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sandrovich  Fridman's  calculation
(made in the 1920'5) of a simple
spherical universe filled with uniform-
ly distributed matter. According 1o
these results, the universe will reach
its greatest extent about 35 billion
years [rom now and begin to collapse,
at first slowly, then more and more
rapidly, and hnally reach a condition
ol infinite curvature and infinite den-
sity.

Finally Wheeler considered whether
a terrestrial-size piece of matter, say

National Magnet Laboratory studies

We recently visited the National Mag-
ner Laboratory, a [facility that special-
izes in  producing ngneLic
fields and studying the behavior ol
matter in these felds. NMIL., which is
supported by the Air Force Ofhce ol
Scientific Research, is on the campus
ol the Massachusetts Institute ol Tech-
nology and holds the world’s record
for continuous

intense

magnetit  helds—226
kG in air. Its enthusiastic staft and
visitors are doing research in many
branches of physics but are particularly
renowned for solid-state work.

The facility occupies a converted
bakery building. (Our cab driver in-
sistedd there was no laboratory on Al
bany Street, only a cupcake factory.)
It has the largest power capacity of
any magnet laboratory in the world:
a 10-MW dc supply., For short inter-
vals even greater power is available:
16 MW for 1 min and 32 MW [or
2 sec (from the energy stored in two
80-ton flywheels). The power supply
consists of four independent genera-
tors, each with 1ts own regulating sys-
tem so that as many as four magnets
can be operated simultancously. Rip-
ple voltage and current [lucruations
are less than 0.029].

To cool the magnets,
pumped from the nearby Charles Riv-
er—also popular for cooling sailors—at
rates up to 4000 gallons per minute.

Bigger and better magnets. When
talking about high magnetic fields one
must answer several questions simul-
taneously: how strong? how long? how
big a region? At other laboratories
megagauss fields are
microseconds in volumes of about 10
cm? by an

water 1S

generated  for

implosion  1e hnique.

1600 tons of 1won, could be induced
to undergo gravitational collapse and
produce a kind ol gravity bomb. In
principle, he  concluded, a aravity
bomb would be possible. But it would
be technically inleasible 1o set up such
a thing (the iron would have o be
spread into a thin spherical shell many
leer in diameter) and, even il ser up,
it would require much more energy
to compress the thing to the critical
density than would come out ol the
explosion.

mﬂgneﬁ.\'m 5 p robes matter

(rnvsics Tropay., Feb. 1966, page 87).
Hall-million

produced for milliseconds in o some-

gauss  fhelds have been
what Liger volume by discharging a
capacitor bank. Bur the strongest hield
generated continuously has been about
a quarter ol a million gauss in a 32-
mimn bore. To be more specific, the
strongest  continuous  hield  was  pro-
duced last fall: 226 kG in air at NML.
The same magnet is expected o reach
is design intensity ol 200 kG in the
near luture,

o generate an intense, continuous
masnetic feld inoa small region one
must build a magner not only strong
enough to withstand magnetic [orces
bhut also able to get rid ol the heat

generated by the high currents. A
running at 250 kG
may have a local heat dissipation s
10 KW/em?® and
stress greater than 3
(50 000 psi).

If the magnet designer wants great-

typical magnet
great s A magnetic
0% dynes/cm=

er held intensity, he must use a large
conductor volume to reduce magnetic

stress to o tolerable level, But large

conductor veolumes mean inelhcient

current distribution: the power re-
quirement increases even laster than

field,
Bvond about 300 kG the power cosl

the (expected) square ol the
soes up rapidly.

The laboratory now has a selection
ol about 20 solenoid magnets capable
of generating ar least 100 kG. For opti-
there are

cal experiments magnets

with transverse as well as the usual
longitudinal access to the field vol-
ume. Some are designed to give high
homogeneity. These solenoids have to

he made relatively long to reduce edge

THE OPACITY FILE

We are offering a complete abstract file
and abstracting service in the field of
gaseous opacities. The abstract provided
does not merely consist of a repetition
of the author’s abstract. Rather, the
serious attempt is made to provide as
much information from a given arlticle
as i1s possible and useful to the user.
information which, in most cases. will
preclude the necessity of reference to
the article itself. Whether it be the di-
mensions of a Franck-Condon array.
the particular spectral region covered
by a photoionization experiment or the
number of shifted lines studied in a
particular band, the information is there
and immediately available to you. The
file has been divided into twelve cate-
gories:

OPACITIES (GENERAL)
DIATOMIC EMISSIVITIES OR AB-
SORPTION COEFFICIENTS
POLYATOMIC EMISSIVITIES OR
ABSORPTION COEFFICIENTS
BOUND FREE CONTINUA
(ATOMIC)
BOUND FREE CONTINUA
(MOLECULAR)
FREE FREE (BREMSSTRAHLUNG)
CONTINUA
VIBRATIONAL OSCILLATOR
STRENGTHS (DIATOMIC)
VIBRATIONAL OSCILLATOR
STRENGTHS (POLYATOMIC)
ELECTRONIC OSCILLATOR
STRENGTHS (MOLECULAR)
ELECTRONIC OSCILLATOR
STRENGTHS (ATOMIC)
ROTATIONAL OSCILLATOR
STRENGTHS
LINE SHAPE
At present, there are some sixteen
hundred cards in the file with new
cards being added at the rate of filty to
one hundred per month. Purchase of a
file entitles the buyer to the service for
one vear. In addition, should he allow
his subscription to expire. he will con-
tinue to receive those cards covering
publications dated prior to expiration.
For further information write.

PHYSICAL STUDIES, Inc.

Box 0
710 Mill Street
Reno, Nevada 89502
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MULTI-
PURPOSE
SOURCE
KIT
ASSURES
COST
SAVINGS!

A “do-it-yourself” tested kit of parts
that can be used to assemble low-current ion
sources, electron guns, particle accelerating
structures, electrostatic lenses, filters, or
other devices used in experimental electron
and ion beam physics.

Parts are precisely made to insure
positive fit. The structures that can be con-
structed, using the insulating ceramic rods
included, are dimensionally stable under
400°C bakeout cycles —they have a low ther-
mal mass and are easily disassembled for
changes, cleaning, or salvage.

ACCEPT FREE, new informative brochure
titled, "EAI KIT 606.” Write Dept. B:

ALLOYD-GENERAL VACUUM
a division of NUCLIDE CORPORATION

81 Hicks Avenue
Medford, Massachusetts
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BITTER MAGNET PLATES and insu-

lators. Dark plates are copper and are ar-
ranged to form a continuous helix. Light
plates are insulators. Cooling water goes
through axial holes.

effects, but as a consequence they are

relatively wasteful of power (greater
length means more “R losses). One
NAML magnet

venecous to within part in a million

has been made homo-

over a [airly large volume. Such uni-
form fields are uselul for high resolu-
tion in nuclear-magneticresonance ex-
periments.

NML's record-breaking 226 kG mag-
net was preceded by a similar design
that reached 205 kG in air (in a 5.5
cm bore) and 255 kG with two iron
]}Hil' ]rit'!l"\ mserred [\\'i]i('h I't‘tlllil:ll

hield
crer) .

the recgion to a 2.5-mm diam-
Both magnets are actually three
nested concentric magnets in one. The
outer magnet is a solenoid wound with
cable ol S(UETE CrOss section (with a
hole in the middle [or cooling). The
inner ones each have smaller lengths
as well as diameters and are of the
Bitter.
Jasically the Bitter magnets are a pile
sheets arranged
to conduct current in a helical path
water at the

viriety  invented by Francis

ol zirconium-copper

and  circulate  cooling
Same time.

For the weaker magnet the copper
sheets have cooling channels arranged
radially like the spokes ol a wheel.
The sheets for the strongest magner
resemnble a physicist’s attempt at “op
art"—the pattern is a series of perford:
tions arranged in ever-widening con:
centric circles. The cooling watér cir-
culates axially, and although it comes
in direct conract with the copper, elec-
trolytic conduction is negligible com:



pared with the total power consump-
tion.

Pulsed and superconducting mag-
nets. Not all of NML'S magnetic re-
search and development concentrates
on high-power solenoid  magnets,
There is also a significant effort in
producing pulsed magnetic fields and
superconducting magnets,

Pulsed felds are produced by dis-
charging a bank ol capacitors into a
coil. By rapidly translerring the ener-
gy [rom the capacitors into the field
and then back into the capacitors, ex-
cessive heating is avoided and water
I he
ol the pulse also allows higher intensi-
than

cooling is not needed. shoriness

Lies continuous-feld
I'he

beryllium-copper, an

magnets,

coils are usually made up ol

alloy  that s
stronger than copper but has greater
resistivity.

The

charge has produced one million gauss,

technique ol capacitor  dis-

but at this intensity the coils do not
stand up well. NML has a 100k],
3000-V capacitor bank that is used

with o variety ol coils t|r\1'ln}n-1| by
Simon Foner. One coil, for example,
produces 500 kG in a 1.9-cm bore for
0.5 millisec. If the researcher is willing

to settle for less held mmtensity, he can

produce a held either over a larger
volume or lor a longer time (lor as
long as 10 millisec) .

Superconducting magnets are  be-

coming more and more popular lor
the production ol moderately intense
magnetic helds at a reasonable cost
At present superconducting magnets

can produce as much as 130 kG over

A one-centimeter bore. Fields as high
as 150 to 175 kG seem possible in the
near luture. Beyond this intensity lew
materials  remain superconducting,
AL NML, D. Bruce Montgomery his
eviluated many diflerent supercondi
tors  and  obtained the
current density, versus H, the applicd
held  (using NML's high-hield continu-

ous magnets) ., | he upper crivical held,

|||u[\ ol g,

the held at which the last trace ol
superconductivity disappears, was ex
pected 1o be about 700 kG for va
nadivm-gallium  (Va,Ga) . Montgom
ery and H. Wisgall (Giessen, Ger-
many)  lound that the eritical held
actuanlly appears at about 1580 to 195
kG, depending on  the method ol

sample  preparation.

Montgomery fecls that the best cur
rently avatlable material lor highheld
superconducting magnets is niobium-
tin (Nb,Sn). He hnds that there are
still traces ol superconductivity as high
as 221 kG, Unless an unexpected kink
lI('\i"‘I]I'\ in the p vs H curve at higher
fields. thinks
cal held will occur ar

Montgomery the criu-

240 kG.

Even if traces ol superconducuivity

l!‘lllilllll. Irll\\'l_'\(‘]'_ ]IIL' cuarrent llt'H\lI\'

must stay build a

great enough to
working magnet. Il the current density
needed

is too low, too many turns are

1o I;lmllht' a practical field. For nio-
field

biwm-tin limit 1o

the practical
mtensity seems to be abour 180 kG,
What

range ol experiments done at NML s

kinds ol experiments? The

just about as wide as the variety ol

phenomena one can study in Intense

magnetic helds. Research and develop-

CYANIDE LASER

(337 microns) used
as source for cyclotron resonance measure-
ments in 150-kG magnet. Left to right:

Benjamin Lax, Kenneth J. Button, H. A.
Gebbie (inventor of rthe laser,
visiting from Teddington).

cyanide

AWARD WINNING

HELIUM CRYO-TIP
REFRIGERATOR

. .. selected as one of the 100
most significant new technical
products of 1965

Small, compact and lightweight,
this CRYO-TIP Refrigerator proves
ideal for cryogenic experiments at
helium temperatures — yet operates
from economical cylinder gas with-
out the need for liquid helium.
CRYO-TIPS are presently being
used in:

Spectroscopy * Field [on Mi-
croscopy X-Ray Diffraction *
Lasers * IR Detectors * Mossbauer
Effects * Semi-Conductor Meas-
urements * Cryopumping * EPR,
ESR, NMR

Air Products CRYO-TIP Refriger-
ator, (Model AC-3L-110) has al-
ready gained international recogni-
tion for outstanding performance
and operating simplicity. For our
new brochure write:

CRYO-TIP
ADVANCED PRODUCTS DEPARTMENT
ALLENTOWN, PENNSYLVANIA
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NEW SEI.F-HE;\LING
LIQUID Q SWITCH

FOR RUBY LASERS

[] Passive

[] Self-healing

[] Self-synchronizing

[ Giant pulses of high
spectral purity

[] Long life

[] Economical

[] Easy to use

The new Liquid Q Switch
consists of a treated crypto-
cyanine solution sealed be-
tween optically flat windows
in a precision, refillable cell
designed for easy mounting
in laser systems. Beckman
& Whitley also offers rotat-
ing prism and thin film laser
Q switches. For information
contact:

Beckmar ¢ Whattey

SAN CARLOS, CALIF. 591 B241 CODE 415

FIELD SALES ENGINEER
FOR
LABORATORY INSTRUMENTS

The man we need is probably completing
college or working in o laberatory right now,
reflecting occasionally on where he is going
from there. He has o natural, hearty scientific
curiosity and a fundamentally strong working
knowledge of basic physics. He is under 30,
has earned o Bachelor's degree in physics or
engineering ond is interested in investigating

instrument sales as a next assignment.

He will look forward to the opportunity of
working among people in the finest industrial,
government and ocodemic laboratories in the
Mortheast, picking up ideas here ond dispens.
ing them there.

If you have the qualifications and ambitions
0|ong these lines, sharing the growth potential
of our small but seolid company may appeal
to you.

SPEX INDUSTRIES, INC.
Box 798,
Metuchen, N.J. 08841

phone: (201) 549-7144

* AN EQUAL OPPORTUNITY EMPLOYER *
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ment is being done in  solid-state
physics, atomic physics, plasma  phys-
ics, millimeter and submillimeter wave
generation, magnetism, medicine and
biology. Some ol the l'\||r‘lillrli.'II[5 we
learned about are discussed below.

Buiton, A. H.

using s Conn

kenneth | Gebbie,

and Benjamin Lax o
(947

bination ol an cthyl-oyanide Taser

micron  wivelenoth)  amd  magneti
feld (170 1o 180 kG) 1o provide
new kind ol resonance spectromercer.
I'lhe combination of Tar inlvared radi-
ation  and  high intensity  magneti
ficlds can be wused lor cvelotron reso
nance measurements on o large vire-
ety ol semiconductors with many im
purities or bmperlections. In the past
it has been ditheult 1o observe cyclo-
tron resonance i these materials he-
ciuse the charee carriers would meet
an mnpurity  belor ua||||'|]-'lllt-_-| a0 Uy
clotron orbit about the dhrection ol
the magneuc held. NMIL people ger

around the problem by using a high
magnetic held. This reduces the radius
and increases the cyclotron frequency
Hence the driving [requency must be
in the Lo inbrarved range instead ol the
millimerer

CUustomary  microwave  oj

range used in studies of simple and
perfect semiconductors. NML expects
to use the spectrometer lor magnetic-
resonance measurements as well.

wWaves into

If one sends ultrasonic

a solid and applies an intense mug-
netic held, the interaction ol the feld
with the electrons in the solid will

diminish the sound intensity and alter
mMagneto-
acoustic effect is being used by L, j,
Neuringer, Yaacov Shapira and oth-

the sound wvelocity. This

ers to study properties of supercon-
ductors, semiconductors and m‘l.linar}r
conductors.

Q H s

studhicd the

have
electric

Virehen and  Lax
cllect ol erossed
liclds on the interband
Their

CXperiments led 1o o new mathemati-

and g e
.||rm;r|;|ull1 1 semicontductors.

cal model lor energy  bands, which

contaims o relanvistic-like  effective
mass amlorous to the one in Dirac’s
1fll'n|\.

A\ hunt lor the Divac magnetic mon-

Henry

Kolm. Using high magnetic felds, Le

opole 1s being conducted by
iIs trying to exiract the elusive Ij.ululr_-

from both extraterrestrial and rerres-

trin] marerial. (A recent theory of
Julian Schwinger’s predics that the
monopole has a1 magnetic charge twice
that predicted by Dirac.)

Medical and biological researchers
are having a feld day ar NML. It
turns out that some biological phe-
nomena appear to be allected by high
magnetic fields. Visitors are studying
such varied things as the behavior of
squirrel monkeys in a high magnetic
ficld and the effect of high fields on
blood agglutination, Many physicists
can testify that high helds affect hu-
man behavior. Just try putting your
head in o high field for any length of

tme and notice how dizzy you [eel.

226-kGG MAGNET. Field was produced in
air. Magnet has a bore about % cm in di-

ameter. Its three concentric coils take
10.5-MW power.




How NML is organized. Lax, who
was  formerly director  of
MI'T's Lincoln Laboratory, serves as
director of NML. While he
Lincoln's solid-state division he helped

associate
headed

establish a codiperative program with
Francis Bitter's magnet laboratory on
the MIT campus. Out ol this associa-
tion grew the idea for a national Tab-
oratory. The Air Force Office ol Sci-
entific Research ofhcially established
the laboratory in July 1960 and has
provided funds ever since. Scientisis
moved into the old bakery building in
October 1962 and the [ollowing year
they began to produce intense mag-
netic fields.

For a national laboratory, the size
of the staff and the building it oc-
cupies are surprisingly small. But, as
the directors put it, the distinctive
quality of the laboratory comes [rom
the spirit, creativity and ingenuity of
its people. Because of its small size
the laboratory can hire only one or
two young physicists a vear. Lax re-
gretfully notes that he has had to
turn down many fine candidates.

The laboratory has attracted visitors
from all parts of the world. Last year
56 different experiments were done by
visitors, who used about hall the avail-
able magnet time. Visitors are [re-
quently surprised to learn that there
are no charges, except for the amount
of liquid helium they use. Techni-
cians and equipment are lent to the
visitors il they need them. Arrange-
ments to use the laboratory can be
made by writing to Donald T. Steven-
son (assistant director) .

Big-team operations are not neces-
sary at NML. An individual physicist
can have the satisfaction (and head-
aches) of designing and running his
OWn experiment.

The laboratory operates 16 hours
a day, five days o week. NML would
prefer to run 24 hours to meet the
demand by visitors, but there is not
adequate support to do this.

Although NML is the world's hig-
gest magnet laboratory, other nations
are planning to build comparable [a-
cilities. The Soviet Union is building
4 12Z2MW facility at the lLebedev In-
stitute; Great Britain is planning a
16:MW lab; and France is planning a
T4-MW facility (there is already a
JANW laboratory at Grenoble) .

wUROPE: Houston Instrument N.V. Keizersgracht 450, Amsterdam, Holland, Tel. (020) 23
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THE MODEL 6550 OMNIGRAPHIC;,, Recorder is designed to read out the memory
of multi-channel analyzers, average transient computers and digital oscillo-
scopes. It has been specifically developed to replace slow speed X-Y recorder—
null detector combinations when high plot rates are desired to save computer
time and where it is desired to selectively resolve any number of channels.

SPEED: 1200 points per minute. A 1024 channel analyzer record may be obtained
in just 1 minute. A 4096 record in 3%z minutes. A 128 record in 7 seconds.

RESOLUTION: Channel resolution can be changed at will during recording. Z-fold
chart packet permits desired resolution for any number of channels on a con-
tinuous record. Chart folds or tears to notebook size record.

ACCURACY: .2% of full scale with .1% repeatability. And this accuracy is at
the instrument's full speed; for each point is printed only when the instrument
has reached a null condition.

COMPATABILITY: Front panel controls facilitate usage with all known multi-
channel analyzers, average transient computers and digital oscilloscopes.

.-‘1-_'_‘

Tears to std. chart size

Z-fold paper Push button selection

Ease of loading

9 houston DMN'GRAPHIC corporation

a subsidiary of houston instrument corporation
4950 Terminal Ave,/ Bellaire, Texas 77401
(713) 667 7403/ cable HOINCO / TWX (713) 571 2063
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