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It is shown how the matrix elements of the pseudo-unitary operator producing the Bogoliubov transforma-
tion for bosons and the corresponding states with sharp particle number, can be rather simply evaluated
using eigenstates of the destruction operators.

There are a number of model Hamiltonians for a real bose system, which are diagonalized by the
transformation

ayo) = A(w)akA'l(aJ) = upay +vpaly, 1)

where
Mo) = exp{-z? 6 a*yat, B9 q,a_, e-219)}

and up, = cosh 6, vj, = e"21¢ ginh 65, The model Hamiltonians we refer to above, are approximated by
some "reduced Hamiltonian", which is not gauge invariant.

Eigenstates of aj have been used in the past [1] to express matrix elements of A, using Schwinger's
variational principle. The use of the properties shown by Glauber [2-4] makes the derivation more
transparent. The Schrédinger coherent states are defined by

akl{a'k|) =a'k|{a'k}), akl{a'k}) =a'k|{a'k}). (2)

Here {a',} = @' and {a'p} = 0" are two sets of complex numbers. Relation (1) implies |a") = A|a"),
a' = a'. We need further the properties

0
{a'la™ = exp%)a'*ka"k, m]a') =a"|aY,
1 =f |a" {a'|du(a), du(a') =l—k—[%d2a'k exp (-[a‘k|2)

Which are likewise valid for |a"). To evaluate (a'|A|a™ =(a'|a"), we differentiate it with respect to
the eigenvalues

Mk @laon - B Taala) XL ey an) < (s dpangat|an @)

where Ap = vp/up, Bp = 1/up, T p= -v*p/up. Eqs. (4) have the common solution
@'am=c exp{% (za"pApalp+ a"pBpa'y + 3a"* , Tha ')} (5)

The constant C can be determined using eq. (5) and the completeness relation for |a'), to evaluate
(a'la". After elementary integrations we arrive at the desired result [1]

jc12 =Ll agu_p)1 - (@et -2 (6)

Now let ]Q¢) be the vector obtained setting all @' = 0. This is the ground state for ap(¢). We show
that
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2 = 27 (do/2m) exp (~2iNo) |24)

N integer, is an eigenstate of the number operator [5] N=2 atpap, i. e.
Ny =N|Qyp (7)

To evaluate the left hand side of this equation, we expand N in terms of coherent states

R = [fdn(@)and)N (a*,8') |} (b

with

a0 =@ [N [o) = 25a"yb'. exp Fid e V'

Using the auxiliary relation

Jau(b) exo {na'tyb'y + 3% Tpb'tp} = exp {232 250 % Tpa'tp )

we obtain

~ 2
NiQy ={) ”%Ttg Sdula') fdu(d’) exp (-2iNo) |a') (b’ 12, %)a'ab'q eXp{%)af*kb'k} =

2%
= Cfo g—;f fdu(a') exp (-2iNo) |a’) N exp % @ pa'ty, = N |Qp)

The physical implications of coherent states for the theory of superfluidity have been recently dis-
cussed in ref. 6.

The results reported in this letter are part of a work on the mathematical properties of the pair
Hamiltonian model [7]. The author is indebted to Prof. W. Thirring for suggesting this work to him and
for valuable comments.
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