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FOREWORD

The purposes of this Data Users' Note are to announce the avail-
ability of Apollo 13 pictorial data and to aid an investigator in the
selection of Apollo 13 photographs for study. In additionm, this Note
can provide guidance in the interpretation of the photographs. As
background information, the Note includes brief descriptions of the
Apollo 1% mission objectives, photographic equipment, and photographic
coverage and quality. The National Space Science Data Center (NSSDC)
can provide all forms of photographs described in the section on Format
of Available Data.

NSSDC will supply, as resources permit, limited quantities of
photographs without charge where they are to be used, first, for specific
scientific studies, and, second, for college-level science courses. ALl
requesters should refer to the section on Ordering Procedures for specif-
ic ordering instructions. Scientists conducting an investigation that
requires photographic data should inform NSSDC of their needs and should
identify the nature of their study, their affiliation with a scientific
organization, university, or company, and any government contracts they
may have for performing the investigation. The Data Center seeks to
keep informed of the results of any scientific investigations performed
with the use of Apollo photographs. We therefore request that scientists
submit reprints of any published papers to the Data Center so that the
results of their studies can be made known to other users. It is also
requested that in such papers NSSDC be acknowledged as the source of
photographic data.
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APOLLO 13 LUNAR PHOTOGRAPHY

INTRODUCTION

Apollo 13 (1970-029A) was launched from Cape Kennedy, Florida, on
April 11, 1970, on a scheduled 10-day lunar landing mission. The space-
craft was inserted into an approximately 100-nautical mile circular earth
parking orbit. After orbital insertion, all spacecraft systems were veri-
fied, and the translunar injection (TLI} burn was made in preparation for
translunar coast. During translunar coast, however, a malfunction occurred
in the command service module (CSM). This malfunction resulted in a loss
of oxygen that made the fuel cells inoperative, leaving the command module
(CM} with batteries normally used only during reentry as the sole power
source and with only that oxygen contained in a surge tank and repressuri-
zation package. Because the command module was unusable, it was decided to
abort the mission, activate the lunar module (LM}, power down the command
service module, and use the IM systems for life support. The crew remained
in the LM and performed a free-rveturn trajectory. Prior to entering the
earth's atmosphere, the crew transferred back to the (M and returned to
earth on April 17, 1970.

The purposes of this third Apollo lunar landing mission were: (1} to
explore the hilly upland Fra Mauro region of the moon; (2) to perform
selenological inspection, survey, and sampling of material (possibly §
billion years old) in the Fra Mauro formation; (3) to deploy and activate
an Apollo lLunar Surface Experiments Package (ALSEP); (4) to further develop
man's capability to work in the lunar environment; and (5) to obtain photo-
graphs of candidate lunar exploration sites. These goals were to be
carried out from a near-circular lunar orbit and on the lunar surface at
3°40'17" south latitude, 17°27'3" west longitude, about 95.6 nautical miles
east of the Apollo 12 landing point at the Surveyor 3 crater. Because the
Apollo 13 mission had to be aborted, it is planned that the mission objec-
tives and similar scheduled scientific studies will be carried out by the
crew of Apollo 14.

PHOTOGRAPHIC OBJECTIVES

The photographic objectives of Apollo 13 were: (1)} to photograph
Ytargets of opportunity,” i.e., scientifically interesting sites and po-
tential Apollo landing sites as time and circumstances permitted; (2) to
obtain photographs of the lunar and command service modules; (3) to obtain
vertical and oblique stereo strips of lunar nearside and farside regions
of scientific intevest; and (4) to record mission operational activities.
Because the mission was aborted and, as a result, all photographic equip-
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ment could not be used, the photographic objectives were not realized,
and only a limited amount of photographic data were obtained,

PHOTOGRAPHIC EQUIPMENT
Cameras

The camera equipment carried by Apollo 13 consisted of two 70-mm
Hasselblad EL cameras, two 70-mm Hasselblad data cameras, two 16-mm
Maurer data acquisition cameras (DAC), one 35-mm lunar surface closeup
stereoscopic camera, and one Hycon topographic camera. However, camera
use was limited to the two 70-mm Hasselblad EL cameras and the 16-mm
DACs.

70-mm Hasselblad EL Cameras. These cameras featured a motor-drive
mechanism, powered by two nickel-cadmium batteries, that advanced the
film and cocked the shutter whenever the camera was activated. The set-
tings and ranges for eguipment on these cameras were:

Lens Focal Length: 80 mm 250 mm
Focus: 91.3 cm (3 ft) 259.1 cm (8.5 ft)
to infinity to infinity
Aperture: £f/2.8 to £/22 £/5.6 to £/45
Shutter Speed: 1 sec to 1 sec to
1/500 sec 1/500 sec
Field of View: 37.9° side, 12.5° side,
51.8° diagonal 17.6° diagonal
Film Magazine Capacity: 190 frames B&W, thin base

160 frames color, thin base
100 frames, standard base

16-mm Maurer Data Acquisition Cameras. Apollo 13 carried two Maurer
data acquisition cameras, one in the command module and one in the lunar
module. The cameras were used primarily to record engineering data and
for continuous-sequence terrain photography. The Maurer cameras weighed
2.8 pounds each, with a 130-foot film magazine attached. They had frame
rates of 1, 6, and 12 fps (automatic) and 24 fps (semiautomatic), and
shutter speeds of 1/60, 1/125%, 1/250, 1/500, and 1/1000 second. Other
settings and ranges for equipment on the cameras were:

1.8



Lens Focal Length:
Focus:
Aperture:

Field of View:

Film Magazine Capacity:

Films

18 mm
30.5 em (12 in.} to infinity
T/2 to T/22

32.3° horizontal x 23.5° vertical;
39.2° diagonal

140 feet, thin base

The films used during the mission were as follows.

S0-368 Film (CEX)

Description:

Resolution:
Use:

50-168 Film (HCEX)

Description:

Resolution:

Use:

3400 Film (BEW)

Description:
Resolution:

Use:

Ektachrome MS, color reversal, ASA 64; haze
filter required

80 lines/mm for 1000:1 test object contrast

terrain and general photography

Ektachrome EF, high-speed color reversal, ASA
160 for surface and interior photography; no
filter required

80 lines/mm for 1000:1 test object contrast

surface and interior photography at low light
levels

Panatomic-X, black and white, ASA 80

170 lines/mm for 1000:1 test object contrast

high-resolution terrain photography
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Accessories

Standard accessories for the Apollo 13 photographic equipment in-
cluded the following.

o A light meter, used with the EL cameras, was an automatic spot
meter with a narrow angle of acceptance (limited to 1°). The
scales on the meter were automatically rotated to give the correct
aperture and shutter speed settings.

o A right-angle mirror was used on the front of the l6-mm data
acquisition camera for bracket-mounted photography.

o A Hasselblad adapter bracket was used to mount the EL camera in
the command module rendezvous window. With the 80-mm lens, the
camera was aligned along a line pitched up 12° from the X axis;
with the 250-mm lens, the camera was aligned along the X axis.

o A power cable was used in the command module to provide power for
the 16-mm Maurer cameras.

¢ A boresight bracket was used on the CM rendezvous window for the
16-mm Maurer camera.

o A sextant adapter was used with the 16-mm Maurer cameras.

o Two types of filters were used. A haze filter {Photar 2A} was
used with the 50-368 film. This filter had a cutoff of 3400 A
and less, a transmittance of 100 percent in the visible spectrum,
and needed no exposure correction. A red filter (Photar 25A) was
used with black and white film to reduce atmospheric haze. This
filter had a cutoff of 6000 A and less, a transmittance of 90 per-
cent for 6500 A and longer, and an exposure correction of 2.5
stops (needs added exposure}.

PHOTOGRAPHIC COVERAGE AND QUALITY

The orbital and operational photographs obtained during the Apollo
13 mission ranged from good to poor in quality, resolution, and contrast.
Only 584 frames of 70-mm photography and 22,073 frames of 16-mm photo-
graphy were obtained. Of these, there were only two magazines {JJ and L)
from which the photographs could be plotted, but a few good low- and
medium-oblique photographs were obtained.

Although the Apollo 13 coverage included photographs of the earth,
only the lunar photographs are described in this Data Users' Note. For
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information on photographs of the earth, please refer to the section on
Ordering Procedures.

The Apollo 13 photographic coverage is described in map form on
the "Apollo Mission 13 Lunar Photography Index," which accompanies this
data package. In the index map, limited photographic coverage is de-
picted on a mercator projection with an approximate scale of 1:5,500,000
at the equator. The index consists of one sheet that indicates lumar
farside crater coverage for targets of opportunity shown on the 70-mm
color magazines.

A brief summary of the photographic coverage for only the lunar
magazines is given in the appendixes to this DUN. A more complete sum-
mary of all photography taken during the Apollo 13 mission is contained
in part II of this data package, '"Apollo 13 Photography: 70-mm and 16-mm
Frame Indexes." At the end of this part are two Photo Index Area Loca-
tion Diagrams, one for the lunar earthside and one for the lunar farside.
On these diagrams, areas of the lunar surface have been numbered in an
effort to facilitate and standardize the identification of lunar photo-
graphy. Part III of this data package, "Apollo 13 70-mm Photographic
Catalog,' contains proof prints of the higher quality 70-mm lunar photo-
graphy exposed during the Apollo 13 mission. These prints have been
sorted by magazine and frame number.

FORMAT OF AVAILABLE DATA

The Apello 13 films on file at NSSDC include master positive copies
of the original 70-mm and 16-mm films that are stored at the NASA Manned
Spacecraft Center {MSC), Houston, Texas. These films were processed by
the MSC Photographic Technology Laboratory and constitute the NSSDC mas-
ter copies. To satisfy requests for photographs, additional (second-
generation} working copies have also been prepared. An indication of
the standard formats and sizes of Apollo 13 photography available from
NSSDC is given below.

70-mm Photography

Reproductions of complete magazines of 70-mm lunar photography can
be obtained either (1) as positive or negative film copies on 70-mm
black and white roll film or (2) as positive contact black and white
paper prints on 70-mm roll paper. Selected frames of 70-mm lunar photo-
graphy will be processed in limited quantities as 8- x 10-inch black and
white paper prints or as contact black and white positive or negative
film copies on 4- x S5-inch film sheets. (Color reproductions in the form
of contact positive or negative film copies on 4- x 5-inch film sheets or
as 8- x 10-inch prints can be obtained for selected frames. However, the
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color reproductions will be provided only to those persons performing
detailed scientific investigations,)

16-mm Photography

The 16-mm sequence films are available as 16-mm positive or nega-
tive color film duplicates. For convenience, the individual 16-mm mag-
azines have been spliced together and are available on one reel. It
should be pointed out that these photographs are of poor quality and
are suitable only for limited scientific investigation. These films
normally will be provided on a 3-month loan basis, although in special
instances arrangements can be made for permanent retention.

ORDERING PROCEDURES

When ordering photographic data, please refer to part II, "Apollo
13 Photography: 70-mm and 16-mm Frame Indexes," and indicate:

» Apollo mission number,
o complete frame number(s), e.g., AS13-61-8727,

o form and size of reproduction, e.g., 8 x 10" B&W print
or 4 x 5" color positive transparency, and

o other identifying information such as crater or feature names.

The Apollo Lunar Photography Order Form enclosed with this package
is provided for the requester's convenience. All parts of the form must
be completed to ensure satisfactory request fulfillment. If the photo-
graphs are to be used in an ongoing or planned study, this should be in-
dicated in the appropriate place on the form, and some indication of the
nature of the study and of whether it is being performed under contract
to the government should be given. To assist NSSDC in processing re-
quests for reproductions, please identify all required photography in a
single order.

NSSDC will provide reproduction support to individuals and organi-
zations only when the data requested are needed for specific scientific
research projects or for use in college-level science courses, in that
order. The current policy in satisfying such reguests is to furnish
limited quantities of reproductions without charge., Nominal charges
will be imposed for large and/or multiple orders. When charges are
deemed necessary, the requester will be advised of the exact charge and
the procedure for making payment before the request is filled. The price
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list provided on the order form is intended to give the reader an indi-
cation of the per item cost of reproductions in the event charges are
necessary.

The Apollo 13 pictures may be reviewed at NSSDC. Inquiries about
or requests for photographs from U.S. scientists should be addressed to:

National Space Science Data Center
Code 601.4

Goddard Space Flight Center
Greenbelt, Maryland 20771

Telephone: (301} 982-6695

Requests for photographs from researchers outside the U.S.A. should be
directed to:

World Data Center A for Rockets and Satellites
Code 601

Goddard Space Flight Center

Greenbelt, Marvland 20771 U.5.A.

The World Data Center A for Rockets and Satellites is now assisting
scientists located outside the United States in acquiring space science
data held in U.S. national archives. Since January 2, 1969, it has been
located contiguous to NSSDC.

Individuals or organizations that wish to obtain Apollo 13 photo-
graphic reproductions for purposes other than use in research projects
or college-level science courses should address their requests to:

Public Information Division

Code FP

National Aeronautics and Space Administration
Washington, D.C. 20546

Printed materials to satisfy general information requests are also
available from this division.

Representative sets of Apollo photographs suitable for framing can
be obtained {at cost) as full-coleor lithographs from:

Superintendent of Documents

U.5. Government Printing Office
Washington, D.C. 20402

1.13



Requests should specify NASA Apollo picture sets as follows:
o NASA Picture Set 1, "Apollo - In the Beginning" ($1.25)
o NASA Picture Set 2, "Men of Apoilo" ($1.00)
o NASA Picture Set 3, "Eyewitness to Space' ($2.7%)
» NASA Picture Set 4, "First Manned Lunar Landing" ($1.75)
s NASA Picture Set 5, "Man on the Moon" (§1.00)
o NASA Picture Set 6, "Pinpoint for Science' ($1.50)

Inquiries or requests regarding pictures of the earth taken during
the Apollo missions should be directed to:

Technology Application Center

University of New Mexico
Albuguerque, New Mexico 87106
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INTRODUCTION

This index contains supporting information about the 70-mm and
16-mm photography taken during the Apollo 13 mission.

For each 70-mm frame, the index presents the information avail-
able on: ({1} the revolution number, (2} the focal length of the
camera, (3) the photo scale at the principal point of the frame, (4)
the selenographic coordinates at the principal point of the frame,

(5) the approximate tilt of the photo, (6) the percentage of forward
overlap (Fwd. 0/L) of the frame, (7) the approximate sun angle (medium,
low, high), (8) the quality of the photography, and (9) the photo
index area (using the Lunar Aeronautical Chart system for the earth-
side and similar breakdowns on the farside region). A brief descrip-
tion of each frame is also included.

The index to the 16-mm sequence photography includes information
concerning the approximate surface coverage of the photographic se-
quence and a brief description of the principal features shown. A
"remarks' column is included to indicate (1) if the sequence is plotted
on the photographic index map and (2) the quality of the photography.

Directly following the indexes are two Photo Index Area Location
Diagrams, one for the lunar earthside and one for the lunar farside,
that have been prepared by the Mapping Sciences Laboratory, Manned
Spacecraft Center. On these diagrams, areas of the moon have been
numbered to facilitate and standardize the identification of lunar
photography. It should be noted that the numbering of the earth-
side diagram corresponds to that on the Lunar Aeronautical Chart that
accompanies this Apollo 13 data package.

The National Space Science Data Center (NSSDC) wishés to thank
members of the staff of the Mapping Sciences Laboratory and the per-
sonnel of the Lockheed Electronics Company/Aerospace Systems Division
for providing their original index pages to NSSDC. The document prep-
aration effort at NSSDC was under the direction of Mr. Arthur T.
Anderson
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Apolle 13 Hasselblad Photography {70-mm)
MAGAZINE II

Frames AS13-61-8727 through 8879

Magazine II is 70-mm color (S0-168) photography of far distant
views of the moon and earth. The quality of the imagery on the 153
frames generally is good. Since most of the exposures are small-scale

disc-type views, no plots were made of this magazine.
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MAGAZINE JJ

Frames AS13-62-8880 through 9039

Magazine JJ is 70-mm color (S0-168) photography showing interior
and exterior views of the lunar module (IM) and the command module (CM),
far distant exposures of earth and lunar discs, and farside coverage
of the moon, which is plottable. The quality of the imagery on the
160 frames generally is fair. Most of the photography consists of
very small-scale lunar and earth disc exposures.

Frames 8907 through 8923 are high-oblique photos of the farside
of the lunar surface, with 90 percent overlap, taken in the areas of
2.0° to 10° south latitude and 8.0° to 15.0° north latitude and
ranging in longitude from 147.0° to 158.0° east. Eight frames show
crater 297 and the surface area surrounding this crater. Nine exposures
cover Mare Moscoviense and craters 220, 221, and 223. The quality of

the imagery in this sequence is fair.

I1.19
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MAGAZINE L

Frames AS13-60-8577 through 8726

Magazine L is 70-mm CEX (S0-3%68) photography taken with a 250-mm
lens. The 150 frames include photographs taken during earth orbit
on into transearth injection (TEI}. The frames of plottable coverage
of the lunar surface are 8629 through 8668.

The beginning of the magazine was exposed while the spacecraft
was in earth orbit and reveals Baja California and the mainland of
Southeast Asia in a series of photos. The docking sequence of the
lunar module is also shown. Most of these frames are good exposures,

The next set of photographs in this magazine are some of the few
frames made during Apollo 13 that include lunar surface coverage
that could be plotted. These photographs are of the lunar farside
and offer good coverage of the equatorial area from 170.0° east to
90.0° east longitude. Several high obliques were taken that cover
crater Tsiclkovsky and Mare Moscoviense.

The remainder of this magazine is concentrated on transearth
coast {TEC). Most of the frames show an eastern look at the receding

lunar sphere, with a few photographs of the distant earth crescent.
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MAGAZINE N

Frames AS13-58-8456 through 8481

This short magazine of 70-mm CEX (SO-368} film consists of 26
frames, taken with a 250-mm lens, showing the separated command service
module (CSM). The quality of the photography is fair and shows the

service module as it slowly turns around and end-over-end.
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MAGAZINE R

Frames AS13-59-8482 through 8576

This black and white Panatomic-X (3400) magazine contains frames
taken immediately before and immediately after the separation of the
command service module (CSM) and jettison of the lunar module. The
general quality of the imagery is fair.

The magazine sequence begins inside the command module, with
photographs of Astronauts Haise and Swigert and of portions of the
instrument panel.

There is a long sequence showing the separation of the CSM and
the command module, with the earth crescent seen at first, then the
separated CSM with the lunar disc in the distant background.

The final sequence is of the lunar module beginning its separation
from the command module, becoming separated, and gradually falling be-

hind,
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Apollo 13 Sequence Photography (16-mm)}

MAGAZINES A, FF, GG, K, and AA

Magazines A, FF, GG, K, and AA are 16-mm color (S0-368)} sequence
photography of the interiors of the CM and LM, the damaged service
module, distant earth and moon shots, and the astronauts. The quality
of the photography ranges from good to poor.

Magazine A was taken during translunar coast (TLC) and portrays
the IM and CSM docking. Magazine FF was taken during TEC and shows
the damaged command service module and distant moon shots., Magazine
GG includes photography of the (M interior, the astronauts, and distant
earth and moon shots. Magazine K contains photography of the astro-
nauts and the interiors of the CM and ILM. Magazine AA shows the

astronauts and the interior of the IM.

IT.53






€352 237

OSW — VSN

Jood

o1 pood Lyrrenb ogoug

BuryooP WSO ¥ WI

OLL

28ce~1

SHHYWIY

NOILdI¥0S3Q

NOtLYI 07

H3BWNN 3JWvHd

(g9£-0%)

amgy  SN3IT

T RIFI -
(wwal) AHAVH90LOHd 3IONIND3S €1 071704V

OV

IT.55



69521 237

I5W — vSYN

(Wwwgf) AHJVHO0LOHd 3ININD3S €1 01104V

xood E1.04g
o3 pood £yTrehb ogoug UCOH JUBLSTD § STNPO) S0TAIEY 0L I8Te-1
SHYVYW3IY NOILdINDS30 NOILY D07 H3BNNN JWvHA
uHE SN3T

11.56



69621 02371 DEW ~— wEYN
Fur1es §4NBUOILSY ZOT1e4UT qFelosoedg T66G-LLYE
304
Uooq fulIBy JUBISIA oLre-reLe
good 09 pood
moIy fq1Tenb oqoug JutdseTs 5T &8TBH ¢ WO JO JOTIeju] I0Tdequ T 1Fea0e0sdg ceTe-T
SHHVYINIY NOILdi¥0834d NOILVIOO01 H3IgWNN IWvYH3

wngT SN

goc-og5 ‘W14 /gE0T Ng/mo GOVNW
{wwgl) AHJVY90LOHd JONINO3S €1 0177104V

I11.57



€9%21 231

DSW — vsvN

BINBUOILEY fHT JOTISUT P Touung A0TI8qUT 3 Jwadedwdg 8T64-0LTY
a00d - poog WD JOTaequT JOTIeqUT 1JBaoeowdg 69T7-T052
fudeaBoqoyd yo L917EnR W1 UT s910uyd JUTOp BINBUOILSY JO0TIeqUY, 3JBI0s0Bdg 0092-1

SHYVAIY

NOILdIY¥OS3Q

NOILYD207

H3gANN 3IWvHA

P——NEE

B0 W4 TEOT RS/Y :9VNW
(Wwgl) AHJVYO0LOHd 3ION3IND3S £! 0110dY

IT.58



69521 D237

OSW — vSYN

-z00d 07 pood

Butdeere pum

fydeadotoud yo L3rTenh | SuriIOM SINBUOILSY (W JO JOTISqU]

1I»I0808vdE JOTIDUT

BLIG-T

SHUYYAN3Y NOILdI¥IS§3Q

NOILYD 07

H3IBWNN 3WvY4

89¢~05 W4

—INE N

ZVI/Ns/vw (9N

(wwal) AHAVHOOLOHd 3FIN3IND3S €1 O0T10dV

IT.59



Cestrviivines

1HYHD 3QISHLYHVYI HVYNMT
NOULVELSINIWAY 3DVdS ANY SDILNYNOYIY TYNOIYN

.60

T



041025 DSW

DSW— YSVM

P T

LUVHD 3AIsdHVvd VNN
NOILVYISINIWAY 30VdS NV SDLLNVYNOYIY TYNOILVYN

.61

1I






PART I
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INTRODUCTION

This catalog contains proof prints of 70-mm photographs taken
during the Apollo 13 mission. Only photographs of the earth and moon
are included; operational and damage assessment photographs have been
deleted.

In this catalog, the photographs have been sorted by magazine and
by frame number. For example, in AS13-60-8577, AS13 indicates that the
photograph is part of the Apollo 13 mission, 60 is the magazine number,
and 8577 is the frame number. This numbering scheme is being used for
all Apollo missions. In addition, the photographs have been placed so
that north is at the top of each page.

This catalog is designed to be used in conjunction with the sec-
tion on 70-mm photography in part II of this Apollo 13 data package.
The information in this section makes it possible to locate the area
covered by each frame.

NSSDC will provide reproduction support to individuals and organi-
zations only when the data requested are needed for specific scientific
research projects or for use in college-level science courses, in that
order. The current policy in satisfying such requests is to furnish
limited quantities of lunar reproductions without charge. Nominal
charges will be imposed for larger orders. Individuals or organizations
that wish to obtain Apollo 13 photographic reproductions for purposes
other than use in research projects or college-level science courses
should address their requests to:

Public Information Division

Code FP

National Aeronautics and Space Administration
Washington, D.C. 20546

Printed materials to satisfy general information requests are also
available from this division. The section on Ordering Procedures in
the Data Users' Note for Apollo 13 (Part I) provides more specific in-
structions on ordering Apollo photography.

The Data Center wishes to thank Mr. James H. Sasser, Chief, Map-
ping Sciences Laboratory, Manned Spacecraft Center, for providing the
original layout pages from which this catalog has been prepared. The
work in preparing these pages represents the combined efforts of Mr.
Robert Musgrove, Mr. Gary Gutschewski, and Mr. Andrew Patteson, Map-
ping Sciences Laboratory, and the persomnel of Lockheed Electronics
Company/Mapping Sciences Department. The document preparation effort
at NSSDC was under the direction of Mr. Arthur T. Anderson.
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