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This story begins, as many others do, with The Bomb.  The 
early ones weighed five tons and needed a big plane to carry 
them.  Much follows from this. 
  
Shortly after World War II interservice squabbles erupted in the 
US that culminated, but did not terminate, in the establishment of 
an independent Air Force with a "strategic" mission: that is,  
to carry The Bomb.  Intense debates roiled over competing 
priorities to develop "The Super" [H-bombs], or to shrink fission 
weapons for their more flexible use as tactical weapons in a 
prospective tank war with the Soviet Union. 
 
Spokesmen for the Air Force argued fiercely for big bombs and  
big aircraft to carry them.  The services "compromised" with 
crash-programs to develop both fusion and fission weapons of 
many types, in immense quantities, and diverse vehicles to 
deliver them.  I've a friend who tells of wandering around West 
Germany during a training exercise the 50's, in a jeep, lost, 
with a satchel-sized nuclear land mine in the back. 
  
To carry the earlier and massive weapons, we first stretched the 
B-29 ["Enola Gay"] into the B-37.  Then came jets with swept- 
back, aero-elastic wings for our B-47 [of Jimmy Stewart fame] and  
the B-52, which still flies, doggedly. 
  
Other bomb-delivery programs were started with rockets and 
supersonic aircraft.  Spectacular among these was a very large, 
liquid-fueled, multistage rocket designed at Convair, in San 
Diego.  It was to be bigger than the Saturn that later took our 
Apollo missions to the moon.  The prototype never flew, as it  
became apparent that the weight of fusion weapons could be 
greatly reduced, and that the huge missile was wildly over- 
specified.  Around Convair it was called "The Monster". 
Competent engineers were relieved to see it cancelled. 
  
Interestingly, the Russians continued to develop and fly a 
similar monster for some years after we stopped our program. 
They also learned to reduce the size and weight of fusion 
weapons, and their monster also became silly from any military 
perspective.  But instead of canceling it, Russian lobbyists .. 
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[Yes, they have them too.] persuaded their high animals to 
re-deploy it into space exploration, thereby jumping ahead of us 
in orbital payload by half a decade.  Our own Air Force mavins 
later much regretted "surrendering space" to a civilian program. 
Translation: "Those NASA bastards stole our money". 
  
In the early post-war period, our Air Force also pushed the 
development of what became the Convair B-58, or "Hustler",  
a supersonic, delta-winged, multi-jet aircraft that much  
resembled a horsefly on steroids.  The Hustler was supposed  
to carry The Super in its early and heftier version.  It was  
never clear whether, even though supersonic, it was fast enough  
to escape the blast from its own weapon.  Oddly, some pilots 
volunteered to fly it. 
 
The Hustler also became obsolete as the weights of the fusion 
weapons declined.  In one notable flight, however, one set a US 
transcontinental record of two hours and a few seconds.  Along  
the way it cut a boomswath all across the country, with much 
excitement and some damage.  Booms enter this story, too, later 
on. 
  
Now about me, a bit: 
  
I was born into a naval family in 1931, traveled much, and was 
drawn to science by the glamour of The Bomb and J. Robert 
Oppenheimer's pork-pie-hatted portrait on the cover of Life 
Magazine.  I wanted to look just like that. 
 
I entered CalTech in 1949, failed out in early '52, worked for 
six months as a chemist-technician [I spelled it "technition" on 
the job application, but was hired anyway], then worked for nine 
months as a research tech with the Food Machinery Corporation [now 
FMC] at Newark, California [south of Oakland on the San Francisco 
bay].  I am grateful to Teynham Woodward there for teaching me 
that thermodynamics are useful.  Also how to castrate a horse. 
  
In '54 I returned to school at Stanford, completing a chemistry 
BS in '55.  They took a chance on a fail-out: this is a great  
country.  I continued to a PhD in physical chemistry in 1960  
[with Harold Johnston, of whom more later in this story], then 
worked for two years at the General Dynamics / General Atomic 
laboratory in La Jolla, California [with Wade Fite]. 
  
As a route back towards academia, in '62 I applied for and won  
a National Science Foundation post-doctoral fellowship, which  
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I split between tours at the University of Michigan [with  
Richard Bernstein] and at the Institut fur Angewandte Chemie  
der Universität Bonn [where I mostly hung out with Peter Toennies, 
of the Physikalisches Institut]. 
  
On the way to Germany in the winter of 1962-3 my wife, Lynne,  
and son, Lee, and I took a freighter from San Francisco through 
the canal to Le Havre.  During that stormy trip De Gaulle abruptly 
vetoed an effort by Edward Heath, the United Kingdom's then prime 
minister, to bring the UK into the Common Market.  One consequence 
of this exclusion was to complicate a cooperative venture between 
France and England to develop a supersonic passenger aircraft, the 
Concorde. 
  
To introduce that, I must jump back a bit.  Sorry. 
  
The British aircraft industry in '45-55 was fully competitive 
with the US.  They designed and built a series of high- 
performance military jets and the first jet passenger aircraft, 
the Comet.  I remember reading patronizing reviews of it in  
Fortune magazine, with the theme that jets' high fuel consumption 
made them intrinsically uncompetitive with propeller aircraft. 
Tragically, the Comet suffered a series of terrible accidents 
derived from metal fatigue at the wing roots. 
  
In the US, the Boeing company eased somewhat later into the 
air-transport market by way of military experience with the  
B-47 and B-52 aircraft [The Bomb, again], and especially with  
the KC-135 jet tanker, designed to refuel those bombers in 
flight.  This latter plane, slightly modified, became the 
"Dash-80" and the Boeing 707, the first of a continuing series  
of very successful commercial air transports.  The key to their 
success, by the way, is that greater speeds permit more flexible 
scheduling, despite higher costs per hour in flight. 
  
Britain competed also with fast jet bombers, notably the Vulcan 
series, but the costs of their effort and the Comet tragedy broke 
the heart of the thing.  Many skilled British engineers migrated 
to the better funded US market, and that pretty much ended 
Britain's race for commercial air-transport competitiveness, 
except that .. 
  
Sometime in the late '50s senior air-industry managers in both 
Britain and France, appreciating that neither country could 
compete alone with the US's heavy military subsidies, approached 
one another and their governments with a proposal for a 
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remarkable effort for a joint development of a commercial 
supersonic transport to leap around the US lead: the Concorde. 
  
Digression, again: 
  
A critical parameter in aircraft design is the drag-to-lift 
ratio, D/L.  You want a small D/L with the wing dragging 
little and lifting much.  Drag rises sharply at speeds near the 
velocity of sound [Mach 1], but skilled engineers evolved 
compromises and trades-off to produce aircraft designs with D/L 
ratios that went through a maximum [bad] near Mach 1.0, to a 
shallow minimum [good] near Mach 1.4, before rising again with 
increasing speeds. 
 
That interesting minimum suggested an obvious sweet spot to 
build a supersonic transport, and it became the starting point 
for both the Concorde and a very similar Russian design, the 
Tupolev-144.  Both designs converged to fixed delta wings with  
a narrow fuselage, four-abreast seating of about 120 passengers, 
aluminum-alloy framing and skin, and maximum ranges near 4000 
miles. 
  
Between France and England the cooperative effort to build  
this expensive aircraft was motivated in significant part  
as facilitating Britain's expected union with the European 
Community.  And perhaps it did so, though after much delay and  
De Gaulle's reluctant descent to the Right Hand of God.  Jeanne 
d'Arc sits on the Left. 
 
The Concorde pact ["La Concordat"] was made in the later days of 
Eisenhower's administration, here in the US.  I do not know much 
about what must have been an interesting debate about the 
Concorde among our own high animals.  There must have been 
apprehension over surrendering a perceived lead in airplane 
technology, and about the heavy subsidies Britain and France had 
agreed to pour into an attack on the emergingly dominant US 
air-transport industry. 
  
Eisenhower, ill at the time, was distracted by Dien Bien Phu and 
what to do about it.  Concorde issues were of second order, and I 
suspect that the Republican establishment also recoiled from what 
would have been a necessary "socialist" subsidy of a commercial 
product for a private US firm.  Those arguments reemerged later. 
And you'll remember, I hope, Eisenhower's eloquent farewell 
address, warning of the "military-industrial complex".  
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At any event, he punted. 
 
Then Kennedy took office in early 1961, with an activist agenda. 
He had campaigned on a "missile gap", and I remember being shaken 
by it during those television debates with a jowly Nixon.  From  
a military perspective that "gap" later turned out to be both 
spurious and demagogic, but our concerns at the time were real 
and in good part derivative of that Soviet, designed-for-H-toting, 
monster rocket that in '57 launched the first sputnik, announced 
in the US by TV-interruption during the world series.   
 
It electrified us all. 
 
The gap was plausible, the space challenge was vivid, and 
Khruschev's style was distinctly in our face.  Kennedy, 
freshly in office in March of '61, declared it a national goal 
"..  before this decade is out, of landing a man on the moon and 
returning him safely to the Earth." 
  
Back to me, again: 
  
During the spring of '63 Lynne, Lee, and I were in Bonn, on 
that post-doc tour, when Kennedy visited there on the way to his 
"Ich bin ein Berliner" speech.  Partly for patriotism, and partly 
for the fun of it we stood gawking on a road edge as he and 
Adenauer passed in an open car.  "Der Alte" was seated, hunched 
and prune faced and taciturn.  Kennedy perched half a meter above 
with his rump on the upper edge of the back seat, smiling somewhat 
tiredly and waving at the crowd, also somewhat tiredly.  The 
contrast between the two was risible, and it was well burlesqued 
by political cartoonists in the German press. 
  
My strongest and surprised impression, however, was that Kennedy 
wore an excessively vivid orange-yellow foundation makeup, I 
presumed for TV cameras.  We learned much later that his high 
color stemmed from from Addison's disease, well advanced.  My 
point in this is that Kennedy's bizarre complexion was so obvious 
that all near to him must have gossiped about it, that all foreign 
intelligence agencies must have had thick files about it, and 
that the "secret" must have been known and protected by many. 
What is remarkable is that it was not discussed openly by the 
press, in any country.  Should it have been? 
  
In June of '63, only weeks later, Kennedy announced a further  
initiative to build "a commercially successful supersonic 
transport superior to that being built in any other country  
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in the world." 
  
That summer of '63 I brought my family back to the States  
with no job in the queue and my tail between my legs.  I had 
mistakenly understood myself to have been hand-shook for an 
assistant professorship at Johns Hopkins, but that evaporated 
while we were in Europe, slowly appreciated after many unanswered 
letters to the department Chair.  He hired a senior prof who 
brought along a junior for "my" slot. 
 
Landing in New York with a Volkswagon Beetle, a wife, a son, and 
11 pieces of luggage, we interviewed our way across the country 
towards the west, soliciting and ultimately receiving job offers 
at the US Bureau of Standards, the Catholic University of America 
[in DC], at the Oak Ridge National Laboratory, and at the Boeing 
Scientific Research Laboratories, "BSRL", in Seattle.   
 
All the offers were good ones and reasonable might-have-beens.  
That at Boeing's BSRL was the first and firmest.  I was treated 
courteously with a hand-shake promise for a minimum of three 
years' support in a position that permitted self-directed 
research.  I had no delusions about the stability of aerospace 
employment.  I liked my prospective colleagues and respected  
my boss, Terry Turner.  Accepting, I set up a lab, hired two 
assistants, invited a friend from Bonn to visit as a post-doc, 
and got to work to win a Nobel. 
  
In September of '63, about equally spaced two months each way 
between my arrival and Kennedy's death, Boeing announced that  
it would bid on his proposal to build the American SST.  [Yes,  
I remember keenly the news from Dallas.  Darrell Scattergood told 
me of it that morning, within minutes of the shooting.  Phone 
lines jammed as we called our wives.] 
 
Boeing's bid on the airframe was among five, with others from 
Convair, Lockheed, North American, and MacDonald.  Only Boeing 
survives recognizably: Tombstone was not big enough for all of 
them. 
 
Convair and North American had experience with heavy supersonic 
military aircraft [the B-58 and B-70].  Lockheed was then much 
respected for elegant designs [the U-2 and "Blackbird" A-12 
(later SR-71)].  Boeing had no experience with supersonic 
aircraft, but was on a roll that led ..  after excitements ..  
to dominance in the global air-transport industry over the next 
four decades. 
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In December of '66 Boeing won the contract to build two prototype 
airframes, with engines by General Electric.  That was interesting  
to us at BSRL, but not immediately germane, as we had other tasks. 
 
The laboratory then held about a hundred senior scientists, 
with a median age near 35, and another hundred of supporting 
staff, in four groups: Flight Sciences, Plasma Physics, 
Mathematics, and Geo-Astrophysics.  I was hired into Flight 
Sciences and later shifted to Geo-Astro.  We were housed in a 
well designed building, separated a kilometer from other Boeing 
facilities.  That was a mistake, I think: isolation brought 
resentments. 
  
Interestingly and wisely, we were NOT specifically charged with 
inventing useful things, nor with direct support for Boeing 
programs and projects.  Instead, we were asked to do good and 
publishable research [not always the same thing], and to keep 
abreast of our disciplines.  Our key task, we were told, was to 
alert Boeing to scientific and technical innovations that might 
affect company business.  We were asked to make about 20% of our 
time available for in-house consulting.  We had good management 
and formed strong and productive friendships.  It was a good place 
to work. 
 
The BSRL lab was funded as company overhead.  Boeing was permitted  
to charge an extra fraction on military and other government 
contracts to maintain in-house expertise as a national asset  
to assist later innovative proposals.  That extra fraction was 
negotiable, and we were told that, at least in the early years, 
the existence of the lab levered the chargeable overhead by more 
than the lab's cost to Boeing. 
  
All this sounds, and it was, an extraordinarily enlightened 
rationale for commercially sponsored fundamental research.   
But it did break down later, as I'll describe. 
 
Back to the SST: 
  
Among the original five proposals, Boeing's design was unique 
for its swing-wing, an innovation with the potential for 
relatively efficient, boomless, subsonic flight across populated  
continents.  The proposal's reviewers weighted this heavily.   
As it turned out, however, the other teams were right: as Boeing  
refined its design, problems with the wing pivots grew 
intolerably, and Boeing was embarrassedly compelled to ask for a 
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renegotiation of the contract, reverting to a fixed-wing design 
that looked very much like Lockheed's original proposal.  Later, 
there were those in the company who wished Lockheed had won at the 
start. 
  
I should remark here that all later troubles with the SST were 
inherent in the earliest stages of the Request For Proposals 
[RFP], which stemmed from Kennedy's demand for a "supersonic 
transport superior to that being built in any other country in 
the world."  It should have asked "What's the next logical step 
for air-transport evolution?".  What came down instead was 
"Build a bigger, faster, Concorde, and get cracking on it, 
please, because we're behind those pesky Ruskis, Brits, and 
Frogs." 
 
The first and better question would have been answered with a 
design something between the 747, a superb long-range, heavy- 
lift aircraft, but with more engine thrust and lift capacity than 
is needed for passenger traffic along the more traveled shorter 
routes], and later designs in the flavor of Lockheed's 1011 and 
Douglas DC-10: that is, an "airbus".  Boeing designs evolved 
towards this concept through its 757, 767, and 777 aircraft, much 
helped by improved engines, but a window was left open for Airbus 
Industrie to insert its efficient A300 series, much to Boeing's 
later woe. 
 
Alternatively, if a supersonic transport were specifically 
required, there was [and is] an interesting potential for a 
commercial transonic aircraft that would fly at about Mach 
1.15.  This plane would permit a wider fuselage with more 
ticket-paying passengers in 6-abreast seating, an efficient 
supercritical wing mated to an area-ruled fuselage, a range  
near 5000 miles, and an aluminum-alloy frame and skin.  It would 
cruise at about 55,000 feet with less potential for stratospheric 
pollution, AND THE BOOM WOULD ATTENUATE BEFORE IT REACHED THE 
GROUND. 
  
Instead, the specification that it should be "superior" ignored 
the central fact that the Concorde and Tupolev had already 
preempted the only sweet spot in the D/L curve, at Mach 1.4. 
The requirement for bigger-faster [to Mach 2.7, about 1700 mph] 
pushed the US design into an unattractive design corner with 
intrinsically higher drag, heavier weight with concomitantly 
stronger boom, higher fuel consumption, higher cruising altitude 
[~63,000 feet (12 miles)] that would increase along the flight 
path as the plane burned fuel and climbed into thinner air, 
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greater potential for environmental mischief, greater heat 
stresses that would require titanium framing and skin, and greater 
mechanical stresses on the control surfaces.  The list seemed 
endless. 
 
With skilled engineering all these problems could be addressed, 
and they were.  All added weight and cost.  Kennedy's casual 
demand for "superior" pre-programed the plane into an engineering 
marvel and an economic turkey.  Yes, that is easier to see now, 
but there were wise skeptics at the time.  They were not so much 
overruled as ignored.  That should not surprise. 
  
Back to me, again: 
  
In BSRL, with my colleagues and strong friends Darrell 
Scattergood, Dick Schoen, and Bryan Cairns, I began my life's 
most productive seven years.  The spigot was open and out flowed 
a stream of good papers using molecular-beam and ultra-violet 
techniques to study single and multiple photoionizations of the 
inner-shell electrons of zinc, cadmium, mercury, and xenon, and 
the dissociative photoionization of water.  I did a sweet study 
of the angular distribution of photoelectrons from cadmium and 
zinc atoms, and an eccentric, fun, and prescient study of 
carbon-dioxide clathrates, with application to Mars' polar caps. 
This was the first [and I think only] report of the carbonic 
acid monomer [H2O·CO2, or "H2CO3"] observed directly in the gas 
phase.  All this was good stuff, and our lab was for a time a 
world leader in a significant niche. 
 
As I have said, we were well managed by good people.  But the 
lab's costs were rising and Boeing got into trouble with some 
transient engineering problems on the 747 that coincided with  
a national depression, high interest rates, and a slack market  
for new aircraft.  
 
Because the lab was nominally within the headquarters division,  
and thus charged as an overhead cost to the operating divisions, 
pressure began to be felt from the divisional VPs: "Are we 
getting our money's worth?"  Responding, BSRL managers asked 
us to involve ourselves more "proactively" in the affairs of the 
divisions, with the hope that our brilliance would shine.   
 
Responding further to the divisional VPs our management also set 
up a system of periodic external reviews, with invited Nabobs 
visiting for a day or two, reviewing what was going on, praising 
this and that [the real purpose of the exercise], and leaving 
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behind a report with cobbled suggestions.  I've been on such 
committees too. 
 
One of those suggestions was "Get more involved with planetary 
atmospheres".  The reasonable thought behind this was that the 
Boeing Aerospace Division was competing for NASA contracts for 
pending missions to Mars and Venus, and that in-house scientific 
expertise could score points towards winning.  Responding to the 
suggestion, and to budget constraints against hiring new talent, 
my boss, Jack Noyes, a good man, asked me to write a critical 
bibliography of the then state of play about the atmospheres of 
Mars and Venus. 
 
This requires another digression, with some science. 
 
Good science takes a warm-up.  It's hard to jump into a new 
field and be productive right away, or even soon.  Grad students 
take 5-7 years to train, and good post-docs take about as long to 
build competence and reputation to the point of "invited papers". 
In managing research there's a risk, and common error, of 
following this fashion and that, forever approaching competence 
but forever jerked away from it by the next fashion in the queue. 
Jack knew this, and he knew that Dick, Bryan, and I were on a 
roll in a very different field. 
 
He also knew that I have a very high "interestability coefficient"  
and he guessed correctly that in reading and thinking about 
planetary atmospheres I'd find something to interest and distract 
me. 
 
The high atmospheres of both Mars and Venus contain both CO and 
CO2, then recently detected and quantified by some remarkable  
infrared Fourier-transform spectroscopy, developed by Pierre and 
Janine Connes, a husband and wife team using an instrument at the  
Pic du Midi, in the French Pyrenees.  They took advantage of 
orbital Doppler shifts to discriminate against Earth's CO and 
CO2, and resolved isotopic shifts to establish that the O16/O18 
ratios on Earth, Mars, and Venus are very similar: an observation 
important to theories of planetary formation.  Theirs was  
remarkably good work, and I cannot speak too highly of it. 
 
And, as is often with good work, there was a surprise: the 
ratios of CO/CO2 at high altitudes in both Mars and Venus turned 
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out to be much lower than would be expected if, after carbon 
dioxide, CO2, were photodissociated by 
 
 CO2 + hν --> CO + O                [1] 
  
it were re-associated by 
 
 O + CO + M --> CO2 + M        [2] 
  
as we then thought obvious.   
 
In equation [1] "hν" stands for an ultraviolet photon; in [2]  
"M" is any third-body atom or molecule that also participates  
in a collision between oxygen atoms and carbon monoxide, O and CO, 
to take off some extra energy that would otherwise just blow the 
pair apart again, as in 
 
 O + CO --> [OCO] --> CO + O 
  
The puzzle was that the rate of equation [2] falls off rapidly 
with decreasing pressures and increasing heights above the 
surfaces of Mars and Venus.  Photostationary models built on [1] 
and [2] predicted CO/CO2 ratios in the high altitudes of Mars and 
Venus that were much higher than the Connes observed.  But if CO 
were not recombined by [2], how else? 
 
One suggestion, by Mike McElroy, was that very strong turbulence 
or convective overturn operates on both Mars and Venus to bring 
the CO and O down to lower levels and higher pressures where [2] 
might be fast enough.  I was skeptical of this guess, and Mike 
also probably regretted his suggestion as soon as he saw it in 
print. 
 
An obvious alternative occurred to me [and to everyone else who 
spent a minute wondering about it], that some unknown bimolecular 
reaction might operate to combine O with CO, with a mechanism of 
the type: 
 
 X-O + CO --> X + OCO    [3] 
  
Bimolecular reactions such as [3] are much less pressure sensitive 
than termolecular reactions like [2], and therefore might operate  
effectively in the tenuous upper atmospheres of Mars and Venus 
to produce the CO/CO2 ratios that were observed.  It was a simple 
matter to estimate what the rate of [3] had to be, and that rate 
was very reasonable.  But what was X? 
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I suggested [as others did too] that X-O was probably the HO  
free radical, and set about writing a photochemical model for  
the upper atmospheres of Mars and Venus, combining the known 
solar spectrum with the orbital distances of Mars and Venus,  
the absorption cross sections to produce CO2 photolysis, [1],  
and known or guessed rates for a number of reactions involving 
H2O, HO, HO2, O2, O3, CO, HCO, and CO2.  Voila: "Now I am an 
Atmospheric Photochemist, and six months ago I couldn't even 
spell one." 
 
Back to the SST, again: 
 
About the time I was happily playing computer photochemistry 
[it's addictive] I became more aware of a growing rumble of 
critical opinion that was marshalling to oppose fleets of 
supersonic transport aircraft.  I shared some half-formed 
judgments that SSTs would be noisy, expensive, and unprofitable, 
and that enthusiasts who were pushing them were exaggerating  
their virtues well beyond the reasonable.  What was new at that 
time was a contribution to this rumble from the scientific 
community, with environmental concerns.  My ears perked. 
 
In particular, I was impressed by a series of papers by Bo 
Lundberg, who pointed out just how frequently the European 
air-route intersections would be hit by sonic booms from the 
then proposed overland routes by the Concorde.  Lundberg coined 
the phrase "boom-bandages", and appeared on television with 
model globes woefully wrapped. 
 
And somewhere [I don't remember quite where, or from whom] I read 
or heard of concerns that exhausts from SSTs might modify the 
Earth's stratosphere, but with vague particulars as to how this 
might occur.  Also about that time I read in the Seattle Times an 
interview of my long-term friend and colleague, Bob Charlson.   
[We had been at Stanford together, shared a lab and co-authored  
a paper, and had dated and then married young women from a class  
I taught.]   Bob was quoted as suggesting that sulfur in the fuels 
for SSTs might augment a natural aerosol layer that is found at 
about 20km in the lower stratosphere, with significant 
consequences to climate and agriculture at the surface. 
 
I was, and am, pretty sure that this concern was exaggerated.  
I was sufficiently vexed to put something more than shoot-off-my-
mouth behind my opinions, and so modified the Mars-Venus models  
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I had been playing with into conditions applicable to Earth's 
atmosphere, added some SSTs, and explored "what if?" 
 
Crucial at this step were three separate papers by Hampson, 
Hunt, and Leovy that discussed adding a catalytic water cycle  
to the mechanism for the loss of O3 in our atmosphere.  
Explicitly, the "Chapman Mechanism", which is substantially 
correct, though incomplete, explained how ozone [O3] might be 
synthesized from oxygen [O2] by absorbing light [hν]: 
 
 O2 + hν      --> O  + O(1D)   [4] 
 O  + O2  + M --> O3 + M    [5] 
 O3 + hν      --> O2 + O    [6] 
 O  + O3      --> O2 + O2      [7] 
  
In [4] "hν" is an ultraviolet photon with a wavelength near  
0.2 micrometers, and "O(1D)" is an electronically excited, 
metastable oxygen atom that lasts about 100 seconds before 
decaying to a ground-state oxygen atom, O.  As with equation 
[2], "M" is any molecule or atom that participates in the 
collision to take off excess energy.  Equation [5] is the one  
that forms ozone, O3.    
 
To this mechanism, Hampson, Hunt and Leovy added some "wet 
photolysis" steps, including: 
 
 H2O + O(1D) --> HO  + HO    [8] 
 HO  + O3    --> HO2 + O2    [9] 
 HO2 + O3    --> HO  + O2 + O2   [10] 
 HO +  HO2   --> H2O + O2    [11] 
  
Equation [8] is perhaps the most interesting of these, as it 
produces "hydroxyl free radicals", HO, that participate in a much 
other chemistry in the atmosphere.  Equations [9] and [10] form a 
"free-radical, cyclic chain", with HO and HO2 repeatedly spent 
and reformed, in each circuit destroying another two O3 
molecules.  Depending on the various rates of [8] and [11], the 
possibility exists that every time [8] produces a new pair of HO 
radicals, many O3 molecules may be gobbled in steps [9] and [10] 
before "odd hydrogen" [HO + HO2] is destroyed by [11].  This is 
the key argument that might permit relatively few supersonic 
aircraft, emitting water vapor into the Earth's lower strato- 
sphere, to perturb the ozone layer significantly.  It was a 
radical [pun intended] and hair-brained concept that sensible 
engineers found intrinsically ridiculous. 
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But that's what my model seemed to say.   
 
So, what to do about it?  In earlier, in-house consulting 
adventures at Boeing I had come away convinced that the key to 
effective influence was inserting information at just the right 
time, to just the right person.  On this occasion the time 
seemed right, but to whom?  I asked around about who should be 
that right person, and was told by Arnold Goldberg [of whom more, 
later] "Richard Swihart". 
 
Swihart was the Chief Engineer of the production version of the 
SST, whose design was then well advanced and recently labeled the 
"Boeing 2707-200".  The Chief Engineer of the prototype design 
was Witherspoon, whom I never met.  Swihart filled a senior box 
in the management tree, with responsibilities for planning how to 
ramp the SST project into a production mode, after congressional  
go-ahead.  Because the two prototype aircraft would by themselves 
not perturb the environment all that much, such concerns were 
deferred to the production phase [a mistake], and Swihart, I was 
told, was The Man.  I phoned him, explained what I was doing, and 
asked for an interview. 
 
He said "Sure.  Come on over.". 
 
We met the next day, together with Neil Barr, a meteorologist, 
who was invited by Swihart.  I presented a memo of some 20 pages 
that outlined my study and its implication that fleets of SSTs 
might significantly perturb the Earth's ozone layer.  I explained 
that I was in the science business and would later wish to submit 
the work for publication in the normal way through a refereed 
journal, that the global scientific community was rumbling about 
similar conjectures, and that I thought my best service to the 
company would be to pay attention to other things for about six 
months, while "Boeing thought about the problem". 
 
Swihart was courteous and cordial, complimented me about my work 
and attitude, and cracked a mild joke, suggesting that since 
reduced stratospheric O3 would entail lower stratospheric 
temperatures, benefits to SSTs would accrue from increased 
engine efficiencies and reduced fuel costs.  He rather liked the 
thought.  I was a bit startled, but was still enough in tune to 
recognize it as engineering whimsy, which is all it was. 
 
At the close of our interview it was I who suggested that my  
memo might be misused in political controversies then emerging 
around the SST, and that it should probably have a restricted 
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circulation.  Swihart agreed, and we quickly wrote a dozen names 
to whom it should be sent, under a "confidential" stamp.  Then  
I went back to my lab and colleagues and our narrow concerns  
about ultra-violet photoionization of inner-shell electrons of  
zinc, cadmium, and mercury. 
 
About three weeks later, Jack Noyes, recently promoted to BSRL's 
director, received a request from Swihart that the laboratories 
form a team to review the plausible consequences of fleets of 
SSTs on the Earth's atmosphere.  Good.  I had tickled Leviathon, 
and it was scratching: "proactive consulting". 
 
I was put on the review team, somewhat obviously, as no one 
else in the company had given similar problems much thought, 
and, properly, I was not the team's leader.  That was Jim Kenney, 
my new boss and another good man.  We made a list of possible 
consequences, argued that some of them were implausible, but one 
or two sufficiently interesting to warrant a careful look.  We 
wrote another memo and sent it back to Swihart.  Memos are what 
committees do. 
 
Again several weeks passed.  Then on a late Friday afternoon I 
was in the BSRL library when the lab's public address speakers 
asked "Would Ted Harrison please come to Jack Noyes' office?" 
[That was one of only two announcements I remember over the PA; 
the other was about the first landing of the 747, which we watched  
from the roof.]   
 
I closed my journal and walked downstairs to Jack's office  
immediately below, knocked on his door, was politely greeted and 
introduced to Jack's boss, a vice-president of the company whose 
name I'm sorry to have forgotten.  [He held the post only briefly, 
replacing George Schairer.] 
 
"What do you know about Congressman Reuss?", he asked.   
"Nothing", I replied, "Who is he?".  
"Have you sent any material to Congressman Reuss, or his staff?" 
"No." 
"Well, Congressman Reuss has called a press conference for next 
Monday, with a pre-release to the press that challenges Boeing 
with knowingly suppressing a 'secret document' by 'a top Boeing 
scientist', that predicts global ozone loss from SSTs.  There's  
a meeting underway over at headquarters to discuss what to do 
about it, and I suppose you'd better go over there and tell 
them your story." 
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[I learned later that Congressman Reuss, a Democrat from 
Wisconsin, was Chairman of the House Banking Committee.  No,  
I had not sent him or others any material prejudicial to Boeing 
or the SST.  From wording in Reuss' pre-release it seemed likely 
that the second memo, the one by the lab team, had been sent to 
someone on Reuss' staff, and that memo had referred to my earlier 
one addressed to Swihart.] 
 
So I went over to a headquarters meeting room, arriving around 
5:00 that Friday afternoon.  There I found a dozen people in a  
windowless, grungy office, gathered around a steel table.  Aside 
from the more typical sort of competent Boeing manager-engineer 
there was an interesting sprinkle of younger, ivy-types, 
identified by eastern honk and tailored suits.  They were easy  
to dislike. 
 
I told my story, and I mentioned that my memo had a since-
discovered error in it: I had used take-off fuel-consumption 
estimates instead of those for cruise.  Everybody liked that fine, 
thank you very much.  "The work is wrong.  Case closed."   
 
I pointed out that correcting the error reduced the model's 
prediction of global O3 loss from about 2% to 1%, but that factors 
of two didn't really matter much in a political debate.  After a 
bit of back and forth about this, the room agreed with me. 
 
The conversation then shifted to Reuss's allegations of a "secret 
Boeing document", that is, my first memo.  In the Boeing context, 
a "document" has gravitas: it is distributed outside the company  
and referenced in government indices.  Clearly, my memo was not  
a "document".  Hence there was no "secret Boeing document", and  
a flat denial should do the trick. 
 
I remember then saying to myself, "Hey, it's clear that Ruess has 
some real paper in his hands, and that quibbling over 'documents' 
or 'memos' won't be accepted."  But I remember also saying to 
myself that I was the most junior person in the room, that I had 
already been talking rather a lot, and that Boeing's response to 
Reuss's memo was a policy decision inappropriate for me to be too 
noisy about.  I had had my turn. 
 
I'm pretty sure I was right about that, but I'm not sure whether 
I should have said something anyway.  In any event the meeting's 
outcome was to release a flat denial: "There is no secret Boeing 
document."  I went home to tell my wife about my very interesting 
day. 
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Next morning, on Saturday, our home telephone began to ring,  
with calls from The Seattle Post Intelligencer, The Boston Globe, 
Associated Press, United Press, New York Times, and the Manchester 
Guardian.  Those are the ones I remember; there were others too.  
It seems that Ruess's staff had released my name as that "top 
Boeing scientist", with other particulars that clearly indicated 
he had the second of the two memos and was trying to smoke out the 
first.  Note that all of this preceded the press conference that 
Reuss's office was still scheduling for the following Monday. 
 
After the first of those calls, which I remember as jabbering 
excessively about the Gobi desert and what-all, while telling 
myself to "Shut up, Ted!", I telephoned my immediate boss, Jim 
Kenney, and asked him how best to respond.  He replied: tell the 
truth, ask for some patience with a preliminary result, say that 
a formal paper will be submitted promptly to external referees 
and for publication in a senior scientific journal, [and you will 
immediately drop everything else, won't you Ted.]  That was the 
best of all possible answers.  I was and remain proud of him for 
this, and of the Boeing management that supported him. 
 
After some work, a careful internal review by colleagues at BSRL, 
and the normal delays of the editorial process, that paper 
appeared in "Science", v170, pp 734-736, 1970.  It was the only 
refereed article on environmental consequences of the SST to 
appear in a US journal before the Senate vote.  I'm proud of  
that too.  During the interval leading up to this, however,  
interesting things began to happen on another front. 
 
Stepping back a bit: 
 
As the SST was first proposed by Kennedy, the Federal Government 
would pay for its development, Boeing would pay for production, 
and the Feds would be repaid "off the top" by profits from early 
sales.  This was a first .. and maybe last .. proposal of that 
type, though the designs of both the 707 and 747 had also been 
heavily, though indirectly, subsidized by military contracts for 
designs of the KC-135 [which became the B-707] and C-5A [which 
became the B-747].  The new subsidies for the SST program became  
a partisan issue, however, confused among a swampy stew of other 
issues and prejudices and by the polarizing politics surrounding 
Kennedy, Johnson, and Nixon.  
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Kennedy's proposal was at first much criticized by conservatives 
as "socialist", as indeed it was.  Then occurred a curious 
reversal of political support and opposition, culminating during 
Nixon's time.  Republicans started to argue "patriotic" variations 
upon "America must lead the world in technical innovation", while 
the Democrats criticized spending priorities and "subsidies for 
the Jet Set".  Nowadays, neither party pauses much before 
shoveling public money into corporate pockets. 
 
Nor did they then, really, but as the Vietnamese war subsided, 
and as environmental arguments entered the debate, emotions rose 
and the full spectrum of SST issues began to command national 
attention. 
 
Decisions for big engineering projects tend to be made off-stage 
by self-interested "experts", [Eisenhower's Federal Highway 
system, for example].  But with the SST new voices were demanding 
to be heard on a technical issue, in emotional language.  Often, 
the new arguments seemed fuzzy, imprecise, and suspect because  
they were emotionally freighted.  Vexed engineers and managers  
felt themselves attacked both in their expertise and authority,  
and tended to respond in patronizing ways ["We know best."] 
 
Positions hardened; temperatures rose.  Vice President Agnew 
made wonderful capital with his alliterative speeches against 
"nattering nabobs of negativism", and "the effete corps of 
pseudo-intellectual snobs".   
 
These hardening lines were particularly vivid within the Boeing 
company.  Jobs were at stake, with about 4000 people then directly 
working on the SST project.  The design teams were honorably proud 
of the evolving airplane.  It was, and is, counter-intuitional 
that so few aircraft could damage so vast a sky. 
 
And within the company I became an enemy, known by name, 
recognized by face, with wagers placed on my soon and unpleasant 
disposal. 
 
Amusingly in retrospect, I was also at about that time interviewed  
by someone from Boeing's internal security office, ostensibly to 
track down how my memo had escaped.  I was asked again if I had 
sent it to Reuss's office, or knew who did.  "No."  Was I a member 
of the Sierra Club?  "No." 
 
Naturally garrulous [you've detected that], I promptly telephoned 
my wife to talk about it, repeating the Sierra question and 
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laughingly remarking "But I didn't tell him that you are!" 
Years later it came to me suddenly in a shower-stall epiphany 
that the guy from Boeing's security office was probably listening 
to that call.  I heard no more of it, but I would like to see the 
dossier. 
 
Responding to the emerging environmental challenge, and rather 
late about it, the company mounted a campaign to sell the 
airplane's virtues and to refute arguments that it might be 
damaging.  In the follow-on from excitements over my memo, and 
from the growing media chorus, Boeing assigned Arnold Goldberg to 
be Chief Scientist of the SST program, with a charter to strike 
the Amalekites, O Lord, hip and thigh. 
 
Arnold was then the director of the Flight Sciences group of  
the BSRL laboratories, succeeding Terry Turner.  His management  
level was equivalent to that of my boss, Jim Kenney, and both  
reported to Jack Noyes.  Arnold had a Ph.D. in aeronautical  
engineering from MIT.  He was a qualified and reasonable  
appointment.  He had not been a member of the second-memo group,  
nor was he closely associated with the environmental issues or  
debate, and thus came to it, presumably, with an open mind and  
fresh perspective.  Except, of course, that his assignment  
required neither. 
 
What it did require was that he come quickly up to speed.  Whom 
should he ask for help?  Me, of course.  So Arnold walked into 
my office and asked, "Ted, if you were given the task of 
presenting scientific evidence and arguments to defend the SST, 
what would you say?" 
 
And I replied something like this: 
 
The wet-photolysis model for O3 destruction [again, it was mostly 
posed in separate papers by Hampson, Hunt, and Leovy; I just 
applied their model to the SST problem] contained an explicit 
prediction that in a steady-state approximation the concentra- 
tions of O3 should vary inversely with the 2/3rds power of the 
concentrations of H2O vapor: more water, less ozone.   
 
I had sought data to test this.  The best of such data [with 
reservations] seemed to be a several-year study by Masterson of 
water vapor trends in the lower stratosphere over the eastern US, 
and a separate, several year study by London of ozone trends over 
the north-eastern continent, in the middle stratosphere.  When 
these separate observations were plotted on the same abcissa, as 
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functions of date, the two trends did NOT show opposite signs, 
as the wet-photolysis model required. 
 
BUT ..  
 
Unfortunately for purposes of my test, the data were both 
incomplete and flawed.  The variations in water vapor over  
the Chesapeake [where most of the soundings were taken] were 
dominated by injections from hurricanes in the Caribbean, and 
most of the apparent trend was driven by a single, very big 
storm, near the end of the record.  Similarly, the variations in 
ozone were dominated by synoptic storm tracks clustered along the 
eastern seaboard by the "standing component of the mode-three 
Rossby wave" [too complex to explain briefly], whose amplitude 
had been expanding southwards during the decade of the measure- 
ments.  Thus the physics that were controlling the observed trends 
had nothing to do with photochemistry, and those data could not 
resolve the issue.  [There were other difficulties as well.] 
 
I explained all this, and other topics, and after some discussion  
Arnold thanked me and left. 
 
That evening [the very evening as I recall, but I wonder now  
if it might have been a few days later] Arnold was interviewed 
on national television.  We, my wife and I, were then raising 
small children and so purposely did not have a set, and we asked 
neighbors if we might watch with them.  Arnold was introduced, 
there was some chit-chat, and then he said something very close 
to "I can assure you that there will be no problem with the SST 
and the stratosphere.  The scientists have been holding out on 
us, when their own data show that claim to be untrue."  He then  
held up a plot of the O3 and H2O vapor trends that I had given 
him and pointed out that the lines did not diverge, as "theory" 
required. 
 
At that time, and since, "theory" took on some perjorative 
freight, as in "Evolution is merely a theory".  [So is divinity, 
by the way, but Darwinian evolution can demonstrated in a Petri 
dish.]  "Liberal" is another word that took on freight at about 
that time.  I speculate that "growth" may join the list. 
 
Next day I crossed Arnold in the BSRL corridor.  I had not 
sought him out, we just got to the same place at the same time. 
I remember shaking a finger under his nose, which I should 
not have done, and was silly in any event, and I remember that 
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my voice squeaked a little, as it does sometimes when I'm 
excited, and that I said "Arnold, what have you done?" 
 
And he replied .. and this is a direct and exact quote ..  
"Ted, what would you have me do?  The other side was lying too."   
 
So much for Arnold. 
 
Earlier in this saga I mentioned that I had studied at Stanford 
under Harold Johnston.  Hal moved to CalTech, then to UC Berkeley:  
I was his last student at Stanford, with the department then at 
a low ebb.  It flourished promptly when I left. 
 
Shortly after L'Affaire Arnold, and very shortly before the 
Senate vote to cancel the SST [December 3rd, 1970], the San 
Francisco Chronicle headlined something like "SSTs TO REDUCE 
OZONE BY 50%, SAYS UC PROF". 
 
That prof turned out to be Hal, and that 50% number [wildly high!] 
to have been taken from an activity report written by one of his 
students, and, as with my own memo, diverted to the press, ripe 
for quoting out of context.  You can imagine how the headline  
was received at Boeing.  Within days the Senate voted to cancel  
the SST program, and Boeing managers announced layoffs for 4600  
staff, most from the SST project. 
 
I'll expand later on the politics of the Senate's decision, but 
for now wish to keep on a narrative path closer to Hal's story, 
which began about six months earlier when he attended a 
conference on the consequences of the SST, chaired by the then 
president of the American Meteorological Society, William 
Kellogg.  [Hal had a degree in meteorology, by the way, as well 
as physical chemistry.]  Kellogg stated that nitrogen oxides in 
the exhaust of SSTs were not expected to perturb the strato- 
spheric ozone.  Hal questioned this, worked on it in his hotel 
room that night, said something of his doubts at the meeting next 
day, went back to Berkeley, and reprogrammed some money to put a 
student on the problem. 
 
In brief, Hal suggested that the reactions 
 
 NO  + O3      -->  NO2 + O2   [12] 
 NO2 + hν      -->  NO  + O   [13] 
 O   + O2  + M -->  O3  + M   [14] 
 O   + NO2     -->  O2  + NO   [15] 
 HO2 + NO      -->  NO2 + HO   [16] 
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should be added to the loss mechanism for O3 in the stratosphere, 
together with a few others.  Equations [12]-[14] constitute a fast 
"null chain" that does not affect net O3 formation or loss, but 
if [15] goes faster than [16] there should result net O3 loss,  
and conversely.  Putting in some numbers, it works out that above 
some altitude near 25 km the nitrogen oxides destroy O3, in the 
net, and below that they form it.  In the altitude range of 
interest to the SST problem [above 15 km] Hal asserted that the 
net effect of added NO from the exhaust of the projected fleet of 
SSTs might also diminish the global stratospheric O3 layer, again 
by about 1%. 
 
I should jump in at this point to say that both Hal and I were 
throwing numbers around rather grandly, and large uncertainties 
accompanied all these estimates.  But that argues both ways: while 
with better measurements and models the "true" perturbations might 
be much less, and negligible, they might also be much larger, and 
worrisome.   
 
Why worrisome?  After all, most ozone is safely "up there", 
while we live "down here".   
 
Cancer was driving all the excitement, with an argument that  
went like this: 
 
Humans and white rats suffer skin cancers, roughly distinguished 
as "basal cell", "squamous cell", and "melanoma".  The first two 
types are common among light-skinned peoples, but neither is 
commonly lethal.  Both are clearly associated with exposure to 
sunlight, and both are ubiquitous among light-skinned peoples at 
low latitudes, where the ultraviolet absorbing O3 above us is 
most tenuous.  My nose is surgically bobbed after a basal-cell 
carcinoma, likely stimulated by repeated sunburns.  I am no longer 
beautiful. 
 
The third of these cancers, the melanomas, are bad news: they 
metastasize easily and are frequently fatal, depending much upon 
the promptness and quality of medical attention.  While melanomas 
are not as clearly associated with exposure to sunlight, a 
consensus does support that guess.  In the US and among other 
low-latitude, light-skinned peoples, melanoma rates are 
increasing worrisomely. 
 
Epidemiological studies and experiments with white rats, together  
with other knowledge about the atmosphere and the absorption  
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physics of ozone, suggest that 1% losses in the O3 above us might  
be accompanied by 2% increases in fatalities by skin cancers, 
mostly from melanomas.  That works out to be about 10,000 "extra  
deaths per year", globally, with a very large uncertainty.   
 
Other environmental consequences of reduced stratospheric ozone 
have also been suggested, but cancer is the biggie. 
 
I knew about all this when I wrote The Memo, but refrained from 
discussing it then or in the Science paper, mostly for reasons 
of space, but partly also from my lack of medical credentials. 
In courtesy to Boeing I also wrote of "fleets of high-altitude 
commercial aircraft" instead of "SSTs", as the latter acronym 
had by then become perjorative. 
    
It is possible to argue that our global society might accept 
10,000 premature deaths a year in exchange for a social good.   
One may note that this rate is much less than the 40,000 US deaths 
per year from car accidents, and 400,000 deaths from tobacco 
[about 5 million, globally].  But there is a difference, it seems 
to me, between risks accepted and risks imposed.  Risks from ski 
accidents, for example, are accepted by people who enjoy the 
sport; risks from cars by those who travel to work; risks from 
tobacco by .. well, never mind.  In the case of SSTs and the 
stratospheric ozone, however, cancers and early deaths would be 
imposed by a few people on many others excluded from any social 
good.  That is, if the models are right.  
 
And so the Senators seemed to agree.  When asked after the  
fact why they voted to kill the project, most answered "The 
Environment". In my judgment, however, other concerns were 
operating too, and to introduce these, I must stitch back again. 
 
The B2707 was a beautiful airplane.  To walk around the mock-up 
was to walk in a great gallery.  Fuselage and wing were slim and 
gracile.  Skill and art combined in extraordinary ways, crafted  
by remarkable people coming and going about you as you stood 
there. 
 
But there were problems. 
 
Some of these were "merely" challenging, though not yet resolved. 
Good engineers were working on them, and no difficulties of 
principle forbade their solutions through innovations and 
trades-off: the ordinary stuff that engineers do well.  Among 
these "mere" problems, the most vivid to me was a 10,000 gallon 
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water tank in the tail section [41 tons of take-off weight!],  
put there as ballast to be jettisoned in flight for weight 
redistribution as the fuel burned off.  But that excrescence would 
surely have been designed out before anything flew. 
 
Other "mere" problems included hydraulic-fluid overheating and 
check-valve leakage from the very high pressures required to move 
control surfaces during supersonic flight, together with yet-to- 
be solved issues of physical stresses on those control surfaces, 
problems associated with possible engine flame-out, and many 
others.  Again, problems like these are routine.  They are jobs 
for good engineers. 
 
Other problems were less tractable, however: some physical, some 
fiscal, some social.  Chief among these was The Boom. 
 
In '64 the Air Force conducted a six months' experiment at half 
a dozen US cities [including Seattle, chosen as sympathetic to 
the air-industry] to test the public's acceptance of frequent 
sonic booms.  Amusingly, as I remember the story, the Kansas City 
Chamber of Commerce voted to ask the Air Force to stop the tests,  
were given a pep talk with the prospect of becoming "Airport, 
U.S.A", then voted again to rescind their earlier petition.  With 
no evidence of diminishing complaints and after some 5000 claims 
for damages, the tests were stopped, "inconclusively". 
 
To be explicit about this: would your colicky baby, finally 
asleep after two hours' fretful crying, wake to cry again if 
BOOMED?   
 
In short, would the plane be permitted to fly over land?   
Fleet sales and profitability depended critically on this.  
Boeing's initial swing-wing design won the competition in large 
part as permitting subsonic, boomless flight over land, with route 
flexibility to permit more sales.  When pivoting wings proved 
impractical, all sales projections smoldered into wistful smoke. 
 
In the last days of Senate debate, Washington's Senator Henry 
Jackson [more than once referred to on the Senate floor as 
"the Senator from Boeing"] promised that overland flights would  
be forbidden.  I'm not sure what authority he had to make that 
promise, or whether he fully realized that it was a deal breaker,  
but with it the game was over, really.  The Concorde saturates the 
North-Atlantic market with only two aircraft and one-way fares of 
$4500 [Feb. 2003].  The announced "competitive" fares for the 
B2707 required per-plane cost savings from volume production of 
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500 aircraft, with Boeing profiting only after the 400th.  With 
overland flights forbidden, there was no way to ramp up to that 
volume before you were out of business. 
 
Among the intractable physical problems .. aside from "The 
Environment", about which I'll say a bit more before finishing,  
was radiation exposure to flight officers, crew, and passengers.   
Solar flares not rarely produce hard radiation [mostly energetic 
protons] that would be insufficiently attenuated by the air above  
SST cruise altitudes near 63,000 feet.  The residual "hot" protons  
would impinge on the metal fuselage to produce secondary radiation  
in the cabin at doses considered excessive after only a few tens  
of minutes.  Yes, you ground the airplane then, if you have enough  
warning.  But what about "routine" exposure? 
 
I was present at an in-house presentation to the BSRL staff,  
by Swihart, where this question was raised.  [By Don Winter,  
I think.  I was then uncharacteristically silent.]  Swihart's 
reply was that pilots and crew would be volunteers, selected at 
the ends of their careers, [beyond childbearing], for short-term 
duty, and paid a premium salary.  But no one asked, "What 
happens when the first pregnant passenger has a miscarriage?" 
 
Chief among the fiscal problems was that the contract then 
specified that Boeing made no money until the government was paid 
off after delivery of some 400 aircraft.   Doubtless the contract 
might have been re-negotiated when its consequences became clear 
and the Feds were squirming well on the hook, as is the pattern 
with military procurement.  Indeed, it would have to have been, 
were Boeing to survive.  But did the company need that grief?   
To commit to the B2707 would require much debt, which would 
freeze development money for everything else.  Why not just try 
to make some money on the 737, 747, and their successors?   
 
The SST had far more powerful enemies than I, within the Boeing 
company.  [I was not truly an enemy, or so I thought.] 
 
Finally, and lethally to the project, Boeing was for other 
reasons then on the cusp of catastrophe.  High interest rates, 
a delayed consequence of the way we funded our Viet Nam 
adventures, were freezing new aircraft orders, and planes were 
sitting undelivered on Arizona parking lots.  At the time of the 
Senate vote layoffs were well begun, ultimately reducing Boeing 
employment from 103,000 to 38,000 decent people [mostly], over 
about 20 months, the largest commercial layoff binge in world 
history.   
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All this the Senators knew, or guessed.  They had staff.  They 
were experienced in detecting blather and bluff.  In the photocopy 
era no memos are safe.  [And they are less safe, now, with email 
and FAX.]  Boeing had competitors who were happy to "consult".  
All this is the normal murmur of legislative chatter. 
 
And then there was Nixon, with all the drama well begun that led  
soon to his resignation.  In December of 1970, two weeks before 
the Senate's SST vote, Nixon had vetoed an "Aid to Education" 
package that coincidentally carried nearly the same price as 
another year's development costs for the SST [about $200 million: 
the total costs up to that time amounted to about $700 million in 
1970 dollars, equivalent to about 3.4 billion in 2000.]  It's my 
guess that the SST vote was for many Senators a "Let's stick it 
to him.".  Interviewed later, they explained it was "for the 
environment".   
 
The senate had voted.  The SST was dead, layoffs were rife, and  
I had little future with the Boeing Company.  Nor was I alone: 
the divisions, themselves caught in cruel cuts, prevailed over 
headquarters, and the BSRL lab was asked to pay for itself through 
external contracts with federal agencies.  This would have 
happened anyway, I'm pretty sure, but the role I had played didn't 
help any.  The divisions did not love those adolescent, pointy-
headed, privileged, isolated, meddlesome, ivory-tower types over 
at BSRL, all of us insufficiently "hard nosed", and not living the 
"real world".  The messengers were ripe for throwing down the 
well. 
 
And in that "real world", those contracts we were supposed to win 
were to be charged an overhead of 130%, standard in the aerospace 
industry for military contracts, but wildly high for research of 
the type we were doing.  Our competitors at the University of 
Washington, for example, were then charged about 45%, on a lower 
salary base.  For BSRL this was not a recipe for riotous success. 
 
Good times screeched to a shuddering halt, and those of us 
who could disperse, did so.  ["Sauve qui peut!"]  Dick Schoen 
went to the National Science Foundation in Washington, Bryan 
Cairns went to a business school at Stanford, returning to Boeing 
later on a management track.  Darrell Scattergood moved to a good 
post as administrative assistant to the physics department at the 
University of Washington.  Others disappeared behind classified 
curtains into weapons groups of the Boeing Aerospace division. 
Others just disappeared, each with separate adventures. 
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So, what about me?  I'll tell you in a minute, after this 
absolutely last digression into a science postmortem, from a 
perspective of thirty years later. 
 
In early 1971, a few months after the Senate vote, I was invited 
to testify at a senate hearing to be chaired by William Proxmire, 
an event clearly set up for Boeing bashing, even though the SST 
project was by then well moot.  I declined.   
 
In courtesy to my friends and colleagues, I hope I would have 
declined in any event, but what really governed me were deep 
reservations about my own model and calculations, those of Hal, 
and of the very large uncertainties that worrisomely infected 
stratospheric chemical modeling, generally.  While for social and 
economic reasons I thought the SST well cancelled, I could not 
confidently say so for "ozone reasons", before Congress, as "an 
expert". 
 
Specifically, our models then assumed a photochemical steady 
state with a stationary sun over midlatitudes, and all transport 
in the vertical, only, parameterized through eddy-diffusivity 
coefficients.  But the chemistry and sun are not stationary, and 
the dominating currents in the stratosphere are advective, not 
diffusive, and horizontal, not vertical.  The leap from our 
too-simple models to national decisions seemed to me then, as 
it does now, more hubristic than wise. 
 
That said, and with the perspective of thirty years later, those 
first guesses were remarkably prescient.  We have since measured  
and modeled the stratospheric photochemistry and transport with 
increasing sophistication and accuracy, and those early guesses 
hold up pretty well, despite many revisions of this coefficient or 
that.  But we were, I judge, more lucky than skillful. 
 
What we conspicuously did NOT anticipate was the dramatic 
importance of chlorine chemistry, and the influence of the 
"freons" upon the antarctic "hole in the ozone layer".  Much 
credit is due to James Lovelock, James Farmer, Sherwood Rowland, 
Mario Molina, James Anderson, Susan Soloman, and many others.  
Much credit is also due to diplomats who negotiated global 
treaties to restrict emissions of the chlorofluorcarbons.  
Sometimes we get it right. 
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About a week after The Vote, I got a call from Walter Swan, a 
fairly senior engineer in one of the divisions, asking me to come 
over to brief him about Hal Johnston's bombshell headline, then 
fresh and infuriating while bodies were falling around our ears.  
I told my boss, Jim Kenney, and we went over together. 
 
Swan, as it turned out, wasn't really interested in hearing the 
story, but instead treated us to a forty minute scatological 
diatribe about a letter he was writing to the National Academy  
of Engineering, demanding that Hal's funding be terminated.   
I remember him saying that he hoped Hal would sue for libel, as  
that would get the real story out.  And I also remember saying, 
somewhat cheekily, that if it came to a contest between Hal and 
Swan, each trying to get the other fired, I'd bet on Hal.   
At any event I was already three-quarters out of there, and not 
really much affected by Swan's posturing. 
 
Closer to home, though, was a letter-to-the-editor published in 
"Aviation Weekly and Space Technology", written by Swihart and  
listing by name Harold Johnston, Conway Leovy, Julius London, 
James McDonald, and me as having knowingly and maliciously 
withheld information that the SST would not harm the stratosphere.  
The letter included the figure that I had given Arnold Goldberg, 
and, after an intervening paragraph, concluded with "such 
behavior, which is even traitorous ..". 
 
I spent a long shower over that one, wondering about my responsi- 
bilities, duties, and best course.  I calmed down after awhile, 
concluding that a libel suit would be difficult, expensive, and 
problematic, that I was certainly about to leave the company 
anyway, one way or another, and that, bottom line, I really didn't 
feel all that damaged.  From time to time I've since wondered 
whether I could have won a libel suit, and for how much.   
 
So, finally, I asked Jim Kenney to lay me off.  There were some 
financial advantages in that, over quitting outright.  He laughed 
and said "Hey, Ted!  Whom are you kidding?" 
 
So, really finally, I quit and took a 60% salary cut into a soft-
money position at the University of Washington, sharing some 
management and research tasks for Paul Hodge and Bob Charlson.  
Paul is a distinguished professor in the Astronomy Department.  
Bob, whom I've mentioned before, was then a Professor in the Civil 
Engineering Department.  Later I was able to shift my appointment 
to an academic track, and I have lived happily ever after. 
 


