7 THE AMATEUR

Conducted by C. L. Stong

ightning associated with thunder-
L storms radiates concentric pat-
terns of electromagnetic waves
known as sferics. With surprisingly in-
expensive equipment an amateur can
detect these waves and so track thunder-
storms within a radius of several hun-
dred miles. Indeed, with little more than
a modified radio set a practiced observer
can make reliable short-term forecasts of
local thunderstorm activity simply by
observing variations in the intensity of
sferics and related fluctuations in the
earth’s electric field; increases in intensi-
tv are interpreted as meaning that a
storm is approaching [see “The Amateur
Scientist,” March, 1959]. For several
years Thomas P. Learv, an attorney in
Omaha, Neb., has maintained a sferics
station of this sort. Some months ago it
occurred to Leary that his hobby might
acquire additional interest if he could
devise a radio compass with which to
observe the bearing of storms as they
meander through the Middle West.

“There was nothing new in this idea,”
he writes. “Thunderstorm azimuth de-
tectors were first put to use (luring the
1930’s. No circuits have been published
since World War II, however, and there
appears to be little enthusiasm for such
equipment except in Government
weather projects. After investigating the
general principles of radio compasses, I
picked up a surplus cathode ray tube
along with its accessories and finally suc-
ceeded in devising a simplified instru-
ment that indicates the azimuth bearings
of thunderstorms within three degrees of
those given by our local weather radar
station.

“The system consists essentially of two
loop antennas crossed at right angles
and oriented to the four points of the
compass, together with amplifiers to
actuate a cathode ray tube that displays
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How to locate a thunderstorm and track it

by detecting the radio waves it generates

the desired information. (As yet the sys-
tem does not include any reliable pro-
vision for measuring the distance of
storms. I have solved the problem to my
own satisfaction for electrical disturb-
ances within 300 miles of Omaha, but
this feature of the instrument requires
turther development.) Watching this
display and manipulating the controls
during the passage of electrically active
weather fronts has an almost hypnotic
attraction. The active cells of storms can
be seen to grow, move and decline;
frequently it is possible to distinguish
between cloud-to-cloud and cloud-to-
ground strokes. The screen displays
peculiar ‘night effects” and other pat-
terns, some of which are unexplained.
“The sensitivity of the svstem to the
direction of electromagnetic waves de-
rives from a property of the loop anten-
na. When a loop of wire that is half as
wide as the waves are long from crest to
crest is oriented in the direction in which
the waves travel, a passing wave will
induce a current in one direction in the
leading side of the loop and in the op-
posite direction in the trailing side. The
currents add and maximum voltage ap-
pears across the ends of the loop. (It the
diameter of the loop differs from half of
the wavelength, the output voltage is
less than maximum but the same prin-
ciple applies.) When the loop is oriented
at right angles to the approaching wave,
opposing currents are induced in the two
sides. Destructive interference then oc-
curs and no voltage appears across the
terminals. (It is assumed that the loop is
enclosed by an electrostatic shield so
that fluctuations in neighboring electric
fields, including the earth’s field, do not
induce spurious voltages.) The sensitiv-
itv of the loop to signals from various
directions, when plotted on graph paper,
takes the form of a figure eight, with
maximum signal response in the direc-
tion of the plane of the loop and nuil,
or minimum, response at right angles to
this plane [see illustration at right].
“Two such loops are crossed at right
angles and their amplified outputs are
fed to the deflection plates of a cathode
ray tube. If a storm occurs in the plane
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of one of the loops, the bearing of the
incoming signal takes the form of a
straight horizontal or vertical line across
the face of the tube because the loop at
right angles to the signal picks up no
energy. When the direction of the signal
is intevmediate to the planes of the loops,
however, each loop picks up energy in
proportion to the angle between its plane
and the impinging signal. The directivity
patterns of the loop antennas are similar,
with the result that as the signal source
moves, voltage rises in one loop and falls
in the other. The voltage changes deflect
thebeam, and the straight line displayed
on the face of the tube rotates synchro-
nously with the changing direction of the
incoming signal. This assumes that the
relative phase of the signal voltage in-
duced in each loop is not shifted by the
amplifiers and that the amplifiers have
equal gain.

“In the elementary system just de-
scribed the display, or bearing, line
would have a 180-degree ambiguity.
That is, it would indicate that a storm
lies somewhere on a line extending
through the antenna but it would not
indicate on which side—whether east or
west, for example. This information can
be provided by a third signal picked up
by a nondirectional antenna, such as a
straight vertical wire. A separate circuit
is arranged to amplify this ‘sense’ signal,
shift its phase 90 degrees and apply the
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Cathode ray tube displays of various sferics

resulting voltage to the grid of the cath-
ode ray tube. If a constant voltage that
almost suppresses the beam is also ap-
plied to the control grid of the tube, the
effect of the ‘sense’ signal is to black out
half of the line displaved on the tube.
The intensity of the remaining half varies
from a faint trace at the center of the dis-
play to maximum brilliance at the outer
end, as shown in the accompanying dia-
gram [above].

“After experimenting with several cir-
cuits that employed narrow-band am-
plifiers operating in the range of 85 to

455 kilocvcles, for which inexpensive in-
termediate- -frequency transformers were
available, I finally switched to broader-
band components that operate in the
audio- and low-radio-frequencv spec-
trum. The construction was more diffi-
cult at the higher frequencies and the
adjustments for maintaining proper
phase-shift were critical. The simpler
broad-band balanced amplifiers that
were used in the final design dispensed
with tuned circuits altogether and elimi-
nated the necessitv of matching the
phase relation of signals in the two loop
antennas. Sferics are essentially broad-
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band signals. A lightning stroke, par-
ticularly a cloud-to-ground stroke, dis-
sipates an enormous amount of energy
in a small fraction of a second. The
potential difference between the earth
and a cloud that discharges a 1,000-
foot stroke can be on the order of a bil-
lion volts; the current varies between
10,000 and 500,000 amperes and the
power amounts to as much as 100 kilo-
watt hours. The energy is radiated over
a band of frequencies that extends from
audio-frequencies through the spectrum
of light.

“Part of the energy, in the form of
low-frequency signals, impinges on the
loop antennas directly and part after re-
flection from regions of the ionosphere.
Reflection alters the polarization of the
signals—the plane in which the waves
vibrate. Loop antennas, although simple
and dependable, are sensitive to polar-
ization cffects. Direct signals from cloud-
to-ground strokes vibrate in the vertical
plane; they are vertically polarized. My
instrument displays them as a straight
line on the face of the cathode ray tube.
Reflection in the upper atmosphere can
rotate the plane of polarization through



a large angle that causes the line to |

broaden into an oval or wishbone-shaped
display. This occurs in the case of cloud-
to-cloud strokes. Two waves from the
same stroke but of differing polarization
(a sky wave and a ground wave) may
reach the loops almost simultaneously.
The superimposed signals are then dis-
played as an open oval bisected by a
straight line. Because of ionospheric
conditions this often takes place at night.

“I wound my loops on ‘hula hoops,’
those plastic rings that were such a fad
among children a few years ago, pri-
marily because I happened to find a pair
priced at 19 cents each. One could sub-
stitute plastic hose or piping or some
other material. A half-inch section was
cut in the perimeter of the hoops, form-
ing a channel to receive 50 turns of
20-gauge, plastic-insulated magnet wire.
A coil of this size intercepts ample ener-
gy for detecting storms up to 600 miles
away. The ends of the coil are connected
to jacks of the type used in electric
phonographs, mounted on small metal
plates attached to the hoops [see illus-
tration below]. Two identical loops are
required. Each is wrapped with strips of
aluminum foil about 1% inches wide,
which acts as an electrostatic shield. The
foil is connected electrically to the metal
plate that mounts the jacks and is cov-
ered with a wrapping of masking tape.
A section of foil about half an inch wide
is cut from the shielding at a point op-
posite the jacks to prevent the shielding
trom acting as a short-circuited turn.
The loops are mounted at right angles,
accurately aligned north-south and east-
west, at least 20 feet above the ground
and, as nearly as possible, directly over
the receiving system. The loops should
be placed as far as possible from vertical
metal structures such as pipes.

“The loops and amplifiers are con-
nected by four equal lengths of small-
diameter coaxial cable such as tvpe
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The psychical entities which seem to serve
as elements in thought are certain signs and

e more or less clear images which can be
voluntarily reproduced and combined. This
{ a combinatory play seems to be the essential

feature in productive thought.
ALBERT EINSTEIN

Seventeen years of Synectics research have led to the
identification of certain psychological constants which
underlie productive thought. These constants can be
learned and used operationally to increase the probability
of success in problem-solving situations. For eight years
this discipline has been taught to selected personnel
from one company at a time. Formerly twelve weeks
were necessary for this training.

Synectics is now able to offer an intensive 2-week train-
ing course for problem-solving in general and inter-
disciplinary problem-solving in particular. These courses
are open to individuals, both technical and non-techni-
cal, irrespective of their company affiliation.

For further information, write for folder.
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RG-78 U. The cables end in plugs that
mate with phonograph jacks. The cir-
cuit includes a double-pole, double-
throw toggle switch so that each ampli-
fier can be connected to a different loop
or both amplifiers to the same loop, de-
pending on the position of the switch.
The switch is to be used when the ampli-
fiers are adjusted for equal gain.

“The amplifiers are of the push-pull,
high-gain type designed for operation in
the range of 100 to 12,000 cycles. As in
all high-gain amplifiers, the ground con-
nections for each tube should be made
at a common point and the input and
output circuits should be spaced as far
apart as possible. Chance feedback and
consequent oscillation will also be mini-
mized by keeping the tubes widely
separated. Decoupling filters made of
appropriate resistors and capacitors are
used in the plate circuits of both ampli-
fier stages to prevent spurious currents
from entering the units from the power
supply, as shown in the accompanying
diagram [below]. The amplifiers operate
trom any well-filtered power supply that
delivers 250 to 300 volts at about 75
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milliamperes of direct current and 6.3
volts at five amperes. A separate filament
transformer is required for the cathode
ray tube.

“The ‘sense’ antenna can be a vertical
wire 30 feet or more in length suspended
between insulators within a reasonable
distance of the loops. If the distance be-
tween this antenna and its amplifier is
more than 20 feet, the connection be-
tween the two should be made with
coaxial cable. The signal enters the sense
amplifier through a phase-shifting net-
work composed of a series capacitor
bridged by a 50,000-ohm potentiometer,
which also serves as a control for reduc-
ing the intensity of the sense signal when
sferics of exceptional strength are re-
ceived [see top illustration on page 172].
The gain of the first stage of the sense
amplifier is controlled by adjusting the
potential applied to the screen grid.
(This method of control does not in-
fluence the phase of the signal when the
gain is altered, as would be the case if
the gain were controlled in the cathode
circuit.) The sense antenna should be
equipped with a lightning arrester.
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“The cathode ray tube is energized by
a power supplv capable of developing
between 2,500 and 3,000 volts and two
milliamperes of direct current. I am at
present using a 3JP1 cathode ray tube.
This component produces a brilliant dis-
play and is generally available from sur-
plus dealers. Recently it was priced at
$7.50 by Barry Electronics Corp. (512
Broadway, New York 12, N.Y.). This
firm also offers for $10.90 a piece of
apparatus that includes a 3]JP7 cathode
ray tube along with a magnetic shield, a
milliammeter and other components use-
ful in the construction. The 3JP7 tube is
coated with a phosphor that produces a
long-persistence image that must be
viewed in the dark. (The long persis-
tence may well produce confusing pat-
terns when a really wild front comes
through.) When wml\mg with any of
these tubes, remember that the hlgh
voltage is lethal. Disconnect the line cord
and short-circuit the capacitors with the
blade of a screw driver before touching
any part of the circuit.

“The arrangement of the parts on the
chassis supporting the cathode ray tube
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Circuit diagram of a directional amplifier
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is not particularly critical. The controls
used for centering the beam—two
300,000-ohm potentiometers—need not
appear on the panel. They are adjusted
only when a tube is installed or replaced.
The focus and brightness controls oper-
ate at high potential and should be
mounted under the chassis on insulating
material and linked to knobs on the
panel through an insulating coupling.
The 1.25-megohm section of the voltage
divider should be made up of four or five
two-watt carbon resistors in series to pre-
vent voltage breakdown [see illustration
below]. The high-voltage transformer
should be mounted as far away from
the tube as possible to minimize the
tendency of its alternating-current field
to modulate the beam. The power supply
and high-potential connection to the
cathode ray tube should be wired with

I\

o)
+300 v%

Iw

+300V

Schematic diagram of “sense” amplifier circuit

conductors specially insulated for high
voltages. It is a good idea to inscribe the
points of the compass or degree markings
on the face of the cathode ray tube with
a grease pencil or to attach a plastic com-
pass rose to the face of the tube.

“To place the completed system in
operation, first identify the two pairs of
coaxial cables that are connected to the
loop antennas by making continuity tests
with an ohmmeter, and connect one pair
to each of the signal amplifiers. (Do not
make the mistake of connecting one end
of each loop to each of the amplifiers.)
Then connect the sense antenna to its
amplifier. The shielding braid of all four
loop cables must be electricallv con-
nected at each end and ¢ éxounded to the
amplifiers as well as to a water pipe.

“Now turn on the power. Turn the
gain controls of both signal amplifiers to

maximum and operate the double-pole,
double-throw toggle switch in the an-
tenna circuit to connect both amplifiers
across one loop. If there is a thunder-
range, its sferic signal
should now produce a sharp line extend-
ing across the face of the cathode ray
tube 45 degrees from the vertical. If the
line is not at a 45-degree angle, the gains
of the two amplifiers are unbalanced.
Reduce the gain of either amplifier (but
not both) until the display is properly
aligned. Then restore the toggle switch
to its former, or operating, position.
“You must now determine the true
bearing of the approaching storm by
some means external to the system in
order to orient your cathode ray tube
with actual north and south. A call to
the local weather bureau will usuallv
provide the information, particularly if

storm within
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An elegant, but tiny refrigerator, utilizing
the Nernst-Ettingshausen effect, has been
demonstrated in the Solid State Physics
LaboratoriesatLockheed Missiles & Space
Company. This type of cooling is appli-
cable below 200° Kelvin, where thermo-
electric cooling is no longer efficient. It
shows particularpromise for space appli-
cation because of the reliability inherent
in its all-solid state construction.

In the Nernst-Ettingshausen effect, heat
is pumped as a result of an electrical cur-
rent flowing in a magnetic field. The heart
of the present device is a bismuth anti-
mony single crystal. Other crystal sys-
tems are also being investigated.

This thermomagnetic cooling device is
one oftheresults ofthe Lockheed research
programintransportphenomenain solids.

Another investigation concerns the
quantum theory ofthe electronic structure
of crystals. An ingenious computer pro-
gram has been devised for determining
the essential features of the energy band
structure of a wide variety of crystals.
Results for a given case can be obtained
in an hour or less. Conclusions drawn
from the theoretical solution elucidate
many of the electronic properties of crys-
tals, and have widespread significance.

Lockheed scientists and engineers are
also studying: Electron spin echo phe-
nomena; the interaction of electrons with
microwave phonons; coupled traveling
waves in crystals; semiconductor lasers;
antiserromagnetic resonance; various
theoretical and experimental aspects of
superconductivity.

LOOK AT LOCKHEED

Basic and applied research on the properties of solids

LOOK AT LOCKHEED...AS A CAREER
Consider Lockheed's leadership in space
technology.Evaluate its accomplishments
—such as the Polaris missile, the Agena
vehicle's superb record of space mis-
sions. Examine its outstanding advan-
tages—location, advancement policies,
creative climate, opportunity for recognition.
Then write for a brochure that gives you
a more complete Look at Lockheed.
Address: Research & Development Staff,
Dept. M-45B, P.O. Box 504, Sunnyvale,
California. Lockheed is an equal oppor-
tunity employer.
SCIENTISTS & ENGINEERS: In addition
to solid state physicists and chemists,
otherimportant openings exist for special-
ists in: Inertial guidance + Orbit thermo-
dynamics - Electromagnetics « Mission &
trajectory analysis « Gas dynamics « Chem-
ical & nuclear propulsion « Systems en-
gineering « Computer research

LOCKHEED

MISSILES & SPACE COMPANY

A GROUE DIVISION OF LOCKMEED ARCRAFT CORBORATION

Sunnyvale, Palo Alto, Van Nuys, Santa Cruz,
Santa Maria, California « Cape Canaveral,
Florida « Huntsville, Alabama « Hawaii

& J
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we're

looking

for

an experimental physicist

Here is an unusual opportunity for a
versatile physicist (Ph.D.) to play a
leadmg role in a company which is
growing rapidly because of its techni-
cal accomplishments.

At FMA we apply advanced elec-
tronic, optical and mechanical tech-
niques to the problem of graphic
information. Because research shows
the photographic emulsion is the most
efficient medium for storing infor-
mation, we have engmeeled these
techmques into a series of unusually
sophisticated electro-optical systems
and devices which transport, retrieve,
enhance, and display information
recorded on film.

We are looking for an experienced
physicist who can originate ideas in
the electro-optical field and help guide
their engineering development.
Because of our continuing require-
ments, your résumé will always receive
prompt and confidential attention.

Write to: Mr. C. J. Blades
FMA, Inc. 142 Nevada Street
El Segundo, California

AN EQUAL OPPORTUNITY EMPLOYER

When you think of inForMAtion think of FMA
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you explain what you are up to, because
most of the nation is now covered by
weather radar stations that keep track of
all disturbances within 200 miles or so.
Failing this expedient, you can tune in
on an aircraft radio-range station with a
radio receiver that can pick up the band
between 150 and 350 kilocycles. These
stations transmit continuous weather re-
ports, including the location of such
thunderstorms as may be in progress. As
a last resort, simply wait until a storm
appears in your vicinity and take a look.
Once the true bearing of a storm has
been determined, check the display on
the cathode ray tube and, if necessary,
interchange the lead-in cables from the
loop antennas until the display is aligned
with the bearing of the storm. Only four
input combinations are possible, so that
the task is not diflicult. The procedure
should be repeated with another storm,
about 90 degrees removed from the first,
as a double check.

“The knack of interpreting displays
comes with experience. The length of the
line on the scope indicates the strength
of the incoming signals, and it is pos-
sible with experience to judge the range
of a storm with reasonable accuracy on
the basis of this signal strength. A storm
at long range produces a short, straight
line when the gain is set at maximum;
storms at medium range produce longer
lines. The line broadens into an ellipse
when horizontally polarized sferics are
received from strong cloud-to-cloud dis-
charges. Thunderstorms in the imme-
diate vicinity set up confused patterns.

“As an aid in learning to judge range
one can use the hourly low-frequency
reports, broadcast by mdlo-mnge sta-
tions, of the movement of frontal sys-
tems. Many thunderstorms occur along
the line of a cold front. A strong sferics
display in the direction of such a front at
a known distance provides an opportu-
nity to co-ordinate the appearance of the
display with a reasonable approximation
of distance. Storms occurring simultane-
ously at widely separated bearings pro-
duce simultaneous displays. Isolated
storms not associated with major fronts
produce single displays. If a display of
this type remains fixed in azimuth but
increases in intensity, it can be assumed
that the storm is headed in your direc-
tion. In summer most cold fronts move
through the Middle West at 20 to 25
miles per hour, so that it is possible to
estimate the arrival time of the bad
weather.

“As signals grow in strength, the gain

| of both signal amplifiers must be reduced

to keep the end of the display from going
off the face of the tube. Whenever the
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gain is thus altered, the gain of amplifiers
must be equalized by the procedure
previously described. The intensity, or
brightness, control is ordinarily set so
that the bright spot made by the beam
is barely visible. The spot should be
centered accurately by means of the
centering controls. The optimum posi-
tions of the sense—mput p()tentl()metel
and the sense-gain control depend on
the location of the storm and the inten-
sity of the signals. The operation of the
controls must be learned by experience.
The circuit operates with maximum gain
and minimum attenuation when both
controls are set for maximum resistance
with respect to the ground.

“A few verified tornadoes have been
observed. Any storm that produces
rapidly repeated pips on the same bear-
ing is suspect, particularly if the display
persists for an appreciable time. Some
observers report that tornadoes produce
no cloud-to-ground strokes and that the
cloud-to-cloud discharges in a tornado
tunnel are radiated principally above
100 kilocycles. At close range, however,
it is possible to detect the ‘tornado oscil-
lator” at low frequencies. An 85-kilocycle
receiver in use at my station has pro-
duced an elliptical display with rapidly
recurring sferic pips on the azimuth of a
small tornado 24 miles away. Thunder-
storms and precipitation are almost al-
ways accompanied by observable elec-
trical activity, and some ‘severe-weather
warnings’ issued by local weather bu-
reaus can be discounted if the sferic in-
dicator does not show corresponding
electrical disturbances.

“Another phenomenon that may show
up on the scope is the ‘clear- weather
sferic,” a lightning discharge in an area
of calm, clear skies, usually in summer.
These have also been observed visually,
although little is known about them.

“Giant electrical storms can also be
detected on occasion. The clouds in these
disturbances sometimes reach 12 miles
into the stratosphere and develop as
many as 10 to 20 cloud-to-cloud strokes
per second. These enormous thunder-
heads, which often give rise to tornadoes,
can actually be seen when they are more
than 150 miles away. The signals they
produce are characterized, according to
one report, by a series of sferic pips that
occur a fraction of a second apart and, at
long range, on the same azimuth.

“Two or three sferics azimuth stations,
separated by 100 miles or so, could ob-
tain accurate fixes on thunderstorms if
the problem of establishing communica-
tions between stations can be solved.
Perhaps the solution can be found in
amateur radio.”
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Choose your first Selection from among these 16 fine books

HIS special Gift Book Offer has been ar-
ranged by The Library of Science as a

service to scientists concerned with new develop-
ments in biology, evolution, and genetics. OQut of
the many excellent works in the field, our edi-
tors have selected these 16 outstanding titles —
each of them research tools designed to “work”
for you. Choose any two of them—a value up to
$43.00—as your free Membership Gift, along
with your first Selection at the reduced Mem-
ber’s Price. We know of no better way for you
to discover for yourself the calibre of books and
the substantial savings (at least 40% ) available
to you as a member. May we invite you to mail

us your choices today?

E:.CYCIDPE DIA

of the
BIOLOGICAL
SCIENCES

ENCYCLOPEDIA OF THE BI-
OLOGICAL SCIENCES. Edited
by Peter Gray. First encyclo-
pedic work on modern bio-
logical sciences — covers
developmental, ecological,
functional, genetic, structur-
al, taxonomic areas. 1140
double-columned pages. 486
distinguished contributors.
LisT PrICE $28.00
MEMBER’s PRICE $14.95

L129

59 Fourth Avenue, New York 3, N. Y.

Please enroll me as a member and send me the
two free books and first Selection I have indicated
below. Bill me for my first Selection only, at the
reduced Member’s Price, plus postage. I need take
as few as three more Selections during the next 12
months from the 200 or more available to me, and
I receive a Bonus Book of my choice free after

every fourth Selection.
2 Membership

-

Gift Books: 2

First Selection

Which 2 works may we send you FREE?

The Library of Science

EVOLUTION, GENETICS AND
MAN. By Theodosius Dob-
zhansky. This lucid presen-
tation of the genetic basis of
evolution traces the nature
and origin of life, the evolu-
tion of sex, the emergence of
modern man. Lavishly illus-
trated with drawings, maps,

charts.
List PrICE $5.50
MEMBER’S PRICE $4.50

UNDER THE MOUNTAIN
WALL. By Peter Matthiessen.
The noted naturalist-novel-
ist records the primitive life,
rituals, wars of the ‘lost”
Kurelu tribe of New Guinea,
one of the last stone-age
peoples. 32 pages of photo-
graphs. List PRICE $7.50

MEMBER’S PRICE $5.50

GROWTH IN LIVING SYS-
TEMS. Edited by M. X. Zar-
row. 35 leading scientists
present recent research on
one of biology’s most excit-
ing frontiers — cells, genes,
DNA, protein synthesis ag-
ing, regeneration hormones,
etc. 755 pp., 252 photographs
and diagrams.
List PricE $15.00
MEMBER’S PRICE $9.95

THE LIFE OF BIRDS. By Joel
Carl Welty. The latest re-
search on bird behavior, in
one comprehensive, authori-
tative reference. Describes
radar studies of migration,
sound spectograms, strob-
scopic photographs. 546 pp.,
318 illus. List PRrICE $12.95

MEMBER’S PRICE $9.00

THE ORIGIN OF RACES. By
Carleton S. Coon. The first
detailed theory of evolution
of the five races of man —
draws on extensive genetic,
climatic geographic, cultural
evidence to reconstruct
man’s journey through space
and time. LisT PRrICE $10.00

MEMBER’S PRICE $7.50

NEW PATTERNS IN GENETICS
AND DEVELOPMENT. By C.
H. Waddington. New con-
cepts and techniques in de-
termining the structure, func-
tion, and development of
cells and tissues. Current
views of gene action, messen-
ger ribonucleic acids, feed-
back controls, etc.
List PrICE $10.00
MEMBER’s PRICE $6.95

SPACE BIOLOGY. By Hanra-
han and Bushnell. Two ex-
perts discuss scientific prep-
arations now being made to
deal with weightlessness,
cosmic radiation, accelera-
tion, solitude, and other con-
ditions man encounters in
space. List PrICE $6.00

MEMBER’s PRICE $5.50

THE WORLD OF ICE. By
James L. Dyson. A brilliant
account of ice on the move
— tells how mighty glaciers
shape our landscape . . . how
ice influences our climate
and affects our daily lives.
88 illustrations.
List PRICE $6.95
MEMBER’S PRrICE $5.75

VOICES IN STONE. By Ernst
Doblhofer. A handsomely il-
lustrated volume telling of
the triumphs and failures,
the misleading clues and con-
troversies encountered by ar-
cheologists, philologists and
other scientists in decipher-
ing the written remnants of
lost civilizations.
List PrICE $6.00
MEMBER’S PRICE $4.95

THE NATURE OF THE CHEMI-
CAL BOND. By Llinus Paul-
ing. Newly revised and en-
larged edition. ‘It would be
difficult to suggest a book
better suited to convey the
scope, fascination and power
of the field of structural
chemistry.” Philip A. Lyons.
List PrICE $8.85

MEMBER’S PRICE $6.50

THE IDEAS OF BIOLOGY/THE
NATURE OF LIFE. A dual se-
lection. J. T. Bonner’s lucid
presentation of life process-
es—from the cell to societies
of related organisms — and
C. H. Waddington’s engross-
ing exposition of trends of
thoughts that transformed bi-
ology into a science.
List PRICE $8.95
MEMBER’S PRICE $6.50

ANIMALS AS SOCIAL BE-
INGS. By Adolf Portmann.
An account of the living
habits of over 125 animals,
emphasizing their social or-
ganization. ““‘Strongly recom-
mended to anyone who
would like to be brought
up to date in the field of
animal behavior.” — Joseph
Wood Krutch.
List PRICE $6.00
MEMBER’S PRICE $4.95

BEHAVIOR AND EVOLU-
TION. Edited by Roe and
Simpson. Margaret Mead,
Julian Huxley, Marston Bates
and 26 other contributors
discuss evolutionary facts
and principles as they bear
on human behavior.
LisT PrIcE $10.00
MEMBER’S PRICE $6.75

MANKIND EVOLVING. By
Theodosius Dobzhansky. In
a pioneering new work —
based on modern genetics
and the biological theory of
evolution—the distinguished
zoologist explores ways of
understanding man’s evohi-
tion as the interaction be-
tween biological and cultural
components.
List PrIcE $7.50
MEMBER’S PRICE $5.95

BIOLOGICAL AND BIO-
CHEMICAL BASES OF BE-
HAVIOR. Edited by Harlow
and Woolsey. Twenty emi-
nent authorities — including
F. A. Beach, J. C. Lilly, and
R. W. Sperry—report recent
research findings on corre-
lating data from the behav-
ioral and biological sciences.
List PrICE $8.00

MEMBER’s PRICE $5.95
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