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- ABSTRACT .

The aim of thislﬁeper istthe»renresentation_of the theory of nuclear

matter usingvthe'technique of’manyhbody Green functions We have utilized the

functional method to derive the relevant systems of equations for the Green's
functions The analytic properties of the Green s functions and related
quantities are given and used to obtaln the final set of equations for the
nuclear matter problem so avoiding the use of thermodynamic Green's functions.
Results. achieved to date are shortly described in the. last chapter. Brueckner
theory and allied methods are not further discussed, since these are sufficiently

known.

.fbn leeve»from the Sektion Physik'der Universitat Munich, Munich,‘Germany;
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'II,.' - THEGRY OF GREEN'S FUNCTIONS
 ,We tréat the,férmion;system_within.thé sc0pe'of_th§ sbacalled Gfee@

.functioné KA§_65); ﬁh;ghvareptheirgproduction,of the“ya¢uum expectation &glueé
-of a\timéeordéyéd operator produet in fiéld,théory. 'Oné,qén conceive ofvﬁhem : s
as quantum-mééhauipal,généralizatioés of thé:distribution fﬁnctions of |
>Sta£isﬁiCa1.méchaﬁics (Gr 52). A knowledgévof thém»isﬂsufficient fof the
}descriptibh'gf.fhélsystem; ‘We use £he'following definition of Green functions:
Blageeas apea)ss (D20 my, L ut ot o) L (1)
- : . - lv' -n n 1 '
Here-w and &i are the Helsenberg annihilatioﬁband creatlon operators,
respectlvely, of a fermlon w1th the quantum number set at the time

(a a,‘ﬁa | o ) is the ground state; normallzed t§ unltj, of the N- a

fermlon system w1th the energy E (N). Due‘to the‘Heisenberg equatlons of;motion
the G-functlons fulfill the follcw1ng equation of motion (with two-body forces)

" L] 1]

k N . . " v .
.rv_(all s | 2y ) gla 81850008 al...an)
( ' n o ) gl " + 1 L,
+i (aja +l| v | ay an+l_ gla, ajeia e 1sa ... anan+L)
n . . . . : ' B . .
- 2”_1 Y 1 7 1 ‘» .
__:E: (= ) G(al, ag) g(a LA “'&l_ 2+1"'§n)' _(II,?),:

We employ, untll further notice, the convention accordlng to whlch summatlon

or 1ntegration respectively, is to be carried out over all doubly occuring .

® : I o ' ' , BT
The upper index "plus" has the effect that the time argument is shifted by an

infinitesimal omikron.
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indices}v The Schroedlnger operator s and the generalized ant: symmetrlc two—'

body potentlal v is defined by:

»

. (al s| a' Y= 4i G(a, a ) + 6(t - t;) (ol n| a ) . (II.3)
o ' e o :
(a.a | v e Y= sle -t )t -t ) el -t l-"l<oa o, | volaly
81%2 - a, " eyl _al a2‘_ Tap T Tyt 21012 172
s (a o, | v| a )l a (I1.4)-

h is the eingie barticle part of the hamiltonian. ‘The coﬁpled system of equations
(I1.2) is equivalent tOjfunctiQnal;equations‘(Ka 62, Ma 59). One reqﬁireé, limiting N
oneself'ee oﬁexandvtwo—bbdy‘o?eraﬁors,'only'the.twb‘and four~point fuﬁctions
respectively.v Instead of these qﬁantities'it.is more cenvenient, in man&v

cases, to 1ntfoduce equlvalently the effective.51ngle particle potential (al v| a )

("irreducible mass operator") and the effective scattering amplitude Y (_redu01ble

vertex part");

( ) L T
-i a 8, l v | ala2 gla 32, a.a

. " 1" 1 ‘ i :
185 ) = <al‘ v | al') g(al, al) , (11.5)

' ' ' ' '

gla ay, alaQ) gla;, 8)) glay, a,) - 8(a1’¢?2> gla,, a))

+1{glap, b)) gla,, © ) (b b | v v.b, ) glby, a2>ig(bl, gl) - (;1.6)

. With the help of the functional method (Ka 62, No 61, Br 63, No 61), and using

a "normal" source'function,(one obtains the following exact system of equations
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K S N ' '
(a] v|a > ==21¢ab|v]and ?_g(b » b)
+lav|v]en' ) ale’, o) g, @) (edly|a'a ) gla, v) , (IT.T) .
(a agl Yl a a ) = l2 <alb2|-v| &ibé-> +1 <aib I Vl c102 ) . @
’ 4 . ] . : » " [
ralegs op) gleg, op) Cepey |y oy ) +2i Caey ‘Vl vye. ) les ¢ )
v )

’g(cz, 02) g (bzcll Y | a,¢, >+

Lo stes, |~',-| ae,)

i (a102| v | cic; ? g(ci, cl)-g(cé, 22) . _ Ag(e;,lcz)lpl(ll.S)
. ’ Gg( 2: b )
[6(a0 By). 8lags b)) ~talng, 45) sldg, b ) (el 6l
- gla, ‘a’) = -{al| (s +v)—l‘ 2 ) . | S - (11.9)

At present there is no possibility of solving such a coupled aystem of
functional eqnations. Naturally many approximations may be obtained from this
system:of equations - 8.8., Hartree-Fock approximation, bubble'approximation,
ladder approximation and so on ~ which can be also obtained by pantial
summations of'perturbation theory. One only needs to cancel suitable tenma

. on the right”hand side of (II.8),‘e.g., the ladder appro#imation follows'by.a

consideration of the first two terms alone. One can also create new approx—

K

.imations bj forming thé funétional dérivativa.%é inva known,approximation; " The |
linear approximation for (II.8) doés not it self take into account ali'two— o e
body correlations (wé 66).

The standard Brueckner approximaﬁion ié obtainable by taking into

account only the fifst two terms in the first bracket of (11.8) and neglect of



the sedond term in the second bracket‘,'Furthermore bné‘has to assume. only

v51ngle-partlcle propagation with no damping in the intermediate states These.

assumptlons imply that the resulting problem leads to a real cingle—particle

potential 80 maintaining the shell~model description of - nuclesr matter. -

-5- L UCRL-19999
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III. MARTIN—SCHWINGER7APPROXIMATIONS
A some#hat.more Judicious'method'of setting up approXimation equations

is given, in our estimatlon, by the method of Martin and Schwinger (Ma 59)

'which permits the consideration of two-, three—, four-body correiations, etcf
in a systematic waya‘ The coupled system of equations (11.2) is equivalent to

the following functional equation'

$

[-Ca 5] a0 i&;+i<a ], |v|a3aé> R 2
o énlay) 8f (a ). Gn(a ) \éﬂ(a3)
‘A ;hgialjl .igtn,ﬁlt?ié, ; | i".f fj... c N (Iiiil)
where“ |
G[n n] . + ; n(a ). ..n(a ). 5(?‘5_"‘3‘11‘"8‘;'."'6'1'1)._ .
n'( i)-:-n_{'( . o (111.2)

n ‘and n are annormal source functions (anti—commutable) With help of the

functional equation one can decouple approximately the orig1nal, coupled system
of equations for the G—functions, by consideration of correlations up to the
desired order, and satisfying the functional equation up to the corresponding

(1)

orders in n and n . In the j-th order of approximation one obtalns (g =0):

' ' | o . | ‘n(af- )‘“n(,a ) ' .
) L et .
- j (3‘1"'8‘2’,-. ---32') T 1‘ " . | (III.3)
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The upper index - 1nd1cates the order of the approx1mation (maximzl 1ncluded

1 S ' :
(J) (a el 8y "'32) is constructed from the g \3) (a .o.a_, al...

correlation) g 1 m 1

accordlng 1 the prescrlption for the (&~1)-th approximatlon (1<m< 2). In the

J-th approximation the factorizgtion of the (25 + 2)-p01nt function is as

followé:
. : ; ' i
' L
" {n +2n,2 ...jnj = J+1) k=1 Y
v r. ‘
é('j),(avl.»..ak) areem)) |

— T - (IIT.4)

k k A
Here ﬁe have *(j)':= (3) _ 2(9) ‘ ' ' o s . .

g = g ~g . A and A are the antisymmetrization operators

with respect to the unprimed and primed variables. The first>order’agrees with

the Hartree;Fock_theory; Consideration of two~body correlations yields:

~Ca 5| ay) 3(2-),(33, » +1 ¢ a,a, ] vl a 8, £(2) (ajag,'gj'a;_)
= 6lag, 8)) - | (III.5)
- (al| s | a3 ) A(e) (a a2, a 'é).=
i (o \vl ey g2 (a.g, a) g2 (8,855 218,)
- 2i (a ey I v | aLL ,l (2> (ah’ a ) g( ? (a o83 aBal) (2) (e e ai?.
| (2) (a o835 a2a3)
+ 8(2) (&h, aé) g( ) (a 5835 éya’) v o .‘:"v (111.6)°
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Upon in&érsion of the Schroedinger operator (=s g(O). = 1; ‘with ;g(q)vwe label
the two-point ':uﬁéfc.ions with no twg-body interaction) gné g.ets;*. |
(2) (a 1855 a ) ' -;—( (o) (a5 ah) 8(2) (a ,.a;)v - g(g) (2, a3') g% -(ag, aﬂ)
(aya. | ﬂ aay? + g (aha;, . a">
-1 Caya. | vj ayay )
SO 2y (6% oy, &) 8@ (ag8,, a1a))
&' (e, ah) 22 (aga,, alan)) + g(é)@ahai)
(o ,I o) 812 (aa, 'a.3’a2'§v
') (8.2, a)) @(2) lagey, ase)) + &2 (s, )
6 (ay, &) 22 (aga,, a; D
-g(‘” (a0 é.h‘) 22 ¢, e | L (1r.7)

Or respectively:

m v . -
Boundary conditions are necessary for inversion. In our case the inversion is

possible if, for example, one requires periodic boundary conditions for the space
coordinates. The following condition is sufficient with respect to the time
coordinates:

' . [ T .
o ‘ - . = < < ne
 lim , g (tl...tn, tl...tn) 0, 1<4<n;

|ty > legl > =
which may be interpreted as the instability of the particle—or hole—propagatlon

(Mi 57). For grand canonical ensembles the time interval is the antiperlod1c1ty
1nterval, so that unigue inversion is guaranteed
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(2) (a a2, a ) = (2) (al, ah) g( ) (ag, &y ) (aha | v] a)8, ) g( 2) (ah 3 alag)
. _21 g(z) ( l’ ah) <aha lvl ua3) {g( ) (aha 8. )
'é(e) (aéa3,'a;ai) + g(z) (ah, ai)"(,) (a o835 85 a )
2™ (e, el Catel | v] aes 22 (e, 0le)
S e R L e T R T I AL

(111.8)

Comparison of theléorresponding equatioh for the reducible vertex part shows
fhat’(III.B) is correct in the.liﬁear brder with r53pect to ¥y (We 66). |
According to the complicated étructure of the equations one has treated in the
G-function apprOaéh bnithqubodj.éofreiations. Furthér all dynamic two-body
correlationsuhave been negleéted“which are not simultaheously connected with the
potential, a procédure, which appehrs ﬁo be justified by the Hartreé-Fock—
structure of.the four;éoint function outside the "healing distance'". According
to this selectién principle equations (III.7) and (III.8) give:

[ y o ' |

glaje,, ajay) = 5‘31’ a)) glays a,) - gla), ay) glay, 2)) 7

+ A(a a , a ah) (a ahl v| a8y ) g(aLL 3, alaz) > - (111.9)
in which the following both possibllities for A occur (A( ) 'and.A(ll)-

approxlmation)
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A01) (a a Wy = i) (0) (a (01) o) Ly

et 8,9, K] 1 ® ) g (a,, = ) -2 ) 2
(0) (s, o ® ) o '(Iil;lo)‘
A‘?l) (a 1 é’ al 2) _ éig(l;) (al, ai)_g(ll>.(a2,'a;)b o | ‘Iilﬁll)

The A(l 1) approximatlon is identical with the so—called ladder approximat:on.

One can also include the last term in (III 6) in an. approx1mate way, if one

HF

inserts in it the two—point_function g in the Hartree-Fock approx1matlon.

One obtains (Ka 61);:

A(HFl).(a .

(1F1)
12> "1%2’ (a

- g(ﬁFl)'(ala;) gHF (a2, ay ) | (11I.12)

If onevinvérts_sxs, and considers only the,éorrelations connected with the

potential, oneﬂgets'the simplest approximation (Pu 61):

A(OO) (B;laz,-ava ) | ig (0) ( 1’ a:;_)'g(O)

1%2 (ay, ap) (111.13)
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Iv. EQUATIONS FOR THE NUCLEAR MATTER PROBLEM
Relatlons (11, 5) and.- (III 9) suggest 1ntroductlon of the so-called

T-matrix by,

<3132|V|a" al' ) g(a" g,ala ) = <a a ITIa" ") g(a ai) g(ag,a'

2 . (1v.1)

Upon transition to energy repfésentation and use bf.the energy conservation, one
obtains the follow1ng system of equatlons for the approximations (TII 9) - (II1.13)
(g 8( )(S(_Ea—eb): = g(a: E a’ Ba E:b))

(a0 I'I‘ (13) (E)Iocicxé = 2 (ala2l§r|aiaé )

' o+ Z <°"l°‘2|vl°‘" n) A(IJ) | ' (E) <B B |T(1J) (F)IB'B' ) (IV2)
: g"(;” | ‘ 3{;,8 B
(alv(ij)(s)la'.? = - 27r de? {el€ 0 z (aB|T(lJ)(e+e ) o B! >géLJ)(€ )}, (1v.3)
L . BB!
%:{85 - <a|(h+v 1J) (S))IB )} (lj) (e) =8 s | (Iv.L4)

aa'
where the propagator in the particle-particle channel is defined by:
(iJ) i 3 E O E i
‘E): = = § 4 A=+ . = - . (AIV.5)

The bracket in (IV,S) is to beuinterpreted according to (III. lO) - (III,13)‘
Since the potentlal works 1nstantaneously, we have, due to the structure of the

approximations used (E: = € 1+ € ):
ey a
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Ao 19 IT(lJ) (e e ,e '€ ')la al )
! azﬂ_ 8 &y L2

.G(E-E')
om

|T(13) E)Ia ay) . ' ' (IV.6)
According to the usua1 assumptions about nuclear matter the two-point function
is independent of spin and isospin. We can thus assume that the two-point func-
tion is diagonal with respect to momentum, spin and isospin (gas(e) = 6&8 gdﬁe))
If we use H ~ N as the hamiltonian (u is the chemical potential), the following

holds true for the exact.twphpoint_function;

| gy(€) = (oly e - H + p+E(N) + io)'} w;lo)

+ <Q|¢;(€'+ H + U f EO(N)'—Iio)él walo y - -, ;(IV.T)

|
From this, because of the integraﬁility of the imaginary part, a spectral repré—_
ﬁ _ *
sentation for the two-point function follows (Mi 5T)

~ : A (e) I :
g (z) = j _dEE-q'-_—E; z complex . (1v.8)

-0
The SPectralzfunction-A,(A'?‘Q;"Aa(e) de = 1) is determined uniquely by the
LT S g L wE ' '
imaginary part of g (O(x) =:0,5 (1 + I%w) ) s
. o 1 S . D S . -
. ) = = O(-g) In g () - Tm g (& L ' (1v.
A(e) =7 e {9(_€)_}m g,(e) - 0(e) Im gy(e)} B _( 9)
The two-point function according to (IV.7) is given in the'phySiqal range by

the following reiatién:
g, (€) = 0(e) E& (e + 10) + 0(-€) g, (€ - i0) . ' - (w.10)

*he functions distinguished by & tllde (v) are analytical functions of the argu-
gent z for Im z # 0.

Superconductivity is not assumed (Ma 63).

i
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From
Ay L ~ A o o - |
guv(Z)jf (Z"ha tU- T (z)) s | (1v.11)

" and using the properties of g and A, respectively, one obtains a épectial
representation for the effecti#e-single particle potential as well (Lu 61)

(T =0y v, #eal);

) .
9& (z) = vao.+ | g%..zafei. R | » (IV.lé)
with
v, o= 1l V’ (z) ;; - " o | | .(iv.13)
Jog - zfre Ta o -

The imaginary part of 5?(?&2(6 f‘io) ‘Re v (e) "%‘Pa (e)) is determined by the

single particle strength function:

em A (e) = i(é&(€-+ io);_ 3& (gv- 10))

:  P (e) . ‘
- .. - ) | (IV.1k)
(g - h + U - Re v '(E)) T (e ) '
4

(IV.5) can, with the help of (IV.8) and (IV.10), be expresse¢ by the spectral
function A. - If’bne now intrbduces the function & for complex arguments in

anology to (IV. 8), one gets (A B a'B' = Gaa'GSB'AGB):

eF+wo@-w-0-L-woew- . (wis
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Since the second 1ntegral is real and 1ntegrable, A possesses analytlcal pro-

perties analogous to those of g and V. One gets:
A‘iJ)_ ) =& [ 4 @‘-13)_ @+10) -2 @ 10 . (e
From (IV.2) the function ,E' can be determined by means of A

-(al;qz'lﬁ'(i-‘)f).(z)w loziaé ‘)' =2 ozl'azlirloci’qé )

N Coa |v|B > A(lJ) (z ><s 8, |T(lj) (z)loc'cx o, (wan

B18p

;(iv.17)

which determines the mass operator for complex arguments:
o~ T S ' ietot i 1 V' ) 3 ~" 1
v, (z) = ~= det e £,¢08|T (z+e')|aB ) g, (c') . (Iv.18)
oo T 2m : 5 - °B ] .

From the infegral‘eqﬁation for T it follows thet~ T is anglytic outside of
the real axis; with the possible'excepfibn-of_poles; 'PossibJe poles are zero
points of 1 - VK' T possesses no complex poles in the A( O;Qapproxiﬁation

(Pu 61); we will assume this to be true for the other appro:1matlons, other-

wise, the folloWing equations should be corrected“forAthezpe;e terms. vApplying

Chauchy's theorem one obtains:

E . : '
See also Ref. (Ma' 63).

-
.
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(|G () - 2 @) (w4 10 + T (o g0

| Y ES) IS ~();,,.'
" ;-é%i- de! T vv(s +-122:Z (E“ -le)v}Ia's' ). = 0 . (IV.19)

From (II.5), (IV.l) and (IV.3) we have for the effective single particle potential

in the physical range:
'véid')‘(g)'é”- 1 j' e’ i€’ o* Z {g(i']) ><_
(aB](@(€+E?) T(ij) (e +e'+ 210) + 0(-e-€") ~<13) (e + €' - 2i0)) 0B >};

‘ “ ) ‘ | - (lJ) "
‘ o 4 (8 )
= - -é]—:r-r-f de!' . ele o Z { LO de —6_—5_‘_—6_— |

:
(13)(€n S
jde" '+10
[(OLB]{fg‘E‘Ll- (’TV(‘ ) (E + 10) ~(1J) ( - i0)) ( O(e+e') O(-g-€") )

E-e-g'+2i0  E-e-e'-2i0

+ 2 (F1) (w4 50) + T (@ - 10))}Hag) ], (1v.20)
L} in which the second expression was obtained by use of (IV.8), (IV.10), and

(IV.19'). Complex integration leads to:
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vélJ) (e) = z f de! Aéla.) (e1) Cagl{(e(e+e) i) (e+e'+2i0)

+

0 (-e-€") F1d) (e+e'-2io)} 0 (-e")

(v.21)

'E-€_-._-€f_+210 J

. l\)i"";

or

;&ij)(z) =‘iéz j e w39 (o) (=) (o v en)los)

+ gy (e'-2) o [(FE ) (er + 10)F18) (er-10)) 080 ), (1v.22)
respectively. (IV.19) and (IV 22) can also be verlfled by the method of thermo-
dynamic G-functions (Bec 66). . (IV. 17) and. (IV.22) make ‘up the system of‘_-equatz.ons
to be solved g, A and I belng defined by (IV.11), '(Iv 12), and (IV.15).

Ma.klng use of translatlon invariance of the system, one gets the fol-
lowing‘ system of»equatio'ns’ (n charactgri_zes' _the spin and 1sosp1n; v

a: ="p,n; h =1):
GIFI (2,2) 1) = 2 Cplvlpr) +fd‘9'l‘11'ﬂ%>'

~

'/\(ij‘)g<§‘+ - % 2) {a r(lé)(pz Ip' ), B (1v.23)

~

. r\)lzi"U'
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» dé' {A(ij)(§2’€')

<L
o
Cote
oy
=
)
Con 4
. kn.z ‘p{‘ ’
-

lE#i ~2

D (p 45, wrer) [ELE2 nnn)

.  p.-p o o .
. P17Po i), o '
or & (Bps €7-2) (55555t (T (pymy, €1+ 40)

p,-p, '
) =220 ny (Tv.2k)

%.E#ij)(éi+é2’,ej - i0) 5
where
B0 = (- - gt L W)
A s L @G v 10 - F g o0 L es
3(i5). |

Z - €. - €

oy o v {A(p ,E )A( 38

(8(c)) 6(e,) - O(-e) O(-e )] . (w.en)

1

Many approkimations treated up to the bresent ~ with exception of that of tﬁe
Hartree—Fock—theory ~ have the dlsadvantage that they are not thermodynamlcally
consistent (Ba 62 Re 63) whlch means that the determlnatlon of the equlllbrlum
data by the different allowed methods leads to dlfferlng results. Thls has been

(00)

examined more closely and quantltatlvely in the so~-called A —approx1mat10n

by Puff and Reynolds (Re 63, Ga 69). Therefore wg‘think, one must choose the’
2(11)

: * , ‘ : ' : v
-approximation’ because it fulfills, as does the Hartree-Fock approximation,

- In the following the upper index is left out.
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the so-called Baym condition (Ba 62), i.e., the irreducible mass operator can
be represented as the functional derivetive,of a functional according to the

two-point function:

<a|VIb ) = gg%%:gy . ‘ : » v. ‘ (IV.28)

This guarantees, in contrast to the A(OO) (Ol)—; and - A<HF1)

-approximation,
thermodynamicféonsistency aud preservation of.the‘éonservatien laws. Fi#ation

of equilibriuﬁ>daue:by’meaus'of Various relations (e g., pressure p = 0; |

E.= uN; E/N . m1n1mum) leads to the same result which, however,'ls not guaranteed‘
in the bthér‘approximations (Hug 58). | |

The following holds for the'Self—binding system of nuclear matter:

2 :
-N = = . ... Z fdg 3 (e + %+ ) A (p,e) 5 ' | (1v.29)

in which the density p is given by

Zf(gﬂ)_% j‘; i Alpae) | f | (@.30)

The chemical potential H (‘= single particle energy at the Fermi Surface) is
accordlng to. the Hugenholtz—van Hove—theorem (Hug 58) equal to the avefage binding
energy per nucleon. The Luttlnger theorem. (Lu 61) belng valid; one gets:.

2

Pp

u_:-za— .+ Re v (pF,o) ='EO/N . - o l'ﬁIV.3l)

o~
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This means, since we have to do with a selfbinding system and the Baym condition

5 at its minimum (pressure

is fulfilled,'u(pF) mist intersect the function
equal to zero), and this point fixes the data of nuclear matter.

 The single particle width is defined with the help of solutions of the

approximate "eigenvalue equation" (s. (IV}lh))’qf the single particle energies:

“Rev (p e -w =0 , . (1v.32)

B[

E(p) -
that is

M(p): = I(p, elp) - w) . ) | (1v.33)

The A(ll)a and the A(HFl)-approximation'haye the disadvantage as against the
(00) (01) S | o |

A ~-and A -approximations, that the spectral function in the relevant
negative energy-range is no longer represented by a &-function (T # 0) or,
otherwise expreééed, the particlé-particle propagator and the T-matrix possesses
for negative freQuencies a cut. Thus there is no energy-momentum relation. The

independent particle model holds true only approkimately;' This renders the

numerical calculations more complicated.
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V.  RESULTS Aﬁﬁ DISCUSSION
The system of eqpatlons (. 23) - (IV.27) has been solved selfcon31s—'
tently for several approxmmatlons. Due to the compllcated structure of the
equatlons one has malnly restrlcted oneself to separable potentlals actlng in S5
relative S—states only.. The details can be found 1n_Ref, We 1. It turns
out--as expectedf—that.only for thee‘A(ll)-epproximation.a unique determination
of the'equiliﬁrium data was possible; Also-the'Luttiﬁger condition for, the single
particle widths was fulfilled invthis epproximation (Weg 68).
The~ob£ained resﬁlts for the nucleaf.ﬁatter problem are given in the
table. The agreemeht'with‘the experimenﬁal dat is poor,+ this being probably
primarily due'to_the use of separable ﬁotentials, which have mostly a low repul-
sive force. 'Seéondarilf one hes neglected.the higher pértial waves. Further—
mofe one shoﬁld‘take into‘ecebunt eOhtributions of three-particle correlation

(Be 65, Da 66, Pe 67, Bh 67).

..I..

A more detailed discussion can be found in We T1.

e



Ab

Am

Ba,

Bec

Bet»

Bet
Bra
Bre

Bro

Bru

Bru-

Cl
Da
Fa
Fo

Ga

65

61 -

62

66

5T
63

67

63
6L

55

62
66

67
61
66

69
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: - N

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or ’

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report. )

As used in the above, "'person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract:
with the Commission, or his employment with such contractor.
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