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Exploring and extending the capabilities of
the ANALYTICAL ULTRACENTRIFUGE

Those “shadows” of molecules mov-
ing through the analytical cell can
now yield considerably more data
than in the earlier days of analytical
ultracentrifugation. And some of the
exciting developments, both experi-
mental and theoretical, reported in
recent literature suggest that the po-
tentialities of the technique have
only begun to be explored.

Low Solute Concentrations

The six-channel centerpiece
* used by Yphantis reduces the
time-consuming aspect of
equilibrium centrifugation by
permitting simultaneous study
of three solvent-solute pairs.

An equilibrium sedimentation tech-
nique that permits the study of
unusually low initial concentrations
with interference optics has been
developed by Yphantis — and, in
many cases, he has been able to
estimate the size of the smallest
macromolecular component present
in disperse solutions. He employed
about three times the usual centri-
fugal speed, so the concentration
near the meniscus became virtually

independent of position and could
be neglected in comparison with ini-
tial concentration. Concentrations in
the cell were then determined
directly from the fringe patterns
without the ambiguity inherent in
relating fringes to absolute concen-
trations.

Some Theoretical Investigations

Adams and Williams have shown
that the centrifugal behavior of in-
teracting systems containing any
number of macromolecular species
can be calculated from the sedimen-
tation equilibrium analysis. Nichol
and Winzor have taken the sedi-
mentation velocity approach: as-
suming an analogy between the
behavior of polymerizing systems
(as predicted by Gilbert) and rap-
idly reacting systems of the Type
A+B=C, they suggest a method of
evaluating equilibrium constants
without assigning values to any
velocity terms. Gilbert has extended
his calculation for a reversibly ag-
gregating substance to include con-
centration dependent sedimentation
coefficients and the effects of im-
purity mixed with the aggregating
substance.

Another Way
to Use Density Gradients

Vinograd, Bruner, Kent, and Weigle
have physically separated macro-

molecular components into discrete
bands so that sedimentation coeffi-
cients and relative concentrations
measured in the mixtures are free
from the effects of interaction be-
tween components. In lieu of centri-
fuging macromolecules previously
distributed through a density gradi-
ent, they layered a thin lamella of
the macromolecular solution on top
of a denser miscible liquid under
centrifugal force. Photographed by
absorption optics, the macromolecu-
lar components can be seen to
separate into bands, which move at
different velocities through the cell.

Band-forming centerpiece:
macromolecular solution
moves from circular channel =
to sector containing denser | |
miscible liquid. i

New developments in instrumenta-
tion, applications, and techniques
are discussed regularly in “Frac-
tions”, a publication sent to owners
of Beckman analytical and prepar-
ative ultracentrifuges, electrophor-
esis and diffusion instruments, and
amino acid analyzers. If you would
be interested in such news, we would
be glad to send you a copy. More
information about the centerpieces
shown is also available. Write
Beckman Instruments, Inc., Spinco
Division, Stanford Industrial Park,
Palo Alto, California.
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fine educational purposes.

SAUNDERS MATHEMATICS BOOKS, un-
der the general editorship of Professor Ber-
nard R. Gelbaum, will include works at all
levels of undergraduate and graduate mathe-
matics. The main thrust of this publishing ef-
fort will be to provide books that can serve

publication.

The books in this area will offer sound ped-
agogy, and scholarly depth and breadth . . .
backed by the W. B. Saunders Company’s 75
years’ experience in scientific publishing. The
volumes below are fully representative of the
high quality that will be the sole criterion for

NEW! Chisholm & Morris—

Mathematical Methods
in Physics

By J. S. R. CHisHOLM, Trinity Col-
lege, Ireland; and RosA M. MORRIS,
University College, Cardiff, Wales.

This extraordinary text thoroughly de-
scribes the techniques used in apply-
ing “pure” mathematics to physical
problems—techniques that must be
mastered by the student of engineer-
ing or physics. Wherever possible, the
authors have linked abstract mathe-
tatical statements with allied physi-
cal, or possibly geometrical conditions
they simulate, For example, the dis-
cussion of vectors is amplified by
material on force and velocity vec-
tors—differential coefficients are asso-
ciated with rates of change—integrals
are associated with areas. Extended
treatment is given to matrices, statis-
tics, and probability. A number of
exercises accompany each chapter,
providing the student with the prac-
tice essential for mastery of the math-
ematical technique under discussion.
Answers are provided at the end of
the book.

720 pp.—illustrated—$10.00
New! April, 1965

NEW! Abian—

The Theory of Sets and
Transfinite Arithmetic

By ALEXANDER ABIAN, Ohio State
University

Here is a remarkably clear text on
the theory of sets—based- on the
axioms of extensionality, replacement,
power-set, sum-set, infinity, and
choice. Keyed to the level of the ad-
vanced undergraduate or the begin-
ning graduate student, the text begins
with the most elementary concepts
of logic and axiomatics. It then
gradually familiarizes the reader with
more complex set-theoretical models.

The fundamental concepts of mathe-
matical logic and mathematics are
treated with utmost clarity. Topics
such as relation, order, equipollence,
and similarity are studied in detail.
The author utilizes a strong axiomatic
approach in covering material on
ordinal and cardinal numbers and
their arithmetic. The book contains
a wealth of illustrative examples, plus
summaries and exercises.

406 pp.—illustrated—about $10.00
New! Ready August!

NEW! Roberts & Kaufman—

Table of
Laplace Transtorms

By GEORGE ROBERTS, RCA Victor
Company, Ltd.;, and HyMAN KAUF-
MAN, McGill University

This superb reference brings to the
mathematician, engineer, physicist,
and scientist the most complete col-
lection of Laplace transforms in print
today. It contains over 50% more
entries than any other single source
available.

The authors have included separate
tables for both direct and inverse
transforms. They have also devised a
simple but effective indexing system
that enables the user to locate a spe-
cific transform with a minimum of
effort.

You'll find coverage is broad and up-
to-date. Pertinent fields are: the solu-
tion of initial and boundary value
problems, control and feedback sys-
tems, network analysis, etc. The most
recent entries found in the literature
are included.

About 300 pp.—about $10.00
New! Ready Late 1965!
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Please send and bill me:
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...... (Affiliation) ...................
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Proposed structural network for a
new city, based upon a system of
life, circulation, growth, and trans-
formation. The network starts at the
center with a simple orthogonal or-
ganization that grows outward, chang-
ing in geometry, dimensions, and use,
while preserving its unity and con-
tinuity. The system can suffer topolog-
ical transformation as the result of
changes in time, topography, and
human needs, without losing its basic
structural properties. See book review
of Structure in Art and in Science,
page 527. [Eduardo Catalano]






IBM’s remote time-sharing
computing service

now helping customers
solve scientific problems

Big scientific computing power at low cost

Busy, talented technical people no
longer need wait to get time on a
computer.

They no longer need wait to get an-
swers back from a computer center.

1BM’s time-sharing computing serv-
ice lets customers dial the 1BM Data-
center in New York City or Los Angeles
and be connected immediately with

one of our powerful time-sharing com-
puters.

Solve your problem and get answers
back immediately.

All you need to use this service is an
IBM typewriter terminal and a com-
munications link to the computer.
Computers at the two Datacenters can
handle input from as many as 40 ter-

minals at one time, time-sharing com-
puting power among them all.

The time on the computer costs $325
for 25 hours a month...or $760 for 75
hours.

The terminal rents for $125.

Communications line costs between
terminals and the computer vary with
distance.

More time to be creative

With this new 1BM service, you gain
productive time.

You have more time to spend on de-
sign...more time to work out solutions
to problems...more time to innovate.

Most important, you can solve prob-
lems more easily and quickly...and
solve problems you haven'’t had time to
solve till now.

In using this remote computing serv-
ice, you communicate in QUIKTRAN, a
new computer language we announced
last August. QUIKTRAN is a variation
of FORTRAN 1v. It lets technical people
instruct a computer in the language
of mathematics — the language they
use every day in their work. If you
understand math, you can understand
and use QUIKTRAN in two or three
hours.

NUMBER = 242

DIMENSION ZPLOT(52), TABLE(500),

101, = NUMBER=
101. ~READY

NUMBER = 12/2
101, = NUMBER=
101. -READY

N = SQRT(64.,)
101, = N= 8
101, -READY
101. -READY PROGRAM (SAMPLE)
102, +READY
103, +READY X=0
104, +READY Y=1,
105, +READY i=1
106, +READY

READ 101, DELX,CHAR,ZPLOT

And QUIKTRAN, unlike FORTRAN, lets
the computer answer you back at each
step of your problem’s solution. You

debug a program, statement by state-
ment, as you write it on the 1050 type-
writer, instead of waiting till it’s done,
then hunting for an error.

107. +READY 101  FORMAT (F7.4, 53A1)
108, $READY PRINT 102

109, +READY 102  FORMAT (5X,1HX,7X,1HY)
110. +READY 2 TABLE (1) = X

111. +READY TABLE (1+1) =Y

112. +READY 1 PRINT 103,X,Y

113. +READY 103  FORMAT(2X,F7.4,F8,5)
114, +READY IF (Xx-1.) 5,3,3

115, +READY S 1=142

116. +READY X=X+DELX

117. +READY DELY =XsY+DELX

118. +READY Y=Y+DELY

119, +READY GOAT 2

119, +ERROR STATEMENT NOT IN LANGUAGE
119, +READY GO TC 2

120. +READY 3 004 J= 1,1,2

121. sREADY X= TABLE(J)

122, +READY K=1, +((TABLE(J+1)=TABLE(2))}/(TABLE (t+1)~TABLE (2))#50,)
123, +READY IPLOT(K) =-CHAR

124, +READY PRINT 101, X, ZPLOT
125. sREADY 4 ZPLOT (K)=ZPLOT (K+1)
126. +READY STOP7?

127. +READY END

Portion of a typical mathematical problem solved with QUIKTRAN.

What kinds of problems?

Any problem you can solve with
FORTRAN (or mathematics) you can
solve with QUIKTRAN.

You can develop your data process-
ing program, debug it and solve your
problem with it—all in one quick con-

tinuous flow. Answers come back in
seconds instead of weeks.

You need this new service if you
can’t always get time on a computer
when you need it. You can get to our
computer every working day.

This new service is just a first step.

Installation of 1BM SYSTEM/360 at
Datacenters throughout the United
States will further expand the scope and
versatility of the time-sharing and re-
mote computing service.

30 JULY 1965
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tional and realistic political step. Many
of us felt that it was the responsibility
of academicians to alert the public to
their lack of confidence in the sound-
ness of the advice given to the Presi-
dent by their former colleagues. The
foregoing reasons were far more im-
portant than any particular policy alter-
native in fostering the sudden growth
of teach-ins and other debates. . . .

The teach-in can be looked upon as
a simple revival of older democratic
forums such as the town meeting. . . .
The teach-ins can and in some cases
did allow for a side-by-side comparison
of the areas of disagreement. At least,
they aired many of the complexities of
the Viet Nam war which had too
often been obscured by the adminis-
tration policy of an ‘“‘optimistic out-
look.” The ‘“academic dissenters”
probably have stepped into a vacuum
of criticism and discussion, where for-
eign policy seems too complex for the
individual to get hold of. In doing so
they have signaled the end of a time
when one or two advisers will be given
carte blanche to advise the President
on matters of national importance. In
order to have their advice accredited,
the Bundys are going to have to go
back periodically to the debate plat-
forms, to the colleges, to Congress, and
to the people they serve. Bundy has
referred to the academic critics as
“my people.” How true!

ROBERT BUCKHOUT

Department of Psychology,
Washington University,
St. Louis, Missouri

Rank Discrimination

Being a community rich in degree-
holders of every kind, Princeton is
likely to have Ph.D.’s, M.D.’s, D.D.’s,
and so forth among its candidates
for election to the school board. Under
the auspices of the League of Women
Voters, our recent candidates gathered
before elections for public questioning.
In front of each was a name plate.
The title “Dr.” appeared with the
names of M.D.’s; the Ph.D.’s were
designated “Mr.” Searching for an ex-
planation, I found that the League of
Women Voters solemnly believes that
being identified by the title “Dr.” em-
barrasses a Ph.D.—especially “after
hours” (a reservation that apparently
does not apply to M.D.’s or D.D.S.’s
seeking public office “after hours”).

30 JULY 1965

Pundits on etiquette were also cited
as authority, although with some con-
troversy, since apparently they differ.
Inclusion of the title in one’s tele-
phone-directory listing was an addi-
tional criterion for establishing the
right to it (three Ph.D.’s are so listed
in Princeton, including the president
of Princeton University).

Are degrees becoming obsolete? Are
we headed toward the abolition of
titles, or is this manifestation reserved
for Ph.D.’s?

M. A. BENARDE
College of Engineering,
Rutgers University,
New Brunswick, New Jersey

Lullaby for Male Voices

Herewith a contribution to Rossi’s
Brave New World. [See Alice S. Rossi,
“Women in science: Why so few?” 28
May, p. 1197.]

Hush, my little baby, and brush away
that tear.

Your mother needs to have a scientific
career.

Please don’t fret and whimper, that's
an affective quirk.

Mother’s just out looking for more
meaningful work.

Her absence is a blessing, for this
negative condition

Will make your heart grow fonder and
will stimulate cognition.

You'll love the child-care center, which
is cunningly contrived

To cope with all the problems of the
maternally deprived.

Your Ma’'s maternal instincts are more
than merely ample—

She’s providing the whole family with
a shining good example.

So what if meals are tardy and the
cleaning ineffectual?

Take comfort in the fact that your
Mama’s an intellectual.

Think of the ultracentrifuge and other
apparatus

That are going to help Mother in her
search for equal status,

Though real equality for her depends
on one condition:
Persuading Dad to take over the task
of parturition.
MARJORIE DORMAN
220 Sycamore Mills Road,
Media, Pennsylvania

but why not?

Beckman pH Electrodes now
come in a Twin Pack. When you
order one electrode, why not
order two? it saves ordering so
often. It avoids delays during
important determinations. You've
always got a spare.

Most Beckman Electrodes can be
ordered in Twin Packs that protect
them better than ever. Twin Pack’s
protective, expanded polystyrene
insert does double duty around the
lab, too. It conveniently holds
electrodes, test tubes, pencils, and
other small items. For your
electrode needs contact your local
Beckman Sales Engineer, or

write for Electrode Catalog 86.

SCIENTIFIC AND PROCESS

INSTRUMENTS DIVISION

FULLERTON, CALIFORNIA . 92634
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The Carl Zeiss Spectrophotometer PMQ I

For ultraviolet, visible and near infrared measurements
from 185 mp to 2500 mu. Outstanding features include:

@ Building block system.

8 High-quality Littrow-type monochromator with built-

in chopper diaphragm.
Unique friction-free construction of slit mechanism.
High-precision wavelength and wave number scales
projected on ground-glass screens for parallax-free
reading.

m Indicator unit equipped with AC amplification.
Projected transmittance and absorbance scales for
parallax-free reading.

Adjustable 3-step damping device.

Connections provided for 5 or 10mV recorder.

® Deuterium and tungsten light sources combined in
one housing.

W Line-operated stabilized power supply.

B Supplementary attachments: Automatic 100-point
(zero density) adjustment device; motor drive for
wavelength scale; TE-converter; accessories for re-
flectance, chromatogram, fluorescence and flame
measurements; heatable, low-temperature and mi-
crocell holders; stirring and titration devices.

Write Dept. SC for further details or visit our showroom
for a demonstration.

Complete service facilities available.

CARLY
CARL ZEISS, INC. The Great Name in Optics

444 Fifth Avenue, New York, N. Y. 10018

WEST GERMANY

ATLANTA, CHICAGO. LOS ANGELES. SAN FRANGISCO. SEATTLE, WASHINGTON IN CANADA: TORGNTO. MONTREAL. WINNIPEG. VANCOUVER
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SCIENCE

The Productive Environment for Innovation

The Department of Defense and the Arthur D. Little Company have
recently conducted a stimulating historical study of the conditions that
foster successful research, developments, or inventions—the key ideas
that have given to major weapons their high operational capabilities. The
results give useful, even if still tentative, leads to understanding the ele-
ments of the laboratory environment that are most conducive to success-
ful innovation.

The physical scientists who worked on the study sought initially for
objective characteristics of a productive laboratory which they could
count and measure. They found, however, that these characteristics
appeared to be far less important than were attitudes, motivation, per-
sonal relations, and the way in which the laboratory was managed.

They found, too, and with some surprise, that improved weapons come
chiefly through many relatively small steps rather than a few giant ones.
The transistor and the high-temperature shock tube have been called
major breakthroughs, but more typical examples were the development of
ablative cooling, magnetic (instead of jewel) bearings for gyros, the low-
cavitation propeller, and zone-melting as a technique for purifying metals.

Typically, these and the other achievements they studied occurred only
if three elements were all present: a clearly understood need; a source
of relevant ideas, information, insight, and experience; and men and
money to commit to the job. In a few cases a new idea appeared so
promising that it was pushed through to successful development even
though a specific need was not yet apparent, but the trigger that set off the
burst of activity that led to a useful new development was most commonly
the explicit recognition of a need. Ideas not related to a recognized need
were likely to lie fallow. Necessity still seems to be the mother of in-
vention.

In a few instances the developmental activity was funded through a
contract specifically intended for that purpose. More usually, after the
need and the idea were brought together, money was borrowed or taken
from some other source. Retrospectively, it is easy to justify these diver-
sions of funds. A need and a promising idea for its solution existed. In-
formal cost/effectiveness estimates typically showed the potential value
multiplied by the probability of success to be 10 to 100 times the pre-
dicted cost. They were good gambles, so instead of waiting 6 to 12
months for a new contract, the company or university paid the expenses
from its own funds, or borrowed money intended for related work or
other activities, or (in a few cases) used funds that had been made
available on a discretionary basis. The desirability is obvious of providing
effective laboratories with funds that are under the discretionary control
of the men who are directly acquainted with the need, with what seems
to be a good idea, and with the probability of its successful development.

The Department of Defense is to be commended for this study, and
for its planned continuation. It might have allowed the history to stay
buried. It is good that it did not, for now it has some stimulating sug-
gestions for improving its own research and development management,
and some of these suggestions will be appropriate to other agencies and
laboratories. We will continue to spend much on research and develop-
ment; critical analysis of past accomplishments can help us to spend
future money more effectively.—DAEL WOLFLE
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