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MAGNETOROTATION IN THE NEIGHBOURHOOD OF AN
OPTICAL RESONANCE LINE FOR THE TRANSITION IN NEON
CORRESPONDING TO 6328 A LINE
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The Faraday effect has been studied experimentally for neon line 6328 A. In the
experimental set-up crossed or nearly crossed polarizers were used. The comparison between
experimental and theoretical diagrams for light intensity versus magnetic field enabled us
to determine the value and the sign of the absorption coefficient for the 3s; —2p4 transition
in neon.

1. Introduction

During the twenties and thirties of our century the effect of magnetorotation in
metalic vapours had been broadly used as a means for determining atomic constants,
especially oscillator strength for the given optical transition [1]. The development of modern
spectroscopic methods (radiofrequency double resonance, level crossing technique and
others) caused interest in magnetorotation to decrease. The “old” notion of magneto-
rotation appeared natural in an article by Corney, Kible and Series [2]. The general
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Fig. 1. Experimental arrangement

consideration presented by them were experimentally tested by several authors [3, 4, 5, 6].
This work is an experimental study of Corney, Kible, Series theoretical results for the
3s,—2p, transition (Paschen notation) in neon mixed with helinm. Special attention is
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paid to the possibility of measuring the absorption coefficient x, for a given transition
in neon. The basic experimental arrangement is like that in figure 1.

Light, the frequency of which is resonant for the investigated atomic traﬁsition,
emitted by source L and polarized by linear polarizer 1 propagates through the absorption
tube C, situated in the magnetic field B. The polarization-axis of the polarizer 2 is rotated

—g— + 6 relative to that of polarizer 1. The light intensity detected by photomultiplier Ph

is registered against the magnetic field B. From comparison of theoretical with experi-
mental plots we can get the absorption coefficient .

2. Theoretical

To describe the effect of magnetorotation we approach the problem semiclassically.
The light propagating through the medium is treated according to Maxwell’s equations
whereas the same medium is characterized by a polarizability tensor which is to be obtained
from quantum considerations. The calculations are done in a base of spherical vectors

e1=~l+,_l] eo =k e_lzl—_g. )

Ny

This base is particularity useful in our case, because the polarizability tensor is diagonal

in it. Let us represent the polarizability tensor « as the sum of its real and imaginary parts:

o = «,+ix;. The substitution of tensor « into the wave equation yields, after standard
calculation, the expression for electric vector E in a point z of our medium

E(z, t) - % e~i(wt—n‘-g) —1c"ze>x1¢
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where
nT=1+42ny; n' =142nma"
o o
K =2m—ahy; kT =2n—a_,
¢ ¢

The foregoing formula is a well-known result of the classical theory: propagation
of linearly polarized light through medium in magnetic field, parallel to the direction of
propagation, can be described by decomposition of the electric vector E = Aoe™ into
two components in the base of spherical vectors e, e* . They represent two circularly

polarized waves. Each wave propagate with the phase shift » — and is absorbed. This
c
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absorption is described by absorption coefficient x. Light intensity detected by a photo-
multiplier is given by

I=|E-el?, 3

v

, i . .
where e represents the position of the polarizer 2, rotated 5 + 6 relative to polarizer 1

¢ = icos 6+jsin d.

Substituting (2) into (3) and considering the spectral distribution of incident light intensity
given by function g(w—w,) we come to

I =1 {doglw—wm) [(e™* " —e Y +4sin® (x—8)e " ] = I+, )

w  nt—n

where y = —/ is an angle of magnetorotation. Equation (4) is a sum of two
c

parts. First one connected with the absorption properties of 2 mccium is called differential
absorption. The second part connected with dispcrsional properties of the medium as
well is called differential dispersion. To celculate the polarizability tensor « we use the
same methods as Sargent, Lamb and Fork did in their article on the Zeeman laser published
in 1968 [7]. The only correction wc have to do is to replace the standing wave perturbation
(Zeeman laser) by the progressive wave perturbation. Macroscopic polarization of 1 cubic
unit of the medinm is

P(z, 1) = Tr (e(z, 1)p),

where o(z, t) is the density matrix operator and p is the cipole operator for one atom.
The trace is to be taken in the base of vectors |u), |m). Using the same methods of calcula-
tion as in [7] and under a similar assumption concerning the excitation function we come
to the expression for P(z, ¢) which is proportional E, when calculation are done in the
first order of perturbation theory. From that we get immediately the polarizability tensor «
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"\-(g+m qn) ™
where #,, is reduced matrix element of the electric dipole operator, w is the angular fre-
quency of the incident light, % (x, &) is the plasma dispersion function, @, 4, is the

angular frequency of radiation emitted during the transition from the level |u) to
lm = p+g), and

_ 2ndvp _YatVe
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Substituting in equation (5) for &, the expression containing the oscillator strength for
the transition from level b to @ we finally have

Z c Ko [O=Wyusg ¥ ,
o, = — —_g 9 — S 5 oy v
qq. 2w \/n \\ uk uk) ﬁu,u+q q4 (6)

u

where the coefficient of absorption x, is defined by

In2 & 2 (N,, Na>
Ko = 21 [—— — | - ,

——Jb
7 me " Avp
and where 8, ,,, are the relative intensities of the individual Zeeman components. During

the numerical calculation we used the following approximations for real and imaginary
parts of plasma dispersion function [1]

Z'(n,¢) = —2[F(n — i(én—mf)e‘"’]
\/n
Fip,8) = Jme ™ —2e[1-20F(n)]
F(p) = e } ¢’dt
0

To see what is the form of the function I(B, d) (Eq. (4)) let us assume realistically
simple conditions for functions under the integral in Eq. (4): o(w—wo) = Iyd(ew—wo),
e = 0 and assume the normal Zeeman effect. In such a case we have

I(B, 8) = I, sin? (y—8) e 0
where
WP :
K=K+=K—=’—C—Oe_b2, b=——, yx= hO_F(b)
2 uk 4\/7'[

The discussion of the foregoing Eq. (7) will be made for different value of parameter kol.
(a) Let us allow xo/ to be much less than 1. Eq. (7) may be rewritten as follows:

. AR .
I(b, 8) = Io(x—b)* = I, (4%/—> (F(b)—a), )

T

where a = . Diagrams of the function (b, ) for various values of parameter a

8
Kol "4 m
are shown in figure 2. To get different a parameters we can change the value of o angle
by turning the polarizer 2 — Fig. 1) or we can change ko/l. In the case 6 = 0 experimental
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dependence of the light. intensity on magnetic field for different values of k! permits us
to find the relative absorption coefficients ratio between these. coefficients
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Fig. 2. Diagrams of the transmission curves given by formula 8 for different values of parameter a

where A4, A" are indicated as in Fig. 5.
When § # 0, the fitting between experimental and theoretical diagrams of the function
I(b, ) leads directly to the value of the parameter @, which is independent of light

0
intensity. Knowing it we are able to find x,/ = e That fact that 1(b, 6) # I(—b, )
na

enables us to determine the sign of x4/, which in the case of very small k,/ is not trivial.
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Fig. 3. Diagrams of the transmission curves (Eq. (8)) for two values of #ol., The heights of curves;in maxima
are normalized :to ‘the same value., . Ce e ey A
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i 7.(b) When 'kl is large enough, the sine of the magnetorotation angle'can;: ot ‘be:replaced
by its argument.‘In this case one of the methods for i/ determination is to.find the magnetic
field B, for which I(B, 8) takes the maximum

N (KolF(bq)) L PGy e

4m 4 /n b,

Theoretical curves of the light intensity versus the parameter b(where b is proportional
to the magnetic field) are shown in figure 3. It could seem that for a magnetorotation angle
% greater than 7 the function /(b, 8) should be undulatory because of a sine function
(Eq. (7). As however this sine fiinction is multiplied by the strongly damping exponential
factor, the second and successjve maxima are t:oo small to be observed when linear scale for
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Fig. 4. Diagrams of the transmission curves for media with positive and negative absorpti.on coefficients.
The heights of the curves in maxima are mormalized to the same value

light intensity is used. The comparison between results for médium with positive and
negative absorption coefficients is presented in figure 4. The difference between these two
plots comes from the exponential factor exp [— Kol exp (— 5?1 (Eq. (7). When 1o/ is positive
(absorbing medium) this exponential factor is negligible for small values of the parameter b.
For negative kol (laser medium) this factor is small when parameter b is large enough.
The accurate shape of the function under consideration depends upon the definite value
of el '

3. Experimental arrangement

The basic experimental arrang_emer'_it_ is shown in figure 1. Light from the laser L,
polarized by linear polrarizer 1, passes through the absorption tube C. The length of this
“tube is'100 ¢m, ID is 3 mm. The tube C is connected to vacuum system what.allows changing
the He—Ne mixture. The signal from the photomultiplier is amplified by a selective ampli-
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fier the output of which is connected to YY plates of the oscilloscope. The signal propor-
tional to the magnetic field is connected to the XX plates. The spectral density function
of the light emitted by the laser L was investigated by means of Fabry-Perot interferometer
with mirrors distance 9.6 cm. Because the obtained picture of modes was unstable, one of
the laser mirrors was fixed to the piezoelectric element. By applying alternative voltage,
the mirror was caused to vibrate at 1 kHz. The source of light so obtained was, to a good
approximation characterized by a gaussian spectral density function.

4. Experimental results and discussion

The experimental results for 6328 A line in neon corresponding to 3s,—2p, transi-
tion (Paschen notation) are presented in figure 5. Polarizers were crossed (6 = 0) and
different curves were taken for various He-Ne mixtures. The comparison between theoret-
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Fig. 5. Experimental transmission curves for various compositions of Ne—He mixture: ¢ — 0.2 torr
of Ne+0.2 torr of He, b — 0.2 torr of Ne+0.4 torr of He, ¢ — 0.2 torr of Ne+0.6 torr of He

ical results is shown in the next figure. During theoretical calculations it was assumed
that the spectral density function is gaussian with the width 1500 MHz. Because for the
transition 3s,—2p, and the given length of the absorption tube, the value o/ is much less
than 1, we approximated the absorption part of formula (4) by

I, = [ dwo(w—wo) (k'1—K71)?

For gaussian g(w—w,) the above integral can be evaluated analytically.

Isotope shift of the 3s,, 2p, levels was taken as —25 mK and —48 mK, respectively.
The experimental results for a constant He-Ne mixture and various & angles
are shown in figure 7. Fitting between these experimental and theoretical diagrams
leads to the value 4.1073 for kol. It results from the theoretical analysis given in part 2,

that for polarizers crossed by angle g + 4 the value and sign of absorption coefficient can
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Fig. 6. Comparision between the theoretical curves in the case when the d(w—w,) shape for the spectral
distribution function and no isotope shift were assumed curve a and the curve in the case when the spectral
distribution function was assumed gaussian and isotope shift is present (curve b)
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Fig. 7. Experimental transmission curves for various values of & angle. The composition of Ne—He
mixture was constant: 0.2 torr of Ne+0.5 torr of He
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be found. That possibility has been used to demonstrate the change of magnetorotation
angle when some helium is admitted into a neon medium. Diagram « (figure 8) represents
the situation when the absorption tube is filled with neon only. Admittance of 0.2 torr of
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Fig. 8. Experimental transmission curves for constant 6 angle and various composition of Ne—He mixture:
a — 0.2 torr of Ne+ 0.0 torr of He, b — 0.2 torr of Ne+ 0.2 torr of He, ¢ — 0.2 torr of Ne-+0.3 torr of He

helium makes a medium transparent to incident light and no magnetorotation is observed
(plot b). When helium at the pressure of 0.3 torr is present, the absorption coefficient is
negative and higher maximum on curve ¢ is shifted to the positive values of magnetic
field B.

5. Conclusion

The experimental study of magnetorotation in neon has lead to the possibility of
determining the absorption coefficient for the given atomic transition. Numerical calcula-
tions are much more simple when the source of light has a 6(w—w) type spectral denéity
function. The presented method is particularly useful for small values of the absorption
coefficient. That comes from the fact that the crossed polarizers method which has been
used, allows the separation of the magnetorotational signal from strong primary radiation,

The author wishes to thank Professor dr D. Kunisz for a number of helpful discus-
sions.
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