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The first two terms of the expansion in powers of the gas parameter of the momentum dis
tribution of particles in a non-ideal Fermi gas are obtained, using a perturbation method. 

A number of authors1- 4 have calculated the en- n (p) = 1 -- ~:;:;~- ~ dp1 ~ dp 2 

ergy spectrum and the ground state energy of a p,<p, p,>r, 

dilute Fermi gas to second order in an113, where 
n is the number of particles in unit volume, and 
a is the S-wave scattering amplitude. (The condi
tion an113 "" a/A« 1, where A. is the de Broglie 
wavelength, allows one to include S scattering 
only.) 

The momentum distribution function of particles 
is also of interest. It can be determined from the 
mean value of the operator giving the number of 
particles 

(1) 

where I{! is the wave function of the system of in
teracting particles, while aps and aps are the cre
ation and annihilation operators of particles with 
momentum p and spin s. 

We calculate n (p) to the second order of per
turbation theory in the small parameter an1/ 3. We 
write the particle interaction Hamiltonian in the 
form 

V = U ~a~.'/, a~ •. _.1, ap,•;, ap,,-•t,· (2) 

(The summation is made with account of momen
tum conservation). The constant U is related to 
the scattering amplitude by 

U = 4nali,2/ m. (3) 

We write down I{! from perturbation theory, up 
to second order terms:5 

(4) 

where 1{!0, and 1/!i are, respectively, the wave func
tions for the ground and excited states of an ideal 
gas. 

The substitution of (4) into (1) gives for n (p) 

I Pi >Po. 

where Po is the limiting Fermi momentum. 
We consider the case p < p0• Integration with 

respect to p3 and the substitution s = p1 + p = p2 

+ P3! q = P2 -P3 gives 

where the integration range with respect to s is 
given by the conditions I s - p I < p0, s < 2p0, and 
the integration range for q by the conditions 
I s- q I > 2po, Is + q I > 2p0• Since the final result 
depends only on p, we can average our expression 
over the directions p. This greatly simplifies the 
further integration over s and q. 

Finally, for p <Po we obtain 

1 · 3na")% [ n(p) = 1- 3x \-n- (7ln2- 8)x3 -- (10- 3 In 2)x 

-+-21n 1+x -2(2-x2)%Jn (2--x2J'"+x , 11 '1 
' 1-x (~-x'/''-x 

x< 1, 

where x = p/po, n = 11PV3 ( 1rfi )3• 

Similar calculations for p~> Po lead to the ex
pressions* 

1 ( 3na3 · •:, [ x - 1 . " , 
-c- - _) (7x3- 3x- 6) In-_-, _1- 7 (7x - 3x -,-- 2) In 2 
UX \ l1 · .\I 

a 2 2 3'/ (~--.\~) 1 ' 2 -+--2-~x 
-lOx -L30x -24 +2(2-x)·'llH----------,c--------

. (~-.t') '-~-X 

In-~+ (:2- _,,)'!, -2 In _:~_:ti~-=--':_"):' l-[, I< x < l•r2; 
1- (~- x'J'!, x- (~- x') ·• 1 J 

*arctg = tan-' 
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1 ' 3na3 \ 2
' r y - J 3 

--:-'-1 l(7x3 - 3x-6) In-,-·--- (?x· - 3x- 2) ln 2 
bX I ::t ) X T 1 . ' 

1 X \ -, r·· ;-
L arctg ----, - 2 arctg ---- 1 1 l 2 < x / l 3 · 
. (x"- ~)'' (x'- ~)'' ' J ' ----. ' 

') ( 9 3. '·• l ' "1 • v - una ) 2 I X< 2 1 ( .2 2)'/, 1 2 t " - - n ~-- x 1 x - 1 arc a 
.Jx :t , x- 1 \ "'(x' _ 2)''• 

- arct -a ret - · . x-2 x-'-2 '] 
g (x>- 2)'/, g (.t2 - •2)'~z ) ' x>3. 

We quote the values of the function n (p) at sev
eral points: 

n (0) = 1 - 2 (3na3/Jt)2
'' ( 1- +In 2) , 

•• ( 1 ' n (p0 - 0) = 1-2 (3na3/n) ·' 3 --i-ln 2), 

( ' 0) -- 2 (3 31 )'/, (1 n 2 1 \ n p0 , - na,n -3)' 

n (p) = (4/9x4) (3na3/n(' as p -> oo. 

In agreement with Migdal,6 we find that the dis
tribution function undergoes a discontinuity at p 

= p 0• The size of the jump at this discontinuity 

n (p 0 - 0) - n (Pu -;- 0) ~-' 1-4 (:3na3/n:)'-'• In 2 

agrees with calculations made by Galitskii4 by 
another method. 

In conclusion, the author expresses his sincere 
gratitude to A. A. Abrikosov for suggesting the 
problem and for interest in the work. 
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