



















































































Research in Progress

Missing Mass

ISSING MASS. Non-luminous mat-
M ter. Dark halo.

These terms all apply to an intriguing
problem uncovered by astronomers in
recent years. They have found that all
the matter in a galaxy is not accounted
for by its stars alone. The mass in a
galaxy actually extends far beyond its
bright outer edge. How far beyond is a
question being pursued by several
Caltech astronomers.

Although this mysterious mass can’t
be seen, its gravitational influence on
visible objects is observable. Stars and

clusters of stars orbit about the center of

our galaxy. Those confined to the disk
of the galaxy follow roughly circular
paths; those that fill out the galaxy’s
spherical halo travel in more eccentric
orbits, plunging through the disk and
back out again on their million-year
circuits.

Stellar orbits are controlled by the
mass in a galaxy and its distribution.
Even though some of the mass doesn’t
shine, its presence can be inferred
through the motions of the stars. Recent
doctoral recipient Abhijit Saha used this
approach to examine the Milky Way’s
dark matter.

With Palomar Observatory’s tele-
scopes, Saha searched selected sky fields
for RR Lyrae stars, rhythmically pulsing
stars whose light variations can be used
to deduce their distance. And because
they are bright, RR Lyraes can be de-
tected even when far out in the Milky
Way’s halo.

For such distant objects it’s only
possible to measure the line-of-sight
component of their orbits from shifts in
the positions of spectral features. This
component could be a large part of the
total motion for plunging, radial orbits,
or a small part if the orbit was more
circular. Knowing that the actual orbits

This globular cluster is one of many in the Magellanic Clouds, which contain the nearest dwarf
galaxies. Measurement of the motion of globular clusters leads to an estimate of a galaxy’s mass.

fell between the extremes, Saha exam-
ined the average motions of these RR
Lyraes with the idea that the faster they
are moving around, the more mass is
required to confine them. In this way he
showed that the Milky Way’s mass ex-
tends at least ten kiloparsecs, or 30,000
light-years, beyond the visible outer
edge.

Saha’s findings neatly corroborate a
1978 study by ED.A. Hartwick of the
University of Vancouver, and Wallace
Sargent, Caltech’s Ira S. Bowen Profes-
sor of Astronomy. Their study examined
the motions of globular clusters about
the Milky Way. These dense, compact
stellar systems spend most of their orbit
far out in the galactic halo and so are a
good indicator of distant conditions.
Hartwick and Sargent found that our

galaxy’s mass extends as much as 45
kiloparsecs, or 150,000 light-years, past
its nominal outer edge and contains two
to four times as much matter as previ-
ously thought.

More recently, Sargent has been
trying this method to estimate the size of
the dark halo around Andromeda, our
nearest, full-sized galactic neighbor. His
problem so far has been isolating the
globular clusters for study. At Androm-
eda’s distance, the clusters, although
bright enough to be seen easily, cannot
be distinguished from individual stars
except in a large telescope. Unfortu-
nately, it would take too long to scan all
the outer regions of Andromeda through
a large telescope. Instead, Sargent has
used Palomar’s 48-inch Schmidt tele-
scope to take wide-field photographic
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plates. To analyze the plates, he has
enlisted the help of a researcher in Eng-
land who recently devised an automatic
plate-scanner. More sensitive than the
human eye, the scanner can discern
images that appear slightly non-stellar
and are potential clusters around
Andromeda.

Once a catalog of clusters has been
compiled, Sargent will begin a more
detailed study, probably similar in
method to Associate Professor of As-
tronomy Jeremy Mould’s current ef-
forts. Mould also uses the motions of
globular clusters to delineate the dark
matter in a galaxy, but he has no trouble
discerning the clusters. Mould is study-
ing dwarf galaxies, miniatures of a size
between a globular cluster and the Milky
Way. Since dwarf galaxies are small, they
must be nearby to be seen; at these
distances, their globular clusters are
easily detected.

Even though the clusters can be
detected, their individual stellar mem-
bers cannot be easily resolved. Mould
has been using Palomar’s Hale Telescope
to create spectra from the overall light
of the clusters, from which he will derive
their line-of-sight velocities. This in turn
will lead to an estimate of the mass of
the dwarf galaxy, including the mass that

Improving on Nature

HE MosT commonly used antibiotics

are produced in nature — by
plants, by fungi, by bacteria. There are
plenty of other natural products that are
of potential therapeutic value to man,
but whose toxicity outweighs their bene-
fit. Actually, anything poison to us is
also potentially useful simply because it
interacts with the human body, accord-
ing to Robert Ireland, professor of

organic chemistry. The trick is to modify v

the chemical structure so as to maintain
the biological action while diminishing
the potency of the toxin. In a way, it is
the fine tuning of a biological response
through chemical modifications.
Ireland’s research involves the synthe-
sis of natural products of potential
therapeutic value. The goal of such
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To study dwarf galaxies, which are nearby and have easily detectable globular clusters, Jeremy

Mould uses the data recording system of the CCD (charge-coupied device) camera at Palomar
Observatory. The picture is displayed a few seconds after it has been taken.

doesn’t shine,

Ultimately these investigations of
unseen matter could provide informa-
tion important to a number of as-
tronomical studies. The most dramatic
among them is perhaps the critical cos-
mological question of whether the uni-

synthesis is not simply to make more of
a particular substance but to be able to
change the chemistry slightly and make
a molecule better than the one that
nature has produced. With any particu-
lar molecule the ultimate aim is to

broaden the critical gap (called the thera-

peutic dose range) between the amount
of a drug necessary to be effective and
the amount that will kill you. “If we can
make it, we can change it,” Ireland says.
He compares his procedures to planning
a drive from Los Angeles to New York

. by the most direct route; then, while
actually driving, adjusting the route
slightly to end up in Philadelphia.

Since Ireland and his group are in-

terested in the science of synthesis rather
than just building better drugs, an essen-

verse is open or closed, that is, whether
there is enough matter to gravitationally
halt and reverse the universe’s expan-
sion. The final fate of the universe may
be determined by the dark, unseen mat-
ter that astronomers have only recently
become aware of.[] — John Gustafson

tial criterion of a candidate molecule is
that it be a complex and challenging
problem. His “building block” approach
to the problem involves first designing a
multistage synthesis strategy — figuring
out the components (the building blocks
or synthetic intermediates) into which
the molecule might be broken and then
put back together most efficiently (plan-
ning the most direct route to New York).
The second stage consists of developing
the reaction pathways to reassemble the
pieces with slight modifications (because
youw’d rather be in Philadelphia).
Some of the Caltech chemist’s recent
work has concerned a biologically im-
portant molecule called X537A (also
known as lasalocid A). Currently it’s

used as an additive in chicken feed to



combat coccidiosis, a comimon infection
in chickens. It’s also; however, a power-
ful stimulator .of the human heart mus-
cle. The trouble with-it is the narrow gap
between effective dose and lethal dose —
a little bit could either cure you or kill
you.
~ X537A is a polyether ionophore, a
group of antibiotics that facilitate the
transport of ions across the cell mem-
brane. They do this by surrounding a
cation, which is lipophobic, and provid-
ing a lipophilic shield, so that the com-
plex can ooze easily through the cell
membrane. In the case of the X537A-
complex, two molecules link together to
form a ball around a calcium ion.
Tonophores such as X537A, like most

all antibiotics and most other biological
molecules in general, are optically active;
that is, they are asymmetric in such a-
way (either left handed or right handed)
that they will rotate the plane of polar-
ized light either to the left or to the
right. Most antibiotics are dependent on
this chirality, or handedness, for their
activity; they have to be able to recog-
nize the correct fit with the asymmetric
shape of another molecule. It’s like
shaking hands, says Ireland; if you try
to shake someone’s left hand with your
right hand, nothing fits.

But the theory of ionophore action
suggested that even though the X537A-
Ca*? complex is indeed chiral and the
cell membrane is also chiral, their in-
teraction (and hence transport through-
the membrane) is achiral — the handed- -
ness doesn’t matter. X537A exists in
nature only in the right-handed form, so
to test this theory Ireland and his group
have recently accomplished total synthe-
sis of left-handed X537A, made with
slight modifications after their successful
design for synthesis of natural X537A.
Biological testing has proved the theory
correct — both left-handed and right-
handed X537A molecules have the same
biological activity. This achirality makes
the drug unique among antibiotics and
potentially extremely valuable. Analogs
that could widen the drug’s therapeutic
dose range may be easier to synthesize
when' a molecule’s handedness can be
ignored. ‘

This assumption, as well as Ireland’s
synthesis strategy for X537A, can be
adapted to other ionophores with even
more complex structures, such as the
molecule monensin. Monensin, however,
presents another difficulty that makes its
synthesis and modification a very sticky
problem. Where other ionophores have
a hydrophilic (lipophobic) “inside” to

bind to the cation and a hydrophobic
(lipophilic) “outside” to ooze through
the.cell membrane, the monensin-cation
complex still has one of its hydrophobic
oxygens on the outside, impeding trans-
port. This imperfect structure occurs
because nature is restricted to a small set
of starting molecules. Chemists, how-
ever, are not, and once they can synthe-
size natural monensin, they can change
the starting materials to form a “better”

‘molecule than nature did. Ireland is

currently trying to develop a monensin-
like structure that has a lipophilic carbon
atom in place of the outside lipophobic
oxygen of natural monensin.

Among other molecules Ireland is
working on are aplysiatoxin (a marine
toxin) and streptolydigin (a potent anti-
biotic). This portion of Ireland’s re-
search is funded by the Public Health
Service, the National Heart and Lung
Institute, and the Hoffmann-La Roche
Foundation.[1—JD
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In the figure at left, the top configuration represents the structure
of X537A, which is broken down below it into synthetic
intermediates, or “building blocks.” Below is a three-dimensional
drawing of two molecules of X537A surrounding a barium ion
(similar to calciumy) to form a complex with a lipophilic exterior.
Reprinted with permission from the Journal of the American
Chemical Society.

J. Am. Chem. Soc., 1880, 102, p. 1155

J. Am. Chem. Soc., 1970, 92, p: 4430
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Books — by, about, or of interest to Caltech people

No PrAce To Go .
Effects of Compulsory Relocation on
Navajos

by Thayer Scudder

Institute for the Study of Human
Issues .. .covinviniieinnnes $17.50

The compulsory relocation of over 5000
Navajos and up to 90 Hopis was manda-
ted in 1974 by Public Law 93-531. In
1978 the Navajo-Hopi Land Dispute
Commission of the Navajo Nation asked
that the Institute for Developmient An-
thropology make a study of the human

"and economic costs for the Navajos of
such a relocation. That study was car-
ried out under the direction of Thayer
Scudder, professor of anthropology at
Caltech.

Scudder is a recognized authority on
relocation and settlement of rural popu-
lations in many parts of the world — an
expensive and emotionally unsettling

process even under the best of circum-
stances. He is the senior authot of this
book, which describes the findings in
this particular case. The book also pro-
vides photographs, figures and tables,
maps, appendixes, references for further
study, and an index.

PROJECT EVALUATION IN THE CHEMICAL
PROCESS INDUSTRIES

by J. Frank Valle-Riestra

McGraw-Hill Book Company ... $31.50
Alumnus J. Frank Valle-Riestra (BS '48
in chemistry, MS *49 in chemical engi-
neering) is now senior associate scientist
in Dow Chemical’s western division. He
is also an adjunct professor at UC
Berkeley. In this book he uses both of
those experiences to provide a text for a
course in project evaluation, plant de-
sign, and senior design. His goal is to
provide students with insight into how to

apply acquired project evaluation tools,
along with what they have learned in
academic disciplines, to “real world”
industrial situations. The time vatiie of
capital investments, for example, is
explained in termis of quantified risk and
past corporate performance, and the
mathematics of finance are presented as
a straightforward extension of tech-
niques acquired in earlier mathematics
cotirses. The professional development
of engineers is examined in the context
of the early assumption of project
management responsibilities in industry.
Marketing research is presented as a
discipline that is siibject to quantltatlve
analysis.

The book’s approximately 400 prob-
lems are typical to the industrial environ-
ment and offer students practice in
problem-solving techniques. There are
also 10 to 20 worked examples in each
chapter, case studies, exercises, photo-
graphs, and bibliographies.

INCREDIBLE
DISCOUNTS

TO THE

CALTECH

COMMUNITY!

WE PROUDLY CARRY.

THE VERY FINESTIN . ..

AUDIO, VIDEO & COMPUTER

SYSTEMS FOR ALL BUDGETS

OWNED & STAFFED BY CALTECH GRADUATES & STUDENTS
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o GNP LOUDSPEAKERS ® GRACE ® GRADO ® [BM.® KiMBER KABLE ® KLYNE ® KYOCERA ® LAST

® LEADING EDGE ® LIVEWIRE ® MOBILE FIDELITY ® MONSTER CABLE ¢ NAD ® Nakamicuai ® NEC
® NITTY GRITTY ® ORACLE ® PERREAUX ¢ PROTON ® PS AUDIO ® REFERENCE ® SHEFFIELD LABS

® SHERWOOD ® SOFTSEL ® STAX ® Sumiko ® TDK & MORE.
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GHES

FELLOWSHIPS

Since 1949, more than 4,500 men and women have
earned advanced degrees in engineering and science
with the help of Hughes feliowships. The Hughes
commitment to furthering your education and your
career.

More than 100 new fellowships will be available in
the coming year for graduate study in:

Englineering (Electrical, Mechanical,

Systems, Aeronautical)

Computer Science

Applied Math

Physics

As a Hughes fellow, you could be studying for your
Master’s, Engineer, or PhD degree while receiving:

Tuition, books, and fees

Educational stipend

Full employee benefits

Professional-level salary

Summer employment

Technical experience

Total Value: $18,000 to $40,000 a year.

You'll also have the opportunity to gain valuable
on-the-job experience at Hughes facilities in Southern
California and Arizona while you're completing your
degree.

Work Study Fellows work part-time during the
academic year while studying at a nearby university. Full
Study Fellows work in the summer and study full-time.

And since Hughes is involved with more than 90
technologies, a wide range of technical assignments is
available. In fact, an Engineering Rotation Program is
avaijlable for those interested in diversifying their work
experience.

if you'd like assistance from a company committed
to advancing the frontiers of technology, f||| out and mail
the coupon below. Or write to:

Hughes Aircraft Company

Corporate Fellowship Office
Dept. 104-2, Bldg. C2/B168

P.O. Box 1042, El Segundo, CA 90245

Proof of U.S. Citizenship Required
Equal Opportumty Employer

THE COMMITMENT
BEHIND THE PROGRAM

Hughes Aircraft Company, Corporate Fellowship Office, Dept. 104-2,
Bldg. C2/B168, P.0. Box 1042, El Segundo, CA 90245. -

Please consider me a candidate for a Hughes Fellowship and send me the

necessary information and application materials.

Crea([ng a new world with eleclronus

PLEASE PRINT: Name

HUGHES AIRCRAFT COMPANY

Address Date

City - State Zip

I am interested inobtaininga_____~  Master's Engineer degree _______ Doctorate
in the field of: '

DEGREES NOW HELD (OR EXPECTED)

Bachelor’'s: Date _ Field School

Master’s: Date Field School

WRITE YOURSELF IN




Random Walk
Real Time

N oUR September issue Charles Elachi
I of JPL reported on the ancient dry
river channels beneath the Sahara, which
were discovered by the shuttle-borne
radar, Part of his story concerned opti-
cally developing the 1,000 meters of film
retrieved from the shuttle after it landed
— and the scientists’ surprise at first
sight of the buried channels — months
later while still developing film.

Now Demetri Psaltis, assistant pro-
fessor of electrical engineering, has come
up with a camera that will process the
radar data in real time. In place of film
it uses an “acousto-optic” device — a
tellurium oxide crystal transducer and
charge-coupled devices — to detect the
signal and display the synthesized image
on a TV screen. Astronauts on board
the shuttle can view the images in real
time and adapt experiments. And inves-
tigators on the ground won’t have to
wait months for the surprises.

In Memoriam

HE CALTECH community recently

lost two of its long-time members.
Dr. Lawrence A. Williams, a life mem-
ber of the Board of Trustees since 1975,
died on December 1 at the age of 79. He
first became a trustee in 1954, and he
was a life member of The Associates
even before that. Williams, who began
the practice of medicine in Pasadena in
1939, was a prominent local physician,
having served as chief of staff at the
Huntington Memorial Hospital, on the
senior attending staff of County General
Hospital, and as an associate professor
of medicine at USC. He is survived by
his wife, Lovina.

Arthur L. “Maj” Klein, professor of
aeronautics, emeritus, died on Novem-
ber 25. He was 85. Klein had been at
Caltech since 1916, earning his BS in
1921, his MS in 1924, and his PhD in
1925. He retired in 1968. Klein was
responsible for much of the design and
engineering for the building in 1929 of
Guggenheim Laboratory and the wind
tunnel. He also supervised renovation of
the equipment 40 years later. Beginning
in 1932, he was a consultant for Douglas
Aircraft. A memorial service was held
on December 8, and a fund in his honor
has been established. Contributions
should be sent ¢/o Susan Walker,
Caltech 1-36, Pasadena, CA 91125.
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For Old Times Sake

UR SEPTEMBER story, “A United

Vision,” showing some old build-
ings at Caltech evoked several responses
from alumni, the focus of which was the
photo of the Old Dorm on page 15. One
of our correspondents pointed out that
— contrary to what our caption said —
Throop Club did not meet in the Old
Dorm but occupied a separate building
connected to the Old Dorm by a roofed
porch.

Another spoke of a sentimental jour-
ney for his memory to return to the Old
Dorm in which he had lived as a gradu-
ate student. “If you still have some old
photos to show of some other corners of
Caltech,” he went on, “please publish
them. They are certainly most sentimen-

tal and nostalgic to all old alumni.”

We had no luck finding a picture of
the outside of the Old Dorm that would
show its relation to Throop Club, but we
did find the picture above that we
thought might interest all those “old
alumni,”

The occasion was a Throop Club
housewarming in 1936, and these men
gathered around the fireplace in “The
Dugout” for a group photo. We can’t
name the first and third men from the
left, but the others are Frank Jewett,
Bob Mahoney, K. Watanabe, Hugh
Colvin, Wally Swanson (from whom, via
the Caltech Archives, we got the photo),
Paul Hammond, Howard Hamacher,
and Ed Kasnika.

For the Record

W E ARE indebted to James Bonner,
professor of biology, emeritus,
for some interesting information about
Barbara McClintock, winner of the 1983
Nobel Prize in physiology or medicine.
Bonner points out that none of the
recent news stories about her seems to
have mentioned her Caltech connection,
‘to wit, that she was a Natjonal Research
Council Fellow in Caltech’s Division of
Biology from 1931 to 1933. She was, in
fact, the Institute’s first woman postdoc.

She also returned as a visiting professor
in 1946 and 1954.

Bonner was a graduate student in the
1930s, and his lab was close to McClin-
tock’s-on the third floor of the Kerck-
hoff Laboratories — along with that of
another National Research Council
Fellow and future Nobel prizewinner,
George Beadle. Beadle was, however,
usually off in Temple City hoeing his
corn at the corn farm maintained by the
division. o
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WORLD’S MOST
SOPHISTICATED
LASER SYSTEM?

Or evaluate primary sensor performances of - school. If you’re qualified and selected, we’ll pay
multimillion dollar satellites? : 75% of your tuition. Those with special

Or manage millions of dollars a year in - qualifications can even study full time, at no cost.
defense contracts? So plug into the Air Force. Because when it

The Air Force, that’s who. comes to technology, the Air Force can help you

If you’re a talented, motivated electrical “achieve great sophistication at a very tender age.
engineer or plan to be, you don’t have to wait to : For more information contact your local Air
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Dream things
that never were

and say, “Why not?”

Let your imagination go as
far as it can. Then give it a real
workout.

Press a button and watch
your integrated circuit design
light up a computer screen.
Touch anocther button and see
a cross-sectional view of your
heart.

You're just scratching the
surface. Keep on going.

Make that imagination
sqgueeze one million functions
onto a single microchip.

Let it loose on appliances
that can think for themselves.
Unleash it on computers
that can speak the human

language.

Turn it on to robots that can
see, hear, think, and feel.

If you can dream it, you can

- doit. And if you're bright,

talented, energetic, creative,
and determined enough, you
can do it with us.

You can put your mind to
work on anything from mate-
rials research to computer-

aided design and robotics.

You can bring your ideas to
life in just about every area of
lite—from the office to outer
space, the laboratory to the
living room.

There's never been a better
time to be an engineer. You've
got the tools—the technology—
to take your ideas and run
with them. To make tomorrow
happen faster than ever
before—starting right now.

And GE? We've got
enough resources, diversity,
and imagination to keep you
asking, “Why not?” for the rest
of your life.

An equal opportunity employer

Ifyou can dream it,
youcandoit.



