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RECENTLY papers have appeared in the litera
ture1•2 concerning the energy spectrum of a system 
of Bose particles. This problem is of great inter
est in connection with the phenomenon of super
fluidity of He4 at low temperatures. It can be 
shown that the basic results of these papers essen
tially do not go beyond the framework of the meth
od of collective interactions or the theory of 
perturbations in the second quantization as devel
oped by Bogoliubov.3 We investigate below the 
problem of finding the energy spectrum of a sys
tern of Bose particles by means of expanding the 
interaction kernels in series of moments. In some 
cases this method proves to be more convenient 
than the method of expanding the interaction ker
nels into a Fourier series. 

In the second quantization the Hamiltonian of 
the system has the form: 

1i• r 1 I H = 2m j v ~*v~dr + 2 Jp(r) G (r- r') p (r')drdr', 

where p ( r ) = l/J* ( r ) l/J ( r ) . Introducing the new 
variable ~ = r - r', we rewrite the operator of 
the potential energy in the form 

1/ 2 ~ p (r) G (~) p (r- ~) dr d'6, 

expanding p ( r - ~ ) in a series of powers of ~ 

we obtain 
1i• r 

H = - 2m j v~* V~ dr 

co 

+ + S <~7t ~ p (r) G (~) (~v)np (r) dr d~. (1) 
n-o 

For weakly excited states one can replace in the 
Bose operator l/J those operators, which refer to 
the ground state, by the numbers -/P ( p -par
ticle density, with the volume of the system taken 
as equal to unity); then 

(2) 

where ak are Bose operators. Substituting (2) in 
(1), we obtain, with an accuracy to terms quadratic 
in the operators, 

where 

Ho= +Go (0) p2 - P 2} { ~ (- 11)n Gn(k) + G0(0)} , 
k>o n-1 n. 

<>:> 

A(k)=4Go~O)p+2p2} {<-;;1WGn(k)+ !1 Gn(k)}. 
n-1 

co (- 1)n 
B (k) = p G0 (0) + p 2} - 1- Gn (k), C (k) = pG0(0) n. 

n-1 
co 

+ P ~1 :! Gn (k), Gn (k) = ~ G@ (ik~)nd'6. 

(3) 

In the case of the central forces A(k)/2 = 2B (k) = 
2C ( k). 

The quadratic expression (3), after diagonaliza
tion with respect to the central forces, gives the 
following eigenvalues for the energy: 

' = {(~) [1i2k2 
Ek ,2m 2m 

00 l co lf2 

+47tp 2} (- 1) k21 \ G (~);•Z+2d~J.} . (4) 
l=O (2l + 1)! ~ 

In the case of completely hard spheres with diam
eter a we assume for the repulsive forces 

Then Eq. (4) gives the results of Brueckner and 
Sawada1 

(5) 

E (x) = ( 2!:. )x [x2 + 2).2 si~xr. (6) 

where x = ka, ;\.2 = 81rpa3 . 

The values of ;\. 2 were determined in Ref. 1 by 
an integral equation. For the values of a and p 
assumed there for liquid helium, its value is close 
to our value of ;\. 2, since in Ref. 1 the dependence 
of ;\.2 on pa3 is almost linear. The first term of 
the expansion of sin x/x in (6) leads to the results 
found by Lie, Huang, and Yang with the use of a 
pseudopotential for completely elastic spheres 
with diameter a. 

In Refs. 1 and 2 the weak forces of attraction 
between the helium atoms were neglected. In the 
simplest case it is not difficult to take them into 
account by adding to (5) the potential for the 
forces of attraction. For the sake of simplicity 
we use the following expression instead of (5): 

(7) 

where 
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{
0, ~<a 

"l (~) = 1, a < ~ < b 
0, ~ > b; 

U0 is the depth of potential well, and b - a = d 
is the width of potential well. Knowing the binding 
energy E0 per atom of He4 at a temperature close 
to the absolute zero (the experiment gives for this 
energy the value "' K7°K, where K is the Boltz
mann's constant), and using the known results of 
quantum mechanics, a relationship can be estab
lished between the binding energy and the width 
and depth of the potential well. Then only one 
parameter (with the exception of p and a) will 
appear in the energy spectrum of the system. This 
relation is expressed by the equation 

d t U0 \-'1• ( vu--) 
=do \2Eo -1) tan-1- 2~o -1 ' 

Use of the potential (7) instead of (6) leads to 
the following energy spectrum: 

E (x) = (-1;_•_) x [x2 + 2/,2 sin x 
2ma2 x 

- y2x-3 (sin (I + %) x -sin x) (8) 
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THE influence of ordering the atoms on the mag
netic structure of the alloy Ni3Fe has been studied 
by Shull and Wilkinson1 by means of neutron dif
fraction. These authors discovered the effect of 
the magnetic state of the alloy on the intensity of 
the superlattice lines which are observed as a re
sult of the atomic ordering. The intensity of these 
lines is weakened when the neutron diffraction is 
observed on a magnetized sample. On this basis, 
the authors have concluded that the rearrangement 
of the atoms is accompanied by the appearance of 

This form of the spectrum yields a better approxi
mation to the experimental curve E ( x) for He4 

than equation (6), as is shown by an analysis of the 
relationship (8). 

Note added in proof (February 21, 1957). Taking 
exchange forces into account leads to a change of 
parameter "A2 = 161l'pa3• In the limit of k- 0 this 
change is equivalent to the introduction of an effec
tive mass m* = m/2. 

1K. A. Brueckner and K. Sawada, Phys. Rev. 
106, 1128 (1957). 

2 Lie, Huang, and Yang, Phys. Rev. 106, 1135 
(1957)' 

3 N. N. Bogoliubov, J. Phys. (U.S.S.R.) 2, 23 
(1947). 
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a magnetic super lattice. The nature of the latter, 
however, remained unclear. 

We have shown earlier2 that the observed anom
alies accompanying the variation of the magnetic 
properties with temperature permit the detection 
of structural changes in single phase alloys caused 
by ordering processes. In the present paper the 
temperature dependence of the saturation magneti
zation Is, the remanent magnetization Ir and of 
the coercive force He of the alloy Ni3Fe is in
vestigated over a wide temperature range. 

The investigated sample, with a diameter of 
4.5 mm, was enclosed in a thin quartz tube, evac
uated to 10-4 mm Hg, and quenched together with 
it in water after two hours of annealing at 1200°C. 
The experimental points in the region from 300 to 
600°C were obtained for closely spaced values of 
the temperature (at intervals of 10 to l5°C) in 
order to determine more accurately the shape of 
the temperature dependence of Is, Ir and H0 . 

The sample was kept one hour at each tempera
ture before taking a reading. 


