names for future drugs, thus neatly avoid-
ing a tedious and formerly unsystematic
task.

The Revised Standard Version of the
Bible obviously requires a new concord-
ance, and it was the happy thought of
Reverend John W. Ellison that this be
made with the aid of UNIVAC (26).
Every word of the new Bible was entered,
with its context, onto four reels of mag-
netic tape. By proper programming, the
machine eliminated 132 frequently used
short words (thus reducing the number
of entries from 800,000 to 350,000) and
then rearranged the words alphabeti-
cally. The output included the context
and book, chapter, and verse.

The foregoing four examples have had
outputs that would correspond to prepar-
ing compilations of scientific data and
thus illustrate only that part of the
process.

A meaningful and pertinent use of data
handling for answering questions has re-
cently been described by two chemists
from the Dow Chemical Company (27).
They have attacked an old problem in
chemical literature searching: how to
select chemicals having parts of struc-
tures in common. For instance, it may
be required to select from an “inventory”
of chemicals, stored on tape, all those
containing two nitro groups, or those
with three or more rings, or even chemi-
cals having groups in a specified orienta-
tion to one another.

Using a specially designed code for
chemical structure, and with the aid of
a general-purpose, stored-program digi-
tal computer, Opler and Norton have
been able to program a search on 1000
compounds that takes only a few seconds
to complete. A manual on this program
has appeared (28). The code for this
experiment is of interest because it is
derived from more general topological
solutions, which have a bearing in search-
ing circuit diagrams, maps, and the like

(29).

It may also be of interest to record
here that a mathematical model for in-
tegrated data systems has been proposed
(10, p. 275).

Summary

This brief survey of integrated and
electronic data processing has touched
on such matters as the origin of the con-
cepts, their use in business, machines that
are available, indexing problems, and,
finally, some scientific uses that surely
foreshadow further development. The
purpose of this has been to present for
the consideration of scientists a point of
view and some techniques which have

had a phenomenal growth in the business’

world and to suggest that these are worth
consideration in scientific data-handling
problems (30).

To close, let me quote from William
Bamert on the experience of the C. and
O. Railroad once more (8, p. 121):
“Frankly, we have been asked whether
we weren’t planning for Utopia—the im-
plication being that everyone except
starry-eyed visionaries knows that Utopia
is unattainable. Our answer is that of
course we are! Has anyone yet discovered
a better way to begin program planning
of this nature? Our feeling is that com-
promise comes early enough in the nor-
mal order of things.”
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ogy of liquid air temperatures has formed
the basis for a multipurpose large-scale
industry. Many plants operate today to
produce liquid oxygen at rates of 120
tons per day (I), and the commercial
needs for these low-temperature products
continue to increase.

Production and Transportation of
Low-Temperature Refrigerants

The development of the production of
liquid hydrogen and liquid helium on a
commercial basis, however, is relatively

Dr. Daunt is professor of physics at Ohio State
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recent, and consequently the technology
and instrumentation associated with these
lower temperatures are today rapidly ex-
panding. It is of interest to note that in
September 1956 the second national
Cryogenic Engineering Conference was
held at the National Bureau of Stand-
ards Laboratories in Boulder, Colorado,
and that this conference devoted a major
fraction of its program to instrumentation
for temperatures of liquid hydrogen and
below.

The NBS Boulder Laboratories oper-
ate a large-scale hydrogen liquefaction
plant capable of producing more than
300 liters per hour. A brief description
of this equipment was published in Oc-
tober 1953 (2). The same liquefier when
run with helium gas (although only at
two-thirds capacity) produced 120 liters
of liquid helium per hour (3). Collins
now has a helium and/or hydrogen lique-
fier in operation in his laboratory at Mas-
sachusetts Institute of Technology which
produces either 50 liters per hour of
liquid hydrogen or about 45 liters per
hour of liquid helium (4).

The uses to which this increasingly
large-scale production of liquid hydrogen
and liquid helium are being put are

HD FREE Hy

Low Pness./JP
L ;#

PRIMARY
FRACTIONATION

manifold, and consequently transporta-
tion of the refrigerants over long dis-
tances is becoming increasingly common
and necessary. In this regard, one may
note that recently a liquid helium service
has been established in England by the
National Physical Laboratory which pro-
vides many universities with this refriger-
ant on a commercial basis. The institu-
tion of a similar service in the U.S.A. is
long overdue.

Looking beyond the relatively modest
needs of research institutions for a liquid
helium service, a study has been made by
Scott and his staff at the NBS Boulder
Laboratories of the feasibility of trans-
porting helium in large quantities as a
liquid rather than as a high-pressure gas,
as is now done. They have estimated that
a plant producing 400 liters of liquid
helium per hour would allow its trans-
portation as a liquid to compete eco-
nomically with present rates (3). A simi-
lar conclusion has been arrived at by Col-
lins (4), who considers it possible to re-
duce the cost of liquefying both hydrogen
and helium to a figure only slightly
greater than the cost of liquefying air.

Some of the newer and developing uses
of liquid hydrogen are, for example, the
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Fig. 1. Schematic diagram of technical arrangement for the extraction of deuterium from
natural hydrogen containing 0.028 percent HD, due to Clusius and Starke (8).
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separation of the hydrogen isotopes by
distillation, the cooling of very high field
electromagnets, and as the working liquid
in large bubble chambers. The develop-
ment of liquid helium bubble chambers
is a new aspect of very low temperature
instrumentation. A brief outline of these
relatively new instrumental developments
in cryogenics follows.

Separation of Hydrogen
Isotopes by Distillation

The pioneer work of Urey, Brick-
wedde, and Murphy (5) on the enrich-
ment of deuterium was by a distillation
process. Subsequently small-scale sepa-
rations by distillation have been carried
out by Keesom and coworkers (6), Brick-
wedde and Scott (7), and Clusius and
Starke (8). The latter work was done in
1941-42 but was not published until
1949, at which time the commercial im-
portance of heavy water for power reac-
tors emphasized its significance. Large-
scale distillation separation of deuterium
is economically significant only if by this
technique the price of D,O can be re-
duced well below that of other more
usual methods of heavy water produc-
tion (3, 9). In fact, the distillation proc-
ess looks economically very advanta-
geous, as was pointed out by Clusius and
Starke (8), who computed that D,0
could be produced by this process for 4.8
kilowatt hour per gram as compared with
120 to 150 kilowatt hour per gram by the
electrolysis of water (10).

The Clusius-Starke process for the
large-scale separation of deuterium pro-
posed fractionating natural hydrogen,
which has about 0.028 percent HD con-
tent, in a primary rectifying column at
about 20°K, so that the top of the column
would be essentially HD free and the
bottom would have 5 to 10 percent HD
content. The HD-rich liquid would then
pass to the top half of a secondary frac-
tionating column, from the bottom of
which nearly pure HD would be ex-
tracted. This HD, after passing through
heat interchangers, would be converted
at room temperature by a catalyst so
that the reaction 2HD = H, + D, would
take place. The reacted product, H, +
HD + D,, would be fed back, by way of
the heat exchanger, to the lower half of
the secondary fractionating column, from
the bottom of which pure deuterium
could be drawn off. The flow diagram is
given in Fig. 1.

Plants, using processes similar to the
one just described, were designed in 1950
by Hydrocarbon Research, Inc. (II) in
the U.S.A. for liquid hydrogen distilla-
tion to produce 34 tons of D,O per year,
and plans have been made by Linde-
Gesellschaft in Germany (12) for the
production by distillation of 6 tons of
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D,O per year and by Le Societe I’Air
Liquide (13) in Toulouse, France, for 2.5
tons per year. The latter two plants are
“to be located at large synthetic ammonia
plants, so that the raw hydrogen can be
“borrowed,” stripped of its deuterium,
‘and then returned.

The problems involved in the detailed
designs of such plants are peculiar to the
unusually low temperatures and to the
characteristics of the material being proc-
essed, and experimental work on such
problems has recently been reported (14)
by the NBS Cryogenic Engineering Labo-
ratory at Boulder, in particular concern-
ing the efficiency of various types of
plates for use in the fractionating col-
umns.

Liquid Hydrogen-Cooled
Electromagnets

By cooling the windings of electro-
magnets with refrigerant liquids, a con-
siderable gain in the power consumption
for a given magnetic field times volume
product can be achieved. Liquid nitro-
gen-cooled solenoid magnets have been
operated by Collins (15) and by Fritz
and coworkers (16). In the hollow cy-
lindrical core of such a magnet, the core
being 21 inches in diameter and 4 inches
long, a field of 22 kilogauss could be
maintained with a power dissipation of
15.3 kilowatts and a liquid nitrogen con-
sumption of 5.7 liters per minute (15).

Liquid hydrogen-cooled solenoids have
been developed at the Los Alamos Sci-
entific Laboratory, and a recent report
by Laquer (I7) states that a wire-spaced
“jelly roll” type solenoidal magnet, 5
inches long, 2V, inches inside diameter,
and 7% inches outside diameter, main-
tains a field of 65 kilogauss for a dissipa-
tion of 15 kilowatts when it is cooled by
“freshly boiling hydrogen.” This corre-
sponds to an evaporation of 28.2 liters of
liquid hydrogen per minute. Where
liquid hydrogen is available in very large
quantities, this offers a significant method
of attaining intense magnetic fields with
minimum power requirements.

Liquid Hydrogen and Liquid
Helium Bubble Chambers

The bubble chamber, introduced by
Glazer (18), like the Wilson cloud cham-
ber, detects tracks of ionizing particles.
The chamber is filled with a suitable
liquid which is brought into a super-
heated state by rapid expansion. Ionizing
particles passing through the liquid pro-
duce centers of nucleation for the boil-
ing of the liquid and produce a “bubble”
track. One of the most useful liquids for
such bubble chambers is liquid hydrogen,
since nuclear events involving protons are
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of particular significance. As is pointed
out by Hildebrand and Nagle (19), who
first reported the construction of a liquid
hydrogen bubble chamber at Chicago
University, it provides “a hydrogen target
of greater density and purity than can be
achieved in a cloud chamber.”

For successful operation, the chambers
must be maintained at about one-half of
the critical pressure of the liquid before
the expansion takes place: low boiling
point liquids, with their correspondingly
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Fig. 2. Schematic diagram of liquid hydro-
gen bubble chamber, due to R. B. Scott.
The expansion is effected by expanding the
vapor through the valve into the expan-
sion cylinder. [Drawing from W. Meissner,
Z. Kailtetechnik. 8, 34 (1956)]
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Fig. 3. Diagram of liquid He* bubble
chamber, due to Harth, Fairbank, Blevins,
and Slaughter (20). The expansion is
effected by an upward movement of the
piston, which is in direct contact with the
surface of the liquid. The piston is of
Teflon and slides in a close-fitting Teflon
sleeve.
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low critical pressures, allow small operat-
ing pressures to be employed. In liquid
hydrogen bubble chambers, pressures of
about 5 atmospheres are usually em-
ployed; and in the helium bubble cham-
bers, first developed by Fairbank and co-
workers at Duke University (20), atmos-
pheric pressure is used, which technically
is very advantageous. In the hydrogen
bubble chamber being developed by the
NBS Cryogenic Laboratory and the Uni-
versity of California Radiation Labora-
tory (3), the operating pressure and tem-
perature are 5 atmospheres and 27°K,
respectively; that is, the liquid hydrogen
is subcooled. The expansion suddenly re-
duces the pressure to 2 atmospheres and,
after a time of approximately 2 milli-
seconds, the bubble tracks are photo-
graphed.

The expansion of the liquid in the
chamber can be achieved either by rapid
expansion of the vapor above it, as is
shown in the liquid hydrogen design of
Fig. 2, or by actual expansion of the
liquid itself, as is shown in the liquid
helium arrangement of Fig. 3, which is
designed to have a 1.01 expansion ratio.

A liquid hydrogen bubble chamber 10
inches in diameter and 6% inches in
depth with an active volume of 8 liters
has been put into operation at the Uni-
versity of California Radiation Labora-
tory (21), and it is located in a magnetic
field of 12-kilogauss intensity. A still
larger one for use with the 6-Bev accel-
erator, having a glass window 20 by 72
inches and a volume of approximately
500 liters, is being designed by the Uni-
versity of California Radiation Labora-
tory and the NBS Cryogenic Engineering
Laboratory (3, 22).

The liquid helium bubble chambers
at present being designed are more mod-
est in size; Fairbank et al. (23) are re-
porting now on chambers 8 by 5 by 4
inches.

Magnetic Refrigerator

To obtain temperatures below 1°K,
the well-established method of magnetic
cooling first proposed in 1926 independ-
ently by Giauque (24) and Debye (25)
has been in use since 1933. This method
makes use of the magneto-caloric effect
in paramagnetic substances, which, when
they are adiabatically demagnetized, suf-
fer a temperature drop. Starting at initial
temperatures of about 1°K, temperatures
as low as a few millidegrees can be
reached within suitable paramagnetic
salts. The paramagnetic cooling sub-
stance, together with such experimental
arrangements as may be in thermal con-
tact with it, after attaining the low tem-
perature suffers continually thereafter a
steady heat influx from its surroundings.
The final end temperature of the process
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is that of the surrounding liquid helium
bath.

Recently a cyclic system of magnetic
cooling has been devised by Daunt and
Heer (26) which can maintain a reser-
voir continuously at temperatures below
1°K. In our first working model of this
cyclic system (27) temperatures as low as
0.25°K could be continuously main-
tained (28, 29). Its operation can be fol-
lowed from the diagram of Fig. 4. Here
the paramagnetic salt 4 is the working
substance, suspended in a vacuum cham-
ber that is immersed in a liquid helium
bath at about 1°K. The working sub-
stance is connected thermally, on the one
hand, to the bath by way of the thermal
valve V,, which is in the form of a thin
lead ribbon soldered to copper supports
E, and, on the other hand, by way of a
similar thermal valve V,, to the reservoir
R, which is to be continuously refriger-
ated. The thermal valves, which can be
made to allow or almost prevent the flow
of heat through them, depend for their
action on the fact that pure supercon-
ducting substances such as lead, at tem-
peratures well below their transition tem-
peratures, have a thermal conductivity in
their super state much smaller than that

o —MAIN
WORKING — | MAGNET
SUBSTANCE, A
—E

! THERMAL VALVE, Vp
RESERVOIR, R— |

| — EXPERIMENTAL
SPACE

Fig. 4. General arrangement of the low-
temperature parts of the magnetic refrig-
erator (26, 27, 29).
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in their normal state (30). The transi-
tion from super to normal state can be
made reversible by the application of a
small magnetic field (for the lead ther-
mal valves, switching fields of about 800
gauss are used ), and hence by application
or removal of this magnetic field the
lead strip can be made either a thermal
conductor or a thermal insulator. The
operation of the cyclic refrigerator there-
fore consists in having valve 7, “open”
and V', “closed” when 4 is being mag-
netized, and on the demagnetization of 4
valve 7, is closed and V', opened. During
the demagnetization therefore the reser-
voir R can share in the cooling produced
in A. The complete cycle, in which ferric
alum as the working substance is mag-
netized in fields of about 7 kilogauss, is
repeated every 2 minutes, the operation
being controlled by the switching in cor-
rect succession of three magnetic fields,
one for the working substance and two
for the thermal valves.

Thermal Rectifier

An interesting thermal rectifier for use
below 1°K has been reported by Hwang,
Fulton, and Fairbank (37). In their pre-
liminary experiments they used a 3-per-
cent solution of He? in He* located in a
vertical stainless steel capillary 4 inches
long and 0.017 inch inside diameter, the
lower end of which was tied thermally to
the temperature of a helium bath at
about 1°K and the upper end supported
a paramagnetic salt for magnetic cooling.
They found that when the upper end was
warmer than the lower end, heat flowed
easily through the tube, whereas when
the salt was cold the tube was an effective
thermal insulator. This rectifying action,
they suggested, was due to the fact that
when the upper end was the cooler, in-
ternal convection within the He? and
He* solution would carry the He3 to the
top, where it would form a thermally
insulating “pocket.” On the other hand,
when the temperature gradient is re-
versed there is no gravitational prefer-
ence for collecting a pocket of He? from
the convective process. The rectifying
action therefore is dependent on the
gravitational field. A similar strong de-
pendence of the heat conductivity of He?
and He* solutions on the relative direc-
tions of gravitational and thermal field
gradients has been noted in work on very
dilute solutions by Beenakker, Taconis,
Lyndon, Dokoupil, and van Soest (32).
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