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It is known that placement of a Raman-active substance inside a laser
resonator makes 1t possible to greatly reduce the laser threshold power both
as a result of formation of a resonator for the emission of stimulated Raman
scattering (SRS) and as a result of the large laser-radiation fluxes inside
the resonator [1, 2]. At a given laser power, i.e., the power released by the
working medium of the laser, the laser radiation flux power in the resonator
is determined by the losses introduced by the active element, by the mirrors,
by the optical parts in the resonator, and by the cell with the Raman-active
substance. These losses cannot be made very small. For example, using a ruby
laser, the total loss amounts to 20 - 50% per pass and more. Consequently, in
this case the exciting-radiation power in the resonator is only several times
larger than the laser power. o

We propose here a method for exciting SRS, whereby the exciting-radiation
power can be made 100 times the laser power and more. The method 1s based on
excitation of SRS in a confocal resonator of short length placed inside the
laser resonator and filled with the Raman-active substance. Generation in the
laser resonator is accompanied by much stronger radiation in the interior of
the confocal resonator. In conjunction with the high Q of the confocal resona-
tor for the radiation of the first Stokes component, this ensures excitation
of SRS at relatively low power of the exciting laser?).

Figure 1 shows a diagram of the experimental setup with a confocal resona-
tor, used to excite SRS in methane. Here 1 and 9 - mirrors forming a ruby-
laser resonator 150 cm long, 2 - ruby rod, 6, 7 - mirrors of confocal resona-
tor of 22 mm radius, 4 - cell with methane at a pressure of 70 atm, 5, 8 - cell
windows, 3 - beam-splitting glass plate. The confocal-resonator mirror re-
flection coefficient was 90% at the laser wavelength and 96% at the wavelength
8708 R of the first Stokes component. v

If the incident radiation beam cor-
responding to some transverse mode of
the laser, and having a frequency lying -5 6 7 8
within the resonance band of the con-

]’ ?ﬁ?//ﬂ%" Z
focal resonator, is not matched to the AI'I g]
confocal resonator, a two-beam annular .__13;2 |
mode is established in the confocal |i 2 f 1112 EJ
resonator (see Fig. 2). The radiation 1 , vz P
flux P} in the confocal resonator 1is 4
connected with the flux P! incident on
the resonator by the relation Fig. 1. Diagram of experimental

. setup.

1)Invention Disclosure No. 1467771/26-25, Priority 30 July 1970.

2)It is possible to use in lieu of a confocal resonator also a rescnator
of the Fox-Smith interferometer type, but in this case it becomes necessary
to match the modes., In addition, it is possible to use different degenerate
resonant systems [3].
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P!, (1)

v [ F A Py omm

1+8? 1-R

where n = Q/(1 - R), & = a/(1 - R), R and Q are
—— the reflection and absorption coefficients of the
mirrors at the laser wavelength, o is the loss of
laser radiation per pass in the confocal resona-
tor, and m is a coefficient that takes into ac-
count the frequency detuning.

5

Fig. 2. Formation of a
two-beam annular mode in

a confocal resonator. It follows from (1) that when E,n << 1,

m~ 1, and 1 - R << 1 the fluxes 1inside the con-

focal resonator, PZ and P37 = RPE, can exceed the
incident flux P by many times. The effective reflection coefficient of the
system consisting of the confocal resonator and the mirror 9 (see Fig. 1) is

- j P (2)
R =m_2(.Ti)R"

where R' is the effective reflection coefficient of the mirror 9 with allowance
for the losses on the path between the mirror and the resonator. In the de-
scribed setup, owing to the small length of the confocal resonator compared
with the laser resonator and owing to the not too high reflection coefficient
of its mirrors at the laser wavelength, the width of the resonance band of the
confocal resonator greatly exceeds the distance between the neighboring axial
modes of the laser resonator. Lasing should then occur at frequencies close to
the center of the resonance band of the confocal resonator and m ~ 1.

For the total flux of the exciting radiation (in both directions) we can
obtain the expression

1+R l Pgen (3)
Pexe =
1-R 14+4¢& x4+ 2(€+19)
where P is the laser generation power, K is the loss coefficient per pass

gen
in the laser resonator in the absence of a confocal resonator (at £&, n, R = 0).
This value may greatly exceed the power of the exciting radiation without the

1 — [ ' . . N
confocal resonator, Pexc = Pgen/K’ where Pgen is the generation power in the

absence of the confocal resonator, and is close to P if the laser operates

gen
much above threshold. We note that to reduce the aberrations in the confocal
resonator 1t is desirable to decrease the transverse dimensions of the light
beams under its mirrors; this can be done, for example, with the aid of a lens
placed ahead of the resonator.

We present below the main experimental results. In practice, at the

very threshold of laser generation, we obtained excitation of the first Stokes
and first anti-Stokes SRS components. The first Stokes SRS was excited in the
form of the fundamental two-beam mode of the confocal resonator. The confocal
resonator selected effectively the transverse laser modes, reflecting into the
active element of the laser the radiation of practically only the fundamental
mode. However, owing to the inhomogeneities of the ruby rod, the dimension

of the radiation spot incident on the confocal resonator exceeded the dimen-
sion of the spot for the fundamental mode. At the SRS threshold, the laser
pulse consisted of 5 - 10 splkes of 0.5 - 1 usec duration. The radiation of
the first Stokes SRS component also consisted of several spikes of 0.1 - 1 usec
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duration. Unlike the laser radiation, the spikes of the Stokes radiation had a
characteristic steep front. Estimates of the threshold power gave for the back-
ward flux from the confocal resonator into the ruby rod a value P17 ~ 20 W. When
account is taken of the losses in the unbleached optical parts, the effective
reflection coefficient was 35%, giving a value ~60 W for the incident flux.
Actually, the incident power was V130 W, and consequently approximately half of
this flux, pertaining mainly to emission of the higher modes, was reflected
sideways by the confocal resonator. This can be attributed to the distortion
of the mode structure of the radiation in the ruby rod, to the influence of
aberrations of the confocal resonator, and to possible inaccuracy in the ad-
Jjustment.
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We wish to point out in this article
a new feature of the behavior of the
Hall effect in ferro-ferrimagnets, never 200 - P
before discussed in the literature. ’

L}
&-10° V=cm/A X

An analysis of the experimental re-
sults on the Hall effect in these sub- Pl B62°%
stances leads to the assumption that the
rotation of the spontaneous-magnetiza-
tion vector IS by an external field H

about the crystallographic axes causes . . ,
the additional contribution to the 2 W0 200 00 40 S0 $W01G
anomalous Hall field.

Ex-i0%y_cem/A o
Figure 1 shows a plot of the Hall 2t
emf E, against the magnetization I for b 509°%
an alloy of 45% Ni and 55% Fe and for - o
the ferrite MnFe,0,. The Hall emf and sy SHEX
the magnetization were measured by the
method described in [1]. ot

We see that in the initial sections
of these curves the Hall emf varies 5
practically linearly with the magneti-
zation. At certain values of I this

dependence 1s violated and the incre- L 1 —e 1 N

ment of the Hall emf for the same RS & 5 N & G
magnetization increment becomes smaller. Fig. 1. Dependence of the Hall emf
A plateau appears 1in the EH(I) curve in EH on the magnetization I for an

a certain interval of magnetization alloy of 45% Ni and 55% Fe (a) and
values. With increasing temperature, for single—crystal MnFes04(Db).
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