TEST INSTRUMENTS

experimenter’s

dual

electroscope

Easy-to-build unit measures electro-

static charges;
positive

THE electroscope is a tool, but it has
become as obsolete as the stone axe
of the paleolithic era. Yet surprisingly,
the one described here is an edudational
novelty that gives convineing proof that
the face of an ordinary TV receiver does
carry an electrostatic charge.

The instrument is shown in the dia-
gram. It is a 6 x 8-inch piece of poly-
styrene plastic clamped between two
right-angle metal brackets. In each up-
per corner a 2-inch metallie plate is
cemented to the plastic, The plate is a
piece of foil from a package of ciga-
rettes, placed g0 the foil sides face each
other.

The “gold leaf” or swinging vane is
a strip of aluminum foil which is lifted
off the cigarette wrapper. They are 2
inches long and 3%-inch wide. Dip the
wrapper in hot water for about 10 min-
utes to simplify the job and lessen the
chance of tearing the foil. This strip is
fastened to the foill plate with a small
piece of eellulose tape. As you ean see, a
very vough kilovolt scale is marked on
the plastic for each swinging vane.

Charging the eleciro-
seope.

Instrument constructed
by 1. Queen of the
Radio-Electronics staff,

JUNE, 1960

both mnegative and

By ESTEN MOEN

To charge the electroscope, you will
need two pocket combs. Cover ahout an
inch of the end of one comb with foil.
The foil-covered comb becomes the
“charge splitter,” the other carries the
“inducing charge.”

Flick the inducing comb once through
dry hair and, holding it close to the
charge splitter, touch the charge split-
ter to the foil that contacts one of the
electroscope vanes. The vane is now
negatively charged. Then take the
combs away and separate them. Next,
take the charge splitter and touch it to
the foil on the other side of the dual
electroscope. You have just put a posi-
tive charge on that vane.

For proof of the polarities, set the
instrument about 6 or 8 inches from
your TV set screen. Turn the reeceiver
on and, as soon as it warms up, the
electroscope leaves will swing in oppo-

site directions. Varying the brightness -

will cause a small swing in each leaf’s
posiiion. It makes a good demonstration
of some facts to which we often pay
little attention. END

FOIL COVERED COMB

SERVICE MASTER...

EUERY TO0L YOU NEED
33 OF THE TIME

complete 23-piece kit for radio, TV,
and electronic service calls

2 HANDLES :
shockproof plastic.
Regular 4™ length %
... 2"Stubby.Inter-
changeable. Patented
spring holds snap-in
tools firmly in place.

§ NUTBRIVERS -
High Nicke! chrome
finish, 3" to "

3 sTuBBY
NUTDRIVERS :

A
EXTENSION BLABE :

Adds 77, Fits
both handles.

3 SCREWDRIVERS -
Two slotted . . .
6”’ %2"
#1 Phillips
2 REAMERS :
Wt
ADJUSTABLE
WRENCH :
6 thin pattern,
1" opening

LONG NOSE PLIER:
“Cushion Grip”,
212" nose

DIAGONAL PLIER:
*“Cushion Grip”,
hand-honed
cutling ecges

ROLL UP KiT:
Durable, plastic-
coated canvas,
Compact, easy-
to-carry.

Ask your distributor to show you kit 89 SM

XCELITE, ING. =

ORCHARD PARK, N.Y.
Canada: Charles W. Pointon, Lid., Toronto, Onf.
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THE HLECTRONC
ELECTROSCOPE

Indicates when strong electrostatic field exists

BY KEITH KUNDE

Fa

RIOR to 1792 and Allesandro

Volta’s development of the chem-
ical battery, nearly all electrical ex-
perimentation and research involved
static electricity. Such static charges
are generated on many nonconducting
materials through friction with a com-
plementary material, with combina-
tions such as glass and silk, sealing
wax and wool, and solidified sulfur
rubbed by hand, leading the way in
early experiments. Of course, the ear-
ly experimenters had no means for
directly measuring their static

charges, but they did observe the
forces of attraction and repulsion pro-
duced by charged objects. These ob-
servations led to the introduction late
in the 16th century of the earliest
form of electroscope by William Gil-
bert, who used a pivoting metal point-
er to demonstrate the presence of stat-
ic charges. '

Another early form of electroscope
used small balls of pith or cork sus-
pended by fine insulating threads so
that the forces of attraction and repul-
sion could be observed through the

motions of the charged balls. In 1787,
Abraham Bennet invented what be-
came the most familiar form of the

- device—The Gold-Leaf Electroscope,

which consisted of a small brass box
having glass windows on two oppasing
sides, inside of which two strips of
very thin gold leaf were suspended
face-to-face from a metal rod. The
rod passed through a cork in the top of
the box and was terminated with a
brass disk on its outer end.

A charged object near the disk
would cause a similar charge to be
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THE ELECTIRON
ELECTROSCOPE

Indicates when strong electrostatic field exists

charges, but they did observe the
forces of attraction and repulsion pro-
duced by charged objects. These ab-
servations led to the introduction late
in the 16th century of the earliest
form of clectroscope by William Gil-
bert, who used a pivoting metal point-
er to demonstrate the presence of stat-
ic charges.

Another early form of electroscope
used small balls of pith or cork sus-
pended by fine insulating threads so
that the forces of attraction and repul-
sion could be observed through the

motions of the charged balls, In 1787,
Abraham Bennet invented what be-
came the most familiar form of the
device—The Gold-Leal Electroscope,
which consisted of a small brass box
having glass windows on two opposing
sides, inside of which two strips of
very thin gold leaf were suspended
face-to-face from a metal rod. The
rod passed through a cork in the top of
the box and was terminated with a
brass disk on its outer end.

A charged object near the disk
would cause a similar charge to be
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electroscope

FPhoto showing how the author assernbled his prototype
of the electronic electroscope on an aluminum chassis.

induced on the leaves of the electros-

cope. Since like charges repel, the:

equally charged gold leaves would re-
pel each other and move apart, with
the degrec of divergence a function of
the strength of the charge. The polar-
ity of a charge could be determined by
bringing another charged object near
the disk. If the leaves remained di-
verged, both charges were of the same
polarity. However, if the leaves col-
lapsed and then diverged again, the
charges were of opposite polarity. Ex-
ternal factors such as high humidity
and ionizing radiation were observed
to cause the rapid dissipation of elec-
trostatic charges as evidenced by the
collapse of the leaves of the clectro-
scope when these factors were present.

Later cxperiments, with so-called
“current electricity” from baltteries
and gencrators, would reveal re-
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sponses by the electroscope similar to
those produced with static electricity.
Eventually, the brass enclosure origi-
nally used by Bennet was supplanted
by a simple glass jar or flask, and the
fragile gold lcaves found substitutes in
thin foils of tin or aluminum. Since
the price of gold prohibits the duplica-
tion of the gold-leaf electroscope, we
can turn to vacuum-tube technology
to create an electronic counterpart of
the static electricity detector.

Clrcult Operation. As shown in Fig.
1, remote cut-off pentode, VI, whose
operating bias is set by R2, acts as a
switch connected across-neon lamp /1.
The control grid of V! (pin 1) is float-
ing, thus producing an extremely high
input impedance. This makes the cir-
cuit very sensitive to clectrostatic
fields such as those that appear

PARTS LIST

C1—4-uF, 200-V alectrolytic

D1— 1N4003 or similar rectifier

11—MNE-51 or NE-2 neon lamp

J1—5-way insulated hinding post (see
text)

R1—220-k, "2-W resistor

R2—80C-k$ linear-taper potentiometar

T1—125-V, 15-mA; 6.3-V, 0.6-A
transiormer (Stancor PS-8418, Triad
R54X, or similar}

V1—6BA6 or 6BDS (3ee text)

Misc.—7-pin tube sccket, line cord, termi-
nal strip, knob for R2, neon-lamp rubber
grommet, metal enclosure (LMB 780,
Radio Shack 270-238, or similar), rubber
feat, wire, mounting hardware,

Fig 1. The circuit uses a variable-mu pentode whose operating
bias is set 10 make the control grid extromely sensitive.
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around objects charged with static
clectricity, These fields arec then
picked up by a “sensc antenna’ con-
nected to the control grid.

When the control grid is not under
the influence of an clectrostatic field,
it has little affect on the flow of cur-
rent through F/, thus the tube con-
ducts. The degree of conduction is
determined by the setting of bias
potentiometer R2. When V/ conducts
heavily, it reduces the voltage across
I, forcing the lamp to turn off.

If a negative voltage is induced on
the control grid by an external nega-
tive electrostatic field, ¥1's conduc-
tion is reduced thus allowing more
voltage to reach the lamp so that it
glows brightly. Since only a small
voltage swing on the control grid is
required to control the tube, the cir-
cuit is quite sensitive. (Note: Al-
though the neon lamp requires about
65 volts to strike, it will remain glow-
ing until the voltage across it falls to
less than approximately 50 volts.) The
relatively high resistance of R! re-
duces the hysteresis of the circuit,
which improves circuit sensitivity,

To detect a positive charge, R2 is
set near maximum resistance. This
reduces the shunting affect of VI
(which is still conducting somewhat)
and allows /] to glow. When a positive
charge is induced on the control grid,
¥FI's conduction increascs, dropping
the voltage across I/ and extinguish-
ing the lamp. This reverse operation
of the circuit gives a decisive indica-
tion of a positive charge.

Transformer 7/ provides filament
voltage for ¥/, with DI and C7 form-
ing a halfwave rectifier power supply.
Resistor R/ limits lamp current to a
safe level,

Construction. The Electronic Elec-
troscope was built in an aluminum
minibox measuring 5/47L X 3“W X
214”D, but any suitable metal enclo-
sure will do. Arrange the components
to fit your enclosure, then mark and
drill holes for the V1 socket, the neon
lamp bushing, J/, and R2. Orient the
tube socket so that the lcad from pin 1
to JI is as short as possible (do not
route this wire close to the chassis). If
you want the ultimate in sensitivity
and low leakage, use a ceramic tube
socket and feed-through insulator for
the sense antenna connection.
Vacuum tube V7 should be a re-
mote cut-off or variable-mu pentode
for best results. Some representative
types are 6BA6, 6BD6, 6SG7, and
6SK7. The 12-volt versions of these
tubes will also work if a transformer
with a [2.6-volt filament winding is
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used. The tube socket connections
shown in the schematic are for types
6BASG or 6BD6 or their 12-volt equiv-
alents. Refer to any vacuum-tube
manual for information on alternative
tube types.

Mount the neon lamp in a snugfit-
ting rubber grommet. Connections to
the lamp are made by soldering
directly to the base shell or leads, as
appropriate. Neon lamp types other
than those called out in the parts list
can also be used; but they will proba-
bly require an adjustment in the value
of RI. As a starting point, make RJ
equal to the resistor recommended for
operation of the lamp on 115 V ac.
This information is wsually shown in
the catalogs. Also, R7 may have to be
adjusted if a transformer supplying
other than 125 volts rms iggnsed.

Diode D1 and capacitor CI must
both have voltage ratings of at least
one and one-half times the transform-
er rms voltage. Mount them on a ter-
minal strip near the tube socket, being
sure tc observe correct polarity.

No power switch was felt to be nec-

essary so the line cord was connected
directly to the transformer primary
leads. You may choose to leave the
transformer leads uncut in case you
want to use it again.

The sense antenna can be made of a
piece of stiff wire about 8” long. This
length has good sensitivity and per-
mits fast response to electrostatic
fields. Form the end of the wire into a
loop to remove any possible hazard.
Longer antennas, or a metal plate
mounted just above the chassis, will
store a charge for a longer time than a.
short wire. However, this slows down
the response time (which of course,
may be desirable).

Opaearation. Turn the power on and
allow the tube to warm up. The neon
lamp should light immediately, but it
may go out as the tube beégins to con-
duct. Rotating R2 thyoughout its
range should cause the lamp to turn
on and off as you adjust the control. If
the neon lamp remains glowing at all
settings of R2, you may be carrying a
static charge caused by rising from a
chair or from walking about the room.
This may be verified by stepping a
few feet away from the sense antenna.
If the lamp persists in remaining
lighted, try reversing the line cord
plug in the socket or connecting the
metal chassis to 4 good earth ground.
If the lamp still cannot be controlied
by R2, increase the resistance of R].
When the circuit is operating prop-
erly, the lamp will light when R2 is set
toward the high-resistance end of its

range and it will go out as R2 is

adjusted downward.

Set R2 just below the point where
the lamp lights. This is the most sensi-
tive position for detecting negative
static charges. Pass a plastic comb
through your hair and bring it near
the sense antenna. The lamp should
light, possibly while the comb is still

- several feet away. If you continue to

approach the antenna, the lamp will
get brighter, but avoid actually touch-
ing the antenna with the comb. Al-
though contact with the antenna does
no harm, it may take several minutes
for the charge to dissipate from the
grid circuit. If this happens, normal
operation may be quickly restored by
raomentarily grounding the antenna
to the chassis. Do not touch the anten-
na with your hands, as you may only
add to the charge. Instead, connect a
wire to the chassis and touch the
antenna with the other end of the wire
for a second or two. The circuit should

now operate normally again. Alterna--

tively, a 15- or 20-megohm resistor
can be connected permanently from
the sense antenna to chassis ground
allowing rapid dissipation of heavy
charges. To experiment with positive
electrostatic charges, adjust R2 just
above where the lamp first lights.

A good way to get a positive charge

is to vigorously rub a glass rod (or any -

clean glass object} with a silk cloth.
Bring the glass near. the Electronic
Electroscope and the lamp will go out.
Note that, because a positive charge
causes -grid current to flow in VI, the
grid impedance is much lower and it
will be difficult to keep the lamp
turned off using the charge stored on
the sense wire. If you want to store a
charge for a longer period, try con-
necting a good-quality capacitor from
the antenna to the chassis ground.
Polystyrene or mica capacitors have
low leakage and should give good
results. You can experiment with dif-
ferent values to get the results you
want. Of course, the traditional Leyd-
en Jar Capacitor often employed in
experimerits with static electricity can
also be used, but avoid connecting
heavily charged capacitors. "

If you work with MOS-type semi-
conductors, or if you are troubled by
static sparks zapping your personal
computer when you touch it, this gad-
get can give a warning that you are
carrying a static charge. Set the unit
up to detect negative charges for this
application. Your family and friends
will also find it amusing to see who
can turn on the lamp at the greatest
distance or to test various materials
for their static properties. 9]
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« DISCOUNT
4pPpT RELAY

+ 1A ginslyle
+ 3amp contacts
» 2ol d.g. of
120volt a.c.c0ll
« Used but tully 1e50ed
$1.70 EACH
specily coll vollage
LARGE QUANTITIES AVAILABLE
SOCKETS FOR RELAY 50¢ each

RANSFORMER

120 volt
primaries

6 VOLTS at150 mA 3125
J12 vCT st s0oma s250
16.5 V. at 3 AMPS  §8.50
18 VOLTS at 1 AMP  $4.50
252 VCT at 2.8 AMP $5.50

MiN! SIZE
BUZZERS

WITH WIRE LFADS
104 to 3 volts T5€ e
WITH PIN TERMINALS
3 to T volis
WITH PIN TERMINALS
756 each

2"

~ § 3,600 mfd.

40VDC  $1.60;
1 378" DjA. x 3 HI
65,400 mfd.

13/8%0m X 4 1"
20,000 mid. 25VDC
2 " DIA. X

000 mid 55 ‘
2200028 V0% 62 0

2,000 mf VD .
110 3 volts 75‘“H22," DIA. K g'ﬁuﬂ $3.00

45,000 mid. 26VDC

52,000mfd, 15 VOC -

2% X 4 12 "iam $3.00
72 ooomtd 1sw>c§_‘

parts
PRI

oPDT

AROMAT

COMPUTE
CAPACR'OR

60VDC 5250

2" ricH $2.00

DA, X 4" HigH  $3 50

B HIGH

CLAMPS TO PlTCAPACITDRs Sac’ns,

M!
MODEL UES-ASSF

‘6.5 VAC 1AMP

VARACTOR UHF TUNER CLASS 2 XFMR

FREQ RANGE

300 OMMS

$25,00 each
10 for $220. 00

d 470 - 8BS MHZ

F, SEND EOR OUR ot
®ar 50 PAGE CATALGG v'*"

TYPE N
CONNECTOR

KINGS UGS526 87U
FITS RG55, RGSS,
RGL41, RGL42, RG223

SQLDER TYPE "
$1.75 EACH
10 _tor $16.00 .

RFI
LINE FII..TER

1or line to line

o 50

¥ CORCOM » IOKS
Rated: 10 amp

5/250 v 50-400hz
$3.75 8a.10 tor $35.00

SUPER SMALL

PHOTO-FLASH

170 MFD 330 VOLT |
= - 1Va'x Tt

2 for $1.50

10 for $7.00

L.E. D.‘s
STANDARD. JUMBO
PIFFUSED
RED 10 AOR $1.50

GREEN 10 FOR 52.00
YELLOW 10 FOR $2.00

FLASHER LED M
5 VOLT OPERATION
JUMBO SIZE
2 FOR $1.70
B1 POLAR LED
2 FOR $1,70 |
SUB MINI LED

078" X osa

20mA -at 1,75y

10 FOR $1.00

200 FCR 518,00
QUANTLTY PRECES AVAILAELE

CANNON XLR
CONNECTOR

3 PRONG
CHASSTS MOUNT

750 MFD 330V
PHOTO FLASH

2" HIGH X

1 1/4" DIA.
$1.25 EACH
10 FOR $11.00

4 tar $1.00
10 for § 2.00
100 for
$15.00

Lo

1l2voc
auzzsn SI:ECIAL!
50

tor %3500
2 AI.I.IGATOII GI.IPS
7 clips for $
100 clips for $12 oo
500 cligs for $50.00

CIRCLE NO. 2 ON FREE

@% e

*SPECIAL Il *
10 MEG POTS

COMNECTCR g

e AR
MTTEIIIES :

|

A

INFORMATION.GARD




