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ABSTRACT

A scanning polarimeter is o deviee which mea-
sures light mtensity in different planes of vibration
as an aperture s repeatedly and rapidly driven
acrass the image of an object in the focal plane
of a telescope,

The olservations of Rakos (1965) showed that
itnproved photoelectrie resolution could be obtained
by the use of area scanning techniques Further
observations by Ifranz (1966) indicated that this
improvement could be several times that of con-
ventional photoelectric techniques used in UBV
work on close visual binaries. Boyce (1966) has
successfully combined area and spectral scanning
in investigations of planetary ncbulae, Mars, and
other objects.

It has been found that the use of a sc mnm;w
polarimeter has advantages over some  previous
methods and can be officiently applied to the study
of a wid » variety of astronomical objects,

The idea of integrating the output oi a photo-
multiplier during successive scans of a focal plane
aperture has occurred to many people over a period
of many years, The recent development of small
computers or multichannel analyzers containing
several hundred separate memory units has very
recently made this technique practical.

BACKGROUND

Rakos (1965) used an arca scanner in 1965 to
measure the brightness of Phobos as it was eclipsed
by Mars. In so doing, he was able to detect Phobos
at only six seconds of arc from the Martian limb
and when Mars was 10° times brighter than the
satellite. He used extensive photographic records
of an oscilloscope screen to vecord the data. More
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than one quarter of o milllon of such photographs
were obtained and analyzed.

Franz (1966) later used the siune cquipment to
mitke photoelectric measurement of magmtude dif-
ferences, separations, and position angles of close
double stars, Although most of his quantitative data
were obtained by means of the cumby wsome photo-
graphic technique, o few measures with o multi-
chammel analyzer proved that the method is both
aceurate and practical, Compared to conventional
photoclectrie techniques he found, among other
advantages, a gain of several fold in resolution,

Boyce (1966) designed an area scanner which he
mounted at the entrance slit of a spectral scanner.
e obtained “monochromatic” intensity profiles of
planetary nebulue, Mars, and other objects,

THE POLARIMETER

The polmimetm to be deseribed in more detail
here (1967) is of the dual-beam type, first intro-
duced by Hiltner (1952) and also used by Behr
(1956), Visvanathan (1956), Gehrels (1980), Ser-
kowski (1966), Elvius and Enghert (1967), Appen-
zeller (1967), and others.

A schematic dm;,mm is shown in Figure 1, A cal-
cite. Wollaston prism with a clear aperture of 24
mm and made of three clements, instead of the
usual two, separates the beam into two components,
The resulting ordinary and extraordinary images of
the primary mirror projected on the cathodes are
similar in shape and size,

For parallel incident light the scpamtion of the
two beams emerging from the prism is 1678 and
14°3 at waveleughts of 3600A and 9000A, respec-
tively. Both the Wollaston prism and calcite depo-
larizer transmit the ultraviolet freely in the photo-
electric region at wavelengths longer than 3000A.
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Fii, 1, Optical system of scanning polarimeter. As shown in
this diagram, the direction of the aperture scan is perpen-
dicular to the plane of the paper.

The optics of the polarimeter are easily accessible
when the front cover of a rectangular box is
removed, The filter slides can be operated either
together or separately, When the filters ar - posi-
tioned as shown in Figure 1, then the light from an
extended source moves across them as the aperture
moves in the focal plane of the telescope. The fil-
ters can also be placed at a null point (where there
is no image motion) a few centimeters below the
analyzer. A sccond null point is at the photo-
cathodes.

The multipliers are of type EMI 9526A with
cathode diameters of 22 mm. Their sensitivities,
according to the manufacturer, are 82 and 77 . A/L.
The dark current of each is 0.4 mu A with 1050
volts across the tube., They are also well matched
with regard to sensitivity at different wavelengths;
their spectral response is 5-13. One tube is operated
at 1600 and the other at 1625 volts from the same
high-voltage supply.

A photograph of the polarimeter is shown in
Plate I. The rectangular box containing the ana-
lyzer and associated components is mounted on a
ball-bearing system so that this portion of the
equipment can be rotated and easily set to any
desired position angle between 0° and 360°,
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The focal-plane aperture, scanner motor, and
associated optical equipment (referred to heieafter
as the scanning head) are mounted on senarate
bearings and can be rotuted and set, indepewdently
of tae polarimeter, at any position angle hetvreen

) and 180°,

The orientations of hoth the scanning head and
the polarimeter are indicated by separate pointors
and cireular seales, Therefore, the sean can be
made in any desired direction in the sky, although
the sense of the scan motion is fixed with reference
t~ the scanning head and the observer must be pre-
pared to look into an evepiece which is fixed rela-
tive to the direction of the scan, The scanning head
is shown schematically in Plate II,

A focal-plane anerture is located behind a pol-
ished stainless steel plate which serves as a mirror
and is tilted 79° with respect to the optical axis of
the telescope, The hght from any object or portion
of an object not passing through the aperture is
reflected back through the observing eyepicee, The
observer can therefore see the image at all times
and note its fixed position relative to the moving
aperture, The reflecting plates are rectangles 25 x
40 mm with central apertures somewhat larger than
those dircetly below them which limit the light
beam. The limiting apertares are openings in very
thin metal, The circular one used for measures of
Jupiter is 100 microns in diameter, but that used for
observations of some faint nebulae has a 4x8 mm
rectangular  opening, (‘hanges‘ of aperture and
reflecting plate can be made in less than a minute,

The aperture holder is pushed by a cam driven
by a synchronous motor. The motion is lincar for
300" of cam rotation but during “flyback”, or the
60° remaining, a shutter cuts off all light, and the
dark current from each multiplier is measured.

Four cams are available—providing scan ampli-
tudes of 3, 6, 9, and 12 mm.

The sweeps on both multichannel analyzers are
mmultaneously triggered by a magnctlc senscr, Its
actuator is mounted on the scanning head on the
same gear as the flyback shutter. The sweeps are of
1500 duration, while the period of the cam is
15042; consequently, there is a loss of only 42 milli-
seconds between sweeps.

EYEPIECE OFFSET GUIDER

The eyepiece is fitted with a small offset guider
having a 20 mm field. It consists of two movable
crosshairs which can be made to intersect at any
point within the field of the cyepiece. This field is
an unmagnified image of the reflecting plate in the
focal plane of the telescope. I am grateful to Ger-
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introduce systematic errors in the results. The total
time loss per scan in switching 200 channels is (001
The advantages and limitations of pulse amplif
cation are well known. It not only provides high
detection efficiency but also, since it introduces no
zero drift, long “exposures” become practical. Fif
teen-mir te exposures have been successfully made
and much longer ones appear entirely practical
The maximum counting rate which a CAT of
the type used can accept without an appreciable
lmlw n\rll.al) correction is 206,000 counts per sec
ond. For many objects the aperture size can be
adjusted to keep the counting rate well below this
figure, When this is not the case, one or more 16/1
prescalers are used. With two scalers (256/1) in
cach system and a prese aler output ol 20,000 counts
well as the

per second, the pulse amplifiers, as

CATs, begin to exceed their lincar range

Data Cabinet. The arrangement of the components
in the cabinet can best be described with the he Il’
of Plate 111

\ preset scan counter is shown at the upper
dial into the

unit the exact number of scans he wishes to record

right, The observer can, in advance

The lnnnln control unit is at the upper left, It

Prate 111,

Data handling equipment, The various com-
ponents can be identified from the descriptions in the text.

automatically punches a sequence number on the
paper tape just prior to each readout of the 200
channels of cach CAT
CATs can be alternately punched on tape. The time

The memories of the two

required for a single punchout of each CAT is 22
seconds, The number sequences on the last punch
out is prominently displayed (471 on Plate 111
below the two CATs

The pulse amplifiers, the discriminators and the
prese alers can be seen near the middle of the cabi
net just above the punch. Since the punch and
some other circuits in the cabiret are temperature
sensitive, its interior temperature is regolated to
65 5° F,

Remote control buttons are shown on lnl) of the
cabinet, These make it |m\\l|»|r for the ohserver to
remain at the eyepiece of the scanning head whil

It he

he can stop recording the scan data and then con

observations are under way wishes to o so
tinue the integrating process without loss of pre

vious information, until the nreset number of scans

'I.t\ OCCUrre (l

Statistics. Some of the vital statistics regarding the
transfer of data from the telescope to the computer
may be of interest. It is possib’e to make 50 punch
outs of 200 channels or 25 punchouts of 400 chan
nels on a single roll of paper tape

if a bright obyject is olhserved the statistical errors
are otten very small z2:nd u)||\m|||u'!|||\ the data
stored in the second CAT are not punched out be
cause they would add little to the overall accuracy

If eight analyzer position angles and one CAT
only are used at the trl«-\(ulu- to measure the l)nl.n
ization of a sequence of objects along a scan line, it
requires 35 minutes of computer time to read out
and plot the data, to compute the polarization and
print out the results tor 15 points eve ury distributed
along the scan. Nearly half of the “computer” time
is consumed in plotting the data. It is, however,
possible to plot the data, in analog form, on a strip
chart recorder at the telescope and in this way cut
the computer time in half,

A very substantial further reduction in computer
time could often be achieved if the equipment
were so modified that fewer channels are used. For
instance, if 200 channels are used with a scan of
60 arc seconds in the sky, each channel relates to a
segment of only 0”3 along the scan line—resolution
which is quite beyond present achievement even
if a correspondingly small aperture were used.
Sixty channels and a 17 aperture are usually ade-
quate. Both the punchont time and computer time
could be halved again by this modification.




APPLICATIONS

Observations of polarization ot o wide variety of

objeets have heen made with the scanning polan-
meter qust deseribed, These include quasars, nebu
Lee, sturs, plancets and the moon.
Faint Small Sources Flvins has recently published
a paper (pg. 55 ol this volume) which deseribies
e detail the method of reduction she has used for
observishions made of quasars in the spring of 1967
with the scaming polarimeter deseribed here. She
has also sunmarized the statistios of the problem
aned found, for the observations deseribed, that the
observed  deviations were close to the expected
statistical errors. A plot, showing her observations
of 30273 and 3C 345, is shown on page 56, Obser-
vittions of faint stars show a similar pattern.

For fuint point sources the advantages of the
scinning method lies inits ability to measure the
skyv background on both sides of the source “simul-
tancouslv™ with the sky backgronnd plos souree.
The Toss due to flvback time and to the uncertain
part of the scan when the edges of the aperture
partudly ocenlt the souree s about 20 percent.
(With improved cim design this Toss cane be made
less than 10 pereent,) The resultant small loss in
wceidental aceursey is negligivle in comparison to
the elimination of large systematic errors which
could otherwise e cansed by eliamges in sky back-
ground,

Faint  Extended  Sources. For  faint  extended
sources where the aperture seans into the dark sky,
the advantages are similar in nature (hut with loss
of symmetry) to those mentioned for faint point
sources, IFor larger objects when the aperture does
not go into the dark sky, two telescope settings are
generally required. In some  cases, however, it
appears possible to keep the aperture fixed and to
sein the area by moving the telescope at a rate
which corresponds to a very slow sweep of the
CAT; each sweep would be initiated manually hy
the observer as a particular reference point passes a
crosswire in the eyepmece,

Bright Stars. For stars so bright that the sky back-
ground is negligibly small, it is preferable to use
the polarimeter in a fixed rather than @ scanning
mode, In such a case the aperture remains centered
as the sweeps on the CAT are internally triggered
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amed all channels of cach CAT can be used for
measures of star brightness only. This increases the
effective  dati-collection rate by a0 substantial
amount. Sinee e osingle channel can store up to
101 counts, the minimum number of - channels
shoul® e used. However, tor this apphicition,
alth ugh the method iy satisfactors it s no
advamtage over much simpler procedures,

Bright Extended Objeets. Gains meangular resolu
tion have dready heen mentioned. Here Targe
amounts of data cito be casily handled and conse
quently the polarization at many points along o
seant (the mumber is limited by the seemg resolu-
tion) can he very efficiently measared. Polarization
and aintensity measures in the ultraviolet have been
made at 97 points on Jupiter's disk within @ two-
hour periad.
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