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The principles far the'design opa polarimeter to.analyzeNisible light are deduced and a design is
suggested. This design pravides maximum,accuracy in,,tpe determination af the Stakes
parameters, the pracedure far analysis is simple, and it is easily adapted to.autamatic aperatian.

INTRODUCTION

Intl:he literature there are many prescripti.ons far obtaining
the state af palarizatian af a lightb"eam, i.e., the Stakes pa-
ramet~rs ar same equivalent farmulatian in terms afthe deQ.c
sity matrixiri phatan spin spac~. Originally, these param-
eters were defined by an experimental pracedurel and this
same pracedure is aften prescribed far the analysis af palar-
iz~d light. 1.2Hawever, it is nat abviaus that this pracedure is
the mast canvenient, nar the mast accurate far detepnining
the parametersaf a'light beam with an arbitraryand un-
knawn state afpolarizatian. Far example, these ~f(perimen- .
tal pracedures usually call far a quarter-wave plate, which
may nat be available and, in any case, it is nat really neces-
sary. In fact, as will be shawn, the mast accurate arrange-
ment makes use af a..i /3 plate,but any plate whase retarda-
tian lies in the range 21/9 to.4..i/2 is quitesa~isfactary. The
abject af thisnate is to.establish the criteria and to.suggest a
design far ari"instrumentwhich will analyze palarized light
as accurately and as conveniently as passible.

I. THEORY

Palarized light is analyzed by passing it first thraugh a
birefringent plate, then thraughfa Palaraid ar a Nicol prism,
and measuring the intensity af the light which emerges,
which may be canveniently dane using a phatadiade. This
ihtensity depends an the arientatians af bath the plate and
the Polaraid. Since in the general case afpartially palarized
light, there are faur Stakes parameters to. be deter-mined,
faur measurem~nts af intensity must be made with different
arientatians of the plate and the Palaraid. These give faur
linear simultaneaus equatians which can be salved taabtain
.th~ Stakes parameters, The abject is to.find a set af orienta-
tians for which these equatipns are as well canditianed as
passible. .

'/ Naw, far-any arientatian at'the plate and the Palaraid;
there isane state Ofpalarizatian which is transmitted with-
aut lass of intensity. Let us represent this palarizatian state
by a paint A an the Paincare sphere. Suppase that light, in a
state.ofpalarizatian represented~bya poiht B an the Paincare
sphere, is incident an the plate. Then the intensity fractian
transmitted'is equal to. cas2 </J,where 2</Jis the great circle
distance between A and B. Since this is anlanatanic functian
af </Ji!?-the range 0°<</J< 180°,it is intuitively abviaus that for
the greatest accuracy in the determinatian af the Stakes pa-
rameters, the paints AI' A2' A3,and A4' representing the

faur settings afthe plate and the Palaraid at which intensity
measurements are made, shauld be as far apart fram each
ather as passible, and this is accamplished by citing them at
the faur vertices af a regular tetrahedran inscribed in the
Poincare sphere. ."

Any three vertices afthistetrahedran define an equilat-
eral spherical triangle whase angles are 120°and whase sides
are 48, where cas 48 = - 113 ar 8 = 27.3678°..Naw let us
lacate tbese paints an the Paincare sphere by theirdatitude
and langitude, with the usual canventian that the pales rep-
resent circularly palarized light, the equatar represents
plane palarized light, and the paint an the equatar with lan-
gitude zero.represents light whase electric vectar lies in the
reference directian-'-an arbitrarily chasen directian perpen-
dicular to..the light beam. Then we can locate' two. af the
paints, AiandA2 say, an the equator at langItudes :!: 28.
The setting which gives this is when the pl~ne afthe,electric
vectar _passedby the Palarqid, and. a,principal plane af the
plate, are bath at an angle af either + 8ar - 8 to.the refer-
ence directian. The ather vertices afthe tetrahedran, A3and
A4' are lacated at langitude180° and latitude :!:28. It is a'
simple exercise in spherical triganametry to. ~haw that the
settings, where the Palaroidis placed at. f: 8 and the plate at
+ 8, and the phase difference 8 intradqced by the birefrin-
gent pl,ateis 120°(the angle at a vertex afane afthese spheri-
caUriangles) pass light whase palarizatian is represented by
A3 ar A4'

The same result is abtained, but with much labariaus
algebra, by analyzing the,transmissian af light thr,augh the
plate and the Palaroid using same variety afthe Jones calcu-
lus; The faur simultaneous equa,tians are abtained, and an
expressian far the determinant af the caefficients is faund,
This expressian is then differentiated to.find the canditians
which make it a maximum. It depends an 8>thraugh a factar

sin8sin2(8/2) , (1)

so. that the canditians required far the arientatian af the
plate and the Palaraid to.ensure accuracy in the determina:~
tian af the Stakes parameters are independent of thase re-

- quired far 8. The effect an the accuracyaf the results when 8
is different from 120°is easily seen by inspecting Eqs.( 4).
Since it is natfeasible 10.vary the phase difference praduced
by the 'birefringent plate, a campramise is needed;-. that
expressian (1) 'is as large as passible aver the whale visible
spectrum. Such, a campromise can be had by making
8 = 120°at a wavelength 4..io/3. Then, assuming that 8 is
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