A major purpose of the Techni-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained in
DOE’'s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.

1




TN 3 W e

LA-UR -s4-1841
PORTIONS OF THI3 REPORT ARE ILLESIBLE. It
has been reproduced from the best availabje

copy to permit the broadest possible avall-
abllity,

Los Alamos National Laboratory is operaied by the University of California for the United Siates Departmant of Energy under contract W-T405-ENG-38.

0 ol - BloG 1%

AN INSTRUMENT FOR VIRUS IDENTIFICATION BY POLARIZED
TITLE: LIGHT SCATTERING - A PRELIMINARY REPORT

LA-UR--84-1841

DEG4 014045

AUTHOR(S) Gary C. Sal:man and Charles T. Gregg

Proceedings of the 4th International Symposium on
SUBMITTED TO. Rapid Methods and Automation in Microbiology

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government.  Neither the United States Guvernmunt nor any agency thercof, nor uny of their
employees, makes any warranty, eapress or implied, or assumes any legal liability or responsi-
bility for the accuracy, completenesa, or usefulnes: of any information, spparatus, product, or

proceas disclosed, or represents that its use would nol infringe privately owned rights. Refer-

once herein to any specific commercial product, proceas, or service by trade name, trademark, /
manufacturer, or utherwisc does not necesaarily constitute or imply its endnrsement, recom- ‘y
mendation, or favoring by the United Siates Government or any agency thureofl. The views w
and ovpinions of authors expressed herein do nol neceasarily stute or reflect those of the

United Staten (lovernment or any agency thereof.

Ly accetlance 0 thaa ' o e bl l Lot Jer 1P AC T L o Gover et reil v 8 nONEACIURIVE TOydlly-free ic@nsr 10 pubid™ O tEPIOduLe
the published lotm of this contribution. or 10 aliow others 10 do 13, tor UG Government purposss

The Los Alamos Nationa! Laborstory 1@Quasis that the publisher identity thin articie ss work pertormed unde’ (he suapices o' the U S Department o' Ere'gy

I T St i 11D ,MQD
| Los Alamos National Laborator
L@S A @Wﬂ@g Los Alamos,New Mexico 8754

FORM N 834 Re
8T Wt P oo


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


AN _INSTRUMENT FOR VIRUS IDENTIFICATION

BY POLARIZED LIGHT SCATTERING

A PRELIMINARY REPORT

Gary C. Salzman and Charles T, Gregg

Experimental Pathology Group

Life Sciences Division

Los Alamos National Laboratory

Los Alamos, NM 87545



Biological macromolecules are asymmetric structures. As such, they
interact differently with left and right circularly polarized light. Circular
dichroism (CD), théidifferential absorption of left and right circularly
polarized light, probes changes in the secondary and tertiary structure of
molecules in solution, Circular intencity differential scattering (CIDS),
which is the differential scattering of left and right circularly polarized
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light, probes the higher order structure of macromolecular aggregates (1,2).
CIDS 134;1ven as the amount of light scattered when the incident beam is left
circularly polarized minus that scattered when the incident beam is right
circularly polarized, divided by the total amount of light scattered by the
object, in our case a virus or bacterium.

CIDS is just one element of a U X 4 matrix celled the Mueller matrix
describing the scattering of light from an otject at a particular angle and
wavelength., All qf the information in a beeam of light at a given wavelength
is contained in & four element vector called the Stokes vector
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. I is the intensity of the light in a beam and is usually normalized to
one, Q, U, and V describe the polarizatio: properties of the light beam. Q
is the tendency toward horizontal linear polarizastion., It is +1 for
horizontal linearly volarized lirht and -1 for verticel linearliy polarized
light., U is the tendency towari linearly polari~ed light tilted at +u5° to
the horizontal scattering plare, It hes values ranging from «+1 (+u5°) to -1

(-MSO). V i8 the tendency towsrd right circular polarization. For a right



¢circularly polarized beam V = +1 and for a left circularly polarized beam V =
~1. In our instrument the Stokes vectors of the incident and scattered light
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are manipulated by a series of optical elements represented by 4 X 4 Mueller
matrices so that the intensity component of the Stokes vector of the scattered
light contains information about the scattering sample.

Fig. 1 shows a schematic of the photopolarimeter., Fig. 1A shows the
coordinate system. o is the polar scattering angle in the horizontal
scatteri;g plane. ~ is the azimuthal angle indiceting the preferred axes for
the optical elements. Fig. 1B shows a schematic of the instrument. The argon
laser beam passes through a polarizer oriented at Yy then through a
photoelastic modulator with its fast axis oriented at Y5 and with sinusoidally
varying retardance amplitude 6y It is driven at a frequency fe. The Stokes
vector of the incident light beam is now elliptically polarized. The light
scatters from a hqmogeneous suspension of microorganisms in a c¢ylindricel
cuvette, The l1ight scattered at in angle ¢ passes through a second
photoelastic modulator with its fast axis at azimuthal angle y3 and its

retardance gamplitude at 63 and then through a second polarizer with its

passing axis at Yyr The light finally passes through a laser line filter and

impinges on the cathode of a photomultiplier tube., This instrument is
conceptually similar to one developed by Thompson et al. (3) based on earlier
work by Bickel et &’ (4) and Hunt and Huffman (5). Modulstion frequency 52

is 50 kHz and . is 47 kHz.
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The use of two frequencies produces intensity modulition in the output at
» variety nf frequencies consisting of linear combinations of the two
reference frequencies, Each element of the Mueller matrix for the semple
appears at a unique modulation frequency. w1tr.y1 2y 0® *u5° and Yo ='r3 =

90° the Mueller matrix for the sample is as shown in Fig, 2.
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S11 is the total scattering intensitv and appears as a DC component at

zero frequency. Siu is the CIDS and appears at 50 kHz. The other

polarization sensitive element of particular interest is S_, which appears at

34
4y kHz.

Fig. 3 shows a sample Mueller matrix for the casey , = y, = +90° and

72 = y3 = +u5°. In this case, matrix elements in row three and column three

£

are missing and 32 appears at 44 kHz instead of S

y 34
Each matrix element can be calibrated by replacing the sample by optical

elements with kncwn Mueller matrices. is calibrated by using a quarter

S1y
wave plate with its fast axis at Oo followed by a polarizer rotated through

1800. The functional dependence should be 0.5 sin 20, Fig. 4 shows this

calibration for S1u. Fig. 5 shows a similar calibration for S_, where thu

functional dependence should be 0,5 sin220.
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Experimenta; data obtained from this instru.ent is presented in the paper
by Gregy and Salzman in these proceedings. The authors would like te thank
Mr., W, Kevin Grace, Mr, Richerd D, Hiebert, and Ms, Dorothy M. McGregor for
their assistance. This work was performed under the auspices of the US
Department of Energy end was suported in part by Nationul Institutes of Health

Grant GM 26857 and by the US Army Chemicul Research and Development Center,
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STATIC MUELLER MATRIX PHOTOPOLARIMETER
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MUELLER MATRIX
Siu( DC) S — ) Sw(100) Su( 50)
Sell — ) Sz( — ) Sa( — ) Szl — )
Sai( 94) Ss — ) Sx( 6) Sa 44)
Sai( 47) Saa( — ) Saa( 53) Sa( 3)



MUELLER MATRIX
Su( DC) Si(100) Si( — ) Su( 50)
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