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By HAROLD P. STRAND

OU can make spectscular demonstrations
with this Tesla coil (Fig. 1) while you're
studying the effects af high frequency current.
That's just what Nicala Tesla did with his famous
induction coil back in 1882, Although you will be
experimeniing with 60000 volts, it s guite harm-
bess becouse of i high frequency of SM0L000 cyeles
per second. Currents of high frequencies travel
over conductor surfaces only, so that contact
with it results in the current going over your
#kin fo a ground, thus sveiding possible injury
& infternal organe
The coil uses only one cacillator tube which is
enclosed with the other power-supply companents
in a transparent plastic housing for safety and
as o showesse, The coil is mounted on & trans-
parenti plastic base with o clear plastie eylinder
enclosing the primary section of the ceil for pro-
teciion from its high voltage (Fig 2). Careful
sttention hos been given io naulstion of the codl
and all wiring so that leakage has been reduced
i3 a minimum.
The tube used I the Hytron 5514 tronsmitting
type which operates on about 175 milliamperes
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MINIATURE
TESLA COIL

Miniature in size only, this physics

classroom project packs 40,000

volts of power at 500,000 cycles
per second. Yet it's safel

plate current maximum, and the plate voltage ks
supplied at 1,200 wolis from s Stancor PO-8414
power transformer with 200 milliamps. max. rat-
ing. Except for the transformer’s primary and
Z,000-volt leads, all other leads are taped and are
not used. Only high-grade mica transmitting ca-
pacitors are used (poor quality capacitars will
break down quickly under the
high veliage) and the Blament
transformer s a Stancor P-
5015, having a conter-lapped
T5-volt winding to supply the
tube filamont. The entire unit is
secured to & hardwood-venoer
plywood base,

First, get all the materials
required (see Materinls List)
and then make the unit base
from %-in. birch, walnut or
mahogany-veneer plywood

Fower companents and wirsg cre provecied by clear
plostlo snickmiure. Coll ond all wiFng ome well ioms-
gl i reducs currest lsakags b o minlmum.

Scmycr EXPERIMENTER



B840 AW SCROW
' l‘-‘“‘lﬁ]:

&332 B SOREE MUT AND WASHER
| FIND-OFF ERLATOR 1y

_ﬁ.,
mm

e

440 7
(RILER o

IR TR
wwﬁmm ik
mmmmm“m%ﬁﬁ )
.MM“mmﬁmmmﬂhmmm haka]
i mMmm&mmmmmwm
AR
G
L HY i e
et LRl
AR
wmmmmm Mh,mmmmhm | mwwm
mm ,mﬁ L 3
fi341 jil 138 Mmmmmmmmw
AT PR T
mmmmwm w m {@m@ﬂmmw
S MMM mm i It
Tmi i mmﬁd



MATERIALS LIST—MINIATURE TESLA coOil

1pe ﬁ':l]ﬁ': 16 cak, walsul or mahopany-yenser ply-
wond

bl b Pl e e e e B et
BRE BRX BEREEERRER

[T

wnit s
Ehr Lutite Shest
LGy x 5157 for coil-hate lep
F-‘,.' for coil-baie Iremt and hack
4" ® 1': Iur coill-bage sides
2" u BF x BLL" for power-supply cover frond
Lp™xBLa®x11L) 7 for power-supply covr fop
w Bl power-supply cover back
"':l!"xl.ﬂ ' for power-supply cover right side
f* 151!.-!' "...*' for pewer-supply cover lefi side
% * far terminal blocks
il 1 ;: /™ for secondary-cobl-form top amd betlom
Clear Lusite Tubing
x E“' a.d, || * for setesdary-coil form
x & lvl.n for grid-primary-coll form
* x 5% x 545" ood. for primary-cobl insulafor
Hﬂﬁf Bakelile
tubing, "J."' ?ﬁ ool x & for secesmdary-coll Insulator
T{' x L™ m 10007 for power-sapply cover wire enirsnce
weile cemenk
{nbowe products can Be sepplied by The Forest Products
Co., Inc., 131 Porthand 5t., Cambridge, Mass.)
Magnet Wise
Valbh 215 Formwar (two lengths) or. £12 Fermvar (1 lesgth)
(approx} for primary coil (bry molor-rewind shops)
2 oL #H orovar for grid ceil
!-";i #32 formvar for secomdary coll (224 and 237 Formr
(approx) cam be supplied by Lafayelte Radia i 1-Ib. spoals)
Eleclronic Companenis
1 porcelain insulator, bechiva or sfamd-off type, round base
2% dia. {approx) 3 attaching holes, B or 10 sirew bolt
hall Johmsom 135-48 feed-thru nmhtil'. w Bim-
fransformer, PC-B414
tament transformer, P-S015
fopgle switches, &-amps. at 135 wolis

1H

lube-plate cap Millen 36001 or equivalent, ¥ ,¥ size
Cinch Jones 2-terminal strip, type 2-141
Cinch Jemes -terminal sizip, t 3-140
lﬂ.lnhilt ohmite resistor, &, phms, 50 waits

fuse, 346G Sho-blo, 5 amp.

Iullu'. surface moust, type I5TOO]
rubber grommet for 35"- m chassis, 14" entranca hele
Bimding nﬁiL S-way to {ake banama plug, wires, etc. groumd

mna

T-M. rubber or plastic covered 218 fat ﬁiullli lamp eerd
attachment :%l.m} tap for slandard wall sutiet
(above can n-'l-md 1 Lahrﬂt-r Radio, 111 Jericha
Turnpike, E:rmli
i fit 216 stranded wire, nhiﬂz hnlh'clm for 5.000 wolts of
better {Teflon imsulation) for primary coil
J it #1o stranded wire, plastic insulation fer 1,000 wolts,
¢ SRIR plastic howk-up wirg for grid coil
ift Z18 stranded wire, reguisr plastie insulation for grid wire

Hytron tramsmitting tube, #5514
1 d-prong, steatite or ceramic wafer-type tube socket
hhl'l wire, fube and sochet cam be suppiled By Cramer
lectromies, Imc.. B11 Beylston Si., Beston, Wass.)
l:uuilm {mica transmitting, Bakelite enclosed)
Cormell -Dubilir or ml‘nlnl guality
L05 mid., 3,000 wolts

ﬁi mid., 5000 volts
5 mfd., 3,000 volts

Bl ek

ed Bl

B iscelianggus

=AW

Zli=32 rh machine sorews

6 th wood screws

nuts, wahers, terminal lugi, small pieces of sheel aluml-
num  for Ililr.hti, staim, shellag, Bakelify resin spar
varmish, resin-core selder, mic.

high voltage “dope” to prevent corona discharge
here: then, cement. Drill a #27 hole in the center
of the bottom disc for a 6-32x1%; in. rh brass
screw and nut. Connect the flexible lead under
head of this screw. A ground-wire is later con-
nected to this screw under the base top.

The top insulator is of brown, glazed porcelain
and has a base about 2-in. dia. (Fig. 3-D), com-
m.unl]r called a beehive or stand-off type for sup-

high-voltage wire above a surface. The
used was discovered on the surplus coun-
an electronics-supply store. If you cannot
one of a size to fit the end of the tube, use
of a feed-through poreelain insulator
“b" Fig. 3-E). With the secondary-coil

il

the t-m
{method
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assembly completed, apply four
coats of Bakelite resin spar var-
nish to the coil in even, smooth
coats, allowing each coat to dry
thoroughly. While the varnish
is drying, you can make up the
coil base (Fig. 3-F).

Cut the Lucite base parts ac-
cording to dimensions in Mate-

-'ﬁh |

L+ LEADS)
%26 DAILL,

rials List and finish edges
smooth and square. In the top,
| (PRMARY-  drill all the holes indicated in
Fig. 4, with the exception of
the 3 bracket holes; these are

HAES

best drilled after brackets have
been attached to primary coil
form (Fig. 3-J). In the right
side piece, drill holes as in FlE
5 for the plastic-insulated leads (Fig. 3-K).
cement the base parts togethe:, puurna:mail
quantity of the cement on a sheet of flat glass
and place plastic edge in puddle for about
20-30 sec., sliding edge around to make sure
all edge surfaces have contacted cement. Then,
place edge in position against piece to be joined,
sliding edge back and forth a few times. Then,
apply pressure with clamps or weights for
several hours. Rehardening takes a few hours.
When cement has hardened, attach secondary-
eoil form to top of base with pre-set 6-32 brass
screw, securing as in Fig. 3-H.

Now, wind the primary and grid coil on a piece
of clear Lucite tubing 4-in. dia. (Fig. 3-J and K).

ScIENCcE EXPERIMENTER



The primary winding requires 18 turns of two
#15 Formvar wires in parallel (two wires for
each turn), ends of wires formed into loops to fit
over the terminal screws tapped into two clear
Lucite blocks cemented to tube—or you can use
one #12 Formvar magnet wire (same number of
turns). The grid winding consists of 20 turns of
#24 Formvar wire, ends left long enough to be
carried through drilled holes in tubing, down in-
side of tube and through holes in base to termi-
nal-strip screws (as in Fig. 4). Cover these

When a 150-walt clear
lamp is held close to the
coll in a darkened room.
the filament supports will
glow in lavender and
strange orange colored
flomes will appear com-
ing from wvarlous parts of
the fllament, looking ex-
actly like wavering gas
flames.

leads from inside of coil form
to terminal strip with plastic
spaghetti-type tubing. Don't
forget to clean Formvar wire
wherever connections are
made. Assembly completed, ap-
ply Bakelite resin spar varnish
to coils as with secondary coil,
Now, from a piece of Bakelite
tubing, eut an insulator sleeve
(Fig. 3-G), slip over secondary-
coil form for a tight fit over
form’s base which has heen
enlarged with turns of plastic
tape (Fig. 3-H). When grid-
primary coils have dried, slip
form over secondary coil and
attach to Lucite base top with
3 angle brackets (Fig. 3-I).
Use about 15-in. long flex-
ible, #16 stranded wire hav-
ing 5,000-volt or higher plastic
insulation for the primary coil:
connect to screws on terminal blocks and thread
through base-top holes, under base and out of
side (Fig. 5). Use about 15-in. long flexible, #16
stranded wire having 1,000-volt plastic insulation
for the grid leads; connect to screws of terminal
strip (under base) and out through base side.
Use 15-in. long flexible, # 16 stranded wire with
regular plastic insulation for ground lead, con-
necting with a washer and nut to secondary coil
screw under base top and out through center
hole in base side (Figs. 3-C and 5). Now attach

What we normally consider o good insulator proves
inefiective when used against this high-frequency,
high-voltage current. The discharge leaps across the
gap as if no barrier existed. Clip lead shown is at-
tached to coil-unit ground terminal post.

1967 Eprrion

Turn on the power and the lamp will light to full candlepower without
conductors required for ordinary current. Ii receiver is moved close fo
coll, lamp will glow to o brightness beyond its capacity and burn out.

coil-base assembly to plywood base with two
angle brackets and # 6 rh wood screws (Fig. 3-F).

The next step is to install the power-supply
components and its protective plastic cover. First
cut and drill the ¥4 x 115 x 10'%4 in. Bakelite
strip and Y% x 8 x 8 in. Lucite front piece as
detailed in 13A. Then attach both strip and front
pieces to plywood base with aluminum angles as
in Fig. 12-Ga. With some narrow masking tape,
outline the locations of the cover-side and back
on the plywood base to give vou an idea of clear-
ances needed when arranging and attaching the
various power components to the base (Fig. 12).

The Stancor PC-8414 power transformer is
used as a plate transformer by covering the ends
of the unwanted leads with fape and tucking
them neatly under the transformer. Use the two
black primary and the two plain red leads which
will give you 1,200 volts. Cut four % in. long




A 12 in. length of small nichrome or steel piano wire

attached to the terminal at the center of the wire

gives two blazing lavender colored rings of electrical
fireworks.

spacers from 34 in. pipe and place under the
transformer feet to clear the leads (Fig. 12-A).
Connect components with at least #16 ga. plas-
tic-covered stranded wire, Use solder or solder-
less connecting lugs on all wire ends connecting
to screw-nut terminals and solder all other con-
nections. Bring the line cord through a rubber
grommet mounted on an aluminum angle brac-
ket, and knot the cord to relieve strain (Fig.
12-D). Attach a surface-mount fuse holder and
a 5-amp., 3AG Slo-Blo glass fuse and connect
in series with one side of the line. In use, the
Tesla coil will draw about 4 amps.

Mount the adjustable grid resistor over the
0005 mfd. capacitor with an aluminum bracket
attached to one terminal, using a #6-32 rh screw
and nut. Solder a flexible lead to the adjusting
strap and connect other end to other capacitor
terminal (Fig. 12-D). Mount a ground terminal
post on an aluminum angle bracket as in Fig.
12-E. A ground wire from post to a water pipe,
if practical, is best but not essential. Use a 2-
term. barrier strip, located as in Fig. 12-F for a
convenient connection point for all wiring going
to ground (one pair of terminals not used). Two
0015 mfd. capacitors across the coil primary
(Fig. 12) are shown connected in parallel. One
003 mfd. capacitor can be used instead, if avail-
able. The Hytron-tube plate cap of porcelain
is connected to one of the above capacitor termi-
nals exactly as in Fig. 12. Values given for the
capacitors must be closely followed, especially
the two in parallel (each .0015 mfd.). With the
specified number of turns in the primary coil,
as was described earlier, the value of .003 mid.
brings the coil into proper resonance, a maxi-
mum discharge of about 4-5 in. being obtained
from the top of the secondary coil. The 4-in. dia.
of the primary coil is a must; otherwise the in-
ductance would be affected, requiring a different
capacitor value.

The filament transformer is a Stancor P-5015,
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Fig. 10A. An electrical pin-
wheel of lavender sparks
results when power is
turned on. Fig. 10B. A
form of “jet"” propulsion
can be dramatically dem-
onstrated with a roftor
loosely pivoted on the sec-
ondary-coil terminal.

located as in Fig. 12-B. Use two %¢ O.D. x % in.
long Bakelite tube spacers under the Hytron-
tube socket to clear the terminals, only three of
which are used (Fig. 12-C). With all connections
securely attached, set the adjustable grid resistor
for about 1,500 to 1,800 ochms with an chmmeter
and then use a d.c. milliammeter with a scale
of from 0-300 or 500. Disconnect filament trans-
former center-tap lead from terminal strip (Figs.
12 and 11), and connect ammeter in series (meter
“plus” terminal connected to transformer lead)
as in Figs. 11 and 14. Plug in line cord and turn
on filament switch (Fig. 12-H). Allow about half
a minute for tube warm up and then throw
on plate switch (Fig. 12-J). The meter should
show a reading of about 175 milliamperes, maxi-
mum capacity of tube (slightly under is better
to prevent overheating of tube-plate element).
There should also be a good brush discharge
from the top of the secondary coil—about 4 in.
If the reading is low, shut off power and adjust
grid resistor for less resistance; if high, increase
resistance. Always make certain line plug is dis-
connected from power source before attempting
any adjustments or work around the connections.
The voltage is high and dangerous. Don’t be-
come careless! In the test (Fig. 14), the meter
read approximately 175 ma. after resistor had
been adjusted. A 41%-in. high discharge at the
secondary-coil tip resulted. In use the Hytron-
tube plate may glow dull red after 10-15 minutes
of constant operation. This is normal. If the
plate gets any brighter, reduce the grid drive
by cutting in more resistance, or else turn unit
off for a short time to allow tube to cool.

Failure to get a brush discharge as desecribed
may be due to wrong connections, defective ca-
pacitors, possible wrong capacitor values, or an
error in number of winding turns in primary
and/or grid coils, Coils must all be wound in the
same direction without splices or defective spots
over their entire length. In some cases due to
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the accepted tolerance of 5% plus or minus in
capacitor marked values, the capacitors used
across the coil primary may not be exactly cor-
rect for resonance and others may have to be
tried. Try adding another capacitor of about
001 mfd. in parallel with the other two. This com-
bined value of .004 may do the trick. Possibly a
little less capacitance is needed, so try one of 001
in place of one of the .0015. A coil form not of
the diameter specified also will cause failure.

To keep the cost of the coil down, the use of
surplus mica transmitting capacitors is suggested.,
If bought through normal supply dealers, these
units cost from $741 to $10.17 each. Surplus
capacitors of this type usually sell for about
§150 to 8225, depending on the voltage rating.
The following surplus electronic supply dealers
might be tried for the desired wvalues. Specify
mica transmitting type of Cornell Dubilier,
Sprague, Sangamo or similar high grade make.

Standard Radio, 86 Franklin St., New York 13,
N. Y., reports that they have 003 mfd. 3000 volt,
0018 mfd. 5000 volt {can be used in place of 0015
mfd.), 003 mfd. 5000 volt, 0005 mid. 3000 wvelt.

Electro Sales, 50 Eastern Awvenue, Boaton,
Mass., has several values but not quoted.

Enclosing the high-voltage components to pre-
vent accidental shock is a must. Clear Lucite
is ideal for this purpose since it serves as good

COVER LEFT SIDE

insulation and as a showcase, particularly for
classroom instruction on the “why" of the var-
ious parts. For home use, if the experimenter
has a limited budget, ¥ or %-in. fir plywood
can be used as a substitute for the plastic en-
closure with, of course, adequate ventilating
holes.

Cut four pieces of 1-in. clear Lucite (top, twao
gides and back) to dimensions shown in Fig. 13,
drilling all holes required and making sure edges
are square and true. Then, cement back to sides
as described earlier. A ecementing jig (Fig.
13-F) will facilitate assembly. Apply pressure
with weighted material immediately after ap-
plying cement and let dry for several hours
Then, cement top to sides and back, again using
adequate pressure. Attach an aluminum angle
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to top with a #6-32 rh screw (Fig. 13-B) and
cover-assemhly top to front with a #6-32 rh
screw (Fig. 13-A). Attach left side (which rests
on Bakelite strip) to strip with two #6-32 rh
screws, one each front and back (Fig. 12-Ga).
Finally, attach cover assembly to plywood base
with two aluminum angles and #6-32 rh screws
located at right side and back between line cord
and terminal post (Figs. 12-Eb, and 14). To pre-
vent accidental shock from the primary coil,
cement to coil base a 16" x 5" x 51¢" O. D. clear
Lucite cylinder (Fig. 3-A) as in Fig. 12.

Interesting and Instructive Experiments are

possible with this Tesla coil. Since energy from
the coil radiates over a considerable distance,
causing radio and TV interference, experiment
when vou are unlikely to annoy neighbors.

To demonstrate that high-frequency current
cannot cause a shock even though the voltage is
high, move your hand back and forth about 4-5
in. from the top terminal. The charge will
travel to your hand. Keep your hand moving,
however, and for only a short time, as the tiny
points of discharge are quite hot and can cause
burns. The reason there is no shock is that high-
frequency cwrrent travels only over the skin
surface. A coin held in the fingers is perhaps the
safest method, there being less danger of burns.

Another demenstration of the “skin" travel of
high-frequency currents is to attach a 12-in. piece
of fine nichrome or steel piano wire (about .007-

TAP PLASTIC &=32 B

008 in.) on the coil terminal by twisting it
around the screw at the center of the wire.
Straighten out the wire to a horizontal position,
and use an additional nut on the terminal screw
to hold the wire in place. When power is turned
on, a pair of brilliant arcs of lavender color will
result as ends of the wire rotate at high speed.
Examination of the wire will reveal that tiny
discharges are breaking out all along the wire
(Fig. 9). High-frequency current travels only
over the surface of conductors and since the fine
wire does not have adequate surface area, the
discharges leap to the surrounding air. The ro-
tation ls probably due to the whipping or snap-
ping effect resulting from applying high energy
to an inadequate conductor.

The “spinner” or “jet” rotor is a favorite Tesla-
coil experiment. In the top of a “dome” nut to
fit the terminal serew, drill a hole to take a large
needle broken off to shorten it. Solder needle,
point up, in the hole. In a small brass piece,
drill a small hole to receive needle point and
solder to this piece a #16 gage copper wire 8§ in.
long and centered on the brass piece for good
balance. Cover each arm of wire with plastic
tubing, leaving about 1§ in. of ends bare. Bend
ends and file them to points (Fig. 10 B). Th
rotor should turn with a minimum of friction.
When power is turned on, the rotor will spin at
high speed producing a ring of lavender sparks
(Fig. 10A). The rotation is due to the thrust
caused by the density
of the charge at the
pointed tips, producing
an electrical “wind"
effect. The rotor will
start slowly and grad-
vally gain speed, de-
pendent somewhat on
the amount of friction
at the pivot.

Fluorescent lamps
held in the hand will
light almost to full bril-
liance when near the
discharge (as shown in
Fig. 1).

Because the field of
energy surrounding
the coil extends for
some distance which
you can test by walk-
ing slowly away from
the coil, the fuores-
cent tubes tend to
grow dimmer and fi-
nally fade out. If you
want to mystify your
friends, place the coil
near a wall, turn it on
and go to an adjoining
room, holding a fluor-
escent tube near the
wall and coil. You'll
get sufficient light to
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read by. The mystification is even greater if
you cap the coil terminal with a cup-shaped
piece of metal. This eliminates the discharge and
noise but does not affect this or some other ex-
periments. Fluorescent lamps light up because
the high-frequency eurrent activates the phos-
phors inside the tube.

If you hold a clear 150-watt light bulb near
the coil, the bulb will light up with a strange
color combination (Fig. 6). This is thought to
be due to the high-frequency energy ionizing
the gas in the bulb, (Tesla noted the strange
effect of flames inside a light bulb).

To demonstrate the fact that high-frequency,
high-voltage current passes readily through ma-
terial considered good insulation, make the ex-
periment shown in Fig. 8. It consists of-a stand
fitted with an adjustable rod and handle to
which a clip lead is attached from the coil ground
terminal. A short piece of 13 in. dia. wire is at-
tached to the discharge terminal and a piece of
Y4-in. plate glass is supported between the elec-
trodes. Adjust the gap distance to about Y2-3j in.
and turn on the power, A discharge will take
place in the gap as though no insulation existed.
Try pieces of plastic, Bakelite and the like to
observe how effective various insulation ma-
terials might be. You can widen the gap to a
point where no discharge will occur except a
small corona from end of wire attached to termi-
nal, demonstrating that some insulating proper-
ties are present.

the transmission of power from a distance to
light buildings without using conductors. He
built a tall transmission tower and did actually
prove his theory with a large coil. But the re-
sults proved to be commercially impractical and
the project was abandoned. To demonstrate, at-
tach a 12 in. dia. disc of sheet aluminum on a
well-insulated stand and place it about 2 ft.
away from the coil. Attach a clip lead to the
aluminum and connect this to one side of a 125-v.
6-watt lamp. Connect other side of lamp to the
ground terminal post of the coil unit. When pow-
er is turned on the lamp lights to full candle-
power (Fig. 7), proving that electrical energy
is being transmitted through the air. If the dise
is moved closer, say 1 ft. away from the coil,
the lamp will increase in brightness to a point
where it may burn out. Moving the disc farther
away decreases the brightness, since there is less
energy in concentrated form, or is being dis-
sipated in all directions. ‘A high-resistance volt-
meter (20,000 ohms per wvolt) can be tried in
place of the lamp to register approximate volt-
ages at varying distances, however, ordinary in-
struments are not usually very accurate on high
frequency. _
If you are interested in Tesla-coil experimen-
tation but leery of construction, assembled mod-
els are available. Edmund Scientific, Barrington,
N. J. 08007, offers a 15,000-volt model (Cat.
#70,301) for $44 ppd. An instruction book that

Fig. 7 illustrates Tesla’s theory concerning comes with it features 21 experiments. =

Converted Hygrometer Tests Heat Conductivity

HE illustration shows a home-built hygrome-

ter adapted for use in testing heat conductiv-
ity in metal. Cut strips-of the two metals you
want to test to the same width and length, using
metals that are the same thickness or gage. Here,
we are using 38 x 3-in. strips of roofing sheet
copper and sheet iron of the same gage.

Make a right-angle bend in each metal strip
about 1 in. from the end. Then carefully fit the
short ends up behind and touching the thermome-
ter bulbs. You may have to curve the strip ends
to fit in place behind the bulb.

Apply flames from two lighted matches as in
illustration. In this case, the righthand ther-
mometer with the copper strip was the first to
show a temperature rise, and continued to rise
rapidly after the flame was removed. While the
thermometer at right registered 90° and was still
rising, the lefthand thermometer (with its sheet
iron strip) registered only 72° ‘

No wonder they use copper on the bottom of
some cooking pots, because it quickly and evenly
conducts and distributes heat!

Try out other metals, and let us know when
you find one that will conduct heat as well as
copper does.—H.P.S.
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