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In 1964, the National Reconnaissance Office (NRO)
in the secret world of its then highly classified Byeman 
Security Control System-conducted what has become 
known as the Quill experiment. This experiment 
resulted in another first for the NRO-the collection 
of radar imagery from space. This took place fourteen 
years before the National Aeronautics and Space 
Administration (NASA) conducted its 1978 short-term 
Seasat mission as a proof-of-concept for the use of radar 
remote sensing for ocean studies. The Quill experiment 
also took place almost 30 years before the emergence 
of regularized space borne radar imaging for the remote 
sensing community with missions such as the European 
Space Agency's ERS-1 in 1991 and the Canadian Space 
Agency's RADARSAT-1 in 1995. 

In 1964 Quill was highly classified and remained so 
until programmatic declassification in 2012. Since the 
Secretary of Defense approved the declassification of 
the fact of the NRO in 1992, the NRO has initiated a 
growing number of programmatic declassifications. The 
first wave was during the ten-year period between 1995 
and 2005 with the 1995 declassification of the Corona 
program, the 1998 declassification of the Grab Sigint 
satellite information, and the 2004 declassification of 
Poppy Sigint satellite information. 

The declassification of the Quill experiment will mark the 
NRO's greatest declassification efforts, and one of the 
largest such efforts among U.S. intelligence agencies. 
In mid-2011, during the NRO's 5oth anniversary 
commemoration, DNRO Carlson, significantly expanded 
the NRO's earlier declassification record. In June of 2011 
he approved the comprehensive declassification of the 
Gambit-1, Gambit-3, and Hexagon film-return satellite 
reconnaissance programs. That decision included not 
only the declassification of documents, but also the 
declassification and transfer of program artifacts to the 
National Museum of the United States Air Force for 
public display. This 2012 declassification and release 
of Quill program documentation concludes that record 
13-month period when the NRO conducted its single 
greatest declassification of what had been the most 
sensitive technical intelligence collection information 
of the Cold War and beyond. This compendium gives 
you an opportunity to read some of the leading edge of 
that formerly most sensitive national reconnaissance 
documentation in its original form. 

The NRO's Quill project was a remarkable experiment 
for its time. It was an early trailblazer in the nation's 
national reconnaissance program. It was the first effort 
by the then newly formed NRO to obtain space imagery 
from a new type of sensor, the radar sensor. At the same 
time as it was undertaking the Quill effort, the NRO was 
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improving the Corona photoreconnaissance satellites 
inherited from a joint collaboration between the Central 
Intelligence Agency and the United States Air and 
developing a new high resolution photoreconnaissance 
satellite known as Gambit. These systems, along with 
early Sigint satellite systems would prove important 
to establishing the National Reconnaissance Office's 
reputation as a source of intelligence that could not be 
obtained by other intelligence collection means. 

Quill, itself, is important to the NRO for a least five 
reasons. First, it demonstrated that radar imagery could 
be obtained from space, setting the foundation for future 
radar imagery satellite programs at the NRO. Second, 
Quill built upon the NRO's experiences with the Corona 
program, setting a precedent for the NRO to leverage 
its resources and technology across multiple programs. 
Third, Quill contributed to an early culture of success 
at the NRO where technological savvy was a prized 
asset, favoring timely and well-informed decisions 
rather than dependence on cumbersome bureaucratic 
processes. Fourth, Quill was an important developmental 
assignment for Major David Bradburn who would become 
an Air Force Major General, serve as staff director of 
the NRO headquarters staff, and lead the Air Force's 
program at the NRO known as Program A. Finally, Quill 
was a trailblazing program for inviting cooperation from 
intelligence organizations outside the NRO to assist in 
assessing and improving NRO programs. 

The NRO Historian and Chief of the Historical 
Documentation and Research (HDR) Section of the 
Center for the Study of National Reconnaissance 
(CSNR), Dr. James Outzen, has assembled all of the 
available Quill documents and published them in this 
compendium, Trailblazer 1964: The Quill Experimental 
Radar Imagery Satellite Compendium. Dr. Outzen 
organized the compendium into six topical sections 
that help the reader understand not only the historical 
details of the program, but also the historical significance 
of the program. He begins the compendium with a 
comprehensive introduction that puts Quill into the geo
political context of the time and its relationship to the 
NRO's development of early satellite reconnaissance 
programs. 

My expectation is that readers of this compendium 
will gain insight into this early experimental program. 
For those involved in experimental technology efforts, 
the Quill histories and documents in this compendium 
should reveal how determination, good technology 
development skills, and significant cooperation between 
several government organizations were all instrumental 
in carrying out a highly successful satellite experiment. 
For those with an interest in developing space radar 
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imaging capabilities, this compendium can serve as a 
basic reference volume on the earliest effort to obtain and 
process radar returns into useable imagery intelligence. 
For those interested in how government organizations 
can succeed, the documents in this compendium 
can be used as a case study that demonstrates the 
importance of good personal relationships, a focus on 
using government processes to buttress innovation, 
and the essentialness of strong leadership in managing 
a program. Finally, for those interested in the history 
of the NRO, the material in this compendium reveals 
the early origins of several hallmarks of later NRO 
success including a strong program manager, both 
cooperation and tensions between the CIA and the Air 
Force, attentiveness to leveraging space technology to 
offer a new intelligence collection, and determination 
to overcome obstacles and minimize risks of program 
failure. 

As you read this compendium, I challenge you to learn 
how the Quill experiment and the NRO opened the door 
for the U.S. Intelligence Community to obtain radar 
imagery from space. 

RobertA. McDonald, Ph.D. 
Director, Center for the Study of National Reconnaissance 
National Reconnaissance Office 
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The United States has declassified four major photo 
reconnaissance programs-Corona, Gambit, Gambit-3, 
and Hexagon, as well as the smaller Argon and Lanyard 
programs. Forthe major programs, the Central Intelligence 
Agency (CIA) and the National Reconnaissance Office 
(NRO) have issued compendiums of key documentation. 
We have chosen to continue this practice with the 
Quill experimental radar imagery satellite launched 
successfully in 1964. In this compendium, Trailblazer 
1964: The Quill Experimental Radar Imagery Satellite 
Compendium, you will find all the documentation that 
currently exists relating to the Quill program, including 
two histories and 28 other documents. 

Unlike the larger photoreconnaissance programs thatthe 
NRO previously declassified, Quill was an experimental 
program. The NRO only launched one Quill satellite 
vehicle, for a short duration mission. Consequently, the 
documentary base is significantly smaller than the other 
declassified programs. It also appears that much of the 
documentation associated with Quill has been destroyed 
as the program receded into the historical background 
and the NRO's radar imagery capability emerged as 
regular sources of classified intelligence. 

I have grouped the documents thematically for this 
publication. The first grouping consists of two histories 
completed on Quill. Mr. Robert L. Perry wrote the 
first history. Perry was the first historian to carefully 
document early NRO satellite reconnaissance programs 
as well as the management of the organization. Perry's 
Quill history is important for keeping Quill from being 
forgotten as the NRO later developed new, sustained 
radar imagery capabilities. Perry carefully documented 
the Quill program and, like his other historical work, his 
history of Quill is well-written and demonstrates strong 
historical tradecraft. Dr. Robert L. Butterworth would later 
produce a Quill history that draws heavily from Perry's 
Quill history, but also includes more historical context, 
examples of Quill imagery, drawings and figures, and 
additional historical facts. I have edited these histories, 
removing redacted items and substituting new language 
to make the histories easier to read. 

I have grouped the first set of Quill documents to include 
those related to the development of the program. In that 
grouping I include documents that address the reason 
for developing the Quill experiment, security questions 
surrounding Quill and other national reconnaissance 
programs underway at the time, the program 
management approach for Quill, and other details on 
Quill's development. 

xiii 

In the next grouping I placed documents produced 
as part of the main contractors'-Lockheed Missile 
and Space Company as well as Goodyear Aerospace 
Corporation-efforts to conduct engineering and 
program assessments. These five volumes constitute 
the largest number of pages in the document collection. 
They contain not only engineering and programmatic 
details, but also historical summaries of the program. 
The volumes provide other historically interesting details 
such as photographs, engineering drawings, and data 
tables. 

Although Quill was originally proposed as an "offensive" 
collection system for assessing bomb damage 
after the use of U.S. military assets, by the time the 
NRO launched the satellite, program managers and 
intelligence community officials were curious about 
other potential intelligence uses. Consequently, the then 
Director of the NRO, Dr. Brockway McMillan, worked 
with the CIA to produce an assessment of Quill imagery 
and radar technology for expanded intelligence uses. I 
have grouped evaluation documentation that explores 
potential uses of radar imagery technology beyond bomb 
damage assessment 

The final documentation grouping addresses the 
question of whether or not to maintain Quill security 
under the "Byeman Control System," which was then the 
primary security control system to restrict need-to-know 
about the NRO and its operations. With the decision to 
retire Quill from Byeman controls came the retirement 
of Quill, while at the same time the potential for new 
intelligence from radar imagery became a more debated 
issue in the intelligence community. 

I have only included printed excerpts of the long 
engineering and performance analysis reports, as well as 
two longer evaluation reports. The full versions of these 
documents are contained in a disk located at the back of 
this book. I have also included the redacted versions of 
the Perry and Butterworth histories for those interested 
in where material was redacted. 

Like any project, the development of this compendium 
would not have happened without the good work of 
several organizations and Those include the 
NRO's Information Review and Release Team headed 
by Mr. Steve Glenn. Steve and his team members found, 
reviewed, and prepared for release the 28 documents 
found in this volume. Dr. Robert A McDonald, Director 
of the Center for the Study of National Reconnaissance 
(CSNR) provided significant support for this project, 
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as well as his usual wisdom and insight. The CSNR is 
fortunate to have a staff of publication specialists whose 
talents are manifest in this publication. Many hands 
support a project such as this, and I am grateful for them 
all. 

James D. Outzen, Ph.D. 
Editor and Chief of Historical Documentation and Research 
Center for the Study of National Reconnaissance 
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INTRODUCTION 

After the Iron Curtain descended between Eastern 
Europe and the West immediately after World War II, 
western allies were faced with finding ways to peer over 
that curtain and determine the intents and capabilities of 
their adversaries on the other side. The Soviet Union, 
China, and other communist states were mostly closed to 
observation. Citizens in those countries were restricted 
from traveling, and hence sharing insight into conditions 
in their daily lives with outsiders. Formal government 
communications were difficult to intercept and decode. 
Even common information sources in the West, like 
telephone directories, were uncommon in these denied 
areas, making intelligence collection difficult. At the same 
time, the Soviet Union was demonstrating seemingly 
remarkable technological capabilities such as the 
successful testing of nuclear weapons, the development 
of strategic military systems that could potentially deliver 
nuclear weapons to the United States, and the ability to 
leverage space as a platform for aiding the communist 
cause. Amid this environment, there was a growing 
imperative to gain insight into the Soviet Union and other 
denied areas. 

EARLY COLD WAR RECONNAISSANCE 

Following World War 11, the United States had an 
available or in development arsenal of air, ground, and 
sea based weapons systems. Some of these were 
turned into platforms for gaining intelligence from the 
expanded denied areas under control of eastern bloc 
adversaries. For example, variations of the P-2 and F-80 
were modified for overflight reconnaissance missions 
that flew near the borders of the Soviet Union and other 
denied countries to gain intelligence. Later the RB-47 
would serve as a platform for many overflights. This 
platform proved vulnerable to being shot down by U.S. 
adversaries, limiting its use to missions mostly along 
the periphery, but not over borders of countries closed 
to western allies. The United States would also attempt 
unique experimental platforms, like a high-altitude 
balloon know as Genetrix that carried a camera for 
taking pictures over denied areas. 

President Dwight D. Eisenhower recognized the need for 
gaining better intelligence on U.S. adversaries to prevent 
surprises like the Japanese attack on Pearl Harbor that 
initiated the U.S. entry into World War II. Eisenhower 
authorized the development of a plane that would fly 
at 70,000 feet, well above the anti-aircraft capabilities 
of adversaries at the time, and carry a specially 
designed camera for gaining good quality photographs 
of the denied areas. The plane was known as the U-2, 
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developed under the direction of Central Intelligence 
Agency (CIA) by Lockheed Aircraft Corporation. The U-2 
would provide useful intelligence, especially settling the 
question of whether or not the Soviets had an advantage 
in the number of long-range strategic bombers, by 
providing imagery that confirmed earlier estimates were 
overstated. 

Eisenhower feared that, from the time that he approved 
the U-2, the plane would eventually be shot down as 
Soviet anti-aircraft capabilities improved. On May 1, 
1960, Eisenhower's fears were confirmed with the 
downing of a U-2 piloted by Gary Powers over the 
Soviet Union. Anticipating this day, and the end of 
U-2 overflights of the Soviet Union, Eisenhower had 
approved the development of a photoreconnaissance 
satellite two years earlier, code-named Corona. By this 
time, the United States was trying to assess whether or 
not Soviet abilities to produce Intercontinental Ballistic 
Missiles (ICBM) exceeded those of the United States. 

CORONA AND THE BEGINNING OF 
SATELLITE RECONNAISSANCE 

The CIA and Air Force designed the Corona satellite 
to carry a camera for capturing imagery of broad areas 
of the Soviet Union and other denied areas. The image 
quality was to be good enough to determine the true 
Soviet capabilities for developing weapons like ICBMs. It 
would carry film, which after exposure, would be spooled 
into a capsule for safe return to the earth. The return 
capsule would be caught mid-air by Air Force recovery 
teams and returned to the United States for development, 
processing, and interpretation by intelligence analysts. 
The first twelve Corona missions failed for over an 18 
month period for various reasons including failures of 
the launch vehicle, camera system, and space control 
vehicle. With mission 13, came success. Although this 
was a test mission, the launch, orbit control, and return 
capsule all functioned properly. With mission 14, Corona 
delivered the first imagery from space, and in a single 
mission surpassed the imaging capability of all previous 
U-2 missions combined. Corona would be launched a 
total of 145 times, ending service in 1972. 

Although Corona proved to be a reliable source 
of imagery, it was designed to provide imagery of 
broad areas. This limited Corona's ability to provide 
highly detailed imagery that would reveal not only the 
location of targets, but also the details of those targets. 
In September, 1961, the Kennedy administration 
established the National Reconnaissance Office (NRO) 
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to take charge of the Corona program as well as all 
reconnaissance satellite programs under development 
One of those programs, run by the U.S. Air Force, was 
known as Samas. The Samas program included a 
number of variations of photoreconnaissance satellites 
including one like Corona that would return film, but 
with high resolution of specific targets, and another 
that would read film on-orbit and electronically transmit 
high resolution imagery back to the earth. From this 
foundation emerged a high resolution system known as 
Gambit that would dramatically increase the U.S. space
based imagery capabilities. 

THE GAMBIT PHOTORECONNAISSANCE 
SATELLITE 

The NRO launched the first Gambit satellite in July, 
1963. The launch was successful, as was the recovery 
of film from space containing higher resolution imagery 
than Corona provided. Gambit would face a few early 
difficulties with space vehicle and camera system 
operation, but it would prove to be a highly reliable source 
of imagery over the length of the program. A second 
generation of the Gambit system would be launched 
three years later, known as Gambit-3 or Gambit-cubed. 
Eventually, the newer Gambit system would produce 
very high resolution imagery from space and carry two 
film return capsules to increase the time that the Gambit 
system could image from space. The Gambit satellites 
would prove an essential resource in understanding 
advances in Soviet nuclear capabilities, as well as other 
military capabilities of the Soviets and other adversaries. 

THE NEED TO GO BEYOND CORONA AND 
GAMBIT 

Despite the successes of the Corona and Gambit 
programs, they suffered some significant limitations. 
They could not obtain imagery at night or in poor weather 
conditions. Because both Corona and Gambit imagery 
was obtained via capsule returned from space, imagery 
from the systems could not be obtained quickly. The 
NRO was searching for solutions to those limitations. 
One of those was data transfer from orbit, which had 
proven successful with Sigint satellites such as Grab. 
The other was the use of radar returns for manipulation 
into imagery, which the Army and Air Force had proven as 
a successful imagery approach using airborne platforms. 
Radar returns could travel through bad weather and 
night. Joined with data downlinks from space, a radar 

imagery program could address some of the limitations 
of the Corona and Gambit systems. 

QUILL 

Quill was born under these conditions in 1962. The 
NRO originally developed Quill to test the concept 
of using a satellite to capture radar returns to create 
imagery of targets bombed by the Air Force as a result 
of military action. It was characterized by the Air Force 
as an "offensive" system to assess the effectiveness of 
military operations, rather than an intelligence system to 
gain insight into denied areas or the capabilities of U.S. 
adversaries. 

The Air Force element at the NRO, known as Program 
A, developed the Quill program. Major David Bradburn 
was assigned as the program's director. Bradburn 
turned to Goodyear Aerospace and another associate 
contractor, who were already working with Air Force on 
airborne radar imagery, to develop radar sensor and 
subsystems for the Quill satellite. Bradburn also turned 
to Lockheed Missiles and Space Company, which was 
already supporting the successful Corona program to 
manage the integration of the radar components onto 
a space vehicle and rocket system. Bradburn proposed 
Quill as an experimental satellite that would simply test 
the potential for deriving radar imagery from space. 
Prowam A eventually procured two complete systems, 
the first would be launched, and if successful, the second 
system would not. 

Bradburn worked diligently with the companies on 
contract to develop the Quill system. They were able 
to modify a number of existing radar and space vehicle 
components to integrate the system, saving time and 
money. They encountered little bureaucratic resistance 
with the only major issue requiring resolution was how 
to protect the secrecy of Corona while drawing heavily 
on Corona system components for the program. Despite 
original hopes to launch Quill in the spring of 1964, the 
NRO did not launch it until December 21, 1964. 

The launch was highly successful. All the systems 
worked as planned. Quill was unique in that imagery 
would be derived from both film de-orbited from the 
space vehicle using a Corona return film return system, 
and a radar data downlink that would be processed to 
create imagery on the ground. The two sources would 
then be compared for effectiveness. The first launch 
and operation of the satellite was so successful, that a 
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second launch was deferred indefinitely until the results 
of the Quill experiment could be fully evaluated. 

RES UL TS OF THE QUILL EXPERIMENT 

The evaluations of the space vehicle, ground 
components, and other elements of the Quill experiment 
were completed by Lockheed, Goodyear, and the 
associate contractor by the spring of 1965. The 
companies provided rich details on the success of their 
efforts in their reports. A team led by the CIA's National 
Photographic Interpretation Center (NPIC) completed 
evaluation of the imagery obtained from Quill in the fall 
of 1965. The Quill imagery evaluation team concluded 
that radar imagery from space was a promising source 
of intelligence that could supplement imagery gained 
from Corona and Gambit The team also noted that 
the resolution of the imagery would likely remain low 
and would not replace the other photoreconnaissance 
systems operated by the NRO. 

The single launch of Quill satisfied the objective of 
determining whether or not radar imagery from space 
was possible. Consequently, no additional launches were 
undertaken. Eventually the unused hardware procured 
for Quill was used in other national reconnaissance 
programs. By 1968, the question of whether to maintain 
Quill in the strict security control system for national 
reconnaissance satellites, known as Byeman, was 
addressed by CIA who maintained the control system. By 
1969, the CIA, in consultation with the NRO, determined 
that Quill no longer needed to be maintained in the 
Byeman system because of its experimental nature. For 
all intents and purposes, the notification of this decision 
served as the final closeout of the Quill program. 

AFTER QUILL 

After the Quill experiment, the NRO continued efforts 
to develop radar capabilities from space. Little can be 
written about those follow-on systems because they 
remain classified. In 2008, the NRO declassified the fact 
that the organization developed radar reconnaissance 
systems. These systems owe their heritage of success 
to the trailblazing path of the Quill experimental radar 
satellite. 

As the NRO matured as an organization so did the uses 
of national reconnaissance systems. Rather than trying 
to only verify the number of strategic nuclear weapons 

xix 

systems such as long range bombers or ICBMs that were 
the focus of NRO systems in the 1960s, the Intelligence 
Community used those systems to verify nuclear arms 
limitation treaties in the 1970s, '80s, and '90s. The nation 
also used those systems for other purposes to sustain 
the national defense including better understanding 
military capabilities of adversaries beyond the major 
nuclear powers. The NRO built new and impressive 
reconnaissance systems such as the follow-on to 
the U-2, the SR-71 reconnaissance aircraft, and the 
amazing Hexagon satellite, which replaced Corona with 
significantly greater capacity. 

The shift in national security priorities brought about 
two major changes that led to more openness about 
the nation's national reconnaissance systems. In 
1978, President Jimmy Carter acknowledged for the 
first time that the United States used satellites for 
photoreconnaissance purposes in order to affirm abilities 
to verify future arms agreements with the Soviet Union. 
In 1992, the Cold War was won and the United States 
acknowledged for the first time that the NRO existed 
and was responsible for developing, launching, and 
operating the nation's reconnaissance satellites. 

QUILL AS A TRAILBLAZER 

At first glance it might seem odd to characterize Quill 
as a National Reconnaissance Trailblazer. The Quill 
program was an experimental program with a very short 
planned lifespan. Quill's program manager, Air Force 
Major David Bradburn planned only two launches-and 
only a second if the first failed. As it turned out, the first 
launch was successful by every measure and a second 
launch was therefore never undertaken. The question 
still lingers though, how could Quill be considered a 
trailblazer among the many national reconnaissance 
programs with long term sustained success? 

Quill was a trailblazer. The program demonstrated that 
the NRO could take existing sensor technology, modify it 
for use in space, marry it with other specialized hardware 
for national reconnaissance programs, and demonstrate 
the potential for new intelligence collection. Quill blazed 
the trail in technologies that could collect images day or 
night and through cloud cover. Quill was also run by then 
Major David Bradburn, who would go on to become a 
senior leader of the NRO and major contributor to other 
successful program efforts at the NRO. The then young 
NRO needed a program that could be turned quickly 
from concept to operation and Quill blazed that trail, 
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leaving a stronger, more confident NRO. It helped firm 
up many elements that would become the foundation 
of the NRO's culture of success. Quill set an early 
standard of success for future program development 
that established the NRO as one of the nation's premier 
acquisition organizations and critical source of one of a 
kind intelligence. 

James D. Outzen, Ph.D. 
Editor and Chief of Historical Documentation and Research 
Center for the Study of National Reconnaissance 
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In the first 20 years of reconnaissance satellite program 
activity in the United States, Quill was the only program 
that substantially conformed to initial cost, schedule, and 
performance estimates, and the only satellite program 
of any nature to proceed from start to finish with perfect 
records in launch, orbital operations, readout, and 
recovery. 

Quill had its immediate origin in a proposal jointly 
concocted by Lockheed Missiles and Space Company 
and the Goodyear Aerospace Corporation early in 
1962. Stimulated by rising interest in post-strike 
reconnaissance capabilities, those contractors 
suggested that synthetic aperture side-looking radar 
be installed in an Agena spacecraft for assessment of 
weapons effects in a post-nuclear-strike setting. The 
radar set was to be a modified version of one being 
built for the RF-110 (which subsequently reverted to its 
original RF-4 nomenclature). A Lockheed briefing team 
that included Goodyear representatives exposed the 
notion to a variety of interested audiences in the middle 
months of 1962. Air Force Undersecretary Joseph 
V. Charyk, who also headed the still-secret National 
Reconnaissance Office (NRO), was one of those who 
listened. Major General Robert E. Greer's Directorate of 
Special Projects (the West Coast element of the NRO) 
provided another audience. 

The idea of using orbiting radar for bomb damage 
assessment was scarcely novel in 1962. It had first been 
mentioned as part of Rand's initial studies of satellite 
feasibility and applications between 1948 and 1952, and 
had reappeared periodically during the next decade. 
Strategic Air Command (SAC) interest in satellite-based, 
post-strike reconnaissance pronounced for several 
years, was heightened by the 1961-1962 cancellation 
of the original photo-readout Samos satellite program 
(E-I and E-2), which until that time had been somewhat 
unrealistically counted on to provide retargeting data. In 
1960 there was a brief flurry of interest in the idea of 
a combination bomb-damage-assessment and weather 
reconnaissance radar satellite, but like other ambitious 
proposals of the time it expired of funds starvation 
and technology shortcomings. Nevertheless, such 
discussion encouraged Lockheed to propose the near
term development of a radar-carrying, reconnaissance 
satellite that used on-the-shelf components. 1 

Greer, with Charyk's support, asked his Plans Chief, 
Captain Frank Gorman (USN) to examine capabilities 
and needs. Concurrently, a colonel on Greer's staff 
established a working relationship with the SAC's 
requirements group in the hope of clarifying SAC's 
post-strike reconnaissance requirements. He learned 
little that was new: SAC wanted a satellite-borne, 
post-strike, all-weather assessment capability in near
real-time. Gorman, after surveying the entire spectrum 
of requirements and capabilities, reached the initial 
conclusion that any system " ... requiring reflected light 
cannot be considered a good solution to a problem where 
reaction time is paramount as is the situation for 'initial 
assessment."' In Gorman's, judgment, the only effective 
technique would be one providing "all weather/light 
conditions" sensitivity. His recommendation to Greer: "A 
high-resolution radar development should be initiated 
immediately if an effective post-strike reconnaissance 
capability is to exist." And he concluded that readout 
was essential; physical recovery of payload, he argued, 
had been "a means of circumventing the bandwidth 
problem."2 All of which was true, but in the absence of 
adaptable technology was also largely irrelevant. 

Nevertheless, the several elements necessary to the 
establishment of a funded research and development effort 
that could lead by one route or another to an operational 
radar-in-orbit system were in being by the late summer 
of 1962. A requirement of sorts had been acknowledged, 
though no formal statement of national need for radar 
reconnaissance from orbit had yet emerged. The 
approach defined by Lockheed and Goodyear,* if it could 
be accepted at face value, represented a technologically 
achievable capability that could be acquired at a relatively 
modest cost. The ingredients of a system existed in the 
form of in-development items if not in operationally ready 
equipment. 

In June 1962, Charyk directed that Greer's organization 
evaluate the possibility of adding special sensors "such 
as infrared and radar" to the payload of the heavy-lift 
Titan-Ill vehicle then being considered as a successor 
to the Atlas booster used for most space launches. The 
slight prospect that the Titan-Ill would actually be used 
in the satellite reconnaissance program for several years 

Other contractors had similar proposals, but all required some extended 
period of vehicle or sensor development. 
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prompted Greer to suggest consideration of a more direct 
approach. In October Charyk accepted Greer's views 
and formally authorized an evaluation of the Lockheed
Goodyear proposal based on use of a Thor booster and 
readily available Agena hardware.3 

What began in the summer of 1962 as an evaluation 
became a source selection process. It had two aspects, 
one involving a normal competition for the development 
of a radar set, boosters, and readout equipment suited to 
extended operations, and the other an experiment using 
the Lockheed-Goodyear proposal as its base. Major 
David D. Bradburn, a member of the six-man study 
groupt, suggested that the most direct and effective way 
of satisfying Charyk's request for an early demonstration 
of radar-in-orbit feasibility was to buy a few sets of on
the-shelf equipment, modify the hardware sufficiently 
to permit its operation under orbital conditions, and test 
the result in a real operation. The group's head, Colonel 
William G. King, Jr., was wholly in favor of that approach, 
but having recent and painful experience with optimistic 
contractor predictions that could not be translated into 
operational performance+ decided to verify the alleged 
performance capabilities of the proposed system by 
checking with Air Force radar reconnaissance experts at 
Wright Field. 

The entire six-man study team visited the 
Reconnaissance Laboratory, an element of the 
Aeronautical Systems Division at Wright-Patterson Air 
Force Base, early in October. The project officer for the 
AN/APS-73 radar assured his visitors that the set could 
do what had been promised for it and that no other item 
of available equipment could realistically be substituted. 
The question of what resolution could be expected was 
not as readily resolvable. The Laboratory's chief told 
Colonel King that if suitable "requirements" could be 
issued it would be possible to obtain comparison radar 
and photographic imagery of existing bomb craters at 
Frenchman's Flats (the Nevada test site) in four to six 
months. King, who planned to write his final report later 
that month, said mildly that he had a better idea. One 
of his team members knew the problem intimately, King 
said. His team member could adequately represent the 
study group in superintending an immediate effort, say 
in three or four days. He would fly aboard the photo 
airplane. 

t The study group, headed by Colonel W. G. King. Jr., included Lieutenant 
Colonel John Copley, Major Bradburn, Major Charles Redwine. and two others, 
all of Greer's staff. Three "advisors" also signed the final report, including 
Greer's legal specialist and Lieutenant Colonel Victor M. Genez of the SP 
Plans staff. 
:j: King had managed the Samos E-I and E-2 programs, had been involved 
with satellite reconnaissance work since 1955, and was the final program 
manager for the wholly inadequate Snark missile. 

3 

The Reconnaissance Laboratory's chief, after a 
moment's reflection, agreed that the test exercise could 
indeed be completed in three or four days. It was, and 
comparison photographs were being examined in Los 
Angeles the following week. They demonstrated that 
radar imagery could readily distinguish the principal 
features of bomb craters of various kinds, although the 
limitations of the test photography excluded any firm 
conclusions about the ground resolution obtainable 
from space by side-looking radar. "However," King's 
group eventually concluded, "it is obvious that craters 
and surface differences of the sizes identified in the 
accompanying photographs can easily be seen with a 
radar that has a ground resolution poorer than 50 feet."§ 

Having confirmed their preliminary judgment that 
radar in orbit could adequately perform bomb damage 
assessment (if it could be made to operate while in 
space), the study group had to confront the question 
of what to recommend to General Greer and ultimately 
to Undersecretary Charyk. Several contractors had 
provided copies of earlier unsolicited proposals and had 
briefed group members. In the end the study group settled 
on a recommended approach, which was characterized 
as " ... not ... the only feasible or best concept; ... [but] 
merely ... one concept having some plausibility-a basis 
from which the Board may proceed." The members were 
agreed that they would have satisfied the requirements of 
their charter if they provided (a) a conceptual foundation 
and operative recommendations for proceeding with a 
radar feasibility demonstration and (b) guidance for the 
conduct of further studies and analyses. 

The final report said candidly, "we have assumed 
that our instructions limit us to showing the feasibility 
of developing satellite-borne radar capable of 
sensing information of sufficient intelligence value to 
allow some damage assessment. The more subtle 
problem of showing the feasibility of an overall post 
strike reconnaissance system must be fully analyzed 
concurrently with any radar demonstration." 

The study program was intended to analyze the 
operational applications of high-resolution radar for 
bomb damage assessment in a post strike environment, 
assuming quick-reaction, all-weather capability for 

§ The craters photographed ranged in diameter from a minimum of 80 
feet to a maximum of 850 feet. Photographs were taken using a six-inch focal 
length T-II aerial camera loaded with Plux-X film, the combination providing a 
20-lines-per-millimeter resolution at the film plane. The radar was an AN/APQ-
55, with a six-foot, slotted roll, side-looking antenna, 45 kilowatts of power, 
and a frequency of 34.86 kilomegacycles. An electro-optical photo multiplier 
tube, an indium antimony infrared detector, and the radar operated as part of 
a development system being investigated by the Reconnaissance Laboratory. 
They were flown 2200 feet above the craters in a C-131 aircraft. 
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acquiring "the relatively coarse detail" obtainable from 
satellite-carried radar.'11 

The feasibility demonstration was seen as a process 
that should be conducted quickly and with the minimum 
outlay of funds needed to assure success. Following the 
lines of Bradburn's suggestion the group urged testing 
off-the-shelf radar" ... capable of providing information, 
which can be extrapolated (at minimum risk) into design 
information required for an operational radar ... " The 
object of the demonstration would be to establish that 
" ... physical phenomena do not exist which would 
preclude development of high resolution." To those 
ends, the study group recommended that an APS-
73 model radar be integrated with a Thor booster, an 
Agena-D orbiting vehicle, a Corona recovery capsule, 
a readout system chosen from existing hardware:· an 
available ground processor, and the orbital control and 
communications net then being used by the National 
Reconnaissance Program. It was a somewhat less 
ambitious variant of the Lockheed-Goodyear approach, 
but devoid of operational objectives. 

Concluding that only the equipment combination 
proposed by Lockheed and Goodyear could be made 
available for a timely demonstration, the study group 
recommended an immediate start of work using a sole
source procurement approach.tt The evaluation group 
concluded that a three-flight demonstration effort could 

'IJ Although the study group report did not explicitly so state, group 
members were convinced that the analysis should be performed outside the 
Special Projects directorate, preferably by the SAC. The participation of Rand 
Corporation specialists was explicitly proposed, however. In the event, the 
"studies and analysis" aspect of the total Quill program did not develop as the 
study group had proposed. Charyk never directed Greer's organization to do 
the analysis. Rand did perform some relevant research, but SAC continued 
to submit advocacy recommendations which, generally, were considered by 
senior defense officials to be insufficiently supported by objective analysis. 
The feasibility demonstration aspect of Quill became, by a process of inaction 
elsewhere, the dominant element of the program. 

Relatively little was said about readout in the final report, which, 
however, included a general discussion of principles and techniques and an 
assessment of readout time requirements. As for feasibility, something of the 
group's views could be judged from the provision of a recovery capsule, an 
accessory that presumably would not find a place in any operational system. 
A brief but eloquent comment on the readout problem appeared toward the 
middle of the report: "Airborne and ground equipment to provide bandwidths 
of six megacycles (unreadable text in available copy) technically feasible. 
Their reliability leaves something to be desired." And, after a discussion which 
ended with the observation, "Our problem is not in sensing in detail, but . is 
retrieval of the information," the report suggested the "broad assumption" that 
" ... information of a modest detail level which can be handled may be useful 
for an 'initial assessment."' (Underlining in the original text.) 
tt That somewhat unusual course-selecting contractors during an 
evaluation of program feasibility-was justified by Charyk's requirement 
for the quickest possible demonstration, which meant use of off-the-shelf 
equipment. The Agena-D was the only available orbital vehicle, the Thor the 
only appropriate booster previously mated to an Agena, and the APS-73 was 
"the nearest thing to an off-the- shelf item that could be used in the feasibility 
demonstration ... " In the formal opinion of Greer's legal specialist, because 
only Goodyear made that radar" ... it would be a gross waste of time and 
money to start another manufacturer building it in lieu of having Goodyear 
make the necessary minimum modifications in its existing product."• 

be conducted at a specified cost, but that a ten percent 
contingency fee should be provided to protect against 
unforeseen development problems. (Should a five-flight 
program be approved, required funds would be more.) 

Finally, the group recommended that an existing office 
house the feasibility demonstration and that Major 
Bradburn, "probably the most knowledgeable radar 
specialist at SAFSP," be named program manager.tt In 
a statement that Bradburn was to emphasize frequently 
thereafter, the group observed that the orbital test 
program was " ... the simplest and quickest approach 
to demonstrating the feasibility of the radar sensor," 
that quick completion of the test would make possible 
a decision on a later operational system, but that " ... 
the launch vehicle and radar configuration proposed for 
orbital test are not considered adaptable for operational 
test." In so many words, the feasibility demonstration 
was to be that and nothing more; no consideration would 
be given to making the demonstration equipment the 
basis of an operational system_§§ 

The report of the study group, thereafter known as the 
"King Report," went to General Greer on 30 October. 
Its one-word title, "Quill," became the program's code 
name.'11'115 

Greer approved the findings and recommended that 
Major Bradburn, the board's nominee for project leader, 
present them to Charyk for review. Three days after 
Bradburn's 7 November 1962 presentation, Charyk 
authorized him to begin work. Funding levels, as first 
approved, reflected the premises of the Lockheed
Goodyear proposal. Bradburn's plans called for five 
flight-qualified payloads, of which three were actually 
to be launched. Lockheed was to be assigned system 
engineering and technical direction responsibilities and 
responsibility for orbital vehicles, system integration and 
launch services. Goodyear Aircraft was to develop the 

:j::j: Quill, which was promised to be a short-term program of high technical 
interest, would be an attractive project to manage. Bradburn told King he was 
bored with his current assignment and asked, "Why don't you make me the 
project officer reporting to you. Then I will be able to do it quickly and cheaply 
and you can protect it from all the colonels who might want the job." King 
thought well of the idea. 
§§ A post strike bomb damage assessment system as conceived then 
and later was assumed to involve requirements for multiple launches from 
hardened sites. The use of a Minuteman booster was generally believed to be 
a pre-requisite for operational utility that being the principal land-based ballistic 
missile in the U.S. inventory. The October 1962 study postulated five near
simultaneous launches, with five orbital radar systems making parallel-path 
passes over the principal Soviet targets. Obviously, a soft, liquid-fuel Thor was 
wholly inappropriate for such an operation, Agena could not be accommodated 
in a Minuteman silo and the APS-73 radar promised to have definition and 
resolution inappropriate for an operational application. 
'll'IJ Quill was suggested by Colonel Joseph W. Ruebel. At West Point, the 
term "Quill List" was used to identify the weekly listing of cadet demerits-the 
discipline list. To be "on Quill" was, therefore, a highly undesirable assignment. 
That was not the way the eventual Quill participants viewed their assignment, 
of course. 
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radar payloads. Another organization had agreed to 
provide engineering consulting services for the radar 
experiment and to develop an optical correlator for final 
processing of radar data. General Electric Company 
was to build the reentry vehicle and Douglas Aircraft 
the thrust-augmented Thor boosters. The project goals 
included physical recovery and electronic data readout 
at a ground resolution of 100 feet or better. Real-time 
electronic readout over one United States station would 
be acceptable. The project-white name "P-40"-was 
to operate with a minimum of modification to all off-the
shelf systems, including the Goodyear radar, and was 
to be concluded as rapidly as possible. Time on orbit 
and data quantities were not considered critical items. 
However, Charyk wanted to be informed immediately if 
there was any question of meeting the 100-foot resolution 
requirement. He also insisted that contractors be clearly 
informed that the demonstration was of an experimental 
nature only and was not a device for acquiring operational 
radars or for starting the development of an operational 
system. 

As Greer had suggested, Charyk directed that the 
demonstration project be conducted under a "black" 
cover. He authorized the notification of chosen 
contractors and the release of fiscal 1963 funds to cover 
initial costs. Additional funding would be provided for 
fiscal 1964. 

Charyk also approved the conduct of more refined 
experimental work in advanced radar techniques. 
Designated "Phase Alpha," that aspect of the total project 
was to be separately classified "white" but with strict 
"need to know" security. Under Special Projects Office 
auspices, competitive proposals were to be issued, 
asking for design studies looking toward orbital tests 
and demonstration of the feasibility of radar sensors with 
electronic readout and storage capabilities (recovery 
was not an excluded option, however). Acceptable 
ground resolution was to be specified at 20 to 50 feet. All 
concerned expected Phase Alpha to take longer than the 
P-40 demonstration.6 

On 14 November 1962, Bradburn advised the selected 
contractors that the Air Force proposed to accept their 
unsolicited proposal to test a radar satellite. Bradburn 

Lockheed was lo perform system integration, engineering and 
fabrication of structural modification for three orbital vehicles; antenna design 
and fabrication; provide special batteries and other payload peculiar vehicle 
equipment; and do lest planning, in-plans, and launch base checkout services. 
Goodyear was to be responsible for engineering, fabrication, qualification, 
and delivery of five flight-qualified satellite radars, one qualification test radar 
substantially identical to a flight article, one thermal equivalent test model, one 
mock-up, air-to-ground equipment for checkout at Goodyear and for system 
checks at Lockheed, and pad checkout equipment at Vandenberg AFB, 
including test beacons and apparatus for blockhouse checks of radar operation 
during countdown. 

5 

and others from the Special Projects directorate met 
with Lockheed, Goodyear, and another organization's 
representatives at Sunnyvale.ttt A Lockheed 
representative had been asked to be ready to present 
again the proposal he had earlier made to King's group 
and to bring cognizant Goodyear people with him. 

Bradburn informed the contractors that the Air Force 
was going to proceed with a minimum satellite radar 
demonstration, generally along the lines of the Lockheed
Goodyear proposal, but on an associate-contractor 
basis. Although Lockheed had favored a primary 
contractor-subcontractor framework, the Air Force had 
decided that direct access to the major contractors 
involved would limit schedule and cost overruns, and 
thereby enhance the probability of an early first flight. 
Lockheed, Goodyear and another organization would all 
have direct communication lines to Bradburn. Bradburn 
explained that he wanted to exploit existing contracts as 
much as possible, not only for administrative ease but 
also for purposes of maintaining security. 

The project framework, as laid out by Bradburn, included 
procurement of five flight-qualified payloads to support 
three flights at two-month intervals with the first flight 
targeted for January 1964. The goal would be to obtain 
a high-resolution radar picture from a satellite (ground 
resolution of 100 feet or better with minimum time and 
with minimum modification of existing hardware. 

An employee of the Aerophysics Division of Goodyear 
briefed the meeting on the radar system then being 
developed by Goodyear for the RF-110 aircraft. Capable 
of producing 50-foot ground resolution, the basic radar 
covered two 30-mile swaths, one on either side of the 
airplane. The inflight recorder and display equipment 
permitted display of two ten-mile swaths, which could be 
selected as desired within the coverage limits. The all-up 
weight of the radar was 450 pounds (including antenna, 
recorder, transmitter and receiver). 

The Goodyear employee foresaw the need for three 
principal changes to adapt the existing APS-73 radar 
for satellite use. The pulse repetition frequency (prf) 
and the average power would have to be increased, the 
transmitter-modulator (and perhaps other components), 
which used refrigeration cooling, would have to be 
repackaged to provide for conduction or radiation 
cooling, and the recorder would have to be modified 
to accommodate a large film supply and to provide for 
satellite-derived data inputs. 

ttt Attendees included Colonel Robert W. Yundt, who had succeeded W. G. 
King as Bradburn's immediate superior for Quill. 
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Existing development schedules called for initial bench 
testing of the first complete RF-110 radar in April 1963 
and delivery of the first flight test item to Edwards Air 
Force Base in July. However, there was already some 
indication of slippage and a Goodyear employee 
cautioned that flight tests might not begin until September 
or October. 

A representative from another organization described 
the operating principles of the optical correlator. The 
organization could achieve an azimuth compression ratio 
of 1000 to 1 with available production-type processors. 
(The azimuth resolution in the final picture would be 1000 
times finer than the physical dimensions of beam width.) 
With laboratory-type demonstration equipment, the best 
obtainable azimuth compression ratio was about 5000 to 
1. In the proposed satellite experiment, azimuth resolution 
would be limited primarily by ionospheric distortions. If all 
worked well, the overall system might produce azimuth 
resolution of 15 feet or better. At any rate, the optical 
processor would not be the limiting factor. 

During the engineering discussions that afternoon, 
Bradburn specified that the payload configurations would 
be identical from flight to flight-there would be no growth 
changes. He emphasized the "minimum modification, as
short-a-time-span-as-possible" philosophy, which was to 
guide Quill. He also restated his determination to adhere 
closely to the primary goal of showing feasibility, not 
developing operational prototypes. One consequence 
was that the radar antenna would not be steerable. 
Concerned with acquiring a good picture at acceptable 
ground resolution and not with viewing specific targets, 
Bradburn foresaw no need to develop aiming capability; 
the swath would be wholly dependent on the orbital path 
of the vehicle. 

Although recovery of the exposed film would be the 
primary data retrieval method, simultaneous readout of 
the radar data would provide a comparison in picture 
quality and reveal what data deterioration was caused 
by the transmission link. Readout would also provide a 
backup system in case the recovery system failed. 

Lockheed agreed to provide within 24 hours an initial 
cost figure so funds could be added at once to an on
going Air Force contract. A work statement was to be 
ready by 21 November and a full cost proposal within 
the month. Contract negotiations, to begin in January 
1963, were scheduled to lead to a definitive contract by 
25 January 1963. Bradburn scheduled a meeting with 
Goodyear for the week of 18 November, in Phoenix, 
to discuss a draft work statement, proposed contract 

arrangements, and procurement schedules. Meetings 
with another organization were set for early December.+++ 

Bradburn emphasized the need for tight security. Each 
employee working on the project would have to be 
approved by the Air Force, sign a security agreement, and 
have a final secret clearance. Bradburn requested that 
he approve these names in advance, an arrangement he 
later changed to allow for after-the-fact notification to the 
limits of a quota for each company. 

Bradburn also stressed the need to hold documentation 
to a minimum, both for security reasons and to lessen 
paperwork. Each company would deal directly with his 
office, so a multiplicity of reports would be a waste of 
time as well as a potential security risk. He emphasized 
that he intended to participate in most of the monthly 
engineering and technical review meetings and that 
he expected all program participants to use them as 
a primary means of informing all concerned parties of 
technical, cost, and scheduling details.7 

To that point all had gone rather smoothly. But between 
Charyk and the Secretary of Defense there intervened 
one major review echelon, and on 15 November Bradburn 
learned that a potentially troublesome objection to Quill 
had surfaced during the final project review and approval 
process in the Pentagon. Dr. Eugene Fubini, then serving 
as senior technical advisor to Defense Secretary, Robert 
McNamara, had held up the release of program funds on 
the grounds that "we, [the NRO] intend to pay too much 
for the radar." Lieutenant Colonel E. J. Istvan, Bradburn's 
chief contact on the NRO staff, reported Fubini's protest 
that "APS-73 costs [only] a few hundred K." Fubini asked 
that the APS-73 project officer be solicited for a "more 
realistic" cost estimate. 

From Fubini's viewpoint, concern seemed warranted. 
The program cost estimate that reached Fubini included 
a provision for funding to buy five radar sets, about 
five times as much as for APS-73 radar sets then on 
procurement schedules. But, as Bradburn pointed 
out, APS-73 was not being bought per se; although 
modifications were to be held to the minimum needed 
to qualify the equipment for space flight, they would 
nonetheless be comparatively expensive. The cost 

ttt The principal contractors were in a state of financial near shock when 
Bradburn told them that Greer's organization had accepted their premises and 
promises and proposed to proceed with the program pretty much as they had 
briefed it-and at about the price they had proposed. As later became plain, 
and as everyone concerned privately acknowledged at the start, the financial 
estimates originally attached to the Lockheed-Goodyear proposal were sales 
figures, understated by about half. In the usual way of things, the contractors 
would have "recovered" their understated costs by charging for redesign and 
refinement needed to satisfy specifications and requirements that varied 
substantially from those assumed for the proposal. Bradburn's "acceptance" of 
the main elements of the original proposal meant that there was little occasion 
for such maneuvering, and that in a "less cost" direction, for the most part. 
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estimates Fubini had objected to, Bradburn observed 
mildly, had in fact been both prepared and validated by 
an APS-73 project officer, and although the funding was 
charged as "radar payload" costs, it actually included 
engineering, fabrication, checkout, and launch services 
associated with the payload. Until firm bids became 
available, probably in January 1963, no better estimate 
could be composed.8 

The response satisfied Fubini's objections; no more 
was heard from that quarter, and funds were released 
on schedule. 

That problem disposed of, Bradburn met with Goodyear 
people at Phoenix on 20 November. Although the 
company had no satellite experience, virtually all its 
contracts were with the USAF or the Navy's Air arm. 
Organizationally, the head of the Goodyear Arizona 
Division reported directly to T. A. Knowles, president 
of the Goodyear Aircraft Company (home based in 
Akron, Ohio), a subsidiary of Goodyear Tire and Rubber 
Company. The Navy was responsible for industrial 
security and quality assurance at Phoenix and the 
Air Force Procurement Office at Sky Harbor Airport in 
Phoenix handled auditing and accounting requirements. 

Unlike Lockheed, Goodyear had very limited experience 
with the special security arrangements that characterized 
work on satellite reconnaissance. Bradburn noted at the 
onset of the Phoenix discussions that three aspects of 
the program were extremely sensitive: 1.) a version of 
the RF-4C radar was being packaged for satellite use, 
2.) Goodyear and Lockheed were working together 
on a satellite radar project with Air Force funding, 
and 3.) Goodyear had an Air Force contract to build a 
satellite radar. Initially, only 50 people in Phoenix could 
be briefed. In hopes of keeping exposure minimal, 
Bradburn decided that the naval representative in 
Phoenix should not be informed of this new activity. (As 
events later dictated, his assistance became necessary 
and he had to be briefed.) Document control and visit 
requests would receive exceptional handling. Mail was 
to be sent to post office boxes and picked up by briefed 
individuals. Unless other business provided a sufficient 
cover, visits to Phoenix by the Air Force and Lockheed 
people would be arranged through direct contact with 
Goodyear's Administrative Engineer. Visible project 
activity was to be covered by the story that it involved 
proprietary work called KP II-Knowles Project Number 
Two. (Goodyear had somewhat earlier performed work 
under a sensitive contract covered by the proprietary 
description, "KP 1"). Such a cover would also ease 
procurement problems-radar components could be 
purchased "white" as commercial items-or so it was 
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initially assumed, although there too problems were to 
develop subsequently. 

Goodyear's draft work statement indicated a need 
for additional detailed technical specifications from the 
Air Force and Lockheed before manpower and cost 
estimates could be refined. For the moment, an estimate 
of expenditures for the first 60-day period was the best 
that could be provided.9 

Security rules for Lockheed were defined the following 
day. Lockheed's white contract would not mention "radar" 
or "Goodyear;" the black version would be correlated 
by paragraph numbers to the white contract and would 
be specific_§§§ Inasmuch as Lockheed had been doing 
"black" work of one sort or another for a decade, few new 
problems were likely to appear. 

Another radar associate contractor's work on another 
contract, due for routine contractual extension in March 
1963, appeared easily exploitable to cover new activity. 
Funds could be readily transferred from the program 
office with no need for separate financial accountability. 
The contract would be white, though with a vague work 
statement, but to insure that priority would be given to 
the new paperwork, the contract's technical project 
officer and possibly the responsible procurement officer 
would have to be briefed. 

The radar associate contractor's proposed work 
included the design of the synthetic-array radar 
experiment, considering in detail what radar parameters 
were required to obtain a successful demonstration, and 
preparing specifications for critical radar components. The 
other organization was to be responsible for determining 
what azimuth resolution actually was obtained on the 
radar maps generated by the system and for analyzing 
factors affecting resolution. The organization was also to 
develop and construct a breadboard optical processor 
capable of achieving "the largest attainable compression 
ratio." If the theoretically predicted azimuth compression 
ratio anticipated in the experiment were not attainable, 
the largest technically attainable (probably 2000 to 1) 
would be the key factor in the design.11'1111The processor 
was also to be designed to process data, which might 

§§§ The first security problem of Quill arose in the circumstance that 
Lockheed's original radar satellite notion had been "briefed" widely, before it 
"went black." In mid-November, the Strategic Air Command asked Lockheed 
to provide additional information regarding the Lockheed-Goodyear radar 
proposal. Bradburn vetoed the trip and got word to a witting SAC officer to "lay 
off." 10 

ffll,J According to a radar associate contractor employee, an early objective 
of the program was to place emphasis on obtaining fine azimuth resolution 
to the greatest possible extent-optimally ten feet-while aiming for a more 
readily predictable 50 feet in range resolution. As factors determining range 
resolution were generally well understood, it was desirable to the experiment 
and potential future projects to determine whether adequate compression of 
azimuth-phase histories of targets could be realized 11 
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be obtained under conditions that were departures from 
the planned experiment, as might occur during actual 
orbit. Primarily, those discrepancies were to include 
departures from the intended orbit of the vehicle and 
from the intended orientation of the physical beam. 

In addition to processing the radar data, the radar 
associate contractor proposed to link the ground recording 
system to the optical display converters. The associate 
contractor also suggested developing and procuring 
microwave beacons to observe and record emission 
histories. Lastly, the organization proposed designing 
a test to determine the limitation on compression ratio 
imposed by the camera drives in the radar system. 

The associate contractor's representative agreed to 
send to Bradburn by mid-December two work statement 
drafts to be approved for content and security. One would 
be complete; the second would be "sanitized," omitting 
any reference to actual satellite operations or satellite 
derived data, any reference to Goodyear, Lockheed, 
Special Projects Office, or the delivery of reports on 
"Design of Experiment." The problem of conducting 
covert work in the associate contractor's setting was 
not as easy as with Goodyear and Lockheed, but the 
basic procedures were much the same. As with Baird in 
Phoenix, the associate contractor's security officer was 
not to be briefed unless it became unavoidable at some 
later time_ .... Uncleared personnel were not to be aware 
of the existence of an orbital radar experiment,tttt or that 
satellite derived data had been or would be processed 
by the organization, or that the organization had created 
a working relationship with Lockheed, Goodyear, Space 
Systems Division, or SAFSP.13 

In mid-December, Bradburn learned that the 
organization on the existing contract would be able 
to revise its contract with the associate contractor to 
include Quill work before the contract expired in March. 
A few days later, Goodyear's draft work statement, 
specifications summary, and delivery schedule appeared. 
Not surprisingly, April 1964 rather than January 1964 
had become the target for first flight. A formal Goodyear 
price proposal still was lacking, but Bradburn privately 
expected that it too would depart from the estimates 
earlier forwarded. When Quill had first been approved, 

It did. Indignant that he'd been left out of the loop, the associate 
contractor's security officer ignored strong hints to drop inquiries into security 
clearances at the organization for Quill work. He finally was briefed in April 
1964. 12• 

tttt Best laid plans had a way of being stepped on by idiots. The associate 
contractor's representative's secure phone system, essential to his operations, 
was installed virtually in the dead of night and in a manner that was designed 
to be wholly unremarkable. On the following day the local telephone people 
asked how they wanted to be billed for all the special work, thus enlightening 
several administrative people to the fact that the representative had a special 
phone and was a consultant to the Air Force for some spooky operation. 

four months earlier, Major Bradburn had very informally 
observed to Major John Pietz, with whom he then shared 
an office, that he expected the formal cost proposals to 
exceed preliminary estimates by a factor of two or more, 
and that his past experience with the several aspects of 
Samas led him to conclude that schedule revision would 
immediately follow the opening of negotiations for firm 
contracts. Shortly after being named project manager, 
Bradburn discussed those cost proposal expectations 
with General Greer. General Greer responded with an 
ironic smile and gave full support to the suggestion that 
Bradburn's cost estimate be used in requesting program 
approval from Charyk, rather than some modest variation 
on the proposal estimates first received from Lockheed 
and Goodyear. Lockheed's proposal of mid-1962 had 
postulated a cost of several million for a five-mission 
program; Bradburn calculated probable costs for three 
launches, but only if he could keep program objectives 
substantially unchanged from those approved by Charyk 
in November. There was no other way of preventing 
the cost growth that had characterized so many 
venturesome Air Force programs of the past decade. 
Concern for costs largely explained Bradburn's continued 
reiteration of primary program goals in discussions with 
contractors. He wanted all concerned to understand that 
in no circumstances would he consider incorporating 
either work additional to or technology newer than that 
originally contemplated_u:1:+ 

In accepting the schedule revision, Bradburn pressed 
Goodyear to agree to build the transmitter modulator 
unit in Phoenix rather than Akron as originally planned. 
Aside from tightening security, that move would enhance 
engineering control over the significantly critical unit, 
which was going to require extensive redesign for 
radiation cooling. Although protesting that key personnel 
would have to be moved from Akron, Goodyear agreed.14 

By early January 1963, the status of the Quill budget 
was becoming clearer. Cost proposals from contractors 
at this point in time were slightly under-running the 
tentative budget approved by the NRO comptroller the 

:j::j::j::j: In early 1963, General Greer's organization was battling a series of cost 
growth problems, virtually all of them having originated in faulty initial estimates by 
contractors and uncritical acceptance of optimistic projections by various program 
managers. Bradburn, who had by then spent nearly two years in Greer's plans and 
policy group, was fully aware of existing cost control problems and their origins. 
Colonel King, under whose guidance the Quill program had progressed from proposal 
to initial approval, was another whose skepticism about the validity of contractor 
proposals was pronounced and who shared with Bradburn the conviction that 
high-technical-risk programs entrusted to large management groups with complex 
reporting channels were sure to overrun. Quill and the P-35 (Project 417) weather 
satellite programs were the first SAFSP undertakings which conformed to the Greer
King philosophy, although Gambit was reconfigured to that model in 1963 after King 
became Gambit program manager. The archetype of small-staff, direct-management, 
risk minimization was Corona, as originally organized. The most successful commercial 
practitioner was C. L Johnson, Lockheed's leading aircraft design manager, whose 
products included the original F-80, the U-2, and the A-IL 
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previous November. Goodyear was estimating costs 
for fiscal 1963, 1964, and 1965 in black funds. White 
monies to Lockheed's BOO-contract were estimated for 
1963, 1964, and 1965. White funds transferred were 
expected to total the same in fiscal year 1963 and 1964, 
and less in fiscal year 1965. Proposed total costs for 
the Quill contracts for fiscal years 1963 and 1964 were 
less than the approved budget and reduced in 1965. 
Total costs for all three contracts were estimated to be 
less than November's approved budget. In November, 
working with his own figures, Bradburn had estimated 
total program costs to be less than the approved budget 
plus costs for boosters, launches, and orbital operations. 

The three TAT/Agena D's with modifications, launch 
services, and three reentry capsules were additional 
costs to be funded, rather than as basic NRO costs. 
Additional costs included: Agena D plus launch, TAT 
plus launch, telemetry, tracking, and command (vehicle), 
and operations. Together, these doubled the price of the 
program.15 

Meeting with those involved in the associate contractor's 
other contract in January, Bradburn approved the 
white and black versions of the contracts, but deleted 
some of the tasks the associate contractor had earlier 
proposed. He had decided that the raw radar film should 
be developed by the Satellite Photographic Processing 
Laboratory at Westover Air Force Base, Massachusetts, 
rather than by the associate contractor, although they 
would provide engineering liaison services. The ground
based photo recorders (for use with the readout mode 
of data retrieval) would be applied by Goodyear rather 
than the associate contractor. Lastly, Lockheed rather 
than the associate contractor would build the microwave 
beacons. 

Under the circumstances, Bradburn decided that no 
formal black contract need be written for the associate 
contractor, since most of the very sensitive work 
had been assigned elsewhere. The white contract 
would therefore become the only binding agreement. 
Bradburn felt the motivation was so high at the associate 
contractor and his contacts with them so frequent that 
any black statement assigning deadlines for the reports 
that comprised most of the remaining black effort there 
would be extraneous. 

It appeared that the associate contractor's effort 
would include costs for system design and analysis 
of parameters; data analysis and final report; design 
and build, and operate the optical correlator; collection 
and analysis of radar and beacon signals; design and 
operation of the camera drive evaluator. Of the total, 
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about one-third would be spent in fiscal year 1963 and 
the remaining two thirds in fiscal year 1964.16 

Basic arrangements having been made, Major Bradburn 
briefed Dr. Brockway McMillan in March and again in 
May 1963 (McMillan had replaced Charyk as Director, 
NRO early in March) describing the refined parameters 
for the Quill experiment as then designed and bringing 
him up to date on the status of Quill contracts, budget, 
and technology. It was Bradburn's first opportunity for 
describing fully the content of the program he had just 
created. 

As defined in May 1963, the radar payload components 
of Quill consisted of (1) a transmitter-modulator, which 
was basically a high-power radar frequency (RF) 
pulse amplifier; (2) an RF-intermediate frequency (IF) 
unit, which generated a low-power RF pulse for the 
transmitter and received and compressed the reflected 
radar pulse; (3) a reference computer, which generated 
timing and control signals (and transmission pulses) and 
synchronously demodulated the received intermediate 
frequency to provide video data; (4) a power control unit, 
which controlled and switched power and generated 
regulated voltages necessary for the radar; and (5) a 
recorder, which recorded the received video from the 
reference computer on film by exposure from the face of 
a cathode ray tube. 

Goodyear had estimated that in its operating mode 
the radar system would consume 2700 watts of power. 
(Radiated effective peak power was 450 kilowatts, 
actual peak transmitter power 30 kilowatts, and 
average transmitter power 250 watts.) The length of 
the transmitter pulse was 0.9 microseconds. By the use 
of pulse compression techniques, this was reduced to 
an effective pulse width of .06 microseconds. Pulse 
repetition frequency (PRF) had a I6-step variable range 
from 8216 to 8736 megacycles. The radar operated on 
a frequency of 9500 megacycles per second. Given 
such parameters, Bradburn estimated that slant-range 
resolution would be 50 feet and azimuth resolution 50 
feet or better. 

The Agena was to be injected into a near-circular orbit 
of 130 nautical miles (plus or minus 13 miles) at an 
inclination of 70 degrees. Precise attitude stabilization 
of the vehicle would orient the radar antenna so that 
the main lobe of the radar beam would be at a fixed 
depression of 55 degrees from the horizontal. In that 
attitude, the radar would map a slant-range interval of 
5.95 nautical miles, or about ten miles along the ground. 

Active radar operation was to be confined within the 
limits of the continental United States-and within the 
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limits of control of the Vandenberg (California) and New 
Boston (New Hampshire) tracking stations_§§§§ The data 
obtained from the payload would be in the form of target 
echoes, which would be synchronously demodulated 
to preserve both phase and amplitude aspects of the 
signals. The resulting raw radar map data (a Doppler 
history of the illuminated terrain), would be recorded 
photographically on film in the recoverable capsule 
aboard the satellite. Simultaneously, the data signals 
would be transmitted over the wide-band data link to 
tracking stations, where they would be recorded both 
on photographic film and on wide-band magnetic tape 
recorders. After mission completion, the film record in 
the satellite would be recovered near Hawaii by air catch 
of the reentry capsule. 

The radar antenna, being built by Lockheed, was a two 
dimensional slotted-waveguide array, 15 feet long and 
1.8 feet in height, uniformly illuminated in both directions. 
The high-power output pulse of the radar was transmitted 
through the flat, phased-array antenna mounted on the 
side of the Agena, with the beam oriented perpendicular 
to the vehicle's longitudinal axis but depressed 55 
degrees below horizontal. The beam was 36 degrees 
wide in the azimuth direction and 2.9 degrees wide in 
the vertical direction at the half-power points.17 

Some of the early premises had to be altered early in 
the development program. The associate contractor's 
researchers learned, for instance, that bias errors 
generated by the Agena's attitude changes during flight 
were too large to be accommodated by the radar beam
width. To ensure that "zero Doppler" direction in azimuth 
would result, a clutterlock or electronic beam steerer had 
to be designed within the reference computer. Although 
the clutterlock oscillator output could conceivably 
degrade date returns, the associate contractor's group 
predicted that no serious degradation would occur 
except at initial lock-on. 

McMillan was concerned about the assurance of 
obtaining qualitative data to support evaluation of 
radar performance. He therefore directed that ground 
resolution targets be provided so that a direct measure 
of radar resolution could be obtained from analysis of a 
finished radar map. He also suggested incorporation, of 
an altitude rate change recorder in the vehicle. (Changes 
in altitude rates would degrade the azimuth resolution; 

§§§§ One of the principal doctrinal problems of conducting a radar-in
orbit experiment was uncertainty about the reaction of the Soviet Union. 
Although there were various justifications for using radar sensors for 
overflight reconnaissance-all-weather, all-season, all-sun position capability 
encompassing most of them-and no wholly rational reason for concluding 
that active radar in orbit would be more objectionable to a target state than 
photography, the sensitivities caused by the U-2 affair of May 1960 still were 
evident in 1963. (For entire text of footnote, please see end of chapter, p. 20.) 

if accurate rate data were available during evaluation, 
degradation from that source could be more readily 
identified.)18 Bradburn made the associate contractor 
responsible for resolution measurements and asked 
Lockheed to evaluate the feasibility of incorporating a 
rate recorder. 

Bradburn also asked Lockheed to reverify reference 
computer specifications. Electronically, the most 
complicated component of Quill, the computer, was 
experiencing severe vibration problems, which, in the 
RF-4C program, were causing some structural redesign. 
Quill program specifications required testing at 7.5 Gs; 
the original computer, designed for aircraft use, had 
failed at 3 Gs. 

Less threatening but equally troublesome problems 
appeared in the procurement area in April. Goodyear 
began experiencing difficulty in buying government
inspected parts under commercial auspices. A tentative 
solution had been initially worked out by having the 
local Air Force procurement specialist verbally approve 
as "Contracting Officer" Goodyear's requests for the 
delivery of high-reliability components. The rationale "we 
might sell it to the government" was used to justify the 
implied use of government-approved items in what was 
represented to be an "in-house" company-sponsored 
program. That tenuous network collapsed in early May 
when a government inspector, who had been "officially" 
asked to release parts from a bonded warehouse for 
which he was responsible, called Goodyear's security 
officer to confirm that the commercial purchase order 
he had received actually supported a government 
contract. Routinely attempting to confirm that the listed 
parts would be used in work for the government, the 
security fell into the local cover story-that they were 
needed to support a proprietary contract. Convinced that 
he had stumbled into something unsavory, the security 
officer immediately blocked the purchase. An alarmed 
Goodyear executive hurriedly notified the procurement 
specialist who called the security officer to verify that 
the work was indeed Air Force sponsored. The security 
officer, still sensing something highly irregular, said stiffly 
that he was obliged to notify his superiors in the Navy 
procurement chain. Seeing visions of a total collapse 
of security, the procurement specialist hurriedly alerted 
Bradburn, who instructed him to use some excuse-any 
excuse-to stall the security officer until program office 
personnel could get to Phoenix. The security officer 
grudgingly acceded to the procurement specialist's plea 
to postpone any action until the following Monday. (It 
was then Friday afternoon, and Bradburn appreciated 
that a delay until Pentagon closing time would represent 
two days of grace.) 
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Colonel Ruebel and Major Bradburn flew to Phoenix on 
Sunday and enrolled the security officer who agreed to 
support the project. They agreed that all future requests 
for verification of government interest in commercial 
purchase orders would be referred to that security officer 
directly and he would confirm their validity. The security 
officer also agreed to assume the function of acting as 
cognizant security officer over the closed areas of the 
plant. No other Naval personnel were to be briefed or 
made cognizant of any special requirements. 19 

The potentially more troublesome problem of arranging, 
through the CIA, for General Electric to build and deliver 
three Corona-configured recovery capsules for use in 
the Quill experiment was resolved in the early Spring 
also. As with Lanyard and Gambit, CIA personnel 
were apprehensive about a security leak. Discussions 
between SAFSP and CIA security specialists in a series 
of meetings led to the agreement on 9 April 1963 that the 
procurement could proceed. The three capsules would 
be handled under Corona security procedures until their 
delivery to Sunnyvale and would thereafter be handled 
under Quill procedures.1ifflM1 Once that hurdle had been 
passed, the contracting and funding arrangements were 
quickly resolved.20 

The first serious threat to scheduling expectations and 
Quill success occurred in early June 1963. Dr. McMillan 
had earlier expressed concern to Bradburn that arcing in 
high-voltage power supplies might become a problem. 
The original Goodyear specification, approved by 
Lockheed had established a level of .001 millimeters of 
mercury as the highest pressure in which the payload 
would operate. High-voltage arcing would not occur 
if that assessment were correct. Bradburn, nudged by 
McMillan, decided to insist on verification of Goodyear's 
estimate and asked the project manager for Lockheed to 
cover that item during the next monthly program review 
in late June. Although he did not fully share McMillan's 
concern, Bradburn asked for a complete review of 
design considerations, parts qualifications history, 
and qualification testing for Lockheed and Goodyear
furnished high-voltage supplies and any circuit points 
where high voltage existed. 

Not until 17 July was the Lockheed team able to 
present its initial report, but the partial study was enough 
to indicate that a serious problem existed. Actual 
measurement revealed that pressures in and around 
the payload boxes could possibly be 10 to 100 times 
higher than anticipated. The greater molecular density 
thus suggested made it highly probable that high-voltage 
arcing would occur. 

1!ffl The differences were entirely academic. 
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During the next several weeks Lockheed employees 
evaluated redesign alternatives, considered testing 
difficulties, and weight penalties, and estimated the 
effect of the unforeseen rework on launch schedules. 
There were, fundamentally, three feasible responses to 
the arcing problem: pressurization, to drive molecular 
densities above the critical level; venting, to help 
pressures remain sufficiently low; and insulation by 
the use of a potting compound. Goodyear strongly 
recommended that the transmitter be pressurized (as 
had been done in the RF-4C version) and maintained 
so that a pressure vessel could be designed and tested 
on the same time scale as a potting program, favored 
by Lockheed. Concerned by the conflict of opinions, 
Bradburn pressed the Lockheed investigators for more 
details and learned that Lockheed too would have 
recommended pressurization if the problem had been 
recognized at the outset of the program. He immediately 
ordered that preparations be made to pressurize the 
transmitter and any other modules that looked critical. 

By the end of August it had been decided to pot 
and pressurize the transmitter, to use only potting 
compound in the recorder, and to provide for a back
up pressurization system that could be re-evaluated 
for need by mid-September. All concerned conceded 
that the transmitter-modulator and the recorder would 
present the most complex insulating problems; but that 
the high-voltage power supply being developed by Lear 
Siegler for Lockheed and the RF-IF unit might also be 
troublesome. Arcing problems in the control unit and the 
reference computer seemed to be controllable through 
the application of a void-free insulating conformal 
coating.21 

But it appeared that redesign and rework would cause 
a program slippage. An associated difficulty appeared 
during the late summer of 1963. Colonel John Martin, 
head of the NRO Washington staff advised General 
Greer that fiscal 1964 funds might be insufficient to 
cover currently projected Quill costs. He directed that 
the third Quill flight be deleted from the launch schedule 
and consigned as a payload spare. Requesting program 
re-costing by 10 August, Martin advised that although 
Quill was authorized to spend at previously approved 
rates through the first quarter of the new fiscal year, the 
program office should be prepared for a possible ten 
percent cutback thereafter. Martin assured Greer that he 
was proceeding "through OSD channels" to overcome 
the deficiency, and that should those measures fail, he 
would be notified immediately.22 

At the end of August it was clear that Goodyear was 
eight weeks behind its original schedule and that 
official launch dates should be slipped by two months. 
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Bradburn attributed one month of the slip to Goodyear's 
engineering and parts delivery problems and one month 
to the high-voltage redesign requirements. He estimated 
that the delay would cause costs at Goodyear to go up 
somewhat:· ... On the whole, Bradburn informed Greer on 
30 August, Goodyear appeared to be doing a good job 
and Lockheed, although somewhat sloppy in systems 
engineering, was improving.23 

By late September, the launch slippage had been 
officially confirmed and a new date for first flight-5 
August 1964-had been targeted. Negotiations for the 
deletion of the third Quill flight were completed that 
month: the third Agena D vehicle and the Thor were 
cancelled, as were all Lockheed efforts on the third 
payload beyond the installation of the radar components 
in the payload-supporting structure. The third Quill was 
now treated as a spare payload that could be readied 
for launch within five to six months after the first Quill 
flight. Bradburn recommended that any further action on 
number three be deferred until the results of the first Quill 
flight could be evaluated.24 

Early October 1963 saw a new design problem. 
Goodyear, attempting to meet the stringent vibration 
requirements of the program, concluded that the rigid 
payload rack mountings originally called for could 
cause payload performance degradation and called on 
Lockheed to provide vibration-resistant shock mounts. 
The initial approach, a simple substitution of mountings 
proved inadequate. Payload racks in manufacture 
were stopped for redesign, a process that promised 
to take a month or more. A new interior distribution 
plan for the component equipment was called for, plus 
modification of the secondary barrel structure to provide 
the required structural stiffness. Lockheed's program 
manager anticipated the racks could be delivered by 
early December. Although that schedule would be tight, 
overall program scheduling should not be affected. 

Goodyear and the special Lockheed high-voltage 
team were not enjoying similar success. Tests of the 
potting design in September and October had been 
disappointing. Poor surface preparation and improper 
cleaning and primer application techniques were 
blamed. But even after potting compound adhesion 
problems were disposed of, altitude testing disclosed the 
appearance of corona around potted components and 
cables. Lockheed recommended the use of lightweight 
closed-cell polyurethane foam as a countermeasure to 
corona generation in the RF-IF box. Extensively used 
to insulate and support high-frequency components, 

***** It will be recalled that Bradburn's schedule and cost estimates were less 
optimistic than those proposed by the contractors and formally incorporated in 
contractor program plans. 

several such foam systems had been used by Lockheed 
on varactor multipliers similar to that Goodyear was 
building. The expedient worked, eliminating corona and 
breakdown in the unit. 

Elsewhere, however, foam as a corona suppressant was 
not successful owing to the lack of a primer that would 
act as an adhesive between the foam and the silicone
insulated lead wires and high voltage components. 
External corona problems could also be eliminated by 
potting high-voltage components in metal cans, and 
eventually Goodyear decided to combine that expedient 
with the use of braid-shielded high-voltage cables and a 
conductive epoxy to interconnect the components. 

For a time it appeared that the solution was working. 
Then one of the cylindrical cans containing the thyratron 
component burst at the seam because of potting 
expansion caused by the heat of component operation. 
Goodyear adopted a square can configuration to allow 
for bulging during thermal expansion and began to 
experiment with expandable-top cans. Such measures, 
when supplemented by the addition of an aluminum 
sling in the anode area (to reduce the bulk of the 
potting), proved successful. No further problems were 
experienced with thyratron potting, although repeated 
failures were to occur in later testing from other causes. 

As a further precaution against high-voltage breakdown 
and corona, Lockheed resorted to venting of the payload 
boxes, one-inch diameter screened vent holes being cut 
on three sides on each box.25 

By January 1964, Bradburn was able to assure 
Dr. McMillan that the high-voltage problem was 
under control. Arcing and corona phenomena in the 
transmitter-modulator had been eliminated. The backup 
pressurization vessel could be cancelled. The RF-IF 
unit, reference computer, control unit, and recorder had 
all been successfully potted. Tests on the antenna model 
had indicated it would not need pressurizing. 

Payload qualification testing was scheduled to 
commence in Sunnyvale in January and Goodyear was 
to deliver the first flight payload for acceptance testing in 
February. Payload final assembly and checkout would 
continue through April; full-scale system tests would 
begin in April and continue through June. A 5 August 
launch date still seemed to be achievable.26 

The uncertainties of funding that had appeared several 
months earlier continued to be irritating but did not yet 
represent serious problems. Lockheed's Quill work still 
was being funded under supplemental agreement to 
another contract and Bradburn anticipated no change in 
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that situation for the near term. As expected, Goodyear's 
need for additional money had to be acknowledged in 
February, and funds for the associate contractors were 
sufficient only to support work through September
if expenditures were continued at the rate originally 
contemplated. Bradburn advised the associate contractor 
representative that in all likelihood no more than limited 
additional funding could be made available through 
the end of the year, which meant that the associate 
contractor would have to stretch six months of contract 
dollars to cover nine months of work. No major technical 
problems were immediately apparent, although corona 
effects had again occurred in the high-voltage power 
supply and there were minor but troublesome difficulties 
with transmitter power and transmitter-modulator units in 
February and March. For the most part the response of 
program managers was to increase the tempo of testing. 
All of the radar units were scheduled to emerge from 
the manufacturing process in March and other principal 
elements of the payload were on schedule. A still-minor 
conflict of launch-pad scheduling caused Bradburn 
some concern in March, but he did not anticipate that 
it would become serious. (He planned to use a NASA 
gantry to mate payload and booster elements of Quill, 
and NASA had informally indicated a possible need for 
the equipment at about the time Quill was due to go into 
orbit.)27 

From the time of program approval through March 1964, 
only five months short of the scheduled first flight date, 
Quill had been managed almost entirely by Bradburn, for 
the Air Force, and the three principal contractor project 
leaders at Lockheed, Goodyear, and another associate 
contractor. Although he had reported frequently to Greer, 
and periodically to McMillan, 

Bradburn had for practical purposes exercised complete 
and near exclusive control of the program. In March, 
Greer decided, as he told Bradburn, to call in some non
participating experts for a detailed overview of the work 
and of the operational readiness of Quill. In advising his 
contractor associates of the prospect, Major Bradburn 
emphasized that the review was "not an inquisition" and 
did not indicate dissatisfaction with any aspect of the 
effort thus far. But he observed that they could expect a 
"thorough scrubbing."28 

The review had some undercurrents of interest that 
escaped the notice of those who merely read the eventual 
review report. It had begun, as Bradburn recalled, with 
Greer's usual report to McMillan, "Brad's doing fine," 
followed by, "wait a minute. How do I know he's doing 
fine. He's the one who's telling me." The "Tiger Team" to 
review Quill was Greer's rejoinder to his self reminder. 
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That the review would be thorough was guaranteed 
by the composition of the review team. Headed by 
Colonel Paul Heran one of General Greer's most 
capable senior managers, it was composed largely of 
Aerospace Corporation specialists in reconnaissance 
radar. Unhappily for their state of temper, they had 
become "specialists" mostly through involvement in the 
"P-22" project- the "white" program conducted in part to 
provide a screen of cover for Quill. P-22 participants had 
generally believed, until being suddenly briefed on Quill, 
that what they were doing was an extremely important 
prelude to what might eventually become a radar-on
orbit system. At the time of the briefing they learned that 
the radar-on-orbit system was not an abstraction but 
was in being-actually only about five months short of 
scheduled launch. They were, in Bradburn's recollection, 
"somewhat upset to learn there was a real radar 
experiment going on." They developed what Bradburn 
described as "an intense interest in the quality of Quill."29 

The specially appointed Aerospace team (which 
included several Air Force people) had instructions 
to look at payload and vehicle system designs; at 
qualification test history on new components; at power 
ground equipment design, availability, and placement; 
at preflight checkout philosophy and the adequacy of 
test planning; at operational effects of recovery system 
changes; at competence of tracking stations and Satellite 
Test Center (STC) personnel to support the mission; and 
at tracking station equipment readiness. Briefed first 
by Bradburn, the team studied project documentation 
generated by the contractors before beginning meetings 
with Lockheed, Goodyear, and another associate 
contractor's personnel in early April 1964. The briefings 
concluded on 7 May and the report was forwarded to 
Greer shortly after. 

Overall the Aerospace group was optimistic that Quill 
would accomplish its main objective: obtain a high
resolution radar terrain map from an orbiting satellite 
within the designated short span of time. Nevertheless; 
they were less sure the experiment would contribute 
significantly to secondary objectives encouraging 
an operational future for an orbiting radar satellite. 
Secondary objectives had been stated as (1) evaluate 
the resolution potential and limitations of satellite-borne, 
ground-mapping radar; (2) evaluate the capability to 
retrieve the mapping information in real time by readout 
over a wide-band data link; (3) evaluate the feasibility 
of using satellite-borne radar for terrain reconnaissance; 
(4) obtain sufficient engineering information to determine 
the cause of a failure to achieve the primary mission, or 
portions thereof; and (5) improve future system design. 
Acknowledging that useful information would probably be 
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obtained to support evaluation of the "resolution potential 
and limitations" of orbital radars, the team anticipated 
that the flights would not produce findings of greater 
significance. The tenor of the report was to recommend 
for the second and third flights a restructuring of mission 
objectives and emphasis. Inherent in these criticisms was 
distaste for the design philosophy that had guided Quill 
from its onset: use as many off-the-shelf components 
and as little modification as absolutely required. Perhaps 
no less could be expected of a group that until a few 
weeks earlier had considered itself to be leading the way 
to the first orbiting radar system. 

The review group argued that "the use of a wide-band 
link for the retrieval of synthetic array radar data cannot 
be fully evaluated from the Quill experiment. Negative 
results will not be conclusive since the link was not 
engineered for this application. Positive results will not 
be conclusive since the quality of the Quill data is not 
representative of a high-quality radar." And elsewhere: 
"Since much better mapping performance than the Quill 
radar will provide is technically possible, this program will 
not fully evaluate the potential of orbital radar for high
quality terrain mapping." The group concluded rather 
tepidly, that at its least the experiment would determine 
the cause of "catastrophic failures."30 

The first two recommendations of the report concerned 
work by the associate contractor supporting the project 
intended to define the sources offinal image degradation. 
The reviewers urged that data be continually updated 
throughout the program with equal consideration for 
data retrieval from the capsule and via the wide-band 
data link, and to post-flight analysis of the final map 
product. Bradburn agreed that the researchers should 
devise both analysis and evaluation plans to satisfy the 
recommendations. But he did not accept uncritically a 
recommendation focused on the secondary objectives of 
the mission. The Aerospace team felt that consideration 
should be given to flying Quill in a lower orbit (which 
would nominally improve the signal-to-noise ratio) and in 
a synchronous orbit (which would permit Quill to overfly 
the same target on successive days). While the planned 
orbit seemed to satisfy the primary objective of the 
experiment the team felt it "marginal for the purposes of 
the secondary objectives." 

Pointing out that a lower orbit would decrease the swath 
width and the payload operating times and thereby 
decrease the probability of seeing the resolution targets, 
Bradburn's people argued that "marginal enhancement" 
was not a sufficient justification for changing vehicle 
altitude. If the first flight were successful, lower flight 
altitude would be considered for follow-on flights. 
Synchronous orbits had been considered early in the 

program, but the necessary orbit adjust capability 
had been discarded because it ran counter to Quill's 
"minimum modifications" policy. Bradburn felt that gains 
from overflying selected targets on successive days were 
not worth the extra effort-and cost-of incorporating 
orbit adjust capability in the Agena. 

The committee's report took note of several problem 
areas already well known to Bradburn and the contractors 
as a result of qualification and acceptance testing. They 
included, among others, "thumping" in the transmitter
modulator, continued cracking of the potting compound 
after repeated temperature cycling, and cathode ray 
tube spot sensitivity to vibration effects. The reviewers 
also expressed concern that antenna testing had not 
been sufficiently intensive, urging comprehensive 
tests to verify the characteristics of an antenna they 
characterized as an advance in the state-of-the-art 
(because of its size and its required precision). On the 
whole however, the acceptance and qualification testing 
program received approbation. The review team noted 
that system testers "appeared to be capable of giving 
the subsystems a thorough checkout; the schedule 
of retesting after major environmental tests was very 
good." But program reviewers also recommended that 
the associate contractor supporting the project prepare 
a system error budget to insure that tolerance margins 
did not become excessive, with a resulting degradation 
in payload performance. 

In the end, the review team concluded that "no 
individual factor was uncovered which can be expected 
to prevent accomplishment of the primary objective of 
the Quill program." There were the usual injunctions 
urging continued diligent system engineering, analysis, 
and testing. The only significant remark in that category 
proposed "closer control of overall performance criteria 
to eliminate the possibility of either over-specifying 
or under-specifying subsystem requirements." The 
committee also felt that the three principal contractors 
insufficiently appreciated the problems of interfacing 
such subsystems as attitude control, data link, and the 
antenna. 

But on the whole the review had to be considered 
approbatory of program conduct.31 Comprising some 
33 recommendations attended by lengthy comments, 
the report was submitted to General Greer, after which 
the program office and the main contractors spent much 
of May and June in responding by both comment and 
action. 

In the meantime, Bradburn was more concerned with 
troublesome failures of the transmitter-modulator boxes 
in temperature-altitude simulation tests. During late 
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March and early April, the first such complete test had 
been interrupted by power supply failure-blamed on a 
faulty capacitor-and transmitter-modulator breakdown 
in altitude tests (charged to poor circuit design). After 
circuit redesign, a second altitude-temperature test 
of the complete payload, began on 6 May. Results 
were reversed. The transmitter passed altitude testing 
but during the sea-level run the klystron failed. After 
reviewing test status, Bradburn concluded late in May 
that 29 August 1964 was the earliest possible launch 
date and that the next series of environmental tests was 
likely to uncover more difficulties. He recommended that 
29 August become the new launch date target, but that 
the program office be prepared to accept further delays.32 

In June the potting problem drew new attention. 
Lockheed had reported to Bradburn in late May that 
Goodyear had no written procedures or quality control 
for potting procedures. Bradburn's response was to 
notify Goodyear that he wanted standards written and 
also to instruct the radar contractor to build eight of 
each potted item, to test all eight, dissect three, and if 
all three were good, to pass the remaining five. Although 
the remaining difficulties seemed relatively small, the 
schedule of manufacturing and acceptance testing had 
been irreparably affected; in July it was necessary to 
specify an additional two-week delay in the scheduled 
first launch. Goodyear's hardware delivery problems 
were the principal cause of the slippage.33 

One of the important residual uncertainties of 
component interface compatibility was resolved by 
late July. In a series of tests at its Santa Cruz facility, 
Lockheed ran comparison tests of a parabolic antenna 
and the flight antenna, both aimed at a corner reflector 
four and a half miles distant. Test criteria was to 
compare pulse transmitted and received through the 
horn or parabola with the pulse through array in order 
to measure distortion of radar pulse caused by the flight 
antenna. The third objective was to measure system 
range resolution. Results demonstrated that the flight 
antenna was compatible with the basic radar generator, 
the antenna did not cause pulse distortion, and range 
resolution (with a corner reflector as a target) was better 
than 25 feet 

For all that reassuring news, the program incurred 
another schedule slip. Pulse-forming network redesign 
problems and klystron and plate choke potting failures in 
the transmitter-modulator forced a rescheduling of first 
launch to 24 October.34 Then on 8 September, one of 
the klystrons in the transmitter-modulator failed during 
an altitude-temperature simulation checkout experiment 
After replacement of the damaged elements, testing was 
resumed. Further component failures in the transmitter-
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modulator elements early in October forced Bradburn 
(now a Lieutenant Colonel) to postpone the scheduled 
first launch once again, this time to mid-November. In 
order to verify confidence in the reliability of the first 
flight-qualified payload, he insisted on exposing the 
complete unit to five hours of simulated operations at the 
temperatures and pressures that would be encountered 
during the mission. That represented about ten times 
as much operation as the equipment would be required 
to produce during its initial flight, but Bradburn was 
convinced that nothing less than a "thoroughly run-in but 
not worn-out" approach would satisfactorily demonstrate 
the reliability of the troublesome components.35 

Goodyear was unable to promise delivery of a test
qualified transmitter-modulator unit before the last week 
of November, unexpected problems developed in final 
tests of the film drive unit of an orbital recording camera, 
and confidence in the design validity of the potted, 
shielded boxes earlier adopted to prevent high-voltage 
arcing was rapidly diminishing. (In November, Goodyear 
began the development of a backup design which 
discarded the shielding.) Although none of the problems 
were basic, all contributed to delay of delivery and testing 
schedules. A December first launch seemed achievable if 
technical readiness was the only criterion, but the classic 
problem of seasonal holidays introduced new scheduling 
complications. By mid-November, Bradburn was juggling 
holiday schedules, environmental test schedules, 
and launch pad (and satellite operations capability) 
availability in an effort to decide when a launch should be 
attempted. If Goodyear successfully completed altitude
temperature tests of the critical transmitter-modulator 
unit on 28 November as promised, launch could be 
attempted by 19 December-the last possible date 
for starting the mission without encountering holiday 
workload problems that might not succumb to a mere 
program manager's determination. After confirming his 
judgment in a meeting with Bradburn decided to 
push for a mid-December launch-which meant pressing 
Goodyear to complete the last of the environmental tests 
on or as close as possible to the critical 28 November 
deadline. 36 And he had another problem: although the 
essential validity of program funding remained intact, 
the recurrent delays in initial launch meant that both 
Goodyear and Lockheed were spending money that had 
originally been allocated to post-first-launch development 
and testing activities. (Lockheed calculated the amount 
expended in unprogrammed work in the period between 
the originally scheduled March 1964 launch date and the 
end of November 1964.)37 

Late November and early December were thoroughly 
cluttered with technical and administrative problems 
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that ranged from the absurd to the critical. Many months 
earlier, Bradburn had arranged matters so that no sudden 
influx of Goodyear people at Sunnyvale, Vandenberg, 
and the tracking stations would alert unwitting people to 
the imminence of an orbiting radar experiment, and in the 
event matters proceeded more or less as planned.ttttt 
But there was late pressure to put Quill products in the 
Talent-Keyhole category, which meant making them 
available to a great many people who had been excluded 
from any knowledge of the NRO's plan to fly a radar 
satellite, and Bradburn had to divert his attention from 
technical to security matters, at least briefly, to prevent a 
breakdown of the original scheme.38 

The transmitter-modulator tests finally were completed 
successfully on 2 December, resolving the chief 
remaining uncertainty of Quill qualification. Delayed 
delivery of Philco-produced data-link equipment to 
the Vandenberg tracking station briefly threatened 
postponement of launch pad system checkout, but by 5 
December that too was settled happily. (Actually, several 
items of critical equipment were delayed in delivery, but 
Goodyear's transmitter-modulator was the pacing item 
through the last three months of pre-launch testing.) 
The last really troublesome issue revolved around the 
preposterous question of the high-temperature behavior 
of that common household item called Mystic tape-and 
for a time it threatened to delay the launch once again. 

"The Mystic Tape Problem" had its origin in the 
temperature sensitivities of the main batteries in the 
Agena. In the wake of several battery failures and 
real failures in Agena flights earlier in 1964, Lockheed 
engineers had narrowed the allowable launch window 
for Agena-payload missions (thus changing the sun 
exposure characteristics of standard missions) and had 
redesigned the external paint pattern of the spacecraft. 
Black paint was applied to those portions of the vehicle 
where heat absorbance was desired, and reflective 
material elsewhere. The reflective material selected 
was adhesive-backed aluminum tape-Mystic tape. It 
covered 104 of the 255 square feet of the outer surface 
of the Agena's forward equipment compartment. Two 
weeks before the now-scheduled 21 December launch 
of Quill, a Vandenberg technician placed one of the 

ttttt The arrangement was that Goodyear people visiting Sunnyvale 
would wear Lockheed identification badges and describe themselves as 
self-employed consultants to Lockheed if questioned about their status. At 
Vandenberg and the tracking stations they were given credentials identifying 
them as consultants to the Air Force, no corporate affiliation being specified. 
Because friends and families were not permitted to know that airborne radar 
specialists were involved with space programs, various cover plans had to be 
devised that would conceal the whereabouts of engineers who while actually 
visiting one of the space stations was nominally somewhere else. It would 
be interesting lo learn how successful Goodyear people were in convincing 
spouses that their frequent out-of-touch trips were as innocent as represented 
tobe. 

Mystic-taped removable panels of the Agena under 
a heat lamp. It blistered. Although the manufacturer 
guaranteed that the tape would adhere to external areas 
where temperatures would not exceed 750 degrees 
(Fahrenheit), materials specialists at Vandenberg 
quickly determined that molecular outgassing in a low
pressure environment would cause blisters to form on 
the underside of a tape at temperatures of only 300 
degrees. When blisters became large enough to extend 
to the edge of a piece of tape, the trapped gas escaped 
and the tape collapsed, reattaching itself to the surface
unless the blister reached the forward edge of the tape 
while there was a forceful airflow along that edge. In 
that case, it could conceivably fold back and tear away 
in the airstream. If enough tape broke away, battery 
overheating could result and mission success would be 
imperiled. It was a classic horseshoe nail phenomenon. 
Happily, the vulnerability came to light before launch 
rather than in a post mortem. Launch base personnel 
were instructed to tuck the tape over the leading edges 
of all removable panels and to cover with stainless steel 
strap all those edges where there were no removable 
panels. Extensive tests confirmed that the reflectance 
properties of the thermal control surfaces would remain 
within required tolerances if that precaution were taken.39 

Simulated launch and flight tests and other compatibility 
tests at Vandenberg during the first half of December 
uncovered only a few minor glitches-a defective 
bearing in the film supply spool in the recorder, transients 
in one of the power supply units among them-but 
these were readily fixed and no significant malfunctions 
were detected in the integrated satellite system. The 
completion of the countdown, launch-minus-three-days 
checks, and the horizontal simulated flight operation 
completely revalidated flight vehicles and payload. The 
only exception to a complete functional check was radar 
transmission through the flight antenna, which had been 
validated in earlier testing. Every other payload function 
was exercised in the final flight configuration. 

On 19 December the gantry was removed, and 
because rain was falling, a protective polyethylene cover 
was placed over the forward (payload) sections of the 
Agena. High winds during that night caused the cover to 
repeatedly slap against the newly-taped surfaces. When 
the gantry was repositioned the day before scheduled 
launch and the "protective covering" removed, launch 
personnel discovered that most of the normally shiny 
aluminum tape surface had been degraded to a dull, and 
in some areas, almost black finish. Additionally, finely 
divided aluminum had been transferred to adjacent 
painted surfaces. Happily, Lockheed's optical surface 
comparator was still in the gantry, so new measurements 
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could be taken at once. Less happily, the measurements 
indicated that the solar absorptivity of Mystic tape 
surfaces on the cylindrical sections of the vehicle had 
been increased by as much as 300 percent! Tape on the 
conical section had not been unacceptably degraded. 
But clearly large sections of tape would have to be 
replaced and painted surfaces cleaned. 

Beginning with the surfaces most critical to battery 
temperatures, technicians replaced approximately 75 
percent of the earlier installed on removable panels 
and cleaned the painted surfaces with distilled water 
and a mild abrasive soap. Ten hours before scheduled 
launch, the rework was completed and the gantry was 
removed. All but about 15 square feet of the degraded 
tape had been replaced, but as a further insurance 
measure the normal two-to-four-hour launch window 
was reduced to 48 minutes at midday, thus lessening the 
time during which the reflective sections were exposed 
to direct solar radiation.40 

On 21 December 1964 at 11 :09 Pacific time, Quill vehicle 
2355 was launched from Vandenberg Air Force Base and 
injected into an orbit of 70.1 degrees inclination with an 
89.4 minute period. All subsystems functioned properly. 
Tracking station personnel verified the operability of the 
data-link equipment during Quill's seventh orbit and on 
the next passes over New Hampshire and Vandenberg 
radar mapping was attempted. All were successful. 
Diagnostic telemetry returns indicated correct functioning 
of all payload components. Both stations recorded video 
information. Operator's displays showed the expected 
patterns. Ground recording equipment operated by 
project scientists showed the radar transmission to be 
radiating strong signals. The lead research scientist 
reported to Bradburn that a quick look at readout data 
from pass eight on a projector showed successful 
ground painting. A reconnaissance aircraft scheduled to 
photograph the "painted" ground swath was unable to fly 
because of poor weather in New England, but otherwise 
all went perfectly. Recovery was planned for 22 or 23 
December, the final decision hinging on the higher 
priority of a Corona capsule also scheduled for recovery 
on one of those days. 

Reports from the Quill command post at Sunnyvale 
on 22 December indicated continued mission success. 
The lead research scientist reported that data read out 
from pass eight, which at first seemed to be severely 
degraded, were susceptible of improvement if the 
correlator were refocused by hand. He also told Bradburn 
that the receivers had captured a successful wide-band 
recording of transmitted radar pulses confirming proper 
phase and amplitude characteristics and that a mobile 
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narrow-band recorder positioned at the research facility 
had verified the correct functioning of the antenna.41 

The payload continued to operate nominally through 
orbit using 316 feet of film. Reporting to Greer on 
subsystem activities, Bradburn indicated that radar 
frequency power output and high voltage were well 
within predicted limits. Minor engine chamber pressure 
fluctuations during boost thus far represented the only
mission anomaly, although heavy cloud cover was 
causing some slightly out-of-specification roll excursions 
when the horizon sensors were turned on. (The horizon 
sensors, providing long-term pitch and roll stabilization 
for the vehicle, were not used during radar operation. 
Their response to cold clouds could conceivably cause 
instabilities which could lead to serious degradation of 
azimuth resolution.) 

A second attempt to photograph terrain as it was 
being viewed by radar ended in another weather
induced flight abort of the assigned aircraft, but satellite 
operations continued to be flawless. When Corona flight 
controllers decided to continue their change in orbit until 
23 December, Bradburn ordered Quill recovery to be 
conducted one day earlier.42 

As with the balance of the mission, capsule recovery 
was routine. After retrieval and despooling, the film 
was dispatched to the special processing laboratory at 
Westover, arriving during the morning of 24 December 
1964. 

Quill's radar system was operated for a total of 14 
passes over the continental United States between 
22 December and 26 December. Thereafter electrical 
power and stabilization gas exhaustion prevented 
further experimentation and the Agena was deliberately 
destabilized for destructive reentry. It reentered over the 
South Atlantic on the morning of 11 January.43 

As General Greer later wrote, 'The flight of the satellite 
when it came in December 1964 was almost anti
climatic. So close was the system performance to that 
determined in tests, so nominal was the operation, so 
professional was the handling of the satellite by the 
Satellite Control Facility, (that) a participant had to remind 
himself that this was not just another rehearsal ... The 
result was a 100 percent successful mission in quality 
and duration."44 What remained was to evaluate the Quill 
take and to determine the immediate future of satellite
borne radar systems. 

On 5 January 1965, Bradburn and the chief contractor 
project managers presented a P-40 "Quick Look" 
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briefing in Washington.+++++ The primary objectives of the 
mission had been fully satisfied. Initial evaluation of final 
map quality, using recovered data film revealed azimuth 
resolution at 10 to 15 feet and ground range at 60 feet, 
far exceeded the project's resolution requirement of 100 
feet or better. There had been no vehicle or payload 
system malfunctions of any significance. 

Bradburn proposed postponing the launch of the second 
Quill vehicle until the several contractors could complete 
an intensive engineering evaluation, a process that 
would take almost six weeks. Decisions on whether or 
how to operate the second and third flight systems could 
be made on the strength of the initial analysis although a 
comprehensive engineering analysis would last for three 
months. McMillan promptly approved both proposals. 

Final reports on the first Quill mission involved a 
quantity of material available for analysis in addition 
to the radar maps: telemetry records indicating 
vehicle attitude and radar performance, engineering 
specifications and preflight test results on equipment, 
computer best-fit orbit and attitude history, weather data, 
ground measurement of azimuth beam pattern, one-way 
pulse recordings, results from the corner reflector layout 
at the post-flight aerial photographs of target area, and 
radar maps of target areas taken with the airborne radar 
equipment. One of the most critical post-flight evaluation 
reports was that prepared by the associate contractor 
supporting the project, indicating the extent to which 
Quill's primary and secondary goals had been met. 
Responsible for preparing "the highest possible" final 
radar maps from both recovery and readout data, the 
organization's researchers measured range and azimuth 
resolutions and estimated system dynamic ranges. That 
analysis revealed the relationship of measured results to 
the radar design and performance parameters of Quill, 
propagation conditions, vehicle behavior, and data link 
performance. 

The audience in the Pentagon on 5 January was able 
to view samples of the Quill output maps in the form 
of photographic prints and negative transparencies. 
Three different sets of maps were displayed. First, were 
maps made from the recovered data film, then maps 
reconstituted from tracking station photographs of the 
signals from a wide band data link, and finally maps made 
by playback of magnetic tapes of the data link signals. 
The recovered film provided the highest quality maps, 
and the magnetic tape playback data the poorest
because both data link and tape recorder signal losses 

HH+ With Bradburn were representatives from Lockheed, Goodyear, and 
the associate contractor supporting the project 

were involved. But all were "good."§§§§§ Bradburn was 
voluble in his praise of the rapidity and excellence of 
processing of recorded and recovered materials. 

Although there was little explicit discussion of when, or 
if, another Quill mission would be flown, neither Greer 
nor Bradburn saw any need for one. Results had so 
thoroughly exceeded reasonable expectations that there 
seemed no justification for collecting additional data.44 

Nevertheless, until a decision was announced the 
program office continued to study modifications that might 
improve the quality of returns from a later Quill mission. 
Quill contractors urged that a second experimental 
flight carrying modified equipment be attempted in 
September 1965. Bradburn thought the probable gain 
too slight to justify the cost-and so advised Greer. On 
11 February, Greer told McMillan that the feasibility of 
radar reconnaissance had been "amply demonstrated" 
and that additional launches should not be scheduled 
until there was agreement on "desired operational use." 
He endorsed Bradburn's recommendation that Quill 
be closed out with the final reports due in April and 
that hardware be put in storage to include the vehicle 
equipment at Lockheed and all black radar hardware 
and ground equipment at Goodyear. Any decision to 
reactivate equipment for a second launch would require 
a minimum of nine months lead time, but Greer felt this 
break in the continuity of the project was justified in view 
of the "thorough evaluation" that would be given to the 
first Quill's returns in the meantime. 

Greer carefully refrained from advocating the termination 
of satellite radar studies, but he argued that Quill data 
made it feasible to proceed using aircraft and ground 
tests, laboratory experiments, and other non-specialized 
satellites. "We have provided a good basis for further 
exploration of an operational system. This work should 
proceed when the conclusions of your evaluation 
committee are available," he told McMillan, who agreed. 

Although Quill hardware was destined for storage, 
either permanently or temporarily, and plans for 
additional launches of the original Quill-configuration 
satellites had all but been cancelled, there still 
remained the original issue of whether radar satellite 
bomb-damage assessment or crisis management 
systems should be developed and deployed. And still 
to be formally assessed by intelligence specialists was 
what the Quill experiment had contributed to a better 

§§§§§ All radar imagery was impressive, pictures of Phoenix, Chicago, and 
Richmond (Virginia) being particularly interesting for the detail they contained. 
Barges, ships, and railroad trains were readily identifiable through cloud cover, 
fog, and rainstorms. So were fine geographical details: hills, dams, streams, 
highways, islands . 
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understanding of both requirements and technology. 
Brigadier General James T. Stewart, who succeeded 
Brigadier General John L. Martin as chief of the NRO 
staff, had suggested in October 1964 that a formal 
evaluation team be immediately organized to determine 
means of "maximizing the knowledge gained from the 
Quill feasibility demonstration." At that point Bradburn 
and Greer were much more concerned with resolving 
equipment qualification problems than with planning 
for the evaluation of results that might or might not 
be returned by the first-or the second or third-Quill 
mission. Stewart wanted to schedule-and organize-a 
full-scale operational utility analysis. Greer, in the 
circumstances, urged that "we should avoid fanfare 
over this effort," that Quill as a system had absolutely 
no known operational utility or adaptability and should 
continue to be treated as an R&D project, and that the 
NRO should wait " . until after we have recovered 
and reconstituted something worth evaluating from 
an intelligence viewpoint " before setting afoot any 
elaborate evaluation effort. It was all consistent with 
his position on Gambit and reflected the pragmatism 
of experience with the wholly unsuccessful Samos E-5 
and Samos E-6 systems, only recently cancelled. Greer 
convinced Stewart, and the matter dropped from sight 
for several months.47 

Owing in part to the increasing acrimony of CIA-NRO 
relationships in the early months of 1965,ffllfflMl evaluation 
of Quill findings remained somewhat fragmented until 
April, being mostly confined to participating contractors 
and to informal review by various intelligence community 
personnel specified by the USIB's Committee on 
Overhead Reconnaissance. Bradburn, briefing senior 
CIA reconnaissance people early in March, explained 
the limited circulation of Quill's radar imagery (the 
National Photographic Interpretation Center had not 
yet been authorized to view the product) in terms of 
constraints imposed from USIB. He was advised by Dr. 
A. D. Wheelon, the CIA's Deputy Director for Science 
and Technology, that" ... earlier CIA reservations were 
mainly procedural, and [that] there had been no intent to 
delay the evaluation," -following which an Ad Hoc Quill 
Intelligence Evaluation Team actually was formed. It met 
first in April, including representatives of the Defense 
Intelligence Agency and the several military services 
as well as CIA, NRO, and NPIC (which provided the 
chairman).48 

Between April and June 1965 there was detailed 
consideration of a proposal for" ... modifying the existing 
Quill system in storage to provide range resolution 
comparable to azimuth resolution ... for a Quill mission 

1fflfflr,J See Volume V pages 180 et seq in original. 
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over the USSR using the capsule recovery technique 
only," but like the several similar proposals of the early 
1960s, it eventually fizzled into nothingness. Goodyear 
was convinced that Quill equipment could be modified 
to produce a slant-range resolution of about 25 feet but 
nobody in authority seemed to be much interested.49 

The SAC was the chief prospective customer and all 
the earlier reasons for avoiding the use of satellite radar 
over the Soviet Union weighed against SAC urgings. A 
special USIB committee that looked into requirements 
in 1967 emphasized again that quite apart from rather 
demanding technology," . possibly an even more critical 
disadvantage of side-looking radar is that it actively 
transmits electronic pulses which will be detected and 
which might well become the basis for diplomatic protests 
of such serious nature that U.S. policy makers would 
deny permission to employ the system in peacetime." 
Given that the acquisition of basic radar data needed 
for the long-term support of post-strike, bomb-damage 
assessment operations "would require many missions 
and much activity ... " there seemed little doubt that 
"protests would probably not be long in coming."50 

The prospective costs of creating a radar satellite 
network for possible use in crisis management 
operations served as a deterrent to the approval of 
a formal operational requirement for such a system. 
It was impossible to evade the realization that a large 
complex of interlinked ground stations supporting a 
veritable fleet of satellites was necessary to perform the 
sort of daily coverage, near-real-time readout that crisis 
management required. Further, if crisis reconnaissance 
were to be an assignment of a radar satellite contingent, 
a comprehensive data base on "relevant installations" 
would have to be prepared and maintained "on a 
current basis," in the words of a COMOR (Committee 
on Overhead Reconnaissance) report assembled only 
months after Quill results first became available. That, 
of course, implied a requirement for peacetime overflight 
of denied areas by active radar satellites, and the 
fundamental policy objections to that sort of operation 
changed little during the 1960s. 51 

The basic attribute of side-looking radar that made it 
attractive was its synthetic aperture mode-but that 
also represented its principal shortcoming. Side-looking 
radar had a limited ground swath which could not be 
effectively broadened without compromising weight, 
power, and antenna-size factors. The system had limited 
fore and aft viewing capability and an inevitable blind 
spot directly below the carrier vehicle, the consequence 
of having to "look" at an oblique angle in order to obtain 
range resolution. In its 1967 study (published in 1968), 
USIB estimated that continuous coverage from an 
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altitude of 200 nautical miles would require "in excess 
of 32,000 vehicles ... on orbit simultaneously"-which 
also suggested that rather a large number of readout 
installations might be needed to exploit the potential of 
32,000 satellites. Raising operating altitudes reduced 
the numbers needed to about 6500 but imposed 
requirements from 10 to 1000 times the radiated power 
required for reconnaissance from 200 miles, power 
being dependent on the physical aperture of the antenna 
system. Because synthetic aperture radar relied wholly 
on antenna motion for its azimuth effectiveness, side
looking radar could not be adapted to operate from 
synchronous-orbit vehicles.52 Quill had worked, and 
worked almost precisely as planned. But that radar could 
be effectively operated from orbit remained only one 
aspect of a complex problem that involved requirements, 
applications, technology, international politics, and 
needs for vast funds. It was particularly interesting that 
the feasibility demonstration finally cost roughly less than 
half what Bradburn had estimated when first confronted 
with the project, but that an operational system would 
surely have cost billions. (The difference would have 
been expended had two more missions been flown of 
course.) It was also interesting that the "Phase Alpha" 
research and development project conducted in concert 
with Quill tended, by 1965, to look more and more like a 
sophisticated Quill. When taxed with the NRO's apparent 
lack of interest in exploiting the capabilities of orbiting 
radar, Dr. A.H. Flax, McMillan's successor as Director of 
the National Reconnaissance Office, wanted first to cite 
the "Phase Alpha" work and its follow-on as evidence of 
a continuing NRO investment in radar satellite research 
and development, and then-if the issue were pressed
to point at Quill as evidence that the fundamental 
feasibility work had been very successfully conducted 
and to suggest that requirements, technology, funds, 
and politics were problems that should be effectively 
addressed before new experiments were undertaken.53 

The Quill program had been designed to provide data 
that would permit evaluation of the technical feasibility 
of employing what Greer called "this valuable new 
military instrument for the furtherance of national policy." 
Although initial plans had assumed that the relevant data 
could be obtained by 1965, they had also assumed that 
three to five missions would be needed to provide the 
information. In the event, the first mission was delayed by 
seven months, but no additional missions were needed 
and the derived data were "of even better quality than 
had been expected from the most optimistic estimates." 
The best estimate of the cost of obtaining those data 
was estimated; the result was obtained for about two 
thirds of the estimate, and should further flights have 
proved advisable for any reason, fully flight qualified 

hardware was available. (Some of the findings were 
passed to NASA for use in lunar exploration programs 
and the hardware was as readily convertible to NASA 
applications as was the much heralded lunar survey 
camera system derived from the Sa mos E-I experience.) 

In Bradburn's view, the spectacular success of the 
effort was in considerable part a result of the special 
circumstances under which it had been conducted
tight security being a principal element of those 
circumstances. Pressures for information, advice, and 
participation by the many agencies interested in radar 
satellites would have incredibly complicated what had 
been a very difficult development program. In a final 
meeting with several of the project participants, Bradburn 
also attributed program success to "individual efforts 
by individual people, each ... a specialist in his area." 
And he skirted the treacherous path that stemmed from 
the all-too-common misapprehension that a successful 
development team and a successful development 
approach could be channeled fundamentally unchanged, 
into some new and different problem. Proposals for 
program continuance and for new experiments with 
modified Quill equipment still were current when 
Bradburn closed out the last of the Quill tasks, the final 
reports. Neither he nor Greer-nor Greer's successors
ever gave them serious consideration. 54 

Notwithstanding, the general reluctance of senior 
American officials to approve the development of 
operational radar satellites and the continuing premise 
that active radar surveillance might be politically 
unacceptable to the Soviet Union, that nation in 1968 
began its own radar satellite development program and 
by 1971 had operational vehicles in orbit. They were 
generally similar to Quill in configuration employing 
synthetic-aperture radar and relying on readout for data 
retrieval. (They entered semi-equatorial rather than polar 
orbits, however.) But the Soviet satellites were-at least 
ostensibly-designed and used for ocean surveillance, 
for spotting and tracking ships and fleet movements. The 
radar seemed to be low resolution in character. Thus they 
did not violate the principles honored by American policy 
makers; operation over non-Soviet-bloc landmasses 
was not attempted. Nonetheless, the apparent capability 
of the Soviet ocean surveillance satellites to perform 
some level of bomb damage assessment, or even for 
low-grade crisis management assignments, could not be 
disguised. It was real enough. 

... (footnote continued from p. 10) The arguments against active radar 
surveillance of the Soviet Union fell into two categories, One had to do 
with the premise that nobody could object to surveillance if there were no 
demonstrable evidence of it Because photography was wholly passive, there 
was (in theory) no way of providing incontrovertible evidence that surveillance 
was in progress-unless, of course, the owner of the reconnaissance vehicle 
acknowledged what he was doing, or somehow physical evidence of the 
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activity fell into unfriendly hands. Putting the entire reconnaissance satellite 
program behind dense security barriers late in 1960 effectively precluded the 
first of those circumstances; the United States neither denied nor confirmed 
that it was flying reconnaissance satellites over Russia, although that intention 
had been loudly proclaimed on several occasions between 1958 and 1960. 
The possibility that the Russians might somehow recover a camera-equipped 
U.S. satellite or enough of one to prove that it was a reconnaissance vehicle, 
had worried program managers since the first Corona launch in June 1959. 
Precautions against inadvertent descent of either capsules or camera sections 
within reach of Soviet recovery forces were extensive, and for several years 
they were believed to be effective. At least once in Corona experience, however, 
a largely intact capsule left a decay orbit and survived random reentry, and late 
in the 1960s sizeable shards of a Gambit mirror plus various bits and pieces 
of its electronic subsystems survived atmospheric reentry and were recovered 
in England. Enough capsules and orbital vehicles went astray in the 1960s 
to support reasonable speculation that some could have fallen into Russian 
hands-but nothing was ever said by the Soviets to suggest that had happened. 

By its very nature, however, a radar satellite radiated recordable evidence 
of its purpose. That evidence might be sufficient to support a demand for 
a cessation of satellite overflight operations should the Soviet Union
or any other nation-make an issue of the matter: thus the reluctance to 
consider use of radar reconnaissance in satellite overflight of denied areas. 

But there was another reason for such caution. Photographic satellites of 
the early 1960s were incapable of providing near-real-time information. They 
were superb instruments for doing targeting for technical intelligence, for force 
structure evaluation, and for various other tasks with military significance. 
But only a radar satellite could conceivably do wide-swath bomb damage 
assessment without concern for season, cloud cover, or lime of day. As 
no radar satellite could provide the detail of photography, it followed, then, 
that one substantial justification for operating a radar satellite of 1963 
vintage (limited in definition and resolution) could be to have something 
in position for immediate bomb damage assessment-which (according 
to the reasoning then current) could be interpreted to mean that a surprise 
nuclear strike was imminent. It was highly unlikely that any American 
president would order a preemptive nuclear attack solely on the strength of 
information that the Soviets were operating a radar satellite, but there was no 
such confidence in Soviet reactions were the United States to do as much. 

There were other reasons for restricting on-orbit radar operations to the limits 
of the continental United States, the desire to keep the capability secret being 
one, but in the councils of Washington, uncertainty about Soviet reaction was 
the principal cause of caution. 
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SECTION I - QUILL: THE FIRST IMAGING RADAR SATELLITE 25 

INTRODUCTION 

In December 1964, the NRO launched a satellite called "Quill" that successfully demonstrated electonic imaging of 
the Earth using a synthetic aperture radar in outer space. How this test demonstration came about, its novel results, 
and what became of the work are ably described in the pages that follow. Dr. Robert Butterworth has incorporated the 
findings of extensive documentary research with interviews and oral histories. The result is a highly readable account of 
how SAR revolutionary technology first came to operate in space. 
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PREFACE 

Quill was the world's first imaging radar satellite, launched by the National Reconnaissance Office (NRO) as an 
experiment in 1964. The NRO was young then-only three years old, in fact, when Quill's development got under way. 
But several dominant traits were already apparent: dedication to developing very advanced technology, aversion to 
bureaucratic management, and irresolution in the face of competing military and national intelligence needs. 

I found pieces of this story while working for the NRO's former History Office and the IMINT directorate-a project that 
was aided by scores of people and dozens of organizations. Particularly important information about Quill came from 
interviews with its Air Force program manager, Maj. Gen. David D. Bradburn USAF (Ret), the program manager who 
built the radar system at Goodyear Aerospace Corporation, and an expert in Doppler data processing. 

I could not have completed this work without superb research assistance and incomparable administrative support 
including the review of the manuscript in draft and the design and copyediting of several versions of the manuscript. 

This work began under the direction of R. Cargill Hall, NRO Historian and contractor during 1998-2003. Hall proved a 
rare, steady helmsman in the temperament-tossed seas of research and writing. With this monograph he very nearly 
had a piece of NRO program history coming out of work commissioned and published on his watch. We were too slow 
for that, and must settle instead for being printed as part of his significant legacy. 

Robert L. Butterworth 
Chantilly, Virginia 
December 2004 
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SECTION I - QUILL: THE FIRST IMAGING RADAR SATELLITE 

RADAR EYES 

Military satellite work in the U.S. sputtered through the 
1950s until the Soviet Union launched Sputnik in October 
1957. Soon thereafter, articles in the trade press talked 
about an Air Force contract with Lockheed for "WS-
117L" Earth reconnaissance satellites (some called 
"Pied Piper") that "would carry television, photographic 
cameras, [and] infra-red spotter or radar scanner 
systems."1 A later article made further reference to 
payloads: "probably no single Pied Piper reconnaissance 
vehicle will incorporate more than one type of sensor 
for mapping-optical, infrared, or radar-because of 
payload restrictions and complexity of multiple scanning 
systems."2 A 1958 advertisement (Figure 1) predicted 
that these satellites would "see" in various ways and that 
some would have "radar eyes."3 

Those eyes would see using a focused synthetic 
aperture radar (SAR), which hit public attention on 
20 April 1960, when the U.S. Army unveiled pictures 
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of American cities taken at night and through clouds 
(Figure 2) with its new SAR system mounted in a small 
airplane.4 This new technology made it feasible that 
radar could be used for reconnaissance from satellites, 
because unlike real-aperture side-looking airborne radar 
(SLAR), smaller antennas actually improved resolution, 
and distance from the target was effectively irrelevant.5 

At the same time, satellites appealed to SAR engineers 
as excellent platforms for their sensor.6 Unlike aircraft
whose bumps, slides, and twists through the air had to 
be measured and subtracted from the Doppler returns
satellites offered almost perfect stability. 

By the late 1950s, several research teams were studying 
the prospects for SAR imaging from very high or orbital 
altitudes. In 1959-60 the Air Force DynaSoar program 
funded two research teams to study how SAR might 
be used from a high-altitude stable platform; one team 
included employees from the Litchfield, Arizona facility of 
the Goodyear Aerospace Corporation, working together 
with engineers from the Glenn L. Martin company of 
Baltimore, Maryland.7 The Air Force continued its long-

Figura 1. Aviation Week advertisement, 8 September 1958, pp. 100-101. 
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standing interest in radar technology with contracts in 
1960 for the "Higasser" program, a classified effort to 
determine whether SAR images could be generated 
from very high orbits. Goodyear won a Higasser contract 
with one of their employees as project engineer; another 
research group did not win on Higasser, but a year 
later won a $1 million study in the "Logasser" program, 
which looked at SAR imaging at ranges of ten to 300 
miles. This proposal, and the research, was led by the 
research group's employee. The research team included 
the Lockheed Missiles and Space Company of the 
Lockheed Aircraft Corporation, Sunnyvale, California, 
as the antenna subcontractor. Altogether they began to 
work on defining and resolving the technical issues in 
obtaining fine SAR resolution at the Earth's surface. 

A summer exchange program in 1961 took the research 
group's employee to Sunnyvale to work with Lockheed 
on the early Samas satellite programs. While there, 
the employee gave some lectures on radar, was hired 
as a consultant to Lockheed, and became involved 
in exploring a business development idea for using 

Lockheed's launcher and satellite technology and the 
research group's radar imaging technology to build a 
SAR satellite. To build the radar itself, he recommended 
Goodyear as the best company. The employee had 
built an optical correlator used by one of Goodyear's 
earlier SAR products, the APS/AP-73,8 and had come 
to know the Litchfield Park engineers, who were even 
then working on design parameters for a space-based 
SAR, such as the relationships among pulse repetition 
frequency, antenna length, power requirements, and 
coverage. A radar expert became Goodyear's project 
engineer for the effort, and in the summer of 1961 he 
and another engineer visited Sunnyvale, learned about 
the project, and began planning how to build the radar. 

At that time Col. William G. King was deputy director 
of the new Special Projects (SP) staff in Los Angeles, 
which shortly would be constituted as Program A in 
the newly established National Reconnaissance Office 
(NRO). Program A worked closely with Lockheed on 
both satellites and launchers, and King headed a study 
group looking for new ways to use satellites for national 

i!i mtt":mrr!I lll 

Figure 2. The Washington Post on 20 April 1960 die played an early SAR image on its front page. 
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Figure 3. Left; Brig. Gen. William G. King, USAE; right: Maj. Gen. David D. Bradburn, USAF. 

reconnaissance. Sometime in the late fall of 1961, 
Goodyear's project engineer remembered, King's study 
group took up the possibility of launching a proof-of
concept SAR satellite.9 One of the group's members 
was Major David D. Bradburn. A West Point graduate in 
electrical engineering, Bradburn had joined the Air Force 
and spent most of the 1950s serving in the Air Research 
and Development Command, where he became 
aware of the ongoing work on side-looking and SAR 
systems.10 He entered the satellite world in 1957, when 
he transferred to Los Angeles to work on the WS-11 ?L 
program, and in 1961 he was serving in Program N.s 
SP-3 office, developing security plans and procedures. 

To assess the merits of a SAR satellite demonstration, 
Bradburn looked into the potential utility of a fully 
operational SAR satellite. After talking with officers of the 
Strategic Air Command (SAC), he concluded that a radar 
with about a 10-foot resolution would be useful for post
strike bomb damage assessment, particularly because it 
could respond quickly and not have to wait for clear skies 
and sunshine. Meanwhile, in January 1962, Goodyear 
began preliminary SAR design work under a contract 
with Program A. After several months this project had 
matured enough for King to propose the experiment to 

NRO Director Joseph V. Charyk, who approved it in mid
November 1962.11 Bradburn, chosen to direct the effort, 12 

summoned Goodyear's project engineer, Lockheed's 
satellite bus expert and antenna expert, the research 
group's employee, and a few others to a meeting in Los 
Angeles before Thanksgiving, without telling them the 
subject. It turned out to be the official start for the SAR 
satellite demonstration, now known by the classified 
name "P-40." The satellite itself received the codeword 
name "Quill." 

DESIGNING THE EXPERIMENT 

Proposals from industry were solicited and received in 
short order, and contracts structuring a tripartite industrial 
team (Figure 4) were awarded in November 1962. 
Lockheed's group at the Agena facilities in Sunnyvale 
was responsible for overall systems engineering and 
technical direction, together with the upper stage/satellite 
body and associated subsystems.13 The research group 
became an associate contractor responsible for design 
and evaluation of the experiment and for the optical 
correlator that would process radar data and produce 
images. Goodyear was responsible for the radar 
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payload and for working with the associate contractor 
in the design, test, and operation of the experiment 
The contract called for launching two identical ""' 1n•"'"'c 

designated 2355 and 2356, the first to go in April 1964. 
The payload for a third vehicle was to be prepared as 
well, but a booster was not identified for it 

Bradburn designed Quill as an experimenttightly focused 
on the question of orbital functionality. As Lockheed 
emphasized, "the primary objective of the orbital flight 
was to demonstrate that a fine-resolution radar strip 
map of a portion of the earth's surface can be generated 
through use of a satellite-borne synthetic aperture 
radar system. For the purpose of this demonstration a 
resolution goal of 50 feet in azimuth and in slant range 
was established."14 Secondary mission objectives 
included quantitative evaluations of the radar system 
performance (especially azimuth-direction behavior); 
determination of the limits imposed by payload design 
parameters, payload in-flight performance, vehicle 
attitude behavior, atmospheric conditions, and data link 
design and performance; and data collection on target 
field reflectivity, engineering parameters for aerospace 

Qull 
Source; Lockheed. 

radar system designs, and the capability of the ground 
recording equipment 

Quillwould not seek to develop new technology or become 
the basis for an operational program.15 In Bradburn's 
view, the orbital experiment intended to answer only 
two questions: whether the system could really integrate 
Doppler-shifted radar returns over a sufficiently long path 
in orbit to obtain the desired azimuthal resolution, and 
whether there was anything about the behavior of the 
atmosphere that might create noise in the system. He 
was determined to keep the experiment focused, so he 
sought to minimize technology development and to use 
proven equipment and procedures wherever possible.16 

Even so, significant errors could be introduced in several 
ways. There could be jitter in the transmitter's oscillator, 
for example, or erratic vehicle motion and errors in pitch, 
roll, or yaw as well as problems arising from incorrect 
beamwidth, atmospheric turbulence, receiver noise, 
and mechanical and chemical shortcomings in the data 
recording system.17 
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The radar itself, designated KP-n: was an AN/UPQ-
102 pulsed-Doppler system that Goodyear was then 
producing for RF-4C aircraft.18 The contract with Program 
A called for producing five KP-II radars, enough to 
provide replacements in case of launch or test failures, 
because the ways in which the space environment 
might affect the SAR were still unknown. For example, 
what was the barometric pressure inside the Agena 
launch vehicle-10- 3 millimeters of mercury, or 10-5 , or 
10-1 because of out-gassing? The differences could be 
significant to the operation of power-generating devices. 

The radar was stripped of unnecessary aerial 
subsystems (such as lateral motion compensation 
devices) and subjected to extensive reliability engi
neering, including testing and potting to control electrical 
discharge,t refinishing for environmental considerations, 
and x-ray examination of components. All the component 
boxes were instrumented with pressure sensors and 
mounted on special rubberized shock isolation mounts. 
Special wire was used with an insulating covering that 
promised little out-gassing, about which little was known 
in general. In keeping with the primary objective of the 
experiment-obtaining a terrain image from a SAR 
satellite-the overall system was simplified considerably 
and did not include capabilities that would be needed for 
operational systems. For example, there was no ability 
to select the terrain swath being imaged or to extend the 
length of the swath.19 

As a Doppler system, the radar had to transmit pulses 
often enough to reduce azimuthal ambiguities while 
allowing a proper interval between pulses to record the 
returned signals. The timing of the pause depended 
on range to the target, and this distance could not be 
known precisely. The Goodyear engineers knew that the 
antenna was to look down at a 55-degree angle, but they 
could not know the exact altitude of the satellite. Their 
solution was a specially designed circuit that continually 
monitored the pulse repetition frequency and adjusted 
it slightly. Had it been important for the mission, other 
solutions to the range issue surely could have been 
applied; but Bradburn said he really did not care about 
range resolution for Quill because it could be readily 
changed by shortening the pulses or other tinkering. 
"With Quill we just wanted enough energy on the target, 
we didn't care how long the pulse was, range resolution 
was not a parameter we cared about, we just cared 
about being able to do the processing trick to produce 

Goodyear designated its classified projects using the initial of the 
surname of its current president, who then was Tom Knowles. The orbital radar 
project thus became the "KP-II. 
t Goodyear employees had to experiment with potting techniques as a 
way to keep the transmitter operating in the unknown space environment. 
Essentially, the electrical component was placed in a cocoon of elastic rubber 
inside a metal container. A vacuum was created in an effort to let the rubber set 
without air pockets. All leads were grounded and had wire shielding. 
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synthetic aperture with [useful azimuthal resolution]."20 

Base frequencies for the system would be 9600 MHz for 
the transmitter carrier with a pulse repetition frequency 
of 8215 to 8735 Hz and an intermediate frequency of 70 
MHz. 

Another engineering challenge was thermal control, 
particularly for the klystron, the device that generated 
the high peak power needed to operate the radar.+ Most 
of the klystrons that Goodyear used for aircraft radars 
were air-cooled; for Quill, the engineers designed a 
heat sink. It was an aluminum plate about ten inches 
long and five inches high and painted with a special 
thermally conductive white paint. Several copper fingers 
were braised to its back. The plate bolted to the anode 
of the klystron, and heat was conducted through the 
copper fingers to another metal heat sink, which was 
placed next to the satellite skin so the heat could then be 
radiated into space. 

The mission was intended to last only 96 hours, with 
the radar operating no longer than five minutes per orbit, 
for no more than three orbits in succession, and for no 
more than 80 minutes altogether. Power was provided 
by three silver-zinc batteries, which determined the 
duration of the experiment; there was no provision for 
recharging them. 

The KP-II would be installed in the same Agena upper 
stage used as a satellite body for Corona (Figure 5). 
The Agena would be launched with an augmented 
Thor missile, constituting a flight-proven package of 
booster and upper stage that offered tolerable launch 
environments (thermal, sinusoidal vibration, random 
vibration, shock, acceleration, and pressure). The Agena 
also was expected to provide sufficient stability for the 
SAR on orbit (±0.4 degrees of attitude uncertainty and 
±.25 degrees limit cycle in pitch, yaw, and roll, with rates 
of change not greater than .002 degrees/second in pitch, 
.005 degrees/second in yaw, and .003 in roll). 

The radar would transmit and receive through an 
antenna that was flush-mounted on the Agena body, 
thereby avoiding the risks associated with a design that 
would require unfolding or unfurling a structure on orbit. 
Based on calculations that determined dimensions for 
maximizing the portion of the slant range interval that 
could be mapped, consistent with the Agena vehicle 
dimensions, the antenna was made 15 feet long and two 
feet high (Figure 6). It was manufactured by Lockheed; 
the company's Antenna Laboratory had considerable 
experience with problems posed by constructing this type 

t "Klystrons are a family of microwave vacuum tubes that depend upon the 
conversion of a velocity-modulated beam into a varying current by the process 
of electron bunching." A. E. Harrison, Klystron Tubes (New York: McGraw-Hill, 
1947), p, 1, 
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Figure 5. Agena D for Quill. 
Source: Lockheed, System Report 2, p.1-3. 

Figure 6. Quill Antenna. 
Source; Lockheed, System Report 2, p. 1-143. 
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Figure 7. Antenna fairing. 
Source; Lockheed, System Report 2, p. 1-44. 

of antenna using the available stock, and its machining 
was done in the Agena D facility.21 The antenna was 
mounted along the right side of the Agena body, 
occupying nearly its entire length and, when covered by 
protective fairing, protruding about two and a half inches 
from the surface (Figure 7). 

The fairing was designed to detach after the Thor booster 
engine cut off, thereby reducing the load to be lifted by 
the Agena motor (Figure 8), To protect the antenna from 
deformations that might result from thermal loads on the 
orbiting Agena body, three of its four mountings allowed 
the antenna to slide along fixed points, while the fourth 
was fixed to the vehicle.22 

After being injected into orbit, the Agena would rotate 
180 degrees, so that it would fly tail first (facilitating film 
recovery and terrestrial coverage); the antenna would 
thus be located with the main lobe of the radar looking 
down at 55 degrees from the horizontal at a strip that 

would be 93 miles to the left of the satellite's ground 
track and 10 nautical miles wide (Figure 9),§ 

Figure 9 also displays the two directions in which the 
fineness of the radar's measurements was assessed: 
along-track (in the direction of flight) and across-track 
(or azimuthal, normal to the direction of flight). The 
figure also displays the two surfaces on which resolution 
is commonly measured: the slant plane (the deeply 
shadowed side of the prism on the ground, 5.95 nm wide 
for Quill), and the ground plane, labeled "imaged swath 
(map plane)," 10.1 nm wide for Quill. 

The reflections from each radar pulse traced a line on 
the display of a cathode ray tube that varied according 
to the intensity of the return. An image of the display 
was recorded on photographic film, which essentially 
meant that the varying intensity of the returns then 
corresponded to varying densities on the film (Figure 10). 
The film moved across the display to record successive 

§ These are Lockheed's numbers, which are slightly inconsistent with 
those in the associate contractor's depiction in Figure 9. Lockheed, System 
Report 1, p. 18. 
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Figura 8. Fairing Separation. Figura 9, Imaging Geometry. 
Source: Lockheed, Sysu,m Report 2, p. 1-14. Source: Ailsociate contractor, Evafuation 1, p. 18. 

Figura 10. Signal film. 
Source: Lockheed, System Report 1, p. 144. 
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Figure 11. Film transport system 
Source: Goodyear, Engineering Analysis, p. 6-50. 

intensity trace displays as adjacent positions on the 
film. Looking across the film from one edge to the other 
thus corresponded to the (slant) range dimension of the 
radar, and the ratio of the slant range imaged to the width 
of the film was called the range scale factor. Movement 
along the film reflected the azimuth direction and hence 
the along-track distance, with the ratio of the actual 
along-track distance to the length of film being called 
the azimuth scale factor. The ratio of these two factors, 
range scale to azimuth scale, was called the aspect ratio; 
with the KP-II setup, the aspect ratio was anticipated to 
be about 6.9.23 

To make the recorder, Goodyear ordered from 
Westinghouse a special five-inch cathode ray tube with 
an electron gun that could withstand the anticipated 
shocks of launch. It had a single trace running across it, 
and the recorder imaged that trace down to about one 
inch on the data film. To keep the film drive uniform, free 
of variations in tension and slipping, Goodyear engineers 
coated the master metering drum with silicone rubber in 
a specific angle of wrap. The recorder was custom-made 
for Quill from a special mold, nickel-plated and radio
frequency protected. 

Radar data would be conveyed to the ground in two 
ways. One method was film, which was handled in 
two assemblies totaling 99 pounds (Figure 11). The 
recorder compartment housed the cathode ray tube and 
associated subsystems that allowed the film to record 
the images on the tube. The film itself was contained in 
a film-supply cassette. Exposed film went into an Itek 
take-up cassette in a General Electric re-entry vehicle 
(Figure 12) to be recovered by special C-130 teams 
(Figure 13). This approach to data recovery, incidentally, 

had also been mentioned in the earlier 1958 article in 
Aviation Week.24 

Data would also be transmitted to the ground using 
an UHF wideband data link, and recorded at the Van
denberg, California, and New Boston, New Hampshire, 
tracking stations. The preflight engineering analysis 
seemed to consider this task simple and straightforward: 
"it is only necessary to provide a KP-II Recorder and 
a means of triggering it so that the telemetered video 
can be recorded."25 Each location thus had a recorder 
identical to the one on board, together with control 
systems for establishing synchronized reception from 
the satellite. 

In either case the product would be a film transparency. 
This film-the "signal film"-essentially recorded 
Doppler-coded data about ground reflectivity. Once 
on the ground, this information was converted into 
visual imagery using the "Precision Optical Processor" 
developed by the associate contractor especially for Quill 
data. This processor derived from the original optical 
correlator developed in the early 1950s by the associate 
contractor to solve the huge data-processing chore 
required for the quintessential SAR task of integrating 
the Doppler returns. Those returns, after all, bore no rela
tion whatsoever to visual images. Indeed, to the human 
eye even the earliest plan position indicator displays on 
cathode ray tubes more closely resembled a picture than 
what appeared on the SAR scope. Captured on film for 
subsequent processing, the returns on the scope at any 
particular instant resembled a collection of thousands, 
perhaps tens of thousands, of tiny shapes, mostly recti
linear, each a solid shade of gray-some lighter, some 
darker-some of them sharing perhaps some variation 
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in coloring and thus forming striata across some areas, 
or band-like colorations somewhat reminiscent of alluvial 
deposits in the vertical face of a sandstone bank. Think 
not of the Gaussian snow filling an untuned television 
screen but of some densely intricate but visually 
uninterpretable mosaic. 

The SAR processing challenge was to find ways 
to wring visual meaning from these returns. Another 
research group had tried to do the job electronically, 

/, 
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/ I 
/ I 

/9 7 8 

but the computers of that day simply were not up to 
the task, requiring weeks of processing to render a few 
crude images. The genius of the associate contractor's 
approach was to recognize that optical lenses performed 
fast fourier transforms at, of course, the speed of light 
The associate contractor's processor used a laser to 
generate a beam of coherent light that was diffracted 
by the signal film into three emerging waves, two of 
which produced images at focal lengths that varied with 
(slant) range. In essence, the coherent light produced 
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Figure 12. Film reco\18ry system. 
Source: Goodyear, Engineering Analysis, p. 6-50. 

Figure 13. Capsule recovery process. 
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Source; Lockheed, Project Report 2, p. 3-50. 
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Figure 14. Focal plane relationships. 
Source: Associate contractor, Evalustion II, p. 259. 
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Figure 15. Anamorphic telescope processor. 
Source: Associ111B contractor, Evalustion II, p. 261. 

Figure 16. Agena nose assembly for Quill. 
Source: Goodyear, Engineering Analysis, p. 4-4. 

images on planes that were tipped relative to the signal 
film (Figure 14), or in other words a plane of images that 
was focused in azimuthal direction and that was tilted 
with respect to the plane of images that were focused in 
range direction (which was the signal film itself). 

The processor used an anamorphic telescope 
(meaning different magnifications in range and azimuth 
directions) to image both planes, apply the proper 
magnification, and produce an image sharply focused 
in both range and azimuth and with the correct aspect 
ratio. The fine-resolution image produced by the image 
processor system26 (Figure 15 is a schematic diagram) 
was recorded by a tracking camera, so radar data could 

be converted quickly and steadily to fully focused, fine
resolution optical imagery. 

Figure 16 is a sketch of the Quill final layout As 
indicated in that diagram, there are three sections to 
the Agena: barrel, conical, and nose. The KP-II radar 
system, weighing 370 pounds, was mounted in the barrel 
section, which was five feet across with structure rings 15 
inches apart and a .06-inch skin. The recorder system, 
including the recorder and the film-supply cassette, 
weighed approximately 99 pounds and was mounted 
in the conical section, which tapered 15 degrees from a 
five-foot diameter at its base, where it joined the barrel 
section, to its height of 32.95 inches. The film containing 
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the raw data was stored in the nose cone, which 
incorporated the reentry capsule for recovery.27 

MANAGING THE DEVELOPMENT 

Set up in this way, the Quill experiment could take 
advantage of the equipment and procedures for on-board 
photography and film recovery developed for the Corona 
program. In particular, Bradburn needed film cassettes, 
film recovery vehicles, and support for assembly, test, 
and checkout. In March 1963 these relationships came 
under the purview of Colonel Jack C. Ledford, an Air Force 
officer serving as assistant director of the CIA's Office of 
Special Activities (OSA).11 Ledford recommended to his 
boss, CIA's deputy director for research, Herbert "Pete" 
Scoville, Jr., that the CIA provide contract support and 
security procedures for Quill. "Under the proposed plan, 
CIA would procure three (3) Corona Recovery Vehicles 
from General Electric, Corona Triple Prime Cassettes 
from Itek, and system assembly, test, and checkout by 
the LMSC [Lockheed Missiles and Space Company] A/P 
[Advanced Payload] facility [in Palo Alto, California]. The 
completed system would then be sent by covert means 
to LMSC, Sunnyvale, where it would be mated and 
checked out with the Goodyear Radar System."28 

Scoville approved the recommendation, and OSA 
expended funds to acquire three film return vehicles from 
General Electric, take-up film cassettes from Itek, and 
services for checkout and assembly from Lockheed.29 

In addition to the procurement actions, the CIA had to 
develop procedures to keep information about Corona 
and Quill as separate ("compartmented") as possible. 
Not all the government or contractor personnel working 
on Quill needed to know about the Corona program, nor 
did most Corona people need to know about Quill. There 
were also different degrees of "knowing": Those who 
worked with particular pieces of classified hardware might 
not need to know anything about the overall system or its 
mission, while several who needed that information did 
not need to know about specific subsystem capabilities 
or technical specifications. 

By the end of March 1963 Corona security officers 
had developed a plan for keeping each program's 
secrets.30 The key difficulty was in finding a way to get 
hardware developed for Corona into the Quill program 
without directly associating the two. The plan called 
for establishing a payload laboratory for Quill, under 

,i OSA had been transferred to the Directorate for Research, and in March 
1963 Scoville was head of that directorate. He was held responsible for CIA 
activities in support of the NRO, although he delegated the Program B job to 
a deputy and called himself the senior representative to the NRO. He left later 
in 1963, and his successor, Bud Wheelen, refused the Program B job entirely, 
leaving the title to the deputy DNRO, Gene Kiefer. Kiefer might certainly have 
called on Ledford's office for support. 

compartmented security procedures, at the Lockheed 
facility where Corona space vehicles were processed. 
Integration of the Quill spacecraft components
including film cassettes, recovery systems, buckets, 
and waterseals-as well as any additional special tests 
that might be required for the Quill payload would take 
place in this facility. Normal weight and balance tests 
and pyrotechnics installation would be conducted in the 
same facility used for such tests on Corona satellites, 
and a third facility also would also be available for other 
integration and test procedures. 

The Quill program would be directed to obtain its recovery 
system from a group at Lockheed that had already been 
identified as specialists. The Lockheed manager for this 
effort would assemble a group of engineers to work in 
the Quill laboratory area ostensibly to develop designs 
for cassettes and waterseals; after a suitable period of 
time, their "plans"-actually drawings of the existing 
Corona subsystems-would be presented and Bradburn 
would direct Itek to manufacture the desired items. The 
intended effect was to establish the cassettes and water
seals as hardware developed strictly and exclusively for 
Quill, and to disassociate Lockheed employees in the 
area from this sort of activity.31 

The Quill contracts originally called for launching the 
first system in April 1964, but even Bradburn's tight focus 
and insistence on minimal technology development 
could not prevent delays. Bureaucracy was not the 
problem: Bradburn had few reporting requirements, 
good relations with Program B, and no awareness of 
any headquarters turmoil in Washington. The additional 
time was needed instead to resolve difficult technical 
and engineering issues. Like many program directors to 
follow him, Bradburn believed it was better to launch late 
with a successful satellite than on schedule with a failure, 
and so he determined that "emphasis will continue to be 
placed on thorough testing to insure a good probability of 
success on the first flight."32 

At the end of May 1964 there was still considerable 
work left to be done. Environmental qualification testing 
had been completed for all radar components except the 
recorder. Several transmitter problems were identified 
during system-level Temperature-Altitude Simulation 
Chamber (TASC) tests, for which remedies had been 
designed but not verified. The flight vehicle was in an 
anechoic chamber for radiation and emissions testing. 
Film recorders and signal simulators were on site at the 
Vandenberg and New Boston ground stations (known as 
"Cook" and "Bos"), and this equipment had been installed 
in T-29 and T-39 aircraft for conducting fly-by tests. The 
optical correlator was nearly completed by the associate 
contractor and analysis of test films from the Goodyear 
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recorders indicated that the design resolution was 
being achieved. A program review had been conducted 
by an ad hoc committee of Air Force and Aerospace 
Corporation people drawn largely from a concurrent 
Hughes radar program (P-22) being conducted outside 
the NRO. The review found the program to be generally 
on track and suggested some changes in the wiring 
harness, lowering the operating altitude, and altering the 
approach to setting the pulse repetition frequency. The 
launch date at this time had been 5 August 1964; it was 
changed to 29 August, subject to success in TASC and 
anechoic chamber tests. 33 

Steady progress was made over the summer of 
1964. The anechoic chamber tests were completed, 
including all ascent and orbital sequences and full
power transmissions through the antenna, without signs 
of problems from electrical interference or interaction. 
Tests at the antenna range at Lockheed's Santa Cruz 
Test Base showed that the radar and the antenna were 
compatible, that the antenna did not distort the pulse, 
and that the slant range resolution of the system was 
better than 35 feet for the worst case (in-phase targets) 
and better than 25 feet for the best case (targets with 90 
degrees of phase difference). Installation and testing of 
equipment at the tracking stations had been completed; 
the optical correlator was complete and had been used 
to verify proper adjustment of the recorders by using test 
films processed by the Air Force Satellite Photographic 
Processing Laboratory (SPPL) at Westover Air Force 
Base, Massachusetts. The associate contractor had 
also completed a performance evaluation plan for the 
mission. 

The Agena D upper stage had passed acceptance 
testing and was at Vandenberg, awaiting the payload. 
But transmitter/modulator problems continued to surface 
in system-level tests at altitude, and the launch date was 
delayed once again, to 2 November.34 That date also 
passed as the radar transmitter failed yet again. The 
troublesome component was redesigned and, at last, 
showed no problems during TASC testing of the entire 
planned orbital operating time. It was shipped to Van
denberg in keeping with Bradburn's security procedure 
(Table 1 ), and by mid-December Quill was ready for 
launch (Figure 17)-eight months later than originally 
planned, but only 25 months after initial contract award.35 

ORBITING THE SYSTEM 

With Bradburn in command as launch control officer, on 
21 December 1964 the world's first satellite-borne SAR 
was ready for launch from Vandenberg Air Force Base. 
Engineers had calculated a specific period during which 

Table 1. Quill security procedures 
(payload equipment flow) 

' ' ance tests, acceptance tests, and 
complished. 

5. Complex C-12, Area 40 
hicla, USAF acceptance 

gena vehicle to a Quill-approved area 
rred by LMSC van with Quill-cleared 

vehicle and undergoes final systems 

Source: "Quill Supplement: Covert Program Security Plan," 2 March 1964. 

Figura 17. Quill awaits launch in the rare USAF photo. 
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Figure 18. Newspaper report, 
Courtesy Goodyear 
project engineer. 

the satellite should be launched (the "launch window") in 
order to minimize the amount of heat it would encounter 
on orbit. As time approached to within 1 O minutes of the 
launch window, all systems were brought to readiness so 
that launch could occur within 30 seconds of command. 
Only official personnel were permitted within a defined 
area of the base during launches, but a civilian railroad 
track cut through the restricted zone, and, with only a 
few minutes to go until the launch window opened, range 
safety officers reported that a train was approaching. If 
it entered the exclusion area, safety regulations would 
prohibit the launch from continuing until the train was 
gone. The delay might be so long that the launch window 
would close, forcing the launch team to "unready" the 
Thor/Agena (which might involve several complex 
processes, such as removing propellants, preserving 
environmental conditioning, and recharging batteries, 
depending on when the next window opened) and 
await the next opportunity. Bradburn thus found himself 
assailed by demands that he launch immediately, ahead 
of the planned schedule, before the train came closer. 
He refused, not wanting to execute a contingency plan 
that was being made up on the fly, and continued to wait 
for the appointed time. As it turned out, the train stopped 
while still outside the safety exclusion area, and the 
launch at 11 :08 a.m. Pacific Standard Time proceeded 
according to plan." 

Knowing that the booster had worked, Bradburn 
headed north to the satellite control facility in Sunnyvale 
and soon learned that the Agena (international satellite 

Bradburn, interview, and SAFSP Director's Quarterly Report, 30 
December 1964. NRO headquarters in Washington, DC, was kept informed 
of major developments by secure teletype, a relatively slow and limited form of 
communication. When Bradburn decided not to launch early, a short message 
was cabled to NRO headquarters from Vandenberg saying "holding for 
passenger train." Then the launch window opened, range safety reported that 
the train had stopped outside the closed area, Bradburn gave the command to 
launch, and the Thor/Agena lifted off. The next cable to the NRO reported that 
Quill was in orbit, giving rise to initial concern in Washington-and continuing 
folklore-that Bradburn had disregarded safety and launched over the train. 
Bradburn recounted this event, without revealing the purpose of the launch, 
in "The Evolution of Military Space Systems." in R. Cargill Hall and Jacob 
Neufeld, eds., The US Air Force in Space (Andrews Air Force Base, MD: Air 
Force Historical Foundation, 1995), pp. 61-65. 
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Figure 19. Summary mission data. 
Source: Lockheed, System Report 1, p. 23. 

designation 1964 87 A) had been placed in a useful orbit 
(Figure 18) and was responding properly to commands. 
Word about the mission itself-whether the radar 
worked-would take several hours longer. The ground 
station at Vandenberg that had been set up to receive 
wideband data from the payload included a video display 
(cathode ray tube, or CRT, monitor) that would show the 
characteristic shapes of radar pulses being received 
and decoded if the Quill system were operating and 
transmitting. This equipment was operated by Good4 

year, which for security purposes was referred to as the 
"Program Associate Contractor" (PAC). Later that day, 
at Sunnyvale, Bradburn received the message "PAC 
Room reports Code One"-radar returns from Quill were 
showing up on the Vandenberg CRT. 

The mission, summarized in Figure 19, lasted only four 
days, as planned, before the unrechargeable batteries 
ran out of power during orbits 72-73.36 The radar operated 
14 times in orbit,tt between 0644 Coordinated Universal 
Time (UTC) 22 December 1964 and 0618 UTC 26 
December 1964, imaging the swaths of the northeastern 
and western United States indicated in Figure 20 (also 

tt The original mission design had called for 16 radar passes; available 
documents do not address the reduction. Goodyear, Engineering Analysis, p. 
1-4. 
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i 

Figure 20. Ground traces for Quill imaging operatons. 
Source: Associate contractor, Evslustion I, p. 13. 
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see sidebar). Data collected from the 14 radar passes 
were transmitted over a wideband (UHF) data link as 
they were obtained ("real time") by the Vandenberg or 
New Boston ground station in view. In addition, during 
the first seven radar passes data was recorded on film 
on board the satellite, and on 23 December during the 
33rd orbit the reentry capsule was jettisoned and recov
ered. The film was flown to Westover to be developed 
and the developed film then flown to another location 
where an associate contractor's employee ran it through 
the specially made "Precision Optical Processor" 
(known as POP-1) and developed the image films. They 
were dried, bundled, and given to another associate 
contractor employee to deliver to Los Angeles. The only 
delay in the process came when the employee's flight 
was cancelled, but the key question had already been 
answered. Associate contractor employees measured 
the azimuthal resolution to be 7.5 feet-the theoretical 
maximum from the 15-foot antenna-which immediately 
settled the question of whether there was a fundamental 
natural limit on SAR resolution from space.37 

After less than two weeks of orbital decay the satellite 
re-entered the atmosphere at 1027 UTC 11 January 
1965, on orbit 333. Several days earlier, Bradburn 
and his Program A superiors had already declared the 
mission a success. In his 30 December 1964 Quarterly 
Report, the Program A director said that "vehicle and 
payload performance were within acceptable limits on all 
parameters .... The radar maps ... cover about 80,000 
square miles. The resolution is better than 15 feet in 
azimuth and approximately 80 feet in ground range .... 
The volume of data is greater than had been anticipated. 
Technical evaluation has begun and will be completed in 
90 to 120 days." In the meantime, 'The second payload 
and Agena D booster are complete and are being held 
at [Lockheed]. The second flight has been removed from 
the launch schedule pending detailed analysis of the first 
mission. The third payload, which consists of forward 
structure, radar components, and recovery subsystem, 
is near completion at [Lockheed]. There is no booster 
for this payload .... Recommendations for disposition 
of the remaining Quill hardware will be made in 30 to 45 
days."38 

EVALUATING THE OUTCOME 

The Quill team had wanted answers to several 
questions. Whether the satellite-based SAR would work 
was the main one, followed closely by others of practical 
engineering-how to make it work best. For example, it 
was helpful to experiment with the timing coordination 

among the functions of transmitting, receIvmg, and 
displaying the returns on the cathode ray tube: 

The sequence of events was as 
follows: the radar transmitted a 
pulse, the receiver and recorder 
waited 25 microseconds, and the CRT 
was then swept for 73 microseconds; 
the system then repeated the cycle 
after an additional wait of 16 to 
24 microseconds (depending on the 
choice of prf) . . On certain 
occasions, the sweep started a few 
microseconds before the return from 
the near-range arrived; the imagery 
corresponding to these occasions 
lacks contrast and [a good signal
to-noise ratio] at the near edge, 
but is better at the far-edge. 
Conversely, the opposite occurred 
when the sweep was late in starting. 
On still other occasions, the sweep 
was begun as the return from the far
edge was arriving, continued while 
the instantaneous return power level 
passed through its minimum, and was 
almost completed by the time return 
from the near-edge began to arrive; 
under these conditions, the CRT was 
inoperative for the major portion of 
the return. 39 

Engineers also wanted to describe the SAR's 
performance quantitatively, particularly with respect to 
its azimuth-direction behavior, and to determine how 
it had been limited by design parameters and in-flight 
performance of the payload, attitude behavior of the 
satellite vehicle, atmospheric conditions, and design 
and performance of the wideband data link. They were 
interested in describing and diagnosing any anomalous 
system performance, in collecting data on the reflectivity 
characteristics of target fields, in demonstrating the 
capability of ground equipment to record useful data 
through the wideband data link, and in developing 
engineering data that would be useful in designing 
future aerospace radars. And they were most interested 
in seeing whether the analytic models derived from 
aircraft-borne SAR experiments, which had been used 
to prescribe and test satellite design, proved valid for 
operations in space.40 

The associate contractor's engineers had designed 
ground-based tests to provide data for calibrating the 
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Could Our Adversaries Detect Radar? 

Years later (see, e.g., Perry, pp. 35-37) a rumor began that Quill did not image territory outside the U.S. 
because the NRO feared international repercussions resulting from the radar emanations of its active imaging 
system. After the fact, DNRO McMillan said it was important: he wrote to the President's Foreign Intelligence 
Advisory Board (PFIAB) on 12 May 1965 that "radar operation during this mission was limited to Continental 
United States to insure availability of ground truth data, to obtain maximum quantity of all three types of products, 
and-since a radar sensor is an active device-to prevent possible complaints from foreign nations." There 
are, however, several inaccuracies in his presentation. {Notably, he stated that "the mission plan provided for 
simultaneous photography along the mission track by an RB-47," which would have required a truly remarkable 
aircraft.) Brockway McMillan, "Semi-Annual Report to the President's Foreign Intelligence Advisory Board on 
Activities of the National Reconnaissance Office," 12 May 1965 (TS/BYE), in ARC Job 200200001 Box 7 Folder 
24. 

Quill was an engineering proof of concept, and so it was operated where engineering test data could be 
obtained-where there were devices on the ground to check the far field antenna pattern, pulse repetition 
frequency, etc., and reflector arrays to check impulse response. In addition, there were only seven active passes 
during which data could be collected on film, and they were conducted where data could be simultaneously 
transmitted by wideband relay to ground stations at New Boston or Vandenberg. Bradburn told this story quite 
straightforwardly, and I [Butterworth] probed him on the question. Furthermore, how might have "international 
repercussions" been imagined to arise? VVho would be able to detect the signal and classify it and reach the 
right conclusions about its source and the country responsible for it? The radar could be operated for no more 
than five minutes at any one time and for no more than three orbits consecutively without courting catastrophic 
failure. It operated at an average power level of 230 watts, from an altitude of 130 nautical miles and hence a 
slant range of about 160 nautical miles. It traveled at a velocity of 25,500 feet per second (about four nautical 
miles per second ground track velocity). It illuminated a swath about ten miles wide. True, sidelobes could be 
detected as well as mainbeam signals (though not backlobes), but even so the chance of detecting the signal 
and capturing enough of it to reach accurate conclusions is vanishingly small. The USSR would have had no 
ephemeris data on the satellite adequate to do ground measurements of any possible emanations. 

43 

SAR's performance. There were measurements at the 
earth's surface to check the operation of the antenna after 
launch,++ the transmitter pulse,§§and ground surface and 
weather conditions. Complexes of radar corner reflectors 
were laid out in near the associate contractor; their known 
cross sections and spacings could be used to calibrate 
estimates of the radar's range and azimuth resolution, 
sensitivity, and dynamic range. Because Quill's radar 
antenna was fixed, the associate contractor's engineers 
had to wait until they had obtained good ephemeris data 
and then scramble to move some of the corner reflectors 
to keep them in the satellite's field of view.41 

:j::j: These were measurements of the azimuth beam pattern for the purpose 
of confirming that the antenna's far-field pattern remained correct after launch. 
§§ "It was possible to detect and record the transmitter pulse, after it had 
propagated one-way from the satellite to the earth's surface, by detecting 
emissions via the sidelobes of the radar antenna pattern and recording these 
emissions on photographic film. This was done on several passes when the 
satellite was within line-of-sight of the airport near the associate contractor." 
Associate contractor, Evaluation I, p. 9. 

These evaluations used visual images produced from 
the recorded data in the sequence outlined in Figure 21. 
First, thefilmofthevideodatawasdeveloped bytheSPPL, 
using an approach aimed at maximizing the dynamic 
range of the recorder.111 The associate contractor team 
then used their precision optical processor to convert the 
data on the film into visual images. The highest resolution 
(and the best dynamic range) was obtained directly at 
the processor output, on photographic transparencies. 
The original output transparencies were then magnified 
2.6 times and recorded as either paper prints or positive 
transparencies, neither of which was suitable for detailed 
analysis: 

ffll "The flight system employed a [cathode ray tube] with a P-11 
phosphor and a transfer lens which imaged the line trace of the tube at a 
2:1 demagnification onto Kodak SO-266 blue-sensitive film. The film was 
developed in D-76 developer by SPPL The dynamic range of the recording 
system in the flight vehicle was measured from test films generated prior to 
flight ... The value of the dynamic range of the flight recorder was about 
19.5 db." Associate contractor, Evaluation II, p. 256. But cf. Lockheed, System 
Report 2, p. 4-11: 'The video data recorded in the satellite and in the ground 
based recorders was recorded on 70 millimeter Eastman Kodak film, S. 0. 119. 
The recorder CRT sweep covered a width of approximately 27.5 millimeters." 
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Figure 21. Image proceBl!ling sequence. 
Source: Lockheed, SystBm Report 2, p. 4-2. 

The paper prints ... have a resolution 
capability of perhaps 6 lines per mm; 
at the scale factors corresponding 
to the 2.6:1 enlargements, this poor 
resolution completely dominates 
the quality of the imagery. The 

resolution resulting ground-range 
is of the order of 90 
The degradations in 

to 100 feet. 
the positive 

transparencies are not as 
severe. In either case, imagery to 
the scale of the 2.6:1 enlargements 
is useful primarily for orientation 
and descriptive purposes only, and 
not for detailed study of the target 
complexes. Detailed examinations 
require the use of enlargements of 
greater magnification, the use of the 
original output transparencies, or in 
special instances the observation of 
the optical output of the processor 
prior to recording. 42 

foot azimuthal43 resolution:·· It had illuminated somewhat 
more than 100,000 square miles of terrain, almost 80 
percent of which yielded usable images. Three-fifths of 
the images were of the best quality that the system could 
produce; the rest were degraded for testing or by slight 
errors in setting the pulse repetition frequency. Only four 
percent were lost unintentionally.44 

As expected, the smooth trajectory of the satellite 
allowed it to provide relatively fine detail without the 
complex systems needed on aircraft to compensate for 
platform motion. In effect, "satellite borne systems are 
not subject to the resolution limitations normally imposed 
by platform instability in aircraft."45 Slant-range resolution 
(which was not a design goal) was 45 feet, which at the 
Agena's depression angle provided a ground-range 
resolution of about 75 feet.ttt The imagery showed 
several terrain and cultural features that held promise 

Referring to the performance of a SAR in terms of "resolution" is a 
conventional solecism; usage today tends more often to the technically 
accurate "impulse response," or "IPR." 

The results showed the experiment to have been a 
great success. The radar worked and met the goal of 10-

ttt "Range resolution ... was limited by the bandwidth of the electronics, 
which had been patterned after the AN/UPQ-102 radar system for reasons 
dictated by expediency; the most optimistic estimate of achievable slant-range 
resolution was of the order of 36 feet, which in turn implied a ground-range 
resolution of 60 feet at the design depression angle. Improvement of the range 
resolution to make it comparable with the expected azimuth resolution was not 
warranted, since it would not have affected the demonstration of the synthetic
aperture feasibility, and would have entailed considerable expense and delay." 
Lockheed, System Report 1, p. 33. 
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for strategic reconnaissance. Weather conditions did not 
seem to have affected the quality of the system's images 
except for a brief area of intense rainstorms, and even 
then the imagery revealed the underlying structure. 

Quill answered dozens of technical and engineering 
questions. It showed that analytic models based on 
aircraft operations worked well for satellites. It showed 
that imagery processed from the transmitted data was 
only slightly degraded compared with pictures made 
using the recovered film. It showed that images obtained 
from orbit could fairly well match those from aircraft 
radars using similar technical parameters. It proved that 
ambiguous target indications could be minimized and 
that the slight inaccuracy and instability in the satellite 
platform could be compensated electronically. It also 
sampled the average radar reflectivities of several 
different types of terrain. 

Altogether, in the words of the associate contractor's 
assessment, "the orbital flight satisfied the primary 
program objective by demonstrating that a satellite-borne 
SAR system could generate a fine-resolution image of a 
portion of the earth's surface; all secondary objectives 
also were met."46 The Lockheed assessment added that 
the system proved its expected ability to produce radar 
imagery of a consistently high quality by day, by night, and 
through a variety of weather conditions; it also observed 
that the conditions that prevailed in most of the swath 
areas would have prevented successful photographic 
or infrared imaging (Figures 22-26). Furthermore, the 
experiment did not produce any evidence of phenomena 
that would prevent future systems from realizing azimuth 
and ground-range resolutions on the order of 1 o feet. 47 

The evaluation reports from the associate contractor, 
Lockheed, and Goodyear all exuded optimism and expec
tancy: Quill had been highly successful and the path to 
doing more-a further experiment, even an operational 
system-seemed clear. The associate contractor's report 
recommended that "designs of future systems be based 
on the type of analytic model used successfully for this 
design," that "proper use be made of radar equipment 
in manned aircraft for the purpose of collecting further 
data and testing configurations which are applicable to 
future satellite systems," and that various engineering 
adjustments be made to "future orbiting systems."48 The 
Lockheed report agreed and recommended further that 
"future experimental orbiting systems incorporate power 
sources which are adequate for extended-duration 
missions, as required for operational applications."49 

Goodyear engineers undertook additional test work, 
demonstrating the value of improved potting techniques 
for the transmitter and modulator components of the 
radar as well as the ability to improve significantly the 

45 

dynamic range of the recorded data by reducing film 
base density and reducing the recorder lens stop.50 

A PAUSE 

Yet Quill's seed fell on stony ground. Bradburn asked 
another officer, "What do you do when you come up to 
bat, and, the first time, you knock a ball out of the ballpark, 
what do you do then?" The reply was, "Well, Dave, I think 
you go down and sit on the bench."51 On 5 January 1965 
Bradburn gave NRO Director McMillan a "quick-look" 
briefing on the P-40 mission and got agreement that 
the second vehicle would be removed from the launch 
schedule, pending further recommendations to be made 
in February. On 11 February, several weeks before 
contractor evaluations of Quill's product and performance 
were completed, Major General Robert Greer, director 
of Program A, cabled McMillan that the Quill contractors 
recommended flying the second mission later that fall, 
but that he, Greer, did not agree. "In my opinion there 
is no need for more flights to show feasibility as such. 
We should have a definition of the desired operational 
use before we schedule any more launches .... The 
factors which need to be examined now do not require 
satellite flights." McMillan agreed, and the remaining 
hardware was placed in storage pending completion of 
the report of an evaluation committee commissioned by 
NRO headquarters.52 

In his Program A Quarterly Report for June 1965-his 
last as director-Greer reported that further funding had 
been provided to the associate contractor to complete 
its studies, but that otherwise SP considered the Quill 
program completed.53 At the end of the year Greer's 
successor, Brigadier General John L. Martin, reported 
that the DNRO had approved further funding for radar 
and associated tape recorder work. The RCA and 
Ampex tape recorder studies showed that the state of 
the art did not provide adequate bandwidth for existing 
radar applications; Goodyear completed a 100-hour life 
test of the Quill radar; Hughes produced and tested a 
space-qualified antenna, and also expanded the radar 
system design to a dual mode capability (high and 
low resolution); and Airborne Instrument Laboratory's 
research provided a feasible new radar system design 
as well as ongoing study of radar target signatures.54 

Apparently none of this work went any further, and 
references to follow-on studies, operations, and plans 
disappear from the SP Quarterly Reports for several 
years after 1966. Three years later, in 1969, the NRO 
reported to its Executive Committee (ExCom) that "NPIC 
[National Photographic Interpretation Center] evaluated 
the [Quill] imagery, stated it was capable of providing 
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Figure 22. City/rural contrast 
(BIF-555-DP-12782-89) Courtesy associate contractor. 

Figure 23. Phoenix, hizona. Image taken on pass 9, northbound, at night (1:12 a.m. Mountain Standard Time, 22 December 1964). 
Weather: clear, temperature 46 degree& Fahrenheit, dew point 43 degrees, visibility 15 miles. 

the lower left around the most built-up portion of the city and 
was not 

of the swath fell the edge 
does not stand out as do tracks across rural areas, but 
construction 1ivestrc1ngret~rn.s. Similar returns 

that go irregularly up the center and 
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Figure 24. Richmond, Virginia. Image taken on pass 14, southbound, during daytime (11 :06 a.m. Eastern Standard Time} on 22 December 1964. Wealherwas overcast with 
tops of clouds at 2,500 to 4,500 feat. 

"Several road and the James River 1) and a mile-long elevated section of railroad 
system. Again, the -reb;rn :syslemi; wi•thrailroad routes can be seen (especially [3]). 
recognizable." Associate contractor, Evafuation f, p. 33. 

river near lhe center of the radial 
cultivation, and drainage patterns are 

Figura 25. Wurtsmith Air Force Base, Michigan. Image taken on pass 30, southbound, during daytime (10:57 a.m. Eastern standard Tima) on 23 December 1964. Ground is 
covered by snow at lea!t two inches deep; area is in fog, sky obscured, wind calm, one-mile visibility, cloud tops at 9,000-10,000 feet. 

"This SAC facilly stands out unmistakably from its between s Van Etten Lake and the Au Sable River. Parked aircraft are 
likely to be area ( 1 ), but the rapid-egress parking spur (2) contains only 
one or two ones, are seen as narrow gaps in the tree cover, om1e Sl1chgap,sare 
power-line clearings 3) show where the forest v to farrnlar1d .... Two dams reservoirs they form 
are readily detected and No power lines are seen emanating from the plants here ... : Associate contractor, Evafuation J, p. 37 
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Figure 26. Point Rey83, California. Image taken on pass 16, southbound, during daytime ( 11 :05 a.m. Pacific Standard Time} on 22 December 1964. Weather 
conditions: heavy rain, scallered clouds 700-1000 feet, heavy overcast 1400-2500 feet, clouds in layers to 35,000 feet 

"Intense rainfall 
rain (sea arrow) 
ocean wave-structure patterns can be observed even in the densest parts of the rain-returns. 

range, no these rain cells have 
wave pattern in shallow water off the beach, and its diffraction around the 
I, p. 77. 

useful intelligence, and recommended further research 
and development."55 And in 1972 an "NRO Position 
Paper on the NRO Satellite Program" stated that after 
Quill's flight, "it was concluded that no further satellite 
experiments as such should be conducted; instead 
efforts should be made to define precisely the system 
application desired, and then the development of the 
actual system should proceed. The system application 
studies, intended to be conducted in parallel with 
the engineering demonstration, were not decisively 
concluded. Thus by 1965 the NRO had completed an 
orbital demonstration, but no agreement had been 
reached that the proposed application, bomb damage 
assessment, or any other application, was sufficiently 
attractive to proceed."56 

Bradburn helped where he could. Through his efforts, 
the associate contractor got new aircraft for further 

research and development, and in spring 1965 he took 
the associate contractor's employee to the NPIC to 
educate and help the photointerpreters make use of radar 
images. (The employee met with little success: the photo
interpreters generally picked up the radar images only to 
throw them away.57) In the summer of 1965, Bradburn 
left Program A to attend war college; he returned a year 
later at the request of Program /\s director Bill King, but 
had little opportunity to work on radar.58 The Quarterly 
Report for 30 June 1966 advised that in July project 
responsibility for Quill would be transferred from the 
sigint office to Lt. Col. Bradburn, working in the applied 
research and advanced technology office (SP-6) under 
Colonel Lew Allen.59 The next Quarterly Report noted 
that SP-6 had a deficit of one officer: "Lt Col. Bradburn 
transferred to sigint on 2 August. SP-6 not now manned 
to accomplish work in radar and elint technology."60 
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Reflecting on the question of Quill's singularity, Bradburn 
reiterated his objective: to show that satellite-based SAR 
imagery could help provide post-strike reconnaissance 
(bomb damage assessment) for SAC. That objective was 
accomplished and briefed to SAC. When SAC officials 
asked Program N.s director, John Martin, "What's next?" 
Martin said: "Send money."61 

Cancellation of further Quill flights gave SP a big boost 
in its annual "cost reduction" report-more than two
thirds of the total claimed for FY1965 and earlier. "We 
are pleased," stated SP Director Brig. Gen. Martin, "to 
report that these reductions have been made without 
adverse impact on mission performance."62 The NRO had 
demonstrated the technical feasibility of an all-weather, 
day-night imaging system that could meet an important 
SAC need; if SAC wanted one, then SAC would have 
to create a program to develop it. Director Charyk had 
been emphatic in his cable of authorization: "The effort 
is to be strictly experimental in nature and is not to be 
considered in any sense as an operational prototype or 
the initial step of an operational system development. 
... The request for proposals should make clear the 
experimental, rather than the operational prototype or 
system nature of this effort."63 The director of intelligence 
for SAC offered to help evaluate the Quill imagery and 
the NRO staff responded affirmatively, noting that an 
engineering evaluation was under way by contractors, 
that an intelligence evaluation was being established, 
and that "a separate analysis of the Quill product from 
the SAC operational viewpoint would be of great value to 
us in the overall evaluation of the system."64 

Some of SAC's intelligence officers favored going ahead 
with a procurement,65 and during 1965-66 they continued 
to visit Program A to stay up to date on the continuing 
analyses of Quill and imaging radar technology. The SP 
Quarterly Report for 30 June 1966 reported tersely that 
"on 26 May SAC briefed SAFSP (Office of the Secretary 
of the Air Force for Special Projects) on their desired radar 
system for post attack reconnaissance. No requirement 
for this system has yet been established."66 Perhaps 
SAC delayed in the hope that some other budget would 
support the desired development; perhaps its officers 
did not get Martin's message as clearly as Bradburn 
did; perhaps they thought the mission was well ensured 
by the new SR-71 reconnaissance aircraft; or perhaps 
something entirely different accounts for the command's 
lack of initiative for further program development at that 
time.67 Or perhaps the command had in fact pressed for 
an imaging radar satellite through different channels. Dr. 
Alexander Flax, who became director of the NRO on 1 
October 1965, recalled seeing a statement of need to 
this effect coming through non-NRO channels when 

49 

he was serving as Assistant Secretary of the Air Force 
for Research and Development. He passed it forward, 
without comment, to the Joint Chiefs, and did not hear 
about it again.68 

Perhaps the NRO should have done more as well; it 
was responsible for developing intelligence collection 
satellites, and Quill had already demonstrated a 
resolution almost three times better than the early 
Corona cameras. Why was there no second, improved 
version of Quill? In part, even some officers in Program A 
thought there were good a priori reasons to discount the 
value of an imaging radar satellite, regardless of Quill's 
success. Pointing to its "small area coverage, narrow 
bandwidth, and low resolution," they argued that it could 
not serve either search or indicator monitoring purposes. 
"Only in the area of Post Strike Assessment can radar 
be expected to be satisfactory ... whether a radar PSA 
system is practical as an operational system remains to 
be seen. There are practical difficulties and there exists 
doubts [sic] as to whether such a system is the best way 
to learn, quickly and surely and inexpensively where the 
bombs hit."69 According to Bradburn, the NRO saw no 
point in conducting further demonstration missions. In 
Flax's view, the relationships among radar parameters 
and image interpretation needed to be explored and 
understood more systematically, and he insisted that 
Program A establish a program of experiments.70 The 
NRO together with the Air Force and CIA continued to 
fund ground-based research at a low level, but none of 
those efforts involved orbital tests. 

Reflecting on the effort later, Flax said that the 
real difficulty was opposition from the intelligence 
community.71 There was strong support from defense 
leaders for proceeding with a radar satellite program: 
SAC was favorably impressed by Quill, and the new 
director of defense research and engineering, John 
S. Foster, Jr., urged Flax (and Flax's successor, John 
Mclucas) to build another satellite.72 Flax also thought 
it would be a good idea, but some in the CIA were 
resistant.+++ Quill had shown that satellite-borne SAR 
imagery was feasible, but the intelligence community 
thought and worked in terms of optical imagery, and in 
those terms a radar satellite would not be useful until 
it attained much finer resolution. A system that was 
worthwhile for tactical bomb damage assessment was 
not justifiable as a national intelligence asset. Officers 
in CIN.s science and technology directorate declared 
that other technologies might be developed that could 

:j::f::j: CIA's deputy director for science and technology, Albert D. "Bud" 
Wheelan, was not among them. He applauded the experiment and criticized 
Bradburn only for not going ahead to do more. (Interviews with both, May 2000, 
Los Angeles and Montecito CA.) 
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provide better images; yes, Flax replied, but SAR is a 
technology that we know how to do now. 

Still, Flax did not believe he should press the matter in the 
absence of agreement, in the form of requirements, from 
the intelligence community. Mindful of the programmatic 
strife under his predecessor, Brockway McMillan, and 
working under a new NRO charter intended to repair that 
damage and prevent its recurrence,73 Flax paid attention 
to bureaucratic diplomacy, taking care to base his 
decisions and recommendations on solid technological 
ground.74 In doing so, Flax proved far more than a mere 
barometer of consensus; he successfully opposed 
the strong preferences of Program B, for example, in 
canceling the CIA's independent efforts to build a launch 
vehicle, in dividing program management responsibility 
for a new photo-reconnaissance system (Hexagon), and 
in choosing the molniya orbit recommended by Program A 
for a new program. The SAR satellite proposal, however, 
was not a question of how to do something but whether 
something was worth doing in terms of intelligence. And 
Flax believed that the NRO director should not under 
these circumstances unilaterally overrule the nation's 
premier intelligence agency. That action would have to 
be taken by the higher governing body that oversaw 
NRO programs, the executive committee (ExCom), and 
to that end Flax raised the issue with Deputy Secretary 
of Defense Cyrus Vance, the ExCom's chairman. Vance 
would also have heard from Foster, whose job as Deputy 
Director, Research and Engineering (DDR&E) included 
monitoring NRO programs and providing advice directly 
to the deputy secretary of defense. Flax thought Vance 
was impressed somewhat with the SAR technology 
but evidently did not feel strongly enough to press the 
issue with the new director of central intelligence (DCI), 
Richard Helms. Helms, in turn, came from a background 
in traditional intelligence, was not personally attuned to 
space technologies and satellite reconnaissance, and in 
this matter followed the recommendations of Program B. 

Flax was left with pursuing a technology develop
ment program in an effort to persuade the intelligence 
community that there really was information valuable 
for intelligence purposes in radar data. The prospects, 
he thought, were not without hope. In practice, the 
standard to be met was radar imagery on a par with 
imagery obtained from optical systems-an order-of
magnitude improvement. A major advance was needed; 
evolutionary improvements in film emulsions, platform 
stability, signal timing, recorder dynamic range, and the 
like would not be enough to bring a 1 O: 1 improvement 
in resolution. Bradburn predicted that such a gain would 
take considerable time, perhaps ten years. 

CONCLUSION 

No physical artifacts and few documents remain from the 
Quill experiment. The Thor/Agena launch vehicles were 
recycled into the Corona program, and the remaining 
radar equipment was broken up and destroyed. "It was 
heartbreaking," Goodyear's project engineer said. "One 
time," he went on, "someone came [to Litchfield Park] 
and had the right kind of credentials, and wanted to know 
if any hardware existed from the KP-II program. I said 
no, all had been destroyed. What did you want to do with 
it? He said they wanted to put it into the Smithsonian 
museum. Sorry, all gone. Unfortunate that the program 
has remained so highly classified. But that's the way it is. 
I'd like to be able to tell my son what I had accomplished 
and what I was a part of, but I can't and I won't."77 

Gone, too, was a time of exploration and innovation that 
today seems as remote as John F. Kennedy's Camelot. 
Outside the Washington NRO headquarters, there was 
close and willing cooperation between Program A, the Air 
Force component of the NRO, and the CIA component, 
Program B. Government authority was vested in a project 
officer, Major Bradburn, who possessed both the relevant 
technical expertise and development experience. Only 
one management layer, Bill King, separated Bradburn 
from the director of the NRO, who became involved 
only to approve the project (and receive King's quarterly 
reports). Being himself knowledgeable in the technical 
field, Bradburn used informed peer review to select the 
contractor team, which worked intimately together and 
with him to ensure that vehicle, payload, and processing 
worked smoothly. Somehow, despite the absence of 
lengthy requirements studies, analyses of alternatives, 
voluminous proposals, large program offices, acquisition 
approvals, and extensive oversight, this risky experiment 
was completed in less than 30 months. It was in all 
respects a "sparkling success."78 It generated a wealth 
of technical data, and it ended with money left over. 
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SECTION II - QUILL DOCUMENTATION OVERVIEW 59 

QUILL DOCUMENTATION AT THE NATIONAL RECONNAISSANCE OFFICE 

On 21 December 1964, the National Reconnaissance Office (NRO) launched its first radar imagery satellite, known 
as Quill. The Quill program was purely experimental, designed to test the proof of concept of whether or not imagery 
derived from radar could be captured from space. The experiment proved highly successful and was an important first 
step on the long path that led to regular radar imagery from space. In the summer of 2012, the NRO announced the 
declassification of all documents found in the NRO records holdings related to Quill. NRO declassification officials located 
only 28 documents related to Quill and they are contained in either printed or electronic formats in this compendium. 

The documents can be divided into four groups. The first group of documents contains details of the efforts to develop 
and launch the Quill experimental satellite. These documents identify the purpose of the Quill experiment, the security 
necessary for the experiment, the program management, and the coordination between government agencies necessary 
to build a successful program. The second group consists of flight vehicle assessments of the Quill program. This group 
includes a three volume assessment from the prime contractor, Lockheed Missiles and Space Company as well as a 
two volume assessment from Goodyear Aircraft, the primary developer of the radar imagery sensor. The third group 
of documents consists of evaluations of the Quill radar products including reports from the NRO and the National 
Photographic Interpretation Center of the Central Intelligence Agency. The final group includes three documents on the 
final security closeout of the Quill program, which essentially brought the experiment to an end, slightly more than five 
years after its single highly successful launch in 1964. 

Approved for Release: 2022/08/18 C05139542 



Approved for Release: 2022/08/18 C05139542 



Approved for Release: 2022/08/18 C05139542 

SECTION Ill - QUILL PROGRAM DEVELOPMENT, MANAGEMENT, AND SECURITY DOCUMENTS SUMMARY 61 

As might be expected, a number of organizational 
challenges arise in trying to successfully carry out a new 
technology development. Such is the case with the Quill 
program. The documents in this section provide glimpses 
into the development of the program. Clearly the program 
was developed mostly to test radar imagery from space 
as a means to assess post-attack bombing damage. Only 
later would the Intelligence Community evaluate radar 
imagery from space for broader intelligence applications. 
These documents also reveal details about the program 
management of the Quill experiment with particular 
emphasis on the experimental nature of the program. 
Perhaps the largest organizational issue associated 
with the program was security. Because Quill was 
incorporating hardware components developed for other 
programs, it crossed security boundaries established 
to protect those programs, especially Corona. These 
documents illustrate the pragmatic approach and 
cooperation extended to facilitate Quill's acquisition of 
necessary components while still preserving the security 
of other programs. 

Document 1 - Memorandum from Director of the 
National Reconnaissance Office to The Director of 
Central Intelligence concerning status of current national 
reconnaissance satellite programs, 14 December 1962: 
The Air Force program at the National Reconnaissance 
Office (NRO) proposed Quill as an experimental study of 
the effectiveness of imagery derived from radar returns 
for assessing bomb damage after military attacks. The 
first document is a memorandum from Dr. Joseph Charyk 
to the Director of Central Intelligence (DCI) Mr. John 
McCone. At the date of this memorandum, 14 December 
1962, the Director of the NRO (DNRO) answered to both 
the Secretary of Defense and the DCI. DNRO Charyk 
prepared the memorandum in response to a request 
conveyed from CIA's Deputy Director for Research, Dr. 
Herbert Scoville, for a summary of the NRO's national 
reconnaissance programs under development. Charyk 
makes a passing reference to Quill in the concluding 
paragraph of the memorandum, describing Quill as an 
experimental program for assessing bomb damage by 
using imagery derived from space based radar. 

Document 2 - Secure Cable concerning open and 
covert procurement for the Quill program, 06 March 
1963: Like all national reconnaissance programs, Quill 
program managers had to determine how to develop and 
launch a satellite in an open society without revealing the 
true purpose of the satellite. In a 6 March 1963 secure 
cable, program managers outline which elements of the 
Quill program will be described in the context of "white" 
or overt programs, and which elements of the program 

will be managed in "black" or covert procurements. 
Also, like most early national reconnaissance satellite 
programs, Quill incorporated components from the 
Corona program. The challenge was always to protect 
the Corona program's security. The cable demonstrates 
how the program managers did that by limiting insight 
into Corona by Quill program participants. Finally, 
funding is the lifeblood of any project. Although the 
actual dollar figures are redacted in this document, the 
document does provide insight into how funding was 
managed in both a covert program and in a program that 
relied on another covert program for essential hardware 
components. 

Document 3 - Security Memorandum concerning 
request for support from the Corona program, 1 April 
1963: The Quill experiment's success depended on 
obtaining components used in the CIA's Corona satellite 
program. On 22 March 1963, Major David Bradburn, 
Quill's Program Manager, convened a meeting of Air 
Force and CIA representatives to resolve CIA security 
concerns about using components from the then highly 
classified Corona program. In a 1 April 1963 memorandum 
summarizing that meeting, a security officer described 
accommodations that Bradburn agreed to in order to 
receive Corona components. At the meeting, CIA and 
Air Force representatives agreed that few people would 
need to be cleared into the Corona program. They also 
agreed to use an Air Force security officer, who had 
previously worked on the Corona program, to address 
security concerns. The security officer describes the 
Quill program in detail including technical requirements, 
program objectives, and post-flight processing of data to 
be obtained from space. 

Document 4 - Security Memorandum in preparation 
for meeting with the Quill program manager, 21 March 
1963: In late March 1963, Quill Program Manager, Major 
David Bradburn planned to travel to Washington, DC 
and brief the DNRO on the Quill program. In a 20 March 
1963 meeting, security officers assigned to the NRO 
met to discuss security concerns with the Quill program. 
They discussed concerns about possible exposure of 
the highly classified Corona program because of the use 
of Corona components. Bradburn was procuring Quill 
under another satellite program that was being procured 
overtly, but carrying a classified payload. The meeting 
attendees also discussed the possibility that Soviet 
trawlers navigating the coastal waters of the United 
States might obtain radar returns, and identify Quill as 
radar satellite when it reached orbit and operational 
status. The meeting attendees agreed to discuss these 
security concerns with Major Bradburn during his 
meetings the following week. 
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Document 5 - Security Memorandum summarizing 
security officer meeting with the Quill program manager, 
29 March 1963: On 28 March 1963, Quill Program 
Manager, Major David Bradburn met with security officers 
supporting NRO satellite programs. The memorandum 
summarizing the meeting includes Bradburn's 
description of the mission, objectives, and technical 
approach for the Quill program. The memorandum 
also includes Bradburn's management structure for 
the program including how Lockheed Missiles and 
Space Company (LMSC), Goodyear Aerospace, and an 
associate contractor would participate in the program. 
The memorandum includes a hand-drawn summary of 
organizational management structure as well as security 
approaches developed within the structure. 

Document 6 - Security Cable providing guidance on 
Quill security, 9April 1963: In a 9April 1963 security cable, 
a NRO assigned security officer identifies the cover story 
and overall approach for maintaining the secrecy of the 
highly classified Corona photoreconnaissance satellite 
while using components from that program for Quill. 
At a key meeting, Quill Program Manager, Major David 
Bradburn and representatives of the CIA, Air Force, 
and LMSC (including future DNRO James Plummer), 
agree to incorporate Quill's film cutter and cassette into 
the Corona-based recovery vehicle before shipment to 
Program A for use in the Quill program. The cable also 
indicates that few if any additional personnel will need 
Corona clearances because the Quill program will use 
individuals who were already cleared into the Corona 
program. 

Document 7 - NRO Programs' Status Paper supporting 
the Director of the National Reconnaissance Office's 
Briefing to the United States Intelligence Board, 13 
November 1963: On 14 November 1963, the then DNRO 
Dr. Brockway McMillan provided the United States 
Intelligence Board and the National Security Council's 
special committee on covert operations updates on the 
NRO's satellite programs. The NRO staff provided a 13 
November 1963 status paper to support Dr. McMillan's 
briefing. Regarding Quill, Dr. McMillan was prepared 
to report that the program was expected to launch two 
experimental radar imagery satellites, each with 100 foot 
resolution covering a ground swath 1 0 miles wide. Dr. 
McMillan also reported the satellite would have both film 
readout and film recovery capabilities. The first flight was 
then scheduled for April 1964. 

Document 8 - Memorandum from the Director of 
Central Intelligence to the Director of the National 
Reconnaissance Office identifying questions and 
concerns about the National Reconnaissance Program 
Budget, 23 July 1964: In a 23 July 1964 memorandum, 
DCI Mr. John McCone responds to material that Dr. 
Brockway McMillan had provided concerning the NRO 
budget. McMillan provided the information in advance 
of a meeting on NRO resources. In his memorandum, 
McCone comments extensively on many of the NRO 
programs. With respect to Quill, McCone declares 
a lack of familiarity with the program and asks for 
additional details. McCone and McMillan would have a 
very contentious relationship over differing viewpoints 
on national reconnaissance satellite programs and 
management responsibility for the programs. 

Document 9 - Memorandum from the Director of the 
National Reconnaissance Office to the Deputy Secretary 
ofDefense addressing the DirectorofCentral Intelligence's 
concerns about the National Reconnaissance Program 
Budget, 29 July 1964: On 23 July 1964, DCI Mr. John 
McCone sent a memorandum to the DNRO Dr. Brockway 
McMillan in response to the proposed Fiscal Year (FY) 
1965 budget for the National Reconnaissance Program. 
In that memorandum, McCone raised concerns, asked 
questions, and made requests for more information 
concerning the budget proposal. McMillan prepared a 29 
July 1964 memorandum to Deputy Defense Secretary, 
Cyrus Vance, commenting on McCone's questions and 
concerns. In that memorandum, McMillan agreed to brief 
McCone on Quill, but noted Quill had little effect on the 
FY 1995 budget since most of the required Quill funding 
was included in the FY 1964 budget. 

Document 1 0 - Security Memorandum concerning 
handling of future imagery from the Quill program, 22 
October 1964: In a 22 October 1964 memorandum, a 
security officer addresses the question of how to handle 
future imagery from the Quill experimental satellite. 
This request came from the Program A staff. Quill was 
developed to assess whether or not radar imagery could 
be used for bomb damage assessment, and therefore 
viewed as military rather than intelligence imagery 
asset. The use of Quill imagery for intelligence purposes 
remained unclear. The security officer indicates that 
Quill products should remain under security controls 
established for national reconnaissance satellites until 
the potential uses of Quill imagery were better defined. 

Approved for Release: 2022/08/18 C05139542 



Approved for Release: 2022/08/18 C05139542 

SECTION Ill - QUILL PROGRAM DEVELOPMENT, MANAGEMENT, AND SECURITY DOCUMENTS SUMMARY 

Document 11 - Security Memorandum on security 
protection of Quill imagery, 22 October 1964: The 
viewpoints of the NRO Staff's Chief Security Officer, 
Louis Mazza, on security protection of Quill imagery 
products are recorded in a 22 October 1964 Security 
Memorandum. Mr. Mazza indicated that he thought 
it was premature to establish special controls for the 
Quill product until the uses of the product were fully 
evaluated. He recommended keeping the Quill product 
under existing security controls until evaluation occurred 
and further justified unique security controls. 

Document 12 - Security Memorandum on need 
for special security controls for the Quill program, 23 
October 1964: In a 23 October 1964 memorandum, a 
security officer summarizes the views of several officials 
and security officers on the question of whether or not 
to develop special security controls for Quill. The officer 
recommends the consensus view, that Quill remain 
under the main security control system, the Byeman 
control system, established for national reconnaissance 
satellites. 

Document 13 - Security Memorandum on use of 
Byeman security controls for the Quill program, 7 
December 1964: The NRO Staff's Chief Security Officer 
prepared a memorandum on 7 December 1964 as a 
cover for conveying two documents concerning security 
controls for the Quill program. The first attachment is a 
1964 memorandum from the CIA's Director of Security 
that affirms the decision to keep Quill products within 
the Byeman control system, established as the main 
control system for national reconnaissance satellites. 
The second attachment is a memorandum with the 
Quill security plan prepared by the U.S. Air Force. The 
security plan addresses secure processing of Quill 
products as well as how Quill products will be securely 
couriered. The plan also summarizes planned efforts to 
secure data at the two tracking stations used for the Quill 
experimental program. 
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~Aft 13,,Z I~ ~AR G3 

TO • DIRECTOR 

.... _ I 
Aer!CI::: Os.\ C t•2•3•4•'•&-,!.s-,-lf) 

TORI 1141? IT MAI 63 

PRITY- m,o N•tt'f-

c. 

15 JAN l:S 

lU FD I~ 

, IAR QI 

t • THIS IS Tit DETAILED PLA!t R!GUEIT!D IN YOUR 

PART t .. QUILL (BUNAi> SECURITY POLICYI rn QUW. PIOGRM 

CD?ISISTS OF! TAT/AGUA LAU!IICHES IN !IIAl't l!PT, AID \IIOV 1914. 

RELATIO!SHIPS BttlEP QUIU - AH AIALOIOUI TO THE RD.AT"' 

IONSHIP Bfflttl EXCEPT THAT QUILL II A RADAR 

PA 'ILOAD IIHDEAS • OILY QUIU lltlP"ID 

PERSO,S ARE AH.RE OF Tit IORD •QUIU.. .. OR OF THI fACT THAT THE 

PAYLOAD IS A IA.DAR. OTNCR P!RSO!VS All GMM TU CO'fl:R srmrr 

IN IEIPING ltTH THIS stCUltT'f FldllOII ~NU' TU RM>M PAY• 

LOAD IS "'BLACI"" • MOS? 01 THE PROJECT ti "VN!tl:1 "IHHLY CI.Affff'tU" 

THE WHITE FACTS INCLUDE TAT/Al!MA D, SAf!UtTI, VtDl•B#lffli DATA 
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LINI, REPEAT TAT/AGENA D, SATELLITE, IIDE•IAID DATA LINK, MID 

RECOVERY BEPEAT RECOVERY• 

QUILL BRIU!D PERSONS DO NOT• IM GENERAL, R!QUIBE ~CC!SS TO 

CORONA AID VICE VERSA. THI RECOVERY SUISYSJ'DI IS DEFINED AS 

THI R!COVIRY SUBSYSfD WILL RDIA?N lMD!R 

CORONA SECURITY .. 

PART II • QUIU PROJECT SECURm PROC!DUR!St YH! QUILL 

PROGRAI OPERATES ,011)19 IMO 

HUST KHOV THAT TH! PAYLOAD IS A RADAR ARE CLl:IRID MD DIIRD 

IN ACCORDANCE VtTH BYEIAN CRlT!RU. COIRESPOtmllct COlttAtlUH 

ANY REFERENCE TO RADAR OR ANY 8SI?IV! ASPECT or m QUILL 

PROGRAM (NAIii! or RADAR CONTRACTOR, PAYLOAD DETAILS) rs HAIDLID 

VIA BYENAN OOlltTROLS WITHIN THE 80ViRNR!ttt. PROCIDURES EQUIVM..Ut 

TO BY!MAN ARE USED FOR COMIUIICITION AID SECURITY COIRO!.. IY COV

TRACTORS.. QUU..L stcmurr OFFICERS AT CONTRACTOR FACIUTI!S ARE 

OONTRACTOR UPLOY!ES. 

PhRT IU .. FUID!NB PROCIDURES AID RESPONSIIILITIES1 THE 

rHITE FUNDS FOR QUIU AR! PROGRMIM!D IY THE AIR ,01c1 AS PART o, 

TKtS! rmtDS COYER !VZRY'fHlfflll DCIPT TKI RADAR 

PAYLOAD AND f H! RECOVERY SUf:U!JYSfDI, VHICH AR! PA.ID rol D THE 

M.ACK AU IHITI P'IOCURI• 

ri'ZNTS AND THE BLACK RADAR PROCUREIIIEHT ARE IADE IY THE AIR FORCE. 

THE BLACK RECOVERY SUBSYSTEM PROCURDIM IS I.ADI BY TD. CIA WITH 

11,11111, 
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... 

-
,1, 1111111' 

UN 61111) 

PART IV• CONTRACTORS• RILITlONSKIPS1 

A.. FOR BASIC QUILL PRDGR:i\M <NOT IIC'Lll>lNI IEC'OVD'f SUB• 

srs.n:u TU TRANSI.ATION IS AS FOLLOISI 

LIHIIC REPEAT UISCt unutt COfflACf IUTH SAFSP> ' SE/TD, 

AGENA VEKICU;, SPECIAL ANTENNA, LAUNCH AID TIACICDII StlYIC!S. 

• 1 CONSULTANT ,OR RADAR, ALI O ontCM.. PROC!SSIIG 

01' RAU RADAR DATA TO PRODUCE FIIM. RADAR IAP .. 

DAC REPEAT DACI (IHITE OOffRACf )t TAT aoosrn, LAUNCH 

SERVICES., 

GOODYEAR AJICRAn COMPMY UP!At IOODYIAI AIRCIAn 

COMPANYa (BLACK SAFSP COITRAC?>a RADAR PAYLOAD .. 

B. ,OR TR! :S R!QUIRED, COMPUTE RICOVUY SUBSYSTDIS, tu 

. CORONA CONTRACTUAL ARIANGDl!NT HU II USD \UTllUJf Alf CHMIIL 

S?!CIFICAL.LY, THE ,OUOIIMG PROCURDID1TS 111..1. Bl RADII 

Cl) LMSC <HILLER> WILL PROVIDE HARDIARI IS FOU..OWSt 

An' CAPSULE COVER., MODIFIED WATER SEAL, ILOSSHI tnmmt, 
BALLAST SYSTEM, DRUI AMD SINK Pt.ms. Im> PAIACHUTI. UIIC 

0111.Ulll> Vlt.L NODln' AND IMSTM..L UIIC HARDIIII IID 111..L ACCOIP

USH t!S! Am> CHECKOUT o, OOMPON!ITS AID OOIPLITD ,sm11..11:s. 

DILIVDY DATES: t NOV GI, 15 .JAN 64_, AMO 1, IPR 64. 

(2) GE IIU PROVID! THR!! RMK VI SPICE van::cus, GI 

PART IURB!R l96R3111l2, MODIFIED SO THIT THI CASIITtt IIOUffDII 

RULS \!!LL ACCOll!IIIIODAtt TH! ID!ITICM. ?INN c1ssttn: um ti THI 

NARK IV CONFIGURATION, DELIVERY DATES 1'0 1,RSCs J'IRST SYSUI TO 
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! I P I e I R I l 

UISC I SEP.I' Q, SECOND AND THIRD AT Oll•IOITH JITDVALS DISIRDI 

TIO•IONTH Ilff!RV.U..S ACC!PfABLle . 

<3) IT!K Vll.L PROVIDE THR!I TAJCl•UP CASSITT!S, IT!I 

PART MIIIB!R J!IPI 18.. REQUIRED DAT! AT Utl[JC SMI AS ,OR IUIUC VA 

srsrns ABOVE. (CASSETTES MAY IE "'AILABLI AS RESIDUE TO PRIOR 

WIHC:.> 

U) ENGINRRIN8 COORDIIATIOI IIU. 81 ACCOIPLURID 

THROUGH LISC SE/TD. 

LRSC 

G! 

ITEK 

TOTAL 

c,> BUDIET £1f IIATIS1 

FY&'S FYU TOTAL 

PART V • HARDWARE HAMDLINi AND CHICIOUT PROC!'DURESI TU 

QUILL RADAR PAYLOAD VIU Bl FAIRICATD II PHODIIX, SKIPPID TO 

SUNNYVALE Jl'OR INSTALLATION AW CHECKOUT II THE AIDIA• MID 1110 

SHIPPED 11 TB AGENA TO VAFI FOR LAUNCH. VHDPD THIii IILL II 

EVIDENCE THAT ?Ht PAYLOAD IS A IIDAI, QUILL SICUIITY llLL II 

ENFORCED. 

THE RECOVERY ltllSYSf DI Vll.L Bl ASSDIBLID AID CH!CXD our 11' 

USC <HU.Lift) UNDER CORONA SECURITY• . FUNctlOIAL ffS'l'IN VITH 

THE RADAR PAYLOAD IILL Bt ACCONPLISH!D IN-• LtHIIC• Al 

--cu:aRED AREA. THEN THE PAYLOAD AND RECOVERY IUIIYS'l'DIS 

MOVE ro -· 1..PISC, FOR SYSTUS TESl'S AID DVIIODDTAL 

CHAMBER TESTS.. REOOVDY SUBSYSTF.~ THIM SKIPS TO Vlffl FOR FINAL 
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! I P I I I R I T 

PREPARATIOI 11 "L• ILDI. R!COVIRY· SUISYSTDI IAt!S 11TH MDA 

AT vm PRIOR TO Uf.llCH. CH IS 

RESPONSIBLE FOR ALL RECOnRY USYSf!I HAID'l.111 AID SECURITY. 

1N THIS WAY :mtlRACflOI IITUD OOROMA AD QUILL ,nu ., ,u,u-. 
NIZED • 

• PART VI • LAUNCH AID .1100\f!Rt IIIPOIHIDD.ITJISt TU 

LAUNCH VILL Bl CONDUCTED AS OPDAtIOM. THI l!COVIRY 

,nu. BE FUNCTIONALLY UP!AT FUl(ICTIOMALL'f SUD.Al TO PURI? 1ft 

OP!RA'UONS, BUT UILL I! IDDTifID WITHIN THI nconn FOICI Al 

TIE PRIIARY <FILIO RECORD ltIU. II tRAIIIUTTID 
. 

TO HILLER FOR DI-SPOOUII, TO SPPL POI PROCISSIIII, AID THD TO 

P'OR OPTICAi. TINUI.ATIOII TO Pll4 POIIAT. 

AS IN THE CAS! OF PRE•LAUNCH 'ActIVITlES, CORONA SECURITY WILL 

DICTA.TE THE U:COVl:RY S!CUi'tlTY CONTROLS. 

2. COMSI~ENT WITH THE MOVE PLAN It IILL COORDIIATI tKI 

PROCUR!IIIENT AID S!CURffY MAnlRS. PERTAIMINI TO tHt RtCOftRY 

SUBSYSTEM ON A CONTINUIE l"SIS THROUGH LOCAL RIPIISEITATIYIS• 

MESSIS 

a. FOR COL IART 1ru Vt CONSIDER THI FOLLOl:nll TO I'! IIOS'I' 

IMPORTANT Act ION ITEISI 

A. TRANSFER o, FUNDS TO CIA <RIP' PARA l• PAIT IV, l)e 

B. AUfMDJUZATION FOR l.T COL MURPHY AND 11111111 - AND 

-TO PARTICIPATE ASSSET FORTH ABOY_t. 

!MD or 111'.EIUG! 

TIPIIIRIT 
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MEMORANDUM FOR THE RECORD 

Zl March 1963 

SUBJECT: Discussion reearding Project Quill 

l. A meeting was chaired by Mr, 
Office, regarding the security a.apecta o 
attendance were Mr, - Mr. Mazza, 
Mr.-

on 20 March 1963 in his 
ect Quill, Those in 

Mr. Mr.-and 

z. The gi•t of the matter discussed at the meeting is as follows: 

Mr. Mazza: The NRO has received a message from the West Coast 
regarding 110 11 which indicates that Major Bradburn will be 
coming to Headquarters some time next week to discuss the 
status of "0" with the DNRO. I have suggested to the NRO Sta.ff 
that preliminary meetin1• involving the NRO Staff and the SSC 
be held before DNRO makes a decision regarding the future of 
Project 11Q11• 

Proara.m 11B11 has very little to offer in this respect since 
ct "0 11 definitely is under the authority of Program A. How 

close is 110 11 to becoming operational? 

Mr. Mazza: l do not have the exact date. It is currently reaarded as 
in the research and dewelopmental ata.aea. 

!.1!::_-~ The first firing of 110 11 is scheduled to take place in the 
middle of 1963. 

Mr. Mau;a: The unique aapect of 11Q 11 is that it uses radar. The radar 
messages are "•pit out" at the appropriate isi&n&l from the ground 
control station. U this radar capability was used over a. denied 
area it could triaaer an international crisis. 
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Mr. Mazza.: The current plans are for the radar to be used over the 

United States only. The queation at erns the best 
cover for 11Q11• At the current time s expected to 
be the cover mechanism. 

~ What do you think is the best cover arrangement? 

Mr. M~s&a: As it standa at this time CORONA cleared peopl• 
know of 11Q". 110 11 cleared people know that QUILL is a research 
developmental project which uses radar. (The radar aspects are 
regarded mplethinkthat QUILL 

ecoverable package. The 
ople will not see the film. I believe that the proper cover 

for 11Q11 is not e•eentially a 1ecurity problem but more of a 
management problem. I don't believe the DNRO has completely 
thouaht throuah the worldna aspects as to the risks involved with 
11Q 11

• Since there are risks we must realize that there will be 
security problems. 

M!.:..1111_ I think the concept of 11Q11 is splendid. We would support 
it completely. I have been advised that General Greer expects 
to watch the first LANYARD shot. This concerns me inasmuch 
as his presence in the area miiht blow our "skunk works 11 and 
focus attention on our CORONA and DISCOVERER people there. 
(150 people) ■■■■■■suggests i 11Q11 

were handled on a black basis and not 

Why not leave "0" as pa.rt of the DISCOVERER program 
involves the Thor-Agena. combination? 

Mr. Mazza: The Soviets who track our satellites will know that this 
one has radar on it. The Soviet trawlers that patrol our coast 
should be able to monitor the radar in:piiiae• without any difficulty. 
We must keep in mind that radar in this nature is a war indicator. 

Mr. Mazza.: ■ was under the impression that "0 11 could best 
remain in the DlSCOVERlllProgram. 
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Both Colonel Ruebel and Colonel Ford seem to be horrified 
at suggestion of Rod's. I understand that the recovery packaae 
desiiJled by Lockheed should be used for QUILL. 

~ How well known is....., 
I have been reading a.bout in the press? 

Mr. Mazza: The lid has been 
of pa.yload data. 

reprdina any release 
been very effective. 

is not to be under-but should be under 
what will the problems be? 

& QUILL is a black program at this time. -is a Department 
of.Defense SECRET Project. "0" contains radar and this will be 
generally known as soon as it goes into opera.ti.on. For this reason 
it has been suggested that an Overt Program such as ~ould 
provide the better cover then the black program. 

(At this point in the discuuion Mr. -entered the room) 

.M!:_- Mr. 
information 

Would.you give us some general backaround 
g-a.s the result of your in■pection of this 

Project last month. 

classified SECRET and is being developed under a 
of Defense White Cont:ra¢t. Since the hold down is 

only a SECRET classification 
number of peopl 
The basic differ our other t 
with respect _to CORONA approximately.persons have access 
to information beca12sE1 o.f tli>.ei to the 
There are also approximately 
the launching pad but the difference is that anyone with T 
clearance can be told of·• CORONA is held down much more 

ma.ting of the is doh at 
in Sunnyvale, California. 
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~-- I have asked for a paper on the CORONA 
Program. with respect to the early conditions under which it 
operated versus the current conditions. What is e1peci&lly 
important to us is a determination as to what is the secret 

protected, It appears to me that wQUILL to3w 
ver it will be one more thing that could 11water downlf 

the security we have built a.round <DRONA. 

c areas will QUILL be associated with 
e will be aware of QUILL? 

Mr. Mazza: The QUILL Project is using 
their program. 

ver to order boost for 

Mr. - With respect to the recoverable package of QUILL the 
Intelligence Community must protect this. Security should 
consider a modified security plan so that-could be utilized 
for the boost for QUILL under a White Contract but that the 
11 skunk works 11 and the !launching ·pad facilities could be utilized 
under a black contract basis to afford better protection to the 
recoverable pa.ckaa;e. 

Mr. Mazza: If the arguement rea:arding the proper cover for QUILL goes 
to the DNR.O for the final solution the DNRO should be aware of all 
the risk factors. 

Should QUILL be a separate clearance or a part oi CORONA. 
1 know this is a political question. 

M.!:.:._ __ QUILL is not a i:assive Proir&m, It is an offensive ay1tem. 

Mr.- Mr. 
not result 

s that our concern with QUILL must 

Mr. Mazza: Colonel Martin has indicated he would like the technicians 
---;mrr..ted with QUILL to m.eet with 1ecurity repreaent&.tive1 to discuss 

the m.a.tter in depth. 

Mr.-· Mr.-should be back from his trip by Monday. I think 
it necessary that additional discussions be held prior to any 
po1itl.on statements made by the Agency to the NR.O with re1pect 
to IIQH• 
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Mr. - From a policy point of view I have been giving some 
consideration to a plan wherein all satellite programs would 
be under General Greer. This would mean that CIA would 
pull all of its 1ecurity people out of the "skunk works 1tin 
similar installations if CIA accepts total security reaponaibility 
for projects regarding which we lack complete 
There is an excellent opportunity that security might 
occur because of chanae• with which we are not in a.are•m•nt. 

(At this point Mr. -left the meeting) 

Mr. There are definite political ramifications regs.rding Qt.mLL. 
If the USSR would say they have proof that the U. s. is p&intina 
the USSR with radar, would we have a defin!tive position to 
counteract this charae? The major question for our office is 

ility of QUILL can be utilized without 
re doing it. If the hould 

be used to "read out 11 this radar th1,r,~ i1, n the 
USSR will be aware of the radar capability of this satellite. 
The question then is whether Security has an obligation to 
advise the Special Group of the security risks in QUILL because 
of this politic&l question. 

Who has made the determination that radar pictures are 
actions? 

Mr. Mazza: The Penta.aon thinks so. They reaard radar utilized in 
this manner as a military weapon and as a war time capability. 

~-- This may be asked by the USSR why the satellite is 
utilizing south orbit if it is not intended to p&int the USSR 
with radar. I believe that the Special Group should be advised of the 
QUILL Project. 

Mr. Mazza: I do not think that there is the serious political issue involved 
here a.s you have indicated. 

Could the radar capability of QUILL be 11read out 11 elsewhere 
than on the East Coast? If this is not the case it would appear that 
the NBO Staff should be advised of our security concern;.1'1arding 
the political ramifications inherent on the QUILL radar being 
read out by Soviet trawlers. Lou, Do you believe it advi,llllllljlil:ile to 
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advise the NRO of this concern on a verbal basis. 

Mr. Mazza: No, I think it would be most appropriate if a formal 
memorandum was forwarded to NRO. 

Mr. - It is my opinion that the use of QUILL definitely involves 
a security problem inasmuch as there may be a serious 
political issue arising from the results of the program. 

Mr. Mazza: I would rec.onunend that your poaition in this matter be 
discussed with Major Bradburn prior to a formal position 
statement being forwarded to the NRO. 

The meeting was terminated with Mr. -requeatini Mr. 
-to follow developments regarding the discussions of the 
representatives from Program A with the NRO Sta.ff. 
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MEMORANDUM FOR THE RECORD 

29 March 1963 

SUBJECT: Dil!ICUHion Rega.rding Project QUI.LL 

l. A meeting was held in the office of Mr. -cm. 21 March 
rega.rding the aecurity aspects of Project QUILL. Thoae ia atteadaac:e 
were Mr. ■■I, l~t. Col. D1avid Bradburn, Mr.- Mr. Ma1111sa, 
M.r. and Mr.-. 

Z. Lt. Col. Bradburn indicated that he would be bl'iefiq the N&O 
Staff regarding QUILL the following day arid would be happy to preHnt 
the ;iat of hi• proposed briefing to the group. 

3. He then indicated what General Greer considered to be the 
miuion of P-40 (Project QUILL). 

MISSION: a. Ionosphere effect on resob1tion. 
b. Radar tecbnolpff in satellite environment. 

OBJECTIVES: a. 100 feet resolution. 
b. Read out and recovery 
c. Minimum :modification to eldat:lng radar. 
d. As soon as pouible. 

APPROACH: a. 

corolla.tor. 
b. With eldstiag facllU:iu (launch, track. recovery). 
c. ,I& five payload&, fly three. 

----------- - ·-··· 
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'-"'•lb.1w1;1,.S 

-"-'",.,.'" 
- ••• il&.-

f11""1>S 

('ovri=t. 

4. Bradburn indicated that this would prima.rily be handled on 
a secret--•pecial handling basis with respect to communications. He 
added that QUILL would not be used to look at Russia. at this time. He 
also indicated that one of the bad features of QUILL was that it would 
radiate and that Soviet monitorinii equipment might be able to determine 
the nature and extent o~ our use of radar from a satellite. 

5. Bradburn also indicated that the radar equipment should be 
able to photograph a track of land approximately 10 miles wide and 
up to 1500 miles in length. He indicated that the satellite would be 
orbiting at about 12.5 miles above the earth. He said that receiving 
stations would be reading out the radar at 
-Vandenburg Air Force Base. He said that QUILL would probably 
be programmed for a 4-day orbit with the recovery of the data film. 

b. Bradburn indicated that the management structure for QUILL 
would be as follows: 

A. SE/TD, system inteiration a.nd t.lntenna-LMSC. 
B. hdar payloads, AGE, field support--Goodyear 

Aircraft, Phoenix. 
C. ces, optical corollation--

7. Bradburn briefed the group from a chart with re 1pect to the 
type of contract fundini, and cover stories which were under consideration. 
An approximation of his chart is as follows: 

-,----- .----
! 

l 1-.MSC. 
·-------~~-¥ 

NIHl"e'"' II.MM. WM 1-rt' 

II P•tl• "KP·Ir "~ O •'-•srn. 
,, 

{114t,lh,11,"'~ (1<1 .. -1.n 
MC-..rne>Nllb 1 'fl 
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ROUTINE 

IN 71774 
.. : ., . -•--"'"··~-~. 

L ~IE!ITING R£F A Jl!:TTENDED BY C'.Ol. 11URPMY KAJOR BRADBURN, MSSRS 

?LUMMER1 

,: r:..Lfil!HIG IS CCWEH STORY A!'1D FLOW ?.U,lli AGREED TO BY ALL PARTICIPAN!S •. 

2 :i- HARK '1.'•ii REGO VERY SYSFEMS~ t'Il.:,; CU't"TERS AND CASSETTES VlLL BE 

i"' ", (:;!0 1,1 .. COl\.7RACT'S U~lDEli E½1f,7WG CONTRACTUAL ARRANGEMENT 

:::; !llf:UV:l:RED 10 HIP FAC:!i.!!Y FOR A3SEMBi.. Y AND CY.ECK•OUT BY CORONA/162 • 

P1Q:-i,f,. T?.E SYSTEM~ liITH ctrrrtn AND CASSn'TE INS1'AUEO, WZi..L BE 

fi?EI.:n,ll:REO TO QUILL ~l SUNNYVALE AS A COM?LETE UNIT INe APPROXIMATELY, 

S .. TO ~CC0'.Jlf! FOR THZ £i:!STA1~CE OF THI:: FILM CARRYI?t8 CAPABILITY 

Cf<' 'f.HE 162 BUCKET MR -• I.MSC QUILL ?ROGR-A~ MGR, WILL PREPARE A 

P:U:Lii':!tlA~Y DtSIG!~ OF TH£ CUTTER A~D CASSITT!: FOF: PRESENTATION AT A 

Bi&ABT 
.. w .. .,. ________ .., 

: .} :~~:-l\!:·!( "·-.:,-, ..... - :_ 
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FROC:UnE THR££ IIS2 RECOVERY SYSTEMS 

'NE PSE.UtO-DJ:::S!Gr.i WE .. L BE 8A!1E::;; BY CORONA CLEARED PEOPLE \llOlil WORKING 

C•N f,UL:..~ Tril C(i!l"F-U::1:E:D !OP DR!,WIMH, NCW ON FILE AT A/P, iiILl. BE 

[,r:;uv::m::r: !O QUILL AND SU~FACZi.i .r.rrlR. A REASONABLE TIMI, APPROXIMATELY 

~~ COL r.lURP!-ff !;.'IL!# APPRISE: MR W.A.U UV!Stnlt ITEi(, THAT THE 

G,t•D rr rrrn t.L HA ROU A RE Is GO rnG TO BE USED IN 

/tiO QUILL BRIEF'UJGS AT ITEK ARE ANTICIPATED. 

5,, '!.'!J>'. COVE~ WILL. GIVE VP ?ERSNiMEL LOGICAL REASON FOR. ASSOCIATION 

iu·.rn THE FIECOV!RY E iJCKET i:,r smrnYVALE Ir N£ED .\RISES. HOWEVER, 

re ElRE:,-U'JlGlrnS ARE r-N'TIC!PATE:D A1' S\: AS THE RECOVERY SYSTEM WILL 

ii;OT BI:: EXERCISED TEEf-U: .. THERE :!ILL B!:: NO REQUIREttENf FOR ?RAUHNG 

CF eun.L TECHNICIANS Or~ CC•?.-Jt-li\ IIAIW~}ARE AT A.IP FACILITY. IT IS 

e::rp-11:cr:::D THAT THERE !'IILt B!!: ME:i..D FOR VERY FEIi ADDITIONAL CORONA 

CLEARANCES DUE TO ENGINEERING INTERFACE., 

G. H~P.DWARE now ~ILL SE AS r'OLLOWS: COMPLttE RECOVERY SYSTEM WITH 

CA:;':SETTE hMD FU.M CUTTER :r-lST/:!U..ZD \HU BE DELIV!RED ro-
rnori A/P. AFTER PAYLOAD COMPATiBILITY CHECKS IN- AND SYSTDJS 

lESTS AND OTHER SPECIAL. T£STS IN_, THE ENTIRE VEHICU: 

!.l~C'-!.tt'.i!t-::;; RECOVER~ SYSTEM l!iil.l. BE SllI·PPI.D TO NAB, VANDENBERG. 

;:!;::coVlI~':: SYSTEl HLl. U:AVE TH!\: MAB ONLY TO GO THROUGH NORMAL 

S I. .., 11 ! T 
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P!GE Tr!F.EE 

'tF.!GlIT KND i1Al.t.\MC£ CHECKS Ai•JD RECOVERY SYS'rE~l FINAL rnsPECT!Cl\l 

IN "L" Btiit.Drna. THIS !S Tit! ONLY FUNCTION PERFORIIIED BY .. L .. BLDG 

A! if1iF1L. FILM LEADER 1:iILL 3E nlstALLED BY QUILL PERSONNEL 

QUILL 

?ERSONNEt WILL REQUIRl CORONA 

1 .. 1 HE 1 IM READOU1 OF' CASSETTE Fi!MCTIONS WILL NC1T COMPROMISE 

3. THIS ?LAM S~T!SFI£S THE OBJECTIONS INDICATED REF C. IT 

ED TH~T CONl'RACTS PROCEED IMf.EDUTELY WITH PROCUREMENTS 

END OF MESSAGE 
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UiE DIRECTOR OF CENTRAL INTEWGEHCE COPY 
WASIIINGTON 25, D. C. BYE :-::-,:c-:::--, 

Z3 July 1964 

MEMORANDUM FOR: Dirf'lctor, National Reconnaissance Office 

SUBJECT Review o£ FY 1965 

I. I have reviewed the material you sent me for use in our 
discussion on Monday on the FY 1965 program. In order that you may ~ 
have the benefit of my preliminary review, I make the following commentl!I. 
Unfortunately the information available to me is limited and any constructive 
SUiieationa on my part will require more detailed information which, I • 
assume, you will make available. Nevertheless, my comments are 
intended to be helpful to you in further discussions o£ this FY '65 National 
Reconnaissance Plan and will indicate 1pecific areas in which I need 
con1iderably more clarification and details. 

GENERAL 

One thin& that strikes me "Iii l'l"Ollllt interesting is the fact that 
the Program A and Program D funding under the President• s budget was 
fully authorized in the NRO tentative program, and in fact Program A 

Contrasted with this, Proaram B funding 
to be justified. This gives me cause 

for concern since Program B is an operational re1ponsibility of elements 
of the Central Intelliaence Ag .. n~ over which I have direct control. 

My views on G.AMBIT-3 and the FULCRUM program are 
covered in my letter of July 23rd to Secretary Vance, a copy of which I 
attach for your information and reference. Furthermore. I expect that the· 
COMOR study which will be presented to USIB on July 29th will throw 
further light on the desirability o£ new photoaraphic reconnaissance systems 
to improve our reconnaissance inventory and I presume that USIB•s desires 
will serve as guidance to NRO for its program in Fiscal Year '65 and 
1ubsequent years. 

RAr.nu VIA mw srsm1 GNll 
... 

Approved for Release: 2022/08/18 C05139542 

107 



108 

Approved for Release: 2022/08/18 C05139542 

TRAILBLAZKR 1964: THE QOILL EXPERIMENTAL RADAR IMAGERY SATKLLITE COMPENDIOM 

"'''"'fl'." fll'fjl' f"H-

NRO APPROVED FOR RELEASE 
DECLASSIFU!!D BY: C/IART 
DECLASSIFIED ON: 9 JULY 2012 

2. My subsequent specific comments are deeiiined to point out 
area111 in which I think we must take a very close look to determine whether 
or not the Programs are in fact necessary and whether or not the funds 
presently d••iiina.ted for them should not, perhaps, be reauisned to higher 
priority programs designed to meet the more critical needs of the intelli
gence community. 

Pr pam.A. 

CORONA J -- While this amount appears reasonable, our discussion 
ye•terda.y indicated that beyond those funds presently contracted for by 
Proiiram B, no procurement of payload• by Program Bis contemplated for 
the latter part of FY '65. This appears to prejudge a decision that the 
CORONA Program will be transferred in toto to Program A. I anticipate 
further discussions with reference to contracting responsibilities £or 
Prosram B. You are familiar with my views which were expressed in a 
me:m.orandum to Socretary McNamara commenting upon the PFIAB report 
which memorandum, I am sure, you have seen. With respect to introduction 
of Aeroapace in the CORONA Program, I have given this serious thouaht and 
have concluded that such a move would be most undesirable and would risk 
serious damage to the Program and hence lmque•t through this memorandum 
that the preaent arrangement, which was continued by letter contra.ct through 
July, 1964, be put on a permanent basis. Any other action would be confusing 
and would seriously risk this important intelligence collecting asset. 

ARGON -- This figure appears reasonable and I have no comment. 

CORONA OCV - - I understand the original purpose of proposing 
the use of the expensive GAMBIT Orbital Control Vehicle (OCV) as a 
carrier for the CORONA cameras was to provide some degree of competition 
and therefore incentive to Lockheed for better performance. It seems to me 
that this move will introduce a whole new set of reliability problem• and 
will increase the launch costs from per launch 
Thor Aaenaa to Atlaa Agenas. This would be in addition to the 
tentatively budgeted. I am not convinced that this is either a necessary or 
desirable move. In view of General Greer's statements, I invite further 
discussion concerning the advantages of using the Atlas Agena for the CORONA •. 

GAMBIT -- This schedule looks about ri1ht and the tentative 
financing appears adequate. As indicated in my lotter, it appears that 
develop:m.ental activities necessary to bring the GAMBIT resolution down to 
2' as indicated by Eastman Kodak representatives on Monday would be 
desirable. I would recommend that these activities be funded promptly. 

rr•· ... r-
1 

- - •• .•.~. eY~T: :r ~t.:1 
- 2 -
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GAMBIT-3 -- Note recommendations in my letter to 
Secretary Vance. 

QUILL -- Although we have never been briefed in any detail on 
this program, I understand it is a satellite-bearing. 1ide-loolting radar 
and is primarily a. research and development item concerning the 
feasibility/utility of such an all-weather approach. I would like further 
information on this Program. 

417 -- These weather satellites contribute to weather planning 
for NRO missions and I therefore am in support of them. In the future, 
if we have problem• as to the size of the NRO budget, we might consider 
traneferring the satellites out of that budget and possibly to the Air 
Force System• Co:m.mand. This is not an item of importance at the 
moment, however, and the amount funded seems adequate. 

SIGJNT -- I have never been fully briefed on the intelligence 
requirement• for this Program, or whether or not it is providing informa
tion of real value meriting this sizable expenditure. I would like a 
comprehensive analysis and briefing prior to making commitments of 
this ma;nitude. 

NEW GENERAL SEARCH -- I do not have any information as to 
what is contemplated under this line item and will need full justification 
for it. 

SATELLITE CONTROL FACILITIES -- I do not have any information 
as to what is contemplated under this line item and will need full juatification 
for it. 

APPLIED RESEARCH/ADVANCED TECHNOLOGY -- I do not have 
any information as to what is contemplated wider this line item and will 
need full ju1tification for it. 

AFSSPL -- I have no way to judge the adequacy of the funds provided 
for the Air Force film proceuing at Westover. However I would like to 
discuss with you the u1111e and the relative contributions of the government
financed film proceuing facilities at Eastman Kodak which were established 
some time ago by CJ.A and thoae of the Air Force facilities at Westover. 
Opiniona have been expressed to me that the former facilities are not being 
used productively with the result a very considerable amount of Eastma.n 1111 

knowledge in the field of film processing is being sacrificed. I would 
appreciate an opportunity to discuss this matter with you at your early 
convenience. This is the first time that I have noticed the budget for Air 

-
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Force film proceuing at Westover as a line item in the NRO budget. lam 
interested in knowing whether this has previouely been included in the NRO 
bud;et. It appears to me that now is the time to establish just what the 
separate or supplementary roles of our facilities at Eastman Kodak and the 
facility at Westover should be. I would like a briefing as to what your plans 
are in this regard. 

-- lam most concerned over the level of 
effort in the area of As you know this 
responsibility was assigned to the Air Force through NRO by the Special 
Group. CIA feels that there 
Soviets will come 

must be given a very high priority, adequately financed, and pur•ued with 
competence. 

MISCELLANEOUS -- I do not have any information as to what is 
contemplated under this line item and will need full juatification for it. 

Pr &ram B. 

The Program B submissions for FY 1965 budget total 
These submissions were ma.de on Z0 September 1963. On ?0 December 1963 
the D /NRO furnished an 

sequent advices from 
have resulted in the directed 
this figure appears to be 

withheld for further justification or consideration as an addendum item. The 
reaaoning behind all of these ad.juatmenta and the very tentative nature of the 
com.m.itments r•quir•• further explanation. 

OXCART -- The tentative program is significantly lower than the 
President's budget or the recommendations of Director, Program B, and 
I would predict a year-end deficit situation, particularly if operational missions 
are called for this year. It would appear that funds from KEDLOCK and 
TAQBOARD (in Proaram D) should probably be recaptured in magnitude 
sufficient to restore the Director-recommended OXCART funding. 

IDEALIST -- The matter of additional U-Z's for the u. s. inventory 
should be decided now. As discuued on Monday, two courses of action are 
open. The first is to build up the CIA inventory by modifying SAC U-Z's 
on the •••umption that such plane• are available without impairing SAC 1s 
capabilitie11 to fulfill its &Higned missions. I have been told this situation 
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might result if B-57F 1s a.re substituted for U-Z's for certain atomic 
energy miuions. The alternative is the building of new U-ZL's. 
These would be better planee than the converted U-2 1s; however they 
would be more co•tly and further:more to :make it worthwhile to open up 
the production line, an order for 25 aircraft is indicated. I think we 
should confer and reach a decision on this matter at an early date. 

COUNTERMEASURES 
program., it appears that all of 
should be furnished to Director, Program. B, particularly since this 

was not in sight when the Presidential budget was set at-

-- These funds appear adequate to do the job. 

PHOTOGRAPHIC -- These funds appear adequate to do the job. 

ADVANCED SYSTEMS STUDIES -- This funding is adequate to 
determine FULCRUM feasibility and program definition durini the first 
six months of the fiscal year but is not ad the 
second pha■e. The funding is adequate to feasibility 
as well as initial funding for financing ■■■■I during the second half of 
FY 165 if the fiut half looks good. Money should also be made available to 
continue preliminary design studies of the advanced aircraft and 

which is now funded out of FY 164 funds. 

FULCRUM -- My views are set forth in my letter to Secretary Vance. 

-- The first 
Progr succes ully deim.o:nst 
required is available in the Advanced Systems Studies fund of 
proposed. 

AKINDLE -- Subject to Special Group encouragement, which I 
understand you will elicit at the Special Group meetiq on .July 23rd. no 
further action appears necessary a.t this time. 

Pr 15ramD 

R-12 EARNING -- The amount tentatively programmed i 
leas than Director, Program D recommendation and does not a.pp 
to prevent slippage. It appears to me that such a reduction would cause 
slippage or possible supplemental request. This, however, seems to be 

- 5 -
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an Air Force problem. In fact, I wonder if the time is not approachina 
for the R-12 to be taken from the NRO budget and transferred to the 
Air Force. 

KEDLOCK -- I notice no reduction in the KEDLOCK programming 
although most of the OXCART items have been 1eriouely reduced. The 
question here is which comes first. 

TAGBOARD -- l think it is now time for us to take a real hard 
look at TAG BOARD. My tentative conclusion is that this is a marainal 
program of unlikely utilization as an NRO operation and we might better 
divert the funds to other programs of greater promise over the long run. 

DRAGON LADY -- Funds appear adequate. 

SUMMARY 

- Funds appear adequate but, in any event, could be 
that order of magnitude. 

To summarize, I need much more information in considerably 
areater depth on those questions I have raised above and euaae•t that 
we continue these budget discussions at your earliest opportunity. In the 
meantime, major commitments of FY 1 65 funds in those controversial 
areas noted above should be held in abeyance until Secretary Vance and I 
can agree on a. FY 165 NRP. 

Attachment: 

cc: Secretary Vance 
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22 October 1964 

MEMORANDUM FOR: Chief, Special Security Center 

SUBJECT : Status of QUILL Project 

1. As the Special Security Center had been requested to 
furnish an opinion concernin& the protection of the QUILL product, 
Lt. Col. John Pietz of General Greer 1s Staff was q;ae1tioned about 
the QUILL status on 20 October 1964 during his visit to the Headquarters 
Buildina. 

z. According to Colonel Pietz the QUILL Proara.m wa.s generated 
by a DNRO request of General Greer to orbit a radar satellite quickly 
in order to test the validity of certain cla.irns. The pl&n was not for 
an operational intelligence system, and the end product was not to 
associate itself with any intelliaence function. The orbitina satellite was 
to look only at a narrow 10 mile1 beam. over the U. S. Although not 
clandestine in nature Pietz believed that ita operation would not be 
obvious to those on the ground. 

3. li the first flight is not successful then a second QUILL shot 
will be made, However if the first flight is deemed to accomplish the 
task set out then a DNRO decision must be made on the future of the 
program. 

4. Pietz also advised that approximately three weeks ago General 
Stewart of the NRO TWX 1d General Greer and suggested that an intelli• 
gence evaluation team examine the QUILL product. However• General 
Greer did not look favorably upon the idea. and so advised General Stewart 
that it was too ea.dy to brini the intelll1ence peno~ol into the picture. 
The first group of QUILL end-product• will not contain intelligence, 
and he reasoned that if a. decision was later reached to conduct an 
intelligence mission there would be time enough to form an evaluation team. 
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5. Pietz stated that QUILL is a side looking radar satellite 
that will take radar pictures of' the U. S. The film in the satellite 
will result in the synthetic putting together of signal intensities. In 
the meantime these sian.&11 will also be relayed to tracking stations 
at VAFB or New Boston. The film will be recovered similarly to 
the CORONA System. Hopefully both films. the one returned to earth 
and the one received at the traclcina station, will be duplica.te•. After 
the film is it will be sent to the-

gh an optical correlator. The product 
of this operation will then be used to make a radar map. The radar map 
will then be sent to SAFSP and then to the DNRO where the decision will 
be ma.de as to the future of' the QUILL Program. 

6. If the DNR0 1s decision is to continue the QUILL Program a.s 
a post a.ttacl( radar system. he probably will turn over the operation of 
the program to SAC. The question then a.rises as to whether the program 
will be Ublack 11 or DOD Secret. If intelligence is involved the 11bla.ck 11 

operation will probably prevail. However. if bomb dam&se assessment 
is the primary minion, the R&D :may be bla.ck, but 1llllllillt since it will 
be SAC 1s decision as to when the operation will be launched, it will then 
be turned over to the white community. Accordina to Pietz they (Proaram 
A) hatlnot given these pouibilitiea much thought. If it is decided that 
the QUILL has any potentiality as to either intelllaence or post 
attack surveilla.nce then a new set of circw:nstances will be present at 
that time a.nd a decision rendered as to the control of the product. 

Pietz also stated that- has a contract with 
. Proaram. A Q 

onnel a 
Pietz wishes to 

Sy•tern at this time. The Chief, SSC 
until the time comes that the 

the community with an intelligence take. 
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COMMENTS OF LOUIS MAZZA AT ZZ OCTOBER 1964 
QUILL MEETING IN THE SPECIAL SECURITY CENTER 

I have explored with appropriate personnel of the~NRO, 
the :matter of security classification and control to be applicable 
to the product& of Project QUILL, I find the following facts 
to be germaine to consideration of this matter: 

(l) Project QUILL is euentially a feasibility 
demonstration relating to the use of radar as a satellite 
intelligence collection system. 

(Z) The program. is of a highly experim.ental nature 
and the three presently available payloads are not adaptable 
to operational employment. There is no pl&n to scan 
other than U. S. territory. 

(3) Whereas it is envisioned that representative■ 
of the exploitation community will eubeequently be asked 
to assist in the evaluation of the results of this demons
tration, maximum effort is lteine focused at this time on 
the task of recovering and reconstituting a. satellite radar 
product and evaluating from an enaineering 1tandpoint. 
Following this, intelliaence utilization evaluation will 
be considered, 

(4) The acceptable limitation of operation fro:m 
the national policy atandpoint has not as yet been defined 
(radar after all is a non-passive collection system) and 
these parameters when developed could have a direct 
bearing upon the matter under consideration. 

For these reasons I feel it b1 premature to consider the matter of 
security classification and controls at this time, and I have concurred 
with recommendation of the-(oi+-NRO Proaram Directorate A to retain 
the results of this demonstration under Project QUILL controls until 
such time as circumstances indicate that other action is appropriate. 
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23 October l 964 

MEMORANDUM FOR: Chief, Special Security Center 

SUBJECT QUILL End Product 

1. Attached is a. resume of our discussion with Lt. Colonel 
John Pietz setting out background information regarding QUILL. 
This resume also reports Pietz's feeling that the end product of 
QUILL should be protected in the BYEMAN System. It is assumed 
that Pietz is only repe&tini the feelina• of General Greer. 

z. Also attached are the recommendations of Mr. Louis 
Mazza. that the QUILL end product remain in the BYEMAN Syatem. 

3. In addition a.n attached TWX from General Stewart to 
General Greer sets out a. recommendation that an 
intelligence ev be formed to review the QUILL end 
product and help determine future actions. 

4. General Greer's reply which wa.s con-
curred in by Gene areed with premature 
action to establis ral. Gre1:1r's reasoning 
he set out the highly experimental nature of the QUILL Project 
and the total la.ck of adaptability of the present QUILL payloads to 
any operational effort. He recommended that no evaluation team 
be established until the product has been recovered and reconstituted. 

5. As Mr. Reber has asked for your opinion concerning the 
protection of the QUILL end product, it is recommended that you 
advise him that it will a.t this time be protected under the BYEMAN 
Syatem. This recommendation is based on the following facts: 

(a) QUILL is a feaaibility experimentation, 
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(b) Present hardware cannot be utilized operationally. 

(c) The end product will, if successful, be of no 
intelli1ence value since it will scan only U. S. territory. 

(d) After a successful experimentation, a decision 
must still be reached concerninJ any future intelligence use. 

(e) Director Program 11A11, the DNRO and you wieh 
to maintain the end product in the BYEMAN System at this 
time. 
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BYE-25062-64 
Copy ...L_ of_:r_ 

.VlEl\.10RANDUM FOR: Director, National Reconnaissance Office 

SUBJECT End-Product of Project QUILL 

l. Consideration has been given to the controls which should 
be placed upon the end-product from the currently planned tests 
oi. Project QUILL over territory within the United States. 

2. After consultation with representatives of your Office and 
of Prograrr1 Director ''A", a decision was reached that for the 
present time the end-product of Project QUILL should be protected 
under the BYEMA.i'\f Security Control System. This was based 
upon the following: 

a. Project QUILL is presently only a feasibility 
experimentation; 

b, Prese1lt plans call for the experimental scanning 
to be of U. S. tcrrito.ry only and with mJ intelligence 
resulting; 

c, If at a later date it is decided to use QUILL 
operationally for intelligence coUe>ction, further 
consideration will be given to tht, control of the 
end-product. 

3. It is requested that you advise Program Diredor "A" of 
this dee ision. 

FOR THE DIRECTOR OF CENTRAL INTELLIGENCE 

;. ; {, 

\. .,, .~. i 
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Tl10 prov:=:siun~ outlinccd i:: th.c att~~c:~cd pl~~ ,vill be 
L,co1·pora:t0d i1n0 r.n overall :,~:ojcct QUILL Pl:w:1 whict.1 is 
b0in~ prel)arcd by the Ql:TLL Proj cct Officei•, SAFSP. You 
will be :furnished a ~opy when co1.~pl~ ~ea,. 

l .A.tch 
QUILL Securi~y Plan. 

Copy to: 
s . .:..FSP 

~.,c--:- .1/ _tJ· • ~ 
1 v JZZ:-, .. , ._.tfi vh, , __ v e6:.. 
::,'R:..::;::;rs, L. LI.SCIOTTI 
L1aj or, USii.::? 
l1ssis1:a.~t S:~:ct:.ri ty Officer 
~ NP.O Sta.::!' 

1/. 6 

· l. ,,. l 

: .• -. . BYE-23~9§.-_Q•l 

Approved for Release: 2022/08/18 C05139542 

133 



134 

Approved for Release: 2022/08/18 C05139542 

TRAILBLAZKR 1964: THE QOILL EXPERIMENTAL RADAR IMAGERY SATKLLITE COMPENDIOM 

NRO APPROVED FOR RELEASE 
DECLASSIFIED BY: C/IART • .:..' -~ 
DECLASSIFIED ON: 9 JULY 2012 

PROJECT QUILL SE8;Jl~!TY PLAX 

I. PU!:.POSE. 

On 6 Kovc::; .. ber 196~1, ;i,, ::.octia2; V/~3 c0:1vcr.cd at t:1e QUILL 
Procc::>:,ji.n:; F4'.lcili ty (1~F:r2:)L), ~.~ostovo: A.?D. ,~~:·:..As t1eraorandY.u1 
ou-::lincs results oi discussio:1s port,.:dnin,; to scc,~:·icy 
procedures, processing :::.r,d h:i.:idling of the QUILL p:::oduc-;;. 
Pa:L·ticipati:ag in these disci.:.ssions w'-'ru the, following personnel: 

Lt Col Davi" :l. Bracl;;n.:.rn, S:SSP QUILL 
Proj0ct Ofiiccu· 

/ ... FSPPL 
:,PL 

Company 

QU!LL is a feasibility de;nonstr;1tion of thG< satellite 
borne radar i"or ground 1napping. Ia t.his expe: .. ir:1cnt, r:idar data. 
signals acquired over tllc U. s. will bu reco:.:-ded oa photograp11ic 
iil::1. The initial im;;.ge on t.:,e fL'._r., wi:..l consist of doppler 
histoi"ics of i~;;.ctai" rot~rns ::?:~:·c::t g:o:.;.~L. --~;~1 .. ~"~o~·s,, ~ieroafter I this 
fil::. will be identified ::i.s "d:n.:i. L.l..~'. ,.no~.:c ~- data filrJ ':d th 
tno ::;a.me retu1"11s r~co:"'<lcd -i.:i10;:'~o;i v1ill to p!1yr.i.!a.lly recov~:..."ed 
from t,rn satellite recov'3~·y v,1::icle (t,R.V) at the .:,nd o:f' the 
'1-day mission., Zach Ct .. tri.. fi:!_i-1:. :.s t:.se~ as ~h~ i:·.:_p~rr.. to an optical 
cori~~lat'.Ol"" l.oca-:.cd ~1t ·,:::o ■■11■■1 ".;,::1c ou,cput 
of the correlator i;;; .i . .aothe::_• :ti :n to oc ca.1. ea a "r::C.:;;;.r map". 
The radar may will s:1.::>w ir.:ag;e1.,.y (iden ti!iable ob~; ec::s on t:1e 
ground). Dur:.ng .:ho QUILL i:lissio:J., data iilr.:;s wL.1 cc f~cnerated 
:i:'ro:11 3 sources: (1) New :rz...1:i,>shiro Trac:ting StatiOll ems); (2) 
v~ndcnbcrg 'J..",..""~ .. ~t.ing Stution (V~1 S); (3) l·ccovorcd Sa/t:t:l..t.il:e film<t 

All the d:.1ta by the AFSPPL and 
forwa:.·de<.: to t~10 I■■■■■ ':he ~);;·oduc;,: rosultin~ 
.:;:ro~~t the co1"1.4 cla:r.:c:,1"' a-r: t~1c ■liiiillllfll 'Nill 0'1 exposed 
b~t u::1devclo,,t)cd f'ilni radar 1:,-aps., The 1..:..~ .. d0velop(;:~~ f:.i.. raC:t;.,l"' map;:. 
will be sen\, tv th0 -t\.Z:,SP:?L for p:.:·occss~ng, d;...7:;,l:..~" . ..,in~. a.:1d 
distribution. l:...vi uxceptio:! to t:~~~ v:ill be P .... i>S t[V a.~~/ or rrs 
I:>1s~ #S dc.:~u fil:n will bo :)ic~cd up n.t th.c Nl1:S 'uy an l":?S.!?PL 
courie.i:. processed at !.::i'SP?L, a."1.d couriere,:;; to tl1e 

l:.iter correlating this da'ta film to produce the rad::.r 

c./ 6 
1 3 
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n.ap, 1-:10 wllicl1 ha::; liml 'tod .;..n-ho:.:H.:O 
fili:1 processing c::i.pabi ::. t.y, process this r:::.dar map ior 
il:mwdia:te cngincel.'ing analysis. Tllo pu.::·pose of t:1i:.; i:::; -~u 
eva.lua.tc for ec;,uipment: adjuB~;:.-..:,!t, if needed, in t;w satellite, 
a.: the tru.cking stations or i11 t,1e o:,ticr.1 correlator. If 
P:i::;::; #S docs not satisfy thiB requirctwnt, tncy will repeat 
this process with Pass -~'9, whici1 will be couriered :from the 
VTS. 

Processin:; :c.,t the AFS?:)L \lill be dC>llC by 'rKa cle:J.red 
ic.di v iduuls, Tll corrcl:::.L ion r.nd lin:i tc ... processing 
pcr:.:'ormcd at th-, will bo by QUILI.. 
indoctrinated porsonnol. l aL[ix the classifica-
t ::..on ., Socrctn on th...) hva~ ant: tail o·...: t!10 roll of film.. A 
control nur.1bc1·, prefixed i:.iy ".SCS", will appear 0:1 the :'.le::.d cud 
of thu film, tho ·spool, ~c; i::hu :Cil:r: c:::.n. Al tiloug:1 a ,~odo 
punc~1od at th~ beginnini~ of the fil11! rcll ·-.~·ill ident1.fJ" it as 
related to pi·ojcct QUILL, the actu~l word QUILL will not appear 
thereon. T:~is will provide fo::.· greater :fle:,ibility in the 
event it is subsequently decided t:hat tho :::.saista.nce of '.'::a 
only cleared element:';; are required to ;,i1e r,orioI')Ilance evaluation. 

IV. COURn:as. 

AFSPPL t:o the 
A.?SPPL. Cour 

..,', S1;;.tiou to the 
to su~~lied by ~~e 

~1.: be furnished 
Co:r.:;)~ay.. C,:::.:J:t"A01·s fror;i 'i.,; .. Q 

CPass rrS o:i.~ f;S) v:ill be: furn 
Cou-r i~::.~s t: J."on-1 }Iic!.;.ar.~ 2icld to 

::. 1::,.., sup:,liod ty ths:: 6594. t,1 Aeros::iace 
T0st w:ng,I; Ti1:.~ y;ill be vi::1 corr.;,r:1G:".::ial airline., A Comznand Post 
·will be (;S't~illishe<.l al. ~::~ tk:.telli•te Tetit Center, Su;1nyvala, 
for purpose o:.: ~10~:i to~"int~ r .. :1 couri0r nc ti vi t:ius f!'oln !iickam 
to !i:offct-c and t:1c' v·rs to t.i:c A}'S.PPL.. The couriers will be 
either BYZ:.:,;..\' or '.i.'lCI clea,:cd individuals. Civilian c..,,~ri0rs 
will be QU:.:1...L i:aC.octri11at.~d. 

At. tb.e Vandenberg and Kow Hamps:lirc trackin stations, the 
reco:::-ders will be located within t:10 s0cure ■■lllarea :md \,ill 
be moni torcd by QUILL clea:i:eC: pe1·so11ael who l1avc r;iet c:.ca.rance 

dards through a cor.,pllH.;ed BL T::o fii;:·. a·c the 

QUILL 

will bG hxidlod oxclm,lvely and in a.. approve 
:._rca by rru~LL clea:l"Vd p8t"3vi:acl. 

adrninistrat:i.vc matters cond:.;ct0:C w:1- .. h 
by U.e i.FSP.i?L, SA.FSP, :::..""i.d Goociyea.r
gisterod mail. 

✓ 
;'..,.,, .2 3 

2 
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f' "tho dn.~::i. .iilm will go to t'.,e 

QUILL 

with 0;1c copy to be ret;;..ined at the 
AFSPPL. 

At the time o! this n1eetin[;, there had been no pzov::.;:,ic,;-.s 
mo.do for dis:tribu of the fik. r::.dar mans other tr:.:~;1 .;he 
copies for the .::.:;,d a copy for the* 
XRO. It w:::.s discussed and o.grccd to, that any further dis·.:;ribu
tiun of tirn film radar r.1ap by the AFSPPL would have to be approvod 
a...,d coordinated with tho -(-s;. XRO. 

QUILL 

-,,,- ... ,,. .... 
•.. ,:_, ,.\1; 

' :· ·[/ 6 

3 -: " 3 ; ,3 

, . .. BYE-23508-64 
... .... -.. 
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By every measure, Quill was a highly successful satellite 
experiment. Five volumes of evaluation and assessment 
reports were issued concerning the program. Together 
the volumes describe the extensive testing that occurred 
in advance of the Quill program to assure program 
success. The volumes also describe the operation of 
the experimental satellite once it was launched, and 
the care taken to assure program success. Finally the 
assessment volumes suggest a future for radar imagery 
from space including recommendations for additional 
steps following the Quill experiment. 

Document 14 Quill Vehicle System Report, Volume 
I, 31 March 1965: Approximately three months after the 
highly successful single flight of the Quill experimental 
radar imagery satellite, Lockheed Missiles and Space 
Company (LMSC) delivered a three volume assessment 
of the experiment. Volume I is the overall summary of 
the program. LMSC first identifies the organization 
instituted to develop the Quill program. The program 
was established at the request of NRO's Program A
the Air Force element at the National Reconnaissance 
Office (NRO). LMSC served as the primary contractor 
providing systems engineering and technical direction. 
Goodyear Aerospace Corporation was an associate 
contractor responsible for the development of the radar 
subsystem. Another associate contractor provided 
guidance on processing and interpretation of the radar 
imagery. LMCS's volume I also includes a description of 
the mission, which was to obtain high resolution terrain 
mapping imagery using a side-looking radar sensor. 
The system was to operate in both near-real-time and 
provide film return images for a comparative basis. This 
volume also includes a brief evaluation of the imagery 
obtained from the system and summary of the system 
performance. 

Document 15 - Quill Vehicle System Report, Volume 
11, 31 March 1965: Approximately three months after the 
highly successful single flight of the Quill experimental 
radar imagery satellite, LMSC delivered a three 
volume assessment of the experiment. Volume II is the 
engineering assessment of the program. The volume 
provides engineering details and performance summaries 
of all major Quill subsystems including electrical power, 
altitude control, command and control, and structural 
elements. The report also provides engineering analysis 
of the radar payload and radar antenna, two critical 
components for the system. The volume discusses basic 
Doppler theory in relation to space-based radar imagery, 
the thermodynamics associated with the space vehicle, 
and the testing approach for the program. Finally, the 

139 

report discusses the handling and processing of the 
radar data obtained from the experiment for processing 
into radar imagery. This volume contains a number 
of engineering drawings of various subsystems and 
components as well as photographs of some of those 
items. The volume also has a rich store of data tables 
and information related to the program. 

Document 16 Quill Vehicle System Report, Volume 
Ill, 31 March 1965: Approximately three months after the 
highly successful single flight of the Quill experimental 
radar imagery satellite, LMSC delivered a three volume 
assessment of the experiment. Volume Ill is the flight 
performance assessment of the program. The report was 
developed to describe orbital performance data for the 
Quill spacecraft. The volume also includes assessments 
of the subsystems, thermodynamic conditions, vacuum 
gage responses, and the Satellite Control Facility. 
LMSC notes that the satellite radar payload operated 
for a total of 32.91 minutes during 14 orbits. Like the 
other two volumes from LMSC evaluating the Quill 
experiment, volume Ill contains engineering drawings 
and a significant amount of test data for evaluating the 
system's performance. 

Document 17 - Quill Program Report, Volume I, 1 
April 1965: The Goodyear Aerospace Corporation was 
responsible for developing the radar payload for the Quill 
experimental radar imagery satellite. On 1 April 1965, a 
little more than three months after the highly successful 
single test flight of Quill, Goodyear released a two volume 
program assessment. The first volume describes the 
design process and development of the radar payload, 
and testing of the payload, while the second volume 
describes the actual flight testing of the radar payload. 
Volume l's introduction includes a general overview of 
the program along with the program's design philosophy, 
basic vehicle configuration, system parameters, and an 
operational summary. The introduction also includes a 
chronology related to the radar payload development. 
This volume includes the important description of Doppler 
theory in relation to the radar imaging mission of Quill. 
Goodyear included a lengthy systems analysis including 
integration of the antenna design, power requirements, 
mapping coverage, and resolution capabilities. Space is 
a harsh environment and the section on environmental 
system analysis recognizes this by summarizing efforts 
to analyze thermal factors, component stress limits, 
vibration effects, and shock effects on the Quill system. 
The report also contains very detailed information on the 
radar subsystem's design, mechanical elements, and 
component integration. 
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Document 18 - Quill Program Report, Volume II, 1 
April 1965: The Goodyear Aerospace Corporation was 
responsible for developing the radar payload for the 
Quill experimental radar imagery satellite. On 1 April 
1965, a little more than three months after the highly 
successful single test flight of Quill, Goodyear released 
a two volume program assessment. The first volume 
describes the design process and development of the 
radar payload, and testing of the payload, while the 
second volume describes the actual flight testing of 
the radar payload. Volume II includes a very important 
review of the ground infrastructure that was built to 
receive data downloads from the Quill satellite as well 

as control the test flight. Like all complicated technical 
programs, Quill program personnel encountered 
problems and undertook corrective actions to address 
those problems. Goodyear's volume II provides insight 
into this important dynamic. Goodyear's volume II also 
includes detailed analysis of the radar subsystem as 
well as the entire system during the flight of the satellite. 
Goodyear includes in this volume a summary of program 
results, recommendations for the future of radar imagery 
in space, possible future applications of the technology, 
and a chronology of Goodyear's involvement in the radar 
imagery experiment. 

LIST OF QUILL FLIGHT VEHICLE ASSESSMENT DOCUMENTS 

Document 14-Quill Vehicle System Report, Volume One, 31 March 1965 (Excerpts) ......................................... 141 
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l:'OREWORD 

This report covers the span of time from the inception of the first 

satellite borne radar system through th~ fil:al evaluation of the on 

orbit performance of the first flight. An objective review is attellt>ted, 

of the complete scope of activities associated with brinl!:1-ni; a new 

system into being and of the system per!omance during an essentially 

nominal and troublefree mission. 

Prow this review, it is hoped that the systeiris management and program 

control parameters which were found to be effective may be properly 

recognized and thereby enhance the organ:1.~ation and conduct or similar 

future activities. 

The system definition and resulting cor:figuration is reviewed in 

retrospect, together with the problE111e associated with this Progrm 

devel0p111ent and tasting. 

The enliineering management concept and the test philosophy which were 

applied are outlined and restated, with the objectives of first recording 

these, and then attempting to objectively anal:,ze them for areas 

5\J.SCeptible to 1Dlprov«11ent. T'ne Air Force - I.MSC • Associate Contractor 

team is d.e1'ined, as it existed du.ring the development, testing and 

operation of vehicle 2355. 

The Sj"8tan pari'oriunce frOlll launch through recovery and thence to 

battery depletJ.on is evaluated from the primary aspect of payload operation. 

ii 
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Systea performance is co1,1pared against predictions, and the performance 

accomplisiullents and achievements are enumerated. 

The report is there.fore, in addition to a nit:;ht report, a total 

S\:um::ary of the composite effort associated with the preparation and 

operation of this sy:;tem. Fror:i the syscem evaluation certain conclusions 

and recommendations are formulat.ed which are intended to be useful .:or 

later work or, similar systems. 

:'.'hrour;h the medi:um of the detailed inform,1tion contained in this 

report, it is intended to properly acknowledge the efforts of all 

those who were instrumental in managing and conducting a program which 

produced a completely s,1ccess:f'ul mission with the 1:iret flight of' a 

new payload vehicle system. 
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0asetl on an earlier proposal to the Air i orce, :Loc.::hced ;-,i::.:siles and Space 

Conpa.r.y was awarded a contract in Hovernoer l'.:,CZ, tc, r,l;,ce lr. orbit a 

coherc:r.t, sidc-lookirig r ad.".II' syst<:r:i. rho contract speciJ'i ed that Lockheed 

( System Associate Contractor) would provide overall 3ye-t9"1s engineerini; and 

t.echr:.icr1J <:irection oi.' t-he prot,;ram, as well as the Agena and its various 

::mbsystems (power, command and control, t,elErt1etry, etc.). 

(i::astern /.ssocie.t e Contractor) was made responsible for design

ing tho ex;perir.,ent, da:1ignini; and constructing tte optic!'ll correl;:;.tor for 

processLl,, the raw rad.Ar data, and evaluating the data. obtained fror: the 

experirr,ont. Goodyear l..erospace Corporation (i,.ssociate Contractor) was assign.

ad the task of proviili.ntl the payload hardware as well as participating in 

the experiment design, test and operaticn. The contr~,ct specified that 

two vehicles shouJ.d be launched (2355 and 2)56). The payloo.d for 2J57 was 

to be prepared. The payloads of each of the vehicles were to be essontiol.J.y 

identical; tte first vehicle orit;i.nally was scheduled to be launched in 

April 1964. Fi[,'lll'e 1.2.1.1 depicts the program manat;ement struct.ure. 

1.2.2 Contractor Responsibilities 

1.2.2.l Lockheed - System Associate Contractor - was assigned the responsi

bility of providing System ;;n,;Lr.eering and Technical J.i.rection to the P-40 

Program, subject to the overall mana;ement of the Secretary of the Air Force. 

Special Projects (SAFSP). 

In addition to system manat;;ement the Pro~an Office was responsible for 
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coon:l.inating all activities or the three Associate Contractors to insure 

a technically compatible program to meet olanned objectives. 

Resnonsibilities assumed by Lockheed to integrate all activities as 

necessary to achieve all night objectives included, but were not limited 

to, the following: 

o Perform technical direction and engineering managel'!ent within the 

paraneters as established by SAFSP. 

o Determine system requirements and establish system performance 

through a coordinated study and an11lyeb endeavor. 

o Recommend to SAFSP, the required research, develop111ent and 

experimentation to achieve nrograM objectives. 

o Prenare the requirements for, and evaluate the Design Control 

Specifications, Accentance Test Soeoificatione, Engineering 

Analysie Reoorte, Test Procedures, and Sneei!icat1ons, by coordi

nating total effort with the Associate Contractors. 

o Analyze and make recol'!llllendati,ins to the Air Force, as required, 

on System, Sub~yetell and Component development and teat programs. 

o Establish a Systems Enr:ineering and Technical Direction (SETD) 

capability to conduct continuous evaluation of equipment ner

formance to deteminc the d~gree of compliance with all system 

functional and operational requirements. 

o Hold SEID meetings with Associate Contractors to coordinate latest 

changes nec~ssary to meet program objectives, by perfoming teehni· 

cal evaluations of requ1:1sts from the f,ssociate Contractors for 

2-3 
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design or performance waivers on components, subsyste!MI, end item 

equipment, and ground support equipnent, making recollll!lendations 

to SAFSP regarding approval of changes. 

o Review, analy11e and m.o.ke recommendations to achieve interchanee•

bili ty and coMpatibility of associated subsystem and equipment 

del!lignl!l formulated by Associate ContrMtor. 

o Review the reliability programs established by the Associates to 

assure consistency, quality and adequacy of effort. 

o Assist Program !'lllnagement in deterain:t.g Program milestones, 

design parameters, procurement techniques and releases. 

o Integrate AGE, GHE, Spare.I'! and all necessary fiight supoort equip

l\'lent to provide flight test vehicle and night vehicle readiness. 

o Perform the necessary technique5 for integration of GAC Radar 

equipment with DISC nayload antenna. 

o Perform <pal if1cation tests on payload system crms:! sting of radar 

subsystem, snl'lce structure subsystem and recovery subsystem. 

o Provide the necessary 2ssista:nce in nre-night planning and 

orogral!l'lling, in-night surmort snalyaes, nost-fiight T/M anPlyses 

and prenaration of prelilllillll.ry and final epbemeria. 

o Prepare and release a final System Renort. 

1.2.2.2 Goodyear Aerospace Corporation was assi@P.d responsibilities as an 

Associate Contractor to fulfill the following requirements to meet the P-40 

Program objectives: 

o Perform the necessary functions to Accomnliah the design, dev~lap-

SPECIAi_ HANDUNr, 
LOCKHEED MISSILES & SPACE COMPANY 

Approved for Release: 2022/08/18 C05139542 

149 



150 

l 

Approved for Release: 2022/08/18 C05139542 

TRAILBLAZKR 1964: THE QOILL EXPERIMENTAL RADAR IMAGERY SATKLLITE COMPENDIOM 

NRO APPROVED FOR RIEL.EASE 
DECLASSIFIED IIY: CIIART 
DIECLAlilill=lll!!D ON, 9 .JULY 2012 

AC-Oh306 

SPECIAL HANDLING 

ment, nrocurement, manufacture, and develon111Emt testing of the 

radar eubsyate111, not including the antenna, takeup reel, data 

link, interconnecting cabling, or the waveguide. 

o Design, develop and provide the necessary ground eupnort equipment 

to meet the Progra111 objectives, including all payload test equip

ment for payload units and systelll test sets for the payload as a 

subsystem. 

o Participate in the radar subeysten acceptance at I.MSC facility. 

o Perform the retrofits, modifications and maintenmce of the radar 

subsystem. 

o Recolll!!lend readiness and provide certification of the radar si1b

system prior to systems test and launch. 

o ~urnish wooden mock-ups for LMSC integrated mockup. 

o Perform the develop!!lent and ;iceeptsnce testing o.f' the radar sub

system. 

o Assist in the qualification testing of the paylo11d system in 

regard to the radar eubsyete111 at Lockheed. Perform the necessary 

payload qnalification at Goodyear. 

o Recommend and Drovide the necessary spares for the radar sub

system to give adequate backup to the Progr1111. 

o Determine the need for, and provide the necessary tools, jigs, and 

similar items needed to inetall, check and adjust all cOll'lponents, 

subaeaelllbly, and assei,,bly of the radar subsystem during th1:1 sub

system assembly and checkout. 

o Provide fillll recorders for tracking station data link recording. 
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o Assign fi.eld nersonr.el to LMSC to assist in nerfom:ing the 

r,ecessa:ry modifications and tests to assure technical integrl ty 

and techniciil car.atility r,f the radar subassembly and pAylo11d 

was a:5f.igned rearons5.bilities as an Associate 

Contractor to perfor:m the following tasks: 

o Provide technical sdvice and assistance to Lockheed Missiles and 

Srn.ce Col!lPany ;incl Goodyear Aerospace Corp., in the areas of pa,:r-

lead dedgn and establishment of system require111ents for night 

operation. 

o Design and build an advanced ontical correlator .for processing the 

pt:yload data. 

o Process (correlate) tl':e payload data from the recovery capsule 

and the widebsnd data link. 

o Perform payload data 1malyeis and evaluation, including systell'I per• 

fnrmance evaluations a1;a:i nst Predictions. 

o Issue a comprehensive rei:mrt covering all work performed. 

1.2.3 Security 

The Pror;ram requirements for security were established by SAPSP -

and are graphically portrayed in Pig. 1.2 • .3.1, Security Concept., on the 

next page. 

2-6 

SPECIAL NDLING 
LOCKHEED MISSILES & SPACE COMPANY 

Approved for Release: 2022/08/18 C05139542 

151 



152 

Approved for Release: 2022/08/18 C05139542 

AC-01:306 

I\IRO APPROVED FOR RELEASE 
DECLASSIFIED BY; C/IAR.T 
DIECLASSIFH!D ON: 9 JULY 2012 

SPECIAL HANDLING 

I-
::z 
w 
::!: 

~ iii 
w 8'. a en )< 

~ ~ 
I.II~ Ill 

J~ 
I.II 

:r (.!) ~ u 3: • - -' Ill 
0 f!l ~ 'Ji: 
...I OllL..t . 

c.., 
u 
<>: 
<:, 
I.._ 

!:'.:' .. 
~ er: ,.., 111:0 )!, 0. 
j:' 0.. !111::u - Ul 

m 

~ (I) i.iw02: ~ ':,J_ 

~ 
(II 

u ~ 
I-

u. ::..u"(III < d. :::i ..., ..l ..... 
:,... < Q <t ...,a M Ill llJ 

"' <)ill. :t :::ii:: ~ <( <J) 0~ CL : 
I- 00 

IJ'J 

I..J 
,:,c 0:: 
u l,V 
w '( 

,-1 

v,; " (<!''\ . 
N . 
rl 

w~ LU 
~ 

(I) 1-o a- u 
..J --cc u ~r,. ~ 
IJJ ii6 ~ 

~ 2 (J) 

2 I i 
a- 0 ~ 

~ <( 2 :z u -cc :x 8 :::> - ...a 
0 u LI.. 2 to . . 

2-7 

ECIAL HANDLING 
LOCKHEED MISSILES & SPACE COMPANY 

Approved for Release: 2022/08/18 C05139542 



Approved for Release: 2022/08/18 C05139542 

SECTION IV· DOCUMENT 14 

l 

AC04J06 
NRO APPROVED FOR RELEASE 
DECLASSIFIED BY: C/IART 
DECLASSIIFll!D ON~ 9 .JUL V 2012 SPECIAL HANDLING 

1.3 Prog am Objectives 

Prill!Bry Miesion Objective The nrimary objective of the orbital night w~s 

to demonstrate that a fine-resolution rad8:r strip map of a oortion of the 

earth's su:rf~ce can be generated through use of a satellite4'ome synthetic-

aperture radar l!lyetem. For the purpose of this de111onstration a resolution 

goal of 50 feet in azimuth Rnd in slant :range was established. 

A number of secondary objectives of scien

tific and/or engineering significance were also established. Among these 

are the following: 

o Quantitatively evaluate the performance of the radar system, 

with emphasis on azimuth-dimension behavior: 

o Determine the performance limits imposed by; 

• P~ylosd design parameters 

• Paylo11d in-night nerfonnance 

• Vehicle attitude behavior 

• Atmospheric cond:l. tions 

• WBDL design and performance 

o Determine the reasons for any observed anomalous performance of 

the system: 

o Collect data on target-field renectivity. 

o Develop engineering data useful for aero8pace radar system 

designs. 

o DE!fflonstrate the capability of the ground recording equip■ent to 

record useful data received via the WilDL. 

J-1 
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Pril!l8:ry Vehiclo ClJJectives 'I'he launch nhi:ise nrimary vehicle test ob-

jective was to inject the Agena (SS-OlA) into a near circular orbit so that 

the satellite 4'lltitude wculd be 1)0 ~ 13 nautical miJes wt.en oassing between 

30°}! and 70°N geodetic latitudes witl: an orbit plane inclination of 7() t 

0.2S degref)S. 

The orbit phRse nrirnary vehicle test objectivel!I were: 

o To 1111lintain, during the mjn:imum orbit life of 65 orbits, a 

stabilized horizontal attitude with the following tolerances 

(-Z a.xis up and -X axis forward): 

• Deadband 0.15 t 0.07 deerans, all axes 

• Rias uncertainty t 0.4 degrees• all axes 

• Ma.ximul'II pitch rate ri.cn2 degre~s/second 

• Maximum roll rate 0.005 degrees/second 

• Maximum yaw rate 0.003 degrees/eecond 

o To yaw the vehicle to a bins angle of 2.1.1. ! 0.3 degreel!I to tr.e 

left and to the right in response to cOM!llands. 

o To provide electrical power to sustain payload and vehicle life 

for n minimum of 65 orbits. 

o To COlllMRnd and control vehicle ;md payload operation. 

o To obtnin data requirea for the generation snd verification ot 

co11mmnds to ccntrol vehicle and payload operaticn. 

The recovery nhase primary vehicle test objectives were: 

o To orient the SS-OU to a proper nose down attitude, separate the 

recovery capsule at the 1iroper ti.Me and nrovide retro-thrust to 

3-2 
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the capsule so that its re-entry trajectory falls within a prede

terrrd ned recover,1 area. 

o To recover th\'! recovery capsule with its payload by air or surface 

units deployed for ttat nurpose. 
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The missi0n of ,1ehicle 23SS was to place in orbit a coherent X-Band, side

looking radar systel'l payload in order to obt~in a high resolution terrain 

map. The payload was to be operated in realtil!le under collll1ll!tnd of the 

Vandenberg 11nd New Hampshire Satellite Tracking Stations. Operation of the 

oayload waa to be limited to the Continental United States. The SS-OlA 

vehicle was to be injected into a near circ~lar orbit so that the altitude 

over the areas to be recorded would be approxi.Jlately lJO nautical miles. 

Precise attitude stabilization of the vehicle would then orient the radar 

antenna so that the main lobe of the radar beam would be at a fixed depres

sion or look angle of 55o from the horizontal, thereby illuminating a swath 

11pproxiJnately 10 nautical miles wide at a distance of 93 nautical miles to 

the left of the satellite ground track. 

The data obtained from the payload was in the form of target echoes wtieh 

were synchronously demodulated to preserve both phase and alllJ)litude of the 

signals. These signals, which constitute the raw radar 111ep Data or doppler 

history of the illuminated terrain, were recorded photograrihicall1 on film 

in a recoverable capsule aboard the sa.telliie. Sinultaneously, these 

signa~s were transmitted over the Wide Band Data Link to the tracking 

stations where they were again recorded photographicall1 on film by ground 

based recorders and also electronically on wide band Magnetic tape recorders. 

The film recorded in the satellite was to be recovered in the Pecific Ocean 

area by means of air catch of' a recovery capsule. Figure l.L portrays the 

payload operating m.aths and the tracking stations zero and five degrees 

elevation circles of coverage. 

L-1 
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1.5 Sz tern Desori2tion 

The satellite vehicle utilized for this mission consisted of the 

following subsystems: 

Subsystem. A (SS/A) - Structural 

Subsystem B (SS/B) - Propulsion 

Subsyst811l c (ss/c) - Electrical 

Su.bs:rstam D {SS/D) - Onidance and Attitude Control 

Subsystam C & C - COl!IMand and Control 

Payload Subsyst8111 

Recovery Subaystea 

The aoove subsystai:ts are described in some detail in Part II, Para. 2.1, 

Satellite System Engineering; Para. 2.2, Radar Payload; and Para. 2.3, 

Test, for the Recovery Subsystem. Since the Hecovery Subsystem was 

ur"E, the effort was limited to test on that ~ubsyi,tem, and the 

configuration dellcription is confined to the information considered 

necessary for understanding of systalll operation. 

The satellite structure forward of the standard Agena vehicle interface 

housed and irup):'.>orted the guidance system eomponentei, the radar pa7loa.d 

and associated power equipment and the recovery ca.psule. 

The radar pa7load was developed for satellite application by Goodyear 

Aerospace Corporation from the AN/uPQ-102 side looking doppler radar 

utilized in the RF-ltC aircra.t"t. The radar components inclurun (1) 

a Tran.mid. ttei--Hodulator., which is basically a high power R. F. pul.ae 

amplifier; (2) an RF-IF unit, which generatas a low power RF puJ.ae 
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for the tranl:':ll'lti tter and receives and co1,,presses the reflected radar 

pulse; (J) a Reference CO!llputer which genorates timing ::ind control 

signals, RF pulses for transmi11sion, synchronously demodulates the 

received intermediate frequency to provide vide~ data and performs 

electronic oeam steering to a zero dopphr poaHion; (4) a Power 

Control Unit, which coTltrols an:i switches power and generat<'.ls regulated 

voltages necessary for the radar; and (5) a Hecorder which records the 

received video from. the Reference Comput•'lt' on fiJ.ri by exposure fror,1 

the face of a cathode ray tube. The fil:t:l, contti.ining the doppler 

histor.r of each target, is returned by the recovery capsule. Simultaneouely 

the video data from the Reference Computer is transmitted by m.fJans of 

an R.F. data link to the tracking stations, and recorded in a similar 

The high po1,;er output pulse of the rad'll'.' was transmitted thro.igh a 

nat, phased array, antenna mou."lted on the side of the satellite with 

the beam oriented perpendicular to the vehicle longitudinal a.xis and 

at a 55 degree depression angle below 1orizontal. The beam width was 

.J!i,6 degrees in the azi:nuth direction and 2.9 degrees in the vertical 

direction at the half power points. 7he satellite was rotated 180 

degrees afte1• injectirm into orbit (positioned for recovery pitch down) 

and was stabilized in a horizontal plan~. During the payload operating 

passes the horizon sensors were disconnected and the satellite was 

precisely stabilized ander fine attitude control by the inertial 

reference package gyros. 'I'he syste111 was supplied electrical power by 

S-2 
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three silver-zinc batteries, the output of which was converted and 

regulated as required. The electrical capacit7 of the oatteries 

limi tad the duration of the mission. The vehicle was commanded through 

an S-Band beacon and returned data through two VHF telemetry links and 

the wide band UHF data link. 

After separation of the recovery capsule the vehicle was re-stabilized 

in the horizontal plane and the payload was operated through the data 

link until power depletion on orbits 72 - 7). The orbit decayed and 

the vehicle re-entered on orbit 333 at 1027Z, 11 January 1965. 
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1.6 sz tAl!I Perfonianoe - The system pm-!onunee was faultless 

throughout the orbital mission, until battery depletion on 

Orbit 72 - with the exception of minor unu:plained voltage 

disturbances on Orbits 8 a:i d 9. This section preeenta the 

si¢!icmt p~load operating in!o:nu.tion 1 radar iugery samples 

and discussions of' the pqload perfOM1.ance, pr.ceded by a 

brief summary or system parameters and performance. 

~ 
Dates 21 December l.964 Tble: l908:56Z 

Loca.tiom Launch Ccapla: 75-1-1 1 Vandenber& AFB 

Vehicle: LV-2' 1425 SS-OlA #2355 

~ Pred:1.ct.d ~ 

Period (MIN) 89.44 89.66 

Perigee (N .M.) 130 1JS.S2 

Apogee (N .M.) 154 157 

Inclination (deg.) 10.0 70.ll 

Eoos,.triciv .ooJ .ooJ6 

Active Orbits 65 13 

Recovery 65 33 

Payload Operatiorui 13 l4 

Area recCll'ded u .f'i.ne rosolution radar imagc"1s 

appraxilnatel.y 701000 square miles (nautical). 
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Evaluation of Radar Imagery 

General Cm.ments - An extensive amount of recorded video 

data was generated by t.1-ie of vehicle this dat,a has been 

to radar :imagery. 

trating the r&.lar-appearance of various cultural targets and 

non-cultural terrain areas which fall within the 

as well as to illustrate 

eering interest. A detailed evaluation of the :results of the 

radar exper:L,:ient which cullninated in the 

under cover by The 

the results presented in this volume are of a preli.m:inary 

nature and therefore sooewhat In ax:a'nining the 

incorpot"ated imagery, the reade'!" nr"st keep in :nind the .fact 

that the prints in this repo::-t do not the 

full az:L~uth resolution and dyn&~ic range of the 

system to be 

in the 

been generated during the prograr:i, and are at their very best 

at the data processO!" to 

The processor output may be viewed by 

the user of the radar without in eitua-
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The first eleven e:x:8111ples of radar imagery, Figures 1.6.1 

through 1.6.11, hav,., been selected to show a reasonabl1 Wide 

variety of cultural and terrain features. Their inage 

quality is typical of the entire mission; these sanplaa have 

been selected because their content is representative of 

areas of' potential military interest. Tmse first eleven 

images were all generated from the phyaical.17-reoovered 

video data. Corresponding u. s. Geological Survey maps are 

presented with the radar imagery in instances 'Where this is 

useful. 

Figttre 1.6.12 is generated from video data transmitted via 

the WBDL coincident in time with the generation of the data 

film used to generate 1''igure 1.6.llJ this cm.parison permits 

the effects of the data link on image quality to be observed. 

Figure 1.o.13 was generated from the same video data whidl 

had been stored, upon receptioo via the WBDL, ,-1ng the AMIE 

tape recorder, and then plqed back onto the HIE grou.m

based photographic recorder used in the generation of the 

Figure 1.6. 12 data. The coMpariaon of Figure 1.6.12 md 

l.6.l3 permit• an eva.luation of the effects of the AMIE to 

be made. 

Figuree 1.6.14 through 1.6.20 illustrates effect.a which are 

pr1.1ul'ily- of engineering interest in providing data for the 
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efficient desi,in of futt<re sy.:;t,OJ'ls. One of these also shows 

the effects of severe woattmr on the radro• performance. 

A brief discussion of the effects of certain syste1r1 behavior 

on ir:age quality is necessary, prior to presentation of the 

imnge samples. 
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Payload J:lehavior - The radar payload itself pertonned within 

nominRl specification liidts during the generation oi' the 

imagery presented in this section. The payload variables 

which were the key fact.ors in det':lmining image quality 

were: 

o Time coincidence of the CnT sweep with the 

returns from the most stronbly illuminated portion 

of the terrain; that is, from the terrain lying between 

the upper and lower J db directions of the ill1.llllinating 

beam. Adju9'brtent of the prf is used to effect this coincidence; 

o Behavior of the clutterlock oscillator in response 

to initial attitude of the vehicle at turn-on, and to 

subsequent angs.1lar rotations and accelerations or the 

vehicle; and 

o Behavior of the AGC circuit in response to various 

target distributions. 

Ima~e quail ty is of course also dependent upon local terrain 

reflectivity and atmospheric conditione, but these are not 

controlled payload variables. 
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Vehicle Attitude Behavior - The att:i.tude orientation of the 

vehicle at the time of payload turn-on and its subseqmmt 

behavior during the payload operating time affect image 

quality, part 01' the effect oeill/' somewhat imir':lct. Roll 

behavior rianifests its"lf jn a different mn.nnor than do pitch 

a.nd yaw behavior. 

Since the radar : s ::iidelooking, tow ithin a fei..r degrees of 

normal to the local in':!rt~al velocity vector, the roll attituce 

det,erinines the ground swath wbic.'1 is illuminated. In the 

r,ayloa.d subsystem. as irnplei~ented, one iS tha:: faced with the 

problem of selecting a prf a:•rror,riate to the r,•sultin[! 

sl:mt. range from vehi.cle to swath center, i.n or ler to have 

return video coincidence with the range gate o.!' the receiver 

and recorder. !loll excursions which are sr1all compared with 

the e.levt.1tion bear:width are of lit:le consequence once the 

cor~ect :::rf is esta.blishecl, and larger roll excursions can 

be tolerated if one is ,,dlling to make a prf-adjustment. The 

prf-settillft pt"Oblem will be covered in further detail in a 

The pitch and yaw attitudes of the vehicle at payload turn-on 

determine the posi 'tion of the doppler spectr\l'l of the video 

return. It ia necessary to control the position of the 

spectrum center in order to guara."ltee proper ssnpling of the 
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doppler-shifted video while minimizing the generation of 

ambiguoW!I target responses; this is effected through use of 

a voltage-con~rolled oscillator driven b:, the output of the 

biases in general cause tbe doppler ~ectrum to be miealigned 

;;ith respect to its proper locat: on, and t."ie voltage-controlled 

oscillator responds to correct the error. Sbilarly, thfs 

oscillator clso responds to pitch anct yaw velocit:isa and 

accelerations subsequent tot urn-on. Because the electrical 

rhuse center of the &""ltenna is close to the vehicle 1s mass 

center, the angular motions of the vehicle do not directl.y 

inject phase errors into the video retum; there!ore no direct 

degradation of resolut.ion or image signal-to~noise ratio results 

i'roin tl-:.c veh'.cle rotations. The degradations appear as a 

consequence of the steering of the voltage-controlled 

oscillator; this is discussed in the next paragr:'aph. '!'he 

vehicle attitude control is analyzed in detail in Part II, 

Par. 3.3. 
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Clutterlock Beh.1vior - The output of a volt.m,;e-controlle<l 

oscillator UCO), whose freqooocy is detem ined by +,he 

instantanemm output of the clutterlock integrator, is 

in_iected into a single sideban<l (SSB) 7110:!ulator in ":,h!, 

receiver, aloTJF.: -,!itt the video, the 3:3B output,,- then bei~ 

a~·plied to a synchronoi.:s deir.odalator, The purpose of the 

clu.tterlock and VCO ls ta keer> the doppler- spectrum of the 

(ccrrected) v.:deo centered about a J'.'!'edeter.nined offset 

frE:>quency. :-Jien the instantaneous pitch and yaw orientations 

of the vehicle are such that the doppler frequency is too 

large, the 1/CO ia corr.manded to reduce its frequency to 

compensate the data, and vice versa. In doing so, it injects 

a pha:ie error into the target returns -while' correcting the 

snectrum poeition. If the lfCO output freqooroy is constant 

or changing linearly over the pass length, no deleterious 

effect on resol'.lt,ion is observed. The outi::,ut of the 

clutterlock is constrained frol'l var"Jil'!i; raridly, throu~ use 

of an integrator ;1th a t irrie cost ant cf tr:e crier of a few 

seconds. The time constant of the integrator is determined 

on the t•asi.s of expected vehicle rotation and an1r.ilar 

acceleration rates, the w~dths of the 3-axi s limit c:rcles, 

and the radar parameters; the two values available in 2355 

were 2.5 and 5 secon:ls, the forme'.'"' being used in t.he primary 

~lthe ur;per eidebantl bei~ e!1;)loyed. 
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operating mode. 

At payload turn-on the initial misalignment of the antenna 

beaM with the zero--doprler direction cal.lBes the VCO to be 

driven to,~a.rd the correct compensating frequency, at a rate 

deteriri.ined by the integrator circuitry as well as the magnitude 

of the initial errCIJ:'. If the rate of change of f'requeccy is 

approximately linear at this time then the follc:v.i.ng occurs: 

o The doppler spectrum is gradually tranislated, 

at a constant rate, to its proper position, am 

un811lbiguo\18 imagery- develops; and 

o The vco injects a quadratic phase error int6 the 

target histories; a processor adjmted for opt:i.Jn.um 

processing on the basis of the video data being 

collected at this time is then improperly adjusted 

for later times for which the rate has changed, and 

defocusing oecur-s :mless a subaeql.l!lnt processor 

adj I.J!Jtment is ma.de. 

Once the initial m:l.sru.igmnent error is compensated by the 

oscillator, the vco behavior will be dominated by the 

folloWing factors: 

o The vehicle rotates in 3 axes within certain 

deadbanda; the pitoo and yaw rotations translate tbe 

doppler spectrum, the clutterloc.k senses the error 
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and the VCO attempts to compensate for it; 

o Unbalanced torques on the vehicle will cause aneular 

accelerations w:i th in t::<?. dead bands; 

o Gas-ru: se firiilf: s at the edges of <leadbands wi 11 

introduce impulsive angular accelerations; and 

o A slow vCO freq;iency shift is required 1,o correct 

for earth rotation as a function of latitude. 

The rotations and accelerations as.sociated with the deadband 

behavior ;:rill ca.uae phase errors which are relati \ll!lly high

frequency in nature to be injected into the target histories. 

The first-order effect, will be ima.ge defocusing in tre azimuth 

dimension, with attenden:t resolution degradation unless the 

rrocessor is appropriately readj~ted. 

The ex!lllination of imagery to deterr.ii:ne the effects (,f vehicle 

:notions and cl.utterlock behav:ior is still in process; the 

results will be cove,..ed in the forth 

epO!"t to be published separately. 
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Commente on Resol~ - A key purpose of the 2355 flii;;trt was 

to demonstrate the realization of firs azL~uth resolution 

using an orbital synthetic-aperture radar eystemJ a great deal 

of attention was therefore devoted to minimizing errors 

which would unnecessarily degrade azimuth resolution. Too 

radar system had the inherent potential to achieve resolution 

somewhat finer than 10 feet in uimutht provided that atrr.os

pheric cal.'.dit.ions and system malfunctions did not inject 

excessive degradatiOM. Range resolution, on the other ha1d1 

was limited by the bandwi.dth of the electronics, lltlich had 

been patterned after the AN/UPQ-102 radar system for reasons 

dictated by expediencn the most optimistic estimate of 

achievable slant-.:-mge resolution was of the order of 36 feet, 

which in turn illlplied a ground-range resolution of 60 feet 

at the design depreaeion angle. Improvennt of the range 

resolution to nake it corr.parable with the u;p!cted azimuth 

resolution was not warranted, since it llOUJ.ii not have 

affected the denom,traticn of the synthetic-aperture feasi

bility, and would have entailed considerable expense and 

delay. 

The radar imagery generated from video data collected dll:'ing 

the 2355 !light has a grounl.-rmge resolution of apµ-o:ximately 

75 !eet, and an azimuth resolution or the order of 10 feet 
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when the processor is optimally adju.sted for the particular 

target area being viewed. As e:,;:pla.iood above, the behavior 

of the cl.utt«:- lock, which in i.u.rn responds to vehicle 

attitude notions and initial conditions, may neceseitate 

repeated readjustments of the processor. In situations where 

the processor was focused only once near the start of the 

pass, overall azi.-n'Jth resolution iS typically of the order 

of 15 to 30 feet. The resolution figures quotad here are 

applicable to the imagery as reoo?"ded, directly at the 

processor output, on photographic transparency matarial. 

The photographic prints shC!WT! in this report are limi tad 

by the c-.haracte:ristics of the paper to a resolution of the 

order of 6 lines per mm; at the scales chosen for ll10St of 

the figut"es, groun:1-rmge resolution is degi-acied to about 

150 feet, and azimuth resoluti.on is degraded to 90 to 100 

Two independent measures of act:ieved resolution are avail.t>le. 

Tho first of these is obtained from the imai;"et'Y of Pass No. 

8 itself--a test array of radar corner reflectors at 

fell within the mapped swath. The image 

o.f this array showed that azimuth resolution of roughly 10 

feet, and groun:i-rlil'lge :resolut,ion of roughly 75 !sat, were 

h o ? eures .-e rlere calllle ol' he ditrerenoe 
in the uiriluth and ground-range scale factors in the print. 
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achieved. The second determination was made via a measurement 

of the two-dimensional response of the system w a strong 

isolated target which was imaged near tile southern end of 

Pass 30. The system impulse response determined directly at 

the output of the optical. processor, had a half'"ila,er width 

of 10 feet in azimuth and 72 feet in ground range. 

The test-array measurement will be discussed further in 
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Positioning of the Renected ui'3I'gy in the Rang Gate • In order 

to preserve full azimuth resolution am a.vcid the si.:.pcr-

poei tion of undesired azimuth-ambiguous imagery on the desired 

radar image, it was necessary to employ a radar-repetition 

rate of the order of 8500 pps., to within a tolerance of perhaps 

5 per cent. A pulse was therefore transmitted once every 120 

iaicroseconds, to within a few microseconds depending upon the preciee 

value of the pr f. At the instant of transmission of any 

pulse, the previous one had travelled only a!:iout 20 nautical 

:riles fro:-n the radar en route to the target field, which was 

tYT;ically at a one-way slant ra."'lge of 170 nautical niles 

f~om the veh:.cle. Unrier these con:litions, about 16 or 17 

pulses were mak.llf the rourxi-trip between :radar and target 

f:leld at a.ny instant of t:L"!le; the :pl'.'ecise nU!Tlber was dependent 

upon the pr,~cise values of prf and slant range. In a properly 

designed non-ambiguous system, the return reaching the radar 

at any instant ea., only have originated from one particular 

pulse, net two; this is guaranteed through a p:-orer restric-

tion on the elevation-bearnw:l.dth of the radar antenna. 

Through a slight adjustment of the :i.nter-pulse period (hence 

the prf) one mey-arrange to have the "dead-time" between the 

arrival of return from two consecutive pulses coincide with 

the time of transmission of a (later) pulse. In the 2355 

system, this was done by choosinr: one of the 16 available prf 
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steps, which essentially provided a vernier adjustment on the 

inter-pulse period. It was furthermore convenient to trigger 

the CR'.:.' sweep in the reoo,.der from the sane source which 

controlled the transmitter timing, The sequence or events 

was as follows: the rat:1a ... trar.s:;,itted a pulse, the :receiver 

and recorrler waited 25 r:1.1 crosecon:la, and the CP:T was then 

swept f'or 73 :'lioroseconds; the s"rstem then repeated the cycle 

after an additional wait of 16 to 24 microseconds (dependin& 

on the choice of prf). ltlhen the prf was at its opti.Dlum 

value, sienal return from the slant range cor'l:'esponding to 

the lower half-power point of the elevation beari ( the near

edee of the swath) started a)TiVing as the CRT-sweep started, 

and video froM the upper half-power point (the far-edge of 

the swath) had 00113Pleted its arrival 73 microseconds later 

as the sweer was about to be completed. 

on certain occt!U5ions, the sweep started a few microsecoms 

before the return frorr. tbe near-range arrived; the imagery 

co:rrespondin,: to t..1'1ese occasions lacks cont ... ast and 3NE at 

the near edge, but is better at the far-edge. Conversely, 

the oi:posite occured when the sweep was late in starting. On 

still other occa:sions, the sweep was begun as the ret\:t'll from 

tbe far-edge was arriving, continued while the instantaneous 

return power level passed through its minimum, and was almost 
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completed by tht' time ret,1.rn fron the near-edge began to 

a,.rive; under these coro.itiow, tho CRT was inope:rative for 

the major portion of the r••tUl:'!'l, and twos trips, inverted 

wifa respect to each other, were imaged by the sysce~. Examr.•les 

of these two clanses of situations are shown later. In either 

event, a slight readjiiit:ient of the interpul.se time (hence 

pr!) sufficed to re-establish the proper synchronization 

between the time of arrival of reflected radar energy a.rd the 

tLne of initiation of tl1e CRT sweep. 'l'he pulse positioning 

is described pictorially, with additional discussion in Part 

:n, Par. 3.4.4. 
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A.CC Effects - The radar reflectivity of patches of terrain, 

which vary in character and may or may not irolude collections 

of cultural targets, varies over a wide range of values. The 

spread from the strongest to the weakest reflectivity depends 

upon the size of the patch one wishes to con,ider; a typical 

spread might be of the order of 70 db (i.e., seven orders 

of magnitu:le). This 70 db "dynamic range" of the target-.t'ield 

reflectivity distribution exceeds the dynmnic range of currently 

available components in the receive~ and recorder c..hain by 

some 40 to 50 db. A simple !'ixed-gain receiver having a 

necessarily-insufficient dyna:nic range can be adjusted to 

operate somewhere between tWII) limitinf, situaticns, one in 

which "atroo.i" targets are handled linearly but "weak" targets 

and ground-painting are lost, and one in which ground-painting 

is preserved at the e:xpense of overdrivi.Jlg fae circuitry when 

strong taz-gets are present, this ove~driv:1.ng in turn leading 

to such undesirable effeots as false-target generation arxl 

SNR degradation. An AGC pro1'iaion permits one to adjust gain 

to match local reflectivity coniitions, thereby recapturing 

some of the advantai&S of a larger-dynat1ic r.ange fixed-gain 

system. The performance of the AOO-equipped radar falls 

short of that of the latter, however, when very strong and 

very weak targets are in close ui"luth-proximi ty to each other; 

the return from the strong targi1ta induces a receiver gain-
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reduction, and grouoo-painting am weak targets a.t nearby 

azimuth locations are lost. Examples of this effect will be 

seen later 1n ra<lar i.Jla.i;er7 of shorelines. The la.ck of 

suffici.ent dynamic range will al.so be evidmt in lll1ag&ry-which 

contains agricultural areas close to a st~ong industrial target 

complex. 
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Weather - Radar illlagery was generated under a wide variet1 of 

atJ'\ospheric and ground-su:-face conditions dlt'ing the 2355 

flight. Generally speaking, the northeastern part of the U.S. 

was eXperiencing rain, snow, some freezing rain, ha a:vy over

casts and some high clouds during the operation. The ground 

was wet or snow covered in many areas. Frontal activity- was 

gene~ally weak where present; some imaging thro~ turbulent 

clouds occurred on Pass 25. In the central Atlantic states 

the ground was generally drier, al though fog and haze were 

frequently present. Heavy rainfalls were in progress dtring 

Pass 16 in Northern California, am had been for several days 

previowtly; the groun:i was flooded in some areas along this 

pass. In the Southwestern portion 0£ the country, the air 

was generally clear with the ground in its usual dry state. 

As a consequence of this synoptic weather situation, a 

sanpling was obtained of most of the lower-atmosph■re phenoaena 

which tend to degrade radar per:t'oroance. In particular, the 

presence of v.l.despread light precipitation goes largely unde

tected in the imagery, and the heavy precipitation along the 

California coast does not severely obscure unierlying structure. 

The reduction of terrain refiectivity N'!aulting from the wet 

and snow-covered surfaces was not sufficient to cause obscur

ation of surface details, al though the ground-painting signal-
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to-noise ratio was undoubtedly reduced as a result of these 

conditions. One notable omission in the sarnplin11: of weather 

conditions steins from the £act that no strong frontal activity 

or unstable air 1,asses were present along the flight paths; 

etfects which might be associated with summer storms were there

fore not observed. 

A more detailed analysis of the weather situation will be 

;,:resented in the final evaluation report to be released by 
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1.6.1.l TIJ2ical. !Ju 5 l. - '!'he fol.lowing examp1es of irilagery were 

generated from physically-recovered video data, and are typical of 

the recovery results obtained on the first seven operat:l.nt_;; passes. 

The processor was opt\.n:.'2:ed for each i.111a;e to the extent posl$1ble. 

tion and d.Yn !? 

ran llUSt be re ted here: the paper prinl.:. degrade resolution 

in both diroensions for the scale factors appropriate to this 

report, and cannot preserve, at any scale factors, the dynamic 

range available in the optical image at the processor output prior 

to recording, or in the photographic transparencies generated by 

this optical image. 

The i.Magery presented in this section is intended for viewing with 

orientation sho,m in Fii;.-ure 1.6.C'; it can easily be seen through 

an exa.rrdnation of FiE,lll'e l.6.6 tha.t this lll'ientation preserves 

a natural appearance of relief in mountainous regions. Increasing 

system time corresponds to motion from right to left along the 

imag~. The times of various events have been established to 

within 0.1 second relative to the system time. 

e increase of i,yi,tem ti.Ille ran right to t iB a necesaar)' 
consequence of illuminating a swath to the left of the vehicle's 
ground track, if we also wish to preeerve the usual clockwise 
sequence o.f the North, East, South and West cardinal directions. 
A system which looked to the right and preserved the clockwise 
sequence would generate imaiery with increasing time from left 
to right. 
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As had been stated and is erident from the b1agery, the aspect 

ratio of ground-range to azimuth scale factors is not l;l; 

instead, the azimuth dimension appears to have been 11stretched 11 

by roughly 66 per cent. This is a consequence of the preserva

tion of a 1:1 aspect ratio or slant range to azimuth scale 

factors at the systan depression angle. 

Several of the iaages are acoompanied by u.s. Geological 

Survey Map• bearing an arrow designating true North. The swath 

between the inner edpe of the shaded li:lles matches the swath 

imaged by the radar. Each image is also ~e~eied by a 

SUllll1l&lj' of pertinent events and highll~ta of the imageir'y 

i tsel.f. The combination of the U.S .o.s . .map and the radar 

lll&.gery constitutes the figure as numbered under the radar 

image. It is to be recalled that the motion of the satellite 

the reader. 
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Figure 1.6.1 SUJ!liflary 

Richmond, Virginia~ 

AC0!1J06 

SPECIAL HANDLING 

Pass 14 

System Ti.l'!let 57968.6(a0 • S797J.O(H.V. OH) secs ZT, 22 December 1964 

Local Time and Date: 11:06 A.M. EST, 22 December 1964 

Local Surface and Weather Conditions: 

Cro,md damn to dry. Overcast, tops of clouds at 

2500 to l500 ft. ~o frontal activity. 

Vehicle Attitude Behavior: 

Pitch: Slowly n8gative-going near center of deadband. 

Holding constant at center of deadband. 

Yaw: Has just comnleted anproach to negative edge 

of deadband, holding constant at edge. 

Clutterlock Integrator Behavior (F-60): 

On the basis of analog data ~nly, the clutterlock output 

held roughly constant over this time interval. 

RF Si l-to-Noise Ratio (C 

The RF SNR was 14 to 15 db during generation or the image. 

PRP A.dju!'ltment St.tusi 

The rndar prf' was 8449 pps during generation of this 

ir:,age (P/L Step 8). On the basis o.f the image intensity 

SPECIAL DLING 
LOCKHEED MISSILES & SPACE COMPANY 

Approved for Release: 2022/08/18 C05139542 



Approved for Release: 2022/08/18 C05139542 

SECTION IV· DOCUMENT 14 

NRO APPROVll!D FOR RIE!Llll!ASIE! 
Dlll!CLASSIFlll!!D BY: C/IART 
Dlll.!CLASSIFlll!!D ON: 9 JULY 2012 

-SPECIAL HAND 

1.7 Conclusions and Recommendations 

G 
AC04J06 

Conclusions The major conclusions that have been drawn from the flight 

of Vehicle 2355 are SUlTrllarized as follows: 

o The orbital flight satisfied the primary program objective by 

demonstrating that a satelli ta-borne s;r'T!thetic-aperture radar 

system could generate a fine-resolution ima&e of a. portion of 

tl:e earth 1 s surface. All the program secondary objectives 

were also satisfied. 

o The radar-imaee characterist,ics were very close tc those 

predicted from the insertion of orbital-system par.!lllleter 

values into an analytic model whose valid.'.t;r had been con

firmed previously W'itr. aircraft-borne systems. 

o Because of the satelli te 1 s smooth trajectory., the imagery 

exhibited consistentl:- fine azimuth resolution and uniform 

scale over image lengths of hundreds of miles. The achieved 

10-foot azinntth resolution implies the realization of the large 

synthetic apertures required at the long ranges which are 

characteristic of orbital operation. 

o The syatem proved its expected aoility to produce radar 

imagery of a consistently hir,h quality by day, by night, and 

through a. variety of weather oonditione; the conditions which 

prevailed in roost of the swath areas would have prevented 

successful phot.ot7aphic or infrll.t'ed ima1T,ing. 
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o The experiment did not produce any evidence o.t' phenomena which 

would prevent future systE11111s from realizing azimuth and ground

range resolutions on the order of 10 feet. 

o The satclli te-radar irr.agery contains many identifiabl.e terrain 

and ct.lturnl features of likely value for atrategi.c reconnaissance. 

o The flight data strongly indicates that ccnp&rable radar images 

would be generated b? aircraft-borne and satelli ta-borne radars 

which have sir:il;u- resolutions a"ld signal-to-noise ratios, and 

operate at simil.ar ,1epreesion a.'1gles. In particular, satel.ll te 

borne systems are not 5ubject to the resolution 1:brdtationa 

normally imposed by platform instability in aircraft. 

o Data recovered Via a wide-ba."'ld da.ta link: produced radar 

i.11111.gery which WM only slie;.'1tly degraded with respect to that 

produced frc:m physically-recovered data. 

o The criteria used in the design of the radar system provide a 

firm basis for the design of future satelJ.i te radar systems 

offerinc :i.Mproved performance. 

o The use of an electronic clutterlock for steering the synthetic 

beam was proven to be highly successful. 

Recc.iend&tioM It is recommended: 

o That designs of future aatel.ll te-oorne r&dar systems be 

based on the type of analytic model used successfully for 
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this design, and upon the data obtained du.ring this orbital 

flight. 

o That future systems be deeigned to provide ground-range 

resolution more nearly equal to azimuth resolution, and to 

produce output ir::ages of higher signal-to-noise ratio. 

o Tha.t the dyn81!lic range requirements of elements of future 

systems he carefully reviewed on the basis of data collected 

d:urlng this experimsmt. 

o That an evaluation be made of various means tor poet-launch 

adjuetment of the radar beam• e depression angle, in order to 

provide for viewing of pre-selected target areas. 

o Tha.t f'uture orbiting systems utilize improved techniqultB to 

assure time-alignment of the returning radar enerf:Y with the 

recorder range-gating. 

o That an evaluation be made, with reepect to their 1.Jrlplicatione 

tor orbiting syntems, of various means for obtaining acceptable 

:1.lllagery over 'Wider range intervals. 

o That future experimental orbiting systEl!lls incorporate power 

sources which a.re adequate for extended-duration missions, 

as required for operational applications. 

o That all future systems be provided with film time-coding to 

facilitate data evaluation. 
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o That the next .flight of an orbiting system be instrumented to 

permit more frequent sampling of received signal levels and 

of clutterlock behavior, and more accurate monitoring of 

certain receiver and transmitter functions. 

o That future systems incorporate available state-of-the-art 

improveaents to provide an even more stable platform for 

radar imaging. 

The reader is re.ferred to the Goodyear Aerospace Corporation report 

recommendations for further specific comments pertaining to the radar 

payload. 
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!his report COTIU'S the spm of t1M from the i.rliaepUcn. of the first 

Nt.el'li.te DCll.'M radar Qlltaa th.roup the final 1111,ni11J:w11.Uon of the on 

NG 

arbit perfOl'lll.llmOO of the first t.lipt. An objeoUwe rev.I.a 1111 at~., 

of the ccapJMte IIIOClplll of aoUdUn uaocd.ated m.th br:t.ngS.ng a IMffl 

8J111tal into being and of the llJ'llltelm per.fonumoe cmi.D& a e111111entWJ;r 

Dai n..:l ad troa~ lllld.111dcm.. 

From th:111 Nd•., 1 t 1111 hoped that the ~ ND&&Ulllllllt and ~ 

oontrol ~• 111:d.oh ftl'e tCIIIIDd to be ettwtl:n -,,. be propelJ' 

recogm.aed and tb._..by 8IDhance the orpo:laaUon and cmdnot of IIJ:bdl.ao . 

future actidtiu. 

'l'b.e Qlltal dlllltiniUcm. and r~t.ing ccmi'igmoaUcm. 1• r~ 1n 

~, toptb.er with the problae uaooiated m.tb. tb.18 Prop-• 

~ . ~ and testing. 

'J!b.e eqinea:1.ng mn.--,.t CODIHpt and the teet phlloaoplv- mi.oh _.. 

applied are outlined and reetated, m.th the ob.;iectl•ea of nret rNClll!"dinl 

theN, and th• attaipting to objeni"ftlly Ullll.lJ'&• th.a tar a.nu 

IIJWIICepUbl.1111 to 1.lillpl'n1111111m. '1'he Ail' FOl'Cllll .. DISC • J.uoc1.&1le Contraotcr 

tea 1111 ~. u 1 t (1111181;.ed clar1ng the ~, testing and 

opm-at.ton ot Vda.ic:lle 2lSSe 

!be ~ pert- tr<a lam.oh ~ NCIIOV'..., and th4111DC81 to 

be.ti.., dtipletlcm 1111 eftl1aated tr. the ~ upeot. of pq.L.oad oparaticm. 

11 
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SJ'Ste& pe.ri'at'IUIIDCe is cor.tpared ap.1.ut pJ.'edict1on1, and the plll'fol'IIWI.Ce 

acccapli8laenta and acbie,,_.tlil are emDllll!ll"ated. 

'l'he report 1• there.tore, in addi:t.ion to a .flight report, a total 

~ of the CC111111pOsi.te etfori ul!IOCiated Td.th the pJ.'eparatian md 

aperat1cn ot th:1.s 117stm... Fram the &18tm eftl.uation cert.ain ooincl:wd.ma 

and r1111CCllllllllle1\dat1ons U'e formulated wicb are inten.ded. to be UNful !or 

later wrk cm ll!lilll1lar 818._.• 

Through the Jlllldla ot the detsi.led intoraation contai.ned in this 

report, it ia intmded to propar]1' ~ the e.ffOlll."t.8 of all 

those llbo were :i.nstrumentel in man~ and conductiDg a progra wich 

prodlmed a ccnpletel.1 hCONIIM m.ssion with the first flight ot a 

new pa,y.Load Tilhicl.e system. 
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The nbsJBUlllllllll of the satellite vehicle wM.cb reqai:Nd engineering 

develop11111111Rt, atuey or progflllll peculiar applicat1ona a:re dhcu.Htild. 1D 

this section. Included alao are aeetiona on radar antenna dnel~, 

th~• and a tbo1"0Ugh rari.ev ot the work 'lllbicb vaa directed 

toward control of high voltage breakdam in a ,racu.a. A brief diaCW!llaion 

ot vacuum ••n?Wllenta i8 included. due to the earl;r considerations of th• 

poasibllitiaa of high wltage breakdcllm&ii on orbit and a raqu1:raent to 

meaeure pN88UN118 in the 'PQ'load vebica • 

'!'he thermd,ynaJd.c wort which was done on tbia payload 'VehioleJ aeeoll!IIIOdat• 

ing the enm.-11 diasipated by the payload and during a t.1- period vi.um 

batter:, temperaturee wre 'Wider critical N'rlwJ yielded a new level of 

qu.alit7 in on-orb:it t.hemal control. !B, enci~ effort.a vbich •" 

the 00111plete and oon"Nt. apen.t.ion 

oft.he total sat.el.lite Tehicle through thll!I preacrlbed lllies1on, setting a 

anviable etandard of excellence in the first flight of a DIIIIW pay1oad .,..i.. 

Thia lld.Hion waa comlu.cted. to a du.ration which U01!18dal 1:1:Ndict.iom withmt 

a failure or IIIIQ" t:,pe aboard the satellite Yehicile. 
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2.1.1 Stnctm'al S:u!?!J!t. 

2 .. 1.1.1 ~tllll imd Design Concepts 
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'l'be first definiticm. o! the pbiloaopb,f to be f'oD.olil!ld in~ 

o.f the space.frame indicated certain major .-eu where the desip. 

approach 1ol'O'Uld be nearl.1' uniqu.• for Vehicle 2.3S,. '.Iha pl"iDIU7 tuk 

waa to inatall in a 1111pac• 1'lltb1cl.e, eq_u.i~t nonul1;r usooiated vi th 

conventicmal aircraft, imd to ~ orbit o.f this vehicle in su.ch a 

1118.nner that the equipment, could opratllll normall;r in the acqi:d.sition and 

storap of data. Additionall;r, Sw>qataa 11A11 ws to provide the 

aounting and. ejection meohan:LIBll!I for the capl!IU.le which ,Jo110'1Zl.d e'ftlDtuall,J" 

return the stored data to the grovmL. 

'l'hs initial approach envisioned. bard-mounting of pqload ita11 in 

st.ructure 1'lhich uai, to be as light u poseibls ccmaistent with the 

~ta dictated b,- predicted ascent loada md heating. Thia 

reaul.ted in the dNip. and/or inatall.aticm of' se'l'en items tailored to 

the pa:,1.oad.s and to the mi1111sion1 (See Figure 2.1.1.1) 

o Rto«G7 Capl!IU.le 

o Conical Pqload Rack 

o C:,1.indrl.oal Pa,yload. Rack 

o Ejeotable Fai.ring for the C&C .b:temla 

o Guida:Dce Auiliary Rack 

o Ejeotabl.e :Fairing for the Radar Antam& 

0 Lifeboat l!q:dpqnt 
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2.l.l.2 Ccmt.lgmeatiOD • Buie Concepts 

~ 

DLING 

!!!CO'!!$t 9!Br4•• 'llwl caperu.le in its entirety WU available u 

on. It houed the sto:i.-ap container tor the raw data t1lm and s81""1'9d 

u the nose cone during ascent. Since thil!I NOOfll'J' capsule bad 'l>l!lml 

ued in ether applications" its charactaristios are lm.O'IIID qwmntiti• 

NqUf.rlng only incorporatim into the 23SS SJl'l!ltelll.• .l progra paculiar 

imltalla.tiOD. had. been made to acC(llllllll0data the film takeup lll.flCt:l.e.ni.ne 

Conical &,load Rack. 1'b1J!I 1111tructure vu located jut aft of the 

recoverable capsule and incl;ad.ed mountirlg proviaiCIIIOIS tor the CIIPIJ'IJ,la .. 

'l'b.e etructuN wu a 1111tmghtt0flfal'd design oampriaing simtn rings and 

a m.agnesiua akin rifllted together in the fOX'III. of a truncated. cone. 

'l'he epaoe inaide this rack .. allocated to Pqload Box #7. Radiation 

protact.icm :ror thl!t raw deta t.'1lm .tNdl.rlg fl"Ollll Box #7 to the rtKIO'fl!IZ"

able capeu1e vas provided 1n the form of a tbilimal-tape-aanred shiald 

et.anding ott tr<a the i.naide of the forward partion of the rack. 

(See li":1gure 2.1.1.2). 

9ll.1ndri.cal &,1.oad Rack. '!'he third 11tructUN1 item WU designed to 

mmmt to tbt fCll"lflll:l:'d face of the Otd.dtmce .l11:dl h.ry Rack, to prorlde 

mc:nm:tlng tar the Com.cal Pqload lack:., and. to accCIIIIIIIIIOdate P..-,:1.oad 

Boxes 1., 2., 3, k, S, and 6. 'l'be ~ cQIIIIPrlaed th.Ne rings, 

eight lcproms, two torque boas, eight doors, and eight MOINIII 

'lhi fl.CIONI of tbili two tcl"qWill 1:iO.l'.U., an 'lfflLc h the PIQ'lOlll.d DCIIIIIINil 
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JOOle)06 

s Cl DLING 
IIIIOIDlted,. llllllNII located 1.aD.gl. tud:I.J:lall,1' be~ two longel'Omll and 

OftllL" a third, with a 1Mb nnm.ng frca this middle l..ongim'on to the 

middle o.t the floor baee. 'l'be ma~ua sldn connecting the tb:Nle 

longerona ocmpleted NOh torque box,. To otter accus to the pq-

1.oad l'IIO\mting elev.Lees,. fOI.U" acceaa holes ware located in 81.1.itabla 

pom.tionis in the 111&gnuiwa akin. 

The 'rffl'M1n1ng space vu enclosed bf i'ow." dool-111 on ea.oh side o:f 

the rack prmding access to all pqlOads momi.W in the :ramr;. 

(See Figure 2.1.1.3) 

l~ectabla Fairing for Ula CIIC J.ntama. 'l'be orlgi.lull diNip 

oon.oept called for the Type 1 01.C Ari.tame. to be •ounted on the 

surface of' the 8k1n covering the C,lind.rioal Pa,load Rack. 

Protection tor the antenna :I.D this lOcati.on 1I00.1d. baw been 

provided by a fairing ~ O'f'8l' it, seC1.U'ed to the outsicbli of 

the Yeb.iole by tcsion bolts md p~ usemblies. At a 

81.1.itabla ti:u this fairing would have been ejected, pm.'111!.tt:I.Dg 

proper operation of the anteana. 

'l'he launCh configuration of Villhiol• 23SS did not oattJ' the 

ajeotl.ble fairing. blUoml for this cblioision are cove.red in the 

Design Deftlop!l!lnt aection of this report. 

Guidance Au:id.llf17 Raolc. 'l'he Quid.tmce Au:id.111117 ltlok 111tl'uctare 

oomp1"1Hd tw rillp,. eight lcmge.r0Wll11 two floors tor mv.nt:Lq 

sutdance oQIIIIPODIIDlts, a •b jo1.Ding theN noora, and a 111ld.D in 
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ACCESS HOLES 
(4 TOP, 4 BOTTOM) 

DOORS 
(4 EA.CH SIDE) 

Ffpre 2.1.1.,) Cylm.drical Payload Rack 
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the form of removable doors 'llllhich permitted acceas to all equip

ment located in the rack. A.11 in the equipment rack, the noors 

joined tw longerom located ninet,' delt"MIII ~ wlth m additional 

web :rimn1ng .frC11111. the oater of the floor to the cen:b'al lonpron. 

'l'he fl.oora a:tended i'r<D station 247 f'm:,rard to app;roximately 

station 2)1, leaving a three-inch apace aft of the ring at 

station 228 fC!' the wave guide. installation in the fQ'l:"lilard portic:m 

or the rack. (See ligve 2.,1.,1.4) 

Eject.able F!H":4!1 tar t.he Ra.du' Antw. !hi111 fai!'ini comprillled 

a 27-inch wlde chamel, au inches deep, a.pprm:imteJs 226 in.Chu 

long. It wa IIIOWlted loq;Ltudinall7 on the akin of the vehicle 

1n the +Y+z (lWldrant, and provided ~c and. t.h~o 

protection tor the radar antenna daring uoet. 

'1'be eject.able portion of the fairing, 187 inob.!11111!1 long mending 

frca the f1C11!'11!1Z'd. ed.p of the cylind:l."ical rack aft to 11tatim:a 381, 

1lllll 1118Ctll'ed to the vehicle b)" longltudinal forward-facing retaimr 

pl.ml (t1:va on aah aide of the fairing). 'these pins titted into 

utohing aoeketa 88C'lll"ed to the vehicle, thereb)" providing radial 

and tr81Dffm."N st&b:llit:r far the fairing. Longltudinal lltl.bilit,' 

11U prov1ded b.r a tongu ~ tC111:"1111111' tr<m the :tue of the 

•~ectable porticm of the fa.irirlg into the t:1xed portion 1lffllNI lt 

1f'U INO'l:ll'ed by Ill. pinpull8lr &11118-1'11,r" 
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AOO.k306 

SECRET S 

Lil'eboat ~t• 'l'hilll equipment WU imltalled cm the art 

structure of' the SS-OU. Since imltallaticm and functioning 

of' the equipumt had been dirnloped and pl'O'\!m b:, other progra11181 

a nearly identical imltallaticm vu utilised for the 2)$ 'INlbica. 

2.l..l..,) ~t InatallatiODS - Buie CCIDceptll 

~• As w1 th the Lifeboat eql.d.pilll.$llt, the oapnle 

itself., together ld..th its at.taaent md Hparaticm MOban:h1111111, 

had been utilised md. pro,ren by other progr811111!1. Rather than 

abark on a ~t program, the al.rN,d;r•pil."Cffl!IID. d.eatp vaa 

util:l.aod for 23.S.S. 

P&;load Unii,111 • :lxcapt.-1.g the Recorier. !heae pqload um.ta 

Wlll!'e contained in the crlindl'ical rack. ill equipment vu 

HCUl"ed to the tloor1111 of' the torque bo:ite111 U:lrou.gh hard. ~ 

poinw. fraditicmal hardnre (clip111, angl.ee, bracketllll, eto.) 

wu util:l.aed to take adnmtap of' the structural llltif'f'ne&B of' 

the rack and to carr:, the pred:l.cted loacla bade through the second

llllC7 st:l:'uctw:-e into the pr:i.lla.r,r atru.ctu.N. 

Fila Recordlela:'. Tb:18 um.t had to be IIOUDted in the ccm.oal rack 

in a lllt.8IU'Jer which IIIOlll.d per!lllit feeding of the ra data fil.Jll 

f01'1lllllrd into the storage c~ bowsed in the recover;r oaphl.o. 

The unit wu I.,,.lllhaped with its bu• pointing fcnrard.. 'l'he 

111101mting &t.1:'1mtwe Gllllplo:,ad for the frmt end of thie bolt wu a 

truMated cone w:U:h the mull. d:1.8111181:ie facing an.. !he large 
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~ 

diuiater was secured to the conical rack ring at stat.ion 152. 

'lb.e base of' the L-shaped recorder was secured to the mounting 

structure with three uni.ball bearlng uisem.blies .. 

DLING 

The original concept tor the IIIO'lmting or this unit called ror the 

art end of' the pa;,load to be 111ec\U'8d by a davioe which wou.ld 

restrain it dmi.ng ascent. After the vehicle had a:t.tained orbit, 

this device W1U1 to reloue the aft end of' the box from all 

restraint. 

The del!lign specified four legs m::tending inbcm'd frGII the ring at 

station 194 toward the art end of' the pqload. 'lb.eae legs 

terminated in a plate directly- behind the pa;yloed. !his plate 

was then secured to the pqload with a which coul.d be with-

drnn upon receipt or the prop.- signal. In this wa;, the pay-load 

1fUI to be rigidl;f supported during launch and ascent, and free of' 

restraint at the aft end dmi.ng orbital operations. (See Figure 

2.1.1.s.> 

C'&:O Ant.ma Fairine; Ejection Mechud-., the fad.ring covering 

the C&O antsma was to be aecu.red to the outer akin of the vebiole 

art and of the .fairing, and. one located at the forward end. To 

provide for longitudinal and transverse 111hear, pins mounted to 

the rack protruded through boles in the fairing., 
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Moti:re force for eject.ton of the fairing was provided. by two 

DLI 

fairing. One v as located approxima:l:,e]¥ ten inchu art of 

the l.eading edge of the 1'airing, and the other incorporated the 

art pinpu.11.er bol.t. 

Upon receipt of the proper the pinpullers wul.d have 

retracted and the fairing would have bNn jettisoMd, ex:polld.ng 

the C&C antenna. 

Vehicl.e Fairing EJection Mechani•• Upon receipt of the clnllmd 

to e,3eot thi1 fairing, the pinpuller retracted. Tbis pend. tted 

f'oor COll!pl:'esaion spring a1118tlll.lblies !80Unted between the ejeotable 

and fixed portions of the fairing to t.hrast the ejactable portioo 

art. As 111oon as the re11;a1nuag pin cleared their eockets a radial 

t.hrast vector was imparted to the fairing by six Z'UllpS ( three on 

each side of the fairing) riding on six needle-bearing rollers 

attached to the vehicle. 'l'be rellnlltant separation ns 1n a 

+X-I direct.ton with the fairing remaining essent.tall;f parallel 

to the vehicl.e (See Figure 2.1.1.6) 

2.1.1.b. Deeign· ~t 

FoJ.lovl.ng the original. concepts discuHed abcwe, &Nip procuded in 

a normal. 11Wl!l1.8r. Despitfl the tact that some of' these concept.a were 

relatively Dll!llf1 structures and equ.ipaunt :1.Mtallat.ton engineering wae 

L normal. 1n relation to state-of-the-art techniquea. Pl'oblEIIIIS with 

r 
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PIN PUl.1..11:R ASSY 
(1 PLACE) 

PRIOR TO HPARATIOH 

RAMP 
3 PLACE$ EACH SIDI! 

ACOl(J06 

SEPARATION STARTS SIEPAIATIOH COMPL.ll!TE 

Figure 2.1.l.6 Vehicle Fairing Separation 

1 .. 14 
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campomm.ts or changes to origlnal duip. ooeuff'ed 1n thlllJ tollOld.nB 

areaan 

0 Pqload .Mounting Vilration Dll'tiwl\tN 

o Corona in the Trana!.tw/Modtil.a.to:r 

o Waft Guide Heating (Gromu:l Ocmditiom.as} 

o ~ ~te Cbangu 

o Fila Rec~ Mounting 

o Installation of' Preis&NN Tranadacen 

o C&Cl Antenna Chmge-Ejectable Fai.ring Deletion 

Pe,;,:lo@d Mounting Vilraticm DJ.ftiwlt.1..u. In aocordamoe with the 

initial design approach the ey11ndrical rack wu tailored to 

mount the pa,yload. bciam5 and to provide acoNlll to them in such a 

llMIIMm' that th.1111 atruct.ure woul.d. be the l.igbtea-t. pol!N4bl.e comd.lll'Hll!lt 

'Id.th at.Nae requir•mt.s. Upon ccmpletim, thia design wu pund 

to Kanu.facturing £or tatricat.1..on and a OCIPJ' of' the en~ 

doOUlllEllfttation vu .furnished to ~ A.-oepace Ccrporaticm. 

Goodyear, however, in oonda.cting oonti&llnoe tut.a on pqload 

coqmnents ~ that the hard. IIIOUDtinp Ol"i&lDall,r pl.umad 

coul.d. reeu.l.t 1n degradat.1..on of' petloed ptllll'l't~, pu"tioul.c'l,'r 

in light of' the stringent vilration r~ta called •t in 

!MSC Spec 6ll7 1 I.mm.on "IJII. ~, in or,._. to~ 

th.1111 conti&mce 1nel in paJ'J.oad svviYlltl, di.estated. that aback: 

mou.nta be ut:11:1..1£ed to isolate the oritioal it.au .f:l'cllll. Til:ll"aticm.. 

'l'be Til:ll"a\tan iaolaticn mounta _.. 1nlltall.ed. an the petloa bJ' 
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in the rut. 

D G 

'l'he precilllion ~ of the ~ ~ precluded the UNI 

ot t.b.8IHI llll.Oml'UI OD. a sillpl.411 aubnit.u\icm bub. Al a couec1,1umce, 

the o~ rut lNDt t.b.l'oulb 1. NdN:i.p mieh HJf a 001111Plete 

Nd111t.r:l..bu.tion ot equlJ;'lllllldllQ.t in the ruk, aad Ai t.ablo modU'ie&tiOD.11 

ade tc the ~ atncture tc p!'OTim the nqu1Nd atructur&l 

111tif'.tnue. 

Subaeqwmt. "MISting of the Nd.eaisn,ed rack 'Id. th the PQ"loads 

restrm.ned in the .., mock IIIIIOW1'UI 1111hoved that the requlNd 

ccmfi~ l...t bad b!IIIJlm atw:lmd. 

Corona in the 'l'nmml.tt.er~tor. C~t with the 

'ri.bn:tic:m ~u- Ol.1.tl.imld. abov'e, - '1.11.U"ela"Md probla WU 

diacovlllL"ed in the tnmad t tv. JJm.-:1.n& M11t1..ng bJ Good,rear a 

corona effect ftlll ob111e:L"ftld inlllide the 'IU!it. VariOWI poasibilitiu 

tor con-1111Cti.on wre conaiweci; ad, ~u-•a propoaed solution 

ot coaphlat.1.n.1 the tnmlml:itw in a FMftNI ,,_Ml wu ata:11:'ted. 

U ml alt.ematiYe tc potting;. '1h18 p!'U411U.nt THMl in tta:i:'n 111'1111,8 

tc be &omlted in the o;rlind:ric&l rut. 

'!be .,,.,_tiwml aolution tc the OOl'ODII pro'bl• pl"OTWi tc lie in the 

potting teobm.qw11111 tor ~ 1n the truad. ti.. ratlulr t.b.an 

in greslNl"l•tion ot the aaplm unit. 1h1a entailed anl:, 

raonJ. ot the F91111RIH 'fllllHGl in the timl. 1UtlllllatiOD 8:1.nce the 

W6 
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JII.OWlting prov:iaiona rE1111ained the same. 

Wave Guide Heag ( Ground Condi t.iCIIIX1ns) • A modil'ieat.ion to the 

orig;i.Dal design arose in connect.ion With the wave guide install.a

t.tan. A Progl."mn Office direct.ive was reoeiftd which requ:l.Nd 

the addition of a device ror heating the waw guide during the 

pre-launch phase of operat.ion. 

'l'hia requirll!IIMnt was fulfilled b7 lqing heater at.ripa on the 

wan guide• wrapping these strips to the guide with inlsul.at1on., 

and providing power to the heater strips from the eleot.rical 

Wllbillcal which was disconnected at l.mmch. 'l.'b.e wave guide 

heating facilitated the outgum.ng of the wave guide during 

ascent., since the· wave guide was warmed at littoff. 

'l.'b.~e Requirements .Cbanpa. As the deeip progressed and 

the thermod;rmmd.c chuacteriatiea of the vehicle oov.ld be 1111.0N1 

accurateJ.T pNdicted, changes were initiated to aaaure the 

correct thermal enviroment tor all ompcments. 

In resparu1e to theae developing requirements ~tea "A" 

revi.nd the mounting or Payload Unit fl (batt_.,.) changing 

the insulating at.rips which were located between the IIIOWlting 

pads and the batt_.,. iteelt.. Additional.J,J', a radiation shiel.d 

waa installed o,,v the batt..,.; h~, u ~o 

ana.l:,aia cont.um.eel, it WU determined that thia shiel.d IIIIMllld be 

del.eted tr01111. Vehicle 2JSS. 
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Film leoordar Mc:mn:!:i!Y5. AIII ou.tl.ined above, it was planned that 

this unit 1I01l1d be bard....ounted at the f'm'WVd end and llKIICUl"Gd 

b,- a pinpull.eL" to spider-lap at the &ft end, the plan. being to 

rel.sue tb.18 pin.puller a.ft.. orbit injection to penait the &ft 

end. of the recorder to be un:Nl'SU"ioted. Subsequent. ~a, 

hOW'N1' 1 indicated. that the firing of' the pi.Dpuller with ita 

a:l.t11m<:lan:t shook was more likel,:, to relllUl.t in recorder IIUlfunction 

than would the alipt torsion effect NSUlting .f':rolll em:pawd.on of 

the un&qWLl spider-legs. A.ls a oomiequence, the final. deaip 

called for b.ard.-lll<,unting both fol"llll!ll"d and a.ft ende ot the 

Installation of Pruaure Traucm.cera. At the d:1Notion of the 

Prop-• Office, VUUtDlll. 111U.151l:t'ing inat.:l:'umen.ts 111111'8 1Mt.al.1ed in 

the ct,Undrical and conical racks. A total of' five w:re installed, 

one u-madu.c.- located on the recorder, cme on the trammd.tt.., 

one between the tranmrd.ttm- and tbs RI-IF, in the hip J>O'iNI' 

Waft guide, one on a st.1."aetura.l ring at the -1' ma, ,md one on 

the a.- ring at the +'I mi::B.s. 

Imt&Uaticm of the u-anadu.cers waa in accordlmce with C'Ql'Nlll1t 

state-of-th.,.art teclmiques, and. wu p:robl.a fN•• 

01:C Anttm& Cbanp:-Ejeotable Fairi.rlg Delatim. 'the ejectable 

fair:I.Dg to cover the C&:C Antamul. VllU!II duignad u wtlinad. above• 

Hown,:r, difficult.in wr-e arising in connection with the patta:m 
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of the Type 7 Antenna which had been plannad for irultallation 

en Vahicle '1'heN dif.f'icul:t:.ies Wll!l1"e such that. a subati tut.ion 

of antennas was required. 'l'be Type 4 C&C Antenna wu selected 

and was irultalled. 

Since the Type 4 Antenna is nuah-mou.nted vi th the skin of the 

was obviated. 
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2.2 Radar Py'load 

s JOOl,Jo6 

Cl 

Introduot.ion The radar pq'load furnished by the Oood;year Aeroispaco 

Corporation consisted or live c0111ponents1 

Transmi tter...t-Iodulator 

R.F.-I.F. Unit 

Reference Camputer 

Control Unit 

Recorder 

This section or the report diseuHea the radar pay.Load. to a limi:ted 

degree, to pamit general undaratanding o.i' the fundamentale of doppur 

side lool.d.ng radar by the readar. As indicated elsewhere in this 

report., Oood;rear maintained full responsibility for the radar ubm not 

installed in the system. Accordingly', the complete engineering details 

o.t' the radar are to be found in the Good.year report, entitled Progra 

Report. KP-II Orbital Dopp1er Badar1 1'hor/Apga Satellite Prop-am,. 

Control NUlllber AKP-II-596, dated 1 March l96S. The contents of this 

section are generaJ.11 excerpts tr0111 that report, included. in the 

interests of OOlllp].etenesa of the system report, and the permission 

£or the use 0£ thia materials is gratefully acknowledged. The readier 

is referred to the above Good;year Aerospace Corporation report for 

i'urther ini'ormation pertainina; to the radar pqload utilized in this 

mission,. 

The beam-sharpening prooeas used in a doppler 11 
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s 
high :resolution, side-looking radar may be described by mems of 

a ~sical antenna anal.cg. Ae the vehicle travels its orbital 

path a am.es of pulses is transm.i tted. Succesm.ve pulse trans• 

missions are ickmtif'ied with the alemants of an arrq of dipol.es. 

'l'be spacing between alments is the distance traveled by the 

Each trarunission is made with a controlled 

phase. The amplitude and phase of the reflected enera from the 

terrain at all ranges and ang].os w1 thin the physical bea width. 

of the antenna is recorded on the data f.Um. 

The length of the antenna l!lpltheticall:, generated is basically 

limited to the distance inatanteneousl:, illwldnated on the gl'O'l:lnd 

by the phJllllical antemia. By the technique of optical procuising, 

the amplitude and pha.lse of the retUl'M f'rolll the 8'11COUsive pulses 

are vector:!.all:, added to create the nm.TOW a:,nthetic bea. 'lbe 

results o.t these data are then recorded on a final film. Tbwl, 

the resolution equivalent to that of an antemia i.mrMireds of feet 

in lmgth. 1a achieved with a S'll8ll pb;reioal antcmna. 

'l.'he music equations of a hi&h-reaolution radar 

are 1110st eaeil:, developed ii' the ana.'.IJ'sis is restricted to the 

slant-range pl.ane of a an.ngle-point tarpt. Figure 2.2.1.1 ab.owe 

the g901111,9t.r., involved. R is the dintance to the tarpt tr. the 

antenna at UM t. At time t • o, Ri ifs the distance to the tarpt. 

'!he angle 1
0 

is lllll!IUUl'ed in the slant-range plane to the canter of 

s DLING 
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l'OWU PATTEIN OF 
PHYSICAL ANTENNA 
CENTRED ON LINE lltl 

FIGtlRE 2.2.1.1 - ile<D!ltey" of a Point Target in the Slant Range Plane 
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the anterma beam at slant rani;;e Hi• Several combinations of pitch 

and yaw w.Ul yield the same angle e0• From the gea:ietry or 

Figure 2.2.1.1 the instantaneous range R to the target is 

R =In/· + (vt)' - ZR1 vt sin e0} l/Z • (l) 

As the beam width of the physical antenna 18 1SZ1all, the range 

durin3 the period when the target is illulld.nated ma;y be ol.oael.J' 

approxiuted by taking the first few terms of the binomial 

expansion or Equation (lh 

(2) 

The range dependence on ti.Die is reneoted in a phase dependence 

on time of the return signal.. The dependence of phase O of the 

return signal on ti:ma is 

(3) 

where 

t 0 • the tranamitted !requmoy 

). • the waire length of the carrier 

♦o • the phaae change caused by retlection. 

Equa:tioru!I (2) and (J) may be developed into 

(4) 
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where 

The return signal. is synchronously den1odulated with respect to 

soma reference 1':requency to rsnove the carrier. It is desirable 

for the reference frequency to be the frequency or the return 

si;;nal when the tar19t is at the center or the beam. 'l'he phase 

oi' the return signal when the tar19t is at the center of the beam 

and at range R1 is given by 

The .f.':requency will be 

(6) 

(7) 

Therefore, from Equation (2) 

(8) 

ThenJ substituting into Equation (6).11 

(9) 

SPECIAL DLING 
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ACOk}06 

s Clt,L H,~NDLIN.G 

Therefore, tr is the frequency that 'Will be used for syncbronous 

demodulation. The synchronous demodulated signal 'Will have the 

tom 

{10) 

(11) 

where A(t) denotes the amplitude of the return which is a 

function of the reflectivity of the target and its position in 

the antenna beam. When 

and 

A(l) = K 

Equation (12) reduces to the familiar expression 

( Zff(yt>
2

) S(t) = K cos >,. R . • 
m 

(12) 

The signal recorded on film at range a_ will be of the fOl'lll 

) (13) 
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where 

'.t'b • the tranallieaivity or the .film 

K1 • some constant times K. 

From Equation (9) it. is seen that.. all scatterers at an angle 90 

and with nlocit;v v will have the same :l.'raqu.ency. It follows 

that the locus or all possible soattarars wose returns have the 

same frequency is one nappe of a ri~t circular cone with semi

apex co-angle Q0 woae axis contains the velocity vector. 

The locus of pointa on the earth can be visualized if the inter

section of the above dcppl."1" cone w:i. th a plane tangent to the 

earth at midmapping range is considered. Since the range 

interval mapped is small., the mathematical model so described is 

a good approximation near tho point of tangency. 

Ambiguities 'l'lm types of Ulbignitiea - range and azillluth -

are inherent in a coherent higb-resoluti01l radar and provisions 

Jllll.St be mads to avoid them. The range-abigidty problem is 

ccmmon to all pul.aed radar and 1a u~ avoided by lovering 

the prf so that the so-called 11second-time--around11 tarpt.a are 

not seen by the radar. Howevm.-., the consideration of assi.nluth 

abigui.ties yiel.ds another aet of constraints on the choice or 

For a processor operat1n1 about zero doppler the information spaced 

at :t ~ i'r<11111 se:ro doppl.er is •biguou■• This angul.ar spacing 1a 
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where 

n • a positive integer, l, 21 31 ••• 

~ • carrier wave length 

v • radar veloc1 t,'. 

(14) 

The .f'OCW!led processor used with this s)"Stem operates abont an 

offset of prt/4 and is unable to d:l.111tingu.ish between posi tin

.and negati.Te-aping frequencies so that the ambiguity spacing ia 

given by 

'Y = n 

For most hip perfOl'lllance radars it is desirable to choose a 

(lS) 

prf such that the first azimuth ambiguity" 1B placed in the vicinity 

or the first null or the phy'sical antenna uimuth pattern. This 

choice or pr.f plao•• an upper bound on the m.ze of the mapped 

interval. This constraint in tum dictates the antenna height, 

since from the range-ambiguity standpoint the vertical antenna 

patt.ern is apl.oy•d to avoid range ambiguities. It is read:li,, 

deduced that ambiguity constraints are a detend.ni~ .factor in 

choosing antenna dimensions tor a satellite radar. These 

considerations will be discussed further in Para. 2.2.). 
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2 .. 3 I!!:!:, 

2.3..l 'l'ellt Phllcltll9'!1: 

S C 

2.3.l.1 !be lmcrporation or a Nda.r ~ into a atelllte 1'eld.ole, 

vblle not imrol"t'iag u;r fm1claaentall,J' n.- teneta or a good tut 

~11'.'1Pb7t did nao1111edtate II cuefall;r plamled tan Nq1.tit111Ce, plded 

b7 oel"tlld.n 'bade oOD.lllident.lOD1111 wb1ch m11111 ui lntlllllftll fan o.t a pl'Opllll' 

tel!JU.r.g approach. It b the PWl11oa9 ot W.1111 diacudon to colMd.der, 

IA ~ct, the t.ellllt .Ph110111111'.'1Pb7 puvi.eten which RN 1119.Plioi t IA 

the hudllna, teet and :flilbt fr'8PG'tlliiOD. of vehicle 23$, ud in IIO 

d.olafr, to 11U9111t to br.l.ng to focu and to record the el-..ta ot an 

etteotlve t.ellllt .Ph1lcltllCf1b.'r. The law:ich and olW.tal ,ertOZ'IUllCHI ot W.1111 

veld.cl•, or _,,. vebicle, are the rieimlt or tbe dllll81p, ma.umtactm.-J.ng, 

ergineer.Lng, ten, bandlh~ and pre-law:ach cbectoat ettc:iin1111 of lm'p 

DlillllllbON of pe~. The 1"81111ul.tirc qulitJ' of peJ'tm!'.1111111.0e of tbe 

flhicle :lu tbeNfCD.'8 det.end.11.ed., lmre.~, 'by eacb ot thaiJe 

endell't"ON. 

2.3.1.2 b l"Olea ot the~ qmsatlonllll IA the,~ of 

a Ntelllte veld.ch &N to hlt11l llffm'll ....,. IJ8Cille nql.U'allld!lau, 

81IIClllll w.d.oh ues 

a) P1"0ftl bJ' d!lillllllOl'IIINticm that the ~, 111111 dilll81ped, wUl 

,rn:toau ~• 

b) lstabllah, bJ' nttio:lent !f!NtiOD IA the OOl'l'9Ct t,ut, 

emil"ODNlllt, that. the ~ w1ll IIIID'Tive and bu !1'!!.l!!te 

nliald.liy. -- ~ 111111 II ~ to lllllltilllltactlolll'U,I' 
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S C 

acc0111111ll81h the JdN.lon NCI~• 

c) J!lnabllab the fuiat:lOD111 c0111111at.ibill 'Q" of all arneu ud 

-~ 1n all ffl!1'ble Of!N!e!l lllllll:ld•, imld.111 

d) Oomaot a 11111111&1• ~ 111 \11 the CGIIIIPle\e lalmclh iQ'IIIPtla. 

1n the lalmclh ~. 

e) :n..u.se the t'll.pt prep.,..t.iOIMII and ocmdaot. t.he coutdClllm .. 

'!be tm-el'Ji.rc blldl.M "I' block approach to tieN111t.irw, lt 1\ 1111 1lo be 

tb>roapl.r abject.tve, oc uoe,t no :,rlm- 0C11'1Claalcm111 u 1lo ~ 

qwali'Q". !MN oo.mlud.0118 u \o qall'Q" ..,- be \lie Jrodact of a 

OOlllliblllll' of !dent.teal or td.m.lU' ~ ~-, renlti"I' in -• 

mocllfloat.iom \o \lie ten approach on later fth:lclell, u OJlfceed 1lo \lie 

u.faolllt; r:tgov on \he f1Nt, 'fthtole. !be lllllqlle&ICIII, &11110ri.bed abon 1n 

1ll!llllHll!'lll t8flU ct tbe reqm.ruem;a to tbil ten OJ."plDlut.tom, 111 ..._.. 

G!llllloi~ de:finlllJcl 'b:f" \llue NfllPG!Ct.tft e:mtlll!PlelH 

a) hcrd.l:lg \he d.ead.p iDrolftlll :,rlm1pa]l;r ~ m:-md.t. 

\ell!JU \o ~ «!!1 <!!!5:e fmlot.iCIIID. 1lo \he !!!!!I! 

NG 

tol.illl'UCe8, tht11 n111 aoc0111111lllhed oa «817 ~ O.,On.t:lall 

,~ md.t., u II tint vt.tcle. '!elltll - flllllCb IHIICCeedi"I' 

md.t. .Ul1sed \lie dealp W:.l!"«al ten ~ \o the 

Nda a:tent. l'Nl18t.loallJ" ,oulble. 
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Nllab1lly :l.mladea vibNt.lO!D, th--.1 a vaeaa c~ 

tenlrg. tis •• dom on the ~ imlt; level b aoC90l'dame 

with lMSO 6ll7D • Elm.~ 89ecit1cation. It al.lo 

t~ lffl'olvea atemive, re1•W o,enU.oa in 

acoOl'duoe Id.th the millllld.on ,m:fth. ftd.11 wu dou 111t 

llll!lllb1ent u a arateWte 1\111'11• Uld b a th--.l•ffCam& 

em1.roment with the pa,)'ioad veld.ale. 

NG 

c) Bne'bllah:l..r!g the abllJRll■ am ~ fmlOt.loul. c~y 

in all IIICldo 1mrolve1 the Offf'llt.lOD at ff..,. ,oldble electr.lcllll 

Uld -,c,bu.f.ollll fmlct.lcm in all IIIO:l'lll1ll Uld tlllila.n made 

carlb1mt1ona. ftd.11 wu dou Oil a plll:f'l..oad vehicle 'bade h tile 

te1111t laborato:1!7', am on a aatelltte wh1cle bade b the 

.tint IQ1lltelu lien, in the AnecMlc Cl:uitlll,e, in the 111N1cmcl 

~ teat mid 1n the lau:ml,h cca,la 111:1.Jmlatll!ld tli.ght. 

d) 'fhe miadon A!lllll.'llat.lCllll:I. b the la1111Ch tllll'd.m,.., fl'0"1,du a 

Cl'OIIIIII check ~ all fNJn.OWIII t.ut.1..11, tmd!ll'1d.n a dat'1c1QCJ' 

mac, hoe bff.D ob11111C.-ed bJ" T.U'ta• ot a dU~ ten 41l111M.l'Oa

•ent., b11t IIION ~amlT. it c91etg l'G'ralldatee thllll 

atellite ~ a\ a late po:l.nt eor to latmcb and eat;,ullabN 

a Mir ~ Gt c<mfldeme 1n belle readJ' to entm> the 

latmcb co1lll'lM--. !hia ten .. the pitd ~ .fU.p\ -

Jllut prod111ee JG'tonumt'Hll 111:d.ch 111 CCIIIIIJletel;r beJ'QDII qaut.lon 

or ~• be.tore the fthicle cm be co-.chr.flllld nadt,r to 

ent,er the latmcb coimtdarm. 
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e) The l.em:mh com&Wam e8tabli._. the :Oicb't cOllftpr&t.1.cm 

(p~., PM•, fOlillel' ad ptldu.loe Nttt..Dc• ud ,~ 

pecalie cCIIIRlmlll ad ccmtrol/,-;j.l..Nd o~t.1.ou), 

recll.eclm the p-.rtcn:•11M:>e u enabllllhed dllll'Ull ,re-lu:aoh 

'9.t.4111, ad Neal.\111 :I.A llft-cft o.t a :£!!Et r-9:' !l!!i!!· 

2.3.1.,.3 The allcat.1.on ot Wai tut pld.J.uopb;r ther&fm.'8 ,rodacee 

two p~ Neal.Ht 

a) J. rlgo:rou pNOt' by delllllCID!ltratlcm that the d8dll.p 1411 COl."'J'\IIIOt. 

ud ~ble tw the op.,.tlou ot the anlpeit id.m.cm., 

thin the JIIIUlll.f~ ud UNlllbled ~ 1111 1n. llt.r.lct 

acoorduoe 14th the dedp, tllat the d8dll.p mi hm'CNBN 

tc:c9'her are o011111P11t.lble with ud eot'Not for the Ofell'at.1.rc 

em:1:romd, ud t.hn the 5f!'p N11abil1:!;t 1411 811!9ude t'Or 

the lllllllllld.cm.. 

b) 'fbe lu:aob of a Q'IIIMIII llh\ch la d~ to 'be P1e!; Nff 

u • neal.t ot .U fd,w teatt..Dg ud u a nn.lt ot a CIOllll»leM 

ud oClln'IIClt IQ'II'- O,l!lll'1lt1Cllll:I lD the lu:aoh ..UODIIIAlll!t. 

NG 

l1illlcb o.t the abore 1'411111dt.a _.. .ri.eceaA17 lt a ut.elllte IIIJ'llrir,u la to be 

reallat.1.o.:U, comd.dall'llld fll&b,t l'UC\'r• I. good ten Jld.l~ doM an 

cblt.llqe the d-.p - the taac 111 to ~ the cl.mp.. In • douil, 

it wt be able to l'tl'lflllal - lde!DU.i'J' &Nl.1.pl ..-.almillM or fmllot1GD111\l 

1Dcs011111P11t.1.'b1lit1u. 'fbe ten lllllClU.enoe u an iatmlled to ~lf.u 

qcaa11f!l.ca;tllcm. ~ OP pi'Odde Nlla'ldllV data tor the ~-
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bat 1t aut be able to eet.a'blilllh .., .. NliaM.litJ' - 1n ...... llld..cb 

1111 mt pOl!llld.ble OD a CCIIIIIPGD!lnt. bud.a. 

2.3.1.4 !he ten, aeqaeme on Vehicle 23.SS 11 diNUllllled ~ the 

pldel.t.Dea ot the pNYiOllllt f411.N,1l"1111Pmll - 1n t,.,. of ,..U.cu.l.m:- «l:IIIIIIIIP1-

'lllhaN appliclllhle. 

!be teat ph:llO!mpJv' att.pted to pNCla.de llll1' plQ!J..Ollld c~ or 

Q'1llta t41111.vea by nqalriDg each plQ!l,Olld o~ to ,._ an Joce,t

Ull)e Teat P:l'ooedlD'IIII 1-d.atel,- pl'J.m!' to inetalhtlcm. lacb it• of 

DlrC tlll'll'1111hed power 00.Dlt'eftd.OA eqalJ!Nllt (~, CClillffff'NIN, 

jrmctlC111 bo.:lcu, etc.) ._. innelled alter a de~tlcm that the 

1 tea bad nccellNlhlll' ,uaed the NJqall'ed acce,tulce t..te. !be 

'lllllr1i2g DI oheck:ed1 pin· to pin aplut the 1iF.l.l'ul drmrJ..Dp• dm'ul 

1'111cb IIUU'lClf'actm.-.1..ac erron WN oor.rected. !he JQ1acl u a llllflllrir,a 

•• thu 'bl'Oapt to • palm. of Nadine1111111 tor POlllln' ll'Plicatlcn. l'O!IINI' 

lCIIIIU wen Wl,led al1ld llllillllUIU"8 in ~•, IUIIII ~ tmmtlaiul 

lltllitJ' ne detlltl'lllllud - lt• b7 lt• • u t'm'th_. deNZ'ibed in 

ncceed:l.ng ~-• 

'f!d.1111 ~h to enablillllidJII om:'1'9Ct IQ'1lta ..,.tlma • a ~ 

b.f Rb.,.._. bMlle 1l'U ~ ~t the ten -,a, 1IIIMNiD 

the ~ lfOlll.d be e:xero111!1111d tint in IHIQHDOe ot ~ Uid 1"8Cord,,. 

:I.re the ftlCIDM1"11:tc pU'&NteNI in ell JIM'ldee, the Jl'OOed.q 1m.o the 

o,era.tc:IIDlllll o~m tor o,11111n1tlon 1n ell adu. !be llllpl.f1cut 

d.U.terenoea 'betii.m thue tne• of teate _,. 'llal:la.lated 1n the toll~ 
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SP H ING 

'l'estltM !E!!!!'i!:PI ,._. ~ hne 

(a) P(.IIN'U' am tome Sb.ult bea .. .,_atoat l'.U.pt Cmlf.5.~ 
bes am 'fEIIIJt Oiablhl cml,J'. 
allowd. 

('b) ~tad ., oltap lD.ect:sollic .... Sliipp]1' 1'l1pt :Inter.lea 
..... 'f•til!I a:U.lliHd. • J'lJ.11:1.t Qabl:1111 

cml,J' - 11.ad.on 
llllil.llaWticm. 

(o) 'felellnet:r,- Cl:.leckll 'feat n1:111 B.a1'dl1lle Ir'!'~ 
Hom.t~. Lt.Jab Cllll'll.1'. 

(d) WIDL lw'al.Dttcn .. Cou Hom.\or:IJ'c. II' LUlilc am:d. ~-

(a) °"""'9:m IJl!Bta llilb111oal am llriTdll.De U' 011 ,rd Um:. 
Cbackoltt OI ..., Oont.rol. 

(t) Qrlb1.tal~-- hat TIIIP8 PloO'lllfllll. l'11pt, ,. ~. 
feat J!l.11181lcm. 

(g)· s.t.ellite 'feh1,.ole ... atod, Qable11 .. 'l'Nil .&mcbalc Cbabm' .. 
'l'ifflt O.,la 0-U ll'l1pt ~u-. 

'fbll 235'5' ten •q--• PNl',Nned tbrcap the detailed i!llll1D-~ tene 

Nqaued to validate t.be QnalMI fll.Dct.loml JC"fC1f1111111Ce. '!be~ 

teat.II 1lihS.oh U'8 te:nMd •!l!:•!:!/11 telilta &NI 

• ·~ lirllbontor,r .. 

• ~t:l.om .tor Altttade hn ... 'f~ Alt:l.tade ~ 

• Prelild.1111117 ---- 'f'lllllllt .. Q:iuifla. C-U 

• l'1nlllll. ~ fut ... o.,Iu 0-U 

• ftld Bilw'J..scmtal 8bmla.ted l'.U.pt .. YB'I 'lS-l,,,l 
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'l'bMe 1lut8 RN 1n IIIIIOBe caN8 conducted 1n an elllf..needrc (b~) 

oontigimltt.cm, i.mltead of • IIIICl4'e COlll'lete o,a-41\UONl ~u.-, -
a NRJ.t ot 1111ecm-it¥ req~ (~ lllt.DCI '1ml s,ne. !elllltlt 

lt.Dl:I Pad llmlated I'll.pt) lt.Dl:I becaue ot ,i,,,doal huidling llid.tatlom 

(Pad m..:i1ated l'lilh1,). In 911Cb ten ot thia 'type., the m:tm of the 

reqa!Ncl OOllllfNIIIILae 1'lNlma the opeJ'&tiONl conftpntio.n 11U c~ 

•llllu.ted to detlU!llllne the ettect. on the ten ftlld1t¥ • 

.u a ll'HD.1:t ot the .tact U.t 11111\f' teat& AN of necem t¥ ooDlacted 1n 

leflllll tbu. the fill O,efttiOIMlll coaflpration, o~ tena ftl'8 

incladed 1n the 23SS ten lllllqUDCe nt.ch 1NN 1n the Cll.lllll'llete 

OfenidONl ocmflgal"llti<m, to tbe m:tm ,otllMdble. 'l'.beilllle teeta 

validated the total ~. 11Pecitlcall;r i.oollldt!ll thue imePlacea 

nt.oh Wff1!1 mn-ope:r111.t:10Nl ln the ~ ten11. 'fbeN teBtll are 

lined am ducr.lbed u toll.on, 

(a) Jaecholc Clbtild>er !en 
(2JSS m 2356) 

Ccmfism!t:L• 

I'll.pg lltt.m.ea 

NG 

ltadar Aat.il!t!IIIIII 1mtal.led 
1111h' Oabli~ 
'fen~ ant. ~ (Ol1:d.W ,1!11111'1'.) 
Ir J1r 1.4.ak Ocmiand11 
Ir Jir 1.4.ak Dina 
F11pt; 11:ro m..a..ton 
lo 'l'e.t nae 'llllb111cw 
lo Main D.ab1lioal 
Gui iqlpl,y .. Ou Val.Ye Qi,9.'NltiOD 

lenltll 

S,.ta CClllll,Patibill t,' -· ~ .. 
otenti!ll in an orbital co~n. 
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(b) 'f~wre,.,Altltade 
Cmm'ber 

'ftd.atest~• 
~ v.Jd.ole 1n • 
orhltal emuommat ot 
tllllllJP.,.,111'8 a 111.t.itade 
~ 1n aco01'dau:me 
dill!. \be ld.llDIIIL'LOI&. 

(c) 1-3 Iatmc,h lta hi1l,Nd 

S Cl 

cant1e!!tl• 

!be ~ VIIJd.ole ,.. 111 u orhltal 
o~o.n tCllll:"nl'd ot St.a. 228, 
ll!mle,tf.l:lir tor n:ro1 Uld tllpt b&tt...,.. 

l.ulltl 

'!'bet telllllJikN,tu-e altltade ~ proda.oed 
n,eat«t t~ ot tu ,~ ~ 
m:D.oh 11.t'e ~- dhcuud 111 P~. 2.;.2.~. 
~ td1m'e it-. ....,. l'edellld.p41d acocm:!
illl11' • n. pQ10lld whlole, an.- alt.1,tle 
0~ l'ed41!11idp - ~ ~, 
apeatld tl:IZ'oap • 
1d.tJ:l.oat tad.l.m:'e. 
,.. ad:iiject«I t.o em:t.emd.ve, re,atltlve 
t~ .. 'W:l:roQltl. tall.-. ~ mt1l 
re,ellllted ncoe..ral ~- wu acld.lft'ed. 

Vehicle !en Ocmfll!!!tl• 

'ftd.a ten tollmed 1;m Q:u;flllte tll,:ht co~cm., illc~ 
,. idml&W tll,:ht. bat"1'1il!llllll - ,.,....,., bat pr!.or - .t1ml. 

attlclmeDI; ot tbe ll1ICl8r utemria. 

lenlta 

!hu ten ncoema.:o,, eure!Nd .,...,. 
1.ntefac• tU'lll.'IU..-1 
ciJ.tcait Uld oOlllll!lml'I 
PIQ1.old v.Jd.cle a t.bl!ii --• It. 
ftliclaW. 1'1m1 
ot 1"l1pt battm.H. the OOUN ot 
,~ ... ...,. ~ tlmctlo.n, the 
em;.ire nhll11ie veblole 1IIU ~ 
validated 1n the lauch o~•• 

2.,3.,1.S fm AIIINOiate ~t,m, (~ A~~) 

PR"fOl'IINd a 'Vital ~ !xi the ten aerl• on th11111 Te!d.ole. a !m.tlal 

procedve wu utabl111hed tor aoceJt,au:ice ot •~• t1'm ~_. 

td.d.ch 1.m,oly41Jd \bl ,-.tlc1Jatlo.n ot DISC penmmel 11:1. the timl 
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S Cl 

J.ccaptame !eat Procedare ori each qatem. 'l'b.e data wu thin !'fflflllf@d 

jala.tlr, toge\her with the final deliverable ~ llltatu. Duied 

upon theae Nnlt111, the S,.- Associate Contractor recOllllllllll!ellll:l:ed hm'd

wue acce,tuce to the ilr Force, or H ciJ'caiatucee dictated, rec-... 

meniled fm-thn- action am another pqloed 1Q"11tGm teat pr.I.or to 

acceptance. After receipt of' thrt pqloed at mso, a md.t Acceptemoe 

1'eat Proceda.re na coma.cted on each p¢oad md.t as a f1nal validation 

cm the box lerel pr.I.or to 1.Datallaticm 1n the p¢oad veht.cle. Jclnt; 

:reaponaib:Uitie• wre det'1Ded am docmaentedJI) br.lef'l;J aa tollO!i1'1!11 

a) ~u llllllllintained reapomrlb:l.ll i;J" for all ~ ud.t111 

when not lnatalled in the p¢oad Teblcle, am eetabllllbed an 

acceptable teat llltatu.a just prior to 1Mt.allation.. 

b) Gooqear participated in all teats which involved ~ 

operation ot the pqload, dl.tl'iag wh1ch veto pOlil'el" wu in 

to:ree as to continuance ot each teat. 

c) ~a:r a I.K!C ;lclntlr c<mdacted test data eval.Ution a 
reached a jclnt determination on teat acce,Ptab:Uit7. 

d) Lockheed m1nta1ned reB,PO.md.b:lll ty .tor all Q'lll'tema, operation, 

lnclading the operatiOD of' the qatem teat eqaip1umt.. 

e) S,.tem log book■ trel'e mintwled b7 Lockheed am lndbidnl 

p¢oad Ullt log books ware llllllllintained bJ" lloodyear. Lockbeec1 

Quality ~e •• reapomrlble tor both p¢oad am aiptea 

while at Lockheed f'acili ties. 

NG 

DLING 
LOCKHEED MISSILES & SPACE COMPANY 

Approved for Release: 2022/08/18 C05139542 



Approved for Release: 2022/08/18 C05139542 

NRO APPROVED FOR RELEASE 
DECLASSIFIED BY: CIIART 
DECLASSIFIED ON: II JULY 2012 

Aaolu06 

s CIAL HANDLING 

t) Iookheed pr:'Ori.ded all necu1111ary ~ for tmi Good;rea:r field 

op111ratian. 

c) Neither 8J8't,U tellt't1ng nor unit test1ng _.. to be conducted 

un::LNs both oonvact.ors were p.NM1mt. 

'l'he foregoing op!lll"ati.a.g pr:'00._..• were dlf1ned in a letter dated 

8 I~ 1'63, Su.bjaet., 11110per&t1n1 Proceidm'es and l.eapomJib:Uitiu 

tor the Conduct of P-21 Cheokclig,t 111ml !~. 

'1'be Good;rem' pc-lllOM/All. 1M1!'8 inoluded, u a nm'lllllll. f,motim, in all 

S,.t• .laaom.ate Cmvact.or-techniollll l'fflMnlll, .Wt ..,1ii:l.np and 

roatine testblg plaming 11111d natua JIIIINltinp• '1'be r4tftlt oi' the 

urJ.,y pl.tmning efforts 11111d of the integration technique• nolved 

between Loc'lmeed md ~, ,._.. vw, ef.t11Ctive and compatible 

working rel&ticmabip1. It 1a oonm.dllllNd t.bat the Oooc:vew pc-ticipatim 

in the testing, ad the 0C1111111plete ~ of the test pb1l.ol!lcphJ' 

deacribed bC'«ln, wve e1nntillll 914!11118'1te 1n nactd.Dg a .flipt-reacll;r 

atatws md in the l!IIJ.Ooeufw. conduct of the 11111.sld.at. 

2.,.1.6 ~ 

The prior d18CWhllioD outlinU the a:pplie&ble tast pbilooopb;f. !he 

illpllillllltlll!ll1t&tioo oi' a p:roper tut ~ invol'fflll the intmglble 

upecri; oi' m undillratading of the ~, .imd. IIIIAlllltllll aoCGptanoe ot 

the obj11CtiTI111, by the pc"ll!Olllllel. aoooq>liabing the tastll. Adrequ.te 

tut plam~ng 8ml tast a:uoutiat :NIIQU1re atriD.1'1111,t di-=lplinu to 

avoid the~• ot questionable or unwrified real.ts, and the 
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neousit.y to be SW:fici.ent.l.7 thorough and methodical to l'llG'Gtee 

ccnpletenus. In short, teeting requires ta:pe:l."ts in the field., properl,' 

tra1Ded. experienced and motivated. Certain pal"Glll!ltera an consiwed 

significant cough to llU"J!'ant epecU'ic idant1ficatton: 

a) Detailed. docwuented plann.1.ng. mtpl'IIIU!U!led in oomplet.el,' 

unambigw:ru.a term,. 

b) 'l'hOl'Ollgb. und.e:l.-etand1ng of the teclmioal aapeots oft.he 

eptau: involved. - termed FPfusicmal !9!tGoe. 

c) A thorough and direct understanding of t.hat status which is 

correctly termed launch-FM for a eat.elllte IIIJ'l!ltein. 

d) The mandatory reqi.d.r-,.ta that each system be operated in the 

orbital configura:t.1.on .. throuib rsreNntatin t1w and c;,ol.N .. 

in t.he orbital ~t ... u Nali1111tically u 1111 poasible. 

e) A step bJ' step au.l>system to eystem validation proce11a (blnlo,, 

ing block approach) llbm:'ein the thOJ.'OU.8b englneari.ng teats 

involVing the daomltratad and reccrded J?!£fo:runce of !!!!Z 

daaip pm.:1111Nter are followed. bJ' progream,:vel,:, 1111.0N CCllll!plete 

and realistic 9e!!!tiooal conf1Fat1on taata. 

f) Rigld ccmfiJ!!!:a.tion oont.ro1 of the ~t., INN~ and 

qeteiu, u FPF!!dV!:\l: validat.ed.. 

The, plamed and actuel. test aeqwim.ces on Vehicle 2JSS IINI .turib• dU

ewaaed in the rem&im.ng &t!ICUOl!U!I of Para. 2.) toprther 1d. th the r1u1w:ta. 
( l 'l'be planned teat aeqwim.cu for SimnJ'val• and Vandenbm:'g AFB _.. piot.ved 

1n sequential block d:i.agl"a form 1n ~ Figura A and B nspect:lftl.J', 
r 
i papa )-12 and l•lJ• Smmu17 rtpre C, page 3 .. 14, shon t.he acta&l taat 

Nq).UmCe insofar u it dittlllll"ed from the plamed ~• 

r 3-11 l. 

r 
l 

s 
LOCKHEED ~ISSILES & SPACE COMPANY 

Approved for Release: 2022/08/18 C05139542 

DLING 



Approved for Release: 2022/08/18 C05139542 

233 

;! i ◄ fa, I I , - i 
i1 I z: 

I ! I , 1111 h 111 I 
:::i 

•i! 
b 

I Q 
~ ti, i11I liirU :i 

1 ii, i b I ~I !1 ~,~ ! ::c 
I 11 ~ I~ 

ct! 
i ;I I !' i I I ·1 ! I El 
a I •1 ®; 11 I h jilh dL ·1 I • i 

I I! H 1111 Ii u i ! HI i l!fl I 
,111 

11111,=' 1fliUlll11b I ult ~h, i I 1 ii 1111 I H ii I i 
~ ',l ~ dji .,t:""' "'4 ..... .: .. ,I. - ~ 

! I I Ii I 1~ ,I di' ! I 1 

(1111 U• "h' di iii 

l~u!l1t,.u1111111"u I 11ul 1; 11111111 u I 
_, A !~! ... ~ i !!! I 

Approved for Release: 2022/08/18 C05139542 



Approved for Release: 2022/08/18 C05139542 

234 TRAILBLAZKR 1964: THE QOILL EXPERIMENTAL RADAR IMAGERY SATKLLITE COMPENDIOM 

ffl 

I I I II 

I 

Ii I I!, 11 I I 
!l!i •1 I• 5 ii 111,n ,,, • I 

w : .t .. 

:i 
~li2 
a!~ 
a:: u 

i i 11111 Ii j ii I i (111, i Ii! ► 
om 

' 
.11111,1, :s~ ;;J~ I 1111 I il,l,11· a:: !:!!:: 

1,~i ;1~1! i •·1 d I J h '! 1• c,.fl> 

~j .~ !iL~I ~~ J ii;~Ua d 

ifd zo 

Approved for Release: 2022/08/18 C05139542 



.,........._ 

NRO APPROVED FOR RELEASE 
DECLASSIFIED BY: CIIART 
DECLASSIFIED ON: 9 JULY 

r--
1 

Approved for Release: 2022/08/18 C05139542 

SPECIAL H DLING 

AGENA (SAMI!! A$ PU.NNl!Dl 

TMKSIC.12) 

D 

11 AGl!NA C:Hl!CKS- MAB 

I 
I 
L __ _ 

I 
I 
I 
'~ I 
I 

¥AFB 

PIL(D 

TO LAUNCH PAD 

SUJlt.d!' rmum: C 

SPEC H DLING 
LOCKHEED MISSILES & SPACE COMPANY 

Approved for Release: 2022/08/18 C05139542 

235 



236 

Approved for Release: 2022/08/18 C05139542 

TRAILBLAZKR 1964: THE QOILL EXPERIMENTAL RADAR IMAGERY SATKLLITE COMPENDIOM 

NRO APPROVED FOR RELEASE 
DECLASSIFIED BY: CWT 
DECLASSIFIED ON: 9 JULY 2012 

SP(CIAL H 

2.J.2 ~ 

3~ 

DLING 

The payload tests defined 1n the Planned Test Sequm,ce (Para. 2.J.J of this 

Section) •re 0C1111Pletsd and the pr:t.mar:, objectives met. The scope ot test

ing was m'll.al'ged to include a special teat of tb.e i'illll tnmpcrt IQ'llltlln in a 

vacuum. ~t (HATS). Testing order was alteNd to permit dolmst.Nm 

testing to cantimle, where practical. d.u:ri.ng periods when a cC11111.plete set of 

flight c~ were not available. 

Malfunctic:mi of payload cCllll,pOfflmts 1n the temperat.uNI and al ti tu.de cballlber 

(TA.SC) d:llring the Qualification pa;yload tests and Vehicle 23SS payload tests 

cauaed the TA.SO teats to be altered, repeated am the start and completion 

to be delayed. (Rater to Para. 2 • .3.J or this Section). The tina1 TA.SC ru.a 

was a complete and continuous test which verified system campllance to all 

of the im:tlal objectives. 

Pai,l.oad compliance t.o spec11'1cat1ons 11U demomitrated. 1n the following 

configurations: 

a) Pa;rload Vehicle Systelft (Non-envil"Cll!Rffltal) 

o Pollll!lr supply sl.Jl.uatillg flight batteries. 

o Test console sl:mula ting Agena conu.ms and radar targets. 

o Vehicle telemeter 111umlator monitori.Dg telemeter sipals. 

o Transmitter terminated 1n a d:t:lmmy load,. 

b) Pqload Vehicle S:ystem (Errri.rommt.tal) 

o Basic equ.li;nent Wied same as It. a) above with tb.e 

pa;y1oad in a simulated orbit pressure and tempera-

3•1$ 
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• tura em,in:,ment. 

S C 

o) A1lllffll - Payload Intesmted. Syateu !eata (lfon-ert'Vil'ODllllll!lntal) 

o Payload el.ectrlcally'., bat mt. llllllllCbimicall;r uted to the 

o Pov .. IIIUppl;r Simu.lating flight. battarielllle 

o ~ t1'0!II the Apna (~ Um f'rola teat CIOl\lplu). 

o 'l'eJ..eiineter am "11111:rdllne• data ulllled. to evaluate IIIIJ'lltell 

pert'onnance. 

o 'l'fllm.81111dttar tand.Mted in a dwllll!.Y load. 

4) .&gem - Pa7load. s,.i. CAnecboio) 

o Payload electri.calJJr and 111111Chimicall,y •ted. to the AgNMII. 

o Pqload radar antelma imltalled am tra.maittifll • 

. o '°""8r llllupplied. b7 fl.igbt 'Q'P8 batteriu. 

o eon.ndllll f'ra the Apn11 (air link hca teat coapla). 

o 'felaet.- (air linll:) data used. to eT<111luta 111St• 

perf'o1'BUICe. 

o Pa,yioad data b:, air link to gl'l:llllllll1 NOilldT_. and NICC!l'CUllll"• 

o filllerlenc7 control md. 11110nito:r:l.1!1 •intaail'led with a 

ldrdPUI DDllber of ilect:r:lcall,J :1.sohW hudl.inms. 

e) Agena - Payload Syata (Launch Pad Hcrl1110ntal) 

o P~oad. electricall,J bat not .IIIIIIIOUrdcall;r uted to 

the Ag..a. 

o lurer nppl;r ailm.latifll tU.gb.t battariea. 

o r-oM'illlme ho& the Agena (air link :trm tl'lllcki.llg station). 

o M_,ter (air link to g:round station) am mrcW.ne data 
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ueed to eftluate the pertonunce. (TelE1111Gtey am payload 

video data). 

o Heccwe11.7 c&pffllle energillled and evaluated. 

o Tramnitter terminated in a dl.1111111Q' load. 

t) Booater • Agena - Payload Syat• (Launch Pad Vertical) 

o Payloed-Agena.-Booatar Adapter-Booster 111&tad. 

o Flight batteries inetalled. 

o COllllllllnda f1UI. the Agena (air link fl'CIIII t:ractl.rlg station) 

o 'l'el.-ter (air link to gl'Ollnd station) UNd to evaluate 

syst. perfo:nr.ance. 

o Sbulated targete evaluated with the wide bmd data link 

o Tnm8111itter terminated in a dUl'lll'q' load. 

NG 

At the concludon or payload testing the tolloring items wre 011t of lillllita 

as specified by the Test P!'ocednrest 

a) Transmitter pwer was O. 7 db lOIII', 

b) The sensitivity time control (STC) video wave:tom vaa 2.2:1 

max:1.nmll to 1111.nin:m and shoo.la have been a IIIIIIXhiwl of 2.0,1. 

c) Delay tram 110W GATE" to the start. of S'l'C was 35 microseconds 

and shoo.ld have been 31 l'llicroaeconda m.aximu.m. 

d) The accaleremeter in the 'l'raNllmitter-Modulat.or 11n:it. vu 

inoperative .. 

During the TJ.SC teats una:pl.ained tramienta wen observed on the -a:v and 

+4.Sll.V power su.r,ply moniton. Instl'\1111entation indicated, and analyaia 

SPECIAL H DLING 
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verified that the transients on the tlro power supplies were nc-t related. The 

2KV problems was localised to the U•lF Unit. 7h19 unit wu remo11111d art.er 

the TA.SC test was completed and operated through a specl.al test at Ooodye.!ll'. 

The Spi.ld.ni vu determimld to be OCCUffing in an output filter Clll)acitCIII' 

1n the -2.KV ffllpply md waa not; at' a po1;entt.l. fail.ure M.'li'l.t.l:'G• 'J.'m -2iC1 

problem and the i'o-ur (4) out-of..J.illlits itens listed in tbil!I section were 

all acceptable to Goodyear to Lodcheed m.i to the Air .Force as .flifjlt 

worthy oonditiotlll!II. The transients appeared· in the first i'O'llk" (4) 

of the thirteen aim:ul.alied arbits in the TASC test. T".1111117 did not; appear 

1n the lUt nim similated orbits in TASC or in any at' the subsequmt 

testing. Refer to Par 2.1.2 aid Par. 3.1 of this report ror a more 

detailed discussion. 
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2.3.2.1 -Payload Detelop:mnt :11:>, Lockheed 

a) ueneral 

The payload system was asiHwbled and checked out in the 

payload development lab at l.ockheed..S~. Compormntlill of 

the paylOlild systea were obtained froa Lockheed..aood:,11u1r mid 

the Recowq System Vendor. Good:,ew aupplied fl• (S) flight 

radar components with moUD.ting bardv.-e and t1le AGE requ:INd to 

ehack each c01t1ponent individwally and int111i·conmctad as a SJl!ll'ta• 

A s,stem .for 't'ecor-ding the wide band data link: r,oot) video WU 

also supplied by Good:,ear, termed a p-oum based reocrder. 

Lockheed provided the payload atrft-are, fli£bt. antenna aid 

waveguide, power conversion equipment, p;yro system, oompem11at:Loa 

11l&gnets and equ.iPJlllllllt necessary to irl.taroonnl!lat 11 monitar md 

control the pa;rload system.. Lockheed also supplied the AGE 

required to handle the capsule and pqload, a batter:, 11.mulator, 

a vehicle telemeter sim:al.atcr, and payload test aids. 

The RecO'V\lil:r1' S:,ne111 Venda:- aupplied the recoverable n.Ol!le seotion 

incllld.iJ!g all or tJJe flight equipllllllDt contnmd w:WU.n the capRle. 

b) Acceptance 'l'ut.111 cf Good,-., CClllllpOll8nta 

Goodyear peraonnel per.f.'ormed acceptance 'bilsta on th& rada:r flight. 

components. These compon&nta ,...., 1) Tratunit.ter Molhlato.,. 

(Box: 113), 2) ffF.,.D' Unit (Bm: 14), "Reference OOll'lflut.er (Bal: #S), 

the Control Unit (Bal: f/6) an.cl the Record• (Bm: 17). Each 

Bo::: had its ai,m Maintenance fester wich vu med initiallJ' 

s DLI 
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DLI 

'lb.is ~ em,.-111 the span of t1JIIII t:ra the iMeipt.ton of the fil"st 

IINrt.emte berm radar IIIJ'IIR,a throu.gb. the fi.mal ft&Luticm of the ca 

Cl!Nd.t p&rf'or!IIIUll'DC8 of the f'lrst t'light. An ob,tecti•• reviw 1a attaipt.ed, 

of the cmip1'1111ie Nope of aot.t"d.t.tu ••~ 1111 tb briDll,.nl • MIii' 

S1l9t.l into balng and of the qlllt.a parf'Cl'llllllll'.me dm1.ng • lllllllllNmt1a.JJ,1' 

nm:I Dal and. tr:ouble.tlrM llillllllad.GID.e 

l'rm Ude rfli.w, it 111 bopecl that the ..,.__ wpa111111:t md ~ 

OOl'l't'rol ,-tea 1'hiah tNI"• found to be etreotl:n1 JIIIII' be prope:P."11' 

NCOg\'d.sN and ti'henlbJ' ehanc• the arpzd.satim and coo.du.ct of ftJld.l.U' 

.future acti"d.t.tu. 

!!'he SJ111t. detim.tion and r~ting oonfiprat.icm ill ~ iD 

~, topthl!iir 1111.tb the pl'Oblal I.IIIIIOCiat.N 1111.tb W• Prop-a 

~tmd .... ninge 

'ftle mg,ine..-:ll:lg ~t, OODCklllpt and the te■t ~ ..S.oh 111111111"8 

1 - appliN an ou't.1.imKi and restated, 1111th the objectivea or first r~ 
' 

th••• ad thm &ttapti..ng to objectiftl;r lm11111J1• tha f«' _.... 
r L IIWIC!leipt.ible to illprO'ftllllllllmt. '!be Air Force .. DISC .. .lnoc1.&tG Corltiir'M'MIE' 

[ 

[ 

[ 
r 
l 

t.a i• ~ u it IIIIIIICl..sted during the ~. ilen:Lng and 

opa."&t.i.OD of 'fnicle 2.JSS. 

'1'ba IIIJ'IIR,a perf'Glll!'llllllllle t.t-ca l.rilmlcb ~ ~_,. and th'- to 

batt..,. depl.etiaa 1a ~ frca the pdJlmJ' ~ of ~ op!IINtion. 

11 
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AOOJ,J06 

CIAL HANDLING 
S:,ata pert'Ol'IIUlll'lll.'e 1a c<npared qa1net predl.ctions., md the pert'onumoe 

a.ccoapli&lment111 md a.chieftMllte •• \l!l!'ll'llllllated. 

'lbe rep0ll"t is tbereton, in addition to a flight rspc:rt, a total 

NBll1"1 ot the CClllllpOsiW etfc:rt dll!IOOiated Id.th the prepu-at.icn and 

operatie1111 of this qata.. li'rolD the apt.a em.nation cal"tain can.clutd.ODIIII 

and r~daticm are fomulated 'ddab. are int.ended to be UHtul for 

la:t;er work on 8imilar ISJ'lll'tau• 

Through the media ot the detailed. informat.ion contained in this 

report, it 181 int.aided to proper].y ~ the e.fforte ot all 

those 1iho were imst.rumental in manapng and CIO!ld.ucting a prop-• vbich 

prodmled. a oampletely noceuf'lll aiatd.on with the f:l.rat flight ot a 

new ptQ'load ffhicle ISJ'llltlm. 

IAL H DLING 
LOCKHEED MISSILES & SPACE COMPANY 

Approved for Release: 2022/08/18 C05139542 



SECTION IV· DOCUMENT 16 

r· 

! 
1.. 

r-
' L 

r 
L 

r 

L 

[ 

[ 
r 
I 
L 

NRO APPROVED FOR RELEASE 
DECLASSIFIED BY: CJIART 
DECLASSIFIED ON: 9 JULY 2012 

Para~,a..R,h tlo. 

Jel 

3.2 

)e) 

3•li 

J.4.1 

.1.L.:? 

>•4-.3 

3.1i.4 

J.l!.S 

J.4.~ 

3.4.7 

)e; 

),.6 

3.1 

J.8 

Approved for Release: 2022/08/18 C05139542 

245 

AOOJ..)06 

PART III 

Table or Contents 

Title !.!e -
Introduction 1-1 

Elect.rical Power Subs;rst-. 1"'2 

Attitude Control Suba;rst,al 2 .. 1 

Conlnar1d and Control Subqsta J-1 

Radar Payload. 4-l 

Pass SUIIIIIIU7 tog 4 .. 3 

Pass An!UJ"&ia 4-21 

TeJ.emetry Senedule 4-84 

Telemetr,r Data 4-88 

Pocit:l.ord.ni;: of the Ret.u.m Pulse in the 4 .. 1'46 
Range Gllt.e 

i'er:rm.n Retleotiv:1.ty 4-151 

Direct Hom. tor.lng of Payload Radiatim 4-lSJ 

'I'herr,'IOdynamica .>-ii. 

Vacmum K~ta Dilring Flight 6-l 

Recaver, Subs;rste 7-1 

Satellite Control Facility 8-1 

111 

G 
LOCKHEED Mll!U!IILES & SPACE COMPANY 

Approved for Release: 2022/08/18 C05139542 



246 

Approved for Release: 2022/08/18 C05139542 

TRAILBLAZKR 1964: THE QOILL EXPERIMENTAL RADAR IMAGERY SATKLLITE COMPENDIOM 

NRO APPROVED FOR RELEASE 
DECLASSIFIED BY: CJIART 
DECLASSIFIED ON: 9 JULY 2012 

Pa-1u11•mh lllo1 

3.8.1 

;.8.2 

3.8.3 

;.8.4 

3.8.S 

3.8.6 

3.8.7 

).8.8 

ACOl.i.306 

PAI! Ill (Oant.) 

Table of Oantentllll 

;p..u. .be. 
Introclmltica 8-l 

Wide Band Data I4nt 8-1 

AH.D (Ad.ftmoed Maptto Intorattan 11:1,dpaent) 8-6 

Little APB (Aalllog Pboto 11:1,d~) 8-6 

01l'S B~ and ~ Ccnt.rolla' 8-8 

1'KJ>i8plqPamel a-, 

~cl· PwforJ11111111DC11 8-10 

S-1.ook P.rop• 8"112 

L.OCKHIIUl:D MISIIILU II IIPACIE COMPANY 

Approved for Release: 2022/08/18 C05139542 



l 

r 
L 

r 
I 
' 

r 

Approved for Release: 2022/08/18 C05139542 

NRO APPROVED FOR REI.EASE 
DECLASSIFIED BY: CJIART 
DECWSIFIED ON: 9 JULY 2012 

Introductim 

SPECIAL DLI NG AC-04)06 

PART III 

Thia secticn of the report - Part III - is designed to contain a JWd.nm of 

orbital performance data. The subsystems, the thermod;ynamic condit1Cll'IIS 

which prevailed., the vacuU11 gaga responsu and the performance of the 

Satellite Control Facility are each. diacuased.. 

The psyio.ad subsystem openition, as recorded. in Pan. 3.4., wu fl1111uated by 

Engineering personnel :relatively lne:xperimoed. 1n avalution of photogra.pu 

or of' radar imagery. The basis ot the eftluat1.Cll wu: 

o All telemetry dat.a com11id.ered pertinent. 

o The :recorded video, data tranaplll"tmey. 

o The correlated radar imagery for the tull langtb ot 

all operatillg pusea. (An unrefined. copy) 

The :resulting obaervatims and coments provide a total eva~.:uaticm of the 

pe,yload data and radar imagery accumulated. 1n 32;, 91 nd.nutss of operation 

throughout the lh orbi.te or pa.yload operation - with the qualiticaticm1 

indicated above. 

The entries nw.de for each pus llllllY form a basis for f'urther evaluation - it 

:requ:l.red - without, NCOU!'l!IIII to utenaiwi research through :retired data ncardlll. 
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J.4 ~ P!Jl!!4 !e!J!te 
o..nl 1'ba Htlllll1te 'ftbicle VU pl."Olfflllllllllllld b:, llllllUIII of the Clllll'bital 

p."OIP,".aalllll' to c,paNte fa!!' 80 orbi ta. The Pll,11oad _. ~ to 

Clplllll"'III.W throu&b .. 'll1'm'IUp md .. pn!CllpVIIU CJVlllD 'ilDllmlill'fW the •atelli te 

vu 1n a.girt of the Vadiiinbe:rg AFB.- h 1w ~ tl'Mld.ng 

atatiou, md 1lhm the gl!"l:IW'ld JIUIIIPPinl BW1llriih WilU Id.thin the Oc:mtina>.t4 

Um:ted &tell. The 1'411GOY&l'7 111U Ol'igh'!•ll,- planned fGr' i4ff 6). DN 

to interfe:Nmee 'Iii th other oplll"ations a dacim.Cllll vu Jllllde to effeot 

reconr,r cm 8- ll. !be ...,_ ~ c,paNtinl pualllU prior to 

Rev .ll 'IIIIIU"tlll util1sed to acquire a au1.. of rllllOO'ftlr111d tila data of 

hisbffl quilit:,. Aocordlns.11', the onlJ' Pll,11oad omt.rol '11biob 111'&111 

oondo.cHl!i dm1.Dg then Operate periods CCIIWll'lsted of a,d,J118t:1..Dg the 

Pm'. .lutoutie pin ocmtrol WilU med for all pu•• prior to reccnu:,, 

u W8 Olutttlllrloct Intepi'atar (In) md 'f1m Ocmiltant #1. ~ 

aperlmata u :l.ndiuted b&Nin, 1illlllNt ocmdaoted dm.-:1.ng tbe MIJ'ND 

p!UIIIJU foll.ow.Ln.g ~• The abject.in of tb11 ~ of the 

r4lllp0l"t, ia the ~ of a 'JM'.ldw:m of ~ c,paNting data ad. 

pvt~ pa.I'--· tillhich 1IIO'al.d. pend. t ~t md IIIIIO:Nl •WW. 

~tl.CIID. of the Q'llli'.m -- u ~ 

fh:1a eeoticm oomd.ril of the following parapiapua 

l..h.1 Pua IP'P!'Fl; :Log (Verbal. .bportill to S'l'C Dmin& Ope:raticm) 

'!'b1al log ccmta1.ml a q,m.olc reflllllNllDOe IIIOm'08 of all 

pql.oad ope:ratlcma during this ld.111m.cn, b:, pu111, Id.th 

opsn,.t1nl tiJIIN pa- n'Wlt ad. CUIIIIUl.atin. (Not CC1111pl.ete.) 

Re.fc to Pu-a. 3.4.2 for apecifio tm111Dt deta.1.18. 

s DU 
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S CIAL HANDLING 
).4.2 Pwe,J.nip 

!bill parqr,aph ccmtaiml th• buic data take trca telaetr,r 

reoordas, doppler data tibl and correlated r&da ~, 

Aia"raged in a ti.a• seqa.aioed tCll1."ll&t fer N.Oh of the fClllll't.Nn 

aot.ive paylcad pullllUe 

3.Ji.3 ~ Bchedule 

!bis parqr,aph oontaina a bal!lio telaetr;r listing. 

3.4.4 T!).pt'g Data 

1'h1a pa.raa,,aph contains buio ~ data. 

SPECI DLING 
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3. 7 RICOVBRY SUIS15'!"DI 

ACCllu06 

DLING 

fol'llltld the pa;;.lotd on-orbit t'l.mctlona ot •inta1ft1nl fUllll t.ns:lon mri.ng 

no~ta pn-iod,1111 t.Ming fUllll up into tu racrcwenble cuMtte, with a 

constlll'l:t temBicm, cmrl.ng opemt.e per:lodlll, fflltti.ns the fUllll prior to 8411P8 .. 

:nation ad p~ • 1:1.gbt--u.pt eM pl.'O'ti,eoted ~ ~ n-411Dt.27. 

In addition., tbe ~ tu:mp 1111111Clumim mntaimld ma tension during 

uoent.. The tatarp IIOto:r par drive was pl"IIMlllltllll fNa m:llltdnding bJ' 111. 

ntchet. D1U!'1ng ucmt tbre :mtobet (a:U.-bactmp) vu held by 1110leotd. 

e.ct:lon in the di.8enaapd position to pN't'alt :ra~ dalll1e fTDIIII. ascmt 

TI.brat.ion. 

The capnle atatu.111 on orbit. vu evaluted. by the .foll.Olll':blg tal-'t.27 point.at 

1-91 Footap Potent:lomtc (Ca111eettA 111b D~:r) 

:r-93 Water SNl Position ad Ccnt.imd:1:¥ Loop 

F-97 CUe.tt.e 'l'-,entm-e 

l"-99 'fump Idler/C.aaette C-.itato:r 

.The otbar capeula telt1111118't,J7 point.a wen taperatun mniton am l"ICIOWllff 

battm,' a:lpilll 111Mmiton s 

:, ... 92 Retro 'flllllllllPIJNWl"tll (Rootet) 

'l"brwlllt Cone 'l'eaipentu:re 

lllco'fm::r Batter,r 12 Siplll (V off) 

laclover:, Batteey' 11 lipal 

Forebc:ldJ' T811111P8!'1111WN 

LOCKHEED MISSILES 81 SPACE COMPANY 
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!be capsule statwl telaetrJ point displqs tor F-91 and F-99 are ahoum in 

Para. 3.4. !bese indicated nomal tUm t:l.'llll.upori operation. The ountta 

tmperatu.N R8 controlled b:, tillo 10,,,,watt beaten in series, y1elcl1ng S 

watts ponr d1nipa.t.10D, w:L th a thel'lll08tat Htting ot 82°. The cuaette 

tanpe:m.tuN, mmd.toired b:, i'-97, vu on Rev. 8 and deonued to 44°F 

on Bev. 2s. 

,J. 7.2 Weights 

The capJUl.e 'IMigb.t vu i.no!'ea8ed to 120 l)O'l.1lld8 parachute SW!lpended wigl\t. 

U ducribed in Para. le6e The capll!JUle lft!lighta WJ:'91 

Separation Weight 

Attar Retro Weight 

Weight on Parachute 

The cor.N1Spmding dacent rates on the paaclmte nre s 

ilt.itude (Feet) Descent late ~ft/Sec.) 

S4,300 Parachute ~t 

;s,ooo :,2.s 

30,000 29.S' 

25,000 21.0 

20,000 24.9 

15,000 23.0 

10,000 21.2 

s,ooo 19.6 

Surface ia.o 

LOCKHEED MISSILES 8: SPACE COMPANY 
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The recOY&r;y ewnts and perlOl'lllllmce U'\1111 giwm below 1D Table II. The 

predicted .bl.pact point 11U 21..°t and 143° )8• w. The actual. air catch vu 

:u.de at 23° 381 N am 1h3° 161 w,. apprmJu:tely 23 mw.t.t.cal milea Soutb

Soutl'IWest of the predicted ifflplct point. 

The NCOV_.,. &Na plot.,. and tw T1w111 of the recove:&7 po1it.10111111. predict.ad 

TelW!I actlllal for viff8 up rqe and loetldns acnaa ranp an p.ven in 

figuru 3. 7.1. 3. 7 .2 md 3. 1 • .3 ~t.1Yel,y. The TU'illt.iou flrml actwal 

prior to enteririg the at.apbe:NI U'8 me tc lllllinor varl.at.iou in aU.pamt, 

.fNm opU- duri.ng Ml'Ol"Ocket tlmmt and to Jdnor diftWUICU in total 

t.bftuilt ....iu. •• 
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SECTION I - INTRODUCTION 

In Janu.ary, 1963, Goodyear Aerospace Corporation, Arizona Divtalon, was 

contracted by the Secretary of the Air Force Special ProJecte Office (l,l!AJ'SP) 

to participate in an Agena Vehicle Satellite Pr01ram. The primary objective 

of the program was to demonstrate the feasibUlty of obtainm1 doppler high

resolution radar imagery of the earth'• terrain from an orbiting sateUHe. To 

accomplish this obJective, it was proposed to base tbe radar 1yetem, wherever 
practical, upon the existing desjps of the Goodyear-produced AN/UPQ-102 

side-looking doppler :radar. 

Initial studies and proposal efforts on th:ls program had prevlnsly begu. in 

the latter of 1962 when a number of meetings were held between Goodyear 

Aerospace, Lockheed M'.lssile and Space Company (LKIC), and the-

- to discuss system parameters, design ooncepta, and vehicle con
figuration. Actual wort on the radar portion of the prop-am bel'an at Goodyear 

Aerospace on Janu.aey 15, 1963. Twenty-three months later on December ZJ, 

1964, 111ucoeS11fu.l oo:mpletlon of the ftHt orbital radar test wa• achieved. 

This program report is divided into two volumes. Thia volume - Volo.me I -
documents the initial system analysis, deaip, and developmmt of the Goodyear 

KP-ll aide-looking doppler radar ■v,11u"n'- Volume II de111oribea the 1roud tests 

to which the system was subjected, and presents the re11111lta of tu orbital flfl'ht 
test. 

Z. DESIGN PHILOSOPHY 

To accompllah the program obJeotive, extensive changes were required to the 

existing designs of the AN/UPQ-102 doppler radar. The KP-D radar wu re

quired to operate at 20 times the ground speed ud 16 times the altitude ofthe 

AN/UPQ-102 radar. The KP-II radar was required to scan one aide only: the 

AN/UPQ-102 radar scanned on ltoth sides and ·aaed two reoeiv:inl' and recording 

ohanaeh1. In the AN/UPQ-102 radar, the film speed and pd were 11111111.ved to 
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ground speed; in the KP-ll radar they would be constant. Additionally, the 

AN/UPQ-102 radar incorporated many modes ofopera.Uon, such as moving tar.get 

indication and variable mapping intervals, which were not included in the require

ments for the KP-n: radar. Finally, the more difficult vibration a:nd pressure 

requirements of the satellite environment would necessitate an exten1111hr.e re

pa.ckaginr; of tie radar units •. 

It was decided that specialized parts, such as klyst;t'o1u1, travelinr; wave tu.bes, 

cathode ray tu.bes, and frequency multipliers, would be procu.red from previous

ly established vendors wherever poHible. To en.au.re that these specialized 

parts would meet all requirements, new specification control drawing.a were 

made and the components procured to these specifications. 

It was also decided that the payload would be b:i.strumented in such a manner that 

filght performance and failure mode data could be obtained from narrow band 

telemetry information. 

3. CONFIGURATION 

The KP-ll radar payload equipment whloh was designed and built .by Goodyear 

Aerospace consists of the following um.ts: Transmitter. RF-IF, Reference Com

puter, Control, and Recorder. The equipment, with the exception of the record

er• is installed in the forward barrel section of a standard Agena D vehicle. The 

recorder is installed in the conical nose section directly behind the film recovery 

capsule. The radar antenna, built by LMSC • is attached to the aide of the Agena 
vehicle and is a two-dimensional slotted wave guide array. The antenna ls 15 

feet long, 1. 8 feet in height, and is uniformly illuminated in both directions. 

4. SYSTEM PARAMETERS 

The radar payload ls designed to operate at an altitude of 130 :t:13 nautical miles. 

The orbital inclination angle is 70 degrees. A fixed radar depression angle of 

55 degrees is u.&ed. The radar maps a slant range interval of 5. 95 nautical 

miles wbich is independent of altitude variation. This slant range interval cor

responds to a ground range interval of appreximately l O miles. 

-2-
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The design value for peak transmitter power is 30 kilowatts and the average 

transmitter power is 2.6Z watts. The length of the transmitter pulse is 1. 0 

microsecond. By the use of pulse compression techniques this is reduced to 

an effective pulse width of o. 06 microsecond. The minimum acceptable resolu

tion for the system is 50 feet slant range resolution and 50 feet azimuth resolu

tion. Actual system performance was found to be better than these minimum 

acceptable values. 

The pulse repetition frequency (prf) has a 16-step variable range from 8215 to 

8735. Changes in prf are accomplished via the payload command system. A 

grey code is used to allow a one-step change in prf to be accomplished by a 

single command. During flight, change of prf from its preprogrammed position 

was made on the basis of the radar data received at the tracking station. 

The total power consumed by the radar system in the operate mode is 2.500 watts. 

The total weight of the five payload components is 348 pounds. 

S. OPERATIONAL SUMMARY 

The payload was launched by a thrust-augmented Thor booster and bad a usefl.il 

orbital life of approximately four daya. 

Radar radiation was confined (1) to the limits of the continental United States, 

and (Z) to the limits of control of the Vandenburg and New Boston tracking sta

tions. Doppler radar data were recorded simultaneously by the recorder unit 

contained in the vehicle and also by a ground-based recorder located at the 

tracking station. The data were transmitted to the controlling tracking station 

via a wide-band data link. There were a total of 14 mapping paHes within the 

four-day period. The time interval for each pass varied from 1.4 to 3. 7 min

utes. The total mapping time was 3Z. 91 minutes. The unprocessed vehicle data 

film was returned to earth in the recovery capsule. The resulting high-resolu

tion imagery from the data fllms confirms the feasibility of doppler high-resolu

tion radar technlqu.es for space application. 
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6. CHRONOLOGY OF PROGRAM HISTORY 

To ,:Ive chronoloK1oal perspective to the design and development phases of 

the program, a summary of events on a monthly basis is included as Appendix 

I to th.is volume. 
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SECTION Jl - BASIC DOPPLER THEORY 

1. GENERAL CONCEPT 

The beam-sharpening process used in a doppler, high-resolu.tion, side-looldng 

radar may be described by means of a physical antenna analog. As the vehicle 

travels its orbital path a series of pu.lses is transmitted. SucceHive pulse 

transmiHions are identified with the elements of an array of dipoles. The 

spacing between elements is the distance traveled by the vehicle between pul■es. 

Each transmission is made with a controlled phase. The amplitude and phase 

of the reflected energy from the terrain at all ranges and angles within the 

physical beam width of the antenna is recorded on the data film. 

The length of the antenna synthetically generated is basically limited to the dis

tance instantaneoHly illuminated on the ground by the physical antenna. By 

the technique of optical processing, the amplitude and phase of the returns 
from the successive pulses are vectorially added to create the narrow synthe

tic beam. The results of these data are then recorded on a final film. Thus. 

the resolution equivalent to that of an antenna hwu:lreds of feet in length is 

achieved with a small physical antenna. 

Z. BASIC EQUATIONS 

The basic equations of a high-resolution radar are most easily developed if ~e 

analysis is restricted to the slant-range plane of a single-point target. Firw,-e 

1 shows the geometry involved. R is the distance to the target from the antenaa 

at time t. At time t = o. R1 ts the distance to the target. The angle 10 is 

measured in the slant-range to the center of the antenna beam at slat 
range B1• Several combinations of pitch and yaw will yield the same angle e0 • 

From the geometry of Figure l the instantaneo11.111 range B to the target ls 

As the beam width of the physical antenna is small, the range during the period 

when the target is illuminated may be closely approximated by taking the first 

few terms of the binomial expansion of Equation (1): 

-5-
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+ 1/z (2) 

The range dependence on time is reflected in a phase dependence on time of the 

return signal. The dependence of phase + of the return signal on time is 

(3) 

where 

f
0 

= the transmitted frequency 

~ the wave length of the carrier 

+o = the phase change caused by reflection. 

Equations (2} and (3) may be developed into 

vt sin +o - (4) 

where 

The return signal is synchronously demodulated with respect to some reference 

frequency to remove the carrier. It ls desirable for the reference frequency to 

be the frequency of the return signal when the target is at the center of the beam. 
The phase of the return signal when the target is at the center of the beam and at 
range R 1 is given by 

(5) 

The frequency will be 

1 dY 
fr Ill zidi = (6) 
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From Figure l, however, 

SECRET 
S,ECIAL HANDLING 

Therefore, from Equation (Z) 

Then. substituting into Equation (6), 

§EQTION D 

(7) 

(8) 

(9) 

Therefore, f is the frequency that will be used for synchronous demodulation. r 
The synchronous demodulated sign.al will have the form 

(10) 

= A(t)c (11) 

where A(t) denotes the amplitude of the return which is a function of the re

Oecttvity of the target and its position in the antenna. beam. When 

and 

• +1 = n(2tr) 

e = o 
0 

A(t) = K 

SPICiAL. H:AkDI.ING' 
SECRET 

Approved for Release: 2022/08/18 C05139542 



Approved for Release: 2022/08/18 C05139542 

NRO APPROVED FOR RELEASE 
DECLASSIFIED BY: CIIART 
DECLASSIFIED ON: 9 JUL V 2012 

SECRET 
SPECIAL HANDLING 

Equation (IZ) redu.oes to the familiar expression 

) . 
The signal recorded on film at range Rm will be of the form 

where 

Tb = the transmissivity of the film 

K' = some constant times K. 

) {13) 

From Equation (9) it is seen that all scatterers at an angle 80 and with velocity 

v will have the same frequency. It follows that the locus of all poHlble scat
terers whose returns have the same frequency ls one nappe of a right circular 

cone with semi-apex co-angle whose u:ls contains tb.e velocity vector. 

The locus of points on the earth can be visualized if the intersection of the above 

doppler cone with a plane tangent to the earth at midmapping range ls considered 

Since the range interval mapped is smaU, the mathematical model so described 

is a good approximation near the point of tangency. 

3. AMBIGUITIES 

Two types of ambiguities - range and azimuth - are inherent in a coherent high

resolution rada;r and provisions must be -made to avoid them. The r11.11ge-amb1-·· 
problem ls common to all pulsed. radar and is usuaUy avoided by lowering 

the prf so that the so-called •second-time-arootP targets are not seen by the 

radar. However, the consideration of azimu.th,am.biguities yields another.set of 

constraints on the choice of prf. 
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·UE-D-A2ft IQTIOH U 

For a proceaaor operating about zero doppler the information spaced at •'Y 
D 

from zero doppler is ambig11ous; This angular spacing is given by 

where 

n = a positive integer. 1. z. 3, ••• 

>.. .. carrier wave length 

F = prf 

v = radar velocity. 

(14) 

The 'focused proceHor used with thia system operates about an offset oi prf/4 

and is unable. to distlngw.sh:between positive- and negative-going frequencies 
so that the ambiguity spacing is.given by 

l' .. 
D 

(15) 

For most Mgh performance radars it is desirable to choose a prf au.oh that the 

first azimuth ambiguity is placed in the vicinity of the first null of the p1Q's1cal 

antenna azimuth pattern. This choice of prf places an upper bound on the size 

of the mapped interval. This constraint in tu.rn dictates the antenna height. aince 

from the range-ambiguity standpoint the vertical antenna pattern is employed 
to a void range ambigw.tles. It is rea.dUy deduced that ambiguity constraints 

are a determining factor in choosing antenna dimensions :for a satellite radar. 

These considerations will be discu.ssed further in Section :UL 

4. DAT A PROCB8SOR8 

• 

The most 111a.cce11sful type of h:igh-re111olution proceseor thus far is the optical 
• correlator. Considerable insight into the optical procenor is possible if 

These device,. are com.m.oa)y Im.own as correlators because the original conception. 
developed at the· University of Uichigan, was an optical cross-correlator. 
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the properties of a sine wave diffraction grating are considered. Figure Z 

shows the three principal emergent rays from a sine-wave diffraction grating 

resulting from an incident plane wave of coherent light. The angle 8 is defined 

thus: 

(16) 

where 

>,.1 = the wave length of the coherent light 

f = the spatial frequency of the sine-wave diffraction grating. 

Now consider a diffraction grating of the form cos (2'1'TX2/A'Rm). This is of the 

same form as the demodulated return alp.al from a point tar1et (Equation (13). 

Assuming a one-to-one scale factor in recording the demodulated return, the 

spatial frequency is Zx/A'Rm. From Figure 3 the distance r to the crossing of 

the zero axis is given by 

(17) 

For small an1le11 

tan e = sin e = e • (18) 

Then, 

(19) 

which is to. say that the diffracted light foouses on the zero (doppler) axis at a 

distance Rm/z. from the grating (data film). 

From Figure 2. it is recalled that there are three principal emergent waves. For 
z the cosine x grating the three waves are defined tb.u.s (aee Figure 4): 

-11-
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1. Converging wave front focused at a distance r on the a.xis 

2. Diverging wave front with a virtual image at a diets.nee -r 
on the a:xis 

3. Plane wave front focused at infinity. 

D 

The converging wave front focuses at that angle and at that distance away from 

the recorded phase history which corresponds to the same angle and the scaled
down distance (proportional to the ratio of light-to-radar wave lengths and air

craft motion-to-film-scale factors) of tb.e radar space where the data were re

corded. Unfortunately, in a practical case the ratio ls not nearly Buch enough 
and a converging lens must be used to bring the desired spot into focus at a 

convenient distance. Of course the other two wave fronts also come to a focus 
then but since they lie at different angles they can be blocked off from the final 
film with an appropriate optical stop. However, from Equation (19), the focal 

distance is a function of range; therefore. the lens must have a converging 
power which varies with range, giving rise to a conical shape. A cylindrical 
lens ls also required to maintain. target separation in range. 

Thus, the basic elements of an optical processor are a coherent light source, 

optics to focus range and azimuth data onto a single plane, and film drives for· 

transporting both the data and image films. 

The optical processor for this system is being provided by the -
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SECTION I - INTRODUCTION 

Alr'D-Il-596 

The initial design and development phase of the KP-ll doppler radar is documented 

in Volume I of this report. This volume - Volume U - documents the ground test 

and flight test phases. 

The sections on ground testing; include a description of the specialized test equip
ment which was used, the tests that were performed on the equipment, the problems 

encountered, and the corrective actions that were taken. 

The sections on flight testing describe the operations which were carried out during 

the miBSion and present a detailed analysis of the radar system performance. 

A summary of testing events on a monthly basis is included as Appendix I. 

Estimates based on flight data of the radar back-scattering ooefflclent, o-
0

, .are pre

sented ln Appendix U. 
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The areas mapped during the flight test are shown in Figure 18. Each trace on 

the map represents a mapped interval which is approximately 10 nautical miles 

wide (5. 95 nautical miles in slant range) and several hundred miles long. Table 

X gives the approximate latitude and longitude (determined by examination of 

the map film in all but one pass) of the start and finish of each pass. 

2. PRE-RECOVERY OPERATING MODES 

For the first seven payload operate periods (passes 8, 9, 14, 16, 24, 25, and 30), 

no attempts were made to determine the radar system limits, as the primary pur

pos~ of the mission was to demonstrate the feasibility of operating a satellite

borne radar system and early experiments could have placed the primary goal in 

Jeopardy. Immediately after pass 8 the data obtained from the wide band telemetr: 

link were sent by courier to be processed and correlated at the 

1111 This step was taken to verify that the radar was operating properly. Durin1 

these first seven active passes only OPERATE, PRF a,nd OFF commands were 
sent to the radar system. The necessary prf commands were determined from 

the A-eoope presentation in the screen room at the tracking ·stations. 

3. POST-RECOVERY OPERATING MODES 

On pass 33 the data·film from the satellite was recovered. On the next active 

pass (40), the automatic gain control (ago) circuitry 1n the radar was oommmded 

off and fixed amo1.mts of receiver (r-f/i-f) attenuation (step Z and step 3) were 

selected. 

Again, on pass 41, the radar was operated with several steps (0, 3, •• !J) of 

fixed attenuation. 

No experiments were conducted on pass 46 but on pass 47 the prf was stepped 

through all of its 16 positions. On pass 56 a command to short the integrator 

output (olutterlook circuitry) was sent. On pass 57 cl11tterlock time constant 

number Z was selected and on pass 7Z additional fixed attenuator settings were 
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selected. Table XI shows the status of the various radar functions. which 

were subject to commanding from the tracking stations, du.ring the active 

orbital life of the vehicle. Table xn is a time analysis of the mission. 

TABLE X - ORBITAL PASS COORDINATES 

Start End 

Pass Pass North 1 West North West : 
no. direction latitude. longitude latitude longitude 

8 S-N 38° 56. 0 1 86° 58. s• 45° 47. s• 82.0 52.. 5 1 

9 S-N 32.0 2.8.9' uz 0 33. 5 1 39° 46.5' 109° 06. 2 1 

' 79° s1. oi 34° 46.zi 76° 12.1; 14 N-S 03. 0' 

16 N-S 41° 2.7. 5 1 IZ4° 48. 5 1 35° 55. 1 1:u 0 49. 0 1 

24 S-N 39° 2.3. 5 1 88° 49. 0' 46° 51. 3 1 84° 19. 0 1 

25 S-N 33° 11. 5 1 114° 2z. 5 1 4zO 00.9' 109° 24. 6 1 

30 N-S 47° Z3. 5 1 85° 29. s• 34° 09.0' 78° 01. 5 1 

40 S-N 40° 40. 1 1 90° os. o• 46° 54.1 1 86° zo. 5 1 

41 S-N 3zO 4Z. 2. 1 U6° 46. 0 1 41° 2.4.2. 1 112° 27. 0 1 

46 N-S 45° 37. 5' 86° 2.1. 5 1 34° 06.5 1 80° 10. 0' 

47 N-S 440 47. 5 1 108° 23. 1 1 57. 5 1 102.0 42. 5 1 

56 S-N 41° 41. 8 1 91° 37. 8 1 47° 38. 2.1 87° 58. 0 1 

57 S-N 51. 6 1 us 0 zs. 7 1 43° 34.Z• 113° zz. 5 1 

72. S-N 46° 17. 5' 90° 50. 0' 51° 01.z•* 87° 15. 6 1* 

* S- Look: data 
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TABLE XI - STATUS OF RADAR FUNCTIONS 

. 
Automatic Fixed Prf initial Pd Clutterloct Clutterlock 

Pass gain attenuator (at OPERA TE on} changes time mtegra:tcn• 
no. control steps step step constant output 

8 Yes None 14 13-12- TC No. l Normal 
11-10 

9 Yes None 10 5-6-7-8-9 TC No. l Normal 

14 Yes None 10 9-8 TC No. l Normal 

16 Yes None 10 None TC No. 1 Normal 

Z4 Yes None u 10 TC No. 1 Normal 

25 Yes None 11 10-9 TC No. l Normal 

30 Yes None 8 9-8 TC No. l Normal 

• 33 Recovery of Data Film 

40 App • z. 3 8 None TC No. l Normal . 5sec 

41 No 4, s. 4, 9 None No. 1 Normal 
3, 0 

46 Yes None 8 7-6 TC No. 1 Normal 

47 Yes None 6 All TC No. l Normal 
7-15, 0-6 

56 Yes None 6 7-8 TC No. 1 Shorted 
(approx 7 sec l 

57 Yes None 9 8 TC No. 2 Norm.al 

7Z o, 7 8 7-6 TC No. Z Normal 

.. 

. 
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TABLE Xll - K!SSIQN TIKE ANALYSIS 

Total payload 
Payload warm- (Tw 

ti.me {TwJ Active pass 
no. (mln) 

8 5. 5 z. 5 z. 0 

9 4. 5 3. 8 2. 1 

14 4.5 3. 6 z. 1 

16 4.5 2.4 l. 6 

24 4. 5 1. 4 z. z 
ZS· 4. 5 3. 4 z. 8 

30 4. 5 z. z 3. 7 

40 4.5 z. 4 1. 8 

41 4.5 4. 0 2.4 

46 4. 5 2. 7 3. Z 

47 s.1 o. 2 3. 0 

56 4.5 z. 3 1. 7 

57 •• 5 4. 1 z. 9 

7Z 4.5 3. 3 1. 4 

Total payload cycle time (T w + T P + T 
0

) = z. 3 hr 

Time from launch to pass 8 = 11. 4 hr 

Pass time "' 93. 5 hr 

Total orbit time = 107. Z hr 
(from launch to 
end of pass 12) 
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Thie section presents an analysis of the radar system operation during the 
orbital flight test. The purpose of this analyaia is to establish that the 

radar functioned properly throughout the test. No attempt is made to analyze 

the radar performance in terms of resolution or to discuBS over-all picture 

quality. These results are presented in a separate report by 

In the following pages, a short subsection is presented showing some typical 

radar mapping results of the flight. Following this, various functions which 

are important from an over-all system standpoint are discussed by re

ference to tb.e telemetry and radar map data. The radar pictures, unless 

otherwise noted, are enlarged 2. 6 to l from the original data film size. 

The map scale is 3. 6 miles per inch in range and 2. Z miles per inch in 

azimuth. 

Z. TYPICAL RADAR PICTURES 

Figure 32 shows a section of a 1953 topographic map of East Chicago, 

lllinois. Flpre 33 is a picture of the same area made with the KP-D 

satellite-borne radar enlarged 4. 8 to l from tb.e data film size. Several 

landmarks are identified by numbers on tb.e topographic map and by cor

responding numbers on tb.e overlay to tb.e radar map. 

Figure 34 shows other radar maps taken with the KP-D radar. Fig11re 

34(a) is tb.e radar return from Richmond, Virginia, and Fig11re 34(b) the 

return from Wurtsmith Air Force Base on Saginaw Bay in Michigan. 
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Figure 32. - Topographical Map of East Chicago, Illinois 
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Figure 35 shows a 1953 topographic map of part of Phoenix, Arizona. 

(Note: Many changes have occurred in Chicago and PhoeDb: since the 

topographic maps were made.) Figure 36 is the radar return from the 

same area, enlarged 7 to l from the data film. The upper part of the 

radar map is somewhat dark as a result of a one-step misadjustment 

of the prf. This will be disoused further in paragraph 5 following. 

3. AUTOMATIC GAIN CONTROL (AGC) 

.!.· General Operation of AJc 

The automatic gain control permitted the receiver gain to vary as a 

function of the amplitude of the signal returned to the receiver from 

the terrain being mapped. For large returned signals, such as those 

from residential or manufacturing areas, the receiver gain was auto

matically reduced. For low signal returns, such as those from d111sert 

or sea areas, the gain of the receiver was increased. The dynamic 

·range of the age was measured prior to the flight and found to be 35 db. 

l;!_. Age Operation During Pass 34 

The effect of the ago action on the map film can be seen in Figure 

37(a). The increases of receiver gain over open water areas pro

dnce lighter areas on tb.e fibn. These light areas are seen to cor

respond to tb.e decreases 1n. age voltage on the graph, Figure 37(b). 

!:!.• Age Operation Duri!J Pass 30 

Meas11rements on a non-flight system showed that the ago time con

stant was 3Z milliseconds for a 10-db step increase in received 

power and Z6 milliseconds for a 10-db step decrease 1n. received 

power. A land-water boundary occurred at system time 57460 
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Figure 35 - Topographical Map of Phoenix, Arizona 
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Figure 36 - Radar Return from Phoenix •. Arizona 
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SECTION I - CONCLUSIONS 

MP-D-596 

This report has documented the KP-II doppler radar program from inoepUon 

through completion of an orbital test in an Agena satellite. All of the program 

objectives were realized during the first flight. The success of the mission in 

large measure resulted from the extensive environmental testing and the associ

ated corrective action program. 

Z. PROGRAM: RESULTS 

The results of the KP-D radar program are summarized below: 

1. The use of doppler high-reaolution radar for mapping of 

the earth's terrain from an orbital satellite is feasible 

within the present state-of-the-art. 

z. The performanoe of doppler radar systems at satellite 

altitudes compares favorably with the performance of 

lower altitude aircraft-type radar systems. In parti

cular, satellite-borne systems are not subject to the 

limitation of resolution normally imposed by platform 

tnstabU!ty in aircraft. 

3. Satellite-borne radar systems, as expected, have the 

ability to map through an weather conditions and either 

by night or day, thereby overoomin1 the main limitations 

of photography. 

4. Wide-band video links and ground-based photographic or 

tape recording provide practical methods of data recovery. 

s. The design criteria used for the KP-D radar have provided 

a firm basis for design of future satellite radar systems. 

• -157-
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f:JIQtION X 

6. The use of clutterlock for steering the synthetic beam was 

proved to be highly successful. 

7. High altitude radar back-scattering coefficients were shown 

to be in close agreement with previous low altitude data (refer 

to Appendix ll). 

3. BECOKKENDATIONB 

A number of improvements could be developed for incorporation in the present 

equipment or in future systems. A partial list of these is given below: 

1. The present radar signal-to-noise ratio could easily be 

increased by the use of parametric amplifiers. Pres

ently available units could improve the signal-to-noise 

ratio by 5 to 6 db. 

2. The range interval could be extended by three methods: 

a. By eliminating the azimuth image ambiguity. 

This would extend the ra.n.p interval by a 
factor of two. It could be accomplished by 

arranging the data prooeHing method so as 

to eliminate the need for an azimuth offset 
reference. 

b. By the use of a longer antenna. However. 

the azimuth resolution is theoretically 

limited to one-half the physical antenna 

length. 

c. By the use of multiple channels. Thia 

can be done by using separate antennas, 

each operating at different frequencies, 

and illuminating different range Intervals. 

Alternately, a single transmitter frequency 

can be used with multiple antenna sections 
being used for reception. 
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3. Range resolution could be improved to be more consistent 

with the present azimuth resolution. This can be readily 

accomplished by increasing the system band width and 

increasing the number of resolution elements of the re

corder. 

4. On-board magnetic or dielectric tape recorders could be 

used for delayed read out of doppler data. 

AKP-D-596 

5. Automatic circuits could be incorporated in the payload for 

control of prf selection independently of ground commands. 

The ey•tem could then be programmed for operation during 

any portion of the orbital period. 

6. The •y•tem could be repackaged for decreased weight and 

volume. For a system having the KP-D performance a 
reduction of weight from 340 pounds to ZSO pounds is 

feasible. 

7. Real time electronic correlation and display of selected 

small areas are possible. 

~. FUTURE APPLICATIONS 

Satellite-borne radars have wide application to both military and civilian 

requirements. These include location of military targets, bomb damage 

assessment, and general surveillance over land and water. Radar data can 

be used to improve preHnt maps of the Earth, particularly for polar or other 

remote areas. Detailed mapping of the moon and the planets by orbital satel

lites using doppler radar is a next logical step. 
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The Quill experimental radar imagery satellite produced 
images for evaluation by intelligence analysts. The 
question of what organization would evaluate the 
imagery lingered right after the successful Quill mission. 
The documents in this section shed light on some of the 
tension that existed between the Central Intelligence 
Agency (CIA) and National Reconnaissance Office (NRO) 
over satellite programs. Eventually the CIA consented 
to allow its National Photographic Interpretation Center 
(NPIC) to lead an evaluation effort. The NPIC-led team 
concluded that based on the Quill results, radar imagery 
was a promising supplemental source of intelligence 
to the imagery obtained from the Corona and Gambit 
programs. The documents in this section also highlight 
the potential that some saw in radar imagery as a viable 
source of crisis or quick response satellite imagery. Quill 
provided imagery data via downlink to a ground station, 
establishing a much desired characteristic for future 
imagery programs. 

Document 19 - Memorandum from the Director of 
the National Reconnaissance Office to the Secretary 
of Defense concerning increasing responsiveness of 
reconnaissance satellites, 11 January 1965: The Director 
of the NRO (DNRO), Dr. Brockway McMillan, responded 
on 11 January 1965 in a memorandum to a request 
from Secretary of Defense, Mr. Robert McNamara, for 
quick reaction satellite surveillance capabilities. In his 
lengthy memorandum, Dr. McMillan reviewed a number 
of changes underway with the Corona and Gambit 
photoreconnaissance satellites that could potentially 
improve the timeliness of photoreconnaissance satellite 
imagery. He also highlighted a number of NRO initiatives 
to improve timeliness of satellite imagery as well as the 
ability to obtain imagery in differing conditions. One effort 
that Dr. McMillan highlighted was the Quill experiment in 
radar imagery. McMillan suggested that radar imagery 
may not reach the resolution requirement specified by 
the Secretary of Defense, but indicated he would fully 
explore the potential of radar imagery for quick responses 
given the results of the Quill experiment. 

Document 20 - Memorandum from the Director of the 
National Reconnaissance Office to the Deputy Director 
of the Central Intelligence Agency, requesting assistance 
in evaluating of Quill imagery products, 3 February 1965: 
After the test flight of the Quill radar imagery satellite, 
DNRO Dr. Brockway McMillan requested support from 
the Deputy Director of the Central Intelligence Agency, 
Lt. Gen. Marshall S. Carter, in evaluating Quill products. 
Dr. McMillan requested that Lt. Gen. Carter direct the 
NPIC chair of the evaluation panel to review the Quill 
program and evaluate imagery from the program. 
The NPIC chaired panel's study efforts would parallel 

engineering analysis undertaken by Lockheed Missiles 
and Space Company as well as Goodyear Aerospace 
Corporation, the two primary contractors responsible for 
the Quill system. 

Document 21 Memorandum from the Deputy Director 
of the Central Intelligence Agency to the Director of 
the National Reconnaissance Office in response to a 
request for assistance in evaluation of Quill imagery, 
8 February 1965: On 3 February 1965, the DNRO Dr. 
Brockway McMillan requested assistance from the 
Deputy Director of the CIA, Lt. Gen. Marshall S. Carter, 
in assigning members of NPIC to chair an evaluation of 
the Quill radar imagery program. Lt. Gen. Carter agreed 
that the potential value of radar imagery for intelligence 
use should be evaluated. He deferred assigning NPIC 
until the CIA received a comprehensive briefing on the 
Quill experiment in radar imagery. 

Document 22 - Memorandum from the Director of the 
National Reconnaissance Office to the Director of the 
National Photographic Interpretation Center requesting 
an evaluation of Quill Products, undated: After the test 
flight of the Quill radar imagery satellite, DNRO Dr. 
Brockway McMillan prepared a request for assistance 
from NPIC in evaluating Quill products. Dr. McMillan 
asked the NPIC, after obtaining support from CIA 
leadership, to identify the extent to which radar imagery 
could be interpreted by photo-interpreters, techniques 
and approaches for radar imagery exploitation, and 
recommendations for future use of radar imagery 
systems. Dr. McMillan requested the formation of a study 
group to address these issues and any others that might 
be relevant. He requested a final report by 1 July 1965. 

Document 23 - Memorandum from the Director of 
the National Reconnaissance Office to the NRO Staff 
Director requesting a study of the use of radar imagery 
in analysis of military targets, 14 April 1965: DNRO 
Dr. Brockway McMillan requested that the NRO Staff 
Director, Brig. Gen. James T. Stewart, prepare a study of 
the use of radar imagery in evaluating military targets. Dr. 
McMillan specifically suggested evaluating imagery use 
in determining changes in air and naval order of battle, 
changes in military transport patterns, and the presence 
of large military equipment. Dr. McMillan also directed 
that other studies of radar imagery by the Army, Navy, 
and Air Force be reviewed as part of this assessment of 
radar imagery based on the Quill experimental satellite. 

Document 24 - Project Quill Exploitation and 
Evaluation Report by the National Photographic 
Interpretation Center, 1 August 1965: In the winter and 
spring of 1965, DNRO Dr. Brockway McMillan requested 
a review of the Quill experimental radar imagery satellite 
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program and imagery products by the CIA's NPIC. NPIC 
responded with their Quill evaluation on 1 August 1965. 
In the report, they reviewed a number of aspects of the 
Quill program. They reviewed the interpretation value 
of the Quill products and found that large targets such 
as aircraft and vessel counts could be achieved. The 
imagery was limited in providing details about those 
targets. The NPIC-led evaluation team concluded that 
technical evaluation of targets such as measurement of 
distance or of targets themselves was limited due to the 
lack of resolution in Quill radar imagery. The NPIC-led 
evaluation team concluded they could exploit the imagery 
with current equipment, but that their exploitation would 
be enhanced with radar imaging processing equipment. 
Finally, the team assessed the intelligence worth of radar 
imagery and concluded that it would be a very valuable 
source of intelligence when used in conjunction with photo 
imagery. The NPIC-led evaluation team recommended 
an additional study of the facility requirements for radar 
imagery exploitation as well as a test program to optimize 
radar imagery collection. 

Document 25 - Semi-Annual Report to the President's 
Foreign Intelligence Advisory Board on the Activities of 
the National Reconnaissance Program, 1 November 
1965 to 30 April 1966: In its semi-annual report to the 
President's Foreign Intelligence Advisory Board for 
activities from 1 November 1965 to 30 April 1966, the 
NRO reported on the Quill experimental radar imagery 
satellite program and evaluations of the program. The 
NRO reported that the evaluations indicated that there 
were potential future uses for a radar imagery program. 
The NRO also indicated that continued evaluation of the 
Quill experiment was still underway in order to plan for 
future radar imagery satellites that would offer both high 
resolution/small swath and low resolution/wide swath 
radar imagery capabilities. The satellite studies would be 
supplemented by aircraft radar imagery studies. 
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General Discussion 

To approach the kind of resolution statedi we must look 
to photographic systems operating at medium to low altitudes and 
limited to daylight photography. For such systems, the daily 
cycle of the sun limits the times at which desired targeta can 
be covered. The laws of orbital motion and the distribution of 
desired targets fix the orbit and the rRte at which targets can 
be photographed on a given mission, and thus constrain the times 
and places at which film or information can be recovered. In 
addition, bad weather over the target area may preclude photog
raphy at the time desired. 

In addition to these constraints, which are intrinsic in 
nature and introduce delays varying with the mission to be flown 
and with the weather, there are other sources of delay intro
duced by hardware and by procedures, some of which can never 
entirely be eliminated. Assuming that a mission is defined by 
a statement that a particular set of targets must be photographed, 
a complex sequence of preparatory actions must take place converting 
this mission into plans for a flight, and then acc0111plishing the 
flight. In general terms the actions are of the following kinds, 
although not necessarily conducted exactly sequentially: 

A. Determination of the orbit to be used and preparation 
of necessary instructions and documentation that are specific to 
a mission and orbit. These plans define a flig~t except that they 
may contain the date of launch as an open parameter. 

B. Establishing hardware in a condition for use that is 
not specific to a particular flight. 

C. Preparation of hardware that is chosen specifically for 
a flight, into a condition speciiic to that flight but not 
necessarily specific to a date of launch. 

D. Determination of a date of launch. 

E. Issuance to the range (WTR) and to the Satellite Control 
Facility (SCF) of instructions specific to the flight and to the 
date of launch, and preparation of the WTR and the SCF accordingly. 
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F. Final countdown and launch, repreaenting the c01111pletion 
of actions initiated in B, c, and E. 

A:n ideal mode of operation is one in which the plaoning 
operation, A, is acco111plished in a few hours by COGl{)titer, and 
steps B through Fare than ac¢omplished in a rap.id countdown. 
In practice. I am sure we. will alwaye have to undertake B in 
advance, and depend upon a checked out. system standing by in a 
reasonably ready condition. 

Step A, preparation of flight plane, will always have to 
be accomplished largely in advance of those other than Band D. 
It can be expedited by computer. Because of the many constraints 
imposed upon a flight plan by the mission itaelf. by the require• 
ments of range safety, by the limitations oft.he boos.tar, and b:), 
the characteristics of guidance 1yatems, a great deal of computa
tion and checking by people must be done in this step. I cannot 
visualize cutting it much below 24 hours even with the most 
sophisticated of systems. Fortunately, as with ballistic missiles, 
the likely missions can be anticipated and a library of flight 
plans prepared in advance. On a mission covered by the library, 
the time consumed by step A does not contribute to delay. 

Step C, commitment of the hardware to a specific flight, 
and step F, final countdowh, depend upon the hardware involved. 
In principle, at least, they can be cut to a few hours by proper 
design. In fact, on GAMBIT today they are not controlling; 
step C will be controlling on CORONA as long as the THOR is used 
as its booster. 

Step E, preparing the range and the Satellite Control 
Facilities for a specific flight on a specific date, is largely 
procedural. Many support activities are involved, people must 
be informed and perhaps even rehearsed. and potentially conflicting 
requirements must. be identified and resolved. Range safety is 
of major concern. In principle, procedures can be tightened 
sharply, but in practice it is probably this step and the require
ment for daylight over target that will ultimately control the 
oinimum delay between completion of A, tr.e determination of a 
flight plan, and launch. 
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Furcher improvements ca,1 be considered which require 
significant to major new developments. 'These are lisced below 
roughly in an order of increasing difficulty and decreasing 
incremental effectiveness: 

7. Develop a multiple recovery system to maintain 
efficiency in total coverage even if early recoveries are made, 
say after one day or after one pass. 

8. Develop a land recovery system. The reduction in 
time-in-transit of recovered film may not be particularly useful 
in the presence of (5), but in general, land recovery will in
crease the number of recovery opportunities per day. As a 
simpler step, one could consider deploying our present recovery 
forces to new bases for special missions. The time required to 
do this, perhaps a few days, would have to be counted as a 
preparatory delay. The alternative of setting up permanent 
recovery forces in many areas would be expensive and inefficient. 
In fact, the present Hawaiian recovery base is very convaniently 
located relative to most of the orbits that can be launched from 
the U. s., and it provides uniformly good weather. Its principal 
drawback is its distance from Washington, and (5) attacks this 
problem. 

9. Develop a maneuverable land recovery system, further 
extending the flexibility 0£ selecting recovery times. 

10. Add extensive fuel for orbit adjuatlllents to allow some
what freer selection of targets and of recovery times and places. 

ll. Develop the capability 
This contributes toe 

aps not much to elapsed time. 

Consideration has several times been gi~en to developing 
an air-launched satellite syatew, one of its attractions being 
flexibility in selection of launch 1itea, and hence of orbits. 
Such systems have always been dise•rded, however, because the 
payload available has been iuade.quat:e to suppo~t «~quate photo
graphic resolution. 

'-· ::--. ·----Ll)r ___ ~f, __ • 
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One of the most troublesome problems, practically, in 
achi~ving any kind of quick-reaction capability is the reliability 
of the equipment. Our latest CORONA launch, for example, went 
through four countdowns before it was finally - and successfully 
launched, five d4ys late. I am afraid that a long and difficult 
period of evolution will be experienced before the theoretical 
possibilities of any particular quick-reaction system will be 
regularly realizable in practice. There are no dramatic actions 
or inventions that can be expected to substitute for the 
meticulous continuing attention to detail that is required to 
design and maintain a complex system capable of a high state of 
readiness. 

Improvements to Present Systems 

Phase (i) applies to CORONA and GAMBIT, and concentrates 
on items (1) through (6) outlined in the preceding section. 
Specific information is given in the paragraphs below, corres
pondingly numbered. 

1. During February, we plan to launch a CORONA that has 
stood in the R-1 condition for at least 15 days. The criteria 
defining the limits of this hold condition are not sharp, and 
we expect to be able to improve beyond this point. I wish to 
defer experiments with GAMBIT in this direction until actions 
now under way to improve its recently unreliable performance show 
results. 

2. Preparing flight plans for CORONA is, for accidental 
but unavoidable reasons, a very clumsy process. Fortunately, the 
vari.ety of significantly different possible missions is low, so 
that a useful library of flight plans is practicable, Fligh't 
planning for GAMBIT is well automated, and can be done rapidly 
ab initio, provided on~ does not ask for optimized coverage of 
too large a list of targets. On the other hand, a compreh.nsiv• 
library of GAMBIT flight plans could be very extensive. 
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We have a small library of CORONA flight plans now, and 
are working with the intelligence community to identify, in an 
order of priority, useful additions to it. In the case of 
GA.vfJHT, we plan to establish a library of critical missions, and 
then simply accept the fact that if a new mission must be plannej 
quickly, we i:annot expect it to be optimized for anc:.llary coverage. 
We are working with the intelli3ence cou:munity to ide.1.tify the 
missions most important for this library. By summer I think we 
can have a useful library for both CORONA and GAMBIT, and will 
have in operation a regi~lar procedure for keeping it up to date. 

3, To configure a THOR for a particular launch trajectory 
requires physical disassembly of part of the booster and physical 
changes to its autopilot. During this month, improvements to 
this process will be effective so that it can be done at day R-8; 
this is about the limit of improvement short of a major change in 
the launch vehicle. The ATLAS booster is not handicapped in this 
way, and is ready to fly on any launch trajectory within its 
capabilities down to the point that final countdown begins. 

4. Recovery forces are training on night recoveries and 
on recoveries on South-to-North passes at th~ present tirae, U$ing 
air-dropped training equiptnent. I may later recommend flying an 
extra CORONA J mission for an operational test of these and other 
capabilities. Alternatively, we may find it acceptable to test 
them on a scheduled mission without great risk to the intelliganc• 
take. 

5. Contractors are preparing bids now co develop a film 
processor that can fly in a C-135 and process satellite film with 
satisfactory quality. Use of such equipmeDt would remove about 
14 hours of delay that now occurs in tratt$porting film from the 
recovery area to the processing pl.ant. It will probably be abCEt 
a year in development, hence not available much before the end 
of FY 66. 

6. Planning fo.: an alternate launch site at El'lt is in 
process and will be reported to you soon. It appears thnt we may· 
be able to achieve the same results more quicc}cly and at lld:s 
expense by certain payloaq and booster changes which will allow a 
much wider selection of orbits from the pi:-e4ettt lau:nch s~te8 ae 
WTR. I want to report on this alta,::·tuU:ive. at t:hQ same ti'lne. 
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of some areas, one could recover after one pass, in the best 
case then cutting the elapsed time to 22 hour& at the expense of 
a drastic reduction in coverage. In the worst cue, that in 
w~ich a decision to launch comes too late to meet the first 
launch window (set by the requirement of daylight over the tuge~). 
one must add about 22 hours to the figures quoted. 

~ew Satellite Systems 

The next generation of photographic satellite systems 
consists cf GAMBIT-3, a high resolution pointing system, and a 
new search/surveillance system now going through its early 
definition phase. Both of these systems will incorporate to 
the best reasonable extent the operating conveniences represented 
by (l), (2), and (3) above, and can of course take advantage of 
improvements such as (4) and (5), Flexibility in choice of 
orbit can be expected because of the capabilities of the 
TITf~~ Ill-X or TITAN Ill class boosters to be used. Here again, 
however, a delay of 22 to 60 hours can be expected between the 
R-1 condition and reading of the first recovered film. 

Consideration is being given to incorporating in each of 
these new systems the option to use multiple recovery vehicles. 
This does not influence reaction time, but greatly improves the 
efficiency of operation, measured in coverage per launch, when 
an early recovery is required . 

.Among the possibilities for new search/surveillance systems 
is one that could search the whole Soviet Union, at say 4 feet 
resolution, in four days. Such a system trades resolution for a 
very impressive "quick reaction" search capability. 

Longer Term Prospects 

Ideally, the "instantaneous" requirement calls for a 
sa:cllite stationed at synchronous altitude, capable of taking 
pictures day or night, and reporting these pictures back 
~lectronically. To achieve the stated resolution of about 
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three feet from synchronous altitude would raquire a lens or 
mirror more than 80 feet in diameter - some 20 times larger 
than we are willing to attempt with the required preci&ion today. 
Consequently, even !or the distant future, one must think of 
systems which fly at much lower altitudes, covering target areas 
and encountering recovery or read-out stations only periodically. 
Granting this, some very rough estimates are given below of what 
may be possible, perhaps after major new developments. 

Daylight photography: Using TITAN III-c. and not extending 
th..; optica.l art much .beyond that envisioned for GAMBIT-3, one 
might look forward to a system which flew at abO!,lt 400 n.m. 
altitude and provided a resolution of 3 feet on the ground. On 
each pass over the United States such a system could report back 
electronically, at the indicated resolution, pictures of a few 
targets each 10 miles by 10 miles square. Perhaps an ultimate 
practical read-out speed might permit ten targets per pass per 
read-out station. 

Night and foul weather: Using laser illumination, a 
capability for night photography at perhaps 10 foot resolution 
might be achieved on a TITAN 111-C, Re~d-out of several targets 
1-er pass over the United States would be possible. Alternatively, 
a radar system might achieve resolutions almost this good, and 
would work in foul weather as well as at night. Either of 
these possibilities would require a nuclear power source for 
reasonable lifetime on orbit. Both require, and are getting, 
further study. 

ExEloratory Program 

There are some specific efforts in the NRO program to 
explore or to develop the capabilities that are critical to the 
several' kinds of capability discussed earlier. The more important 
activities are listed below. 

10 
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The NRO budget for FY 66 contain& funds earmarked for 
initiating development of a new recovery .synem.. It is~ 
that this development will provide f.or 'i:Mllti.ple r~overiu, 
returning four to six separate p•ck.1-e;es of film f.com a. &illSl• 
mission. Requirements will he defined in detail as the 
charactariatics of the new general ••areh/aur~e.ill•Me sya~ 
are clarified. The object:i,11e is to have a m\lltiph .reoavery 
system available during FY 1967 as an option on G.6Maff-.3 aa4 
on the new search/sur'Y'eiil&nce system. 

The START program, funded in the Air Foree budgltt, ;ls· 
presently studying the long-term prospects for development of 
a highly maneuverable recovery sysum. 'lwo kinde are undl!r 
examination, one to return a large payload, and the other, to 
return a small payload, as might be approprt.ate for a n.altip1e 
recovery system. Emphasis is currently on the Latte-.i: 11ystem. 
Any development that results will be several years in coming, 
and will require a further definition of requirements appropr1~te 
to the sensor systems expected then to be available. 

Under the classified code name QUILL, an experimental high 
resolution radar satellite has just successfully undergone a 
test in orbit. This is one of the more draiuatic milestones in 
a continuing program of study and development exploring the 
technology of satellite borne radar sys teas. Although it seems 
unlikely that such systems will ever achieve the t:hree~foot 
resolution suggested in your statement of requirements, I plan, 
during the next several months, and using the results of the 
QUILL tests, to try to develop a definitive report on what one 
might expect to accomplish with a radar' satellite, and to relate 
this to various potential requirements. 

Electronic read-out has always been an attractive objective, 
The SAi.'10S project included two read-out systems, E~l and E-2. 
E-1 flew and successfully returned results in January 1961, with 
pictures showing about 100 foot resolution. E-2 successfully 
transmitted pictures from ~he payload during countdown, but 
efforts toward flight were stopped after launch failures, The 
USSR is known to have a read-out system operating at an estimated 
resolution of about 75 feet. 
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C:::::NT?AL Ii,ffS:!...LlGENCE AGENCY 

OFFJCE OF DEPUTY DIRECTOR. OF 
• <" -~ cr-•15~ 8 1 T§:fj lNTEWGENCE 

1:;,.::J re. _ 8 F'(B 1965 

Evaluation of QUILL Feasibility 
Demonstration 

..1.. This memorandum is in response to yours of 
3 Fe~~ua~y 1935, subject as above. It is my understanding 
that we ware to receive a .comprehens_ve briefing on the 
QUILL sys· _:,1 and 'i 1: would seem timely now that this should 
be s-::heduled. 

2. ! agree that ~nalysis of the potential value to 
i~telligence of this source is an appropriate com~~ement 
to ~.;.c.e e-ngin.eering analysis which you advise is now under 
way. ~~t~rmi~atio~ of the precise auspices unde~ which 
th~3 analysis is conducted should await a fuller under
standing on our part of the factors involved. 

Marshall s. Carter 
Lieutenant General, USA 

Deputy Director 
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:ilJBJl'.l'!T: Study of Radar !mllgary 

You are requested to pl~ a study of ci:1e problen1 of 
intorpreting imagory from eynthetic•arr.1y {side looking) 
r,;,.durs. 1'he principal interest in these studies is it1 
.i.m,1ges having a ra&0lutiot1 of 25 feet or bet car, and in 
military targets appropriate to t.h:,t resolution. Asi 
i.mportant intelligence objecti.ve is to sense changes h, 
,dr and IUtv.:il order of ba.ttle, changes in m.t.jor trd..llspor t 

. ~ctivity, and the presence of h•vy ,o.ili~ry equi~t. 
l'ests should determine how well this objective can be met, 
,.ind wi"3 t kind of baee of pri.muy data is required. 

It will be necessary f 11:st to learn \;L. L: ,;tudies have 
,b.·eacly !Jeen mad~ to dete:anine whlt image-:, is now .wailable 
• e.g. from for possible further analysis» and 
,itta.t radars a.re now operating that could h~ tt"l<i1'd for ea the:r
ing furthe:.t' da t,;. Army and Net vy sources should be er.&ninad , 
as well as tdr Force. When this information is d8Sembled, 
I will l'1.:.tnt tu ,Jiscuss plc1ns for sud, studies ,;1.s seem 
required. 

UrockwJy t·,cl:\ilL,n 
u :I.rec t:or 
,! it.i..onal ,~ecmmaiseance Office 
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The -purpoee of the exploitation evaluation of Project QUILL is 
to determine the intelligence worth of satellite aide-loold.ng radar 
imagery as an information collection •Y•t• (:Sn #36346-65 from 
Director, llRO, to Director, NPIC, and BY.I #41652-65, IIPIC Project 
QUILL Evaluation Pl.an). 

B. Objectives 

1. "Assess the amenability of the QUILL High Resolution Radar 
products to interpretation by trained PI's to include problelll8 
associated with e:irploitation teclmiquea in target detection, 
recognition and identification, training, and interpretation aids." 

J 2, "Assess the limitatione, aihwlntase1, and special applications 
of this type of satellite-derived intelligence vroduct as a supplement 
to current photographic reconnaissance sensors and as a sel)!llrate 
satellite reconnaissance sensor." 

• ✓ . 3. "Assess the benefits to be derived :from various swath widths, 
reeolutions, and beam de-preesion angles for those applicatione unique 
to radar eatellite sensors," (It is emphasized that radar sensors 
were examined from the point of view of image utility only. Operational 
-problems which may be inherent to this type of sensor were not 
considered.) 

C. Materials tor Evaluation 

The QUll,L evaluation materials were 
Mission 2355 made over the United States 

The research 
for intelligence collection 

-purpoeea, Consequently, some of the fiigbt and 1y■tem. information 
and data that is required :for complete inte?'l]['etatioo was not obtained 
and some types of target, of current intelligence importance were not 
covered. 
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In addition, a limited amount of material was collected employing 
an airborne high resolution radar to map some of the target complexe1 
contained in the QUILL product. 'Ibis material was used to au-ppl.eaent 
the QUILL material employed only in the Intelligence Worth evaluation. 

1, Radar Imagery Recorded 

The material for evaluation, obtained from the 1'4. passes, 
was recorded by 3 methods. 

a. Recovered Imagery 

Physically recovered :from the :vehicle in the :form of 
a Doppler History Record and converted to hUill8ll readable inagery 
in a correlator. This material was :from the :first 7 passes only, 

b. Transmitted Imagery 

Transmitted and recorded as a Doppler History Record 
and fed into a correlator. This coverage was :from all 14 passes. 

c. Transmitted and Taped Imagery 

Transmitted by data-link, recorded on lllllgnetic ta-pe., end 
later transformed into a Doppler History Record and ted•into the 
correlator. This coverage was :from all 14 passes. 

2. Reproductions Received for Evaluation 

Radar imagery was received in two forms: 

a. Contact ,:,rint on 70 lll!l film. 

b. 2.6x enlargement on 9.5 inch film. 

3. Image,: Evaluated 

a. The ,:,rimary evaluations were me.de of Recovered imagery. 

b, A select sampling was made from all 3 methods of recording 
and was given a co11parat1ve evaluation to determine the relative 
losses ot intonm.tion. 

c. The 2.6x enlargement received a technical evaluation but 
was omitted :from interpretation evaluation because of its degrada• 
tion and poor quality. 
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This discussion is a summary of the resul:l;s of the efforts of 
5 teams charged with attaining the objectives of the QUILL evaluation, 
The detailed re-ports of the teams are included as appendixes A thru 
E, which also contain resu1ts and conclusions beyond the basic 
objectives of the -project evaluation. 

B. Interpretation Evaluation (See A;ppendix A) 

The interpretation effort involved the OTerlapping functional 
categories of mission plotting and scanning, target ibdexing, prelimin
ary analysis of eignificant targets, and the detailed anal.yeie of 
selected targets. 

Mission plotting and target indexing were accom;pliebed without 
difficulty With the aid o:f charte and ape. The continuous-scan fornat, 
the lack of atmospheric interference, and the photo/map similarity of 
the QUILL imagery facilitated the perforaance ot these f'unotione, 

Target descriptive information of a general nature lililS readily 
derived during both the preliminary and the detailed analyses without 
the use of collateral information. The information derived from the 
QUILL ia.gery included the determination of activit;r levels of ports 
and rail yards, the occu;pancy of vehicle i-,rlts, and the approxim.te. 
counts ot aircraft at airfields. The use ot collateral. intonation 
and comparative visible spectrum 1:a:agu·;,•, i.e., KEY.HOLE, addea 
considerably to the 1·eliability and the amount of detail ctt:rivc1d from 
the QUILL i•gery, Although targets not indicated on aps or in 
collateral were detected in the QUILL imagery, the derivation of sub
stantive descriptive information was extremely difficult in many 
instances without the use of co111:par&tive Yieible spectru.m imagery. 
The detailed analysis obtained from visible spectrum imagery was 
enhanced through its comparison with subeequent QUILL imagery to 
include target cha.nge detection. 

Significant target inforation, such as aircraft and vessel 
counts, was derived from the QUILL imagery. Although this information 
is. inherently less defined in nature than that obtained from visible 
spectrum imagery, this factor does not necessarily detract from the 
significance of the information derived from QUILL imagery. 
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Similar detail on U10St of the targets was derived from both the 
Recovery and '!'ran.emitted imagery. Bovever, the degradation of 
the imagery from the 'l'ransmitted-tape tormt resul.ted in the loss 
of sign:U'icant target detail. 

The variables involved in the radar return from a given target 
and the relativecy general nature of the information derived from 
QUILL imagery attect the accuracy of such information as aircraft and 
vehicle counts and functional determinations. Ho11eVer, reasonable 
estimates can be derived. Tb.e accuracy of these estim.tes is improved 
considerably through comparison with visible spectrum imagery and the 
mwtimum use of collateral information. 

C. Technical Evaluation (See Appendix B) 

The evaluation of the technical aspects of the QUILL material 
included a study of its characteristics determined by an analysis of 
the film quaJ.ity and study of problems associated with plotting, 
titling, ephemeris data., and general handling, 

The mensuration analysis included the determination of scale, .the 
measurement of long distances, and the measurement of target d1•nsiona. 
The QUILL mission was priaril.y a. resea.rch and engineering test mission 
having no particular rep.rd :t'or target measurement require-nta. In 
the m.jority of cases, precise measurements from QUILL imagery could 
not be obtained, lllis was partly due to the lack of reference data, 
such as nonally received from a satellite reconnaissance llisaion, 
and -partly due to the peculiarities of radar imagery. '!'his re■ulted 
in a technically inc0'lllplete mensuration analysis. Nevertheless, 
the evaluation indicated that the QUILL imagery can be --..ured With 
reasonable accuracy from point to point and that the degr:ee of 
measurement accura.cy increases in tile longer distances. 

Accurate measurement of sm.11 targets is difficult because of 
the lack of sharpness of image edges and because o:f inaccuracy in 
establishing the iage reference points of poaitive-return targets 
which a.re rarely i-.ged in their actual contiguration. 

The absence in the film format of mission reference data similar 
to that provided in the KEYHOLE program was a serious handicap to 
mensuration, but it is subject to ready correction through the app11ca
tion of techniques and equipments such as are used in other 11atell1te 
systems. 
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D. F.quiP!J!Ilt Evaluation (See Appendix C) 

The e:rploitation equi-pme11t currently on hand in interl;ll'etation 
facilitie1, such as the NPIC, is ca'Pl,ble of handling Qun.L mission 
material when it is e:rploited in a manner similar to a KEYHOLE 
read-out. 

The develoi;uent and installation of an in-house o-ptical data 
processor (correlator) capable of enhancing target imagery detail 
would considerably improve the exploitation c•~•bility with regard 
to providing flexibility and timeliness to the detailed read-out. 

In the event that a requirement for near real-time e:rploitation 
capability is generated by the collection system's real-time image 
transmission capability, the addition of corr~lating, multi~le mission 
viewing, and automatic information retrieval would be required in the 
exploitation center. The nature, sophistication, and extent of such 
equ1'1?1116nt would de~nd upon the real-time requirementa, the volume 
and nature of the illlBgery of Dowler History Record received, and the 
type of read-out. 

E. Intelligence Worth Evaluation {See Apt)endix D) 

1. The estimated intelligence worth of a radar sensor was 
established through an evaluation of the following 4 major considerations. 

a. The potential information collection cel'pe.bili ty of such 
a sensor against selected Essential Elements of Information (DI) 
under certain oi:,ersting conditions. 

b. The advantages of the system which suwlement 'Photo 
sensors. 

c. System limitations. 

d. S~ciell awlicationa of such a system within selected 
international environments. 

The collective evaluation of these considerations indicated that radar 
sensors could be extremely valuable as a supplemental imagery collection 
system during Cold War and Crisis situations and would be almost 
completely satisfactory as a separate system during a General War 
environment for the 'Pllr'POSe of Strike Kffectivenes1 Assessment (SEA). 

2. The potential information collection capability was evaluated 
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for QUILL as well as QUILL-Improved (resolution approximately 10 feet 
in both range and azimuth) product;s, Furthermore, each of the 
preceding was evaluated as separate and supplemental collection systems. 
It was estimated that QUILL products were, at most, marginal informa
tion-producing materials during Cold War and Crisis situations, 
particularly as a separate system. However, they were esti•ted to be 
most productive for SEA during a General War environment, even as a 
separate system. QUILL-Improved products were considered to have 
eubstantially more information potential when compared with QUILL, 
particul.arly as a separate collection eyete111 for SEA, As a separate 
system, even these materials have limited information potential during 
Cold War and Crises; however, when e111ployed as a aupplemntal system, 
their potential is significantly enhanced, The evaluation relative to 
scientific and technical information potential revealed that even 
QUlLL•lm:proved products held little promise of providing anything of 
eignificance. Consideration was also given to a Post Attack Reconnais
sance (PAR) mission during General War, and it was determined that 
the relative information potential wuld be almost identical to the 
Crisis situation. 

3, The major advantages of a radar system, as a supple119nt to 
photo sensors, were considered to be threefold. They would be: 

a. An essentially all-weather system. 

b, A day-night system. 

c. A potentially "quick response" system. 

All of these advantages make a radar sensor invaluable where short 
response time is a major consideration. 

4. The evaluation indicated a major limitation as an intelligence 
collection system. A radar sensor is extremely limited in providing 
meaningful information on previously unknown targets. 

5, There were significant special applications for a radar sensor 
in each of the 3 international environments considered, During Cold 
War, changes or new construction activity could be detected, although 
not identified, :l.n areas where weather or light conditions precJ.uded 
photo acquisition, thereby increasing the efficiency of the operation 
of photo sensors for search and surveillance purposes. During both 
Crisis and General War, the quick-response characteristic makes its 
application most significant. 
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The objective of tbe Collection Syistem Evaluation Team was to 
assess the limitations imposed u;ion the QUILL imagery as a result of 
collection equipmint character1etic1 and to determine which character
istics might be improved in order to enhance the intelligence yield 
of the product. 

As a. result of this •tud¥, a number ot e;y9tem characteristics 
have been isolated and analysed with regard to their influence on 
imagery qtalit;y and utility. To a large extent, these analyses have 
been eubJective in nature since a sufficient quantity of QUILL data 
is not available. 

~ 
It is clear that in order to proceed with the optilllUlll design and 

development of an advanced radar ;yetem, a better quantitative under
standing of the relationships between iae;e utility and the various 
system parameters must be achieved. 'l'he pri-.ry parameters which 
require quantitative, experimental iIIV'91tigation are: 

Range and azimuth resolution 
Signal-to-Noise Ratio 
Depression angle 
Dynamic range 
Radar frequency and polarization combinations 

Although there are other characteristics which require study, it 
is considered essential that sufficient quantitative data be acquired 
on these 5 characteristics in order to design a. system which would 
produce optimum imagery. 

III. CONCLUSIONS 

A, The QUILL High Resolution Radar products are amenable to interpre
tation by trained interpreters. Interpretation is enhanced by correla
tion of the QUILL products with collateral, 

B, Previously known targets can be located, identified, and del!lcribed, 
significant target changes and activities can be discerned, and pre
viowsly unknown target11 can be detected. 

C, The analysis of QUILL imgery is enhanced signiflcantly by variable 
processing with an optical data processor (correlator), 
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D. The exploitation of QUILL imagery on a neu real-ti• bulia with 
sil!IU.ltaneous compe.rison of visible spectrum i111111,gery of selected 
targets is feuible. 

!, In addition to the conaider&tion of grow:,.d :resolution u a 
septlll,l'&te and 1111POrtant factor influencing the ini'onm.tion produced by 
radar i111111,gery, tbe factors ot dym.1110 range, look-angle, aJl4 
:frequeucy spectrum shoul.d al.so be considered. 

1. A radar sensor woul.d be o:f va.lue in supplementing visible 111peetrum 
sensors in Cold War for search and surveillance purposes. 

Q. A radar sensor woul.d be of definite val.W!l as a 11UH)lelll!lnt to 
visible Jpectrum sensors for indications during a Cria1• and for 
Post Attack Reconnaissance (PAR) during General. War. 

H, A radar sensor woul.d be of Titl7 h18h va.lue, even as a separate 
system, durins General War for striu lfhctivenitH Assessment (SEA). 

I. The collection a:,ste■ employed on this QUILL 1111ssion represented 
a siSJ).ificant technological achien111:1t. It demonstrated that very good 
quality radar imagery can be acquired from an orbital. system during 
bad weather and darkness. It al.so demonstrated that near real...:time 
strategic intelligence acquisition is feasible, 

J, Notwithstanding the success of the collection system on this ld.Hion, 
it is hi&hly probable that it can be greatly il!U,)1'0Ved to produce IIIUCh 
better 1111111,geey. 

K, A QUILL-Improved syat-em (10 feet in range and Uilllllth resolutions) 
seems Juatit:l.&ble. 

IV, lllOO!NIRDM'IONB 

These reco11111Jendations are based on the assumption that satellite 
side-looking radar will be used operatiomt.ll.y, • 

A, It 1s recommended that a thorough study be made of the requirements 
for the exploitation facility and exploitation procedures to include a 
near real-ti• capability. 

B, It is recommended that\! test progru be initiated to imreatip.te 
various para.meters of the collection syatem in order to opti1111ze the 
quality and utility of the resul.tant 1~';\ 
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The oraanization and functions of the National Reconnaissance 

Office remain e■aentiall;y unchanged since the last Annual Report to 

the Board, in October 1965,. Additionally, there have been few 

ai,nificant chanps in USIB intelliaence requir.ementa against Which 

the efforts of the National Reconnaissance Program are directed. 

These items are not included in this Semi-Annual Report but will be 

covered in detail in the next Annual issue, 

Recent significant decisions of the NRP Executive Committee 

concerning the new general search system (HEXAGON) and the 

initiation of the - program are refiected in this report, 
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• QUll.L - The successful QUILL feasibility demonstration in December 

1964 established that there is nothine unique in the operation of a 

relatively high powered radar in a. space environment. The subse~ 

quent evaluation by a National Photographic Interpretation Center 

team of the potential of a satellite radar for reconnaiSsance identified 

missions where such a system could be of definite value, both as a 

supplement to photoaraphic coverage and as a separate sensor. These 

included use in Crisis Indications and Strike Effectiveness Assessn:ient 

missions. 

During the period of this report, the National Reconnaissance 

Office has been conducting several studies related to further definition 

of possible operational satellite radars. THtini the remainina QUILL 

subayatema has been completed:. The data obtained a.re expected to be 

of value in design and fabrication of any future radar syi1tema. Related 

design studies for state-of-the-art apacecraft wide band maptic tape 

recorders have been completed. 

Additional studies still underway and expected to be completed by 

September 1966 include: 

l. Two system studies for long .lifetime, variable mode (high 

resolntion/amall -swath and low resolution/wide swath) satellite radars. 
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2. Testing of critical experimental subsystems and components. 

3. Investigations for readout techniques to overcome some of 

the limitations in state-o:t'-the-a:rt spacecraft tape recorders. 

4. Target signature studies. 

This summer, imagery typical Qf targets for Crisis Indications 

and Strike Effectiveness Assessment missions will be obtained by an 

aircraft. (The QUILL feasibility demonstration has shown that air

craft data should not differ from comparable quality imagery obtained 

from satellites.) This 1maiery will have various il"Ound resolutions, 

look angleil, aignal to noise ratios and dynamic ranges and will be 

provided to NPIC for determination of the effects of the various para

meters on imaie interpretabllity. This study activity will continue 

through September of this year. 
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SECTION VI - QUILL PROGRAM CLOSEOUT DOCUMENTS SUMMARY 

Quill would gradually fade into the background as the 
National Reconnaissance Office (NRO) undertook new 
efforts to obtain imagery from space. The final documents 
contained in this compendium representthe closure of the 
program. By the late 1960s, the only question remaining 
with respect to Quill was whether or not to maintain strict 
controls over access to Quill related information. These 
documents show that those controls were not necessary. 
Quill was essentially retired with the decision to remove 
the program from the security controls that governed 
most other national reconnaissance programs. 

Document 26 - Memorandum for the Record 
concerning dropping Quill from Byeman controls, 28 
May 1968: In a Memorandum for the Record dated 28 
May 1968, the Chief of the Special Security Center, 
responsible for Byeman control, indicated that the Central 
Intelligence Agency (CIA) Deputy Director for Science 
and Technology had no objections to dropping Quill from 
the Byeman control system. The Director noted that the 
Office of Special Programs at CIA also had no objections 
to dropping the control. 

Document 27 - Letter from the Central Intelligence 
Agency's Deputy Director for Science and Technology 
to the Director of the National Reconnaissance Office 
regarding dropping Quill from Byeman Controls, 6 
February 1969: The CIA Deputy Director for Science and 
Technology, Mr. Carl Duckett, wrote to Director of the 
NRO, Dr. Alexander Flax on 6 February 1969, confirming 
the Director of Central Intelligence, Mr. Richard Helm's, 
decision to drop Quill from the Byeman control system. 

Document 28 - Security Cable notification of removal 
of Quill from Byeman Controls, 10 February 1969: 
On 10 February 1969, the NRO released a cable 
with instructions that the Quill program was no longer 
controlled under Byeman security controls. Quill would 
be identified as a NRO study in future references. Quill 
imagery would only be released on a "must know" basis, 
as would be the case for its engineering data. The cable 
represents a closing chapter for the highly successful 
Quill experimental radar imagery satellite. The Quill 
program established a strong foundation for the national 
reconnaissance satellite development efforts that would 
follow in the NRO. 
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SECTION VI • DOCUMENT 26 

NRO APPROVED FOR RELEASE 
DECLASSIFIED BY: C/IART 
DECLASSIFIED ON: 9 JULY 2012 

MEMORANDUM FOR THE RECORD 

SUBJECT: QUILL 

On 28 May 1968, 
and stated that in c 
has no objection t& dropping th 
with OSP Security, he learned that 
dropping the program. 

Distribution: 
Orig - QUILL File 

l - SSC Read file 

-/fr/28 May 1968 

ssc-o 189-68 

28 May 1968 

C/SMS/DD/S&:T called 
program, his office 

program. After checking 
had no objection to 

r 
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NRO APPROVED FOR RELEASE 
DECLASSIFIED BY: C/IART 
DECLASSIFIED ON: 9 JULY 2012 

The Honorable Alexander B. J'lu 
Director, Hatlou.l &econu.uaaace 

Ottice 
ROOllll • G:968, hntasoa 

»ear Al: 

Mr. Belu asked that I conve, to rou 

his approval of ,our nquest to delet• QUILL u 

a 81'1K.l1f PJ"OJeot ladlcator • . 

Distribution: 
C:, 1 - D/NRO 

2 - 0/DCI tor info 
...a---'-SJIS/DDS&.T 

4 - DD/S&.T Registry 
s-

Carl z. Imcntt .. 
Deputy Director 

tor 
SOieace amd TeobDOlOff 

0/DD/ Feb 69 
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SECTION VI • DOCUMENT 28 

FORM 
12•6l 2eZO 

NRO APPROVED FOf( RIEl,.EASE CLASSIFIED MESSAGE 

0 I.H:CLASSIFH:D IIY: C/IART 
DECLASSIFIED ON: 9 JULY 2 !l(llt 

FIL.E INFO (When Filled In} 

REPRODUCTION PROHIBITED 

f llill p & 

PRIORI 

6 
1 

8 
9 

QUILL, CORONA, DORIAN, GAMBIT, HEXAGON 

SECUR 

II 

12 

13 

14 

15 

1 ll fE869 l_Z 

EFFECTIVE IMMEDIATELY, THE USE or THE CODEVORD QUILL AS 

A SECURITY PROJECT INDICATOR UNDER THE BYEMAN SECURITY CON• 

TROL SYSTEM Will BE DISCONTINUED. TH! SATnLIT! RADAR 

FEASIBILITY DEMONSTRATION CONDUCTED AS PROJECT QUILL WILL 

HENCEFORTH BE IDENTIFIED AS NRO STUDY 

THOSE MATERIALS RELATED TO PRLJECT QUILL, PRESENTLY 

IN POSSESSION OF VARIOUS BYENAN CONTROL CENTERS, WILL BE 

RESTRICTED ON A MUST KNOW BASIS TO INDIVIDUALS APPROVED FDR 

ACCESS TO EITHER CQRONA, DORIAN, GANBlt, OR HEXAGON. THESE - ---
MATERIALS WILL CONTINUE TO BE MAINTAINED lN THE BYEMAN SECURITY 

CONTROL SYSTEM ALTHOUGH APPROVAL FOR QUILLACCESS WILL NO __,. 
LONGER BE REQUIRED OR BILLETED. -

THE IMAGERY PRODUCED DURING THE QUILL FEASIBILITY 

DEMONSTRATION (WHICH VAS LIMITED TO US ZONE OF IITERIOR) 

IS RELEASABLE 01 A ·Must KNOW"' TO INDIVIDUALS HAVING ACCESS 

ro EITHER TALEIT•KIYNOLE, OR BYEMAN PROJECTS CORONA, DORIAN 

GAMBIT, OR HEXAGON. TALENT•X£YHOLE PERSONNEL NAY HAW ACCESS 

TO SELECT EIGil!ERIIG DATA UPON VALID REQUEST. ·Must KNOW"' 
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FORM 
12-6'1 2ll20 

NRO APPROVED FOR RELEASE CLASSIFIEO MESSAGE 

DlflCLASSIFIED BY: C/IART 
2

Cl 
DIICLASSIFlll!!D ON: 9 JULY r12 HCIH 

FILE INFO (When Flfled In} 

REPRODUCTION PROHIBITED 

ACTION I 6 11 

2 7 12 , e I~ 

4 9 14 

s ljil IS 

fAGE TWO - T I P ! I!! e R ! T TALENT KEYHOU 

DETERMINATIONS WILL BE MADE BY THE SIO. 

ALL QUILL MATERIALS IN CUSTODY OF BCO'S WILL HAVE THE· 

QUILL CONPARTNENT DELETED AND BE MARKED IRO •stUDY 

MATERIALS IN THE TALENT-KEYHOLE OR BYENAI SYSTE" WILL USE 

16 

17 

18 

19 

~ 

THE TERN ·RADAR FEASIBILITY STUDY" IN LIEU OF •pROJECt au1u.· 

II CONTEXTUAL NATTERS. 

IMMEDIATE ACTION Will BE TAKEN TO DEBRIEF ALL PERSONNEL 

CURRENTLY AUTHORIZED QUILL ACCESS. 

T Q P i i I A i T 

BT 
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Date 

Early 1962 

Early October 1962 

30 October 1962 

10 November 1962 

14 November 1962 

December/January 1963 

Late January 1963 

March and May 1963 

May 1963 

9 April 1963 

17July1963 

Mid September 1963 
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Event 

Proposal for satellite carrying radar sensor for imagery developed by Lockheed 
Missiles and Space Company and Goodyear Aerospace who had previously 
demonstrated similar sensors on airborne platforms. 

National Reconnaissance Office (NRO) Program A preliminary assessments 
affirm potential feasibility of Lockheed and Goodyear proposal for radar satellite. 
Director of the NRO (DNRO), Dr. Joseph Charyk, approves proceeding with 
additional review of the proposal. 

NRO Program A review team affirms feasibility of radar satellite. Review team 
recommends using hardware components already available from other projects. 
Review team also recommends one of its members, Major David Bradburn, to 
serve as program director, and names the new program Quill. 

Dr. Charyk authorizes Bradburn to proceed with the Quill program. 

Bradburn meets with Lockheed and Goodyear and indicates that the government 
will proceed with a contract for the proposed radar satellite on a non-competitive 
basis. 

Lockheed and Goodyear respond with draft proposals and initial cost estimates 
for the Quill program 

Bradburn meets with Lockheed and Goodyear n,"''" 1
"'"' and approves 

classified and unclassified contracts for the Quill satellite. 

Bradburn provides status reports to new DNRO, Dr. Brockway McMillan, on Quill. 

Bradburn resolves issues with Goodyear purchasing government approved items 
for use in the Quill program. 

Bradburn meets with Corona program representatives and finalizes the agreement 
for purchasing Corona components for use in the Quill program including the film 
recovery vehicle. 

Lockheed reports high voltage arcing problem that threatens to delay Quill launch. 

Lockheed reports on resolution of high voltage arcing problem by pressurizing 
system components. 

Approved for Release: 2022/08/18 C05139542 



Approved for Release: 2022/08/18 C05139542 

350 TRAILBLAZER 1964: THE QUILL EXPERIMENTAL RADAR IMAGERY SATELLITE COMPENDIUM 

Date 

Late September 1963 

Early October 1963 

January 1964 

January to May 1964 

March 1964 

7 May 1964 

Summer 1964 

September 1964 

2 December 1964 

November/December 1964 

21 December 1964 

22 December 1964 

24 December 1964 

22-26 December 1964 

5 January 1965 

11 January 1965 

Event 

Third Quill vehicle canceled and launch of first vehicle set for 5 August 1964. 

Additional arcing problems identified by Lockheed. 

Arcing problems again resolved. 

Initial testing of Quill sub-systems undertaken. 

Program A Director orders readiness review of Quill vehicle. 

Readiness review team confirms Quill on course for fall launch. 

Lockheed and Goodyear carry out additional sub-system and integration testing 

Transmitter modulator tests reveal failings leading to launch delay. 

Additional transmitter modulator tests reveal reliability after component issues 
are resolved. 

Problem discovered with reflective materials on the Agena vehicle and efforts 
undertaken to reinforce reflective material. 

Quill, vehicle 2355, launched from Vandenberg Air Force Base. 

Quill film recovery vehicle recovered. 

Quill film delivered to processing facility. 

Quill completes 14 radar passes and transmits data to ground stations for 
processing. 

Bradburn provides first briefing of Quill experimental program results. 

Quill vehicle deorbited. 
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Date 

11 February 1965 

31 March and 1 April 1965 

April 1965 

1 August 1965 

10 February 1969 
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Event 

Remaining Quill hardware placed in storage pending further analysis of program. 

Final reports completed by Lockheed and Goodyear on Quill program performance 
and engineering assessments. 

NRO and the Central Intelligence Agency agree to establish review team, led 
by the National Photographic Interpretation Center (NPIC) to evaluate potential 
intelligence value of radar imagery based on the Quill experiment. 

NPIC-led team recommends further study of radar as source of imagery and 
identifies potential contributions from future programs. 

Quill removed from Byeman controls, effectively closing the program. 
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