to (‘.t‘N - T)'O"B, vhereas at T > T, it is proportional to (T - TN)-O'B.

In the second case no singularities of (1/p)dp/dT were observed at the critical peint.
The conductivity at the Neel point passes through a clearly pronounced minimum, i.e., dp/dT
reverses sign.

The difference in the behavior of the crystals near the critical point can be attri-
buted to the fact that the concept of second-order phase transition becomes meaningless in
strongly doped crystals [i] and, as is well known, the specific-heat singularity dlsappears.
Tt is quite natural that the similar singularity of dp/dT disappears. The fact that the
resistance passes through a maximum near the "former critical point" can be atiributed to the
role played in strongly doped semiconductors by impurity seattering. Besides scattering due
to the electric field of the defects, an important role may be played also by scattering due
to the disturbance of the magnetiec order by the impurity. As showm in [2], the radius of the
region in which the magnetic order is perturbed by the defect tends to infinity as T — TN’
since this mechanism of scattering becomes most significant near TN'

The authors are grateful to L. D. Dudkin for great help in the work and for supplying
the samples,

{1} M. A, Mikulinskii, Zh. Eksp. Teor. Fiz. 53, 1071 (1967) [Sov. Phys.-JETP 26, 637 (1968)1.
[2] R. M. White and R. B. Woolsey, Phys. Lett. Z7A, 428 (1968).
NEW METHOP ¥OR GENERATING A GIANT PULSE IN OPTICAL GENERATORS
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In this paper we describe & new method of generating giant pulses in & ruby laser; this
method doee not call for additional modulating elements to be introduced into the resonsator.
Glant-pulse generagion is obtained in a definite class of resonators as a result of changes
occurring in the active sample during the generation process. We first present the experi-
mental results.

The construction of the generator in question was described in [1]. We used a ruby
erystal with sapphire end pieces, of 7 mm diameter and 120 mm length (the total erystal length
was 157 mm). The excitation was by a straight IFP-1200 flagh lemp. The resonator consisted
of a totally reflecting spherical mirror with curvature radius R = 41 cm and a plane-parallel
quartz plate 6 mm thick. To eliminate self-excitation of the generator as the result of re-
flections from the end faces of the crystel, the axis of the latter was tilted approximately
1° to the resonator axis.

The generation regime of the described laser depends significantly on the resonator
length L. At values of L corresponding to the region of resonator stability (i.e., smaller
than the effective curvature radius of the spherical mirror (R eff = R+ t(1« 1/n), where n
is the refractive index of ruby), the usual free generation takes place, accompanied by random
pulsations of the radiation (spikes). When L 1is increased umtil the resomator becomes un-
stable, the character of the generation changes sharply, and glant pulses appear in addition
to the free generation spikes. This is jllustrated in Fig. la, which shows an oscillogram
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Fig. 1.
resonator lengths; a - L= 47 om,
en (scale 100 psec/division).

oscillograms of laser emission at different
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Fig. 2. Oscillogram of giant pulse.
markers is 100 nsec.

The pericd of the

of the radiation, photographed from
the screen of a long-persistence
oscilloscope S1-37 (bandwidth 1 Miz)
at L = 47 om and a pump energy 730 J.
We note that the critical length of
the resonator, corresponding to the
boundary of the stability region, is
approximately 48 em, which corres-
ponds to the semi-concentric con-
figuration deserived in [1]. With
further increase of 1, the free
generation vanishes and the laser
radiation constitutes a sequence of
several giant pulses, the distance
between which amounts to 80 - 100
usee (Fig. 1b).
fieiently long resonator it is pos-

By choosing 2 suf-

sible to ensure generation of one
pulse (Fig. le).
in which stable generation of one

The range of L

giant pulse was observed was &pprox-
imately 3 om (at a fixed pump level).
At values of L exceeding 60 em,
At a
fixed resonstor lemgth of 52 cm, a
single giant pulse was generated
when the pump energy threshold (380
J) wag exceeded by approximately 10%.
Figure 2 shows a typlecal osecil-

the laser generation stopped.

logram of the glant pulse, taken

from an 12-7 osecilloscope with a re-
solution time 0.5 nsec. The pulse
duration was 25 nsec, the radiation
power approximately 6 MW. The power

density at the generator output was

very high (~6 x 108 W/ cme), as is confirmed also by the fact that the ruby crystal was fre-
quently damaged on the side of the flat reflector.
The mechanism of the observed phenomena can in our opinion be attributed to a change in

the path of the rays in the resonator, due to variation of the refractive 1nde3: over the ruby
cross section as a function of the field in the resomator. At the initial instant of time,

the loss in the resonmator is large and particles are accumulated at the upper level.
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As soon



as enission begins (it begins in the central part of the ruby), the distribution of the re-
fractive index in the cross seection chenges as & result of the change in the population, and
the point of convergence of the rays emerging from the ruby moves farther away. This is equi-
valent to increasing the radius of curvature of the mirror, and consequently to a changeover
to a low-loss resonator configuration, which is indeed the cause of the generation of the
glarnt pulse. It is lmportant to emphasize here that these effects are particularly strongly
pronounced in resomator configurations in which the field becomes highly concentrated in the
active sample.

Anslogous phenomens were observed also in resonators made up of spherical and flat
reflectors, or of convex and concave spherical mirrors. ‘These effects were weaker for the
latter corfiguration.

In conclusion we note that the deseribed principle of generating glant pulses. does not
depend on the radiation wavelength and can apparently be employed in neodymium glass and other
active medis that generate in the infrared reglen.

11 A, L. Hil:a,elya.n V. G. Savel'ev, and Yu. G. Turkov, ZhETF Pis. Red. 6, 675 (1967) [JETP

Lett. 6, 161 (1967)].
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V. N.Gubankov, K. K. Likharev, and N. M. Margolin

Physics Department of the Moscow State University; Institute of Radio Engineering and
Electronics, USSR Academy of Sciences

Submitted 30 January 1970

ZhETF Pis. Red. 11, No. 5, 246 - 250 (5 March 1970)

1. HNonlinear effects in microwave resonators containing thin superconducting films
have been deseribed and dlzcussed in a number of papers [1-2]. However, no satisfactory model
capable of explaining, for example, the low values of the microwave power at which these ef-
fects arise has been proposed as yet.

The purspose of the present paper is to show that these nonlinear phenomens are econ-
nected with the structure produced in the films by vortices whose symmetry axes are normal to
the plane of the film [3,4]. Such a structure differs strongly from the usual mixed state of
bulky superconductors of the second kind, and this is indeed the reason why very small values
of the fields suffice for this occurrence.

2, Iet us consider a model of an experimenmt of the Clorfeine type [1], in which a
rectangular dielectric resomator (e >> 1) is produced with dimensions & x a.y x L with
8, << & %,y 1) . For such a resonator, the principal oscillation modes a.re H L mo and E (51,
for which the vectors H and ® are respectively perpendicular to the larger faces of the
resonator. We consider only the oscillation modes H mo’ which are noticeably coupled to the
inecident microwave.

Assume now that & superconducting film is now coated on the larger face of the res-
onator. Then the field of the osecillations in the resonator, having a vector component ﬁ
normel to the film, excites Melssner currents in the film. Solving the boundary value problem

by the method of the potemtial of a simple layer, for a film of small thickness (do << B, ge),

1) An analysis of expervimerrks of other types [2] yields practically anslogous results.
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