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We have observed the occurrence of birefringence in potassium vapor under the influence
of the electric field of ruby-laser emission. The magnitude of the effect had a resonant de-
pendence on the laser emission wavelength.

The experimental setup is illustrated in

Fig. 1. Light from a potassium lamp 1 was (:> .
passed through vessel 2 containing potassium S1-7 [::;;::] E::
vapor saturated at 150°C. The line width of 8 g

the potassium line (principal doublet hsl/g
- UPy/n 5/2, N = T665 and 7699 R), measured
with a scanning Fabry-Perot interferometer,

was 0.15 £, i.e., approximately 4 times larger

than the Doppler width of the vapor absorption

-1

line. At the chosen temperature, the vapor
absorbed approximately 50% of the resonant Fig. 1. Diagram of experimental setup.
light of the lamp. Two crossed polaroids

%3 and 3' were placed in the path of the light from the lamp ahead and past the vessel with the
potassium vapor. The potassium vapor was beamed with pulses from the ruby laser T, operating
with passive shutter (XKS-19 glass). The laser emission intensity was registered with an F-5
photocell 8 feeding a pulsed oscilloscope (S1-T7), and its wavelength was measured with the aid
of an STE-1 spectrograph 9 with 13 K/mm dispersion. The intensity of the resonance radiation
passing through the vessel and the polaroids was registered with an FEU-28 photomultiplier 6
feeding a pulsed oscilloscope (S1-11); the scattered laser radiation was reliably cut off with
FS-7 filters 5 and with a resonant filter 4 using the Faraday effect and having a transmission
band of the order of 0.1 em™* [1,2].

During the operating time of each laser pulse (duration 20 nsec) a clear-cut signal was
observed indicating an increase in the resonant radiation from the lamp passing through vessel
2. At a laser emission power density of the order of 5 MW/ em® the amplitude of the signal cor-
responded to the transmission of several times ten per cent of the intensity of the light from
the lamp passing through the first polarocid. The greatest signal was observed when the angle
between the lamp-radiation electric field vector ﬁr incident on vessel 2 and the vector of the

laser emission electric field El was 45°; there was no signal when this angle was O or 90°.
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It was verified that no signal was observed when the potassium vapor in vessel 2 was frozen
out, when the potassium lamp was turned off, or when polaroids 3 and 3' were removed. The
latter, together with the dependence of the signal on the angle between the vectors ﬁr and iz,
proves that the obgserved effect is due to birefringence caused by the laser pulse, and not by
the shift of the center of gravity of the potassium-vapor absorption line by an amount larger
than the half-width of the lamp emission line [1].

The observed birefringence is caused by the fact that the shift of the absorption line

in the laser-emission electric field has different values when the electric vector of the

1)
7 .
absorption-line maximum depends strongly on how close the emission frequency is to its center

light is parallel and perpendicular to E It is known that the refractive index near the

of gravity. In the absence of a laser pulse the resonant potassium absorption lines Dy and Dp
(Fig. 2) are not split, and the re-

fractive index does not depend on the

;- line Dz~ line

=3r7 . *V?”bgtya polarization of the incident radia-

=% “r my=stp 1% ~ m=t 2 tion. Under the influence of the

N laser pulse the degenerate states
Tlo Tlo To Tl ale 4P5/2 are lifted, and the center of
gravity of the absorption-line com-
[-’/fmrfo Mfi;?;zmi_“mfrflfﬂ/z I:{ﬁ’,” s ,f,”Am,-ﬂ A;;‘_th% ponents are shifted for the = and ¢

Eg=0 E -0 E~0 Ej#0 radiation (z axis along the vector fl)

in such a way that the refractive

£;§$s2is ;iegzglﬁps§ilt;1ng of' the potassium indices become different for the =x
1 3 1/2.

’ and o radiation.

The shift Awi of the energy of the level i under the influence of the electric field

>

E = Eﬁo coswt of the light wave is given by the formula [1,4]
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where Ei and E_ are the energies of the states of the i-th and k-th atoms and (1|E-E0|k) is

the matrix eleient of the dipole transition between the states i and k. Unlike the level
shift in a constant electric field (Stark effect), the shift in the field of a light wave in-
creases resonantly when the energy %o of the light quantum approaches the energy Ek - Ei of
the atomic transitions. For the MPS/Z state of potassium the ruby-laser emission wavelength
is close to the wavelength of the transition hPs/g -681/2 (» = 6939 A); it can be shifted in
the range 6935 - 6945 A by varying the temperature of the ruby rod.

Figure 3 shows the measured dependence of the laser emission intensity required to ob-
tain a signal of prescribed magnitude (transmission of the order of 10% of the potassium lamp
light) on the laser emission wavelength. Measurement with a Fabry-Perot etalon has shown that
in all the operating modes employed the total spectral width of the laser emission, consisting

of several pulses in each pump pulse, was 0.15 R. The observed linear dependence of the re-
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quired laser intensity on the wavelength differ-

ence AA = A - xol between the resonant transi- 5
2007 I, kW/cm

tion and the laser emission corresponds to the
theoretically expected relation (1). It follows 180
therefore that the resonant transition hPa/z i
- 681/2 makes the main contribution to the level
splitting of the 4P3/2 state of potassium under 140
the influence of the ruby laser emission. 120k
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Fig. 3. Ruby laser emission power 20+
density I, needed to obtain a signal
of specified magnitude, vs. the ruby ’ 5995 6997 6935 G939 6940 6941 69T A

laser wavelength A.
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1) A similar phenomenon observed in a constant electric field is reported in [3].
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One of the authors has recently shown [1] that in the interpretation of the electron-
vibrational (vibron) transitions in the absorption spectra of molecular crystals sight is lost
of a very important circumstance. The point is that owing to the intermolecular resonance
interaction, which is well known for purely electronic excitations, virtual decay processes
become possible, wherein the electronic and vibrational excitations initially localized on a
single site turn out to be separated. The decay processes should produce in the region of
each vibron transition broad-band two-particle absorption in which the electronic and vibra-

tional excitons are excited simultaneously. A branch of single-particle excitations can split
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