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I NTRODUCTI01\

AN" ll'\TEGRAL PART of many space science
n programs is the acquisition and inter
pretation of photogt-aphs or photcgraph-like
images. Imagery furnishes I'aluable informa
tion of the surface and atmospheric patterns
of the Sun, Earth, i\loon and planets. Acquisi
tion of the photographs is or will be from
such unique platforms as satellites, sounding
rocket~, balloons, space probes, and hard- or
soft-Iandi ng spacecraf t.

The field of space photography is not ne\l',
astronomers using terrestrially based tele
scopes hal'ing been concerned \I·ith the inter
pretation of photographic images for many
years. Their concern has been largely \I'ith
the relationships among celestial bodies and
the characteristics of a bod y as a \I' hole,
whereas space science photographic inter
pretation is directed toward a study of a
limited portion of a celestial body. r\nother
difference is that imagery for the space
scientist is often obtained from I'arious space
platforms or I·ehicles. Although differences
exist, any dogmatic separation between the
interests of astronomy and space science in
photo interpretation \I'ould be undesirable.

In I·ie\l· of the rapid expansion of the use
of photography in the space sciences, Sub
committee VII, Extraterrestrial Uses, of the
American Society of Photogrammetry \I'as
formed. Its purpose is to keep members of
the Society informed of the latest image
prod uci ng and image-i n terpretation concepts,
and of equipment and techniques important
in lunar and planetary or space science pro-

grams. The goal of the com mi ttee is to pro
mote comm u nication bet\l'een people and
organizations in the space sciences and those
in aerial photographic and sensing research.
Consequently, a rel·iew of existing and pro
posed space programs "'as undertaken to
determine "'hat has been accomplished and
the equipment tbat "'as used, how the im
agery "'as subsequently utilized and what the
needs and future plans are. To achieve this,
descriptions of several programs not directly
concerned with image acquisition are pre
sented and some programs are examined
"'hich either have been or "'ill be cancelled.
This broad approach was adopted to provide
(a) better understanding of the scope of
perti nen t aspects of the space effort and
associated equipment, (b) names of organ
izations and indi I'iduals acti ve in image ac
quisition phases of the space program and
(c) some information concerning the number
and types of lunar and planetary photographs
and images that will probably be al'ailable
during the next several years. Although the
bibliography included in the report is not
comprehensi\'e, it should prOI'ide further ap
preciation of the dynamic nature of the space
program and a base or format for subsequent
reports.

Although the basic report "'as compiled in
1963-1964, an attempt has been made to
bring all factual information up to date as
of the summer of 1965. J t should be el'ident
that if the report \I' ere to be completely re
IHitten today, there \I'ould be changes in the
emphasis accorded the I'arious programs of
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data acquisition. Since the pace of the space
program makes it nearly impossible to pro
duce a composite report that is both timely
as to information and balanced as to empha
sis, the first objecti\'e \\'as favored.

LliNAR PROGRAMS

Terrestrially Based Telescopes

DI AGE ACQ ISITIOX

Lu nar photographs usi ng astronomical
telescopes have been made for the past 70
years at \'arious observatories using a wide
range of equipment. 1\lany of the photo
graphic groups lacked any systematic pro
gram for their acquisition (Spradley, 1963),
and as a result, coverage is meager. Impetus
has been gi\'en to the acquisition of lunar
photography by the program of the U. S.
Air Force Aeronau tical Chart and [nforma
tion Cen tel' (AC 1C) to make photographic
compilations of 1: 1,000,000 lunar charts
(Carder. 1961). The ACrC project will
utilize the best photographs from all sources,
but yolume coverage is being obtained at the
Pic du Midi Obsen'atory in the Pyrenees.
Supplementary and conf'irming photography
and interpretation is being carried out at the
LO\\'ell Obsen'atory at Flagstaff. Of special
interest at Pic du l\lidi is the 24-inch diam
eter long-focus refractor telescope equipped
\\ith a K-22 aerial camera capable of record
ing the entire lunar disk on a single nega
ti \·e.

Recent and current programs conducted
by the Lunar and Planetary Laboratory of
the Uni\'ersity of Arizona (Kuiper, 1964) are
also note\\orthy. The organization has issued
t\\'O lunar atlases, "Photographic Lunar
Atlas" and "OrthographicAtlasof the 1\loon."
}\ third, "Rectified Lunar Atlas" is in press,
and a fourth, the "Consolidated Lunar
r\tlas," may be a\'ailable shortly. :\Iuch of
the photographic \\'ork of the Lu nar and
Planetary Laboratory has been conducted at
the Yerkes and l\lcDonald Observatories
pending completion of facilities in the Tucson
area. The laboratory \\·ill undoubtedly be a
major center for lunar photography and
lunar studies.

I'HOTO(;EOLO<;IC MAPPIK(;

.A program of research on the geology and
history of the moon was begu n by the Branch
of Astrogeology of the U. S. eeological Sur
vey on behalf of the National Aeronau tics
and Space Administration on August 25,
1960. The program has objecti\'es ai med

mainly at gaining ne\\' knowledge about the
surface of the 1\loon and is also aimed at the
application of this knowledge to the solution
of problems of the geology and geologic pro
cesses on the earth.

This new knowledge about the surface of
the moon is gained by thestudyof thestratig
raphy and structure of the rocks and frag
mental material exposed on the :\Ioon's sur
face. From this information the sequence of
e\'ents that ha\'e led to the present conditions
on the 1\loon's surface, and the processes by
\\. hich these e\'ellts took place may be deter
mined.

Three closely interrelated lines of research
are bei ng follo\\'ed to \\'ork towards these ob
jecti\·es. (1) photogeologic mapping of the
Moon, (2) experimental and field studies of
the mechanics and phenomena of high-speed
impact and of cratering, and (3) il1\'estiga
tion of the chemistry, petrology and physical
properties of objects that may ha\'e been
derived from the Moon, such as tektites,
certain types of meteorites, and extrater
restrial dust.

Progress in research is reported to :\,-\S.\
semiannually. The semiannual report is also
distributed to other scientists and organiza
tions engaged in lunar research. Some of the
results obtained ha\'e been published by the
U. S. eeological Sun'ey and in other appro
priate scientific and technical journals. Those
pertaining to photo interpretation or related
fields are gi\'en in the accompanying bibliog
raphy.

Photo interpretation supplemented by an
analysis of brightness changes measured \\·ith
a microdensi tometer and telescopic obsen'a
tion are playi ng a major role in the geologic
mapping of the ;\Ioon. Photo interpretation
of the lunar surface is the first step in the
geologic exploration of the 1\loon.

The Moon has apparent oscillations (Iibra
tions), \\'hich enable one to see a little more
around the edge at one time than at anothet';
as a result most lunar photographs taken at
different librations can be vie\\'ed stereo
scopically. In the photo interpretation of
lunar geology, many enlarged lunar photo
graphs are examined stereoscopically. The
photographs are obtained principally from
the Lick, Pic du 1\lidi, Mount \Yilson, :\Ic
Donald and Yerkes Obsen·atories. 1\ film
library of selected lunar plates has been
established at the headquarters office of the
Astrogeology Branch in Flagstaff, Arizona.
Visual observations through the telescope
are undertaken at both the Lowell Obse:'\'a
tory at Flagstaff, ..-\rizona and the Leander
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J\JcCormick Obscn-atory, Uni,-crsity of Vir
ginia_

The criteria of size, shape, texture, pattern,
position and shado,,- are ,-alid in photo inter
pretation of the J\[ oon just as they are on the
earth, and thc gcologic law of superposition
of rock units is also applicable to a study of
the :\Ioon_ In applying interpretation pro
cedures to thc moon that ,,-ere initially de
,-eloped for tcrrestrial application, the inter
preter is prescntly limited by the small scale
and resolution of lunar photographs and dif
ferences resulting from an alien environment_

] n examining lunar transparencies under
the stereoscope, electro luminesccnt panels
have been used for varying the contrast on
individual pictures as an aid in photo inter
prctation_ Some experimental work is being
done in the use of a closed circuit tele,-ision
system as an image enhancer in interpreting
lunar photographs_

l\Jicrophotometric study of photographs of
the lunar surface is being undertaken to
explore ,,-ays of quantitati,-ely describing and
recognizing geologic units bcing mapped on
the Moon_ Thc invcstigations are pointed
towards establishing norms of photometric
characteristics for each gcologic u ni t for pur
poses of stratigraphic correlation_

l\Jeasurements of film density in the Kepler
and Copernicus region werc made wi th a
microdensi tomcter and recordcd by standard
graphic recording mcthods_ Cun-es thus de
veloped show relative amounts of light that
pass through a film_ From these curves, four
kinds of data ,,"ere obtained for e,-aluation:
(I) ilCIIlill1ce, the steepness of lines on the
chart-the abruptness of changc in density
of thc film_ (2) cOlllrasl, the rclati,-e height of
given parts of a cun"e-the magnitude of tone
differenccs ,,-ithin a gi,-en unit_ (3) relalii'e
albedo, the hcigh t of a gi ,-en part or parts of
a cun-e compared to other parts of thc
cun-e-a,-erage film density ,,-ithin a given
unit. (4) lex/ure, the number of significant
Auctuations in a gi,-en part of a cun-e-the
numbcr of timcs per unit length of the cun-e
that significant changes in film density arc
recorded_

Tcsts of ,-arious ,,-avc form analysis meth
ods have becn applied to digital records of
microdensitomcter cun"cs deri,-ed from lunar
photographs_ The purposes of thesc tests
,\"erc t,,-ofold: (1) to test by mathematical
analysis the relationships between curve
shape and lunar geologic unit suggested by
pre,-ious empirical analyses, and (2) to de
,-elop mcthods of analysis that can bc per
formed on the Burroughs 220 computer.

Mcthods of analysis includcd: (I) Fourier
transform, in terms of both amplitude density
'-s_ frequency and phase density '-s_ fre
1I uency; (2) au tocorrelation function ,,-i th
lags of 0_1, 0_2, 0_3, 0.4, and 0_6 inches; and
(3) analysis of second horizontal derivatives_

Amplitude density '-s_ frequency and
second horizon tal deri ,-a ti '-es sho\\" d iffer
ences among the various lunar geologic units
that are belie'-cd significant_ These results
correspond closel y ,,-i th resul ts predicted on
the basis of pre,-ious empirical analyses_
Autocorrelation techniques hold much prom
isc of succcssful application_

Prior to the establishment of the Branch of
Astrogcology a generalized photogeologic and
physiographic map of the entire subterres
trial hemisphere of the moon, at an approxi
mate scale of 1: 3,800,000 ,,-as completed by
the U_ S_ Gcological Sun-ey for the Office of
the Chief of Engincers, U_ S_ Army_ This
map has been published by the U_ S_ eeo
logical Sun-ey_

The Astrogeology Branch is maki ng strati
graphic and structural maps at a scale of
1: 1,000,000 of portions of the lunar surface_
The Kepler map is the first published map of
this series_ :\s wi th other geologic maps, the
maps of this serics sho\\" distribution and rela
tive ages of lunar geologic units and the
major structural featurcs of the area_ A special
geologic ti me scale has been de,"ised for the
i\Joon as part of this gcneral study, and four
major systems or time-rock units are generally
recognized o,-er the ,-isible hemisphere of the
:\Ioon_ Thcse maps are compiled on base
maps prepared by the U_ S_ Air Force Acro
nautical Chart and ] nformation Center_
Emphasis is being placed on a block of four
of these quadranglcs from which additional
regional gcologic studies ,,-ill be made for
correlation with information obtaincd from
Ranger lunar probes_

The microphotometric studies of lunar
photographs ,,-ill be used for the purpose of
comparison \\"ith the Ranger vidicon data and
should be an aid in cxtracting as much rele
vant geologic information as possible from
data acquired by thc Ranger TV system_ Of
special interest are changes in texture or pat
tern \\"ithin stratigraphic units as the scale
of TV pictures incrcases wi th approach to
thc lunar surfacc_

Problems of recognition and interpretation
of information obtained from the TV system
on the Sun-eyor soft-landing spacecraft will
be studied by closed circuit TV simulation_
Some \\"ork ,,-ill also be done ,,-i th the Sur
,-eyor prototype TV camera_
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LUNAR CHAllTS

Topographic charts of the ]\Ioon's surface
at a scale of 1 : 1,000,000 and a contour in ter
\'al of 300 meters are bei ng constructed by
the t\ir Force Aeronau tical Chart and I nfor
mation Center. Surface features are displayed
by contours, shaded relief and tonal varia
tions. The appearance of the features is
interpreted from photographs taken at the
Pic du Midi, Lick, McDonald, Mt. \\'ilson
and Yerkes Obsen'atories, and finer detail is
added from \'isual obsen'ations. Eighty-four
sheets measuring 56 by 73 cm. will cover the
visible side of the Moon. Three projections
are used; the ]\[ ercator for the equatorial
region, the Lambert Conformal for the mid
lati tudes, and the Polar Stereographic for the
polar regions.

The charts are prepared from mosaics of
rectified photographs constructed on control
grids at 1: 1,000,000 scale; the basic control
is furnished by 154 points determined by
Franz and Saunder and re\'ised by Schrutka
Rechtenstamm. and relati\'e ele\'ations are
found by shadoll'-rneasuring techniques. Con
tours arc sketched in on the basis of the
I'ertical control points and supplementary
slope information obtained by a \'ariation of
I'an Oiggelen's photometric method. Prob
lems in chart construction arise from inac
curacies in the basic control points and in
complete knO\l'ledge of regional gradients;
ne\'ertheless, the accuracy in position is be
lieved to be within two kilometers.

;\dditionallunar charts arc prepared by the
Army :'Ilap Sen·ice. The Army program calls
for topographic maps on modified stereo
graphic projection at scales 1 :5,000,000 and
1: 2,500,000 of the \'isible surface. Photog
raphy of the 1\loon from terrestrial-based
telescopes sen'es as the major source of
information for the preparation of the charts.

THEIOIAL \IAI'I'I:\(; OF THE ?\loo:\'s SURFACE

I nfrared thermal radiation from the Moon
was first measured as early as 1868. However,
instrumentation del'eloped in recent years has
enabled greatly impro\'ed spatial resolution.
The detector of the 73-inch reflecting tele
scope of the Dominion Astrophysical Ob
sen'atory scans the lunar surface wi th a
resol u tion of 7 seconds of arc. rsothermal
maps arc prepared from measurements ob
tained during lunation and also during
lunar eclipses. From a comparison of the
isothermal contours with the surface features,
speculations about the nature of the surface
are possible. For example, radiation measure-

ments during a lunar eclipse yield rates of
cooling for different areas of the surface, The
bright rayed craters cool less rapidly than
their surroundings during the penumbral
phase of an eclipse and arc warmer during the
umbral phase. This might be explained by
variations in dust thickness of the rayed
craters \I'ith their surroundings (Shorthill,
1963) .

Balloon-Borne Systems

Balloon astronomy Il'as born with Project
Stratoscope (Danielson, 1961, 1963) \I'hich
was conceived by Dr. Martin Schwarzchild
of Princeton Uni\'ersity and initially con
ducted under the auspices of the Office of
Naval Research. The ad\'antage of the
Stratoscope system is that at altitudes of
80,000 feet a balloon is abol'e approximately
96 per cent of the Earth's atmosrhere and
most of the "seeing" problems that plague
astronomers are eliminated. The first mission
was launched on Septem ber 25, 1957 and a
12-inch telescope and guidance system in
an unmanned balloon Il'as used to obtain
photographs of the surface patterns of the
Sun. Stratoscope II (Danielson, 1963) in
1963 carried a 36-inch telescope and an on
board infrared spectrometer for scans of
Mars, Jupiter, and 8 red giant stars. The
results of project Stratoscope are discussed
in more detail in the section on Planetary and
Solar Programs. HO\I'e\'er, balloon-borne
telescopes of the Stratoscope type could be
utilized to obtain lunar imagery. On a smaller
scale, se\'eral balloon programs hal'e been
conducted by the r\ir Force Cambridge Re
search Laboratories to monitor radiation
from the 1\loon in se\'eral portions of the
electromagnetic spectru m.

Ranger Program

The mission of the Ranger Program of the
l'\ational Aeronautics and Space Administra
tion was to gather data concerning lunar
topography and to del'elop some of the re
quired technologies, procedures and opera
tional skills necessary for the Apollo program,
Of the first six Ranger Launchings none \I'as
entirely successful and no imagery was ob
tained. Howe\'er, Ranger 7 was launched
from the Atlantic ]\Iissile Range in Florida
on July 28, 1964 and for 16 minutes and 40
seconds on July 31, returned 4,316 photo
graphs of the lunar surface in the vicinity of
Mare Nubium. Ranger 8 impacted the ]\Ioon
in the Southll'estern part of the Sea of
Tranquility on February 20, 1965. Ranger 8
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returned approximately 7,500 photographs
during the Iinal 23 minutcs and 6 seconds of
its flight. On l\larch 24, 1965 Ranger 9 im
pactcd thc :\Joon approximatcly 2.8 milcs
Northcast of thc central pcak of Alphonsus.
During the 18 minutcs prior to impact,
Rangcr 9 transmitted some 5,814 pictures of
the lunar surface of a quality that exceeded
e\'en the cxcellent records made hy Rangcrs
7 and 8. No additional Ranger f1ights are
planncd.

Photographic cquipment of Ranger spacc
craft consisted of a 382 pound tele\'ision
package moun tcd on the hcxagonal basc of
the spacecraft. Sic l-inch \·idicon cameras
arrangcd as t\l'O wide-angle cameras and
four narrow-angle camcras, as \\'cll as a
camcra seq uencer, \·idco com bi ncr, telcm
etry system, transm itters and po\\'cr su p
plies compriscd the photographic system. ,\
dual channel transmitter scparatcly rcturned
\l'idc- and naITo\\'-angle data. Of the t\\'o
\l'idc-angle cameras, onc had a l-i nch Icns
\\'ith a spccd of f/l and a field of 25° and the
other a 3-inch, f/2 lens \\ith a field of 8.4°.
1'\1'0 of thc narro\\'-angle cameras \\'ere
equipped \\'ith 3 inch f/2 lenses with 2.1°
fields of \·ie\l' and thc othcr t\l'O with I-inch
flJ Icnses \\'ith 6.3° fields. r\11 camcras had
high quality lenses with fi\'c elements and
metallic focal planc or slit type shutters.
Characteristics of thc Ranger cameras are
prcscn ted on Table I.

The F-l and F-2 cameras, used to photo
graph extended areas, had full-scan systems
\\'ith image arcas of 0.44 square inch and the
picturcs obtained \I'erc composed of 1152
lines. Since it \\'as highly dcsirablc to obtain
pictures faster than thc 2.56 seconds required
for each full-scan cycle, thc P-l to P-4
camcras used a partial-scan technique \\'ith
image areas of only 0.11 square inch from
\\'hich picturcs consisting of 300 lines \\'cre
deri\'ed.

Thc main reason for using six different
camcras \\'as to pro\'ide for thc unccrtainty of
lunar lighting conditions. The combinations
providcd for illumination levels bet\l'een 30
and 2.600 foot lambcrts, corresponding to
a\'erage terrestrial lighting conditions from
high noon to dusk.

Resolution of thc first pictures taken by
both Ranger 7 and 8 is roughly comparable
to those taken by large telescopcs on Earth.
:\s the spacecraft dcscendcd on the Moon,
imagery im pro\'ed both in resolu tion and
quality. Craters as small as three fect across
and one foot deep are shOll'n on the last
frames obtai ned w hcn the Ranger 7 spacc-

TAIlLE 1

Camera
Focus

S/JCed Field
Ex/)osilre

(11111[, ) (second)

F-I ?- f / I )-0 1/200-:> _.)

F-2 75 r/2 8.4° 1/200
1'-1, 1'-2 75 f/2 2.1° J/500
1>·.1, 1'-4 25 f /1 6.3° J/500

(From \\'aLls, J96~)

craft \\'as 1,000 feet abm'e thc surface,
Rcsolution of thc linal t\W photographs is
approximatcly 1300 tinles bcttcr than the
bcst photographs of the l\Ioon taken from
Earth for which the resolution is about ~ mile.

Jn obtai ni ng pictures of thc rugged high
lands \\'est of the Sea of Tranquility, Ranger
8 rcquircd a highcr horizontal \'elocity com
poncnt than Ranger 7. Conscquently, the
highest possible rcsolution in thc last photo
graphl\"<ls sacrificed. The final full picture
returned by the Ranger 8 P-2 camera shows
a blur of about 4 feel. Thc best resolution
Il'as obtaincd on the next to thc last frame
\\·here craters approximatcly 5 fcct in diam
eter are obsen'ahle. Rcsolution of approxi
matcly 10 inches I\'as obtaincd on a final,
partially-transmitted F frame from Ranger
9. Rcsults of thc Rangcr program ha\'c bcen
summarized by Kuiper (1965).

Surveyor Program

:Vloon f1ights arc planned fur 1966 by the
National Aeronau tics and Space :\dmi nistra
tion's Sun'cyor spacecraft, \\'hich is designed
to soft-land instruments on thc l\[oon and
obtain infurmation ahout thc texturc and
form of lunar topography. The tC!c\'ision sub
systcm will be uscd to acquire lunar imagcry,
monitor scientific experiments and pcrform
indepcnden t expcri men ts.

.-\s Sun'eror appruaches thc :\Ioon, a
e1O\\'n\\'ard-looking tele\'ision camera \"ill
transmit imagery of thc landing area. The
4-inch lens and \'ielicon tuhe \I·ill cO\'cr ini
tially a 200 km. by 200 km. square at a
resolutiun of 300 mcters. Successi\'e exposures
\I'ill nest as thc spacecraft descends. The
camcra \\·ill not operatc all thc \\'ay to the
surface, bccause the rockct-po\I'ercel descen t
neccssary for a soft laneling pre\'cnts elTecti\'e
dO\l'n\I'ard photography.

r\fter tuuchduwn, the sun'cy tele\'ision
camcras (onc on each of thc Iirst four missions
and two on each subsequcnt mission) \rill
operate. The ficld of \'icw of cach sun'ey
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camcra can bc shifted in azillluth and elc\'a
tion by mcans of a mirror, Each has a zoom
lens pro\'iding a I-inch and a 4-inch focal
Icngth, and color and polarizing fil ters to
permit colorimetric and polarimctric mca
suremcnts, They can focus from thc horizon
(about a mile away at the camcra height of
5 feet) dOll'n to the landi ng legs and the
cxperimental instruments, The spacecraft
carrying tll'O sUfl'ey cameras lI'ill prO\'idc a
stereoscopic capability in fal'ored directions
with respcct to the camcra basc, The tclc
I'ision picturcs \I'ill bc transmitted to stations
of thc Deep Spacc "Jetll'ork and record cd on
both magnctic tape and film,

Lunik III

On October 4. 1959, the SO\'ict Union
launched its third cosmic rocket, Lunik III,
and obtaincd imagcs of the far side of the
i\loon, Camcras with focal lengths of 200 and
500 mm, crcated imagcs 10 mm, and 25 mm,
in diameter that wcre recorded on 35 mm,
tilm, Exposures lI'crc made o\'cr a 40 minute
internli at a distance from the i\loon of
about 65,000 km, The lilm was automatically
treated, de\'eloped and I'ixed, ;\'egatives were
stored in a special dCI'ice for scanning and
photo transmission to carth, The lunar pic
tures lI'ere transmitted by a command from
earth which acti\'ated tele\'ision apparatus,
pulled through the film and connected the
telel'ision apparatus to thc transmitters, :\s
the film scan could be designed to operate as
sloll'ly as nccessary to obtain thc bcst possible
resolu tion, this method provided bctter rcso
lution capabilitics than direct tele\'ision
transmission, '\c\'ertheless, it is estimated
from released imagery, that the rcsolution is
on thc order of 10 to 20 miles, Contrast is
extremely low hecause of the almost vertical
incidcnce of solar illumination, Attempts
were made (Singer, 1961) to en hance con trast
by clectronic mcans, Transmitted data were
recorded on magnetic tape to all 011' electronic
treatmcnt at particular Icvcls of intensity
corresponding to Ic\'cls of light intensity, The
Jape lI'as rcprocessed rcpeatcdly to increase
contrast at cach Ic\'el and arcas of cxtremely
lOll' contrast lI'erc subdi\'ided by this proccss
of clcctronic amplification,

.Analyscs of the photographs lI'erc madc by
thrcc indepcndent study groups at Leningrad,
I\loscolI' and Kharko\', In spitc of the \'ery
10\1' resolution of the I.unik III photographs,
nCII' and lI'orthll'hile information was ob
tained, Fifty-six nCII' featurcs on thc prc\'i
ously unsccn sidc of thc :\Ioon IITrc locatcd

and identified, A part of the Moon's surface
lI'hich is visible from the Earth isshown on the
photographs, pcrmitting reliable connection
lI'ith the nell' areas, Thc most significant fact
rc\'ealed by the photographs is the lack of
large seas on thc far sidc in comparison \I'ith
the ncar sidc; only onc c1carly outlined sca is
e\'ident (Sea of 1\1 OSCOII') , Photomctric mea
surements of the photographs sholl'ed that
there is no limb darkening, suggesting that
the surface texture of thc far sidc is similar
to that of thc visible facc,

Lunar Orbiter Program

.\AS.-\'s Lunar Orbitcr program lI'ili put a
series of unmanncd photographic spacecraft
into orbit around thc 1\Joon, beginning in
1966, Thc primary objecti\'c is to produce
information about thc fine details of the
topography of sclectcdlunar areas \I'hich \I'i1I,
in conjunction with the point information
supplied by SUfl'eyor, permit thc selcction
and certification of landing sites for the
:\pollo program, Thc areas photographcd lI'ili
therefore be primarily lI'ithin the zonc of
Apollo interest (5 dcgrees north and south
lati tude and 45 dcgrees east and wcst longi
tudc), although the spacecraft is capablc of
photographing any desired portion of the
:\Ioon, including the far side,

The 860-pou nd \'ehiclc will be lau nched into
an inclined, elliptical orbit, Exposurc is on
film, lI'hich is processcd on board and then
read out sloll'iy for transmission to Earth,
The dual frami ng camera pu ts t\l'O images on
diffcrcnt portions of the same roll of film at
each exposure, The wide-angle imagc cOl'ers
about32 km, by37 km.atan effecti\'c ground
resolution of 8 meters when thc camera is
\'ertical at thc nominal perilune altitudc of
46 km, The ccntral portion of this co\'erage,
a narroll' rcctangle of 4 km, by 16,6 km .. is
also co\'ered by a high-resolu tion image a t an
effecti\'c ground resolution of 1 meter,

Thc forll'ard o\'erlap of exposurcs produces
stercoscopic co\'erage I\ith wide-angle photog
raphy and contiguous non-stcrcoscopic co\'er
age lI'ith high-resolution photography, Largc
areas of co\'erage can be buil t up by the
sidelap of successi \'e orbi tal passcs, Thc spacc
craft has great f1cxibility in the size, shape
and number of areas it can co\'er, up to its
tilm capacity of 19-1 exposurcs, For details
of the photographic capahility, see I\:osofsky
and l3roome (1965), The processed film is
scanned hy lhe readout system, and thc
\'ideo information is transmittcd to the
Decp Spacc ."ictll'ork stations. \\'here it is
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recorded on both magnetic tape and kinescope
film_

/1 pallo Program

Thc Apollo manned landing program is the
succeeding project to Mcrcury and Gemini
and has the objecti ,-e of carryi ng three
astronauts into lunar orbit, landing tll-O of
them on the 1\loon, and returning to Earth_
The space ,-ehicle ,,-ill consist of thrce com
partments: a 5-ton Command l\Iodule to
house thc crell- during the 21-day Aight to
and from the :'Ioon; a sen-ice module of 25
tons \\-hen fully loaded containing the pro
pulsion equipment; and a lunar excursion
modulc (1.£1\1)_ The excursion modulc will
separatc from Apollo and carry tIVO astro
nauts to the lunar surface and back to
rendez,-ous in lunar orbit with the command
and sen-ice modules_ LEl\1 will weigh 12
tons. stand about 20 fect in height and carry
250 pounds of scientific experiments including
a package that 'I-ill be left on the 1\loon_ An
analog-typc tele,-ision camera with a one
inch electrostatically focused ,-idicon tube
will tcle,-ise pictures on the lunar surface_
The camera will ha,-e two lenses, one a
20-80 mm_ zoom lens providing a field of 9
to 35°; thc other a wide-angle 9 mm_ lens
with a 60° field of view_ The camera, which
will weigh 5_5 pounds and consume about 6
watts of pOI,-er, \I-ill ha,-e an automatic
sensiti\-ity control to adjust exposure to
ambient lighting conditions_ It is expected
that the astronauts II-ill also be equipped II-ith
seyeral types of cameras to make a pictorial
record of the lunar surface, lunar landscape
and of scien ti fie obscn-ations and read ings_

EARTH PROGRA)'!S

Sounding Rockets

Image Acqnisition_ Hyperaltitude photog
raphy (greater than 30 mi_) has been ob
tained since 1946 using V-2, Viking, Aerobee,
Thor and A tlas rockets_ A tlas rockets have
photographed the Earth from as much as
700 miles, but most photographing altitudes
haye ranged bet'l-een 50 and 150 miles_ !'\one
of the yehicles used "'ere specifically designed
for photographic purposes, nor were any
of the Aights scheduled exclusively for
photography except for the Arctic Metco
rology Photo Probe Project_ A \-ariety of
light-weight cameras ha\-e been employed,
includ ing motion pictu re cameras_ H owevcr,
the photography most sui table for terrai n
analysis and photogeology has been taken

\I-ith either the 1<-25 aircraft camera or the
i\Iaurcr j\[ odel 220 camera usi ng panchro
matic or infrared films, which \I-ere rcturned
to Earth_ The infrared film was cspecially
successful for high oblique photographs be
cause of it haze penetrating ability_ Thc pur
pose of this photography has been to monitor
attitude stabilization and to detcrmine the
usefulness of spacc photographs for mcteoro
logical purposes and mili tary recon naissance_
The success of carly experiments Icd to the
deYelopment of the \I-eather satellitcs_

Illterpretation_ Thc photography obtained
from launchings at "-hitc Sands, Ne\\
1\lexico indicates that a II-ealth of informatio'l
about the surface is recorded on t-ilm from
altitudcs up to 150 miles_ This ,-antage point
affords a nell' perspecti,-c of the Earth's sur
face_ The chief adnllltage of this photog
raphy is the large co,-erage possiblc_ For ex
ample, pointed ,-ertically, the 1<-25 aircraft
camera is capablc of photographing an area
of nearly 11,000 square miles from an alti
tude of 150 miles_ Costly mosaics of hundreds
or thousands of con,-entional photographs
'I-oldd be necessary to achie,-e si milar per
specti'-e_

Regional drainage as well as the distribu
tion of surficial deposi ts, ,-cgctation and
rock ou tcrop are displaycd_ Geomorphic and
physiographic featurcs such as piedmonts and
bajadas; hogbacks, cuestas and mesas;
playas, deAa tion basi ns and sand dunes
yolcanoes and la,-a ficlds can bc idcntified:
Indi,-idual largc rock units arc mappablc in
photographs of the sou th,,-estcrn ni ted
States, and structural featurcs such as
regional tectonic trends, fold belts and major
faults arc discernible in many photographs_
Perhaps more important, the spatial rela
tionships bet,,-cen gross fcatures of processes
such as yolcanism to regional tectonic tcnds
arc someti mcs apparcn t, whereas they migh t
be overlooked in p hotograp hs co,-eri ng smallcr
areas_

Unman11ed Satellites

TIROS

Image .lcC/nisitioll_ TIROS (Tcle,-isioll ancl
Infrarcd Obsen-ational Satellite) II-as con
ceiyed by Dr. I-larry "-exler, Director of
Research for thc "-eathcr Bureau_ In 1954
he suggestcd that wcather satellitcs contain
ing telcvision camcras, infrared and albedo
sensors, and radar could bc used as a global
forecasting network_ Thc TI ROS cloud coycr
satellitc series startcd \I-ith launching of
TI ROS I and !\ prill, 1960_ Test ohjccti \-es,
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which \\ere quickly prOI'en, \I'ere to deter
mine if the satellite could transmit high qual
ity television pictures containing useful
\I'cather data that could be analyzed and
transmitted for weather forecasting,

The 1'1 ROS system incl udes an orbi ti ng
satellite. ground readout stations at \\'allops
Island, Virginia and Point ;"1 ugu, California,
a backup station at the RC:\ Space Center,
Pri nceton, :\fe\l' Jersey, and a Data _\ nal ysis
Center at Suitland, I\laryland,

1'1 ROS T and I I contained t\l'O I'idicon
scanner cameras, each with its O\l'n magnetic
tape storage capable of storing 32 photo
graphs on each orbit. One camera \I'as
equipped \I'ith a wide-angle lens allowing
"ertical cOI'erage of about 800 sq uare miles
\\ith a resolution of approximately 3 miles,
The other camera was equipped \I'ith a
nalTo\l'-angle lens \I,hich co\'ered 80 square
miles \I'ith a resolution of 0,3 mill'S. Narroll'
angle cameras prOl'ed dinicult to orient and
later '1'1 ROS satellitesll'ere equipped lI'ith
\I,idc- and medium-angle cameras,

I n addition to tll'O tclel'ision cameras,
T I ROS II, III and I\' carried t\l'O radiom
eter£, .. \ nonscanning radiometer lI,ith a 55
degree lield of "ie\l' responded to a broad
spectrum in the "isible and infrared regions,
The second \I'as a scanning radiometer with
a S-degree field of \'iell' responding to I,,'e
spectral bands,

1'1 ROS IV, V and VI, launched in 1962,
had their cameras programmed to function
through a clock mechanism actil'ated by
ground stations, The timing system is set
\I'hen the satellite passes ol'er the ground sta
tions and pictures arc stored on magnetic
tape, As the pictures arc played back on
command from a ground station the tape is
erased, The satellite cameras can also do
direct photography when \I'ithin range of
\\'allops Island or Point ]\J ugu,

TIRO. \'11 and \'111 \I'ere successfully
launched in 1963, The latter has the same
basic design as its predecessors but transmi ts
signals thatlo\l'-cost stations can recei\'e \I'ith
inexpensil'e and simple equipment. The nell'
equipment, called APT for "automatic pic
ture transmission' requires on the ground a
IS-foot heli" antenna, a commercially a\'ail
able radio receil'er, and a telel'ision type
picture tube to reproduce the photo, For the
initial testing of this system there are 40
such stations operated in the United States
and abroad by SAS...... , the "'eather Bureau,
and the military, H the system is practicable,
the number of stations could easily be greatly
increased,

Sel'en mure TI ROS satellites hal'e been
added to the program, in part to compensate
for thc cancellation of the \fimhus program,
Four arc to he research and del'elopment
satellites including one to be tested for eHec
ti\'eness in a highly elliptical orhit, and three
\I'ill be operational sa tell ites,

The '1'1 ROS program will provide photo
ou tpu tin such q uan ti tics that man ual meth
ods of location and recti (ication of images
\I'ill be too time-consuming for operational
use, Rapid means of data processing arc being
del'eloped to cope \I,i th the \'ast amoun t of
data,

Interpretation, Over 300,000 pictures hal'e
been receil'ed to date from lI'eather satellites
of the T I ROS series, 1'1 ROS \I'as designed to
photograph cloud cOI'er for \I'eather forecast
ing and meteorological research, and for these
purposes the system has performed admir
ably, ..\ccording to "'ex IeI' (1962), TI ROS has
prol'ed to be of great I'alue in synoptic
lI'eather analysis and forecasting, The satel
lites arc particularly useful in supplying
cloud information of areas \I,here ground ob
serl'ations are missing or incomplete, such
as OI'er oceans and u ni n habi ted land regions.
]\Ioreol'er, patterns and details arc sho\l'n to
a degree not obtainable by con\'entional
means e\-ell in heal'ily populated areas,
Cloud patterns measuring 1500 km, across
dOll'n to indil'idual clouds ha\'e been recog
nized, including spiraling vortices associated
\I,ith cyclonic storms. tropical hurricanes,
tornado-prod uci ng clouds, cloud cells, cloud
"streets," cirrus cloud decks, and cloud lI'al'es
shO\\'ing interference-like \I'al'e patterns, The
practicality of 1'1 ROS \I'as dramatically
demonstrated in Septem bel', 1961 \I' hen
T I ROS III spotted the previously undetected
I lurricane Esther, 'l"l'(l days later the exis
tence of the hurricane was confirmed by con
\'en tional means, The processi ng of T I ROS
data has adl'anced to the point \I,here cloud
information is al'ailable for dissemination
within t\l'O or three hours after the pictures
arc telemetered to receil'ing stations on
Earth, Electronic data processing is employed
to locate, orien t and grid the pictures for ex
peditious usc by \I'eather personnel. The
'1'1 ROS pictures arc indexed and stored at
the National \"eather Records Center, :\she
"ille. .orth Carolina, Catlogues showing geo
graphical cOI'erage and nephanalyses of each
satellite pass arc al'ailable through the U, S,
COI'ernment Printing Office, Consequently,
the pictures may be exploited for meteoro
logical reseach for years to come,

The infrared system apparently has el'en
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n'ore potential for lI'eather forecasting than
tele\'ision pictures. The sensors can be used
to determine the gain 01' loss of radiation
fronl the Earth's atmosphere as well as to
com pare unusual rad iations \\·i th \I'ea ther
beha\·ior. The scanni ng radiometer furnished
information from fi\'e spectral bands. The
0.2 to 7 micron band measured the energy
reflected solar radiation. The narrow 0.50
to 0.75 micron band in the \'isible region
pro\'ided data that could be correlated \I·ith
te!e\'ision images, and the 8 to J2 micron
band indicated the approxinlate temperature
of the Earth's surface or the tops of clouds,
\I·hiche\·er happened to be beneath the satel
lite. Data from the 8 to J2 micron band
enabled the mapping of clouds (in middle and
100\"er latitudes), since the cold cloud tops
could be distinguished from the usually
\I'armer Earth's surface. This \I'as especially
useful for mapping the night side of the
Earth \I'here the television cameras could not.
The approximate heights of the clouds could
also be calculated from these data. A yery
broad band from 8 to 30 microns responded
to most of the terrestrial infrared radiation
enabling determination of total emitted long
\I'a\'c radiation o\·er limited periods of tillle.
The \'ast amount of data collected to date is
still under studIO to unco\"er additional infor
mation aho" t the energies radiated and re
Rected by the Earth and its atmosphere.

The camera systems of T IROS were de
signed to photograph clouds, and the cameras
\\"ere set to produce a high contrast betll'een
clouds and the surface. Consequenlly, the
Earth's surface, in general, appears quite
dark. Furthermore, the tone rendition is low;
only se\'en or eigh t tones of gray can he
distinguished in the photographs with the
eye. ~ubtle tonal and textual differences
manifested hy differing types of surfaces arc
not recorded,

ln comparison \\"ith film, the resolution of
the Tl ROS system is very 10\1"; nlOreO\'er,
only a small fraction of the picturcs clearly
sho\\" land surfaces-perhaps onc in one
hundred. This is hecause of the small portion
of land areas o\'erRO\l'n in comparison to the
oceans, and the fact that much of the land
areas of the Earth arc cO\'ered by clouds mllch
of the time. South America, the East Indies,
Hawaii, Central America, Central Africa, and
Central Europe arc rarely seen free of clouds.
On the other hand, the de5ert areas are gen
erally cloud free, such as the south\\'estern
l-ni ted States, A orth Africa and the Middle
East. 1\e\"erthe!ess, some investigations ha \'c

been made in to the nOll meteorological appli-

rations of '1'1 ROS. Ire and snow, ha\'ing albe
dos approaching clouds, lend themselves
readily to detection by T IllOS. Studies by
\\"ark and Popham (J960) indicate that
1'1 ROS can monitor the distribution and
mO\'ement of icc in the 10\\'er latitudes. The
narrow-angle camera of 1'1 ROS II resolved
snow and ice particularly \Veil. The breakup
and migration of ice is of interest to the mete
orologists and oceanographers for scientific
purposes, but furthermore, the location and
nlO\'ement of icebergs is important to the
operation of shipping lanes.

,\nother possible application is the deter
mination of sno\\' CO\'er in mountainous areas
I\here sno\\' melt is an important source of
water, such as in the western United States.
Estimates of the \\'ater supply for the ensuing
year arc determinable from the area of snow
CO\'er seen in T1 ROS pictures. The identi
fication of a forest fire in a 1'1 ROS III picture
suggests another use of '1'1 ROS. Satellite ob
selTations might supplement at her sources of
detection.

The geography departmen t at the ni-
yersity of :\lontreal has produced an atlas of
TIROS photographs showing as far as pos
sible e\'ery state in the United States and
e\'ery cou ntry in the world iden ti lied by dis
tincti\'e and commonly recognized landmarks.
Such an atlas enahles a researcher in teres ted
in a particular region to tell at once \I'hether
"1'1 ROS photographs arc likely to be of usc
to hi m. Selected reels of TJ ROS photo se
quences on microfilm have been examined in
a reader. Details of those \\'hich cover cloud
free land areas haye been recorded on
pu nched cards, in such a way that they can
be tabulated by region cOl'ered, quality of
image, probable nature of patterns visible on
the ground, if any, and time of year when
photo was taken. Such tabulations can be
used to select the best photos for the atlas,
and for more specific studies arising from it
(Biro, :\Iorrison, Cho\l'n, 196-1).

Physiographic and geologic details arc de
cipherable in only a small percentage of the
'1'1 ROS pictures. !\n important reawn for
interest in terrain features of TI ROS pictures
is that systems akin to TJROS \I·ill obtain
the first close-up pictures of the .i\Ioon and
planets. I.unar and planetary probes will use
tele\'ision systems \I·hen film reco\"ery is im
possible, and Ranger VI I has clearly demon
strated that high-quality T\' pictures can be
recei \'ed from ou tel' space. J t is expedien t to
ascertain the nature of terrain information
that can be gleaned from such low-resol ution
pictures. I';ven the most primiti\'e information
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from the unknO\l'n surface of another planet
will he important.

The desert areas of the \Vorld are most
conducil'e to Tl ROS photography. The
highly contrasting surfaces, unmasked hy
\'egetation, sho\l' up well in some pictures,
\'arying albedos reflect differences in surface
composition, relief and I'egetation coverage,
but commonly the tones cannot be identified
with certainty, Land can he distinguished
from water, as \I'ell as harren allu I'ial valleys
and basi ns from areas of rock ou tcrop or
vegetation; IlJOreOVer, playas and beach de
posits are identifiahle from their tone, te:\ture
and associations. In :\ orth c\frica, and to
some degree in other desert regions, highly
contrasting rock types can be separated if
their outcrops cover areas considerably
greater than the ground resolution of the
picture.

Gross structural trends arc rel'ealed in
sOl11e pictures, and major faults can be dis
cerned \I'here highly contrasting surfaces
hal'e been ju:\taposed hy nlO\·elllent. Surface
detail is usually ahsent. in pictures of uni
formly I'egelat.ed areas, hut tectonic and
glacial lineaments become I'isible whell ac
centuated by ice and snOIl". This is partinl
larly true of the Canadian Shield region as
sholl'n by the T I ROS II narroll'-angle pic
tures (:\Ierifield and Rammelkamp, 196-1-).

l\'11!BlTS

The \\"eat.her BlIIeau has cancelled plans
for :\imbus to replace 1'1 ROS in the :\a
tional Meteorological Satellite System, but
tll'O I'ersions of Xi m bus research and del'elop
ment satellites \I'ill be tested by NASA. The
first generation Ximbus A sat.ellites \I'eighing
i30 pounds arc equipped with an aeh-anced
vidicon camera system as well as a high
resolution infrared radiomet.er. I\imhus is
designed to poi n t tOll"ard the Earth at all
times and occupy a retrograde polar orbit to
enable cOI'erage of the Earth's entire surface,
viell'ing each part of the Earth twice daily
during 14 orbits. The first Nimbus satellite,
launched August 28, 1964 achiel'ed an ellip
t.ical orhit, rat.her than t.he planned SiS-mile
circular orbit. This resulted in only iO% COl'

erage of the Earth. Nimbus I ceased trans
mitting on September 23, 1964 when the
solar panels locked and could not be dis
lodged. But the 27,000 pictures obtained dur
ing the period of operation were of good qual
ity. The adl'anced vidicon system was capable
of furnishing 100 pictures with one-half-mile
resolution during each orbit when operating
at full capacity, as well as up to ten strips

of high-resolution, infrared, night. time pic
t.llres. c\ midnight picture of Antarctica
sholl"ed four black spots that correspond II'ith
the positions of mount.ains. suggesting \'01
canic act.il·ity. The second :\imbus:\ satellite
\I'ill be launched someti me in the last quarter
of 1964. Nimhus 13 generation satellites \I'ill
not be launched before 1966 and 1967; they
\I'ill be pOlI"ered by tll'O nuclear generators,

:\EROS

The third generat.ion \J:\S.\ l\leteoro
logical Spacecraft. was designed to com ple
men t f\ im hus by bei ng placed in synchronons
eCJuatorial orbit at. an altitude of 22,300 milcE
and, like Ximbus, oriented to the Earth at all
times. Three :\eros satellites spaced 120°
apart would prOl'ide coverage of an area
betll'een 50° north and sou th of the eq uator.
l'sing lI'ide-angle cameras to I'iell' o\'erall
cloud patterns and a narroll'-angle camera
t.hat is dircct.able frol11 the ground, any
selected portion of t.his area could be brought
into close-up "iell'. The st.at.us of the program
is in dou bt.

:\ral'll/ed Sa/elli/es

l\J EHCl'I~\' I'IW.lECT

::\Iercury photographs were obtained fro 11

:\Iercury 4-9 missions. The :\Iercury astro
nauts used hand cailleras to obtain pictures
of the Earth \\'hich arc generally better than
similar imagcs transmitted from space by
telel'ision cameras. Theoretically telel'ision
images can be made to equal t.he resolution
of film, but sel'cre limitat.ions on available
pOII'er and II'eight in e:\isting spacecraft
necessi tate usi ng nalTOII' handll'id ths for
transmission of pictorial data.

l\]ercury astronauts used either 16 mill.,
3S mill. or 70 111m. cameras to obtain pictures
of the I~arth's surface and high altitude phe
nOl11ena, In all cases, photographic objectil'es
of the flights Il'ere subordinate to the O\'erall
objecti"e of the flights, i.e., to test pilot per
formance and the performance of the space
craft and su pport operations.

The l\[ercury project has produced sonIc
spectacular photographs from altitudcs in the
I'icinity of 100 miles. Of particular interest
because of their high quality are the Mercury
Atlas TO. 4 series of photographs taken of
Africa betwcen the :\loroccan coast and Lake
Chad with the 70 ml11. laurer 220. Geologic
features of the :-\nti t\tlas orogenic system
are magnificiently displayed, Indi"idual folds,
faults, and lit.hologic formations are identili
able as well as longitudinal and t.rans,'erse
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sand dunes, \'egetation changes and geo
morphic features (.\Iorrison and Cho\l'n,
1964) .

The thirty photographs taken by :\stronaut
Cooper (:\Iercury-:\tlas '\0. 9) using a 70
mm. Hasselblad camera arc also of high qual
ity. Considerable geologic and geographic
detail is recorded, including glaciers in the
] limalayas; faults, domes and anticlines in
Tibet (Lowman, 1965); and submarine
topography of the Ganges delta.

Film returned from both satellites and
rockets indicates that a ne\\', important tool
is a\'ailable for the exploration of remote
areas of the Earth, as \\'ell as the moons and
planets of our solar system.

GE~'!I:\[

The Gemini program's t\\'o-man spacecraft
is designed to bridge the ti me and tech no
logical gap bet\\'een the :\Iercury and .-\pollo
programs. It will ha\'e two missions: (I)
to de\'elop techniques for bringing together
t\\·o \'ehicles in space, and (2) to perform
Earth orbital flights lasting from a few days
to as 111 uch as 14 days. Scienti fic im'estiga
tions that require the participation and super
\'ision of man \I'ill be undertaken. In the ad
\'anced stages of the Gemini program the
astronauts may \I'ork ou tside the spacecraft
\\'hile in orbit, As \\'ith the 1\lercury project.
photographic objecti\'es \I'ill be subordinate
to o\uall flight objecti\'es.

1\11\:'\:\EI) ORBLTI:\(; I.ABORATORY (:\101,)

The purpose of the j\f an ned Orbi tal Lab
oratory is to prO\'ide a platform to study the
possibilities of the military mission of man in
space, 1\101. \I'ill orbit the Earth at 250
nautical miles in a circular orbit. The first
model may carry four to six men and refined
models from 12 to 24 men. A scientilic pay
load of 1,500 pounds is planned and the
laboratory can be resupplied by ferry \'ehicles
e\'ery t\\'O \\'eeks, ..-\n unmanned astronomical
obsen'atory weigh ti ng 20,000 pounds may be
placed in orbit close to 1\101..

Scientific equipment on the orbiting lab
oratory \\'olJ1d include equipment for multi
spectral sensing and multiband photography.
Simultaneous photography of planetary sur
faces and atmospheres from ncar infrared
through ultra\'iolet wi th se\'eral film and
rllter combinations is planned, This program
is expectcd to ha\'e valuable applications for
planetary surface geology, geography, ocean
ography and meterorology, The Air Force is
responsi hie for the j\f 0 L project; a man ned
orbital research laboratory (l\IORI.) is

planned by \":\S:-\. The \":\S:\ project In
cludes a major elTort in the field of remote
sensing (Badgley and Lyon, 1964).

OTHER PL.\C\'ETS

Balloon-Borne Systems

ST1\R(;AZER

The Stargazer project, begun in January of
1959, utilizcs a free balloon to lift an astro
nomical obscn'atory. a pilot and an astrono
mer to 82,500 feet. The purposes of the proj
ect are to e\'aluate atmospheric effects on
optical astronomy from 82,500 feet to ground
!c\'el, to de\'elop and test design criteria for a
balloon aerostat observatory and to prove the
feasilJility and economy of a balloon aerostat
anronomical oilsen·atory. The lirst flight of a
series carried a 12~-inch "eflecting telescope
aloft and was lau nched on 13 Dccem ber 1962
from Iiolloman .-\ir Force Base.

"lotion pictures \\'ere taken of the flight
and \'aluable ground photographs were ob
tained as wcll as spectroscopic data on pure
light from stars and planets, Time exposure
photography of se\'eral celestial bodies and
planets \\'ere also recorded. Ki tti nger (1963)
indicates that the infOl'mation and data "e
co\'cred ily Stargazer [ would ha\'e taken 50
unman ned fligh ts to obtain.

ST11AToscol'E11

The eight-hour flight of Stratoscope 11 on
:\Iarch 1, 1963 analyzed the infrared spectra
of light recei\'cd from :\Iars, The Stratoscope
balloon raised a 36-inch telescope \\'ith a
theoretical resolution of 0.1-! sccond of arc to
O\'er 80,000 feet . .-\t this altitude the telescope
was abo\'e all but 0.03 of the carbon dio:"ide
and 0.001 of the \\'ater \'apor in the Earth's
atmosphere. ,\ study of the spectral pattern
(Danielson, 1963) re\'caled that the partial
pressure of \\'ater \'apor in the atmosphere of
1\1 aI's is not more than foul' microns of mer
cury and it may be as low as 10 microns.
Carhon di(Eide content of the total atmo
sphere of ?lIars constitutes two Jler cent,

Future flights of Stratoscope II are planned
to scan the atmosphere of Jupiter to deter
mine \\'hat gases, in addition to ammonia and
methane, might be prescnt and to scan \'enus,
Saturn and possibly l-ranus ancl :\eptune.

Probes alld Satellites

ChBITI:,\(; ..-\STRON(J:\!IC.\L OBSEln'ATORY

(0:\0)

The Orhitiug :-\stronoll1ical Ohsen'atory is
another of N:\S.\'s future spacecraft. The
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octagonal \'ehicle is scheduled for launching in
1961 wi th su bseq uen t fIigh ts at 6-month
inten·als. Precisely stahilized, the 3,200
pound satellite will be placed in a circular
orbi t abou t 475 miles abo\'e the Earth, mak
ing possible ohsen'ations \\'ithout the inter
ference of the Earth's atmosphere. One end of
the spacecraft will be equipped \I'ith three
12-inch Schll'artzchild telescopes and a fourth
telescope sen'ing as a slitless spectroscope.
These \I·ill he utilized to catalog O\'er 100,000
stars. At the other end there \I·ill l)e one 16
inch and four 8-inch telescopes with rilter
photometers and t\I'O diffraction grating
spectometers. This equipment II·ill be used to
measure the distribution of ultra\'iolet light in
200 selected sl<u's and emission nehulae.

}\I ARI"ER

This unmanned spacecraft program \I'as
designed for early interplanetary missions to
the vicinity of Mars and Venus. The first
launch \I'as unsuccessful, hut the second
l\Iariner passed \\'ithin 21,59-+ miles of \'enus
on December 14, 1962. The probe contained
Illicrowa\'e and infrared radiometers for de
termining the surface temperature of Venus
and the nature of its atmosphere.

1'\\'0 j\[ari ner spacecraft \I'ere lau ;lched in
;'\o\'ember, 1964 to fly past the planet AlaI'S
and transmit information ahout its atmo
sphere and surface. Mariner 3 failed when the
fiberglass nose shroud collapsed during
launch. Alariner 4 \I'as successfully launched,
and on .July 1-+, 1965 passed lI'ithin 5,-+00
miles of the Martian surface. Its tele\'ision
camera, comprising a one-inch \'idicon tube
and a 12,j nch Cassegrai nian telescope wi th a
field of \·iew of one degree, prod uced a series
of 20 pictures. :\Iternate pictures were taken
through a red and a green filter, and there is
some overlap in the pairs. The pictures were
stored on magnetic tape and then read ou t
O\'er a t\\'o-\\'eek period. Because of the com
mu nication distance, \1' hich exceeded 134
million miles, the photographic information
was transmit.ted in digital form, at a rate of 8!
hits per second. Each picture consisted of 200
by 200 picture clemen ts.

On \Jo\'ember 30, 1964 the Russians
launched the Lond 2 spacecraft toward 1\lars,
presumably on a similar mission. It ceased
operati ng duri ng the voyage to t he planet.

\'oyager is an unmanned spacecraft which
will act as a folloll'-on vehicle to the l\Iariner
program. \ 'oyagers will orbi t :'I IaI's and Ven us
and inject soft,landing instrumented payloads

on the surface. In addition, Voyagers \I'ill he
launched on f1y-!>y missions to l\lcrcllry
and/or Jupiter. The first spacecraft of 6,000
pou nds is expected to be lau nched d uri ng the
1968-1970 period. Inasmuch as the \\'eight of
\'oyager is appreciably g-reater than that of
Mariner, more sophisticated imagery equip
ment \\·ill undou!>tedly be used.

SOL.\R PI!OTOGI{.\PIIY

7'errcs/rial TclcscojJes

NarrO\\'-band photography of the Sun is
taken throughout the lI'orld, mainly to moni
tor solar flares and other solar acti\·ity. High
resolution phutography in integrated lI'hite
light is obtained at locations lI'here the seeing
is exceptionally good, such as 1\1 t. \\'ilson,
California and Sacramento Peak, :\eIV :'Ilex
ICO.

In 1958, the Lockheed-California Company
ini tiated a program of ti me-lapse photogra
phy, photographing the Sun e\'ery ten seconds
during IllOSt of the daylight hours. Lig-ht
entering the 3-inch telescope is filtered to
admit a narrow band of the Sun's spectrulll
centered on the Hydrogen :\Ipha linc
(656.356 millimicrons), and the Sun's image is
recorded \I'i th a resolu tion of one second of
arc on 35 mm. film. The excellent quality of
the photographs as \I'ell as the continuous
time coverage has pro\'ed \'aluable in the
study of the de\'elorment of solar flares and
other chromosrheric phenomena. The predic
tion of flares as an outgrOll'th of these studies
is a principal objecti\·e. The capahility of
capturing events lasting only a fel\' minutes
has resulted in the discO\'ery of nell' phenom
ena. For exam pie, wa\'es tra \'el ing across the
Sun's photosphere at speeds of 2,500 km./sec
\\'ere detected for the first time.

Because the Sun rotates 011 its axis about
once e\'ery twenty-se\'en days, paired photo
graphs taken at interval s of several hours
produce a perceptihle stereuscopic effect. :\n
interval of six hours yields a displacement of
3.30 for an assumed interocular distance of
2.5 inches; this is comparable to \'iell'ing a
tennis ball at 4.3 feet. Although longer inter
\'als would produce a greater stereoscopic
effect, surface features arc continually alter
ing their appearance, so that the stereoscopic
effect is destroyed at longer inten·als.

The three-dimensional effect has re\'ealed
some startling torography on the Sun's sur
face. Sites of dark hydrogen filaments (hedge
row-type prominences) appear as deep val
leys, and sunspots appear as great depres
sions. One measured sunspot, for example,
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occurred at the cen tel' of a depression 150,000
km, in diameter and 15,000 km, in depth,

The latitudinal variation of the rotation
rate of the photosphere imparts a peculiar
prolate shape to the Sun yiewed in stereo
scopic pairs taken six hours apart, The equa
torial regions, movi ng faster than the higher
latitudes, are interpreted by the eye to lie
abm'e the mean surface of the spherical Sun,
The differential rotation further hampers
interpretation of solar phenomena by con
tri bnti ng to changes in the appearance and
relati\'e position of the features,

Balloon-Bome Systems

STlUTOSCOPE I

Stratoscope I made two fligh ts to 82,000
and 83,000 feet carrying a 12-inch telescope
aloft to make infrared measurement of sun
~potumhrasand the extreme edge of the sun,
On the first flight on September 25, 1957
several photogl'aphs of the granulation on the
surface of the Sun were made \\'ith unprece
dented definition, On the second flight on
Octoher 17, 1957 the telescope \\'as pro
grammed to scan slowly across the edge of the
Sun and high definition photographs were
taken.

Images of the, un from the 12-inch tele
scope \\'ere photographed by a 3S mm, mo\·ie
camera taking an exposure each second with
an exposure ti me of 1/1,000 sec, The photo
graphs coyer a \\'avelength band of 80 milli
microns centered at about 5.J,5 millimicrons,
1\ photoelectric tracking de\'ice pointed the
telescope at the Sun,

l\ cellular, but irregular character of the
solar granulation (speckled appearance of the
photosphere) was re\'ealed by the photo
graphs, which resoh'ed features as small as
150 miles C seconds of arc) in diameter.
Bright cells are separated by dark lines, which
apparently represent descending gases sur
rounding the rising columns of hotter gases.
]\ear sunspots, bright knots show changes in
structure and a systematic motion away from
the center of the spot, The "proper motions"
of the knots represen t the E\'ershed effeel,
seen for the first time in integrated light.
Project Stratoscope \\'as supported by the
Office of :\aval Research and the /\ir Force
Cam bridge Research Cen tel',

CORO:\' ASCOPE

This is a project of the High l'\ltitude Ob
sen'atory at Boulder, Colorado that is spon,
sored largely by the Office of Naval Research,
,\ balloon is used to lift a 1,300 pound tele-

scope and telemetr~' system o\'er 80,000 feet
aboye the Earth, Coronascope II r, lau nc1Jed
in the first quarter of 1964, created an artifi
cial eclipse of the Sun in order to photograph
its corona,

Probes and Satellites

ORBlTI~G SOLAR OI1SERVATORY (OSO)

OSO 1 was successfully launched on ~rarch 7,
1962, The 4S8-pou nd \'ehicle transmi t ted
data from 13 experiments pro\'iding a sun'ey
of the solar disc and data on the centers of
solar acti\'ity, Equipment used in the experi
ments included an optical system, X-ray and
Lyman Alpha spectrometers, neutron flux
sensors, and gamma ray monitors, The first
solar observatory opened the ttl tra\'iolet and
soft X-ray regions to essen tially con tin uous
obsen'ation; the second \\,jll be able to scan
the disc of the Sun at se\'eral tdtra\'iolet
wa\'elengths with an aperture of ahout a,s
minutes of arc, It \\'ill also prm'ide routine
monitoring of the Lyman-alpha and the
helium \\'a\'clengths and of t\\'O X-ray bands,
The normal solar spectrum in the far ultra
\,iolet will pro\'ide data on the upper atmo
sphere of the Sun and ",ill permit identifica
tion of elements \\'hose presence are only
presently suspected (Roman, 1960).

As many as se\'cn additional OSO's \\'ill be
launched in the next five years,

l\D\'A~CED ORlllTl:\'G .OL.\R OIISER\',\TOllY
(.\OSO)

The foIIO\\'-on to the OSO program is the
.'\cl\'anced Orhiting Solar Ohsen'atory \\'hich
is scheduled for launching in late ]967, ,-\OSO
\I'ill \I'cigh ahou t 850 pounds, o\'er a quarter of
which ",ill he for experiments, ,\OSO ",ill ha\'e
superior experimcntal instrulllentation, point
ing accuracy, and c1ata handling capacity
t.han 0, 0, The optical systcm lI'ill hc 10 feet
in Icngth and 22 feet in diameter. The longer
and hea\'ier optics are necessary to take ad
\'antagc of impro\'cd angular resolut.ions and
hecause of the high spectral resoilltioll rc
quirecl for dctailecl analysis of thc IIltra\'iolct
spectrum and the \'isihle spectrum,

VULCAN

Feasibility studies are in progress on the
\'ulcan program, ft lI'ill he an eccentrically
orbiting satellite lI'ith a perihelion of about t
astronomical unit and will make precise ob·
sen'ation of different regions of the Sun in
several wa\'elcngths of the Spcctrtllll, Of par
t.icular in t.erest is the til tra \'iolet spectru m,



I'IIOT() IYI'''RI'I''';T.\TIO:\ IN '1'111,; SI'.\CI·; SCII·;:-';CI·;S 107"

\'ulcan "'ill perform ne\\' studies in solar
regions that ha\'e nOL been examined in detail.

1'IWBLE)IS .\:'\D POTENTL\L OF SI'.\CE

SCIE)/CE PHOTO I:-.iTElU'RI'T,\TIUN

rmpr(J\'ed terrestrial-based photography is
noL to be expected in the foreseeable fULure
owing to limiLations imposed by atmospheric
turbulence. On the other hand, photography
from space platforms is essentially free from
these limitations. The photographic sysLems
lIsed to date are Jlot optimum systems for
space photography. Longer focal lengths and
larger lilm formats are desirable. The usc of
larger cameras has been pre\'en ted by se"ere
\\'eight and space requirements, but the recent
de\'elopment of large booster systems has
erased this as a serious problem. Conse
quently, experimentation is needed in camera
design and lilm-filter cOlllbinations.

For unmanned saLelliLes, reliable attitude
control is required to point the cameras in the
desired direction. Spin stabilizaLion uf TJROS
limits \·ie\\'s of the Earth during only one-half
of the orbi tal period . .-'\ LLi Lude con trol which
will Illai n tai II the cameras in the local \'ertical
arc c1esiral)lc. Photu interpreters arc accus
tomed to working ,,'i th essen tially \'ertical
photography. :\11 of the a\'ailable rocket and
satellite photographs, ho\\,e\-er, arc oblique;
this complicates orientation of the photo
graph, and measuremen Ls of distances as well
as interpretation because of foreshortening .

..-\ tti tude sensing which is precise to a frac
tion of a second of arc, ho\\'e\'er, is promised
by star trackers, such as that de\'elopecl
for the Orbiting r\stronoillical Observatory,
Coupled "'ith present orbit determination
schemes, star trackers will make feasible the
aULomatic recording of the posiLion and orien
tation of the satellite camera at the Lime of
each exposure, thus eliminating the necessity
for ground control, "'hich may be poor or
absent in the case of remute areas of the Earth
and planets.

Surface features take on a lle\\' appearance
\\'hen \'ie\\'cd at ground resolutions of tens or
hundreds of feet rather Lhan one or L\\'O feet
with con\'entional aerial photography. ,\
necessary task of the photo interpreter "'ill be
to gain experience in the recognition of com
mOll features at widely different scales and
resolutions in order to make optimum use of
space photography.
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