






























Sagittal brain images as a 
function of lime allowed for 
relaxation; here, differences 

arising from T] are 
emphasized over the range 
25-/00 milliseconds (GE). 

Right: NMR signal intensities 
and relaxations to provide a 
contrast scale for bone, mus­

cle, and blood. 

Be/ow: CT (x-ray) section 
(left) of patient sujJering from 

mUltiple sclerosis compared 
with transaxial NMR images, 

T] (center) and T/ (right) 
(HMRI). 

cerebrospinal fluid having increased amounts 
in that order. The T J and T, values are also 
very different for these materials, so we can 
use T p T" proton content, or combinations 
of these to establish a contrast scale. For clini­
cal purposes, a combination of proton con­
tent and T, is most often used. 

To illustrate how this works, let's consider 
bone, which has little water in it, so it's not 
going to give a very strong proton signal. 
Further, it has short T, values, so the reso­
nance signal will decay away rather quickly. 
The signal from bone will therefore be weak 
and fast decaying. So, if we sample the signal 
from bone at different periods after the initial 
excitation pulse, it will always be weak. We 
can color such weak signals as black or very 

• 
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dark gray. Muscle has many more protons 
per unit volume and longer T, values, so it 
will give a stronger signal that decays more 
slowly than that of bone. We could assign 
medium gray to muscle and light gray to 
blood, which will also have a strong signal 
with an even slower decay. 

We can see in the illustrations above the 
remarkable difference in contrast in brain 
images as a function of time. The images 
correspond to different decay times for sagit­
tal slices ranging from 25 to 100 milliseconds 
after the original excitation pulse. In the 
areas that remain light, the protons are losing 
the "ringing" very slowly. Others (the darker 
areas) lose the major part of it more rapidly. 
The overall signals are decreasing in intensity 
all the while, but each of these pictures has 
been brought up to the same average intensity 
by turning up the brightness as one might do 
on a TV set. At the outset, only a small frac­
tion of the signals has decayed, and there's 
not much differentiation between the tissues 
on the basis of the differing T, values. How­
ever, as time unfolds, large differences de­
velop because the signal from some of the 
materials decays much more rapidly than oth­
ers. Rapid decay prod uces the dark areas; 



slow decay produces areas that remain bright. 
A comparison between CT (x-ray) and 

NMR scans of a patient with multiple 
sclerosis shows that the x-ray image provides 
relatively little differentiation between 
different areas of the brain. But in the T, and 
T 1 images of the same patient you can see 
some marked white areas. These are demy­
elinated areas, where the insulation (myelin) 
covering the nerves has decomposed with a 
consequent increase in water content and T, 
values. The way in which the abnormal areas 
stand out makes the NMR scan favored in 
this case. 

Of particular interest is the fact that the 
water (proton) content, Tl' and T, values of 
cancerous tissues are, in general, substantially 
greater than those of normal tissue. By delay­
ing the observation time and allowing the T, 
effect to become more prominent, cancerous 
tissue in, say, the liver, stands out very 
brightly, as shown in the illustration above. 

In just the last few years, remarkable 
NMR pictures have been made of the heart. 
The heart is a very difficult organ to image by 
either NMR or x-rays, because it pulsates and 
therefore needs relatively short exposure times 
to give unblurred pictures. Unfortunately, 
NMR is not exactly a lOOO-speed film; it's 
more like a relatively slow film, and so we 
have to repeat our snapshots many times and 
then add them together to get a useful pic­
ture. Thus we need to start the excitation 
pulse and the analysis period at particular 
times in the heart cycle. Proceeding in this 
way, we can make images of the heart at 
different parts of tbat cycle. 

NMR techniques do very nicely for 
noninvasive measurements of the diameter of 
the aorta and for detecting deposits of 
cholesterol and lipids associated with harden­
ing of the arteries. Dr. Bradley of HMRI has 
made some important studies on the use of 
NMR to investigate blood flow. Earlier we 
indicated that blood should have a contrast of 
light gray in NMR imaging. But in the image 

of the aorta on the following page it shows as 
black. Why would this be? Remember that, 
when we start at time zero, we use a gradient 
and are able to pulse the protons in a particu­
lar plane or slice of the body a few millime­
ters thick. So in a midriff cross-section, we 
pulse only the blood that is in that aorta slice 
at the particular time. When we analyze the 
signal from the protons in the same aorta 
slice some 28 milliseconds later, the blood we 
magnetized earlier has already moved farther 
down, wholly out of the slice. It has been 
replaced by magnetically unexcited blood, 
which of course gives no NMR signal and 
hence comes out black in the image. This 
way of analyzing blood flow can detect tur­
bulence in flow and has very general potential 
for analysis of the mixing of liquids. 

Still another burgeoning application of 
NMR is the study of metabolism. Dr. Dom­
inique Freeman, a Boswell Postdoctoral Fel-

Section through the body, 
showing how a cancerous 
growth in the liver becomes 
prominent in the image as 
more lime is allowed for 
relaxation. The range is 32-
128 milliseconds (GE). 

Images made during different 
parts 0/ the heart cycle by hav­
ing the NMR excitation pulse 
synchronized to particular 
parts of the EKG waveforms 
(GE). 
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Above: Midriff section showing 
aorta (ar ends of white line, 

enlargement upper right) Wilh 
blood appearing black as the 
result of flow. The light gray 

area visible in rhe aorta 
between 7 and 10 o'clock at 

the upper right is a deposit oj 
fatty matter characteristic of 
atherosclerosis. The inset at 

upper left is taken further 
down the aorta, and here the 

deposits are essentially absent 
(HMRl). 

Top right: Phosphorus NMR 
spectrum of a living rabbit 

hearl. The key resonances for 
energy metabolism are the 
three a, f3, and'Y peaks of 

adenosine triphosphate 
(oA TP. PA TP. yATP) and the 

single peaks of phospho-­
creatine (PCr) and inorganic 

phosphate (PJ 

BOllom right: Dr. Dominique 
Freeman arranging for a phos­

phorus NMR spectrum in a 
high-field, large-bore supercon­

ducting magnet system made 
by General Electric and set up 

at the Huntington Medical 
Research Institutes, 

low at Caltech, and Harold Mayr from the 
University of Vienna are working at HMRI 
in collaboration with Dr. Richard Bing, 
studying the metabolism of phosphorus, 
rather than protons, in a living rabbit heart. 
The phosphorus NMR spectrum (shown 
above, right) from such a heart has several 
interesting features. The spectrum is com­
plex, but we can see three different resonance 
peaks coming from the three different phos­
phate atoms of the molecule ATP (adenosine 
triphosphate), which is the fuel for contrac­
tion of the muscle in the heart; a peak from 
P;, inorganic phosphate, one of the products 
of the reaction of the muscle contractions 
produced by the A TP; and a peak from PCr 
(phosphocreatine), which brings the phos­
phorus into the heart muscle in the proper 
form to be easily converted to A TP. 

We can study a heart with diseased muscle 
under stress and see how the concentrations 
of these metabolites change in comparison 
with normal heart muscle. Then, when the 
stress is removed, we can then see how fast 
the recovery to unstressed conditions occurs. 
Many people have serious problems in regen­
erating the proper balance of phosphorus 
metabolites after periods of stress. 

In principle, we could make images of 
brain slices to determine the distribution of 
A TP within the brain and also determine how 
fast this A TP is being used up. This is still 
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beyond the reach of current technology -
but not far out of reach. It's very tantalizing. 
The problem is that phosphorus is 10,000 
times more difficult to detect in living tissue 
than protons. For one thing, the concentra­
tion of phospborus is much lower than the 
concentration of protons in living tissues. 
Also, phosphorus has a smaller resonance fre­
quency, and its nuclei are not as favorable to 
observe as protons. 

The uses of NMR in biology and medi­
cine offer a most fertile field of research. Cal­
tech has been very much in the forefront of 
chemical NMR in the past. Now there's a 
wonderful opportunity for collaborative work 
between Caltech and HMRI on these exciting 
new processes, and we should take full advan­
tage of it. Some years ago, during Harold 
Brown's presidency, Caltech considered start­
ing a medical school but decided not to 
proceed for a number of good reasons. Col­
laborative work with HMRI would give CaI­
tech the opportunity to become involved in 
various aspects of medical research without 
the problems of running a medical school. 
NMR is just one of the several possible 
attractive modes of present and future colla­
boration to the benefit of each institution. D 



A Scientist 

by Taylor Wang 

• 
In Space 

W HY OOES A SCIENTIST want to go into space? 
Scientists bave one fatal flaw - they're 

obsessed by their experiments. And I'm no 
exception to that; 1 will even go out of this 
world to do my experiment. 

Space has one thing to offer that you can­
not get anywhere else - extended zero grav­
ity. One type of experiment that takes full 
advantage of zero gravity is what we call con­
tainerless experiments, and this is what I hap­
pen to be interested in. Now for the first 

Taylor Wang adapts to 
weightlessness inside the 
Space/ab. With gravity re­
duced, legs no longer are 
needed to gel around, faces 
change shape and feel 
different , and time must be 
taken to forget a lifetime on 
the earth 's surface . 
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time you can do an experiment without a 
container - you can leave the thing in mid­
air and take your hands off. In the laboratory 
when you do this the sample will start drop­
ping; it will hit the ground in less than a 
second, and the experiment's over. So if you 
want to do anything, you have to do it fast or 
you don't do it at all. 

The particular experiment that I'm 
interested in is called equilibrium shapes of 
the dynamics of a rotating and oscillating 
drop. It requires about 30 minutes of zero 
gravity because everything has to be very slow 
moving; it's always in an equilibrium state, a 
quasi-static condition. You can do it on an 
airplane, flying up and down like a rollercoas­
ter, with the plane essentially flying in forma­
tion with the experiment package, which is 
free floating inside it. If the pilot or the 
weather isn't so good, the package will 
bounce around inside like a Ping-Pong ball, 
and you will have lost your lunch for noth­
ing. Unfortunately, on an airplane zero grav­
ity can last only about 20 seconds. You can 
make it last a little bit longer, but by that 
time you will have dived into the grourid. 
I'm not sure I want to go that far yet. 

Or you can use a drop tower. You could 
dig a very deep hole, say, all the way to 
China, and in principle you could get about 
30 minutes experiment time. I don't think 
the two countries are that friendly to each 
other yet. So the only option to do the exper­
iment is to go into space. 

I'm really looking at two experiments. 
Investigating the equilibrium shapes of a 
rotating spheroid is one of them. This is actu­
ally a very old experiment, going back 300 
years. Newton, looking at the equilibrium 
shape of the earth, was the first to pose this 
question. And lots of calculations have been 
done since then but there hasn't been a single 
definitive experiment to verify the theory. 
The second experiment is on large-amplitude 
oscillations of drops, and this calculation is 
about 100 years old. (I only do old experi­
ments.) Both these experiments require an 
extended gravity-free environment. It is not 
that they have been waiting for me all this 
time; it just so happened that the space 
environment was not available until now. I 
have been interested in this area for a long 
time, and I was fortunate to be in the right 
place at the right time when the space oppor­
tunity turned up. 

When you rotate a drop, you start from a 
perfect sphere. As it rotates, it goes to an 
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axysymmetric shape, a little flat at both poles. 
But once you get to a certain point, the so­
called bifurcation point, the axysymmetric 
shape is no longer stable, and it goes to a 
non-axysymmetric shape. We are trying to 
understand what this bifurcation point is. 
Everybody accepts it because a lot of people 
have calculated it. In fact, almost every 
mathematician at one time or another has 
done some calculations on the bifurcation 
point. So the point itself is very well defined. 
The question we're concerned with involves 
the stability of various shapes, how they 
behave to one another, and how the system 
works dynamically. 

In the large-amplitude oscillation experi­
ment, we stimulate a droplet and it goes into 
various oscillation modes. If you introduce a 
larger amplitude, the drop not only goes into 
oscillation but into a fission process. Now, 
you may ask the question: If this is a con­
tainerless experiment and you're not touching 
it, how do you stimulate the drop? There are 
many ways you can do it, for example, with 
an electric or a magnetic field. We use an 
acoustic field, which causes less perturbation 
to the droplet. We create a potential well, 
which is almost like a bag to hold the drop. 
Since we can control the frequency and the 
beating, as well as modulation and amplitude, 
I can make the drop do what I tell it to do -
rotate, or oscillate, or change its shape, or 
move around, or sit someplace. The acoustic 
field gives me a great deal of freedom to do 
what I want with the sample, but yet not 
touch it. 

After NASA accepted our proposal in 
1974, we started to develop the experimental 
hardware, which we finished in 1980. Now, 
during all that time it never occurred to me 
that I might actually conduct the experiment 
in person. But in 1982 NASA started think­
ing about the crew for the Spacelab 3 mis­
sion, for which our experiment was sched­
uled, and asked the question: Is it better to 
train a career astronaut as a scientist or to 
train a career scientist as an astronaut? 
NASA headquarters finally opted for the 
latter, since this mission would be primarily 
science oriented. 

So NASA announced an open selection 
for scientists to train as astronauts, and I put 
my name in. I didn't think I would, get 
selected, but I thought I could at least estab­
lish a bottom line. For a potential astronaut 
you couldn't get much worse than me. 

I still haven't figured out why they chose 



me as one of the four candidates. But since 
they did, I wasn't going to make a big fuss 
out of it. The others include Eugene Trinh, a 
fluid dynamicist, also at JPL by way of Yale; 
Lodewijk van den Berg, a materials scientist 
from the Netherlands; and Mary Helen 
Johnston from the Marshall Space Flight 
Center; she's also a materials scientist at the 
University of Florida. 

Since we had to be full-fledged members 
of the flight crew, that is, we had to carry our 
own load, the training (which consisted of 
four components) was quite rigorous. The 
first component is scientific training, that is, 
we are trained to conduct other people's 
experiments, not just our own. There were 
14 experiments on the flight, covering many 
disciplines that we had to learn something 
about. It's very interesting because we nor­
mally wouldn't have a chance to be exposed 
to some of these things - life science, 
materials science, fluid mechanics, astro­
physics, atmospheric science, and so on. 

The second component of the training 
involves adaptation training. Going into 
space often causes problems with so-called 
"space adaptation syndrome," which is sort of 
like car sickness. NASA is very concerned 
about this because, with a limited number of 
crew members, each with his own assign­
ments, if some members get too sick to func­
tion, the others will have to pick up the slack. 
And since we are very busy, this is difficult to 
do. Even worse is what could happen when 
some individuals become irritable when they 
feel physically uncomfortable. If some large, 
strong individual decides to pick a fight , we 
might be in trouble - maybe not even com­
ing back. 

Unfortunately there's no way to determine 
who will and who won't get sick, so NASA 
has a rather different screening process -
they make everyone sick. And then they 
observe us to see if we can still function. 
They blindfold you and stick electrodes all 
over you (they want to find out everything 
about you, more than you care for them to 
know), put you in this thing that they rotate 
at a rapid speed, changing speed just for fun. 
They also make you do head movements. 
When you just sit there it's no problem, but 
once they make you move your head, you 
start to feel the sensation . After you've got­
ten to the stage where they want you, they 
make you do things to see whether you can 
still obey orders and do things in the proper 
order. 
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If that doesn't get you, they put you in a 
small room, called an elevator, and after 
checking whether you have claustrophobia or 
not, they close it up. The elevator goes up 
and down and twists and turns and yaws and 
does whatever is necessary to guarantee that 
you will have space adaptation syndrome. 
Then there's further testing. None of us is 
very belligerent, and we all survived. I didn 't 
exactly enjoy it, but I survived. 

The third component involved space shut­
tle training - familiarizing ourselves with the 
whole spacecraft. There are about 4,000 
switches and 6 computers on the spacecraft. 
We are supposed to know what all the 
switches are for -so in case the five career 
astronauts all die on me, I can bring the 
spacecraft back. But it's mainly to train us 

After fabrication and testing at 
JPL, the Drop Dynamics 
Module (DDM), for [he slUdy 
of free liquid drops, awaits the 
Spacelab 3 mission. 
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Several hours before liftoff, the 
astronauts don their suits and 

helmets in the "while room" at 
the launch pad. After entering 

the shuttle and strapping 
themselves in, the payload 

specialists relax for two hours 
while the flight and ground 

crews prepare for liftoff 

The ultimate E-ticker ride -
liftoff of the Space Shullie 

Challenger on April 29, 1985 
carrying Spacelab 3 into orbit 

for a week of sCientific 
investigations. 
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not to panic when the alarms go off and the 
lights start flashing. 

Survival training was the fourth category. 
Before launch the spacecraft is strapped to 
two of the biggest sticks of dynamite that this 
country ever built. And if those two sticks of 
dynamite don't work quite right, especially 
just before launch, there will be nothing left 
within 10 miles. And so just in case (they 
keep on emphasizing that point - "just in 
case") there's some malfunction, the rocket is 
about to go off, everybody else is long gone, 
and you are stuck inside the spacecraft, you 
will know what to do. Essentially what they 
want us to do is try to get the hell out of 
there. We' re supposed to take a crowbar and 
pry open a panel above the pilot's seat, press 
a switch to blowout the window, releasing 
seven steel cables. We're supposed to climb 
out the window, grab onto the steel cable and 
slide all the way down (the spacecraft is about 
10 stories high) and run like hell to a bunker 
500 yards away. And if we can get into the 
bunker, we might survive. We've got to do 
all that in about 10 seconds flat. Well , they 
told us that we will probably be able to run a 
lot faster than normal in this situation. 

Another aspect of survival training in-



volves what happens if the spacecraft takes off 
properly but doesn't have enough thrust to go 
into orbit and has to ditch in the ocean. 
What do you do? You open the hatch and 
inflate the lifecraft underneath it, push it out, 
jump into it, and paddle away and watch the 
spacecraft (now literally a spaceship) sink. 
It's not really a spaceship, either, but a space­
submarine, because when it gets on water, it 
dives like crazy. You have again about 10 
seconds to do all this. 

In September 1984 NASA finally picked ) 
the crew members for our particular flight. 
They included Bob Overmyer, commander of 
the flight, and Fred Gregory, the pilot. (Over-
myer was really the pilot and Gregory the 
copilot, but in NASA everybody has higher 
titles.) The Spacelab engineer was Don Lind, 
and Norm Thagard was the space shuttle 
engineer. Bill Thornton was the physician, 
who doubled as zookeeper for the 12 rats and 
2 monkeys on the flight. And Lodewijk van 
den Berg was the other payload specialist or 
astronaut scientist. 

From the time the crew was selected, the 
seven of us trained as a unit. We not only 
trained in the four categories mentioned ear-
lier, refreshing them, but we also started to 
train as a unit to back each other up, just in 
case one or two of uS became incapacitated. 
And we learned to live with each other's 
idiosyncrasies, since we would be living in 
very cramped quarters on the mission. For­
tunately we got along well ; at least we didn't 
have any open fights. During this nine­
month period we saw each other more than 
we saw our families. After nine months we 
finally got tired of each other, and fortunately 
NASA got tired of us too and told us to go 
ahead with it. 

For the last 10 days before the flight we 
were in the crew quarters, stuck together 
without seeing many other people. And we 
were watched and examined continuously. 
Just before launch we leave the crew quarters 
and go into what we call the "white room," 
right outside the spacecraft. Three volunteers 
are there - the only people besides us within 
10 miles. This is the place to take care of last 
minute things - body functions, insurance 
payments, or religious services. And this is 
the place where, if you change your mind, 
you still have a chance to get off. But if you 
don't change your mind, they put this suit on 
you and send you off, and then they run like 
hell. Then you are inside, and they are gone; 
the towers have disappeared on you, and even 

if you want to change your mind, it's too late. 
Fortunately it was a very good launch. 

The countdown was smooth; there were no 
hangups or delays. It took about two hours 
for the spacecraft to get into stable orbit. 
When you first get in orbit and experience 
zero gravity, something very interesting hap­
pens. For the first time in your life your 
body says, "I don't need my legs." And so 
the brain says, "Since I have no need for the 
legs, let's shrink them." And your legs actu­
ally do shrink about an inch in diameter very 
quickly. 

If your legs shrink, where does the excess 
go? It goes right to your face, and we all had 
this sort of chipmunk look. It's rather uncom­
fortable but of short duration, because the 
face is telling the brain, "I don't want this 
stuff either; would you get rid of it"? And 
what happens is that you start to discharge it 
outside your body. The only problem is that 
there are seven of us and only one waste 
management system. 

It didn't take too long to adjust to zero 
gravity, and then we were ready to go into the 
Spacelab to start work. In the Spacelab 

Wangflool s through fhe tun· 
nel connecting Spacelab 3's 
module to the mid deck of the 
shull/e. 

21 



Right: Wang conducts an 
experiment involving a one­

inch drop, visible in the 
chamber of the Drop Dynam­

ics Module. The DDM uses 
sound to position and manipu-

lale the drop without any 
physical contact. The image 
below is not aClllally a drop 
but a one-inch ball used for 

calibration of the instrument. 

everything worked well except one thing -
my experiment. I started to turn on the 
experiment the second day, and it didn't 
work. Normally when that happens you have 
to forfeit it, beause it's very difficult to repair 
an experiment in space. You can't take 
things apart and put them someplace, because 
there's no place to put them. And you don't 
have many tools; all I had was a voltmeter 
and a couple of screwdrivers. Also, you can't 
drive the spacecraft to some supply depot to 
pick up replacement parts. 

Because we had a so-called payload spe-
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cialist (me) on this flight, however, we were 
given the opportunity to try. Since I could 
not take the experiment out, the best way to 
do it was to go inside the experiment. So I 
lived inside that instrument for two and a 
half days. During that time all my colleagues 
could see of my anatomy was my leg. I took 
the whole instrument apart from the back, 
trouble shooting line by line, point by point. 
Although there wasn't a high probability of 
fixing it, with good support from my team on 
the ground we were able to discover the prob­
lem and find a way around it. We actually 
did a bypass surgery. Perhaps this provided a 
justification for NASA's decision to train 
scientists as astronauts; when experiments 
don't work out as expected, a trained scientist 
may be able to react to solve the problems. 

I'd like to emphasize the teamwork on 
these missions. There were about 300 indivi­
duals at the Johnson Space Center in Hous­
ton supporting our flight. And I had nine 
people just on my experiment team, worki ng 
all the time I was working and working even 
when I got to rest. Arvid Croonquist and 
Eugene Trinh deserve a lot of credit. I don't 
think they slept the entire time, to be sure to 
be there when I needed help. 

The best ti me of the flight for me was 
when I started to do my experiment. Nor­
mally we are supposed to work only 12 hours 
a day, but in reality we worked about 15-16 



hours. Time is su<;h a precious thing in flight 
that every single second counts. You can 
always do other things later. So even though 
I lost two and a half days, I was able to 
recoup most of the things that I wanted to do 
by working longer hours. 

What the experiment did was spin out a 
drop, bifurcate, and then become axysym­
metric again, and bifurcate again, and so on, 
again and again to confirm the theory. As I 
mentioned earlier, this theory has been 
around for many years, and we didn't expect 
anything to deviate from the calculations of 
the bifurcation point, because that's essen­
tially a universal given. And in the axysym­
metric shape region it behaved very nicely. 
But once it actually got to the bifurcation 
point, it deviated from the theory quite a bit. 
This was a surprise to us; we didn't think this 
was in dispute. In fact, when we took it 
further, to the fission point, we found that the 
fission point does agree with theory, but the 
shapes are quite different. Now, I always like 
this sort of outcome, because I can tell my 
theoretician friends that they're not as good 
as they think they are. 

People always ask the question: what is it 
like in space? For one thing, there's no up 
and no down. So you can live on any of the 
six surfaces. When we started out, the space­
craft was pretty cramped for all seven of us. 
But once you get into space, you find that 
you don't have to live on the floor; you can 
live off the ceiling, or you can live off the 
wall, so the spacecraft becomes very spacious. 
I picked the ceiling for my home base since I 
spent two and a half days working upside 
down anyway and was used to it. 

In space you can really fly. If you want to 
go someplace, you don't walk, you just tap 
your finger in one place and you fly over. 
Not everything is positive; for example, writ­
ing is difficult, but you learn to adjust to 
these things. The human body is a very 
adaptive system, and it takes only about a 
day or two to adjust to the space environ­
ment. From that point on you feel quite 
comfortable in space. 

What do we eat in space? A typical menu 
would consist of dehydrated meat and vege­
tables. This is a meal you could eat if you 
had a good appetite. But in space, even if 
you're not sick, you really don't feel that 
great. So most of us didn't really eat the 
whole thing. I brought some Chinese tea 
along, and that's the one thing that kept me 
going most of the time - a cup of tea and 

some nuts. When I came home I had lost 
about four and a half lbs., and that's quite 
typical. (We also gain about one and a half 
inches in height.) One person on our flight, 
however, had a great appetite. Whatever the 
rest of us didn't eat, he finished. And when 
he came back, he had actually gained five Ibs. 
That made NASA history. 

How do we eat in space? There are two 
ways. If you want to do it the way you 
would usually eat on earth, you have to move 
the food toward your mouth at a very slow 
pace, so the food won't leave the spoon or 
fork and land someplace that you don't want 
it to. Or, rather than bringing the food to 
your mouth, you can leave the food in mid­
air and take your mouth to it. That works 
pretty well unless a colleague gets his mouth 
to your food before you do. 

Putting on clothes in space is also different 
from on earth. You don't put them on one 
foot at a time, but two feet at a time, two 
arms at a time. Because the clothes spring 
out and take their own form, you don't really 
put them on at all; you just wiggle yourself 
m. 

When you sleep, you don't lie on some­
thing - you just float. So when you're tired 
you just close your eyes and you can go to 
sleep wherever you want to. It's very com­
fortable. The only trouble is that sometimes 
you float too far and drift into your friends. 

At the end of the sixth day and the 
seventh day, when the experiments were all 
done, we closed the laboratory and for the 
first time had time to be tourists. We were 
given about six hours to look out the window 
and see the earth and take pictures. Flying at 
a speed of Mach 25, we went around the 
earth every 90 minutes. Every 45 minutes we 
got a sunrise; every 45 minutes we got a sun­
set. We flew over familiar places and some 
not so familiar. I especially enjoyed seeing 
San Francisco, Los Angeles, and Shanghai, 
where I grew up. Viewing the earth from this 
perspective gave us a strange feeling. From 
space we can see that the earth is very beauti­
ful and that all of us are very fragile. 

When the tourist season was over, we had 
to come home. After flying around the earth 
110 times (2.5 million miles), we landed at 
Edwards Air Force Base, and the pilot (the 
commander) put his front wheel right on the 
yellow line of the runway. We were quite 
pleased with ourselves. We had a very good 
flight and accomplished what we set out to 
dO.D 
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Tiny Tale Gets Grand 

T HE CHALLENGE HAD STOOD for 26 years: 
"It is my intention to offer a prize of 

$1,000 to the first guy who can take the infor­
mation on the page of a book and put it on 
an area 1/25,000 smaller in linear scale in 
such manner that it can be read by an elec­
tron microscope." 

Richard P. Feynman, the Richard Chace 
Tolman Professor of Theoretical Physics, 
announced this offer at the American Physi­
cal Society's annual meeting at Caltech. It 
came at the end of his talk, "There's Plenty of 
Room at the Bottom," discussing the "prob­
lem of manipulating and controlling things 
on a small scale." The talk, and the chal­
lenge, were published in the February 1960 
issue of Engineering & Science. 

Tom Newman was three years old at the 
time and not in any hurry. In November 
1985 Newman, a Stanford grad student in 
electrical engineering, collected the $1,000 
prize with the evidence shown opposite - the 
opening page of A Tale q{ Two Cities reduced 
to an area 5.9 x 5.9 micrometers and mag­
nified back to legible size by an electron 
microscope. 

In his letter to Newman accompanying 
the check, Feynman wrote: "Congratulations 
to you and your colleagues. You have cer­
tainly satisfied my idea of what I wanted to 
give a prize for. Others have apparently made 
as small or smaller marks, but no one tried to 
print an entire page. And on a 512 x 512 
dot printer! Each dot is only about 60 atoms 

on a side. I can't quite manage to imagine 
the square 1/160 mm on a side onto which 
all that is printed. It would be 20 times too 
small on a side to see with the naked eye. 
Only 10 wavelengths of light. The entire 
Encyclopaedia Brittanica, perhaps 50,000 to 
100,000 pages of your size would be on less 
than 2 mm on a side - the head of a small 
plain pin." 

The idea of writing the entire 24 volumes 
of the Enclyclopaedia Britannica on the head 
of a pin (and all the books in the world on an 
area of about three square yards) figured 
prominently in Feynman's original article, 
which not only prophesied that such fine 
writing could be done but also described how 
to do it. 

"A simpler way might be this (though I 
am not sure it would work): We take light 
and, through an optical microscope running 
backwards, we focus it onto a very small pho­
toelectric screen. Then electrons come away 
from the screen where the light is shining. 
These electrons are focused down in size by 
the electron microscope lenses to impinge 
directly upon the surface of the metal. Will 
such a beam etch away the metal if it is run 
long enough? I don't know." 

A few months after Feynman's speech, 
researchers in Germany actually did use an 
electron beam for fine writing. Newman, 
who also used an electron beam to etch the 
prizewinning page, considers Feynman a 
"visionary" for having had such foresight. 
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Tom Newman poses with his 
electron beam lithography 

equipment. 

Feynman offered another prize in 1960 for 
a rotating electric motor, 1/64th inch cubed. 
That one was claimed in the same year by 
William McLellan (Cal tech BS 1950), who 
had spent 2'12 months of lunch hours building 
it with the help of a microscope, a watch­
maker's lathe, and a toothpick. It is 
enshrined on permanent display in East 
Bridge and is a standard stop on campus 
tours. Although the article had stated only 
Feynman's intention of offering a prize, and 
not actually an offer of one, and although 
McLellan had done it for the challenge of the 
problem and not for the money, Feynman 's 
conscience began to bother him and he 
coughed up the $1 ,000 after all. But the 
December 1960 E&S carrying the news of 
McLellan's victory, also took note of 
Feynman's "worried thoughts." 

"Daily, he expects to meet the man who 
has accomplished this spectacular feat. And, 
daily, the thought haunts him - because, in 
the meantime, Feyn man has been married, 
bought a house and, what with one thing and 
another, hasn't got another spare $1,000. 

"This, then, is a public appeal by 
Engineering and Science, to all inventors, 
who are now at work trying to write small 
and collect the Second Feynman Prize -
TAKE YOUR TIME! WORK SLOWLY! 
RELAX!" 

The appeal was heeded. But "Plenty of 
Room at the Bottom" had become a classic 
of sorts and was still being handed around a 
quarter of a century later among people 
interested in such things. R. Fabian Pease, 
Stanford professor of electrical engineering 
and Newman's advisor, remembers seeing it 
first in 1966 when he was an assistant profes­
sor at Berkeley. It was another Stanford gra-
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duate student, Ken Po lasko, who first brought 
it to Newman's attention and suggested going 
for the prize. "We had an idea no one had 
done it," says Newman, "or we would have 
heard about it." But Newman also thought it 
was a "neat paper" and "fun to read just for 
itself, " and, like the first prizewinner, he was 
more interested in the problem than in the 
money. 

The problem fit in nicely with his doctoral 
research, which concerned improving the 
throughput of electron beam lithography to 
make the process useful in the production of 
VLSI chips and in the ultra-high-resolution 
fabrication of very small electron devices. 
Newman had designed a system for such 
enhancement of electron beam lithography 
using a multiple-beam approach, in which the 
beams are independently modulated as they 
are scanned in an array over a surface, giving, 
in effect, a dot-matrix writer. (This work was 
supported by the Arm y Electronics and 
Development Command.) At the time the 
old E&S article surfaced, he was looking for a 
good demonstration of pattern generation for 
his apparatus - some random, arbitrary pat­
tern. '''Text is ideal," says Newman, "because 
it has so many different shapes." 

He chose A Tale of Two Cilies because it 
was one of his favorite novels - but also 
because it had a well-known opening para­
graph and a first page of about the right size. 
He used a beam of electrons about one five­
millionth of an inch in diameter to scan the 
text across a thin plastic membrane. The 
exposed regions were then etched away by 
being dissolved in ethanol. Although New­
man had all the basic tools already and got a 
good start on the project over a weekend, it 
took about a month of concentrated hard 
work to get the text to a point where it was 
adequately legible. "Using text was tougher 
than we had thought," says Pease. "It turned 
out to be an excellent technological exercise. " 
Eventually Ann Marshall of Stanford's Center 
for Materials Research was able to tune her 
electron microscope to get a readable image. 

And then Newman sent Feynman a 
telegram asking if anyone had yet collected 
the prize. No one had. In addition to being 
$1,000 richer (Feynman was no longer finan­
cially strapped), Newman also passed his PhD 
orals on December 4. Included as part of his 
oral presentation was the prizewinning page 
of A Tale of Two Cities as further demonstra­
tion of computer-controlled pattern genera­
tion in electron beam lithograph y. 0 - JD 



Research In Progress 

Comet Composition 

N EXT MARCH 13th will be the culmi­
nation of years of effort on the 

part of Peter Eberhardt, visiting associ­
ate in geology and planetary science. 
He'IJ be in the European Space 
Agency's operations center at Darm­
stadt, West Germany, monitoring data 
returned by the Giatto spacecraft as it 
encounters Comet Halley. Aboard 
Giotto is an instrument Eberhardt 
helped design - the Neutral Gas Mass 
Spectrometer (NMS) - that wiIJ 
return precise information on the com­
position of the gases swirling around 
Halley. Because these gases are 
thought to represent nearly pristine 
remnants of the early solar system, 
data from the NMS are likely to solve 
important questions about the state of 
the solar system before the formation 
of the earth. 

Traveling towards HaIJey at 69 
kilometers per second (154,000 miles 
per hour), Giotto carries nine other 
instruments aside from the NMS. 
There are two other mass spectrome­
ters - one for ions and the other for 
dust - as well as ion, dust, electron, 
and energetic-particle analyzers; a cam­
era; a magnetometer; and an optical 
photometer. Giotto has been aimed to 
plunge directly into the comet, missing 
Halley's solid nucleus by only 500 
kilometers. Tf things go according to 
plan, Giotto will pass through the 
comet's shock front, its contact sur­
face, and its coma before dust particles 
destroy the spacecraft or knock its 
antenna out of alignment with the 
earth. 

Until this happens, the NMS will 
be sending a steady stream of data 
back to Eberhardt and his colleagues at 
Darmstadt. "We will look at the data 
online as they come in and, if neces­
sary, we'll make changes in the opera­
tion modes of the instrument," says 
Eberhardt. "We'll get quick-look data 
in real time, but to really reduce the 
data will take considerable time -
probably several years." 

Mass spectrometers work by first 
ionizing a stream of gas and then sub­
jecting this stream of ions to a strong 
magnetic field. The magnetic field 
deflects ions of low mass more sharply 
than ions of higher mass, so ions of 
different masses will strike different 
locations on a suitably placed detector. 
The position of a signal on such a 
detector indicates the atomic mass of 
the ionized gas, and the intensity of 
the signal indicates the gas's relative 
abundance. 

The NMS aboard Giotto consists 
of several separate modules, each 
designed and built by a different 
research team. A group at the Univer­
sity of Bern, where Eberhardt is profes­
sor of physics, designed the mass spec­
trometer itself - the "M-analyzer" -
and performed instrument calibrations 
and environmental testing. A group at 
the Max Planck Institute in Heidelberg 
built the E-analyzer, which will meas-

", 

ure the temperatures and streaming 
velocities of the cometary gas. Scien­
tists at the Laboratoire de Geophy­
sique Externe near Paris were responsi­
ble for the detectors and ground sup­
port electronics, and researchers at the 
University of Texas, Dallas, built the 
NMS's electronics and wrote the on­
board software. 

The design groups had to solve a 
number of important problems before 
the idea of sending a mass spectrome­
ter to the comet could become a real­
ity. For one thing, the instrument 
would have to be capable of detecting 
anywhere from one single gas molecule 
to one-billion of them. When the 
NMS is 100,000 kilometers from the 
comet, the gas densities will be on the 
order of 10,000 molecules per cubic 
centimeter; says Eberhardt, "this is a 
pretty good vacuum for most people." 
To measure such a rarefied atmo­
sphere, the signals will be preamplified 

:::;;':''''' \ 
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A Swiss research group bllilt (he M-analyzer, the heart a/GiallO's Neutral Gas Mass Spec­
trometer. Gas molecules enter a small slit, at left center in this photograph, and are 
separated according to mass by the wedge-shaped magnet at the rear. 
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by a specially designed micro-channel 
plate, which contains, in effect, 256 
tiny photomultiplier tubes, whose gain 
can be changed by adjusting the high 
voltage. 

Another problem in measuring 
such low gas densities is that a sub­
stantial fraction of the gas molecules in 
the vicinity of the NMS will be 
molecules that have evaporated from 
the spacecraft itself. To discriminate 
against these non-cometary molecules, 
the designers took advantage of the 
fact that the comet's gas will be travel­
ing at a high velocity relative to the 
spacecraft. By setting up a potential 
barrier (an area of high positive volt­
age) just past the instrument's ioniza­
tion region, only molecules with high 
thermal energy will be able to enter. 

"What we want to get from the 
NMS," says Eberhardt, "is the chemi­
cal composition of the neutral gas 
evaporating from the cometary 
nucleus. How much water, methane, 
CO, N 2, and so on is there? We will 

measure also the isotopic composition 
of the light elemerits - for instance 
the 180: 160 ratio, deuterium abun­
dance, and 13e. We'd like to study 
what happens to the gas when it 
expands into space, its interaction with 
sunlight, the spatial distribution of 
changes with distance. At present we 
don't really know what the composi­
tion of the volatiles is. We have some 
information from spectroscopy, but we 
may actually be missing a few major 
components because they cannot be 
seen with spectroscopy." 

Some of these measurements have 
important implications for theories 
about the early solar system. A good 
example of this is deuterium abun­
dance. The earth is enriched in deu­
terium, a non-radioactive isotope of 
hydrogen. Deuterium is twice as 
heavy as hydrogen, and its relatively 
high abundance on earth is thought to 
be due to low-temperature fractiona­
tion - before the accretion of the 
earth a disproportionate amount of the 

lighter hydrogen in the inner solar sys­
tem had been lost. The outer planets 
have much lower deuterium abun­
dances, and this is thought to reflect 
the solar system's initial conditions. 
Most scientists believe that Halley's 
comet formed in the outer solar sys­
tem so its deuterium abundance 
should be similar to that of the outer 
planets. 

If all goes according to plan,. data 
on this question and others will start 
streaming down to Darmstadt on 
March 13, 1986, three hours and 45 
minutes before Giotto's closest 
approach. As this day nears, Eber­
hardt is spending part of a sabbatical 
at Caltech, "I've been fairly busy with 
the Giotto project in the last two 
years, busier than I intended to be." 
Eberhardt wi1llikely remember these 
months at Caltech as the calm before 
the storm, a storm that will bring a 
blizzard of data to bear on some of the 
most fundamental questions in the 
solar system. 0 - RF 
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To Shop or Not to Shop 

T HINK ABOUT THE LAST TIME you bought 
a major durable good - a televi­

sion, a washing machine, or a refrig­
erator, for example. Did you just buy 
the first one you saw in your price 
range? Or did you compare prices and 
qualities, going from store to store say, 
or reading newspaper ads or Consumer 
Reports? If you fall into the latter 
group, you're known in economic 
lingo as a "shopper," and the more 
people there are like you in a given 
market, the lower prices will be 
overall. 

At least that's the conclusion that 
David Grether and Louis Wilde, both 
professors of economics, and Alan 
Schwartz, professor of law and social 
science, have arrived at by applying a 
novel combination of economic theory 
and experiment. These studies began 
several years ago when Wilde and 
Schwartz were developing mathemati­
cal representations of markets in which 
the consumer has only imperfect and 
costly sources of information. The 
researchers discovered that their 
models were difficult to test against 
competing ones, so - together with 
Grether - they began a series of 
experiments designed to test market 
behavior in the laboratory. They 
study how buyers interact with sellers 
in the marketplace by varying such 
factors as a market's structure, its pro­
portion of shoppers to non-shoppers, 
and the amount of information avail­
able to buyers and sellers. 

Their laboratory is a simple class­
room and their subjects are paid 
volunteers who take the part of buyers 
and sellers. Although no actual goods 
are bought or sold in these experi­
ments, to properly motivate the sub­
jects, real money must change hands. 
Sellers purchase "goods" from the 
researchers and sell them for whatever 
the market will bear. At the end of 
the experiment, buyers resell the 
"goods" they have purchased to the 
researchers at a predetermined price. 
All participants get to keep any profits 

they make, which can amount to as 
much as $7 per experimental hour. 

"We aren't just asking how well 
these subjects can calculate something 
that we could in principle simulate on 
a computer," notes Wilde. "We give 
them discretion over how to behave 
and we provide incentives for them to 
behave in an economically rational 
fashion. We give them a reason why, 
if they're a buyer, they should like a 
lower price, and a reason why, if 
they're a seller, they should like a 
higher price. But we don't dictate 
what prices to transact at or how to 
behave. Whether they make money or 
not is their own problem." 

In an initial series of experiments 
Grether, Schwartz, and Wilde have 
confirmed several theoretical models 
that predict the behavior of markets 
having varying proportions of shop­
pers. If none of the buyers are shop­
pers, for example, prices stabilize at a 
very high level. If all of the buyers are 
shoppers, sellers will charge very low 
prices, just above their costs. And if 
the market contains some shoppers 
and some non-shoppers, at equilibrium 
the sellers will be selling their goods at 
an array of prices. This shows that 
even non-shoppers benefit when a 
market contains a sizable proportion 
of shoppers. One of the goals of the 
research is to determine just what this 
proportion has to be. 

More recently, the researchers have 
turned to studies in which an "infor­
mation broker" is interposed between 
buyers and sellers. Such a situation 
mimics some of the computer­
organized markets or electronic shop­
ping services that have begun to spring 
up with the advent of television cable 
systems and personal computers. In 
this kind of service a prospective buyer 
can, for a fee, gain access to a list of 
sellers and their prices. 

In one of these experiments, the 
information broker offers buyers the 
option of purchasing a list containing a 
limited sampling of the sellers and 

their prices. This can lead to a situa­
tion in which ultimately no buyers 
take advantage of the price lists and 
prices remain uniformly high. "You 
can see why this can be in equilibrium 
if you think about it," says Grether. If 
everybody charges high prices, there's 
no real point in paying money to shop. 
If nobody pays money to shop, there's 
no point in charging lower prices 
because your business won't go up. 

But if shoppers can choose to pur­
chase a complete listing of all the sell­
ers and their prices rather than just a 
sampling, the outcome changes com­
pletely. "Generally in this setup," says 
Grether, "all transactions take place at 
one of two prices - either a low price 
- a competitive price - or a high 
price, with no prices in between. If 
you're a seller and you're not at the 
low price, you don't get any business 
from shoppers at all. So once you 
come off the bottom, there's no point 
in coming off a little bit." Only non­
shoppers, of course, buy at the high 
price. 

"It turns out," says Wilde, "that 
small changes in the way people gather 
information or in the way information 
is disseminated can have very signif­
icant implications on the predicted 
nature of the market outcome. There 
are issues about how sellers would get 
listed on such a marketing service: Do 
firms demand to be on it? Do they 
pay a fee to be on it? Does the infor­
mation service itself go out and sample 
firms? Is it always the same firms or is 
it a random sample? The difference, 
for example, between the information 
service going out and randomly sam­
pling 10 firms every week versus hav­
ing a stable of 10 firms it always moni­
tors would lead to completely different 
outcomes." 

Since minor changes in a market's 
structure can lead to drastic differences 
in its functioning, this work may have 
significant implications for government 
policymakers. "That's the whole 
nature of the research," says Wilde. 
"To try to understand how these 
different features influence the out­
come, to ask, 'What would be the 
socially responsible way to regulate 
these services, and do we even need to 
regulate them?'" So one of the most 
important results of these studies may 
be to provide lawmakers with data on 
which to base their regulatory 
decisions. D - RF 
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Randonl Walk 

JPL astronomer Eleanor Helin obtained this most detailed image yet of Halley 's 
Comet with the 48-inch Schmidt Telescope at Palomar Observatory. The photo, 
taken at 7:54 p.m. Pacific Standard Time on December J 3th, shows for the first 
lime the full range of features characteristic of a well-developed ion tail. These 
include tail rays, condensations, a kink, a general helical structure (which shows 
only as a waviness on the print), and perhaps a disconnection event. A swarm of 
spacecraft is heading towards the comet. including the European Space Agency's 
Giotto probe (see page 27). 

Dervan, Koonin Honored 

PETER 8. DERVAN, professor of chemis­
try, has received the Arthur C. 

Cope Scholar Award. The award 
recognizes and encourages excellence 
in organic chem istry and consists of a 
certificate and a $15,000 unrestricted 
research grant. 

Dervan pioneered techniques 
necessary for the accurate analysis of 
the binding locations of antitumor, 
antiviral, and antibiotic drugs on 
DNA. Using the tools of organic 
chemistry in combination wi th molec­
ular biology techniques, Dervan is 
developing a set of rules for the 
readout of right-handed double helical 
DNA. This work has major applica­
tions in diagnosing disease and in 
developing novel chemotherapeutic 
strategies for the treatment of cancer. 

STEVEN E. KOONIN, professor of theoret­
ical physics, is the recipient of a 

Senior U.S. Scientist Award from the 
Alexander von Humboldt Foundation 
of Bonn, West Germany. The award 
will enable Koonin to spend approxi­
mately 12 months conducting spon­
sored research at the Universi ty of 
Frankfurt's Insti tute of Theoretical 
Physics. 

Koonin uses computer modeling 
techniques to investigate the structure 
of the atomic nucleus and the atomic 
physics of neutron stars. His study of 
low-energy collisions among the nuclei 
of heavy atoms has shown these 
interactions to display both classical 
and quantum mechanical properties. 
The models he developed are now 
standard in the field. 

Bonds Issued 

THE BOARD OF TRUSTEES has authorized 
the sale of $20 million in bonds to 

finance several important construction 
projects on campus. The bonds, which 
are tax-exempt under federal and state 
law, went on sale in December. The 
Caltech bonds were rated AAA by 
Moody's and were purchased by banks 
and other institutional investors. 

Proceeds from the bond issue will 
be used to construct additional gradu­
ate student residences, a parking struc­
ture, and a cogeneration plant. The 
new graduate student apartments will 
be located on Catalina, just north of 
the apartments that were completed in 
1984. The parking structure, located 
on the west side of Wilson, will pro­
vide about 500 spaces for students, 
faculty, and staff. If everything goes as 
planned, the apartments and the park­
ing structure will be completed by Sep­
tember 1986. 

Construction of Cal tech's second 
cogeneration plant, to be located in 
central plant, is expected to begin in 
February. The initial plant, which 
uses steam produced by boilers to 
operate a turbine generator, produces 
about 20 percent of the campus's 
power. The new plant, a gas/oil-fired 
combustion turbine, is expected to 
provide another 60 percent of campus 
energy needs. 

Happy Birthday, Linus! 

ON FEBRUARY 28, 1986 Caltech will 
salute two-time Nobel Prize 

winner Linus Pauling, professor of 
chemistry emeritus, with a daylong 
seminar in honor of his 85th birthday. 
The seminar will include talks on 
Pauling's contributions to chemistry as 
well as his contributions to the Caltech 
community, The day will be capped 
wi th a banquet in Pauling's honor. 
For further information, contact Pro­
fessor Ahmed Zewail at Caltech 127-
72, Pasadena, CA 91 125. 
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Random Walk (continued) 

This Voyager 2 photograph of Uranus shows the planet's outermost, or epsilon, 
ring. The picture is a computerized summation of six images returned November 
28, J 985 and is the first to show the epsilon ring unblurred by the earth's atmo­
sphere. This ring, 51,200 kilometers from the planet's center, is the most prom· 
inent of Uranus's nine known rings. In this picture the central image of Uranus 
itself is greatly overexposed. image processing introduced various other artifacts, 
including the dark region just above the planet, the diffuse brightening below it, 
and the small, bright projectionsjrom the edge of the planet in the upper lefi. 
Voyager 2 will make its closest encounter with Uranus on January 24, 1986. 

"Mechanical Universe" Wins Awards 

CALTECH'S rNNOVATlVE TELECOURSE, 

"The Mechanical Universe," has 
won two prestigious awards. At the 
International Film and Television Fes­
tival of New York the series was 
awarded the Gold Medal in the 
Scientific Themes Category. And at 
the Chicago Film Festival, it won the 
Golden Plaque for educational series. 

Funded by the Annenberg/CPB 
Project, "The Mechanical Universe" 
consists of 26 programs based on lec­
tures given by David Goodstein, pro­
fessor of physics and applied physics. 
A second group of 26 programs is 
currently under production. 
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Goodstein demonstrates Newton's Laws. 

Developmental 

Biology Grant 

THE LUCILLE P. MARKEY Charitable 
Trust has awarded the Division of 

Biology a five-year, $12.5 million grant 
for the study of developmental biol­
ogy. Developmental biology, the study 
of how organisms, cells, and tissues 
attain their adult form and function, is 
now becoming an area of intense 
exploration due to opportunities 
afforded by powerful new techniques 
in molecular biology, cell biology, 
immunology, and microchemical 
instrumentation. The grant will ensure 
independent support for Caltech's 
broadly focused research effort. 

"Space Photography" a Hit 

THE BAXTER ART GALLERY'S final exhib­
it, "25 Years of Space Photogra­

phy," opened at the IBM Gallery of 
Science and Art in New York City on 
November 5 in the first leg of an inter­
national tour. The 2,800 people who 
attended opening day at the IBM gal­
lery made it the largest opening in the 
gallery's history. By the end of No­
vember, less than halfway through its 
run, 53,500 people had viewed the 
exhibit. 

The New York showing has 
attracted a great deal of media atten­
tion. In addition to a review in 
Newsweek, two articles in The New 
York Times, and a report by the Asso­
ciated Press, feature articles on the 
exhibit are soon to appear in Scientific 
American and Harper's. 

"25 Years of Space Photography" 
will be at the Fresno Metropolitan 
Museum in May and June 1986, at 
the Exploratorium in San Francisco in 
January and February 1987, at the 
International Museum of Photography 
at George Eastman House in Roches­
ter, N.Y. in May through August 
1987, and finally, in late 1987, at the 
Cosmocenter in the Netherlands. In 
addition, the Coca Cola Company 
plans to exhibit a selection of the pho­
tographs at its centennial celebration 
in Atlanta in May 1986. 



The Travel Program Of 

Alumni Flights Abroad 
this is a private travel program especially planned for the alumni of Harvard, Yale, Princeton and certain other 
distinguished universities. Designed for the educated and intelligent traveler, it is specifically planned for the person 
who might normally prefer to travel independently, visiting distant lands and regions where it is advantageous to travel 
as a group. The itineraries follow a carefully planned pace which offers a more comprehensive and rewarding manner of 
travel, and the programs include great civilizations, beautiful scenery and important sights in diverse and interesting 
portions of the world: 

TREASURES OF ANTIQUITY: The treasures of classical antiquity in Greece and Asia Minor and the Aegean Isles, 
from the actual ruins of Troy and the capital of the Hittites at Hattusas to the great city-states such as Athens and Sparta 
and to cities conquered by Alexander the Great (16 to 38 days). VAILEY OF mE NILE: An unusually careful survey 
of ancient Egypt that unfolds the art, the history and the achievements of one of the most remarkable civilizations the 
world has ever known (19 days). MEDITERRANEAN ODYSSEY: The sites of antiquity in the western Mediterra­
nean, from Carthage and the Roman cities of North Africa to the surprising ancient Greek ruins on the island of Sicily, 
together with the island of Malta (23 days). 

EXPEDITION TO NEW GUINEA: The primitive stone-age culture of Papua-New Guinea, from the spectacular 
Highlands to the tribes of the Sepik River and the Karawari, as well as the Baining tribes on the island of New Britain 
(22 days). The soum PACIFIC: a magnificent journey through the "down under" world of New Zealand and 
Australia, including the Southern Alps, the New Zealand Fiords, Tasmania, the Great Barrier Reef, the Australian Out­
back, and a host of other sights. 28 days, plus optional visits to South Seas islands such as Fiji and Tahiti. 

INDIA, CENTRAL ASIA AND mE HIMALAYAS: The romantic world of the Moghul Empire and a far-reaching 
group of sights, ranging from the Khyber Pass and the Taj Mahal to lavish forts and palaces and the snow-capped 
Himalayas of Kashmir and Nepal (26 or 31 days). soum OF BOMBAY: The unique and different world of south 
India and Sri Lanka (Ceylon) that offers ancient civilizations and works of art, palaces and celebrated temples, historic 
cities, and magnificent beaches and lush tropical lagoons and canals (23 or 31 days). 

mE ORIENT' The serene beauty of ancient and modern Japan explored in depth, together with the classic sights and 
civilizations of southeast Asia (30 days). BEYOND mEjAVA SEA: A different perspective of Asia, from headhunter 
villages in the jungle of Borneo and Batak tribal villages in Sumatra to the ancient civilizations of Ceylon and the 
thousand-year-old temples of central Java (34 days). 

EAST AFRICA AND mE SEYCHEllES: A superb program of safaris in the great wilderness areas of Kenya and Tan­
zania and with the beautiful scenery and unusual birds and vegetation of the islands of the Seychelles (14 to 32 days). 

DISCOVERIES IN mE soum: An unusual program that offers cruising among the islands of the Galapagos, the 
jungle of the Amazon, and astonishing ancient civilizations of the Andes and the southern desert of Peru (12 to 36 days), 
and soum AMERICA, which covers the continent from the ancient sites and Spanish colonial cities of the Andes to 
Buenos Aires, the spectacular Iguassu Falls, Rio de Janeiro, and the fururistic city of Brasilia (23 days). 

In addition to these far-reaching surveys, there is a special program entitled "EUROPE REVISITED, "which is design­
ed to offer a new perspective for those who have already visited Europe in the past and who are already familiar with the 
major cities such as London, Paris and Rome. Included are medieval and Roman sites and the civilizations, cuisine and 
vineyards of BURGUNDY AND PROVENCE; medieval towns and cities, ancient abbeys in the Pyrenees and the 
astonishing prehistoric cave art of SOUmWEST FRANCE; the heritage of NORmERN ITALY, with Milan, Lake 
Como, Verona, Manrua, Vicenza, the villas ofPalladio, Padua, Bologna, Ravenna and Venice; a survey of the works of 
Rembrandt, Rubens, Van Dyck, Vermeer, Brueghel and other old masters, together with historic towns and cities in 
HOLLAND AND FLANDERS: and a series of unusual journeys to the heritage of WALES, SCOTLAND AND 
ENGLAND . 

. Prices range from $2,225 to $5,895. Fully descriptive brochures are available, giving the itineraries in complete detail. For 
further information, please contact: 

Alumni Flights Abroad 
Dept. CT 16 

A.F.A. Plaza, 425 Cherry Street 
Bedford Hills, New York 10507 

TOLL FREE 1-800-AFA-8700 
N.Y. State (914) 241-0111 
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Share in the Achievement 

Dr. James L. Urban, a research fellow in biology. was recently named 
Caltech's first Alcott Fellow in commemoration of the lOOth birthday 

of Mrs. Rosalind W. Alcott. Working in immunology, Dr. Urban. 
through the Alcott Fellowship. receives the funding necessary to 

complete this important part of his education. 

The establishment of the Alcott Fellowship fulfills Mrs. Alcott's 
lifelong dream of making a lasting contribution to scientific 

education and research. She achieved her goal by means of a life 
income gift to Caltech, which will permanently endow the Rosalind 

W. Alcott Fellowship Fund. 

Life income gifts may generate such benefits as income for life; 
income, es tate and capital gains tax savings; and more spendable 

income. These gifts may also provide an opportunity to 
diversify one's portfolio. 

If you want to share in the achievements 
of outstanding young scholars and researchers as 

Mrs. Alcott has done, contact: 

]. Thomas Gelder. Office of Gift & Estate Planning 
California institute of Technology, Pasadena, California 91125 (818) 356-6349 
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