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General expressions for (n \ m,n—m) fractional parentage coefficients are derived, for the special case where 
the state vectors are all different, by using normalized Young symmetry operators constructed out of per­
mutation operators acting on the state vectors. The coefficients are given directly in terms of matrix elements 
of the permutations characterizing the cosets of the subgroup SmXSn~m of Sn multiplied by the correspond­
ing permutation operator. The permutation operators themselves are expressible in terms of Racah W 
functions. Explicit expressions for the <4|2,2) coefficients are given also for cases where some of the state 
vectors are identical. 

1. INTRODUCTION 

PROGRESS in the theory of nuclear structure 
requires, with the shell model, the setting up of 

energy matrices between many different single-particle 
configurations. The most direct way of setting up the 
energy matrices is by use of w-particle wave functions 
expressed as linear combinations of totally antisym­
metric states of the first n—2 particles, vector coupled 
to totally antisymmetric states of the last two particles. 
Reduction in the size of energy matrices determining 
ground state properties requires the construction of 
states belonging to definite irreducible representations 
of the group of permutations of the space coordinates 
alone, so that the energy matrices can, in the first 
instance, be set up between states of maximum or near 
maximum orbital symmetry characteristic of the ground 
state. The coefficients of those linear combinations of 
vector coupled orbital states of n—2 and 2 particles of 
definite orbital symmetry, which give rise to states of 
definite orbital symmetry for n particles, are the 
(n\n—2, 2) orbital coefficients of fractional parentage. 
It is with the calculation of these, in mixed single-
particle configurations, that we are mainly concerned. 

2. PERMUTATIONS OF STATES AND PARTICLES. 
NORMALIZED YOUNG OPERATORS 

If 

^o=^0'i(i)i2(2)/2,i8(3)/8, •••,. 

jn-l(n- l ) J n - l , jn(n)JM) (1 ) 

is an w-particle vector coupled orbital state, with 
jh J2y • • •, jn all different, the numbers in parentheses 
being the particle numbers, we may form n\ distinct 
states from it by either permuting the particle numbers 
keeping the order of the states fixed, or by permuting 
the order of the states keeping the particle order unal­
tered. The relation between these two operations is the 
following. If P is a permutation of the particle nunbers, 
P~l its inverse, then we define the corresponding per­
mutation P of the states by 

p$0 = Jp-l<£>0 

=Hji(P-1l)J2(P-l2)J2, jz(P-l3)Jh • • • 
Jn^jn{^n)JM) 

= 11 {jlj^JljzJz ' • * Jn-ljnJ | 
J2fJz,'"Jn-lr 

JPljpiJzjpzJz- ' -Jn-ljPnJ) 

XHjpi(l)JP2(2)J2',jPs(3)Jz'y . - . , 

Jn-i',jpn(n)JM). (2) 

This is the basic operation of fractional parentage 
coefficient theory, where the particle order is always 
maintained. 

There are now two distinct ways of operating on the 
state JP$O by a further permutation, depending upon 
whether we take this to be (a) a permutation of the 
state vectors, or (b) SL permutation of the particle 
numbers. These two operations commute and we have 

(a) 

(b) 

(3) 

(4) 

We see that the permutation of the state vectors Q 
operates by multiplication on the left of the operator P , 
while the permutation Q of the particle numbers oper­
ates as Q~l on thejight of P. We may say therefore that 
the n! functions P<£o can be subject to two commuting 
groups of permutations and it is possible to choose 
linear combinations of them so that they belong simul­
taneously to a definite row of a definite irreducible 
representation of each group.1 

The linear combinations required are given directly 
by operating on <3>0 by the n! linear combinations of the 
permutations P characterizing the n ! distinct normalized 
Young tableau operators,2 

^1=(A/« ! )*Ep0r S
[ X 1 (P )P , (5) 

1 Compare the analogous problem in molecular theory, where 
the rotational wave functions may be transformed by the two 
commuting groups of rotations (a) about axes fixed in space, (b) 
about axes fixed in the molecule; see, for instance, H. A. Jahn, 
Ann. Physik 23, 529 (1935). 

2 The relation with the unnormalized orthogonal Young units 
Ors^ as commonly defined [e.g., by D. E. Rutherford, Substitu­
tional Analysis (University Press, Edinburgh, 1948)1 is wr«
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associated with the irreducible orthogonal matrix repre­
sentations 6rs

[X] (P) of the symmetric group Sn, f\ being 
the dimension of the representation. With the Young 
operators normalized in this way, the inverse relation, 

/> = E( /x /» l )*« I X ] ( i > )«r . [ X ] , (6) 
\rs 

expressing the n! permutations in terms of the 

Ex(/x)2=«! (7) 

symmetry operators, has the same coefficients as (5), 
showing that these transformation coefficients, 

nrs,p=(fx/nf)idrs^(P), (8) 

describe an orthogonal transformation satisfying the 
relations: 

En,s,prXrS)Q=E(/x/^O^IX](^rS
[X](0 

Xrs \rs 

= 8(PJ2), (9) 

L T^,pTvT.s,,P= {(fxfx'Wn nZ9rsWCP)(V,<[X'](P) 
P P 

= 5(X,X')S(r/)5(v')- (10) 

We may then form, for given 7172* • 'jnJiJz' • -Jn~iJM, 
the following n! states, 

^ ^ ( r f y ^ J ^ V V • 'Jn-lJn-ljnJM\s) 

= « r .W*0 , (11) 

with the following properties: 
(I) If $0 is normalized and the state vectors ji, J2, • • •, 

j n are all different, then the states <I>rs are normalized 
and orthogonal. 

(II) A permutation P of the state vectors acting as 
operator on <£rs transforms the first index r, leaving 
the second index s invariant: 

^ * r . = Z « ^ A r I X 1 ( ^ ) . (12) 

(III) A permutation P of the particle numbers acting 
as operator on <I>rs transforms the second index s and 
leaves the first index unaltered: 

P*r . = E « ^ r A . W ( ^ ) . (13) 

The first property follows from the fact that under the 
conditions stated the n! states P<£o are all normalized 
and orthogonal. The second and third properties may 
be deduced easily from the following properties of the 
Young orthogonal units: 

P=T.0„™{F)on™, (14) 
\rs 

^S
[X]^'S 'CX,] = 5 (X ,X05( V ' ) ^ [ X ] . (15) 

In cases where some or all of the state vectors are 
identical it may be simpler to regard the Young opera­
tors as built up in the first place out of permutations of 

the particle numbers, rather than out of permutations 
of the state vectors. In this connection we may note 
that if we define for an orthogonal representation 

a>.r
[X]*o= (fx/n !)* £ P $arM (P)P<S>o, (16) 

we will have simply 

wrsf
x^o=cosrtM(|>0. (17) 

I t is then in accordance with our notation to define 

*„™=tf ,« . r [ X 1*o, (18) 

the second label s describing as before the transforma­
tion properties with respect to permutation of the 
particle numbers. The factor Nr is introduced to allow 
of the renormalization that will be required when some 
of the state vectors are identical. Some of the state 
labels r may also become redundant, as the corre­
sponding states may vanish identically or become 
identical with other states. 

3. THE <n |n - l , 1) FRACTIONAL PARENTAGE 
COEFFICIENTS 

We choose the orthogonal matrix representation 
0rs

[X](P) to have the standard Young-Yamanouchi 
form3 appropriate to the regular partition, 

[X]=[X1X2 . . -XJ, (19) 
of n : 

^=Xi+X 2 +- - -+X* , X i ^ X ^ - ' - ^ X * . (20) 

We may then take the row and column indices r, s to 
be Yamanouchi symbols,3 

(f) = (flr2 • • • rn) , (s) = (sis2 --Sn), (21) 

where (r) is an arrangement of Xi integers 1, X2 integers 
2, • • •, Xfc integers k, such that, read from left to right,4 

the number of times the integer p has occurred at any 
stage is never less than the number of times the integer 
p+1 has occurred. Similarly for (s). The matrices of 
the transpositions Pn, P23, • • • Pn~i, n can then be 
written down immediately by the Young-Yamanouchi 
rules and the matrix of any other permutation calcu­
lated. 

We may then write 

(s)=(s'v), (22) 
where 

<r=*» (23) 
and 

(*0 = (JI*2 •••**-!) (24) 

is a Yamanouchi symbol of a definite representation, 

J R[V]=P[X 1
, X/ . . .X , / ] , (25) 

Of Snr-l. 
3 H . A. Jahn, Proc. Roy. Soc. (London) A205, 192 (1951); 

H. A. Jahn and H. van Wieringen, Proc. Roy. Soc. (London) 
A209, 502 (1951). 

4 We have found it convenient to retain the natural order here, 
rather than the reverse of natural order previously used in refer­
ence 3. 
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We wish to express cor, sv
[X] in terms of the normalized 

Young operators a>*>S'
[X'] of 5n_i, (t') being another 

Yamanouchi symbol for i£[X']. To do this we express 
the general permutation P of Sn as the product of a 
permutation R of Sn-i and a permutation Q taken from 
one of the n— 1 cosets in Sn of the subgroup Sn-i. 
There is considerable arbitrariness in the choice of the 
permutations Q; we could for instance take simply 

C i = / , Qi=Pm, Qz=P2n, •••, e » = i V i . « . (26) 
With such a choice of the Q's made, we have the 
unique expression, 

P=QR, (27) 

for any permutation P of 5W. I t follows that 

« r . . V I X 1 = ( / x / » 0 * E p ^ r . . V [ X ] ( ^ 

= ( / ^ i ) * E E f l ^ ( e ) 0 ] 

X E * W X 1 C R ) B ] 

= ( / X / » 0 * E . E Q ^ . W ( Q ) Q ] 

X E * « ( M ^ W X ' K * ) 5 ] 

= ( / X A / X O * E . [ E Q W X ] ( 0 Q ] 

X l C / v / ^ - l ) ! ? ! ^ * ' . ^ ' 1 ^ } 

= ( / x / « M * E r E g ^ r , r , ™ ( O ) f e ^ ' i . (28) 

The coefficients, 

<«V|Q*V>Q= (r\Qt')Q= {fx/nfv)*0r,,.M(Q)Q, (29) 

define the (n\n—l, 1) fractional parentage coefficients 
of type ( [ X i | [ V ] X p Q ) . I t is seen that they are inde­
pendent of the particular value of the Yamanouchi 
symbol (s'). Normalization and orthogonality require, 
for given s, 

T,Qj:v(r\Qt')(p\Qt') 

=(/M')E«E^r,.vw(e)»Mvw(e)=«y. (30) 
This follows of course from the derivation, it may be 
deduced also directly from (10). 

We have then 

* (fI JljiJijJz ' ' * Jn-ljnJM | Jo) 

= ^ 8 v [ X 1 $ ( i l ( l ) 7 2 ( 2 ) / 2 , jz(3)J*, • • 'Jn-1, jn(n)JM) 

= (/x/»/xO* £* Eo «r. ̂  (Q)Q5*.w 
XHjlW'"Jn-hjn(n)JM) 

= (/x/»/xO*E*'Eo^.^xl(Q)Q 
x^C^liiMis-• -in^i/»-ilO,in(»)/Jf), (31) 

expressing an ^-particle state of definite permutation 
symmetry as a linear combination of states of definite 
permutation symmetry of n—1 particles, vector 
coupled to the states of the nth particle. 

4. THE <n|m, n-m) COEFFICIENTS 

The determination of the {n\m,n—m) coefficients of 
tyPe (DGICXQxCX"]) proceeds in a similar manner. 

Instead of the standard Young-Yamanouchi represen­
tation of Sn, in which the subgroups 5»_i, Sn-2, • • •, S2 
appear in standard form, we use a transformed repre­
sentation in which the matrices of the group Sm of 
permutations R of the first m integers appear in 
standard Yamanouchi form and the group Sn-m of 
permutations S of the last n—m integers appears also 
in standard form. In place of the labels r, s of the 
original representation, we may use modified labels, 

( r ) = M ) , (*)=(p,er), (32) 

built up out of the same set of integers as the original 
labels, with 

(a) = (rxr% • • • r») and (p) = (s^ ---sm) (33) 

being standard Yamanouchi symbols associated with a 
definite row and a definite column of the representation 
^[X'3 of Sm (this is a property of the original Young-
Yamanouchi representation), and with 

(fi) = (r«H-ifm+2" • r») and (a) = (sm+i.Sm+2 --sn) (34) 

involving the remaining integers. Although these latter 
symbols are not necessarily of the form of standard 
Yamanouchi symbols, they may nevertheless be used, 
by prescription, to specify a definite row and a definite 
column of a definite representation 2£[X"] of Sn-m. The 
reason that such a prescription is always possible is 
that the total number of states before and after the 
transformation is the same, and after the transformation 
each state belongs to a definite row of a definite repre­
sentation of each group. 

The permutations RS form the subgroup SmXSn-m 

of Sn of dimension m\(n—m)!, and, as before, we may 
introduce 

(U \ =n\/[m\{n-m)\] (35) 
\m/ 

permutations Q characterizing the cosets of this sub­
group (taking again Qi=I, counting the subgroup 
itself as coset). We may then express any permutation 
P of Sn in the form 

P=QRS, (36) 
and we have 

« « A P . W = ( / X / * ! ) * E Oae,pw(QRS)QRS 
QRS 

uvxy 

x CE B em, xym (* )#E£ a ev, „w (5)5] 

= (/*/»0*E E«fc*«[X1(Q)£] 
uvxy 

Xl8(v,y)Y.R0uxM(R)Rl 

X[5(* ,p)£ s <y*" l (S) ,S] 
= ( / x / f ( W ) / x ' / x » l ) E eae,uvM(Q)Q 

I / \-\m/ J J «*o 

X w ^ ' W * " 1 . (37) 
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The coefficients {n\m, n—m) of fractional parentage of 
tyPe ( M l [A']X[X"]) are hence given by 

{appv | Quvpa)Q= (a/3 \ Quv)Q 

= l / x / [C) / x / / x / / ] } -̂w(G)a (38) 

and are independent of the value of the Yamanouchi 
symbols p and o\ We have then 

* ( « 1 0 | (jlJ2JijzJz' • ' Jm-ljmJm), 

(jm+ljm+2Jm+-2Jm+2Jm+3* ' ' jnJn), JM\p, a) 

= ^,P<r[X]H(jl(l)J2(2)J2J ' ' 'jm(tn)Jm), 

(jmi-i(m+l)jnH.2(m+2) 

Jm+2, '", jn(n)Jn), JM) 

l / L\m/ J ) uv Q 

(» I j™+lj™+2Jm+2 * * * Jn | 0-), / M ) , (39) 

which expresses the w-particle state of definite permuta­
tion symmetry as a linear combination of states of 
definite permutation symmetry of the first m particles, 
vector coupled to states of definite permutation sym­
metry of the last n—m particles. Orthogonality and 
normalization require 

/> •40 h>h> 
Q uv 

[X] (Q)e« '$', uv 
[X] (G) 

=*MW), (40) 

which also, as before, may be deduced directly from 
(10). 

5. THE <n|n-2, 2) COEFFICIENTS 

In the important case of the (n\n—2, 2) coefficients, 
some simplification is possible since the group S* has 
only two irreducible representations each of which is 
one dimensional. Hence, in (39) applied to this case 
the summation over v is not required, since we must 
have here v—a. Taking then the n(n—l)/2 operators 
Q to be 

/ , Pfc,n_!, Pkn, Pk,n-lPln, (l>k=l, 2, ' ' -W-2), (41) 

we have the general (n\n—2,2) fractional parentage 
coefficients given us by 

QfaPljljiJijtJi- ' 'jn-2Jn-2, jn-ljnJn, JM\p,o) 

H/y[(>]fH<w>,(®'3 

In—2Jn—2 

J A H N 

/ [ Q / X ' ] l I){*(a,«)*0S,«r) 

+ S OaP,u<T[*HPk,n-lPln)Pk,n-lPln 
l>k=l 

+ E P - A «*IX1 (P* n-l)Pk, n-l+OaP, w™ (P*»)P*»] 
k=l 

X${(u\jij*J2JiJs' ' >jn-2Jn-2\p), 

(alJ^jnJnl^^M), (42) 

where the effect of the permutations P of the state 
vectors can be expressed in terms of Racah W functions. 

For normalized two-particle states of definite sym­
metry, such as occur here, it is convenient to introduce 
the following special notation 

Hja(i)jb(k)crJM)^H<r I ja(i)jb(k)JM| er) 
= (1/VZ)[J+ ( - l)'Pit¥>Ua(i)Mk)JM), (43) 

with the convention 

(— 1)*= + 1 , when <r denotes a symmetrical two-
particle state, 

(— 1)*=— 1, when <r denotes an antisymmetrical 
state. 

(44) 

It is easy to verify that 

Hja(i)jb(k)aJM) 

= ( - 1 ) ' ( - l)jWb'JHjb(i)ja(k)aJM). (45) 

Further, in the standard (Pn~i, J-diagonalized Young-
Yamanouchi representation,5 we may make the pre­
scription mentioned in connection with (34) so that (0) 
= (rn-.irn) is interpreted in the following simple form: 

(i) if rn-.i<rn then p describes an antisym­
metrical state, 

(ii) if rn_i ̂  rn then p describes a symmetric 
state. 

(46) 

That this is so may be seen as follows. 
(A) If | / w * -rn-2rs) and | ? w * -rw-2sr), with r<s, 

are both allowed Yamanouchi symbols, we may define5 

the orthogonal transformation diagonalizing Pn-i,n by 
means of 

(47) 

rir2- • -rn-2, ̂ > = [0u—l)/(2|t)]i|rir2- • -rn-.2sr) 

-C0i+l)/(2/*)]*|rir2---r^iT5>, 

ftfV • -rn-2, sr)=[(M+l)/(2/*)]*|fir2- • -rn-2sr) 
+ [(M- l) /(2M)]^ |r1r2 . . . rn_2r4 

M=Xr— \8+s—r, (48) 
with 

5 Elliott, Hope, and Jahn, Trans. Roy. Soc. (London) A246, 241 
(1953). 
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so that, for r<s, we have 

(fl/2 * ' * fn-1, rS | Pn-h
 n I ^ 2 ' ' ' rn-.2, fs) = — 1, 

( f W ' 'fti-2, 5f | Pw_i.nl f if 2- * '*V-2, 5 f ) = + l . 
(49) 

M = C31]: |11>21>=(2/3)*|1121>+(1/3)*|1112>I 

|ll,12>=(l/3)*|H21>-(2/3)*|1112>, 

112,11)= 11211), (54) 

112,13)= (1/3)*| 1231)- (2/3)*11213), 

112,31)= (2/3)* 11231)+(1/3)* 11213), 

111,23)= 11123), 

[X] = [22]: 111,22)= 11122); 112,12)= 11212). 

Since then, with the convention of (44), we have 

P 1 2 | ^ )= ( - l )« |« , /3 ) ; Pu\a,p)=(-iy\afi\ (55) 

it follows that the matrices of Pn, Pu, and P24 are 
It follows then from the properties of the standard s i m P ^ expressible as follows in terms of the matrices 
Young-Yamanouchi representation3,4 that the prescrip- o t 23> 

(B) If \r1r2' • -rn-.2rs) is an allowed symbol, but not [A] —[211]: 
|*W * -rnr.2sr), then we must have r<s and we may-
put here 

| r ^ • • • r*_2, rs) = | rir2 • • • rn-tfs) 

(when \r\f2' * -rn-2sr) not allowed). (50) 

(C) Finally we write 

| r^2 • • • rn-2, rr) = | rxr2 • • • rn-2rr). (51) 

tion (46) is valid in all cases. This process and prescrip­
tion can be extended to the case where Pn-i, n, Pn-z, n-2, 
• • •, P12 (n even) or P23 (n odd) are taken to be diagonal 
matrices, thus defining the (• • -Pn^,n~^ Pn-u)-diag­
onal Young-Yamanouchi representation with standard 
phases. 

6. EXPLICIT EXPRESSIONS FOR THE <4|2,2> 
COEFFICIENTS 

Oaf}, p.[X] (Pl8) = Oafi, p,[X] (Pl2P23Pl2) 

= ( - l ) a + ^ ) P , [ X ] ( P 2 3 ) , 

0a& p,[X1 ( P u ) =0«ft p<r™ (P12P34P23P12P34) 

0«ft p,[X] (P24) = 0«ft p.[X1 (P34P23P34) 

= ( - l ) ^ ^ , p . [ X ] ( P 2 3 ) . 

(56) 

In order, however, to obtain a simple general ex-
In the particular case of the (4|2,2) coefficients the pression for the matrix element of P13P24, it is desirable 

sum over both u and v in (39) become unnecessary and to make an additional phase change: we change the 
we have simply, f\> and f\» being here both unity, sign of the representation vector 112,31). We may do 

this by using in place of the vector 112,31) a non-
<S>(a,(3\j1j2Jijzjj2JM\p,<T) standard vector 123,11) defined by 

= (fx/6y*t8(ayp)5((3,<T)+dap>pff™(PuPu)PizPu 123,11)=- -112,31), (57) 
this still being in agreement with the prescription (46). 
It may be verified then that 

+«.«.„wOP»)ft.+<W,,,wW«)JVI «.,,,.M(ft.i ,..)-5(X)J,(a,^)8,lj3#), 

+ ^ , p , [ X ] (Pl3)Pl3 + ^ftp, [ X 1 (Pl4)Pl4 

From (47), (48), (50), and (51) the basic vectors, 

|a,j8)s|rir2,rsr4), (53) 

of the standard (P12, P34) -diagonal Young-Yamanouchi 
representation are given in terms of the vectors | r\Y2YzY±) 
of the standard Young-Yamanouchi representation by 

[A] = [4 ] : 111,11)= 11111); 

[X] = [ l l l l ] : 112,34)= 11234), 

and 
: - l fo r [X]=[31] , [211] , 

(58) 

(59) 

*,(*,y)=*D+(-i)*HQ 
= + 1 , when x and y have the same parity, 

zero otherwise. (60) 

We may call the representation with this modification 
the modified (Pi2,P34) -diagonal representation and it 
may be verified that in this representation the matrix 
elements of P23 are as follows: 

CX]: [4] [22] [1111] 

11,11[1] l l , 2 2 f - | V3"/2-l 12,34[-1] 11,21 

m (PM): 

1 1 , 2 2 1 " - f V3/2-1 

12,12^ /2 | J 

11,21 

11,12 

12,11 

[31] 

o -VhVi 
_ . /I 1 - 1 

V 2 2 2 

. V 2 IS 2 . 

12,13 

23,11 

11,23 

[211] 

o Vi -Vi 
V 2 k 2 2 

. V 2 2 2 

(61) 

Pw_i.nl
file:///r/f2'
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Using this representation, we obtain from (52), on evaluating the transformations P of the state vectors, the 
general (4|2,2) expansion as follows: 

$ (<*£ I jijJijzjJJM | p,o) 

= (/x/6)*| S(a,p)5(foW ( - 1)W2~JHM4PJ2JIJ2<TJIJM) 

+ ^ / ] ( f t 8 ) X l 

7473/2 )[ 
J,J J ) 

JzJJ / 
E X| 737V2 ) ( * ( 7 ^ 7 W 3 7 2 7 > / 4 / ^ ) + ( - l ) ^ + / 3 + / 4 - ^ ( 7 2 7 W 4 7 i 7 > / 3 / ^ ) 

+ E X| 7473/2 ) [ ( - l ) a + ? ' 3 + ? ' 4 - / 2 + / 5 + / 6 - ^ (727> /67 i7V/5 /^ r ) 

+ ( - i)<*i!*>*-J*s>(jij4pJ&j2MJ<>JM)'] 

where 

N (62 A) 

a*/} = ((ab)e,(cd)f,kq\ (ac)g,(bd)h,kq) (63) 

is the Hope x function.6 The normalization of the function (62A) is assured by the relation 

(/x/6)[5(a,p)5(/3,(7)+5p(a,(r)5p(M+4{^Ap.[XKi)23)}2]==l, (64) 

which follows from (10) and may be verified also directly from (61). 
I t is easy to deduce from (62A) the corresponding expansions when some or all of the state vectors become equal. 

This may be done by removing, for the time being, the labels p and a in the functions on the right-hand side by 
inserting the corresponding factors 

( l / v 2 ) [ J + ( - l ) ' P „ ] , ( l / ^ ) [ J + ( - l ) ' P „ ] (65) 

and then making the vectors equal. Then on reapplying the operators (65) allowance has to be made for the renor-
malization that may be required. In the process of collecting together identical states use is made of the funda­
mental symmetry relation of the Hope % function :6 

(cdf\ 
~kX\ abe J 

\ghhj 
( _ ly+b-e+c+d-f+g+h-kyl alg I (66) 

\ghk/ 

Equations (62B, C, D, and E) below give the resulting (4|2,2) expansions for the configurations jijzj2, 7i27*22> 
jizJ2, and y4, respectively. For the last two cases the over-all normalizing factor is not here determined,7 for the 
first two normalization is assured by (64). 

$ (<*fi I jiJ2Jijz2J2JM | p,o) 

= *p(fc2i8-J2)(/x/6)*]a^ 

(7 i72 / i \ 
7*373/2 )( 
JzJJ ) 

+ 2 ^ ( / ] ( i ) 2 3 ) E x | 7*373/2 ](imiHj\hpJzJ2Jz<rJJM)+(-l^ (62B) 

6 H. A. Jahn and J. Hope, Phys. Rev. 93, 318 (1954). 
7 It has been evaluated by M. J. Englefield (to be published). 
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SMtf/i iWIfW) 

-Sp(a, 2j1-J1)8p(fi, 2i2- /2)( /x/6)i 8(a,p)8(MHj1Ulj\UiJM)+S(X)8p(a,cr)Sp^,P)(-iy^^ 

JzJJ f 
3>(a,P\j?JijiJ2J%rM\p,c) 

=Nap(h/6)i8p(a, 2j1-JM8(a,p)8(l3,a)HJ1U1j1j2aJ2JM)+S(X)8p(a,c)8p(M(-l)ww 

iij'2/2 J[ 
J J J f 

/jJJi \ 

\jzJJ/ 

(62C) 

X*(i l jW2il 2 / 1 / l f ) + 20aftp,t^(iD23)E xl Jxj'2/2 JC8,(p>2i1-7,)*(i1V,iijVJr4/iO 

+fi„(<r, 2 j i - / , ) ( - ly+e+J^-'HjihpJtJNsJMn f, (62D) 

*(a£|jVi./Vs/Jf|p,<0 

= ^(/x /6)»«p(a> 2j-J1)8p(l3, 2j-Jt)\s(a,p)8(l3,a-)HfJifJ2JM)+S(X)8p(a,a)Sp(p,p)(-1)^+^*-^ 

XHfJ2fJJM)+26a0,p^ (P23) E xl i i / 2 )[«,(p, 2j-Js)Bp(a, 2j-Ji)HfJzfJJM) 
J3J4 

+8P(*, 2j-Jz)5p(p, 2j-JA) ( - I J ^ ^ ^ ^ ^ O V ^ V B / J O ] [ • (62E) 

CONCLUSION and Spin coefficients and numerical tables of (6|4,2) 
We may note finally that it is not always simpler to coefficients for s2pA previously obtained, to set up the 

construct all the states required by means of Young energy matrix, with central and tensor forces, for Li6 

operators: when one state has been constructed, others with ten S states, six P states, and fifteen D states, all 
may be obtained from it by operating on it by a suitably 0f s y m m e t r y type [42], even parity, T= 0, S= 1, / = 1, 
chosen permutation. Using this mixed method and the o b t a i n e d from the assumed lowest configuration s*p* 
standard (Pn,Pu,P„)-diagonal representation the u n d e r ^ r e s t r i c t i o n of n o t m o r e t h a n t w o t a o f 
writer has constructed, using the (4 2,2) expansion . , ,. , ., ,. T, .• . , , _,. , . ,u , 

, , , , r is\A \\ rr • , r single-particle excitation. It is considered that it will be given here, a complete set of (6 4,2) coefficients for p
 & ^ . 1 , , . ,. 

states of maximum symmetry [42] arising from the o f s o m e m t e r e s t t o s e e h o w m u c h b m d m S e n e r ^ c a n b e 

mixed configurations sH\ s%h and sHfh. These are being obtained for the ground state of Li6 using this 31X31 
used,8 in conjunction with numerical tables5 of charge matrix with the charge symmetric Pease-Feshbach or 

9rrn. . . . . . L . . . , ^ ~ „T . , . ^ Hu-Massey mixture of central and tensor forces with 
8 This work is being undertaken mainly by P. G. Wakely, A. E. J 

Lee and R Fielder. oscillator well wave functions. 


