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PREFACE

This Memorandum catalogs the reduced observational data obtained
during the inferior conjunction and greatest western elongation‘of
Venus in 1969. The research objecfives and the scientific results of
the program are summarized in a companion Memorandum RM-6261-NASA:
Venus Cusp Observations During 1969: Synopsis of Results. The work
was performed in partial fulfillment of Contract NASw-1762, "Tele-
scopic Observations of Venus Cusp Phenomena,” for the Office of Space

Science and Applications, National Aeronautics and Space Administration.
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SUMMARY

This Memorandum includes a catalog of telescopic and photometric
information on Venus obtained in 1969. Two specific celestial phenom-
ena were investigated: inferior conjunction (April 3 to 22) and great-
est western elongation (June 14 to 21)., The latter was observed simul-
taneously from observatories some eleven degrees apart in longitude.
Along with each photographic observation, many of which were in day-
light or twilight, photometer readings of the sky, near Venus and else- -
where, were recorded., This program was the observational follow-up of
a theoretical study that suggested that the Venus cusp extension angle
measured was dependent on the brightness of the terrestrial sky around
it., Now it is suggested that additional factors also play a role --
factors associated with the earth’s atmosphere and with the character-
istics of the observing equipment. The interplay of two parameters,
sky brightness and film exposure time, is examined,.
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I. INTRODUCTION

The program described in Venus Cusp Observations During 1969:

*
Synopsis of Results centered on telescopic observations of the

angular extent of the Venus crescent near the periods of inferior con-
junction (April 1969) and greatest western elongation (June 1969).
Surface brightness of the terrestrial sky was shown to have an impor-
tant effect upon results. The principal seientific objectives were
the acquisition and use of data for gaining additional knbwledge about
the atmosphere of Venus, based on a theory that explained quantita-
tively the Venus cusp extension phenomena and that revealed the causa-
tive roles played by the atmospheres of Earth and Venus. This theory
was published in The Twilight Atmosphere of Venus.**

The observational information gathered represents a heretofore
non—-existent data base for scientific studies of the Venus cusp phenom-
ena. In this Memorandum, we tabulate the data reduced to date and show
gsome of the relationships found. We have attempted to catalog the data
here in such form that they may be readily usable by other investiga-
tors in conjunction with information given in the two other Memorandums
referenced above,

The observational programs were conducted at the Table Mcuntain
Observatory (TMO) of the Jet Propulsion Laboratory, California Insti-
tute of Technology, near Wrightwood, California, and at the observatory
of Wew Mexico State University (MMSU) near Las Cruces, New Mexico.

Observations of the inferior conjunction of Venus (15:00 UT 8 April
1969) were conducted at TMO from 3 April to 22 April 1969, Useful
photographic, visual, and photometric data were obtained.

Observations of the greatest western elongation of Venus (17:00 UT

17 June 1969) and of geometric dichotomy (07:00 UT 18 June 1969) were

%
RM-6261-NASA, The RAND Corporation, Santa Monica, California,
March 1970.

%
RM-5386~PR, The RAND Corporation, Santa Monica, California,
July 1967,



conducted at both TMO and NMSU between 14 June and 21 June 1969, Pho-
tographic, visual, and photometric data were obtained.

We have been able to complete the reduction and preliminary an-
alysis of only part of the observational material to date. There is

much additional information in the data; it is hoped that further sci-

entific analysis will be supported.



IT. OBSERVING PROGRAMS

SCHELULE OF OPERATIONS : INFERIOR CONJUNCTION

The schedule called for morning and evening twilight cbservations
of Venus before inferior conjunction, round-the~clock observations near
inferior conjunction (8 April), and morning twilight and forenoon ob-
servations after inferior conjunction. Unfavorable weather conditions,
including twe brief snowstorms, required some deviations from this plan.
Successful photographic data, visual data, or photometric measurements

were obtained at TMO during the periods listed in Table 1.

Table 1

SUCCESSFUL OBSERVING PERIODS DURING THE INFERIOR CONJUNCTION
OF VENUS IN APRIL 1969

Date (PST) Time Periods (PST)
3 April 10:55 - 14:58; 17:15 - 18:57
& April 05:22 - '07;00; 10:59 -~ 11:;01; 17:11 - 18:40
7 April 07:08 -~ 08:54; 10:51 -~ 11:29; 14:20 - 15:03
8 April 04:35 - 07:30; 10:;21 - 10:58; 15:30 - 18:26
9 April 04:50 -~ 05:35; 07:06, — 07:14; 17:48 - 18:45
10 April 10:24 < 11:156

11 April 04:27 - 05:33; 12:53 - 12:56

12 April 04:45 « 05:21; 20:25 «~ 21:07

13 April 04:35 ~ 05:26

14 April 04:19 -~ 05:09

15 April 04:16 ~ 05:12; 08:59 ~ 09:50

16 April 04:00 - 05:12; 09:22 - 09:39

17 April 04:06 -~ 05:12; 09:18 - 09:39

19 April 03:54 ~ 05:21; 08:31 -~ 10:10

20 April 03:51 - 05:17; 09:45 -~ 10:16

21 April 04:01 « 05:19; 09:40 - 10:21

22 April 03:54 ~ 05:14; 09:40 ~ 10:17
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A total of 26 ITI-F plates with an average of 16 images on each,
and 12 strips of 35-mm f£ilm (II<F, III-F, and Tri-X) with an average
of 25 images on each, were obtained with the 16-in. Cassegrain reflec-
tor. In addition to Venus exposures, the plates and films recorded
star trails for precise angular reduction, and images of Jupiter or
the Moon for photometric comparisons.

The complementary and precisely timed photometric measurements
consist of values of the brightness of the terrestrial sky at the ze~
nith, at the horizon, and around Venus.

Supplementary visual observations were conducted with a 6-in,

gulde refractor at various magnifications.

SCHEDULE OF OPERATIONS: GREATEST ELONGATION

In order to understand better the effect of telescope size on the
measured value of the Venus cusp extension angle and the related date
of apparent dichotomy, a program of cbservations at greatest western
elongation was carried out simultaneously at the two sites. In addi-
tion, the geographic separation of Table Mountain Observatory and the
New Mexico State University Observatory permitted simultaneous images
of Venus to be obtained under different sky brightness conditiomns,

The observing periods are listed below:
Table 2

SUCCESSFUL OBSERVING PERTODS DURING THE GREATEST WESTERN ELONGATION
OF VENUS, JUNE 1969 (UT)

{June) TMO NMSU
14 09;39-12:52
16 11:19-12:37
17 09;30-13:31 09:34-13:35
18 09:;59-13:30 09:32-12:46
19 09:58-13:30; 20:12-23:00 11:03-12:29
20 10;17~13:30; 20:;03-23;00 11:07-12:43
21 10;30-13:30; 19:42-20:20 05:51-06:13




At TMO 25 strips of 35-mm film (III<F with no filter) with an
average of 19 images per strip were obtained with the 16-in. Casse~
grain reflector. For photometric comparison, images of Saturn and
Mercury also were included. Supplementary visual observations were
made with the 6—in. guide refractor at various magnifications.

At NMSU 22 plates (III-F with no filter) with an average of 25
images on each plate were obtained with the 24~in. Cassegrain reflec~
tor. In addition, again for photometric comparison, images of Jupi-
ter and Mars were included.

At both locations, the complementary and precisely timed photo-
metric measurements consisted of values of the brightness of the ter-

restrial sky in the vicinity of Venus and at the zenith.

INSTRUMENTATION

Inferior Conjunction

The April 1969 data on inferior conjunction were obtained at the
Table Mountain Observatory. Most of the observations were taken with
the 16-in. telescope, the remainder with an auxiliary 6-in. refractor.
The instrumental particulars are listed below.

Telescope Location:

Latitude 34° 227 B54%02 N
Longitude 117° 41' 51V22 W
Altditude 7503 £t (2287 m)

Optical parameters:

Optical type Cgssegrain reflector guide
with guartz elements refractor

Aperture, D 16 in. 6 in.

Effective focal length, F 803 :’Ln.* 90 in.

Focal ratio, F/D 50* 15

Plate scale lOUZ/mm* . .

Magnification (power) 993x (20-mm eyepiece) 100 to 300x

*
Figures vary slightly with placement of camera and secondary.



While visual estimates of crescent extent were made with both tele~
scopes (principally the refractor), all photographs were made with the
reflector. The two cameras used were

(a) Plate camera, including diagonal pivoting mirror and guiding
eyepiece, Plate size, 3 1/4 in. x &4 1/4 in. It was focused
by using a ground glass at the focal plane. Shutter speeds
available were B, and 1 to 1/100 sec.

(b) Film camera: Nikon 35-mm camera body using standard car-
tridges., Shutter speeds available were T, B, and 1 to 1/1000
sec.

Neither camera used an amplifying lens such as a Barlow.
A variety of Kodak emulsions was employed, but most were of the

spectroscopic film and plate series.

Number Reduced

Emulsion type Plates Films
IT-F
TTI-F 18
Tri X 1

Processing was carried out in UFG 1:1, 8 minutes @ 70°F for plates
(and 14 minutes @ 70°F for films), fcllowed by a 30-~sec stop bath,
a 5-min fix, a 2-min hypo clear, and a 20-min wash.

Measurements of sky brightness were made with the two photometers

described below.

Manufacturer Asahi Optical Mekano
Model Honeywell 1°/21° Spotron
Sensor Cds cds
Spot diameter 1° 2°
Serial number 33137 12 514

In addition, to prevent off-scale readings, the Honeywell meter was
occasionally fitted with a Kodak Wratten neutral density filter (ND
1.0, 10 times reduction) when the telescope was pointed near the sun.
Meter calibration data are shown in Figs. 1 and 2.

The two photometers were compared by simultanecus measurements

of a specific area of relatively clear sky; the comparison 1s pletted
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in Fig. 1. The sample of data shown was taken at one sea-~level and
two mountain locations. They were compared also in the laboratory
through sequential measuremﬁnts-of an artifically illuminated, trans-
lucent screen; the comparison jis plotted in Fig. 2. Within the accu-
racy of visual readings of the photometer scales, the meters provided
comparable and stable measurements between ambient light levels of
10'—4 and 1-candle per square centimeter. Outside this range, at very
low and very high light levels, it was difficult to read the scales
accurately. As can be noticed in Fig. 1, occasiocnal differences occur
between the readings of the two meters. This resulted from nonuniform
sky conditions; the fields of view of the two meters were different
(aceceptance angles of one degree versus two degrees).

The meters indicated surface brightness, or luminance, in instru-
mental SD units (SD = scale divisions), where an increase by one scale
division represents a doubling of brightness. S8cale divisions and ab-
solute units of surface brightness are related as follows:

[ed ££72] = 10 x 2(5D-10)

{cd cm"z] = 1.05 x 107> = 25

Table 3 is provided to facilitate conversion from scale divisions to
candles per square centimeter. Under field conditions, reading accu~
racy was degraded by scale parallax and scale interpolation uncertain-
ties. The combired uncertainty is estimated to be not more than 0.2
scale division.

Unfortunately, the available photometers did not have the range
we would have preferred. We generally began exposures before the me-
ters responded. Photometers sensitive to lower levels of surface
brightness, i.e., below lOH5 cd cm—z, however, would have required an
investment very much out of proportion to the added capability. As
work along these lines proéeeds, one would like ultimately to extend
the data base to the lowest possible levels of sky brightness. But
for our purposes the meters used were at leasf very convenient, quite

reproducible in response, and reliable.



~10-

Table 3

CONVERSION OF SCALE DIVISICNS TO CAWDLES PER SQUARE CENTIMETER

sD cd <:m_2 SD SD ed em SD cd cm SD

0.0 1.05-05 4.0 8.0 2,69-03 12.0 4.,31-02 16.0

0.1 1,13-05 4,1 8.1 2.88-03 12,1 4,61-02 16.1

0.2 1.21-05 4,2 8.2 3.09-03 12,2 4.95-02 16,2

0.3 1,29-05 4.3 8.3 3.31-03 12.3 5.,30-02 16.3

0.4 1.39-05 4.4 8.4 3.55-03 12,4 5,68-02 16.4

0.5 1,49-05 4.5 8.5 3.81-03 12,5 6.09-02 16.5

0.6 1.59-05 4,6 8.6 4,08-03 i2.6 £.53-02 16.6

0.7 1.71-05 4,7 8.7 4,37-03 12,7 6.99-02 16.7

0.8 1.83-05 4.8 8.8 4,69-03 12.8 7.50-02 16.8

0.9 1.96-05 4.9 8.9 5.02-03 12.9 2,03-02 16.9

1.0 2.10-05 5.0 9.0 5.38-03 13.0 8.61-02 17,0 1.38
1.1 2,25-05 5.1 9.1 5,77-03 13,1 9.23-02 17.1 1.48
1.2 2,41-05 5,2 9.2 6.18-03 13,2 9.89-02 17.2 1.58
1.3 2.59-05 5.3 9.3 6,63~03 13.3 1,06-01 1| 17.3 1.70
1.4 2,77-05 5.4 9.4 7.10-03 13.4 1,14-01 i 17.4 1.82
1.5 2.97-05 5.5 9.5 7.61-03 13.5 1.22-01 } 17.5 1.95
1.6 3.19-05 5.6 9.6 8,16-03 13,6 1.31-01 17.6 2,09
1.7 3.42-05 5.7 9.7 8.74-03 13.7 1.40-01 17.7 2.24
1.8 3.66-05 5.8 9.8 9.,37-03 13.8 1,50-01 17.8 2.40
1.9 3.92-05 5.9 9.9 1,00-02 13.9 1.61-01 17.9 2.57
2,0 4.,20-05 6.0 10.0 1.08-02 14.0 1.72-01 18.0

2.1 4.51-05 6.1 10.1 1.15-02 14,1 1.85-01

2.2 4,83-05 6.2 10,2 1,24-02 14,2 1.98-01

2.3 5.18-05 6.3 10.3 1.33-02 14,3 2,12-01

2.4 5.,55-05 6.4 10.4 1,42-02 14,4 2,27-01

2.5 5.95-05 6.5 10.5 1.52-062 14,5 2.44-01

2.6 6.37-05 6.6 10.6 1.63-02 14.6 2,61-01

2.7 6.83-05 6.7 16.7 1,75-02 14,7 2,80-01

2.8 7.32-05 6.8 10.8 1,87-02 14.8 3.00-01

2.9 7.85-05 6.9 10.9 2,01-02 14,9 3,21-01

3.0 8.41-05 7.0 11.0 2,15-02 15,0 3.44-01

3.1 9,01L-05 7.1 i1.1 2,31-02 15.1 3.69-01

3.2 9.66-05 7.2 11,2 2.47-02 15.2 3.96-01

3.3 1,04~04 7.3 11.3 2.65-02 15.3 4,24-01

3.4 1.11-04 7.4 11.4 2.84-02 15.4  4,54-01

3.5 1,19-04 7.5 11,5 3,04-02 15.5 4,87-0L

3.6 1,27-04 7.6 11.6 3.26-02 15.6 5.22-01

3.7 1.37-04 7.7 11.7 3.50-02 15.7 5.60-01

3.8 1.46-04 7.8 11.8 3.75-02 15.8 6.00-01

3.9 1.57-04 7.9 11,9 4,02-02, 15,9 6,43-01
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Greatest Western Elongation

Data during June of 1969 were obtained at Table Mountain Observa-
tory and at New Mexico State University Observatory. The instrumental

particulars are compared below:

Site T™O NMSU
Telescope location
Latitude 347 22" 54W02 N 0327 17V 17V12 N
Longitude 117° 417" 5122 W 106° 4118 W
Altitude 7503 ft (2287 m) 4767 £t (1453 m)
Optical parameters
Optical Type Cassegrain reflector
Aperture, D 16 in. 24 in.
Effective focal length, F 803 in.? 1780 din,
Focal ratio 50* 74
Plate scale lOUZ/mm* 4956/mm
Magnification (powers) 993x
Camera parameters
Description Contarex 35 mm 31/4 x4 1/4 plate
Amplifying lenses None Neone
Shutter speeds T, B, 1 to 1/1000 sec T, 6 to 1/20 sec
Filters None NG-4

Kodak spectroscopic emulsions type III-F were used in both cam-
eras. At TMO 25 strips of film were used, averaging 19 planetary
images each. At NMSU 22 plates were used, each having 25 planetary
images. Each plate was provided with a photometric calibration strip,

Measurements of sky brightness were made with the two photometers
described earlier. Sky brightness was such that nelther was used with

any kind of filter.

*
Figures vary slightly with placement of camera and secondary.
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METHOD AND TECHNIQUE : INFERIOR CONJUNCTION

In order to obtain data over the widéét possible range of sky
brightness, it was necessary to resort to practices that are unortho-
dox in ordinary astronomical work. This was especially true during
inferior conjunction, with Venus very close to the Sun. In particular
it was also necessary to observe the planet as near the horizon as
possible as the sky was darkest then.

For a typical observing run, for example on a few days after in-
ferior conjunction, preparations were made to begin observations at
Venus rise. The exact time and azimuth of the planet's rising were
computed in advance to assist in anticipating the planet's appearance
{see Appendix). Starting at planet rise, photographs were taken fre-
quently with simultaneous readings of the brightness of the sky sur-
rounding Venus. Since one of the objectives was to determine the ex-
posures at which both Venus and the sky become visible on the photo-
graphs, a range of exposures was used, each series being started when
the sky brigﬁtnESs had changed sufficiently. The data in Section III
reveal the exact plan used. Photography was continued until the sky
reached its daytime brightness. Toward the end of each day's run,
Venus was not visible through the photometer eyepiece because of the
high brightness of the sky, It was then necessary to establish the
Venus location by sighting along the telescope tube. Between each
series of exposures, visual observations of the Venus crescent arc
length were made by all observers present to establish the relation-
ship between visual and photographic observations.

The use of color filters on the camera would have permitted sharper
pictures, to be sure, but our lack of knowledge of the variations of
apparent brightness with wavelength, both of Venus and of the terres-
trial sky, particularly at large zenith distances and at sunrise, would
have complicated greatly the interpretation of results. Ultimately,
of course, such work is desirable, but knowledge has not yet progressed
to that point.

Some other consequences of our interest in the brightness rather

than the spatial resolution of the Venus images were {a) no need for
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many exposures to capture the few fleeting moments of outstanding at-

méspheric clarity and (b) the use of the same film or plate sometimes

for hours, because of the desirability of getting as many data as pos-
sible on one plate to minimize variations due to processing and to

emulsion sensitivity.

METHOD AND TECHNIQUE: GREATEST ELONGATION

Yor observations near dichotomy, the met.hods used were similar
to those described above. However, since Venus was farther from the
Sun, it was possible tc make observations against a much darker sky.

The procedures at NMSU were scmewhat different because of the
different equipment. For example, the shutter on the 24-in. tele-
scope did not operate reliably at speeds shorter than 1/20 sec.

In order to obtain photographs under bright-sky conditioms, it was
necessary to use a neutral-density filter in the camera. The NG-4
filter used reduced the intensity of light at the plate by a factor
‘of tem. Alsq, the time of each exposure was automatically recorded
when the shutter was operated. Since a sensitometer was available

at NM5U, each plate was given a photometric calibration strip.
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III. CATALOG OF TELESCOPIC DATA

The reduced telescopic data are collected in catalog form in

three functional tables.

PLATE MEASUREMENTS

Table 4 presents the data collected on spectroscopic plates type
IiI-F, exposed in the 16-in. telescope at TMO. The purpose was to
determine the apparent size of the Venus crescent under widely varying
conditions of sky brightness and exposure duration.

Date is the Universal day on which the observation was made.

Plate Number is the TMO serial number, 16-in. telescope series.

Image designates which of the many images on each plate was used.

The images are numbered sequentially, so the first exposure is

Image 1, and so on.

UT is the Universal Time of the start of the exposure. Hours

and minutes are indicated to the left of the colom, seconds to

the right.

Photometer is the surface brightness of the terrestrial sky around

Venus. The tabulated values are readings of the photometer, in

scale divisions, at the instant of exposure. Venus was centered

in the photometer's field of view. (Even at the lowest measur—

able levels of sky brightness, the contribution by Venus was im-

perceptible with the meters.) The values can be converted from

scale divisions to candles per square centimeter by reference to

Table 3.

Exposure is the duration of shutter opening, in seconds.

Angular Extent is the arc length of the Venus crescent as it ap-
pears on each image. It is expressed in degrees. A description
of the measuring process is given in Section V.

Venus Altitude is the angular height of Venus (90° -zenith dis-

tance) above the horizon. These values were computed from know-
ledge of the exact time and place of observation. The computer

program used for these calculations is in the Appendix, The
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program also gives the altitude and azimuth of the Sum. In the
interests of economy, only representative values are given; more

detailed data can be generated at any time from the program.

FIIM MEASUREMENTS

Table 5 is a collection of photographic data cbtained on films
exposed through the 16-in. telescope at TMO.

Date and UT are the Universal date and time of each observation.

Film Number is the TMO serial number identifying the film (16-in.

telescope series).

Type specifies the emulsion type used (a1l Kodak).

Image designateé the serial mumber of the exposure on a given

plate.

Photometer gives the measured sky brightnmess around Venus at the

instant of exposure in scale divisions (refer to Table 3). An

entry of 'L" indicates a barely noticeable meter responses below

1 scale division.

Exposure is the duration of shutter opening, in seconds.

Angular Extent is the measured arc length of the Venus crescent

on the photographic negative, in degrees. The technique of mea~
surement is described in Section V.

Venus Altitudes are representative values determined by the com-

puter program in the Appendix.

VISUAL ESTIMATES

Table 6 lists the visual estimates of the extent of the Venus
crescent, as determined by several observers at TMO.
Date and UT are the Universal day and time of observation.
. Photometer gives the surface brightness, in scale divisions, of
the sky around Venus at the time of observations. The values can

be converted to candles per square centimeter by means of Table 3.
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Observer identifies the source of the data:
K: G. E. Kocher
M: R. C. Moore
S5: G, F. Schilling

Y¥: J. Young
Anpular Extent is the estimated arc length of the Venus crescent

in degrees. All observations were made with the 6-in. refractor
attached to the 16-in. telescope unless otherwise indicated.
Removal of the camera was necessary to use the 16-in. telescope

visually.

Venus Altitude tabulates a few representative values of the

angular height of Venus above the horizon. Details of the com-

putation are given in the Appendix.



Table 4
ANGULAR EXTENT OF VENUS TMAGE OBTAINED FROM ITI-F PLATE MEASUREMENTS

Exposure Venus
Date Plate No. Image uT Photometer (sec) Angular Extent Altitude
& April 5425 4 1350112 17.3 .1 155-160 5% 27¢
5 1429 :20 17.7 .01 165 13 23
6 142 17.7 .02 170 13 29
9 59:30 17.3 .01 160 19 34
14 1900:02 16.3 .01 185 © 66 03
5 April 5426 1 0124:00 18.0 .01 175 16 38
: 2 34143 18.0 .01 165
3 43:29 17.9 .01 165
4 49:20 18,0 .01 160
8 0216:10 13.7 .02 175
9 120 13,7 .02 170
10 :30 13.6 .02 170
11 155 13.5 .02 185
12 0217:55 13,4 .04 180 5 30
7 April 5428 11 1653:31 17.9 .01 160 46 13
12 41 17.9 . 0L 160
14 54:28 17.9 .02 160 46 25
7 April 5429 1 1855 :56 17.2 .01 160 66 58
3 57:11 17.2 0L 160
8 1901:35 17.0 .01 165
13 05:59 17.8 .0L 160 68 07
8 April 5430 7 1346 143 17.4 .01 175 8 55
9 1400:37 17.7 .01 170 11 46
11 01:12 17.7 .01 175 11 54

14 02:03 18.0 0L 175 12 04




Table 4 ~~ continued

Exposure Venus
Date Plate No. Image uT Photometer (sec) Angular Extent Altitude
8 April 5431 3 1446 118 17.6 .01 180 21° 10'
4 133 17.6 .01 180 21 14
5 49 :54 17.6 .01 180 21 56
9 1509 :48 17.4 .01 180 26 00
15 30:18 17.4 .01 175 30 18
16 134 17.4 .02 160-170 30 20
8 April 5432 2 1821 :58 17.3 0L 185 63 00
6 24:18 17.3 .0l 185 63 12
7 137 17.3 .02 175 63 24
8 28:12 17.0 .02 180 63 56
10 29:31 16,9 ~ .02 180 64 07
12 32:48 17.1 .1 185 64 33
14 57128 16.9 .01 180 67 28
9 April 5435 6 0029 :08 17,7 .01 165 22 04
10 April 5440 8 1903 :59 17.0 .1 160 63 10
9 04:18 17,0 04 160 68 11
11 April 5442 15 1300:35 8.9 +5 180 2 38
16 55 9.0 1,0 195 2 44
11 April 5443 5 1303:38 9.7 5 200 3 14
6 04:53 10,2 o5 210 3 30
7 05:07 10,5 o2 195 3 40
14 07147 11.1 i 205 3 50
15 08:00 11,2 5 200 4 10
16 :11 11.3 1.0 220 4 11
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Table & -~ continued

Exposure Venus
Date Plate No, Image Ut Photometer {sec) Angular Extent Altitude
11 April 5444, 3 1309:56 11.6 al 195 4° 32"
4 10:09 11.6 .2 195
5 126 11.7 o5 195
5 11:38 11.9 o3 205-215
7 53 11,9 .2 200
8 12:10 12,1 .1 195 4 57
13 13:36 12.3 ok 195 5 15
14 152 12.3 .2 190
15 14.:05 12,3 5 195
16 ) :16 12,5 1.0 180 5 23
11 April 5445 2 1317 :18 12.9 04 180 2 08
3 :29 13.0 .1 200
4 140 12.9 .2 190
5 :56 13,1 o3 180
8 19:23 13,2 W1 185
13 20:27 13,6 1 185
14 140 13,6 .2 190 6 42
11 April 5446 12 1332:44 15,5 N 165 9 00
14 33:17 15.7 2 180 9 16
13 April 5450 15 1309:24 12,7 o 0 180 6 22
14 April 5452 17 1309:22 12,7 .04 180 7 20
15 April 5453 6 1247 :09 6,2 1.0 180 3 40
8 50:30 6.8 1.0 185 4 23
9 52:51 7.5 1.0 180 4 47
13 1302:23 10.9 - i85 6 350
15 April 5454 2 1724330 15.8 .01 170 58 20
10 38:12 15.8 .01 165 61 40
16 50:03 15,8 o O 150 62 04
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Table 5
ANGULAR EXTENT OF VENUS IMAGE OBTAINED FROM FILM MEASUREMENTS

Exposure Venus
Date Film No. Type Image uT Photometer (see) Angular Extent Altitude
16 April 5459 1I-F 5 1225:05 0 1 16C-170 0° 07°
7 27:39 L 172 130-150
8 28:30 L - 1/8 too faint
9 29:00 1.0 1/30 invisible
10 43 1.5 1/125 invisible
11 36:15 3.8 1 190
12 137 3.9 1/8 130-150
13 37:00 4,0 1/125 invisible
14 47 145 6.5 1 205-215
15 48:03 6.6 1/8 - 175
16 :32 6.6 1/125 invisible 4 53
16 April 5460 Tri-X 3 1310:47 12,8 1/8 180 9 26
4 11:07 12,8 1/125 ? 195
5 13:45 ° 13.1 1/8 185
6 14 :06 13.1 1/60 ~ 180
7 :19 13,2 1/500 170
8 18:10 13.6 1/1060 invisible
9 125 13.7 1/500 165
10 143 13,7 1/250 invisible
1l 152 13,7 1/125 170
12 19 :00 13.8 1/60 185
13 :09 13,8 1/30 185
14 117 13.8 1/15 190
15 127 13.8 1/8 180
16 :35 13.8 1/4 175
17 142 13.9 1/2 155
18 49 13,9 1 160
19 20145 14,0 17 160
20 21:06 14,2 1/125 170

21 114 14,2 1/125 170 11 35
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Table 5 == continued

- Exposure Venus
Date Film No. Type Image ur Photometer (sec) Angular Extent Altitude
16 April 5466 II-F 1 1723:57 16.2 1/500 165 58o 511
2 24122 16,2 1/250 170
3 25:22 16.2 1/8 too dark
4 143 16,2 1/30° 140
5 2617 16,2 1/125 160
7 44, 16,2 1/250 165
3 28:07 16,2 1/500 165
9 31:52 16.0 1/8 too dark
10 32:05 16,0 1/3Q 160
11 122 16.0 1/125 170
12 :30 16,0 1/250 185
13 140 16.0 1/500 180 !
14 33:07 16.0 1/2 too dark i
15 120 16,0 1/250 185 ‘
16 128 16.0 1/250 185
18 36128 16.2 1/8 too dark
19 38:32 16,2 1/30 155
20 145 16.2 1/125 ) 160 60 57
17 April 5467 IIT-F ba 1226 :09 0 1 130 1 12
7a 137 0 1/8 invisible
8a :55 0 1/60 invisible
7 34:15 1.7 1 175
B 131 1.7 1/8 too faint 2 54
9 A 1.7 1/60 invisible
10 38:15 3.5 1 180
11 :25 3.5 1/8 155
12 135 3.6 1/60 invisible
13 45 145 5.5 1 195
14 $52 5.6 1/8 130




Table 5 -~ continued
Exposure . Venus
Date Film No., Type Image uT Photometer (see) Angular Extent Altitude
17 April 5467 IIL-F 15 1246 :02 5.7 1/60 invisible 59 12
{cont'd) 16 51:50 7.2 1 205
17 52:00 7.3 1/8 165
18 :10 7.3 1/60 too faint 6 30
19 57 :45 9.0 1 210
20 :55 9.0 1/8 175
21 58:02 9,1 1/60 too faint
22 130215 11,0 1/8 185
23 :25 11.0 1/60 140
24 134 11.1 1/125 invisible 8 25
25 06 :40 11.9 1/8 200
26 47 12,0 1/60 135
27 155 12,0 1/125 too faint
28 12:25 13.0 1/8 195 10 40
17 April 5469 III-F 1 1721:30 16.2 1/2 too dark
2 22:10 16,2 1/8 170 58 58
3 :32 16.2 1/30 180
&4 147 16.2 1/125 180
5 23:15 16,2 1/250 180
6 142 16,2 1/500 170
7 25:32 16,2 1/8 170
8 145 16.2 1/30 185
9 157 16.2 1/125 180
10 26:15 16.2 1/250 165
11 142 16.2 1/500 170
12 28:45 16.2 1/8 180
13 :58 16.2 1/30 190
14 29:11 16,2 1/125 190
15 :48 16,2 1/250 175
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Table 5 = continued

Exposure Venus
Date Film No, Type Image UT Photometer (sec) Angular Extent Altitude
17 April 5469 III-F 16 1730:09 16,2 1/500 165
(cont'd) 18 32:46 16,2 1/30 170

19 157 16,2 1/125 190
20 33:03 16.2 1/250 175
21 113 16.2 1/60 180
22 34137 16.2 1/8 165
23 47 16,2 1/30 175
24 :54 16.2 1/60 190
25 35:02 16,2 1/125 180
26 123 16,2 1/250 170
27 127 16.2 1/1000 150 faint
28 :5¢ 16,2 1 too dark
29 36:54 16.2 1/60 190
30 37 :04 16.2 1/60 185 61° 06"

19 April 5470 III-F 5 1217 :44 0 1 165 1 11

7 30:04 3.6 1 185-195 3 4
B 113 3.7 1/8 140 3 43
9 40:08 5.8 1 190 5 45

10 $17 5.8 1/8 160 5 47
11 48135 7.3 1 200 7 29
12 49105 7.6 1/8 165 7 35
13 53:30 8.95 1 195 8 30
14 152 9:05 1/8 185 8 34
15 58:30 10.5 1 . 205 9 31
15 148 10,6 1/8 180-185 9 35
17 1304:25 12.4 1 190 10 44
18 :38 12,45 1/8 185-190 10 47
19 10:30 13,1 i 180-185 12 00
20 :38 13.2 1/8 180 12 02




Table 5 -- continued

Exposure Venus
Date Film No. Type Image UT Photometer (sec) Angular Extent Altitude
19 April 5470 11I-T 21 1310:44 13,3 1/30 175 12° 03¢
(cont’d) 22 152 13.4% 1/125 135 12 04
23 14124 13,65 1/8 185-190 12 48
24 139 13,7 1/125 150 | 12 51
25 16115 13.9 1/8 185 13 11
26 25 14,0 1/125 140 13 13
27 18:02 14,1 1/8 185 13 33
28 15 14,1 1/125 150 13 36
29 19:12 14,2 1/8 185 13 48
30 19 14,2 1/125 150 13 49
31 20:30 14.3- 1/8 180 14 04
19 April 5471 ITI-F 4 1648:13 15,2 1/8 175 54 438
5 134 15,2 1/60 180
.6 :55 i5,2 1/125 175
7 1700:02 15,0 1/8 170
8 :18 15,0 1/60 185
9 128 15,0 1/125 185
10 10:35 15.1 1/8 175
11 145 15,1 1/60 180
12 56 15,1 1/125 150
13 20:03 15,1 1/8 185
15 23 15.1 1/125 190
16 30:12 15.0 178 175
17 :38 15,0 1/60 180
20 31:37 15,0 1/60 180
21 40:30 15,0 1/8 185
22 40 "15.0 1/60 175
23 155 15,0 17125 170

24 50:20 14,9 1/8 185
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Table 5 -~ continued

Exposure Venus
Date Fiim No, Type Tmage UT Photometer {sec) Angular Extent Altitude
19 April 5471 ITE-% 25 1750:28 14.9 1/60 180
(cont'd) 26 132 14.9 1/125 185
27 1800:40 15.0 1/8 180
28 :50 15.0 1/60 185
29 :56 15,0 1/125 180
30 04 104 14,8 1/2 160 64° 10"
20 April 5472 III-F 2 1205:00 0 4.5 165 ~0° 36'
3 10:56 0 4.5 205 . +0 36
3a - - - 160
A 14138 0 4,5 200
5 26:20. 3.0 1 190
6 :31 3.0 1/8 165
7 34:55 4.8 1 190
8 35:00 4,8 1/8 165
9 38:25 5.4 1 195
10 :31 5.4 1/8 180 .
11 44:18 6.7 1/8 175
12 228 6.7 1 195
13 49 :37 8.1 1 200
14 143 8.1 1/8 175
15 56:15 9,7 1 200
16 123 9,7 1/8 180
17 59:20 11.1 1 195
18 :28 11,1 1/8 185
21 1302 :15 12,0 1 190
22 127 12,0 1/8 190
23 132 12,0 1/8 150
24 140 12,0 1/30 165
25 09 :20 13,0 1/8 185




Table 5 -~ continued

Exposure Venus

Date Film Mo, Type Image UT Photometer (sec) Angular Extent Altitude

20 April 5472 III-F 26 1309:29 13.0 1/30 175
(cont'd) " 27 12:30 13.6 1/8 180
28 :38 13,6 1/30 170

29 - 15:40 14,0 1/8 185 13° s5°¢

21 April 5477 III-F 3 1208 :43 0 1 175 0 56

4 11:47 0 4 , 195 i 33

5 12213 0 1 180 1 39

6 18:19 0 1 180 2 54

7 :31 <1 1/8 155 2 56

8 29:02 3.0 1 195 5 06

9 118 3.0 1/8 165 5 09

10 38:18 5.2 1 200 7 00

11 139 5.2 1/8 . 175 7 04

12 48 :04 7.4 1 205 9 01

13 123 7.5 1/8 180 9 05

14 59:25 11.4 1 205 11 20

15 :38 11,45 1/8 185 11 23

16 :50 11.5 1/60 145 11 26

17 1307 :34 12.8 - 1/8 190 13 02

18 :50 12.8 1/60 175 13 06

19 15:00 13,8 1/8 190 14 35

20 :07 13.8 1/60 175 14 36

21 17:27 14,0 1/2 175 15 05

22 :38 14,0 1/500 too faint 15 07

23 :59 14,0 1/8 185 15 12

24 18:13 14,0 1/60 170 15 15




Tahle 5 -~ continued
Exposure Venus
Date Film No, Type Image uT Photometer (sec) Angular Extent Altitude

22 April 5482 I1I~F 1 1757:38 15,2 1/30 175 63° 39"
2 157 15.2 1/60 170
3 58:12 15,2 1/125 175
4 59:55 15,2 1/30 170
5 1800:17 15.3 1/60 180
6 :36 15.3 1/125 175
7 01:06 15.3 1/30 180
8 :18 15.3 1/60 180
9 127 15.3 1/125 185
10 02:29 15.3 1/30 180
11 146 15.3 1/60 175
12 03:17 15.3 1/125 170
13 06:10 15.3 1/2 160
14 129 15,3 1/500 160
15 :52 15.3 1/30 175
16 07:01 15.3 1/60 185
17 40 15.3 1/125 170

18 08:45 15,3 1/30 180 )
19 09:13 15,3 1/60 170 64 07
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Table 6
VISUAL ESTIMATES OF THE ANGULAR EXTENT OF THE VENUS CRESCENT

. Venus
Date UT Photometer  Observer  Angular Extent  Altitude
16 April  1234:30 ~ 3 K; M; S >180 2° 02!
43 ~ 5,5 S; K 225310
50 ~ 7 M 220
1301 ~10 M; S 200-205
24 ~14 K; M; S .190 12 10
1738 16,2 S 160 60 50
17 April 1229 ~ 1,0 3 220 1 47
30 1.0 X 210
32 ~ 1,5 M 225
36:30 2,5 ¥ 200
£0:30 4.0 S 225
43:20 3.0 b4 240
45 3.3 X 225
45 " Y 240
45 " M 230
45 " S 230
51 7.0 Y 225
53:30 7.5 Y 220
55:37 8.3 ¥ 220
58 :45 9.0 ¥ 215
59 9.5 Y 225
1301 10,0 Y 215
02 11.0 Y 210-215
03:30 11.4 S 200-205
04 11.5 v 210
06:15 11.8 Y 200
07 12,0 Y 200
08 12,2 Y 190
09:10 12.4 Y 190
10 12.5 Y 190 (16™)
11:00 12.6 Y >180
11:45 12.6 Y 190
13:00 13.0 Y 185
13:45 - Y 190
14:22 - S 195
21:30 13.5 Y >180
25 13.5 Y >180
26 13.5 Y 190
26 13.5 5 180-190 13 28
19 April ~ 1216 0 Y 200-210 - 51
24 :30 2.3 Y 200
26 :45 3.0 Y 200 i 0l
30:30 3.7 Y 200
31:45 4,0 S 210 4 02
33 4.3 K 195 4 18
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Table 6 -~ continued
Venus
Date UT Photometer  Observer  Angular Extent  Altitude
19 April 1236 5.0 Y 200 4° s5°
(cont'd) 37:10 5.2 s 210-215
38 :40 5.5 M 215 5 27
39:35 5.7 jid 200
41 6.0 Y 205
41 :45 6.1 S 220
42 :50 6.3 M 215 6 19
44 6.5 K 205
46:30 7.0 Y 210 7 04
49 7.6 Y 220-225 7 35
51 8.1 5 215
53 -- Y 280 (1e') 8 24
54:15 -= Y 250 (16™)
55:10 9.5 Y 230 g 50
56 :00 - K 220 (16™)
56:00 - K 220
56 :55 10.0 S 220
58:15 - Y 240-250 (16')
58:50 10.6 Y 215 9 35
1301 :40 11.7 ¥ 210 10 10
02:45 12.0 5 205
03:30 12.2 Y 220 (16') 10 33
04:20 12,4 Y 210 10 44
07 :35 -- ¥ 190 (16™) 11 20
07 :35 12,9 ¥ 200 .
09:15 13,0 S 200 11 44
11:15 13.3 Y 200 .
11:35 -- Y 190 (16™")
12:10 13.5 -+ 8 190-195
12:50 13.6 M 190 12 29
13:20 13.6 K 170
13:52 -- K 185 (16'")
15:05 13.8 Y 180
15:05 13.8 K 170
15:32 13.8 Y 190
16:09 13.9 K 180 - 13 11
16:53 ©14.0 Y 190
17:05 - Y 180 (16™)
17:43 14,1 K 180
18:30 14,1 Y 170
19:05 14,2 Y 185 13 47
19:35 14,2 K 175
20:10 14.3 Y 180
20:55 14.3 K 175 14 09
21:10 -~ Y 160 (16")
21.:20 14.4 . Y 180
21:30 14 .4 S 180
22:22 14.4 M 185 14 27
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Table 6 -- continued
Venus
Date uT Photometer  Observer Angular Extent  Altitude
19 April 1635 15.4 s 160 52° 46"
{cont'd) 35 " K -170 -
35 " M 175
1701 15.0 S 160
01 " K 170
0l " M 170
1711 15.1 S 160-165
11 " K 170
11 " M 170
1721 15.1 s 165-170
21 " K 165
21 " M 180
1731 15.0 S 170
31 " X 170
31 " M 170
1741 15.0 8 175-180
41 n K 170
41 " M 175
1751 14.9 S 170
51 " K 175
51 " M 170
1801 15.0 s 170-175
01 " K 165
01 " M 165
1804 14.8 s 180
04 " K 170
1811 14.8 S 175 64 37
il " X 165
11 " M 170
20 April ~1220 1 Y 210 2 27
22:15 1.5 S 225-230
24:15 2.5 Y 215
27 3.0 Y 240
27 " M 225
33 4,2 ¥ 225
36 5 Y 230
36 " M " 230
41 6.0 Y 230
42 6.0 K 225
47 75 Y 220
48 7.7 S 215
50 8.2 Y 230
52 8.6 X 220
52 " M 220
53 9.1 5 215-220
55 9.5 Y 220
58 10.6 Y 220
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Table 6 -- continued
Venus
Date uT Photometer  Observer Angular Extent Altitude
20 April 1300 11.5 Y 220
(cont'd) 02 12,0 ¥ <230
05 12.4 S 210
07 12.6 M 220
10 13.0 Y 220
13 13.6 Y 200
13:30 13.6 ) 195
14:20 13.8 M 190
15 14.0 Y 195-200 o
17:30 14,2 Y 190 14 17’
1747 14.3 X 170 62 53
47 " 8 160
47 " M 180
56 14,4 K 175
56 N S 170
56 " M 180
1808 14.3 K 175
08 " ) 170
08 " M 180
16 14,3 K 175 64 41
16 " M 180
21 April 1209:35 0 K 225 1 08
09 :45 0 S 230
12:55 ~ .3 K 220
17:50 N M 220
19:05 1.0 K 215
26:30 2.0 S 225
30 3.0 K 215
31 3.2 M 225
32 3.5 5 220
39 5.2 K 220
39 " 5 220
41 6.0 M 220
49 8.0 X 215 9 13
49 " S 215-220
49 " M 215
1301 11.6 K 210
01 " 5 210
01 " M 210
08 12,8 K 195
08 " M 200
16 13.8 K 185 14 47
16 " S 195
16 " M 195
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Table 6 -- continued
Venus
Date T Photometer  Observer  Angular Extent Altitude
21 April . 1744 15.5 K 170 62° 42¢
(cont'd) 44 " 5 160-170
L4y " M 170
51 15,8 K 165
51 " s 165
51 " M 165
56 15,8 K 165
56 n S 160
56 " M 160
1800 . 15.8 K 165
00 " S 165
00 " M 165
06 15.8 X 160
06 " 8 150
06 " M 155
11 15:8 K 155
11 " S 160
11 " M 150
16 "15.8 K 155 64 30
16 " S 140
16 n M 145
22 April 1207 0 Y 195 1 22
07 0 S 190-240
07 0 K 195-220
09 :45 0 Y 220
14:50 0 Y 220
17 >0 S 225
19 1.0 Y 230
19 " K 215
19 " M 210
23 1.5 ¥ 225
26 2.0 S 210
32:30 4.0 . ¥ 215
35:45 4,6 Y 225
39:30 5.6 S 205-210
39:40 " M 200
41:30 6.2 Y 220
42 :45 6.4 K 225
43:15 6.5 3 220
48:30 8.0 Y 230
48 :40 " 5 215-220
49:30 8.5 K 215
49:40 " M 215
52:30 9.5 b'd 220
57:30 11.0 Y 200
58:05 11.2 S 205
59:00 11.5 K 205
59:10 " M 200
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Table 6 -- continued
Venus
Date ut Photometer  Observer  Angular Extent  Altitude
22 April  1301:35 12.0 Y 200
(cont'd) 04:10 12.3 Y 200
' 07 :45 12.9 K 190
08 :30 13.0 M 130
11:30 13.5 Y 180
13:36 13.7 M 185 o
14:40 13.8 5 185 15 18!
1750 15.2 S 170 63 13
50 " K 1565
50 " M 175
59 15,2 S -160-170
59 " K 170
59 " M 170
1801 15.3 S 160-170
07 15,3 3 160-170C
09 15.3 M 175
18 15.3 s 175-180 (16
18 " K 170 (16™)
18 " M 170 (16'")
20 15.3 S 165-170 64 19
20 " K 165
20 " M 175
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IV, CATALOG OF PHOTOMETRIC DATA

INFERIOR CONJUNCTION

Table 7 presents the photometric data other than those measure-
ments at the instant of photographic exposure or visual observatiom,
which are given in Tables 4, 5, and 6., The objective was to determine
the brightness variation of selected parts of the sky under varying
conditions of solar position. The measurements were made with the
meters described in Section II.

The first column, UT, specifies the Universal day and time of
observation, to the nearest minute. The absence of an entry means
that the value (hours, or minutes, or both) is the same as the pre-
ceding one. )
The second column gives the measured brightness, converted to

candles per square centimeter. The first entry, for example, should

be read as

4.5 x 10°% ¢d cm™?

The third column gives the direction of the reading:
z means the meter was pointed to the zenith.
V means Venus was centered in the field of wview,
WH means the western horizon.
EH means the eastern horizon.
In some cases the brightness varied only slightly over lomp per-
iods; the data were then condensed from the many entries in the log
as follows; "Period'" means the time interval referred to, and '"Range"

means the limit of variation in brightness during that period.

GREATEST ELONGATTON

The data in Tables 8 and 9 were obtained at TMO and NMSU Obser-—
vatory, respectively. They are photometric measurements of the sur-
face brightness of the terrestrial sky near the period of greatest
western elongation of Venus. The first column, UT, gives the Univer-
sal date and time of each obser?ation. The next two columns give the

measured brightness of the sky surrounding Venus (V¥V} and at the zenith
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(z). The meter readings in scale divisions have been converted to

candles per square centimeter by means of Table 3. For example, the

5

first entry in Table 8 is a brightness of 4.2 x 10~ cd ca:l-2
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Table 7
SKY BRIGHTNESS (TMO)
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“Absence of an exponent means that the exponent is zero., -
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-- continued

Table 7
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Table 7 -- continued
UT cd c:m“2 uT cd csz Ut cd csz
22 April (cont'd) 22 April (cont'd) 22 April (comt'd)
1253 1.1 -2 Vv 1303 5.0 -2 Vv 1313 1.3 -1 V¥
54 1.4 -2 V¢ 2.5 -3 =z 14 1.4 -1V
5.1 <4 z 04 5.3 -2 V 1.2 -2
56 2,2 =2 Vv 06 7.0 -2 ¥ Period:
57 2,3 <2 v 07 7.5 -2 ¥ 1743 to 1817
7.7 -4 =z 4.4 -3 gz Range of V:
1300 3.3 -2 Vv 08 8.6 -2 V¥ 4.0 -1 to 4.2 -1
01 4.3 -2 ¥ 11 1,2 -1 v Range of z:
1.9 -3 =z 12 1.3 -1 v 2.4 -1 o 2,6 ~1
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Table 8
SKY BRIGHTNESS (TMQ)

ceding entry.

cd Qm_z cd cm“? EQ_EELji
T g 2 uT v 2 uT v z
17 June 18 June (cont'd) 19 June (cont'd)
1156:00 4.2 -5 - 1220:00 1.8 -3 3.0 -4 1235:40 2.0 =2
1200:00 3.7 - :27 1.9 - 40:00 2.6 1.1 -2
06:30 5,6 - 40 2.0 - 47 2.8 -
10 1,5 -4 5.2 -5 :55 2.2 3.9 :59 1.2
13 2,6 9.7 25:00 4.1 8.3 45:00 4.0 1.4
14:30 3.4 1.1 -4 (16 4.4 - :30 4.3 1.5
15:00 3.9 1.4 124 1.1 -3 50:00 5.3 1.8
:33 4,2 30:00 8.7 1.9 :31 1,9
4y 44 126 9.4 - 55:50 6.5 2,2
20:00 1.4 -3 2,9 156 2,2 -3 1300:00 7.5 2,5
23 1.6 31:15 1.3 -2 - 157 2.6
24:15 - 5.9 a5:00 1.9 3.6 25:20 1.1 -1 4.3
25:00 3.3 - 237 3.9 30:00 4,6
:20 3.8 - 40:00 2.6 6.2 2012 - 8.5 -1
:35 4.0 1.0 -3 :35 6.6 45 - 4,2
30:00 7.1 1.7 45:00 4.0 8.7 2100 - 3.4
08 7.6 - 120 4.3 - 15 - 3.0
:37 8.2 2.2 by 1.5 -2 30 - 3.4
35:00 1,6 -2 3.3 50:00 5.7 1.9 45 - 3,2
37 1.8 3.8 :31 2.0 2200 - 2,8
37:15 2,2 5.0 55:00 6.1 2.3 30 - 3.0
40:00 2.5 1.1 -2 133 6.1 2.5 47 - 2.6
36 2.6 1323:25 1,1 -1 5.0 2300 - 2.4
45:00 3.5 1.3 30:00 1.3
:23 3.8 - 20 June
136 3,9 1.4 || 12 Jue 1158 4.2 -5 -
50:00 5,0 1.8 120G:00 3,7 -5 1.0 -5 1200:00 3.7 -
123 5.3 - 35 4.2 10 2.1 -4 6,0 -5
55:00 5.7 2.2 04:20 5,2 4,2 15 4.8 1.1 -4
37 6,1 09:18 1.9 -4 6.0 42 4.5 1.3
130G:00 7.0 2,6 15:00 5.5 1.1 -4 20:00 1.7 -3 2.7
:36 7.5 2.6 24 5,9 - :28 1.9 -
13:30 1.1 -1 3.8 29 6.3 1.3 36 2.0 3.4
18 20:00 1.9 -3 3.0 25:00 3.8 6.3
30:00 1.3 5.0 :34 2,0 3.6 21 4,1 -
25:00 4,1 8.3 34 4ok 3.9
18 June 19 4.4 - 28:30 6.2 1.6 -3
1154:30 4.2 -5 - 129 4,7 - 30:00 1,1 -2 1.8
1200:00 1.0 -5 26:00 5.0 1.3 -3 222 1.2 -
07:45 1.3 -4 4.2 30:00 8.2 1,9 149 2.2
11:40 2.6 - 13 1,2 -2 - 31:50 1.3 -
15:00 5,1 1.3 -4 134 1,2 2,3 32:30 1.4 2.6
50 5.5 35:08 1.9 3.8 f 34:10 1.5 3.1
“Absence of an exponent means that the exponent is the same as the pre-
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Table 8 -~ continued
cd cmb2 cd n::m”2 cd cmm2
uT v z uT v Z uT v z
20 June (cont'd) 20 June (cont'd), 21 June (cont'd)
1235:00 1.6 -2 3.3 -3 2100 - 3.2 -1 1227:00 5.4 -3 -
26 1.8 - ) 16 - 2.6 :15 1.3
£33 3.6 45 - 2.3 30:00 1.2 -2 1,7
40:00 2.5 5.4 2200 - 1.8 4d 2.0
:19 2.6 - 15 - 1.7 32:45 1.4 2.5
:35 2.8 1.2 -2 30 - 1.6 33:53 1.5 3.1
45:00 3.5 1.3 45 - 1.4 35:00 1.6 3.3
:35 3.8 - 2300 - 1.1 :290 1.8 3.6
49 4.0 1.4 21 June 40:00 2,5 1.1
50:00 5.0 1.5 E—— 29 2.6
:33 1.9 1156 4,2 -5 -~ 45:00 3.8 1.3
55:00 5.7 2.2 1200:00 3.0 -5 139 4.0 1.4
1300:00 6.1 2.6 15: 4.8 -4 1.2 -4 50:00 5.1 1.6
0L:08 6.5 113 5.5 - :31 5.3 1.8
47 7.0 31 5.9 1.4 56 6.5 2.3
30:00 9.9 4.3 20:00 1.7 -3 2,7 -4 1300:00 7.5 2.8
2003 - 1.3 0 T:37 1.9 - 24 7.8 2.8
06 - 9.4 -1 21:13 2.0 3.9 -4 30:00 1.1 -1 4.3
10 - 9.1 25:00 3.8 7.2 117 1.2 -
12 - 8.5 20 4.1 - 127 1.3 -
15 - 6.9 130 4.4 9.5 49 1.4 5.0
20 - 7.4 26:00 4.7 - 1942 - 9.7
30 - 6.0 :15 4.8 - 52 - 1.0
45 - 6.2 -230 5.0 - 2007 - 1.2
45 5.2 - 15 - 1.1
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Table 9
SKY BRIGHTNESS (NMSU)
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Table 9 -« continued
cd cm—2 cd_cm 2 cd cmﬁz
uT A z uT v z UT v
18 June (comt'd) 19 June (comnt'd) 20 June (cont'd)
1134 4.1 -4 6,0 -5 1131:09 2.1 -4 2.1 -5 1128:14 1.0 -4
34 4.8 8.4 58 2.4 3.0 :50 1.2
35 5.5 1.0 -4 32:46 2.7 3.0 29:35 1.4
36 6.7 1.3 33:36 3.4 3.0 30:25 1,7
37 8.3 1.5 34:38 4.1 4.2 .31:19 2,1
38 9.5 1.8 35:26 4.8 6.0 32:10 2.4
39 1.1 -3 2,2 36:09 5.5 9.0 :50 2,7
39 1.4 2.6 158 6.7 1.1 -4 33:45 3.4
40 1.7 3.1 37:57 8.3 1.4 34:39 4.1
40 1.9 3.9 38:35 9.5 1.7 35:27 4.8
41 2.2 4.1 39:10 1.1 -3 2.1 36:04 5.5
42 2.7 5.1 40:00 1.4 2.4 :55 6.7
43 3.6 6.7 58 1.7 2.9 37:48 8.3
44 3.8 7.2 41:30 1.9 3.4 38:30 9.5
45 b.h 8.9 4£2:12 2.2 4,1 39:05 1.1 -3
46 5.4 1.2 -3 43:04 2.7 4,8 :58 1.4
48 6.6 1.6 44:17 3.3 6.3 40:54 1.7
49 7.6 1.9 45:08 3.8 7.2 £1:35 1.9
51 1.1 -2 2.3 A6 :06 4.4 8.9 42:15 2.2
52 1.3 3.1 47:40 5.4 1.2 -3 43:15 2.7
53 1.4 . 3.3 49:20 6.6 1.6 44:40 3.3
55 1.8 4.1 50:27 7.6 1.9 45:20 3.8
57 2.2 4.7 51:32 1.1 -2 2,2 46:21 4.4
59 2,7 6,2 155 1.2 2.3 47:57 5.4
1201 3.0 7.1 53:10 1.3 2.9 49:30 6.6
03 3.5 8.2 54:15 1.4 3.3 50:55 7.6
06 4.3 1.3 -2 56:11 1.8 4,1 52:20 8.7
10 5.3 1.8 58:00 2,2 5.0 53:39 1,4 -2
14 6.1 2,0 1200:00 2.7 6.2 54:10 1.5
18 7.0 2.7 0z2:10 3.0 7.1 56:43 1.8
25 8.6 3.3 04:55 3.5 1,2 -2 58:40 2.2
34 1.1 -1 4.0 08:00 4.3 1.4 1200:35 2.7
46 1.2 5.0 12:25 5.3 1.9 02:28 3.0
16:17 6.1 2.3 04:45 3.5
19 June 20:35 7.0 2.7 08:02 4.3
1103:30 1.1 -5 - 27:15 8.6 3.3 12:00 5.3
l6:15 2.1 - 38:50 1.1 -1 4.0 16:10 6.1
23:20 3,0 1.1 -5 20 19:10 7.0
25:10 4.2 1.1 £9 June 25:10 8.6
26:25 8.4 1.1 1107:00 1.1 -5 - 27:35 9,2
27:37 1.0 -4 1.1 21:05 2.1 - 29:15 9.9
28:10 1.2 2.1 23:10 3.0 - 33:10 1.1 -1
29:28 1.4 2.1 25:51 4,2 - 40:00 1.1
30:11 1.7 2.1 27:07 8.4 1.3 -5 43:00 1.2
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V. DATA REDUCTION AND ANALYSTS

In our theoretical study published in 1967,* we supgested that,
for Venus, the cusp extension angle measured depends on the bright-
ness of the terréstrial sky at the moment of observation as well as
on the height of the scattering atmosphere above the surface of Venus.,
In addition, an exploratory test program carried out about the same

time indicated that varying the length of exposure time would arti-

ficially alter the brightnesses of the planet relative to the sky

surrounding it, Other factors such as astronomical seeing, size of
telescope, atmospheric extinction, plate semsitivity, and type of fil-
ter also affect the apparent angular extent of the crescent.

During the 1969 Venus inferior conjunction particular emphasis
was given to two of the parameters, namely, sky brightness and dura-
tion of exposure.

The discussion of the observational material is presented in
three parts: photographic material, photometric material, and sky

brightness effects.

PHOTQGRAPHIC MATERIAL

The photographic material, obtained through the telescopes, is
concerned principally with the angular extent of the Venus crescent.
(Photometric information in the pictures is alsp available, and is
discussed in the final part of this section.) The information sought
is the positional relationship of terminator and cusps to the bright
limb. In the inferior conjunction observatiocms, these quantities are
rather easily obtained from the Venus images, mainly because the phase
is a thin crescent.

The angular extent of the Venus crescent (from which cusp exten-
sion angles can be deduced) was determined by using an optical com-

parator whose reticle was placed directly against the emulsion. (The

13

s
RM~5386-PR; see footnote on p. 1,
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photograph was illuminated from below.} Since no commercially avail-
able reticle had the necessary graduations, we prepared our own ac-

cording to the design shown in Fig. 3.

Fig, 3 —— Reticle design.

Because the size of the Venus image varied with the date of ob-
servation and telescope focal length, it was necessary te have several
circular arcs (a, Fig. 3). The comparator was positioned by fitting
the bright limb of the Venus image to the appropriate arc (a). This
centered the reticle on the image. Then the comparator was rotated
until the line (bc) jJust touched the lower cusp. The angular extent
was then apparent from the location of the other cusp. The radial
lines (de¢) were 5° apart. Measurements made by two observers are com-
pared in Fig. 4. The scatter of points arises in deciding just where
the image of the cusp becomes distinct from the background. This typ-
ifies a well known problem in astronomy, encountered, for example,
when deriving integrated magnitudes of galaxies or the angular diam-
eters of planets. Images that were very lightly or very heavily ex-
posed presented more severe problems in positioning the reticle.

The measurements of the angular extent of the Venus ctescent are

presented in Tables 4 and 5.



Angular extent, degrees (RCM)
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Fig. 4 —- Comparison of measurements of angular extent of the
photographic image of the crescent.
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In the case of the elongation data, the planet is very close to
quarter phase. The precise relationships of the various parts of the
image can be measured only on a measuring engine. This very time~
consuming task was beyond the scope of our project, but could, of

course, be performed at any later time.

PHOTOMETRIC MATERIAL

The photometric data are available in both the direct meter read-
ings of sky brightness and in the density of the photeographic images.
The latter data are discussed in the last part of this section. The
sky-brightness data obtained with the meters are tabulated in Sections
I1Y and IV. In Section III only those measurements of sky brightness
around Venus at the time of an exposure are listed. All other measure-
ments of sky brightness are collected in Section IV. As may be seen
in the discussion of their characteristics in Section II, the photo-
meters were stable, functional instruments.

Representative data are plotted in Figs. 5 through 9; they show
the brightness of the sky at Venus and at the zenith. The lower part
of each figure is a plot of the celestial altitude of the Sun and Venus
to aid in interpreting the photometric data. April 8 was the date of

inferior conjunction.

SKY-BRIGHTNESS EFFECTS

The brightness of the terrestrial sky affects the observed extent
of the Venus crescent. This is demonstrated quite clearly in Fig. 10.
Here the angular extent of the Venus crescent is plotted against shut-
ter speed on two days. The data from 17 April, represented by circles,
show that the maximum extent of the Venus creecent is cbserved at ex-
posures of about 0.0125 sec. When the sky was half as bright (data of
22 April) we see that not only was the optimum exposure greater (about
0.02 sec.) but also the maximum size of the measured Venus crescent
was smaller.

Figures 11 through 14 are plots of measured angular extent of the

Venus crescent under various conditions of sky brightness. The data
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are parameterized in exposure times. The curves clearly show the ef-
fect of sky brightness on the measured size of the Venus crescent.
Furthermore, the evolution of the curves due to the changing angular
distance between Venus and the Sun is apparent.

Finally, Fig. 15 is an example of the effect of a specific com-
bination of telescope and emulsion propertigs in determining the min-
imum exposure needed to obtain a detectable image. The data shown are
for June conditions at TMO. Elongation photographs were examined to
determine which exposures were sufficient to show the sky or Venus.
The triangles and circles represent combinations of exposure times
and brightness that resulted in barely detectable images of the sky
and Venus respectively. The limiting relationship for the upper curve

was approximately
B x t= 10'-4 sec cd t:mm2
where B is the surface brightness and t is the duration of the shutter

opening. This relationship was needed for the interpretation of data

of the kind shown in Figs. 11 through 1l4.
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Appendix

COMPUTER COMPUTATTIONS

A major factor contributing to the success of the observatiomal
program was the development of a number of on-line JOSS* computer pro—
grams. These permitted the precise preplanning of observational de-
tails as a function of the expected celestial configurations and ter-
restrial sky conditions at the observing sites. TIn addition, computer
programs were used for the processing, reduction, and analysis of the
data. Copies of the major programs and examples of the output are re-
produced in this Appendix.

Page 63: Ephemeris Program

The program input consists of the distances Earth to Venus, Earth

to Sun, and Sun to Venus, as tabulated in the American Ephemeris and

Nautical Almanac. The output consists of tables of Elongation, Phase

Angle (i), and Exterior Orbit Angle (o)., Time intervals of output can
be called for as desired. Examples of program output are shown on the
fellowing pages. ‘

Page 64: Ephemeris Program Qutput for April 1969 (Summary)

Page 65: Ephemeris Program Output for 8 and 9 April 1969

Page 66: Ephemeris Program Output for June 1969 (Summary)

Page 67: Ephemeris Program Output for 17 and 18 June 1969

Page 68: Look-Angle Program for TMO

The program input consists of the hourly values of GHA and decli-

nation of Venus and Sun as tabulated in the Nautical Almanac. The

cutput consists of tables of celestial look angles for specific loca-
tion, at any desired time interval.

Page 70: Look-Angle Program for NMSU Observatory

Page 72: Example of look angles for TMO, 4 April 1969

Page 73: Example of look angles for TMO, 19 June 1969

*
JOSS is the trademark and service mark of the Rand Corporation
for its computer program and for services using that program.
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Page 74: Example of look angles for NMSU Observatory, 19 June 1969
Page 75; Plate—Analysis Program
B The program input consists of a series of plate-micrometer readings
such as diameter and cusp positions, and ephemeris data., The output is
a complete analysis in terms of the parameters described in RM-5386-PR.
Page 78: Example of plate analysis for two images, giving cusp

extension angles of 10° and 15° respectively.
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Type all,

1,05 * Ephemeris (every 1/10 of a day and SUMHMARY).
1.2 Set e=[S(§)%2+v(§)#2-1(§)Y%21/L2+8(3)+v(i)1.

1.3 Set E=d(argle,sqrt{i-e*2}]),

1.4 Set i=[v(§)%2+1(3)%2-8(3)%2]1/[2+v(3)+1(3)].

1.5 Set I=d(argli,sqrt(1-i*2)1).

1.8 Set A=d[r(180)-r(I}],

1,89 Line if fp(j/10)=C.

1,9 Type j/10,E,A,I in form 1.

2.1 Set a=a,

2.2 Do part 3 for b=0(1)9.

3,1 Set j=(10+a)+b.

3.2 Set S(3j)=b-([s(at1)-5(a)]l/10)+s(a).
3.3 Set 1(j)=be<{([1{a+1)-1(a)]/10)}+1(a).
3.4 Set v(j)=be([v(ati)-v{a)l/10)+v(a).
3.5 Do part 1. .

5.5 Set 1(m+1)=L(m}-[[1{m)-2{m+2)1/2],

9.1 Demand S(j).
9,2 Demand 1(j).
9.3 Demand v(j).

10.1 Delete S{n).

10,2 Delete 1(n),
10.3 Delete v(n).

Form 1:
Apr __._: Elongation: __ . " Alpha: . "ol . "
D(r,c): ip(rec)+.02+ip[60£p(rec)]+.006¢fp(60-r+c)
R(d,c): [ip(d)+ip(100+£fpl[d])/60+£p(10C0-d)/36]/c
d(x): D(x,45/arg(1,1))
h(x): R(x,3/arg(1,1))
r{x): R(x,45/arg(1,1))
s(x,y): dlr(x)+r(y))
t(x): D(x%,3/arg(1,1))
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Do part 1 for j=4(1)23,.

Apr  4,0: Flongation: 10,4407" Alpha: 14.5842" i: 165,0118"
Apr 5.0: Elongation: 9,3929" Alpha: 13.2746" i: 166,3214"
Apr 6,0: Elongation:  8.4302" Alpha: 12,0832" i: 167.5128"
Apr  7.0: Elongation: 7.5807" Aipha: 11,0539" i: 168.5421"
Apr 8.0: Elongation: 7.2847" Alpha: 10.2440" i: 169,3520"
Apr  9,0: Elongation:  7.1821" Alpha: 10,1008" i: 169.43852"
Apr 10.,0: Elongation: 7.2823" Alpha: 10,2415" 1i: 169,3545"
Apr 11.0: Elongation: 7.5713" Alpha: 11.0442"™ i: 168,.5518"
Apr 12,0: Elongation: 8.4141" Alpha: 12,0709" i: 167.5251"
Apr 13.0: Elongation: 9,3733" Alpha: 13,2547" i: 166,3u413"
Apr 14,0: Elongation: 10,4128' Alpha: 14,5600"™ 1i: 165.0360"
Apr 15,0: Elongationm: 11.5042"™ Alpha: 16,3406" i: 163,2554"
Apr 16.0: Elongation: 13,03125" Alpha: 18,1723" i: 161.u4237"
Apr 17,0: Elongation: 14,1742'" Alpha: 20,0354" i: 159,5606"
Apr 18,0: Elongation: 15,3300" Alpha: 21.,5218" 1i: 158,0742%"
Apr 19,0: Elongation: 16,4823" Alpha: 23,4133" 4i: 156,1827"
Apr 20,0: Elongation: 18.0318" Alpha: 25.3056" 1i: 154,2904"
Apr 21.0: Elongation: 19,1718"™ Alpha: 27,1953™ 1i: 152.4007"
Apr 22.0: Elongation: 20.3003" Alpha: 29,0757" i: 150,5203"
Apr 23.0: Elongation: 21.4118" Alpha: 30.5450™ i: 149,0510"



Do part ? for a=8,9.

Apr
Apr
Apr
Apr
Apr
Apr
Apr
Apr
Apr
Apr

Apr
Apr
Apr
Apr
Apr
Apr
Apr
Apr
Apr
Apr
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WWw W WO W W W W
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WO ~3OUnmEFwunbEe o
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48 4% 28 %% B a2 s w2 w0

W o1 g Wk O

L Y Y T L LT

Elongation:
Elongation:
Elongation:
Elongation:
Elongation:
Elongaticon:
Elongation:
Elongaticn:
Elongation:
Elongation:

Elongation:
Elongation:
Elongation:
Elongation:
Elongation:
Elongation:
Elongation:
Elongation:
Elongation:
Elongation:
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7.2847"

7,2745"
7.2643"
7.2541"
7.2439"
7.2336"
7.2233"
7.2131"
7,2028"
7,192u"

7.1821"
7.1922%
7.2023"
7.2123"
7.2224"
7.232uM
7.2u24"
7.252yM

7.2624"
727247

Alpha:
Alpha:
Alpha:
Alpha:
Alpha:
Alpha:
Alpha:
Alpha:
Alpha:
Alpha:

Alpha: .

Alpha:
Alpha:
Alpha:
Alpha:
Alpha:
Alpha:
Alpha:
Alpha:
Alpha:

10,2440"
10,2314"
10,2147"
10,2021"
10.1854"
i0.1727"
10,1559"
10, 14320
10.1304"
10.1137"

10.1008"
10,1134"
10,1259"
10,1425"
10,1560"
10,1714"
10.1839"
10.2003"
10,2127¢
10.2251"

o e e e He e B e ps (s
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e Foe e e e e e e e e
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169,3520"
169,36u6"

.169,3813"

169,3939"
1689.4108"

"169.4233"

169.4401"
169,4528"
169,.4656"
169,4823"

169,4952"
169,4826"
169.4701"
169,4535"
1694410
169.,.42u6"
169,4121"
169,3 57"
169,3833"
169,37039"



Do part 1 for j=15(1)29.
15.0: " Elongationy

Jun
Jun

Jun
Jun

Jun

Jun
Jun
Jun
Jun
Jun
Jun
Jun
Jun
Jun
Jun

16.0:
17.0:
18.0:
19,0:

20,0:
21.0:
22.0:
23.0:
24,0:
25,0:
26.0:
27.0:

28.0:
29,0:

Flongation:
Elongation:
Elongation:
Elongation:

Elongation:
Elongation:
Elongation:
Llongation:
Elongation:
Elongation:
Elcngation:
Elongation:
Elongation:
Elongation:
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45,4527"
u5,4626"
y5,u657"
B5.,4703"
L5, uou2"

b5,.4558"
45,.445490
45.,4318"
L5 hi24n
L5,3910"
bh5,3633"
45,3336"
45,3019"
L5,2643"
35,2248"

Alpha:
Alpha:
Alpha:
Alpha:
Alpha:

Alpha:
Alpha:
Alpha:
Alpha:
Alpha:
Alpha:
Alpha:
Alpha:
Alpha:
Alpha:

87.,5u03"
88, 3240"
89,1050"
89,4836"
90,2555"

91.0252"
91,3925"
92.1537"
92,5126"
93,2656"
94,0204"
94,3654"
95,1124"
95,4536"
96,1930"
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92,0557"
91,2720%
90,4910"
90.1424"
89,3405"

88,.5708"
88,2035"
87.4423"
87.0834"
86.3304"
85,5756"
85.23086"
84,4836"
84.,1n24"
83.4030"



Do part 2 Tor a=17,18,

Jun
Jun
Jun
Jun

Jun
Jun

Jun
Jun
Jun
Jun

Jun
Jun
Jun
Jun
Jun

Jun
Jun

Jun

Jun
Jun

Elongation:
Elongation:
Elongation:
Elongation:
Elongation:
Elongation:

Elongation:
Elongation:
Elongation:
Elongation:

Elongation:
Elongation:
Elongation:
Elongation:
Elongation:
Elongation:
Elongation:
Elongation:

Elongation:
Elongation:
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Lo, 4657"
45,4659"
us.u700"
b5, 4701"
L5, u702"
4s5.4703"
45,4703"

45,4704uM,

45,4704"
h5,8703"

45,u4703"
45 u702"
45,4701"
L5, 4659"
B5,4657"

45,4555"
45,4653"

u5,u4651"

H5.4648"
L5, 464u5"

Alpha:
Alpha:
Alpha:
Alpha:
Alpha:
Alpha:
Alpha:
Alpha:
Alpha:
Alpha:

Alpha:
Alpha:
Alpha:
Alpha:
Alpha:
Alpha:
Alpha:
Alpha:
Alpha:
Alpha:

89.1050"
89.1u38"
89,1825"
89,2213"
89,2559"
B89.2%u6"
89,3333"
89,.3719M
89,4105"
89.,.4450"

89,4836"
89,5221"
89.5606"
89,5950"
90,0334"

90,0719"
90,1102"

a0, 14u6"

90,1829"
90,2212"

e jote e s fte e e e s feie

4¢ BB PP 4% s¢ w4 44 W we w4
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90,4910"
9045221
90,u4135"
90.3747"
90, 3401"
90,301u"
90,2627"
90,2241"
90,1855"
90,1510"

90,1124"
90,0739"
30,0354
20,0010"
89,5625"
89,5241
89.4858"
89,4514
B9.,4131"%
89, 37us"
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Type all,

1.0 Set X=57.295779,

1.05 % Tagble Mt. Venus Angles (every 10 minutes).
1.1 Type form 15 if S<u,

1.2 Do part 3 for b=0(1)5.

Set m=sin(E)esin[r(34.22)]+cos(E)*cos{U)+cos[r(34.22)].
5 get M=sin(e)+sin(r[34,221)+cos(e)+cos(u)-cos(rl34.22]).
Set a=d{arglsqrt(1-m*2),m]).

5 Set k=d(arg[sqrt(1-M%2),M1).

2.2

22

2

2.

2.4 Set n=-cos{E)*sin(U)/coslr(a)]l.
2

2

2

2

2

3
3

I
45 Set N=-cos(e)ssin{u)}/cos[r(k)}].

.5 Set A=d(arglsqrt(i-n#*2),n]).

.55 Set K=d(arglsqrt(1-N#*2),N]).

.6 Set p=(sin(E)ecos[r{34.22)]-cos(E)cos(U) sin[r(34,22)]1)/cos[r(a)].
.65 Set P=d{arg[p,sqrt(i-p*2)]1).

2.66 Set g=(sin(e)ecoslr(34.22)]~cos(e)*cos(u)-sin[r(34.22)]1)/coslrik}l.
2,665 Set gq=-1 if g<-1.

2.67 Set Q=d(arglq,sqrt(i-g%*2)]).

2.8 Line if b=0,

2.91 Set P=d(r{3603}-r[P]) if n=o0,

2.93 Set Q=d(r[360]-r[Q]) if N<O,

2.95 Set Z=d(r[P]-r[Q]) if Q2P.

2,96 Set Z=d(r[Pl-r[Ql-r[360]) if Q<P.

2.965 Set Z=d(r[360]+r[Z1) if r[Z]<r[-180].

2.97 Do part 11 if iz7.

2.98 Do part 12 1f i<7.

3,2 Set Usbe([V(i+1)-V(i)]/8)+V(i) if V(i+1)=v(i).

3.24 Set Usbe([V(i+1)+r[360]-V(i)1/6)+V(i) if V(i+1)<V{i).
3,3 Set Ezbe([F(i+1)-F(i)1/6)+F(i).

3.41 Set usbe([W{i+1)-W(i)1/6)+W(i) if W(i+1)=2W(i).

3,43 Set usbe([W(i+1)+r[3601-W(i)]/6)+W(i) if W(i+1)<W(i).
3,51 Set e=b+([f{i+1)~£(i)]/6)}+£(1).

3.9 Do part 2,

Type 1 in form 2.

Demand v(t,1) as "GHA-Venus".
Demand G(t,1) as "DEC-Venus".
Demand w{t,i) as "GHA-SUN".
Demand g(t,i) as "DEC-SUN",

L

*

ine,

11.05 Do part 15 if $>#7,
11.1 Type 1,10¢b,i-7,10¢b,a,P,k,Q0,Z in form 1,

12.1 Type 1,10¢b,i+17,10b,a,P,k,Q,Z in form 1.

15,1 Page.


http:m=sin(E).sin[r(34.22)]1+cos(E).cos(U)00os[r(34.22

69~

15,2 Type form 15,
15.3 Line,

Form 1:

—— — —— ——— —— — —r— —r— — —

Form 2:
GMT _ :00

Form 15:
GMT PDT Venus alt. Az. SUN alt. Az. Bearing

D{r,c): ip(rec)+.01-ip[60+fp(rec)l+.006+Ffp(60+r-c)
F(i): [iplG(t,i))+fplG(t,1)]1/.61/X

R(d,c): [ip{a@)+ip(100+fp[d])/60+Fp(100-d)/36]/c
V(i): [iplv(t,i))+splv(t,i)]1/.61/X-r[117.41]
W(i): [iplw(t,i)l+Fplw(t,i)]/.6]/%~r[117,41]
d(x): D(x,45/arg(1,1))
£(i}: [iplg(t,i)I+fplg(t,1)]/.61/%
r(x): R(x,45/arg(i,1))

Recall item 17.
Done,

Type t.
t = 19

Do part 1 for i=15,

15: 0 8: 0 58,08!' 126,11! 26,297  78.36" 47.34"
15:10  8:10 2,46t 129,427 28.31'  79.u49! 49,53!
15:20 8:20 61.18' 133,32! 30.33' 81,027 52,30°"
15:30 8:30 62.45" 137,44’ 32.35' 82,16" 55,28"
15:40 8:40 64.05' 142,18' 34,38"  83.30' 58.48"
15:50 8150 65.161 147.16! 36.41'  84,46' 62.31"
GMT PDT Venus alt. Az. SUN alt. Az, Bearing

Delete all.


http:ip[w(t,i)]+fp[w(t,i)]/.6]/X-r[117.41
http:ip[v(t,i)]+fp[v(t,i)j/.61/X-r[117.41
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Type all,

1.0 Set X=57,295779.

1.05 % New Mexico Venus Angles (every 10 minutes).
1.1 Type form 15 if $<i,

1.15 Set L=382.1717.

1.2 Do part 3 for b=0(1)5.

2.2 Set m=sin(E)-sin[r(32.1717}]+cos(E)-cos(U)-cos[r(32.1717)].
2.25 Set M=sin(e)+sin(r[32,1717])+cos(e)+cos(u) cos(r[32.1717]).
2.3 Set a=d(arglsqrt(1-m*2),m]),

2.35 Set k=d(arglsart(1-i*2),1]).,

2.4 Set n=s-cos(E)+*sin{U)/cos[r(a)].

2.45 Set N=-cos(e)esin(u)/cos{r(k)].

2.5 Set A=d(arglsqrt(1-n*2),n]).

2.55 Set K=d(arglsqrt(i &%2),N]).

2.6 Set p=(sin(E)ecos[r(L)I-cos(E)*cos(U)ssinfr(L)])}/cos[r(a)].
2465 Set P=d(arglp,sqrt(1-p*2)1).

2.66 Set g=(sin(e)+cos[r(L)]-cos(e)+cos(u)esinlr(L)])/coslr(k)].
2,665 Set q=-1 if q<-1,

2.67 Set Q=d(arglq,sqrt(i-q#2)]),

2.8 Line if b=0,

2.91 Set P=d(r[360]-r[P]) if n=<o0,

2.93 Set Q=d(r[360]-r[Q]) if N<O.

2.95 Set Z=d(r[Pl-r[Ql) if Q=P,.

2.86 Set Z=d(r[Pl-r[Ql-r[360]) if Q<P.

24965 Set Z=d(r[3607+r[Z2])} if r[Z]<r[-180].

2.97 Do part 11 if i=6, )

2.98 Do part 12 if i<s,

3.2 Set Usbh+([V(i+1)=V(i)J/6)+V(i) if V(i+1)2V(1i).

Se24 Set Usbe([V(i+1)+r[360]1-V(i)I/6)+V(i) if V(i+1)<v{(i),
3.3 Set E=b+([F(i+1)-F(i)1/6)+F(i),

3o81 Set usbe (LW(i+1)~W(i)1/6)+W(i) if W(i+1)2W(i).

3443 Set u=b+([W(it+1)+r[360]-W(i)I/6)+W(1) if W(i+1)<W(i).
3.51 Set e=be([£(i+1)~F(i)]1/6)+F(1).

3.9 Do part 2.

«0 Type i in form 2.

-1 Demand v{(t,i) as "GHA-Venus".
-2 Demand G(t,i) as "DEC-Venus",
+3 Demand w(t,i) as "GHA-SUN",

4 Demand g(t,i) as "DEC-SUN",

5 Line,

W W WO W WP

11.05 Do part 15 if $>u7,
11.1 Type i,10+b,i-6,10¢b,a,P,k,Q,% in form 1.

12.1 Type i,10¢b,i+18,10+b,a,P,k,0,% in Fform 1.
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15,1 Page.
15,2 Type form 135,
15,3 Line,

Form 1:

—— e rw—— ——— —— m— — —— — —

Form 2:

GMT __ :00

Form 15:

GMT MDT Venus alt. Az, SUN alt,

Az,

Bearing

Dr,c): ip(r-c)+.0i-ip[60~fp(r-c)]+.006-fp(60-r-c)

F(i): [iple(t,i)]+fpl6(t,i)1/.61/X
R{d,c): [ip(d)+ip(100+£fpldl)/60+fp(100-d}/36]/c
- v(i): [iplv(t,i)]+fplv(t,i)]/.61/X-r[106.4148]
W(i): [iplw(t,i)]+fplw(t,1)]/.61/X-r[106,4148}

d(x): D(x,u45/arg(1,1))

£(1): [iplg(t,i)J+fplg(t,idl/.61/X

r{x): R(x,45/arg(1,1)})

Recall item 17.

Done.

Type t.
t = 19

Type form 15,
GMT MDT Venus alt. Az, SUN alt.
Do part 1 for i=15.

15: 0 9: 0 66,137 141,29" 35,12
15:10 9:10 67.27" 146,497 37.18"
15:20 9:20 68.31" 152,40° 39.24!
15:30 9:30 69,23" 158,01 41,30"
15:40  9:40 70,02 165,49 43,37!
15:50 9:50 70,25" 172,56 us5. 447

Delete all.

AZ.

82,32
83.41"
84,51"
86.03"
87,16
88,31

Bearing

58,56¢
63,08
67,49
72.58"
78.32"
84,241



GMT

1: 0
1:10
1:20
1:30
1:u0
1:50

2: ¢
2:10
2:20
2:30
2:40
2:50

KLY,
3:10
3:20
3:30
3:40
3:50

PDT

18: ©
18:10
18:20
18:30
18:40
18:50

19: 0
19:10
19:20
19:30
19:40
19:50

20: ©
20:10
20:20
20:30
20:40
20:50

Venus alt.

22.50"
20.46"
ig.42?
16.38!
14,35"
12,33

10.31"
8,29
6.28"
4,28!
2.29!

.31

-1.26"
-3.23"
-5.,18!
~7,12°
-9 .Ol’r !
-10,55"

Az,

273.42°
275,037
276,24
277.u44 "
279.04!
280,24!

281.uy!
283,04"
284,251
285,47!
287.10°
288,34

289,59
291.26°
292,557
294,25
295.57!
297,321

-72~

SUN alt,

ih, 14!
12,11
10.07?
8.03!
5.60"'
3.56¢

1,53
-.10'
-2.42!
-l 14t
-6,16!
-8.17!

-10.18"
-12,17*
~14,16"
-16,14!
-18,10!'
-20,06'

Az,

266.59"
268.25"'
269.50"
271.15"
272.39°
274,03°

275.28!"
276,52
278,17
279.43!
281.10!
282, 38!

28u.08!"
285.39"
287,12
288,471
290,25
292.05!

Bearing

6.43'
6.38°
6.3ut
6.29?
6.25°
6,20"

6.16'
6,12
6.08'
6.04"
5.60°
5,557

5.51¢
5.47!
5.42!
5.37!
5.32"
5.27'
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GMT PBT Venus &it. Az. Sty alt, Az, Bearing
iz: o 7: ¢ u7,11*  110.¢1! i, 32! 71.19" 38.42"
i4:10 7:10 4g,0£"' 112.16° 16,36 72,32 39,43
i4:20 7:20 51.00' 114,39! 18.28! 73.46" 40,52
14:30  7:30 52,51' 117.13! 20,27'  74.59° 42,10
14:40 7:40 S4.40' 119,58 22.27! 76.12° u3. 47t
ik:50  7:50 56.26' 122.57! 24,28" 77,24 45,33"
15: 0 8§: 0 58,087 126,11"' 2€.29' 78.3¢! L7, 3!
15:10 8:10 59.46' 129.u2! 28,317 79.u4¢" 4a, 53!
15:20 8:20 €1.18" 133,32 30,33 81.02" 52.2%C7
15:30 8:30 g2.45" 137.44° 32.35" 82.186" 55.28"
15:450 8:14¢ Bu.05' 1u2.18" 34, 38! 83.30! 5g.u¢e!
15:50 8:50 65.16' 147.1¢' 3e.u1t 8L uB" 62,21t
i6: 0 9: 0 66.18' 152,39' 38.u4" g6.02' £€.,37"
16:10 9:10 67.10" 158.26° 40,48 87.21°" 71.05"
16:20 9:20 67.498' 164,3u" L2, 52 88.42" 78,821
16:30 9:30 £8.15' 170.59° by s8¢ 90.06" 86.54"
16:40 9:u40 68.28' 177.35" 46,59° 91,32 86,02
16: 50 9:50 68,28 18u,12! 49,031 93.02! g1.11°"

TMO, 19 June 1969




GlT

14: ©
14:;10
14:20
14230
14:40
14:50

15: 0
15:10
15:20
15330
15:40
15:50

ié: 9
16:10
16:20
i6:30
16:40
16:50

10: O
10:10
10:20
10:30
10:40
10:50

Venus alt.

56.24"
58.14!
60.00"
B1.u42!
63.19°7
64,50

66,13
67.277
68.31"
69,231
70.02°
70,257

70.33!
70.25"!
70.00"
69,217
68,29"
67,247

74—

Az,

118,28
121,277
124 .42
128.18"
132.15°
136.38!

1ui.29?
iug,u9!
152,40
159.01!
165.49!
172.56!

180,13
187.31!
194,37
201.23!
207,43
213.32"

sull alr,

22,u5!
24,48
26,52
28,57
31.01"
33.06°

35,121
37.18"
39.2u"
41,30"
43.37°
45, !

Lb7.50°
49,571
52,04
Su.10!
56.17?
58.23"

" Az,

75,u9*
76,55
78,027
78,09"
80,16°
81,24"

82,32
a3.u1’
Bu,51°
86,03
87.16"
88.31"

89,50
91,11°
92.36"
94,067
95,u2!'
97.25"

Bearing

y2,.39°*
yy, 31°
4g,uo!t
49,08!?
51,597
55,147

58,56
63.08'
67.49"
72.587
78.32"
By, 24!

90,241
96.20"
102.00'
107.17"
112,00
116,07

NMSU, 19 June 1969
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Type all.

1.1 Do part 10.

1.11 Line.

1.12 Type '"Page".

1,13 Type i in form 1.

1.2 Do part 2 for o=1(1)f.

0 Line,

1 set j=d(o).

2 Do part 3.

4 Do part Y.

5 Do part 5.

6 Do part 6 for a=1(1)3.
7 Do part 7.

B OB R R M NN
.« &

1 Set k=z(o0),.

2 Set O=|sum[g=1(1)k:[C(F,g)-F(i,g)l/2]/kl.

3 Set M=|sum[g=1(1)k:[U(F,g)-W({i,g)ll/kl.

4 Set Nz=|sum[g=1(1)k:[E(],g)-W(i,g)11/kl.

5 Set S=|sum[g=1(1)k:[C(F,g)-W(3,g)]]/kl if C(j,g)=0.
5

6

8

8

.55 Set $=0 if C(j,g)=0.

Set v=|sum[g=1(1)k:[V(j,g)-W(i,g)11/kl.
Type j,A(0) in form 2,

+85 Type form 3.

.9 Type 0,4,H,v,S in form 3.

-

o W LWL o w L W
)

Type M/O,N/0,v/0,5/0 in form 4.

Set e=1-cos[r{A(o))+r(.22)].

Set L=[M/0]-e.

get u=[[M/0]-e]l/sin[r(A{o))+r(.22)].
Set l=d(argl1,ul).

Type e,L,} in form 8.

EEEEEE
L] [ ] ]
@ =, W N

5.1 Set X=arg[sqrt(1-[(N/0)-13%2),(N/0)}-1].
5.21 Set b=(sin(X)+sin[r(A{o))])-sin[r(.22)}].
5.215 Set p(1)=b/(coslr(.22)]+cosir(A{o)) D).
5.22 Set t(1)zsin(X)ssinlr(a(o))].

5,23 Set q{1)=b/(cosfr(.22)}]-cos[r(A{0))}]).
5.3 Set Y=arg[saqrt(1i {(v/0)-1}*2),(v/0)-11,
5.31 Set b=(sin(Y)-sin[r(A(0))])-sinlr(.22}].
5.315 Set p(2)=b/(cos[r(.22)]+cos[r(A(o)) D).
5.32 Set t(2)=sin(Y)-sin[r(A(o))].

5.33 Set q(2)=b/(cos[r(,22)]-cos[r(A(0)})]).
5.5 Set Z=arg[sqrt(1-[(s/0)-11%2),(8/0)-1].
5,51 Set b=(sin(Z)+*sin[»{A(0))])-sinlr(,22)].
5.515 Set p(3)=b/(cos[r(.22)]+cos[r(a(0))]).
5.52 Set t(3)=sin(Z)e+sin[r(A(c})].

5.53 Set q(3)=b/(cos[r(.22)]-cos[r(A(0))]).


http:b=(sin(Z).sin~r(A(o))])-sin[r(.22
http:b=(sin(Y).sin[r(A(o))])-sin[r(.22
http:b=(sin(X).sin[r(A(o))])-sin[r(.22
http:u=[[M/O]-e]/sin[r(A(o))+r(.22

[=1BRer I w3}
)
£ wN

.1

.15
o2

3
u
5
6

R I R B B B N
L]

o Q) 0 0
¢ ¥ o .
;W

W0 W W
L] L ] »
WA R

10.2
10.3
10.5

11.0
1.1
1i.2
11.2
11.3

13.0
13.0
13.1
13.2
13.3
13.4
13,5
13.6
13.7
13.8

Form
P

Form

IMAGE Ho.: Alpha:

Form

Form
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Set P(a):d(argfi,p(a)]).
Set T(a)=d(arglsart(l &{a)*2),t(a)1-r(.22)).

Set Q(a)=d(arplil,q(al)l).

Line.
Do part 8 if S=0,
Type d(X),d(Y),d(Z) in form 6.
Type sin(X),sin(Y),sin(Z) in form 7.
Type P(1),P(2),P(3) in form 9,
Type T(1),7(2),T(3) in form 10,
Type 0(1),0(2),0(3) in form 11.

Set Z=0.

Set P(3)=0.
Set T(3)=0.
Set 0(3)=0.

Line.

Type "Page'.

Type 1 in form 1.

Do part 2 for o=1(1)f.

Demand i as "PLATE No.,".
Demand £ as "Number of Imapes measured".
Do part 11 for o=1(1)f.

Line.,

Demand J{(c) as "IMAGE No.".

Demand z(o) as "Number of Measurements",
5 Demand A{o) as "Alpha".

Do part 13 for g=1(1)z(o).

Line .
5 Set j=Jd(o).

Type j,; in form 13,

Demand W(j,z) as "West".
Demand U{j,g) as "Terminator'.
Demand V(j,g) as "Southern”.
Demand C(j,g) as "Long South".
Demand E(j,g) as "Northern'.
bPemand F(j,z) as YSOUTH",
Demand G(j,g) as "NORTHY.

1:
LATE Ho,:

2:

3:

- - o - -

4
/P: . - * -



http:c(a)*2),t(a)1-r(.22
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Form 5:
Radius IE A North Cusp  South Cusps

Form 6:
PI: . " . 1 . n

Form 7:
sin(PI}: . R .

Form B:
m/ R:_ . L:_ .
Form 9: .
S igma—-P : . 1" . n . "

Form 10:
Sirma-T: -~ . " . " . n

Form 11:
Sigma_o: . " . ] . 1

Form 13: .
THAGE No.:  Measurement _
Mr,c): ip(r+c)i.01+ip[60-fp(r-c)]+.,006-tn(60r=c)
R(d,e): [ip(d)+ip(100+£p[d]l)/60+fn(100-d)/361/c
d{x): D(x,45/arg(1,1))
r{x): R(x,45/arg(1,1))
s{x,v): dlr(x)Xriy))

51G:



et

Do part 9.
PLATE WNo.:

IMAGE No.: 2
Radius
1,434

/R:
m/Rs

PI:
sin{(PI):
Sigma-~P:
Sigma-T:
Sigma~Q:

IMAGE No.: 8
Radius
1.481

/R:

m/R:

PI:
sin{PT)
Sigma-P:
Sigma-T:
Sigma-Q:

13

-78~

EXAMPLE #&%

9139
M North Cusp
1.507 1.686 1.607
1.0508 1.1757 1.1207
. 9827
i0.,0701" 6.5551"
1757 «1207
9,2310" 6.220u4"
9. 4450™" Be33044"
9,4957" 6.4026"
M North Cusp
1,801 1,885 1.880
1.2165 1,2728 1.2696
.9816
15.4947n 15.3831"
.2728 . 2696
14,3358 14,25804"
15,2729" 15,1614"
15.1626" 15,0605"

Alpha: 88,3836"

South Cusps

.000
.0000

.0000"
« 2000
.0000"
-0000"
. 0000"

L:

.0681 BIG: 3,53u3"

Alpha: 88.34u0"

South Cusps

.000
0000

.0000"
0000

.0000"
.Gooo"
.0000"

L:

.2349 8IG:13.1321"



ELONGATION OF VENUS: DATA CATALOG AND PRELIMINARY ANALYSIS Moore and Turner



