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Conducted by C. L. Stong

night sky appears to be greatly
accelerated when it is observed
through a stationary telescope of high
power, because the instrument magniﬁes
apparent motion as well as size. In con-
sequence objects drift across the field
of view and disappear in a matter of
seconds unless some arrangement is
made to keep the instrument trained on
them. If the telescope is mounted so that
it can turn, objects can be kept in view
most of the time by moving the tube
manually. Hand guiding is not precise
enough, however, for many types of ob-
servation. The instruments used by as-
tronomers and a large number of the
telescopes made by amateurs are there-
fore equipped with a mechanism to keep
celestial objects automatically in view.
Most of the apparent motion of a ce-
lestial object is caused by the rotation
of the earth, which amounts to one rev-
olution in 24 hours with respect to the
sun, and to one in about 23 hours, 56
minutes with respect to the stars. The
fact that the hour hand of a clock turns
at approximately twice this rate suggests
that a clockwork could be modified to
serve as an automatic drive by coupling
it to the shaft of the telescope through
a set of simple reduction-gears. This
approach has been tried by many ama-
teurs. Ordinary clocks, however, fall con-
siderably short of meeting the require-
ments for an ideal drive. Few of them
deliver enough power to overcome fric-
tional losses in bearings of the type used
by amateurs, and they do not provide
enough range in speed. To track the
moon accurately as it crosses the merid-
ian a clock must run about 5 per cent
slower than normal, a rate which in the
latitude of New York would cause the
clock to lose about an hour per day. This

r lﬁ he slow parade of stars across the
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A transistorized drive for a telescope,

and a sundial that keeps accurate time

rate is beyond the range of the “fast-
slow” adjustment of most clocks. Another
serious limitation of clocks as drives
for telescopes arises from the property
to which they owe their usefulness as
instruments for measuring time. Clocks
run at constant speed, but the apparent
motion of a star varies. Light from stars
low in the sky passes through more of
the earth’s atmosphere than does light
from stars higher in the sky; the light of
a star near the horizon is so strongly re-
fracted by the atmosphere that the image
of the star can be seen several seconds
after the star has passed below the hori-
zon. Accordingly a drive that freezes
an object in the field of a telescope point-
ed at the zenith permits the image to
drift increasingly as the telescope is
pointed at lower angles. In the most
satisfactory drives provision is therefore
made for continuously altering the track-
ing speed through a narrow range above
and below its average value. Moreover,
the best systems are equipped with a
coarse control for changing the tracking
rate by at least an order of magnitude
so the tube can be (uickly centered on a
selected object.

All of these requirements are met in
an inexpensive electrical drive utilizing
transistors which was constructed last
year by George W. Ginn, an engineer of
Lihue, Hawaii. “Much of my observing,”
writes Ginn, “which has included a lot
of photography, has been done at ele-
vations above 10,000 feet on Mauna Loa
and neighboring volcanic peaks, where
seeing is exceptionally good nearly every
night of the year. Most of these locations
are reached by car and on foot by roads
carved from lava, which is scarcely an
ideal pavement. This means that my
equipment must be light, portable and
rugged enough to retain its accuracy
during rough trips.

“The camera and guide telescope are
supported on a tripod by a mounting of
German manufacture which I acquired
from the University of Hawaii in ex-
change for adapting one of their instru-
ments for portable use. The mounting is
of the equatorial type—one shaft turns in
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the plane of the earth’s equator and the
other in elevation—and is equipped with
worm gears coupled to hand wheels for
following objects in right ascension and
declination as well as with clamps for
locking the tube in any desired position.
The arrangement is adequate for casual
observing and even for making photo-
graphs of short exposure. But fine visual
measurements and extended exposures
require more precise guiding.

“Mechanical drives, such as those
built around spring-driven clocks, are
not satisfactory for use with portable in-
struments. The mainspring of most small
clocks is not powerful enough to over-
come frictional losses in the mounting,
so an arrangement of weights must be
added to supplement the energy stored
in the spring. A clutch must also be in-
serted between the clockwork and
mounting so that the tube can be disen-
gaged for shifting the field of view from
one region of the sky to another. In addi-
tion, the system must include a set of
differential gears, a screw adjustment or
some comparable means for making
small corrections in the position of the
tube without interrupting the basic mo-
tion of the clock. All this adds up to a
cumbersome mechanism which is costly
to make, inconvenient to use and diffi-
cult to maintain in satisfactory working
order.

“Most of these difficulties can be over-
come by substituting electrical parts for
the springs and gear trains—with a dis-
tinct gain in the precision of tracking
My present drive consists of a small syn-
chronous motor of the type used in elec-
tric clocks which is energized by an os-
cillator-amplifier using transistors. The
oscillator converts direct current into al-
ternating current of a precisely known
frequency. In effect it measures time and
corresponds to the escapement of a
clock. Power for the unit is taken from
my automobile storage battery, which is
thus analogous to the mainspring of a
clock. The motor, somewhat smaller than
a pack of cigarettes, is mounted on and
geared directly to the mounting. A plug-
in cord connects the motor to the oscil-
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ASTRONOMICAL

6” DIA. AIR SPACED
TELESCOPE OBJECTIVE

Hard coated on 4 surfaces

£/10—60"  focal length MOUNTED $175.00
UNMOUNTED $150.00
£/15—90”  focal length MOUNTED $175.00

UNMOUNTED $150.00

The effective aperture of the above lenses is six inches.
The black anodized aluminum mount fits into seven
inch dia. aluminum tubing.

MOUNTED AIR SPACED OBJECTIVES

The finest American Made, hand-corrected
air-spaced astronomical objectives;
mounted in black anodized aluminum cells.
DIA. F.L. PRICE PRICE
3Va” 48” Coated $32.00 Not Coated $28.00
4" 62" Coated $69.00 Not Coated $60.00

é 144 + Our selection of diame-
. ters and focal lengths is
the largest in the United

States available for immediate delivery. Perfect magnesium
fluoride coated and cemented achromatic telescope objectives.
Aluminum tubing and cells available for lenses listed below,
Send for complete list of other diameters and focal lengths.

Dia. Dia. F.
2147 31,7 26"
314" 31 587
Sign 304 30"
218" 31" 341"
218" 31" 40”
Sign 4" 34157
Sign ay” 6"
2147 agere 42
215" 43" 424
el 5 243"
3147 547 24%”

I\ot coated
We can suuply ALUM INUM TUBING for the above lenses.

8 POWER ELBOW TELESCOPE 8x50
This M-17 telescope has a brilliant image 48
degree apparent field—325 feet at 1,000 yards.
It has a 2” objective, focusing eyepiece
28mm focal length with an Amici erecting
clear, red,

system. Turret mounted filters,
amber and neutral. Lamp housing
to illuminate reticle for night-
time use. Truly the biggest bar-
gain you were ever offered. Origi-

nal Government cost $200.
UNCOATED  $13.50 / <X
COATED $17.50

@ Free Catalogue “MILLIONS" of Lenses, ete. @ l
pay the POSTAGE IN U.S.—C.0.D.’s you pay postage—

sahsfau:hon guaranteed or money refunded if returned
within 30 da;

A. JAEGERS

GO1A Merrick Road
LYNBROOK, N.Y

NITRON's FREE

Observer's Guide and Catalogon

ASTRONOMICAL TELESCOPES

This valuable 38-page book
is yours for the asking!

With artificial satellites already launched and space
travel almost a reality, astronomy has become today's
fastest growing hobby. Exploring the skies with a tele-
scope is a relaxing diversion for father and son alike.
UNITRON's handbook contains full-page illustrated
articles on astronomy, observing, telescopes and acces-
sories. It is of interest to both beginners and advanced
amateurs.

Contents include—

Observing the sun,
moon, planets and
wonders of the sky

Constellation map

Hints for observers
Glassary of telescope terms
How 1o choose a lelescope
Amateur clubs and research
programs

INSTRUMENT DIVISION of UNITED SCIENTIFIC CO.
204-206 MILK STREET = BOSTON 9, MASS.

Please rush to me, free of charge, UNITRON's new Observer's
Guide and Telescope Catalog 6-V
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Transistorized drive for a small telescope

lator-amplifier. The unit is about the size
of a miniature radio-receiver. Another
plug-in cord from the oscillator-ampli-
fier is connected to the battery by spring
clips, and a third cord runs to a control
box equipped with push buttons for
changing the speed of drive as desired.
The control box is held in and operated
by one hand during observation. The
complete system, less battery, weighs
five pounds. It requires no lubrication or
other maintenance, is unaffected by dust
and retains its calibration over wide
changes of temperature.

“The oscillator-amplifier circuit was
designed for transistors instead of vacu-
um tubes primarily because I wanted to
learn something about transistors. Per-
haps the use of vacuum tubes would
have been wiser at this stage of transis-
tor development; the choice of circuit
components designed expressly for tran-
sistors is still rather narrow, particularly
in the case of transformers. On the other

| hand, the impressive reduction in size,

weight and power consumption of ap-
paratus which is made possible by the
use of transistors more than compensates
the builder for time spent in modifying
parts.

“With the exception of the motor and
the controls, the system contains no mov-
ing parts. During operation the oscilla-
tor draws direct current from the battery
and converts it to alternating current at
any desired frequency from 55 to 65 cy-
cles per second. The frequency is con-
trolled by a knob that corresponds to
the fast-slow adjustment of a clock. The
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control covers a range of something
more than 5 per cent, which is adequate
for guiding telescopes and cameras less
than five feet in focal length. The fre-
quency can be doubled instantly by op-
erating one of the two push buttons in
the control box. The other button stops
the oscillator. The action of the buttons
corresponds to that of a set of differen-
tial gears and is used as a slow-motion
traverse. By pressing the appropriate
button the telescope can be moved for-
ward or backward with respect to the
stars at the rate of .25 degree per minute.
The amplifier portion of the circuit steps
up the output power of the oscillator to
four watts at 115 volts for driving the
motor, which is rated at 3.8 watts.

“The oscillator circuit is of the Wein
bridge type and has excellent stability.
The frequency is adjusted through the
5-per-cent range by dual potentiometers
and is doubled by switching out half of
the .5-microfarad capacitors shown at
the far left in the accompanying circuit
diagram [page 188]. Stopping the oscil-
lator is accomplished by short-circuiting
the 5,000-ohm (5K) variable resistor
shown at the top of the diagram. This
resistor controls the amount of energy
fed back in reverse polarity from the out-
put of the oscillator to its input and is
normally set to the lowest resistance at
which the oscillator will start and main-
tain stable operation. Switching is ac-
complished by relays, the coils of which
are energized by the push buttons.

“The circuit includes a ballast lamp
for stabilizing the output voltage. The



WITH ONLY MINUTES TO ACT

If America should be attacked . .. from
bases around the world Strategic Air Com-
mand bombers, tankers and surface-to-
surface missiles will rise to action. Minutes
only will be available.

To integrate and control this assault re-
quires accessibility and handling of a
staggering volume of data. In the missile
era, present methods of gathering and
processing data will be inadequate. SAC is
automating the system.

As systems manager, International Elec-
tric Corporation is developing and will
turn over to SAC a world-wide electronic

INTERNATIONAL ELECTRIC CORPORATION

An Associate of International Telephone and Telegraph Corporation
Route 17 & Garden State Parkway, Paramus, New Jersey

combat control system, an integrated com-
plex of electronic subsystems. The system,
employing digital techniques and equip-
ment, will transmit, process and display
information on a global basis . . . with
only seconds involved.

Engineers whose interests lie in systems
engineering, data processing and commun-
ications will find in this long-term project
exceptional opportunity to exercise crea-
tive competence and individual initiative.
For details of engineering assignments
write B. J. Crawford, Director of Techni-

cal Staffing.
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filament is connected in series with the
feedback resistor so that the voltage of
the circuit is divided between them.
When the voltage rises, the filament
warms up and the resistance increases.
This has the effect of increasing the
negative feedback, which in turn reduces
the voltage to its normal value.
“Standard construction and wiring
were used. The housing of the oscillator-
amplifier unit is five inches wide, six
inches deep and nine inches long and is
available from most radio dealers. The
aluminum panel and chassis were cut to
fit the case. The small transistors were
mounted along with the resistors on a
strip of Formica by drilling small holes
in the strip for the leads and making con-
nections on the back. The cases of the
power transistors function as ‘collectors,’
counterparts of the ‘plate’ electrode in
vacuum tubes. Voltage is applied to the
cases, so they must be insulated from the
chassis. Kits are available for mounting
power transistors which include mica
washers and silicone oil to aid in ihe

transfer of heat to the chassis. I did not
use the oil because in this circuit the
units operate substantially below their
rated capacity for dissipating heat. Do
not solder connections directly to the
power-transistor terminals; transistors
are easily damaged by high tempera-
ture. Clips for connecting transistors into
the circuit can be made from contacts
salvaged from miniature vacuum-tube
sockets. Connections to the emitter elec-
trodes of the power transistors must be
tight because a peak current of two
amperes flows in this circuit. Two other
precautions are worth mentioning. First,
transistors, unlike vacuum tubes, can be
damaged by applying voltage of incor-
rect polarity to the terminals. Second,
the output stage must not be operated
without a load.

“The power transistors of this ampli-
fier deliver about 4.3 volts on each side
of the center tap. This must be stepped
up by a transformer to 115 volts for
driving the motor. Unfortunately dealers
do not stock a suitable transformer. I

tried to modify a conventional filament-
transformer for the job by leaving the
117-volt winding intact and rewinding
the 6.3-volt secondary for the lower in-
put voltage. Sad to relate, only 50 volts
came out of the high side. After stewing
over this development for a day or so,
and consulting Radio Engineers’ Hand-
book for data on transformer design, it
became apparent that heat losses in the
iron core caused by the high density of
the magnetic field were eating up the
profits. Apparently 6.3-volt filament-
transformers are designed with a mini-
mum of iron and copper, adequate per-
formance being achieved by operating
the iron core at a high magnetic-flux
density. If 25 per cent of the energy is
wasted in heating the core, nobody cares
because the energy is being taken from
the 110-volt power line and amounts to
only a few watts. After calculating the
losses for several values of flux density
and wire size, I picked the best com-
bination and rewound both coils of the
transformer. The primary was replaced
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Circuit diagram for transistor amplifier-oscillator
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Research & Advanced Development
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A new challenge at Avco

Hundreds of miles above the earth,
totally new environments arise to challenge
man’s progress in space flight.

Today, at Avco, standard and very special
machines are being used to seek out the
parameters of space flight environments.
These machines test components

and systems for the Air Force Titan

and Minuteman intercontinental ballistic
missiles at, and beyond, the expected
environmental limits.

Among the more severe environments that
Avco nose cones must conquer are the
re-entry problems of mechanical

and acoustic noise vibration, extremely
high temperature and deceleration shocks.
These environmental problems will be
common to all space vehicles.

Typical example of testing machines is
the Avco-developed acoustic noise
generator which creates the extremely
high noise level that occurs during
atmospheric re-entry.

Finding, predicting, and solving new
environmental problems is an interesting,
challenging job for Avco engineers and
scientists, but it is only one of the many
fields of work at Avco. Basic research and
advanced development are carried on
over an extremely wide area, mixing
many scientific disciplines and creating
an interchange of information and a
stimulating work atmosphere.

For information on unusual career opportunities,
for exceptionally qualified scientists and engineers,
write to: R. Rubino, Scientific and Technical
Relations, Avco Research and Advanced
Development Division, Avco Corporation,

201 Lowell Street, Wilmington, Mass.
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with 48 turns of No. 18 enameled mag-
net-wire on each side of the center tap;
the secondary, with 1,560 turns of No.
32 wire. This reduced the flux density
from 98,000 lines per square inch to
41,000 lines and reduced the core loss
from four watts to one watt. The core
weighs 10 ounces and has a cross-sec-
tional area of 7/8 square inch. Any core
of about this size and weight should
work satisfactorily. Smaller cores would
require more turns. The losses are pro-
portional to the weight of the core and
the square of the flux density. The core
of an audio-frequency transformer would

direction of

| sunlight ? summer
winter an
spring %
~

section
/ (of gnomon

line of
sunlight shining
W\, thvough the slot
3 ma.rks the

clamp

for =

adjusting

| gnomon
near the
time of the /5
solstices

doubtless perform better because the
laminations are thinner and are made of
the highest quality magnetic iron.

“The power transistors operate alter-
nately, so only half of the primary coil
carries current at one time. If the trans-
former were operating from a conven-
tional alternating-current source of four
volts, the primary coil could be a single
winding of 48 turns. If 12-volt opera-
tion is desired, the number of primary
turns must be doubled. The output in
this case would be about nine watts, so
the wire size of the secondary winding
would have to be increased to No. 30,

direction of sunlight
and fall

daylight-saving-
time stops and
longitude adjustment

latitude clamp
—

An amateur’s sundial that indicates clock time
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GET READY FOR THE SPACE and SCIENCE ERA! SEE SATELLITES, MOON ROCKETS CLOSE- UP_ %

"AMAZING OPTICAL BUYS

*.and OTHER SCIENTIFIC BARGAINS

183 1 . '
Terrific Buy! American Made! ASSEMBLED See the Stars, Moon, Planets Close Up!
OPAQUE PROJECTOR 4
AND 3”7 ASTRONOMICAL REFLECTING TELESCOPE
% Projects illustrations up to 3” x 1
3%"” and enlarges them to 4 ft. READY TO USE! 60 *0 160 POWET—AH Unusual Bu,'
i wide. No film or negatives Yournt e & ""“°r“ss""l*~ "“':""“"f"’?" . o
‘oiec har i o see the Rings_of Sawurn, the fascinating planet Mars,
needed. Projects charts, dia- huge craters on the Moon. Star Clusters, Moons of Jupiter in
grams, pictures, photos, letter- detail, Galaxies! Equatorial mount with lock on both axes.
ing in full color or black-and- Aluminized and_overcoated s"l#.am[g(l&r high-speed £/10 mirror:
3 3 ke ope comes pped with a eyepiece and a mounted
whilte, Operates on 115 volt, C. current, 6-ft. ex- Barlow Lens, “' fou 60 o 160 power. An Optical Finder
{)‘ Illl\.)lﬂll ;*qrdlan]ddplélg i“f&rldegb (Jllel;a}es.(iu ({{J \V'altt Telescope, always so ‘essential, is also included. Sturdy, hard-
ulb, not included. Size 12” x8” x 414" wide. Weigh ™ ‘
11b., 2 oz._Plastic_case with built-in_handle BOOK OF HEAVENS " plas CHOW TO USE YOUR TELESCERE BOOK
L Na £ < > . " Photographers! This is an zctual photograpn BOOK OF HEAVENS’’ plus ‘‘HOW TO USE YOUR TELESCOPE’’ BOOK
Stock No. 70,199-S......ccecuvvirvenuunnes $7.95 Postpaid of the moon taken through our Astronomical )
Telescope by a 17-year-old student. Stock No. 85,050-S........ccccocuecrenrinunnnnnnned $29.95 Postpaid

American Made—
Over 50% Saving
STEREO MICROSCOPE

Years in development. Equals $300 to
$400 instrument. Precision Ameruan
made. Used for checking, inspecting,
small assembly work. Up to 3” work-
ing distance. Clear, sharp, erect
image. Wids dimensional field. 2
- sets of obje es on rotating turret.
¥ 23X and 40X. 10 Day Free Trial.
\ Stock No. 85,056-S $99.50
f.0.b. Barrington, N.J.
Low Power S 1 ary Lens Attacl for ahove Stereo
—provides 15X down to 6X with clear, extra large 1%”
field at 6X.
Stock No. 30,276-S. $7.50

nearer with a 35 mm. camera,
7x50 binocular and our NEW
BINOCULAR - TO - CAMERA
HOLDER. Ideal for long-

NEWBINOCULAR-TO-CAMERA HOLDER
range shots of wild life, ships,

._ For Exciting
planes, people, etc. Camera

Telephoto Pictures
Bring distant objects 7 times
and binoculars attach easily. Use any binocular or monocu-
lar—any camera, still or movie. Take color or black and

white. Full directions for taking telephotos.

Stock No. 70,223-S

$11.50 postpaid

WAR SURPLUS!- INFRARED SNOOPERSCOPE
Govt. Cost $900—Bargain at $39.50
Converts infrared to visible light. See
in total darkness without being seen.
Use in lab, factory, classroom, etc.
Completely portable. Operates on two
flashlight batteries (not included).
Image is quite good, may he made
even better by careful focusing. Size
11%"” x 8”. Weight with carrying
" cute 12 Ibs. No infrared light source
In furnlshed. (Seo Lelow)
Stock No. 85,098-S........... veseane voosssennnas $39.50 f.o.b.
Barrington,
INFRARED LIGHT SOURCE_AVAILABILITY! You will need
a 6-volt transformer or 6 V auto battery t(r opElate .
Stock No. 80,035-S..

Shows various celestial coordinates. An
extremely useful star finder which can be
rotated through 60° angles along calibrat-
ed degree scale. Has single eye lens with
viewing stop, two spirit levels for align-
ing, tangent screw with scale for five pre-
cision readings, azimuth scale graduated
in two-degree intervals, adjustable tilting
azimuth scale for angle reference of stars
on distant objects. War Surplus. Gov’'t

ASTRO COMPASS AND STAR FINDER
cost $75. Instructions, carrying case in-

Jé i Gov't Cost $75—Price $14.95 postpaid
cluded.

Determines position of stars quickly.
Stock No. 70,200-S

Only $14.95 postpaid

GIANT MAGNETS! TERRIFIC BARGAINS!

War surplus—Alnico V type ! Horse- /—“ {
shoe shape. Tremendous lifting -4 =
power. 5 1b. size. Dimensions: A—
314”5 B—23"; C—43¢”; D—1%"; :
E—1314" ; F—28;"”. Strength is about <
2,000 Gauss. Will lift over 125 lbs. Lt S J
Stock No. 70,183-S. $8.50 Postpaid
15-% Ib. size. Approximately 5,000-6,000 Gauss rating.
Will lift over 250 Ibs.
Stock No. 85,088-S........... verneennes
Shipping wt. 22 lbs.

<

i

-..$22.50 F.O.B.
Barrington, N. J.

ORDER BY STOCK NUMBIR .SEND CHECK OR MONEY ORDIR .

HELPFUL NEW BOOK
for the AMATEUR

“HOW TO USE YOUR
TELESCOPE”

A down-to-earth introduc-
tion to Astronomical Tele-
scopes and the stars. Clear,
simple language—profusely
illustrated. Contains moon map- agrams.
Tells how to select and use Tel ope—-all
about power, mounts, eyepieces, collimation,
Barlow Lenses—guide to stars and planet
ohservation.

Stock No. 9055-S 32 pages Only 60¢ Pstpd.

B o o e '
l[usccvi

Same
Stock No.

NOTICE! EDMUND IS
NOW HEADQUARTERS
FOR MATH LEARNING
AND TEACHING AIDS!
See Offering Below—Plus Dozens
W More in FREE CATALOG

«" =" Play This New game-MATH MAGIC ...
The Fun-Way To Math Skill!

Edurator-spproved vlusting games in one! Great
fun for the whole family I-n. « skill at addition,
ubtracton. moitiphication, Includes Dial and
Bpinner, Numbered Card l'lastlc Tokens, etc.—also
rules and dipeciiuns -

Stock No. 70,204-5........cccc00ivinemee .$3.00 Pestpaid

Construction Kits

Shape Your ldeas Fast!

Scientist executives, planners,
signers—all find D-STIX simplify |
ualization and demonstration of ]
ideas. D- @'I‘I\-—colored wood
thick and ‘‘easy-on’ mbl)er
prox. 3/16” dimm I-I|-
molecular structures, gen
structural 1emilr Toaa o
scientific apparutus. 17 s ||.\ v
hobbyists. Big hasic kil containe o
supplementary kit i
Maowiey -hark guarantee

..$3.00 ppd.

al men, educators,
370 pieces. Additional parts It
superior to kits of wood or melal

Stock No. 70,209-S (230 pes)..
Stock No. 70,210-S (370 pes)
Stock No. 70,211.S (452 pes)..

MAKE YOUR OWN POWERFUL
ASTRONOMICAL TELESCOPE

GRIND YOUR OWN ASTRONOMICAL MIRROR
Kits contain mirror blank, tool, abrasives, diag-
onal mirror and eyepiece lenses. You build instru-
ments ranging in value from $75.00 to thousands
of dollars.

Stock No. Dna. M|rror Tlnclmess Price
70,003-S / $ 7.50 postpaid
70,004-S 6” 11.95 postpaid
70,005-S 8" 1%" 19.50 postpaid
70,006-S 10" 13%" 30.75 postpaid
70,007-S 12" 28" 54.75 postpaid

BUILD A SOLAR
ENERGY FURNACE

A Fascinating Science Project!
A tremendous new field. You can build
your own Solar Furnace for experi-
mentation—many practical uses. It's
easy — inexpensive — use your scrap
wood. We furnish instruction booklet.
This sun powered furnace will generate
terrific heat 2000° to 3000°. Fuses
enamel to metal—produces many un-

usual fusing effects. Sets paper aflame in seconds. Use
our Fresnel Lens—14%” diameter . . 1147,
Stock No. 70,130-S package of 1.. S 6.00 Pstpd.

Stock No. 70,131-S package of 2.... 11.00 Pstpd.

Stock No. 85,006-S

Telescope
85-094:

With this scope you can see everything as
with “greater power plus will
Mirror

above but
finer has twice the
irror guaranteed
of xciolulmn
Rack and pinion focusing, hardwood tri-
pod, real equatorial mounting—only one
adjuistment follows stars! Aluminum’ tube.
finder telescope. 2 stand 2
and mounted Ba
4()\

stars.

ers of
0X. Low-cost dcces
dhle for higher pow RE

luahle STAR CHART

plus 2

BOOK OF HEAVENS" plu
TO USE YOUR TELESCOPE’’ Book. Ship-
ping weight 25 Ibs.

$74.50 f.o.b.

Clock Drive.

as ab
4-S.

8 POWER ELBOW TELESCOPE—WAR SURPLUS

Terrific Bargain! $200 Gov’'t Cost—Only $13.50

Big 2” objective, focasing eye-
piece 28mm focal length—
Amici erecting system—turret
mounted filters, clear, red,
amber and neutral—reticle il-
lumination. Sparkling, clear,
bright image—6° field (325 ft.
at 1,000 yds.). Focus adjusts
15 ft. to infinity. 28mm F.L. eyepiece alone is

worth more than $12.50.
Stock No.

70,173-S............. eeeeee$13.50 Postpaid

Take Telephoto
Shots Thru
7 x 50
MONOCULAR

This is fine quality, American made instrument—war
surplus! Actually % of U.S. Govt. 7 x 50 Binocular. Used
for general observation both day and night and to take
fascinating telephoto shots with your camera. Brand new,
$95 value. Due to Japanese competition we close these out
at a bargain price. Directions and mounting hints included.
Stock No. 50,003-S..........................$15.00 Pstpd.

REPLICA GRATING—Low, Low Cost
Take Unusual Color Photos At Night!

.# It’s here—after decades of effort. Replica
Grating—on film—at very low price.
Breaks up white light into full spectrum
colors. An exciting display. 13,400 lines
per inch. Diffraction Grating has been
used to answer more questions about the
structure of the material world and the
universe than any other single device.
Use it for making spectroscopes, for experiments, as a
fascinating novelty. First time available such large size—
so cheaply—comes in clear plastic protector.

Stock No. 50,202-S—includes 2 pcs. 8” x 5% ”"—1
transmission type, 1 reflecting type. $2.00 pstpd.

WRITE

ton. FREE CATALOG-S
100 Pages! Over 1000 Bargains! Optics
for the Space Era! Huge selection of lenses,
prisms, war surplus optical instruments, parts
and accessories. Telescopes,
Microscopes,Satellite Scopes,
Binoculars, Infrared Sniper-
scopes, science experiment
items, math learning and
teaching aids.
Request Catalog-S.

Lwirewns
Tt

SATISFACTION GUARANTEED!
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ﬁf report?

make your ideas
and facts

understood

immediately

with a new

VU-GRAPH

Overhead Projector

In a research meeting, a business conference,
in any group discussion, be sure to get your
point across —fast. The VU-GRAPH enables you
to show the facts clearly on a screen, in a fully
lighted room. You FACE d/our audience as you
make your presentation! VU-GRAPH projects easily
made transparencies, slides, charts, models
stencils, even your own writing—AS YOU WRITE!
Ask for the ree brochure: *“Get your Point
Across — Fast!"

CHARLES ﬁﬁdéé‘bccmpnwv

EAST ORANGE. NEW JERSEY

CALCULATIONS

Easily Solved on the
BINARY CIRCULAR SLIDE RULE

In Arithmetic, Algebra and Trigonometry. Any number
of factors can be handled in long and difficult calcula-
tions. The ““C’’ scale of the BINARY rule is 25 inches
long, with graduations 259% further apart than those
of a 20-inch slide rule. The CI, A, K and Log scales
are divided as closely as a 20” straight rule. The Log-
Log scale extends from 1.0015 to 1,000,000. Gives trig
functions from 0 to 90 degrees on back, with indicator
reading. Engine divided scales in black, overlaid with
vellow, on alternate scales on white coated aluminum.
lermanentb accurate, Dia. 8% inches. Price—§10.25
in case. Approved at leading Univ. Used by largest
firms in U.S.

ATLAS SLIDE RULE—Precision Made

The ‘‘Atlas’” slide rule solves problems in Multiplica-
tion, Division and Proportion. Gives results with a
maximum error of less than 1 in 35,000. Has two “‘C”
scales. One is 25” long and the other is a spiral of
25 coils. }'qunalent to a straight rule 50 ft. long.
Reads answers to 5 places ACCURATELY CEN-
TE Used in largest U.S. Laboratories. Chemists,
Physicists and Engineers ha\e found this rule in-
valuahle for lls great accuracy. Dia. 814", same con-
struction as ‘‘Binary’’. Trig functions from 0 to 90
degrees on back. Price—$13.50 in case.

MIDGET
CIRCULAR SLIDE RULE

Similar to Binary. Has C, CI, A, LL and Binary scales.
scale is 12" long. Precision’ made, accu urately cen-
tered, nains accurate. Trig functions on back, with
indicator. 34 million sold. Price—$4. in case 4" dia
Same construdgion as above rules (no_ yellov
Desaiptive ther’lture free. Satisfaction ("u"ll anteed.
Sold at Bookstores & Engineering Equipment Stores.
Or, Order direct. INSTRUCTION BOOK WITH RULE.

GILSON SLIDE RULE CO.
Box 1487 SA, Stuart, Fla.
Slide Rule Makers since 1915
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underside of
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end bearving
adjustment for
the solstitial periods

winter and
spring
curves

alternate
gnomon design

Detail of gnomon for sundial

and a larger core would be required to
provide additional space for the larger
wire size.

“The new set of coils delivered an out-
put of 90 volts, as measured by a meter
of the rectifier type. Further investiga-
tion disclosed that the low indication
was caused by the irregular shape of the
voltage wave, a response induced by the
motor. A .5-microfarad capacitor con-
nected across the output coil of the trans-
former corrected the wave form and
raised the indication to 110 volts. The
voltage rises somewhat when the fre-
quency is doubled, but this is not a dis-
advantage because the torque of the mo-
tor would normally drop at the higher
frequency. The higher voltage tends to
maintain constant torque.

“A few bugs remain in this pilot mod-
el. The oscilloscope shows some highly
unconventional and mysterious wave
forms here and there. Other builders will
doubtless find ways to improve the cir-
cuit, and I will welcome a report of their
results. But the bugs have no discernible
effect on the operation of the unit. When
I compare its output with that of the 60-
cycle power line, the power frequency
varies most. Operation in the field is sim-
plicity itself. Set up the telescope, plug
in the cords, adjust the speed and you
are in business.

“It is assumed that amateurs who un-
dertake the construction of this drive will
have some experience with electronic
circuits. Others are urged to solicit the
cooperation of a neighboring radio ‘ham.’
Some reading is indicated for those in-
experienced with transistors; I can rec-
ommend the booklet on 2N255 and
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2N256 transistors published by CBS
Hytron of Lowell, Mass. Similar book-
lets covering equivalent transistors made
by other manufacturers are available
through most radio dealers. Should prob-
lems arise during the construction of this
apparatus which cannot be solved by
reference to current literature, I will try
to answer them. My address is: Box 669,
Lihue, Hawaii.”

“I n The Amateur Scientist for August,”
writes Richard L. Schmoyer, an en-
gineer of Landisville, Pa., “you raise the
question of why a man who owns an
accurate watch and several clocks will
go to the trouble of building a sundial.
Few will disagree with your conclusion
that he is motivated in part by the in-
tellectual charm of a device which, with-
out moving parts, can convert the sun’s
changing position directly into time. But
sundial-making holds other attractions
for its enthusiasts. In the course of de-
veloping a sundial one is exposed to a
fascinating and well-defined mixture of
mathematics, geometry, geography and
astronomy. The design of a sundial chal-
lenges our creative talents, and its con-
struction puts our craftsmanship to an
exacting test. Finally, the designer who
permits the primary time-telling func-
tion of the sundial to control its form
adds spice to the project. Hardware in
pleasing though strange and unexpected
shapes often emerges from the equations
which describe the ever-changing slant
of the sun’s rays.

“These inducements led me to design
a sundial last year which has become a
continuing source of pleasure both to me



ELECTRONIC
ENGINEERS

“Can you put Niagara Falls
in a Space Ship?”

The power output of Niagara approxi-
mates that which is needed for an “Astro-
naut” to communicate with earth as he is
millions of miles away heading for another
planet. Challenging problems such as the
development of an alternate source of
power for communications are typical of
the exciting work now being undertaken
at Convair-Astronautics. The enormity
and variety of these problems afford elec-
tronic engineers at Astronautics an oppor-
tunity to pursue tasks that are truly their
own, providing an abundance of personal
and professional satisfaction.

If you are an Electronic Engineer with a
record of professional accomplishment
there is an important position awaiting
you at Convair-Astronautics — where the
perimeter of man’s knowledge is steadily
being advanced.

Write now to: Mr. T. W. Wills, Engineer-
ing Personnel Administrator, Dept. 130-90

CONVAIR [ ASTRONAUTICS

Cofvair Division of

GENERAL DYNAMICS

5528 Kearny Villa Road, San Diego, Calif.
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How To Get Things Done
Better And Faster

BOARDMASTER VISUAL CONTROL

5% Gives Graphic Picture—Saves Time, Saves
Money, Prevents Errors

¢ Simple to operate—Type or Write on Cards,
Snap in Grooves

3¢ Ideal for Production,
Scheduling, Sales, Etc.

v Made of Metal. Compact and Attractive.
Over 400,000 in Use

Full price $495° with cards
FREE 24-PAGE BOOKLET NO. C-300

Without Obligation
Write for Your Copy Today
GRAPHIC SYSTEMS

55 West 42nd Street e New York 36, N. Y.
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Exciting experiences in research and photography
are possible with the new Geniac® STROBOSCOPE.

| Designed to flash a brilliant neon light at precisely
controlled speeds from one flash per second to 250 f.p.s.
| The STROBOSCOPE actually makes motion freeze

I before yvour eyes when its flicker frequency equals that
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diode rectifiers to assume long life and excellent regula-
I tion. Energy storage capacitor is non-electrolytic with
steatite case for higher Q and faster more efficient dis-
I charge.
| TUsed together with fast film and fast lenses, the

seniac® STROBOSCOPE creates multiple images on
one film. and thus is useful in ballistics studies.
| Essential for the research lah, photographic amateur,
schocl or serviceman who wants to discover the causes
| of erratic vibration or to measure frequem'\ ccurately.
I The STROBOSCOPE can also he used in the lahoratory
through a microscope to observe moving cilia, vacuoles,
l etc.
Value timing. machine design repetitive shutter
I observation, complex mechanical operation and vibra-
tion, and repair or maintenance study to locate vibra-
ticn spots are among the units’ many uses.
Versatile,

| exciting. low-priced and accurate, the
seniac® STROBOSCOPE is available in kit form and
| assembled. complete with instructions and experiment

manual

| Kit ..$19.95

I Assembled $24.95

(Add 80¢ for postage & handling; in New York City,
add §/r NYC sales tax)

|
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|
|
|~
|
| 108 EAST 16TH STREET |
| NEW YORK 3, N. Y. |
| . 1

and to my neighbors. With only a few
simple settings during two seasons of the
year the sundial can be made to indicate
accurate clock time. It can be adjusted
to the latitude and longitude of any point
in the Northern Hemisphere, including
those areas where clocks are changed for
daylight-saving time. Clock time can be
read from it to an accuracy of about one
minute, even when the sky is covered
by a light overcast.

“Most people find sundials attractive,
so one must not altogether dismiss their
ornamental properties. The structure of
my dial was derived from the armillary,
a traditional form which continues to en-
joy wide popularity. Those primarily
concerned with the appearance of a sun-
dial admire the geometric perfection of
the armillary’s nested rings, representing
latitude, longitude, tropics, celestial
equator and the ecliptic. Much the same
pleasing quality is found, however, in
the unsymmetrical crescent of the early
and late moon. The armillary can be con-
verted to this form by eliminating all
except the rings representing latitude
and longitude and opening these at one
of the sides where they join at right
angles. When tapered and strengthened,
these rings become nested crescents, as
shown in the accompanying illustration
[page 190].

“The transformation from armillary to
nested crescents demonstrates how a
pleasing shape can emerge from a func-
tional necessity. A good time-telling de-
vice should always fulfill its mission. The
armillary falls short of this ideal. During
part of each day its pattern of ornamen-
tal rings casts shadows on the time-scale,
which is carried on the inner face of the
equatorial ring. Worse, in the seasons of
the equinoxes (March 21 and September

3) the scale lies in continuous shadow
because the plane of the ring then paral-
lels the sun’s rays. By eliminating the
useless rings and opening the functional
pair into crescents the time-scale is ex-
posed to the sun without obstruction.

“The structure of a sundial which in-
dicates clock time is simple in concept
if not in the making. The crescents are
supported at their edges by an arrange-
ment of bolts, slots and clamps so they
can be rotated in their respective planes.
The latitude crescent is made in two
parts with a flange at the inner end of
each. Bolts pass through the flanges and
through a slot in the longitude crescent.
When the nuts are tightened, the assem-
bly becomes a rigid unit. Similarly, the
edge of one member of the latitude cres-
cent is clamped between the jaws of a
split pedestal which extends up from the
base. Bv loosening a single wing-nut the
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whole assembly can be rotated in the
plane of the latitude crescent and in
azimuth.

“A pair of holes are drilled in the lati-
tude crescent on the diameter which co-
incides with the axis of the equatorial
crescent. These holes serve as bearings
to support the gnomon. It is to the
unique shape of the gnomon, which com-
pensates for the effect of the eccentricity
of the earth’s elliptical orbit and the tilt
of its axis, that this sundial owes its
property of keeping clock time. If the
earth followed a circular orbit around
the sun, and if its axis were perpendicu-
lar to the plane of the ecliptic, the
straight gnomon of the conventional sun-
dial would indicate clock time. The time
shown by clocks is that of a fictional sun
which leads the real sun by as much as
16 minutes or lags behind it up to 14
minutes, depending upon the observer’s
location and the season. This difference
is known as the equation of time and is
shown graphically as the analemma on
globes, a closed curve in the form of a
figure eight.

“The gnomon of my dial is related to
the analemma but differs from it in that
halves of the figure are separated and
the ends have been stretched somewhat.
Structurally the gnomon consists of a
strip of cast metal bent at a right angle
along its length. The apex of the angle
is opened to form a thin slot. It is sup-
ported at the ends by shafts which turn
in the bearings of the latitude crescent.
The halves of the gnomon are bent into
almost symmetrical compound curves
with respect to the long axis and are
therefore complementary. When either
half is turned to face the sun, the curved
ribbon of light which passes through the
slot corresponds with the equation of
time for half of the year, the remaining
six months being represented by the oth-
er half. Time is indicated by the thin line
of light from the slot which falls on the
time-scale between shadows cast by the
halves of the gnomon.

“The portion of the curved slot
through which the rays pass to the time-
scale depends on the declination of the
sun. In summer, sunlight falls on the dial
at a high angle and reaches the time-
scale through the upper part of the slot,
where the curvature just compensates
for a ‘slow’ sun. The reverse is true in the
fall, when the sun is low. The winter sun
is also mostly slow, and in the spring
the sun goes from slow to fast to slow
to fast again. Whatever the season, the
sun’s declination selects an appropriate
portion of the curve to offset the equa-
tion of time.

“Some difficulty is encountered during



An Eastman plastic
helped Emerson solve
a material selection problem

TENITE

BUTYRATE

an Fastman plastic

|
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A pretty tough case

One of the toughest problemsindesign-
ing a new product sometimes proves to
be choosing the right material.

The Emerson all-transistor pocket ra-
dio shown above is a good illustration
of how the familiar “process of elimi-
nation” often is used in evaluating ma-
terials to find one whose properties
satisfy all the demands of a specific
application.

Here, the need was for a tough hous-
ing that would have beauty and light
weight, yetbe rugged enough to endure
hard knocks and outdoor exposure haz-
ards. Important, too, since the radio
would be spending a good bit of time
in the user's hand, the case had to be
made of a material that would be
pleasant to the touch.

Only in Tenite Butyrate plastic, did
Emerson find a material that met all
their needs. Butyrate is an easy-to-

mold, lightweight thermoplastic with
outstanding resistance to impact and
weathering. Its surface is lustrous. Its
low heat conductivity assures a warm
friendly "“feel.” And, its availability in
both clear and colored forms simplifies
assembly and decorating operations.
The main case body is molded of
colored Butyrate—color that cannot
peel or wear off, because it is an inte-
gral part of the plastic. The back and
one-piece front are molded of crystal-
like transparent Butyrate which per-
mits gold-lacquered areas on the inner
side to show through.

If you have a product development—
or product improvement—problem, look
to the Tenite plastics for a possible so-
lution. For more information write
EASTMAN CHEMICAL PRODUCTS, INC,,
subsidiary of Eastman Kodak Com-
pany, KINGSPORT, TENNESSEE.

The Emerson Model 555 “All-American’ transistor pocket radio is manufactured by
Emerson Radio and Phonograph Corp., 14th and Coles Streets, Jersey City 2,

New Jersey. Its case is molded of Tenite Butyrate by Worcester Moulded

Plastics Co., 14 Hygeia Street, Worcester 8, Massachusetts.
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ARMY RESEARCH OFFICE

AN ANNOUNCEMENT OF PARTICULAR CONCERN
TO MEN INTERESTED IN

Basic and Theoretical Research

. . . Particularly Physicists, Mathematicians, Chemists

and Aeronautical Engineers

You are invited to explore several new positions on the scientific
staff of ARO. Those scientists and engineers who are appointed
will join a small and select group of technical men responsible

for the over-all planning, coordination and supervision of the
U. S. Army’s accelerating, dynamic research program.

You will serve as a focal point for our relationship with the scientific
community in this country and with other nations.

You will monitor research within your professional sphere at
colleges, universities, non-profit institutions and outside contractors.

The positions are well paid and require men of
experience, preferably with Ph.D. degrees. For detailed information,
address your inquiry to:

A oY Dr. R. A. Weiss
A‘\‘ “‘ Scientific Director
AN R 5 O Army Research Office
N\ N\ Office, Chief of Research and Development
\ \ Washington 25, D. C.

ARMY RESEARCH OFFICE
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the period from about December 1
through January 15, when the sun lin-
gers close to its lowest path across the
sky. During this same period, however,
it speeds up with respect to the fictional
sun. A lag of some 11 minutes becomes
a lead of about nine minutes. The simul-
taneous change in declination is very
small. A similar event takes place in re-
verse during the weeks preceding and
following the summer solstice on June
21, when the real sun falls behind the
fictional one, again accompanied by little
change in declination. To accentuate the
sundial’s response during these periods,
the curvature of the slot is stretched out.
The gnomon must also be moved axially
in its bearings, the amount of shift being
determined by a stop on the shaft. The
adjustment is made by hand according
to a scale of dates engraved on the
gnomon, as shown in the accompanying
detail drawing [page 192].

“The designing of the gnomon,
though tedious, is not difficult. One first
determines the rate at which a ray of
sunlight moves across the time-scale.
This depends on the diameter of the
crescent on which the scale is engraved
and on the related distance between the
scale and the gnomon. Multiply 3.1416
by the diameter of the equatorial cres-
cent and divide the product by the num-
ber of seconds in a day. In the case of a
13-inch crescent the result is .000473.
This number is used for computing the
distance and direction by which the
curved slot must depart from a straight
line for successive weeks of the year.
This procedure can be illustrated by
constructing a graph of the curve for
one face of gnomon. First draw a straight
line equal to the radius of the proposed
crescent and erect a perpendicular of
about the same length above and below
one end of the line. The base line repre-
sents the sun’s mean elevation (0 de-
grees) on September 23. Next, with the
end of the base line as the point of ori-
gin, extend a line to the perpendicular
at an angle of 21 degrees, 34 seconds
above the base line. This represents the
sun’s elevation on July 15. Now make a
similar angle of 21 degrees, 47 seconds
below the base line. This corresponds
to the sun’s elevation on December 1.
Angles above the base line are regarded
as positive and are designated ‘plus’;
those below are considered negative.
Next, draw in angles at weekly inter-
vals for all intermediate dates. A table
showing the sun’s angular elevation
throughout the year can be found in any
ephemeris and in many almanacs. These
references also carry a table for the
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A NEW DIMENSION
IN SCIENTIFIC
OPPORTUNITY

FOR SCIENTISTS - ENGINEERS

RCA'’s continuing research and development program—which recently pro-
duced the dramatic nuvistor concept—has a limited number of challenging
project assignments available to qualified scientists and engineers. You
are invited to inquire about these key positions if you have a degree in...

ELECTRICAL ENGINEERING « CERAMICS « PHYSICS « METALLURGY
Phone or write: Mr.d.F.McPartland « Dept. ]J-282 « HUmboldt 5-3900

RADIO CORPORATION OF AMERICA
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Preserve
your coples
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SCIENTIFIC
AMERICAN

@ A handsome and durable library file or binder in which to keep
your copies of SCIENTIFIC AMERICAN.
(@ Both styles bound in dark green library fabric and stamped in

gold leaf.
FILE (shown at right): Holds 12
sible. Price: $2.35 (U.S.A. only).

issues. Single copies easily acces-

BINDER (shown at left): Holds 6 issues. Copies open flat. Price:

$2.50 (U.S.A. only).
Address your order, :
enclosing check or {
money order, to: |

Department F (File) or A (Binder)
SCIENTIFIC AMERICAN
415 Madison Avenue

New York 17, N. Y.

(New York City residents please add 3% Sales Tax)

ZIRCONIA

(ZrO2)
ceramic ware

Now available in standard tube,
crucible and combustion boat shapes

For temperatures to 4600°F. (2538°C).
Possesses one ofthe highest melting points
of all commercial refractories.

Great chemical inertness. Won't erode
when melting steel or high temperature al-
loys . ..or react when firing titanates or
sintering metals .., or embrittle platinum,
Leco zirconia ware . .. crucibles for
melting special alloys, tubes for high-
tem perature combustion or gas synthe-
sis, heat treating and sinterinf furnaces,
and kiln furniture. We will be happy
to quote on custom ware.

Leco also specializes in Zircon (ZrSiO4) Ware
Write Today for TECHNICAL DATA CATALOG

LABORATORY EQUIPMENT CORP.
4010 Hilltop Road, St. Joseph, Michigan
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| read directly
««.Now
they can be read
photoelectrically
and the information
transmitted
in digital form.

W. & L. E. Gurley,
Troy, N.Y.

The Gurley Shaft Position Encoder

' Write for Bulletin 8600-S.
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equation of time and list the difference
between solar time and clock time in
minutes and seconds. The curve for one
face of the gnomon is plotted from these
values. (If the thickness of the material
from which the gnomon is constructed
exceeds .01 inch, the curvature of the
trailing edges must depart from that of
the faces to avoid shadow. The same
basic procedure is used in computing all
curves, however.) For September 23 the
equation of time has a value of —7 min-
utes, 35 seconds, which is equal to —455
seconds. Multiply this interval by the
rate at which the ray of sunlight moves
across the time-scale of the dial. In the
case of my dial the computation is:
000473 X —455 = —.215. This prod-
uct represents the distance in inches by
which the curve of one edge of the slot
in my gnomon departs from the per-
pendicular. (In plotting the curves all
negative values are directed to the left
of the perpendicular and positive values
to the right.) The remaining points of
the curve are similarly plotted for all in-
termediate dates at weekly intervals.

“The ends of the curve must be
stretched out, as mentioned earlier. To
accomplish this a perpendicular line is
drawn through the point of origin and
divided by a series of four points spaced
a quarter of an inch apart both above
and below the base line. With these
points as successive origins draw in the
sun’s declination above the base line for
the dates July 8, July 1, June 26 and
June 21 and below the base line for the
dates December 7, 12, 17 and 22. Simi-
larly draw in the sun’s declination on the
other half-face for June 1 to 21 and
December 22 to January 15. The ends
of the curves are then plotted from the
equation of time by the method de-
scribed. The full-scale drawing is then
ready for translation into hardware. All
major parts of my sundial were cast in
aluminum. The layout was drawn di-
rectly on the wood from which the pat-
terns were made. The time-scale is di-
vided into hourly intervals of 15 degrees
each and subdivided into minutes as de-
sired. The graduation representing noon
lies in the plane of the meridian.”

This department will forward a copy
in reduced scale of the layout of Schmoy-
er’s gnomon upon receipt of a self-
addressed, stamped envelope. Schmoyer
advises that the patterns used in making
the parts for his dial, including the

| gnomon, have been preserved. He has

volunteered to have duplicate castings
made by the local foundry upon request
by those who wish to purchase a ready-
made set. His address is Landisville, Pa.



The CP-5 reactor at Argonne has been a pioneer research
reactor for obtaining high neutron flux by the heavy-water,

- enriched-uranium principle. Basic knowledge in physics,
chemistry, metallurgy, applied engineering and biological

research has been advanced by experiments that depended
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an invitation from the

SCIENCE BOOK CLUB

Select
Any Three

of these important works

for only 3395

FOR OVER 25 years, the Science Book Club has

provided discerning readers with the most
reliable and informative books in every area of
contemporary science—and always at substan-
tial savings.

SCIENCE

Pictured to the left, for example, are fifteen
typical current Selections—timely and impor-
tant works by leading authorities in anthro-
pology, archeology, astronautics, biology,
computer theory, cosmology, electronics, geo-
physics, nuclear physics, paleontology, zoology
and the history of science. By joining the Science
Book Club now, you may obtain any three of
them—a total list value of as high as $29.50—
for only $3.95.

Thereafter, as a member, you need take as few
as three more Selections during the next twelve
months out of nearly 75 available to you at
reduced Member’s Prices. After every fourth
Selection, you receive a free Bonus Book. To
take advantage of this worthwhile offer, simply
indicate your choices on the coupon below,

i, WAVES wnd apssacts

FLECTRO!

SOVIET SPACE SCIENCE. By Ari Shternfeld.
The authentic story of Russian progress and
planning towards manned space flight, by a
Soviet space scientist. Official U. S. Air
Force translation. List Price $6.00

ELECTRONS, WAVES AND MESSAGES. By
John R. Pierce. The theory, development
and applications of modern electronics and
electronic communication. List Price $5.00

KING SOLOMON'’S RING. By Konrad Z.
Lorenz & CURIOUS NATURALISTS. By Niko
Tinbergen. Two eminent naturalists present
a wealth of little-known facts on predatory
fish, animal courtship rituals, the language
of birds, insect colonies, etc.

Total List Price $8.95

SCIENCE BOOK CLUB, INC.
63 Fourth Avenue, New York 3, N. Y.

Please enroll me as a member, under the terms
stipulated above, and send me the three Selections
I have checked—all at the introductory price of
$3.95, plus postage.

§-27

[ SOVIET SPACE SCIENCE

[0 ELECTRONS, WAVES AND
MESSAGES

[0 KING SOLDMON'S RING and
GURIOUS NATURALISTS

[J HARVARD CASE HISTORIES
IN EXPERIMENTAL SCIENCE

[0 THEORIES OF THE UNIVERSE

O LIFE AND LETTERS OF
DARWIN

O FOSSIL MEN

[J RIVERS IN THE DESERT

[0 ANTHRDPOLDGIST AT WORK

(O LOGIC MACHINES AND
DIAGRAMS

[0 CAN MAN GE MODIFIED? and
INSIDE THE LIVING CELL

a PIII‘F-ELEC'IR ICITY PHYSICS

O BRIGHTER THAN A
THOUSAND SUNS

[0 FRONTIERS IN SCIENCE
[0 EARTH AND ITS ATMOSPHERE

CAN MAN BE MODIFIED? By Jean Rostand
& INSIDE THE LIVING CELL. By J. A. V.
Butler. The basic processes of life as we
know it, and the possibilities of scientific
control and alteration, weighed by two lead-
ing biologists. Total List Price $6.50

LIFE AND LETTERS OF CHARLES DARWIN,
Two Volumes, Boxed. Back in print after
16 years—the definitive portrait of Darwin
both as soientist and human being, edited
by his own son. Total List Price $10.00

FOSSIL MEN. By M. Boule and H. V. Val-
lois. Fossil findings and their meaning. “Re-
commended to any reader interested in the
engrossing study of the ancestry of man.”
Scientific American. 298 illustrations.

List Price $9.50

RIVERS IN THE DESERT. By Nelson Glueck.
This archeological history of the Negev
desert reconstructs vanished civilizations
dating as far back as the fourth millennium
before Christ. List Price $6.50

AN ANTHROPOLOGIST AT WORK. By
Margaret Mead. The life and contributions
of the great anthropologist, Ruth Benedict.
“Shows how scientific theory is related to
the life of a unique individual.” Clyde
Kluckhohn List Price $6.00

LOGIC MACHINES AND DIAGRAMS. By
Martin Gardner. A comprehensive introduc-
tion to computers and automation. “Infor-

THEORIES OF THE UNIVERSE. Edited by
Milton K. Munitz. The development of cos-
mology —the study of space, time and the
creation of the universe—from ancient
times to modern astronomy, mathematics
and physics. List Price $6.50

HARVARD CASE HISTORIES IN EXPERI-
MENTAL SCIENCE, Two Volumes. Edited by
James Bryant Conant. 700 fascinating pages,
recreating the actual experiments of Boyle,
Pasteur, Gay Lussac, Lavoisier, Tyndall and
other giants of science.

Total List Price $10.00

PRE-ELECTRICITY PHYSICS KIT. Especially
appealing to young people, this unique kit
contains scientific materials for 125 experi-
ments in magnetism and static electricity,
With 96-page instruction manual.

List Price $5.75

BRIGHTER THAN A THOUSAND SUNS. By
Robert Jungk. The inside story of the mak-
ing of the atomic and hydregen bombs, and
of the rivalries and soul-searchings of the
scientists involved. List Price $5.00

FRONTIERS IN SCIENCE. Edited by Edward
Hutchings, Jr. The latest findings in the
fastest-developing areas of research — pre-
sented by Pauling, Oppenheimer, Hoyle,
DuBridge, 26 others. List Price $6.00

THE EARTH AND ITS ATMOSPHERE. Edited
by D. R. Bates. “A stimulating, even excit-
ing book, summarizing recent additions to

Name mative, non-technical and thoroughly enter- knowledge about the physics of our planet.”
taining.” Edmund C. Berkeley Science List Price $6.00
Address. List Price $5.00
City State SCIENCE BOOK CLUB,INC.
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