
THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

C'ghtning associated with thunder­
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 obscrver 
can make reliable short-term forecasts of 
local thunderstorm activity simply bv 
observing variations in the intensity of 
sferics and related fluctuations in the 
earth's electric field; increases in intensi­
ty 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 
OCCUlTed 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 during the 
1930's. No circuits have been published 
since World vVar I I, 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 fin'llly 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 

How to locate a thLlnderstorm� and track it 

by detecting the radio wa()es it generates 

the desired information. (As yet the sys­
tcm 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 
further 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 
thc 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. (If 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 null, 
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 

of one of the loops, the bearing of the 
incoming signal takes the f orm of a 
straight horizontal or vertical line across 
thc face of the tube because the loop at 
right angles to the signal picks up no 
energy. When the direction of the signal 
is intermediate 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 
the beam, 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 
e(iual gain. 

" In the elementary system just de­
scribed the display, or bearing, line 
would have a ISO-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 

null 
/ 

maximum 
Directional sensitivity of loop antenn" 
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With artificial satellites already launched and 
space travel almost a reality, astronomy has 
become today's fastest growing hobby. 
Exploring the skies with a telescope is a 
relaxing diversion for father and son alike. 
UNITRON's handbook contains full·page 
illustrated articles on astronomy, observing, 
telescopes and accessories. It is of interest 
to both beginners and advanced amateurs, 
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"n ig ht effect" 
Cathode ray tltbe displays of variolls 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 J. 

"After experimenting with several cir­
cuits that employed narrow-band am­
plifiers operating in the range of 85 to 
455 kilocycles, 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 necessity of matching the 
phase relation of signals in the two loop 
antennas. Sferics are essentially broad-

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 effects. Direct signals from cloud­

to-ground strokes vibrate in the vertical 

planc; they are vertically polarized. t-ly 
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 
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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 1 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 lJ� 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 
from 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 type 

50 turns 
*"20 forlllvar 

on 3-ft. hoop 

foil 
shielding 

Diagram of loop a"tenna 
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The psychical entities which seem to serve 
as elements in thought are certain signs and 
more or less clear images which can be 
voluntarily reproduced and combined. This 
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. 

SYNECTICS Inc., 292 Main St., Cambridge 42, Mass. 
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HG-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 
from any well-filtered power supply that 
delivers 250 to 300 volts at about 75 

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. 

loops: 50 turns All condensers 400 v 

N-S 
#20 formvar, paper except polar-
J-ft. didm., izcd electmlytics 
shield cd a.s shown 

"The cathode ray tube is energized by 
a power supply capable of developing 
between 2,500 and 3,000 volts and two 
milliamperes of direct current. I am at 
present using a 3JPl cathode ray tube. 
This component produces a brilliant dis­
play and is generally available from sur­
plus dealers. Hecently it was priced at 
$7.50 by Barry Electronics Corp. (5 12 
Broadway, New York 12, N.Y.). This 
firm also offers for $ 10.90 a piece of 
apparatus that includes a 3JP7 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 working with any of 
these tubes, remember that the high 
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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PhD's 
Sandia Corporation is vitally interested in PhD's who are seeking professional 

growth through full-time research. 

Sandia offers exceptional opportunity for the research-oriented PhD in the 

following fields: Physics, Materials Science, Engineering, Mathematics, 

Chemistry and Ceramics. A representative example of our research: 

Magnetohydrodynamics-M agnetohydrodyna m ics 

research is carried out at Sandia working 

with plasmas having a high electron density but 

with a low temperature (104 to 105 K). 

Such a plasma provides opportunities for a 

wide variety of studies of the interactions with 

changing magnetic structures. 

Sandia, a prime contractor to the Atomic Energy Commission, is operated 
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compensation. As a subsidiary of the American Telephone and Telegraph 

system, the management includes outstanding executives and scientists 

from the Bell Telephone Laboratories and Western Electric. 

Established in 1946, Sandia has grown from 200 employees to more than 

7900 and now maintains a branch laboratory in Livermore, California. 

Our $120 million laboratory offers the latest in scientific equipment and a 

technical staff composed of 140 PhD's, 600 MS's, 1750 BS's, plus 

1600 technical assistants. Sandia encourages journal 

publication with strong support available from a technical library 

specifically designed to aid the research scientist. 

Albuquerque, a city of 250,000, is a sunny, dry, Southwestern cultural 
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Albuquerque. N. Mex. 
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is not particularly critical. The controls 
used for centering the beam-two 
300,OOO-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 J. 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 
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Schel1Ultic cliagrrl1n 0/ "sense" (l11tplifier 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 grounded 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
storm within 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 
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Schematic diagram of cathode ray tube circuit 
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An elegant, but tiny refrigerator, utilizing 

the Nernst-Ettingshausen effect, has been 

demonstrated in the Solid State Physics 

Laboratories at Lockheed Missiles &Space 

Company. This type of cooling is appli­

cable below 2000 Kelvin, where thermo­

electric cooling is no longer efficient. It 

shows particular promise 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 of the results of the Lockheed research 

program in transport phenomena in solids. 

Another investigation concerns the 

quantum theory of the 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. 

Resu Its for a given case can be obtained 

in an hour or less. Conclusions drawn 

from the theoretical solution elu cidate 

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 

su perco n d u ctivity. 

LOOK AT LOCKHEED IN SOL S 
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, 

other important 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 

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

PHYSICS: 
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we're 

looking 

Here is an unusual opportunity for a 
versatile physicist (Ph.D.) to play a 
leading 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 t o  the pr oblem of gr aphic 
information. Because research shows 
the photographic emulsion is the most 
efficient medium f or st oring infor­
mation, we have engineered these 
techniques into a series of unusually 
s ophistica ted electro-optical systems 
and devices which transport, retrieve, 
enhance, and display information 
recorded on film. 
vVe are looking for an experienced 
physicist who can originate ideas in 
the electro-optical field and help guide 
their enginecring development. 
Because of our c o ntinuing require­
ments, your resume will always receive 
prompt and confidential attention. 

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

AN EQUAL OPPORTUNITY EMPLOYER 
When you think of inForMAtion think of FMA 

174 

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 difficult. 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-freyuencv 
reports, broadcast by radio-range 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-input potentiometer 
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 
funnel 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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The F-lll, bi-service tactical fighter for the Air Force and the Navy, 

offers opportunities for stimulating assignments in virtually every 

engineering and scientific discipline. _ General Dynamics/Fort Worth 

is actively seeking gradu<ltes to participate in this and other projects 

as we continue pioneering the technological development of the South­

west. If you qualify, send a resume of your training and experience to 

General Dynamics/Fort Worth, P. O. Box 748, Fort Worth, Texas. An 
equal opportunity employer. 
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