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Instructions for use of Polarizing Photometer R or W.

Figﬁre 1: Photometer K.
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Both VWollaston prisms move,
Maximrn seneration: 70

Ficure 2: Photometer W.
~ T T I\
‘ Prism L is fixed in the focal
rlone,
Me. 3!5
MO ':' L i;‘ € j

The two forms sre interchangeable by means of two sepsrate

carriers for - prism L, one of which can be- attachad to the carrier
for prism M, and the other of whichislips into plece in the focal
plane. Photometer W corrects.a tendeiicy of photometer R in which the

exit’ pupils from the two stdrs being compzred are not precisely

superposed, but overlap euch other, thus: introducing' some error in
theireadings, - V T et AT -
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GENERAL

Eoch Wolloston prism (L end M) doubly refr cts the light
from the stor, thus ziving two imagesvfor each star; +the images
are polerized perpendiculerly to each other. The separation of
the imeges increasec ns the prisms are moved away from the foccl
rlane., Thus, by moving the prism snd also roteting the eﬁtire
instrument as needed, it is fossible to bring the ordinary (0) image

of star 1 [O(l] next to the e tr ordinary (E) imoge of star 2 (.( )]
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Then, by rotating the entire instrument (by meens of the blrcl

. o
neinted hrndles) throush 1805 0(2) can be brought next to E(1)

»

“rism behind the eyeplece is then rotated until

The Ificel
>
the imoges (e.g., o{1l) »nd £(2)) are of eguel intensity, ond the

~ular position is recorded. MNote: this will occur in L voszitions
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of the Micol; record £ll 4 nositions as A, B, C, and D. Then the

magnitude difference 1is

l A - 5,&7,0' G—f[é (51‘_0 —/l,-*C_)]

PROCEDURE
The nrocedure adonted st Harvard was to irlke a srour of
% sets of 4 readincs ezch (i.e., A, B, C, and D are 4 recdings of

one set), reversine the imnges (;E::r in the wmiddle o

N

coch set and

rototine the rhotameter 180° after the 1st, 3rd, »nd 5th ceto. ote

the time nt the middle of the lst ~nd 6th sets rnd tole the m i
the time of obs CTVTthD (excent for rapidly veoryine sters, in vhich
cace note time =t the niddle of each set).

Then., if the index is to the richt of the verticnl »lone

2 2
I

reéord R; if to the left, record L. The mean of the sets B oond L

ere determined seperctely to alloen for roseible difference in opticeal
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path (dirt, ete.) for the 4wo strrs, und residuals are tazleen by
subtrecting these from the individual readings., The mean of R ond L
e Nal

~ives the required magnitude difference.
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rossihle te incrensc megnificution for specinl

jobn (e.g. occultntions of at~rs by planets s) by instelling a Brrlou

lens, with its =dopter fube, in the focnl nlane of *the Wollocton nrisn

corrier,with the nhotometer R arrangement., If rhotometer U is

desirnble, the Porlov c'n be »ut in the other covricr ond wloe
=]

front of lens L, with otrivs of poper or Scoteh tonz of wnrevent the

carricr from sliding., See belo“.

Ficure 3¢ Corriers for prism L rt

Focel nlone coarrier.

toving corrier.,

Figure'h: Thotometer R with the Borlow lens,
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Fiure 5: TFhotometer W with tho Berlow lens,
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This instrument utilizes the polarizing properties of doubly-refracting crystals

to measure stellar magnitudes.

Two stars are selected whose images can be obtained in the field of the
instrument. One of these must be of known magnitude since the instrument only
determines &m.

The essentials of the instrument are two doubly refractlng erystals whose seps
ation is variahle, and an analyzer of polarized light, rotatable about the axis
joining the two crystals., By varying the distance between the crystals, the
distance between the emerging E and 0 rays can be varied. By rotation of the
whole instrument about the axis of the telescope the E rays can be moved
around the 0.

The eye, looking into the4eyepiece sees, if the analyzer is removed, 4

images, 2 from each star.
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The intensity of the O and E images for one star will be equal, as indicated above,
but will differ from those of the second star.

Tke method is to superimpose E] and 0, (or E, and O )}, then by rotating the
analyzer, to find the positions of equal brightness from which &m may be
obtained as follows:

Consider pair E and 0,; the planes of vibration of the E and O rays
remain mutually perpendlculgr, we consider them horizontal and vertical,
respectively, forconvenience. We then have

Postions of equal intensity occur at A, B, C, D.
Now—

I (E]) ¥ 1/2 I. (1) emerges from the crystals, where I (1)
is the flux den51ty jergs/cm /sgc ) looslyy called "intensity" of incideRt light
from star 1.
Also - 1,00,) ¥ 12 1.(2)

(The intensity may be further cut down by the two crystals themsslves and
whether 1/2 is the proper value will have to be determined; it is close)

At angle A, the emergent "intensities™ are equal, hence
IT(E1) = IT(OZ) from the analyzer

Choosing the vertical as the reference direction, and recognizing that Malus!
Law applies:
() = I,(8,)

I(E) cos> A = 16(02) Cos? (90 — A)

- = 2
Now, m, my 2.5 log]O%S§T%

2.5 log,, 1(0,)/ I (E)



w - m, = 2.5 log 2254 = 5 log 232
L Cosg (90 — A) €Cos(90 - A)
= 5 Jog Cot A '
2 2
I (E, ) Cos < (H -B) = I(0,) Cos (B-14)
e' 1 e' 2 2
Hence TIog Ie(OZ) = 21 —Cos B CosB £ 0
I(E,) Sin B
e 1
= 2 log~Cot B

]

and 8m = 5 log(—Cot B) = 5 log .(cot(-B) )

5 log Cot C
5 log Cot(-D)

Similarly at angle C we get Sm
and at angle D we get. ®m

i

Thus the object of the experiment is to determine angle A as accurately as
possible. lhe shows this may be done by taking the mean of L measures:

A, (0 -B), (Ce7), (2 - D) ;i.e.-l]:(A+C—B-_*'D)

hence ®m = 5 log Cot % (A+B-B-D)

Thus the formula quoted may be derived.

Robert Roeder, for 314, 1961
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