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CHAPTER |

IHTRODIICTI OH

Introduction* previous Investigations have shorn
that the Illumination of the night sky is composed of light
from several sources* The zodiacal light is an Important
one of these light sources. On el<ear moonless nights the
zodiacal light is seen as a faint pyramid of reddish yellow
to vhlte light in the evening western sky or morning east-
ern sky. It Is best observed In tlhe lower or middle lati-
tudes. The axis of the light pyramid varies only slightly

from the ecliptic. »

Statement of the Problem. It was the purpose of
this study, (1) to measure the polarization of zodiacal
light, (2) to investigate the orientation of the plane
of polarization, and (3) to deduce from results obtained

information concerning the origin of zodiacal light.

It Is almost certain that zodiacal light is solar
radiation tfiich is either reflected or scattered from &
lens shaped cloud of particles* Two views, however, are

held as to the location of this cloud, namely the planetaryl

1 S* K. Mitra The Upper Atmosphere (Calcutta*
The Royal Asiatic Society or g©ngal, 1948) Page 454
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2

theory in which the sun is at the e<emter and the atiaosphorie

theory in which the earth is at the (center*

With the sun at the center of the cloud as assumed
by the planetary theory, the partic I©s must be very large
compared to molecular dimension, or fchey would he ultim tely
drawn into the aun by the Poynting-Robertson Effect* the

following is a qualitative discuss! om of the theory of this

effects**

Radiant energy possesses mass and momentum* Since
the small body loses as much hea%~energy into space as
it gains from the sun, there is mo not change in its
mss* the outgoing radiation, however, carries away
not only mss but a proportional fraction of the momen-
tum of the moving body, while th© momentum of the inci-
dent solar radiation is directed straight away from the
sun and produces radiation pressure, but does not con-
tribute any angular momentum ab-ornt the sun* The
orbital angular momentum of the toody therefore steadily
diminishes, and the semi-paramotor of the orbit along
with it*

If such large particles make up the szo&laeal cloud, then the
polarization observed in the zodiacal, light would have to
occur during the reflection process on these particles.
Since the particles must certainly b© oriented in space in
a completely random manner, ono would expect at most orly

a very small percentage of polarization*?2

2 H. H. Russell, R* S. Dugan, and J. Q. Stewart
Astronomy (Bostons Ginn and Company, 1945) page 560
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If the earth la at tfie center of the cloud, as Is
assumed In the atmospheric theory, tine particles need
not be large. Eulfeurt5 and Yegard3" “assumed the outer
region of the atmosphere to be the sconttoring cloud and
the particles to be molecules. |If tine size of the scatter-
ing particles Is comparable to the slize of molecules, one
would expect the scattered light to exhibit an intensity
distribution given by Rayleigh's law.. A considerable
amount of polarisation would be expedited with the maximum
percentage of polarization occurring when the angle at the
scattering particle between the line of propagation of the

irra&ient light and the line of viewing Is ninety degrees.

SuEtmary of Previous cYork. [IXitfay® made measurements
of the polarization of the night slcy light with special
reference to the region of the zodiaccal pyramid. He has
made a graph of his readings showing the percentage of
polarization as a function of angular* distance from the
sun. One curve on the graph was drawm for the night sky

light from the zodiacal cone, another* for the nlghfc sky

3 B. 0. Hulburt, Pfays. Rev., 35, (1930) page 1093

4 S* L Mitre, compiler, The hipper Atmosphere
(Calcuttai The Royal Asiatic SocY”y of Bengal, 1948)
page 463

5 Ibid., page 489
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light In the darker regions of the alky* The graph showed
that the night sky light In the roglcon of the zodiacal
pyramid was always mere strongly poliariaad than the nit'ht
sky light from other regions of the ?sky* The difference
we® found to besom® even mere prememmeed as the angular
distance from the sun decreased* Fear example, one of the
curves on the graph showed that lightfc from the region of
the zodiacal cone was three per cent polarized when the

sun was an angular distance of ninetjy degrees fro® the

point cfcserved and twenty per cent pcolariised when the angu-
lar distance from the point observed to fclie sun was fifty
degrees. Llght fro® regions far removed fro® the zodiacal
cone was shown by the other curve of title same graph to be
only two per cent and three per cent polarised respectively
for these seme angular distances* Tine plane of polarisation
of the id$it sky light was found to pass consistently t; rough

the sun regardless of the position off the investigated region*

Ac a result of Dufay’s work Its is generally concluded
that the zedlacal light is the only polarised component of

the night sky light*

Although Dufay meaeired the polarisation of the light
from the zodiacal pyramid, It should be pointed out that he
apparently did not measure the polarisation of zodiacal light.

To measure the percentage of polarlssiaatian of zodiacal light
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alone one would have to have some method of determining
what part of a given Il#it intensify was due to zodiacal
light and what part was due to the otfcher sources of the
night sky light* In other words the background 11ght In-
tensity, that Intensity due to the might light which is not
zodiacal light, would have to bo determined. In this thesis
a method of determining background | ight intensity and hence

the polarization of zodiacal light wltll be presented*






CHAPTER I |
DESCRIPTION OP APPARATUS

For details of tbs apparatus not described in this
thesis reference is mde to the work of Allan F. Beck& and

James Dm Lindsay7 .

Description of Telescope. A war-surplus General
Electric anti-aircraft searchlight was modified for use
as a telescope in tills sorts:. The carbon arc was removed
and its mounting was converted for use as the photomulti-
plier tube mounting. The glass covering and its supports
as well as all other unnecessary parts were removed fro»

the searchlight.

Mounting of Telescope# The telescope was given
an equatorial mounting* See Figure One# The azimuth and
elevation controls of the searchlight then became the
hour angle and declination controls of the telescope.

The removal of some of the parts and ttie equatorial mounting

6 Allan F. Beck, "The Intensity of Zodiacal Light®
(unpublished Fasterl® thesis, The University of Hew Mexico,
Albuquerque, 1951)

7 James D. Lindsay, nA Hew Auioisaatic Recording Method
for Measuring the Shape and Position of* Zodiacal Light*
(unpublished M aster™ thesis, The University of Hew Mexico,
Albuquerque, 1951)






TELESCOPE WITHOUT POLAROID
FIGURE 1
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TELESCOPE WITH POLAROID
FIGURE 2






made it necess axrjy to re-balance the telescope.

Power f oir Operation of t&3 Telescope. The powr or
the remotely ctomttrollied motion of the telescope was mi ghe®
by six twelve-'vcoUt batteries end a gasoline powered errafcor.
The generator wean* used as the source of 110 volts a., nd
in addition tht© £gaaerator motor was used to turn an lity-

volt d.c. gertan’sattor which was used to charge the bateies.

Automat;lcc Remote Control. When the telescopem oper-
ated by the auttconatle control it turned in the direeit of
increasing houir wangle starting from south until 180 a*
groes later bbue cdecllnatlon automatically increased hi©
degrees and fchte ihour angle sweep was repeated* Tho .oust
declination possellble was minus fifteen degrees and be
highest, seven tjy*-two degrees. After completing 560 e ees
of hour angle ;att the seventy two degree declination, ti
declination amtcomaatically returned to minus fifteen e*ees

to start a new isweep of the sky.®

Manual IRtemaote Control. When the searchlight ®©oper-
ated by the maimiutal control the hour angle and declintm of

the telescopa wocnuld correspond to the dial readings m

8 James 1ID,. Lindsay, "A New Automatic Recordin; ithod

for Measuring; tihae Shape and Position of Zodiacal Lipt
(unpublished hiatsiter,s thesis, The University of New £;co,
Albuquerque, 1i9%$5jl)
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10

the manual control penal* See Figaro Poor*

Explanotlon of the Block diagram* ~h© block diagram
of the electronic equipment Is shown in Figure Thro©. Tie
units set off by the dotted lines ware zacnunted on the tele-
scope. Al other units with the exception of the voltage
regulator were mounted in two metal c&binte&s as shown Ir
Figures Four and Five. The photomultiplier tube which wia
mounted at the focus of the mirror received the light fcimt
the mirror had gathered and changed it into an electric
signal vfcich varied with the intensity of the light. This
signal was amplified by a desired amount and the resultiig
signal was read on the meter labeled Signal Voltage, shorn
in Figure Four. The reading of this aster was thus a

measure of the intensity of light received by the telescope.

The signal was inverted by the voltage inverter aid
passed to the discriminator* The discrirainator changed i
continuously varying signal into a signal that varied by
steps* This signal was then passed to th<© number one gr.d
of the cathode-ray tube* The intensity of the luminous ipot
on the cathode-ray tube was therefore sad© to vary In strps
as the light received by the telescope varied contlnuous.y*
The horizontal driver was connected to the automatic comrol
of the searchlight so that the spot on the cathode-ray tibe

would move from right to left as the searchlight turned *rom
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north through oast, south, west, and bcacok to north The
vertical driver was connected to the* laiuttomatlc conril so
that the spot would change its position! isp or dowi Ol the
screen as the declination of the tole”cccope changes A
photograph of the cathade-rsy tube scrseeen taken f<r >ne
complete sweep of the sky would thus slhoow horlzcnhl lines
whose intensity would be a measure of Ithie intensity if

the light in the corresponding region coif the sky. Tie places
where the intensity of the lines chanjgeadi fro® a gfrei value
to another would indicate positions In fcthe sky of sqial
luminosity. A line connecting these plUuces would :hm

be an isophote. Thus a representation oof the EodjBCil light

could be obtained in the form of Isopihcottes.

The Main Power Supply. A schemattlc dlagrai o* this
power supply is shown In Figure Six. TFhie £00-270 voifc out-
let, «hich goes to grid Ho. 2 of the tceatthode-ray tib*, was
used as a secondary control of the Inteemsity of th* spot.
As shown by the diagram all the power ttsaken froB the power

supply was voltage-regulated.

The Voltage Inverter. Figure JSeawen shows i sshematic
diagram of the voltage inverter. The ifumetion of ths unit
is to invert the signal voltage and aZlLsaai to amplify >r

attenuate it by certain desired amountfcsa*. It is actullv a
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17
two-stage amplifier which is made to invert by the vise of a
cathode-follower input to the secoorad stage* Positive feed-
back is applied in the second stag”ei by means of resistive
coupling between the first plate air*d the second grid cf the

first 6SL7 tube.

Thera is a negative feedback loop from the outpit
of the unit to the input. The rat;io of the resistance In
the feedback loop to the resistance in the input loop is
the measure of the amplification oor attonuation of the unit.
The diagram of Figure Seven atowe the gain switch in tie
correct position for a gain of onei. The other possible gains
are shown to be two, four, and elgghte A switch was placed
in the circuit which is not shown on the diagram. Thia
switch made it possible to get attcenuations of one-half,
one-fourth, or one-eighth by exchanging the same rosl”™ers

that were used for the gain.

Description of the Polaroidi. The polaroid used for
this work consisted of three strip > each fifty-eight lichee

long, twenty inches wide and one-ssixteanth of an inch thick.

The Counting of the Polarolid. When polarizatioi read-
ings are taken it is necessary to make certain that all the
light observed passes through the analyzing polaroid. To

accomplish this, the three polaroitd strips were mountel
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18
together to form a rectangle flfty-ei|#it inches by sixiy
inches* Half-inch aluminum angle strips were usod to ssace
this frame, which was then fastened to aru aluminum rlIn?,
whose diameter coxires ponded to that of thie telescope oaox-
ing. The open places along the side of fcihe Polaroid wer»
covered with thin aluminum sheets which w*er© painted wlti
lamp black to prevent reflection. In ordler to make spuca
for the photo tube »ount, eight seventeen! inch standoffs
ware used to mount four steel rollers on which the ring
could turn. Figure Two si ows the searchliight with the
mounted polarold. Figure Fight shows the) manner in willed
the ring was held in place by the rollers;. Two of the roll-
ers wore spring loaded to facilitate the removal and re-

placement of the polaiold. The polaroid was rotated by land.

Along the periphery of the Movable* ring, markers
wore spaced ten degrees apart. A stationary pointer was
placed baeide the ring to read in degrees) the orientation
of the plane of polarization of the polar*oid. For a reading
of zero the plane was perpendicular to thie celestial equator
or parallel to the hour circle which passed through the
point under observation. Therefore, the reading for any
position gave directly the angle between the hour circle
of the observed point and the piano of po>lsrization of

the poleroid.
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CHAPTER ri:x

procedure,

Positions of Reading ¢ The? jpositlons or pointi In
the sky at which the polarization o>f zodiacal light wjs
measured, were calculated roughly h> fore the readings fore
actually taken. This was done in oirder to obtain readings
near the ecliptic where the zodiacall light is brightest, to
have readings near the edge of the; tpyramid, and to ha-® other
readings far removed from the visib le zodiacal cone. ~lso,
the points to ba observed ware piakced as nearly as possible
at positions of equal distance above© the horizon. This was
done to make the correction due to* tfche change in the itnos-
pberlc background light and extinction as small as possible.
Pictures of the zodiacal light intensity were taken before
and after polarization readings* Tlheso are used belov to
indicate the positions of the polarization readings or the

celestial sphere.

Time and Place of Headings. The read5ngs were* taken
in the early mornings of December 113 and 19, 1950, at the
high altitude observatory of the Department of Physics,
University of Hew Mexico, on CapiXl<o Peak (9,200 ft.) in
Torrance County, Hew Mexico. The m<oon made it impossible
to observe the zodiacal light on bh*e evenings of December

17 and 13; hence, the readings had ito be taken during the
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early hours of the following mornings. Since the posit!>n®©
of the sun, the horizon, and the ©diptic as well a? the
hour angle an! the declination relative to the observed
points had to be found, it was necess&iry to know and record
the local sidereal time throughout the process of taking
readings* To assure that one point of the sky was being
investigated, the hour angle had to be Increased at the rat©
of on© degree for e&oh four minutes of elapsed sidereal time*
This was don© by the manual remote eont:rols and by the use

of a clock which had been set to ret®"d local sidereal t'ne.

Correctlona for Background Light « Since zodiacal
light is not the only contributing factor to the light of
the night sky and any attested maasurofmont of zodiacal
light would include the superimposed background light,
corrections were made for this background* Corrections
were also made for the fact that the background light
varies in intensity with change in ©laoration above the

horizon.

Calculations* I>U© to the fact fcihat the starting
time for reading® and the amount of tIxm© necessary to
complete readings at any one point could not b© accurately
predicted, the positlcans of the sxmp horizon, and ecliptic
relative to the point investigated had to be calculated after

the readings had been taken.
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Methad of Taking Readliyra. At least two person*

were needed to obtain the polarization readings. One ?es
stationed outside to rotate the polaroid and to relay w»he
Polaroid orientation readings to another stationed inside
the observatory building at the panel shown in Figure ?our.
It was the task of the person inside to keep the same ooint
in the sky in view by means of the manual ‘control, and also
to record the data. Telephone conammication was established
between inside and outside observers to coordinate the read-

ings.

Taking the Data. The zodiacal li&ht intensity
readings ware taken from the meter labeled “signal voltage”
in Figure Four. The intensity of the li&ht was noted for
twelve different orientations of the polaroid while th»
telescope was held on one position in tha sky. The orien-
tations of the polaroid were spaced thirty degrees apart.
The hour angle and local sidereal time weir© recorded far
each of the twelve readings. The declination of the point
which was investigated was recorded only once, since no
change in it was needed to hold a given point in view due
to the equatorial mounting of the telescope. The photo-
tube screen aperture nusber and anpllflor gain were also
recorded. These two settings did not change throughout

the reading.
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Percentage of Polarization* |If tfcie light of thi
niNit sky is allowed to pass through an amalyzing polaroid
as the polaroid is being rotated through 180 degrees tiere
will be an observed change in the intensity of the trais-
fitted light* If If is the maximum Intemsslty observed and
H is the minimum intensity observed, thorn the percentage of
polarization, p, of the incident night skty light is defined
by:
ps U-R . 100
* 0*)
As has been previously stated, It is generally agreed
that the zodiacal light is the only polarized component of

the night sky light* One could therefore assume the per-

centage of polarization of zodiacal light;, ps, to be:
p - M- H * 100 %
z U+H - 2x (2)

where x is the combined intensity of all the unpolarizsd
contributors to the night sky or 1th© background

li$ifc intensity.

Determination of Background Light* In this thesis
two different methods were used to determine the background
light intensity* In one method the Intensity readings taken
from points far removed from the zodiacal pyramid were

assumed to be background light intensity readings. |In
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other words, it was assumed that only a small percentage
of the total intensity observed fro® these points was
due to zodiacal light%therefore, any error involved
would be snail enough to be neglected. In the other method
two points were chosen which had the set® angular distance
from the sun and the same elevation above the horizon, but
different values of Mand H. The pereenifcage of polarisation
of the zodiacal light at the two points could then be
assumed to be the same, and the background, x, could bs

found byi

*1 - h = - »Q (S)
Hx+ Nx - 2x Mg+ Hg - fix
where the subscripts 1 and 2 denote values of Hand H

for the two different points.



o .. Ov \
, be v.:-.s"*-: : . dRMjbl*x?;m04 Mt

Vi o mm  !>Smt’Ui;

u f N *wchr



CHAIPTKR 1V
MEASUREMENTS &ffl» ANALYSIS OF DATA

December 18, 1950# Fllg-ure Nine allows a photo-

graph of the night sky light taken at 10:07 local sidereal
time December 18, 1950# The numbers show the positions

of the readings taken* The tolack lines are Isophotes which
are drawn in to show the approximate position of the zodia-
cal pyramid* As shown in the photograph, point No. 1 was
near the center of the zodlaeal pyramid, point No* 2 was
near the edge, and No* 3 was a considerable distance from
the intense zodiacal cone* Data for points No* 1, 2, and

3 will be shown in Tables I, 11, and IlIl respectively.

December 19, 1950. Im the early morning hours of
December 19, 1950 readings wesre taken at points No* 4, 5,
and 6* Since clouds obscurecd the sky up to an elevation of
about twenty degrees above tine horizon, the elevations of
the points were relatively hligjh. No photograph could be
taken on this date due to th© clouds. Point No. 4 was
the only point of the three tzhat was near the ecliptic.
Tables 1V, V, and VI show th© data for the points No. 4,

5, and 6

Fltting the Data to Theoretical Curves. The above
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TABLE |
POINT NO* 1
DaAte e ¢ . . December 18, 1950
Elevation above horizon (average). . . . . . . . . 18°
Angular distance from the sun 38° 301

The orientation of the plane of polarization of
the polaroid when the plane of polarization

passed through the sun <. 5o o * .

Local
Hour Sidereal
Angle Declination Tine % X o
ees.5° -X0° 10*43 60° 2.8 volte
293.5 30 2.6
293.5 0 2.4
293.75 10*44 530 2.4
293.75 500 2.5
294.0 10*45 270 2.7
294.25 10:48 240 2.8
294.50 10*47 210 2.6
294.75 10*48 180 2.4
294.75 150 2.4
294.75 120 2.5
£95.0 10*49 90 2.7

9 mThe angle of orientation of the plane of polarization
of the polaroid.

y r Light intensity.

A B D M N c am

2.56 v. -1.5v. 14 v. 2.76 v. 2.36 v. .805 v. 68°

9 - ~ 40






TABLE |1

Point Ho# 2
Date * . Bocmsbar 1B, 1950
Elevation above horizon (average) . . ¢ o o « o o 14°
Angular die tance from the sun o o o | o ... 37°

The orientation of the plane of polarization of

the polaroid vihen the plane of polarization

passed through the sun ($0) . . . . . . . . . . . 49°
Local

Hour Sidereal
Angle Declination T laft % 7 .
237.S° 0° 10:50 60° 2.1 volts

5 30 2.2

75 10:51 0 2.0

#75 530 2.0
288.0 10:52 300 2.0

.0 270 2.2

#25 10:53 240 2.2

#25 210 2.2

.25 180 2.1

5 10:54 150 2.0

5 120 2.0
288.5 90 2.1

B s The angle of orientation of the piano of polarisation
of the polaroid.

y - Light Intensity.

2.1 v -.03 v .10 v 2.23 v 1.97 . 128 v 53°
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TABLE 111

?0UST HO. 3

DETO ® ® @ @ « * * o o * * o o o o o * * December 13, 1950
Elevation above horizon (average)e 12° 307
Angular dietaries from the sun o o o o o | » o o o 50°

The orientation of the plane of polarization of

the Polaroid when the plane of polarisation

passed through the sun (60) o ¢ o ¢ o | 11°
Local
Hour Sidereal
Angle Declination Time e y-~ - -
267.5° 26° 1056 60° 1.65 volts
.5 30 1.7
.5 0 1.7
5 10 s57 330 1.65
268.0 10s58 300 1.6
.0 270 1.6
.0 240 1.65
268.25 10159 210 1.7
25 130 1.75
.25 150 1.7
.25 120 1.65
268.25 90 1.65

e » The angle of orientation of the plane of polarization
of the polaroid.

y s Light intensity.

A B D M H C #ja

1.67 v .05 v .01 v 1.72 v 162 v .05vVv 6°

«0 * = 5°
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TABLE 1Y

POIKT UO. 4
Bate December 19, 1950
Elevation above the horizon (average) * . . ¢ * . 38° 301

Angular distance from the sun o o o ¢ » o o » o o 63°
The orientation of the plane of polarisation of
the polaroid when the plane of polarization

passed through the sun (0Q) o o o o ¢ o o o o o o 67°

Local
Hour Sidereal
Angle Declination Time 6 3L-... —
3P5.0° -6° 11:13 0° 4.8 volts
.0 530 4.8
25 11:14 500 5.2
.25 270 5.8
.50 Uils 240 5.9
50 210 5.5
75 11:16 180 4.9
75 150 4.8
326.0 11117 120 5.2
.0 90 5.7
.0 60 5.8
326.0 30 5.4

% « The angle of orientation of the plane of polarisation
of the polaroide

y s Light intensity.

A B D M * G

531 v =-.44 v 375 v 589 v 4.75 v .58 v o®

0O * * - 3°
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TABLE V

POINT NO, 5

Data * » o o » o o o o o o o o o » o o o o December 19, 1950
Elevation above horizon (average) e e ¢ o o o o « o 45°
Angular distance from the sun -« 104° 30f
The orientation of the plane of polarization of

the polaroid when the plane of polarization

passed through the sun (£ ) e e e » e . . . . 43°
------- Eocil-------

Hour Sidereal

Angle Declination Tima # 2.

5X0.0° Po® 11119 0° 2.6 volts
.0 330 2.6
.25 11?20 300 2.4
.25 270 2.6
50 11*21 240 2.6
50 210 2.6
.50 180 2.6
50 150 2.5
75 11*22 120 2.4
.75 90 2.6
75 60 2.8

311.0 11*23 30 2.8

% - The angle of orientation of the plane of polarization
of the polaroid.

y s Light Intensity.

A B D K N C
2.6 v -.06 v 10 v 2.71 v 2.49 v 11 v 60°

17°






TABLE VI
PQIBT HO* 6

Date o o e December 19, 1950

Elevation above horizon (average). o o o o o o o 16°

Local----—------
Hour Sidereal
Angle Declination Time 6 - JS
260.0° 40° 11*25 0° 3.1 volts
.0 350 3.1
.0 300 3.1
.0 270 2.7
.0 240 2.5
.25 11*26 210 2.2
.25 180 2.3
.25 150 2.5
.50 11s 27 120 2.5
.50 90 2.4
50 60 2.8
260.50 30 3.5

%z The angle of orientation of the plane of polarization
of the Polaroid.

y u Light intensity
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mentioned data were used to plot curves of li$it Intensity
as a function of the orientation of the plane of polar-
ization of the Polaroid. An intensity reading was taken
for each thirty degree Interval ia the Polaroid was rotated
through 560 degrees as shown by the Tables and by the curves

on Figures Ten, Eleven, and Twelve.

The physical characteristics of the method lead
on© to expect the following type of curve for the light
intensity as a function of the orientation angle of the
Polaroid screens

y a A+B cos 23+D sin 23, <4)

where y is the light intensity observed at the orientation
of the plane of polarization of the polarold, 3* To get
the best curve of the above type to fit the twelve ex-
perimental readings at each of the observed points In the
sky, th8 value of A, B, and D had to bo found for each

curve drawn.

The method of least squares was used for this pur-
pose and the values of A, B, and D that were to be ob-

tained are:

(5)

12
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(6)

A T7Xi o sin 9M

(7)
The amplitude, C, can then be obtained by:
(8)
The value of the maximuni reading, M, and the minimum
reading, N, for any given point is obtained from
Mm  A+C ()
A- C. (10)

The 0 which gave a iMaxtmum intensity reading, Om# is found
by setting the derivative of y with respect to 0 equal
to zero. The values of these constants for each point are

shown in Tables | through VI.

The curves and positjona of experimental readings
for points No. 1, 2, and 3 are shown in Figure Ten. The
curves for points No. 4 and 5 are shown in Figures Fleven

and twelve respectively.

Elevation Corrections. In the morning of December
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18, 1950, data ware obtained for "bacacground* Intensity
as a function of elevation above the horizon.Q These data,
see Figure Thirteen, were taken before and after the readings
at points Ho* 1, 2, and 3; therefore, a curve for the time
of these readings could be estimated* The readings for these
curves wei'e taken without the Polaroid cover on the telescope™
To correct for the absence of the Polaroid the maximum read-
ing M, at point No* 3 was compared to the intensity reading
at the same elevation on the estinmted curve* It was found
that Mat No; 3 was thirty-three per cent of this reading*
Thirty-three per cent of the intensity reading at some other
elevation was then taken to obtain another point. Using U
at Ho; 3 and the other point the corrected curve was drawn.
The background at points Ho* 1, 2, and 3 Is shewn by this
graph, Figure Thirteen, to be so nearly the same that no

correction for elevation was necessary.

An elevation correction curve :£or background was
drawn for points No. 4, 5, and 6 by using the value of
A for points 5 and 6 plotted against the corresponding

elevation above the horizon. This curve is shown in

9 Allan F. Beck, "The Intensity of Zodiacal Light®
(unpublished Master*s thesis. The University of New
Mexico, Albuquerque, 1951)
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Figure Fourteen.

Determination of the Percentage of Polarization
of Zodiacal Light by the First Method. 1In this method
it was assumed that at the points which are far removed
from the zodiacal pyramid zodiacal light accounted for such
a small percentage of the total light intensity observed
that all the intensity could be considered due to back-

ground light e

The percentage of polarization was calculated at
points Ho. 1 and Ho. £ by the use of equation (2), where
A of point No. 3 was used as background intensity. The
resulting percentages were:

For point ITo.l - 23%
For point No.2 - 30$

The percentage of polarization was; found by this
method for point No. 4 by taking the background value
from the curve in Figure Fourteen.

For point No.4 - 22$%

Determination of the Percentage of Polarization
of Zodiacal Light by the Second Method. Points No. 1
and 2 are shown in Tables | and Il to have approximately
the same angular distance from the sun arud the same ele-

vation above the hcsrizon. One would expect the zodiacal
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light at these points to have the same percentage of

polarization to the first approximation* Thus, equation
(3) was used to determine the background at points 1 and 2.
Using this value of the background, equation (2) was used
to find the percentage of polarization of the zodiacal light

at these points.

Since point Ho. 5 had tiho same elevation above the
horizon as Ho. 1 and Ho. 2, the same background could be
used to find the percentage of polarization of the zodiacal
light at point Ho. 3. The percentages obtained by this
method were:

For point No.l - 15%

For point Ho.2 - 15%

For point Ho0.3 - 13%
Since point No. 3 has a greater angular distance from the
sun than points 1 and 2, one would conclude from the above
results that points 1 and 2 are closer to the angular dis-
tance from the sun which gives maximum polarization. Un-
fortunately, however, the intensity readings at point No. 3
were subject to an appreciable error because they were too

low to be read accurately on the signal voltage meter.

Of the three points investigated on December 19, 1950
only the readings of points No* 4 and No. 5 could be fitted

to curves. Since points No. 4 and 5 wero not the same
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angular distance from the sun, this Method of determining
the percentage of polarization could not be strictly applied.
However, equation (3) was used to find the Wickground which
gave an "average" percent of polarisation for these points*
For point Ho.4 - 18%
For point Ho.5 - 18%
Since points Ho. 4 and 5 were both a greater angular dis-
tance from the sun than Ho. 1 and 2 an Increase in percent-
age of polarization with increased angular distance from

the aim Is indicated.

Direction of the Plane of Polarisation. When analy-
zing plane polarized light, the Beadmam transmission of
light oecures when the plane of polarization of the light
and the plan® of polarization of the analyser are parallel.
As shown by the Tables of the points investigated, the
maxS-rsum of the best fitted curve always occurred at an
angle, 3ra, which was very near to the angle at which the
plane of polarization of the polerold passed through the
sun, ©o« The difference between 80 end ~ is shown In the
Tables. Fluctuations in the night sky 1l1ght intensity that
took place during the polarization measurements could
account for a shift of the maximum point on the curve which
would explain the difference between and 37". With the

exception of this difference which was small in almost
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Qvory case, the plane of polarization of zodiacal light

was found to pass through the sun.






CHAPTER V

COHCLUSIOKS

Percentage of Polarization. The background of 1*25
volts used In the second method to sake the percentage of
polarization at points Ho. 1 and 2 equal Indicates that
even at point So* 3 which was well outside the clearly
visible zodiacal cone, zodiacal light makes up over twenty-
eight per cent of the night sky light. This Indicates that
of the two methods used to determine the percentage of

polarization from the collected data, the second method is

preferable.

Mature of the Particles. The percentage of polar-
ization would seem to be too high to be caused by reflec-
tion from the surface of large planetary dust particles
or bodies. It can be assumed then that the polarisation
observed Is a result of Haylelgh scattering and that the
scattering particles are of molecular dimensions. It
should be possible to gain important information concern-
ing the nature and position of the zodiacal cloud by further
investigations of the variations of the percentage of polar-

ization of zodiacal light es a function of angular distance

from the sun.






CHAPTER VI

STUMHARY

Sumrniarv. A large Polaroid strip was placed over
the opening of the telescope on a mounting which enabled
It to be rotated. A photomultiplier tube which was mounted
at the focus of the mirror of the telescope converted the
light intensity into an electrical signal which could be
measured. When the telescope was directed at a given point
in the night sky# the 1i$it intensity was read for known
orientations of the plane of polarisation of the Polaroid.
The percentage of polarization as well as the orientation
of the plane of polarization of zodiacal light was cal-

culated from the data obtained.

It wfas found that the percentage of polarization
of zodiacal light was fifteen, thirteen, and eighteen per
cent for angular distances from the sun of thirty-seven,
fifty, and seventy-two degrees, respectively. The plane
of polarisation of zodiacal light was found to pass very
nearly through the sun, the deviations being minus four,

minus four, and plus five degrees.
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