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SCOPE AND CONTENTS: 

This thesis presents a study of experimental evidence 

for the depth of the tensor force in the region 1.5 to 3.0 fms., 

assuming the One-Pion- Exchange Potential (OPEP) beyond. The 

interest in this question is related to the fitting of a velocity 

dependent potential, for radii ( 1.5 fm., for use in many-body 

calculations. The method employed is to examine effect on the 

observables of tensor forc e splitting in the phase-shifts for 

proton- proton sca tt ering . It was found that the data favour a 

t ensor force very close to the OPEP in the region studied. 
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PREFACE 

The remarkable binding between the neutrons and protons, 

in spite of the well known coulomb repulsion among the electrically 

positive protons, is not very well understood. However, now a 
~.~ 

considerable prognP~~~· on record and the inter-nucleon forces are 
-~ 

being understood more and more. 

Obviously the inter-nucleon forces have to be stronger than 

the coulomb forces. Their range has to be considerably shorter 

than the atomic dimensions to preserve the definition of the nucleus. 

This follows the o(-scattering experiments of Rutherford in 1911 0 

The nuclear force range is believed to be about 2 fms. Further, 

a knowledge of the per nucleon binding energy reveals the 

saturation of nuclear forces. Also, the~ are evidences for the 

charge independence of the nuclear forces meaning that the purely 

nuclear forces between any two nucleons in the same spin and 

angular momentum states are equally strong. 

More information about the inter-nucleon forces comes 

f th t d f th t b d . t t • ( 25 ) b th . th rom e s u y o e wo o y ln erac lons , o ln e 

negative and positive energy states. But, since the nature of 

these forces is not definitely known at least for distances less 

than 1.5 fms. 9 phenomenological potentials are constructed to fit 

the experimental data. These potentials involve an infinitely 

repulsive core of radius 0 0 4 to 0.5 fm., a central force, and a 

tensor force. A short range (~ 0 0 8 fms.) but strong spin-

orbit force is also included at higher energies in linear as well 

as quadrati c forms . All po~entials are of different strength 
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in the different spin and i-spin states. The strength, of course, 

is a function of distance and even changes sign in s ome cases; 

e . g. the triplet central odd parity potential is weakly repulsive 

outside about 1.5 fm., strongly repuls ive inside the hard core, 

and attractive in-between. Some of the realistic potentials are 

those given by Feshbac:~ and 
(26) (27) 

Loman , Hamada and Johnston , 

B · t( 2S) d b G l d rel , an y amm e an Thaler(l3). 

As an alternative to the hard core potential the boundary 

d •t• d l(l4) . t d . h" h b d l con l lon mo e lS sugges e , ln w lC a oun ary va ue 

consistent vl i th the experimental data is imposed on the logari thimic 

derivative of the wave-function at the hard core. But both of these 

potentials present considerable difficulties in the perturbation 

theory used in calculation of the properties of complex nuclei. 

because the hard core means a sort of discontinuity while in the 

other case the potential is not known in the region of hard core. 

To get over t his difficul ty attempts have been made to construct 

the velocity dependent(~q) potentials. 

In application to nuclear matter, the convergence of 

perturbation theory is very dependent upon the ratio of central 

to tensor f orces in the potential. In the two body problem 

this ratio is not well determined either by the deuteron or by 

low ener gy data . The tensor forces fir s t contribute in the 

second order perturbation theory; if tensor forces are strong the 

second order ter~s are quit e comparable with the first order ones. 

Since it is generally accepted that t he interaction V is 

asymptotically equal to OPEP the potential models include a 

(iv) 



strong tensor force, particularly if t.hey agree with OPEP at r a a 

short as 1.5 fm. 

( ) -x . 
V Central "' e / X! x being distance parameter. If the tensor 

interaction were substantially weaker t han the OPEP out to 3 fms., 

a potential with an over all weaker tensor force would result . 

It has 9 therefore, been interesting to investigate the evidence 

for V(Tensor ) = V(OPEP ··-Tensor) in the r ange r = 1.5 to 3 fms. 

Although the deuteron state is more interesting from some 

points of view , this work is restr icted to the triplet odd (T=l) 

states, sinc e the P- P data are more accurate. These states have 
I 

a high statistical weight in nuclear mattero For scattering at 

300 MeV (k ~ lo9 fms.) the ,eth partial wave is mainly scattered at 

radii ~ JET£ +1)/k. For the range under consideration, this 

means L :::: 5 partial waves. I . h h"ft 1 . (l?),(lB) n accurate p ase s 1 ana ys1s 

of the scattering data, the L = 5 waves are, in fact, given OPEP 

phaseso The effect of weakening the tensor force on the J = 6 

coupling parameter is also considered. 

I gratefully acknowledge the guidance and encouragements 

I have always received from Dr. Dona ld \v. L. Sprung. For financial 

support I am very much indeh,_,t ed to the Physics Department of 

HcMaster University and to t he Government of Ontario. I wish to 

thank Miss Maureen Hurphy for typing this thesis . 
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CHAPTER I 

?ROTON-PROTON SCATTERING 

Density Jlia trix for P-P Ensemble; 

'rhe spin state of a pr oton can be completely described 

by a spi nor of two components each being proportional to the 

probability of the proton being in one spin state. The spin 

state, a t any instant, of a beam of protons can be described by 

considering a statistical mixture of the two substates, 1¥
1

) and 

I¥), 1t1hich make a complete set of orthonormal functions in the 

t wo dimensional proton spin space . If the respective weights of 

the substates be W
1 

and w
2 

such that each of theW's is ~ O, and 

= 1 
' 

the ex~~ value of t he spin operator, ~, (or any operator in 

gener al) along the axis of quantization is given by: 

where 

( U) - Polarisation, ~ -b eam-

p 

= "' w (¥ 1 u 11¥ > I (¥ I ¥ > L...nn n n n 

= 

1 

Tr(pq-)/Tr( P ) , 

2 

2: 
n=l 

W .R(1f ), 
n n 

(1) 

(2) 



and R(~ ) is a projection operator in the spin space with 
n 

properties~ 

= 

l1i t:1 the cho3en normalisation it is obvious from (2) that 

2 

Tr( p) _, W
1 

+ W
2 

= l = Beam Intensity. (3) 

Tnerefore~ equation (1) becomes 

(g )beam = Tr CPQ} (1') 

The P defined in equation (2) is called "Density Hatrix"o 

It is evidently a 2x2 hermitian matrix and has a pure discrete 

spectrum of eigen-values W
1 

and W2 ; 

w l '¥ ) 
n n 

and, therefore, 

('i' I PI~ ) = wn )1 o. n n 

As a general rule physical state of a system in a space 

of N dimensions can be completely known in terms of the expectation 

2 values of a complete set of hermitian operators, N in numbero 

TI1es e ~ measurements define as many relations, like (1), which 

can be solved to find p of the systemo Once the density matrix 

is known expec t ation value of any operator follows from the 

i equation (l ) o The density matrix of a system can, t herefore 9 

be taken to contain a complete information of the systemo 

In the spin space of protons p can be expanded in terms 

of a compl ete set of 2x2 linearly independent and hermiti an 
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matrices oJJ.. A convenient choice is the unit matrix 1, and the 

three components of the Pauli matrices ff • n~ Is are normalised 

s o that 

Tr( nil- n" ) = (4) 

Therefore, us ing (l) 

< nJL> beam = 

p = < nf> !f: (2 1
) beam • 

In proton-proton scatterings any arbitrary spin state is 

a linea r combination of 2
2 = 4 basic states of the composite system 

of beam and target protons. The density matrix describing the 

spin properties of a p-p scatt ering is, therefore, a 4x4 matrix in 

the combined spin space of the two protons. Equations (1 1 ), (4) 

and (2 1 ) now read, before collision, as: 

< tT ) = Tr(p~) (5) 

TrCr/'~ l 
011-" (6 ) = 4 

l 
4 

<rt: > rt-• p = i.l ~ (7) 
/';:.J. 

where n,J't s constitute a complete set of 42 
= 16 mutually 

orthogonal, independent , and her miti an matrices, anfA.p, EO'H 1 

describes the p-p system com~let ely , before collision. 

If the 16 fJ!' 1 s are obtained as a simpl e product of the 

matrices 1,g' for the b eam protons a nd 1, g_2 fo r the target protons, 

the equation (?) becomes : 

p = fT 2J.) • 0" ~ f1' 2 
l. j 
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or, 
l 3 2 pl p2 (j2 0'~ p - l + !£ + + .l,;. c .. (j . , (8) - . - 0 ~J ~ J I,J 

where the definition of polarisation ~ is used and the coefficients 

C . . are defined. m 0 s are the components of ~ along a suitable set 
~J ~. 

of three orthogonal directions !:!,, ~' an· p. The usual choice is: 

N = ~~ 1/sin9 9 ~ = (~ 0 -~)/2sin ~' and~= (~+~')/2cos ~ ; where 

k and k 1 are the unit vectors in the directions of incident and 

scattered protons in lab system a nd 8 is the center of mass scatter·-

ing angle. 
, ~aattered Proton 

Proton 

N is orthogonal 
to the plane of 
scattering. 

The C . . 's are the spin correlation coefficients measuring the 
l.J 

average expectation value of the spin of the proton l being in 

the i direction in correlation with the average expectation value 

of the spin of the proton 2 in the j direction. However, before 

collision it is rather hard to conceive of the C .. 's. 
~J 

Scattering Matrix: 

A two proton ensemble can be found in either of the 

~ 
four possible spin states. It can be describe~4 dimensional 

spinors, say)( and )(
1

, before and after collision, respectively. 

A general X can be written as: 

4 
X =! 

i=l 
a. <1>-:' J. _.. 
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where a. i s the amplitude of the ~th spin s tate in the incident 
~ 

plane wave , and 

( ~ l· (! l ¢1 = ¢ - etc. 2 -

The spin s tat e before a nd after the scattering need not necessarily 

. be the same . One can work out a scattering matrix M in the combined 

spin space of the t wo protons that will affect every initia l spin state 

( describ ed by p ) a nd will contain complete information of the p-p 

scattering. \volfenstein(l), ( 2 ) has defined theM as follows: 

4 
= }: 

j=l 
M .• (9,¢) a., 
~J J 

where fi( 9 , ¢ ) is the amplitude for scattering in the spin state ¢i 

at an angle 8,¢. 
I 

Elements M . . of H depend on the momentum vectors k k 
~J - ,_ 

and on the spins of the two protons. The ba s i s states ¢. can be 
~ 

taken to be either s i nglet-triplet states or the spin-spin states . 

While talking of the phase shifts it is convenient to use the 

singl et triplet r epresent ation in vJhich the elements of X r epresent 

amplitudes and r elative phases of t he singlet state (S=O) a nd the 

three tripl et states for S=l, m = ± l, 0 of the two proton system . 
s 

The H i s of the form 

' fTt 

m 
s 

s 

l 

0 

-l 

s 

M 
ss 

0 

0 

0 

l 

0 

0 -1 

0 0 

(9) 



where M is the singlet scattering amplitude, and ss 

6 

(10) 

The zero elements in M signify t hat there is no connection 

between the singlet and triplet stateq. This follows from the 

parity conservation and the char ge independence* of nuclear forces. 

Conservation of the angular momentum and parity demand the 

invariance of M under rotation and inversion of the space co-ordinate 

axes, respectively. Also, so far as the pure elastic scattering is 

concerned, behaviour of M should remain unchanged under a time 

reflection. 

It is particularly useful to think of M in the spin-spin 

r epr esentation whi le dealing with observables. Wolfenstein and 

Ashkin(Z) have given a most general form of theM as follows: 

Mq~, ~ ' ) = a+ic ( ~ + .Ez) .!:! + m( !;!1 .!:! ,9"z .!:!) + 

(g+h) ( ~1 o!: .!'z o!:) + (g-h)( ..!'1.~ .!'z .~)' ( 11) 

where the notation used is that of Phillips(3), which differs 

from the Wolfenstein 1 s (Z) in having ic in place of c** . 

* 

In fact the charge independence makes sense only in the 

neutron-proton scattering where the states with T=l as well as 

T=O are allowed. 

** 

The term D(£rl- lrz).~ appearing in the reference (2) 

has been left out to prevent: a mixing of the singlet and triplet 

states. 
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N and ~ are axial vectors while !S anc f. a re polar vectors. 

Polar vectors change sign under a space inversion, while only 

K remains invariant under a time reflection. Therefore, to 

keep (11) invaria nt under space rota tions, space inversions, 

and time reflections, the co effici ents a, c, m, g, and h have 

to be invariant under these transforma tions. These coefficients 

2 a re functions of the scalers k (energy) and ~o~' (c.m. scattering 

angle, 9). 

M of (11) is again a 4x4 matrix operating on the 

4 dimensional spinor X • The elements of )(, in the spin-

spin representation, ar e the states with spins for the two 

protons 11' t~ ·~ il' ,:tnd ~. These are the states 1,1 

(s = 1, m = 1)' ( 1, 0 +·ts)/ ./2, (1,0 - ss)/ ~ 
s 

(1, 0 = s = l, m = 0 
s ' 

while ss represents the singlet state 

s = 0, m = O), and 1, - 1 (s = 1, m = - 1), respectively. 
s s 

One can go from spin- spin to singlet triplet representation by 

means of an unitary operatoro 

ss 

1,1 

1,0 

1, - 1 

XC singlet­
triplet) 

0 l/..r2 

1 0 

0 l.fl 

0 0 

u 

- 1. 0 1,1 

0 0 
12 

l/2 0 
1 1 0 - ·SS 

J2 

0 1 l,-1 

Xc . 
sp~n-

spin). 



It is obvious that U is a unitary operator, since it satisfies 

+ ::.: uu - 1 

Also, one can write (11) as a matrix 

= u+ M u 
(eq . lO) 

tt i! ~t 
Mll MlO/ rc_ M10~ 

M +M M ~M 

M01/J2 
00 ss 00 ss 

2 2 

= M ·~M MOO+Mss 
MOl/ ../"! 

00 S/3 ----2 2 

u 
Ml-1 

Mo-1/12 

M0~1Jr2 

M - 1-1. 

iJ, 

8 

Putting M of (11), with~ in the positive z direction~ in (10) 

it follows (e.g. M
11 

::: a + g + h cos 9 in Appendix A) that: 

6 1 0 -1 m 
6 

s a-m~2g 0 0 0 

0 a+g+ lCOS9 >./2e -icj> ( c+hcos9) 2icj> 
M= 1 e- (g-m-hcos9) 

0 0 i ../fc.. ~ ( lJ.; in 9-c ) a+m-Shcos9 r/2e -i<l> ( c-hsin9) 

-1 0 e2:i'~ ( g~<Jtt-·hc os9 ), ~eicj> ( c+hsi.n9),a+g+hcos9! 
(12) 

The following symmetries amo:r.g the elements of M are obvious: 
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Mll M 
-1-1 

Ml-1 ( 8,¢) = M-11(8,-¢) 

Ml0(8,¢) = -M-10 ( 8' -¢) 

M01(8,¢) = -MO-l ( 8'-¢) t 

a nd the useful check relation 

(14) 

""' t . ( 13) f . t t . ( 2 ) d Lqua lons are a consequence o parl y conserva lon , an 

(14) follows after the condition of invariance of M under the 

(2) 
time reversal • 

From equations (12) the M .. can be r ead in terms of 
lJ 

a, c, m, g and h. By solving these relations it follows that: 

1 
( 2 Mll + Moo + Mss) a = 4 

l i¢ -i¢ ) c = (e MlO - e MOl 
-IS 

(15) 

l 
- 2e2i¢Ml-l) m = 4 (Moo - M ss 

1 2i¢ 
Ml-1) g = 4 (Iv!ll - Ivl + e ss 

h 1 
(Mll - Moo 

_ 2i¢ M ) 1 
= 4cos8 e 1-1 = 

./8sin91 

The Pauli principle demands that under a space inversion, 

i.e. when 8 ~ n-9 and ¢ ~ n+¢, M ~ M and all the other ss ss 

(triplet) M .. --+ -M ..• 
lJ lJ 

These restrictions when applied to equations 

(15) give the f ollowing relations between the coefficients a, c, m, 

g, and h at the center of ma ss angle 9 to those at n-9. 



c( 1t - 9) = c(9) 

h(n-9) = h(9) 

a(n-8) = A(8)-g( 8) 

m(n-9) = A(8)+g (8) 

g(n-8) = (m(8)-a(8))/2, 

where 
A(8) = -(a(8)+m(8))/2 

M .. 's in terms of Phase-shifts: 
~ 

II 

10 

(16) 

The Schrodinger equation describing the combined coulomb 

and nuclear scattering is: 

( - h2 n2 + v + e2) '¥ ·- % E '¥, 
M v r 

(17) 

where M is a proton mass, e the elementary charge, E the laboratory 

energy of the incident proton, and V the nuclear potential discussion 

o~ which is reserved for the next chapter. The solution of (17), '¥, 

is 4 component spinor ; its ith component has the asymptotic form( 4) 

~ <L ..,.. ( l-~~ i(~.r:+7]ln(kr-~.r:) )X(i) + 

i(kr-· '7ln2kr) 
e 

where t&Q;r is the particle 

X . th . th t (i) ~s e ~ componen 

system before collision, 

k = 

r 

exchange opera tor in th e combined space, 

of the spinor X descri bing the p-p 

MF/z 

~' 



and 
2 

e 
"1 = ~v 

v being the lab velocity of the incident proton. Choosing our 

basis in spin space as the s inglet-triplet states theM . . 's are 
l.J 

those occuring in equations (12), (15). Stapp( 5 ) has written 

these M .. 's explictly in terms of the phase-shifts and the 
l.J 

coupling parameters as: 

M = f (9)+f (n-9)+ ss c c 
even L 

= f (9)-f (n-9)+ 
c c 

L ( (L+2) J.+l + (2L+l) ~ 
odd L ~ ~ 

+(L-1) -t-l -u) PL( x )/2ik 

M00 = fc(9)-fc(n-9)+ 0~ L ( (L+l)-t+l + L ~-l +U) PL(x)/ik 

= }: ( L-1 ,t_L-1 + 
MOl odd L L -L 

2L+l .JL 
L(L+l) L 

= ~ ( .{+1 -
odd L 

\vhere 

o{ 
aPL(x) 

-1 + v) 
ax 

2L+l 
L(L+l) 

sin 9/~ik 

11 

(19) 

and the remaining non-zero M . . 's a re the sam e as one's in (19) within 
l.J 

a sign as is obvious from equations (13), when the azimuthal dependence 
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is not important. PL(x) 0 s are the Legendre polynomials of the first 

kind of the order L -- the angular momentum of the partial wave in ) . 

question. x = cos 9 when 9 is the center of mass scattering angle. 

Theo( 9 s in (19) are funct i ons of the phase-shifts: 

J.L = 

where o's are the Nuclear Bar(5 ) phase shifts CoL refers to t he singlet 

states and 6~ to the triplet states for J = L ± 1, L), ~ 0 s are the 

coupling constants* coupling states with J = L ± l ( Ps=L= 0), and 

lj>L's are the coulomb phase- shifts given by 

Arctan !1.. 
y 

The f appearing in (19) is the coulomb scattering amplitude: c 

f (9) = 
2 . l . 9 

e- :1. 't n sl.n 2 
c 

• 

~ = sin 2 E J 9 and in reference (5) 
...... 
E J is called 

t he coupling cons tant o 
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Observables: 

The density matrix p, of equation (?), describes the prot on-

proton system before collision$ During collision 

= M p M*. (20) 

pf' the density matrix aft er collision, contains every information 

about the ' t wo protons aft er scattering. Pr is now known if one 

knows M, ieee the five complex co efficients a, c, m, g , h. To 

know them complet ely (withi n an overall phase) at a given energy 

and scattering angl e one has to have the measurements of at least 

nine independent obs ervables. However, to get rid of the possible 

alg eb~c deg eneracy i n the values of the coefficients additional 

measurements independent of the original nine are needed. 

Observables are r elated to the coefficients a, c , m, g, h 

through the equations of the form (l) with p given by (8) 0 The 

simplest of all i s the measurement of differential scattering 

cross-section, !(9,~), which by definition is given by 

= T 
r ( ~) = T (MpM*), 

r 
( 21) 

for an incident beam of unit intens ity (Tr p = 1 , equation 3). 

The other possible types of measurements are of the polarisations 

of ei ther protons, and of the coe f ficients C . . de f ined in equation 
lJ 

(8). Each of these three types of measurements (of I, P1 9 2 C . .) - , lJ 

can be done in three different cases when, (i) ~192 = 0 (therefore 

c .. = o) , ( ii) 
lJ 

both ~1 92 1- o. 

one of the P192 vs is non zero (but C .. =0). and (iii) - lJ , 

Thus, nine different kinds of scattering experiments 

are possible to help investigation of the M. 
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The measurement of any observable, say Y, in general, after 

scattering is (given by equation 1) equal to 

Tr( PrY) 
= = Tr (M p M*Y)/I, (22) 

where use has been made of the equation (21)~ If p , from equation 

(8), is inserted into the (22) it is seen that I(Y)f consists in the 

characteri stic terms of the forms 

Tr (H X M* Y), 

where X is any one of the spin dependent t erms in p ~ Phillips, in 

reference (3), has listed and discussed characteristic terms which 

are different in the nine kinds of experiments. All observables can 

be expressed as linear combinations of these characteri s tic terms. 

Phillips has also written(3) explicit expressions for all the possible 

measurements* in terms of the coefficients a, c, m, g, h . However, 

all of them are not different. These measurements involve double 

and triple scattering experiments, and the analysis in coincidence. 

In some of them a magnetic field is used to allow the measurement of 

the longitudinal component of spin in the scattered and recoil beams. 

Kanellopoulos and Brown( 6) have pointed out that these experiments 

give, in all~ eleven (different) pieces of information without a 

magnetic field 9 and twenty-three with a magnetic field. 

It is interesting to look at the spin correlation coefficients 

in a little det ail . WithY as JE
1

• g:
2 

in equation (2) Wolfenstein(. ?) 

* some of these will be called in the Chapter III. 
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where !:,11 s are subscripted i to refer to the incident beam, and the 

C~ . a r e cor relation coefficients when the incoming beam is polarised. 
l.J 

·r .:; ., ( L-:>3 ) 1.• <:: .1.0 -·" ~ the cro.ss-section corresponding to unpolarised incident 

beam o lc i s assume d that only the component of polarisation perpen-

dicu1ar to t he direction of flight is measured. The measurements of 

coef fic ient s Cpp and CKK i nvolve t he s tudy of the longitudinal compon­

ent of polarisation and r equire magnetic field normal to the direction 

of flight . 

Of all the correlation coefficients CNN i ~ the simplest. In 

its measurement both of the analysing scatterings and the main scatter-

i ng are coplanar. 

= 

Brown and Kanellopoulos find 

Ill + Il-l - IlO- Iss 

Ill + Il- l + IlO + Iss 
9 

(24) 

v1here ~ r~~Ylotes the cro ss-section for singlet scattering, and the 
ss 

rest of the I 1 s ~~ the three triplet scatterings. 

I . h ( B) d th f 
10 van1.s es an , ere ore, 

(Ill+Il-1)-Iss 

(Il l +Il-·1) +Iss 

determines the tri plet and singlet scattering cross sections at this 

angle, provided the sum of the two (i.e., the total cross-section) is 

known. Also, the value of CNN(90°) being significantly different 

from - 1 supports the conjecture of strong spin dependent forces, 

since a central forc e does not give any triplet scattering at 90° 

in the center of mass system. 

No such simple comments are possible about the other correl-

ation coefficients. 



CHAPTER II 

ONE PION EXCHANGE POTENTIAL 

I t i s well established that nucleons interact through the 

exchange of one or mo:r-e pions , neut ral in the case of the proton·~ 

pr ot on interac tion . Pions are pseudoscal e.r partic les and thei r 

coupling wi th a nucleon can be correctly represented only by the 

Di rac theory . The f i el d equations have been solved assuming point 

nuc leons wi th non-relati vistic velocities and exchanging only one 

This l eads to the one Pion Exchange Potential (OPEP), bet-

ween two nucl eons, of the form ~ 

+ 
(1) 

where g
2U.14 ) is the pion-nuc l eon coupling constant, M the nucleon 

mass andT t heir isot opic spin, p = mc/1'l.(m being the pion mass), 

X = p. r ( r being the internucleon di stance, f r.12 t ) , and S12 

is the tens or force operator given by: 

3 
~l ., £)( IT2 oi) 
--~~-

2 
(2) 

.r 

0--:~ 
The ~maYrix elements of s;:_2 for the states with J "-' L-1~ L, L+l 

are: =·c~( L+l )/(21·=1) 9 2~ and ·-21/(21+3), respectivelyo This 

interaction potential 9 v,. )" can be seen to obey the invariance 
"!:12 

requirements pointed out in Chapter I. 

In the Yukawa 0 s meson Tneory the range of forces ar ising 

from the exchange of particles is of the order of the compton 

16 
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\vavelength of the mass involved in exchange . This suggests that 

at l eas t the l ong r ange part of the nuclear force should be expres­

s i ble as OPEP, and the possibili t y of the excha nge of two( 9 ) or more 

pi ons i s i mpor t an t only a t short distances. Extensive s tudies 

sho1:r that. OPEP i s the main inter action for r)2.9f and the major one 

for r )l . 6f(lO)' and its present f orm in the equation (1) is quite 

1ell determi ned(ll )• It is obvious, from the elementary semi-

cl ass ical cons ider a tions (for example) that, OPEP will be the only 

i nt er a ction affecting the higher partial waves*. 

The c.1bove concluci.om; i'd.J ' ~ , r>B well , from t he Dispers ion 

theory approach in which the distance of the singularities, of the 

complex scattering amplitude in the cos9 plane, from the physical 

region (-1( cos9(1) is proportional to the mass exchanged in the 

scatt ering process. All these singul arities lie on the real axis, 

symmetrically on e i ther side of the physical region. Their distance 

to the physical region decreases wi th energy, but maintains the same 

rela tive r a tio. Therefore , the closest singularity will always be 

due to the exchange of one pion -- the minimum quantum of nuclear 

field. In actual calculations the closer singularity involves more 

powers of cos9 for a fai r approximation, showing thereby that for the 

higher partial waves OPEP is the main interaction. 

Modified Phase Shift Analysis: 

The phase-shift ana lysis bas been modified(l2 ) by adding 

the OPEP contributions of all the higher partial waves to the 

* 
For this reason the delta function t erm is usually not 

included in the usual form of the OPEP. For example, r eference (11). 
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scattering amplitudes, which were not included in the conventiona1( 5) 

phase-shift analysiso In this scheme 

M 

where M(o) is the conventional part containing contributions from 

only a small fini t e number of phenomenological phase-shifts up to 

a certain angular momentum, Mp is the all OPEP contribution in all 
• s the angular momentum states, and the subtracted term M is the 

OPEP contributions in the lower angular momentum states which have 

already been counted in M(o)" 

Czi.ffra et al.(l2 ) have worked out the closed expressions 

for Mp by carrying out the Born approximation calculations in the 

lowest order of perturbation theory. Their results are: 

p 2 
M00 = g (a +/3) x/4E = -Mss x 

~1 = Mp 
=1=1 = - g

2
{ Cl (l+x) - {j(l-x) )/BE 

(4) 
p p . p p 

-g2 .{2 (a + ~) sin9/8E MOl - MlO - - MO-l ·- -M-10 -

where J 2 + k2 E ·- M \ 

a = (;L+x)/(Y+x ) 

{3 = (l,.,x)/(Y-x), 

and y = 
2 

l+A-
2k

2 = position of the one pion pol eo 
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The contribution corresponding to a particular angular 

. (12) 
mom entum s tate, L, can be proJected out of the above expressions. 

s 
TheM ' s ar e the expressions of equations (I 19) with the new G('s 

. (12 ) glven as: 

~+1 = c 

~ = C r LQL+l + (1+1) Q1_1 - (21+1) Q1 ) /(21+1) 

(5) 

c{-1 = c ( Q - Q )\ /(21-1) 
1 1-1 

of = (J(J+l) )Y2c( QJ+l + QJ-l - 2QJ ) I (2J+l) 

e{ = -C ( (Y-l)Q1 - 6LO ) , 

where 

and Q1 = Q1 (Y ) are the Legendre polynomials of the second kind and 

Lth order. 



CHAPTER III 

EFFECTS OF THE TENSOR FORCE 

Obser vab l es of Interest: 

In t he Born approximation, which is quite good f or descri bing 

behavi our of t he r a ther weakly int er acting 

contribut i on of tensor part of the OPEP to 

b e described 

where VT(r) i s th e tensor part of the OPEP. 

high er partial waves, the 

the,{~ 1 s in the M . . 1 s can 
-~ l.J 

(1 ) 

It means t ha t the 

tensor force parts of the three o(~•s are in the ratio of t he ma trix 

J 
elements of the sl2. Therefore, 

respective matrix elements of the 

t k . -IJ=L-l,L,L+l 1 t th a J.ng ~L equa o e 

J 
s12 will qualitatively pick out* 

the scatt ering matrix elements sensitive to the tensor force. It 

turned out that h, m, and g are the functions responding to the tensor 

force**in the order they are written. 

* 
- J" -L±l 
~ - may b e i gnored since they arise only due to the 

tensor force. An a lternative i s to use 

which holds only when the interaction i s the OPEP. It follow: ; 

from the equa tions (II-5) • 

•• 
Similar investiga tions indicate the following dependence of 

a, c, g , m, g elements on the tensor, spin-orbit, and central inter-

actions: 
20 
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The combinations of h, m, and g in the various possible(3) 

observabl es were examined for a comparison of their sensitiveness 

to the t ensor fo r c e, and the following were selected (considering 

t!J.e avai ::_e,bl.: experimental data) for studying the tensor force 

par t of the OPE interaction: 

::co = f a 2 I + I m 2 I + 2 < I c 2 I + I g 21 + lh 2 f ) 

p _ -21m (cCa+m)• ] ;r
0 

-4Re(ch*)/I
0 

(2) 

2 [Re(am*) + 

2 Re [(a-m) g* - (a+m) h*] /I0 

$(PI- /f ) = (KK:KK) = r0 - 41 c2 I, 

Tensor Spin-orbit Central 

h,m,g c a,m,g 

$ 
CKK and (PP:PP) have not yet been measuredo CKK has 

been defined in Chapter I, and (PP:PP) is one of the family of(~ 
observables measurements of which will allow s tudy of the effects 

of initial spin correlations on the final spin correlations. 

(PP:PP) can only be of some aca i emic interest since its measure-

ment is, possibly, impracticable. 
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where P is the amount of polarisation produced in an initially 

unpolarised beam . D is a component of the depolarisation 
nn 

t ensor , a nd i s usually referred as "Depolarisation(?)". Here-

after it shall be call ed D. A measurement of D requires, 

probably 9 the si mplest of the triple scattering experiments in 

whi ch al:: s.~atterings are coplanar. By de:' h ition (l5) 

$,..D T (M Ci M* 
i j - r l

9
2(i) 

r el a t es t he polarisation, P
192

(i )' of the particles 1 (incident) or 

2 (recoi l ) in the ! direction to the polarisation, P1 , 2(j) ' in the 

j ciirection by the r el."""·:i ··m 

f 
p 1 2( . ) 

' J 

+ 
= 

I . · D •• pl 2( ' ) J.. J..J • J.. 

provided the ensemble of particles (l or 2) not involved in the 

above equation is unpolarised at the time of scatt ering. 

is the polarisation, in the c.m. system, produced when an unpolarised 

beam is scattered at an unpolarised target. 

CKP and CKK were a lso calcul a ted using the correct relativistic 

. (16) 
expressions gJ..ven by Sprung : 

$ 

well 

and 

can 

In fact the combinations of the non-zero D .. ' s appear as the 
J..J 

known '.Volfenstein tripl e scattering parameters D, A, R~ R' 
' 

A' which relate(?) the final and initial polarisations. It 

be seen (15) that: 

-A DKK sin 
e 

DKP 
8 · 

= 2 + cos 
2 

R DKK 
e 

DPK sin 
e 

cos 
2 + 2 

R' = llpp sin 
e 

DKP 
e 

2 + cos 
2 

A'= Dpp cos 
e e 
2 + DPK s in 

2 
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R CKP = Rel. C}T = CKP cos ( 11( 9
- tJ.) - 2 Re ( (a-m) g*) sin ( o<_'+ o() 

+ 2 Re ( (a+m) h*) sin ( o(' - o() 

(3) 
Rel C 
l. _ _._ • KK sin ( o(' - o() + 2 Re ( (a-m)g*) cos Co( 1 +~) 

- 2 Re( (a+m) h*} cos ( J . .' -o( ), 

where 

o( = (8/2) - 8(Lab) 

r;(' = (tj>/2) tj>(Lab), 4> = n - e. t)> is the recoil angle. 

M = E t a 1 (9/2) 

M E cot (8/2); t he sub s cript 1 r efer s to the Laboratory 

system. 

Relativistic values were not found to be significantly (Appen-

dix C) differen~ except at small anglef in case of the CKP• 

Calculations: 

The modified phase-shift analysis was adopted as described 

in Chapter II. To allow a variation, explicitly, in the tensor 

force part of the tripl e t OPEP phase shifts in the 1 = 5 states it 

was found convenient to fuse the first three of the equations (II-5) 

in to ohe to be read as: 

(4) 

Summations in M(o) and M
3 

were terminated at 1 = 5 when~ 

was set equal to zero and at 1 = 7 when all the 1 = 7 phase shifts 

and < · · ~re k ept zero, and of equal to its OPEP value. The 

strength of the tensor f~rce in the ~=5 's (in the M3 ) was varied 
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from 0 . 2 to 1.6, a t s t eps of 0 . 2 , of its normal va lue in the OPEP 

J 
(II-1) by varying t he coefficient of s12 in (4). \>/hen the o(6 

was included9 i t \.,ras varied too, in the Ms, by the same amount 

tc.get her .,.,i th -che varia tions in ~' s , and also independently in 

s ome cases . In some cases effects of the similar variations of 

only t he ' . ·1 trol force part of the OPEF were ':l.lso investigated. 

These investigations were ca rried out at 345, 312, 210, a nd 

. 0 0 0 80 80 147 Hev o.nd the 8 = 1 , 10 , 20 - -- 0 , and 9 , with and wi thout 

inclusion of the coulomb interaction. The phase-shifts and coupling 

paramet ers used i n M(6 ) are listed on pare 25o These are the 

(17) YLAJvl values except the one's marked "OPEP", where YLAM data 

do not exist. YLM1 valu es of the 04 were t aken from reference 

18 . The OPEP values were found out us ing equations (II-5) a nd 

knmving that* 

r~._J 
L = e2i6 ~ - 1 t:t 2i6~, 

where the coulomb phase-shifts and the 6~'s are considered very 

. (19) 4 5 
small. A comparlson of the OPEP phase shifts 0

5 
and 0

5 

with some phenomenological fits supports this approximation 

initially made \oTi th the assumption that OPEP is the main inter-

action f or L = 5 partial waves. 

All the calculations were done in fermi unit s , and the 

following cons tants were used; 

* 

The so obtained formulas of the 6~'s a r e the same as 

derived 
. (ll) 

by Br e1t who has evaluated the Born approximation 

int egr a l s of the OPEP (II-1) 0 



25 

Energy Hev 

b L' 3''';:; '-t __, 312 210 147 

J () 
6 L~ .~ !'; 

I 6 - . 2132 =.1482 .0716 . 2232 

I 0 

I 
0 .1861 -L786 ., 1373 .1017 
2 

64 .0163 .0156 . 0126 .0099 
! 
' I 

1 60 - .2454 ~ . 1972 -.0373 .0654 
' 1 
I , 
I 6.L ~ . 4984 -. 4761 - . 3872 - . 3058 

1 
62 . 3037 .3042 .2954 . 2511 
1 

l p2 -.0653 - .0702 - .0841 -.0933 

62 .oo61 .oo68 .oo86 . 0096 
3 

I 63 - .0743 =.0708 - .0583 -' . 0453 
3 

1 64 .0415 .0352 .01.43 .0072 
! 3 
i '4 - .0581 - .0554 - .0426 - .030 

- 4 
65 .0116 .01025 .0061 "0036 

~5 - .0269 - .0243 -. 0156 ~ .0098 
' s -

Q. c(: (Rea1 ) .0093 .00815 .oo46 .0025 
liJ ) 

0.. rf -.0214 - .0194 -.0123 - .0075 
0 

I 6 .oo .oo o(
5

Cim) .oo .oo 

I ~ 

I 
t., 

2 
7J=e /'!5:v .00926 .00966 .0115 .01354 
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-'6 c "1 -- -· ..... 

2 ::.4 6 .::: 

4.7549 
_, 

(Proton mass) l1 = f ·'-

.l3963x5.06804 -1 
JL 

- · f = m 

1t = 3.1415927 

2 7 .29732xl0-3~ e )fie = 
and 

k (1 .2049 Elab. )Yz ·- ~ 

E l.·s __!__ th of the laboratory energy of the Proton, in Mev. 
lab 100 

£Eogramming ~ 

Complete Fortran II program is contained in the 

Appendi x B. I t was run on the McMaster's IBM 1620 of memory 

40 K digits. It is in the three parts as follows~ 

~)' 

RESULTS: 

Input data 
table in Chapter III 

,Lr 

I 
Real and Im. parts 

II ' , 
of Mij(b) 's 

lli 
' 

~ .. 
- lR 

observables, equations (III-2,3), with 
different tensor force strengthoin the 
OPEP (II-1). These are contained in 
the Appendix c. 

Im a, c, m, g , h p 
the Real M(

6 
)+M and 



CHAPTER IV 

RESULTS AND CONCLUSIONS 

Some of the results are contained in the Appendix C, and 

shown plotted in this Chapter. 

Figure 1 shows twenty six of the experimental values of 

. (20) 
the differential cross-section at 345 Mev of Chamberla1n et al. 

(21) 
taken from the summary by Hess • 

each of the curves in figure 1. 

Figure 2 is the )(
2 

plot for 

2 X vias calculated using 

individually* the twenty nine measured values at 345 Mev; the two 

0 omitted were those at 11.3 1..,rhere the curves are not very much 

different. 

It appears, from the figure 2, that the tensor force is 

pretty well fixed up in the OPEP. It can, possibly, be strengthened 

at the most to 1.07 of its normal strength, in the L = 5 phases and 

in the o(_ coupling. Although, at this stage, this conclusion 

holds only so far as the di fferential cross-section is concerned, it 

is obvious that no further variation is permissible. The other 

observables are not more sensitive to the tensor force. 

* 
2 The )( for s12 = 1.0 is expected to be somewhat higher 

. (22) 
than the Breit's value because of the a verag1ng he has done of 

th lt t th 1 1 dl. fferl·ng by 3° fore> 30°, e resu s a e same ang e or ang es 

whi l e the measurements are considerably inconsistent. 

27 
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• Also, their measurements are much less accurate as compared to 

those of the r0 • The situation is more or less the same at the 

other energies studied. 

A glance at the following table, which shows an estimate 

of the percentage differences in the values of the observables 

corresponding to a 20% change (for example, from l to 1.2) in 

the strength of the OPEP tensor force in 6~ and o<,6 at 312 Mev 

(lab.), suggests that accurate determinations of the D and CKK 

0 0 at some intermediate angles between 10 and 75 , and of the CNN 

around 20° can be of help in a further fixing up of the issue. 

However, it calls for a tremendous improvement in the experimental 

skills. 

Percentage differences at 312 Mev (lab.) 
for sl2---;) 1.2 sl2 

(Coulomb interaction is not included) 

~." 10 10° 20° 300 40° 50° 

ro .07 .1 1.4 2.3 1.4 .35 

p .07 .2 1.6 2.6 1.7 .24 

D 13 4.4 .6 4.1 2.7 1.4 

CNN 0.7 .7 11 .7 .5 .36 

CKP 2.1 .8 1.6 1.1 .3 .8 

CKK .08 .3 .8 4 11.5 5.2 

• 

60° 70° 80° 

1.2 .67 .31 

1.4 1.2 .6 

3.9 3.3 .5 

.o6 .06 .36 

1.8 lol 1.3 

2.6 2.7 2.1 

( 23o) 
For example, the most recent measurements of CKP and CNN at 

400 Mev and 90° (center of mass) are good only within 15% and 28%, 

respectively, while the r 0 values of ref.20 at t hese angles have an 

error of only 2%. 

89° 
~ 

.74 

.38 

1.9 

.6 

2.7 

.95 
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The numters i r. ti1is table can be easily ver ified in case 

of t he observables P a:c1d CKP wher e t he changes are essentially . 

those in m and h -= t he real parts of the scatt ering matrix 
X X 

el ement s m and h 9 respectively . Precisely, 

/). P 2 ( fl m ) Im ( c ) , 
X 

and fl CKP= 4C ( .6,h )/1
0 = J2 c ( IJ. Re(HOl +H10) ) /Io X X X 

Sin9 

L=5 

0 08 ( ( ~+ f£+ 9(6) 
aP~ M c(6 3 = --_:~- -

r
0

k ox ax ) 

where 

A 3 
2 L + 1 

f3 = (2 L + 3) (2L - 1) 

= ~ ( - u 
l2Ek (QL + 

half of the co efficient of the S~2 in (III-1). The half appears 

for the reason obvious from (III-5). Figure (3) i s a plot of hx9 

cxhx and RCKP for s12 = 1 and 1.2 at different angleso 

Figures (4) and ( 5 ) show that the effects of variation of 

the tensor force in 6~ and ~ are additive. Results in the 

Appendix C clearly indica t e that the central part of t he OPEP 

c 9 
X 

in L = 5 states i s quite weak. This curve and the ot her observables 

are not gr aphed because t heir values for s12 = 1 ,0 and 1,2 lie very 

close together. 
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It is to be noted tha t the deviations of the tensor 

fo rce streng t h are discussed only in 1 = 5 phases and t(6 ~oupling 

where the OPEP i s reasonably well localised . The lower phases 

and coupling parameters have been assumed well determined. 

However, if the lower phase par ameters were redetermined for each 

value of 2 s12, it may be that the X "JOuld be somewhat reduced. 

Breit(
24

,ll) has analysed the problem to see how well the 

ratio of central to tensor forces is det ermined. His findings 

are that the data require a ratio 1.24±.17 where 1.0 is the 

accepted value. This applied to the entire potential tail 

including the region where OPEP is not the only intera ction. 

Figure (6) on page 67 (App endix C) shows the deviat ions 

of the tensor force in the phenomenological triplet odd parity 

potentia ls, from the OPEP taken to be 1. It seems that the 

,, hb h . ( 26 ) f. t ( l . h . th t t ) t re s .ac -~o~on 1 WllC 1s e mos recen one suppor s 

our conclusion very well in region, after about 2 fms., by 

whi ch the 1 = 5 waves are mostly influenced a t the energies we 

have considered. 



CAPTIONS 

Figure 1~ 

345 Mev differential p-p cross-section I at different 
0 

c. m. scattering angl es 8 for different strength of the OPEP tensor 

force i n L = 5 phases a nd in of; coulomb interaction is included. 

Figure 2~ 

)( 2 plot f or the (renormalised) experimental data( 2o) , 

and the calcula ted cross-sections at 345 Mev shown in Figure 1. 

Figure 3: 

Real part of t he parameter h , its product with the real 

pa rt of c , a nd t he calculated (using the relativistic formula) 

va lues of the CKP with the normal OPEP tensor force, and with 

1. 2 t i mes the normal value at 312 Mev. Coulomb effects are not 

included. 

Figure 4: 

Compari s on of the 312 Mev I - 8 curves when the OPEP 
0 

t ensor force i s va ried separately in L = 5 phases and in o(6; 

coulomb interaction i s ignored. 

Figure 5: 

312 Mev I - 8 curves for different OPEP tensor force 
0 

strengths ( a s marked) in both, 6 ~ =5 Jhases and in ~ coupling ; 

the coulomb inter a ction i s excluded. 

31 
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APPENDI X A 

= <11 I r-1 I 11>, 

wher e j11) i s the stat e wi th both spins up, wi th r e f er enc e to the 

axi s of quantisation, and 

(I-ll) 

with k in the positive z direct ion, 

k = ( 0 0 1 ) 

k ' = ( s i n 8 co s ¢ , s in 9 sin ¢ , cos 9) 

I I 

kxk'= j (k ) 
X 

- i (k ) 
y 

= j s in 8 cos ¢ - i s in 9 s in ¢ 

Ther efor e , 

N = j cos ¢ - 1:, s in ¢ 

p s in 
9 (1:, + j s in ¢) + k 

9 
= 2 

cos ¢ cos 2 

9 (1:, ¢) 
9 

K = co s 
2 

cos ¢ + j sin - k s in -
2 

Now, cons i dering each ter m in (I-ll), in turn, it f ollows t hat: 

(lll a I 11) = a (1) 

(ll J ic (Q" 1 
+ !l2) • !:! Ill> o, ( 2 ) = 

37 



where the value of N is substituted and use has been made of: 

crx I 1> = l-1)' O"x l-1) = ll> 

O"y ll> = il-l>, O"y l-1) = -ill>' and 

O"z I 1> = I 1>, (j l-1} =-l-1>; (3) 
z 

l l) and 1-l) describe the spin of proton being up and down, 

respectively. For the similar reasons 

<11 I 1 !!g 2 
N . 111 > 0 (4) msr • = 

Also since 

2 
!11> sin 

9 ei<J> I 1-l) + cos 
9 

1 11>, cr . .!: = 2 2 

it is seen that 

(11 I (g+h) l 2 I 11> (g+h) 2 9 a- .P (]" .P = cos 2 -- - (5) 

Similarly9 

(11·1 
1 2 

(g-h) 2 9 
Cg-h)a- .~ u .~ I 11> = sin 2 (6) 

By combining (1), (2), (4), (5), and (6) it is obvious that 

M11 = a + g + h cos 9. 
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APPENDIX C 

31-2 MEV C>I35ERV.AI3L€S, AND 5CA\T£~1NG MAT(Ux ~e.Jtln Wi1+i OPEP 

c?EP TENsor. FORCE. CklA N8LNG IN Ltt-5 I>HASG5 AN~ :ttJ ALPHA 6 
COULOMB i.l\ITeP.AtT \ON lNCLU OI:D 

"999'047&9 
Si1 IO D !'~ i. ND HX XN 1" AX ex GX' 
2.0000 10St~05980 • 99q5 15 • 4 b38o - ~ Ol/5Lf1 -.274i6 1 1 

·-~2. 40 OCJ020o 00912553 - . 3 119 2.9 ?-5 1 2 
. 40000 1. DS7J 04 D:t.D 999~5 . ~&540 - ~ 04 b1'2. - ~ 2132.4 1 3 

-32. 40090200 . o097255S - ~3i8 38B?3 j 4 
. ~OOD'O :1.bS1. f>ll 040 . 999:55 · lt b':fto - (JI.l Bb4 ~. '2..":1232 1 s 

- 32 40090200 • 00911.558 - A 31~8{0 +5 1 b 
• &C>OOO 1051.04080 . 99<155 . t.t &B~O -.o~q3b -·2.1iLl1 1 .7 

-32 Ll OOQ02D t> D0912.55 9 -.3193Db~5 1 s 
1. . 00000 i051- . Oll110 Q 99955 4104 D -. 05068 - . 2.1()4 9 1 ? 

-32. q ODC!J-02.00 • 009-12.558 ·-. 319+6600 1 to 
1 . £0000 1051 04150 . 99955 ol.jt1../.,0 -.CJ52.00 -.2.6951 1 11 

-3~ ~ 40{>9()200 • 009}2.558 -' 32.C>2 25 0 "D 1 1-'2. 
1. . 40000 10.51 D41.90 . 99055 . lj?406 - .65332 - ·26865 1 13 

-3'2. ,. 4 009 D2DO • 00912.55 8 - '32.06?}40 () 1 14 
1 . 6000D 1.057 ~ 04 2ZO • 9 9055 . l.I156Q -. 054-b~ -.Z..h~13 1 15 

-Z>2.-t.{00902QO oo9t2s 5 B -- 3211U32 5 1 1-i 
98q80715 

S12 10 [) 10iMD Hx Xf..i 
j_ oo AX c.x GX 

. 20000 lf061~ . 1..58 2 B . ~~!'O'i - . 11053 -.2,b9~(J 2 11 
- .1.11l.j 4 l;ft.rrl . 09512033 -. 24b544b3 2 13 

• 4 0000 J ~ns-s2 . 1525q 'bl./36(, -.1094-'2 -.2.&~04 ?. 1.~ 

- .. i1j.~4 4t(l wb9S12.0 o?> -. '11.!195141 2 20 
bD.ODO 4 D4 q£i . 14 JJ11 . 34551 -.10831. -, 261/11 2 2..1 

- .. 1.1144fl<.f1 095120 3L.j -. 493~020 z 2_2 

• so 00() ~ 40t.J 39 . iii 09 21 • 34 738 - 1012.!> -. 26139 2 2-) 

1.711 ~Y44t oq51203?> .-. '2 5 0=!9'2 9-:t 2 2..4 
t . 00000 • q D?>$1 13~1S 349 2.8 -.10b09 -·25856 1 l) 

- 1.1'3.4'1 441 • 0951Z03Li - . 252195-=15 2 u 
1. . 1_DDDo ~ 4 03J~ . i2.9 Bb . 3512 0 ..- .. 1.0ll98 -.2557-4 '2 21 

- •. 1-1-1~4 i!S2 09512034 -. 2536 0851 2 1.8 
i - 4000() 6402.92 " 12.3 52 . ~5515 - , io3eB ..- , 252.91. 2 19 

.... 1.11~~ll41 095~2033 -, 2550Z.132. 2 30 
i . 6 f2Do6 • 4 02.48 , it761 35.511. - . 10211- - . 25ooe 2. ?>1 

-.1tiLIL/Lf4t 00512.034 -·256Q3f(i2 2. ~').. 

~q 



50 

. 939692.6'2. 
512 10 D 101MD HX X~ 

AX ex &X 0 
'2..l> 

• 20000 • 319'04 • 1..5 q t1 • 2 50 } 9 - .2.0754 - Z.51=71 3 ?>') 
• Qq. 906361 - 182.51986 -.1251.1180 3 ?l.J 

. LJDOOo . 31-2..56 • 2.62.3£3 . 2~48() -.201:}0 --24466 3 Y> 
. OLJ9063.b8 . i62.51.996 - 12~62.539 ?> 3" 

· 60000 . 3b-63~ . 26522. . 26919 - 195671- -~1.3~bb 3 ?:,1 
. o~9063bb . 1.825198£> -. 1~213899 3 39 

. soooo • ~hb4 5 • 2 6 ;!"li • 2.6.395 -·19004 -.23b6 3 3 )C) 

. b49bb3b1 · 162.51.98" -. 1356525~ 3 40 
1 . 00000 • 35lf83 • 2..69 83 • 25 905 - . 18421 - . . 22.360 3 4i 

. 0490b3bd.> . 16251986 - 13916611 3 l./'2. 
1 . 20000 • 34 948 • 2. rli54 . 2.5tt5S - 1.~531 - . 21651 7 q3 

. 649D6~64 . 162.51986 - . 1/.f2b':l911 3 4lj 

1 · £10000 · ~4Ulf3 . 2..?2.52 • 2.50~ b - 172.54 - ~l0955 3 4) 
• b/.19 06 363 . 1.8251.96~ - 1'1b1t133=l '? lH 

1 - 60000 • 33965 . 2.1366 . 2.H}70 -.1.66~1 -.Zo2.52 3 4+ 
• D4-tJ06~6r . 16251996 - , 11.{9~()bq4 ;, ~~ 
. ~£,&02540 

S1.2. 10 I) lOLMI) HX XM 
.A-X ex <;,X :?.oo 

• 2.0000 · 'HJ551 . 1. ?}25 · 2.93 j 3 - ZL/92.0 -. 20CJ1'2 ~ 99 
. 055tJ!1b20 • 25326001 -. 03 Z 31 3fjt./ 4 SD 

• 40000 • Y14. 16 . 2.91-:fO . 2?9h0 -.24161 - . 19919 'I )1 

. os5<?1.bi8 . 25326001 -, o ;$133 ?5-o 4 12 
. 600DD • 3 644 f • 306 21 . 266 ~q - 23402 -r1i3926 4 5) 

• b55 9 i& j.b . 15326000 -.04230i18 ~ '5'f 
. eoooo • 3 74 171 • 32071 ol54-'33 - 2.2647. - .1:tq33 q f( 

. 0559162.0 · l53Z6001 -. 04126ll83 Lf !"f. 
1, . QOQ()D . 3 .6547 • 335!4 · 2..'1298 - 21693 -.1.6941 4 )1-

• 0559161 a . 2532..6001 - .. 052229'1<7 4 58 
1 . 2.0000 . 35o:f6 . '2,;1./94'1. • 23209 .- Z.ii2t; -. i59't9 4 ''r9 

. 05591-619 • 2.53Z60D1. -, 0511t}215 4 bD 
i . L.j 0000 . 31{858 . 36352 . 2.Z16b - 2.0364 -.14955 4 61. 

. 05591.61-9 • 2532600i -.06215580 4 b2 
1 . 60000 • 3'W92. • 31130 . Z.i22 9 - .!9605 - . 1Y1o2 4 63 

• 055 9 4-b20 •. z.s 326 0 00 - J06711tl'lb 4 b4-
. 16604-i/41 

Si-2 LD D IO!PIO HX XM 
4 c>o AX c~ &x 

. z.oooo . 3Q250 . ~l/23(;; • 2581.2 - 2.3'161 - . 13679 s 65 
. 0£.32.6069 • 30397678 . 02.~11915 5 66 

. 4000{) . :3561.3 • .35265 . 1_1.1995 - d23o75 -.12.816 5" b1 
u 02.326 0 710 • 30397-879 D2340lt5 5' 66 

• 60000 • 3Soo4 ~ 36,510 . 2'1204 - 22683 - ~11.953 r b9 
• o2. 32 bo:fi • 30397860 .01.'108~33 s- 1-D 

• 80012 0 • 3 jq 24 • 31361 . Z3'141. -.222LJZ -.11090 5 11 
• 02 3260:t2 • 3039766<::> .01411192._ 5" 12 

.1 . 0000() • 3 687 z • 3 6lf .19 • 2Z 106 - 2.1.900 - .10221 5 73 
. ot3260:to . 3b39?e81 01 Ol/56 51 !) 14 

t . 2000b . 36-)48 . 39 ll82 . 2.1.997 -.21508 -.093&4 5" 1-S 
. 02.3260-11. • 3·o 3 9?6 a 1. "0061£~ 11.() !) 1-b 

1 . qoooo . 35853 . 1./0548 • 2i31.5 - 2~ 1 i 71 - oasoo 5' 11 
0 02.32607-2 • 3039 ?El79 ' 00i.9'L5b 9 s- :re 



.51. 

1 · 0t:l 00 0 • 35 381 .. 41£. i~ • Zo6 bl. - 2.012S - 0?637 ~ 19 
. 02.32.60-;/5 • !>0 397961 -.00249910 5 80 
.. ~~ .2.7-S ?61 

s 1. '2. 10 D I01MD Ht XH 
0 

A-X ex (J)( $"""' 

20000 '3 b09t < Ll {)1. (>'l .19425 -. iCJ 2.64 - . 0432.5 b ~'}.. 

- . Ol22Z09b . 33l.l560li~ • 0&455091. 6 82. 
• 4 00 0 -c • 3 6191 ~ ~5510 .. 19698 - 1..9 t{91 -.04010 b 83 

- . 02.22.2095 ~ 33 4560Uq .06'2.974?4 6 B4 
. boooo • 3 6300 ~q'l9=?3 ~ 1-9918 - 19120 - ~ 03605 b 8'5 

- . 02-2.2..2.096 ?>~Ll'5604'l .061393~0 6 8-b 
. soooo 3 642.1 \ qq 3~1 .2.02b4 -.1.9949 -, Of>3~0 6 s~ 

- . 022.22095 • ?>3l.l56C>ll Q • 05 9921..:79 G 89 
i . ooooo • ~ b5.5'2. ·'~Yf6~ ,205'55 -.2.01.?-1 -.03064 b S'0 

- . 02.2.12095 • 33~'560~4 .OSf32qS42 6 9C> 
1 20000 • 36683 .1.131.52 2085~ - . 20405 - ... D'L~49 b 91-

- . 02..2.2.209~ . ~3qS6042. .,05666905 b 9?-
1- . 'IDDOo . 3b619 , qz.s35 2..1.151 - 20b53 - 02434 6 9? 

- v 02.222.005 3?>45b0£42> .05509268 6 94 
i ~ GOOOt;> . 3 6960 . qt915 w 21468 - . 2.0961. -. 021-19 6 CJ5 

- • 0 2.222095 • ~3LIS bO~ i ·05351631 6 9~ 

• 50000DO~ 
S~'2. l-0 D l=DiJ.-10 HX x~ <> 

.AK ex \:JX 60 

. QOOOO " 3t.J12.8 . 55~35 .15311 - 1.5699 '0'199 t -:t 91 
- . 0&860118 ~ 34 Sllbbzo . 08814 ?'14 -=1 98 

o t,jOOoo ~ 35106 ~53668 .1.biC)5 - 16241 .04b4ll ? 99 
- - 069601:7? • 3484 b6Zi \ 0904bi2C) + 1..00 

. 6000() .. 35500 .51989 . 1 ':10~ q - , 1.619~ .()q 301 1 t-1>1 
- . 065601;t1 .) 3464'bb:i.9 ·OCJ21 7-51..4 t 102 

. '30000 · 35909 '500'91 '119 ~9 -.1?-;4'2. '03958 ? 10) 

- . 0686o171 . 346466~9 \09398CJOO i 1. oy 
1 ooooo . 3633~ ~4 61.98 18921. - .1..1890 .. 03616 "1 1.0) 

- . o68o0118 34846620 ·095602.85 1- 1..-Dh 
L 2.0000 ~ 36115 ~~ b2..9~ .. 1.9?50 - 19[{3~ .03213 t 1()-:t 

- .. 6bS60118 '3494 bb22 .09 7316?0 1 1.09 
1 . ~0000 . 31231. .q~~SB , ZD105 - .. 18986 ,OQCJ30 f i0£?1 

- D6Bo01.+1 · 34 fF/ bb 1..9 -09903055 + 1.10 
:1. . b0000 • 3 110 'b .41..~8 2. <2 1.b6b -.195 34 .Q25li3t + i11 

- . 06 860 1.. 18 ~ '3~fdl.i b621 .f_O()'}qqtJ1_ t 1.11 
. 3tl2.02.02.1 

812 10 D Ioi.UD HX XM 
AX ex GX 

I) 

7 0 

• 2.0000 .. 35119 .5:f65b .1512.4 - ~ 1.4(,03 -11~22 8 t.i'S 
- .. 16i56800 '- 35.1.531.1-Q ,1.0930143 B 114 

• L.J 0000 . :?5869 .Sb005 , i51S9 -.i49oi -1.1118 5 t15 
- . 10756SC>b ~ 35153119 . 1.1282.2.06 8 11& 

• 600 00 36019 · 54746 • tl.41:1- - . 1519~ . iOCfill 8 it. +-
- . i015~?99 d51 S31a.9 .. 116342.13 e 118 

. aoo oo • 36286 .. 52.692. c i:f170 - .. 1.5498 . 0911.0 8 119 
- . 1.D=756799 • 3S153i2b r119~b339 8 12.() 

1.. 00000 • 36513 . 5101l.j . t 10Bb -. 15796 , 09005 8 1 21 
- . 10756199 " 3~153118 ,i2.338403 8 1.12 

i . ZOOOo • 36157 .l.f9346 . 19b i9 -.1..bb94 .08301 e 123 
- . 10+56900 ~ ~5.1.5 3:118 • :1.2.b9046 a t; 1.1.4 



52.. 

1 'WOOO ~ ~ tD26 ~ 41680 0~ 19 369 - 1(,~92 . Df591 8 i'L5 
-.1b1G6@0o 3515311.9 .. 13042.533 8 12(, 

1 bOOOD ~ :,1?>02 • 4 6018 t20t36 -I 16691. ~ OG9Q3 B l2+ 
- .LD156 800 ~ ,515.3110 .. i?J394 598 -8 :1.23 
.11?>6~~28 

512 10 D l01MD HX XM 0 

AX ex ~)( ~0 

.2.0000 'b:J45t .5~6'27 ~11369 - ~15321 .~4199 9 129 
- ~ l1>o 39el2 .~5010041 • 129158S2 9 to~ 

.tl000() • ?1296 ~5~il)8 .11?>65 - 150 63 . i4249 9 131 
- 1.?,339811 • 35 01.004;, .13192864 ? 132 

.60000 . ~l-14b 5~'2.?>3 ~ 11311 ~1.4844 ,1_ 3:t01. 9 B3 
- .133~981'2 ~ 3501004 3 .i34&6aB1 9 134 

90000 • 31001 .. s?ol2 ~ 1.7'?>86 - . 1..4605 >13153 9 1.:?5 
- ~ !.)~~9812. • 3501.0041 '1. 31-40989 9 1 '?71:. 

i 00000 p~ 6 81-9 ~52.11o .. 1.1416 - .1.436& .-1260 5" 9 l3t 
..... ... 1~33981.2. • 350iD041 ... 1..40.14 B 92 ') 138 

1 zoooo o& tQ3 ~52523 1:]454 - . 1.4t2.1 • i2 0)1 9 t?J9 
- t3o3981..3 "~50 !.0043 ':1.42.68694 ') 1 ~() 

1 llOOoO 3~65~ " 52 2.55 ,.115D 1 -.13888 .A1 SD9 9 141 
- ,. 13339913 • 3501.0043> ,!4562899 9 1-4·2. 

1. 60000 . 365b5 l 519=71 r1:;7S61 -.13bSC> -i0901 9 142> 
- .• 1~.33981.3 .3501.0043 • i4836699 ., 1+{ 

• 01~4524-4 
Si£ 10 D 1.01Mt> HX XM 

AX ex. 11X ~~0 

.. 0000 35 2.65 • 499 35 .. 191.51 - 1 SB~Lf • . 1.4-414 11.) :1..4-5 
- . 14293581 "jA-903319 ,142~1?64 10 14.6 

. 40000 39-948 • 51094 ':1.655 8 -,1.53B~ • .1.4-41 '2. 1() 14=1 
- . 1429~561 • 34 903 31-=f" .1.4262913 1.0 ~4.9 

60000 • 31641 L 5 22 31 . 11q81J - .14690 -:1..434-CJ 10 149 
- . ~429 .35 82. .~490;318 .:1-4294063 16 15() 

eoooo • 3 1-~44 J 533.4.4 ,f.f-423 - .143 7-A. r142B1- 10 1-51 
- .14193-5Bi • ~490331.6 .i432 5212 lb 151 

:l- () 0000 31-058 54'-l32 .1.6B8b - 13861 ~ :tA· 2.2 '5 10 '153 
- . 1429358'1. '3490331.6 ·t435b361 1_0 154-

1 2l2000 . 3b18?. .55494 , i.b3?D - . 1")360 ,1.41b2 1.() 1.55 
- . 14?.93581 ., .3490351.1 .{436?511 1.6 15~ 

i 4 ooou 36511 ·56526 .159}4 --12853 ·14100 1-0 157 
- . 14293582 • ~4903311 ,J-44-!-8660 1() 1.59 

1 .. 60000 36 Z6:?. . 5?532 ~1.5399 - .11.)4& t-.1.4038 1() 1..5'1 
- . 1429358'2. $4903 317 '1..44-4.9tt1 0 1.0 160 

.99984.16':1 
51.Z ex HX CKP CNN CKK PPPP 

D lDlMD FKKP POtF I~CKK PI) IF 'I) 
• 2000 0 -. 00044 0 " ooooo ( 016~& , 016Sb 105ll.b394b i 161 

011-0?> 10~9 0~410 - ~ 0 0002 10~ 8-1-'102 ~o16Sb - OODiD i 1.b2 

, 4 DODO ~ 00045 (J 00000 .Dt bbb .QibSD -t0)1. 03C} "10 1. iG3 
• 01601 1039 09410 - . 00002 108 082.90 $b1b50 -.Ob01.D 1. 1.64. 

"60DOD - . 00046 0 OOOOD J01.655 t 01645 105=f. ()4-01b 1 165 
• 01&~2. 1039~- 15360 -, 00002 l08 . 29500 ,01-b-4-5 -, OObL.D 1 1..&£. 

. BDODb -.00048 0 OOOOL> s 016 A.~ tbi64D 1051• 04-D ~0 1 1.61-



ss 

0169b i.O~C). 1..13ZO - ~ 0()()02. 108 ~ 50142. • D1640 - . 00010 1. i6S 

1 00000 - .ooo4q () 00000 .oto4~ . 01634 to5=1. 04010 1 1.69 
01.6~0 1..0~9 2.-=t2 ~0 -,.00002 10S -. 1200b • 01.634 -.60011 1. 170 

t.1000D - 00050 O. OOOOb . 01.b38 • 016 2.9 1 0)1. 04-1-10 1 i+i 
01b75 10?1CJ ;, ?J 2..2.0 - ooooz 1oa . 93301.. 501.629 - ~ 000:!.1. i i "7'2.. 

:t. .. lt-0000 - ., ODb51 6.0000() ~ 01-0?)2. ~ ()1. 624 1.051. 04150 i 1?3 
01660 iO~q, ?91.90 -,OOOD'L 1..09. !.4-624 , ()1624 -.Doot:t i i1-4 

1..bDOOD - . 000<;53 O ~ OOOOD 01.&2.b • O:i. 61.9 1057. b4160 1 1.7.5" 
olbb+ 1D39 v4-51.40 -uOOODi 1.09 Y591:? .0161.9 -. 0001.:1 i 1.76 

9lH·90115 
S11 ex HX tKP (NN CKK PPPP 

0 

D lt~tMl) RC.KP PDIF RCKK PD!.F I o 

']..0000 -. C> 1-C)S B . toes9 • 02. S09 - .36586 ·3693b 2 11"1 
. 1..19585 . 2,04-~A toeob Obb'OS - ~ 36590 -.01462 2. if'S 

• 4-0 000 .- 01..041 .. t.O:r:t C> 021-09 - ~ 35970 ·368:t& 2 179 
.. ~g B86 "2.0~2.2 "l01 74 w 0~ 1~1. - . ~5964 --01466 2. i80 

~ 6DOOO - 0-i.O:?:lb • 10bCO t ~ 01.407 - 3534-9 ~> b6i5 '2 i 81. 
"501.84 2.01.?-2 _iO()SO ,.. _oo?A.o -' 3534-3 -. 01-4-95 z t az 
.. ,eoooo - 0102-b . !0500 . oo 102. -. 34122. .;6=763> z 1 a 3 

504-90 • 2.0 O:l-5 i05e6 - 04- ?>40 - .. 34=?11 - ~ Oi5oi 2. 1.84 

1 00000 - b1-015 1.04-99 - . 000 05 -.34091. '~:f 11 '2 t65 
5>0-:}:;1<\. .• 1-99@D 1..0490 - 082.6 6 - 34086 - .. 01508 2 1-9b 

1 2.0000 -. ()1004 , iO 4-01 -. oo::r tb -. 33455 • 36661 2 i81 
~ 51066 .1...9~38 .. iO~ 9A. - ' 12. 32.5 -. 33450 -. 01514 2 iBB 

1 .{.000() ...... 0()994. 1.031.~ - D1A2.9 - .• 3261.4 t?bb-!5 2 '1.89 
• 51 )56 1...CJ599 ~ 102.96 - 16519 - .. 32Bo9 -.01521 z. 1.90 

:t 60Doo - DD98'?:1 .:10Zi9 - - 021..44 -. 32..1.69 i3bS12. '2 1. 91. 
·S164.4 1...94-&2 i01J1B - .2.oes3 - ' $2164 -.Oi52 6 z. 1.92 

• 9'39o9262.. 
512. CX HX CI<P CNN CKK PPPP 
D ~()1.-MD RCKP PDlF RC..KK i>DIF 20° 

-20000 - 03?89 401-90 ZS440 - . 42369 ·2453S ~ i95 
-:- 03955 · 394-03 ~ 4i008 .531.63 - .42.32 6 - .09 ?39 3 1..94 

.4000D - , O?f> ~H ! 4-03 S? t 2.4301 -.41.191 ·2~890 3 i95 
<-. 0'2D·9B • ?Q o3t ,, 4-05~9 .- 548 bS - 4-17-50 -.09'1-91 3 1...9{, 

. 6000~ - b35~5 • 398?9 ~ 2.31. 4-1.. ~ - 41180 ·23271 5 i9+ 
- 00159 .. 3bbq5 .. 40!03 ., S6~0D - 41140 -. 09840 :; 1-98 

6t>OD"O - 0346~ ~ 393~9 2!94.0 - .. 40534 ,2.2680 3 t99 
• Oi80D ~ 5539E " 39599 ·58063 -~4-0494 -.09~6~ 3 2.bO 
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t.ooooo -.03362 • ?6 7-13 .2.0708 - . 399.53 " 22:1.1'1 3 20i 
.03791- &341.3S .3')006 .. ,954-6 - . 39814 -.09928 3 '2. 02. 

1..20000 - . 0~255 • 38141 • 1.9445 - 391.37 .2.1583 3 2.05 
.05630 ~ ?2911. • 36381 . 60942 - 39096 - .0996b 3 204 

1 40000 - 031.49 .. ~1411 .161.53 -. 363£S6 ~. 2.1017 .3 205 
.01894 ~;, 1.1-2.4 .31-1-06 . 62.2.4-4 - . 38341 -.09999 3 2.06 

1 . 60000 - 03042 .. 36144 ~ 1,. ,68~3 - • .31600 ,, 20600 3 2-071 

- 09985 ~305 14 " 369f9 . 63441 -.315b2. -dOO!b 3 208 

~86602540 
S12 ex HX CKP CNN CKK PPPP 

D 101MD RCKP PD1F RCKK PDIF 
.20 000 - .06311 .63111 .56551 - 23050 .14828 4 2o9 

-. 0~ 340 .41.912 .62981 - ~ 302. (>() ~ . 229?4 - . 3331.6 4 210 

. 40000 - 061.19 .6l959 . 5631-e> - 22356 ~ l3il41 4 Zi1 
-.01 061 . 39905 .. 6 2 78() ... 26511 .... , 22 279 -, 34s~4 4 2.12 

.60000 - . 0592& ~ b.2.64 ~ t 560 ~0 - . 2tb2o d2118 + 213 

.01.256 ~ '37964 • 62414 - .2 7132 - . 21544- - ~ 354.1.8 4- 214-

, soooo - . 05134 .62.223 .. .55()83 - . zoe42 "' 1-1..-742 4 215 
. 03698 .36086 .62062 - 2.5909 - . 2016b - .36511 4 'li(;, 

1 ~ 00000 - . 05542, w6i690 ~552.?.3 - 20023 .10818 4 2.1.1 
06~06 .34219 • 61531 - . z-4-92.3 - 1.9941 - - 37821 4 216 

f ,Z. OOOO - ~05349 .~Q !040 ·54-7qq - . 1..lJi6i ,0994-? 4 2.19 
. 08S04 .31.535 • 60993 - 2.4 ,!00 - . 190e7 -I 3Q164 4- 220 

1. 4000 0 - o 0515 t . 60261 . 54-25~ - 18259 , 091..2.9 4 2.2.1 
~ 11416 . 30851 • 60124 - v 2.3 769 -,, i8186 -.406&.0 4 2.2'2 

1 60000 - ., 04965 .59364 .53644 - 11318 .OS363 4 2.2.3 
• i4217 ., 29245 .59£2.4 - . 13661 - 1.72.4.5 -,42.210 4 224 

. ~6604447 
312 ex HX Ci<P CNN Ckl< PPPP 
D I0-1MD RCt<P PDI.F ~CKk PD'l.F 

0 1.0000 - 011~3 .1~11 6 • 74320 - 11280 . 02 H36 5 22.5 
. 1. 992. 2. • 31431 .• 132~A -. 657f3A - 11.166 - .945~0 5 226 

.. 4000 0 - 01014 .1?:JlOO • :t48 2 .1. - . 106()11 '0154 9 s '22 1 
~ 21184 .304~3 .1-3231 - 64003 -ci0512. -. 8980 1 5 22 6 

60000 - . 06695 .73621 • +5219 - ., 1.0022 . 00940 5 2.29 
<f 2.2416 • 2 <f462. ~ 73111 -. 6.2422 -.,0992~ -.95862 5 230 

,eoooo - OG 7 76 • 7 3 4-9t .. 75090 - ~ 09345 .00359 .'3 7.31. 
.23195 ·Z8518 ~ 73051. - . 6ib50 - 092.50 -1-02994 5 23'2 
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1 . 00000 -.06651 .?-3305 ."16052. -.08531 -. OOL9-2 5 2?? 
• 2.51-40 .,.2.'1602. .12.86~ - 59998 - ~0854-i -1 - i1524 5 2?A 

1 ~ 2.0000 - . 095 3S .-13051 .~636'2. -. 018~1 - . 001-1.5 5 1?75 
.~6509 2.611.3 ,?2622 - 513919 - .b780'2. -L 2.1.926 5 2~{, 

1. .. 40000 - 0&41.9 .. 12131 ~ 1661.6 - ., 01125 - . 61%.:10 5 2?1-
• Z-1899 ~ 25 656 .. 72309 -.58364 -~010~1 -1.~549i1 5 z.;a 

i . 60 000 - 06300 • 12344- • ?&8i2 - 06324 - . 01.6'11- 5 :2 ;9 
. 2.9308 .. 2.50i5 .11928 - . s-1aa:r -. 06.2.29 -1 ., 51.628 5 1.4·D 

• 64 2.1816 2. 
51.2. ex HX CI<P CNN CKK PPPP 

D !01MD RCKP PDIF RCKK PDIF 
.20000 -.06445 .. :"72581 ~82.484 - . 06'565 -.()8826 6 2:.41 
• 4-?2.06 .1.9048 • :t2194 - 535?-S - . 064'12 -1. 4463'2 6 2.42 

• 40000 - "0652.1 .. =73203 • 82. ?93 - . 06416 --0811.5 6 2.4~ 
.4642..3 • .19 390 .12825 ·- . 5196~ - . o6s22 -1,4-9909 G 2.44 

• 60000 - .. 06591 ~3912 .tB o92 - .. 06Z.54 - 09GOD b, 2.45 
· 45636 .i9131 .13441.. -. 5()44'2 - . 06iSS -:t,5St30 b ZA·b 

.80000 - . 06-Q?-4 ,.:f{-406 .833 ~H - ... 060~8 - .094~9 6 '2.41 
·4-4\345 .2009.1 .. 14043 - 48995 - . 05961. -1.,621..=73 G '2.-4 8 

1. ~ 0 0000 - 06?-5¢ .=t4ct66 • ~)3 659 - 05690 -.oess4 6 2.4.9 
• 44-049 ~20451 o14630 -.41625 -.05192. - 1. . 69335 6 250 

1..20000 - ~ 06 92o . 15551 .8392b - 05689 -.082.23 b 251 
.43251 ., 2.0917- .. ?520'2. - ~ 46331 - -- 05589 - 1. .+1330 G 2..52 

t 40000 - ~ 06(}03 • "+61 ()2. 6416~ - .. 05415 - ,ceo~ 1 (, 2.53 

. 42.4 4.9 2ii89 .+5=760 - 45i08 - 053=75 -i . 86~0i 6 254 

1 60000 - 06'H·9 .16638 .64430 - - 05249 -,Of-941 6 155 
.. 41644 ~215M) .:76303 - 43CfS5 - -05141 -1..9642~ 6 2.5b 

.50000 004 
S12. ex HX CKP CNN CKK Pppp 

D IOiMI) RCKP PDI.F RCK.K PD:tF 
,20000 - ., 05410 .. G421B .19355 - 08690 - .1-401& ~ 'l51 
.,. (Jib02. 'i3543 • 643 79 .2.49316 -.08603 1 01332 1 2.58 

,40000 - ~ 05661 • 65 :f Oi. . ?9455 - 0 6 91-2 - 1.3&3e 1 i59 
9 5~656 .i4163 .65856 v2.3573 -.oaa2o -L oo141- 7 2.(,0 

.60000 -.0.5852. ~ 6 +i23 ~=19549 -.09i3~ -.1.~244 1 2.61 

·5f3283 .1.4809 1' 67273 .l2233 -.6904.8 -1. 0002.4 7 2&2. 

.aoooo - 06043 • 6B494 ,.?963'7 - -093:11 -.12834 1 Z63 
• 56 965 0 1.5482. .6862.8 .2091? - . 092.99 - . 1)01.81. 7 264 

i.00600 - 06!34- • 69184 ... ?9:t19 - 09boB - . 1.2409 r zbS 
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,.554-GG .. 1.61.81 .()9922 .. t9621. -.09514 -o 98235 "1 266 

1 ZOb()O - 004-2.5 ."1102.5 ~ ?9194 -.09649 -.it969 7 2.6i 
. s +oz...-:r '1.6906 ~+i155 .t8~46 -~09154 -.9-1201 1 26~ 

1 4000 0 -. <Jb61& ,?2206 .79864 - . 1.0095 -o:t1S1.3 7 2. b9 

.5.2.57-1. r: 1."~·(:>5~ .. 12329 .t10l09 -.09999 -o9609i 1- '2.10 

1 60000 -~0680b .73328 "1992.1 -.1.0344 -·1104i 7 211 
.51100 .1~45€:1 .. 13444 • 1594 8 -.102-46 - .. 94919 1 2.12 

I' ~4.-2. 02.02.1. 
512 C~ HX CKP CNN Cl<k PPPP 

D "!01~D RCkP PDT.f RCKK PD1f 
. 2.0000 -, 051.33 . 58116 .6681"1 -.14.31b - "1.39'2 8 8 2.13 
.584-3<1 .- i4644 ,.59603 1r49?95 -.1.4~'22 -.,616~3 8 214 

.40000 - 05238 .5960S .699{,{, -.14809 -·i3157 8 2.15 

.. 5552.9 .. 1.4683 .. 60468 i. 46011 -.i412.1 -.6oo1~ 8 2. "1 {:, 

• 60000 -.05~4~ .. 60455 .69014 -.15292. - .. 1_3567 8 ? . .-~ + 
.. 58591 .i4039 .61:,52 1. 43018 - 1.52 03 -·584S~ 8 '2.+~ 

0\aoooo - 05446 • 61.. 264 ~~?91.43 -.1575=7 - .. 13360 8 2.1-9 
• 586 2.1 . 1.5C>12 .621.~~ i v 3982.6 -~ 1.56 61 -o51l038 ~ 2SO 

1 OOODO - 05552. 0 6 2 033 .691+1 -,1.6204 -.13134 8 2.51 
.5963{> .1.5103 .62891 1.- 36441- - 1.6it5 -.55656 8 ZB'2. 

1 2.0000 - .. ()5651 . 62162 .69161 -.i66 3 4 - .. 12889 a 293 
.59620 ,15210 .6:,601 1.32891 -.165 44 -.54336 8 2.84 

i ~ 4DOQ{) - 05162 .63446 .69113 - .. 19045 -.1262 G 8 2. s 5 
.5851-9 .i533<\ ... 64279 1.29165 -,1..6955 -c530rO 8 2B6 

1 60000 -,05867 .64094 • 6902-3 -.t1439 -.12344 a z.e? 
.. 5S.5i3 . 1.5415 ~ 64901 i . 2 52.19 -,i=7348 -.51553 8 2.9 ~ 

.1+364 B2 e 
51.2 ex HX CkP CNN CkK PPf>P 

D IOiMD RCKP PD"l.f RCKK PD"IF 
.'20000 - 05364 • 5850"1 .59137 - .- 19421 -.11.82 b 9 28'7 
51.582. 181.35 .59963 2 .. 4z.et 'l -.19342 - .. 43154 9 2. 9 0 

,4{)000 -.052.60 ~51863 .59615 -.1.9999 -o1.1981 9 2. ~1 
~ 52910 . 1"1540 .59'32.8 2 46840 -.19914 - .. 4 .2491. 9 2 92 

o6000o - 05196 .5?1.9~ • 594-:;71 - 0 .20539 -~ !2137 9 293 
.. 54356 ~ 1.6954 .. 58668 Z u5016S -.20454 .... ·4132 8 9 294 

.80bQO -.051.13 . 56501 • .)9306 - • .£1.049 -.1.2216 9 295 

.. 551~8 .16?:d~O .51916<\- 2.,54-651 -. 2096 2 -,40£51 9 2 96 

1 0()000 - .. 05029 ,55195 .5~120 - .. 21521.. -.1.2404 9 291 
• 5=1-tlS . 1.561j • 51216 2.. 584 26 -,214~1 -.,39252 9 2 98 
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1.20000 <-.04946 .55 062. .56()1.1 - .21961 -. 1252 () 9 2 99 
.58465 .15 26'2 .56544 2 .. 6 2.10 2 - ., 21~):18 -.3832.2 9 300 

1 40000 -~0486'2 .54?J01 ·58683 -. 2236? -.1..2625 9 ~ot 
• 59 841 .i411ct .55?69 2..6f>6q4 -·2.22S4 -. b 1-4-S 3 9 302. 

1.60000 -.04118 . 53531 ~5"8433 -.2.2131 -?i2118 9 303 
. 61201 oi4i86 .5501'1 ~ .. 691?0 - 2.2654 -.~b64o 9 304 

• 01.745244 
S1.2 C)< HX CkP CNN Cl<K PPPP 

D 101MD RCKP P1>1:i= RCKK PD1.F 
• 20000 -.055<\-7 .. SQ2i1 .56512. -.21..681 -.t<>?35 tO 305 
. 4<t619 .19218 .. &OS?-1 2 .. 13bFf - .. 21620 - . 3i0i6 1..0 c,o& 

• 40000 -.05~"10 • 51942 • 562 09 -.21924 -~11052 1D 301 
.50964 .1..8608 • 5q52~ 2 · 82194 -.z135& -. 30896 10 308 

• &0000 -.05193 .564-3~ .55653 - .. 22155 -.11.359 iO 3 D9 
.52289 . 11958 • 58111 2_,.91~24 - 22087 -.3()719 1.0 31-D 

• 80000 -.05011 ~5~961 .55501 - 22361 -.11.65-6 iO 311 
.5?>594 .1 ?330 .56b93 3 .. bi062. -.2231'2 - ·30bb6 10 312 

i. 00000 - .04840 .53.50Q. .55155 -.22660 -.11942 10 31.3 
.54976 • j..6"121 .55'2..2.2 3 .. 1.1469 - .. 2.2551 - 30559 io 314 

1,,'20000 -.0466 3 .. Si97CJ .5482.1 -.22812 - .1.2 213 10 2>15 
• 5~i35 ·16134- q53:J.i2 '3 ., 2.2620 - .. 22143 -. 30 45=1 LD 3ib 

1.40000 -.04496 tS04 19 .s4491 --2~01. -:f - .1.2483 iO 317 
• 51369 • i55 6 ;r • 5 ~ 1..€,4 3 34591 - 22'148 -.30:S6o 1.0 31.8 

1. 60000 -.64.30<1 ~48S22. ~54160 - .. 23215 -~1'2? 38 1.() ?>1 ') 
• 58516 ., 15021 • 50519 , 4-1494 -.23145 -.302M3 i.O 32b 

POLARISATION 

512/D f<7 i 10 20 30 4-0 50 60 10 eo e<t 

.60000-.00006 .. .1..451C .3 iL99 31 +3+ • 39923 , 38.!91 --31560 t2i529 .1.0646 .Oi0S6 

.eoooo-8oooo~ oi4547 .~115b • 3871:}<} 406 22 ·38092 . 3 1.160 .. ti.316 ·• !.061.3 .01056 
i ,00000- .bOOO@ $145 73 .32293 .~984-2 -4 i305" ~ 37 9 9 3 30::756 .21094 . {0515 .01.055 
1.26000 8 00008 . i4599 * ~2Sl1 .40890 • 41916 • 31889 .. 3o3 ~9 .zo8o4 .. iDS 33 .D!O 54 
1-. 4- oo oo- .. o 0() oe .i4Gi.3 33350 .41921 .42633 3't18i • .299.39 ·20621 • i04 88 .Oi053 
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312 MEV 5CATrERIN6 MAT~IX rlo!M, PM\ To 

YA '(C '(M YG YH 
-2 .. 6295'0 -.oooss -.00824 .01585 .06409 i 

.33\346 -.00541 -.00661 0?.545 .0~226 2 

.32.565 - .01.002 -,002.16 .0~4.29 • OT1'15 ;. 

.28894 -.01.348 .004SS .b1231. .0+000 4-

.242 31 - b·i606 01237 .(?0933 • 06233 g 

.1 9011 - 01.836 .()1968 • 064 84- ,05550 Ia 

.13741 -. 02081 .. 02.487 .OS801 · 05035 7 

.08411 -. 02 33:1 • 02 G59 .04822 • 04 tOLl 8 
~0 321.5 -.02528 .02401 ~034~c;l ·04532. 9 

-.0:1.245 -. 02 603 .0181.0 Oi916 . 0 4-481 iO 

OPEP CcNH\AL FORCE CHANGIN<;, 1N L#S PHASES 
COULOMB I.NTERACTJ.ON NOT INCLUDED 

• 99984 "16') 
S12. l..o 0 I.OiMI> HX XM 

AX ex &X 
.20000 .4156-4 - .. 04633 • 49 Sh 3 - .0 4954 - .. 299-41 i 4 

• t41S8 ~61 16 0091!.534 -. 3l :t54b4 5 1 2 
.40000 .41364 -.04198 .49313 -. 04-954 -.27154 1 3 

. 15 350 8-65 .00911.5.34 -. ~256:;?345 1 4 
~ 60000 .412i~ -o03S45 .48881 - .. 04954 ~~~:2-75~? 1 5 

.1..591.2765 .009?1534- - • .>2380045 1 b 
.. soooo .41050 -.02~15 .48403 - .. 04954 -. 21Yt9 1 -:; 

.i64146o5 .()091.1534 -.~219f.t4S 1 3 
1.00000 .46 8 96 -~02188 .4192.2 -,04 954 - .. 2=71<}2 1 9 

.-t?-036562 .009115~A -., 32005445 1 10 
1.1.0000 • 46'750 -.01484 .41444 -.04954 -.21005 1 ti 

.t1598462 .00911534 -.31816145 1 i2 
1 .. 40000 .. 46<>12 -.00764 .46969 -.04954 -.26B1? 1 1.3 

.1.8i60362 • 009-1153 4 -. 51630845 .1 14 
!.60000 • 464 83 -.00027 .4649G -.04954 -. 26630 1 1.5 

.19122260 • 009-11534 -.31443545 1 1b 
• 98480115 

512: IO D 101/Jil> HX X!~ 
AX Cf. GX 

.2.0000 .41451 ~11039 • 36B75 -.10495 ·-.26594 ?.. 17 
• i4 4196-72 • Q(j5Qi9~D -.25935555 2 1B 

~+OOOO 0 41.350 .1.1.556 . 36511 -.10495 -.2643;7 z i9 
.1..4661.204 .09561890 -.25658377 2 20 

.60000 .4i255 • 1.2 083 ,. 36Zi0 -.10495 -. 262 9() 2 21 
~L53D2.?35 "0956t89i - .. 25541206 2 22 

.80bb0 .4ii65 .i2619 .35910 -v10495 - .. 261.4 3 2 23 
.15 =744 2 66 . 09561591 - . 253 94025 2 24 

L bOOOCl , 41.0 80 .1.31.65 ·35~12 - ~1 0495 --25996 z 2.5 
.1.bi85198 .09561991 -.25246847 2 26 

LatOOOO • 4{,00{ .1.3Ji9 ·3537-S -.10495 -o25949 2 Z7 
.. 1662..7329 .09561690 -.25099610 2 2?3 

1~4-000 0 .40926 .142~2. .35081 -9 iO 4-95 -vlS=701 '2 2.9 
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·170668b1. .OC)5618~tl -. 2.4952493 2. ~0 

1. 60000 .. 40857 . 14854 • 54:f6S -d .. 049S -~25554 ]_ 31 
&1?510303 •. 09 561.890 -.24805316 2 3'2 
.939692.62 

512 !0 t> 101MD I-IX XM 
.AX ex GX 

.20000 .. 3"126? .. £8505 • 2~6 44 - .13306 -.22693 3 33 
.t30bS1b2. .18 2322b3 - • t.4 i4 :3 sqs 3 34 

• 40000 • 312.55 .26651 $265 86 - .1.830b -. 22 642. 3 35 
M 1321.8bC2. .. 18232263 -. 1..4-09-2G29 ). ~b 

.. 00000 • ~~ 24-4 • ZfP :1{) .2b529 -.!830h -. 2259i ~ 3-=l 
'"13~ 71503 .182.3226~ -~ t404iG62. 7 323 

• 60000 • .3-7 2 34 ·2890 3 • lb4-·72 -.16306 - .'2.2.54-0 3 39 
~ 13524401 .. 162~2263 ~ t3<t9o695 J 40 

i. 00000 • 5~224 .290~1 J 2641.5 -.1830b - .. 2249 9 3 41 
.. 1..~b17302 ..1.8 2..32263 - .. i3939:.ZZ..9 3 42 

1. 2.0000 .. 3721.5 .291-72 .2.6358 -,1~306 -.22438 3 43 
.1.38302.03 ,.182322.63 -.13S6~H62 3 4-4-

1.40000 • !:> =! 2..Df:. .-29308 .26-.302 -.i8306 -.223BS 3 45 
.13963101 ,182$2.2&3 - .. 1383-7? 95 3 4-b 

1. oOOOO .31195 .,204-44 2.624$ - .. 1..8306 -.22 331 ~ 4-~ 

.141.36002 ·18232.2.63 - ·.1.3 +8 682 9 3 48 

.eb60254o 
SiZ. 10 D 10·LMD HX XH 

A-X (,X GX 
.20000 .31193 .. 34109 ;2.4.506 -.21"169 -.ib888 4- 4-9 

• L02. 4ol302 .. 2..52 9=163 9 -.05673.694 4 50 
• 4000'0 .3':1 i 9D • 31-DSB • 245 2 3 -.21.169 -91..6930 4- 51 

• 1..0121059 .2529-1639 - .05115&0 8 4 52. 
• 6000~ .. -311188 .34008 .. Z4S4i -.2.1...?69 ...... i691'Z 4- 53 

.ol}99531? ~ 2.52 9-7640 ·-o 05:15712 3 4 54 
• 80000 -.31185 • 3~957- "Z4S58 -o21169 -.1701.4 4 55> 

• 09 8 695-13 ~ 25 297646 - .. 0519 96S 1 4 Sb 
1-.ooooo .3~1B~ .33007 .2.45?5 -.21=769 - .. 1..?05b 4 51-

.()9143$29 .25297640 - .0524155'2.. 4- 58 
1"20000 • 3 i 183 ·33858 ~24593 - .. 211-69 -,.1:7098 4- 59 

.09618085 . .2,.52 97639 - .. 0528340.6 4- 66 
:1 .. 40000 .3-=7182 • ~j808 .24 ·6i.1 - 2176 9 -.1?140 4- 61 

.09492341 .2229:{639 -. 03 32535.1 4. 62. 
io60000 • 3:t 1..81 ~ 3 ~.:)60 .. 24()29 - o2.i=7b9 - .1 ?181. 4. b3 

.093bb599 .2529+639 -,0536-=1296 4 64 
• 76604-441 

Si2. lO D I01MD HX XM 
AX ex &X 

.2.0000 .3 10B3 .36440 • 2.2fl2? -.zi1e6 --,1.00i~ 5 65 
. os ?:34.616 .. 30361942 .0134-3439 5 66 

.40000 • 3 ?OQf3 • 3543 B .22.81.9 - .. 2.a.186 - '10092 5 6=7-
. 05 498259 . ;3o~b1942 o0i.2b4b5.3 5 68 

• bO Oot> .,3"7054 "'3843 1 -ol26i2 -..,2i ~8 6 -.1.0110 5 69 
$052.61. f)Q9 .3()361942 ,01185661 5 1-6 

.aoooo ,.3-7043 .. 38 4-3b .22 f)04 -. 2i 7-86 -.1.02.4. 9 ? +:1 
,.0$02.5542 .~0361942. ~ 01.1:07-D 6 1.. 5 +2 

i .. btJODO -37032 .384.3 1 .22?98 -.21196 - .. 10328 5 +3 
.. 04189!82 • 3b66i 942 .01029295 5 7-'r 

i. 2. bDDD "37023 ·38~40 .2l:f91 -u21.196 -.1..040+ 5 '15 
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o0455ZSl4 o30~b194Z ~ 000495 08 s =16 
1 40000 • ~ 1016 .. 38443 .l218b -. 2.1186 -.1048b S" +1-

4043i6464 .. 30361942. .00810~2'2 5 1S 
1.~ 60000 .31-010 ·38441 o2.Z1SO -.21=766 -.1.656 4. 5 7-9 

_. 04080LO"t .. ~O~b1.042. .0019i93b 5 80 
~b4-2.~81-62 

Si~ 10 [) IOtHD H)( XM 
AX ex (JX 

.z.oooo . '~6514- • 435 6o ·2.0606 - .. 20064 -.0'2.96) 6 81. 
-.00 0:,622.2 .?341.3558 .0)992=!29 (b 82. 

.. 40000 .~6506 • 4~b 1 b ... 2058 3 - ~2 0004 -. 050i 3 b .8? 
-. OOLi-954-G o33413558 .os-94-4Q74 6 84 

.bOOOO ,.364-98 .436bb .zo56o -.2.0064 -.05061 6 i\) 
-. 00 32.2.86 8 • 33413558 .os-scntso 6 36 

~ 60QOO .~64:9 1-- •. 4311b .. 20538 -~2.00 64 -.03109 6 81 
- 00466193 ~.3413558 g 0 s-8.4;9 405 6 ~8 

1.00000 .36484- .. 431&1' • .z05i6 - .. 20064 ...... 0315"& 6 89 
-.00609511 .~341$558 D 058 Ot b3b b C)-6 

1. 2000 0 .3641-8 • 43818 .20494 -.2.0064 -. b3204 b '}1 
-.00-1-5Z8~2. .. ;3413S"S""8 • o') rs- ~as-s- b n 

1 .. 4.0000 .36413 .t1381 b .204?2 -.'2D064 -. 052S2 6 ~.3 
- ~ 008961 .66 -5341.35"5""3 .o r+o&o~i 6 9-4-

i b'() 00() o3 b468 . 43922 "204-S"O -. 2 006 4 -e033QQ b 9-> 
-.01059490 -~ 33413S")8 cOS"bS85b6 6 9-b 

• 5 0000004 
Si2. 1.0 D ! 01 }-40 HX XM 

AX ex <?X 
.20000 8 3&146 .48414 · U:l64.b - . 11117 .0345 b -=-!- 91 

-. 059 7-3 9-62 ·34198b23 .0945"3606 -=I- 98 
.40000 • ~6 1 48 .4-83~1 ..1 .. 86 s-g - .. 111-11 0 0 3 4-13 1- 9-9 

-.059Z3~6S .34798623 .09-470411 1- 1.06 
• 60000 .361.-49 .4634-1 .18 612 -.1?7111 • 034 90 1 LOi 

-. 05fH216b • .34-198623 o0948;r?38 ? 1.02 
.. soooo . ~ o1s.1 • 4-8314- .1...8664 - . 111+1 .. oo>o1 1 103 

-.OS: Bl2i6t • 3+? 98623 .09504 204 1 104 
i .. OOODD • ~6_ i53 "'4-8 2. Si .. t S6 9-7- - .. 11-111 • 03s-24- 1 L05 

-. 051-ti-569 .. 34-198623 • 0 9S2.1.D7 0 7 1...06 
i.2()00Q .36i5S .48248 .18110 -.1-1711 .. 03540 7- 1..01 

-. 0512.()~10 .. 341-98623 .09531936 1 108 
i. 40000 .361S.6 ~ 482.1 s .. 1812~ -.1-1?-11- .035"~7' 1- io9 

-o05"6l03:f1 o34-19862.3 .O<)Ss-4503 1 itO 
i .. 60001J • 361..58 .. 4-818 3 .. 1.8~36 -.1?-111 .03'5"'14- 1 111. 

- . O}G19 173 • 34-19862.3 t 0<)571.6 69 7 11.2 
.5{2.0202'L 

SiZ. lO D tO:iJ..lD H)( X~ 
AX ex &x 

.zoooo IY';; 62._12 .51.8 44 .rt-466 - .. 1'5'683 D08654 B ti3 
~. 1071'+7 99 • 3S: 1.00 803 .t2D2.2219 .8 1.14 

·40000 .36212 • 51682 • 11 )2.10 - .. 1.S'6S3 .08-71.5 8 11$ 
- i0593 057 ... -$) 100803 .1.2083807 8 1..1..(, 

,6 0000 .. 36'214 • S"1S2D ol':fS"'BS' - . 1.5'683 .087?-::;r 8 t:L1 
-~1.0408214 .. 35100'003 tO 1..21-4-s-3 ~4 8 :1..18 

• a oooo ~362.1-1 ~· S' i3t8 .1?645 - .. 1.5683 .oS83a 8 1-1.9 
-.102.23):11 .. 351.00803 • i '2. 206 ~ 8 2 8 1...:20 

:L 00000 • 3 b28i .. ~1191 ei17/D6 -,. i56B3 • 0890 D 8 12.{ 
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-.i0038,:t-\9 • 351..00 8 03 ~1.22.68509 8 1..2.'2 
i.zoooo .. 362aS' .S1.036 .1.1?66 -oiS"683 .o~g6i 8 123 

- .. 09 8 5"59-86 • 35"i00803 .t2 3301. ~ 8 '124 
i 40000 .362.91 .. 508?5 .1162.1 - 0 15683 ,09023 g i2~ 

-~0~6o9zz~ .?J5L00803 0 -1.2 3 ~1.144 a 1.26 
1. bbOO O .66 2.91 .-501 i5 .118Sa -.15683 .09085 8 1.21 

-. 09484-4 ~1 .?51.00805 .. 124-5~~~2 8 i28 
• L1364328 

5 12 l.O D t.01MD HX XN 
AX: ()( GX 

.. 20000 • 36629 .53101 .. 1(,9$'6 -.14-ZS"4 o1..225"<3 9- 1.29 
- .. 1.35 43)7-2 • 3 .}95"4924 "i~8S'"804 ~ 1.3D 

1> 4-0000 .3662.9 .. )35 43 .11-0i4- -~ 142.54 .. t23ii 9- 13>1 
-.1.3385'"301 0 34-954924 • L~~3S55"9 1}- 1.3.2 

. 600DO • 3662 9 .. 53~ 9'0 ~110"1-2 - .. 1+2.54 • 1.236 3 9 1.$3 
-,13227042 ~54QS"4(}z4 • 13?-'}1.31.4 9 ~g-4-

. soooo .3b62 9 ,532~1 ~ 1.1131. -.14-2S"4 .1.24-ib 9 'l3) 
-.i~O t:J 8-:t1-1 .5..\.9'5"4924- ~t;34-4-0b0 q 1-~b 

1. ooooo .36bs1 • 53013 .1.11.89 -.1.4254 .12469 9 .1.31-
-.1291..0512 • 34- ~$ 49-Z4 0 1. 38Cfb 8 2.4 9 t38 

i 2~00D P36632 "'S"291S: .112.48 -.14?54 .12.52.2 9 1. 3 9 
- •. 1.21-S' 22.4- -=1 "54-0S 49-2.4 oi394-9-S"?-9 '7 1.4-D 

1.. 4-0000 .3663) .52.15? -1..1301 -. t4254 o1..2.) 1-4 9 1.41 
-~ i2593 98'2. o?49)492.4 .1.{002'3>54 9 1-42 

t 60000 .3.66~8 .. ~200'0 ~ 11366 - .. 1.4-254- .. ilbZ1 'j 1A :s 
- .1.24-?5 ?11 .. 34954924 • 140SS"039 9 14-t 

, Oi 14 5244 
Si2 !.0 D I01MD HX XN 

AX ex 6X 
o2000 0 .3680(0 .54923 ·1bS"90 -~1.3?'5'5 • t4-01. 9 to 1.4) 

.-,1..4151036 .34841232 0 i41S"2-t-01 iO 1.A-b 
~ 4000Q • ~6806 • 5 4£}0 $' .1.b5q1 -.13+S"S' .. :1402.5" iO 1..4=7 

-.i413S63~ .. :34-84-1232. o ·L 4-i.s 8 s- :~s io tAB 
.. 60000 • 368ob <» 5'-i886 .t6604 - .. 13?$S ~14-031 i() 149 

- .. 1.4i2023b .. 34-8 412~2 .i.4i64bbt} :LO 1. ')O 

• 8 ()00 .'66806 ... 54-86"1 .16 611. -.13:7 55 oi40>=J 1.0 1S.1 
-.141 Oi821 .. 3484-;t2.32. d-41 1o8oA 1..b i)2 

1.~00000 o3,6806 • 54-8 48 .. 16618 -.1.3+5S oi4043 iO 1~3 
-.1..4083424 .. 34841232 .141?69~6 1.0 1~4 

i 2.0bOO .~b BOb .)4-82..9 • i6b25 -.13?5'5' .i4Ds-o iO 1 ~r-
- . i4-b6S"021. .?J4!S4-1232. "L418 3072 iO i ~(, 

1.. 4-00 DO .. -36806 <oS'4810 .. 1b632 -o13=1SS"' oi.40)6 iO i s-=1 

- .14046bi8 .. ~4-841232 • i4i8920} iO 1~ 
1.6Db00 • 3b 80b ") {-19:1 .,1.66 3 9 -.13:,5S"' .. i 4-062 i..o 1.. )q 

-.,i402821S' .. 3484? l;$2 • 1-41.'1)541 1.0 1. bD 
.90<184169 

S i'Z ex r-tx CKP CNN CKK PPPP 
0 IOi-MD RCKP PDIF RCKK PDIF 

.2.0000 • OOD48 b 004)6 - .. 6!bo4 -.61.181 o4-1$'2b 1. 101 
2b1..9+ . & S:1.b3 .OOS.i9 12 ,_ {)&' 6:::;1) -.61~81 -,000i1 1 1.62. 

1140000 -.., 0004-8 .. 00 f)(j -~61863 -. 62b>.b • 4-134-b i ib2 
• 25238 • :$5"'42> • 00 5"21 iZc.12S'3S" - .. b20sb -,bDDi1 1 1.6 4-

.60DD6 -.00 4-B • 004-6 0 -. b2i Ob -.622=16 .4.=7!~) 1 iG> 
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.~4780 • 35749 ~00523 12.162.58 -.62.215 -. 00D11 1 1.bb 

• soooo -. 00048 • 00lt6l -.62334- -.(,2500 • 4-1-012 1 16+ 
~23323 .~607o .00525 1-2 ~ i9 84-+ - ~62500 -.0001.1. 1. 168 

1 0 00000 -.00046 .. 00463 -. 6 25 4-1- -.62108 • 4-6~58 1 169 
.. l??J61 • 36406 .00521 12.232..94 -.62106 -.00011 1 L=10 

1.?0000 -. 00048 .004-64 -.b2143 -.62.901 .. 4(>1-12 1 111. 
.21412 .36139 • 0052 9 12.26601 - .. 61901 -.0001.1 1 1...1-'2 

1.40000 '. ~0048 ~ 00466 -.62.92.-\- -.6301-1 .. 4-6514 1 1.1-3 
• 20A61 0 3:r015 .00531 12. 2. 9184 -. 6~0+1 -.00011 1 1.=14 

1-60000 -.00048 .004b1 - . 6~068 -. 632~ 1 .46445 1 i.::?c.; 
-19512 • ~1413 .00533 12 .. 32825 -~b32.~1- -.00011 1 1.:76 

.984:801-15 
91'2 ex HX CKP CNN CK~ PPPP 
n lOiMD RCI<P PD1F RCKK PDl.F 

• 20000 -.0!00} .10254 -.410~4 -. St-4~6 o'51"f=f4 2 1"1-1 
• ~ 24\36 • ~62+5 .107-58 4. 69131 -.57-\.28 -.01419 1_ 1..1-8 

.40000 -.Oi-003 • 102.1-8 -.4-122.9 -. 51351. .3?61-4 2. i~9 

.116~1 .3651.1 .10185 4. 698~0 -.5?341 -.01..481 2 18'0 

• 60000 - .Oi003 ~10302 -. ·U-415 - ~ 51-254 .31-5+9 l i-81 
.10692 -36161 . 10811 4.10559 -~5"1245 -. 0149 3 2. 18?-

.80000 -. 01003 ~ 10:!125 -.41593 -.51-1<\-4- • ~14-8 9 2 1.83 

.t 0100 -31001 .H>835 4-.71198 -.S=113h -.01501 l 1-84-

1. 00000 -. 01.003 . 10?,4& - -411-62. -. 51-023 .39+04- 2 i8S 
09312 - 31-254 . 10858 4 11.181- - .. 51-DiS -.01508 2 ia() 

1.2000() -.01.003 ~ 10366 -.4.192.2 -.SoS96 • 31$24-- 2 18+ 
• 08528 • 31-504 ,1088 () 4-.1-2328 -.56881 -.01515 2 1~.8 

1. 40000 -. OiOO~ .103 85 -., -4-2013 -.561-4-5 .Y-f25o 2. :t89 
e0?14'} • ~17-55 • 10900 ~-128!8 -.Sb136 -.01523 z 1.90 

1. 60000 -.6i003. .10403 - .. 422ib -.56588 . 3?18! 2 1.9 i 
• (.,6r; t4 .t,8D07 . 10<}i9 4- .. 132-59 -. 5b5~9 -.0153b 'L 192. 

.9~969262 
StZ ex HX CKP CNN CKK PPPP 

D lOi.J.tb RCKP PDlF RCKK PDlF 
.20000 -.03331 .36939 .095'-18 - • .36655 23904 3 i93 

-. 0 -\-1'84 • 39 056 .37-301- .9884-5 - . 366t5 -.10839 .3 19{ 

• 40000 -. 0~~37 .36950 .09508 .36445 ~2.3892. 3 105 
.05013 .39-i--2.3 .31318 .98650 .. 56406 -.10902 3 196 

.60000 -. 0~331 .36961 • 09-4-38 - ~ 362-34 . 2.3881 3 i9~ 
- ~ 0~2.41 • 3<H9b . 31-329 0 98+50 -~ 3 .9iQS -~10968 .3 i98 
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.800(){) -.03351 .36971. • 09?>09 -~36022 . 2.381'1 3 199 
-. O~l468 • 3 9 2.10 u~133S .9€iZ.47 - .. 3.59~3 -·11032 3 '2 00 

i. 0000\.l - .03~31 • 3698t .09300 -.35609 .zz,B61 3 20i 
-.0569~ • )9344 .3"1~48 . 98041 - . 3~1o9 -,1110D 3 202 

1..1.0000 -.o;,;,31- .36991 .092.32 " g35.594- · 2385'2. 3 203 
-.0591.8 • 394-'Lr .3?35b .91829 - .3555.\- .11:161 3 2.04 

1 .• 40000 -.0~331 .36999 • 091 b4 - . ~5378 o23S4-3 3 zos-
-.06141 .3 94<11 ..31364 • <J 1o1S - .35339 .j 12.36 3 206 

1.60000 - .03331- • 3 t--007- .Q9096 - .35161 ., 23835 3 201-
-.06:,64 • 39?66 .3131-1 .973~6 .3~121 - .. t 1304 3 208 

• 86602.540 
Stl. ex Hx CKP CNN CKK PPPP 

D lOl.MD RCKP PDlF RCKK PDIF 
.zoooo .osso-:r • 60615 o50204 - ~1516& 11~10 4-'209 
• 02-621 e362.16 .60480 -~22213 - .1511Z. -.4-9339 4- 2:10 

.40000 - .05501 .60619 .. 50216 - .15422 ~ 11461 4 ~11. 

. o~n42 .3£110 .60487- .• 21929 - .1534:1 -.49604 4 2:12 

.60000 -.05501 .60623 .50348 . • 1 s 65~ .11. 4&5 4 .213 

.02.857- .36125 .60492. -.216"\6 ol5582 -.4-1-693 4 2.i.4 

.eoooo - .05501- .. GOGZ1 .50420 . • 15892 .11463 4-- 2-15 

.0297-3 .360SO .60491 - .21367 .15811 -.4-1203 4 2i6 

1.00000 .05501 .60&29 .50492 .1 6126 .,1146:1 4- 2.1?-
.0.:)090 .360~5 .. 60502 .£1090 - .16051 -. 4-6535 4 21~ 

L fOOOO - .05501 .606~1 w50564, . • 1635~ .114-60 4 219-
• O;..l'-' f • ~5990 .60505 -.20815 - .16284 -.45885 4 2..20 

1. 4000 0 . • 05501 .6063.3 .50635 - .. 16592 ·1 14-59 4 2.2.1. 
.03.3L5 Q35945 . 60508 ... 20543 o1651"T - .. f52.56 4. 222 

1.60000 .05501 .60633 .50706 .• 16824- ~11.+59 4. 2..2-3 
• 03 444 .?5901 wb0510 .2021-3 - .16"749 -.44645 4 224-

.16604441-
Sll. ex HX CKP CNN CKI<. PPPP 

D "lOiMD RCKP PD!F RCKK, POLF 
.zGOvG -.06614 .12852 Q13655 - • 04064 • 0002. a 5 2.25 
o23586 .28336 .723Si .. 64991 ~ 03<}16 -2.36515 5 22o 

.4QC..,~ -.0661.4 • "12981 .131~9 - .04-514 .00013 5 22 "-1-

.23b99 .2S286 012415 .. 64382. .0441.9 -2., 12 +55 5 2L~ 

• 6 QOQ 0 -g0661A • 72901 013943 • 04-962 0. 00000 5 22 9 
.23794- ~232:,5 .12445 .63r93 - . 04-868 -i.<134f8 '5 230 
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. aoooo -.06614 .,r-Z930 • 14 OS5 - . OS4D9 -.00011 5 2.31. 
• 2 3 90 0 .26169 • 1-24 73 -.631-9l -.05315 -1~++315 5 2~'2. 

1. OGOOO - .. 0 6614 .7-295:1 ~1- 4 2.2 3 -.0'3656 -. 0002.2. 5 13) 
.24008 . 2.8141 • 1- 249'1 -.()261.2. -.051-61 -1.6~349 5 2.~4 

1.ZoOQO -. 06614 . 1'2.968 . 1436 ~ -.06?,00 -,00030 5 l.~S 
.vZ.4118 .2.8094 • 12516 -.62.040 -.062.0(> -1.52291 s 1.3b 

1 .. 40000 -.0(:)614 • 7-2.9 63 .. 14SOi -.061-44 -~OO~B 5 7...3 7 
.242'l9 .28041 .?2537- -~ 61.418 -.Ob649 -1 . 42.299 5 9_, 43 

1.60000 -.06614 . 1'l994- .1A63G - $0":1185 -. 00044 5 '2.39 
.2A343 .2.9001 • 12552 -.60925 -~o~o<H -1.?,351+ 5 1-4-0 

.642.18161. 
5 12. ex Hx CKP cNN CI<.K PPPP 

D l 01MD R-CKP PD!F RCK.K PDT~ 
.20000 - .0 6104 . 15002 . 8~120 -.02'l33 -.08362 6 241. 
• 4-3814 . 2.0493 • 1-45 99 - -5398() - .028!6 -3~412 5& () 2.4-2 

.4.0000 - . 06104 • 15019 .8~193 -.03i93 - .0~5 90 6 1.4-3 
• 4-3816 .2.0488 -1-4{)19 -.53632_ -.03096 -3 .. 1596+ b 244 

.. 60000 - .0 6104 • 1503 5 .8?,266 -.03432 -. CXB96 6 2..!5 

.. 43819 • 2o483 ~ 1-4-631 -~53291- - .. 03335 -2. 907'09 6 2.4-b 

.aooou -. 06104 ~ 1-5049 . 8 3~39 -.,03!190 -.06405 6 '2. 4-1 

.4388'2. • 2.04+8 w 14654 -~52946 -~03583 -2.1-0859 6 2.49 

'LOOOOO -,.06104 .i15063 ~ 834-16 - ~o 3 928 -.03412 b 1-4-9 
.43885 • 2. 0413 0 1-4610 -~52609 -.03S3i -2.53539 6 21JO 

1. ZOQOO - .. 06104 ~ }5()1-5 .83481 -.041'fb -~0841.8 (, 2.51. 
• 43 ea 9 . 2.0468 • }4685 -.522.16 -.04019 -2..313346 6 2_52 

1..40000 -.06104 G 15091- "83551 --04423 -.00423 6 253 
.43S93 • 2. 0463 • 1-4699 -. 51948 - .. 0432.& -2 .. 249i'2. 6 2..54 

1.60000 -.06104 • 7-S 091 • B~b21 -.04610 - .. OQ429 b 2.55 
.43698 . 2.0459 • }4111 - .. 51623 -.(?4- 513 -2.12943 6 2-?t 

. 50000004 
5 i 2. (X HX CKP CNN CKK PPPP 

D 1.011'40 RCKP PDlF R.CKK PD1.F 
.20000 -.OE>1.86 .10014 .80369 -.O<i3~33 - .. 1.2592. "7- 251 
.55149 .. 1.5 9 95 • 1016 9 .13568 -.09440 -1.0Q5~8 1 !.SS 

.~0000 - ~061 86 "10<:J";:f1 .80352 -.0£.451 -. 1..2590 1 259 

.55+68 -15988 .7-01..65 .1.3412. -. 0 <3365 -1..1..0499 ? 'lbD 

• 60000 -.06 t 86 .1006{3 u 803 35 -.09361. - .. 1.2_589 1- Z.bt 
• 55181 . 1.5982. • 7-01(:)2. "l33:J-5 -.092-89 -i.i1..419 7 2&1 

~80000 -~06196 • l-0064 .80318 -.08306 -,12581 1- 2b3 
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.. )5801 . ~5916 • 101.58 • 1'?1..=18 - . 082.13 -1..1241?- f. 264 

1.00000 -)061So • t0061 • 50301 -.08230 -o!259S 'f 2b5 
.sssto .159,69 . 1 0154 .13180 -. oe13e -1.13494- 1- Zbb 

1.20000 -. C61.8o "10058 .ao2.S4 - . 081.5-\- -~12583 1- Zo? 
.55846 . 15963 4 }0149 .1.?>061 - .. 08062 -1,14531 1 16'(1 

1-. 4-0000 - .. 061eo .=70054 !S02.6G - .. 0~07-8 -o12582. 1- 2 69 
. 55866 111.5951 • 10i 45 .1.1981 -.0"198& -1.15589 1 Z70 

1. 60000 -.06186 .10050 .aot49 -.08002. -.12590 1- 2=!-1 
t55885 .159 51 .101 ~1 .. 12883 -.01910 -1 . i6b61 1 212 

- 342.02.C>2.i 
512. ex )-IX CKP CNN C.~K PPPP 

D 101M[) RCKP PDIF RC~K PDIF 
• 2.0000 -. 05505 .. 6'1.315 . 10233 -~1£>169 - .. 13318 B 273 
.S8665 .14<}92. • 63195 1.'1.9:}35 -.160SO -.5510b 8 2:;z4 

.. 4 0001) -.05505 . 61313 ~ 102.02. -.159~9 -~1..337-r a 2+5 
.58=7-98 .t494A . 63191. i .29SZ3 -.15SS1 - • .5587.0 3 2.-76 

.60000 - _05505 .. G2310 .10i ".10 - _1 5109 - . 1.3315 8 2..?-~ 

.58931 .14891 • 63181 1 .. 29300 - .. 1562-0 -.56610 8 278 

.. 8000.0 -.osso;, • o23 66 ,.101?>6 -.154++ -.1~3=12 8 2.+ 9 
• 59064 • 1.41350 .63-181 1..29069 -.15388 -~ 51489 8 280 

1.00000 - . ()S 505 . €>2.~59 .. =JO!l01. -.15244 - .1.. 3~(>9 6 2.81 
.59197 . 1.4803 • ~3113 1 .. 2~H1l8 -.L51.55 -458335 8 'LS2 

1..2..0000 - . ossos • 62351 .7-00(}t -.15009 -.13364 9 2.e3 
·59330 ~ 14151 .63164 i .. 2SS11 -.14921 -~59211 8 2.S 4-

1. 4000() -o05505 • 62 34 2 .:J0031. -.1411-4 -.13359 8 '2. 65 
11594-64 .14 ?-1.0 • 6.>152 1.2S3t1 -.14696 -. 601.~4 8 2.136 

l.bOOOO -.05505 .. ~2331 .. 69994 - . 14531- -.1~352 8 Z01 
.59S9r .1.4665 , (,3140 io2.8048 -.1..4449 -·6!049 s 268 

.113b4818 
S12. ex I-PC CKP CNN CKI< PPPP 
0 !01MD RCKP P l>lF ~c~K ppi.F 

.20000 -.04982. , 561.14 .. 60 t92, -.21516 -.12666 9 1.89 

.51061- .tsn.G .51-555 2-503.54 -.2.1433 -. 3 663 6 9 290 

.40000 -.04-9~2. .. 5bt1? • &Ot 81 -.2134"1 -. i'2.bfi1 9 2. 91 
45121.5 .15611 .51556 2..:>0216 -.21265 -o3>99$"';E 9 1.9?.. 

.60000 -._ 04961 .56116 .601'+0 -. 21. t18 -. !2667 9 '2 9 3 
.51-362. .. ts6t.r ..,.51556 2.·S6i9S -. 2.1.095 -.39f42. 9 1..94 

.60000 -.0498'1 .56115 o601 S9 - . 1.1001 -.!Zb66 9 2 95 
• 51510 .!5563 .5~554 2 .. 5 01 0.?> -0 2..092.4 -d.95S'4 9 ? 9{J 
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1.00000 -.04981 • 561.1.3 • 60141 -. l.OB36 -.1'266S 9 2_CJ1 

• 51658 .15510 . 5'}551 z.:>oOo4 -.Z.01!53 -·Y781o 9 198 

1.2.0000 -.()4981 .Sbl10 • 60134- -. 2 0663 ~.t2b63 '} 199 
• 51806 .1545{> • 51548 l·49891 -.~0580 - 40192 9 300 

:1..40000 -.0496'1 • S6t06 .60122 -. '1.04-Bq -.1~66() 9 '301-
• 5195 5 .1.541>3 . 51543 2.491-81 - '2 0401- -.40520 <J 501 

' 60000 -.04962. • 5 6lb1. .60108 -.20315 -.12651 9 303 
• 581.!>3 .15.350 .51531 !.49660 -" 2.0231 -.4Q953 93o4 

.Di~45 2.44 
Si'2. ex Hx CKP CNN CKK PPPP 

D 101J.1D RCKP PD!F RC.KK PDif 
• 2.0000 - .. 04193 -~ 3810 .. 5€>199 - .. lZ14-0 -,.12210 10 ~()5 
• 5524 3 .1641.3 , 55491 ~. 02.1 tO --11013 - 30505 10 3D& 

.40000 -.04193 ·53910 .56198 - .. 2.Z1Zl -.12210 10 301 
• 55 t6 2. .1G466 .55491 . 3 .. 02.769 - . 22055 -.30531. to 3o8 

• 60 000 -.b4193 . 53910 .56196 -.22!04 -.11210 10 309 
.552.81. • 1.&459 .554-91 3. b2168 -.2.2036 -. 3055(> 1.0 31.0 

.aoooo -.047Q3 .53810 .. 5619-8 -. 22085 -.12210 !0 311 
• 55.?100 • 1-6 452. .55491 ~. 62.161 -.2.2018 -.j0582. 1.0 312 

1.00000 -.041-93 .53Bi0 • 56198 -.'1..2061 -~ 12.210 1.0 31.3 
. 5Sj18 .1.6445 .55491 ~ .. 02.~6b --~ 2 i 999 -. 3060? 10 3'1~ 

i.zoooo -.04-193 .53910 • )b 191- -. 22o4e - t2210 tC> 315 
.5 53?>1 ' 1.6438 ~.55 4 90 3·02 :t64 -~21981 -.30&~3 to 31b 

1.400.00 -.04193 .5381.0 .5bl9r -.'1.1030 -·1.2210 10 3t1 
.55356 ,.1.6431 • 55490 3. 02~6.3 - .. 21962. -.?>Of,58 10 ~15 

1.60000 -.04"193 .5381.0 • 56191 - .2. 2011 -.12210 10 ;,t.9 
.. 55315 .i642.4 .55490 3. 0! 1-62.. -.21944 -.3()')84 10 ~20 
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FIGURE 6: Strength of the tensor force in the p-p 
Gammel-Thaler (13), Breit (28), Feshbach-Lomon (26), 
and Ramada-Johnston (27) potentia~ as compared to 
the OPEP. 



BIBLIOGRAPHY 

(1) L. V/olfenstein: Phys. Rev. 96, 1654, (1954). 

(2) L. \Jolfenstein and J. Ashkin: Phys . Rev. 85 , 947, (1952 ). 

( 3 ) R. J. N. Phillips: (U.K.) AERE - R3141, (1960 ). 

(4) s . c. \vright: Phys. Rev • .22, 996, (1955). 

(5) H. P. Stapp , T. J. Ypsil antis, N. !vletropoli s : 
Phys . Rev . 105, 302, (1957) . 

(6) T. V. Kanellopoulos and G. E. Brown: Proc. Phys . Soc. 
A70, 690, (1957). 

(7) L. Wolfens t ein: Annual Rev . of Nucl. Sc. §, 43, (1956 ). 

(8) G. E. Brown and T. V. Kanellopoulos: Proc. Phys. Soc. 
A70, 703, (1957). 

(9 ) G. Br eit , K. E. Lassil a , H. 1'1 . Ruppel, and lvl. H. Hull: 
Phys . Rev. Letters§, 138 (1961). 

(10) G. Breit and H. H. Hull: Nucl ear Physics 1,.L, 216, (1960). 

(11) G. Br eit, M. H. Hull, K. Lassila, and H. H. Ruppel: 
Phys. Rev . Letter s Lt 274, (1960). 

(12 ) P. Czi ffra , M. H. !vlacGregor , H. J. !v!oravcsik, and 
H. P. St app : Phys. Rev . 114, 880, (1959 ). 

J. L. Gammel and R. H. Tha l er: f'hys. Rev. 107, 291, 
1337, (1957). 

(14) H. Feshbach and E. Lomon: Phys . Rev. 102 , 891, (1956). 

(15) R . Oehme: Phys . Rev. 2.§., 1~7 , (1955). 

c. R. Shumacher and H. A. Bethe: Phys . Rev. 121, 1534, 
(1961 ). 

(16) D. ~J . L. Sprung: Phys . Rev . 121, 925, Cl961). 

(17) Document No.7282: ADI Auxiliary Publications Project, 
Library of Congr ess , ',lashing ten 25 ( D.C .) . 

68 



69 

(18) G. Breit, M. H. Hull, K. E. Lassila, K. D. Pyatt, and 
H. M. Ruppel: Phys. Rev. 128, 826, (1962). 

(19) H. P. Stapp, tv!. H. MacGregor, and M. J. Moravcsik: 

( 20) 

Annual Rev. of Nucl. Sc.: 10, 291, (1960). 

0. Chamberlain~ E. Segre, and c. Wiegand: 
~. 923, (1951J. 

Phys. Rev. 

(21) W. N. Hess: Rev. Mod . Phys. 3Q, 368, (1958 ). 

(22) G. Breit, H. H. Hull, K. E. Lassila, and K. D. Pyatt: 
Phys. Rev. 120, 2227, (1960). 

(23) E. Engel_s Jr.: A measurement of spin correlation in 
Proton-Proton Scattering: Technical Report No.28 9 

Jan. 30, (1962), Princeton University, N. Y. 

(24) G. Breit: Rev. Hod . Phys. 34 , 766, (1962 ). 

( 25) M. A. Preston: Chapter I and III, Physics of the 
Nucleus, Addison-Wesley, (1962). 

(26) H. Feshbach, E. L. Lamon, and A. Tubis: Phys. Rev. 
Letters£, 635, (1961). 

E. L. Loman, H. Feshbach, and A. Tubis: Bull. Am. 
Phys. Soc. 2, 27, (1964). 

( 27) T. Hamada and I. D. Johnston: Nucl. Ph~ ~' 382, 
(1962). 

(28) K. E. Lassila, M. H. Hull, H. M. Ruppel, F. A. McDonald, 
and G. Breit: Phys. Rev. 126, 881, (1962). 

(29) A. H. Green: Nucl. Phys. ,22, 218, (1962). 

R. K. Bhaduri: Ph.D. Thesis, McMaster University, (1963). 


	Rohitashva_1964_02_master0001
	Rohitashva_1964_02_master0002
	Rohitashva_1964_02_master0003
	Rohitashva_1964_02_master0004
	Rohitashva_1964_02_master0005
	Rohitashva_1964_02_master0006
	Rohitashva_1964_02_master0007
	Rohitashva_1964_02_master0008
	Rohitashva_1964_02_master0009
	Rohitashva_1964_02_master0010
	Rohitashva_1964_02_master0011
	Rohitashva_1964_02_master0012
	Rohitashva_1964_02_master0013
	Rohitashva_1964_02_master0014
	Rohitashva_1964_02_master0015
	Rohitashva_1964_02_master0016
	Rohitashva_1964_02_master0017
	Rohitashva_1964_02_master0018
	Rohitashva_1964_02_master0019
	Rohitashva_1964_02_master0020
	Rohitashva_1964_02_master0021
	Rohitashva_1964_02_master0022
	Rohitashva_1964_02_master0023
	Rohitashva_1964_02_master0024
	Rohitashva_1964_02_master0025
	Rohitashva_1964_02_master0026
	Rohitashva_1964_02_master0027
	Rohitashva_1964_02_master0028
	Rohitashva_1964_02_master0029
	Rohitashva_1964_02_master0030
	Rohitashva_1964_02_master0031
	Rohitashva_1964_02_master0032
	Rohitashva_1964_02_master0033
	Rohitashva_1964_02_master0034
	Rohitashva_1964_02_master0035
	Rohitashva_1964_02_master0036
	Rohitashva_1964_02_master0037
	Rohitashva_1964_02_master0038
	Rohitashva_1964_02_master0039
	Rohitashva_1964_02_master0040
	Rohitashva_1964_02_master0041
	Rohitashva_1964_02_master0042
	Rohitashva_1964_02_master0043
	Rohitashva_1964_02_master0044
	Rohitashva_1964_02_master0045
	Rohitashva_1964_02_master0046
	Rohitashva_1964_02_master0047
	Rohitashva_1964_02_master0048
	Rohitashva_1964_02_master0049
	Rohitashva_1964_02_master0050
	Rohitashva_1964_02_master0051
	Rohitashva_1964_02_master0052
	Rohitashva_1964_02_master0053
	Rohitashva_1964_02_master0054
	Rohitashva_1964_02_master0055
	Rohitashva_1964_02_master0056
	Rohitashva_1964_02_master0057
	Rohitashva_1964_02_master0058
	Rohitashva_1964_02_master0059
	Rohitashva_1964_02_master0060
	Rohitashva_1964_02_master0061
	Rohitashva_1964_02_master0062
	Rohitashva_1964_02_master0063
	Rohitashva_1964_02_master0064
	Rohitashva_1964_02_master0065
	Rohitashva_1964_02_master0066
	Rohitashva_1964_02_master0067
	Rohitashva_1964_02_master0068
	Rohitashva_1964_02_master0069
	Rohitashva_1964_02_master0070
	Rohitashva_1964_02_master0071
	Rohitashva_1964_02_master0072
	Rohitashva_1964_02_master0073
	Rohitashva_1964_02_master0074
	Rohitashva_1964_02_master0075
	Rohitashva_1964_02_master0076

