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It is customarily assumed that the resolving power of a spectroscope is limited by the
width of the spectral line. Feld et al. [1] have shown that it is possible to resolve spectral
components inside a Doppler (inhomogeneously broadened) line, so that the limit of resolution
is determined by the homogeneous broadening. It will be shown below that in a laser it is
possible to resolve spectral components within the limits of a homogeneously dbroadened line, so
that the resolution limit of such a spectroscope is apparently determined by the width connected
with the monochromaticity and stability of the radiation source.

To resolve the components within a homogeneously broadened spectral line it is expedient
to use a laser with two cavities in tandem.

The idea of the spectroscope consists in the following. As is well ¥mown, a beam of
active molecules passing through the first cavity is polarized there under the influence of the
monochromatic signal. The polarized beam, on entering the second cavity, produces there
"molecular ringing" (coherent spontaneous emission) having the same frequency as the signal
frequency in the first cavity. The phase of the signal in the second cavity depends on the
frequency difference between the signal and the peak {center of gravity) of the spectral line
and on the distance between cavities [2]. If this distance is modulated, the phase of the
signal in the second cavity is also modulated, but if the signal frequency coincides exactly
with the peak of the line, then the modulation of the distance between resonators does not
cause phase modulation.

On the other hand, owing to the saturation effect, the position of the line peak changes
with the magnitude of the signal in the first cavity. By measuring the generation fregquency
at which the phase in the second cavity does not depend on the modulation of the distance be-
tween the resonators, at different values of the signal in the first cavity, we can obtain as
many independent relations as there are hyperfine structure components in the line. Simultane-
ous solution of these relations makes it possible to determine the position of the hyperfine
structure components.

The calculation was carried out for illustrative purposes in the case of a line with

two spectral components, although it can be readily generalized to include an arbitrary number
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of components. To calculate the amplitude and the phase we used the formulas of [3] for a
laser with two resonators in tandem. The calculation was made for the case when Aa)j(L + 15)/11
<< 13, where ij (3 = 1, 2) is the difference between the frequency of the j-th spectral com-
ponent and the signal frequency, L is the distance between cavities, L, is the length of the
second cavity, and 11 is the time of flight through the first cavity. For components lying
within the spectral line width this condition can always be readily satisfied.

At low saturation in the first cavity we obtain three points for which the phase in the
second resonator did not change when the distance between cavities was modulated. These points

are determined by the following relations:
2 2
lual Npowy + Juz] Nerwn = 0,

2
lua )Ny ([(325 + 61)/83] - 6) + 6|z Norws

il

0, (1)

2
6 lua | Npowy + ([(322 + 6L)/11] - 6} |uz| Notws = O,

where py and Ny are the dipole moment and the number of particles in the second resonator, cor-
responding to the first spectral component, po and Npo are the same for the second spectral com-
ponent, and £, is the length of the first resonator.

Simultaneous solution of (1) yields wy, wp, and Iullle/luzlzNg (if Ny and N, are con-
stant).' The frequency-measurement error (&») is determined mostly by the error of measurement
of the phase difference between the first and second cavities, and is also connected with

technical frequency drift of the first cavity. In the case of synchronous detection

& = AL[(31282 BL) L] (T + 14/2 + 72/2) V37 J/2B/6(F + B7). (2)

Here v is the mean beam velocity, T = L/V, T2 = £5/V, AL is the amplitude and 0 the frequency
of modulation of the distance between resonators, F is the rms freguency fluctuation of the
first resonator, 6 the detection time, and B the reciprocal correlation time, if we regard the
technical drift as a normal random process. Substituting in (2) L= £y = 5 = 10 emy AL = 0.1
em, 8 =0 =10 cps, v=6 x 10 ecm/sec, 6 = 1 sec, and (;2)1/2 = 1 cps we get &w ~ 20, i.e.,
spectral components separated by several cps can be resolved. It must be emphasized that there
is still an error comnected with the accuracy of the calculations, but it is of no fundamental

significance, since the calculation accuracy can always be increased.
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