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http://www.fas.org/spp/military/program/asat/at_001012.htm

From: Allen Thomson (thomsona@flash.net)
Subject: LES-8/9 : semistealthy?
Newsgroups: sci.space.history
Date: 2000/10/12

I recently came across the following, which is found on p.30 of
"Semi Annual History of the Directorate of Space, Period of 1
January 1971 - 30 June 1971"  The paragraph, originally classified
SECRET, was declassified on 10 March 1996.  According to a
correspondent who, to my amazement, knows about such stuff, the DoS
was a component of the office of the USAF Deputy Chief of Staff for
Development (also known as DCS/D and later DSC/R&D),  who  was the
Air Staff officer in charge of advanced development in the Pentagon.

------------

"The MIT Lincoln Laboratory is involved in a program to demonstrate
the technology necessary to deploy a highly survivable satellite
communication system for command and control of the SIOP forces.
The effort is based upon the use of two satellites (LES-8 and LES-9)
carefully designed (both electronically and physically) so that
detection of the satellite presence is extremely difficult.  The
satellites would use satellite-to-satellite communications links
and would permit two way communications between aircraft and surface
forces on a global basis.  The anticipated launch of LES-8/9 is
in September 1974."

------------

"So that detection of the satellite presence is extremely difficult"
is consistent with a rumor I'd heard earlier, that one of the two
LESes was equipped with a plane mirror intended to send the line of
sight of a terrestrial observer out into starry space.

It also represents the fifth or sixth confirmed or reasonably
believable report of low-observable satellite studies, technology
development efforts or actual programs stretching from the early
1960's to ca. 1990.

[Additional materials relating to LES-8/9 are provided in Appendix D.]



This patent is a reissue of patent US5250950

Title: USRE36298: Vehicle 
   
Inventor: Scherrer, Richard; Nordland, WA 
Overholser, Denys D.; Carson City, NV 
Watson, Kenneth E.; No. Hollywood, CA 

Assignee: Lockheed Martin Corporation, Bethesda, MD 

Priority Number: 1995-10-05  US1995000539789 
1979-02-13  US1979000011769 

Abstract: A vehicle in free space or air, with external surfaces primarily fashioned from planar facets.
The planar facets or panels are angularly positioned to reduce scattered energy in the direction of the
receiver. In particular, radar signals which strike the vehicle are primarily reflected at an angle away
from the search radar or are returned to the receiver with large variations of amplitude over small
vehicle attitude changes. 

Attorney, Agent or Firm: Oblon, Spivak, McClelland, Maier & Neustadt, P.C. ; 
 
Primary / Asst. Examiners: Pihulic, Daniel T.; 
 



Friday, Aug. 22, 1980
Pentagon News Conference
Secretary of Defense Harold Brown
Under Secretary of Defense William J. Perry
Lt. Gen. Kelly Burke, DCS for R&D

[EXCERPTS; Full text at Appendix B]

Mr. Thomas B. Ross, ASD/PA: Ladies and gentlemen, the ground rules are that everything written or
spoken at this conference is on the record and not to be used until the press conference is over.

Dr. Brown: Good afternoon, ladies and gentlemen.

I am announcing today a major technological advance of great military significance.

This so-called "stealth" technology enables the United States to build manned and unmanned aircraft
that cannot be successfully intercepted with existing air defense systems. We have demonstrated to our
satisfaction that the technology works...

For three years, we have successfully maintained the security of this program. This is because of the
conscientious efforts of the relatively few people in the Executive Branch and the Legislative Branch
who were briefed on the activity and of the contractors working on it.

However, in the last few months, the circle of people knowledgeable about the program has widened,
partly because of the increased size of the effort, and partly because of the debate under way in the
Congress on new bomber proposals. Regrettably, there have been several leaks about the stealth
program in the last few days in the press and television news coverage...

Dr. Perry:..  [T]his technology—theoretically at least— could be applied to any military vehicle which
can be attacked by radar-directed fire. In our studies, we are considering all such applications and are
moving with some speed to develop those particular applications which on the one hand are the most
practical and on the other hand which have the greatest military significance. Finally, I can tell you that
we have achieved excellent overall success on the program and that that has included flight tests of a
number of different vehicles.

Q: Can these technologies also defeat other means of detection, such as thermal, and infrared and so
on?

Dr. Brown: The general description of stealth technology includes ideas, designs that are directed also
at reducing detectability by other means. Radar is the means that is best able to detect and intercept
aircraft now. It's no accident that the systems that exist are radar systems. But stealth technology
extends beyond radar. Bill, do you want to add anything there?

Dr. Perry: That is correct.

Q: I ask because you mention other vehicles and I wonder if you're getting ready to have a complete
turnover in the whole military inventory, tanks, and all the rest.



Dr. Brown: It's a little too early to say that. I think what Bill was saying was that stealth technology is
applicable against anything that is detected and attacked through detection by radar. But how practical
it is for various kinds of vehicles is another matter...

Q: How about fighters, will it apply to fighter technology?

Dr. Brown: The same thing applies to fighters. I think you can apply this technology across the board.
Bill? Do you want to be more specific?

Q: When you say all military vehicles, do you mean everything from ICBMS, to tanks, to ships, to
everything?

Dr. Perry: In principle, it could be applied to any of them.

Dr. Brown: It doesn't help some as much as others.

Dr. Perry: It is our ability of applying it. The difference it would make in military effectiveness may be
dramatically different from vehicle to vehicle.

Dr. Perry: The cost of applying it may be different.

Dr. Brown: Some vehicles aren't primarily detected with radar. They are detected by eyeball.



   
   Shuttle Challenger Launched Toward Swashbuckling Adventure 
   Astronauts Scheduled to Retrieve and Repair Damaged U.S. Satellite in 
   Space
   The Washington Post, April 07, 1984,
   By: By Thomas O'Toole, Washington Post Staff Writer
   Section: A, p. 02

   "Sources said Stealth material must be tested in space because the 
   Air Force is considering development of Stealth satellites and even 
   Stealth shuttle craft that could fly in orbit undetected by Soviet 
   ground radar." 

[See Appendix C]



http://www.fas.org/spp/military/program/imint/visibility.pdf
[EXCERPTS; Full text at Appendix A]











U.S. Designs Spy Satellites To Be More Secret Than Ever 
By William J. Broad 
The New York Times 
November 3, 1987 
Late City Final Edition 
Page C1 
[EXCERPTS]

A battery of new technologies, some mature, others on the drawing board, will help the United States
overcome Soviet efforts to deceive western spy satellites, according to former Government officials,
space experts and private scientists. 

For years, largely without public knowledge, the East and west have vied to fool each other's
surveillance satellites and the military analysts who interpret top-secret photographs made from 
space. 

Weapons in the war include camouflage, concealment, decoys and misleading deployments of real
weapons. Both sides use ground-based radars and computers to track hostile satellites and to predict
when they will pass overhead, allowing military units on the ground to hide or disguise sensitive
operations. 

The West has long been at a disadvantage in the war of deception because it is so difficult to keep fake
operations and false deployments secret in an open society. But it has recently made several advances
in ways to see through Soviet deception. By the 1990's, military experts say, western spy satellites will
be nearly impossible to track and will be able to see through clouds and outwit enemy camouflage and
decoys. 

Peter D. Zimmerman, a physicist and senior associate at the Carnegie Endowment in Washington, said
the new technologies would "make it enormously more difficult for the Soviets to conceal and
deceive." 

The KH-11 spy satellite launched last week by the United States boasts technologies that mark a first
step in that direction. 

For one thing, the KH-11 has powerful, lightweight engines that allow controllers on the ground to
maneuver it in orbit. Future spy satellites will be capable of being refueled, dramatically extending
their range and lifespan. 

A second future technique is to build spy satellites out of materials, like those in the "stealth" aircraft,
that absorb or disguise radar waves, making them invisible to enemy equipment. 

The ultimate way to foster unpredictability is to be invisible -  a top-secret endeavor being hotly
pursued by designers of military satellites. 

On earth, "stealth" techniques are widely used in military fighters, bombers and cruise missiles to
reduce their visibility to enemy radars. Two main methods involve replacing metals with lightweight 



composite materials that absorb radar signals, and smoothing body parts so they deflect radar signals
rather than reflect them. 

Congressional experts on weapons say the Pentagon Is hard at work applying stealth techniques to
satellites, an assertion the Defense Department declined to discuss. It is known, however, that in April
1984 the space agency launched a four-ton cylinder[*] carrying experiments to develop new space-age
materials, including secret ones for making stealth satellites. 

"Camouflage in space" is essential if satellites are to outwit Soviet tricks, Mr. Codevilla said In "Soviet
Strategic Deception," [**] a collection of reports published by the Hoover Institution, while it may be
difficult to make satellites completely disappear from Soviet radar scopes, he said, the selective use of
stealth techniques could easily disguise the true mission of spy satellites. 

[*] The Long Duration Exposure Facility (LDEF). See Appendix C

[**] ”Space, Intelligence, and Deception,” Angelo M. Codevilla
Soviet Strategic Deception, Brian D. Dailey and Patrick J. Parker, editors
Proceedings of a Naval Postgraduate School conference on Soviet Strategic Deception,
September 26-28, 1985
Hoover Institution Press, 1987
ISBN 0-669-13208X



      Stealth Satellite Test Conducted 
   Defense News
   September 25, 1989, p.2

   The Strategic Defense Initiative Organization announced last Friday 
   that it had quietly launched on Sept. 4 and Sept. 11 two rockets to 
   test stealth features for U.S. satellites. The suborbital satellites 
   [sic] launched in the $6.6 million Starmate experiment were tracked 
   by radars, as well as infrared, ultraviolet and visible sensors in 
   their brief 10 minute flights. The rockets were launched from Kauai 
   Test Facility in the Hawaiian Islands. The information will be used 
   to increase the survivability of U.S. satellites, which face threats 
   from Soviet ground- launched interceptors and from future space-
   mines and directed energy weapons, DoD officials say. 



























http://www.fas.org/spp/military/program/imint/tm_usa53.html

    The Saga of USA 53 - Found, Lost, Found Again and Lost Again

------------------------------------------------------------

Satellite sleuths will recall space shuttle mission STS 36, which
deployed a secret CIA/Air Force satellite named USA 53 (90019B, 20516)
on March 1, 1990.  Aviation Week reported it to be a large digital
imaging reconnaissance satellite.  Members of an observation network
which I organized, observed the satellite between the 2nd and 4th of
March.  It was deployed into a 62 deg inclination, 254 km altitude
orbit.  Early on March 3rd, it manoeuvred to a 271 km altitude.

Observers noted that the object was extremely bright, reaching a visual
magnitude of -1 under favourable conditions.  Its brightness was similar
to that of the very large KH-9 and KH-11 imaging reconnaissance
satellites.

On March 16th, the Soviet news media reported that several large pieces
of debris from the satellite had been detected in orbit on March 7th,
and suggested that it had exploded.  In response to Western media
enquiries, the Pentagon stated that "hardware elements from the
successful mission of STS 36 would decay over the next six weeks".  As
expected, the Air Force statement was vague about the status of USA 53.
The debris could have been from a break-up of the satellite, or simply
incidental debris.  Only five pieces of debris were ever catalogued.  An
intensive search by observers in late March failed to locate the
satellite.  Six months later, the mystery of USA 53 was solved, through
the efforts of three European observers.

On October 19th, 1990, I received a message from Russell Eberst, stating
that he, along with Pierre Neirinck and Daniel Karcher had found an
object in a 65 deg inclination, 811 km altitude orbit, which did not
match the orbit of any known payload, rocket body or piece of debris.
He suspected that the object could be a secret U.S. payload, and asked
me to try and identify it.

There are many secret U.S. objects in orbit, however, initial orbital
elements, released in accordance with a United Nations treaty, are
available for most of them.  Most objects could be easily ruled out on
the basis of orbital inclination.  There remained three recent high
inclination launches for which the U.N. had not yet received elements,
and three satellites in near 65 deg inc orbits which had been tracked
for a short time by observers, then lost after they manoeuvred.  I found
an excellent match with one of the latter, USA 53.  There were no close
matches with any of the other objects.

My analysis revealed that the orbital plane of the mystery object was
almost exactly coplanar with USA 53 on March 7, 1990, the same date that
the Soviets found debris from USA 53 in orbit!  This is a strong
indication that the object in question actually is USA 53, now in a new
orbit.  The debris may have been connected with the manoeuvres to the
new orbit.



USA 53 was successfully tracked by observers until early November 1990,
when it manoeuvred once more.  The orbit was raised slightly on or about
Nov 2nd, which is reflected in the most current elements.  Bad weather
prevented further observation attempts until 7 November, by which time,
the object had made a much more significant manoeuvre, and could no
longer be found.  So far, all attempts to once again locate USA 53 have
failed. The following are its last known elements:

USA 53          18.0  4.0  0.0  4.1
1 20516U 90019  B 90309.99079700 -.00002298  00000-0 -95528-3 0    03
2 20516  65.0200 194.0588 0009734 214.9671 144.9440 14.26241038    04

- Ted Molczan



Subject:      UCT 81214: Bright and stealthy

From:         thomsona@netcom.com (Allen Thomson)
Date:         1995/10/11

Newsgroups:   sci.space.policy,sci.space.tech,alt.war

   A month or so ago we had a brief discussion of the feasibility and utility of
stealth in LEO.  At the time I opined that it might be worthwhile in tactical
situations, but wouldn't be a good idea if the aim were to protect satellites from 
detection for long periods of time.  The principal reason for this, IMO, is the
very wide range of sensor types and viewing angles encountered by satellites in LEO
and the fact that the stealth technologies which have been revealed to date
apparently presuppose a known, fairly restricted set of "threat" sensors and
engagement geometries.  Thus things designed to be stealthy against one set of
sensors might be detectable by other sensors the designers hadn't known about or
couldn't take into account because of engineering constraints.

   As it happens, a fairly concrete example of this has just come to light (so to
speak).  Several papers in the proceedings of the 1995 Space Surveillance Workshop*
describe preliminary results of a orbital debris campaign sponsored by Space
Command in late 1994.  One of the interesting results concerned an object (UCT 
81214) which was easily detected by a number of optical sensors but was basically
invisible to radars, some of them highly sensitive range instrumentation radars,
operating from 217 MHz up to ca. 35 GHz.   While 81214 probably wasn't
intentionally designed to have low rcs  -- I'd guess it's a just a stray fiberglass
panel or something of the sort -- it nonetheless illustrates the point that
monostatic-radar-stealthy doesn't mean optical-stealthy (and then there's IR,
bistatic radar, lidar, etc). 

      "Of special interest was data collected on object 81214. 
   Initially detected by the ETS [Lincoln Lab optical sensors at 
   White Sands], this object has a bright optical signature but 
   appears very small to radar sensors, and may indicate the 
   presence of many more objects of this type...

      "A considerable amount of data was collected on an interesting 
   object. Satellite 81214 appears moderately bright to optical 
   sensors, suggesting a large physical size. However, radar 
   tracking on this object indicates that it is quite small. 
   Millstone data at L-Band indicates a radar cross section of 
   approximately 0.00003 square meters, suggesting an object with a 
   small physical size. Several highly sensitive UHF radars have 
   been unable to track this object, however. Even the telescope 
   sensor at Anderson Peak, CA, that is normally not involved with 
   satellite tracking had no difficulty tracking this satellite. 
   The existence of this object and the data that has [sic] been 
   obtained lend credence to the theory that there is a population 
   of optically bright objects that appear quite small to a radar. 
   In fact, it is possible that many of the unknown objects 
   detected by optical sensors could fall into this area."

     1994 Space Debris Campaign - Preliminary Results 
     Taft DeVere, SenCom Corp. 
     Tim Payne, SWC/AE 
     Capt. Gary Wilson, HQ AFSPC/DOYY 
   
   



      "[Kwajalein Missile Range] sensors participating in the 1994 
   Debris Campaign included ALTAIR (VHF, UHF), TRADEX (L- and S-
   band), ALCOR (C-band) and MMW (Ka-band), and SuperRADOT visible 
   band optics... 

      "The most interesting optical track was on object 81214, which 
   was extremely bright to the SuperRADOTs, but was so small in 
   radar cross section as to be untrackable by the radars at the 
   1756 km point of closest approach."

     Kwajalein Missile Range Contribution to the 1994 Debris Campaign
     A. Gerber, G. Duff, and D. Izatt
     MIT Lincoln Laboratory, Kwajalein Missile Range

*Proceedings of the 1995 Space Surveillance Workshop
 28-30 March 1995
 Lincoln Laboratory
 Massachusetts Institute of Technology
 Lexington, Massachusetts
 K.P. Schwan, Editor
 Project Report STK-235, Vol.1
 (ESC-TR-95-022)



From:  Ted Molczan 
Date:  Sun, Jan 4 2004 6:37 am  
Email:   "Ted Molczan" <molc...@hotmail.com> 
Groups:   sci.astro.satellites.visual-observe 

[deletia]

I am fairly certain that the only country to have launched a stealth satellite was the U.S.A. 

AFP-731, aka USA 53, aka 90019B (its code name was Misty, but we did not know that until years
later), was shuttle-deployed in March 1990 into a low 62 deg orbit (the highest-ever inclination shuttle
mission). I organized a network of observers in the far north to visually track it. Here are the pre 
and post-flight reports that I posted to the USENET 

http://www.google.ca/groups?&selm=1990Feb13.055830.13572%40gpu.utcs.u... 

http://www.google.ca/groups?&selm=1990Mar13.174844.15580%40gpu.utcs.u... 

This was its approximate orbit soon after deployment, based on our hobbyist tracking: 

USA 53 (Misty)  18.0  4.0  0.0  1.5 v 
1 20516U          90060.43932272  .00320000           48444-3 0    49 
2 20516  61.9930 174.9679 0008996 262.5429 126.3620 16.04000000   178 

Its brightness was indicative of very large satellite. At the time, we thought it was an advanced version
of the KH-11 type satellite. 

A week after it was deployed, Russia reported that it had vanished, leaving behind only debris.
Speculation was that it had exploded. We searched for it in vain, so we began to doubt that it was still
in orbit. 

In October 1990, Russell Eberst, Daniel Karcher and Pierre Neirinck found it in a 65 deg, 800 km orbit:

1 20516U 90019B   90299.82375579  .00000277  00000-0  11483-3 0    07 
2 20516  65.0194 222.4319 0016320 301.3908  58.5348 14.26287908    00 

I identified it by showing that its orbit had been coplanar with AFP-731's on the date that the Russians
reported to have seen only debris. Soon after, in early Nov 1990, it disappeared again. 



Ten years later, I discovered that Russell Eberst observed it as a faint unknown three times during
1996-97. It had manoeuvred to a 66.1 deg, 736 km orbit. Here is an accurate orbit derived from
Russell's obs: 

1 20516U 90019B   97284.23458324  .00000027  00000-0  70436-5 0    01 
2 20516  66.1631  65.2852 0005248 187.8717 231.2307 14.48751217    03 

The original orbit's ground track repeated almost exactly every nine days; the new orbit repeated almost
exactly every 3 days, which also preserved the original 9 day repetition, since it is a multiple of 3. This
shorter period of repetition was more in line with the KH-11 (about 4 says) and Lacrosse (about 2
days), which combined with the timing of the manoeuvre (Nov 1990) suggests that the orbit had been
changed to make it more useful in support of Desert Shield, and Desert Storm. An aging KH-11
manoeuvred in the same month, for apparently the same reason, so this fit a pattern. 

Notice that the new orbit was 75 km lower than the old (required to attain the 3 day repetition), and its
inclination was nearly 1.2 deg greater.  Additional analysis suggests that the higher inclination was to
compensate for the lower altitude, to preserve the ability to image as far north as 76 N, which is well to
the north of the ground track. That latitude just includes the strategically important southern island of
Russia's Novaya Zemyla arctic islands. 

It has since leaked out, and is now generally accepted that Misty was the first U.S. LEO stealth
satellite. It is believed that hobbyists were able to see it easily until early Nov 1990 because its optical
stealth mechanism was active only when in sight of Russian optical tracking stations. It had been 
assumed that there were no other "detection threats" elsewhere in the world. I guess the designers could
not imagine that it would attract the attention of non-experts, who would see it as just as one of
hundreds of fairly bright satellites. 

Since its manoeuvre to the 736 km orbit took place within days of the hobbyist's tracking having been
made public, it is reasonable to guess that the optical stealth mechanism was activated against the
hobbyist's known locations. That would explain why the otherwise bright object was not seen for years,
and was faint during Russell's chance sightings in 1996-97. 

Thorough searches by Greg Roberts in 2001 and 2002 failed to turn up the object. Most likely because
it had exceeded its useful life and been de-orbited. 

Ted Molczan 



http://www.fas.org/spp/military/docops/usaf/vistas/vistas.htm

[EXCERPTS]

New World Vistas

Air and Space Power

for the 21st Century 

Summary Volume

This report is a forecast of a potential future for the Air Force. 

This forecast does not necessarily imply future officially sanctioned programs, planning or policy.

Dr. Gene H. McCall 
Chair, USAF Scientific Advisory Board
Study Director, New World Vistas 

John A. Corder
Major General, USAF (Ret)
Deputy Study Director 

15 December 1995

6.3 Space Control

Control of space will become essential during the next decade. We will depend on satellites to provide
Global Awareness and Dynamic Control for our Forces, and commercial services may be a threat to
those Forces. As commercial involvement of US companies in space increases, the United States may
be called upon to protect nonmilitary space assets from attack by terrorists or a rogue nation. We
should be prepared to execute three missions:[41] 

• Protect US military space assets and launch capabilities. 
• Deny the use of threat assets. 

• Protect allied, non military space assets. 

[deletia]

Protection of military satellites might be enhanced to some extent should the application of stealth
techniques be possible, but if distributed systems become the norm, the redundancy of systems will
provide protection. Solar panel area is large, and panel position cannot always be set to minimize
observability. Even if possible, we do not believe that the increased cost of low observable satellites
will be justifiable.



   

   Smaller Spy Satellites May Give U.S. Stealth Capability Over 
   Trouble Spots  
   The Washington Post, February 01, 1998, FINAL Edition 
   By: Walter Pincus, Washington Post Staff Writer
   Section: A SECTION, p. A09

   A new generation of small intelligence satellites, planned to be 
   launched beginning in 2003, is expected to give U.S. analysts almost 
   constant overhead images of specific trouble spots anywhere in the 
   world, according to administration and congressional sources. 

   Some of the new vehicles may be equipped with stealth technology so 
   they cannot be tracked by radar, several sources said. But other 
   sources doubt a way has been found to prevent detection of the 
   satellites, a feat the CIA and Pentagon have been trying to 
   accomplish since the 1960s. 

   Keith Hall, director of the National Reconnaissance Office (NRO) 
   which buys and flies the satellites, would not discuss stealth 
   capability in satellites. 

   Other sources on Capitol Hill and within the intelligence community 
   said the existence of the technology in satellites is one of the 
   closest-held secrets in government. 
 



  Report Urges Use of Stealth, Deployment Alternatives to Protect U.S. Satellites 
  by Barbara Opall-Rome 
  Space News, Sept 7-13, 1998 
  p. 14 
  [EXCERPT] 

   US war planners should reduce the vulnerability of space-based 
   assets through development of stealthier, hardened satellites, 
   new methods of deployment and alternative technologies, according 
   to a new Pentagon report. 

   "Strategic Assessment 1998: Engaging Power for Peace," published by the 
   U.S. National Defense University's Institute for National Strategic   
   Studies, details myriad ways in which U.S. satellites are vulnerable 
   to attack and warns of dire consequences if U.S. space capabilities 
   are jeopardized. 

Nuclear Threat
Letters
Space News, Oct. 5-11, 1998, p.14

I would like to comment on the article urging protective measures for
U.S. satellites ["Report Urges Use of  Stealth, Deployment Alternatives
to Protect U.S. Satellites," Sept. 7-13, page 41].  I was surprised to
see no mention of a nuclear weapon detonated at high altitude, over 100
kilometers, which would have a devastating effect on hundreds of low-
Earth-orbit (LEO) satellites.

A high-altitude nuclear detonation releases a tremendous number of high-
energy electrons. These electrons, trapped in Earth's magnetosphere,
rapidly populate all LEO orbital space.  As a result, hundreds of LEO
satellites are exposed to electron levels up to 10,000 times higher than
the natural LEO space environment.  This enhanced electron radiation
damages critical electronic circuits in satellites, leading to the
demise of LEO constellations in weeks or a few months.

Furthermore, most of the protection solutions mentioned in the report
detailed in the article would be ineffective against this threat. On-
orbit spares would suffer the same fate as the primary satellites, while
launching replacement satellites also would be ineffective since the
enhanced radiation levels can persist for several months to a year.

This ultimate anti-satellite weapon also is extremely low-tech. All that
is required is a small nuclear weapon and a launch vehicle with a timer.
Because the effect is global, no fancy guidance system and no homing
sensors are required.  No satellite needs to be directly attacked since
the damaging electrons rapidly move out from the point of explosion. This
leads to another attractive feature of this nuclear approach:
deniability.



An aggressor country could launch an attack near its own territory and
claim it was only doing a test and had no knowledge or intent to harm
satellites. Sanctions could be imposed on the country, but it is
unlikely that a direct military response would be aimed at it since the
high-altitude explosion killed no one and no cities were destroyed.

The primary means of defeating this threat is to make sure that
satellites [are equipped with] a combination of shielding and radiation-
hardened electronics. Such an approach, if implemented in the beginning
of a satellite program, would only add a small percentage to development
costs.

Remember the problems caused when Galaxy 4 failed earlier this year?
Imagine if hundreds of satellites failed in the timespan of a few weeks
and replacements could not be launched for a year. It would be a
nightmare.

Glenn Kweder
Space systems analyst
Logicon RDA
Alexandria, VA



From:  Allen Thomson
Date:  Mon, Jul 29 2002 3:13 pm  
Email:   thoms...@flash.net (Allen Thomson) 
Groups:   sci.space.policy 

Strange are the ways of fate and synchonicity. 

Back on 2002-05-10, it was noted that, 

> The one possibly new thing is USA 144 (Norad 25744, 1999-028A), 
> which popular guessing has to be an 8X/EIS broad-area/long-dwell 
> imager. 

> But there's starting to be a problem with understanding USA 144, 
> because there's just one of it, and a reasonable constellation 
> of synoptic imagers would have at least three satellites. One 
> would have expected at least one companion to have been launched 
> since 1999, but none has -- and it will be next year at the 
> earliest that one could be.  So it's starting to seem that either 
> USA 144 is a Something Else, or that it's one of the troubled 
> satellites Mr. Thompson alluded to. 

Well, not a week after that was posted, a voice from the ether made me aware of some extensive orbital
analyses of USA 144 that pretty well prove (several hundred TLEs spanning its entire time in orbit 
were used) that it's Something Else and/or Something Really Weird. 

To wit, its response to atmospheric drag and SRP indicate that it has a very, very low ballistic
coefficient. Put that together with the physical area indicated by its visual brightness, and there's a real 
Missing Mass problem. I.e., 90% of the T4 payload mass seems to be someplace else. 

Alternatively, USA 144 might have a huge surface area, 90% of which doesn't contribute to its
brightness. But nobody can think of why such a large area would be needed at that altitude, nor how it
would go undetected throughout all the observations that have been made. 

Finally, its light curve indicates that it's rotating at a little over one revolution every two minutes. Again
it's hard to square that with an imaging payload, though I guess you could concoct a story. 

[deletia]



From:  Ted Molczan  
Date:  Wed, Apr 2 2003 11:20 am  
Email:   "Ted Molczan" <molc...@hotmail.com> 
Groups:   sci.space.policy 

[deletia]

USA 144 Satellite 

Launched from VAFB in May 1999 aboard a Titan IVB with no upper stage, USA 144 probably has an
IMINT mission, but its orbit is a mystery.  My fellow hobbyists and I continue to track an object from
that launch in a 2700 km x 3100 km, 63.4 deg orbit, but detailed orbital analysis reveals significant 
Solar Radiation Pressure perturbations, from which I have deduced an area to mass ratio of about 0.1
m^2/kg, 10 to 20 times that of a payload, and more akin to debris.  It appears to be no more than 5 to 10
m across, and only a few hundred kilograms in mass. 

I now suspect that the real USA 144 may be the second U.S. LEO stealth IMINT satellite. The first one
was Misty (aka USA 53 and AFP-731), shuttle-deployed in 1990.  If USA 144 is Misty-2, then it is
likely to be in a 700 to 800 km, quasi 65 deg orbit. The orbits are low-drag, so orbit maintenance
manoeuvres are not required. 

Misty-1 remained in orbit for at least 7.5 years, so if USA 144 is Misty-2, then it may have at least a
few more years of useful life. 

[deletia] 

Ted Molczan 
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New Spy Satellite Debated On Hill 
Some Question Price and Need 
By Dana Priest
Washington Post Staff Writer
Saturday, December 11, 2004; Page A01
 
The United States is building a new generation of spy satellites designed to orbit undetected, in a highly
classified program that has provoked opposition in closed congressional sessions where lawmakers
have questioned its necessity and rapidly escalating price, according to U.S. officials. 

The previously undisclosed effort has almost doubled in projected cost -- from $5 billion to nearly $9.5
billion, officials said. The National Reconnaissance Office, which manages spy satellite programs, has
already spent hundreds of millions of dollars on the program, officials said.

The stealth satellite, which would probably become the largest single-item expenditure in the $40
billion intelligence budget, is to be launched in the next five years and is meant to replace an existing
stealth satellite, according to officials. Non-stealth satellites can be tracked and their orbits can be
predicted, allowing countries to attempt to hide weapons or troop movements on the ground when they
are overhead.

Opponents of the new program, however, argue that the satellite is no longer a good match against
today's adversaries: terrorists seeking small quantities of illicit weapons, or countries such as North
Korea and Iran, which are believed to have placed their nuclear weapons programs underground and
inside buildings specifically to avoid detection from spy satellites and aircraft.

The National Reconnaissance Office and the CIA declined to comment. Lockheed Martin Corp., which
sources said is the lead contractor on the project, issued a statement saying, "As a matter of policy we
do not discuss what we may or may not be doing in regards to classified programs."

The satellite in question would be the third and final version in a series of spacecraft funded under a
classified program once known as Misty, officials said.

Concerned about the latest satellite's relevancy and escalating costs, the Senate Select Committee on
Intelligence has twice tried to kill it, according to knowledgeable officials. The program has been
strongly supported, however, by Senate and House appropriations committees; by the House
intelligence committee, which was chaired by Rep. Porter J. Goss (R-Fla.) until he recently became
CIA director; and by his predecessor, George J. Tenet.

"With the amount of money we're talking about here, you could build a whole new CIA," said one
official, who, like others, talked about the program and the debate on the condition of anonymity
because of the project's sensitivity.

The debate over the secret program has been carried out in closed session on Capitol Hill, and no
legislator has publicly acknowledged the existence of the program. Echoes of the heated discussion,
however, have begun to emerge in public.

Earlier this week, four Democratic senators refused to sign the "conference sheets" used by the House-
Senate conference committee working on the 2005 intelligence authorization bill. Sources said that was
meant to protest inclusion once again of the satellite program.



A statement by conference managers said only that four Democratic senators -- John D. Rockefeller IV
(W.Va.), vice chairman of the intelligence committee; Carl M. Levin (Mich.); Richard J. Durbin (Ill.);
and Ron Wyden (Ore.) -- objected to a classified item in the bill "that they believe is unnecessary and
the cost of which they believe is unjustified." It continued: "They believe that the funds for this item
should be expended on other intelligence programs that will make a surer and greater contribution to
national security." Some Republican lawmakers have concerns about the program as well, as do some
senators on the Armed Services Committee, sources said.

In an attempt to verbalize frustration while abiding by classification constraints, Rockefeller made an
unusual reference to his protest on the Senate floor.

"My decision to take this somewhat unprecedented action is based solely on my strenuous objection --
shared by many in our committee -- to a particular major funding acquisition program that I believe is
totally unjustified and very wasteful and dangerous to national security," Rockefeller said. "Because of
the highly classified nature of the programs contained in the national intelligence budget, I cannot talk
about them on the floor."

Rockefeller added that the committee has voted "to terminate the program" for the past two years,
"only to be overruled" by the appropriations committees.

A small firestorm followed, with at least one radio talk show host and callers to Rockefeller's office
charging that he had divulged classified information. On Thursday, spokeswoman Wendi Morigi issued
what she called a clarification. "Any assertion about classified intelligence programs based on Senator
Rockefeller's statement is wholly speculative," the statement said. It said Rockefeller's floor statement
had been "fully vetted and approved by security officials."

That statement illustrates the constraints faced by members of Congress as they work to adjust or
terminate even multibillion-dollar programs that are hidden from public scrutiny and debate. There
have been other hints of problems in satellite programs in the last year.

Several months ago, Sen. Dianne Feinstein (D-Calif.), a member of the intelligence committee, made a
cryptic reference to the value of expensive satellite programs during testimony on her intelligence
reform proposal.

"I can't go into this, but when we look at satellites, one or the other of us has questions," she told her
colleagues. "I'm concerned these are tens-of-billions-of-dollar items and we sure as heck better know
what we're doing."

Stealth technology has been used to cloak military aircraft such as the F-117A fighter and the B-2
bomber. 

When radar searches for a stealth craft, it records a signature that is much smaller than its size should
indicate. Thus a stealth plane or satellite could appear to radar analysts as airborne debris.

Advanced nations routinely patrol the skies with radar and other equipment to detect spy planes,
satellites and other sensors.

About 95 percent of spycraft are detected by other nations, experts say. But "even France and Russia
would have a hard time figuring out what they were tracking" if they were to pick up the image of a
stealth satellite, said John Pike of GlobalSecurity.org, an expert on space imagery.



The idea behind a stealth satellite is "so the evildoers wouldn't know we are looking at them," Pike
said. "It's just a fundamental principle of operational security that you know when the other guy's
satellites are going to be overhead and you plan accordingly."

But, Pike said, "the cover and deception going on today is more systematic and continual. It's not the
'duck and cover' of the Soviet era."

The existence of the maiden stealth satellite launched under the Misty program was first reported by
Jeffrey T. Richelson in his 2001 book "The Wizards of Langley: Inside the CIA's Directorate of
Science and Technology." Richelson said that first craft was launched from the space shuttle Atlantis
on March 1, 1990.

Amateur space trackers in England and Canada were able to detect it at points after that, Richelson
reported.

A second Misty satellite was launched nearly a decade later and is in operation, sources said.

Circumstantial evidence of that satellite's existence was outlined in the April issue of a Russian space
magazine, Novosti Kosmonavtiki. According to a translation for The Washington Post, the article
suggested that a satellite launched from Vandenberg Air Force Base in California in 1999 may be the
second-generation Misty craft and noted that the satellite was put into orbit along with "a large number
of debris," a likely deception method.

Researcher Julie Tate contributed to this report. 



New Spy Plan Said to Involve Satellite System
By DOUGLAS JEHL 
The New York Times
December 12, 2004
 
Correction Appended

WASHINGTON, Dec. 11 - A highly classified intelligence program that the Senate Intelligence
Committee has tried unsuccessfully to kill is a new $9.5 billion spy satellite system that could take
photographs only in daylight hours and in clear weather, current and former government officials say.

The cost of the system, now the single biggest item in the intelligence budget, and doubts about its
usefulness have spurred a secret Congressional battle. The fight over the future of a system whose
existence has not yet been officially disclosed first came to light this week.

In public remarks, senators opposed to the program have described it only as an enormously expensive
classified intelligence acquisition program without specifically describing it as a satellite system. 

Outside experts said on Thursday that it was almost certainly a new spy satellite program that would
duplicate existing reconnaissance capabilities. The Washington Post first reported the total cost and
precise nature of the program on Saturday, saying that it was for a new generation of spy satellites
being built by the National Reconnaissance Office that are designed to orbit undetected.

The officials would not say how many satellites were planned as part of the program, but they said the
system included the satellites themselves, their launchers and the technology necessary to transmit the
images they collected. 

Some current and former government officials expressed concern that the disclosure of the existence of
the highly classified program might be harmful to national security. They said Congressional
Republicans were questioning whether the public hints first dropped by four Senate Democrats
opposed to the program, including John D. Rockefeller IV of West Virginia, might have represented a
violation of Congressional rules. Mr. Rockefeller's office said earlier in the week that the senator had
consulted with security officials before making a carefully worded statement on the Senate floor that
described the classified program as unnecessary and too expensive, but did not identify it further.

But other officials said the depth and intensity of opposition to the program, expressed behind closed
doors for more than two years by Senate Republicans as well as Democrats, had finally tipped the
balance between secrecy and candor in a way that has led to an extraordinary disclosure.

Among the champions of the program, officials said, has been Porter J. Goss, the new director of
central intelligence, who served until this summer as the Republican chairman of the House
Intelligence Committee. But critics, including Democrats and Republicans on the Senate Intelligence
Committee, have questioned whether any new satellite system could really evade detection by
American adversaries and whether its capabilities would improve on those already in existence or in
development.



"These satellites would be irrelevant to current threats, and this money could be much better spent on
the kind of human intelligence needed to penetrate closed regimes and terrorist networks," said a
former government official with direct knowledge of the program. "There are already so many satellites
in orbit that our adversaries already assume that just about anything done in plain sight is watched, so
it's hard to believe a new satellite, even a stealthy one, could make much of a difference."

A Central Intelligence Agency spokesman declined to comment about the existence of any classified
satellite program, as did the White House. A spokeswoman for Mr. Rockefeller, who is the top
Democrat on the Senate Intelligence Committee, also declined comment. A compromise between the
Senate and House that was approved in both chambers this week authorized spending on the program
for another year. Money for the program had earlier been allocated as part of a defense appropriations
bill that reflected strong support for the system among members of the House and Senate
Appropriations Committees.

But Mr. Rockefeller and other Democrats on the Senate intelligence panel, including Senator Ron
Wyden of Oregon, said in calling attention to the issue this week that they would seek much more
aggressively to scuttle the program next year.

The idea that the disputed program might be a stealth satellite program was proposed in an interview on
Thursday by John Pike, a satellite expert who heads Globalsecurity.org, a defense and intelligence
database. The existence of the first stealth satellite, launched under a program known as Misty, was
first reported by Jeffrey T. Richelson in his 2001 book, "The Wizards of Langley: Inside the C.I.A.'s
Directorate of Science and Technology." Mr. Richelson said the first such satellite was launched from
the space shuttle Atlantis in March 1990.

A second Misty satellite is believed to have been launched in the late 1990's and is still in operation,
current and government officials said. 

The program now in dispute would represent the third generation of the stealth satellite program, and is
being built primarily by the Lockheed Martin Corporation, the officials said. The company has refused
to comment on its involvement in any classified programs.

To date, the cost of the program has been in the neighborhood of hundreds of millions of dollars a year,
the officials said. But they said that the overall price tag had recently soared, from initial estimates of
about $5 billion to the new $9.5 billion figure, and that annual outlays would increase sharply in
coming years if the program is kept alive.

"Right now, it's not too late to stop this program, before billions of dollars are spent on something that
may never get off the ground and may add nothing to our security," the former government official
said.

In his public comments, Mr. Wyden did not mention Lockheed, but he expressed concern about the
rapidly escalating cost of the satellite program and the way in which the contractor was selected.

The mere existence of the National Reconnaissance Office was not publicly acknowledged until the
early 1990's, and it remains the most secretive among American intelligence agencies. Its main
responsibility is building and launching spy satellites to collect images and intercept communications
for the National Geospatial-Intelligence Agency and the National Security Agency.



There are many kinds of reconnaissance satellites, and some of them have the capability, through
infrared and radar technology, to acquire images at night and in cloudy weather. Officials have
suggested that new technologies may also be able to detect the presence of objects underground. The
sharpest images come from photo reconnaissance, but those satellites can generally operate
successfully only during the day and in sunny weather.

Officials critical of the new stealth satellite program now in dispute said it would have only photo
reconnaissance capability, though with high resolution. The secret nuclear programs in North Korea
and Iran are widely believed to be developed underground or otherwise out of view of photo
reconnaissance satellites.

"These days, you really have to assume that if there's anything we see in North Korea, it's something
they intend for us to see," said Mr. Pike, the private satellite expert.

For the Record - Dec. 13, 2004

A front-page article yesterday about an intelligence program that has been the subject of a secret
Congressional battle misstated the name of a database operated by John Pike, who first suggested
publicly that the program involved a spy satellite system. The database is Globalsecurity.org, not
Globalsecurity.com.
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Anatomy of a Spy Satellite
By Leonard David
Senior Space Writer
posted: 03 January 2005
06:45 am ET

For military and intelligence communities, outer space has become a
highground,hide-and-seek arena -- a kind of "now you see me, now you don’t"
espionage playing field. 

Over the decades, spying from space has always earned super-secret status. They are
the black projects, fulfilling dark tasks and often bankrolled by blank check.

However last month, several U.S. senators openly blew the whistle on a mystery spy
satellite program, critical of its high cost while calling to question its utility
in today’s post-9/11 world.

One lawmaker, Jay D. Rockefeller (D-WV), the vice chairman of the Senate
intelligence committee, openly criticized the program on the floor of the U.S.
Senate. He said the program "is totally unjustified and very wasteful and dangerous
to national security," adding that he has voted to terminate the program for two
years, with no success.

There is now a delicate dance underway between issues of national security and open
public scrutiny about taxpayer dollars being spent wisely or squandered. Meanwhile,
the swirl of secrecy seems to be revolving around a top secret "stealthy" satellite
project, codenamed MISTY.

Play MISTY for me

First, there’s a little unclassified history.

The U.S. stealth satellite program at issue was first spotlighted publicly by
Jeffrey Richelson, a senior fellow of the National Security Archive in Washington,
D.C. 

The Archive is gathering declassified U.S. documents obtained through the Freedom
of Information Act. In doing so, the Archive declares they have become the world's
largest non-governmental library of declassified documents. 

The MISTY effort was broached in Richelson’s first-rate book on the Central
Intelligence Agency (CIA), The Wizards of Langley: Inside the CIA’s Directorate of
Science and Technology, published in 2002 by Westview Press in Boulder, Colorado.

Richelson described the launching of the stealth imaging satellite via space
shuttle Atlantis in 1990. He noted that MISTY’s objective was to lessen the threat
to U.S. satellites from the Soviet Union -- a nation whose anti-satellite program
was of "significant concern" to U.S. military space officials during the early
1980s, he wrote.

But within weeks after MISTY’s shuttle deployment, both U.S. and Soviet sources
reported that the satellite malfunctioned. Richelson explained that a spacecraft 



explosion "may have been a tactic to deceive those monitoring the satellite or may
have been the result of the jettisoning of operational debris."

Whatever the case -- and to the chagrin of spysat operators -- a network of
civilian space sleuths had been monitoring a set of MISTY maneuvers and the
explosion, ostensibly part of a "disappearing act" meant to disguise its true
whereabouts.

Suppression shield

Richelson has posted on the Internet declassified documents he has obtained that
track the historical roots of the still active stealth satellite work, dating as
far back as 1963.

One document is U.S. Patent 5,345,238, issued to Teledyne Industries of Los
Angeles, California in 1994. It details a movable "satellite signature suppression
shield" -- a bit of clever technology that can suppress the laser, radar, visible,
and infrared signatures of a satellite. The invention makes spotting or tracking a
satellite a tough-to-do proposition.

The camouflage space shield, as reviewed in the patent, takes on the form of an
inflatable balloon. It can be quickly deployed and made rigid upon exposure to both
outside and internally-created ultraviolet radiation. This shield can be tailored
to a particular spacecraft and orbital situation. Once deployed, the cone-shaped
balloon is oriented to deflect incoming laser and microwave radar energy, sending
it off into outer space.

While an intriguing bit of high-tech handiwork, whether or not this stealthy idea
is an active ingredient of the MISTY satellite series is not publicly known.

World changes

"We don’t know exactly what technology was used for the first couple of MISTYs to
try to ensure stealth," Richelson told SPACE.com, "so we don’t know what’s being
proposed for this generation…what difference there is, if any."

Richelson said that new systems and new technologies could experience difficulties
that can add up to more dollars. "The question is whether you think it’s worth it
to persevere…spending the extra money to get something worthwhile."

The world has changed considerably since the MISTY program was first initiated,
Richelson added. So too have changes in denial and deception practices, perhaps
calling to question buying additional stealth satellites, he said, contrasted to
purchasing more conventional spy satellites.

Maybe you can attain the basic objectives in terms of uncovering what various
countries are up to with other systems, and possibly for less cash, Richelson
suggested. 

"But again, that’s something that has to be assessed based on experience,"
Richelson said. "People should be able to make some assessment on a classified 



basis, at least as to what we’re getting from this type of system that we wouldn’t
get from the more conventional systems, and whether that’s worth the money."

Bureaucratic stealth

According to a SPACE.com source and an analyst familiar with American satellite
reconnaissance, there are several kinds of stealth at work, not just in space, but
on the ground too: bureaucratic stealth and operational stealth. 

"The United States started to use bureaucratic stealth when it first began the
Corona reconnaissance program in the late 1950s. The very existence of the project
was a secret and for several years the U.S. Air Force told the public that it was
simply testing engineering equipment, not launching actual reconnaissance
satellites," the source, who did not wish to be identified, noted. 

"Another form of bureaucratic stealth is to use a cover story, such as telling the
world that you are launching a simple scientific satellite when in reality the
satellite contains intelligence equipment."

Starting around 1960, the CIA and the U.S. Air Force both began to look at ways of
achieving operational stealth -- that is, actually hiding the satellites
themselves.

Cold war sneak peeks

A number of ideas were fostered decades ago in U.S. military and intelligence
circles centered on snagging cold war-class sneak peeks at an enemy using
satellites.

"Because Soviet satellite tracking systems were so primitive, they thought that the
best way to achieve this was to perform a covert satellite launch. They considered
various options, from launching the satellite from a submarine to carrying the
rocket underneath or inside an aircraft like a C-130 and launching it over the
ocean," the source noted. 

But these plans never went very far for a number of reasons.

"For starters, they could not put a powerful enough camera inside a rocket small
enough to be carried by an airplane. In addition, for a good part of the 1960s, the
people looking at satellite photographs found no indications that the Soviets were
actually trying to hide their activities," the source explained. 

"If the Russians had realized just how much American satellites could see, they
would have taken more care to hide from them. For instance, the CIA was able to
determine how strong Soviet intercontinental ballistic missile silos were because
they could watch them under construction and determine the thickness of their
walls."

Zirconic security compartment

It appears that the first attempt to hide a satellite from radar and optical
sensors occurred in the mid-1970s with an experimental military satellite. But it
was not until the 1980s that this effort was dramatically increased.



The Reagan administration poured a huge amount of money into satellite
reconnaissance, including a stealth satellite program. They created a special
security compartment called "Zirconic" that was extremely secret.

"Only someone who had a ‘Zirconic clearance’ was allowed to know about the
existence of the stealth satellite program. The specific technology was given the
code name ‘Nebula’", the analyst said.

The National Reconnaissance Office (NRO) initiated a number of stealth satellite
programs during the 1980s. The NRO manages the nation’s spy satellite programs. The
most notable of these was dubbed MISTY, a non-acronym but apparently a
photoreconnaissance satellite for snapping pictures.  

"It was designed to be invisible to radar and optical tracking from the ground, but
its photos were not as good as the big, non-stealthy reconnaissance satellites,
like the Keyhole 11 and its successors. MISTY was launched from the space shuttle
in 1990 in an unconventional way…it was rolled out over the side," the source
recounted.

Another stealthy satellite was launched in 1999 atop a Titan 4 rocket launched from
California. Once again the amateur satellite trackers followed it, although after
awhile they began to suspect that they were actually following a decoy and that the
satellite itself was in a different orbit.

Billion dollar bills as fuel

It appears that American stealth satellites take on the look of a kind of ‘magic
bullet’ within the intelligence arsenal. They are not as versatile as regular
intelligence satellites. 

"So the stealth satellite is used to take pictures when the adversary thinks that
there are no satellites overhead. Presumably there are only a few instances where
this is useful -- after all, lots of activities and objects cannot be hidden," the
source said. "And the technology is apparently extremely expensive."

And that breathtaking price tag has helped spur the current controversy into the
open -- whether or not oodles of money should be spent to achieve what some experts
consider very little result.

"It is also probably true that the recent spate of military space cost overruns has
made everybody wary," the analyst continued. Among those climbing in price tag are
the Space Based Infrared Satellite Systems project (SBIRS), the Advanced Extremely
High Frequency communications satellite, along with a new class of reconnaissance
satellites, both optical and radar, called the Future Imagery Architecture. 

"So the military space people have burned up all their credibility on Capitol Hill,
using billion dollar bills as fuel," the source concluded.

Policy choices

The current flap over MISTY "stems more from the Bush administration's obsession
with secrecy and oppressing dissent regarding its programmatic, budgetary, policy
choices," said Theresa Hitchens, Vice President of the Center for Defense
Information in Washington, D.C.



"They do this by trying to intimidate those willing to speak out in public than
about the satellite itself," she said.

Are there are any lessons to be learned from the issue? 

If there are, Hitchens added, "it is that space programs are expensive, and it is
important to carefully weigh the benefits of any program versus the costs…as well
as against alternatives for accomplishing the same mission."

Enormous boondoggles 

"I think this episode suggests that secrecy is sometimes used not to protect
national security, but to line someone's pockets," said Steven Aftergood, a senior
research analyst at the Federation of American Scientists (FAS) in Washington, D.C.
He directs the FAS Project on Government Secrecy which works to reduce the scope of
government secrecy, to accelerate the declassification of cold war documents, and
to promote reform of official secrecy practices. 

"Even though the Senate Intelligence Committee has twice concluded that the program
is not justified on the merits, it remains fully funded," Aftergood told SPACE.com.

The reason why, Aftergood explained, is because congressional appropriators are
free to spend the money without being held accountable for their actions.

"There is a certain inequity built into the multi-billion dollar intelligence
appropriations process. Industry lobbyists holding security clearances are free to
advocate for their preferred programs. But critics or skeptics are not even
permitted to know what is at issue. So it is not surprising that there will be
enormous boondoggles from time to time," Aftergood said.

But given the "outing" of MISTY into the public forum, has national security been
compromised?

"I doubt it," Aftergood responded. "Other than its extravagant cost, very little
concrete new information about the program has entered the public domain."

If there is a policy lesson to be derived from all of this, Aftergood concluded, "I
think it is that the integrity of the intelligence oversight process has to be
strengthened. Among other things, that means reducing unnecessary budget secrecy,
and curtailing industry advocacy on classified programs."
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Stealth satellites 
Cold War myth or operational reality? 
By John Croft
C4ISR
October 04, 2006

A patent recently issued to an upstart space entrepreneur could be another sign that stealth satellites are
real — not vestiges of the previous millennium’s battles. 

In late 2004, right about the time that some U.S. lawmakers publicly unveiled a previously classified
$9.5 billion program to build satellites that orbit the Earth undetected from the ground, Robert Bigelow,
hotel entrepreneur and founder of Bigelow Aerospace, submitted a patent application for a satellite that
proposed to do just that. 

Bigelow’s patent, filed in November 2004 and approved a year later, follows a dozen or so previously
filed inventions back to the early 1960s. Each outlined methods that could reduce or eliminate the
optical and radar signatures that could be used to track, identify and determine the orbital parameters of
a satellite from the ground. 

If the essentials of an orbit are obtained — potentially by low-cost, easily obtainable methods and
equipment — an opponent can either hide above-ground activities during the reconnaissance satellite’s
pass or possibly target the space vehicle with anti-satellite weapons. By all indications, the U.S. has
launched and operated at least two such satellites in the post-Cold War era for photo reconnaissance or
signal intelligence, one in 1990 and the other in 1999.

Bigelow’s invention, called an inflatable satellite bus, appears to be identical in construction to the
company’s Genesis I spacecraft, which was launched July 12 by an ISC Kosmotras Dnepr rocket into a
550-kilometer near-circular orbit with 64-degree inclination. 

The patent reveals that the shell, or outer surface of the inflatable portion of the vehicle, “can have
radar stealth capabilities. This could include using radar absorbing materials and/or geometrics to
reflect radar waves at angles that make detection of the craft difficult.” The patent goes on to say that
shell could be “colored as to make visual detection more difficult.” 

A former CIA analyst, Allen Thomson, included the patent in his latest Stealth Satellite Sourcebook, a
document hosted on the Web site of the Federation of American Scientists. “I guess the main
substantive reason I [included the patent] is that it shows the idea of satellite stealth is still in the air and
is being used as a selling point,” he said in an e-mail response to questions from C4ISR Journal. 

Given the secretive nature of stealth programs — the Defense Advanced Research Projects Agency,
Boeing, Lockheed Martin, Bigelow Aerospace and other satellite builders did not comment for this
article — the methods used to hide a satellite from view have to be inferred from patents issued, expert
opinions and the observations of a worldwide network of satellite tracking hobbyists. 



In the U.S., the primary means to achieve stealth for aircraft have included using faceted surfaces (F-
117A), compound curves (B-1) and planform alignment (F-22), or symmetry of components. 

For satellites, the proposed methods have been similar but include additional options, such as
dispensing decoys. Although the Defense Department is said to have experimented with stealth satellite
designs in the 1970s, the first stealth satellite openly discussed in the media was deployed by the space
shuttle Atlantis as part of STS-36 in February 1990. That information came largely from a 2001 book
by Jeffrey T. Richelson called “The Wizards of Langley: Inside the CIA’s Directorate of Science and
Technology.”

Known as Misty 1 (officially known as AFP-731 or USA 53), the satellite is thought to have been a
digital imaging reconnaissance satellite weighing about 37,000 pounds and using the analog of faceted
surfaces as its cloaking mechanism. That means an incoming radar beam would have been deflected
back in a different direction, similar to a billiard ball’s path when grazing the bumper. The same would
have been true of incoming light, either directly from the sun or reflected from the Earth, masking the
satellite to optical tracking systems on the ground.

A patent application by workers at Teledyne Industries at about the same time detailed how such a
design could work, at least in theory. The cloaking mechanism was a large inflatable cone coated with
“radiation reflective material” deployed on a rotating arm on the body of the main satellite. The device
could be moved into position to cloak the satellite when needed, then moved out of the way to allow
the instruments to see targets on the ground. “The purpose of the invention is to suppress the laser,
radar, visible and infrared signatures of satellites to make it difficult or impossible for hostile enemy
forces to damage or destroy satellites in orbit,” the applicants wrote.

Another patent in Thomson’s sourcebook, filed in 1971 by TRW, uses anti-radar screens that project
out from the main satellite body and its appendages to either totally deny the detection of the satellite
by ground-based radars or change its appearance so that the radar cannot distinguish it from nearby
decoys. 

Declassified memos from the 1960s in Thomson’s sourcebook detail how the U.S. military was
considering cross-section reduction techniques, decoys, shielding and other countermeasures, such as
hiding among existing satellites. The CIA’s key reconnaissance satellite at the time was code-named
Corona. Operated between 1959 and 1972, the space vehicles carried high-resolution cameras and
would drop film canisters for midair recovery by Air Force aircraft. 

Concerns about satellite survivability increased in the 1980s because of fear of Russian anti-satellite
capabilities. The mind-set continued despite the fall of the Berlin Wall in 1989 with the development of
Misty 1 and Misty 2, also known as USA 144, a follow-up satellite launched by a Titan IVB booster
out of Vandenberg Air Force Base, Calif., in 1997. Both highly classified missions were unveiled to
some extent by the amateur satellite tracking community. 

Ted Molczan, a Canadian technologist by education and top satellite tracker by hobby, organized a
worldwide team in 1990 to track the mysterious payload deployed by the shuttle, and sightings were
made. About a week after deployment, however, reports from Russia indicated that five or six objects
were being tracked. The assumption was that the satellite had exploded or been deliberately destroyed
by the U.S. 



Misty 1 appeared to be a closed book until November 1990, when hobbyists in Scotland and France
observed an unknown satellite in a similar inclination as Misty 1 but at a much higher altitude. 

Molczan’s computations showed that there was a good chance the mystery vehicle was Misty 1,
meaning the orbital debris the Russians had tracked may have been decoys or debris purposefully
generated to hide the intentions of the true satellite. 

About a week after news articles announced what the hobbyists had seen, Misty 1 disappeared again,
Molczan said. 

As with Misty 1, shortly after Misty 2’s launch, nine pieces of debris were catalogued by the Air Force
at or above the satellite’s initial orbit, Molczan said. Hobbyists tracked various objects, some for
several years, but doubted that the primary satellite was among them. “No one has seen what might be
the Misty 2 payload,” Molczan said. 

Aside from keeping hobbyists guessing, the need for stealth satellites remains the topic of much debate.
Democratic lawmakers in the U.S. Senate’s Select Committee on Intelligence have denounced the
multibillion-dollar classified intelligence acquisition program widely thought to be the follow-on to the
Misty series and have voted several years running to cut its funds. In each case, Congress has kept the
program going through the appropriations process. 

Critics argue that enough satellites are already orbiting, stealthy or not, that potential adversaries have
moved critical defense-related projects underground.

Thomson is of the opinion that stealth, as one ingredient in a reconnaissance system’s survivability,
may be overdone. 

“Stealth, properly used, might be one technique to increase survivability,” he wrote in an e-mail.

 “Stealth for survivability enhancement is different from stealth to defeat adversarial denial and
deception (D&D), which I think is mostly a waste of time these days.  Alas, counter-D&D seems to be
what the intelligence community is fixated on.” 
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Friday, Aug. 22, 1980

Pentagon News Conference
Secretary of Defense Harold Brown
Under Secretary of Defense William J. Perry
Lt. Gen. Kelly Burke, DCS for R&D

Mr. Thomas B. Ross, ASD/PA: Ladies and gentlemen, the ground rules are that everything
written or spoken at this conference is on the record and not to be used until the press
conference is over.

Dr. Brown: Good afternoon, ladies and gentlemen.

I am announcing today a major technological advance of great military significance.

This so-called "stealth" technology enables the United States to build manned and unmanned
aircraft that cannot be successfully intercepted with existing air defense systems. We have
demonstrated to our satisfaction that the technology works.

This achievement will be a formidable instrument of peace. It promises to add a unique
dimension to our tactical forces and the deterrent strength of our strategic forces. At the same
time, it will provide us capabilities that are wholly consistent with our pursuit of verifiable arms
control agreements, in particular, with the provisions of SALT II.

For three years, we have successfully maintained the security of this program. This is because
of the conscientious efforts of the relatively few people in the Executive Branch and the
Legislative Branch who were briefed on the activity and of the contractors working on it.

However, in the last few months, the circle of people knowledgeable about the program has
widened, partly because of the increased size of the effort, and partly because of the debate
under way in the Congress on new bomber proposals. Regrettably, there have been several
leaks about the stealth program in the last few days in the press and television news coverage.

In the face of these leaks, I believe that it is not appropriate or credible for us to deny the
existence of this program. And it is now important to correct some of the leaked information that
misrepresented the Administration's position on a new bomber program. The so-called stealth
bomber was not a factor in our decision in 1977 to cancel the B-1; indeed, it was not yet in
design.

I am gratified that, as yet, none of the most sensitive and significant classified information about
the characteristics of this program has been disclosed. An important objective of the
announcement today is to make clear the kinds of information that we intend scrupulously to
protect at the highest security level. Dr. Perry, my Under Secretary of Defense for Research and
Engineering and a chief architect of this program, will elaborate on this point further.

In sum, we have developed a new technology of extraordinary military significance. We are
vigorously applying this technology to develop a number of military aircraft, and these programs
are showing very great promise.



We can take tremendous pride in this latest achievement of American technology. It can play a
major role in strengthening our strategic and tactical forces without in any way endangering any
of our arms control initiatives. And it can contribute to the maintenance of peace by posing a
new and significant offset to the Soviet Union's attempt to gain military ascendancy by weight of
numbers.

I would now like to ask Bill Perry to give you some additional details on our stealth program. Bill.

Dr. Perry: World War II demonstrated the decisive role that airpower can play in military
operations. It also demonstrated the potential of radar as a primary means of detecting aircraft
and directing fire against them. On balance, though, the advantage clearly was with the aircraft.
Subsequent to World War II, both the ground-launched and air-launched defensive missiles
were developed and most significantly they were "married" with radar fire control systems. This
substantially increased the effectiveness of air defense systems indeed to shift the balance
against the aircraft. For the last few decades we have been working on techniques to defeat
radar controlled air defense systems. Presently, our military aircraft make substantial use of
electronic countermeasures, popularly known as jamming, which tends to degrade the
effectiveness of these radars. Additionally, whenever practical our aircraft fly low, they fly close
to the ground, putting them in what radar designers call the "ground clutter" because that
ground clutter also degrades the effectiveness of the radars. By these means, we have
maintained the effectiveness of our military aircraft in the face of very formidable and very
effective radar-directed defensive missiles.

However, the Soviets continue to place very heavy emphasis on the development and
deployment of air defense missiles in an attempt to offset the advantage which we have in
airpower. They have built thousands of surface-to-air missile launchers. They employ radars
with very high power and with a tracking technique which is known as monopulse, both of which
tend to make electronic countermeasures very difficult to employ. And in just the last few years,
they have developed air-to-air missiles which are guided by what we call "look-down" radars,
and these radars that have special tracking circuits which allow them to track an aircraft flying
low to the ground. That is an aircraft which is flying in the so-called "ground clutter."

Because of these developments and because of the importance we attach to maintaining our air
superiority, we have for years been developing what we call "penetration" technology: the
technology that degrades the effectiveness of radars and other sensors that are used by air
defense systems. A particular emphasis has been placed on developing that technology which
makes an aircraft "invisible" to radar. In the early '60s, we applied a particular version of this
technology to some of our reconnaissance aircraft. And again in the 70s we applied it to the
cruise missiles then being developed both for the Tomahawk and the ALCM. By the summer of
1977, it became clear that this technology could be considerably extended in its effectiveness
and could be applied to a wide class of aircraft including manned aircraft. We concluded that it
was possible to build aircraft so difficult to detect that they could not be successfully engaged by
any existing air defense systems. Recognizing the great significance of such a development we
took three related actions: first of all, we made a ten-fold increase in the investment which we
are making in this penetration technology, the underlying technology which allows us to defeat
the radar systems. Secondly, we initiated a number of very high priority development programs
with a purpose of applying this technology; and finally we gave the entire program extraordinary
security protection, even to the point of classifying the very existence of the program.

Initially, we were able to limit knowledge of the program to a very few government officials in
both the Executive and Legislative Branches and indeed succeeded in maintaining complete
secrecy about the program. But, as the program increased in size....and its current annual



funding is perhaps 100-fold greater than it was at the initiation of the program, it did become
necessary to include more people in the knowledge of the program. But today the existence of a
stealth program has now become public knowledge. But even as we acknowledge the existence
of a stealth program, we will be drawing a new security line to protect that information about the
program which could facilitate Soviet countermeasures. We will continue to protect at the
highest security level information of the following nature:

a. First of all, the specific techniques which we employ to reduce detectability;

b. Secondly, the specific degree of success we have achieved with each of these techniques;

c.  Third, the characteristics of specific vehicles being developed;

d. Fourth, funds being applied to specific programs; and finally the schedules or the operational
dates which go with these specific programs.

With these ground rules, I think you can see that I am extremely limited in what I can tell you
about this program. I will volunteer this much. First of all, stealth technology does not involve a
single technical approach, a single gimmick so to speak, but is rather a complex synthesis of
many. Even if I were willing to describe to you how we do this, I could not do it in a sentence or
even in a paragraph. Secondly, while we have made remarkable progress in this technology in
the last three years, we have been building on the excellent work done in our defense
technology program over the last two decades. Third, this technology—theoretically at least—
could be applied to any military vehicle which can be attacked by radar-directed fire. In our
studies, we are considering all such applications and are moving with some speed to develop
those particular applications which on the one hand are the most practical and on the other
hand which have the greatest military significance. Finally, I can tell you that we have achieved
excellent overall success on the program and that that has included flight tests of a number of
different vehicles.

Q: Can these technologies also defeat other means of detection, such as thermal, and infrared
and so on?

Dr. Brown: The general description of stealth technology includes ideas, designs that are
directed also at reducing detectability by other means. Radar is the means that is best able to
detect and intercept aircraft now. It's no accident that the systems that exist are radar systems.
But stealth technology extends beyond radar. Bill, do you want to add anything there?

Dr. Perry: That is correct.

Q: I ask because you mention other vehicles and I wonder if you're getting ready to have a
complete turnover in the whole military inventory, tanks, and all the rest.

Dr. Brown: It's a little too early to say that. I think what Bill was saying was that stealth
technology is applicable against anything that is detected and attacked through detection by
radar. But how practical it is for various kinds of vehicles is another matter.

Q: Gentlemen, you refer here to its effectiveness against existing air defense systems. How
about the kind of air defense systems which the Russians seem to be moving toward in the year
1990?



Dr. Brown: Those are the ones that we are talking about. The ones that are now in development
and could be deployed during the rest of this decade are the kinds of detection systems that we
believed that this will be able to render effective. It will always be the case that whenever there
is a major new development of military technology, a measure let's call it, there will be
countermeasures and there will be counter countermeasures. We've been looking at both of
those. Our judgment is that the balance is strongly tilted in the direction of penetration by this
technology and that there will be later fluctuations around that new equilibrium point.

Q: Is there any sign that the Soviets might be able to catch up and match this technology for
penetrating themselves?

Dr. Brown: It depends on how much they do and how fast they are able to do it. We are not
aware of any comparable effort in the Soviet Union. But of course, the Soviets are the ones who
have spent tens of billions, probably over $100 billion, on air defense. And this favors
penetration over air defense. A Soviet development of this kind would also make our air defense
less capable, except to the extent that we would be ahead on countermeasures, but we haven't
expended nearly as much on air defense. Bill, do you want to add to this?

Dr. Perry: That's correct.

Q: Is this applicable to existing vehicles, existing aircraft?

Dr. Brown: These are new designs.

Q: You'd have to build new things to take advantage....

Dr. Brown: These are new designs.

Q: I'm puzzled by your comments about how secret this is. If this was such a secret technology,
why was the possibility of a bomber with lower radar cross-section alluded to in the arms control
impact statements in 1980, in Carter's Georgia Tech speech and in your own posture
statement?

Dr. Brown: Well, we have always tried to reduce radar cross-sections. That is hardly a
revolutionary new idea and indeed successive generations of aircraft have had lower crosssections.
Indeed, the air launch cruise missile has a lower radar cross-section than the B-1
bomber by about a factor of what....100. So that....that's not a new idea. The new idea is how to
reduce it still further and how far you can reduce it.

Q: The stories written in March of 1979 about an invisible bomber based on the arms control
impact statement. In other words, it seems like it wasn't a secret a year ago.

Dr. Brown: Then why are you all here? (Laughter)

Q: When are we likely to see this invisible bomber? How far down the pike is it?

Dr. Brown: Well, there have been flight tests, as Bill said. We also do not intend to make the
details of the program including the appearance of the vehicles public.

Q: What kind of ball park are you talking about? Are we talking a decade or....?

Dr. Brown: It's hard to believe that you can have things operational for very long and not let



some things get out, but we're going to try to deep that kind of detail secret as long as we
possibly can.

Q: On Sunday last week, you said the Administration does not have a plan to build a manned
bomber.

Dr. Brown: That's not what I said. What I was asked was, and I was there so I know what I said.
What I was asked was: Will there be a decision on building a new bomber before the election?

My answer was, there will not be a decision on building a new bomber this year.

We have a number of advanced designs in the design stage based on various kinds of
technologies, including this one. The authorization bill for the Fiscal '81 defense appropriation
bill which is now in the final stages of adoption, and the report that accompanies it from the
conference committee, calls on the Defense Department to evaluate for use as a multi-purpose
follow-on bomber, B-1 modifications, FB-111 modifications, and advanced technology and to
decide by March 31st. that's compatible with our design studies, the status of our design status.

Q: (inaudible).

Dr. Brown: Well, it in the design stage and I would judge that we would be able to evaluate it by
roughly that time next year. Again, let me defer to Kelly and to bill on that.

Gen. Burke: Yes, that evaluation schedule is compatible with....I believe it is March 15th rather
than March 31st.

Q: Could you tell us whether there have been operational flights in reconnaissance aircraft using
stealth technology?

Dr. Brown: No, I will not comment on operational matters or on the stage of development.

Q: It's been the suggestion that the Administration is releasing news of the stealth bomber now
in order to answer charges by Presidential candidate Reagan that the B-1 bomber is one
example of how the Administration has been soft on defense. Now how would you answer that?
How would you answer Reagan?

Dr. Brown: First, I would repeat what I said which is that the decision on the B-1 was not based
on the possibility of a stealth bomber because that was not then even in the design stage. As to
how good an answer this major breakthrough is to such charges, I will leave that to you to
judge.

But as to its purpose, I want to be quite clear. That was not the purpose of our action at this
time. We would much preferred to have kept this secret for a longer time, as long as we could.
But given the expansion of the circle of people who knew which was inevitable because of the
increase in the size of the program and the involvement of additional congressional people,
Congress, after all does have a constitutional responsibility to appropriate funds.

I suppose that it was inevitable that leaks would occur. It was only after leaks that had occurred
to at least one magazine, one newspaper, and at least one television network, that it became
clear that the existence of the program could no longer be kept secret. It was only then that we
decided that it was necessary to say as much as we said to draw a new line beyond which we
would not be prepared to go.



Q: You are saying this is not a political reaction to Ronald Reagan, coming out here today
and....

Dr. Brown: No, not at all. This is a reaction to the fact that the public knows as a result of these
leaks that there is such a program. And it is important that we clarify some things and draw a
new line.

Q: What do you think of the way Reagan's been reacting to our defense structure? I mean,
using the ships story the other day and the charges about being soft on defense. Do you think
he is being irresponsible?

Dr. Brown: That is a separate question. I have and will continue to try to avoid partisan
characterizations. I believe that the Administration's defense program has been sensible by
moving to increase our military capabilities steadily and significantly and continuously, we are
responding properly to the kinds of military threats we might face.

I think it is a serious matter when individuals claim that the United States is very weak. When it
is claimed that the Soviets greatly surpass us in all categories. I think that is incorrect and I think
it undermines our security by emboldening our potential adversaries, dispiriting our allies, and
misleading the American people. But you know, I'm not the one who has connected that with
this program.

Q: Back to the aircraft. With the progress that you have made in penetration technology, has
that led you and other senior defense officials to decide that the conventional bomber systems,
B-1 variance, stretched B-111 are no longer the right way to go? Any new bomber will probably
(inaudible) this technology?

Dr. Brown: The relative capabilities of existing and new technologies are part of the study in the
case of the bombers that we will be doing. This certainly is a big factor, but I have not prejudged
the outcome. Bill, what would you say?

Dr. Perry: The negative judgment which we made about the B-1 in 1977 we made without the
benefit of a design study under way for the stealth bomber. It was just based on the relative
ineffectiveness of the B-1 in the penetrating Soviet air defenses, not in comparison with any
other potential bomber.

Q: Does it make any sense to build a plane....

Dr. Brown: Let's come back to the Burt question. We haven't responded. What he is saying is in
the 1990s will there be anything but stealth aircraft, and I think the answer is yes, there will.
Because, you know, there are various features for aircraft. The ability to detect the aircraft is a
very important one, but there are other features of aircraft that also determine how capable they
are. Kelly, do you want to comment on that?

Gen. Burke: Well, that's right, and of course, you can only prioritize one design goal at a time,
and obviously you don't get any desirable feature without giving up some other desirable
features.

Q: Have there been any new scientific breakthrough brought to bear in this? Have there been
any new scientific principals, any breakthrough as you might say?

Dr. Brown: These are technological. There is no new fundamental law of science involved.



Q: General Kelly, I was wondering what your personal view was? There is a deadline in the
Congressional mandate in the authorization bill, as you know, for a bomber to be flying in 1987.
Would you be willing to gamble on stealth being ready by then, or would you like a stop gas
airplane, or do you think maybe that deadline should be extended to see how stealth works out?
What is your personal view on that?

Gen. Burke: That it's premature to try and answer that. Along with Rick's question, those are the
explicit questions that we are seeking the answer in the recommendations we make to the
Congress on the 15th of March and there is an enormous amount of work to be done between
now and then, not just quantitative analysis but a lot of engineering evaluation.

Dr. Brown: It's too soon to say what the precise mix of our capabilities in the 1990s will be, but it
is not too soon to say that by making existing air defense systems essentially ineffective, this
alters the military balance significantly.

Q: Is Lockheed involved in this program, specifically, the Lockheed skunk works?

Dr. Brown: We have decided we are not going to reveal the names of any of the contractors
because if we did, that would allow attempts to find out about this, to focus in on one or a few
planes.

Q: You said that it was new technology. Does this mean that it is not retrofittable to existing
aircraft? And if it requires a new generation of aircraft, how expensive a new generation of
aircraft?

Dr. Brown: Bill, why don't you answer this? I think I answered the first part before.

Dr. Perry: I mentioned that this is a complex synthesis of many technologies. Some of them may
be applicable to modifying existing airplanes. In their entirety, they are not. They require a
design from the ground up.

The cost of airplanes built with this combination of technologies on a dollar per pound basis is
probably not substantially different from the cost of building airplanes on a dollar per pound
basis with conventional techniques.

Q: With its potential, what would you guess might be the percentage of craft that we have of this
sort....?

Dr. Brown: I have a guess but I don't think I'll give it. I think it is so speculative it doesn't make
sense to do that.

Q: ....unmanned vehicle are you referring to the cruise missile?

Dr. Brown: Well, any unmanned aerodynamic vehicle I guess you can describe as a cruise
missile. But, you know....

Dr. Perry: Cruise missiles and drones.

Dr. Brown: Yes. But, you know, cruise missiles and drones share characteristics.

Q: Dr. Perry, you have said publicly that you will recommend to the gentleman on your left
several hundred million dollars in the next budget for development of a penetrating bomber so



that by 1985 you could decide whether it could go into production for 1998 and IOC. On the
assumption that you will still make such recommendation, will it involve the technologies being
discussed here today?

Dr. Perry: I'm not prepared to come to that conclusion yet.

Q: What conclusion, sir?

Dr. Brown: That it will.

Dr. Perry: I'm not prepared to come to any conclusion about what I will recommend until next
spring. That is when the recommendation will be made. And I'm still studying it, as is General
Burke, as he indicated.

Q: You are no longer saying you will recommend inclusion of a penetrating bomber
development in the next budget?

Dr. Perry: No. I'm saying that I have not determined yet whether that recommendation would be
for a stealth bomber or some other design. That is still being considered.

Dr. Brown: Well, the next budget is 1982, and that is being formulated now.

Q: That is exactly the one Dr. Perry has spoken about publicly. Do we infer from your answer
that you may recommend a bomber that is not of a stealth type; that it could happen?

Dr. Perry: I think you could infer from it that I still have an open mind on the question.

Q: Why would you recommend any other kind of a bomber for the out years than a stealth type?

Q: (inaudible)

Dr. Brown: You know, we have said several times that ability to penetrate is only one, albeit a
major characteristic, of a new generation of aircraft. I think you have to look at all the
characteristics, you know, range, payload, and everything else. I hope that we have left the
impression, the proper impression, the one that I believe, that this is a very important
characteristic. But I don't think that we should now draw a conclusion that we don't have to draw
until next spring.

Q: Dr. Brown, you just said, though, that any system like this that can wipe out existing air
defense alters the military balance in a significant way.

Dr. Brown: It sure does.

Q: All right. But if you're not going to penetrate with it, what difference does it make?

Dr. Brown: The potential already has the effect, but you know, this is a major advantage to such
a system, but we're not going to make a decision now. We can just let you know what our
impressions are, and I think we've made our impressions clear.

Q: No, but are you suggesting though, that despite the great advance you've made in this
particular area, it might turn out that you can't apply it to a bomber system because it disturbs
other necessary advantages of....



Dr. Brown: Yes. I'm sure you can apply it to a bomber system. I don't want to judge the overall
characteristics of a design that's still in process. And you know, that, I think, is the proper
attitude and it is the attitude I take. From what I've said and from your own reactions, it's fairly
clear that a design with this technology and this capability to penetrate has a big advantage
going for it.

Q: How about fighters, will it apply to fighter technology?

Dr. Brown: The same thing applies to fighters. I think you can apply this technology across the
board. Bill? Do you want to be more specific?

Q: When you say all military vehicles, do you mean everything from ICBMS, to tanks, to ships,
to everything?

Dr. Perry: In principle, it could be applied to any of them.

Dr. Brown: It doesn't help some as much as others.

Dr. Perry: It is our ability of applying it. The difference it would make in military effectiveness
may be dramatically different from vehicle to vehicle.

Dr. Perry: The cost of applying it may be different.

Dr. Brown: Some vehicles aren't primarily detected with radar. They are detected by eyeball.

Q: Is the answer on whether a new bomber might be built that could not penetrate, and I do take
that from the answer that that is conceivable....

Dr. Brown: No.

Q: Is it conceivable?

Dr. Brown: If we were sure it wouldn't penetrate....if we had real doubts about its penetration
capability, we would cancel it just as we canceled the B-1.

Q: I didn't mean that. That would not have that technology. There would not be the stealth
technology.

Dr. Brown: I think any new bomber; any new bomber will use some elements of this technology.
There is just no doubt about that in my mind.

Q: One of the published reports said that three of these test vehicles crashed because of
unorthodox configuration.

Dr. Brown: Bill, do you want to comment on that?

Dr. Perry: The report is incorrect.

Q: There were two crashes?

Dr. Brown: The report was incorrect, and the report was allegedly that they crashed, that there
were crashes because of the unorthodox design.



Q: Let's rephrase it then. Have any of your invisible airplanes crashed?

Dr. Brown: We're not going to talk about the test program. I think all of you who have watched
more visible test programs have seen what happens in a test program.

Q: Dr. Brown, do you personally believe that we need a new bomber of some kind for the '80s
and '90s, or is that still an open question in your mind?

Dr. Brown: I continue to have an open mind on that. I am sure that we will continue to need to
be able to have an air breathing component of our deterrent force. We have plans and we will
have forces that do that using the cruise missile launched from B-52s, using penetration
bombers, penetrating B-52s through the mid and probably through the late '80s. Beyond that,
whether we need a purely penetrating component is an open question in my mind.

Q: How do you expect the Soviets to react to this and do you think it will have any effect on
arms control talks?

Dr. Brown: I've spoken to the latter question in my statement. If you believe that a Soviet
capability to shoot down all aerodynamic aircraft of the US is a good thing, then you should be
very much against this development. If you believe that a US capability to penetrate Soviet air
defenses contributes to deterrence as I do, then you will regard this as an advance in stabilizing
the arms competition. There is no doubt that bombers which have a longer reaction time are not
the destabilizing component. That's land-based fixed ICBM.

With respect to arms control, these like any other aircraft, if they are intercontinental aircraft,
intercontinental bombers, heavy bombers would be included in that part of the agreement. If
they are tactical aircraft, then they would be included in any, not SALT, but some other arms
control agreement that covered those.

The Soviets, I am sure as a result, not of this revelation but as a result of the leaks over
previous weeks, are already, I'm sure, looking very hard at this technology and scratching their
heads hard and will go to work hard on countermeasures as you would expect. Because the
Soviets have put so much more into air defense and have concentrated on large numbers much
more than we....I think this benefits the United States and the military balance.

Q: Dr. Brown, it seems to me if you have an invisible bomber, then that could become a first
strike weapon.

Dr. Brown: I don't understand. You mean ability to penetrate air defenses makes something....

Q: They can't see it.

Q: If they can't see or hear you coming....

Q: It would give you a little surprise. (Laughter)

Dr. Brown: The ability to penetrate air defenses is not a first strike capability. The ability to
penetrate air defenses is a good retaliatory capability. Bombers are not the instrument of choice
in a surprise attack. There is just not question about that.



Q: With this invisible bomber, you couldn't take off and bomb a target without anybody knowing
you were coming?

Dr. Brown: They would know, but too late to intercept you. But not too late to retaliate.

Dr. Perry: Orr, I do want to emphasize the point, though, that the term invisible is strictly a figure
of speech. It is not an invisible airplane. In the strict sense of the word it is not invisible. You can
see it. And it is also not invisible to radar. It can be seen by radars if you get the airplane close
enough to radars.

Dr. Brown: But too late to engage in air defense. But not too late to retaliate.

Q: Is this an evolving technology, are you going to be better at it in two years or five years?

Dr. Brown: Yes.

Dr. Brown: That's it. Thank you very much.

END TEXT
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LDEF



http://setas-www.larc.nasa.gov/LDEF/index.html

NASA's Long Duration Exposure Facility (LDEF) was designed to provide long-term data on the space
environment and its effects on space systems and operations. It successfully carried science and
technology experiments that have revealed a broad and detailed collection of space environmental data.
The LDEF concept evolved from a spacecraft proposed by NASA Langley Research Center (LaRC) in
1970 to study the meteoroid environment, the Meteoroid and Exposure Module (MEM). 

LDEF had a nearly cylindrical structure, and its 57 experiments were mounted in 86 trays about its
periphery and on the two ends. The spacecraft measured 30 feet by 14 feet and weighed ~21,500
pounds with mounted experiments, and remains one of the largest Shuttle-deployed payloads. The
experiments involved the participation of more than 200 principal investigators from 33 private
companies, 21 universities, seven NASA centers, nine Department of Defense laboratories and eight
foreign countries. The post-flight special investigations and continued principal investigator research
have increased the total number of investigators to between 300 - 400. 

LDEF was deployed in orbit on April 7, 1984 by the Shuttle Challenger. The nearly circular orbit was
at an altitude of 275 nautical miles and an inclination of 28.4 degrees. Attitude control of the LDEF
spacecraft was achieved with gravity gradient and inertial distribution to maintain three-axis stability in
orbit. Therefore, propulsion or other attitude control systems were not required, and LDEF was free of
acceleration forces and contaminants from jet firings. 

LDEF remained in space for ~5.7 years and completed 32,422 Earth orbits; this extended stay
increased its scientific and technological value toward the understanding of the space environment and
its effects. It experienced one-half of a solar cycle, as it was deployed during a solar minimum and
retrieved at a solar maximum. 



LDEF was retrieved on January 11, 1990 by the Shuttle Columbia. By the time LDEF was retrieved, its
orbit had decayed to ~175 nautical miles and was a little more than one month away from reentering
the Earth's atmosphere. Columbia landed at Edwards Air Force Base and was ferried back to NASA
Kennedy Space Center (KSC) on January 26, 1990. 

Following the deintegration of each experiment tray from the spacecraft at KSC, research activities
included a radiation survey, infrared video survey, meteoroid & debris survey, contamination
inspection, and extensive photo documentation. After these post-deintegration activities the experiment
trays were shipped or hand-carried directly from KSC to the principal investigators' laboratories. 

 Chronology
 ( http://setas-www.larc.nasa.gov/LDEF/OVERVIEW/chrono.html )

1970 -  NASA Langley Research Center (LaRC) proposed conceptual forerunner of LDEF, called
Meteoroid and Exposure Module (MEM), to be first Shuttle payload. 

June, 1974 -  LDEF Project formally under way, managed by LaRC for NASA's Office of Aeronautics
and Space Technology (OAST). 

January, 1976 to August, 1978 -  LDEF structure designed and fabricated at LaRC  

Summer 1981 -  LDEF preparations for December, 1983 target launch date  
 
September, 1981 -  First international meeting of LDEF experimenters held at LaRC. 
 
1982 -  LDEF structure tested for its ability to withstand Shuttle-induced loads  

June, 1983 -  LDEF shipped to KSC and placed in SAEF-2. 

April 7, 1984 -  STS 41-C (Shuttle Challenger) places LDEF in a nearly circular orbit at altitude of 275
miles at 12:26 p.m. EST 

March, 1985 -  Planned LDEF retrieval (via STS 51-D) deferred to later Shuttle flight.  

January, 1986 to September, 1988 -  LDEF's stay in space extended indefinitely when all Shuttle
operations were suspended due to the loss of Challenger. 

1987 / 1988 -  Solar activity intensity threatens to accelerate decay of LDEF's orbit, influencing
retrieval plans; retrieval target set for July, 1989.  

June, 1989 -  LDEF retrieval flight date, after slipping from July and then November, set for December
18 launch of Shuttle Columbia.  

December 18, 1989 -  STS-32 launch postponed until second week of January.  

January, 1990 -  STS-32 launched on January 9; LDEF retrieved at 9:16 a.m. CST on January 12;
Columbia lands at Edwards Air Force Base, California, January 20.  



January 26, 1990 -  Columbia, with LDEF still in its payload bay, returns to KSC via ferry flight from
Edwards Air Force Base.  

January 30-31, 1990 -  LDEF removed from Columbia in Orbiter Processing Facility, placed in a
special payload canister, and transported to Operations and Checkout (O&C) Building.  

February 1-2, 1990 -  LDEF placed in the LDEF Assembly and Transportation System (LATS) and
moved to SAEF-2 for experiment deintegration.  

February 5-22, 1990 -  Deintegration preparation activities take place, including extensive inspection
and photo-documentation.  

February 23 to March 29, 1990 -  Experiment trays removed, closely inspected, individually photo-
documented, packed, and shipped to home institutions for comprehensive data analysis.  

April and May, 1990 -  Deintegration wrap-up, including comprehensive investigation and photo-
documentation of the LDEF structure.  

June 2-8, 1991 -  First LDEF Post-Retieval Symposium held in Kissimmee, Florida.  

June 1-5, 1992 -  Second LDEF Post-Retieval Symposium held in San Diego, California.  

November 8-12, 1993 -  Third LDEF Post-Retieval Symposium held in Williamsburg, Virginia. 



Appendix D

Lincoln Experimental Satellites 8 & 9

(LES-8/9)







http://www1.cira.colostate.edu/ramm/hillger/SolRad-11A+11B+LES-8+9_cover.jpg



https://www.patrick.af.mil/heritage/Cape/Cape2/Images/cape061f.jpg

Flight Model, Lincoln Experimental Satellite



http://www.aero.org/publications/martin/martin-8a.html

Communication Satellites (4th Ed.) 
Donald Martin 

Chapter 1: Experimental Satellites (cont.)
 [EXCERPTS]

Lincoln Experimental Satellites 

LES-8 and -9 

LES-8 and -9 [1–8] are the latest in a series of experimental military communication satellites
developed by the MIT Lincoln Laboratory. They are operating with a variety of fixed and mobile
terminals with the use of both UHF and K-band (36–38 GHz) for uplinks and downlinks. A K-band
crosslink between LES-8 and LES-9 is a significant part of the program. 

LES-9 Satellite 
 

LES-8 and -9 are practically identical. Most of the electronic subsystems are contained in the satellite
body, which is 46 in. long and about 44 in. across. The two radioisotope thermoelectric generators
(RTGs) are mounted one upon the other on the back end of the satellite body. These RTGs provide all
the electrical power used by the satellite; no solar cells are used. The UHF antenna is also attached to
the back end of the satellite body. The K-band antennas and some electronics, plus Earth sensors, are
mounted on the front end. The overall length of the satellite is about 10 ft. The satellite is three-axis-
stabilized by a gimballed momentum wheel and 10 gas thrusters. The satellite details are as follows: 

Approximately 10 ft long 
LES-9, 948 lb in orbit, beginning of life 
LES-8, similar to LES 9 
Two RTGs, 152 W each initially, 130 W each after five years (design goal was 145/125 W) 



Three-axis stabilization using a gimballed momentum wheel, ±0.1 deg about pitch and roll axes, ±0.6
deg about yaw axis 
Cold gas propulsion for on-orbit use 



http://pdf.aiaa.org/preview/1984/PV1984_1861.pdf

Autonomous stationkeeping system for the Lincoln Experimental Satellites (LES) 8 and 9 
SRIVASTAVA, S. (MIT, Lexington, MA) 
AIAA-1984-1861 
IN: Guidance and Control Conference, Seattle, WA, August 20-22, 1984, Technical Papers (A84-
43401 21-63). New York, American Institute ofAeronautics and Astronautics, 1984, p. 188-196. 

 



http://paul.carr2.home.comcast.net/SigmaXi0609Ward.htm

Hanscom Sigma Xi, The Scientific Research Society, Meeting
Wednesday, 13 September 2006 
MIT Lincoln Laboratory Auditorium
Refreshments: 3:30 PM, Talk 4 - 5 PM
Joint Meeting with the IEEE Life Members

LES-8/9: Thirty Years of Orbital Service 

Dr. William W. Ward, Lincoln Laboratory 

Lincoln Experimental Satellites 8 and 9 (LES-8/9) were launched from Cape Canaveral, Florida, on 14
March 1976. During the ensuing three decades they have more than met their development goals by
demonstrating the military utility of their highly reliable and survivable links for strategic
communication. They have also pioneered satellite-to-satellite communication links and have opened
up the EHF spectrum for widespread use. The technologies they demonstrated have been transferred to
operational DoD systems. 

LES-8/9 turned out to have unanticipated capabilities. For example, they have made contributions to
science through their support of radio-astronomy observatories throughout North and South America
and Europe. Their inclined, circular, geosynchronous orbits provided lengthy daily intervals during
which communication was possible between stations in the Arctic and Antarctic and stations in the U.
S., something which geostationary satellites cannot do. Their inclined orbits made possible the
estimation of the locations of terrestrial transmitters in the satellites' receive-frequency bands. 

LES-8 was retired on 2 June 2004 after 28 years of service. LES-9 support continues to be called for by
DoD users. This satellite is now in its fourth decade of active duty. Viewed in retrospect, the
achievements of LES-8/9 are impressive. More important today, the problems faced during their
development, testing, and operation in orbit have much to teach us as we face the problems that will
come up in our own future work. There will be a display of LES-8/9 posters and artifacts in the area
outside the Auditorium before and after the lecture.



Sourcebook note: Beginning in early 2005, amateur satellite observers began reporting flashes visible

to the naked eye coming from LES-8.  It is possible that these flashes are due to sunlight reflected from

the reported plane mirror on the satellite which, having lost attitude control when it was retired from

service in June, 2004, can no longer prevent such events.

http://www.satobs.org/seesat/Oct-2000/0131.html

Re: Observations of LES-8 and LES-9 ?
From: JAY RESPLER (jrespler@superlink.net)
Date: Mon Oct 09 2000 - 22:55:29 PDT 

In reply to: Allen Thomson: "Observations of LES-8 and LES-9 ?" 

Allen Thomson wrote:
 
> Has anyone observing GEO satellites tried to see LES-8 or LES-9 (1976-023A
> and B, 08746 and 08747)?  If not, it might be an interesting exercise,
> because... [of the 1971 Directorate of Space document above]

> So are the things visible in a telescope?

I looked for them, unsuccessfully, in 9/94. They must be fainter than mag 13.

+++++++++++++++++++++++++++++++++++++++++++++++++++++

http://www.satobs.org/seesat/Mar-2005/0276.html

Another LES-8 (76-23A) sighting
From: Ed Cannon (ecannon@mail.utexas.edu)
Date: Sun Mar 27 2005 - 00:15:47 EST 

I came across another report of 1x observations of what seems to have been LES-8 (08746, 76-023A):

http://www.groupsrv.com/science/post-715355.html

It can be compared to Brad Young's of a couple of weeks earlier and another that I received privately a
couple of days later:

http://www.satobs.org/seesat/Feb-2005/0269.html

Here's some Lockheed-Martin information on LES-8 and LES-9, including an illustration of the
spacecraft:

http://www.aero.org/publications/martin/martin-8a.html

Compare that illustration with this photo (which seems smaller than three-plus meters):



http://space.skyrocket.de/doc_sdat/les-8.htm

Those images do leave one wondering how it could be bright enough to be seen without magnification
from geosynchronous range.  It and LES-9 were powered by radioactive packages and have no solar
panels.

Ed Cannon - ecannon@mail.utexas.edu - Austin, Texas, USA

+++++++++++++++++++++++++++++++++++++++++++++++++++++

http://www.groupsrv.com/science/post-715355.html

Hi, 

Last night (3-10-05) I got a call from my brother-in-law who lives in dark-sky country outside of
Temple, TX, with a question: What's that flashing thing near the very bright star in the SSW? 

I live in Austin, TX, 75 miles away, but when I went out to look, sure enough, there it was... an
irregularly flashing (anywhere from about 30 seconds to about 75 seconds) point in the sky. I couldn't 

tie it to any star in my 8x35 binos, but it was roughly 6 degrees east of Sirius and maybe four degrees
toward zenith. 

I thought at first it might be an iridium flare satellite, but this flashing was stationary, and repeating,
and there aren't any geosynchronous irridium satellites, are there? I watched it for 20 minutes or so,
then went in to consult "Starry Night". When I returned to the sky 30 minutes later, it wasn't happening.

What did we see? 

Thank you, 

Rusty 
N 30d 15.909' 
W 97d 46.323' 

+++++++++++++++++++++++++++++++++++++++++++++++++++++

http://www.satobs.org/seesat/Feb-2005/0269.html

Noss 3-3 Progress and Flashing Geosat
From: Brad Young (brad.young@domain-engineering.com)
Date: Mon Feb 28 2005 - 09:44:01 EST 

[deletia]

Best of all, consistently "bothered" by 1X flashing geosat in S, as follows:
Obs RA Dec TimingMag Inst



1 15h15 +1.5 11:40:50 UT +3 10x
2 11:41:55 +3 10x
3 11:42:22 +3 10x
4 11:42:59 +3 10x
5 11:43:37 +3 10x
6 11:44:13 +3 10x
7 11:44:51 +3 10x
8 11:45:29 +3 10x
9 11:46:06 +3 10x
10 15h19 +1.4 11:46:43 +3 10x
11 15h30 +1.6 11:56:41 +3 10x
12 11:57:55 +3 10x
13 11:58:33 +3 1x

14 11:59:10 +3 1x
15 15h48 +1.4 12:13:29 +3 1x as ISS passed under
it!
16 12:15:58 +3 1x

I can't identify from geo report on space-track and SkyMap...any ideas...?

Great morning, very clear, steady sky, just 18d old moon

Brad Young
+36.154, -95.993, 650ft MSL
Tulsa, OK USA

+++++++++++++++++++++++++++++++++++++++++++++++++++++

http://www.satobs.org/seesat/Mar-2005/0279.html

Re: Another LES-8 (76-23A) sighting
From: Allen Thomson (thomsona@flash.net)
Date: Sun Mar 27 2005 - 13:14:41 EST 

Ed Cannon said,

> Those images do leave one wondering how it could be
> bright enough to be seen without magnification from
> geosynchronous range.  It and LES-9 were powered by
> radioactive packages and have no solar panels.

Also, note  http://tinyurl.com/6qegp :

 "The MIT Lincoln Laboratory is involved in a program to demonstrate the technology necessary to
deploy a highly survivable satellite communication system for command and control of the SIOP
forces. The effort is based upon the use of two satellites (LES-8 and LES-9) carefully designed (both 
electronically and physically) so that detection of the satellite presence is extremely difficult."



 The passage quoted came out in mid-1971, well before the actual launch of LES-8/9 in March 1976, so
some of the design requirements may have changed. OTOH, if the optical signature control expriment
did indeed depend on the rumored plane mirror, orientation of the satellite would be critical, and 
likely cease to be possible once control of the satellite was lost.

This is why I think it would be useful for someone to get a set of light curves for LES-8: If it does have
a big mirror on it and is tumbling, then there should be both high, sharp maxima and deep minima.

+++++++++++++++++++++++++++++++++++++++++++++++++++++

http://www.satobs.org/seesat/Mar-2005/0280.html

LES 8 message from Brad Young
From: Kevin Fetter (kfetter@yahoo.com)
Date: Sun Mar 27 2005 - 20:46:56 EST 

Brad asked me to post this for him.

 I might mention that a different observation of LES-8 (03/11/05 in the evening sky, like the
gentleman in Texas) was verified by a man I know only as "Troy" with 10x50 binocs after I pointed
it out, and I believe Jerry Mullenuix saw it too behind us at 1X. Troy is recently on leave from
Afghanistan and had developed a taste for observation there but is inexperienced, Jerry has been
cursing satellites for years as an avid astrophotographer. My wife once saw what I can only think
was PCSat (2001-043-C, 26931) one night and described it's track and timing so well I cannot
reconcile the fact that she should not have been able to see such a small satellite with the
apparent evidence that she did.
 
Brad

+++++++++++++++++++++++++++++++++++++++++++++++++++++

http://www.satobs.org/seesat/Oct-2006/0003.html

LES 8 spectacular and very bright geosat AMC-16
From: Ed Cannon (edcannonsat@yahoo.com)
Date: Sun Oct 01 2006 - 19:46:21 EDT 

Last night by accident I saw a very bright flash (no binoculars).  We waited and waited, and 3 minutes
and 13.5 seconds later it flashedagain -- very bright.  This was not long after 10:00 PM local time (3:00
UTC).  It was LES 8 (73-023A, 08746).  It very very gradually got fainter over the next hour (?) --
don't know when it started.  This was very easy to see without magnification.

[deletia]

+++++++++++++++++++++++++++++++++++++++++++++++++++++



http://www.satobs.org/seesat/Oct-2006/0021.html

RE: LES 8 spectacular and very bright geosat AMC-16
From: Brad Young (brad.young@domain-engineering.com)
Date: Wed Oct 04 2006 - 13:57:50 EDT 

Ed Cannon said:

>Last night by accident I saw a very bright flash (no binoculars).  
>This was not long after 10:00 PM 

>local time (3:00 UTC).  It was LES 8 (73-023A, 08746).

I had no luck with this one from Tulsa, tried till 10:15 local time.

[deletia]

+++++++++++++++++++++++++++++++++++++++++++++++++++++

http://www.satobs.org/seesat/Oct-2006/0023.html

Re: LES 8 spectacular and very bright geosat AMC-16
From: Mike McCants (mmccants@io.com)
Date: Wed Oct 04 2006 - 16:59:46 EDT 

Ed will not return until tomorrow.

Brad Young posted:

>I had no luck with this one from Tulsa, tried till 10:15 local time.

Ed first spotted LES 8 about 1:55 UT Oct 1 (8:55 CDT Sep 30). We watched it for nearly an hour and
it had faded from magnitude 2 down to only about magnitude 5.5.

Since it was visible for such a long time, I would assume that the rotation axis was causing the flashes
to go in an east/west direction.  If so, its flashes might be visible only much earlier or later
from your latitude.  Or perhaps not at all.

The flash period on Oct 1 was about 193.5 seconds, but when we spotted it again on Oct 3, the flash
period had increased to 198.5 seconds.

[deletia]

+++++++++++++++++++++++++++++++++++++++++++++++++++++



http://www.satobs.org/seesat/Oct-2006/0040.html

LES 8 last night
From: Ed Cannon (edcannonsat@yahoo.com)
Date: Sat Oct 07 2006 - 18:03:57 EDT 

From the Ney Museum grounds I saw four or possibly five flashes from LES 8 (73-023A, 08746)
without binoculars, beginning at 2:11:32 UTC.  They were at intervals of about 3 minutes, 29.5 seconds
-- a flash period 16 seconds slower than six nights ago.  And the episode was -- very roughly -- about
an hour earlier than October 1.  The last flash that I saw with my 8x binoculars was at 2:49:57.  When I
first saw it, it was a few degrees southeast of Altair, roughly 20 hours RA, Dec +5, roughly.

[deletia]

+++++++++++++++++++++++++++++++++++++++++++++++++++++


