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Biologicalmacromoleculesare asymmetricstructures. As such,they

interactdifferentlywith left and rightcircularlypolarizedlight. Circular

dichroism(CD), the>differential.absorptionof left and rightcircularly

polarizedlight,probeschangesin the necondaryand tertiarystructureof

moleculesin solution. Circularintensitydiffe?enti~lscattering(CIDS),

which is the differential8catteringof left and rightcircularlypolarized

light,probesthe higherorderstructureof macromolecularaggregates(1,2).

CIDS is-givenas the amountof lightscatteredwhen the incidentbeam is left

circularly

circularly

object,in

polarizedminus that scatteredwhen the incidentbeam is right

polarized,dividedby the totalamountof light sca>teredby the

our casea virusor bacteriun.

CIDS is justone elementof a 4 X 4 matrixoalledthe Muellermatrix

describingthe scatteringof lightfroman otjectat a particularangleand

wavelength.All of the informationin a bem of light at a givenwavelength

is containedin a f~tirelgnmt vectorcalledthe Stokesvector

I

Q

u

v

● I is the intensityof’the lightin a beamand is usuallynormalizedto

one. Q, U, and V desaribethe Polarizatiotlpropertiesof the lightbeam. Q

is ihe tendencytowardhorizontallinearpolarization.It is +1 for

horizontallinearlypolarizedli~ht●nd -1 for verticallineeriypolarized

light, U 1s the tendencytowarlJ.inearlypolari?edlighttiltedat +45° to

the horizontalscatteringplare, It has valuesrangingfrom +1 (+45°)to -1

(-45°)0 V i6 the tendencytowsrdrightoiroulw polarization.For a right
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circularlypolarizedbeamV = +1 and for a left circularlypolarizedbeam V =

-. 1. In our lnstr~ent the Stokesvectorsof the incidentand scatteredlight
,

are manipulatedby a seriesof opticalelementsrepresentedby 4 X 4 Mueller

matricesso that the intensitycomponentof the Stokesvectorof the scattered

lightcontainsInformationaboutthe scatteringsample.

Fig. 1 showsa schematicof the photopolarimeter.Fig, 1A showsthe
r

coordinatesystem. 0 is the polarscatteringafiglein the horizontal
*

scatteringplane. Y is the azimuthalangleindicatingthe preferredaxes fo~

the optical elements. Fig. lB showsa schematicof the instrument.The argon

laserbeampassesthrougha polarizerorientedat 71, then througha

photoelastic❑odulatorwith its fastaxis orientedat y2 and with sinusoidally

varyingretardanceamplitude62. It is drivenat a frequencyf2. The Stokes

vectorof the incidentlightbeam is now ellipticallypolarized. The light

scattersfroma homogeneoussuspensionof microorganismsin a cj’lindric&l

cuvette. The lightscatteredat m angleg passesthrougha second

photoelasticmodulator with its fastaxis at azimuthalangley3 and its

retardanceamplitudeattijand thenthrougha necondpolarizerwith its

passingaxis at yq. The lightfinallypassesthrougha laserline filterand

impingeson the cathodeof a photomult~pl~er tube. This ~nstrument is

conceptuallysimilarto one developed by Thompsonet al. (3)basedon earlier.—

workby Bickelet ●’ (4) and Hunt and Huffman(5). Modulationfrequencyf2—.

18 50 kHz and f3 is 47 kHz.

The use of two frequenciesproduoesintensitymoclul:~tionin the outputat

a varietyof frequenciesoonaistingof linear comb~natt~ons of the two

referencefrequencies,Eaohelementof the MuelJermatrixfor the sample

@ppearsat a uniquemodulationfrequenoy, Uitklyl* ~4=+450andy2 =Y3=

90° the Muellermatrixfor the sampleis as shownin Fig, 2.
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’11
is the totalscatteringintensityand appearsas a DC componentat

zero frequency.,s14
is the CIDS and appearsat 50 kHz. The other

polarizationsensitiveelementof particularinterestis S34 which appearsat

44 kHz.

Fig. 3 showsa sampleMuellermatrixfor the casey , = y4 = +90° and

‘Yy2 3 = +45°. In thiscase,matrixelementsin row threeand columnthree
<:

are missingar)dS24 appearsat 44 kHz insteadof S34“

Eachmatrixelementcan be calibratedby replacingthe sampleby optical

elementswith kncwnMuellermatrices. ’14 is calibratedby usinga quarter

wave ~ldtewith its fastaxis at 0° followedby a polarizerrotatedthrough

180°, The functionaldepender?ceshouldbe 0.5 sin 20. Fig.4 showsthis

calibrationfor S14. Fig. 5 showsa similarcalibrationfor S34 where thti

functionaldependenceshouldbe 0.5 sin220,

Experimentaldataobtainedfromthis instrumentis presentedin tilepaper

by Greggand Salzmanin theseproceedings.The authorswouldlike tc thank

t4r,W. KevinGrace,Mr. RichardD. tliebert,and Ms. DorothyM. McGregorfor

theirassistance.This work

Departmentof Energyand was

GrantGM 26857and by the US

was performedunderthe auspicesof the US

suportedin part by Nat~onsl Institutesof Health

Arm} ChemicalResearchand ~evelopmentCenter,
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