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ure a nuclear spin relaxation time in a paramag
netic crystal. The measurement was made on the 
protons in the water of crystallization of 
Ce2Mga(NOa)12 • 24H20 at 0.086°K.3 It was impos
sible to achieve saturation, and only an upper 
bound on the relaxation time was obtained: T1 < 32 
sec. A rough estimate using formula (2) yields 
T1 :::::: 10-1 sec. The estimate is rough because gil 
= 0.25 for the Ce3+ ion4 and the condition 2g11f3H 
» kT is poorly fulfilled. This result does not con
tradict the experimental one. 

The author would like to thank S. A. Al'tshuler 
for discussion of his results. 

1 N. N. Bogolyubov, JleK~KK no KBaHTOBOH 

cTaTKCTKKe (Lectures on Quantum Statistics) 
Kiev, 1949. 

2 J. H. Van Vleck, Phys. Rev. 74, 1168 (1948). 
3 Estle, Hart, and Wheatley, Phys. Rev. 112, 

1576 (1958). 
4 K. D. Bowers and J. Owen, Reports on Prog

ress in Physics 18, 304 (1955). 

Translated by R. Krotkov 
193 

SEMICONDUCTOR AMPLIFIERS AND GEN
ERATORS WITH CARRIERS-HAVING NEGA
TIVE EFFECTIVE MASS 

N. G. BASOV, 0. N. KROKHIN, and Yu. M. POPOV 

P. N. Lebedev Physics Institute, Academy of 
Sciences, U.S.S.R. 

Submitted to JETP editor December 17, 1959 

J. Exptl. Theoret. Phys. (U.S.S.R.) 38, 1001-1002 
(March, 1960) 

KROMER1 proposed the use of the negative effec
tive mass of carriers in a semiconductor for the 
amplification and generation of electromagnetic 
waves, for when such carriers move in a field they 
give up their energy to the field interacting with 
them, i.e., they possess negative losses. To obtain 
such states, the use of a constant electric field is 
proposed. 

In the present communication we shall show that 
it is impossible to obtain a state with negative 
losses by using a constant electric field in a semi-
conductor. ~ 

' • f 
In fact, negative losses mean that, at least for 

some E1 and E2 ( E2 > E1), the following condition 
is fulfilled: 

wf (102) [I - f (o:1)J n (liw)- wf (o:1) [I - f (o:2)J n (nw) 

= wn (liw) {f (s2)- f {s1)} > 0, (1) 

where f ( E) is the distribution function for elec
trons, n (nw) is the number of photons of energy 
nW = E2- E1, and W is the probability of spontane
OUS emission. We do not consider spontaneous 
transitions, since they are not relevant to the proc
ess of amplification. From (1) it follows that at 
least at some points in the interval E2- E1, 8f (E)/ 
8E > 0 should hold. At thermodynamic equilibrium, 
8f/8E < 0 always holds for any E, independently 
of the type of distribution of the particles, and con
sequently amplification is impossible. 

The creation of a semiconductor amplifier or 
generator using the effect of negative losses should 
be considered from the viewpoint of the possible de
struction of thermodynamic equilibrium and the at
tainment of states with af/8E > 0 in some interval 
of energy. However, in the steady state in a con
stant electric field E, as assumed by Kromer,1 
it is impossible to obtain such states for a semi
conductor, as direct calculation shows.2- 5 The 
distribution functions found up to the highest val
ues of fields, have af ( E, E )/8E < 0 for all values 
of E [ af ( E, E )/8E- 0 as E- co]. In very strong 
fields when the processes of electron scattering at 
lattice phonons are unimportant, it is also impos
sible to obtain an amplifying state, even if impact 
ionization and the Zener effect are ignored. In 
this case the electron will oscillate periodically 
between the upper and lower edges of the permitted 
band, so that electron states with positive and nega
tive masses are equally probable. 

Everything that has been said above can be gen
eralized directly to the case of an anisotropic band 
in which, for some values of the quasi-momentum 
p, some components of the tensor-effective mass 
are negative; here, too, it is impossible to have 
8f/8E > 0 in a constant electric field, since in 
semiconductors the constants of interaction with 
acoustical and optical phonons are of the same 
order of magnitude. 

Thus, to create semiconducting systems with 
negative losses, it is necessary to obtain a state 
with negative temperature, where af/8E > 0. Such 
states can in principle be attained by excitation of 
the electrons with sufficiently powerful monochro• 
matic radiation, causing transitions between the 
levels of one band or different bands using a pulsed 
system or a steady state system, as in molecular 
generators and amplifiers, or using pulsed excita
tion by an electric field. 6 

We note that to obtain a negative temperature 
using a pulsed electric field, it is expedient to use 
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interband transitions of electrons, and not transi
tions inside a single band, since the time for which 
negative temperatures exist is much shorter in the 
latter case. 
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IN connection with the communication on the n+ 
meson, 1 various "peculiar" decays of unstable 
particles,2 which were observed in the past, are 
being reanalyzed. 2 An opinion becoming prevalent 
is that the n+ meson, and in accordance with pres
ently popular systematics of elementary particles 
(e.g., the Gell-Mann-Nishijima scheme3 ) also the 
n- meson, exist, have a mass of 742 ± 20 Mev, 
decay according to the scheme 

D±---+ K + 1t + Q, (1) 

and are particles of strangeness ± 2. Thus from 
among all the bosons of the Gell-Mann-Nishijima 
scheme only the Po meson has not been detected 
experimentally. 

In the notation of the Salam-Polkinghorne 
scheme4 

(2) 

( Q - magnitude of electric cbarge, T3 corre
sponds to the isospin and 113 to the strangeness) 
the n± mesons are described by T3 = 0 and 113 

= ± 1. If we also include T3 = 0 and 113 = 0 here, 
we obtain a triplet n+' D0, n- which may be 

viewed as a vector in 11-isospace. Consequently 
the suggestion occurs that this group of isotopic 
singlets may have similar properties. If such a 
view were to be accepted then the n° meson would 
also have a mass of the order of the mass of the 
charged D mesons, and decay according to the 
scheme 

(3) 

We wish to call attention to the communications 
existing in the literature on the decay of neutral 
particles according to the scheme 

(4) 

with m (Y~) ~ 650-700 Mev.5 Thus there are in
dications that a neutral unstable particle exists with 
a mass and a mode of decay analogous to the char
acteristics of the n± mesons. If we identify the 
Y~ particle with the above indicated D0 meson, 
we come to the conclusion that an isotopic singlet 
n° meson exists with strangeness S = 0 which, 
although it could formally undergo a fast decay 
into 1T mesons satisfying the condition D..S = 0, 6 

decays slowly into decay products with strangeness 
± 1. However this conclusion contradicts the prem
ises on which the indicated systematics are based 
unless fast decays of the type ~ 0 - A0 + y and D0 

- n1r are somehow forbidden. 
The most convenient method for production of 

such n° mesons would be from reactions of the 
type 

(5) 

and also from photoproduction of the type studied 
by Bernardini et al. 7 

We have analyzed over 50 "anomalous" Y0 

events detected at various times in cosmic ray 
experiments. 8 We obtained the following results: 
1) no neutral meson exists with a mass of the order 
of 750 Mev and a decay mode (3); 2) the published 
anomalous Y0 events are more likely evidence for 
the existence of two neutral cascade mesons D~ 
and D~ with the above indicated decay mode (3) 
with Q1 = 38 Mev and Q2 = 63 Mev; 3) the flux 
of these mesons amounts to 1 - 2% of the flux of 
A0 and e0 particles (there were approximately 
30 of them among the 50 "anomalous" Y0 events); 
4) the decays of both D~ and D~ through the two 
channels K+ + 1T- and K- + 1T+ are in the ratio of 
1:1. 

In connection with the questions discussed here 
it would be of interest to check the data obtained 
with bubble chambers irradiated with 1T -meson 
beams with momenta in excess of 1 Bev/c. The 
purpose of this check would be a systematic search 


