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curves k jx � � and k jy � � for a given temperature coincide and the emitter does not exhibit anisotropy at all 
(a very interesting situation in itself, which may require a separate analysis). However, in this case it is im-
possible to preserve the position of the first point of the PS, since this is possible only when the maxima of 
the curves k jx � � and k jy � � are shifted, which excludes the simultaneous zeroing of k kx y2 2−  and k kx y1 1

− .

Therefore, most likely, we have a relatively narrow range of temperatures in which the signs of the differences 
change, which can lead to a very original picture of the distribution of the areas of existence of the solutions of 
equation (4), but in this situation, when it comes to the fundamental behaviour of roots, this may be the topic 
of a separate independent study. At the same time, the presence of discontinuities can take the PS points far be-
yond the range of operating values of injection currents, which is consistent with the data [9; 34] (see fig. 2, a) 
on the existence of a temperature region where only one value of PS is manifested, which corresponds to one 
positive root of equation (4).

The above reasoning shows that in the latter case, we can rely on the qualitative (possible) behaviour of 
the k jx � � and k jy � � curves to interpret the data. Indeed, let us turn to fig. 2, a. There are no PS points at all in 
area I, which means that the curves k jx � � and k jy � � do not intersect at all. Since this analysis is qualitative, 
for the sake of simplicity, we will assume that the position of the k jx � � curve does not change with changes in 
temperature. In this case, on the border of areas I and II in fig. 2, a, the position of the two points of the PS must 
coincide, which means that the curves k jx � � and k jy � � touch each other at the same point (fig. 3, a, curves 1 
and 2), and on the basis of the above considerations, it should be assumed that the curve k jy � � has a greater 
curvature. As the temperature increases, the maximum of the k jy � � curve shifts to the region of lower currents, 
and the curve itself decreases the curvature due to the increase in the parameter k y2  (fig. 3, a, curve 3). In this 
case, the initial touch point is retained as the position of the PS point of the type 2, but the PS point of the 
type 1 appears when the injection current value is lower. As the k jy � � curve is sequentially deformed, the PS 
point of the type 1 rapidly shifts to the region below the lasing threshold. In the case where k y2  is close to the 
value of k x2 , the position of this point tends to infinity, the sign of which is determined by the difference sign. 
Therefore, in the region k kx y2 2−  ∼ 0 we get practically «parallel» parabolas, the shift of which is determined 
by the difference k kx y0 0−  < 0, and the position of the maximum of the curve k jy � � is shifted to the region of 
smaller currents, provided that in the same region k kx y1 1−  ∼ 0 (fig. 3, a, curve 4 ).

Now let’s look at what happens after the change of sign from k kx y2 2−  (fig. 3, b). Now the k jy � � curve has 
a lower curvature, and the PS point of the type 1 is shifted to the area of higher pump current values than for the 
PS point of the type 2 (see fig. 3, b, curve 4 ). Characteristically, a decrease in the value of k y2  leads to a shift 
of this point to the region of larger values of currents.

Thus, the behaviour of the PS point of the type 1 finds a perfectly acceptable explanation through the beha
viour of the curves k jx � � and k jy � �, and the whole question is whether the stability of the PS point of the type 2 
can be explained from the same point of view, since if we analyse solution (6), then the change of signs of the dif
ferences k kx y0 0−  and k kx y1 1−  must occur, if not at the same temperature, at least within a narrow temperature 
range. However, experimental studies [9; 34] have not revealed any peculiarities in the behaviour of the stable 

Fig. 3. Relative position of the k x (1) and k y (2– 4 ) curves  
with increasing temperature for the region k kx y2 2−  < 0 (a) and k kx y2 2−  > 0 (b).  

Curve 4 corresponds to the condition k kx y2 2−  ≈ 0, and k k Ty y� � �  
and T2 < T3, with the temperature index corresponding to the curve number


