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The World's First Satellite Reconnaissance Program 

The late 1950s were troubling times for U.S. 
defense planners. The U.S. and former Soviet 
Union were locked in a sub-zero political 
exchange marked by the notorious "missile gap," 

deep mutual distrust, and a space race. Gathering 
information became a high priority for both countries. 

The first U.S. space reconnaissance program— 
CORONA—got its start in 1958, but it wasn't until this 
past February that the details of this classified program 
became public. With President Clinton's executive 
order declassifying the program, more than 800,000 
images will be transferred to the National Archives for 
public use. In addition, the Center for the Study of 
Intelligence at the CIA has published a detailed history 
of the program 1 and the June 1995 issue of 
Photogrammetric Engineering and Remote Sensing2 

includes a comprehensive and well-illustrated descrip
tion of the program. Information and some images are 
available on Internet.3 The Smithsonian's National Air 
and Space Museum is also preparing a major exhibit 
that will open in late 1996. 

CORONA claimed a number of significant firsts: 
first photo-reconnaissance satellite; first return of an 
object from space orbit; first mid-air recovery of a 
space vehicle; first mapping of earth from space; first 
stereo-optical data from space; first use of multiple re
entry vehicles and the first reconnaissance program to 
fly 100 missions. 

The initial launches of the CORONA program were 
described in the popular press as DISCOVERER—a 
program to ostensibly assess environmental conditions 
in space. The first successful retrieval of photography 
occurred over the Pacific Ocean on August 18, 1960, 
when the re-entry vehicle was recovered in the air by a 
USAF C-119 transport plane. This mission produced 
valuable intelligence data that included overhead pho
tos of 64 Soviet airfields, 26 new surface-to-air missile 
(SAM) sites and more ground coverage than all 24 
deep penetration flights of the U2 combined. During 
the next 12 years, over 150 film capsules were retrieved, 
returning 2.1 million feet of film from space including 
cloud-free images of more than 500 million square 
nautical miles. Each frame typically encompassed an 
area of 10 by 150 miles on the ground, a strip roughly 
the distance between New York City and Washington, 
D.C. Development continued throughout the program, 
during the latter part of which ground resolutions of 
six feet were obtained. This photography had an 
enlargement capability of nearly 40X. A print made to 
such an enlargement from a single frame would have 
been roughly 7 ft. wide by 100 ft. long and visually 

sharp from edge to edge. Of course, such enlargements 
would have been impractical and most of the photo-
analysis was done on high resolution contact duplicates 
using microscopes. 

CORONA's huge volume of data quickly swamped the 
photo-interpretation community. Analysts, photogram
metrists, geodesists, and mapmakers within the govern
ment responded vigorously with new methods including 
automation and new hardware. By the end of the pro
gram an earth-centered geodetic grid had been developed 
for areas of Eurasia, which was actually better than the 
grid that existed at the time for the U.S. This in itself was 
a remarkable achievement given that the camera configu
ration inherently empha
sized high resolution 
rather than geometry 
optimized for geodesy. 

Highlights of the 
program origins 
President Eisenhower 
had been seriously con
cerned about vulnerabili
ty to surprise attack. He 
knew well ahead of actual 
events that aircraft sur
veillance would sooner or 
later become politically 
untenable. Following 
advice from Edwin Land, 
who at the time was a 
high-level adviser on 
overhead reconnaissance, 
and James Killian, the 
president's science advi
sor, Eisenhower decided 
to give the development 
of a satellite system a 
high priority. In February 
1958, Eisenhower direct
ed the CIA and the U.S. 
Air Force to jointly plan a 
streamlined super-secret 
program with a mini
mum of bureaucratic strings. It was a prescient decision; 
as it happened, the first satellite photography was 
obtained just 110 days after that last U2 flight in 1960 
when Gary Powers was shot down. 

The final system proposal was submitted on April 
16, 1958, and initial funding was approved by Allen 
Dulles, director of the CIA, just days later. Lockheed 

This photograph of Moscow taken from a CORONA 
satellite in May 1970 illustrates six-foot ground 
resolution. Vehicles can be identified as cars or trucks. 
At the left hand side of the enlarged view of the 
Kremlin just outside the wall can be seen the line of 
people waiting to enter Lenin's Tomb. 
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Missiles & Space was the system supervisor and integra
tor, and was to build Agena, the orbiting vehicle. Douglas 
Aircraft was associate contractor for the modified Thor 
boosters, capable of providing the thrust for polar orbit. 
General Electric was to provide the recovery vehicle 
which would return with the exposed film. The brand 
new Itek Corp., was to design the camera. Eastman 
Kodak would supply the film and processing. The Air 
Force was to provide launch and operational support, 
and develop a novel method for recovery of the film 
bucket by a mid-air snatch of the descending parachute. 
Secrecy was exceedingly tight and access very limited. 
Even the code name CORO
NA was classified. Sometimes 
project leaders could not even 
tell their bosses what they 
were working on let alone 
their spouses. One West Coast 
principal involved in the 
telemetry, feeding, and receiv
ing data from the satellite on 
each pass, recently said; "Now 
I can tell my wife why I still 
wake up every hour and a 
half." 

Roots of the CORONA cameras 
Itek Corp. 4 had been estab
lished just a few weeks before 
the first Russian Sputnik of 
Oct. 7, 1957. On Jan. 1, 1958, 
the 100+ people of the 
Boston University (BU) 
Physical Research Laboratory joined the fledgling cor
poration. As director of the lab, I did not realize the 
magnitude of the challenge on which we would cut our 
corporate teeth. 

Itek's camera design for CORONA could not have 
been proposed with confidence had it not been based 
on a highly novel panoramic camera system developed 
previously at BU for a classified high altitude balloon 
reconnaissance system. Several things had come togeth
er to make that development possible. 

Hutson Howell, who ran the photographic research 
section of the BU lab, had been exploring the potential 
of a very fine grain film like the Microfile used for doc
ument recording. It would require red sensitivity, how
ever, for use with a haze cutting yellow filter; in 1956, he 
had persuaded Eastman Kodak to run a trial batch of 
emulsion. At the same time, Walter Levison, assistant 
director of the BU lab, was aware of the Air Force's 
Cambridge Research Center need for a light weight, 
high altitude balloon camera of very high resolution. 
Levinson had directed an earlier balloon reconnaisance 
program and had combined his appreciation of the the 
stability of such platforms with his interest in 
panoramic photography and saw the potential for com
bining the new film with a new panoramic camera 
based on classical principles. Discussions in early 1957 
triggered a vigorous round of activity by lab personnel, 

which soon coalesced into a proposal for an entirely 
new camera system. Before the end of the year, the first 
test flight of a prototype had been conducted and 
panoramic wide coverage photography obtained which 
demonstrated 100 line pair per millimeter operational 
system performance from high altitude. Amrom Katz of 
the RAND Corporation described this as producing 
"the finest aerial photographs ever made from extreme 
altitudes." He dubbed the camera HYAC for high acuity, 
an appellation that stuck. One of these cameras is in the 
Smithsonian National Air and Space Museum. A sam
ple of photography from a balloon over California can 

be found in a 1968 Scientific 
American article.5 

The geometry of the cam
era is shown in Figure 1. A 12-
in. focal length f:5.0 Cooke 
triplet lens which covered a 
total field of 12° along the slit 
scanned a 120° field in a 
direction tranverse to the 
vehicle track. It was designed 
and fabricated to perform at 
diffraction limits to achieve 
light weight, and to take full 
advantage of the slow (about 
ASA 2) fine grain film. The 
image was formed on a 24-in. 
strip of 70-mm film support
ed on a cylindrical platten. A 
simple optical sensor of a 
compass card was used to 
keep the camera aligned to a 

fixed ground track in spite of rotation of the balloon 
from which it was suspended. The camera was calibrat
ed to operate at 0°C and passively stabilized in flight by 
enclosure in a jacket of freezing water. The overall con
cept was to use the simplest possible solutions to prob
lems to achieve both lightness and reliability, without 
compromising image quality. This approach worked 
and the camera operated in a most consistent manner 
giving excellent photographic results in flight. 

A production run of 40 cameras was undertaken by 
Itek in early 1958. Three operational missions were 
launched from the Pacific Ocean later that year in an 
attempt to exploit a narrow window of time and alti
tude in which the jet-stream reverses to an east to west 
direction. No cameras were retrieved. There was strong 
political objection by the Soviets and the program was 
discontinued by direct order from President 
Eisenhower. A number of these cameras were later used 
with great success in aircraft applications. 

The rapid development of the CORONA camera 
was possible only because of the remarkable way in 
which the BU group had learned to function as a close 
working team, combining experience and theoretical 
and practical skills in a direct approach to problem 
solving. Another key was the freedom of action given to 
us by the contracting agencies. 

The BU group also brought some important tradi-
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Figure 1. Schematic of the panoramic principle used 
in the HYAC balloon and CORONA satellite cameras. 

(Drawing not to scale.) 



tions, especially in lens making. We knew that we would 
need near diffraction limited performance, but we 
lacked the computer capability to perform the routine 
calculation of diffraction-dependent parameters and 
tolerances.5 To get around this, we developed a design 
that gave an extremely compact geometrical image and 
then sought to make the surfaces as perfect as possible. 
In jest I would sometimes say we sought to make the 
surfaces perfect because it was the only way we knew to 
do it. In other words, the opticians usually worked by 
hand polishing toward perfectly straight fringes (more 
realistically to a tenth wave deviation) against a test 
glass, a simple 
straightforward cri
terion, but far more 
demanding than typ
ical of industrial 
practice. In the case 
of the HYAC lens, we 
went further and 
assured the best pos
sible image quality 
by incorporating 
three weak hand-pol
ished aspheric sur
faces. The methods 
essentially derived 
from the astronomy 
community. This 
emphasis on quality 
in lens making went 
back to the earlier 
Harvard Observatory 
program where some 
of our opticians had 
trained. James G. 
Baker, who directed 
that program, de
serves credit for his 
continuing insistence 
on this kind of sur
face quality. 

Among the many 
key personnel at BU 
who were important 
to this project I 
should mention John Wolfe who was in charge of the 
electronics section in the lab and Frank Madden who 
did the engineering design. I single them out since 
they, along with Walter Levison, were honored recently 
as CORONA pioneers in a ceremony at the CIA for 
their later contributions to the design and operation of 
the Itek cameras. Richard Leghorn, the founder of Itek, 
who had at one time been Chief of Intelligence and 
Reconnaissance at the Pentagon and the originator of 
Eisenhower's "Open Skies" proposal, was similarly 
honored. 

CORONA system optics 
The camera design for the first of the satellite systems, 

referred to as C and C, was similar in concept to the 
HYAC except that the focal length was increased to 24 
in. The lens had a four-element f/5.0 Tessar type config
uration. Like the HYAC, the lens and slit assembly oscil
lated between successive exposures. Polyester-base film 
was used in C' and greatly increased camera reliability 
and permitted a larger film load. The film format was 
2.2 X 29.8 in. on 70-mm film corresponding to a full 
scan angle of 70° which would continue throughout the 
program. Three successful missions returned about 
21,500 feet of film through July 1961. Ground resolu
tion ranged from 25 to 40 ft. 

The next cam
era system was desig
nated C " , which 
incorporated several 
important improve
ments, especially a 
new lens. Doubling 
the focal length from 
the HYAC to the C 
lens had not, in prin
ciple, doubled the 
diffraction blur since 
the F-number was 
unchanged and both 
lenses were designed 
to work at near dif
fraction limits. But 
the residual chro
matic blur, the so-
called secondary 
spectrum, a geomet
ric aberration, did 
double. That this was 
troublesome, even 
though the camera 
used a yellow filter, is 
in itself a measure of 
the level of optical 
performance being 
sought. Sometime 
before this, Robert 
Hopkins at the Uni
versity of Rochester 
had compared the 

amount of secondary spectrum characteristic of differ
ent lens types and shown that the classic Petzval lens 
form (see side bar, p. 38) offered a significant reduction. 
He suggested that with the addition of a negative field 
flattener at the slit, a lens based on this configuration 
and working at f/3.5 might offer us an optimum solu
tion. Hopkins and John Buzawa at Tropel carried out 
the design. The excellent performance of the 
Hopkins/Buzawa design was improved even further 
under Robert Shannon's direction as Itek's internal lens 
design capability grew in scope. The use of partial dis
persion data was critical to the design, as was the close 
cooperation of the Schott glass workers in Germany 
who supplied the high precision glass. Weighted average 

Figure 2. Dow Smith (left) displays a cut-away demonstration Petzval lens. The 
field flattener and slit would be about 12 inches above the top of the barrel. 
Walter Levison holds the trunnion that attaches to the lens barrel and about 

which the lens assembly rotates. The photo was taken in one of the Itek optical 
shops; the polishing machines and lightweight mirror are incidental to the 

demonstration. 
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1 9 t h C e n t u r y 

O p t i c s f o r t h e 

S p a c e A g e 

The success of the CORONA satellite camera optics was tied to 
the happy marriage of two classic technologies, the panoramic 
camera and the Petzval lens. Panoramic cameras were first 
demonstrated in the 1840s with glass plates and came into wide 
use with the introduction of film later in the century. Many will 
remember the panoramic group picture in which, with quick legs, 
one person could appear twice (or more) in the same exposure by 
simply moving faster than the moving lens as it scanned from one 
end of the long line-up to the other. 

Such cameras could use a lens with a narrow field of view to 
generate a very wide angle photograph of excellent image quality. 
It is practical because when a lens is rotated about its second 
nodal point there is no motion of the image and thus no image 
blur introduced as the lens swings across the field of view. This 
principle, as it was applied to the Itek panoramic satellite cam
era, is shown in Figure 1 of the accompanying article. 

The Petzval Portrait lens was invented by the Hungarian mathe
matician Jozef Petzval in 1839. It was so called because with its 
speed of f/3 it permitted reasonable exposures in studio use with 
the slow plates of the time and because portrait photography 
could accept a sharp central field with edges softened by blur 
from its inherent curvature of field. The lens assembly consisted 
of two widely spaced groups, each with two elements, each sepa
rately achromatized, and each with positive power. This geometry 
led to low angles of incidence at the surfaces for rays passing 
through the system which in turn contributed to low secondary 
spectrum (the residual chromatic aberration found in any system 
conventionally achromatized at two wavelengths). 

The CORONA lens (see Fig. 21 used three elements in the first 
group, two in the second with a singlet field flattener at the slit. 
The wider angle optical bar camera (below) used a 3-3-2 configu
ration and the 30-in. apochromat for the SR-71 a 5-3-1 configu
ration. 

Lens elements for the "optical bar" panoramic camera flown in Apollo 15 
in 1971 and which photographed 15% of the lunar surface at a resolu
tion of 1-2 m. The lens derives from the 24 in. Petzval lens used for 
CORONA.6 

bench resolutions of 280 line pair per millimeter high 
contrast and 175 line pair per millimeter at 2:1 contrast 
were achieved over the field of view. 

The Petzval configuration fitted well with the engi
neers' desire to use a continuously rotating lens rather 
than an oscillating lens. The nodal point was near the 
physical center and the weight distribution was favorable 
with lens elements at the ends of a lightweight magne
sium barrel (see Fig. 2). The slit with its field flattener was 
attached to a separate oscillating arm that could be locked 
into synchronous motion with the rotating lens when a 
frame was to be exposed. Five successful missions 
returned about 25,000 ft. of film through December 1961. 
Ground resolution ranged from 12 to 25 ft. 

The subsequent camera system was called Mural 
which combined two cameras, each similar to C''', one 
tipped 15° forward of the vertical and one similarily to 
the rear to permit stereoscopic overage. The slit assem
bly now rotated continuously with the lens, an addi
tional help in vehicle stabilization. These cameras were 
used in 20 missions from February 1962 until 
December 1963 and returned about 240,000 ft. of film. 
Ground resolution ranged from 12 to 25 ft. Operational 
film resolution (2:1 contrast) was reported as 50 to 100 
line pair per millimeter. It was during this period that 
smaller auxiliary cameras were added. These were posi
tioned vertically downward to help with indexing, 
toward the horizon to record vehicle attitude and to 
gather stellar information above the horizon to assist in 
ephemeris determination. 

A major improvement in the next generation cam
eras, called J-1, which operated over the following six 
years, was the ability to return two separate film cap
sules. Operational resolution was reported at 120 line 
pair on the film and down to 9 ft. on the ground. 
Ninety-two capsules were returned from 49 successful 
missions with nearly 1,300,000 ft. of film. The final 
series of cameras was designated J-3. Resolution was 
then reported at 160 lines on the film and 6 ft. on the 
ground. Thirty-two capsules from 16 successful mis
sions were recovered containing over 500,000 ft. of film, 
the last on May 25, 1972. 

About 250 Petzval lenses were made for CORONA 
and close to 100 were made for other applications. The 
most advanced was a 30-in. focal length true apochro
mat (achromatized at three wavelengths). This required 
a front group of five elements and a rear group of three. 
Itek designed and built much of the specialized equip
ment needed for the extraction of data by the pho
togrammetric and photo-analytic communities. 

Of course, the lenses were only part of the story. 
Though simple in concept, the mechanical operation of 
the cameras was very demanding, especially film han
dling, as were the electro-mechanical systems to assure 
in-focus operation, forward direction image-motion-
compensation and exposure sequencing. Nevertheless, 
after the early debugging, the cameras operated consis
tently with very high reliability. The engineers involved 
in the overall system design and construction have many 
tales to tell of challenges faced and problems overcome. 



CORONA spinoffs 
Occasionally technology from a classified program like 
CORONA could be adapted quite directly to an unclas
sified system. One example is the compact "optical bar" 
form of panoramic camera which had been flown in 
some classified aircraft applications including the SR-71 
or Blackbird, successor to the U2. The lens and slit 
assembly rotated continuously about the flight direc
tion axis and the entire assembly could be alternately 
tipped fore and aft to obtain stereo coverage. Since the 
lens then scanned about a point substantially separated 
from the second nodal point it became necessary to 
move the film during the exposure in synchronism with 
the moving image. 

A version of this flew in Apollo 15,16, and 17, pho
tographing 15% of the lunar surface at 1 to 2 m resolu
tion in each mission from an average altitude of 70 
miles. Lunar photographs and details about the camera 
and its performance can be found in a 1971 article in 
Aviation Week.6 Some optical bar cameras are still in 
use. For example, there will be an Itek optical bar cam
era in the nose of the recently reactivated SR-71 high 
altitude reconnaissance plane. 

Epilogue 
C O R O N A photography quickly led to a dramatic 
reduction in the then best intelligence estimate avail
abel in the late 1950s and 1960s. In particular, the "mis
sile gap" or perceived shortfall of American interconti
nental ballistic missiles compared to the Soviets was 
convincingly demonstrated a myth, providing a timely 
and badly needed basis for rational U.S. planning. Later 

in the CORONA program, a complete inventory of 
Soviet military hardware, including submarines, was 
accumulated. According to those involved with intelli
gence at the time, the negotiation of the SALT I strate
gic arms limitation treaty beginning in 1970 simply 
could not have been undertaken without this knowl
edge base and the confidence that it would be possible 
to monitor compliance. 

The CORONA program pushed the limits of then 
state-of-the-art design and manufacture. It also provid
ed the U.S. with important intelligence data in the arms 
race. 
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Diffractive Lenses 
Continued from page 31 

multifocal intraocular lenses; null correctors for opti
cal testing; lightweight eyepieces for virtual reality; UV 
beam shaping and achromatization of optical systems. 
Other areas for commercial application of diffractive 
optics technology include optical communications, 
laser machining, biomedical sensor optics and projec
tion display technology. Military application areas 
include infrared seekers, night vision optics, compact 
acousto-optic spectrum analyzers, compact zoom sys
tems, and lightweight color-corrected head-mounted 
displays. 

Cost-effective manufacturing methods for high-
efficiency diffractive optical elements have been devel
oped and are now available from several sources. While 
the tooling and other non-recurring costs for diffrac
tive optics have dropped significantly in the last year or 
two, these costs are currently higher than those for 
conventional optics. The unit cost of high-quality dif
fractive elements is quite competitive and will continue 
to decrease with specific advances in automation and 
metrology techniques. Efficient manufacturing 
processes for optical components based on SWS sur

faces are under intense development and will begin to 
give rise to novel filters and waveplates very soon. The 
field of micro-optics will continue to benefit from the 
manufacturing technologies used to produce diffractive 
structures. From large-aperture optics etched in fused 
silica to extremely low-cost elements molded in optical 
plastics, diffractive optics technology has matured to 
the point where it is an important tool in the optical 
designer's toolkit. 
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