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INTRODUCTION

It has long been recognizedl’2’3’4’5

in measuring relative
intensities and depolarization ratios of Raman lines that prism and
grating spectrometers have different transmittances for light polarized
parallel (T”) and perpendicular (TL) to the slit. Several methods

have been used to give equal instrument response to parallel aad
perpendicular polarization. Stitt and Yost3 used a Nicol prism
parallel to the high-transmittance direction of the spectrometer,
combined with a rotatable mica half-wave plate to tramnsmit either
vector to the Nicol prism. This method has the advantage of having

a higher spectrometer transmittance, but the mica plate gives exact
half-wave retardation at only & single wavelength. A mica quarter-
wave plate » averages the transmittances of the spectrometer for the

_ two polarization directions, but is also wavelength dependent.

Virtually achromatic circular polarizers have been designed and

6,7 - . . :
constructed * | but these devices are too bulky and expensive for the L

clear apertures needed for fast spectrometers.
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The most commonly used device, described by Hanlel, is a thin
birefringent wedge called 4 polarization scrambler (PS), fabricated =
with the optic axls in tHe plane perpendicular to the optical path
through the wedge, and at 45° to the s1it. The plane of the wedge angle
(vide Fig. 1) passes through the slit to remove lateral displacement

of the pair of images projected on the slit. The mumber of waveléngths

retardation along the slit depends on the path difference (P1p) through

the P$ from top to bottom. From optical data for ca}.cite8 a PS with
1.0 me thickness range would introduce 259 wavelengths retardation at
0.6563 u or 364 wavelengths retardation at 0.4861 p. From the optical
data for quartz9 a similar quartz P§ with 1.0 mm thickness range would
introduce 13.7 and 18.1 wavelengths retardation at 0.6563 and 0.4861 yu,

respectively.

Opposing requirements 1imit the range of useful values of wedge
angle of the PS. There must be several cycles of retardation along the
slit, so that the transmitted light of en incomplete‘cycle is not a
significant fraction of the total. Recent techniques of Raman

3

R " . ;
microsampling 0 may illuminate as little as 0.4 mm length of the

45° MONOQCHROMATOR -
OPTIC AXIS AXIS}

>,

ENTRANCE SLIT

Fig. 1

Schematic diagram of uncompensated polarization scrambler arrangement
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entrance slit. Tf a polarized source is imaged on a short section of
the calcite PS, the magnitude of intensity fluctuatioms (polarization
interference fringes) with wavelength is a function of TH/Ti, Since the
PS camnot be located in the plane of the slit because of obstruction by
the slit assembly, we make a virtue of necessity by locating the PS
15 om from the slit. With a collimator focal length of 750 mm and
100 mm grating height, the converging rays intercept a height of 2 mm
on the PS in addition to the 0.4 mm working slit height. At 3600 A cm -
from the 0.6328  exciting wavelength, the 2.4 mm working aperture height
on a calecite PS with 0.5 mm thickaess change in 15 mm amounts to 16 cycles
PD minimum. It can be shown that for the worst case, where the PD is
16.5 cycles and where the observed monochromator transmittance T”/T~L
is 5:1, the maximum deviation of TH/Tl for the PS-equipped monochromator
from 1.0, the perfect case, should be + 0.013. A scan made under these
conditions shows no noticeable polarization interference fringes with
signal/noise >50.

The deviations imposed on the slow (S) and fast (F) rays complicate
the alignment of the microsampling system in front of the entrance slit,
and make it more difficult to specify the viewing geometry for
depolarization and intensity measurementslz. For example, the calcite
PS5 described above, with 0.5 mm thickness change in 15 mm along the

wedge, causes deviation of 0.0218 and 0.0162 radians for the § and F

rays, respectively, at 0.6563 ;1. A compensating glass wedge of the same

angle whose refractive index equals the mean of the S and F indices of

the calcite through the wavglength range of interest would minimize the
. deviation of hoth the S and ¥ rays. We find that the tabulated aptical
values for Bausch and Lomb's Light Barium Crown,#57357413 differ from

the corresponding calcite 0 oean values by much less than the
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manufacturing tolerances at all wavelengths between 0.36 and 1,0 1. A

comparison of the deviatioﬂ of a compensated‘PS having this combinaticn,
with an uncompensated P35, is shown in Fig. 2. The mean of £he two
deviations for the compensated PS varies from -16 to +2 microradians
over the range from:0.36 to 1.0 p wavelength.

A compensated PS constructed to our specifications by Karl.Lamhrecht

& Co. performs in accordance with our expectations.
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Deviations introduced by an uncompensated and by a compensated
polarization scrambler

264



10.

11.

12.

13.

COMPENSATED POLARIZATION SCRAMBLER
ACKNOWLEDGMENTS

We wish to acknowledge stimulating discussions with Francis T. Jones.

REFERENCES
W. Hanle, Z. Iastrumentenk., 51, 488-490 (1931).
A. W. Reitz, Z. Physik. Chem., B33, 368-386 (1936).
Fred Stitt and Don M. Yost, J. Chem. Phys., 5, 90-96 (1937).
R. F. Stamm, Anal, Chem., 17, 318-331 (1945).

D. D. Tunnicliff and A. €. Jones, J. Opt. Soc. Amer., 51, 1430-1432
(1961).

Yu. I. Krasilov, Optics and Spectroscopy, 22, 267-268 (1967).
R. J. King, J. Sci. Imstr., 43, 617-622 (1966).

E. W. Washburn, Ed., Internatiomal Critical Tables, Vol. 7, p. 24.
McGraw-Hill, WNew York, 1930.

J. D. Dana, The System of Mineralogy, 7th ed., Vol. 3, pp. 127-128.
Clifford Frondel, Ed. John Wiley & Sons, New York, 1962.

Glen F. Bailey, Saima Kint and James R. Scherer, Anal. Chem., 39,
1040-1044 (1967},

Stanley K. Freeman and Donald 0. Landon, Anal. Chem., 41, 398-400
(1969).

James R. Scherer and Glen F. Bailey, in preparation,

Reference to & company or product name does not imply approval or
recommendation of the product by the U.S., Department of Agriculture
to the exclusion ¢f others that may be suitable.

Received September 12, 1969

265



