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CHAPTER 1

INTRODUCTION

Light of the Night Sky

The brightness of the light of the night sky has been a sub-
Ject of systematic study for only the past fifty years. We all know
that darkness is not complete even well after sunset and in the absence
of moonlight. An opaque object placed between the observer and the
sky remeins visible by contrast, and one sees much more by light of
the night sky than one can see in a darkened room.

The first and simplest explanation of this light of the night
sky was proposed by Newcomb in 1901. He suggested that the light was
entirely due to starlight--both from those stars which are distinetly
visible and those which escape all modes of observation. But it hes
since been computed that the total light from all the stars including
scattered starlight in the universe accounts for only about 30 per
ecent of the total brightness of the light of the night sky. There-
fore, we must conclude that portions of the sky which are devoid of
stars are contributing the major portion of the illumination observed
on & moonless night. Table I, from Mitra,l lists the components of
the light of the night sky and gives the percenteges that each make

up of the total. The study of the intensities measured in the region

1 8. K. Mitra, The Upper Atmosphere (Caleutta, Indias The
Royal Asiatic Soelety of Bengel, 191,8) p. L5k,
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of the zodiacal light, the second most important contributor to this
light of the night sky after starlight has been subtracted, is the
purpose of this paper.

TABLE I

COMPONENTS OF THE LIGHT OF THE NIGHT SKY

SOURCE FERCENTAGE
Starlight, direct end scattered 30
Zodimeal light 15
Galactic light ) 5
Luminescence of night sky (Perm. Aurora) L0
Scattered light from the last three 10

Desoription of Zodiaeal Light.

The sodiscal light is the feint glow of light that cen be seen 2
extending up to about €0 degrees ebove the horizom in the west after

the disappesrance of twilight, end in the east for several hours pﬁ- !

ceding the appearance of dawn. This phenomenon appears most tidbgy
in the middle and lower lstitudes, and is best seen when the .clipﬁ}o
is most nearly perpendiocular to the horizon. }
The glow is seen as a pyramid of light whose base is approxi-
mately centered on the ecliptic and whose vertex deviates slightly
from the ecliptic, being shifted toward the north in northern
latitudes. The intensity of the cone of light is comparable to
that of the milky way, being brighter near the center of the base and

growing fainter out and up from the center of the base. This glow can

be seen on the western horizon for as long s six hours after sunset,
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with the pyramid of light sinking with the sun. Similarly it cen
be discerned in the eastern horizon as early as six hours preceding
the sunrise, and the pyramid rises up with the sun until its base
spreads out into the dewn. In very clear weather and in lower
latitudes, the vertex of the pyramid cen be seen to extend through
the zenith and the eastern and western zodiacal lights merge,
forming the zodiacal band stretching across the whole sky. At e
point 180 degrees from the sun there is a spreading out of this
band into a faint glow brighter than the adjoining portion, and
this glow is called the gegenschein or counter glow. This glow is
vigible only when the anthelion falls in a dark region of the sky.
It is believed by some authors that the zodiacal light stretches
over the entire sky with its brightest portion lying along the

ecliptic or zodiacal band.

Intonsity{g{kZodiaotl Light

The intensity of the zodiacal light pyramid reportedly veries
considerably from night to night and also from hour to hour in a
particular night. The glow is very weak several hours before the
dewn, if one is observing the morning zodiacal light, and then as
the pyramid rises up as the sun's depression angle decreases the
intensity increases. The intensity also has its seasonal variations
as the brightness of the zodiacal light is grestest when the eclip-
tic at the time of observation is most nearly perpendicular to the

horizon. This makes fall and winter the best time to read morning
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godiacal light. Quantitative measurements® made in Texas by Elvey
and Roach show maximum intensities for evening zodiacal light in
April and May.

It is elso believed by soms investigators that there are
large veriations in zodiacal light coincident with magnetic stormn,3
and that the rapid variations in zodiacal light are coincident with
solar outbursts associated with bright eruptions on the surface of

the sunoh

“Statement gi’the Problem

One of the importeant characteristics of the zodiacal light is
its reported irregular fluctuations in intensity. Measurements of
the fluctuations in relation to magnetic storms and sunspot activity
are desirable. ‘!eaauremonts of the magnitude and direetion of
seasonal variations in zodiacal light would also be valuable in de-
termining its origin and position.

The device described in this thesis is designed to measure
and record these wvariations in intensity. Along with measurements of
the zodiacal light star intensities must be measured for different
elevations so thet an extinction curve cen be determined for the at-
mosphere. The data can then be corrected for the atmospheric ex-

tinetion and also for background light due to atmospheric luminescence.

2 C. T. Elvey and F. E. Roach, Astrophysical Journal, 85, 213

(1937).
3 E. 0. Hulburt, Physical Review, 35, 1098 (1930).
L Ibid., 3L, 3L4 (1929).







CHAPTER II

DESCRIPTION AND CHARACTERISTICS OF APPARATUS

General

The experimental equipment consisted of a sixty inch para-
bolic mirror with a photomultiplier tube set at its focus. The sig-
nal from the photo-tube wes emplified and fed into a discriminator
eircuit which gave a potential output varying in finite steps. This
step-output was connected to the control grid of &n oscilloscope
tube, varying the intensity of the spot in finite steps. The spot
was driven across the face of the tube in synchronization with the
azimuth control of the mirror. The vertical deflection of the spot
wes controlled by the elevation control of the mirror. The spot on
the oscilloscope screen was photographed, giving a record of a com-

plete sweep of the sky on one negative. The complete sweep of the sky

took eight minutes.

The Hirror and Mounting

The reflector, with its control apparatus and carriage, was
e war surplus item manufactured by General Electric for the Armed
Forces during World Wer II for use as a sixty inch searchlight. The
arc assembly was removed and a 5819 photo-multiplier tube wes mounted
on the arc support. The searchlight carriage wheels were removed
and the carriege was mounted by its rear hubs to a heavy U-frame

which in turn was bolted to 2 level cement slab set solidly in the

ground. This fixed end was oriented north, and slots were provided
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in the U-frame so that it could be swung several degrees east and
west for geroing in. The other end of the carriage, on the south,
was jacked up and bolted solidly in place with the carriege making
an angle of 55. 20' with the horizontal. This supplied an equa-
torial mounting for the mirror, as the axis of the searchlight now
pointed toward the celestial pols. This mount was adjustable with
one inch bolts allowing for raising or lowering the elevated end.
The mounting was checked by resding several sets of stars for hour
angle and declination end making the necessary corrections until a
star could be located directly by setting hour angle and declina-
tion. Rails were built alongside the searchlight on either side and
a prefabricated building was mounted on these rails so that it could
be moved over the equipment for protection when not in use. When in
operation the building wes moved to the north where it gave no in-
terference with the readings. The photograph in Figure 1 shows the
reflector on its equatorial mounting.

The motors to drive the searchlight housing in azimuth (now
hour engle) end elevation (now declination) were retained as were the
selsyn synchrogenerators to control the power for the motors. The
selsyns were hooked through a switeh to two different sets of control
selsyns which were mounted in the control pamel (see Figure 2) loca-
ted in the observatory. One set of these control selsyns was driven

automuticallys and the other set was manually controlled for loecating

5 James D. Lindsay, “Determination of the Shape and Position
of the Zodiacal Light by Use of an Automatiec Recording Method," (un-
published Master's thesis, The University of New Mexico, Albuquerque,
New Mexico, 1951).
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particular stars for extinction and background readings.

Block Diagram

A block diagrem showing the whole circuit of the experimental
equipment is shown in Figure l;. The photomultiplier tube with its
power supply and the amplifier with its power supply are both mounted
on the searchlight unit. The power for these units and all other
units in the cireuit except the D. C. voltages was supplied by a
7.5 KW 115 volt AC gasoline driven generator. The reflector unit re-
quired 80 volts D. C. which was supplied by seven 12 volt storage
batteries. The batteries were trickle-charged by an 80 volt D. C.

motor which was driven by e pulley drive as a generator. These

.storage batteries also supplied the voltages needed on the automatiec

6

contrel units.

The Photomnltiglier Tube

The photomultiplier tube type 5819 contained ten stages with
90 volts per dynode. The response curve of the tube, shown in Figure
13, lies entirely in the visuel range. The tube socket eand chassis
were mounted so that they could be mdjusted in all directions for
proper focusing of the light on the cathode. The face of the cathode
was provided with adjusteble spertures so that the amount of light
falling on the surface of the cathode could be regulated to get the
output of the tube in the proper range. These aperture changes were

mede in finite steps and a2 record kept of the tube aperture for each

6 Ibid.
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reading. A magnetic shielding was placed over the tube in its mount
as the photo tube is sensitive to the earth's magnetic field.

Figure 5 gives the wiring circuit for the photomultiplier tube and
Figure 6 gives the circuit of the power supply for the photo-tube.
Figure 7 gives the orientation of the photo-tube with respect to the
mirror of the searchlight.

The ten stages of the photomultiplier tube were each provided
with ninety volts accelerating potential with a total potentisl be-
tween cathode and anode of about 900 volts D. €. The current caused
by the background with an aperture of .3L6 em diemeter in front of
the tube at these potentials was 0.2 mierosmps, and the zodiacal
light current was in the range of 0.3 to 0.5 microamps. This plate
current developed a potentiel across a 0.5 megohm resistor mounted
in the phototube power supply, and the voltage aeross this output re-
sistor was fed into the emplifier and then to the observetory. All
leads from the photo-tube to the power supply and to the emplifier
were shielded, as were the leads from the searchlight unit to the ob-

servatory.

Signal Voltmeter

It was pointed out under the discussion on the photo-tube
that the output of the photo-tube went to the amplifier which was
also mounted on the searchlight. From the amplifier the signal went
through an underground lead ceble to the observetory where the signal

operated & voltmeter and & voltege inverter. The voltmeter was

calibrated to read ten volts full scale, which was the lineer range
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of the amplifier. The signal on this voltmeter was what was read
for star intensities in determining extinetion dete and background
data. This was the indication, also, of the voltages at which

esch of the intensity steps occurred on the oscilloscope tube for
the automatic rscording device.! Polarization readings were also
made on this signal voltmeter.® The position of this signal volt-

meter with respect to the general circuit ecan be seen in Pigure L.

Os-oinosoog Tube

The photo-tube signal was fed from the voltage inverter’ to
the diseriminator.}0 The cutput of the diseriminator was put onto
the control grid of the osecilloscope tube. This output varied in
finite steps and therefore the potential on the control grid of the
oscilloscope tube varied im steps. This caused the intensity of the
spot on the screen to vary similarly. The potential at which each
of these steps occurred was recorded for each sweep of the sky and
the position of these steps wes varied to give an opportunity for
drawing differently spaced isophotes on the negative. In this man-

ner it was possible to spread or crowd the isophotes as desired,

7 Ibid.

8 Maynard Cowan, "The Polerization of Zodimcal Light,® (un-
published Master's thesis, The University of New Mexico, Albuquerque,
New Mexico, 1951).

O Cowan, op. eit.

10 Lindsay, op. cit.
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depending upon the intensity of the zodiacal light. Figure 8 gives
the eircuit diagrem for the oscilloscope tube and its power supply.
The tube used was a S5FPP7-A oscillograph tube. It has magnetic focus-
ing and magnetic deflection with a long persistent screen. The

useful diameter of the face of the tube was L.25 inches. The anode

operating voltege was 7000 volts with a variable potential of plus

200-300 volte on grid No. 2. This power supply obtained its power
through an electronic voltage regulator as the output of the gasoline-
driven generator was not sufficiently constant. The control grid
potential varied from minus 20 to minus 30 volts. The focusing coil

current was supplied by the power supply unit deseribed by cmn.n

Deflection Unit

The oscilloscope used was described above as having magnetiec
deflection. The deflection current was supplied by & magnetic os-
sillograph drivorla whose circuit diagram is shown in Figure O.
Vertical and horizontal deflection eamch had its own unit, but both
were identieal. For the continuous horizontal deflection the signal
going to grid Cp, was teken off a continuously rotating potentiometer
that was driven by the D. €. motor driving the selsyn control. Ons
end of this pot was connected to plus li volts and the other end was
connected to minus 1% volts. Thus, the grid 62 was driven successive-

ly plus end minus with respect to grid €;. This gave current flowing

11 Cowan, op. ecit.

12 G. E. Valley, Jr., and H. Wallmen, editors, Vacuum Tube
Amplifiers, MIT Radiation Laboratory Series, vol. 18, (WNew York:
HeoGraw-Hill Book Co., Ime. 1948), p. L4B1.
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in one direction through the deflection coil when the grid Cp was
positive with respect to C; sand the magnitude of the current was
linear with respect to the potential difference between the two grids.
Then when the two grids C, and 02 were at the same potential no cur-
rent flowed through the deflection coil. As grid ce went negetive the
current through the deflection coil reversed direction end deflected
the spot in the opposite direction. The vertical deflection eircuit
was identical except that the voltage on G, wes controlled in steps

with respect to C, by the stepping relay13 used to control the verti-

1
cel selsyn control. These deflection units were found %o be strietly
linear as there is no grid current flowing at negative grid poten-

tials with respect to the cathodes.

Camera Assembly

The face of the oscilloscope tube was continuously photo-
grephed during a sweep of the sky. As the sesrchlight rotated the
spot on the oscilloscope tube moved horizontally across the screen.
The spot was centered horizontally on the sereen when the searchlight
reflector had an hour angle of zero degrees. As the reflector went
up three degrees declination after every complete revolutionm, the spot
jumped up and made another horizontal track across the screen. As
the signal from the diseriminstor changed, the spot intensity wvaried.
This intensity variation, a&s previously mentioned, was in finite

steps. Figure 10 shows the camers mount on the face of the

13 Lindsay, op. eit.
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oscilloscope tube. Figures 2 and 3 show the assembled control panels
containing deflection units, power supply, oseilloscope tube, dis-
eriminator, voltage imverter, signal voltmoter, and menuel and auto-

matic selsyn controls.







ETesentationAgs_Datu.

The observetions were all made at South Capillo Peak in the
Manzeno mounteins of New Mexico et an elevation of 9200 feet, and a
location of 34,° L2' N and 106° 2;' W. The observation point was
very ideal for measurements of zodimcal light or light of the night
sky. The atmosphere was elmost entirely free from dust and the
nights were as haze free and cloud free as can be found enywhere.
Being at such a high elevation also assured that none of the surround-
ing lights would lie close to the horizon and, therefore, interfere
with the observations. The field of view was unobstructed in all
directions.

As the searchlight made one complete sweep of the sky the
camers, as discussed in the previous chapter, made a photograph of
the spot on the oscilloscope screen. The photograph shown in Figure
11 is sn example of this record. The horizontal lines on this photo-
graph esch represent a 360° sweep at a constant declinetion angle.
The bottom line is at & minus 18° declinetion, end each successive line
represents & rise of three degrees in declination. The seventh line
up from the bottom is zero declination, or the celestial eguator.

The left edge of the celestial equator line is the west point of the

projection and the right edge of the line is the east point of the

projection. The length of the celestial equator represents an angular
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distance in hour angle of 180°. The vertical marks are hour angle
merker pips with those on the right being ten degrees apert. The line
drawn on the right edge of the picture represents the eastern horizon,
and the left outline the western horizon., The isophotes are drawn in
and it can be seen how the light axis lies to the north of the ecliptie.
The total angular distance in declination represented in the
picture is 51°. The stepping arrangement which regulated the vertiecal
deflection on the oscilloscope was so adjusted to give this stretching-
out of the vertical projection against the horizontal projection.
This stretching of the vertical scale is responsible for the great
inclinetion of the ecliptic to the horizon. Figure 12 shows how the

ecliptic ectually is inclined to the horizon when the vertical scale

‘is reduced to the same as the horizontal scale. The angle of in-

eclination on the corrected scale measures 66°, whereas it measures

120° on the oscilloscope screen.

Determination _o_f_ Extinetion

The loss in intensity that a light ray experiences in pessing
through the atmosphere is termed the extinction. The extinction curve
was obtained by measuring the intensities of certain stars, selected

14

for their color index and range of intensities. The stars used for
this measurement wers also selected to present the greatest variation
in elevation angle for morning readings. These stars are listed in

Table II.

14 0. J. Bggen, Astrophysical Journel, 112, 145 (July, 1950).
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TABLE II

STARS USED FOR EXTINCTION READINGS

No. ©Name Right Ascension Declination ng Color Index

o pa Vir 11 hr L5 min 2* 20 LOOm 0.9 m
L2 gcWn 12 2 L sy L.72 0.48
L A Com 13 07 28 23 L.63 0.47
s 61 vir 13 13 =17 L5 5.21 0.60
L7 M Boo 13 50 18 si 3.22 0.52
L8 A Ser 15 L2 7 Lo L.87 0.52
9 ¥wser 15 52 15 59 L.26 0.4o5
51 ¢ Her 16 38 31 47 3.31 0.53

The reason that stars in the intensity range of 3.0 to 5.0 magnitude
were chosen was so that readings could be made of the output of the
photomultiplier amplifier without changing the gein of the amplifier.

Since the photo-tube also received light from @ region of the
sky around each star, it was necessary to make measurements of the
sky background around each star. These background observations also
gave date for studying the variation in the light of the night sky
with elevation.

The color index wes chosen to be in that range which is most
nearly the range of the sun. The color temperatureals for stars having
different color indices is given in Table III. Figure 13 gives the
graphs of the normalized intensitlies for black body radiation at the

color temperatures of the stars chosen for the extinetion readings.

15 H. N. Russell, R. S. Dugan, J. Q. Stewart, Astronggz II
(Boston: Ginn and Company, 1938), p. 73L. g
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INTENSITY OF BLACK BODY RADIATION
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The black body curves were normalized by multiplying by a suitable
factor to give them all the same maximum reading on the ordinate. Ais
the response of the photo-tube lay in the range of wave lengths for
maximum energy radiation of the gtars chossn and for the sun having
an effective temperature of £000° X, the vphm-fhtbo removed approxi-
mately the same percentage of radiation from each of the spectral

enerpy distributions showm.
TABLE IIT

COLOR TEMPEZRATURES OF STARS

Spectrum Color Index Temp. °K
AD 0.00 11,200
A5 0.20 8,600
0 0.33 7,400
o] 0.47 6,500
4ac0 0.57 6,000
geo 0.67 5.500
465 0.65 5,600
£65 0.92 4,700

The intensity of & star, I

or WBS determined by subtrasting the

background reading, I,, from the meter reading of the star, I'.

I, Z I,=1
As these stars were of different magnitudes, it was necessary to
correct their intemsity readings to one msgnitude im order to plot in-
tensity against elevation angle. All intensity reedings were, there-

fore, corrected to L,.00 mag. by means of the following relationships

1,00
%

2 (2.512) (B 400
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where n is the magnitude of the star. Then, taking the logarithm, we get
In

These corrected intensities were then plotted against elevation, end
the resulting curve represents the intensity of a star of ;.00 mag.
et different elevations. The loss in intensity towards the horizon
is due to extinction. Figure 1l shows & graph of the extinetion
eurve for the morning of 18 December 1950 plotted together with an
average extinction curve for visual light.16 The averege visuel ex-
tinction is 0.23% mag. at 30° elevation; 0.45 mag. at 20°; 1.00 mag.
at 10® and 1,70 mag. at 5°. As the response curve of the photo-tube
lay right in the center of the visual wave length band, the average
visual extinction curve should closely parallel the extinction curve
of the photo-tube. Figure 1l shows that the two curves are very close
together. Figure 15 gives the background intensity plotted as a

function of elevation angle.

Correction to Data for Extinection

The photograph in Figure 11 gives the isophotes for 10h plm,
Local Sidereel Time, 9 December 1950. The projection is in terms of
hour angle and declination. In order to correct for extinction and
background, both functions of elevation, it was found convenient to
plot the isophotes on an elevation and azimuth graph. This graph is
shown in Figure 16. The isophotes as taken from the photograph are

the solid lines, and the dotted lines indieate the zodiacal light

isophotes after correction for extinetion and background. The ecliptie

16 Ibid., p. 616.
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BACKGROUND INTENSITY vs ELEVATION ANGLE
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is shown on the graph, &s is the section of the sky that was not

scanned because the mirror could not be depressed lower than minus
18® in declination.

The following procedure was used in making the corrections
for extinction and background. The intensity of the background was
subtracted from the veltage reading for each isophote for slevation
angles in steps of five degrees. Then this resultant intensity me‘
multiplied by a factor to correct for extinction. This gave an ab-
solute intensity et each intersection of an isophote with every five
degree elevation line, except that the background which was sub-
trected was assumed to contain no zodiacal light. Polarization
readings of the light of the night sky indicate that zodiamecal light
extends over the whole aky,n and for greater accuracy m deter-
mining absolute intensities this fact should be corrected for also.
Not having sufficient date to make this correction, the background
readings used for Figure 16 are those as read on the meter. These
absolute intensity values were then plotted on the greaph and new
isophotes drawn in by interpolating between the values on the graph.
Table IV lists the data used in correcting the isophotes of Figure
11l. The intensities were all given in terms of volts read on the
gignal voltmeter. The background and extinetion data used in cor-
reocting the record of 100 2®, Locel Sidereal Time, 9 December 1950,

were obtained on 18 December 1950. However, as both nights ware

17 Cowan, op- eit.
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very clear and several of the same stars gave the same intensity read-
ings, it was believed that the extinetion date could be applied without
loss of accuracy. Insuffieient readings were taken on 9 December 1950

to draw an extinction eurvs for that date.
TABLE IV

DATA FOR CORRECTION OF ISOFHOTES
FOR PHOTO TAKEN AT 102l LST ON 9 DECEMBER 1950

1 2 3 L 5
g15v. | BACK~ | ISOPHOTE CORRECTED | EXTINCTION | ISOPHOTE CORRECTED
GND. FOR BACKGROUND FACTOR FOR 2 AND L
& I o=l -1 £(A) Ip = Ig (£(4))
IP:7-7 6.0 3500 Ip=7u7 =6.0 =50°
5° ).Logv 2.8" l.1lv| O.1v 6-00 1608" 6.6" 0.6'
10 L.7 3.0 | 1.3 | 0.3 2.10 P B e X
15 L.6 o S R A 1.76 5.6 | 2.5 |0.7
20 L. 3.3 1.6 | 0.6 1.46 5.0 2.4 | 0.9
25 L.2 3.5 |1.8 | 0.8 1.33 L7 l2.4 |1.0
30 4.0 3.7 |20 |18 1.23 L6 |2.58 |1.2
25 3.8 3.9 |2.2 |1:2 1.15 L.5 | 2.5 |1.4
Lo 3.6 L.1 2.y | 1.k 1.11 4.5 | 2.7 |15
L5 3.5 L.2 |2.5 |1.5 1.07 ks 127118
50 2.3 A 15T 1323 1.03 L. | 2.8 |1.8
55 3.1 L.6 2.9 |1.9 1.00 L.6 2.9 |1.9
&0 2.9 L8 |31 |2a 1.00 8 TR iRl
65 2.7 5.0 | 3.3 | 2.3 1.00 2.3

Determination 3_)_1: Extinction Factor

With a clear sky, the deecrease in intensity due to scattering

is the mejor contribution to the extinction; S as the selestive

18 W. J. Humphreys, Physiocs of the Air (New York: MeGraw Hill
Book Company, 1940) p. 562.
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absorption, diffraction, reflection, and refraction are secondary

effects. A beam of light of intensity I will suffer a loss in in-
tensity dI in penetrating a distence dx inte a scattering medium,
This is represented by the following formmlas
dl ® « k I dx
where k is the extinction coefficient. Integrating this expression
over & distmoo.x of scattering medium, gives:
InlI-Inl =-kx
I = Ioo"h

where I, is the intensity of the light before entering the atmos-
phere.

Applying the data of the morning of 18 December 1950 to this
equation end plotting In I on the y- axis and csec A on the x-axis, we
pet the straight line graph ms shown in Figure 17. The diagram be-

low shows that the slope of the curve in Figure 17 represents the pro-

duet of the extinction factor, k, and the thickness of the homo-

/ light ray

h x Atmospherie
layer

geneous atmosphere, h.

x = h{ese A)







in volts

INTENSITY

STAR INTENSITIES FOR 18 DECEMBER 1950 37

o NUMBERS AFTER STAR

NAMES INDICATE COLOR INDEX.

6l Vir 0.60

31—
O ¥ Ser 052
O ASer
0.52
2 —

X'e £SC A
| 12 13 14 15 16

FIGURE {7

INTENSITY AGAINST COSECANT OF ELEVATION ANGLE







The equation for the intensity now becomes:

1= Ige-kh (csc A)
And if we write this in form of the general equation, we get:

1= I,e ',
where the slope m = kh, and the new variable x' = (cse A). If we
solve for k, by putting into the expression for m the value for h,
the height of the homogeneous atmospharo,19 corrected for the pressure
at Capillo, we get a value for k, the extinction coefficient.

k=2 =15 1076 ems -1

: 2
If we solve for the extinetion coefficient from the formula

for & scattering prooesleo and ﬁsing seversl different weve lengths,

we get the following wvalues for k.

x = 3213 - 1)2
n \4

’

where u is the refreactive index of air, and n is the number of mole-
cules of air per cubiec centimeter.

%(Looo X)
k(5000 §) = 1.8- 1076 ems-1

Le3e 1076 oms~}

k(6000 R) 0.8 10"6 ems—1

These figures show that the atmospheric absorption on Capillo Pesk
during the early morning of 18 December 1950 was almost entirely due

to Rayleigh scettering only.

19 Ibid., p. 70,

20 Ibid., p. 562.
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Intensity of Zodiacal Light

It was of interest to determine how the intensity of the
zodiacel light veried with time during one night at a point in the
sky having fixed right ascension and declination. Graphs in
Fipures 18, 19 and 20 represent intensity, in volts, plotted against
locel sidereal time for the readings teken on the morning of 9
December 1950. The graphs give both the uncorrected intensities
read from the photographs and the intensities corrected for back-
ground and extinetion for each of three points. The points 1, 2,
and 3 chosen for these readings are shown plotted on the photograph
in FPigure 11, and also in the elevation and azimuth greph of Figure
16.

The intensity in volts being an arbitrary scale, it was de-
cided that the intensity readings should be reduced to magnitude per
squeare degree. The graph of Figure 1l gave the intensity reading in
volts, corrected for background, for a star of .00 megnitude. The
graphs in PFigures 18, 19 and 20 gave the corrected intensities in
volts for points 1, 2 and 3. These intensity readings represented
the energy incident upon the photo=-tube through a 0.3L46 ems. cirecular
aperature. The solid engle subtended by this aperature was 2.33:
10°5 steradiens or .0765 square degrees. Multiplying each intensity
reading by the factor 3 thus converted the intensity to what
it would have been for ;OZolid angle of one square degree. Then,
using the relationship

In

In

= (2.512)(m = n),
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where I, is the intensity in volts for a star of magnitude n, end I,
is ean intensity in velts for & star of magnitude m; the magnitude
could be determined of the ster which would give the same intensity
reading in volts as the reading from one square degree of the sky.
Teble V gives the magnitudes represented by different intensity
resdings of points 1, 2, end 3. FPFigure 21 shows the intensities of
points 1, 2, and 3 plotted in terms of megnitude per square degree
against mountain stendard time. Sunrise on this dete was at 0701
M.S.T.

TABLE V

MAGNITUDE PER SQUARE DEGREE FOR DIFFERENT INTENSITY READINGS

Intensity reading Volts per square Megnitude of star

on voltmeter degree of sky giving same intensity
6.0 v 78.5 v 1.22 m
5.0 65.4 1.42
L.0 52.3 1.67
3.0 30.2 1.98
2.5 32.7 2.18
2.0 26.2 2.2

The variation in the intensity of the morning zodiacal light
is very promounced in the date of December 9, 1950. PFigures 18, 19,
20, and 21 show that for each of the three points chosen, all lying
on or near the ecliptic and in the cone of zodiacel light, there is
a noticeable decrease in intensity for the first forty minutes during

which measurements were taken. This decrease in intensity seems to

indicate either that the zodiacal light weakened or thet as the points
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selected moved upwards in the morning sky, they gradually moved out
of the cone of zodiacal light. The incremse which follows seems to
be due to a general inerease in the zodiaweal light intensity pre-
ceding the dawn. The rather abrupt decremse shown for point 1 is
poseibly due to the difficulty experienced in drawing im the isophotes
for the brightest portion of the zodiscal light on the on the photo-
grephs.

Figure 22 shows the star megnitude per square degree repre-
sented by points of constant elevation for the same set of readings
as those plotted in Figures 18, 19, 20, amd 21. Three points are
shown; of elevations of 20°, 35°, and 50°p all three of which lie on
the ecliptiec. Bach of the elevations shows a slight decrease over
the first forty minutes of measurements followed by an increase as
devn approaches.

Figure 21 shows that for point 1 iin the zodiacal light cone,
the sbsolute extraterrestrial intensity off the zodiacal light is
approximately equal to one star of magnitude 1.25 per square degree
of sky. This point wes &t an angular distence of L9° from the sun.
At OL5L Mountein Stendard Time this point had an intensity exactly

equel to 1.25 mag. per square degree, and at this time the sun's de-

pression angle was 24;° below the horizon. Figure 22 shows that for

elevations as high as 50° above the horizon the intensity of the
zodiaeal light is epproximately equal to 2.00 mag. for each square

degree of the sky.







CHAPTER IV

COECLUSION

Summary of Thesis
The equipment described in this thesis has been used to

measure the intensity of the morning zodiacal light. Inbensifios
of known stars were measured along with the background intensity at
different elevations. The graph‘of the absolute intensities of
these known sters gave an extinction curve for the atmosphere lying
above the point of observation. An extinetion coefficient, k, wes
determined which agreed well with that computed from a consideration
of Rayleigh scattering. From the extinetion curve a factor was
determined by which the isophotes of the photograph taken on

9 December 1950 were corrected for extinction after removing the
background readings. Corrected isophotes with their intensities

are shown. Intensities of zodiacal light were measured for three
fixed points in the sky and graphs of intensity against time were
mede. The intensity readings in volis were converted to magnitude
per square degree of sky. By this is meant the magnitude of a star
which would give the seme intensity reading as the light from e solid

angle of one square degree of the sky.

Conelusion
The measurements made for this thesis show a definite varia-

tion in the intensity of zodiecal light for the morning of
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9 December 1950. The intensities of three fixed points in the sky
showed a decrease and then an increase over a period of ninety
minutes. The intensities at three fixed elevations above the hori-
zon lying on the ecliptic showed a similer decrease followed by an
inerease over the same perioed.

The absolute extraterrestrial intensity of the szodiscal light
cone on 18 December 1950 wes one star of magnitude 1.25 for esach
square degree of sky at an angular distance of 19° from the sun when
the sun is et an engle of depression of 24;°* below the horiszon.

Further naaauramsnta’of daily and sesasonal variations in in-
tensity of zodiecel light and also of variations in intensity in
relation to magnetic storms and sunspot activity should prove of
great interest. The equipment used and the method described in
this thesis should be wvaluable in meking further measurements of

this type.

I wish to express my eppreciation to Professor Vic tor H.
Regener for the valueble help and guidance he provided throughout
the work on this thesis. I also wish to thank Mr. Maynerd Cowan
end Mr. James‘D. Lindsay for their help in constructing and setting
up the equipment and without whose aid this work could not have

been completed.
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