199*

191%166
0283919
.669)8)1
.713*660
5605699
410%0)*
2626%2)
1170%172
.973)502
.8)12925
6906350
5)11*09
.41253%6
27%6474
.1)72)45
.0000000

O 0O OO0 00 OO R RprRrERErRLRNMNDN



THETA

0*0
2*50
5.00
7,50
10.00
12.50
15.00
17.50
20.00
22.50
25.00
27.50
50.00
52.50
55.00
57.50
40.00
42.50
45.00
47.50
50.00
52.50
55.00
57.50

62.50
65.00
67.50
70.00
72.50
75.00
77.50
60.00
82.50
85.00
67.50
90.00
92.50
95.00
97.50
100.00
102.50
105.00
107.50
il10.00
112.50
115.00
117.50
120.00
122,50
125.00
127.50
130.00
132.50

135.00
137.50

140.00

142.50
145.00

147.50
150.00
>52.50
155.00
157.5C
160.00
162.50
16 500
167.50
170.00
172.50
175.00
177.50
160.00

ENERGY 1

4.99993
4.99753
4.99033
4.97637
4.96170
4.94040
4.91456
4.06428
4.94971
4.91096
4.76627
4.72176
4.67163
4.61610
4.56138
4.50170
4.43930
4.37442
4.30729
4.23617
4.16731
4.09497
4.02138
3.94679
3.87145
3.79559
3.71943
3.64321
3.56712
3.49139
3.41617
3.34167
3.26605
3.19549
3.12408
3.05400
2.99536
2.91827
2,65281
2.78908
2,72716
2,66710
2,60896
2,55278
2,49861
2,44646
2,39635
2,34831
2,30233
2.25842
2,21657
2,17678
2.13902
2.10330
2.06959
2.03787
2.00812

1.98032
1.95445

1.93047
1.90639
1.86616
1.66977
L.65320
1.83842
1.82543
1.61420
1.80473
1.79699
1.79099
1.7867Q
1.78413
1.76327

5.00000
ENERGY 2

0.00007
0.00246
0.00965
0.02161
0.03830
0.05957
0.06542
0.11571
0.15028
0.18698
0.23171
0.27820
0.32835
0.38168
0.43856
0.49826
0.56066
0.62555
0.69268
0.76176
0.63264
0.90498
0.97856
1.05318
.1.12850
1.20435
1.26049
1.35671
1.43262
1.50856
1.58377
1.65624
1.73165
1.60445
1.67563
1.94591
2.0 1456
2.06165
2.14711
2.21081
2.27276
2.33281
2.39093
2.44711
2.50131
2.55342
2.60353
2.66159
2.69756
2.74148
2.78331
2.82310
2.86087
2.89660
2.93026
2.96202
2.99174

3.01967
3.04542
3.06942
3.09151
3.11173
3.13010
3.14668
3.16147
3.17443
3.16566
3.19514
3.20269
3,20889
3.21317
3.21575
3.21660

1.0081450

(]

6370862
6373548
6381612
6395066
6413934
6436247
6466049
.65C 3369
6544327
6590928
C.6643266
0.6701430
0.6765505
0.6635567
0.6911780
0.6994192
0.7062933
0.7178119
0.7279671
0.7388302
0.7503534
0.7625660
0.7754850
0.7891174
0.6034724
0,8165603
0.6343886
0.8509643
0.8682914
0.8663728
0.9052090
0.9247979
0.9451341
0,9662100
0.9880123
1.0105269
1.0337330
1,057606*
1,0621176
1,1072341
1.1329153
1.1501169
1,1857692
1,2126756
1,2403163
1.2680436
1.2959656
1.3240640
1,3521954
1.3602924
1,4082641
1.4360127
1,4634394
1.4904401
1.5169116
1.5427435
1.5670323

1.5920665
1.6153433
1.6375546
1.6585953
1.6783678
1.6967768
1.7137308
1.7291447
1.7429387
1.7550456
1.7654009
1.7739473
1.7606427
1.7654510
1.7063478
1.7693154

OO0 OO OO O

OF THETA

4,0038730

j Oor phi

*999,9999999

32,20)1114

1,6185488
5768836
2.1247954
1.0074463
1.5202615
1.3104617
1.1531929
1.0304207
0.9305244
0.8499126
0.7622747
0.7254601
0.6770798
0.6352466
0.5988735
0.5669502
0.5387735
0.5137635
0.4914127
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

N

4713567
4532675
4359196
4220826
.4085705
13962302
.3849325
.374562)
.3650331
.3562541
.3461569
3406717
.3337425
.3273259
/3213731

0,3158451

0,3107089

0,3059320

0,3014877

0.2973400

0,2934906

0,2698973

0,2005471

0,2834231

0,2805114

0,2777961

0,27 5264Q

0,2729064

0,2707094

0,268664)

0,2667619

0,2649937

0k 2633526

0,2616317

0,2604247

0,2591246

0,2579274
0,2568281
0,2558219
0,2549057
2540747
.25)3258
2526569
2520651
2515460
2511038
2507307
2504273
2501926
2500255

.2499255
.249892?

OO0 OO0 OO OO

1.0081450

ONEGA

0.0000000
3.1319413
6.2627865
9,3913278
12.5104967
15.6371437
18.7521055
21.6604334
24.9606368
26.0522771
31.1336616
34,2039079
37.2619450
40.3067136
4J,337 1702
46.3523090
49,3511099
52,3325931
55.2956045
58.2398120
61.1637123
64.0666381
66.9477511
69.806257)
72.6413943
75.452448%*
78.2387506
80.9996791
83.7346632
86.4431854
89.1247824
91.7790513
94.4056455
97.0042821

99.5747399
102.1168604
104.6305522
107.1157828
109.5725968
112.0010875
114.4014224
116.7738326
119.1186085
121.4361005
123.7267250
125.9909496
128.2292940
130.4423362
132.6307021
134.7950660
136.9361505
139.0547156
U I.1515566
143,2275176
145.2834643
147.320300)
149,3389606

151.3403957?
153.3255875
155.2955359
157.2512686

159.1938101

161.1242220

163.0435698
164.9529)01

166,6533757

168,7460)18

170.6319717

172.5123078
174.3881707?
176.2606651

176.1308986

179.9999997

4.0036730

PHI

0.0000000
81.1545339
64,6 282669
84.5651154
83.2761664
62.0483617
80.5316937
78,9980725
77.4740224
75.9533752
74.4092371
72.0872698
71,3557920
69,8351603
08.3245351
66.6173*03
65.3188773
63.8276998
62.3460161
60.6750619
59,41)1968
57.9616009)
56.5218121
55,0911263

53,6741030
52,2689451

50.0759208
49.4954649
48.1273580
4ft, 77%2) 2%
45.432)457
44,1056099
42.7923018
41.4926160
40.2076464
38,9366304
37,0700313
30,437095)
35.2087635
33.9947674
32,7944)31
31.6083644
30.4362316
29,2775687
28,1321617
27,0003064
25.8812785
24, 7746058
23.6807907?
22.5987002
21.5283424
20,40927 70
19.4208540
183830149
17,3652908
10.3309779

15.3278559

14,3272207
13,3348379
12,3499725
11.3722734
10.4011733
9.4)61720
8.4760002
7.5221325
6.5721140
5.6259361
4,6831456
3.743U00
2.8053907
1.8693178
0.9343505
0.0000000



THETA

0*0
2* SO

li

7
10
12
15
17
20
22
25
27
30
32
35
37
40
42
45

47,
SO.
S2.

SS

60
62

65.
67

70
72

75.
7.

60

62.

65
67

90.
92.
95

97
100

M

. SO
.00
.So
.00
.SO
.00
. SO
.00
.SO
.00
.SO
.00
.SO
.00
.SO
.00
SO
00
SO

.00
57.

50
.00
.50
00
SO
.00
.50
00
SO
.00
50
.00
.50
00
50
00
.50
.00

102*50

105
107

.00
.50

1&0.00

112.
115.
117.
120.
122.
125.
127.

130

132.
135.
137.
140.
142.
145.
147.

150

152.
155.

157

160.

50
00
50
00
50
00
50
.00
50
00
50
00

50
00
50
.00
50
00
.50
00
.50
.00
.50
.00
.50
.00
.50
.00

ENERGY 1

9.99990
9*99508
9.98066
9.95666
9.92325
9.66054
9.82871
9.76600
9.69668
9.62104
9.53541
9.44216
9.34167
9.23437
9.12068
9.00107
8.87600
8.74595
8.61144
8.47294
6.33097
6.18602
6.03860
7.88919
7.73829
7.58634
7.43363
7.28119
7.12664
6.97719
6.82661
6.67748
6.53012
6.36465
6.24196
6.10171
5.96435
5.63009
5.69913
5.57163
5.44775
5.32760
5.21131
5.09894
4.990W
4*66629
76609
.69002
59807
51027
42659
.34703

.27155
.20014

.13274
.0e«34

4
4
4
4
4
4
4
4
4
4
4.00986
3.95430
3.90258
3.85466
3.81052
3.77006
3.73332
3.70020
3.67067
3.64470
3.62227
3.60333
.58787
.57587
56731
56217
.56046

w wwVv

10.00000

ENERGY 2

0.00007
0.00488
0.01930
0.04329
0.07670
0.11943
0.17125
0.23197
0.30130
0.37893
0.46454
0.55/82
0.65830
0.76562
0.87928
0.99890
1.12400
1.25401
1.38653
1.52703
1.66901
1.81395
1.96140
2.11079
2.26170
2.41365
2.56617
2.71679
2.87116
3.02261
3.17339
3.32251
3.40988
3.61517
3.75804
3.89829
*+03564
4.16990
4.30089
.4.42840
4.55227
4.67241
4. 78871
4.90107
5.00944
5.11374
5.21395
5.31003
5.40197
5.48977
5.57344
5.65302
5.72849
5.79990

5.96729
5.93070

5.99016

6.04574
6.09744
6.14539
6.18953
6.22995
6.26672
6.29984
6.32936

6.35535
6.37777

6.39670
6.61216
6.42419
6.43272
6.43786
6.43957

1

J

0
0

1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1

.0081450

OF THETA

.6359988
6362667
0.6370784
0.6384296
0.6403246
0.6*27666
0.6*57597
0.6*93089
0.6534201
0.6581001
0.663)564
0.6691972
0.6756315
0.6826697?
0.690)202
0.6985953
0.7075059
0.7170636
0.
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

7272799

.7381667
.749/359
.7619993
.77*9681
.7886529
.8030638
.8182100
.83*0993
.8507378
.8681305
.8862601
.9051667
.92*8465
.9452598
.9664125
.9682950

0108912
03*1810
058140)
0627)96
1079451
1337173
1600119
1667779
2139600
2414967
2693207
2973595
3255350
3537641
3819597
*100269
*373716
*653922
*92%860
5190474
5449687

5701434

5944616
0178167
6401034
6612163
6810570
6995282
7165390
7320059
7458478
7579952
7663654
7769622
7636806
7885052
791*107
7923006

4.

0038730

J OF PH|

*999.
20.

2

2

2
1
1
1
1
1
0
0
0
0
0
0
0
0
0
0
0
0.
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

9999999
2677779

.952369?
.7603119
.2301633
.6125064
.5253994
.3129237
.1537137
.0297995
.9307340
.8492767
.7819848
.7250940
6767074
.6348951
.5084951
.5666397
.5384819
.5134661
4911319

4710878

.453Q195
4366661
4218533
4063453
.3960131
3647261
3743671
3648439
3560727
3479791
.3404992
.33)5774
3271656
. 3212171
.3156946
.3105627
.305 7868
3013466
2972107
.293)574
2697664
2864191
2832961
.260)661
2776751
2751462
2727696
2705945
2665510
2666501
2646836
2632439
2617241

2603178

.2590193

.2576237
2567247
.2557195
.2546035
.2539733
.2532254
.25?5571
.2519656
.2514492
.2510053
.2506326
.2503294
.25009*9
.2499279
.2496260
.2497947

1.0081450
OMEGA

0.0000000
3.1346514
6.268114Q
9.3993296

12.527 1101
15.6503554
18.7679134
21.8706687
24.9815039
28.0753057
31.1569622
34.2314346
37.2915950
40.3383922
43.3707846
46.3877447
49.3662649
52.3713559
55.3360611
58.2814470
61.2066071
64.1106740
66.9928069
69.8522126
72.6801299
75.4996434
76.2866877
61.0480409
63.7633349
66.4920545
89.1737398
91.8279909
94,4544636
97.052879)
99.6230196

102.1647)04

104.6779267

107.162576?

109.6167271

112.046480?

114,4460104

116.6175451

119.1613823

121.4770759

123.7674467

126.0305643

128.2677539

130.4795966

132.6667219

134,8296118

136.9095612

139.0667970

U1.1822667?

143,2568245

145.3113461

147.3467387

149.3639275

151.3638757
153.3475667
155.3160027
157.2702006
159.2112077
161.1400656
163.0576451
164.9656370
166.8645161
168.7555797
170.6399359
172.5186892
174.3929647
176.26386)9
178.1325005
179.9999V97

179
83.
85.
84
93.
82
80
79.
77
73.
74.
72
71.
69
66.
66
65

63.
62

60.
59.
37

55.
53.
52.
50
49.
48.
46.
45,
44

*2.
41,
40.
38.
37.
36.
35.

33.

29
28.
20
25
24.
23
22

.0038730

PHI

9999997
3085976
7*79751

.6*61016

3626431

.0662826
.5592500

01)7895
4747067
9386607
4062420
8670556
3*11689

.8167253

3039170

.795)313
.29)7249

8036601
3211272

8*79647?
3853675

.9331166
4914141

0621927
6440)80
2 378523

.8443493

4638678
0960306
7416361
4008162
0738276
7605487
4613068
1765041

9056910
6492877

4071060
1791244

9653641

.7658966
31.
30.

5803002
4066644

.250698)

1001377

.9746319
.8503020

Y308925

.0570404
.5704189

.5068772

R R, R R RPN
NW F 01 O~ 00O O

=
or

CORLNWAOO -y ®©©

4465841
4011975
.3642745
.337)770
.3200570
3116432
3122274
.3207705
.3366926
.3601823
.3900742
4260231
4075257
5140116
5649677
6198343
6760526
7390679
6023233
.8072751
9333378
.0000000



157.50

140.00

142.50
145.00
147.50
150.00
152.50
155.00
157.50
160.00
162.50
165.00
167.50
170.00
172.50
175.00
177.50
160.0

ENERGY |

19
19
19
19

19
19
17

16

15

14
14

13

12

11

11
10
10

10

9.
9.
9.
9.
9.
9.
8.
9.
8.
8.
8.
7
7.
7.
7.
7.
7.
7.
.
7.
7.
7.
7.
7.
7.
v
7
7.

.99902
.99025
96122
.91300
19.
19.
19.
19.
19.
19.
19.

64501
75992
65575
55370
59455
25630
06621

97601
19.
19.

67609
46130

.25291
17.
17.

99265
74146

49032
17.
16.

21023
95219

64722
16.
16.
15.

35631
06049
76073

.45901
15.
14.

15926
94742

54137
.23596
13.
13.

93396
63022

.33139
13.
12.

03616
74517

45099
12.
11.
11.

17015
90512
63435

37221
11703
196913
62074
10.

30607

17131
9.

95459

74600
54564

35353
16972
99420
92694
66792
51709
37436

23965
11299

99417

68315
77983
69412
59592
51516
44174
37556
31661
26475
21994
10212
15125
12728
11018
09995
09652

20.00000
ENERGY 2

0.00007
0.00976
0.03974
0.08699
0.15415
0.24006
0.34425
0.46626
0.60562
0.76167
0.93378
1.12116
1.32307
1.53666
1.76705
2.00753
2.25953
2.51964
2.76976
3.06776
3.35276
3.64367
3.93949
4.23923
4.54195
4.64671
5.15256
5.45659
5.76403
6.06796
6.36976
6.66667
6.96)80
7.25470
7.54099
7.82181
8.09665
8.3656)
6.62777
6.69292
113063
3712)
.60)91
9.62866
10.04539
10.25397
10.45432
10.64643
10.63024
11.00577
11.17304
11.13204
11.49291
11.62562

11.76029
11.69699

12.00579

12.11680
12.22015
12.3156A
12.40402
12.46479
12.55622
12.62437
12.66335
12.7)520
12.76002
12.91783
12.94671
12.87270
12.88960
12.90005
12.90344

o O o

1.0061450

(&

.63)8268
.6341009
6349176
6362805
6361916
6406546
0.6436733
0.6472526
0.6513990
0*6561166
0.6614192
.6673090
0.6737971
0.6806931
0.686 6074
0.6969506
0.7059340
0.7155691
0.7256678
0.7366419
0.7485033
0.7608635
0.7739341
0.7877256
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

C)OOOOO

o

8022482
8175109
8335215
8502863
6676103
8860956
90514)4
9249506
9455123
9666201
9886616

1.0116216

1.0)50795

1.0592107

1.0839859

1.1093707

1.135)257

1.1616056

1.1687601

1.2161)31

1.2438624

1.2718806

1.3001145

1.3284859
3569108
385)005
41)5624
4416985
4693087
4965688
5233324
5494321

1.

1.

1.

1.

1.

1.

1.

1.
1.5747790
1.5992637
1.6227788
1.6452172
1.6664748
1.6864505
1.7050464
1.7221758
1.7377471
1.
1.
1.
1.
1.
1.
1.

7516845
7639144

7743748
7830101
7897743
7946321
7975570
1.7985340

OF THETA

4.0036730

3 OF PH]

*999.9999999

12.0079722
3.6070657?
2.870935?
2.2649425
1.6220653
1.5262100
1.-3147400
1.1537985
1.0291845
0*929558?

.8484757

0.7610858

0.7243173

0.6758633

0.6)40930

0.5977685

0.5659)87?

0.5378063

0.5128366

0.4905317

0.4705167

0.4524799

0.4361663

0.4213558

0.4078676

0

0

0

0

0

0

0

0

0

0

0

0

0

o

13955533
13642822
.37)9391
3644315
3556723
3475916
13401237
.33)2134
3266102
.3208719
3153577
.31023)6
3034661
.30103)5
.29690)9
12930569
2894717
2861299
.28)0141
2801091
2774000
2740761
2725234
.270)319
2662919
.266394)

0
0
0
0
0
0
0
0
0
0
0
0
0
0.2646308
0.2629939
0.2614767
0.2600720
0.2567765
0.2575825
0.2564659
0.2554625
0.2545681
0.253739)
0.2529926
0.2523256
0.2517)5)
0.2512196
0.2307766
0.2504044
0.2501019
0.2498677
0.2497011
0.249601)
0.2495681

1*0061450

OVEGA

0.0000000
3.1399903
6.2766044
9.4153164

12.548)766
15.6761649
18.7994417
21.9151670
25.0226964
28.12143)0
31.7096890
34.2865657
37.3509690
40.4016296
43.4)60646
46.4586964
49.4626597
52.%489706
55.4166671
58.3648097
61.2924926
64.1986397
67.0830147
69.9442162
72.7616921
75.3947244
70.3826497
81.1448507
63.66076)1
66.5698762
69.2717)6?
91.9259406
94.5521766
97.1501481
99.7196629

102.2605449

104.7727428

>07.2362300

109.7110547

112.1)7)36)

114,6)52460

116.9030261

119.2469820

121.5614788

123.8489417

126.1096422

126.3447221

130.5541657

132.7)881)8

134.8993406

137.0)646)7

139.1510107

141.24)7297

143.3154829

145.3671493

U7.3996416

149.41)0949

1)1.4108703
>63.3915650
165.3569646
157.30608638
159.2460051
161.1717679
163.086429?
>64.9910696
166.R666065
168.77470)4
170.6368876
172.5314695
174.4025499
176.2702577
178.1356595
179.9999997

4.00)87)0
PHI

0.0000000
64.7567063
00.3)77667
63.012664)
68.6520381
62.1009697
60.536733?
79.0205640
77.46622)0
75.9197106
74.37%6441
72.0)84)7?
71.306)847
69.7611)36
66.26706)6
60.7506)97
65.2479)52
63.7550)62
62.26996)1
60.7957)56
59.3)17)08
57.8775119
56.4)50137
55.004769)
33.56574*0
57.1787)20
50.78%00)7
*9.%*02065*
*8.03*6763
*6.680189)
*3.))41260
**.0121550
*2.699103*
41.4002716
40.11)3878
38.8*6*590
37.5895809
36.3*61)09
35.1210517
33.900)5)0
32.709789)
31.525U69
30.35%619*
29.1981086
26.054899*
26.475070

26.808196

24.7040607
2).017)845
22.5327585
21.4648425
20.4067917
19.36259??
16.3274)36
17.3023239
16.2860146
15.200*427

14.2027146
13.2931710
12.3111927
11.3)64027
10.3087705
9.4061720
8.4495775
7.%980463
6.5509790
5.60787*9
*¢66803*4
3.7310%*66
2.796)096
1.0632555
0.9313)10
0.0000000



THETA

0*0
2*50
5.00
7.30
10*00
12.50
15.00
17*50
20*00
22*50
25*00
27*50
30*00
32.50
35*00
37*50
*0*00
42*50
45.00
47.50
50*00
52.50
55.00
57.50
60*00
62*50
65*00
67.50
70.00
72*50
75*00
77*50
60*00
62*50
65.00
67*50
90*00
92*50
95*00
97.50
100*00
102*50
105*00
107*50
110*00
112*50
115*00
117*50
120*00
122*50
125.00
127*50
130*00
132*50
135*00

137*50

140*00
142*50
145*00
147*50
150*00
152*50
155.00
157*50
160*00
‘62*50

65*00
167*50
170*00
172*50
175.00
177*50
160*00

ENERGY 1

50%00000
49*07540
49%90172
49%77929
49%60667
49%39064
49%12617
46%81646
46%46266
46*06700
47%63054
47%15541
46*64363
46*09736
45%51887
44%91052
44,27477
45%61409
42*93106
42.22623
41*50816
40.77349
40.02671
39%27036
38*50669
37*73670
36%96810
36%19735
35%42856
34%66379
33*90492
33*15379
32%41206
31.68133
30%96299
30%25636
29*56663
26*69486
26.23799
27*59685
26%97815
26*37650
25%79441
25%23226
24,69044
24%16914
23*66853
23*16672
22%72974
22%29156
21*87416
21%47743
21*10116
20%74527
20%40951

20*09367

19*79755
19*52091
19*26350
19*02508
18*60543
18*60431
18*42150
18*25678
18*10997
17*96087
17*66934
17.77521
17.69637
17*63672
17.59617
17.57066
17*56216

5C 00000
ENERGY 2

0*00007
0*02466
0*09635
0%22076
0*39136
0*60942
0*67366
1*16360
1*53717
1*93305
2*36951
2*64463
3*35641
3*90269
4%46119
5*06953
3*72529
6*36597
7.06900
7*77185
8*49167
9*22657
9*97335
10.72973
11%49319
12*26136
13*03196
13*60272
14*57151
15.33626
16*09515
16*84628
17*56799
16*31874
19%0)709
19*74173
20%43147
21*10522
21%76210
22%40125
23%0219?
23%62359
24%20567
24%76762

25*30966
25*83094

26*33155
26*81136
27.27035
27*7085?
28*12590
26*52265
28*89690
29*2548?
29*59056

29*90641

30%20253
30%47917
30*73659
30%97501
31*19465
31*39576
31*57661
32 *74331
31*89012
32*%01920
32. 1V., 78
32%22468
32%30173
32%36137
32%4039?
32.4294)
32.4379)

1 0081450

J Of THETA

0%627426)
0.627707)
0%6265446
0%6299416
0%6319011
0%*6344259
0%*637520°
0%*6411691
0%*6454366
0*6502754
0.6557070
0.6617419
0.6663890
0.6756361
0*6635395
0.6921041
0.70150 30
0.7111660
0.7217106
0.7329434
0.7448776
0.7575256

7708967

7850065

7998604

8154690

6318402
6469804

0.

0.

0.

0.

0.

0.

0.6668941
0.8655839
0.9050501
0.9252901
0.9462966
0.9660670
0.9905827
1.0138295
1.0377869
1.0624296
1.0677261
1.1136468
1.1401455
1.167:763
1.1946937
1.2226343
1
1
1
1
1

2509571
2795333
300 3463

337 3022
.3663094
1.3952799
1*4241165

1*4527262
1.4810004

1.5000348
1.5361216

1*5627505

1* 5866108
1*6135915
1*6375827?
1.660474)
1%6821617
1* 7025404
1*7215133
1* 7389862
7548727
7690900
7815669
7922377
6010469
.807V478
6129033
8138873
6168837

N N e i

4 0038730

J OF PHI

#999.9999999

0*6240016
4*0583603
2.9845407
2.2663579
1*8231354
1*5246374
1.3104762
1*1502257
1*0257159
0%9264230
0*6454939
0*7783099
0.'217147?
0.6734470
0*6316496
0.5966641
0.5639362
0*5369286
0*5110468
0*4868346
'.4688993
0*4509362
0.4146854
0.4199361
0.4065062
0%3942441
0*38 30 19)
0.3727210
0%363253*
0%3343)26
0.3464064
0%3)9061%*
0%3321714
0%3257971
0%3198649
0%314)956
0.3092948
0*3046610
0*3001364
0%2960260
0%2921968
0%2686264
0*2853021
0%27822010
0*2793097
0.2766142
0%*2741016
0*2717600
0*2696791
0%2675490
0*2656605
0*2839056
0.2622706
0*2607668

0*%2693698

2360799
2366917
.255B006
2648021
2638927
2330675
2523247
26166009
2310735
2505604
2301196
249/49)
2494487
2492157
2490494

.2409301
.2409171

OOOOOOOOOOOOOOOOO

1 0081450

OMEGA

0.0000000
3.1559575
6.3106973
9.4630177

12.6117002
15.7555480
18.6933726
22.02)9686
25.1461651
28.2587893
31.3606651
34.4507096
37.5277329
40.5906524
43.6)83739
46.6696390
49.6040015
52.6796320
55.6564018
58.6127006
61.5470)00
64.4609090
67.3510961
70.217591?
73.0596)79
75.8765297
76.6676075
81.4322665
84,1699541
86.8001750
89.5624924
92.2165301
94.8419720
97,4)85671

100.0061296

102.5445)17?

105.0537229

107.5337045

109.9645581

U2.40641 77

114*7994846

117*1640269

119.5003763

121%6089126

124*0900904

126*3444061

120* 5724156

130%7747)27

132%9620064

136.1049431

137%2342897

1)9.3408326

141%*425)972

143*46804)0

145.3320604

147.5559734

149%3615261
151.5497044
163*3214960
155.4779150
167%4200019
139*3468006
161.265)644
163*1708220
166*0661938
166*95276076
166*8311622
170*7029004
17?2*%5691520
174.4)08)97
176.2691337
178.1450994
179.9990997

4 0030730

PHI

179*9999997

00*6801080
86*4946063
86.1767769
83*6466914
82*0852499
80*5232160
76*967)681
77%3964226
76*8)79269
74%2647)79
72*7377966
71*1969699
69*6630590
66*1)66079
66*6190239
66*1099142
63*6099646
62%1199)06
60%6)99664
59*1710)16
57*%7130266
56*2667284
54%8)22864
53*%4103721
52.0011)47
50*6049939
49* 2221631
47%85296)1
46*4976691
46*156)962
43%0294)9?
42*%5169)2)
41%2169403
39.9)55877
38+6609?46
37,4129826
36.1737667
34,949197)
33.7)92204
32%64)7570
31*3626002
30.1966486
29.0426604
27.90)4119
26.7776802
25,665167)
24,56552)9
23.4784003
22.40)6146
21.34062009

20.26906)6
19.2405224

18.2165769
17.1967757

16.16665)2

15.1877)36
14.1965268
13.211329)
12.2362)36
11.2661260
10.30)6698
9.347333)
8. 3963,90?
7.4506796
6.5096600
5.572)697
4.6)64641
3. 707 )752
2% 7706469
1.6514146
0.9254100
0.0000000



TMETA

0

.0
2.

50

5*00
T»I10

10.

12

17

22
25
27
30
32

37
40
42
45
47
30
32
35
37
60
62
65
67
70
72
75
77
60
62
65
67

92
95
97

100

102

105

107

110

112

113

117

122
125
127
130
132
135
137
1*0
1*2
1*5
1*7
150

155
157

'62
*65
167

172
175
177

00

.50
15.

00

.50

.50
.00
.50
.00
.50
35.

00

.50
.00
.50
.00
.50
.00
.50
.00
.50
.00
.53
.00
.50
.00
.50
.00
.50
.00
.50
.00
.50
90.

00

.50
.00
.50
.00
.50
.00
.50
.00

.50
.00

.50
120.

00

.50
.00
.50
.00
.50
.00
.50

.00
.50
.00
.50
.00
152.

50

.00

.50
160.

00

.50
.00
.50
170.

00-

.50
.00
.50
160.

00

ENERGY

99.
99.
99.
99.
99.
98.
98.
97.
96.
96.
95.
9*.
93.
92.
90.
89.
66.
66.
66.
6 *.
62.
81.

09900
9*9*3
79625
5*709
19710
7*996
20770
57291
8*6*2
03761
1*406
17176
12503
00817
82652
584**
28726
9*011
5*636
1172*
65220
156*7

79.6*13*

78.

10693

76.55729

75.
73.
71.
70.
66.
67.
65.
64.
62.
61.
59.
56.
57.
56.
54.
53.
52.
50.
x9 .
*6,
*7.
*6 .
x5
x4
*3 .
*31
*2’
*1 .
*O’
x0.
39.

36.

00030
43970
66000
32551
78033
2*83*
73312
23805
76619
32040
9032~
5170*
16387
8*65*
36365
3195*
11*38
9*908
82*43
7*098
6991*
69920
74128
82640
95146
11927
32869
37907
67033
20196
37345

96*36

38.*3*17

37.

92239

37.*48*8

37.
36.

01198
61236

36.2*923

35.
35.
36.

35.
3*.

92209
63053
37*24
16280
96596

34.013*5

34.
34.
34.
34.

69605
61060
56998
54311

1

100.00000

ENERGY 2

0.0000*
0.05052
0.20169
0.46265
0.60283

1.2*998

1.7922*

2.%2703

3.16162

3.96237
*+85592

5.82816

6.87*91

7.99161
9.173*5
10.%1560
11.71272
13.05986
1*.*6163
15.86270
17.3%778
18.6%161
20.3686*
21.89*05
23.%*%2609
2%.99968
26.56026
26.11998
29.67%*7
31.21966
32.75163
3%*.26666
35.76197
37.23383
38.67961
*0.09676
*1.%6297
*2 . 6561*
**.16**9
*5 %3636
46.680%6
47.88366
49.05094
60.17560
51.26906
52.30068
53.30082
54,268, 4
36.174J4
56.0*859
56.68076
57.671%*
58.42097
59.12971
59.79610
60.42669
61.01367

61.66586
62.07764
62.55157
62.98606
63.38768
63.75082
64.07797
64.36962
64.62682

64.8*725
65.03411

65.18662
65.30601
66.36946
66.4*009
66.45693

1.0061450
J OF THETA

0.6170450
0.6173351

0.6162069
0.6196568
0.6216962
0.6243213
0.6275385
0.6313627
0.6357700
0.6*07972
0.6*6*420
0.6527129
0.6596190
0.6671700
0.6753766
0.6842*96
0.6938002
0.70*0*06
0.71*962*
0.7266361

0.7390193
0.7521362
0.7660069
0.7806338
0.7960316
0.8122087
0.8291727
0.6*69302
0.866*868
0.88*8*17
0.90*9979
0.9269621

0.9*76961

0.9702271

0.9935261

1.0175761
1.0*23622
1.0678519
1.09*016*
1.1208196
1.1*82196
1.1761689
1.20*61*6
1.233*973
1.2627520
1.2923079
1.3220879
1.352009*
1.38198*5
1.4119199
1.4*17178
1.4712766
1.500*877
1.62924*6
1.55743*6
1.56*9444
1.611659*

1.6374651
1.6622476
1.68589*7
1.7082968
1.7293476
1.7489455
1,7669940
|.7834028
1«7980806
1.8109761
1.8219982
1.8310972
1.83622*9
1.8*33436
1.8464258
1.8474660

4,0038730

J OF PHI

*999.9999999

¥e9431121

1794197
.0030732
2617237
.81*9831

5180405
3031367
.143%353
.0)96361

.9209301

.840*766
.77370%8
717*631

.669%886
6281529
5921938
5606669
5326399
5061228
4860499
*662*50

*48%012
.*322693
0**176080
0«*0*?266*
0.3920691
0%3809413
0.3707130
0.3611115
0.3526617

0.3446621

0.3372796
0.330%466
0.3241202

0.3162506
0.3126013
0.3077377
.3030289
2986*71
2945673
2907667
2872263
2839242
.2808%67
2779776

OOOOOOOOOOOOOO}—\HH}—\HI\)Q)&

2753027
2728096
270*863
266322*
266 3081
264*3*5
2626934
2610773
2695795-
258 1937
25691*1

0
0
0
0
0
0
0
0
0
0
0
0
0
0.
0

0.

0

0.

0.

0.256735*
0.2546510
0.2536626
0.2627601
0.2519%21
0.2512053
0.2 50 5%60
0.2%*996*3
0.2¥94651
0.2*90181
0.2*86508
.2%*83622
2*81211
2*79567
.2+78681

0
0
0
0
0.2*78255

1.0081*50

OWEGA

0.0000000
3.182*003
6.363*676
9.5*1925*
12.7165102
15.8866796
19.0*87783
22.2039297
25.350073*
26.4869563
31.610)666
34.7220749
37.6199007
40.9026846
43.9692810
47.0186760
60.049496*
63.060989"*
56.0620*37
59.0216623
61.96897**
6*.69 302*0
67.7929867
70.6680611
73.5174966
76.1405966
79.1367150
61.9052689
64.6467258
07.3676177
90*0405365
92.69*1168
95.3101387?
97.9123272
IQO*A705556
103.0107364
105.61*86*2
107.9889610
110.*131687
112.8476597
116.2)26/63
117,5886275
119.9156827?
122.2142614
124.*850531
126.728*97*
128.9451830
131.13575*3
133.3008967
136.**13480
137.5678828
139.661113*
1*1.722*966
1*3.772 1078
1*5.8016708
1*7.81162*6
1*9.8028376

151.77660%*
153.7)30)83
165.676571*
167.6028%66
169.5167369
161.¥18311)
163.3086689
165*1888900
167.06008*%6
168.92)386*
170. 7790839
172.6)07273
17*** 77016*
176.3199387
170. 1605462
179.9999997

*«0036730
PM|

179.9999997
87.6763617
86.7022369
85.1833095
83.5992058
02.016*911
00.¥288915
78.8*85087
77.2690423
76.695%161
74.1278026
72.6668121
71.J127397
09.4660161
67.9278666
66.3987079
6*+8789655
61.3691418
61.8698691
60. 1616401
68.90470Q0
67,4399080
66.907%04)
6*.5*77062
5), 1210966
61.7079666
60.10861*7
*8.9213777
47 .552%646
40.196101?
**e0545170
41.5278029
¥2.2102801
*0*9198557
39.6386601
38.3727186
37.1220075
35.00062*0
34.006101 *
33.4009021
32.2705206
11.0948041
29.9338161
28.78707%2
27.6644076
26.6365*7?
26.4301703
21.)3*973*
-71.230578*
22.1916206
21.1 167110
20.093%261
19.0613337
18.0199895
17.0289278
10.0276718
15.01673*3
1*.05720097
13.0777907
12.1107611
11.1509729
10.1979116
2510126
.30976%6
.373619)

4419604
.61*30 60

5900175
6686106
7494176
8320151

.91670*5

.0000000

O O R, NP Dol O O



.0J

.50
.00

.50
.00
.50
.00

.00

.50

.50

.00
.50

.00
.50
.00

.50

.00

.50
.00
.50

.00

.50
.00
.50

.00
.50
.00
.50

.00
.50

.00

.50
.00
.50

.00
.50

.00
.50
.00
.50
.00
.50

.50
.00
.50
.00
.50

.00

.00
.50

.00

,50
.00
.50
.00
.50
.00
.50
.00
.50

.00

.50

.0C
.50

.00
.50
.00

ENEWGY 1

999.vV999*
999.26569
997.06840
*93.42447
988.36083
981.91462
974.13249
965.07002
954.79u60
943.36480
93,.869j2
917.38474
902.99711
887.79409
871.86534
859*30119
836.19143
82J.62379
8J2.68894
784,46720
766.040 12
747.48672
728.87815
710.28348
691.76644
673.38590
655.19579
637.24511
619.57788
602.23349
585.24650
568.64712
552.46130
536.71092
521.41417
506.58561
492.23669
478.37570
465.00839
452.13796
439.76538
427.88971
416.50828
405.61691
395.210009
385.28122
375.82282
366.82669
358.28393
350.18530
342.52122
335.28190
328.45750
322.03816
316.01414
310.37588

305.114C2
300.21954
295.68382
291.49856
>87,65593
284.14864
280.96981
278.11 319
275.57295
273.34392
271.42148
269.60169
268.48108
267,45684
266.72680
266.28941
266.14372

1000.00000
ENEHGY 2

0.00004
0.73429
2.93158
6.57551

71.63915
18.08535
25.86745
34.92996
45%20934
56.63518
6V.13.92
82.61524
97.0j287
112,2005
128.13464
l4fc,6v884
161.80854
179.37485
197.31101
215.53274
233.95918
252.51316
271,12175
289.71642
308,23346
326.61401
344,80412
362.75480
300.42203
397.76642

414.75341

431,35278

447.53861

463.78895

478.58574

493.4U25

507.76321

521.62416

534,99147

547.86194

560.23449
572.11015
58 3r 49159
594,38296

604,78978

614,71866

624,17701

633.17318

641,71594

649,81453

657,47865

664,71793

671,54233

677.96167

683.98569

689.62399

694,88585

699.78032
704,31605
708.50130
712.34390
715.85119
719.0)002
721.08668
724,42692
726.66595
728.57834
730.19814
731.51879
732.54302
733.27303
733.71042
733.85611

1.0081450

J OF THETA

0.4754141
0,47505t>2
0.4771832
0.4793978
0.4825043
0.4865087
0.4914186
0.4972433
0.5039936
0.5116817
0.520)215
0.5299278
0.540516V
0.5521062
C,564 7139
C .5783591
0.5*30616
0.6088416
0.6257197
0.6437164
0.6628522
0.6831471
0.7046202
0.7272900
0.7511732
0.776285?
0.9026390
0.8302451
0,8591114
0.8092421
0.9206377
0.9532942
0.9072029
1.0223498
1.0587148
1.0962716
I.1349870
1.1748203
1.2157230
1,2576386
1.3005018
1,3442304
1,386765.
1.433989)
1.4798089
1.5261128
1.5727803
1.6196816
1.6666780
1,7136252
1.7603670
1.8067433
1.8525670
1.8977265
1.9419855
1.9851851
2.0271449

2.0676847
2.1066229
2.1437840
2.1789944
2.2120856
2.2428973
2.2712764
2.2970804
2.3701774
2.340*479
2,3577857
2.3720993
2.3833126
2.3913656
2.3962147
2.3978340

4,0036730

*999

J OF PM|

9999999

8.0663808
1327779
.7629398
.075284°?
.6628625
.3883143
.1925584
1.

4
2
2
1
1
1

0
0
0
0
C
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.
0.3074277

0461058

.9325141
.8419394
.7681052
.7068329

.6552269

6112166
.57)2924
0

5403104
5114027

4858919
.46)24)9
.4430304

4249049

.40856)6
.3936319
3804541
3682653
.3571064
3470382
3377387

3291997

.3213446

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

3141068

3012559
.2955450
.2902568
.28535)3
.2808031
2765774
2726504
2689990
2656021
2624407
2594976
2567573
2542055
2516293
2496170
2475577
2456416
2438596
2422041

2406668

.2392417
.2379210
.2367005
.2355743

.2)45378
.2335865
2327165
2319247
.2)12064
.2305603
2299831
2294726
2290267
2286436
2283223
.2280609
2278587
22771472
2276286
2276000

1.0081450

0*EGA

0.0000000
3.6252969
7.2%74135

10.6632676
14,4697558

16.0636377
21.6425626
25.2030317

28.7424982
32.2582919
35.7478846
39.2088938
42.6390741

46.0363299
49.398733)
52.7245116
56.0120527
59.2599105
62.4667995
65.6)15904
68.7533155
71.8)11533
74.8644281

77.8326098
80.7952962
83.6922266
86.5432475
89.3483289
92.1075508
94.8210921

97.4892285

100.112)302

102.6908420

105.2252948

107,7162921

110.1644970

112.5706)97

114,9)55090

117,2599457

119.5448)02

121.7010983

123.9997166

126.1716969

128.3080727

130.4099130

1)2.4763117

1)4,6143802

136.6192644

138.404 1079

140.4400040

142,3383/01

144.2501619

146.116655)
147.9590572

149.7785747
151.5764296

163.35)83? 7

155.1119983
156.8521559
158.5755030
160.2832787
161.9766764
163.6569202
165.3252095
166.9827*76
160.6307527
170.2704057
171.9029173
173.5294834
175.1512699
176.7695062
178.3853434
179.9999997

4.0038730

PHI

179.9999997

88.0508121
86.19)1737
84.3061239
82.4200636
80.3411328
78.6716178
76.81)4207
74.9686625
73.1387645
71 3254333
69.3300110
67.75)8905
63.9902644
64.2641928
62.5526461
60.8646162
59.2007168
57.56160)8
55.9470)91
54,)598?46
52.7978968
31.2622911
49.73)1529
48.270545)
46.8144392
43.3848112
43.9814360
42.6041801
41.2527352
39.926001)
38.6260260
37.3500161
36.096)4)5
34,8705407
33.6661)90
32.4645608
31.3253246
30.1878516
29.0715668
27.9758792
26.9001827
25.64)8628
24.806290)
23.7668355
22.7846966
21.7997800
20.8308641
19.8774964
16.9)90)02
16.0148135
17.1042040
16.2065477?
15.121)989
14,4475131
13.3846326

12.7)23729

11.8900411
11.05662)6
10.2)16942
9,414ft2*?
8,6047961
7.6015867
7.004)091
6,2125051
5.4255708

4,6427)80
),06)4041

3.08721)1

2.31)3221
1.5412D2

0.7702954
0.0000000



THETA

0.0
2.50
3*00

10.00
12.50
15.00
17.50
20.00
22.50
25.00

27.50.

30.00
32.50
35.00
37,50
40.00
42.50
45.00
47.50
50.0
32.50
35.00
37.30
60.00
62.50
65.00
67.50
70,00
72,50
75.00
77.50
60,00
62.50
85.00
87.50
90.0
92.30
93.00
97.30

100.00

102.50

103.00

107.30

110.00

112.50

115.00

117.30

120.00

122.50

125.00

127.50

130.0

132.30

135.00

137.30

1%0.00

1*2.50
1*3.00
1*7.50
150.00
152.30
155.00
157.50
160.00
162.50
165.00
167.50
170.00
172.50
173,00
177.50
160.00

ENERGY 1

9999.99952
9969.76096
9880.09397
973*.05253
9516,**525
9293.45*23
9012,18)61
8700.19365
8365.06379
801*.0*377
7633.77190
7290.10094
6926.02027
6571.63125
622*.18360
5868.15752
3565.33653
5256.92701
*963.6*793
*683.62619
**23.4791%*
*176.38760
394*.15636
3726.26*54
3522.10600
33)1,021*1
3132.32)55
2985.31607
2829.30802
2683.62)99
25*7.61136
2*20.6*610
2302.13393
2191.31)78
2088.25767
1991.87059
1901.88935
1817.88303
1739.4*935
1666.21*88
1597.8)289
1533.98193
1*7*.36395
1*16.70301
1366.7*359
1318.2*%948
1273.00207
12)0.79933
1191.45*68
1154.79577
1120.66343
1088.91086
1039.40286
1032.01*79
1006.63193
983.14896
961.46911

9*1.30398
923.17246
906,*0098
891.1223%*
877,27595
864.60696
853.66681
8*3.81171
835.20331
827.80653
821.59873
816.55016
812.64332
809.86325
808.19957
807.64562

10000,00000

ENERGY 2

0.00011

30.23629

119.90551
265.9%680
463.55*30

706.54508
987.61556
1299.80572
1634.93361
1985.95364
23%6.227%7
2709.89646
3071.9791~
3428.36612
3775.81380
*111.84166
*434.66291
*7%3.07239
5036.351*6
5314,17)21
5576.52930
5623.61184
6055.643009
6273, 7)48 7
6*%77.69)44
6668.97611
6847,67562
701*.68)56
7170.69127
7316.375%5
7%52.3860%
7579.35336
7697,86567
7808,%8555
7911,7%166
8006.12870
8098.10974
8182.1165)
6260.55028
8333.76464
8*%02,166*4
8%66.01755
8525.63560
8561,29628
86)3.25589
6681.74965
8726.99760
6769,19997
8808.5%495
6845.20367
6879.33590
6911.08876
0940.59681
8967.98477
8993.367*1
9016.85052

90)8.53022
9058.49554
9076.82695
9093.59856
9108.87711
9122.7236%*
91)5.19256
9146.33267
9156.18792
9164.79632
9172.19103
9178.400 71
9183.4*923
9187.35631
9190.13612
9191.79984
9192.35379

1.0081*50
J OF THETA

0.1%42702
0.1*5068*
0. 1%7*747
0.15152*6
0.1572765
0.1648118
0.1742)37
0.1856665
0.1992541
0.2151594
0.2)35622
0.2546580
0.2786560
0.3057774
0.33625)6
0.370)237
0.40823)0
0.45P2303
0.4965662
0.547*904
0.6032*96
0.66%06)9
0.'.302329
0.8019151
0.879)443

0.9627182
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