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1. IHTRODUSTION

This paper is principally concerned with the problon of deterasin
dispersion relations foir  gussi-photons and quasi-elecizong vhich are
elementary cxcjtations of electron gas, by the couatd o -of-wnoticn
techaiqua. P el cul 1'1:/ U.uC“J.U.l accounts eppzor in the work of Sund

. 1’2 N 3,1: . '., _. o .1
and Werthamer and Cha prell ﬁ d1. 7 We will tose our work vpon

these.

cn will be . thet

..J.

The model thut we shall choose for spzcific cpplices
of & pas of clecirons imbdedded in a smeared .out positive background such

that th re is no net charge.  The eloctroas inter

and the radiztion field. No externnl

to the system.  Our.systam is thus isols
bonndary cc;:,w'li sions insures herozeneity. Ve snall epiply tha therymas

dyniiic ‘lfi..xz's.}.t'- in wvhich I = o , Voo, N/\-' = qn, viere N is the tounrl
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nwiber of electrons, V is the volwz of ihe syten and 1
density. Ogr coleculations Wl]l b» >°rfor”9d in s uch‘a vay that resulis
will be correct to first oféqr in the'ragdcm phas c‘unoruugm ation ( hevein
efter designated RPA). This apprqximation_#as ori i nsly developad by
Bolmt and Pines
Thé ﬁﬁﬁic mcthod that we will use in determing dispersion relations
for.tha abovo'ﬁoiel is discussed in thé foliowing section. Sectica 3 ahd
L ere devoted io obtzining é'sﬁitablé Hcm¢ltoniaﬁ} This Haailtopiun
is_emyloyvi t.o obtzin a dJulbrﬁloﬂ re] Lion for photons in sedtion D

und_elcctr033 in section 6.



The problemn of muny particles inberecting

can e conval fes atiatoed interme of oo nccond quantdzed Phadlionion.

Sveh o lomilton iegn will-be only partially diwgennl in

represent the particles. () and the Ind“abfan rreda (y). 0 To wil) bo of

the form:

. B 5 ' + -+ o S- + -

i WX Xt H X X Ve, - 4 w Ve s Ze
; ( Yy 2080 ) L. V88 Ve 0 (2.1)

rr v
where © ‘Z and”wa are anﬁ uler frcou:ncles, sna hY o is tro dintorecticr
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H =

.

art of the hﬁxJYL.;~an. Qur >rohl;m
P , !

el

i o find o lirasr coubinetlion

of opérators,;as yet uns ﬂocnfncd,
. 4 o o - oy
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. 3 o v ' .
and _ s ‘ _ :
- T ot . . . DA TR
=1 () _ : . (2.2

vhich odoy, at Jt”ﬁ{ roinately
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If thir can be done, Y'( X end Y g ( E~ ) are &n a¢h11"*:ox ( crzetion)
tox Imr e](HO’ Shin/] cxéic Lio“q (qaﬂ,J rart|cle or cuasi-photons

-.<

oNnzraG

“respeclive 11) of’ the systen of‘energy ¥ Q]fand 19, . 'Conscquently5-if

o]

o> is thg ground state of the system, then | v ( =X Fle>)yenal 5>

3
-
<
-
('\
ot
4
\
R
@)
et
fo
e

(=Yg 0>) eve cxeited states. Let us Tocus our attention o
findirx;xy; The wrescription for a doing this is the follewing: “e begin

by writing Lhe equation-of-motion {ov

I
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Woere HY omittcd (2.1), Eq. (2.6) would te of the forn

Y; T\ Y

cases - The coonutator of }:Y 1-71‘th‘ H' in‘troc?u.co% new opergtors which are,

(2.4 ona we {-.'ould fﬁ’\ﬁ:_rf; X_ = Q. = w]) However, ihis is not the

in general various pro Juots of }’, 1, v, and y_.+. Ve write c-oa:v,u BN
o:[‘-ﬁotion .-for. these ops:ra'hpr pro’dué‘l‘,s which r:é;zﬁ'y p:.‘o;?.uce m term Lhat
arc still more co::l?l:i__cated‘ p}:odué‘iié, and for vhich we must 2lso write
cqu,wa-cnns-of«mc_n‘i:ion,- X:‘f(ez a.rﬁ thus led LO establish a c}-;z:.',:.in ol couationo.
of-motion wi LCh tuen out »'bov be coupled tﬂa ouy s comien operator Lermo.
Usually, the chuln , w311 not terminete. of its oin o cemd and sous ”/r“l":’L'C)Z".":u*'
“mation mast be enployed to ohbain a finite set of linked cqguelions~ol-
notion ( we v.-i:_v'n.‘]'_l i::.:;«.-: 'L'blze ,"{1{-“‘:‘;). After ‘Lf‘"." |
20

projucis thet concor in this chain, along v

Having found: the }g;‘], ve 1n.,er’u (2 2) wu i"

P

irko (2.4). We thercupen demand 1,'::1, the resuliing coefiicient Tactorr
each Xr‘j term veri:h, Thls requl rc»r:'v"t VWM»"’;,O_ e dispereica relstion
for allowed QY Ve ropeat the entire pzohcdww to doternine the d Laperoian

relation corresponding to Qg.

The complete Hemilitonian for the medel systenm men in the

introduction is o‘ toined in the next section.
3. FU LL h}m ‘OIITA

i'he Hamiltonian for a system of elccirons and rodiztion in o Uhl"i'].



posiltive vockgronnd is given Ly

’ I V b . 2 .
l{ = IK}»: _’F }T:r il J. _l_ -+ Iil_)
whero o ' |
e o r s 1
HR:;/‘{Q e S i_rn_( r, t) { CUIJi fv ( E: t) J f
‘ ‘.. v . : 8 1(.

‘2’[1‘&2?
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H~;/},[V\}(r,t)-§\7,‘i’(};,i ar
«:2/ ¢z L) v (s w) v (2t ot) vyt an
2z o -
| £ -1l

(6]

Heve aiv pA{ r , t) = 0 so we are in the Cowlowh guuge. The
T :
R _ . _

current is

o]
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(3:2)
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The polarization vector enjoys the.follcning.nchUl preperhices
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The Lrwnuvor e Piru of the momentun cononically conjugate to A

4 A
~.

is given by the cxpansion

M

P = -i.v gff...%:l.g. - v a e[ 31 . .
};,l‘ ('{:,t) '- I]-,[f‘ ( .v )-J k 0 &., >\( ) cu ]r) ( ] e/.!){ -1:\: ;;;'] .

Subscpigt_k-réprcnaﬁus.bbo vector k in these cxuvks.J’ny. Yhe ¥ sum

is over all vector XK, W may‘bc exsanﬁcl in a sct of plene wave and spin
. ~e .

1 . )
in + rl. . o _ .C
Y(gb) = > e o (8) X, exlip - x) (3-9)
: ' 9 . .
Herc, X<z is one of a ct of spin states.”The sun is understocs 1o
be over il waye VESLOYS D e The p svbsc u' the F“Tﬂl operabor ro-

presents the vccuov'bp The Boson(a) and Fermi (c) operators satisfy the

umual‘cqualwtimc'co ratebion relations
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[a )‘,a ) = . 5k£ 5>\“ > | : | | |
: + ’ . k

and
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Ins‘:z:rting.Eqé-.- ( 3,'"{); (3.8) end (3.9) into (3.2), (
(3.9), we obtain ( time c-qcaaemw of operabors has been .'.;n;\;;.rc:s:;-z-'.“u)

: - 1 2 r : ' ' . : 2.
Ho= H ok Hp o4 BT 4B, L (3.2)

1 lum i vt . S " : : o -
. . B . . " ‘ P . \ - . 2
By o= > MR- »%.‘::% :o+1<, ’x(“k}x S N (3.13)

bl 4%

. 2 ‘ + . 3 RN . o i)
Moo= Cp--l~k-}~£,a lf'( \ u)_)(“ ', “v-' ‘-" ; ()'- v
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0. o= N T ot vo | ok \1 Y >]

2 e . . C —,C 'R . a e
P K-,J P p':}: })J )V Z ' /J ) Cjnl,p o P'l";’\)(_/; (:\.-'.__J/
e AR ' -k pg B ' '
wheon _
o R /2
. Bie (2fe)
ST ome kv
">7;’he(}f)%ve ‘e
N, L o SN =g,
kM meV i ~i
: ﬁzp
€p o :
2 m - o
lsr?/lxp :;L/‘, ér exp[i}& . :]/Ig— r', %40
v '
V%o { |
setting V, = 0, when k=0 eazbler one to tske into account the
N . . B :
s , - : T s .
canccllation of _ ithe posivive background. HI' describes processen in

which an ¢lectron of newznbum 1 po with opin o 15 annihilaoted

=



P2 Ny i romy
& paocon
~r

o Aok an-:’i»_pglar;i,'/;atj oa A or oophoton of mesontun

~¥% k and polerization A is created) > wnile an clzetron in created of

~

[ va e e e ey o~
COYIng FroOlLuEed oL

momentwn 1 (.};» +:§ i and spin G ,Hi' :LmoJ 5‘ 5C:
”

electrons with photons in which an‘;eléctrdn of mensntun 1 ( p 4k + )

~ ~ o

and. spin index ¢ is created in the medium while one. of narentun 1 p

.
and. spin o is destroyed. The four ellowed pholon processcs widch go
: N N - . N = - 2 .

)

elong with this cre the annibhilet A

ion ( creation) of « .paoton of e

iy (-ny) and po“l.:s,r .;tn on N mth thc, z'rmlhtlf-t ion ( croation of o

rhoton of mc: werrbum 1 £ (~h f) and pﬂumzat.).on- pe  The Cou L(w term in

Y

in 1m'(_n'l es elec ‘i;m‘:xz‘x»a]_ectron sca.ttc—:r."_iug provesscs In whic

snd g with  spins ¢ nd B oreaptetivedy oo
~v

2

‘S-:-ctio'n li s concorned-with ‘a siniplification of ihie ilzmllionian

so that later ctuh.tic-zzf:-.-lowr.:otnon vill not be wawleldy.

L k. SLAPLIFIED 1«ﬁ.r:£LLo*.mﬂ
It is ndt.fna%ssary. or 'for ur purposes Cesiroble, te vork vith
the full Hamiltoniesn, I‘qg. (3 ]) and (J._2) threugh (;, 15). In fuoct,

to Tirst oxder in the RZ‘A, it Vlll b/\ ‘Dou.ublc_ to inc l'poz-:-.'."g.e the most

imporcuent effect of the int;eract_ion tern HI

modifly ving the :(rcquenc,y, x’C, in H . The 1ochf¢c\l fl‘cquen“ rwill be

into t‘hc:' problem by

just the }Zoh,on noov _qtiasie-phot_on'i‘rcquency (u‘l_ 2= [(kc) + “]‘ o
ig the p].asma. frequ.len_c_y).” Tl'ie"proced_u_fe used will follow that of Chappoll,

et, al.”  The remaining term - in HI s dnvolving elcclron-photon scattering

prozesses, will be drc’-p};ed in this order of approxinsbicl.

Cf'f(‘Cb of the Ct‘t'»~Cﬂb 1&13:1 in H P will be scen to be the replecement of K



, : . _ e » : 10 . .
the kinetic cnergy, with the Hertree Vook cnﬂr‘f i €, e w1l Lhoro-
- ' - ‘ P :
1,e

s

by omit scrccning cficcels in this order of approxination.

. : : . : . L . < P
To bC“ ”; we nced only consider the commtator of uu\:wuth HI and .
: ’ LI . R AT

Ve get

= nke 4 2

ey \
[“kk’nxi Fpd s e Y4
P

' . 4 1
3 - ) a  ta . . }:'1 Jd.
,;ill’kgku cp-k+£,q cpﬂ ( Lpua~£p) : ( 1)

The first term on‘the r;ghi uand~ ide follows from'HR and the second from

o ) : o
H.7W Rather then erLc ned eq uat:on ~of—motion for the tﬂa overators in-
A . .

N + : .{. .{.
. o) ot 1 : ; a,
trodveed by thlo lw“, 03“, c oy P DJ ~u and Cp—l*ﬂ,o oo

the product of ‘*o P01M1 operators w;th its RPA:

1 o ‘ [
c .o o= <c¢ _c > b (L.2)
p-lth,a Pl Y P kA
. . . \ e

Thie approvieation seleets that tern for wihich momertum andd spin ouboerin

agrec on the Perrmi ennihilation and crcation operators. . Uhe resuliing. o

is rcplaced with its'grovnu statcvaverage < >. Ve do not know whwt Lhc

.

e
O
Y3
-
—
=

>]
Pt

4

actual 5r und utmtcu are, therefore, ve nexe tho iuthnr &pnYoxinatic
o =<c e > .z. [exﬁ(a.E )+ 1 ]-l = I - (k3)
™ pa po P’ r e

i

Ve sce that HD is the expectation value for the non-interecting gos. s,
we are left with

w T -
1 Al
- ———— + : _(q..l;)

te 5 ’!‘v_ « )
(250 Ty IJ i 2kc‘_) T Tk w

in which

2 2
Wy o= I e /m v,
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Siuis o readily

SRR,
wlinlCe

the plao ixequ.). Tguation (11. L) is Mr""* in the bonon annihiloasion
and crention cupm';a,tc»:v:»:. Tt is not of the fovn (23.’)), We will neod tho

-t . ' . )
&,y in order to obtalin o.ce

S TVAN

by telting the: Hermet

replacing k with -k. We find
~ .. ~

. o 2. 1w ©
Loy Hx Ty SEN

)

= - it (Lc + o

RPA

ouvr set of cquelions-of-motion involves

closcd. Ve

ST = n0 L X .

[ X}'k k)\ AN

This leads {o tlie reguirement that.

(}-'.C: - *‘}1‘“ b--: o
<

P EARS
e 0

Tha deter: 31"1‘(,, of the coefficienis mush venlsh for o

This ccww \on vie elds

- N
only.a , and o

k.

are lcd to construct an operztor of the fovwm

1L rrl“ trivis

“-
[

B

~~
~—

T e
N
~—

(1.8)
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vihich is the renormalized frequency, replecing kce There ave two valu

Vo (corresponding to the positive and negative sign in (4,10 respee

and

YA

'l --v —.},}Z\‘.‘ o ‘. ol ". - RN . . B i
Xy = e [(wike) aq o (w 'S “ke) o ”] | - ()

XL = e . ((O - IiC) ak\

.!

Taking the Herme',J n CO"]JU‘*‘&LC of X ) 2

, ve find

=i

: ' 2
cov Al (8 1'\) 40 dventiceal vidh XJ‘\ T ddded
[ ) . Y . i

1

AR ' & L o ,
<wﬁ ke) a,__k}\]. - , (e

w) 2, +7_(L!.Jk-x-};c-)_.a."‘.:,. 1. e (1:.15)
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Ve nog identify X._l'\ (J ) with b, ( b

LA S ;

Toramation {({r o {the pair a, - (o
(1 1_ . N kA ( o8

(h.13) end (')}nll-!‘) with the subsidinry cordit:

Using this condition ard Ig. . L4.16), we find
{ _ o \ M s _

o ‘. v'l-c, ‘ . o ' . . .
‘li l . 1?:' L}‘.\..--,“_)_.- . . ) ' . v v . E () )
10 Ltwj(}m - : _ o : .
2

T‘nuf, ic;u_':'l'{;?':fj.n sm. syhitrery phase foctor, we hove
1 1 1 ]
) k7 e (@ S T ke (¢ {
b =B Ol )+ G ) Jap v L) - (i) Jan
- " R SO

lere by (b ,) is called the guasi-photon nn'h.L]o,t:Lon (cr cabl 'm) cocrator.
\_\.
It is d(**‘:wc'w in a-more direct ;au}n 0*1 in wncnul:: A. Ve havc: adopted the

.
’\

nore len"rth,y cmpros,c h b”CQuuC of Lhn ﬂ_ppo" tunity to intrc Juce the equation-

of-mobion technicue at an earlicer a,n-'l_ simpler stage in this worlk.

(4.19) and its Hewmellan conjugate d(‘i inc the Bogolivb: ov translormeiion.

e 2 . .
Iamillionian corresponding “Lo H '41‘(1 H mEY Noy be expressod
. : L. \ .

2

t 2 \\ R 7 -
T A ' Yoy : - _ (I.00)



Phere will be no problem amressing

. - - o
Hoooin terns of b, and b, oince
J. ) A s

(L.21)

Yow let us consider the simplification of Ii,, Eq. ( 3715).  fThe

comnutator of ¢ with H_. is

: a1 A : Y
1 - -V : . ¢ S\t 2::‘
[‘C 2 hl”] Lp cpa v ~ V.k-(.:'q-:-k,,B 'Cp_fi:}:,a‘ ¢ 3 L ( - )

4' !.Q

The Yngh t'I"l‘: O"] t¥rr 7 """"““"L"‘l" ,J e o1 Ec. ( 21.?? is linearized by

sclecting that texm Tor which the momentun ard spin subsoripls ol an
avnibilation and crontion operabor azree (Lhe

corrcaponli

vroduct is replaced with its

1o ey fo =
2 :.,.-C,..'.fl;‘(.’. &)

.!. .
c c .o o= ¢
atk,p pith,a gl Pt DY

& & .
ap 05

0

Thus, we obtain

, _ =  ' h B : S ' . (23
1)"/} }-P—]RP) - CP\’-V T)n/ 2 . ; S - 7 ( )

[e

with

| ) L ,.- ten! . R , | . - ) ,).h.q‘:
Cpa T o T R 2 Ve o - (4-24)

The Hetroec-ffock enovny,

and no = M JV. oo mee dhal ve moy voe o
Pk . RIS , ) -
11
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(/n aliternate approzch is given in Appendix A.) Ve nor have a sysbton of

Guasi-e

Hence, a better apyvroximation
for I is

. .. | v. L .. ’ : ‘. ) ()1..:0)

~ [e:v:p(”ﬁ-‘%iap )  + 1

Since e_ devands on M, this
P T Ty
Tor 1 . With the h(.-lp,of

Hcrmf'”"ﬁ cenjugeie (or Fa.

C

e
0

T et e e
epproximgte hamil

)

.-i‘- . | N ‘. Sﬂ Ty s

€ c ¢ : . e, ¢ - C
o2 AR 07 L/, Tkha NN Tprtk,a pa

1S

o
(b}.x.+ LY )

joso
:g!l
[
t\/

ot

e
Q

"R
=

Ot

dcpands Ouly Uq the .nrmeu e of k. We'sco Lbdu tbL”f mailionian s dingonsl
ta , :

c*v“Pu fo tne PWOOYC term.  Scetions 5 and G, which follor, are devaLed 1o
Cmtﬂjﬂi“ﬂ.diﬁpcrsion rolabions for annsi-photons and quasi-c ﬁth’] with Lho o

help of the above caovession forfl. . T "
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he first
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C ompletes t‘n

Lo simplify ‘EFe. (5.2),

o pa

in the form:

YN b}:'é-

egustion-of o jon thab ve will
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From tho last term we find that we

Viow b

-~ - nm
vlqiq‘ 1 1;_1.

QUAST-PHOTGH DISPRRSIO:

-

1 neced

R & p 1-' o

~.
e

» T, .

)¢ + > e Ly c
’3) D-k ¢ Z _A'il ~L [I, p-k,00 n-f,x
. . .

o L | -
(Enkl) ¢ 1&4--%@,03:-“:1‘] (bk/\-+ b-.kr\l, ' . (.2)

e (e -€ c c_
L ("*Ly p—}:,u) P-X,0 p

oy o o B + ' o - .
Z,A}: £ ogku (bk[,l, * t-)'kp) . (5.3)

&loo reguire
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to obtain

v_;.v}.'-‘x) 2

D U

1, -V . h
v KA e )}: 'b'l':..).-.‘ }:J\_.j-‘ . - (

+ € - ¢
ORI

PO

-‘ (1 (o, -+ b..}m) ;'i'lQ,k}\( \};»\ YA kA

p-l,0 po’ Yy

The cocfiicicnt of ¢ ey Ve anishes if

’anJ thosc f)" b

y}\ an\’t 'b

—J,\'. if -

(uw},‘ A mk) w\_+ I‘k\ o= o

S A T R
(o= g,

~.

};);L_l k? = .O:‘ .

kAN

.__J)J)\ ‘D k o | pD’ } > A

L KN
b+ V.o

1{ iad BGVN - Yo T
Loy b R 4
RC R S Tt
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in oblaining ¥ () 11), we have ured the Tact that
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isotropic, we can set
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in a lengihy exprossion given by Glass and Chavpeli.  The exive Leliy
ernller ond deséribe abrorpiive effects corrorponding to

Pjyvon“eu va have diOh“cq from our epprcis
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Ve nos turn our gﬂiOlLlOﬂ to ihe calcu]otnon of a d;sy rsion relation Tox

sion relation Tor
guAasi- Llcctrons. ‘ ’

6. QUASI- ]LLCTRON Dl; EH JOK RIL.LIOI

Ve V:Jl have need o" the follo”lng d

. . .
initions in .our calculation -

o . T ' (6.1)
7;) - : . . - .l“ .
}‘p—k yRA T C,p—]-: Ne] (bkk’bwk?\ )

’ , “ o ’ (6'2)
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The Tirst three eguelions-olf-nmovion involving these operstors vill be
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The RPA consists of pickin out terms in the swas fﬂr which momentun and
polarization,subscnipts agree on Boson ann'bJJ tionfcreation operatoy
. - poirs (or momentum and °n1n subscr;vto for bern1 annlhmlﬂtion—"r ation
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" operator peirs ). All othcr termq are droppud. Glound state averaszes
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In obtairning the ebove we have observed that By =iy Thus, assbaing
i A . . ) D AW .

that the occeupation numbers are large, we have for our system of equutions-

of-motion
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Ve choose X. to' be oi the Torm

AT 2 R o
chx el Xpa } >, Y phen Xp—k ,J«;z%.'+ /, Vp}:c-;’i >"3,)—];,1':::1}\. ? (6.20)
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Ve require that the coelfficient w,h opcrdmr st vanish. Henee, we

NS L o3k
rind the dispersion relation
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VIPa is an effective electron-clectiron interaction potential. It arises from
R : T - A . ’ . .
o virlval exchange of quasi-photons between electrons. If ve set Qp7 =< . 0
C . . . ) - i'\.,.
we obtain a potential which is analogous to that vscd by Bardeen, Cooper, end
e ot e e Ve o U
Sehrieffer in their treatment of an electron-phonon systen. 1t coy hie derived
M 13e 3 gad o Co4 3 s oo 10 - s ) & Y § Y
by the prih intezgral technique of Feyrunan. Upka is due to process o oin which @
single eleetron exchonger quagi-photens with the surromding guosi-phiolon fur.
Tn conclusior, wo see that the equetion-of-notion technigue, cow:lad with
the RPA, has proved to be extremely useful in calculating dispersion :
single caclitaciont o o plamna
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The purpose of this achiove the ensoniis’ o
the section It in o simpler fashion., Ve begin by ewps in
A .(A) . L% B

terms of a set of transverse coordinsztes and monenia’

e
~ ISR BT L v » \
0 JNU a® {4 3 sy 1 r e ~ . . - ’ s \
Ly = w6y /, P () g e (1 K i . | (4£.2)
k )\3 - ' . v o : B h
The cocfficients drc opcraﬁors which bave the proeperty
il -+ .. ) .
(6 = ay, (b)) (7.3)
o ..}1 . 13\ I/. 2‘
b (1) = 2T, (1, (s.1)
since A and D, are both real.  Substitution of Egs. (A1) and (£.2) with
(3.9) into Lus. (3.2) £hrovgh (3.1) yields
1 2
cn +EYtu2 4w 3.1
Ho= I vf.ll‘ By Hy (3.1)
[\dan : ) 2 N . . .
By =2 2 [P o * (1e)” qp, ads o : ’_ (A-5)

] O\ + : : :

”1’. =4 > x ; B}:Jﬁ?-;i Cp>}-}-;>1-1’, ,cxcmq}:lqﬁu’ . (8

where .
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H, is given by BEc. (3.15) as before. - Ve focus our attention on HI wiich

is written in the form
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vas obﬁained ,by Bohm and Pines 'in their investigation into tho ‘collective ricdes
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We can how con? ne'Hﬁ thh;HI to ootaxn{HP‘.
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I W eV 4 2 .
Hp =2 >_ (o2 po, 0T + 0] 0y 6, )

I +VHP" . T B o (A.13)
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The usval transformation may be mzde upon this Hewilitonian
= (/e Y (b, + b,y ) ' - (Al
q}f)\ '(‘l/CJ }() . ( kA -k ) 2 g ' ) ) - (H )
1 i S :
. lz [0 )e -h . ‘ NG
=X l\“klc/") (Dlﬂk iu}dh)’ - : : (“‘"?’)_
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. % ]2 > - i
vhere we hqxa used by [( c) + wh 1n plmuc of k. 1novaan o)

se (A1) e ;d (A.1)) into (A.l) and (A 2) leads to Eq. (h 21)

for A and
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$

—kﬁ)r j. C (a.26)
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Insirtion vaL\~uthH (A.lb) and (A.lL' ) in (4.13) leads vs dircetly 4

L

(4927)“for-ﬁp : If e cquatc the usual tronsformalior to the corre

DO trangﬁormation above, one has
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Gidie /2 ) (e, e ) = (00, /2)7 (b},f-—b*q_ ). . (4.18)
Solving for b}' and b.;.,‘ , we obtain Eg. ( Lo16) end dis Bermetion
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I CES ERD POOTHE :
Fo Subl and 7.0, Werthomos, T’h) Se. Reve 127,

Ne R. Wortl nomer and H. Sunl, Fhysics Reve,

"y ™ Y H + E g o N -4 r;_ . 54 o e .
Yi'!o I:t Cl ’nﬁ \'\11 1‘ 1‘1. :BT .L 1€ Lll} aldl St J- G_L\'J(C) S;, 1\, WOV \I L R :{‘\.)., ll(u:- "'J_ ]"/\.‘_

(1955)

. J. Clacss end Ve Re Chappell, Huovo Cinento,

D. Pince end D, Eobs, Phys. Reve,: 8;, 338-353 (1952).
D. Bou: end D. Pines, Phys. Reve, 92 60O ~625(1953).
For dotails b:_,r ond Lbo.w given 1n tlilcn scction} oz ghonld consuly We Heltiew

nt‘.’.". TI

B e

7 of Rediation ( Oxford ¥ reas, Cavbridee, 193k), 3rd. ed.; H.

ety e . . b—

2);
and ,L.
2ud ¢d., Chap. X1V.
The unlt vocvors }5,/}-:, £y syatom,  Ahe lost pronoim
Al

follays froa the remming

. . 4
e spin stote o‘wy the uwsual property ¥ X, =8

Fatp T Top

7o be defined showbly

Subscript ¢ on elw'me.y be droppzd. However, we will retain i
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the sa,ke_ of generality.

e .z:sl].cv:‘:d frcquf;nci;:s; In DR ave poles of the Fouvier trancfora ol the Aot e
ti.x.&o, ter (;:*aiml‘c' dapen E’ti';li.‘.{t, Gr:;ell’é function, << }'\\’( 3:> +); A ( r R ’),,\.).‘ A
reference 15 Mo J. Sulth, FheD. di"sser{;ubim s Hoard Untversity, 1950,

Tt 1s citremsly helpful to use compocet notation 3y meiing these caculabicns.

T4 is not derd e ohowr that the allowed cncrgles ia DP wre

Lo the Fooricr troncfors of the double-tine,
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(1957) . ' A e e -
w2, Ruovo Cimento, 51B , SWT+549 {2587 .
HP is given by Eq. () .45) as we will shortly shou,

L T . : :
One notes that B = ¢ -1' = O Thercel ore; 11 an_ . = Q.
. pa — por “pal o ¥opik,n

This g,i\ es the lact teym plus & c nuzbor, -1 N ) 6 _, which

}_ OAA,(’ :}/q 75

have omitted «ince its effect is mercly to renosu }ip thue lesving

our cousticne~of-1abl cil wnnf Iccted." The ¢ subeeript o L | sy be dropnod

if Bgr.(.3) or (4.28) we us-c'd.'
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LEGAL NOTICE

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

A. Makes any warranty or representation, expressed or 1mp11ed 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 m-
frmge 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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