The Chemistry Experience at Work

This is the sequel to The Chemistry Experience at Northwestern.  It is December of 1970 and I have just driven my 1966 Rambler (from my Dad as all my cars have been) from Evanston, Illinois to Los Angeles.  This will be the first time I have not had to go to some sort of school.  Now what do I do?

The First Year – Looking for a Job  

When I was at Northwestern, I decided that I was not interested in any sort of academic position including post-doc, academic research route, or teaching anywhere.  The only industrial jobs that seemed to be available were in Midland, Michigan or further east.  I also decided that I was a better suited as a theoretician, not as a bench chemist doing laboratory development for projects specified by somebody in a chemical company. 

I have a limitation:  When my parents first put shoes on me at the age of two, my feet developed sores everywhere.  This problem persisted as I was growing up, amid many visits to doctors and hospitals..  When I was 10 years old, Dr. Linden, the dermatologist, told me that I have the problem called skin blisters in Latin (see www.debra.org for additional information).  I then learned to type so my hands would not get sores from writing.  Any job that required use of the hands or the feet would not be acceptable.  I was disqualified from military service (category 4F).  His advice: go to school and get yourself a sit-down job in an air-conditioned office.  There was a sequel to that advice:  the parking lot at work should not be very far from the office location

I moved back in with my parents who were proud that their son had an advanced degree (Doctor of Philosophy) that they had never heard of.   I attempted to find employment doing something over the next year.  I applied to about 500 jobs and was deemed overqualified for most of them and unqualified for the rest.  I eventually had dinner with my second year Caltech roommate, Bob Greenwood.  He said that he was working on a project that could use me.  He arranged an interview, and then told me to say that I was a squirrel (someone who could write computer code).  I actually showed up in the suit and tie which was left over from my Caltech graduation (last suit I owned).  I duly said: “Bob Greenwood told me to say that I am a squirrel”.  The interviewer said fine, you are hired, here is a requisition for yourself, take it over to the personnel office, and show up next Monday. 

The Second Year – Satellite Detection of Infra-Red Radiation 

What do you know!  The project was a classified United States Department of Defense project to design, build, and orbit a series of large infra-red satellite telescopes to detect missiles and other infra-red emitting objects such as volcanoes.  At the time, I could not disclose this information although it was published in Aviation Week.  I had the correct educational background, I just viewed the project as a very expensive (like billions of dollars) infra-red (IR) spectrometer in the sky.  The data analysis and processing was very similar to what I had done in graduate school with instrumental data, but on a much larger scale.

There are four basic categories of missile fuels, each has its own infra-red signature type:

1. Kerosene- Liquid Oxygen.  This type of fuel was used in larger rockets like the first stage of the Saturn V, or versions the Atlas missile.  This fuel mixture gave a very bright signature in the IR due to the excess fuel in the mixture providing extra power by interacting with the oxygen of the atmosphere.  The limiting factors were the absorption of IR energy by water vapor and carbon dioxide in the atmosphere.

2. Liquid Hydrogen – Liquid Oxygen.  This fuel-oxidizer mixture is very efficient, but requires cryogenic storage.  They are good outside the atmosphere, since it is quite cold there.  Rocket stages that are designed to be used in outer space to control final orbit insertion use this mixture as the engine can be restarted.  Many of these engines were designed for the Apollo program and are still in use today.  The Space Shuttle main engine and the Delta IV also use this. 

3. Dimethyl Hydrazine - Nitrogen Tetroxide. This mixture is hypergolic (ignites on contact).  These liquids can be stored at the earth surface but are quite toxic and corrosive.  The Titan missile and launch vehicles along with several Russian rockets used this combination. Attitude control of spacecraft typically uses the catalytic decomposition of hydrazine.  

4. Powdered Aluminum – Ammonium Perchlorate – Polybutadiene Rubber.  After much experimentation, this became the choice for solid rocket propellant. This mixture tends to be quite bright in the IR due to the afterglow of the Aluminum in the atmosphere.  The usual solids are much more stable over a period of time, but once ignited, do not stop burning until all material is used up.  This mixture is used in the Minuteman, and the strap-on rockets for the Space Shuttle, Ariane, Titan launcher, and others.  Most all of the smaller missiles use solid fuel rockets as they are much easier to handle and store.   

The Third Year – Magical Mystery Tour

What do you know!  I could be useful.  Most of the things that I did saved the project millions of dollars over time.  Some changes were simple, like changing the sorting algorithm for stars to reduce start-up time.  Other projects involved improving the region location on the earth surface, improved tracking algorithms, and better operator interaction.  The system became operational while I was working on it, and there were many interesting features to be discovered in the data such as the best IR star catalog (Betelgeuse is the brightest) at that time, solar flare categorization, and meteors interacting with the atmosphere.  Over time, the system sensitivity increased so more types of phenomena were found.  The 20 meter length satellites lasted much longer in their geosynchronous orbit and were much more useful than anticipated.   

At first, the ground station processing took the largest computer available to process the data, but over a relatively short period of time, computers became much more capable, so the processing could be more complex.  In order to get more processing time for some data experiments, I brought a sleeping bag into my office and slept on the floor overnight.  After some discussions with the higher level manager, I received more priority for my computer jobs that explored new methods for processing the data.  Instead of the one computer style fits all data, the processing became dependent on the type of rocket signatures (by fuel-oxidizer type) that could be expected from a given area.  Since processing was now more efficient, smaller portable ground stations with more powerful computers were designed to receive the data and provide useful information.

I had written and tested some new processing software for the satellite ground station in Woomera, Australia, and I wanted to go there to install the software.  Management decided that I was too valuable on some advanced projects and decided to send a new hire just out of school to do the job.  Be careful what you wish for.  The new person was car pooling to the site in the middle of the outback.  There was a railroad crossing and the experienced driver was speeding at night too fast for the headlight range.  There was a train parked across the road; the driver swerved to the left and the right side of the car smashed into the train killing the new hire.  The company quickly recalled the uninjured driver back to the United States and laid him off immediately.

The time came for my salary review.   I received much praise for my innovative work but a zero percent raise.  The company had given me credit for the doctorate degree and my starting salary was higher than the other programmers in the group.  Since the raise pool was limited at 4%, management decided to use my portion to give larger raises to the other hard-working members of the team.  Since I received a zero raise, I decided to seek a new job. When I announced my departure, I was offered a 24% raise, but I had committed elsewhere.  I had already figured that being at the top of the salary list was not good for future professional income growth.  

The Fourth Year – Turkeys Running Wild (TRW)

I accepted a research job with TRW which, at the time, employed more PhD's than any other private company.  The facility was located closer to where I lived and had really close parking to the office.  Instead of a cube in the middle of the hangar floor, I got a semi-private office.  The large number of employees there meant that there were many sponsored activities that were available such as ski trips, volleyball, and softball leagues.  

TRW built the satellite and attached the IR sensor to it in an adjacent building with a huge doorway leading to a transport truck parking lot.  They also had a satellite dish on the roof to receive telemetry and were active in the data analysis.  The new group developed advanced project  ideas.  Interestingly, my graduate work had been funded by a grant from the Defense Advanced Research Project Agency (DARPA).  How did they know that funding academic research would lead to ideas for better Defense projects later?   I found that the molecular orbital theory spectral predictions from graduate school were the basis for the computer simulation for the responses from proposed spectral sensors.  I developed a detailed real-time simulation to select new sensors and to perform multi-sensor data correlation.  The people that I worked with at TRW were quite talented and we remained co-workers and friends on various projects through much of the next forty years.

One problem with this work was that everything that I did was classified by the Government.  There were no opportunities to publish detailed papers in the open literature.  Since much of the work was involved with a team of people, individuals did not get any direct credit.  Promotions depended upon rising up the management ladder, but I maintained my attitude that they do not pay me enough to manage uncertainty: cost and schedule.  I was gratified to know that I had make a substantial contribution to the world in terms of knowledge of the activity over time in various electromagnetic spectra on the planet and in space..

