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MAKE Artificial LIGHTNING

o by John L. Welbourn

Eprtror’s Note—This equipment is particularly
suited for science class-room demonstrations. At
no time should a demonstration be attempted by
one unfamiliar with the apparatus. Although the
giant brush discharge is harmless to the average
person, a shock from any part of the equipment
other than the high-frequency transformer will
carry with it serious consequences to the person
involved. It is suggested that when this apparatus
is demonstrated before a group of persons, they
be warned not to touch the apparatus and to stand
a respectful distance from the low-voltage equip-
ment.

HE apparatus about to be described is
capable of throwing a spark four and a
half feet long. In spite of its deadly ap-
pearance, this spark is quite harmless. The
operator may hold a metal rod in his hand
and let it jump to the end of the rod and run
COVER WITH 10 LAYERS through his body to ground, not only without
T A S0AK harm, but without any sensation of shock.
BAKELITE TUBE A rather spectacular stunt is to hold one
STDIA. HIRT Lo wire leading to an incandescent light, and
saxeute Tuse  bring the other end near the coil. The lamp
”“ i will be lighted by the current passing through
7] the body and may in a few minutes even be
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WITH GIANT OUDIN COIL

burned out. A mystifying trick is to hold a
short length of neon tube in one’s hand, and
approach the coil. Long before there is any
sign of a spark jumping to the tube, it will
light with its characteristic glow.,

Many interesting experiments can be per-
formed from an insulated platform. Since
the spark jumps to grounded objects, if one
stands on a board supported by glass in-
sulators (milk bottles will do temporarily)
and touches the discharge ball with a metal
rod, sparks may be drawn from one's body
by anyone standing on the ground. Care
must be taken not to draw sparks from the
bare skin, as they might cause a blister. A
finger ring, or even a spoon in the mouth,
can be used as good contacts from which to
draw the spark. A peculiar and weird effect
can be had, when one is so charged, by
raising the free hand above the head in a
darkened room. The person will then be

[Continued on page 136]
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The Qudin Coil is
plates which are connected in a series-parallel arrangement.

July, 1937

bled in the

GROUND TO WATER PIP|

BIND EACH UNIT WITH FRICTION
TAPE.THEN DIP 2° INTO BEESWAX
AND ROSIN EQUAL PARTS BY P
WEIGHT ON ALL FOUR SIDES 5
CONNECT AS MANY UNITS IN SERIES-PARALLEL
AS NECESSARY TO GET BEST SPARK

described above.

POLISHED METAL

’ _—— BALL 5"DIA-HOLLOW

i" X8 LONG BOLT

GLUE COPPER
STRIP AROUND
/ TOP-1"WIDE .

SHELLAC WOOD
STRIPS, COVER
WITH LAYERS OF
PAPER BEFORE
WINDING ON WIRE

| WOOD STRIPS L"2"WIDE,
4" THICK, 53" LONG.
FASTEN IN PLACE WITH
GLUE AND WOODEN PINS

M-1/2" DIA.PLYWOOD

- DISC AT CENTER, TOP,
AND BOTTOM OF COIL
CYLINDER

CYLINDER FORM
IS"DIA, BY 53" HIGH

SECONDARY 70O TURNS
OF 22 D.CC.SPACED
AT 14 TURNS PER INCH
5.2 LB OF WIRE NEEDED

PRIMARY - 10 TURNS
/2" COPPER
RIBBON 53FT, REQD.

COPPER STRIP
N\ Aroono Base
N
\“\\\\ \

BASE
16" SQUARE

AR
\"!.\\-. - woop
3" WooD
BLOCKS
| wooo Base
MOUNTED

ON CASTERS

“OFPER RIBBON—

a
VA
b 111112 1

Condensers are made br sandwiching tin foil between glass
To prevent d , sub d

ltage b ge in oil.

95



Lightning With Oudin Coil

[Continued from page 95]

dimly seen outlined by a purple discharge, -Small flames
will dart from the raised hand, hair, and even from the
tips of the ears.

Perhaps the most awe-inspiring spectacle is the coil oper-
ating under full power in a dark room. Long streamers of
purple fire dart out in all directions from the discharge ball,
emitting at the same time an almost deafening noise. A
grounded wire is now slowly moved towards the discharge
ball. The streamers change their direction and snap at the
wire. Suddenly a heavy spark bridges the gap, and the air
becomes thick with ozone,

Many experiments can be performed with this apparatus,

and this shorf: sketch gives an idea of some of them.
. Before beginning the actual construction of the device,
it is well to know something of the principle involved.
Briefly, it is this: as the frequency of an alternating, high
voltage current rises, it loses many of its normal charac-
teristics. At extremely high frequencies it is almost a
totally different kind of electricity. It produces no sensa-
tion of the shock when taken through the body, because
as the frequency becomes higher, the path of travel be-
comes closer to the surface. At extremely high frequencies
this path of travel is so close to the surface that it does
not touch the merves. This is known as “skin affect,” It
has a tendancy to diffuse off the conductor into the air,
causing the_ beautiful brush discharges often seen on insulated
wires. This also accounts for the lighting of neon tubes
without wire connection. The current refuses to be stopped
by nearly all insulators, oil being one of the few insulators
having some protective gualities.

In order to produce a current of this nature, four
distinct pieces of apparatus are necessary. They are: a
low-frequency transformer which converts the low voltage
current from the lighting circuit into high voltage current
suitable for charging the condenser; a condenser which is
composed of alternate sheets of metal and glass; a spark
gap which consists of two electrodes separated by air; and
a high frequency transformer,

The low frequency transformer should have an output
of 3,000 to 5,000 volts, The transformer is of the magnetic
leakage type such as used for radio purposes. Since the
construction of a transformer of this size embodies con-
siderable difficulties, the reader should, if possible, obtain
one already constructed.

A power line transformer may be converted into one of
the magnetic leakage type at little trouble or expense. A
small transformer, such as is put on poles to step down
current from 5,000 volts to 110 or 220, can undoubtably be
purchased from an electrical junk-yard or direct from the
local power company at a very reasonable cost. The power
drawn by the unaltered transformer probably will be too
large, but this need cause no worry as it may be reduced
by the choke about to be described.

The choke consists of 510 turns of No. 10 D. C. C.
copper magnet wire. This coil is wound in four layers on
a bakelite tube 16 inches long and two inches in diameter.
To wind the coil, lightly force two square blocks into the
ends of the tube and mount it in a lathe. In the absence
of a lathe one can easily construct a coil winder to be turned
by hand or a foot treadle. Shellac the tube and cover it
with a layer of waxed paper. Then begin winding the coil
Y-inch from the end of the tube to the other end, leaving
the same margin. After completing the first winding, cover
the layer with six sheets of waxed paper and wind back to
the starting end. Solder a tap of wire to the last turn of
this layer, cover as before with waxed paper, and wind
another layer. This layer also should be tapped and insulated
with waxed paper. The last layer is wound to within 1 inch
of the end and the wire anchored to the coil with friction
tape. The completed coil is now covered with ten sheets of
waxed paper and liberally soaked with shellac.

The tube to contain the core should be small enough to
slip in and out of the coil easily. It is packed with soft
iron wire of No. 20 gauge and the ends trimmed to make
a smooth job. About ten pounds will be needed for the
core. By using the taps to vary the number of turns and
by sliding the core back and forth in the coil, the value
of reactance is readily changed. If the reactance-is not
sufficient to prevent “blowing’ of fuses, wind another layer
of No. 14 wire on the coil. The reactance coil is connected
in series with the primary of the low frequency trans-
former, as shown in the diagram.

The purpose of the condenser is to store the high voltage
current momentarily. When sufficient energy charge is
stored it discharges across the spark gap. While this_dis-
charge may seem to be only one continuous spark, it is in
reality thousands of discharges first in one direction and
then in the other. No sooner does the potential fall to a
low value than the condenser is recharged, starting the
cycle of operations all over again. By this process the
frequency is raised to the required point.




foil and copper ribbon for tab connections. The glass
plates can be bought from a photographer already cut 8x10
inches and are preferable to window glass because they
are free from bubbles and other imperfections. To clean
them they should be soaked in hot water and then scoured
to remove the emulsion,

To make the condenser, 132 plates will be required. It
might be well to have a few extra in case some are broken
or prove defective. Sixty of the cleaned plates are now
covered in the center on both sides with heavy tin foil
cut 6x8 inches. This tin foil may be purchased from
wholesale hardware dealers in rolls a foot wide. As is ‘

The condenser is made from glass plates, sheets of tin ‘

readily seen, 40 feet will be needed. If it cannot be obtained
in this form, a florist might be able to supply it in sheets.

To fix the tin foil in place, the plates are heated in an
oven, rubbed with a cake of beeswax, and the tin-foil sheet
pressed on the center so as to leave a margin of one inch
on each edge. Both sides of the plates are covered in this
manner. Any ridges or wrinkles in the foil should be
pressed out by rubbing gently from the center with a wad
of cloth. Copper strips 38 of an inch wide and three inches
long are soldered to the upper left hand corner of each |
sheet of tin-foil after which the condenser is ready for
assembling.

First a plate without tin foil is taken, then a plate pre-
pared with the foil is placed on top of it, then another
clean one is placed on top of the prepared plate. These
plates are stacked together until five of the prepared plates
have been used. A clean plate is then placed on top of the
pile to act as a cover. The unit is then bound with friction
tape to prevent the plates from separating during the in-
sulating process. When all the plates have been used there
will be 12 units ready for insulating.

The first method of insulating is perhaps the best if it
be not desirable to move the condenser very much, It
consists of submerging the entire condenser in a tank of
transformer oil. If this is done be sure that the wires from
the individual units are above the surface of the liquid.
The other method of insulating consists of dipping the
edges of each unit to a depth of two inches in a hot mix-
ture consisting of equal weights of beeswax and rosin,

We now come to the construction of the spark gap. This
consists essentially of a fan motor turning a copper or
steel disc, slotted as shown on page 94. The discharge |
electrodes are placed on either side of this disc so that
when it revolves new faces are constantly being presented
to the spark. This not only keeps the metal from oxidizing
but constantly circulates a current of fresh cool air between
the electrodes. |

The motor for this gap may be of any convenient size.
An old fan motor is best as it uses little current and has
a fairly high operating speed. The rotating disc should be
at least 34-inch thick and 10 inches square. After finding
the center of the piece of metal, a circle of 10 inch diameter
is drawn, then one of 9 inches and finally one of 3-inch
diameter. The metal plate is next mounted on a wooden |
faceplate in the lathe and a cut taken through the metal
on the 3-inch circle and a similar cut taken on the 10-inch
circle. The disc should now be divided with 24 radial lines
running from the center and crossing the edge at 24 equi- |
distant points. Since the radius of a circle is equal to %% |
the circumference, the 9-inch circle can easily be divided
into six parts with a compass, each of these parts cut in
half and then each part once more halved making 24 equal
parts. Alternate segments between the 9-inch circle and the
edge are removed. This is best done by cutting the two
edges down as far as the circle and then breaking off the
fragment. 'This is entirely permissabe since the bottom
of the cut does not have to be smooth.

To insulate the motor from the high tension current, the
disc is mounted on an insulating hub which in turn is
fastened to the motor shaft. The disc is placed on the fibre
and six holes drilled around the edge of the fibre and on
through the metal. The two are then bolted or riveted
together.

The motor with the completed rotating disc mounted on
the shaft should be bolted to a_ suitable base. Opposite the
edges of the disc screw a piece of fibre ¥-inch thick,
I-inch wide and high enough to extend an inch above the
motor shaft. These form the supports for the stationary
electrodes, The electrodes are made of brass and ground
or filed slightly concave to fit the curve of the disc. The
side opposite the concave face of each electrode is drilled
and threaded upon a fs-inch brass rod which in turn passes
through 36-inch holes drilled in the fibre supports in such
a position that the electrodes are nearly level with the
motor shaft. Strips of heavy copper ribbon are soldered to
the brass rods and establish connection with binding posts
placed a few inches beneath the rods on the fibre supports.

We now come to the final piece of apparatus and perhaps
the most difficult to construct, the high frequency trans-
former. This transformer consists essentially of a large
cylinder upon which wire is wound in a single layer for

[Continued on page 150]



Lightning With Oudin Coil

[Continued from page 137]

the secondary coil with a flat spiral of copper or brass
ribhon about the base to act as the primary. Because it
deals with high frequency electricity, no metal core is
necessary. The cylinder for the secondary is 53 inches
high and 15 inches in diameter. It is constructed without
the use of nails throughout for nails will cause consider-
able loss in current due to brush leakage. The cylinder is
formed on three plywood discs 14 inches in diameter
from mounting board or strips of wood Y%-inch wide, Y% -inch
thick and 53 inches long. 'The strips are placed side by
side and as close together as possible. When the entire
circumference has heen covered you should have a solid,
well constructed, wooden cylinder. It should now be shel-
Jacked and covered with a layer of wrapping paper. 'This
serves to remove the rough edges left by the strips.

The winding on the secondary consists of 700 turns of
No. 22 D. C. C. copper magnet wire, with the turns spaced
14 to the inch. This will amount to about 2,670 feet or 5.2
pounds of wire. To wind the coil pass a metal rod through
the cylinder and mount it between two saw-horses. Before
winding the wire on the cylinder, glue a hand of one inch
copper ribbon around the cylinder, one inch from the top
and another placed three inches from the bhottom. The
bands should not meet, a space of about one inch being left
between ends. Solder one end of the wire to the top band
and start winding. The spacing between turns may be
obtained by winding heavy cord alongside of the wire.
Shellac liberally applied will hold the turns in place.

The discharge ball is of metal and about 5 inches in
diameter, mounted on top of the coil. A toilet tank float
will serve the purpose very well. Complete the secondary
coil by connecting a wire between the metal ball and the
top of the coil.

The primary coil is wound with copper or brass ribbon
174 inches wide in the form of a flat spiral. About 53 feet
of the ribbon for the 21-inch outer diameter of the 10-turn
spiral winding will be required. The primary supports
consist of 8 pieces of fibre 814 inches long, 2 inches
wide and 1 inch thick. The four top pieces have a section
cut away as in the drawing so as to keep the coil from
spreading. Holes are drilled in these pieces, 38 of an inch
from the ends, large enough to permit the passage of six
inch bolts.

The primary coil is mounted on a wooden base 37 inches
in diameter with the four fibre pieces to support the pri-
mary located so that the primary will be in the center of
the hoard. The supports are then bolted to the base, thus
holding the primary securely in place.

Mount the secondary inside the primary coil on a wooden
base 16 inches square, supported on four wooden blocks.
Place the blocks so they rest flush with the edges at the
corners of the board, and drill holes for a good sized bolt
to pass through each corner of the board for mounting
the secondary coil to the base. A piece of copper ribbon is
soldered to the inside turn of the primary coil, and to the
bottom of the secondary, winding, completing the coil
construction.

The apparatus is now ready for connecting and operating.
The wires are connected according to the diagram. For the
sake of simplicity the rotating disc is omitted in the dia-
gram of the spark gap. The spark gap motor is of course
connected to the input line through a suitable switch. The
wire from the secondary of the low frequency transformer

[Continued on page 151]




Lightning With Oudin Coil

[Continued from page 150]

is automotive high tension wire; that from the condenser
should be special, heavily insulated neon sign cable, as
should that also from the spark gap. GREAT CARE
MUST BE TAKEN NEVER TO TOUCH THE LOW
FREQUENCY TRANSFORMER. The condenser when
charged will retain a considerable quantity of electricity
for days, so it is well to ‘short” the connections for a
second (with a well insulated metal rod) before touching
them. The grounded connections may be of braided ribbon
or other heavy uninsulated w1re connected to a water pipe.
“This ground should be a water pipe, never a gas pipe. Under
no circumstances should the coil be operated unless this
ground is established.

The coil is now ready to be set, in operation. Clip the
wires from the condenser and the spark gap to convenient
turns of the primary of the high frequency transformer,
start the spark gap motor, and turn on the power. A loud
crackling noise should be heard and streamers of fire seen
darting from the discharge ball. Vary the number and
position of the turns used in the primary of the high fre-
quency transformer amd perhaps alter the capacity of the
condenser until maximum output is ohtained. Be sure that
all power is shut off when these adjustments are made, and
discharge the condensers as mentioned above before touch-
ing anything metallic.






