
AERL Days

(Edited for the February 2008 TSRA Newsletter)


When I was hired by AERL in 1965 after my stint as Scientific Advisor to Air Force HQ, I understood that the laboratory’s director was reluctant about it.  But I was soon selected to be chairman of the aero-physics committee and then a vice president.  

At AERL I initially worked on optical discrimination.  But around 1967 the carbon-dioxide electric laser was invented.  The laboratory director was very knowledgeable about those gases; he had done his thesis at Columbia under Edward Teller on the relaxation of nitrogen vibration due to collisions (it cannot radiate away excess energy because it is homonuclear).  I was asked to figure out a mixing scheme between hot nitrogen and cold carbon dioxide.  The nitrogen could transfer its vibrational energy to that of carbon dioxide, and the latter could lase.  But at one of the committee meetings, Kurt Wray suggested that it all be premixed together when hot, and then expanded through a nozzle.  With a little water vapor to deactivate the lower laser level in carbon dioxide, luck might prevail and there would be gain.  

The experiment was to be done in a small shock tunnel, but gain was not measured.  Dr. Robert Greenberg and I discussed the situation, and I decided that we should disassemble the nozzle to make sure it was smooth.  We disassembled the nozzle and found that there was a step between it and the downstream straight section that would increase the gas temperature and destroy the lasing state inversion.  So we instructed the technician to file away the ridge, adn then there was gain!  I also named the device the gasdynamic laser, a name that stuck.  Later, a continuous wave device was built using combustion and it generated 8 kilowatts (kW) of power, a record for a laser at that time.  But we had trouble convincing DARPA, who was funding the work, to fund a larger device

So I went back to my discrimination work, but Pete Rose pointed out an opportunity – the Air Force was having trouble with the nose tip of the reentry vehicle that was to go on the Minuteman missile, and they needed a heat source for testing.  I did some calculations, and figured out that a larger gasdynamic laser, about 100 kW, would do the job.  I happened to know the Air Force officer in charge, Col. John Anderson, from my assignment in the Pentagon.  So I made an appointment to see him and explained that the laser, aimed at a nose tip, could duplicate the reentry heating.  He asked if it was all right to share this with the Aerospace Corporation, which was advising that part of the Air Force.  I agreed, and he opened the adjoining door, and about half a dozen Aerospace technical personnel marched in.  I explained the idea, and was asked to submit a formal proposal.  I went back to the laboratory, cranked out a proposal (I still have a copy) and within 10 days we were under contract.  Arne Mattson was chosen to build it, which he did in 6 months for $500,000; a record for low cost and prompt delivery.  On its first test, it aborted; but on the second test it delivered 140 kW.  Although it was used only five times, it opened the door to high energy lasers, but they have yet to be deployed as weapons.

I was later responsibility for strategic defense research.  This consisted of essentially three parts: the laboratory research on optical discrimination, the optical aircraft for observing U.S. reentries, and a newly won contract to manage the ARPA observatory on top of Maui, the ARPA Maui Optical Station (AMOS).  

After the AERL personnel had transferred to Maui, I took a trip out there to see what was going on.  They had two main problems.  First, they were receiving some tracking signals from radar, and then picking up the object with the telescope and closed-loop tracking it, but the tracking was very erratic.  Now, space objects, including ballistic missiles, follow Kepler’s laws, so there is no question about their motion.  So I told them to implement a Kalman filter, which is a way of smoothing out the track.  That was successful.

The other problem is that the optical imaging system was supposed to be electronic, like a HDTV camera, but did not work and the contractor who had supplied it said that it would take two years to fix it.  Just then an order came from the Joint Chiefs of Staff of the Department of Defense to take photos of a Soviet Union Satellite.  I suggested just using film.  One of the technicians had a Hasselblad camera, and removed the lens (the telescope was the lens), and made a bracket for it.  That resulted in the first resolved image of a Soviet Satellite. 

One of the optical aircraft (TRAP) was operational and getting good data and the other was being developed by Bernie Wasserman, a very good program manager.  But a sore point was the Cobra Ball optical aircraft operated by the Air Force to take pictures of Soviet Union reentry tests, which occurred at Kamchatka, a peninsula on the eastern side of Russia.  The Cobra Ball would fly in international waters off the coast, but the Air Force had just copied the optical equipment on TRAP with no real analysis of the job to be done.  They never got any data due to the fact that the reentries were always in the date afternoon, and the sun was in the camera’s field of view.  

An opportunity arose when the aircraft slid off a runway and was essentially wrecked.  I figured out that if three cameras were used with smaller fields of view, that there would then be a high probability that the sun would be in one camera, but the reentry vehicle in the other.  One person calculated the scattered light from the window, and Gordon Dryden found out about a new experimental Kodak film that was mostly sensitive in the near infrared, where the sun’s radiation is less.

With these ideas, I went to see Dr. John Walsh, who worked for the Assistant Secretary of the Air Force for research and development and told him our plan and the cost.   He agreed immediately, and Cobra Ball II was born.  I insisted that project control be led by AERL, not the Air Force, because we could not accept any compromises that could endanger the performance.  Pete Howes became the program director at AERL and it was a success.

There were other optical aircraft from other organizations; the most prominent of which was the PRESS.  One evening, I received a phone call from Kent Kresa
, who asked me if one of the TRAP aircraft could be made available for an operation called Ivy Green.  I agreed immediately, although in fact I had no authority, but I called the program manager who got in touch with his counterpart in the Air Force.  The operation was to observe some Soviet reentries into the Pacific Ocean.  This occurred and the aircraft returned to base.  The first aircraft to report results was the PRESS.  They reported only one reentry vehicle.  But when the film was developed from the TRAP plane, there were three reentry vehicles on the film – a triple reentry!  The Soviets were arming their ballistic missiles with multiple reentry vehicles – meaning multiple hydrogen bombs on each of their ballistic missiles.  These results were reported by President Nixon at a news conference, and the AERL photo was printed on the first page of the N.Y. Times.

I had not been paying much attention to the laser work.  But there was a crises – the Tri-Service gasdynamic laser (TSL) program was in trouble.  It had been contracted for by the three armed services.  The Navy had taken theirs as parts that they would assemble at a range on the Chesapeake Bay.  The Army one was with us.  And the Air Force one had been delivered to the Sandia Optical Range in New Mexico.  Although the power was not much greater than the RASTA, it was to have excellent beam quality meaning that it could be tightly focused.  But the Air Force TSL was not producing the power nor adequate beam quality.  Because of these deficiencies, it had not yet been accepted by the Air Force, and was being operated by AERL personnel.  I was asked if I would take over the TSL.  The director told me that I could stoop to conquer.  So I gave up all the fun I was having, and undertook this undesirable assignment.

The laser was monster in size, about the size of a locomotive.  I would never have agreed to its design – a 10 cm high cavity, 5 meters in length, with 3 optical folds.  (This was at the insistence of Lincoln Laboratory who wanted to use it with a master oscillator, to be built by Hughes Aircraft, but which never worked.)    So it was run as an unstable oscillator with a bunch of mirrors that fed the laser beam back and forth before it exited the cavity.  In principle, this is OK, but it required exquisite alignment.

The engineering and fabrication was now under Arne Mattson, who had built the RASTA.  But I went out to the Air Force TSL to see what was going on.  It was in a large shed facing out onto the desert.  I reviewed the data with the people running the tests and found out that they were just repeating the tests without analyzing the results and making improvements.  So I transferred them back to AERL, and starting working the problem with Dick Frosch.  The optical path was being aligned with a visible laser with a small beam, bounding it off only a small part of the optics.  I immediately decided that was the wrong way to align a resonator.  I asked Dick to take the small visible laser downrange about 500 meters, and to put a white cardboard around it.  At night, we shined the laser back into the TSL, and watched its reflection on the white cardboard, and proceeded to change the alignment of the mirrors until the reflected laser light was uniformly distributed around the small visible laser.  When the TSL was run again, it achieved the required power but not the beam quality.   With the power resolved, I returned to AERL to work on the problem of beam quality.

The beam quality of the laser was good to start with, but degraded within a half second.  The beam left the laser by being focused through a pinhole.  The laser cavity was at about 1/10 of atmospheric pressure, and the pinhole kept the amount of air aspirated into the cavity at a minimum.  We wondered if it was caused by thermal blooming in the vicinity of the pinhole.  Carbon dioxide in the air absorbs some of the laser light and could cause thermally induced optical aberrations.  On the average, it should be about 300 parts per million, but near highways or urban areas, it could be much higher.  Nearby was an EPA air quality monitoring trailer.  When we tried to find out from EPA what the local carbon dioxide concentration was, we found out that while it had been measured in the past, Congress had prohibited any further measurements of it.  So we were stuck.

But Dr. Robert Greenberg suggested that we try an aerodynamic window, which would be 10 cm in diameter and prevent concentration of the laser beam as it hit the ambient air.  I funded him to build one, and it worked.  The half-second worsening of the beam quality was stopped, but it still was not good enough.

The flow in the optical cavity of a gasdynamic laser is supersonic.  Where the nozzle meets the straight section, a mild shock was created.  This created a change in the index of refraction, which is spatially nonuniform.  I decided to run the laser but without its normal laser optics.  Instead, we used a visible laser beam going through a holey (Hartmann) plate and measure the position of the beamlets at the end to see if they were displaced.  Sure enough, they were, and enough to degrade the beam quality.  Dr. Glenn Zeiders then devised a different optical train through the cavity in which the optical path would cross the shock waves at an angle and even out any misdistribution of densities.  It worked.  The Army promptly accepted the laser as meeting all requirements.

The Air Force Weapons Laboratory, which had taken over their TSL, adopted the same changes.  It was used to irradiate various targets successfully, and became the basis for the Airborne Laser Laboratory, which was the last of the high power gasdynamic carbon dioxide lasers to be built, to demonstrate the destruction of missiles in flight.  My role was then switched to electric carbon dioxide lasers.

� Ken Kresa later became Chairman and CEO of Northrop-Grumman Aerospace Company.





2

