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S-39-088-054
New York City and Surround, New York, U.S.A.

The dense urban development of the New York metropolitan area of downstate New York, Long
Island, and New Jersey shows up as gray and white in this color infrared photograph. The scene was
taken on a remarkably clear day in April 1991 from the Space Shuttle Discovery at an altitude of
259 km (140 nmi) using a Hasselblad 70-mm camera equipped with a 250-mm lens and Kodak color
infrared film (film type 2443). The distance across the photograph is approximately 57 km (35.5 mi).
Almost all of the major man-made structures of the area are obvious, including ship traffic and piers in
New York Harbor (A); bridges connecting Manhattan Island (B) with Newark, New Jersey (C), the
Bronx (D), Brooklyn (E), and Queens (F); and three major airports, John F. Kennedy (G),
LaGuardia (H), and Newark (1). Red and pink colors indicate vegetated areas. Central Park shows up
clearly on Manhattan Island, as does the string of parks (J) along the cliffs bordering the west side of
the Hudson River (K). The Delaware River (L) flows across the upper left corner of the photograph,
marking the border between New Jersey and Pennsylvania. With the exception of the more turbid
waters of the Hudson River and New York Harbor, water areas appear dark (e.g., Long Island
Sound (M), seen along the right margin of the photograph, and the Atlantic Ocean (N), situated along
the bottom of the photograph). The broad, sandy beaches along the shores of Long Beach, New
York (0), and Sandy Hook, New Jersey (P), appear bright white.
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PREFACE

This document catalogs Space Shuttle handheld Earth observations photography

acquired during the Space Transportation System 39 (STS-39) Mission flown April 28

through May 6, 1991. The country, geographic location, general quality, cloud

coverage, and other descriptors of each frame are provided. The catalog is a product

of the Flight Science Support Office at the National Aeronautics and Space

Administration, Lyndon B. Johnson Space Center, Houston, Texas.

The Flight Science Support Office wishes to acknowledge those STS-39 astronauts

who acquired the photographs cataloged in this document: Michael L. Coats,

commander; L. Blaine Hammond, Jr., pilot; and Gregory J. Harbaugh, Donald R.

McMonagle, Guion S. Bluford, Charles L. Veach, and Richard J. Hieb, mission

specialists.

Any reviewer of this catalog who has questions or inquiries about the catalog, the

data listings, or the Earth observations program should contact the program

manager:

Dr. David E. Pitts, Manager
Flight Science Support Office
Mail Code: SN15
Lyndon B. Johnson Space Center
National Aeronautics and Space Administration
Houston, TX 77058
Telephone: (713) 483-5066
FTS: 525-5066
FAX: (713) 483-2911

Inquiries regarding the techniques, cameras, and other details related to Earth

observations aboard STS-39 should be forwarded to the lead mission scientist at the

address below:

Dr. Michael R. Helfert
Flight Science Support Office
Mail Code: SN15
Lyndon B. Johnson Space Center
National Aeronautics and Space Administration
Houston, TX 77058
Telephone: (713) 483-5333
FTS: 525-5333
FAX: (713) 483-2911
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1. INTRODUCTION

1.1 EARTH OBSERVATIONS PHOTOGRAPHY

In support of the acquisition of Earth observations photography by Shuttle

astronauts, the Flight Science Support Office (FSSO) at the National Aeronautics

and Space Administration, Lyndon B. Johnson Space Center (NASA-JSC)

coordinates and trains crews in Earth and environmental sciences, provides real-time

mission support, and catalogs the handheld photography. Space Shuttle crews are

briefed on geological, meteorological, oceanographic, and environmental phenomena

of scientific interest and on the basic techniques used to acquire photography over

specific sites. During each mission, FSSO scientists monitor the Earth for events of

special interest (such as hurricanes or other major storms, floods, ice packs, fires, and

active volcanoes), as well as for environmental conditions of specific interest. The

FSSO receives and coordinates requests for photography of special events with

Mission Control at NASA-JSC, which, in turn, relays the messages to the Shuttle

crew. Inputs to FSSO scientists may be made by telephone or fax at (713) 483-5066 or

(713) 483-2911, respectively.

The high orbital inclination of 57.0' and time of year, late April and early May, of the

Space Transportation System 39 (STS-39) Mission afforded one of the few

opportunities for a Space Shuttle crew to photograph aurora australis, the southern

lights. Using a 35-mm Nikon F3 camera with high-speed (ASA 1600) film, the

STS-39 crew obtained more than 200 photographs of the phenomenon. Many

outstanding images recorded green curtains, red-green crowns, roll ellipses, and

ionospheric glow away from the center of the energy field. Specific mission data for

STS-39 are listed in table 1-1.

1.2 CATALOGING AND INDEXING

This document catalogs Space Shuttle handheld Earth observations photography

acquired during Mission STS-39. The country, geographic location, general quality,

cloud coverage, and other descriptors of each frame are listed by roll number and by

geographic name in section 4, tables 4-3 and 4-4, respectively. This catalog is a

product of the FSSO, Solar System Exploration Division, Space and Life Sciences

Directorate at NASA-JSC, Houston, Texas. Support has been provided by Lockheed

Engineering & Sciences Company, Houston, Texas, under Contract NAS 9-17900.
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Cataloging of Earth-looking photography from this mission was accomplished by

R. M. Nelson, K. J. Willis, W. J. Daley, and F. R. Brumbaugh of Lockheed

Engineering & Sciences Company. Additional contributors to this report include

V. S. Whitehead, D. L. Amsbury, M. R. Helfert, K. P. Lulla, and D. E.Pitts of

NASA-JSC, and L. P. Boedeker, S. G. Ackleson, C. A. Evans, and M. J. Wilkinson of

Lockheed Engineering & Sciences Company.
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TABLE 1-1.- MISSION DATA FOR STS-39

Launch: April 28, 1991; 1133 GMT (7:33 a.m. EDT); from
John F. Kennedy Space Center, Florida

Landing: May 6, 1991; 1855 GMT (2:55 p.m. EDT); at
John F. Kennedy Space Center, Florida

Orbits: 134

Vehicle: Discovery (OV- 103)

Altitude: 140 nmi (255 km) nominal

Inclination: 57.00

Crew: Commander - Michael L. Coats

Pilot - L. Blaine Hammond

Mission specialists - Gregory J. Harbaugh
- Donald R. McMunagle
- Guion S. Bluford
- Charles L. Veach
- Richard J. Hieb
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2. ACQUISITION OF EARTh OBSERVATIONS
PHOTOGRAPHY

The photography described in this catalog was obtained using four types of cameras:

Hasselblad, Linhof, Rolleiflex, and Nikon. The NASA-modified Hasselblad 500

EL'M 70-mm cameras (figure 2-1) were equipped with Zeiss 50-mm CF Distagon f 4.0,

100-mm CF Planar f 3.5, and 250-mm CF Sonnar f 5.6 lenses. Kodak Ektachrome

natural color Professional 5017 [American Standards Association (ASA) 64],

standard base film and Kodak Aerochrnme Color Infrared 2443 (ASA 160) film were

used in the hasselblad cameras. The Linhof Aero Technika camera (figure 2-2) was

equipped with interchangeable Linhof 90-mm Super Angulon f 5.6 and 250-mm

Tele-Arlon f 5.6 lenses. The film used for the Linhof camera was 5-in. Kodak

Ektachrome QX 868 (ASA 64), natural color (5017 emulsion), thin base. 1 The

NASA-modified Rolleiflex 70-mm camera was equipped with Zeiss 50-mm Distagon

f 4.0 and 250-mm Sonnar f 5.6 lenses. The film used in this camera was Kodak

Ektachrome natural color Professional 5017 (ASA 64), standard base. The Nikon F3

and F4 35-mm cameras were provided with interchangeable 35-to-70-mm zoom,

28-mm f 2.8, and 20-mm f 2.8 autofocus lenses. The film used in the Nikon cameras

was 35-mm Kodak EkLachrome natural color Professional 5017 (ASA 64), standard

base, and Kodak natural color Ektapress 5030 (ASA 1600), standard base. This

l'tter film was used exclusively in the Nikon F3 to photograph the aurora australis.

All photographs were taken through the windows of the Shuttle Orbiter (figure 2-3).

Data recording modules (DRMs) were installed on the camera magazines. The

Hasselblad and Linhof DRMs recorded the date, time to the nearest second in

Greenwich mean time (GMT), DRM number, frame number, and mission number.

These modules can be removed by the crew and reinstalled on other magazines when

magazines are flown without a module. The DRM on the Nikon F4 camera magazine

recorded the days, hours, minutes, and seconds, whereas the Nikon F3 DRM recorded

only the hours, minutes, and seconds. The Rolleiflex DRM recorded only the days,

hours, and minutes.

1QX 868 has the same emulsion as Professional 5017 film, except it is coated on a

thin base material to provide more frames per roll.
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The date and time imaged on each photograph by the DRM are used in conjunction

with orbital mechanics data recorded during the mission to compute the Orbiter

nadir position in latitude and longitude, the orbit number, the altitude, and the sun

elevation and azimuth for each camera exposure. The data for the Hasselblad,
Linhof, and Nikon F4 are computed for each second of time; no data for the Nikon F3
could be determined because the day was not available. The data for the Rolleiflex
are computed for each recorded minute of time. Since several photographs are often

exposed in close sequence and show the same time to the minute, these images will
have the same set of computed data. The data are described further in section 4,

table 4-2, and are listed in tables 4-3 and 4-4.
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Figure 2-1,- NASA-modified Hasselblad 500 EL/M camera.

Figure 2-2.- Linhof Aero Technika camera.
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OVERHEAD WINDOWS

FORWARD-STATION WINDOWS <11?~j~j~> AFT WINDOWS

Figure 2-3.- Location of windows in the Shuttle Orbiter.
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3. PHOTOGRAPHY NUMBERING, SOURCES, AND
ORDERING PROCEDURES

3.1 NUMBERING OF PHOTOGRAPHY

Photographs are ordered using the mission, roll, and frame numbers as listed in

section 4, tables 4-3 and 4-4. For example, STS-39-74-51 is the photo-ordering

number for frame 51 of roll 74 from Mission STS-39.

3.2 PHOTOGRAPHY SOURCES AND ORDERING PROCEDURES

Earth-viewing Shuttle photography may be obtained from the following sources:

U.S. Geological Survey
EROS Data Center
Sioux Falls, SD 57198

Telephone: (605) 594-6151

Technology Applications Center
University of New Mexico
Albuquerque, NM 87131

Telephone: (505) 277-3622

Media Services Branch
Still Photography Library
NASA Lyndon B. Johnson Space Center
P.O. Box 58425, Mail Code AP3
Houston, TX 77258

Telephone: (713) 483-4231

The FSSO recommends that you visit a viewing center to select the image best

satisfying your requirements before ordering a photograph. In addition to the

sources listed above, table 3-1 provides a list of viewing centers. The Earth Sciences

Information Center (ESIC), U.S. Geological Survey, has six branches currently

equipped with Shuttle photography microfilm and catalogs. Other organizations

similarly equipped are the NASA Ames Research Center, California; the Library of

Congress; the University of California at Santa Barbara; the Lunar and Planetary

Institute, Houston; and the Smithsonian Institution. These centers provide excellent

browse/viewing capabilities helpful in ordering photographs.
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TABLE 3-1.- PHOTOGRAPHY VIEWING CENTERS

[All of these centers receive microfilm and catalogs.]

NASA -NASA DATA FACILITY
Bldg. 240, Rm. 219 (M.S. 240-6)
NASA Ames Research Center

Moffett Field, CA 94305
(415) 604-6252

U.S. GOVERNMENT -LIBRARY OF CONGRESS
Geography & Map Division

Rm. B-01, Library of Congress
Madison Memorial Bldg.

1st and C Streets SE
Washington, DC 20540

(202) 707-6277

UNIVERSITY ESIC AFFILIATE
Map and Image

Laboratory and Library
University of California

Santa Barbara, CA 93106
(805) 893-2779/(805) 893-4049

LUNAR AND PLANETARY INSTITUTE
Planetary Image Center

3303 NASA Rd. I
Houston, TX 77058

(713) 486-2136

SMITHSONIAN INSTITUTION
Air and Space Museum

Archives Division, Rm. 3100
6th and Independence Ave., SW

Washington, DC 20560
(202) 357-3133

EARTH SCIENCE INFORMATION CENTERS (ESICs)
U.S. GEOLOGICAL SURVEY

Anchorage - ESIC Reston - ESIC
4230 University Dr. 507 National Center
Rm. 101 Reston, VA 22092
Anchorage, AK 99508-4664 (703) 648-6045/FTS 959-6045
(907) 786-701 1/FTS (907) 271-4320

Lakewood - ESIC Rolla - ESIC
Box 25046, Federal Center (MS. 504) 1400 Independence Rd.
Denver, CO 80225 Rolla, MO 65401
(303) 236-5829/FTS 776-5829 (314) 341-0851/FTS 759-0851

Menlo Park - ESIC Stennis Space Center - ESIC
Bldg. 3, Rm. 3128, (M.S. 532) Bldg. 3101
345 Middlefield Rd. Stennis Space Center, MS 39529
Menlo Park, CA 94025 (601) 688-3544/FTS 494-3544
(415) 329-4390/FTS 459-4390
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4. FILM AND CATALOG LISTINGS

A diagram illustrating time sequence per roll of film exposed during Mission STS-39

is presented in figure 4-1, and a compact photographic summary correlating roll

numbers with film used during the mission is provided in table 4-1.

The photography is cataloged and presented in two listings, with table 4-2 providing

an explanation of the column headings used in the listings in tables 4-3 and 4-4.

Table 4-3 is listed by roll/frame sequence, and table 4-4 is listed by geographic name.

As depicted in figure 4-1, many of the rolls were exposed during the same time period,

generally over the same subject area, often with different focal length lenses, and

occasionally with different types of film. Therefore, a user can easily search table 4-3

or 4-4 either to correlate different focal length photography taken at approximately

the same time over the same subject or to compare natural color with color infrared

film.
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TABLE 4-1.- PHOTOGRAPHIC SUMMARY
FOR MISSION STS-39

ROLL TYPE OF NTS

NUMBERS I FILM COMME

HASSELBLAD CAMERAS WITH DRM

71-75, 77, Kodak natural color Roll 72 had no
79-81, 83-86, Ektachrome Professional 5017, time data.
93-98 ASA 64, standard base

87-90 Kodak Aerochrome Color Roll 88 had no
Infrared 2443, ASA 160 time data.

LINHOF CAMERA WITH DRM

151 Kodak natural color
Ektachrome QX 868 (5017
emulsion), ASA 64, thin base

ROLLEIFLEX CAMERA WITH DRM

601-610, Kodak natural color Roll 606 had
612 Ektachrome Professional 5017, no time data.

ASA 64, standard base

NIKON CAMERA WITH DRM

2, 17,24 Kodak natural color Only frames
Ektachrome Professional 5017, with Earth
ASA 64, standard base observations

were plotted.

22,23,25,28, Kodak natural color Aurora
332,342,364, Ektapress 5030, ASA 1600, australis
367,377 standard base photography

NOTE: Of the total 3628 frames of Hasselblad, Linhof,
Rolleiflex, and Nikon photography acquired during
Mission STS-39, 3396 frames were Earth viewing.

4-2



LEGEND -,

ASA - AMERICAN STANDARDS
ASSOCIATION I

CIR - COLOR INFRARED FILM

COL - NATURAL COLOR FILM

NOTE I

NO TIMES ARE AVAILABLE FOR
ROLLS 72, 88, AND 606.

ROLL 608
COL. ASA64

ROLL 604
COL. ASA 64

r ROLL 17
IC OL ASA & I

ROLL 610

COL ASAL6

O ROLL 24
COL. ASA 64

ROLL 603
1 | COL. ASA 6

' I I ~ROLL 601,
,COL , SA 64

r-------- OLL 6

COL. SAA6

rL ROLL 6
COL, AA 64

ROLL R9
CIR. ASA 160i

[ OLL 0
COOL. ASA 646; n R~OLL 02,,,

COL, ASA 64

I

SROROLLL3
COL. SA 64

L ROLL 602
COL. ASA 6

L ROLL 90
R CIR ASA 160

IROLL Ir ROLL &01; i iCOL. ASA 64

ARL 991
F r AA is 3 tm Sf kL AS I64

MOL 7S OL ;
COL. ASA 64

1ROLL i73I

COL. ASA 64 1

"' ~ ~ RL ROL757I
COL. ASA 160 ,

I L 71,I L 7

COL. ASA 64.

28TH 12HR 18IHR 29TH 6 MR 12HMR ISHR 30TH 6HR 12HR I18HR 1ST 6p 1 2 MR ismp 2ND 6 MR i2mfR Is"" 3RD f,Hit

APRIL 1991

Figure 4-1 .- Mission STS-39 time sequent,

/- t0



I IROLL9

* UCOL.ASA 64
I I

,I ROLL 97
COL, ASA 64

RO L 4
1COL. ASA 64

ROLL9 9
OCOL. AA 64

' iROLL 93
0, OO. ASA64

_ ROLL 8L
COL. ASA 64i i. i r ROLL 8

CLO .A SA I

ROLL 94
COL, ASA 64

SI ROLL 605
I .COL, ASA 6I

LROLL 608
COL. ASA 64

__________________________ROLLS84
COL. ASA64

_______________________________ROLL 96
COL. ASA 64

ROOLL 604

COL. ASA 64

_ _ _ _ _ ROLL 85
COL. ASA 64

____ _ ROLL 151 9
COL. ASA 64

iSTS-39 time sequence per roll of film.

4-3



TABLE 4-2.- EXPLANATION OF COLUMN HEADINGS USED
IN TABLES 4-3 AND 4-4

RL FL
Number assigned to each roll of Focal length of lens used:
film Hasselblad - 50 mm, 100 mm, 250 mm

Linhof - 90 mm, 250 mm
FR Rolleiflex - 50 mm, 250 mm
Frame number for the photograph Nikon - 20 mm, 28 mm,

35-to-70-mm zoom
GEOGRAPHIC NAME
Usually the country where the E
center point of the photograph is Photographic exposure:
located; may also be the name of an 0 - Overexposed
island chain, ocean, sea, or a single N - Normal exposure
island if that is the only land in the U - Underexposed
photograph F - Unsharp focus

FEATURE S

Feature of interest within the Possibility of a stereopair, either adjacent
photograph (e.g., name of a specific frames or frames relatively near on the
landform, cloud pattern, etc.) same roll of film:

N - No
CENTER LAT, LON Y - Yes

Latitude and longitude, DATE
determined to the nearest tenth to
full degree, of the center point of Year, month, and day the photograph
the photograph was taken

NADIR LAT, LON GMT

Coordinates, determined to the Greenwich mean time of photographic
nearest tenth of a degree, of the acquisition
point directly beneath the
spacecraft AL

Shuttle altitude in nautical miles
CC
Percentage of cloud cover SUN AZ

At the Shuttle nadir, the horizontal angle
TL (azimuth) measured from north clockwise
Tilt of the camera from Shuttle to the Sun
nadir:

HO - High oblique (includes the SUN EL
horizon Sun elevation angle at Shuttle nadir

LO - Low oblique (measured from horizontal)
NV - Near vertical

OR
Orbit number
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