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CHAPTER I

THE PROBLEM

Introduction. “There cen be little doubt that the zodiacal

light is due to light received from an extensive cloud of material
particles of some sort, illuminated by solar rays."l There are two
main theories as to the position of this cloud of particles. In the
planetary theory, the cloud is supposed to have the sun as its cen-
ter; whereas in the atmospherie theory, the cloud has the earth as
its center. In both theories, howsver, the cloud is lenticular in

shapo.2

Previous work. A good description of the zodiacal light is

given by Russell, Dugan, and Stewart? and will not be ziven here.
According to S. K. Eitrnh the axis of the zodiacal light pyramid or
cone does not lie exactly along the ecliptie, but is tilted away
from the ecliptic in such & direction as to meake the cone more nearly

perpendicular to the horizon. The degree of tilt of the light exis

1 8. K. Mitra, The Upper Atmosphere (The Royal Asiatic
Society of Bengal, Honograph Series, Vol. V. Calcutta, India: The
Royal Asiatic Society of Bengal, 1948) p. L59.

2 Loc. eit.
3 Henry Norris Russel, Raymond Smith Dugan, and John Quiney

Stewart, The Solar System (vol. I, Astronomy, 2 vols.; Revised
edition; New York: Ginn and Company, 19L5) pp. 358-60.

L, Mitra, op. eit., p. L,56.







is said by Mitra® to vary ever during one night as the diurnal
motion of the earth carries the observer away from or toward the
plane of the ecliptiec. It was, therefore, desired to see if these

changes could be detected.

The problem. The problem was to determine the shape of
the zodiacal light pyramid end also its position relative to the
ecliptic using en automatic recording system. The main require-

ment was to be simplicity in the interpretation of data.

5 Ger. Beitr. z. Geophys., Vol. L5, p. 5, eited by 8. K.
Mitre, op. ¢it., pp. L56-57.







CHAPTER II
DESCRIPTION OF EQUIPMENT

Telescope. The telescope used consisted of an army search-
light with a five foot diemeter parabolic mirror. The glass face
and the carbon erc were removed and a 5819 RCA photomultiplier tube
was placed at the focus. The searchlight was then balenced and
placed on an equatorial mounting, so that it weas free to rotate
continuously in hour angle. The declination could also be changed
from 20 degrees 8. to 90 degrees N. Positioning of the searchlight
was accomplished by servo-systems which oéuld be controlled either
manually or automatically from inside the observatory building of
the physics department on south Cepillo Pesk, New Mexico, ot an

elevation of 9,200 feet. The telescope is shown on Figure 1.

Electronic Equipment. The electronic equipmen: was de-

signed so that the spot on an oscilloscope tube moved horizontally
across the tube face from right to left as the telescope rotated in
hour angle. At the completion of 360 degrees rotetion in hour angis,
the telescope was automaticelly raised 3 degrees in declination, and
the trace on the oscilloscope tube was raised vertically by a corres-
ponding smount. The intensity of the trace on the tube face was a
measure of the intensity of the light incident upon the telescope.
Howsver, the intensity of the tracs did not vary continuocusly, but
was made to change by finite steps in order to simplify data interpre-

tation.







FIGURE 1

TELESCOPE







The diagram in Figure 2 shows the components of the equipment
in relation to one another. Light incident upon the parabolie mirror
of the telescope is focused on to the phototube with a resultant in-
crease in the anode current. The anode current flows through & re-
sistor and the potential difference ascross this resistor is fed to the
phototube amplifier. The output from the phototube amplifier is fed
to the inverter which has & voltmeter eseross its input terminais.

The voltmeter is used to monitor the signal voltage. The inverter
changes the negative potential from the photo tube amplifier to a
positive potentisl., This positive potential is fed to the diserimina«
tor where it is converted into voltage steps. The voltage steps are
then applied to the eontrol grid of the cathode ray tube and thus
control the spot intensity.

The automstic positioning controls are used for positioning
the telescope and the cathode ray tube spot simultaneously. Output
potentiels from horizontal and vertical voltage dividers of the auto-
metic control units are fed to the corresponding deflection units of
the oscilloscope. These deflection units, called drivers, on Pigure
2, change the voltage veriations to current variations which are fed
to the deflection coils of the cethode ray tube. Th? a;tanatic control
unit elso drives the control transmitters of the servo system which

positions the telescope.

Photomultiplier emplifier. This emplifier, shown in Figure

3, wes designed to have e gein of 20, L0, or 80 depending upon the
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position of the four~-position switeh shown in Figure 3. The eampli-
fier is linear for all ranges up to 10 volts output. The output
voltage can be read directly onvtho signal voltege meter mounted on
the left-hand rack shown in Figure l;. The condenser ecross the in-
put terminals is used to eliminate any alterneting current due to
stray fields around the amplifier and connecting cables. The ampli-
fier is also equipped with e zero adjustment (the 10 K potentiometer
shown in Figure 3) and & line voltage stabilization edjustment (the
20 K potentiometer shown in Figure 3). The amplifier is mounted on
the telescope. Its output is taken from slip rings on the telescope
and fed through shielded cable to the recording equipment in the ob-

servatory.

Amplifier power sn!glz. This power supply is also mounted

on the telescope adjacent to the phototube amplifier. The power sup-
ply delivers 600 volts at 50 milliamperes. A diegram of this power

supply is shown in Figure 5.

Disoriminator. The diseriminator is shown in Figure &, and

is mounted in the right-hand rack shown in Figure 4. Its purpose is
to convert a continuouily v‘fying v§1£aga iﬁto one 1ﬁ which the
changes are finite steps.

The 6SL7 twin triode shown at the bottom of Figure & is
connected so that each section acts &s a constant current source.
The left-hand section supplies & constant ocurrent of approximately

one millismpere to the resistors in the left-hand grid cireuits of







TOHINOD

l_n.ﬁzd.\.







10

iN v

‘JVIA nw
‘A : Bz ‘

o
e
IS
=
)
18|
w
=
\q

A 009 :
o———4— gasg, L 1D ens

JVA €9 w

JVA Gl

ATdd S ¥HMOd YUIJITIAV

4§ FENHIL







Ik

N
N
PN

330 K
L o
SO K Qe 240 V
iy STEP
R StZ¢
6SL7
AAA LA K
yvyvy ‘l“‘K‘
ot o MR
~ o,
6SL7
b
$300 K
‘b
$INTENSITY NO. |
‘:‘ ‘O
3100 K OUTPUT
s 1o By T 4
150 V. ?
B % -
6H6
R

w8 iV,

DISCRIMINATOR CIRCUIT

FIGURE 6

i)

20 V.







12

the other 68SL7's. This constant current ereates a constant po-
tential difference, between the grids of these tubes, which the
input potential has %o overcome in order to fire the tubes. That
is, the input potential will have to increese approximntolj'tua
volts in order to fire the second tube and about seven volts in
order to fire the third tube. The other constent current source
(the right-hend section of the 6SL7 at the bottom of Figure &) is
needed to change the positive output potential of the discriminator
to & negative potential suitable for the control grid of the cethods
ray tube.

The graph in Figure 7 shows the output voltage of the dis-
criminator plotted ageinst the input voltage of the discriminetor.
To control the trace intemsity on the tube sereen, the output
voltage of the disoriminator is fed directly to the control grid of
the cathode ray tube. The &i6 diode, shown in Figure 6, p.1l, limits
the control grid voltage so that the trace on the tube sereen will
not become bright emough to burn the tube phosphor. The controls
(right-hand reck, Figure 3, p. 7) are "step size," "intensity num-
ber 1, and "range®™. The "step size®" oontro; ghangeg the potential
difference between tﬁo voltage steps. To control the input potential
necessary to trigger the first step, the "range” adjustment was in-
corporated. The purpose of the "intensity number 1™ control is to
set the control grid voltage of the cathode ray tube within its

specified ratings.
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Autometic positioning controls for telesecope. The auto-

matic controls are shown in Figure 8 and Figure 9. The hour angle
control (Figure 8) comsists of a 2l volt direet current motor
geared to the control selsyn and a continuous rotation potentio-
meter. The output voltage of the potentiometer is fed %o thoﬂhori-
zontal deflection unit. A cam on the selsyn shaft trips miecro-
switch 82 (Pigure 9) at the completion of each revolution of the
control selsyn.

Micro-switch 82 of Figure 9 energizes stepping relasy Rl of
Figure 9. The stepping relay is geared to the declination control
selsyn through a 5 to 1 reduction gear. The contacts on the stepping
relay ere comnected to a potential divider, and the ocutput potential
from this divider is fed to the vertical deflection unit. When the
stepping relay has rotated through all 2, positions, thet is, from
point A to point B of Figure 9, a cam on the relay shaft trips
micro-switeh 83 which energizes the release relay R2. The release
relay allows the stepping relay to be returned, under spring tension,
to slightly past position A. A cam on the stepping relay shaft then
engages micro-switeh S1 which cuts off the release relay and energizes
the #topping roitj éo fhﬁt‘iﬁ ic.agﬁiﬁ ieﬁ in‘pécitionlﬁ; |

Other equipment. Descriptions of the other equipment shown

in the block diagram of Figure 2 are given by Allan Bock6 and May-
7

nard Cowan.

6 Allan F. Beck, "Intensity of Zodimcal Light,” (unpublished
Master's thesis, The Universityd New lMexico, Albugquerque, N.M. 1951).

7 Maynard Cowan, "Polarization of Zodiacal Light," (unpublished
Master's thesis, The University of New Mexico, Albuquerque, New Mexico,

1951).
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CHAPTER III
MEASUREMENTS AND METHODS OF RECORDING DATA

Recordiggvduta. The method used to record data had to be

one capeble of contimuous recording. It was, therefore, decided
to photogreph the trace on the cathode ray tube. The cemera wes
lef't open for one complete scanning of the sky. The shutter wes
then closed and @ new frame inserted for the next scanning. Posi-
tive transparencies were made from the negatives and the final
prints, Photographs 1 through 8, were made from the positive tran-

sparencies.

Messurements. Since the position of the ecliptic had to be

Ynown in order to determine the position of the zodiacal light, it
was decided to meke a template of the ecliptic and to use this tem-
plate to draw in the ecliptic on the photographs. The trace on the
photographs wes lineer and contained hour angle marker pips at 10
degree intervals in the east end 30 degree intervels in the west
which could be measured to determine the scale. The hour angle at
which the ecliptic crossed each of the three degree declination
traces was calculated using the following formula:

(1) sinb = tan & cotX
Are b is the desired are of hour angle; arc & is the declination; and
the engleor is the angle the ecliptic makes with the celestial

equator. The hour angle was teken to be O degrees when arc a wes







* SUN

EQUATOR

A ,
STERN HORIZ o
FHOTOGRAFH 1

ZODIACAL LIGHT INTENSITY
12/9/50 0905 LST

18

SovR P

N —







19

///,.,//‘I wy

(_!, gzﬁ:‘l »
W i%&%.‘ -

e SRS TRPER U TR IRTT L KW Prge v

PHOTOGRATH 2

ZODIACAL LIGHT

INTENSITY
LST

L

12/4/50 0932







20

PHOTOGRAFH 3

ZODIACAL LIGHT INTENSITY

12/6/50 0952 LST







21

. #
o §ose @
- 2 Swes E ]
R L .
L s -
RS SENe “

i

:

ke

PHOTOGRAFH |,
ZODIACAL LIGHT INTENSITY

12//50 1005 LST







22

oOfD

\

\

@mf

NN Y 5

*

ANIww
g

_ T

'

| 8
[ B N

NV
,.,I.,.... rerry
AN\ B4 e

PHOTOGRAFH 5

ZODIACAL LIGHT INTENSITY

12/6/50 101l LST







23
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0O degrees. Since angle& is constant and equals 23.5 degrees, table

£ 7

I contains only values of & and b, Using these wvalues, a template

of the ecliptic was constructed and used to drew in the ecliptie

m the photographs. Since the local sidereel time is equal to the

our angle of the vernal equinox, the template hed only to be shifted
westard until the vernal equinox was west of the center of the photo-

‘raph by an hour angle equal to the local sidereal time.







TABLE I

VALUES OF ARCS a AND b USED TO CONSTRUCT
ECLIPTIC TEMPLATE

@ = 05.5°
& in degrees b in degrees
b 6.9
6 14.0
9 21.4
12 29.2
15 B.0
18 18.3
21 62.0
23.5 90.0
21 118.0
18 131.7
15 142.0
12 150.8
9 158.6
6 166.0







CHAPTER IV

INTERPRETATIONS AND CONCLUSIONS

Interpretations. 1In order to determine the shape and

position of the zodiacal light pyramid, the isophotes were drewn in
on the photographs 1 through 8. From observations of the photo-
graphs it would sppear that some of the isophotes are closed curves;
however, from observed star intensities, Allen Beeck® hes uhowﬁ that
the extinction near the horizon is sufficient to cause this de-
crease of intensity.

To get the shape of the zodiaeal light, the isophotes ware
transferred to polar coordinate paper. Then the baekground in-
tensity, given by Allen Beck, wes subtracted from each of the plotted
points. The background was teken at a considerable distance from
the bright part of the zodiacal light and, therefore, may be assumed
to have very little zodiacel light included with it. To get the
corrected isophotes, the extinction data taken by Allan Beck was ep-
plied in the following manner. The factor, by which the intensity
at a given altitude had to be increased in order to give the true in-
tensity, was caleculated. Then each point was nﬁlﬁipiied by its
proper extinction fector and assigned its carrected intensity. The
new isophote was then drewn through points having equal corrected

intensities, interpolating where necessary. The corrected isophotes

8 Beck, op. cit.







e

for photogrephs 2, 5, and 7 are shown in Pigures 10, 11, and 12
respectively. Since the isophotes at each pesk of the zodiacal
light cones are nearly at & constent elevation, the corrected
isophote curves coinecide with the uncorrected curves at the peaks
except for the difference in their essigned intensities as shown.
That is, the background of o#oh point in the peak is the same and
the extinction factor is salso the same for each point since the
points are at the same elevation.

In order to determine the axis of the zodiacal light it
was decided to make a graph of great cireles inelined to the
equetor at intervalas of one degree from an inclination of 2l; de-
grees to 30 degrees. One set of these great ecircles shown on photo-
graph 5 was constructed so that the circles intersected in the
position of the sun. Another set shown on photograph 2 was con-
structed so that the eirecles intersected at the intersection of the
ecliptic with the eastern horizon for photograph 2. Lines of equal
distance from the sun were marked on the set of great cireles on
photograph 5. Lines of equal distance from the horizon were marked
on the set of great cireles on photograph 2. The great circle
along which the pesk of the zodiacsl light was farthermost frem
the sun was chosen to be the axis of the zodiacal light. 8Since the
lines of equal distence from the sun were almost perallel to the
constent elevation circles, the uncorrected isophotes could be used
instead of the corrected ones for determining the light exis. One

of the lines of egual distance from the sun is shown in Figure 10.
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To get the angle between the zodiacal light axis and the

ecliptic, the following formula was used:

sin oc ia sin @

sin a o sin b

Arc a is the o.fc along the equator between the ecliptic and the
zodiacel light exis; o.ng;le@ is the asngle the scliptic makes with
the equator (233°); ere b is the erc along the zodiacal light axis
from the sun to the squator; and the anglex is the desired angle
betwsen the scliptic and the zodimeal light axis. The values ob~
tained for sngleq are listed in Table II for the set of greet
eirecles going through the sun and also for the set of great circles
going through the horizon for photograph 2. Table II also gives
the date and the local sidereel time for each of the photographs 1

through 8.







TABLE I1

ISCLIBATION OF THE AXIS
OF THE ZODIACAL LIGHT ACAINST THE BCLIPTIC
FOR PHOTOGRAFIS 1 THROUGH 8

oo —— e e e e e e g
Inclinetion of light axis
Photograph Date Loecsal Sidereal ageinst ssliptiec for:
number Time Circles Cirecles through
through sun horizon
1 12 0905 close t o ecliptiv
2 12 0932 3.5 £ 1.5° 5.5* £ 1.5°
i 12/ Y005 350t e
5 12/923 101}, 3.5° % 1.5°
6 12;222 1022.5 Ls5* & 2,5°
7 12 10%1.5 3. 551 1.8
8

12/5/50 o9Lé 5% X 1.5

|

i
i
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Conclusions. It can be seen from Taeble II that the light
axis is tilted toward the north, which, from previous ebservations,
was to be expected. Howsver, the position of the light axis did
not seem to vary to any considerable extent in the course of one
night, Since theres was only one 3ight in which several consecutive
observations could be made it wa. not possible to say that there is
no nightly variation of the tilt of the axis, 4lso, the time inter-
val over which the observations were made may not have been long
enough to show any distinet variation of the tilt of the axis,

The shape of the seodiscal light approximates = pyrilid when
plotted without correction for extinction., If the extinction is
taken inte acoount, it can be seen from Figure 10 that the pertion
of the pyramid nesr the horizom is widened to a considerable extent.

The upper portion of the pyramid (above 30°) remains practically the

 same shape,

it can be seen from Figures 10, 11, and 12 that the shape of
the zodimcal light chenges &s the night progresses, becoming more
peinted at the peak as dawn approaches, This would seem to indicate
that the origin of the zodia;al light is terrestrial rather than
planetary. Sinco the corrected isophetes are supposedly free of
any atmospheric effects, it is not conceivable that the rotation
of the earth would have any effect on the shape of the zodiacsel light

if its origin were planetary.

suggested improvements in equipment. In erder to make the
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apparatus recerd continuously, a moving picture camera could be
substituted for the camera used now. it could be made te change
frames automatically after each complete scanning of the sky. For
@ more complete scanning of the sky, the declination steps could

be reduced from 3° per step to 1° per step. Alse, the number of in-

tensity steps in the discriminater could be increased.
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