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plants might want to mark out

areas so that he could observe the
spread or retreat of certain species over
a period of several years. The area can
be marked by stakes, of course, but
if the stakes are large enough to be
found easily among tall plants in sum-
mer, they run the risk of being acciden-
tally knocked down or being pulled out
by someone who does not know what
they are for. Even short stakes become
conspicuous in winter and invite destruc-
tion. Inoffensive bench marks can be in-
stalled close to the surface along fence

ﬁnyone making field studies of wild
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Building a sensitive magnetometer

and an accurate solid-state timer.

rows or natural boundaries for locating
points of interest by triangulation, but
this expedient is both troublesome and
time-consuming.
A novel method of marking that ap-
- pears to overcome such drawbacks has
been devised by Nicholas Wadsworth,
an amateur plant ecologist of Farn-
borough in England. Wadsworth buries
small bar magnets at various points in
the fields. Later he locates them to with-
in a few feet using a proton free-preces-
sion magnetometer that he designed and
built at home. He then uses a pocket
compass to zero in on the exact location
of the magnets. Wadsworth writes:
-“My magnetometer is based on the
effect a magnetic field exerts on protons
in the nuclei of atoms of water. Accord-
ing to theory, most elementary particles
—including the protons in water—spin on
their axes like tops. They are also mag-
netized. In the presence of a magnetic

field, such as the earth’s, the spinning
protons precess around the direction of
the field in the same way that a spinning
top standing on its point at an angle pre-
cesses around the direction of the earth’s
gravitational field. The rate of precession’
is proportional to-the strength of the
magnetic field.

“Normally the protons are out of step
with one another, so that their effects
cancel and the precession cannot be de-

“tected. If, however, all the protons could

be made to point in the same direction
at right angles to the earth’s field and
were then released together, they would
all precess together. The effect of all -
would add, and the precession would be
easily detectable for a few seconds until
the protons got out of step again.
“Unfortunately a magnetic field of
more than a billion oersteds would be
needed to line up all the protons at room
temperature. This is much larger than
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the largest magnetic field ever produced.
However, much smaller fields, which can
be produced easily by a dry battery and
a coil of wire, can cause slightly more
protons to point one way than the other.
The difference is sufficient to produce a
detectable signal in the coil when they
are released. The precession frequency,
and hence the frequency of the signal
induced in the coil, is about 2,025 cycles
per second. After amplification it can be
heard in an earphone as a musical tone
about three octaves above middle C.

“(This is, of course; a ‘classical’ de-
scription of the process. The quantum-
mechanical description involves the
emission of quanta as the protons flip’
from one quantized state to another in
the presence of the magnetic field. The
description is different but the end re-
sult is the same.) .

“The heart of the instrument is two
plastic bottles wrapped with insulated
copper wire and filled with distilled wa-
ter. A switch of the push-button type
enables me to connect the coils to either

_a three-volt dry battery or the input ter-

minals of an amplifier. The bottles are
mounted on the ends of a nine-foot pole
at right angles to the pole, which sup-
ports in the middle the switch, battery
and amplifier. Usually the coils are con-
nected to the input of the amplifier.
Pressing the switch transfers the connec-
tions to the battery. When the switch is
released, the battery circuit opens first
and other contacts transfer the coil leads
to the amplifier [see illustration on oppo-
site page].

“At a potential of three volts the cur-
rent in the coils develops a magnetizing
force in the water of about 30 oersteds.
When the field is turned off, the protons
precess around the earth’s field for about
three seconds and induce an alternating
voltage in the windings of the bottles.
The windings are connected in reverse
polarity. For this reason the induced
voltages cancel if the earth’s field is uni-

. form in strength and direction at both

bottles. Nothing is heard in the earphone
except the residual noise of the amplifier.

“On the other hand, if the magnetic
field differs at the two bottles, the in-
duced frequencies also differ and a net
difference in voltage appears at the ter-
minals of the amplifier. Such differences
are observed when one bottle is closer
than the .other to a buried magnet, a
piece of iron or inhomogeneities of the
soil. Beats or wavers then appear in the
signal. They reflect the difference fre-
quency of the current in the two sets of
coils. The 2,025-cycle note from the ear-
phone gets alternately louder and softer.

“The magnetometer can detect a

minimum - difference in field strength
of about 3 X 10 oersted, but where I
live the earth’s field is disturbed more
than this by differences in soil composi-
tion, The smallest difference that I can
definitely identify as arising from a bur-
ied magnet is about 2 X 10 oersted,
which gives about one beat per second.
I bury permanent bar magnets that are
three inches long and 3/8 inch by 5/8
inch in cross section.

“When searching for magnets, I hold
the pole horizontally at right angles to
my path. If I am moving east, the pole
points north and south and the bottles
point east and west. I press the switch
for about three seconds and release it.
If T hear either no beats or one that per-
sists for more than a second, I conclude
that no magnet is in the vicinity. Then I
press the switch while taking three slow
paces forward, stop and listen again. In
this way I search a strip about 12 feet

‘wide. If I find no magnet, I similarly scan

parallel strips. Thus I can quickly search
a large area, listening at points nine feet
apart in a series of 12-foot strips.

“When I hear two or more beats per
second, I know that I am near a magnet
or some other object that exerts a strong
influence on the earth’s field. I then spoil
the signal from one coil by placing a
small piece of iron near it. The field at
that bottle becomes so inhomogeneous
that the signal fades abruptly. Then I
hear only the steady signal from the sec-
ond bottle. This signal also disappears
when the second bottle is moved close
to the buried magnet. By this procedure
I locate the magnet to within a foot or
two. It can then be found easily with a
pocket compass.

“The magnetometer is inexpensive
and easy to build. At a variety store I
bought thin-walled polyethylene bottles

% inches in diameter and 2% inches long
with plastic tops. I filled the bottles with
distilled water. Each bottle was wound
with 520 turns of No. 24 Standard Wire
Gauge enameled copper wire. (The di-
ameter of the wire is .022 inch, equiva-
lent to No. 23 American Wire Gauge.)

.Each winding is divided into four sec-

tions of 130 turns each. The sections
are spaced uniformly along the bottle
to minimize capacitance in the-coils.
“The terminals connect directly to the
push-button switch. The switch consists
of the contact assemblies of three micro-
switches. The assemblies are mounted so
that one plunger actuates all three as-
semblies. When the plunger is released,
the battery circuit is broken and then the
coils are reconnected to the amplifier.
“The signal from the coils amounts to
only about 10-1¢ watt, equivalent to the
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radiant energy that enters the eye from
a candle 16 miles away. The amplifier
must therefore be of the type that de-
velops high gain and little noise at the
desired frequency of 2,025 cycles. It
should also be compact and light, and it
should impose a minimum load on the
battery.

“My amplifier was designed around
inexpensive germanium transistors. The
first transistor of the string develops only
about as much noise as is generated by
the random motions of electrons in the
copper coils. Noise is suppressed further
by the insertion of a tuned transformer
between the third and the fourth tran- .
sistor of the string. The magnetic core
of the transformer is of the ‘pot’ type: it
has roughly the shape of a hollow dough-
nut equipped with a movable plug in the
central hole. The torus contains two coils
of wire, which are the primary and the
secondary winding of the transformer.

“The unit passes only the narrow band
of frequencies determined by the posi-
tion of the movable plug and the tuning
capacitor. The position of the plug is set
by a screw adjustment to pass the de-
sired 2,025-cycle tone generated by the
protons. I use the Mullard Type LA2416
pot core, which I bought (together with -
the transistors) from Mullard Ltd., Mul-
lard House, Torrington Place, London
WC 1. Mullard is a branch of Philips’
Gloeilampenfabrieken of Eindhoven in
the Netherlands.

“The design of the tuned transformer
is fairly critical. In particular the Q of
the completed transformer—the ratio of
the average energy stored in the trans-
former to the energy that is dissipated
per 1/3.14 cycle—must be at least 160.
Any pot core that, when wound, will
yield this Q can be substituted for the
Mullard Type L.A24186. )

“The primary winding of the trans-
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former consists of 120 turns of No. 42
S.W.G. enameled copper wire; the diam-
eter is .004 inch, equivalent to No. 38
A.W.G. The coil is wound first on an in-
sulating form and covered by a thin
layer of paper insulation. The secondary
coil of 1,170 turns of No. 40 S.W.G.
enameled copper wire, tapped 30 turns
from the inner end, is then wound over
the primary. (The diameter of the wire
is .0048 inch, approximately equivalent
to No. 36 A.W.G.) The secondary wind-
ing, when it is in place within the pot
core, has an inductance of one henry
and is tuned to the resonant frequency
of 2,025 cycles per second by a capacitor
of .006 microfarad. I used a capacitor
that was made with polystyrene insula-
tion to minimize the loss of energy and
thereby minimize the width of the band
of frequencies transmitted by the reso-
nant circuit.

“A signal of 1018 watt can just be
heard above the noise of the coils and
amplifier. The gain in voltage is about
two million, so that certain parts must
be shielded to prevent the amplified
signal from feeding back into the low-
energy parts of the circuit. I installed
the amphﬁer and its nine-volt dry bat-
tery in a tobacco tin. The tuned circuit
was isolated from the remaining parts
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by metal partitions that divided the
housing into three compartments and
thus shielded the input and output por-
tions of the circuit from each other. The
internal layout of the parts is not critical.

“The assembly is completed by tuning
the pot-core transformer. This adjust-
ment is determined by the local strength
of the earth’s magnetic field. The opera-
tion must be performed away from
buildings and pieces of iron. The mag-
netic field inside the average dwelling
is so inhomogeneous that the signal
quickly dies away.

“Any germanium transistors that have
a current gain of about 40 at .5 milli-
ampere can be substituted for those
specified by my circuit [see illustration
below]. The transistors designated in the
illustration are of British manufacture

and have no exact U.S. equivalent. The

first transistor in the string, Q,, must
have a low noise figure—about three dec-
ibels when connected to a 1,500-ohm
resistor, which is a source of noise.

“A diode of the Zener type connected
in series with a conventional diode is
bridged across the switch contacts of the
three-volt battery. These diodes mini-
mize sparking at the switch contacts and

speed up the collapse of the magnetic.

field when the circuit is opened. The

rating of the Zener diode should lie be-
tween 10 and 20 volts. The unit must be
capable of transmitting 300 milliamperes
for a maximum of 500 microseconds.
Any diode of the silicon-junction type -
can be connected in series with the
Zener diode.

“The current drawn from the nine-
volt battery by the amplifier amounts to
only 2.5 milliamperes, so that the battery
should have a long life. In contrast, the
coils draw about one watt when they are
magnetized by the three-volt battery. T.
use a heavy-duty dry battery for ener-
gizing the coils. The life of the three-volt
battery is about 24 hours if it is used in- -
termittently.”

Al essential apparatus for making ex-
periments of many kinds is a rea-
sonably accurate clock that can operate
a switch automatically at regular and
predetermined intervals, make a periodic
sound, register the passage of time in dis-
crete units and so on. A elock of this kind
is described. by Eric Newman, a high
school student in New York. He built the
unit primarily as an introductory exercise
in the use of two solid-state devices of
recent origin: the unijunction transistor
and the silicon-controlled rectifier. .
Like the vacuum tube and the tran-
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sistor, these devices are equipped with
three terminals. The devices will conduct
electric current in only one direction
between two of the terminals when an
appropriately smaller current is applied
to the third terminal. In effect, the de-
vices function as switches that can be
opened or closed thousands of times per
second by a signal that can be trans-
mitted from a distant location. Both de-
vices are made essentially of semicon-
ducting materials.

The unijunction transistor consists of
two minute rods of silicon joined in a
structure that resembles a T crossed
somewhat off center. Normally the elec-
trical resistance of the crossarm of the T
is quite high—5,000 ohms or more. Posi-
tive potential is usually applied to the
end of the shorter portion of the crossarm
and negative potential to the longer por-
tion [see illustration on next page]. The
shorter portion goes by the name of “base
two” and is designated B in the illustra-
tion; the longer portion is called “base
one” and is shown as B, in the illustra-
tion. The leg of the T is called the emit-
ter. The emitter will conduct current into
the base region but not in the reverse di-
rection. Normally the path between the
emitter E and B, behaves like an open
circuit. When one applies to the emitter
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Remedios Guanzon.
Father dead.
Mother blind.

REMEDIOS GUANZON, FILIPINA,
AGE 5. Father dead. TB. Mother blind.
Earns a few pennies begging. Brother is
a scavenger. Remedios guides blind
mother’s hands to spots on clothes that
require particular scrubbing. Family
lives in one small room. Must crawl
through small opening to enter. Walls
from material found at city dump. No
facilities. Help to Remedios means help
to entire family, medical care included.

Thousands of children as needy as Remedios
anxiously await “adoption” by you or your group.
Choose a boy or girl from Greece, South Korea,
Viet Nam, Hong Kong, the Philippines, Brazil, Co-
lombia, Ecuador or Peru. Your child and his family
receive a monthly cash grant, as well as counselling,
medical care, blankets, household equipment,
clothing—and primary school education. You re-
ceive a case history and photograph. Each month
you write and receive a letter (original and transla-
tion). Learn how your “‘adoption” benefits the entire
family. Soon, through the regular letters and prog-
ress reports, you and your child develop a warm,
loving relationship.

CHECK YOUR CHARITY! We eagerly offer our financial statement upon request

because we are so proud of the handling of our funds.

PLAN is a non-political, non-profit, non-sectarian, independent relief organization,

approved by the United States Government, registered under No. VFA019 with the Ad-
visory Committee on Voluntary Foreign Aid of the Agency for International Development.

© Foster Parents Plan, Inc. 1967

foster Parents Plan, .

352 PARK AVENUE SOUTH, NEW YORK, N.Y. 10010 - Founded 1937

PARTIAL LIST OF
SPONSORS AND
FOSTER PARENTS

Steve Allen
Sen, Paul H, Douglas
Helen Hayes
Conrad N, Hilton
Sen. Jacob K, Javits
Sen. Robert F. Kennedy
Art Linkletter
Amb, & Mrs,
Henry Cabot Lodge
Garry Moore
Sen, William Proxmire
Dr. Howard A. Rusk
Mr. & Mrs, Robert W. Sarnoff
Gov. & Mrs.
William W. Scranton
Sen. John G. Tower

FOSTER PARENTS PLAN, INC. $A-2-68

352 PARK AVENUE SOUTH, NEW YORK, N.Y. 10010
In Canada: P. O. Box 65, Sta. B, Montreal, Que.

A, | wish to become a Foster Parent of a needy child for one year or more,
If possible, sex....... ,age. ... ynationality..coieeiieiiiiieniaaen
I will pay $15 a month for one year or more {$180 per year).
Payment will be monthly ( ), quarterly { ), semi-annually { ),
annually { ).
| enclose herewith my first payment $.............

B. 1 cannot “adopt” a child but | would like to help a child by contributing
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Circuitry of Eric Newman’s solid-state timer

a positive potential that is equal to about
60 percent of the potential between B,
and B,, however, the resistance between
the emitter and B, drops abruptly to a
Jlow value.

Devices that exhibit this characteristic
can be made to generate electrical oscil-
lations: to convert direct current into
alternating current. The unijunction
transistor makes an ideal oscillator for
generating pulses of short duration,
waves in the shape of sawteeth and other
forms that—before the advent of this
small and inexpensive device—could be
generated only by complex apparatus.
Unijunction oscillators nearly always
work the first time you try them. For
this reason experiments that are based
on them can serve as a pleasant introduc-
tion to the technology of solid-state de-
vices in general. V

The maximum average current that
can be switched by the unijunction
transistor amounts to only a few thou-
sandths of an ampere. In contrast, the
silicon-controlled rectifier (SCR) is a
high-current device. The largest SCR
can carry hundreds of amperes and con-
trol loads of many kilowatts.

The terminals of the device include
an anode, a cathode and a control elec-
trode called the gate. The SCR will con-
duct current from the anode to the cath-
ode when a pulse of positive current is
applied to the gate. Once the device has
been triggered it continues to conduct
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until the current is interrupted by some
external device. The unijunction tran-
sistor makes an ideal triggering com-

- panion for the SCR.

“My solid-state timer,” writes New-
man, “includes two basic circuits: an
oscillator that consists of a unijunction
transistor and an associated timing cir-
cuit that generates a series of extremely
short periodic pulses of current, and a
silicon-controlled rectifier that is actu-
ated by the timed pulses. An electro-
mechanical counter, powered by the
SCR, registers the accumulated intervals
of time. )

“The timing circuit consists of two
adjustable resistors that can be con-
nected alternately by a switch to the

positive terminal of a nine-volt dry bat-

tery that applies potential to a capacitor.
The negative terminal of the battery is
connected to the second terminal of the
capacitor. The rate at which the capaci-
tor accumulates charge varies inversely
with the size of the resistors.

“The junction between the capacitor
and the resistors is connected to the
emitter of the unijunction transistor. B,
of the transistor is connected to the posi-
tive terminal of the battery through a
resistor that limits the current to a safe
value. B, is similarly connected to the
negative terminal through a resistor that
serves as a load. A potential difference
appears across the load resistor when
the transistor conducts current.

“When power is applied to the ap-
paratus, charge accumulates in the ca-
pacitor. Voltage simultaneously rises
across the terminals of the capacitor and
across the emitter and B, of the tran-
sistor. When the potential has increased
to about 60 percent of the potential
across the battery, the emitter abruptly
conducts and the resistance vanishes be-
tween the emitter and B;. The capacitor
discharges almost instantly through the
transistor. During the discharge a volt-
age pulse appears across the terminals
of the load resistor. The cycle continues
as long as power is applied.

“One resistor of my instrument is ad-
justed to generate pulses at the rate of
one pulse per second and the other at the
rate of 10 pulses per second. The rate of
pulsing, in seconds, is roughly equal to
the product of the capacitance in micro-
farads multiplied by the resistance in
megohms. I refined the calibration by
accumulating the total count, as indi-
cated by the electromechanical counter,
for a series of 15-minute intervals, as in-
dicated by an accurate clock, and then .
adjusted the resistors as required.

“Pulses from the timing circuit are
applied to the gate of the SCR. The
anode-cathode circuit of the SCR in-
cludes the electromechanical counter, a
30-volt battery and a set of relay con-
tacts that are operated by the armature
of the counter. The SCR, when it is
triggered into the conducting state, re-
mains conductive until the power is in-
terrupted. The relay contacts perform
this function.

“The SCR, when it is triggered, also--
applies power to the solenoid of the
counter. The solenoid then magnetically
attracts a movable armature, which op-
erates a ratchet that advances the count-
ing wheels one unit. The armature also
opens the contacts at the inner limit of
its excursion (after it has actuated the
ratchet).

“Contacts must be added to "the
counter. I salvaged a contact-spring as-
sembly from an old relay. The assembly
consists of a pair of flat, narrow springs
joined at one end with an insulating
spacer. The contacts, which are welded
to the opposite end of the springs, are
usually closed.

“The insulated end of the assembly
was mounted on the frame of the counter -
with epoxy cement. A short rod was
cemented to the armature to depress
the innermost spring—and thus open the
contacts—at the inner extreme of the
armature’s excursion. When the contacts
open, the SCR returns to the noncon-
ducting state. In this state it is prepared
to accept the succeeding count.”





