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General Information

All projects in this book have been built and tested in
our laboratories at Information Unlimited/Scientific
Systems. The gadgets perform as described. Builders
having difficulties may contact our technical help
department.

Part Suurces

Most parts are readily available through electronic
supply houses, electrical supply houses, and hard-
ware/builder supply outlets. Certain specialized and
proprietary parts such as transformers, capacitors,
printed circuit boards (PCB), tooled fabrication, and
optical parts are manufactured in our shops. They are
indicated with database numbers on the parts list and
must be obtained by email or through our web site at
www.amazingl.com. Without these special items,
many of these projects would not be possible.
Advanced builders may attempt substitution with the
risk of reduced performance or failure.

Safety

Several projects are noted as being dangerous electri-
cally, kinetically, and optically. Such projects must not
be attempted unless the builder is experienced in his
or her related field. Safety is stressed with all neces-
sary compliances required for the trade.

Labeling is shown as required if the finished prod-
uct is being offered to the trade. Labels are available
and should be used if your project is to be exposed or
demonstrated to the public.

Unfortunately, many scientific devices must use
dangerous parameters to properly produce the
desired target effects.

o W T B e e Wl B U e

Printed Circuit Boards

Some projects are shown using PCB. They may also ot
be built on vector or circuit boards. Attempt to follow ()]
the layout as shown when transposing component {n

locations and wire routing,

Project Origins

Some of the devices shown are fall-out technology
acquired from our project contracts as performed for
the government and other related agencies. Others
are the result of our own research efforts. We are con-
stantly engaged in research for the trade and in many
interesting research and development programs.

Other Available Options

Most of the projects are available as partial or com-
plete kits and may be laboratory assembled upon
request.

Our offshore assembly operation can competi-
tively supply all types of specialty transformers, coils,
and power supplies in volume for the trade.

Our engineering services specialize in high-voltage
power supplies, shock and electromagnetic pulse
(EMP) pulsers, Marx impulse generators, and all
related components.

Contact Us

Information Unlimited

Phone Number: 603-673-6493
Fax Number: 603-672-5406
Web site: www.amazingl.com
Email: riannini@metro2000.net

Special Notes

xiii
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On a typical day, electronics enable us to turn on the
TV or the computer, use the cellular phone, hear the
“beeps and blips” of electronic toys and games, have
a medical checkup, listen to the news on space explo-
ration and world conflicts, even drive our car.

Electronic Gadgets for the Evil Genius presents a
“hands-on” approach allowing the electronic enthusi-
ast to construct many devices that are not as well
known. These “action” projects demonstrate exciting
and useful concepts of this diversified field.

Tesla Coils

The spectacular and highly visible effect produced by
the Tesla coil has amazed and fascinated people for
years. These high-frequency, high-voltage devices pos-
sess qualities unlike conventional electricity. Tesla
output energy defies most insulation materials; trans-
mits energy without wires; produces heat, light, and
noise; and harmlessly passes through human tissue,
causing virtually no sensation or shocking effect in
the person.

Considerable research, money, and effort have
been dedicated to the actual construction of similar,
large Tesla coil-type devices capable of producing
200-foot lightning bolts and powering lights 25 miles
away. Nikola Tesla was the originator of this research,
along with countless other contributions to the elec-
trical sciences. As more progress was made in these
fields, it was soon realized that he indeed was respon-
sible for many advances in the development of
energy production.

Tesla is finally being credited for his work and is
taking his rightful place as a truly great electrical
genius in this field. His main theory of wireless
energy transmission, however, is still much in ques-
tion, and many dedicated groups are hopeful in

obtaining some breakthrough that will resurrect it.
The Tesla coil is the basis for much of this interesting
research and still amazes all who come in contact
with this visual and audible effect.

Plasma Devices

Electrical plasma can be anything from a simple elec-
tric arc from a welder to a complex entity of closed-
circuit, toroidal flowing currents such as ball
lightning. A nuclear explosion produces a plasma; the
sun and a simple fire are forms of plasma. Plasma
guns may be the weapons of the future, and plasma
propulsion may power spacecraft to near the speed
of light. Plasma confinement may be a key to fusion
energy, and rotating plasma fields may hold the
secrets to levitation devices such as hover boards.
Gas displays using energized plasma can also provide
spectacular visual effects.

Lasers

Lasers first appeared in the early sixties as a crys-
talline rod of aluminum oxide (ruby) placed within a
helical flash tube. A high-powered flash of light
caused a stimulated emission of a powerful light
pulse within the ruby rod, capable of punching holes
in the hardest of metals. Since then, the laser (an
acronym for light amplification by stimulated emis-
sion of radiation) has been a part of our lives from
laser printers and recorders to complicated eye sur-
gery and mega-power-directed beams of energy pro-
tecting us from a potential missile attack. To the
experimenter, the laser possesses an almost magical
property due to its ability to transport energy over a
distance.

Introduction XV
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Introduction

Lasers are classified in relation to their power out-
put and are closely regulated and labeled:

e (Class 2 lasers can produce up to 1 milliwatt of
optical power. Some popular applications
include alignment, intrusion alarms, and point-
to-point communications. Even though this
class of lasers has the lowest power, a Class 2
laser pointing in your direction can appear as
the brightest object at distances over 10 miles.

e  (Class 3a lasers can produce up to 5 milliwatts.
Some applications include laser pointers, gun
sights, disc readers, holography, small light
shows, and other visual effects.

e (Class 3b lasers can produce up to 500 milli-
watts and are used for printing, disk burning,
range finding, target designation, and night
vision illumination to name a few applications.

e (lass 4 lasers have unlimited power output.
They are the workhorses of the group, with
the capability to work with many materials
from the hardest of metals to simple wood
engraving. Class 4 laser surgery now provides
a precision never before thought possible, and
eye surgery for cataract removal is now sworn
by all who have it done. High-power light
shows similar to those at Walt Disney World
use Class 4 optical lasers. Bluish-green lasers
easily penetrate seawater because of compati-
ble colors allowing covert point-to-point com-
munications. By penetrating seawater for
submarine communications, the concentration
of energy into a micro-sized area opens up
high-temperature and fusion research. Pro-
jecting energy over great distances can power
powering interplanetary spacecraft. The inte-
gration of multiple micro-sized plasma explo-
sions may provide the magical levitating
vehicles often depicted as spacecraft. Also,
weapons that use directed beam energies into
the megajoules in battles against aircraft,
ground vehicles, and other difficult targets are
now possible. Antipersonal weapons designed
to neutralize and disable personel use ener-
gies into the kilojoules using timed, pulsed
laser diodes have kill ranges well in excess of
one mile and are backpackable. These systems
are lightweight and require complex optical
conditioning.

Many high-powered lasers use carbon dioxide as
the laser’s medium. These devices are efficient, trans-
mit through air, and are easy to build. They can be
made to generate continuous power output into the
tens of thousands of watts. An experimenter that can
easily build this type of laser that will burn and cut
many materials Lasers can be are pulsed, obtaining
enormous peak powers into the gigawatts. This power
is not to be confused with energy, as the power pulses
last for fractions of a second, whereas energy must be
integrated over a 1-second period. A true measure of
pulsed laser energy is by its output in joules.

Research in the field of lasers still remains very
fertile with many new and exciting developments still
yet to come.

e G LS B

Ultrasonics

The field of ultrasonics remains a relative gray area
with few available hobbyist-level projects. Ultrasonic
energy is produced by a piezoelectric or magne-
tostrictive transducer powered by a signal generator.
Ultrasonics can be used for cleaning where a solvent
transmits these vibrations dislodging unwanted mate-
rials and dirt. Plastic materials can be welded or cut
by rapid vibrations, causing frictional heating.
Acoustical ultrasonics is often used for discouraging
animals against intruding into a certain area. It is also
used for range finding and can be an excellent intru-
sion detection device.

High-sound-pressure, acoustical energy is very
inefficient, owing to the physics of energy transfer
between two surfaces of dissimilar densities. Standing
waves impede this energy coupling and make it diffi-
cult to obtain high-decibel output. Energy transfer
between two surfaces is optimized when both materi-
als have like densities, which is why sound travels bet-
ter through water. Air is many times less dense than a
liquid and its lack of density therefore offers a
greater challenge to the researcher in overcoming the
problem of successful energy transfer. Nevertheless,
sonic transducers are effectively used with horns and
other means to vibrate as much air as possible.

The effects of high-sound-pressure sonic energy
can provide an excellent low-liability deterrent to
unauthorized intrusion. A vertical wall of pain can be
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generated, causing nausea, dizziness, and extreme
paranoia, which usually discourages the intrusion. No
after-effects are produced once out of the field. How-
ever, sound pressure levels exceeding 140 decibels
per minute can be harmful and should be avoided.

Listening to low-level ultrasonic sounds can be
interesting to a nature enthusiast. Many insects and
mammals emit sounds well out of human hearing
range. Many man-made devices, such as rotating
machinery, generate high-frequency sound and
enable the detection of leaking air, water, or leaking
electricity in the form of corona usually indicating a
potential fault. Thus, directional ultrasonic listening
can be a valuable tool.

Electrokinetics e
The properties of magnets have long fascinated man
since the discovery of lodestones by the ancient
Greeks centuries ago. Even in today’s advanced tech-
nology, the ability to attract and repel magnetized
objects still remains a mystery. Magnetism, in spite of
its mysterious properties, is perhaps the most impor-
tant force known to man. Without the knowledge of
how to use magnets, everyday motors, transformers,
communications, and most forms of transportation
would be next to impossible. Electricity generation
would not exist.

The Star Wars defense initiative has opened up
many doors to the potential use of this technology.
Electrokinetically launching objects at hyperveloci-
ties much like the effect of a meteor shower will cre-
ate a destructive barrier to incoming ballistic missiles.
The propelling of radioactive waste and many other
materials safely into outer space, the potential levita-
tion of terrestrial vehicles, and of course projectile-
type weapons are other applications.

Even though magnetic properties do not give way
to variances, they do manifest properties in different
forms. Motors use magnets to produce rotating
mechanical energy from electricity and, of course, the
opposite where generators use magnets and rotating

energy to produce electrical power. Transformers
take advantage of changing magnetic fields as a func-
tion of time, whereas relays and solenoids produce
linear motion.

Electrokinetic accelerators utilize magnetic forces
where a conducting and movable armature is placed
between two parallel conducting rails. A force is now
produced in the armature as a result of the interac-
tive magnetic fields occurring around the armature
and the current-carrying rails. Remember a current-
carrying conductor produces a proportional magnetic
field, which is basic high school physics.

Those who are familiar with vectors will recall the
Lorentz JXB forces where a force is produced

uoI3lonpoxlul

between a current-carrying conductor (the armature)
and the magnetic B field produced in the rails. Accel-
eration of the armature occurs over the entire length
of the rails and can reach unheard of velocities com-
pared to chemical combustion.

Even though pulsed magnetics is not new, little
information exists to provide a “hands-on” approach
for the hobbyist or experimenter. Positive interest
exists in this field for using this technology as a viable
potential for the previously mentioned applications,
as well as the nonevasive use of shockwaves in break-
ing up kidney and gallstones. Even a form of “mag-
netic destructors™ is intended for use in robot wars
and contests.

We therefore feel a “how-to” book demonstrating
projects for the serious electronic and mechanical
experimenter, as well as for technical interest groups,
will prove to be popular. The projects here will fall
within the realms of both the amateur and the serious
experimenter. All the projects will contain a briefing
of mathematical theory for those interested, along
with a simple explanation of the operation. Individual
chapters will have headings suggesting the required
competence and experience of the reader, as well as
any hazards that may be encountered. All the con-
struction projects will also contain a full bill of mate-
rials with sources necessary to complete the device as
described.

Introduction
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An antigravity project provides a means of levitating

an object purely by electrical forces (see Figure 1-1).
Motors, fans, jets, or magnets are not used. A propul-
sive thrust is created by the reactionary forces of an
ion wind. This phenomenon is an excellent means for
future transportation once a few engineering prob-
lems are solved, and a vehicle could operate in an
almost frictionless environment.

Construction requires minimal electronic experi-
ence in building the electronics, as well as patience
with a steady hand in constructing the craft. The proj-
ect is presented into two sections, the ion power sup-
ply and the craft. Expect to spend between $25 to $50
for parts, noting many are available through Informa-
tion Unlimited (www.amazingl.com). The complete
parts list is at the end of the chapter as Table 1-1.

Theory of Operation

The following equations show motion obtained via
the reactionary effect of a volume of air accelerated
by electric charges. A thin, positively charged emitter
wire is located in a charge that is in proximity to a
smooth, attracting surface. Air particles are now
charged in proximity to this thin emitter wire and are
attracted to the negative space charge around the
smooth surface. It appears that maximum thrust (or
effect) requires moving as much air mass as fast as

possible in a given amount of time, expressed as the
following:

Thrust = mv/t m = mass of air

v = velocity t = time

The power input to produce this movement is
related to ('/2/mv?)/t energy in joules.

If we now define system efficiency as the ratio of
“power out” to “power in,” we obtain

Eff = mv/t x 1/2 mvi/t = 2/v

Efficiency now becomes inversely proportional to
the velocity of the air and therefore suggests the uti-
lization of large masses or volumes at low velocities
to be efficient. This is not to say that the effect on the
maximum lifting capability follows these same guide-
lines.

It is known that air molecules and ions are elastic
on impact at low velocities. High velocities have a
tendency to cause molecular disassociation with
accompanying secondary ionization.

This secondary ionization will cause a net decrease
in the reactionary effect or thrust due to a reversal of
direction of the now oppositely charged particles. The
objective now becomes to move as much mass as
possible at a low velocity or energy where the maxi-
mum amount of elastic collision takes place with a
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minimum of destructive molecular disassociation and
secondary ionization.

Your lifter requires a high DC voltage at a rela-
tively low current. The driver power supply schematic
is shown in Figure 1-2. It generates 30,000 volts at a
load current of 1 milliampere (ma). This is usually suf-
ficient to power lifters up to 36 inches per side when
properly constructed using up to 1'/2-inch emitter
wire spacing. It easily powers the 8-inch unit shown in
these instructions. Even though the current is low,
improper contact can result in a harmless yet painful
shock.

The output voltage of the driver is obtained using a
Cockcroft Walton voltage multiplier with four to five
stages of multiplication. Note this method of obtain-
ing high voltages was used in the first atom smasher
ushering in the nuclear age! This multiplier section

requires a high-voltage/frequency source for input.
Input is supplied by a transformer (T1) producing 6 to
8 kilovolts (Kv) at approximately 30 kilohertz (kHz).
You will note that this transformer is a proprietary
design owned by Information Unlimited. The part is
small and lightweight for the power produced.

The primary part of T1 is current driven through
an inductor (L1) and is switched at the desired fre-
quency by a field-effect transistor (FET) switch (Q1).
The capacitor (C6) is resonated with the primary of
T1 and zero voltage switches when the frequency is
properly adjusted. (This mode of operation is very
similar to class E operation.) The timing of the drive
pulses to Q1 is therefore critical to obtain optimum
operation.

The drive pulses are generated by a 555 timer cir-
cuit (I1) connected as an astable multivibrator with a

Electronic Gadgets for the Evil Genius
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R30-35 is six 10-meg 1/2-
watt resistors inside a
plastic tube,

s
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[hugf "r‘ca T~
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| Oscillator

\ ) N Output should be terminated into a 25-
\ | megohm 25- watt high-voltage resistor
for load test. Connect scope to test point
TPX. Adjust R1 to the wave shape

__ amp supply.

Output voltage should be 30 Kv
indicating a current of over 1 ma. Input
current will be 2.5 amps with a power
output in excess of 30 watts!

Wave shape obtained at TPX when
controlling R10. Output voitage is
now controlled by the ratio of on to off
time at pin 4 of I1.

Low output
setting of R10

High output
setting of R10

Figure 1-2  Antigravity schematic

repetition rate determined by the setting of the trim-
pot (R1) and a fixed-value timing capacitor (C2).

I1 is now turned on and off by a second timer (12).
This timer operates at a fixed frequency of 100 Hz
but has an adjustable “duty cycle” (the ratio of the on
to off time) determined by the setting of the control
pot (R10).I1 is now gated on and off with this con-
trolled pulse providing an adjustment of output
power.

An over-voltage protection spark gap is placed
across the output and is easily set to break down at
20 to 30 Kv. This usually is sufficient for lifters having
a 2- to 3-centimeter separation between the emitter
wire and the collector skirts. Even though the output
is short circuit protected against continuous overload,
constant hard discharging of the output can cause
damage and must be limited. A pulse current resistor
(R7) helps to protect the circuit from these potential
catastrophic current spikes.

Power input is controlled by a switch (S1) that is
part of the control pot (R10). The actual power can

shown with unit connected to a 12-volt 3-

Pulser

1oasloxg A3taeabrau

be a small battery capable of supplying up to 3 amps
or a 12-volt, 3- to S-amp converter for 115 uses. Power
switch S1 must be added to the GRA1 series or you
must use other external means to power control.

Construction Steps

This section discusses the construction of the elec-
tronic, ion-generating power supply and the lifter
craft. The ion generator is built using a printed circuit
board (PCB) that is individually available or you may
use the more challenging perforated circuit board.
The perforated board approach is more complicated,
as the component leads must be routed and used as
the conductive metal traces. It is suggested that you
follow the figures in this section closely and mark the
actual holes with a pen before inserting the parts.
Start from a corner and proceed from left to right.
Note that the perforated board is the preferred

Electronic Gadgets for the Evil Genius 3



approach for science projects, as the system looks
more homemade. The PCB only requires that you
identify the particular part and insert it into the

hand corner, as shown in Figure 1-5 and 1-6.
Pay attention to the polarity of the capacitors
with polarity signs and all semiconductors.

Route leads of components as shown and sol-
der as you go, cutting away unused wires. Use
certain leads as the wire runs or use pieces of
the included #22 bus wire. Follow the dashed
lines on the assembly drawing as these indi-
cate connection runs on the underside of the
assembly board. The heavy dashed lines indi-
cate the use of thicker #20 bus wire, as this is a
high-current discharge path and common
ground connections. See Figures 1-7a and 1-7b
for an expanded view.

respective marked holes. Soldering is then greatly
simplified.

Board Assembly Steps

To assemble the board, follow these steps:

1. Lay out and identify all the parts and pieces.
Verify the separate resistors with the parts list,
as they have a color code to determine their
value. Colors are indicated on the parts list. 6. Attach the external leads as shown. Figure 1-6

shows the construction of the safety spark gap

made from pieces of #20 bus wire. This pre-
vents high voltages from damaging circuit
components when using light or no load con-
nections. The circuit is not designed to operate

with continual discharging and indicates a

fault or too light of a load if it continually

tires. See Figures 1-7a and 1-7b for an
expanded view.

2. Fabricate a piece of .1-inch grid perforated
board to a size of 7.2 X 2.6 inches. Locate and
drill holes as shown in Figure 1-3. An optional
PCB is available from Information Unlimited.

3. * Fabricate the metal heat sink for Q1 from a
piece of .063-inch aluminum at 1.5 X .75
inches, as shown in Figure 1-4.

4. Assemble L1 as shown in Figure 1-4.
7. Double-check the accuracy of the wiring and

§i- I building f forated board
Yo e, T the quality of the solder joints. Avoid wire

insert components starting in the lower left-

ahe! Nis hole is for plastic
l insulating guide tube.

\
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e ecsce0e 08B0
e 8000000600006 0

so2s880Q0
s

essQosus

ses s e

cecssoccesanssoel
soovecooo0000000 00
secooescunssnon e

The assembly board is in two sections attached together by two outer 6-32 nylon screws and nuts. The middle hole is used
to fasten the entire assembly to the base of the enclosure.

The circuit section is 4.8" x 2.9" .1 x .1 perforated board. The high-voltage Plexiglas section is 3.8 x 2.9" .063 thickness.
Drill eight .083" holes in the perforated section and eleven in the Plexiglas section located as shown.

Drill the three .125" holes in both sections for attaching together.

Drill and drag the .125" slot as shown. This cutout and the enlarged holes are for mounting transformer T1.

Using the optionally available printed circuit board will still require fabrication of the Plexiglas board.

Hole diameters are not critical.

Always use the lower left-hand corner of perf board for position reference.

Figure 1-3 Driver board fabr_zcanon

Chapter

4 Electronic Gadgets for the Evil Genius



@ o
Bobbin

\\/ Wind 6 turns of #20 magnet wire
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Note polarity of C1,C4,C9, D3, D4, D12, and D20A-D20J.

Note position of 11,12, Q1.

Figure -5 Parts identification

bridges, shorts, and close proximity to other 8.

circuit components. If a wire bridge is neces-
sary, sleeve some insulation onto the lead to
avoid any potential shorts.

Fabricate a channel from a piece of !/is-inch
plastic material. Add it to the assembly and
secure it at its corners using silicon rubber
adhesive. You may also enclose it in a suitable
plastic box as shown in Figures 1-8 and 1-9.
Figure 1-10 shows the simplified channel
enclosure that does not include the meter M1.
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See Figures 1-7a and 1-7b for enlarged views of this figure.

Thick dashed lines are direct connection runs
beneath board of #20 bus wire WR20BUSS) and
are extended for the spark switch electrodes.

Thinner dashed lines are #24 bus wire
(WR24BUSS) and component leads wherever
possible.

Triangles are direct connection point junctions.

Solid black lines are external leads for input and
output lines. Use red (WR20R) for +12 input.
Use green (WR20G) for lifter connection.

Use black (WR20B) for com -12 input.

Use 1/8-3/16-wide smooth globular solder joints
for connections to C20A-J and D20A-J, R7, and
HV output points. Thisis contrary to normal
soldering but is necessary to prevent corona
leakage.,
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Figure 1-6  Wiring connections and external leads
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Figure 1-7a  Enlarged view of wiring
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Cut and paste 7a and 7b together.
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Figure 1-7b  Enlarged view of wiring

1Ooaloxg Kataex
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Spark breakdown safety gap bus wire
return. Use BUSS20 and secure using
dabs of silicon rubber. End is shaped into
circle and positioned about 1% inches from
the discharge hole above R7 inthe
insulating guide tube.

R30-35 are connected in series and

sleeved inside TU2. Is larger than shown, T/ I8 mounted inside
of the plastic

insulating tube. 4

Ni—=

]

R37/81

ser g e earannns

7
Center plastic screw secures board —/
assembly to base of enclosure.

Figure 1-8  Final assembly showing metered enclosure
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igh-voltage output

TUBA plastic insulating guide tube

f\/ Output #20 bus
-

Plastic insulating guide

COV1 clear plastic cover

COV1is 3% to 4 inches in height,

Green craft return

Adjust to 1.5"
separation

Red +12 SW2 four required

Black -12

Plastic extension sleeve for
shaft of control. Prevents

; ; A .
annoying electric shock. /2 inch lips for
cover mounting

Base of enclosure
Detail of end viewing safety voltage breakdown set to 25 to 30 Kv.
This scheme helps protect lifter craft and power supply from
dangerous over-voltage breakdown.

Figure 1-9  Final isometric view

i — s

CH1 71/2 x 2 1/4-ihch channel with 3/8-inch lips

The lower-cost GRA10 is a modular approach where the electronics assembly is secured into a
plastic channel CH1. Input and output leads are the same and R1 is a small trimpot.
Assembly is secured via the center nylon screw.

Figure 110 Alternate GRAIO assemb}} module
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Testing Steps |

The following steps are for testing out what you’ve
built:

1. Preset trimpot R1 to midrange and R10 to full
clockwise (CW). Set the spark gapto 1 to 1 /4
inches, as shown in Figure 1-9.

2. Obtain a 25-megohm, 20-watt high-voltage
resistor. You can make one by connecting 25
1-meg, 1-watt resistors in a series and sleeving
them into a plastic tube. Seal the ends with sil-
icon rubber.

3. Obtain a 12-volt, DC, 3-amp power converter
or a 12-volt, 4-amp rechargeable battery.

4. Connect up the input to the power converter
and output to the 25-meg load resistor. Con-
nect an oscilliscope set to read 100 volts and a
sweep time of 5 usecs to drain pin of Q1 for
viewing the signal wave shape as Rl is
adjusted.

5. Apply power and quickly adjust R1 to the
wave shape shown in Figure 1-2. The spark
gap may fire intermittently and should be
respaced just to the point of triggering. This is
usually between 25 to 30 Kw.

6. Rotate R10 counterclockwise (CCW) and
note the input current smoothly dropping
almost to zero. This control varies the ratio of
off to on time and nicely controls the system
current to the lifter craft emitters.

This “off and on” switching provides a varying,
realistic throbbing sound as the craft lifts and pro-
duces more thrust.

Note: 1f you have access to a high-voltage probe
meter, such as a B&K HV44, it will be possible to
measure the direct output, noting 20 to 30 Kv across
the 25-meg load resistor. This equates out to over 30
watts. You will see a smooth change in output as
R10 is varied.

The spark gap spacing adjustment and the
spacing between the craft ion emitter wires and col-
lectors are strongly dependent on one another. Fine-
tune the system by setting the gap on the threshold

of firing before the craft emitter wire starts to break
down. Do not exceed 1'/2 inches

The primary objective of the protective spark gap
is to prevent damage to the craft as well as to the
power supply circuit. Never allow a continuous
breakdown to occur, as damage to the circuit may
result.

You may now proceed to the craft assembly sec-
tion. Figure 1-11 shows the assembly of a suggested
launching pad.

The following information provides a step-by-step
description of the methods and procedures involved
with building a prototype electrokinetic propulsion
device that is easily powered by the device shown in
these plans. If properly constructed, this device will
generate enough force to levitate itself from a resting
surface.

1. Obtain the required materials:

e 2 mm by 6 mm balsa wood strips

*  30-gauge enameled copper magnet wire
for high-voltage power leads

e 42-to 44-gauge stainless steel wire (for
lifter corona wire on the parts list)

e Aluminum foil

e One tube of superglue or a hot-glue gun
e  Sewing thread

¢ One hobby knife

e One Scotch brand tape roll

2. Cut the balsa support struts (see Figure 1-12).
First, cut the balsa strips in half to create 2-
millimeter by 3-millimeter strips. Cut these
into two sets: one set of three struts 20 cen-
timeters in length, and a second set of two
struts 11 centimeters in length. Bevel the
edges of each of the 20-centimeter struts to
allow them to be glued later at an angle to the
11-centimeter struts. The beveling should be
about 30 degrees in slope, and remember to
bevel both ends on the same side of the balsa
face.

3. Assemble the balsa struts (see Figure 1-13).
Mark each of the 11-centimeter struts at the
top (to help you remember which end is up)

Electronic Gadgets for the Evil Genius 9
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Chapter One

Thread

CAUTION! Minor electric
shocks are possible by charge
accumlation to the body. You
may want to insulate switches
and controls.

Scotch

Suggested launch pad is
tape

made from an 18" equilateral
triangle of thin aluminum
grounded to HV return. You
may also use four equal-sized
triangles attached together.

A metal launch pod provides
far better peiformance.

Tether point
using thread

You may assist craft by raising it with an
insulated yardstick etc.

Adjust tether feed wires and thread to provide a balanced take-
off and landing. Extend for max. altitude and a balanced flight.
Experiment for optimum resulits.

Connect to power source and slowly adjust
R10 CW until craft rises and stabilizes.
Allow longer tethering for higher altitudes.

Ground to HV return

Use clip connection for
switching when using battery.

= Alternate 12-

volt 6-amp

v-——_‘—'4—_—m
L““——%‘____D battery

+2vde

3-5amp 12-

L 10 1) volt converter

Locate converter as far away as
1O possible from the craft and ground

GRA10 module case if not a three-wire cord.

Figure 1-1  Final swetltp vhowmg launching pad. R
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Figure 1-13  Assembly of balsa wood struts

and again at a mark 4 centimeters from the right angles at the 4-centimeter mark on the
bottom. Sparingly use superglue to attach vertical struts.

each of the three vertical 11-centimeter struts
to a 20-centimeter horizontal strut as shown in
the figure. In the figure, the beveled ends of
the 20-centimeter struts have been glued at

4. Complete the chassis assembly (see Figure 1-
14). Similar to the previous step, glue together
the three pieces of the lifter frame using

Electronic Gadgets for the Evil Genius 11k
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Figure 1-I4  Assembled chassis frame

superglue. Glue the unconnected ends of the
20-centimeter struts to the other side of the 4-
centimeter mark you created on the vertical
strut. Ensure that the ends of the lifter line up
as shown in the figure.

Cut an aluminum foil strip (see Figure 1-15).
Cut a strip of aluminum foil 5 centimeters
wide and approximately 1 meter in length.
This foil strip will be used to surround the
bottom part of the lifter.

Fold the foil around the chassis (see Figure 1-
16). Put glue on the 20-centimeter strip and
hold it on the foil until it sets. Notice in the
figure how the foil is even with the bottom of
the vertical struts. If done correctly, you
should have an extra 1 centimeter of foil
above the 20-centimeter balsa horizontal
strut. Roll the lifter chassis down the length
of the foil, gluing each side of the chassis as
you go. You must have an extra 1-centimeter
lip above the horizontal struts to reduce ion
leakage.

Fold down the foil edges (see Figure 1-17).
Cut the corners around the top of the 1-cen-
timeter lip above the horizontal struts and
fold the foil over the top of the strut for each
of the three lifter sides. Use a piece of Scotch
tape cut in half lengthwise to hold the folded
corners as close to the inside of the foil as pos-
sible and reduce leakage.

Attach the ground wire to the foil (see Figure
1-18). Poke a small hole through the foil skirt
and run the ground wire through it, as shown
in the figure. The hole should be behind the
strut so that the wire is supported by it. Make
sure to strip the ground wire of its enamel
coating before you connect it. The ground
wire must have a section of bare copper to
contact the foil in order to work. Give your-
self about two extra feet of wire off the lifter
to connect it to your power supply’s ground.

Attach the corona wire (see Figure 1-19).

Approximately 3 centimeters up from the top
of the foil, or about 2 centimeters from the

12
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Figure 1-16  Gluing of alumunum strip to frame
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Figure 1-19  Attaching and connecting of the corona ion emitier wire

top of the vertical support struts, run a length
of 40-gauge, 2.8-millimter corona wire around
all three vertical struts and connect it to the
30-gauge power supply wire to be connected
to the power supply. Make sure to loop the
wire around each of the vertical struts at least
once to ensure that they stay in place, and
when you come back to the first vertical strut,
tie the wire off so that the corona wire runs
around the entire frame of the lifter.

If you have correctly followed the steps, you
should have a lifter prototype identical to the one
shown in Figure 1-20. Use the Testing Guide docu-
ment to assist you with testing the lifter, and use the
Troubleshooting document if you encounter prob-
lems while testing.

Notes

Attaching the corona wire can be difficult to hold in
place on the vertical struts, especially because the
wire is so thin. One method is to use a tiny dab of hot

: PEEE CED RN TEET EEEE BN MMM SRS

glue to keep the wire in place at each post, thereby
freeing your hands to wrap the wire around the next
post.

Another way to hold the wire in place is to wrap it
around the 30-gauge power-lead wire and then wrap
the tip of the 30-gauge wire around the vertical strut.
Using this method you can attach both wires to each
other and the vertical post at the same time. Ensure
that the tip of the 30-gauge wire is completely
stripped of enamel before wrapping the corona wire
around it.

Tethenng Setun

aE B TR ARl EEE

To complete the necessary tethering (see Figure 1-
21), follow these steps:

1. Attach tethers to the lifter. Using common
household thread, attach three tie-down
threads to the lifter, one at each corner of the
lifter tied in a double knot around the vertical
balsa strut at the point where the strut meets
the foil skirt wrapped around the lifter. Cut

Electronic Gadgets
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Figure 1-20  Completed lifter assembly

Figure 1-21  Tethering the lifter craft

Chapter One
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the thread lengths at approximately 1 foot in
length each.

2. Attach tethers to the test surface. Use Scotch
tape to attach the lengths of thread to the test
surface. Place the thread under the tape with
approximately 8 inches of thread extending
from the tape in order to provide enough
slack for the lifter to take off. When you have
done this, you should be able to raise the lifter
approximately 8 inches in height from the test
surface and have all of the thread become
taut at the same height. Note in Figure 1-21
how the three tie-downs (colored pieces of
tape) are attached to the thread and the test
surface is very close to the actual lifter itself.
Slack can be adjusted so that the lifter
remains stable once it has taken off from the
test surface.

Lifter Troubleshooting
Guide

This section provides in-depth information on trou-

bleshooting a prototype lifter in the event that it does
not work correctly during testing.

Problem 1: The Lifter Is Not
Moving, and | Don't Hear a
Hissing Noise

If you don’t hear a hissing noise, this means the lifter
is not receiving high-voltage power from the high-
voltage supply. Try these suggestions:

¢ Unplug the high-voltage supply and wait for
the high-voltage charge to dissipate.

¢ Check the ground connection to the lifter and
make sure you have good contact to both the
foil skirt and the high-voltage supply’s ground
wire.

* Make sure the crimped end of your corona
wire is hooked snugly around the electrode
that comes out of the high-voltage supply.

Ensure that the enamel coating has been
removed from the ends of the ground wire.
You can do this by scraping the enamel off
with the edge of a hobby knife.

Problem 2: The Lifter Is Not
Moving, and the High-Voltage

Supply Seems Completely
Deadm

Have you tried checking the power supply to the
high-voltage supply?

Check the high-voltage supply’s on/off switch.

Check the 12-volt supply that provides power
to the high-voltage supply.

Check the on/off switch on the power strip if
you are using one.

Problem 3: The Lifter Is Not
Moving, and | Do Hear a
Hissing Noise

The hissing noise (and slight breeze) means that the
lifter is getting high-voltage power from the high-

voltage supply. One of the following suggestions

might eliminate the problem:

Unplug the high-voltage supply and wait for
the high-voltage charge to dissipate.

Check the ground-wire connectivity to make
sure it has a connection back to the high-
voltage supply.

Try sliding the entire corona wire down the
vertical balsa struts a little until it is closer to
the foil skirt. This reduces the distance
between the two capacitive elements and
increases the lifting power.
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Problem Y: The Lifter Is
Moving a Little but Is Not
Takir_lg Off

R PeUE EE DED

The lifter either does not have enough power to lift
off or the high-voltage capacitance on the foil skirt is
causing an attraction to the test surface. Try one of
the following:

¢ Leave the high-voltage supply plugged in and
the power turned on.

e Try gently blowing on the lifter until it moves.
This may jostle the lifter off the capacitive
spot that it sits on and it may suddenly lift off
without warning.

e Try using a long nonconductive piece of plas-
tic to gently lift one edge of the lifter up from
the testing surface.

e Check the high-voltage and ground wires to
ensure that they are off the testing surface.
They may also cause static cling to the testing
surface.

Problem 5: The Lifter Is
Moving but Has a Lot of
Electrical Arcing

The electrical arcing on your lifter is preventing
enough capacitance to build up to allow a sustainable
lift.

e Unplug the high-voltage supply and wait for
the high-voltage charge to dissipate.

e Try sliding the entire corona wire up the verti-
cal balsa struts a little (less than 1 centimeter
at a time) until it is farther away from the foil
skirt. This increases the distance between the
two capacitive elements and it reduces lifting
power, but it should also reduce electrical arc-
ing and make liftoff possible.

e Ensure that the foil skirt has been folded over
the top of the balsa horizontal strut and has
been taped with a piece of Scotch tape on the
other side. If the foil has not been folded over

the top of the horizontal balsa strut, it will not
have proper surface area capacitance.

» FEnsure that no sharp edges are present that
would lead to ion leakage on the foil skirt of
the lifter. Also ensure that no sharp edges are
sticking off the end of the corona wire as they
will reduce capacitance.

Problem 6: The Lifter Is Lifting
off, but when Arcing Occurs |t
Suddenly DOrops or Loses
Height

Sudden drops in lift height may accompany large, elec-
trical arcs between the foil and the corona wire due to
a rapid reduction in capacitance in the corona wire
and foil skirt of the lifter, which in turn reduces thrust.
See Problem 5 for details on troubleshooting this.

Problem 7: The Lifter Is Lifting
off and “Bouncing” the Tether,
O e

If the lifter is bouncing at the end of the tether or
rapidly swaying back and forth, it is\due to irregulari-
ties in thrust versus positioning. ;

e Unplug the high-voltage supply a:pd wait for
the high-voltage charge to dissipalte.

e Check each of the tethering threads and make
sure they are all the same length when fully
extended.

e Check each of the tethering threads to make
sure they are a reasonable length (8 to 14
inches).

e Check the high-voltage and ground wires to
make sure they aren’t snagging on something
during liftoff. You may try taping the high-
voltage and ground wires to a nonconductive
surface about 10 inches from the top of the
testing surface. (Note: Make sure these wires
do not cross or else they will short out your

power supply.)
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* Make sure all three corners of the lifter are
about the same weight. Note that the corners
with wires attached will weigh a little more
but should not be noticeably heavier.

Problem 8: Arcing Is
Occurring Between the
Ground Wire and the HV Wire

Electrical arcing between the ground wire and the
high-voltage wire occurs because the wires are too
close. This does not include the arcing that occurs on
the lifter itself, which is covered under Problem 5.

* Immediately unplug the high-voltage supply
and wait for the high-voltage charge to dissi-
pate.

¢ Move the ground and high-voltage wires far-
ther apart from each other to prevent future
arcing.

Note that electrical arcs between these two wires
can cause permanent damage to your high-voltage
supply power source.

Problem 9: The Lifter Lifts off
and Immediately Shorts the
HV and Ground Wires

Electrical shorts between the high-voltage and
ground wires can occur when the position of these
wires changes as the lifter lifts off from the test sur-
face.

® Immediately unplug the high-voltage supply
and wait for the high-voltage charge to dissi-
pate.

* Reposition the high-voltage and ground wires
so that they are less likely to touch and cause
an electrical short during liftoff. Taping the
wires in place about 10 inches from the testing
surface can also reduce the movement of
these wires during liftoff.

Problem 10: The Lifter Lifts off
and Immediately Pulls to One
Side

The lifter may pull to one side when it lifts off, mean-
ing that instead of moving up in a reasonably straight
manner from the testing surface, it takes off and flies
in a particular direction. This occurs because of
weight or thrust instability and is usually due to
weight on the corners of the lifter due to incorrectly
positioned high-voltage and ground wires.

* Unplug the high-voltage supply and wait for
the high-voltage charge to dissipate.

* Try shortening or lengthening the tethering
threads to position the lifter where it should
be at maximum height.

e Try shortening all three tethering threads to a
reasonable length by reducing them approxi-
mately 2 inches.

¢ Ensure that the high-voltage and ground
wires are suspended from the testing surface
so that they do not add excess weight to the
corners of the lifter.

e Ensure that the aluminum foil skirt is reason-
ably straight and not crumpled around the
entire frame of the lifter and that it is cut to
the same height all the way around the frame.

* Ensure that the corona wire maintains the
same distance from the foil skirt around the
entire frame of the lifter and is pulled reason-
ably tight between vertical balsa struts.

Problem 11: The Corona Wire
Flutters During Liftoff and
Eauses Thrust Problems

The corona wire may flutter during liftoff due to elec-
trostatic forces.

* Unplug the high-voltage supply and wait for
the high-voltage charge to dissipate.

¢ Try straightening the corona wire by hand
until it is lined up reasonably straight above
the foil skirt.

Electronic Gadgets
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e Try removing the corona wire from the lifter
and rewrapping it with a new piece of wire
stretched firmly between posts. (Remember
that the posts are balsa and cannot take much
stress.)

Problem 12: The Foil Skirt
Flutters During Liftoff and
Causes Thrust Problems

A reasonable amount of aluminum skirt flutter may
occur during testing due to electrostatic forces; how-
ever, an excessive amount may cause thrust prob-

lems.

»  Unplug the high-voltage supply and wait for
the high-voltage charge to dissipate.

» . Try straightening the corona wire by hand
until it is lined up reasonably straight above
the foil skirt.

e Try using small dabs of superglue to hold the
bottom of the skirt in place on the bottom of
the vertical balsa support struts. Be aware that
weight is critical and superglue may add too
much weight if it is used excessively.

Problem 13: The Lifter Hisses
but Just Will NUt_Lift Off

If you've gone through this entire troubleshooting
document and still not found out what the problem
is, it could be that your lifter is just too heavy. Some
ways to correct weight problems include the follow-
ing:

¢ Shaving excess balsa from the frame

¢ Trimming aluminum foil off the lifter (trim
even strips around the bottom to remove the
foil)

s Supporting the high-voltage and ground wires
off the test surface to reduce wire weight

» Ensuring that you used the correct gauge of
stainless steel corona wire

» Shortening the overall length of the high-volt-
age and ground wires to reduce electrical
resistance

¢ Ensuring that you’ve used balsa wood and not
basswood to construct the lifter (basswood
looks almost identical but has a smoother con-
sistency and more almond-like color and tex-
ture)

e Ensuring that you haven’t used heavy-duty
aluminum foil for the foil skirt

Author's Note: General
Troubleshooting Guidelines

Here are some extra thoughts on troubleshooting
that don’t really fit well in any of the previous cate-
gories but may assist you during testing:

e Tirst, there needs to be a capacitance between
the corona wire and the foil skirt. If sharp
edges are present or if these elements are just
too close, then too much charge transfer will
occur and capacitance will be lost. This is the
main reason why the foil is folded over the top
of the horizontal balsa support struts: to reduce
sharp edges and increase capacitance. This is
also why several centimeters of distance occur
between the corona wire and the foil skirt. This
also reduces the charge transfer and increases
capacitance.

e Second, the charge transfer between the
corona wire and the foil skirt needs to occur
for the Biefeld-Brown effect to work properly.
If the corona wire is too heavily shielded due
to the wire’s enamel coating, the charge trans-
fer will not occur. Similarly, if the distance
between the corona wire and the foil skirt is
too great, the charge transfer will not occur.
Please note that the charge transfer seems to
be required only when the device is tested in
an atmosphere, because the lifter design has
been successfully tested in a vacuum environ-
ment.

e Make sure your lifter weighs as little as possi-
ble. The required weight appears to be about
2.6 grams maximum, although that is not set
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in stone. It depends on construction, leakage D12 IN4937 fast-switching 1 Kv diode
3,
citzent, andiso on. The praictyposlive con- o1 IRF540 MOSFET transistor TO220
structed weighed so little that I could barely _
tell when I was holding them; the wires 11;2 2 235 DIP ez
seemed to outweigh the prototype itself. Tl Mini-switching transformer, #1U28
. i i g 7 Kv 10 ma. K089
» The lifter prototype requires time and a little
finesse to make it work. I spent nearly two = - ¢ Uiinductor; See/text onrassembly
S ] #IU6UH
weeks building prototypes before I built my
first working model. It only takes me about 20 PBOARD 5- X 2.8- X .1-inch grid perforated board.
minutes to build a working model at this Fab o slacper Rguredld.
point. PCGRA Optional PCB #PCGRA
The lifter has a tendency to cause attraction to WR20R 12 inch #20 vinyl red wire for positive input
the te_St_ surface. This is Statl_c Ch‘ng from the WR20B 12 inch #20 vinyl black wire for negative input
capacitive charge on the foil skirt to the test-
ing surface. You can reduce this by putting WR20G 12 inch #20 vinyl green wire for output ground to
. . craft return
something underneath the lifter (I use a plas-
tic straw) to prop it up from the surface dur- WR20KV  4inch 20 Kv silicon high-voltage wire for output
g testing. WR20 18 #20-inch bus wire for spark gap
park g
BUSS inch  and heavy leads (see Figure 1-8)
WR24 12 #24 bus wire for light leads
. BUSS inch see Figure 1-7a, b).
Table 1-1 Complete parts list ; ( £ )
WR30 36 #30 magnet wire for tethering the craft
—— R sic s i = MAG inch
Ref. # Oty.  Description DB #
S PR LIRS i T ORI e M1 50-uamp meter shown with
R1 10K trimpot vertical 9 inehface
R2,4 3 10-ohm, '/s-watt resistor (bl’~blk-blk) R30-35 & 10 meg, 1-watt resistor
R3,5,8,9 4 1K, Ya-watt resistor (br-blk-red) (Bk=b)
R7 1 47K, 1-watt resistor (yel-pur-or) R36 2 kHz trimpot for meter adjust
R10 10K trimpot vertical R37/81 10K pot and switch
/s - 1y _ Ifa -
c1 100 mfd/25-volt vertical electro- ek AT
: /32 -inch black or clear plastic
radial leads
15 o 1fy - I
@ 0022 microfared (mfd)/50-volt LV Ratom B K¢ SR
y : !/32 -inch black or clear plastic
greenie plastic cap (222)
3,8 2 0L mid/S0-volt disk (103) AR i i
wall rigid plastic tubing
C4 lf)Ogcrix:gi/ZS-vo]t vertical electrolytic TUR2 4 %3 -inch Tygon sleeving
i for R30-35
C20A-20] 10 500 pfd, 10 Kv ceramic disk cap #500P/ BU1 s ~inich clamp bushing
10KV
3
6 22 mfd/250-volt metalized polypropylene S Bl i Rpe vmetsl nesems
] HSINK 1.5- X 1-inch .063 AL plate
9 1 mfd/25-volt vertical electro cap fabbed as per Figure 1-4
C7 .1 mfd/50-volt cap INFO#VG22 SW1 1 6-324 Phillips serew
D20A-20] 10 16 Kv, 5 ma avalanche diodes #VG16 NUT 4 632 kep nut
D54 z vl silivondictles SW3 3 6-32 X ¥s -inch nylon screws
D11 1 PKEI1S 15-volt transient suppressor
Electronic Gadgets for the Evil Genius vgl
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Chapter One

Table 1-1 Complete parts list (continued)

Optional tems

Ref #  Gr. Descriotion 0B #

WIRE2 10 2-millimeter stainless wire for ion

MIL10 inch  emitters #WIRE2MIL10

IMEG 20 1-meg, 1-watt resistors #IMEG

12DC/3 115 Vac to 12 Vdc/3-amp #12DC/3
converter

BAT12 12-volt, 4-amp hour rechargeable #BATI12
battery

BCI12K Battery charger kit for above #BCI12K

BAT12 (parts available though
www.amazingl.com)

M1 50-uamp meter shown with 3-inch face M1
R30-35 6 10-meg, 1-watt resistor (br-bk-bl) R30-35
R36 2 kHz trimpot for meter adjust R36
R37/81 10K pot and switch R37/81
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This chapter covers a project intended for high
school-level experimenters. Supervision is suggested
when working in the classroom. The unit operates
from a low-voltage source of 12 volts direct current
(VDC) or a battery (see Figure 2-1). The circuit pro-
duces 72 joules of capacitive energy storage at 600
volts. This is labeled as a dangerous electrical device
if the protective cover is removed. The unit must not
be aimed or pointed in the direction of personal or
breakable objects. Projectiles can reach a reasonably
high velocity.

Fiﬁﬁre é-l

Low-power electro-kinetic gun

23

This is an advanced intermediate-level project
requiring basic electronic skills. Expect to spend $35 to
$45. All parts are readily available with specialized parts
through Information Unlimited (www.amazing1.com)
and are listed in Table 2-1 at the end of the chapter.

Basic Theory

Your electrokinetic accelerator demonstrates two
methods of electrokinetic acceleration.

First and Preferred Method

A flat, pancake-shaped accelerator coil is structured
to match the dimensions of a circular aluminum ring
that serves as the launch vehicle. This closed ring now
becomes a shorted secondary winding of a pulse
transformer that is as closely coupled to the primary
windings as possible. A current pulse is produced in
the secondary that is the aluminum ring induced by
the current pulse in the primary. The result is oppos-
ing magnetic fields that cause a mechanical repulsion
pulse propelling the nonmagnetic aluminum ring. If
the ring were magnetic, it would be attracted to the
coil and completely counteract the repulsive force. It
is the current flowing in the aluminum ring that
causes the repulsive magnetic field (Lenz’s law).



The design of the accelerator coil must minimize
the leakage inductance of the coil assembly and limit
the impedance in the primary discharge circuit. A dis-
advantage of this type of kinetic system is that the
acceleration event occurs over a short distance inter-
val. Therefore, the resulting peak forces must be very
high to achieve a high velocity. The repulsive forces
will vary as the inverse of the square of the separa-
tion distance between the accelerator coil and the
moving projectile.

Seconcl Methnd k

This method uses a solenoid coil with a pitch equal to
its diameter. This coil uses a magnetic pulse that
attracts a small ball or rod-shaped projectile made
from a magnetic material. The ball is accelerated into
and along the coil axis, exiting with a velocity. The ini-
tial positioning of the ball is critical to obtain the
maximum exit velocity. The inner diameter of the coil
should only be large enough to allow unobstructed
movement of the projectile ball. Again, magnetic
leakage and pulse width plays an important part in
achieving optimum results.

Circuit Description

A single-ended inverter circuit is shown in Figure 2-2
consisting of a self-oscillating transistor (Q1) that res-
onantly switches the primary of the voltage step-up
transformer (T1) and tuning capacitor (C3). The
input power is 12 VDC at 1 amp and is controlled by
the charging switch (S1).

The base drive to Q1 is provided by the feedback
winding (FB) of the T1 that must be properly phased.
The bias for Q1 is provided by the resistor (R2). The
capacitor (C2) speeds up the switching by providing a
low-impedance path for the feedback signal. The
resistor (R1) provides the starting bias for turning on
Q1. The capacitor (C1) bypasses the switching fre-
quency to ground by providing a low-impedance
path. A charging choke (L1) is necessary to limit the
switching current during the initial charging cycle of
the storage capacitors.

The high-voltage/frequency output of the second-
ary winding of T1 is rectified by the diode (D1)
charging storage capacitors (C5, C6) through the low-
impedance winding of the accelerator coil (L2).
Resistors (R7, R8) help to balance the voltage charge
across the two individual capacitors. The charge
across these capacitors is applied to L2 by the switch-
ing function of the SCR switch. This energy exchange
generates the magnetic pulse necessary to launch the
projectile. The SCR switch is controlled by the trigger
switch (S2) applying a voltage to the gate of the SCR
when ready to fire the device.

Board Assembly Steps

To assemble the board, follow these steps:

1. Lay out and identify all parts and pieces. Ver-
ify them with the parts list, and separate the
resistors as they have a color code to deter-
mine their value. Colors are noted on the
parts list.

2. Create a piece of .1-inch X .1-inch grid perfo-
rated board at 53/5 X 3 3/sinches. Locate and
cut out sections for pins of T1 as shown in Fig-
ure 2-3.

3. If you are building from a perforated board,
insert components starting in the lower left-
hand corner, as shown in Figure 2-3. Pay atten-
tion to the polarity of capacitors with polarity
signs and all semiconductors. Route the leads
of the components as shown and solder as you
go, cutling away unused wires. Attempt to use
certain leads as the wire runs. Follow the
dashed lines on the assembly drawing as these
indicate connection runs on the underside of
the assembly board. The heavy dashed lines
indicate the use of thicker #18 bus wire, as this
is a high-current discharge path.

Note that the Q1 transistor must be mounted
so that it mounts flush to its mounting surface
at a right angle. This step is important for
proper heat sinking and mechanical stability.

4,  Secure large storage capacitors, C5 and C6, to
the board using silicon rubber cement (room
temperature vulcanizing [RTV]) or tape them
in place, as shown in Figure 2-3.
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Inverter Trigger/ Energy Storage
Switch
Note R9 is selected for NE1 igniting
when voltage reaches 600 volts.
R10 may be a 500k trimpot to fine
tune indication level.
|

I Z

Wave shape Q1
beginning of charging cycle . )
Diode D3,4 are necessary when using the

photoflash electrolytic capacitors to keep the
— — voltage from reversing. Unfortunately these
o SN diodes also remove the repulsive energy of the
negative reversing current from further
} accelerating the projectile. Higher-quality pulse
% discharge capacitors could be used without the

Wave shape Q1 diodes but would be larger and more costly.
end of charging cycle

Figure 2.2 Czrcmt schemanc

5. Wire in SCR1 using short pieces of bus wires sary, sleeve some insulation onto the lead to
for extensions through the holes of the board. avoid any potential shorts.

6. Attach the following leads, as shown in

Figure 2-4:

Three 3-inch leads of #20 (WR20) connected to : .

S1and S2 Fabrication

TuasamelyloadsinC 20 (WIRAQ) don conmepied To create the fabrication, follow these steps:

to NE1

One 3-inch jump between D2 and + of C5 1. Fabricate the chassis as shown in Figure 2-5.

Be sure to make a trial fit and check the sizes
of the panel components before actually mak-
ing holes. Kits will usually contain a predrilled
piece that will mate to the included parts.

7. Double-check the accuracy of the wiring and
the quality of the solder joints. Avoid wire
bridges, shorts, and close proximity to other
circuit components. If a wire bridge is neces-
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=50 GATE
O |y D anone Drawing shows top view with pin locations.
) [ P @ Large black dots are for external lead connections.
Shows position for soldering o Medium black dots are holes used for mounting components.
into circuit - Small black dots are for solder points on bare wire runs.

Thin dashed lines are #20 bare bus wire and leads of

components to make the underboard wire runs and

connections, You may use short pieces of bare wire to wire in pins of SCR1 or
drill holes for actual pins.

You may use insulated leads for two wire runs from Q110 T1.

Thick dashed line is a piece of #18 bus wire to carry
high discharge current.

Flélure 2-3 Assembly board Showmg wmng ‘under the board and part tdenuﬁcanon

N
M Leads from L2
0 accelerator coil
o
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SW1 Nylon screw

+12 vDC SCR1

MICA washer between Q1 and panel

CJ)cATHODE

Q1

-12VDC

Shows position for soldering NU1
into circuit

Q1 mounting scheme
for insulating from panel

FlgurE 24 Assembly board showmg external w:rmg

26 Electronic Gadgets for the Evil Genius



Fabricate from .063 aluminum as shown. Trial fit and verify diameters of %m&
components for mounting before fabbing in the holes. a*“z";
??*f";%

r=F £ %
-

EE ey
.

N—FJ
~
—
|
s s :§

is‘.
.
o
5 .
Figure 2-5  Chassis fabrication %
| -
2. Fabricate a BK1 bracket,a MAND1 mandrel, ()
and a FLY1 flyway, as shown in Figure 2-6. EIEEtrical Pretest
3. Add the cover as shown in Figure 2-7. Note to *:,:MZ
mate the clearance holes for screws with holes To conduct a pretest, follow these steps: C
in the chassis section for the (SW4) #6 sheet b=
. — 1.  Connect a 1000-voltmeter across +C5 and Pt

— of C6. If you have a scope, you can check
the wave shape on the collector of Q1 and
verify it, as in Figure 2-2.

4. Wind the L1 accelerator coil, as shown in Fig-
ure 2-6. Sleeve in a '/s-inch section of MAND1
mandrel into the FLY 1. Drill small holes for

the start and finish of the winding into the Slide the PROJ1 projectile onto the mandrel
side of the bobbin as shown. The measured and point the unit away from people or break-
coil inductance should read 90 to 100 micro- able objects. For maximum velocity, the pro-

jectile must be evenly positioned onto the

henries without the projectile, dropping down .
accelerator coil.

to 50 to 60 with the projectile in place. Con-
nect in the coil leads as shown in Figure 2-4. Connect 12 volts to the input and push switch
S1. Note the voltmeter reading increases in
value as long as the switch is held. A current
meter on the 12-volt supply will indicate
around an ampere of current and will vary
through the charging cycle.

Note that the objective is to get the projectile
body as close to the windings as physically pos-
sible. This provides maximum magnetic cou-
pling, and consequently optimum performance.

5. The final assembly is shown in Figure 2-8. .
Note the proper mounting of Q1 using a mica Allow the r_:harglng to reach 600 \iolls. Push
washer, shown also in Figure 2-3, switch S2 simultaneously while still holding S1
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Figure 2-6 Bracket and :f[_yW(;y fabnca;on

Very carefully wind 40 to 50 tumns of #22 magnet
wire in tight, even layers. Route wires through holes

in bobbin sides and tape winding into place.

9 /
G L1
1%

BOBBIN

N

PROJ1

L1 ACCELERATOR COIL

Glue or epoxy accelerator coil to mandrel and flyway tube. Do
not get epoxy on part of coil where projectile rests.

Projectile must be abutting the coil for maximum velocity.

BOBBIN
[El] PROJ1
TRy T [ [T
O l MAND1
I I
RS L1 colL
Note that you can adjust the BK1
elevation by the pivoting action of
the flyway attached to the bracket "
with a long screw and some friction 7 CHASSIS

washers in between.

and note the projectile shooting off the
mandrel.

The indicator lamp NEI should light when the
intended charge voltage level is reached. This
is a maximum of 700 volts and should not be
exceeded. The resistor divider, consisting of
R9 and R10, sets this point. You may have to
vary these values to get the desired indication
at the charge voltage level you want. Without
this lamp, you must time the charging cycle
and coordinate it with an external meter to
obtain the charging time or always use the
meter.

Note that the velocity will increase after the
first several shots. This is due to the capacitors
polarizing their electrolyte.

Obtaining More Velocity
(Under No Condition Point
or Shoot Toward a Person)

Increase the mandrel diameter to %/32 and wind 40
turns of #22 magnet wire in six to eight even wound
layers on your .75-inch diameterxX.312-wide nylon
bobbin #BOBTHER. The measured inductance
should be 120 to 150 microhenries. The objective here
is to get the body of the projectile as close to all the
copper windings as physically possible. This will
reduce the reluctance and increase coupling. Further
velocity increase can be obtained by removing sev-
eral turns on the accelerator coil until the current
reversing diodes start to blow. Our laboratory unit
got down to 50 microhenries, obtaining a very dan-
gerous velocity.
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at 1 amp input

Figure 2-7  Final assembly without cover

uny OTJIauTO

at 1 amp input

Figure 2-8  Final assembly
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Chapter Two

Table 2-1 Parts list for the electrokinetic gun

© LowPower Kinefic Gun
Ref#  Qry. Description
R1 22K, '/+-watt [red-red-red]

R2 120K 1-watt [br-red-br]

R3 220K '/+-watt [red-red-br]

R4 1K, '4-watt [br-blk-red]

R5.6 2 39K Ys-watt [or-wh-blk]

R7.8 2 1 m, /+-watt [br-blk-grn]|

RY 750K, /+-watt [pur-grn-yel|

R10 100K, 1/+-watt [br-blk-yel]

C1 1000 m/25-volt vertical elect. capacitor

c2 068 m/30-volt plastic capacitor

3 1 m/250-volt metal polypropylene
capacitor (mpp)

C4 .1 m/50-volt plastic capacitor

C5.6 2 800 m/330-volt photo flash capacitor info
database #800M/360

L1 3.6 Uh, 1.5-amp inductor [or-bl-blk] 3.6UJ

T1 Inverter transformer info
database #28K074

§1,2 2 Pushbutton switches SPST

D1 6 Kv, 10 ma high-voltage fast-recovery
rectifier info database #VG

D2.3,4 3 11 Kv, 1-amp diode 1n5408

SCR1 80-amp scr info database #8070W

NE1 Neon indicator lamp

Q1 Mje3055 NPN TO 220 transistor

PBI .1 grid perforated circuit board cut
to 2.5 X 6 inches

WRISB 6" #18 bus wire for discharge path
(see Figure 2-3)

WR20B 12”7 #20 bus wire for long leads on bottom

of board

I—_';"éf# - Oty. ‘Deﬁcriutfbn' - _

WR20B 48" #20 vinyl hookup wire for hookup of
external parts

WR22M 107 #22 magnet wire for winding accelerator
coil

SWi1 6-32 % !f2-inch nylon screw for mounting
01

Sw2 6-32 X !/e-inch screw for mounting bracket

SW3 6-32 % 1.5-inch screw for mounting flyway
to bracket (see Figure 2-6)

SW4 4 #6 X 'fs-inch screws for attaching cover to
chassis

NUT 6-32 hex nuts

MICA Mica insulation washer between Q1 and
chassis (see Figure 2-4)

CHASSIS Fabricate from !/is-inch aluminum, as
shown in Figure 2-5

COVER Fabricate from thin plastic or aluminum,
as shown in Figure 2-8

BK1 Fabricate bracket (see Figure 2-6) from a
1- X 4- % 'fwe-inch aluminum or plastic

FLYWAY 2 % Wis-inch innerdiameter (ID) X
116 wall plastic tube

MANDI1 H/is- % 2-inch cold roll; must sleeve into
flyway

PROJ 1- outerdiameter (OD) X 3fi-inch ID /™
wall alumunum tubing cut into '/s-inch
length rings

PLATE 2.5- X 6-inch plastic plate to insulate
board from chassis

ADAPTR 12-volt, .8-amp adapter for bench use

BHOLDS 8 AA cell vertical battery holder to fit in
handle for gun configuration

ENDPLATE 2 Fabricate from .035 G10 or stiff strong
plastic

BOBBIN 75-inch ID X 1.5-inch OD X .312 width

nylon bobbin BOBTHER
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This high-energy pulser is intended to supply the systems, This is for the advanced builder and requires

pulsed electrical energy in order to generate a power- assembly skills. Expect to spend $200 to $500 mainly
ful magnetic pulse capable of accelerating objects, for the necessary storage capacitors with most parts
constricting cans, shaping metals, exploding and being available through Information Unlimited

‘ vaporizing materials, accelerating small projectiles to (www.amazingl.com). A parts list can be found at

| high velocities, powering small rail guns, and other the end of the chapter in Table 3-1.

functions where conditioned magnetic energy is
required (see Figure 3-1).

This device will be referenced for use with our
mass accelerator, can crusher, wire exploder, and

Construction and operation is intended for those thermo plasma generator projects in subsequent
with experience handling high-voltage, high-energy chapters.

Figure 31 Hi;q})z;energy pulser
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Chapter Three

System Description
The described system is a valuable lab tool for the
experimenter and researcher dealing with electroki-
netic weapons, high-power magnets, electromagnetic
pulses (EMPs), exploding wires/metal vaporizing,
plasma pyrotechnics, high-pulse-powered lasers, elec-
tromagnetic launchers, gravity propulsion, and other
similar research.

The device provides constant current charging to
an external capacitive energy bank up to 5,000 joules
with the system. The voltage is adjustable from 500 to
5,000 volts and is preset by a front panel control.
Once set, the voltage will remain at this value until
the firing period and then automatically recharges to
the preset value as long as the safety charge button is
activated. A meter monitors the voltage selected. A
built-in, triggered spark switch using %s -inch (9.5
mm), pure tungsten electrodes switches the stored
bank energy into the target load within a period
determined by the load inductance and resistance. A
high peak-powered pulse approximately equal to
dE/dt is now produced. (Power is the derivative of
energy E.)

The system is intended for use as the energy-
charging source and switch for many of our related
projects. These projects include our mass accelerator
driver as an example of a device capable of convert-
ing magnetic energy into kinetic energy. Such proj-
ects are shown in live action video at
www.amazingl.com. Go to our High Voltage page
and scroll down to the MASS10. The other available
support projects are listed and will be supplemented
with more as we complete various research programs,
obtain necessary releases, prepare the data on com-
puter-aided design (CAD), and so on.

Circuit Theory of Operation

Figure 3-2 shows that a high-voltage, current-limited
transformer (T1) is connected to a full bridge recti-
fier (D1-4) and charges an external storage capacitor
(C) through a surge limit resistor (R18). The external
storage capacitor is connected between the discharge

ground and a spark electrode (G1). The target load is
now connected between the discharge ground and a
spark switch electrode (G2). You will note that the
load (R and L) takes on a complex value, usually
highly inductive (not in all cases), with a small series
resistance resulting from the inductor wire. Spark
switch electrodes G1 and G2 are spaced to approxi-
mately 1.2 to 1.5 times the breakdown distance of the
current operating voltage used.

A third trigger electrode (TE1) discharges a fast,
low-energy, high-voltage pulse into G2, creating a
spike of voltage ionizing the gap between G1 and G2,
now causing the stored energy in the external storage
capacitor to discharge into the load impedance.

The charging voltage of the external storage
capacitors is sampled by the resistor divider network
(R17) that also provides the series dropping value for
the meter (M1). The charging voltage is programmed
by control (R8) connected in series with R17.This
control sets the trip level of comparator (11) biasing
the relay driver transistor (Q1) where it turns off,
deenergizing the primary winding of T1 through relay
(RE1) contacts. Once R8 is set to a selected value, it
automatically maintains this preset voltage level on
the external storage capacitors. A safety pushbutton
switch (S3) provides a manual hold for charging the
external capacitor.

The light-emitting diode (LED) LA1 indicates that
the main power is on. LED LA?2 indicates the charge
has reached its programmed value.

The spark trigger circuit is a conventional capaci-
tor discharge (CD) system where the energy on the
capacitor (C6) is dumped into the primary of the
pulse transformer (T2). This train of positive, high-
voltage pulses generated on the secondary winding of
T2 is integrated onto capacitors C8 and C9 through
isolation diodes D12 and D13. These high-voltage
DC pulses cause ionization between the gaps by the
discharging action of trigger electrode TE1. The input
to this circuit is a voltage doubler consisting of capac-
itors C4 and C5 and diodes D8 and DY. The “fire”
switch (S1) energizes this circuit, causing immediate
firing of the spark switch. A silicon control rectifier
(SCR) switch dumps the charge on C6 and is gate-
triggered by a DIAC triggering diode biased into
breakdown by the setting of trimpot R14 and timing
capacitor C7.
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115-Volt line in

HEPS0SCX

Charging high voltage

BLK GRN  WHTE
8 Kval 5-amp RI8
HV rectifiers 10-25K esow

b

. , P

SPARK SWITCH

CHASSIS
GROUND

o

Use seven 1.2-meg,1 ( 2-watt
resistors In series for R17.
EXTERNAL
STORAGE LOap L
CAPACITANCE
LoAD R
CIRCUIT GROUND I R re
A Discharge and chassis
ground are same point.
i Special note on D14,15 diodes: D14
FIRE"

Polarity can be reversed to improve triggering when
U using low impedance loads such as can crushers,
exploding wires for plasma guns etc. Caution: If joad
Impedance is too high, energy may reverse flow thru
dhades and trigger transformer T2 causing an
g RI0  explosion of these componentsii

RS9 10
22K
= s L
se
T3
M 7 rE
100K
[
1 R6/1M : T2
Trigger coll must
$3 R3 14 R7/1M be polarized.
g Bt 1547
Rl N o
IK This charging switch 23 (3%
2 03 should be a hold lo
push "on" for safety 4]
LA2
YEL
z4
s CIRCUIT GROUND FLOATING COMMON
® L & & & @ & & ®
& 1. Note that circuit ground and floating common are isolated from one another.

2. Discharge ground connects to chassls and earth ground via green wire of power cord.

3. Switch 53 should be a push button requiring operator "holding on” during the charging cycle. This is for safely.

4. Switch S4 should be a key switch if unit s exposed to unauthorized users,

Flgure 3:2 - Pulser schematic

A 12-volt transformer (T3) powers the control cir-
cuit, including the RE1 relay. Without these 12 volts,
the system cannot be energized without manually
actuating RE1. Rectifier diodes D10 through 13 rec-
tify the 12 volts-alternating current (VAC) that inte-
grates onto the filter capacitor (C1). Resistor R1
decouples the 12 volts for regulating via zener diodes
(Z3,74), which are necessary for stable operation of
the comparator circuit. The main power for the
charging energy is from the 115 VAC lines, fused by
F1 and controlled by switch S4.

Special Note

Our lab at Information Unlimited has energy storage
facilities consisting of 10 racks of 32 microfarad
(MFD), 4500-volt oil-filled cans wired in parallel for a
total capacity of 1,600 mfd or approximately 13,000
joules at 4,000 volts per rack. All racks connected in
parallel produce 130,000 joules. It is paramount at

these energy levels to properly wire and assemble the
complete system with adequate spacing and conduc-
tor or wire sizes in order to support the multi-
megawatt pulses obtained. Explosion shields around
the storage racks are used to protect operating per-
sonal.us.

The charging time per rack is approximately 10
minutes. All 10 racks would be impractical with this
charger, as it would take almost 2 hours. We use a
10,000-volt, 1-amp, current-controlled system that
charges 130,000 joules in 1 minute. This 10 Kv, 1-amp
high-powered charger is available on special request.

Construction Steps

In this section, it is assumed you are familiar with the
use of basic shop tools and have had intermediate
assembly experience.

The pulser is built on a metal chassis that is 10 X
17 X 1.5 inches of 22-gauge galvanized steel. It uses a
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6,500-volt root means squared (RMS), 20-milliampere
current-limited transformer. The layout shown should

be followed as closely as possible. A higher-capacity

transformer can be used with an obvious change in

layout size. A suggestion is to connect in parallel up
to four of the previous transformers, obtaining 80
milliamperes of charging current. A front panel is

used for mounting a voltage meter and all controls. A
key switch substituted for S4 is recommended when
being used around unauthorized personnel.

The construction steps are as follows:

i[B

If you purchased a kit, lay out and identify all
parts and pieces.

Cut a piece of .1-inch grid perforated circuit
board 6.25 X 4.25 inches.

Insert the components as shown in Figure 3-3
and solder using the leads of the components
where necessary for the connection runs. The

dashed line shows the wiring routing and the
connections underneath the board. Avoid
bare wire bridges and potential shorts. Also
avoid cold solder joints as these will surely be
a problem. Solder joints should be shiny and
smooth, but not globby.

Wire the following to the assembly board as
shown in Figure 3-3:

To the chassis ground, 8 inches of #18 vinyl
wire

To TEL, 4 inches of 20 Kv high-voltage wire
To R18 resistor, 8 inches of #18 vinyl wire

To anodes of D3 and D4, 12 inches of #18 vinyl
wire (circuit ground)

To T3 12VAC (2), 8 inches of #22 vinyl wire
To M1 meter (2), 8 inches of #22 vinyl wire

Verify all wiring; components; and the orienta-
tion of all the diodes, semiconductors, and

Dashed lines are wire runs on underside of board.

Solid black dots indicate holes used in board for
mounting of components and connecting

junctions.

T0_CHARGING 1O VHITE

nnnnnnnnnnnnnnnnnnnnnnnnnn

U M1+

Figure 3-3  Pulser assembly board
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electrolytic capacitors C1, C2, C4, C5, and C7.
Check the quality of soldering, potential
shorts, and the cold solder joints. Solder joints
should be shiny and smooth, but not globby.
Double-check before powering up.

Note that a factory-assembled and tested con-
trol board model #HEPBORDE is available
on request.

6. The subassembly of the spark switch is as fol-
lows (see Figure 3-4):

a. Fabricate BASE] from a 43/ - X 2-inch
piece of 20-gauge galvanized steel. Bend a
'/2 -inch lip as shown.

b. Fabricate two BRKT1 brackets from a 2!/-
X1 '/s-inch piece of 20-gauge galvanized
steel. Bend a %4 -inch lip as shown.

¢.  Fabricate two BLK1 blocks at %s X 1 X 11/s
inches from polyvinyl chloride (PVC) or
similar material. They must have good
insulating properties.

d. Fabricate a BLK2 block at 3s X 3 X 3
inches from virgin Teflon material. It must
support the high-voltage trigger pulse

The spark switch is the heart of the system and is where the stored energy in the capacitors

over the charging period is quickly released into the target load as a very high powered pulse.
Itis important that all connections be able to support the high discharge currents and voltage

potentials.

Carefully solder the COL.1 collars to the
BRK1 brackets. Rig up a fixture to
guarantee coincidental alignment of the
tungsten electrodes when completed. You
will have to use a propane torch or a
super-hot iron for this step.

File off the sharp points on eight 8- X 3z -
inch sheet metal screws. This is necessary
to prevent the PVC material from
breaking down due to corona produced by
high voltage at sharp points.

Trial-position the parts, locating and
drilling the necessary holes for assembling
together. Follow the figure for proper
locations.

Attach large LUG]I block lugs to either
the two sides or lip section of brackets
BRKT1. Note the contact must be positive
as current pulses are in the kiloamps.

Temporarily preset the main gap to s
of an inch and the trigger gap to /s of an
inch.

The design shown here is for the HEP90 and is capable of switching up to 3000 joules
(with a properly conditioned pulse) being usually sufficient to effectively experiment with
MASS DRIVING, CAN CRUSHING, EXPLODING WIRES, MAGNETIZATION, AND

OTHER RELATED PROJECTS

A higher-energy switch capable of switching 20,000 joules is
available on special request. Both switches use a high-voltage
trigger pulse that depends on a relatively high impedance feed line
to the target load for support of the trigger voltage pulse. Thisis
usually not a problem with moderately inductive targets but can be
if this value is low. It can be solved by placing several ferrite cores
or high u toroids in these lines. The cores produce a high
reactance to the trigger pulse but saturate at the main discharge
current,

Construction of the spark switch must take into
consideration medium mechanical forces resulting from
high-peak magnetic fields. This is especially important in
the higher-power approach and will require parallel wiring
and terminating to reduce inductance and resistance. A
sturdy base Is always required being securely mounted, A
protective shield must be placed over the assembly to
protect the operator from potential shrapnel should a fault
oceur.

NOTES: For reliable triggering, the main gap shoud be set
depending on charge voltage used.

The trigger gap should be set to not less than 25" from its
contact point on the bracket. If triggering is erradic it is
suggested to experiment with this setting.

Important Relationships
Ipk = Ech*SQRT(CIL)
Ipkt = pi/2*SQRT(L*C)

Figuure EXT Sﬁark gap switch and ignitor
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The steps for final assembly are as follows:

1.

Figure 3-5  Chassis fabrication

Fabricate the chassis and panel as shown in
Figure 3-5.1t is a good idea to fabricate the
large hole necessary for the panel meter
before doing any forming. The meter we use
requires a 4-inch hole. The other smaller holes
can be located and drilled after the panel and
chassis are attached together.

Trial-fit the control board and locate the nec-
essary clearance holes for the controls, indica-
tors, and so on. Note the piece of insulating
material between the assembly and the chas-
sis; see the PLATEL section in Figure 3-6. This
can be secured with a couple dabs of room
temperature vulcanizing (RTV) adhesive com-

Fabricate front panel from a piece of 21 x 8.5" 22-gauge gal. steel.

Fold 2" sides as shown for bracing to chassis section.
Fabricate mounting holes for meter.

Fabricate chassis section from a piece of 22 x 15" 22-gauge gal. steel.
Fold four 2" panels with é" lips. Overall size should be 10 x 17 x 2 with

4" lips around bottom.

It is suggested to fabricate smaller holes
for the fitting and final drilling as you go.

monly known as silicon rubber. Drill the
respective holes as you go, verifying proper
location and clearances.

Trial-fit the other parts as shown in Figure 3-6
and drill all the necessary mounting and clear-
ance holes. Note the fuse holder FH1/FS1 and
the line cord bushing BU2. They are located
on the underside of the chassis and are shown
as dashed lines.

Allow for the proper clearance of high-volt-
age-carrying components such as the trans-
former output leads, high-voltage diodes, and
resistor R18. Note the high-voltage diodes are
mounted to a plastic plate via two-sided tape
or RTV adhesive.

Secure the control board in place via front
panel controls. Secure the rear of the assem-
bly board with several dabs of RTV adhesive
when proper operation is verified.

Bottom lip not shown in this view
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Wires are shown spread out for clarity
and to show connections.

Figure 3-6  Final assembly layout

6. Interconnect all wires and connections. Note
the use of wire nuts for attaching leads of T1
and T2.

Electrical Pretest

To conduct an electrical pretest, follow these steps:

1. Short out the transformer output leads using a
good-quality clip lead.

2. Connect a 60-watt ballast lamp across the fuse
holder as a ballast for initial tests. (Remove
the fuse!)

3. Preset the safety toggle switch S4 off or down,
rotate the control pot R8/S2 off, adjust the

Dashed lines indicate components
and connections beneath chassis.

trimpots R14 and R19 to midrange, and plug
the power cord CO1 into 115 VAC.

4.  Rotate R8/S2 until it snaps on and note LA1
and LA2 coming on.

5. Push the charge button S3, noting that relay
REL1 is activating and LLA?2 is extinguishing as
long as S3 is held.

6. Turn S4 on or up and push S3, noting that the
ballast lamp from step 2 glows to approxi-
mately half brilliance.

7. Push fire button S1 and note a spark occuring
between trigger electrode TE1 and the main
gaps G1 and G2. Note the trimpot is preset to
midrange, but may be adjusted clockwise
(CW) to increase the discharge rate (see Fig-
ure 3-7).
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S4
Main @ M1 meter
power S1 Charge
R14 Adjusto S3 Fire e R8/S2 L
hole
Figure 3-7  Front panel and controls T
as the charge energy is dumped into the exter-
M ain TE st nal load resistor.
L . 9. Charge to 2,500 volts as measured by the

To conduct the main test, follow these steps: external meter connected across the capacitor.

Adjust R19 across the panel meter so it reads

1. Unplug the power cord and turn off S2 and S4. 2.5 on the 5 scale and at midrange. Make a

2. Connect a single 30 mfd/4 Kv capacitor or an mark on the front panel for a reference set-
approximately valued a 5K, 50-watt resistor ting of 2,500 volts. The panel meter will now
for C and R, as shown in Figure 3-6. pI‘OVidE the charge Voltage with a gOOd degree

3. Remove the ballast across the fuse holder and Whatchiacy dspendent on tl?e SAIGTIA Rter
: accuracy. Repeat step 8, noting a heavy arc
Wscita Jamp slow blaw tuse, discharge. Repeat the charge and fire cycles at

4. Preset the trigger gap to /s of an inch and the different voltage settings to become familiar
main gap to /16 of an inch. with the controls.

5. Connect up an accurate voltmeter across the

This completes the test and calibration steps. Fur-
ther operations will require additional support equip-
ment dependent on the particular project you are
experimenting with.

external capacitor.

6. Plug the unit in and turn on S2 and S4. Push
S3 and note the external capacitor charging to
less than 1 Kv before RE1 deactivates. Note
that LA2 is normally on and goes out only
during the charging cycle. When the preset
charge is reached, it comes back on, indicating
the system is charged.

Helpful Mathematical
Relationships with This
Equipment

7. Rotate R8/S2 about 30 degrees CW and note
that the voltage reaches a higher value before
deactivating. T

Energy (joules) =. 5 X farads X volts?

System storage energy

8. Now push fire button S§1 and note a momen-
tary heavy arc between the main gap occuring

Cﬁa?tex Thre
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Energy (joules) = Q (coulombs) X volts = I
(amps) X t (secs) X volts
System storage energy

Charge (coulombs) = C (capacitance) X volts
=1 (amps) X t (secs)
Charge quantity

Spark gap resistance (ohms) = 2.03 X 1073 X
(spark length inches)/(Q)
Gap resistance

Use .8 X 1077 for spark length in centimeters.

Peak current (Ipk) = volts X (C/L)?

Ideal current rise in an LC system. Use 75
percent when using oil-filled caps and lower
values for photoflash and electrolytics
dependent on intrinsic ESR.

Time to (Ipk) = pi/2 x (LC)*.5
Time to reach peak current value at /4 cycle.

Magnetic flux (B) = (N X I X u)/(A X Le)

B = Webers/meter?

N X I = amp-turns

u=4Xpi X107

A = Area of coil face in meters?

Le = Length between poles in meters

M = Mass in kg

Force (newtons) = B X A X |

Acceleration (meters/t?) = F/M

Velocity (meters/sec) = 1/ at?

t = from above time of current rise

Table 3-1 High-power pulser parts list

Aef. #
R1

R2
R3.4
RS
R10,15
R6,7

R8/S2

Oty

Description

LK, '/4 -watt resistor

10K, Ya-watt resistor

470K, /4 -watt resistor
100-ohm resistor

10-ohm, /4 - or '/2-watt resistor
L m, /4 -watt resistor

100K pot/switch

Db #
br-bl-red
br-bl-or
yel-pur-br
br-bl-br
br-bl-bl

br-bl-gr

Ref. #
RY

R11

R12.13

R14

R16

R17

C4,5
C6

c7

LENS-
HOLD

PBOARD
S1,3
S4

I
DIAC
SCR

*HEP-
BORDE

WRI18

aty

Description Db #
2.2K, /4 -watt resistor red-red-
red

12K, 3-watt metal oxide resistor

47K, /4 -watt resistor yel-pur-
red

500K trimpot

220 m/1-watt resistor red-red-
br

1.2 m, /2 -watt resistor in series br-red-gr
1000 m/25-volt vertical electrolytic cap.
100 m/25-volt vertical electrolytic cap.

47 m/50-volt plastic cap.

4.7 m/160-volt electrolytic cap.

3.9 m/350-volt polyester cap. info db# 3.9M
4.7 m/25-volts electrolytic cap.

25 Ky pulse info db# CD25B

Red LED

Yel LED

1n4007 1 Kv diode

1n4001 100-volt diode

6-volt 1-watt zener 1n4735a
4.3-volt zener 1n5229

LED panel-mount lens holder

6.25 X 4.24-inch PC or perforated board
No pushbutton switch

SPST 115-volt/3-amp toggle switch or key
switch

12 vde Double-Pole, Double-Throw
(DPDT) relay info db# RELAY 12

NPN TIP 31 to 220 transistor
741 DIP OP AMP

Trigger DIAC

Mer 106-8 SCR info db# 8070W

Assembled control board module info
db# HEPBORDE

One 4-foot piece of #18 red, gr, bl, vinyl, or
plastic wire
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Table 3-1 Continued

Ref.# _Qty Descrition  Ob#
LT ) oo DO |11 | <) N T, e W P FRONT 1 Fabricated as shown in Figure 3-5
Ref. # Oty  Description Db # PANEL
WRI12 One 8-foot piece of #12 red, blk, PLATE1 1 Fabricated as shown in Figure 3-6
vinyl, or plastic wire
PLATE2 1 Fabricated as shown in Figure 3-6
COL1 2 ¥s-inch steel collars with set screws
FH1 1 Panel-mounted fuse holder
#G1,2 2 3fs- X 2-inch pure tungsten rods
FS1 1 2-amp fuse
BALL78 1 7fs-inch brass ball with /s-20 hole
CO1 1 3-wire #18 line cord
BRKTI 2 Bracket fab from a2 '/2- X 1 Y4 -inch ) ) X
piece of 20-gauge galvanized steel BUI 1 /2 -inch plastic bushing
BLK1 2 Block fab from a 34 - X 1- X 1 Y -inch BU2 1 Clamp bushing for line cord
piece of PV C plastic : 2
WNI1 3 Medium-wire nuts
BLK2 1 Block fab from 3/s X /s > 2 !/1 piece of "
Teflon WN2 2 Small-wire nuts
BASEI 1 Base fab from a piece of 4 34 X 2 !/2 of METER 1 DRl ua‘ R B METER oty
20-gauge galvanized steel METERS0S
TEL 1 1420 % 3-inch threaded rod fabrication 1 L ol Zh ma costenlini(ed, Xfor info
with point dbi# 6 kv/20
LUGI 4 Heavy-duty screw lugs with /a -inch hole T3 1 .12—volt/100—mi[liampere stepdown xfmr
info db# 12/.1
LUG2 3 Large solder lug with Y4 -inch hole L
*D1,2,3,4 4 8 Kv, l-amp block rectifiers info dbi# H407
NU1/420 3 /4 -20 hex nuts s
D14,15 2 30 Ky, 5-milliampere, .1 us RECTIFIERS
SW6 8 #6 blunt sheet metal screws db# VG30
SW612 9 6-32 X /2 -inch screws with nuts and *R18 1 10 to 20K, 50-watt resistor info db# 10K/50
washers :
R19 1 2K trimpot
C8,9 2 1000 picofarads (PFDs) 15 Kv ceramic \
capacitors info db# 001/15 KV PVESD S B A3 A ehceboleta Serey
*HEPGAP Assembled switch module as shown
in Figure 3-4
CHASSIS 1 Fabricated as shown in Figure 3-5
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ass Accelerator

The mass accelerator device accelerates a mass
shown as a 100-gram aluminum ring to ballistic veloc-
ities (see Figure 4-1). It provides an excellent outdoor
action demonstration of electrokinetics requiring
qualified adult supervision. A video clip can be seen
at www.amazingl.com, showing the project vaporiz-
ing an object on impact. The project requires experi-
ence in the handling of high-voltage, high-energy
devices.

Construction of the device requires a working
high-energy pulser, as described in Chapter 3, “High-
Energy Pulser.” along with the assembly of the
launcher and mass projectiles. It is shown using

Mass accelerator

rfi g“ure y-1

41

energy-storage capacitors currently available on the
surplus market. These values can be altered within
limits to allow use of the available capacitors that you
may have on hand.

Theory of Operation

A circular, nonmagnetic conductive aluminum ring (a
projectile) is placed on a flat, pancake-shaped coil. A
high-energy storage capacitor is discharged into this
coil, producing a high-current pulse. This pulse is cou-
pled into the projectile, inducing an opposing mag-
netic field that provides a moment of force to
accelerate the projectile.

Setup and Operation of
the Mass Flcce_lerator

1. Verity a properly operating high-energy
pulser system, as described in Chapter 3.

2. Assemble the capacitor bank and safety dis-
charge probe, as shown in Figure 4-2. This
probe is connected directly across the storage
capacitors and is used to verify that they are
fully discharged before going into the circuit



Capacitor storage

S
Q)

= A0 ®
Projectile
/CL——A@—' ©
o
Accelerator Safety discharge probe
assembly
Black lead
Red lead Attempt to keep discharge leads as

short and direct as possible to
minimize stray inductance.

=

115 VAC grounded
three-wire cord

High-energy pulser from Chapter 3

RETAINING RETAINING
TIE WRAP TIE WRAP

our

SAFETY DISCHARGE PROBE— Use rigid piece of 18-24" plastic tube AND
with clearance ID for #12-14 stranded wire. TIN

Figure U-2  System setup for mass accelerator

to make adjustments. Use #12 wire for all dis- 3. Assemble the accelerator as shown. Figures 4-
charge connections. The capacitors shown are 3 and 4-4 require more fabricating but will tol-
32 microfarad (MFD) at 4.5 kilovolts (Kv) and erate energies up to 2,000 joules. Figure 4-5 is
were used in our lab. Other obtainable values simpler but cannot exceed 1,000 joules with-
may be used, but we cannot guarantee full out breaking up.

performance.
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1. Fabricate the BASE section from a 7 x
7" piece of 3/4" plywood. Cut corners to

o L

form an octagonal shape.

2. Fabricate the FLYWAY from a 12" piece
of 2" PVC tubing.

3. Cut out an approximate diameter hole in
center of BASE section to provide a very
tight fit to the FLYWAY tube.

4. Fabricate the BAFFLE sections by
cutting out a 5" diameter disc from a 1/4"
piece of polycarbonate (lexan). Cutouta?2
1/16" hole from the exact center to form a
ring. Cut in half to form two sections.

15

5. Wind a coil of 30 turns of #12 in 15 FLYWAY

layers of 2 turns each. Finished coil must
be in a tight pancake configuration. You
may have to make up a temporary bobbin
Jig for this step . Hold together with tape
ete.

6. Attach the two BAFFLE halves to the
BASE using 8 brass wood screws located
as shown.

7. Drill a .1" clearance hole for the inner
lead of the COIL assembly. The space
between the BAFFLE sections can be used
for routing out the outer lead of the COIL.

8. Place COIL section into cavity routing
the leads as shown. COIL section should
nest into cavity and be positioned flat.

9. Seal all points that can leak as epoxy
must be carefully poured over the COIL
forming a 1 /16" layer on top.

| | EPOXY FILL
] /_ _\ ( /—CDIL
V77§77

. [ TZZZ7]
08000008308883

= r

e
9 1

Note: The objective is to get the L]

aluminum PROJECTILE as close to the _g-»:«%

COIL as possible. This improves
energy coupling between the COIL and
PROJECTILE and limits reactive B
impedance. You therefore must
compromise system integrity in regards
to strength versus electro to mechanical
efficiency. The COIL will want to break
its position forcing outwards due to
magnetic reactionary forces. This effect
becomes a serious problem with

energy over 1000 joules. You may
want to form a 1/8" layer over the top at
the expense of system efficiency.

Start at a low-energy level and increase,
noting any cracking or deformation of 8}
COIL assembly. "

NOTE: You may eliminate the
BAFFLES and the epoxy fill if system
energy is kept below 1000 joules. A B
1/16" thick x 7" diameter polycarbonate o
retaining disc with a clearance hole for

the FLYWAY tube can be used to hold

the COIL in place. Use screws to

attach to BASE.

PROJECTILE is an aluminum ring

fabbed to a 4%" to5"0OD X2 T%"ID X

1—%" thickness. The PROJECTILE should
match the size of the COIL face
assembly and nest into the cavity. It
should move freely on the FLYWAY

tube.
PROJECTILE COIL LEADS

BAFFLE
BASE

FigureV U-3  Accelerator up2:000 Joules

4. Position the accelerator coil assembly at the
desired location, noting the direction of the
projectile as it is accelerated along the flyway
tube. Velocities can be reached that can break
glass and do damage to objects that are
directly and individually struck. Caution
should be used, as the projectile can also
cause injury.

You may use a flyway tube of at least several
meters with a retaining stop at its end. This
prevents the projectile from flying off and
automatically resets its position for the next
launch as it returns back to the original posi-
tion by the force of gravity. Do not exceed
3,000 volts as the assembly will quickly break
up due to the impact forces.
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Figure Y-4  Alternate caviry assembl;};)r higher-powered accelerators

=
)
O

Chapter

Note the controls, as shown in Figure 3-7 of
Chapter 3:

Voltage control switch R8/52 should be set to
FCCW (OFF).

High voltage power switch 54 should be set to
DOWN (OFF).

Charging switch S1 must be pressed to activate
charging action.

Plug into 115 volts-alternating current (VAC)
and turn on voltage control to verify that both
light-emitting diodes (LEDs) will activate:

The red lamp LAI indicates the system is in an
“on” state.

The green or yellow lamp [LA2 comes on but
extinguishes in the charge cycle and comes on
when the preset voltage level is reached,
indicating the system is ready to “fire.”

Set charge voltage control to 2,500 volts as
marked on the panel. Plug the unit into 115
VAC and turn on the high-voltage power
switch.

Depress the *charge switch (the green or yel-
low lamp now goes off) and note the increas-
ing voltage on the panel voltmeter reading,
indicating the energy-storage capacitors are
charging. Charge to the preset voltage as in
step 6. Note that the lamp turns on when the
set level is reached, indicating that the system
is ready to fire.

Note you may bypass the voltage control set-
tings by turning full c/lockwise (CW) and man-
ually setting the charge voltage to the desired
value as indicated on the meter.

Depress the fire switch and note the projectile
accelerating up the flyway tube. Remove the
tlyway stop pin and verify the overhead clear-
ance for higher voltages over 2,500. Repeat at
a setting of 3,000 and up to 4,000 volts. Note
that the system energy varies as the square of
the increased voltage. For example, projectile
kinetic energy will increase by 9 when voltage
increases from 1,000 to 3,000.

Electronic Gadgets for the Evil Genius



COIL LEADS

PROJECTILE

— 14 L

IO TIIIS TITD)
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PROJECTILE is an aluminum ring fabbed to a 44"
t05"ODX 2 " ID X ¥ thickness. PROJECTILE
should match the size of the COIL face assembly
and nest into the cavity. It should move freely on
the FLYWAY tube.

FLYWAY
2
Ys" piece of plastic between
coiL projectile and coil
VA7l Al 777 777 A

BASE

Figure U-5  Simple accelerator for up to 1,000 joules

Note that continued operation at over 3,000 volts
eventually will mechanically weaken the coil and
erode the spark switch. Do not go over 2,500 volts as
marked on the knob, except for experimenting! The
system may be test-fired up to 5,000 volts for experi-
mental research but will require continual mainte-
nance of the coil and cleaning of the spark switch

electrodes. Always increase in 500-volt increments to
verify system integrity. Use an externally calibrated
meter connected across the energy-storage capacitors
to verify the panel meter calibration from time to
time.

Also note that the spark gap is factory set at
.1-inch for operation at 2 to 3 Kv. Lower-voltage

Electronic Gadgets
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Chapter Four

operation may require decreasing the gap for reliable
triggering. Operation over 3 Kv will require widening
to prevent premature triggering. You may have to
tweak the gap by loosening one of the Allen set
screws for your particular range of operation. The
spark switch may prematurely fire if dirty or improp-

erly gapped.

Danger! Unplug and discharge energy-storage
capacitors before making any adjustments. Verify by
shorting capacitor terminals with the safety dis-
charge probe.

Also, if system uses a push-on/off charging switch,
it will automatically recharge the capacitor bank after
firing. Basic units use a push-on switch for the charg-
ing switch, as charging always requires the switch to
be depressed, providing safer operation at the cost of
convenience,
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Your PPROT1 plasma gun utilizes the electrothermal

energy obtained from vaporizing a metallic material,

creating a pressure wave of sufficient magnitude to
cause a projectile to accelerate to ballistic velocities
(see Figure 5-1). The system shown on our data is a
relatively low velocity device within the building
capability of most hobbyists. The project may be
scaled up for serious research with an obvious
increase in high voltage handling and ballistic haz-
ards. The project requires experience in the handling
of high-voltage, high-energy devices.

Construction requires a working high-energy
pulser as described in Chapter 3, “High-Energy
Pulser.” It is shown using energy-storage capacitors
currently available on the surplus market. These val-
ues may be altered within limits to allow the use of
available capacitors that you may have on hand.

Plasma thermal gun

Figure 5-1

47

Theory of Operation

An energy-storage capacitor is charged from a pro-
grammable, controlled current source to a selected
high voltage. This capacitor is switched by a triggered
spark gap, dumping all the stored energy into a small-
volume explosion chamber and vaporizing a thin, alu-
minum wire placed inside the chamber. A pressure
wave forces a projectile out the barrel to a high
velocity. This project is suitable for a science class
demonstration if properly supervised with qualified
personnel.

Assembly Steps of the
Thermal Gun

To construct the thermal gun, follow these steps:

1. Fabricate the barrel and breech plug, as shown
in Figure 5-2, rounding off all edges and inner
barrel ridges.

2. Fabricate the breech tube, as shown in Figure
5-3. Note that the mating of the barrel and
breech plug are precision-drilled using frac-
tional bits. The inner diameter should be .007
to .008 over the outer dimensions of the barrel



—Z 74 Z — ‘
0.25 J

6,00

Length may vary

from 2 to 8 inches. Material is J-inch

brass tubing, and

Round off edges and approximate OD is .4 inch.

clean with steel wool.

PLUG

025 —f

3.00 -

Material is }4-inch

Round off edges and brass dowel.

clean with steel wool.

Figure 5-2  Barrel and breech plug fabrication

and breech plug to allow for clearance of the
exploding wire, as shown in Figure 5-4.

If the clearance is too tight, it will be difficult
to insert the barrel and breech plug without
breaking the wire.

If the clearance is too loose, improper contact
will occur on the exploding wire. Drill a bit at
a time to establish the proper fitting action.

wire via a sandwiching action. The high-pow-
ered current pulse is now applied to these
electrodes, generating an explosive, heated
plasma vapor that produces a pressure wave,
which forces the projectile out of the barrel.

Create a lab proto unit shown in Figures 5-5
and 5-6. It allows easy disassembly and pro-
vides positive electrical contact to the gun
electrode ends. You may have your own ideas

Q 3. Solder the brass retaining washers at certain to this approach, but the objective must be the
b points, as shown, to allow the proper gauging same: good electrical contact, easy disassem-
‘ of the barrel and breech plug insertion depths bly, and reloading.
- into the breech tube. .
F. For a smaller-diameter breech plug, use the
W4 4. Fabricate projectiles from '/2-inch pieces of /s~ following substeps in fabricating:
. inch plastic, polycarboqate., or wooderll dowels. a.  Precisely locate the holes and center
S | Round off the end to give it a bullet-like punch
()] shape, creating a streamlined effect. The final ) ' ! ' ) :
%@j assembled gun should look like Figure 5-4 and b.  Drill a '/s-inch pilot hole using a drill press.
Q easily fit together for the reloading of the c. Expand the holes to the final radius using
‘ﬁ : exploding wire and projectile. You will note successively larger drills.
L the metal barrel and breech plug are aIS(‘) the d. Drill a Yis-inch hole for a spring electrode
yﬁj feed electrodes connected to the exploding v o il
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Figure 5-3  Breech mbe:fabricc;lﬂ‘ibn V

Muzzle end

l Breech tube

End view

- 1.000 ——— 1.000 —

3.000

1. Cut off a 8" section and parallel face ends.

2. Clamp in drill or lathe and drill a .25" through hole.

3. Drill a .4" hole to a depth of 1" from the muzzle end.

4. Note to precision drill for additional clearance of exploding wire.
Added clearance is equal to wire diameter.

Assemble parts with wire to verify proper fitting as shown.

e.  Drill two 'Yis-inch holes for mounting
blocks to the base section.

f. Use a band saw to cut out sections shown
by dashed lines. File for final sizing and
finishing.

Fabricate and shape the spring electrodes as

shown. Use pliers and a small vise to bend

them properly. These pieces must snap into
the gun assembly and provide a positive
contact.

Fabricate the base section in Figure 5-6 from a
piece of ¥/4+-inch finished plywood. Sand and
varnish it for a good appearance. Mount the
components as shown and clamp the wires in
place using nylon clamps and '/>-inch sheet
metal screws. Solder the leads of the feed
wires to spring electrodes.

Connect up as shown in Figure 5-7. Use at
least #16 wire. The leads must be short and
direct.

Obtain a suitable target, such as a small pil-
low. This will prevent the projectile from rico-

10.

11.

— I — 400 — = -
Bore axis

Breech block ISO view

Material is 1" OD G10.

cheting all over the place, making it hard to
find for reloading.

Prep the gun with exploding wire, as shown in
Figure 5-4. Snap it into the holders and insert
the projectile to point as shown.

It is assumed that the high-energy pulser is
properly operating and connected as per the
instructions and has a calibrated voltmeter
and set spark switch. Familiarize yourself with
the pulser operation.

Connect the high-energy pulser and energy-
storage capacitors as shown. Note that the
inductor L2 is not used in this project.

Allow charging up to 2,000 volts and then test
the fire unit. Note the loud crack as the pro-
jectile exits the barrel. Increase the voltage in
steps of 500 and note the increase in velocity.
Experiment using different projectiles, targets,
and so on.

Electronic Gadgets for

the Evil Genius 49

uns Tewasyl ewsetrd



b
()
4
o
©
o~
O

Material 1" OD G10 solid fiber glass rod

=\

3/4" brass washer

solder to brreech plug PROJECTILE

BREECH

7/8" brass washer
solder to barrel

5\1 Dashed line showing

BREECH PLUG aluminum wire fuse

BARREL

8

— = =

X-ray view showing explosion chamber

Danger! Verify that the energy-storage capacitors
are fully discharged before touching any part of the
gun assembly. Always short out the capacitor termi-
nals using the safety discharge probe until you are
ready to operate as this eliminates any residual
stored energy from accumulating.

Special Notes

The system as shown was tested with two 32 micro-
farad (mfd), 4 kilovolr (Kv) capacitors in parallel for
a total energy of 500+ joules. The projectile velocity
was more than 200 meters per second (m/s). It is sug-
gested to use only one capacitor for the science proj-
ect approach.

Serious experimenters should consider our HEP90
higher-energy charger and additional energy-storage

Q

Exploding wire
0077 aluminum

Exploded view of assembly
showing initial routing of
aluminum plasma vapor wire

Material:
1" OD G10

capacitors. The gun section must be beefed up for any
significant increase in energy. Some suggestions are
the following if stored energy is to exceed 1,000
joules:

e The entire assembly must be placed inside an
explosion shield consisting of a half-inch of
Lexan.

e Retaining washers should be replaced with
multiple washers or a sleeve all securely sol-
dered in place.

® The breech tube must be sleeved into a sec-
ondary sleeve of equal wall thickness. The
entire breech assembly is now inserted into a
steel tube or pipe for further reinforcement.

¢ The mounting blocks should be reinforced
with a '/s-inch angle of aluminum or steel.

e The mounting base should be fabricated from
aluminum or steel.

50
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Cut out on dashed lines

BARREL BLOCK FAB BREECH PLUG
BLOCK FAB

SOLDER

Note spring copper electrodes are also

Views showing gun components in place : .
99 P P used to solder input feed wire.

Materials
1 X 3/4 X 1-1/4" PVC BLOCK
1/12 X 2" SPRING COPPER

Figure 5-5  Mounting scheme showing mounting blocks

From Fig 5-4 i /

Use two screws for attaching
each block to base.

From Fig. 5-5

#14 to 16 stranded wire
BASE

CLAMPS

Leads from sterage capacitors and

triggered spark switch MATERIAL: 3/4" FINISHED PLYWOOD

Figal.‘uié”B-E  Plasma guh top view skiawin(g; muzzle blast when firing
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Attempt to keep all discharge wire as
short as possible to avoid inductance.

re
/
%
™~

wee CAPACITOR STORAGE—\

—o——©O—{—©
©

N

#1470 18 STRANDED WIRE

©
/

Jo—
SAFETY DISCHARGE PROBE
CO1
RETAINING High-energy pulser from Chapter 3 RETAINING
TIE WRAP TIE WRAP
@ STRIP
SAFETY DISCHARGE PROBE — Use rigid piece of 18-24" plastic tube AND
TIN

with clearance ID for #12-14 stranded wire.

Figure 5-7  Setup of plasma thermal gun
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When attempting to fire larger systems, it is impor-
tant to increase the energy in small steps, always
rechecking the system integrity for any damage
resulting from prior shots. You will need the follow-
ing parts to make this system:

* The fabricated parts as shown in Figures 5-4
and 5-3. These can be purchased through the
factory but will require final fitting. Raw
materials are available through most hard-
ware stores.

e The energy storage caps are shown as 32
mfd/4500 volts and are available through the
factory. Other values obtainable through sur-
plus sources may be used, but we cannot guar-
antee performance.

* The HEP3 charger/pulser/spark switch is
available through the factory as a kit or as an

assembled unit. Our HEP9 higher-powered
version intended for more serious experimen-
tal research is also available. It can charge
banks of multiple capacitors up to 5,000
joules.

Danger! If a system uses a push-on/off charging
switch, it will automatically recharge the capacitor
bank after firing. Basic units use a push-on switch
for the charging switch, as charging always requires
the switch to be depressed, providing safer opera-
tion at the cost of convenience. The red lamp (LA1)
indicates the system is in an “on” state. The green or
yellow lamp (LA2) comes on but extinguishes in the
charge cycle and comes on when the preset voltage
level is reached, indicating the system is ready to
“fire.”
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The explosion of wires or objects by the rapid dis-

charge of high electrical currents produces some
interesting phenomena. The obvious audible and
visual display is not the only objective, and it does
find use as a part of special effects and demonstra-
tions. The detonation of a wire from a moderate
energy source can provide a blast equal to a
pyrotechnic high explosive. The detonation velocity
can exceed thousands of meters per second, produc-
ing high-speed microparticles and switching high cur-
rents in the multigigawatts at nanosecond speeds for
electromagnetic pulse (EMP) generation and electro-
kinetics. The project may be scaled up for serious
research with an obvious increase in high voltage
handling and ballistic hazards. This project requires
experience in the handling of high-voltage, high-
energy devices.

Construction requires a working high-energy
pulser as described in Chapter 3, “High-Energy
Pulser.” along with the assembly of the explosion
chamber. It is shown in Figure 6-1 using energy-
storage capacitors currently available on the surplus
market. These values may be altered within limits in
order to use available capacitors that the builder may
have on hand. It can be hazardous and requires pro-
tective eyewear. This project can function as an excel-
lent museum demonstration when performed by
qualified adult personnel. Safety eyewear must be
worn by the operator.

Theory of Operation

An energy-storage capacitor is charged from a pro-
grammable, controlled current source to a selected
high voltage. This capacitor is now switched by a trig-
gered spark gap, discharging all the stored energy
into and vaporizing a wire. A shock wave is produced
by the rapid oxidization of the object. This project is
suitable for a science class demonstration of the con-
cept if properly supervised with qualified personnel.

Setup and Operation

To begin the project, follow these steps:

1. Assemble the explosion chamber, as shown in
Figure 6-2.

2. Position the explosion chamber and connect it
up as shown in Figure 6-3. The transparent
shield section provides protection to the oper-
ator but is open in the rear and side sections.
The rear section is used to place the target
material where the explosive blast exits. It is
suggested to completely shield the chamber if
spectators are to be in the area.

Note the inclusion of the trigger pulse block-
ing inductor in one of the leads. This part
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Chapter

Figure 6-1 Exploszon Cil—;czmber

Safety glasses and sar protection

are positively required for oporation

of this device. Read Instructions
Web Site <www.amazingi.com>
NFC: Amprers! #4803 673 £473

e

provides reliable triggering when using low-
impedance loads such as wires and so on.

Note the controls as shown in Figure 3-7 of
Chapter 3.

Voltage Control Switch (R8/52) should be set
to FCCW (OFF).

High-Voltage Power Switch (54) should be set
to DOWN (OFF).

Charging Switch (S1) must be pressed to acti-
vate the charging action.

Connect a 3- to 4-inch piece of #24 bare cop-
per wire to the terminal block as shown. Make
sure that the wire is firmly clamped by giving
it a tug. Place a safety cover over the assembly
if required.

Plug into 115 volts-alternating current (VAC)
and turn on voltage control to verify both
light-emitting diode (LED) lamps coming on:

The red lamp (LAI) indicates the system is in
an “on” state.

The green or yellow lamp (LAZ) comes on but
extinguishes in the charge cycle and comes on
when the preset voltage level is reached, indi-
cating the system is ready to “fire.”

Turn the voltage control off and unplug it
once the previous steps are verified.

Set the charge voltage control to a 3,000-volt
setting, as marked on the panel. Plug unit into
115 VAC and turn voltage control.

Depress *charge switch S1 (the green or yel-
low lamp now goes off) and note the increas-
ing voltage on the panel voltmeter reading,
indicating the energy storage capacitors are
charging. Allow charging to the preset voltage
as in step 6. Note that the LA2 lamp now
turns on when the set level is reached, indicat-
ing that the system is ready to fire.
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Secure terminal blocks to
base using wood screws.

Itis suggested to use other sections
of terminal block as damage occurs.
Spare blocks #TERM5 are available.

Screws for
locking in wires

TARGET
WIRE

Test sheet for
observing blast patterns

Introducing all new BLAST ART'™

Attach clear plastic panel to base.

Note that leads exi
through holes in

TERMINAL
BLOCKS

BASE 7 X 7 X 3/4"

Place a piece of white paper near the target wire and note the myriad of blast patterns produced.

You may experiment by placing paper at different locations and distances relative to the wire, noting

the various effects of the blast. This is an excellent form of a new art that we are introducing
called BLAST ART where an infinite amount of weird and bizarre blast patterns are
permanently embedded onto many surface materials. Wires of different sizes and materials
may be experimented with further, adding to the effects possible.

Figure 6-2 Explvo.s:ion chamber scheme

8. Depress the fire switch and note a loud report
of discharge in the spark switch. The wire
should vaporize with a bright flash and a loud
report similar to a firecracker. Repeat at 4,000
volts, noting a brighter flash and a louder
bang,

Special Notes

System energy varies as the square of the increased
voltage. For example, energy will increase by 9 when
the voltage is increased from 1,000 to 3,000. You may
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Six

Chapter

CAPACITOR STORAGE

Attempt to keep discharge leads as
short and direct as possible to
minimize stray inductance.

@/)

_AG ®

fo——o——0©

Ju
SAFETY DISCHARGE PROBE

‘ 115 VAC 3 WIRE

Three turns FERBLK1
Trigger pulse
blocking coil
i
o]
a + Qe
RETAINING RETAINING
TIE WRAP TIE WRAP
E STRIP
SAFETY DISCHARGE PROBE— Use rigld piece of 18-24" plastic tube AND
with clearance ID for #12-14 stranded wire. TIN

Figure 6-3  Setup of wire explosi(}n projéct

go to 4,500 volts for an increased effect, add more
capacity, or both. Use caution.

Also note that the continued operation at over
4,000 volts eventually will erode the spark switch. Do
not go over the 4 Kv setting except for experiment-
ing. The system may be test-fired up to 5,000 volts for
experimental research but may require continual
maintenance of spark switch electrodes. Always

increase in 500-volt increments to verify system
integrity.

It may be a good idea to check the front panel
meter calibration from time to time. Use an exter-
nally calibrated meter connected across the storage
capacitors to verify panel voltage settings.

The spark gap is factory set at .1 inches for opera-
tion at 3 to 4 Kv. Lower-voltage operations may
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require decreasing the gap for reliable triggering.
Operation over 4 Kv will require widening to prevent
premature triggering. You may have to tweak the gap
by loosening one of the Allen set screws for your par-
ticular range of operation.

You should place a high-permeability ferrite core
wound with two to three turns on one of the leads
from the chamber to the G2. This part will increase
the inductance of this lead to block the trigger pulse
from being shorted by the low impedance of the wire
vet quickly saturate at the main discharge current.

It is important that all connection leads from the
capacitor bank to the pulser and the chamber be as

short as possible to reduce lead inductance for opti-
mum results.

The spark switch may prematurely fire if dirty or
improperly gapped.
Ba;ré;er.’ M\;v-ay;unpldg and discharge e-nngrmgy— N
storage capacitors using the safety discharge probe
before making any adjustments.

Place a piece of white paper adjacent to the wire
and observe the interesting pattern left once it
explodes.
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This project is an excellent demonstration of pulsed
magnetics where a normal, everyday aluminum soda
can is crushed into an hourglass configuration (see
Figure 7-1). Several of these systems are on interac-
tive display at public museums where it has been
reported that students would bring their own cans,
placing them into the test coil and keeping them as
souvenirs.

Construction requires a working high-energy
pulser as described in Chapter 3, “High-Energy
Pulser.” along with the assembly of the shaping coil.
Itis shown using energy-storage capacitors currently
available on the surplus market. These values can be
altered within limits to allow the use of available
capacitors that the builder may have on hand. The
project requires experience in the handling of high-
voltage, high-energy devices. This can also be an
excellent museum demonstration when performed by
a qualified adult.

Setup and Operation

To begin the project, proceed as follows:

1. Assemble the warping and blocking coils, as
shown in Figure 7-2.

2. Position the warping coil assembly at the
desired location and connect it up as shown.
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Figure 7-1 A magnetically crushed can



Chapter Seven

Four turns of #12 vinyl wire
close wound and taped

Capacitor storage —\

A
/°

Aluminum can

it

3 turns

BLACK L

Trigger pulse blocking coil
is made from several turns
of the discharge wire
wound onto a high-
permeability, low- level,
saturating ferrite core or
toroid. This scheme

©
®

©
o

Safety discharge probe

Attempt to keep discharge leads as short and
direct as possible to minimize stray inductance.

RED LEAD

=

115 VAC 3 WIRE

provides a high impedance
to the trigger pulse but is @

transparent to the main - ®

discharge current pulse.

RETAINING
TIE WRAP

RETAINING
TIE WRAP

10

E STRIP

SAFETY DISCHARGE PROBE —Use rigid piece of 18-24" piastic tube AND

with clearance D for #12-14 stranded wire.

Figure 7-2 : ‘-Setup férWrrr"tagnerié‘(}&h“cm’sﬁefV

Note the inclusion of the trigger pulse block-
ing inductor in one of the coil leads. This part
provides reliable triggering when using low-
impedance loads.

You may make a suitable stand that will auto-
matically position the pop can. Note that the
coil is at a ground potential and poses a mini-
mal shock threat when used as directed. It can
be safely set up for public demonstration.
Contact the factory for suggestions.

TIN

Set the controls as follows (reference front
panel drawing, see Figure 3-7):

Voltage Control Switch (R8/52) should be set
to FCCW (OFF).

High-Voltage Power Switch (54) should be set
to OWN (OFF).

Charging Switch (§1) must be pressed to acti-
vate the charging action.
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4. Pluginto 115 volts-alternating current (VAC)
and turn on the voltage control to verify both
light-emitting diode (LED) lamps coming on:

The red lamp (LAI) indicates the system is in
an “on” state.”

The green or yellow lamp (L.A2) comes on but
extinguishes in the charge cycle and comes on
when the preset voltage level is reached, indi-
cating the system is ready to “fire.”

5. Turn the voltage control off and unplug it
once the previous steps are verified.

6. Set the charge voltage control to the 3,000-
volt setting as marked on the panel. Plug the
unit into 115 VAC and turn on the high-volt-
age safety switch S4.

7. Depress the *charge switch (S1) (the green or
yellow lamp now goes off) and note the
increasing voltage on the panel voltmeter
reading, indicating the energy storage capaci-
tors are charging. Allow it to charge to the
preset voltage as in step 6. Note the LA2 lamp
now turns on when the set level is reached,
indicating that the system is ready to fire.

8. Depress the fire switch and note a loud report
of discharge in the spark switch. You should
see some deformation around the can under
the coil. Repeat at 4,000 volts and the can
deforms to about 50 percent of its original
shape.

Special Notes

e

e s
e o

Note that system energy varies with the square of the

increased voltage. For example, energy will increase
by 9 when the voltage is increased from 1,000 to
3,000. You may go to 4,500 volts for an even greater
effect, add more capacity, or both to really devastate
the can.

Note that continued operation at over 4,000 volts
eventually will erode the spark switch. Do not go

over the 4 kilovolts (Kv) setting except for experi-
menting. The system may be test-fired up to 5,000
volts for experimental research but may require the
continual maintenance of spark switch electrodes.
Always increase in 500-volt increments to verify sys-
tem integrity.

It may be a good idea to check the front panel
meter calibration from time to time. Use an exter-
nally calibrated meter connected across the energy
storage capacitors to verify the panel voltage settings.

The spark gap is factory set at .1 inches for opera-
tion at 3 to 4 Kv. Lower-voltage operation may
require decreasing the gap for reliable triggering.
Operations over 4 Kv will require widening to pre-
vent premature triggering. You may have to tweak
the gap by loosening one of the Allen set screws for
your particular range of operation.

You should place a high-permeability ferrite core
wound with two to three turns on one of the leads
from the crushing coil to the G2.This part will
increase the inductance of this lead to block the trig-
ger pulse from being shorted by the low impedance
of this coil yet quickly saturate at the main discharge
current.

It is important that the all connection leads from
the capacitor bank the pulser and the crusher coil be
as short as possible to reduce lead inductance for
optimum results.

The spark switch may prematurely fire if dirty or
improperly gapped.
Danger!  Always unplug and discharge energy-
storage capacitors using the safety discharge probe
before making any adjustments.

If the system uses a push-on/off charging switch, it
will automatically recharge the capacitor bank after
firing. Basic units use a push-on switch for the charg-
ing switch, as charging always requires the switch to
be depressed, providing safer operation at the cost of
convenience.
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This chapter offers an excellent, high-powered laser
project that provides a full 20 watts of continuous
output power and is meant to be conducted by expe-
rienced users. The system is shown constructed with

all the necessary compliance for a class 4 laser device.

A water-cooled, sealed laser tube i1s powered by a
special high-efficiency, energy-conditioning circuit
providing either a battery for field use or normal 115
volts-alternating current (VAC) for laboratory use.

Figure B-1 Carbon dioxide burning laser for laboratory use
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This project is shown as being built in two parts
(see Figure 8-1). The first is the power supply and
cooling system housed in an enclosure along with all
the controls, meters, and indicators. The second part is
the laser head consisting of the laser tube with optics
enclosed in a cylindrical tube and connected to the
power supply via a 3- to 4-foot “umbilical” cable sup-
plying coolant and electrical power. An alternative



Chapter Eight

assembly scheme is shown for portable field and
handheld applications using rechargeable batteries.

Expect to spend up to $500 for this advanced and
rewarding project. The actual cost for a laser with this
capability would be $5,000 or more. This project
requires basic electromechanical shop skills with all
parts, including protective eyewear available through
Information Unlimited at www.amazingl.com. The
finished device will conform to laser compliances and
must be used with protective eyewear. A complete
list of the necessary parts is provided at the end of
the chapter in Table 8-1.

Basic Descrintinn

A gas laser tube is shown in Figure 8-1 with integral
optics and a cooling jacket. This approach greatly
simplifies construction, providing a neat, compact,
and versatile project. The power supply used is capa-
ble of operating from a 115 VAC line or from batter-
ies using a 200-watt sine wave inverter.

The project is shown constructed with all the nec-
essary compliances for use in the trade or as a low-
cost laboratory device. Cooling is accomplished by
circulating water through the laser head cooling
jacket to a forced air-cooled heat transfer radiator. A
fan is used for supplying the airflow.

Theory of Operation

A carbon dioxide laser is by far one of the simplest
laser devices to assemble and operate. This asset is
sometimes a disadvantage as this energy can be dan-
gerous in the hands of the inexperienced, both to the
builder and his or her surroundings.

As shown in Figure 8-2,a C0, laser is a two-level,
vibrational device emitting in the 10.6-micron
infrared region. Creating lasers is accomplished by
electrically exciting nitrogen gas (N,) to an energy
level close to that of the C0, molecule. The main dis-
sipation of this energy is in the resonant transfer to
the C0, molecules, causing them to change from a
ground state to the excited level 2 state. You will note
that the lower laser level 3 state is not prone to this

transfer of energy; hence, a population inversion now
exists between levels 2 and 3.

Population inversion is an unnatural state of an
atom that must be forced by an external influence. It
is where higher-energy-level bands are more inhab-
ited than lower bands occurring naturally. Apopula-
tion inversion is necessary for stimulating laser
emission. The laser action commences as a result of
the stimulated energy transition from level 2 to 3. A
means of returning level 3 energy to ground level is
accomplished by quenching it with a third gas being
helium. Obviously, if level 3 were allowed to build up,
the population inversion would soon be reduced
between 2 and 3, hence terminating laser action.

It should be noted that the C0, gas molecule con-
sists of many modes of vibration that contribute to
the laser frequency. The main mode of vibration is
around 10.6 microns and the system is often catego-
rized in respect to this wavelength. Mother nature’s
atmosphere offers a natural window to this wave-
length, and consequently a CO, laser is excellent in
respect to an application requiring propagation over
long distances. A C(, laser of sufficient power obvi-
ously is an excellent candidate for use as a direct
energy-beam weapon.

The laser described in this project is referred to as
a low flow axial device.'This is the simplest approach
and is nothing more than an airtight glass discharge
tube with gas flowing by convection in and out of the
surrounding reservoir glass enclosure. Electrodes
placed into the flowing gas excite the nitrogen mole-
cules, commencing laser action.

Circuit Dneratil;m |

The power cord (CO1) supplies a 115/220 VAC from
a wall receptacle for laboratory use or a sine wave
inverter for portable battery operation in the field.
The third green grounding lead wire must be securely
attached to the metal enclosure cover (COV1) for
safety.

As shown in Fiure 8-3, the key switch (SW1) ener-
gizes the primary circuits and cooling fan (FAN). A

fuse (FH1/FS1) protects the main circuit from any
catastrophic faults. The indicator lamp (NEON)
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Excitation energy

A

Ground level

10-micron laser output from
energy state |l minus Il

1| -
(p]

i o
ot

oo

Excited N2 to state |
by electron impact
from electrical
discharge

Figure B-2 Carbon dioxide energy-level diagram

requires a current-limiting resistor (R12) and lights
up when SW1 is turned on. The peak charging cur-
rent to C10 and C11 is limited by a rush resistor
(RX). The rectifiers (D1, D2, D3, D4) are shown in a
full bridge configuration when used for a 220 VAC
input. For 115 VAC operation, only D1 and D3 are
used along with a jumper (JMPR1) in a voltage dou-
bler configuration. The output voltage across C10 and
C11 is 300 volts-direct current (VDC) and is referred
to as the plus and negative rails.

Excited CO, to state Il Level Ill deexcited to
by resonant energy ground state by
transfer from N2 excited quenching collisions of
molecule He,

The secondary circuits are controlled by a switch
(SW2) that energizes a low-voltage transformer (T2).
Twelve VAC is a full wave rectified by diodes D30 to
D33 and filtered by a capacitor (C30). A dropping
resistor (R28) and zener diode (Z1) regulate output
to 12 VDC. The timer (IC2) supplies a delayed volt-
age to the oscillator driver (IC1). It is connected as a
monostable switch with a delay being determined by
the time constant of capacitor C31 and a resistor R27.
The delay is 10 seconds with the values as shown and
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Figure B-3  Burning laser schematic

is necessary for Bureau of Radio and Health (BRH)
compliance. High voltage is now controlled by this
action as [C2 supplies power to oscillator IC1. The C2
capacitor provides the high instant of current for the
output pulses and must be physically close to IC1.

These drive pulses turn off and on the main metal
oxide field effect transistor (MOSFET) switches (Q1
and Q2). The switching frequency is determined by
the time constant of the power control pot (R19) and
the timing capacitor (C3). A trimpot (R10) adjusts
the range limits of R19. The switching circuit is in a
half-bridge configuration where the MOSFET con-
nected to the positive end (+ rail) must be driven
with its source pin referenced at 150 volts above the
common end (— rail). This is accomplished by biasing
a bootstrap capacitor (C4) through the ultra-fast
diode (D5) providing the correct DC level to fully
control Q1. Resistors (R6 and R7) eliminate the
high-frequency parasitic oscillation occurring as a
result of rapidly switching the capacitive load of the

DELAY

F=14.47KHZ

R20 20 ohm oc
use 2 10 ohm in
series for full
scale of 10ma

MULTIPLIER

D20-32 #2CL2FK
©20-32...001115KV
R21,22 1MEG 1W CARBON

|—Cnre
Bobbin

Air Gap
Lp shorted
Lp open
Ls shorted
Ls apen

IU-CORE787
1U-250011

LTB00

IGNITOR

50T #20 LITZ
2500 T#34

Np turns
Ns turns

out

MOSFET gates. Emission indication is by LED1,
which lights up once Q1.2 starts switching power to
the laser tube. Capacitor C13 limits the current flow.

The transition time of the switched pulses across
Q1 and Q2 is slowed down by a network consisting of
capacitor C7 and resistor R8. The resultant time con-
stant limits the dv/dt fast rate of voltage change that
could cause a premature activation at the wrong
switching MOSFET, creating a catastrophic fault
mode. Capacitors C5 and 6 provide a voltage mid-
point and produce the necessary storage energy to
maintain the voltage level of the individual pulses.

Transformer T1 increases the 150-volt average
pulses fed to the primary winding to 7,500 volts
across the secondary winding. Another winding of
only several turns supplies the 12 volts required for
the cooling fan. This current is rectified by diode D34
and filter capacitor C33.

You will note that the output load for the power
supply is a gas discharge being the laser tube. A gas
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discharge requires a ballasting network to control the
discharge current from reaching destructive levels.
This ballasting network could be a resistance or reac-
tive impedance. The ballasting voltage is a significant
proportion of the actual operating level required to
provide the discharge stability.

Resistive ballast is very “lossy” and cumbersome
as large resistors would be required, dissipating many
watts of wasted energy. By using reactive ballasting
(L.1), very little energy is wasted as the now reactive
current is simply switched back and forth from mag-
netic to electric. The reactive current still must be
switched by Q1 and Q2; consequently, L1 must be
carefully determined.

The now ballasted output across T1 is voltage that
is tripled to over 22 kilovolts (Kv) by multiplier
diodes (D20 to D25) and capacitors (C20 to C25).
Resistors (R21 and R22) feed a parasitic multiplier
consisting of diodes (D26 to D29) and capacitors
(C26 to C29). This section provides the added igni-
tion voltage to trigger the laser tube to the on state.
Once the discharge current is sustained, D26 to D29
are all forward biased and the ignition section is
automatically disabled. The anode of the laser tube is
shown with stabilizing resistors (R23 to R25) and
helps to prevent discharge jitter.

The cathode of the laser tube is returned through
meter (M1) and ranging shunt resistors (R20)
intended to provide 10 milliamps of full-scale deflec-
tion current.

Assembly Steps

To begin the assembly, follow these steps:

1. TFabricate the main enclosure, as shown in Fig-
ure 8-4. We used .063 black Lexan (polycar-
bonate) as it can be easily formed in a leaf
brakemetal bending machine. Note that only
overall dimensions are shown, as you should
trial-fit all the components in place before
drilling the holes. You could use .035 alu-
minum in place of the Lexan, providing
proper attention is paid to the high-voltage
insulating points.

2. Assemble the power supply circuit board as
shown in Figure 8-5. The project uses an avail-
able printed circuit board (PCB) available
from www.amazingl.com. More experienced
builders may want to lay out their PCB or use
vector board. You are, however, cautioned to
observe the darkened lines on the schematic

050 |
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O @ i O O "
8.00 : ]‘
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Figure 8-4 Fabrication .of]VJokwer module enclosure ENI
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1. Black dots are connection points to external leads as shown in Figure 8-10 and 8-11. \ HSB1 from Fig.8-8

2. The PC board as shown is used in several projects and does not use all the components as indicated.
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Assembly of the board assembly is shown using a printed circuit board available
through www.amazing1.com Builders may use a vector board and use the
component leads to duplicate the foil traces as shown.

Figure 8-5 PCB assembly
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as these indicate high current and direct con-

Special note on transformer T1: This part is

[ —

L
nection runs requiring the use of #18 bus wire. available assembled and ready to use. Experi- *ﬁ;
You will note that the PCB contains stenciling enced builders may want to build and wind ‘éx -
showing component locations. Only the parts their own. The specifications are given as the b=

shown on the schematic and parts list are to
be used. Many parts will not be used on this
project.

Assemble the delay circuit board, as shown in
Figure 8-6.

Assemble the high-voltage multiplier circuit
board, as shown in Figure 8-7. You may use
vector board.

Assemble the heat sink bracket and the cur-
rent-controlling inductor L1, as shown in Fig-
ure 8-8. It is important that the holes for
attaching Q1 and Q2 are in perfect alignment
when inserted into the PCB. Leads must not
be stressed and the body of the transistor
must be in total contact with the bracket for
an efficient heat transfer.

Lay out the subassemblies in the main enclo-
sure, as shown in Figure 8-9. Follow the layout
locations, drilling the mounting holes as you
go. High-voltage components are secured in
place by large tie wraps. More conventional
screws and nuts secure other assemblies.

T

following:

The core set is a Magnetics #40658 or #40787
in P material.

The secondary winding is 2500 turns of #34
heavy coated magnet wire on a l-inch inner-
diameter bobbin. Use high-voltage TV flyback
winding technique with “start” at ground
potential.

For the primary wind, use 50 turns of #20 Litz
wire in even layers with additional winding of
6 turns of #22 wire for pump motor power.
These primary windings are wound on a diam-
eter that will fit on the core and also slide into
the 1-inch innerdiameter of the secondary.

Wire in first-stage components, as shown in
Figure 8-10. Attempt to use existing leads and
only splice using appropriate wire nuts where
absolutely necessary. Leads exiting the enclo-
sure should be 18 inches or more and will be
trimmed to length when finally assembled.
Use a 36-inch piece of WR20 Kv high-voltage
wire for the output lead-designated HVOUT.

Use .1 grid vector board or equivalent.

Dashed lines indicate component leads are used for connecting runs.

To T1 6 turn coil To pump- ToR12  To rail common
o 0 0 6 0 o o 0o 0o o o oflo o o o o
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Figure B-6  Delay control and pump power board
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WR20

Solder joints at high voltages should be
smooth and globular to reduce corona
leakage. This is contrary to normal
soldering practices.

ToM1 From T4 HVBOARD
T c c & (& c c [y o o] T
11 Predrill these holes at 1/16to 3/32inch 11
8 diameter 2
J c 3 c ¢ ¢ o o o l
- ’ |

Figure 8-7  High-voltage multiplier and igniter board

View shows mounting
method of Q1 and Q2
as they must be

insulated from HSB1
heatsink bracket.

HSB1 heatsink
bracket formed view.
Use .05 aluminum.

Air gap shims are determined
in Test and Calibration steps.

* l._.,...m 2.20 ——————

0.38 4
i I-‘— 1.50 —-—} E *
——-! ‘—-—- 0.35
HSB1 heatsink bracket showing

dimension for attaching to Q1,2
as shown in Figure 8-4.

ht

L1 current-controlling choke

Use a plastic form 1.25" long with a inner
diameter of .625". Carefully wind 40 turns in
even layers securing into place with tape.
Use #22 Litz high-frequency wire. Air gap
pieces will be determined later. Secure cores
together using elastic for now.

Figure 8-8  Subassemblies andspcua[ fabrication

iZ}%éﬁ@;%l%ﬁ}f | M
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Figure 8-9  Assembly of power module enclosure showing parts location and securing N

10.

il

From Fig. 8-5

NEON1

11

LE’ SW1

BU38
o

ouma
°
3
iol

Holes mate fo
attaching using
4-40-75"
screws and nuts

R19/SW2 J:::] .“..'g
1 R
LEDA -[:J | \

- Al

Position parts as shown and
L1 drill appropriate holes for
mounting into enclosure.

T

(e Tewns| | ]

Mount L1 on a piece of 1x 3" =
piece of double-sided foam

|2

|:4 FH1

BU38 [

BU3zs [

=
M1 From Fig. 8-6
Mounting Secure with 1x3"
hardware for double-sided foam tape.
M1 is included 20
with meter, Meter
shunt
O
AN
T2
Use 6-32x1/2"
screw and nuts——__ |

tape and tie wrap in place. H

SH1 Corona shield attached
using TYE12 tie wraps

BU3s []

BUCLAMP i :I
I
:
|
|
|
|
|
|
|
|
I
]
|
|
|
|
|
P
|
|
|
|

From Fig.8-7

Use a 60-inch piece of WRS Kv meter lead
wire for the high-voltage return lead-desig-
nated HVRET. Use WR20 #20 wire for all
other leads.

Wire in second-stage components as shown in
Figure 8-11, but use WR24 #24 wire and twist
where leads are paired.

Fabricate the cover section as shown in Figure
8-12 from .35 sheet aluminum. Use a hole.saw
or circle cutter for the large air flow hole or
drill a series of small holes, removing the cen-
ter piece and filing to a smooth contour.

Attach the radiator, fan, and pump to the
cover, as shown in Figure 8-13.

Assemble the cooling system hoses and fit-
tings, as shown in Figures 8-14 and 8-15.
Stretch the .25-inch inner diameter (1D) latex
hose onto the radiator nipples or mate it to
the .25-inch fittings. You may use in-line plug
and jacks for the power leads to the fan and
pump so the cover can be completely sepa-

From Fig 8-4

121

rated. Nonetheless, leads must be sufficiently
long so the cover can be moved out of the way
for access to the circuitry. Note the safety-
grounding lug for the metal cover.

Examine the LTUB1 laser tube and verify it
with Figure 8-16. Pay heed to this data, as the
tube is fairly delicate and must be operated

properly.

Laser Head Construction

The following section shows the assembly of the laser

head:

1.

Create the laser head enclosure from a 22-
inch length of 2.5-inch ID X .125 clear poly-
carbonate wall tubing, as shown in Figure
8-17.The clear plastic allows visual access to
the innards yet is opaque to the 10.6-micron
laser energy.

Electronic Gadgets for
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Chapter Eight

SEB;

FAAT AL mn“’m

Attempt to use the actual leads of the components for
connecting. If you find they are too short you must WHI
splice an additional length using a wire nut or
- .| equivalent connecting junction.

—rE

EI L' When splicing always use equivalent wire auge(a%d AN+
insulation.
LuB o Fan-
B
T1
| cov
1 | GRD
|
|
D |
|
|
|
|
i
BU2 | HVRET
|
|
|
|
|
WR2 !
/—QTaUzEH HVOUT

Figure B-10  First-stage wiring aid

Create DISKFRONT and DISKREAR from
a solid 2.5-inch polycarbonate rod as shown.
The front output disk has a 1-inch aperture
for the beam output or as a sleeve for a focus-
ing lens. The rear disk is fabricated with four
.25-inch holes for feeding through the cooling
hoses and the power leads. You may strain or
relieve these feed points using tie wraps or
clamp bushings. This is not shown and left to
the discretion of the builder.

Fabricate the laser head base (HEADBASE)
from a 22-inch length of a .035-inch-wide
piece of aluminum sheet, as shown in Figure
8-17. Note the acute angle bend for contact to
the sides when sitting flush and screwed to the
enclosure.

Fabricate the aperture flap shutter (FLAP)
from a 1.25 X 1.75 X .035 piece of aluminum.
Round the corners and drill the pivot hole, as
shown in Figure 8-17.

5. Measure out the hoses and power leads to the
laser tube and thread through the respective
holes in the REARDISK.

6. Assemble everything, as shown in Figure 8-18,
but do not screw on the cover at this time.
Note the instructions for labeling.

Testing Your La’s,e,r

It assumed that your system is accurately and prop-
erly wired per the instructions. To test the laser . fol-
low these steps:

1. Obtain a container of clean drinking water
and insert the fill and drain hoses, as shown in
Figure 8-18. With your mouth, suck in water
through the drain tube until the laser tube
water jacket is reasonably filled. Insert the

Electronic Gadgets
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NE ON%%I

LED1

R19!EW2[

BU2

Figure B8-11  Second-stage wiring aid

I9se] sen ‘0D

Fabricate a large hole to match
the fan aperture. Use a circle
cufter and do before forming.

Inner dimensions are shown for mating to
those of enclosure.

Use .035 aluminum and fabricate large
opening hole for air flow of fan through
heat exchange radiator,

Note that cover is earth grounded to
green lead of power cord,

Drill other holes as you proceed, trial-
fitling components as shown.

Figure B-12  Cover fabrication
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Figure 8-13

covi

SCRW2/NU2 /@\

&

SCRW3/NU1

RADIATOR

@ |

Small hole for grounding
cover to earth ground via
green lead of power cord as
shown in Fig. 8-10.

SCRW3/NU1

£ PasN

[ FAN ]
N RADIATOR [ covy
s T C

View showing mounting scheme of FAN1 to RADIATOR

Cover and cooling components

High-voltage

Green lead for return WRSKV
grounding cover

High-voltage
use WR20KV

Coolant hoses to laser
head HOSE1

SCRW4 (10) #8 X 3/ 8" sheet metal screws
for securing clamps and cover.

It may be necessary to remove the plastic shoulder
around the contact pins of the pump connection port
to allow soldering access to pins. Note polarity
markings on pump body.

F_IQ_UI‘E 8-4  Final v_zew_ofrhme assembled controller and cooling system
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S mras s

, HOSE1 24"

HOSE2 2" £
Laser Tube ==
ADPTR1 L
1. Cut 5 pieces of .25" |D silicon rubber tube HOSE1 as shown. Pieces indicated at HOSE2 2" o
PINCH OFF are 12" lengths. Fis
11
HOSE1 40" 2. Cut 5 pieces of 25" D latex rubber tube HOSE2 as shown. Please note that the dimensions shown are ’
intended for a 36" umbilical cable between the laser head and power control module. These may be changed at 2““ .,
the builder's discretion. Also this drawing is not to scale and is intended only for hookup information. e
| TFITY | © "
Fill PINCH 3. The four ADPTR1 are coupling adapters for mating the two size hoses. A
o 4. The two TFIT1 are for filling and purging the cooling system of air bubbles. The two pinch tubes are
HOSE1 12 connected and pinched off for normal operating. ”“ﬁ
W
ADPTR1 5. The HOSE1 connected to the output port of the PUMP1 pump may require a o
EFIT1 clamp if any leaking is detected. All other connections will not leak if the tubing is -
properly pushed on at least .5" to fitlings. Be very careful when making connections & .2
Drain to the laser tube. Apply moderate pressure working the tubing into place. Y
PINCH a ] b
Clamp hose if ieaking g
o
i HOSE2 8" sl =
e
o (s
HOSE1 12 ADPTR1 HOSE2 2" a
Drain and fill hoses are easily pinched off by ijf
folding back and securing with a tie wrap .
RADIATORT '
L
™y
)
LA

You will note a small wad of cotton inserted
into the output end of the laser tube to
protect the mirror from moisture. It is very
important to keep this cotton wad in place
when not using the device, especially in
humid enviroments. Obviously it must be 4
removed when operating. Use a plastic set a
of tweezers and be very careful not to &
contact the mirror surface. B

Water out

Discharge capilliai
HV return  Water input - 4 LY

gt \

HVin

] | X “%
| I Output beam
Kk 1 i
j! L4
o ]
Gonlirigijaciet Gas reservoir ‘“J[ Qutput mirror must be kept dry at all
Total reflector times. Insert a wad of cotton if not
using.

Do not stress the tube in any way. Mount in an enclosure on a buffering
material between the tube and fixed surface
Connecting hoses for water cooling must be insulating rubber or plastic.

The laser tube shown was developed in our laboratories and made by a
qualified glass blowing and fabrication house. Another laser tube may be
substituted providing the operaling parameters are similar,

Technical specifications: Proper polarity must be observed positive to output end.
Output >15 walts @ 10.6 microns
Size mm x 50 mm

Reflector length mm

Beam diameter < 1 mm

Beam divergence < 2 Mr.

Beam quality M2 <1

Beam mode TEM0O

Operating voltage..... 15 kv
Trigger voltage......22 kv
Operating current 10 -15 ma.

Use a 20-1o 30-kilohm resistor in series with the positive high-voltage
connection.

Tube must never be powered up without water and should never be above 25
degrees C. Cooling water requirement for continuous full power outpul is 5
liters.

Power output will decrease if current is too low or high,

Output mirror must be kept dry and protected by absorbent cotton.

Laser should not be operated with humidity above 70%.

Fl'gur.E. 8“-15 . hLaser tube deraif showing c.cw)nneckticumus- ’
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Chapter Eight

Connections to the laser

tube high-voltage pins cannot

be soldered. You may

wrap several tums of bus

wire and secure with a dab

of epoxy. .
Enlarged view of connector
pin

Laser tube is positioned on two foam rings, FOAM1,
to buffer any accidental shock or vibration. Note
slots for allowing passage of hoses and power
leads.

DIKREAR
HOSE1 LTUBE EN2 WR5 HOSE1 SCRW4

FOAM Optical axis

SPRING
= o) scRw

OPTIONAL LENS TUBE

DISKREAR ('—_'——-———_—— %
EN2

Direct laser output without the optional focusing lens can be
used for many basic applications.

DISKFRONT
SIDE VIEW

Precise cutting requires a focusing lens as shown inserted into
a tube that sleeves into the front disk. This lanse provides a
concentrated beam capable of buming most materials.

A more complex optical system providing beam colliminating

before the focus lens allows energy concentration whers the i
. Use 3 screws SCRW4 positioned at 120 degrees
Sikatihe tocus poinisachuly Gxpkces o secure end dieks to EN2. Pre-<iril the holes.
Lager head
‘ ‘ Sobitew Use 5 SCRWA to attach the HEAD BASE to the
= enclosure EN2. Pre-drill as necessary.
) N
SCRW4
FEET
Laser head
front view

Figurekér-rli 7 VLraser"’ Head :sidé'a;f& énd view;‘

DAN GE INFORMATION uniimited
T — 1

LABER RADIATION Mg mma
o o e - HIGH
kT ool
%é_ww-w T — VOLTAGE
LAB2 LAB3 LAB4

LAB1

You can pinch off the
fill and drain lines by
folding over with a
short radius. This will
eal the hese that can

AT itirge be retained by a tie
Pinch-offs ap, elastic, or
I Drain appropriate size
o washer.
Q
LAB4
Temporary water suppty/ Tag3
for filling cooling system
LAB2
LAB1

Beam out axis

Figure B-18  Laser system for 115 VAC laboratory use showing labels
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drain hose in the water container and verify
that both hoses are secured fully submerged.

Connect a variable DC voltage source capable
of several amps across C33, shown in Figure 8-
6, observing polarity. Slowly turn up the volt-
age until the pump starts to circulate water.
Allow it to continue to run while tapping and
tipping the laser head and radiator section,
purging out all the air bubbles. Let it run for
30 minutes and verify that the system is not
leaking and there are no air bubbles. Note
that you may have to suck the air on the line
several times to get the pump to prime. Dis-
connect the DC supply.

Obtain a variable voltage transformer (a
variac and an isolation transformer, and bal-
last the input through a 60-watt bulb). Figure
8-3 shows a schematic of this very useful test-
ing system for line-powered circuits. Verify
switches SW1 and SW2/R19 are in their off
position. Connect a dual-input scope to test
point TP1 to measure the voltage and a cur-
rent probe at test point TP2. Short the output
terminals of secondary T1 and temporarily
assemble L1 without any air gaps.

Verify that the laser tube is electrically con-
nected with the right polarity and that the
pump and fan are connected. Turn the key
switch on and slowly turn up the variac, noting
the neon indicator lamp comes on with the
cooling fan.

Rotate R19 to an on position and note that
the LED lamp has a 5- to 10-second delay.

Note a wave shape, as shown in Figure 8-3, at
TP1. Rotate R19 full clockwise (CW) and note
the increasing period. Adjust trimpot R10 for
a full period of 50 microseconds (20 kHz).
Note a very small current at TP2.

Shut the power down and put a layer of
approximately 10 mils (.01 inch)-thick tape or
an equivalent for the first air gap setting, as
shown in Figure 8-8. Repeat this, increasing
the air gap until you get the current waveform
value as shown in TP2. You should have a
peak current rise at TP2 of 7 to 8 amps with
the 60-watt ballast in the line. This will
increase to around 10 amps with the ballast
removed (shorted). Our lab units require a
gap thickness of .03 inches.

8. You are now ready to activate the laser tube
obtaining output power. Secure the tube to a
nonconductive surface and verify the power
leads are the right polarity and are securely
attached to the pins. Remove the shorting
lead across T1 output.

Caution: Do not attempt to solder to these pins,
as the tube will be destroyed. Obtain a 3- to 4-inch
piece of wood and place it securely 10 to 12 inches
in front of the laser tube output end. Remove the
protective cotton swab and gently clean the mirror
with a Q-tip and some acetone.
9. Connect a current meter that can accurately
measure 10 milliamps and temporarily insert
it in a series with the laser tube ground lead.

10.  Turn off all switches and controls. Plug the
system into the unballasted line with an AC
ammeter. With the laser tube pointing at the
wooden target and your safety glasses on, turn
on the key switch, noting the neon lamp light-
ing and the fan coming on.

11.  Click on R19 and note the LED lighting with
about a 5- to 10-second delay. If you did your
homework and Murphy’s laws are lenient, you
should detect a burning spot on the wooden
target as you rotate the control clockwise.
Adjust to 5 milliamps as indicated on the
external current meter. The laser output
should be burning the wood with an almost
white-hot impact point. Note the pump run-
ning and water circulating through the tube.
Measure 5 to 6 volts DC across the pump ter-
minals. Calibrate the panel meter to midscale
for 5 milliamps, giving a full-scale value of 10.
The meter is calibrated by shunting with a
resistor. We use a 20-ohm basic value and trim
with other larger values to bring the meter
reading into the proper range.

12.  Verify all functions, air bubbles, the excessive
heating of parts, potential high-voltage break-
down points, and loose connections and cor-
rect as necessary.

13.  Finally assemble and label everything. Study
the following notes.
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Special Notes

Included is some useful information about the laser
system.

Optional Focusing Lens

Your laser system may be used with a focusing lens
for close work such as etching, wood and plastic
engraving, materials testing, precision cutting and
drilling, and other obvious fine fabrication. The
focused energy will cause a surface to burn like the
sun! The focusing lens can be mounted to a tube that
sleeves into the front disk aperture. Use your own
ingenuity to secure it in place.

The raw beam from the laser itself without any
optional optics will project a burning spot of about .3
to .4 inches at a distance of 10 feet. Obvious caution
is required when projecting the beam without a
known target stop, as the energy can be a serious fire
hazard.

o A e

El'a'ttés'rg Operation

Portable field use simply involves using a recharge-
able battery pack. A garden tractor or motorcycle
battery can provide up to 1 hour of continuous oper-
ation when the beam current is set to 5 milliamps.
Our shop field model uses four 12-volt, 4-amp gel
cells with a 200-watt sine wave converter, as shown in
Figure 8-19. Again, the device is a two-part system
with the batteries, converter, and power supply pack-
aged as a side pack with a shoulder strap. The laser
head is built into a gun configuration with a pushbut-
ton trigger switch, as shown in optionally wired Fig-
ure 8-3.

Cleaning Output Optics

It is important to protect the output lens with a cot-
ton swab to absorb moisture that would damage the
output optics. The output mirror should be cleaned
with a Q-tip immersed in acetone periodically.

Laser head

[ ]
|
Push switch

Umbilical

Strap

Batteries and
sine wave inverter

ol;iwgure 8-19  Portable battery-operated system

You may omit the fan for field use if not
operated continuously.

Use ingenuity in housing the batteries and inverter with

the power supply. The pushbutton switch is wired as shown
in Figure 8-1. Our field model used four 12-volt,4.5-amp gel
cells, providing just over an hour of continous operation
with the tube current set to 5 milliamps.

Power supply
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Always remember to remove the cotton before pow-
ering up or serious damage to the mirror will result.

Purging the Cooling System

It may be necessary to purge out the air bubbles from
the cooling system from time to time. Do not allow
large air bubbles to form, as the mirrors may not be
adequately cooled due to these air pockets.

Operating Time

The system may be left on indefinitely, providing
there is no excessive heating of the electronics and
the cooling system adequately keeps the laser tube at
ambient or below.

Increasing Power Output

The system is shown operating at a tube current of 5
milliamps, resulting in around 10 to 15 watts of out-
put. You may further decrease the air gap in L1 to
obtain more tube current of up to 10 milliamps. This
will result in up to 20 watts but may overheat the
electronics if left on for an extended period.

General-Purpose Test Fixture
for Line-Powered Circuits

A universal test fixture schematic is shown in the
inset drawing in Figure 8-3.This fixture is strongly
recommended for the serious hobbyist or builder
constructing line-powered circuitry. Not only does it
provide some electrical safety, but it also can help
prevent catastrophic component burnouts due to
prototype and project wiring errors. Our labs use sev-
eral of these fixtures ranging in line currents of 3
amps at 115 VAC to 100 amps, 3 phase, at 220 VAC.

The suggested unit for most projects up to 500
watts is to obtain an isolation transformer and a
variac good for up to 5 amps. Wire as shown using
#18 wire and observe line cord polarity relative to the

hot side. You can also monitor line current by con-
necting in a series with the hot lead to the output.

The earth-grounding wire is directly connected
from an input cord to an output receptacle and to the
case ground of the fixture. The output lead is also in
series with a lightbulb socket with a shorting switch.
This scheme allows you to set the maximum short-
circuit fault current by ballast wattage selection.
Once it is determined that the circuit is reasonably
functional, the ballast is shorted out by the switch.

Table 8-1 Handheld burning CO, laser parts

Ref. #  Qty. Description

Main board assembly from Figure 8-5
R1 220-ohm, '/a-watt resistor (red-red-br)
R6,7 2 15-ohm, /s-watt resistor (br-grn-blk)
R8 10-0hm, 3-watt resistor metal oxide

(MOX)

R10 10K vertical trimpot
R11 1K, '+-watt resistor (br-blk-red)
R12 100K, '+-watt resistor (br-blk-yel)
Rx In rush current limiter #CL190
Cc2 10 microfarad (mfd)/25-volt vertical

electrolytic capacitor
C3 .01 mfd/100-volt plastic capacitor

C4 .1 mfd/600-volt metalized polypropylene
(MPP) capacitor

C5,6 2 1.5 mfd/250-volt MPP capacitor
C7 0015 mfd/600-volt MPP capacitor
Cl10,11 2 220 to 330 mfd/200-volt vertical
electrolytic capacitor
Cil13 50 picofarad (Pfd), 1 Kv ceramic capacitor
D1,2,3,4 4 IN5408 1 Kv, 3-amp rectifier
D5 1N4937 1 Kv fast-switching diode
1C1 IR2153 dual in-line package (DIP) driver
Q1,2 2 IRF450 MOSFET
PC1 PCB and wire as shown in
Figure 8-5, #PCLINE
THERMOI1 2 Insulating thermo pads for Q1 and Q2
SWNYLON 2 6-32 X /2 -inch nylon screws and metal

nuts

Electronic Gadgets for the Evil Genius 81



Table 8-1 Continued

Ref. # Oty.  Description
P e A WR24 3feet #24 red and black pieces of hookup wire
Ref. # ty. Description
a S Erod WR20 6 feet  #20 red and black pieces of hookup wire
Remaining electrical parts
WRSKV 6 feet 5 Ky flexible test lead wire
FH1/3 A Panel-mounted fuse holder and 3-amp
slow-blow fuse WR20KV  Sfeet 20 Kv silicon high-voltage wire
R19/SW2 10K pot and switch Cooling section parts
R20 Meter shunt resistor start, 20 ohms FAN1 4-inch-square 110 cubic feet per minute
and 1/« watt: see text (CFM) 115 VAC muffin fan
R21.22 2 1-meg, 1-watt resistors RADIATOR Transmission cooler, JC Whitney,
#COOLER
R23,24,25 3 10K 5-watt MOX resistors
PUMP 12-volt automotive window washer pump,
R27 1-meg, /4 -watt resistor #PUMP1
R28 27-ohm, /2 -watt resistor LTUBE 20-watt CO, laser tube, #COTUB?2;
see text
C20-29 10 .001 mfd, 15 Kv ceramic
capacitors, #,001/15 Kv HOSEL 10 feet /s -inch ID silicon rubber tubing or
equivalent
C30 100 mfd, 25-volt vertical electrolytic
capacitor HOSE2 2 feet  'Ya-inch ID latex rubber tubing or
: equivalent
C31 10 mfd, 25-volt vertical electrolytic
capacitor TFIT1 2 s -inch T fitting
C32 .01 mfd, 50-volt disc capacitor ADPTRL 4 /& - to '/4 -inch hose adapter
©33 1000 mfd, 25-volt vertical electrolytic Fabricated parts
capacitor
EN1 Enclosure as shown in Figure 8-4
D20-29 10 10 Kv, 100-milliampere, 100-nanosecond,
high-voltage diode, #VG10HC DEL .1 .1 vector board cut 3 X 1.6 inches
BOARD as shown in Figure 8-6
D30-33 A4 1N4001 50-volt, 1-amp diode
HVBOARD 16 ~inch lexan 6- X 1.5-inch fabricate as
D34 IN5401 50-volt, 3-amp diode shown in Figure 8-7
D35 IN914 small signal diode HSBI1 Heatsink bracket as shown in Figure 8-8
Z1 16-volt, 1-watt zener diode COV1 Aluminum cover as shown in Figure 8-12
IC2 555 DIP timer SH1 Corona shield fabricate from 7- X 1.5-inch
polyvinyl chloride (PVC) tubing
Cco1 3-wire #18 power cord
HEADBASE Aluminum base for laser head support as
NEONI Neon indicator lamp with leads shown in Figure 8-17
SW1 Key switch—removable in off position EN2 Laser head tube 22- X 2.5-inch
only innerdiameter (ID) X .125-inch clear
L h in Fi 8-17
T1 High-voltage ferrite switching i Bl e
transformer, #LABURTI0; see text DISKFRONT Output end .5 X 2.5 outerdiameter (OD)
L disk as sh in Fi 8-17
T2 12-volt, 100 milliampere power s e
transformer, #12DCY.1 DISKREAR Feed end .5 X 2.5 OD Lexan disk as
h in Fi 8-17
L1 Current-controlling inductor shown in e~
Figure 8-8, #LABURL10 FLAP Aperture flap as shown in Figure 8-17
M1 Panel meter with 50-microamp movement Hardware and small mechanical parts
LEDI1 Green ultra-bright LED SCRW1 6 6-32 % .5-inch machine screw
WNI1 3 Small wire nuts for #20 wires SCRW?2 4 8-32 X .5-inch machine screw
WN3 2 Medium wire nut for #18 wires SCRW3 2 6-32 X 1.5-inch machine screw
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Ref. # _ Qry.
SCRW4 20
SCRW5 3
SWNYLON 2
NU1 10
NU2 4
NU3 6
SPRING
TYE12 T
LUG3

LUG4 2
WNI1 5
BUCLAMP

Description

6 X .25-inch sheet metal screw

4-40 X .75-inch machine screw

6-32 x 5-inch nylon screw

6-32 machine hex nut

8-32 machine hex nut

4-40 machine hex nut

.25- % .5-inch medium compression spring
12-inch nylon tie wraps

#8 solder lug for cover grounding

Slip on lug for laser tube connection pins
as shown in Figure 8-17

HI3 wire nuts

Clamp bushing for power cord

Ref. # _ Qty.

BU38 8

FEET 8

CLAMP25 2

CLAMP38 2

Description

.25-inch feedthrough bushings

Rubber feet for power supply and laser
head

.25-inch nylon cable clamp

.375-inch nylon cable clamp

Optional support items

150-watt sine wave inverter for 12 velts-
direct current (VDC) operation,
#SINE150

12-volt, 4.5-amp rechargeable battery
2.75- X 4- X 3.6-inch, #BAT12

12-volt, 1-amp recharger kit, #BC12K

5-inch focusing lens with a 1- diameterx
5-inch fl. zinc selenide, #MENCS
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This project is a very rewarding one for the laser
experimenter with the result being a tool that can
burn and cut many different materials (see Figure
9-1). The continuous output of 1 watt at wavelengths
from .7 to 1 micron requires class TV labeling and
other compliances that are clearly shown and
explained. Project data is highly detailed, as errors in
assembly can be very costly, owing to replacing the
laser diode; they are not cheap! Proteclive eyewear
must be worn and is available at www.amazing1.com.
Expect to spend $50 to $100 for all the compo-

nents, minus the laser diode. Sometimes these are
available on the surplus market ranging from $100 to

Figure 9-1 "Dniodenburning laser

85

$200. Required test equipment involves only DC-
reading meters. All parts are available on the previ-
ously mentioned web site and are listed in Table 9-1.

The laser will operate most laser diodes from 10
milliwatts (MW) to 1 watt or more. The circuit is not
temperature compensated and is intended to operate
near ambient temperature. This is usually not a prob-
lem for normal room temperature applications.

Applications

The system, when operated with a .5- to 1-watt diode,
is capable of cutting, engraving, trimming, and per-
forming many small-scale fabricating applications.

When operated at around 1060 nanometers (nm),
output may be frequency doubled to an intense, visi-
ble green beam at 532 nm. Qutput in the green can
be a conservative third of the input where a 1-watt
diode will easily produce 300 milliwatts of visible,
intense green light.

Diodes operating in the 800 to 900 nm range pro-
duce intense, infrared (IR) illumination for night
vision devices. Low-powered devices can invisibly
illuminate windows that act as a microphone, con-
verting internal sounds and voices to mechanical
vibrations. The reflected light now spatially varies and
is processed back into sounds by a special optical
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receiver. A laser window bounce listening system is
described in Chapter 13, Laser Window Bounce
Listening Device.” Your laser will operate most laser
diodes from 10 milliwatts to 1 watt or more. The cir-
cuit is not temperature compensated and is intended
to operate near ambient temperature. This is usually
not a problem for normal room temperature applica-
tions.

Basic Theory

Your laser diode requires a constant current source
of clean, stable, ripple-free power. The output results
when a forward-biased semiconductor junction emits
optical energy due to stimulated emission. A light-
emitting diode (LED), on the other hand, produces
optical output via spontaneous emission and lacks
coherence properties.

A forward-biased diode junction must be current
controlled as this junction resistance is not linear and
has a tendency to draw large increments of current
for small, incremental changes in voltage. The diode
is also sensitive to temperature and must be operated
with a feedback loop to control the drive current if
used in widely varying temperatures. This is not a
built-in feature of this system as operation is
intended to be around room temperature. The circuit
provides the necessary control and conditioning of
the diode current for most room temperature appli-
cations. The diode junction is also very thin and can-
not take any voltage transients without a catastrophic
failure. Therefore, all transients and surges must be
minimized to protect this junction.

Circuit Theory

Input to the system may be a battery pack capable of
supplying 1'/2 times the rated laser diode current or
an equivalent wall adapter for direct 115 volts-alter-
nating current (VAC) use. We suggest a nonregulated
type as the switching units can cause transient dam-
age under certain conditions. The input power is ini-
tially controlled by a toggle switch (S1) that
immediately turns on the blower (BLW1) and the

indicating LED (LAT1). The actual laser output is con-
trolled by the action of a key switch (S2) that initiates
a timer (I1) providing the necessary delay required
for a class IV laser. Output from the timer now turns
on a DC switch consisting of Q1 and Q2 through a
slow turn-on by the charging action of start capacitor
(C7), as shown in Figure 9-2.

This DC switch now feeds current to a voltage reg-
ulator (VR1) with its output set to 7 to 8 volts by the
trim pot (R5). LED LA2 now indicates that the laser
is emitting energy.

The regulated output of VR1 is conditioned for
transients by transorb PZ1 and a tantalum capacitor
(9 and is then fed to a current-controlled module
(CC1). The laser diode is connected to the module
through a resistor (R7) junctioned at the solder ter-
minal strip (TE4). The laser diode current is moni-
tored by reading the voltage at pins 3 and 4 of TE4 or
via an external jack (J2) connected to these points.
The diode current is carefully controlled by the multi-
turned trimpot for current adjusting mounted on the
CC1 module and it must be closely monitored in
order to not exceed the manufacturer ratings. You
will note that all switches and contacts are bypassed
by a .1-microfarad capacitor to minimize noise from
contact bounce.

Assembly Steps

The figures show our layout and should be followed
reasonably closely. It is suggested that you obtain the
necessary parts and then trial-position and fabricate
the chassis as you proceed. The steps for assembly are
as follows:

1. Insert the components into the perforated
board as shown in Figure 9-3, using the com-
ponent leads for connection points, as indi-
cated by the dashed lines. Attempt to follow
the layout using the hole locations as shown.
Note the component polarity, where shown,
avoids short circuits, cold solder, solder
bridges, and wire shorts. Figures 9-6,9-7, and
9-8 show various stages of wiring.

2. Create the chassis per Figure 9-4 from .063
aluminum as shown. Note that important
dimensions are shown, such as the overall

86 Electronic Gadgets for the Evil Genius
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l Break this Q2
c1 peint for
optional
trigger
switch 83. @
7,
i
AN
4/8
R4
4 " 47K
— 12voe Rﬁg
1.5 AMP IN i 3
= R2
— 26 470
1 5
e
LAZ
RED } GREEN
_les ce

The voltage at TP2 is

delayed by the timing cycle

from that on TP1,

) €

VR1

CC1 Current adjust

9 o1

c4 y
RS
igrsk

TTRIM

BK OR BR P2 Pi1

83 is used when unit is built into a handheld gun configuration being powered by batteries. You can use B AA cells for

about 1 hour of continuous operation

Use a 12-volt,1.5-amp wall adapter for 115 VAC bench operation.

Jack J2 is used for measuring laser diode current and reads 1 millivolt per 1 milliamp of diode current.

length, width, and so on. Make the actual
holes for components as shown. Dimension
them as needed for particular component size
and in the proper locations according to the
drawings.

Assemble the bracket as shown in Figure 9-4
from a 4- X 2-inch piece of .063 aluminum
and mount it to the chassis via two #8 X 3/s
sheet metal screws. Note the holes for the
MK1 mounting socket of the voltage regula-
tor (VR1). These holes must be free from any
burrs or sharp edges that could puncture the
insulating mica washer.

Drill a single hole for the single screw mount-
ing of the CC1 current controller.

Mechanically assemble the chassis as shown in
Figure 9-5:

a. Attach the terminal lug strip (TE6) via
pieces of bus wire secured under the nuts
of the two grounding screws, SW1 and
NUIL. These pieces of support wires
connect to the two outer lugs of this strip
grounding these points.

CHASSIS
GROUND

TE4

LD1 R7
AT

Bottom view of socket

TEST DIODE
made from three
1N4001 diodes in
series

Connection for
external laser
diode current
manitoring

Flgure 9-2 Burnmg diode laser schematic

b.  Snap in BUI, two plastic bushings.
c.  Attach the front panel components.

Connect the remaining interconnecting wires
and connections as shown in Figures 9-6, 9-7,
and 9-8.

Verify the wiring accuracy and check for .
shorts, bad solder joints, and general assembly
errors.

Assemble TUBEI and 2 as shown in Figures
9-9 and 9-10. Note these pieces must mate
with one another in a telescope-like structure.

It may be necessary to ream out the outer
tube to obtain a proper sliding fit.

Glue the lens to the end of TUBE2. Use a
room temperature vulcanizing (RTV) adhe-
sive sparingly, avoiding touching the lens.

Carefully solder the umbilical lead WIREZIP
to the respective connections on the SOCK1
socket. Observe the polarity when connecting
the other end to TE6.

Electronic Gadgets for the Evil Genius
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To"O" VRA1

To "E" VR1

Tored CC1+

Break this point
for S3 external
trigger switch

To "G" VR1

To GRD
of TE4

LA1
Cathode Cathode
of LA1 of LA2

FI:_:_ILII'E 9.3 Assé;;igl}“ boara'ﬁ E)!owup

10.  Assemble the LDIODE laser diode to the
HSINK heat sink via a retaining washer and
two screws. Note the sandwiching action of
the assembly with a diode nesting in the
recess of the heat sink. Do not insert the laser
diode into the socket at this time.

Circuit Pretest

To conduct a pretest on the circuit, follow these steps:

1. Assemble a test diode using three 1N4001
connected in a series to simulate the laser
diode as shown in Figure 9-2.

Anode
of LA2

2. Connect the leads of the test diode to the pins
of the laser diode socket using small alligator
clips, observing the polarity.

3. Preset all switches to “off” positions and con-
nect a voltmeter to TP3.

4. Turn on S1 and note the blower BLW1 and
LED LA1 coming on.

5. Turn on S2 and note a 5- to 10-second delay
before LA2 comes on and the voltmeter indi-
cates a voltage. Note that the indicator LED
on the CC1 module also lights up. Adjust
trimpot RS for 7 volts on the meter. Adjust
input voltage from 10 to 14 and note the
meter not changing from 7 volts. This verifies
proper voltage regulation.

88 Electronic Gadgets
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VR1 may be a TO3 or TO 220 mount. QLAZQ
They must be insulated from the bracket *BU1

using special mounting hardware
MK1 as supplied in kil. Q

Eyeball hole focations following the assembly
drawings and trial-position paris as you go.
Check sizes of compaonents for hole diameters.

CHASSIS

Exit hole for leads
BK1 O when built in gun
2 configuration

Figure 9-U  Chassis fabrication showing bracket BKI T

HHH
. VR1 BK1 = /—lNSULATING PARTI:I'ION
N =i e @ ’_,4 e L
=] | I E 6 I—[I—I]'l ¢[:1 : = }m
@ @ BU1® g L)
i im : . : :
P ©Z mﬁc’ob =5 (] =
] cct LJ @1 . 'ET ol 81 ﬂ:
I 1l LA1

Control Pin

Moniter laser diode current by
3 connecting a calibrated milliamp
L ] meter to pins 4 and 5 of terminal
E:] L e strip TE4 externally connected to J2.
é . . -

2 OE) : @ Pins 1 and 6 are ground commen points

where grounding leads provide actual

Case r . =7 support for TE4.

is OUT

* Show alternate locations for BU1
required for portable gun or bench
configurations.

Base view
bottom of VR1

Figure 8-5  Mechanical layowt e
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Twist wire pairs together wherever possible
for neatness and mechanical integrity.

N rm=—IIR
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|| LT Y% !

Figure 9-6  Wiring aid first level

e

o 'I' e
I L—r‘"TLI

| W

Figure 9-7  Wiring aid for level two

BLW1 VR1 BK1 TE4 FROMFIG. &-3 Note LA1,2 are not
‘\ ) shown in this view.

L \ 1
e s i
i - - 2 !
. o

0.l ® s
BT

%T ]

Alternative exiting of
laser head feed leads
for gun configuration

]

i1Nne

.F_i'gure 9-8 i ﬁ}iring ai;iﬁ-)-r level thr:éé

6. Connect a digital millivoltmeter to TP5 and 7. Check the output regulation by shorting out
adjust the multiturn trimpot on CCl1 for one of the test diodes and note that the milli-
exactly 1 volt. This corresponds to a current of voltmeter does not change. This verifies the
1 amp flowing through the test diode. You will current control.
note that a reading of 1 millivolt on the digital 8. You maynow connect in a real laser diode.

meter equals 1 milliamp of diode current. The system output will be dependent on the

)
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In some cases you may have to turn down the HSINK heatsink to properly slide fit into the TUBE1
enclosure tube. This is easily done, securing it on a threaded shaft and nut, and using a drill press and
emery paper, turn down to the correct fit. Unfortunately not all aluminum tubing is of an exact inner-
diameter and this is sometimes necessary. If you cannot get the part to correctly fit you may request
the factory to turn it down.

apped hole for SW3 4-40
holding screw for securing
laser diode heat sink inside
of TUBE1

Tubes must telescopically fit with one another.
It may be necessary to "turn down" for fit.

3| CASE
. S; HSINK

CAP2 APERTURE CAP

PIsYpue

ALUMINUM DISK

Bottomn view of 1
laser diode

Tie these wires
into a knot to TUBE2
strain relieve.

RTV S8OCKET

UTUJn

LEN1 front view showing
adjustment slots for tool

WIREZIP

LEN1 Adjuster tool
Tape a piece of #20 wire over the end of a 5/8"

heliow tube. This will allow beam passage for observartion as
you rotate the lens adjustment for optimum collimination.

X-ray view of HSINK showing position of screw in LENS1
adjacent to output of laser diode for approximate setting.

Figure 8-  Laser head and collimator assembly

X-ray view of HSINK showing position of screw in LEN1
adjacent to output of laser diode for approximate setting.

™

WIREZIP

IaseT aPoT

LEN2475

Tie a knot in the
wies WIREZIP o a|Ci =" =g = s i

strain relieve.

o |

[ o e

o J

Smoke
OPTICS DATA and fire!l!
LEN1 Shaping lens LEN2475
Note the target may be a piece of carbon paper tightly

S e e — wrapped around a piece of wood. This will give an
LASER DIODE [ excellent indication of output power and beam size.

TARGET 1ft=1/-1/fd
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power, wavelength, and beam profile of the

actual laser diode. It is assumed that you are
familiar with these properties, their applica-
tions, and the proper safety precautions.

Before you open up the box containing your
laser diode, it is imperative to read the follow-
ing pages.

Study and carefully follow all of the manufac-

turer’s instructions usually supplied with the
diode.

Safety

High-power diode lasers emit radiation in the visible
and infrared region of the spectrum. When in use,
safety precautions must be taken to avoid the possi-
bility of eye damage. For Class IIIb lasers, do not look
into the beam or allow direct eye exposure. For Class
IV lasers, do not expose the eye or skin to direct or
scattered radiation. If viewing is required, the beam
should be observed by reflection from a matte sur-
face, utilizing an image converter or a suitable fluo-
rescent screen. Class IIIb lasers operate at powers
less than 500 milliwatts. Class IV lasers operate at
powers greater than 500 milliwatts. Safety glasses for
this project are available at www.amazingl.com.

General Handling

The window of the 9-millimeter hermetically sealed
laser diode packages is quite thin (~250 microme-
ters) in order to minimize the optical path length. Do
not push on the window when inserting the laser
diode into a socket. Push the device into place by
pressing on the base of the package.

Static Electrical Damages
(ESD)

i S

Laser diodes are very reliable under normal operat-
ing conditions, but like most semiconductor devices,

they can be easily damaged or destroyed by inadver-
tent electrical or static discharges. A static-free envi-
ronment is mandatory. Grounded tweezers, a
grounded wriststrap on the user, a grounded work
surface, antistatic floors, and a case ground for the
laser diode all reduce the risk of damaging static dis-
charge through the diode. Retain the laser diode in a
static fine environment when not in use (such as the
shipping container). Short the pins on packaged
diodes at all times when not in use. Insert pins into
conductive foam or wrap wire from pin to pin. (Note:
A nonshorted laser can be damaged by ESD even
without touching it.)

Excessive Forward Voltage

A forward current greater than the specified limit or
any reverse voltage may damage the diode junction.
Putting a clamping diode across the output of the
power supply solves this problem. Commonly, these
conditions occur from a static discharge or from acti-
vation or range-changing voltage transients in labora-
tory power supplies. Many power supplies, even
current-regulated one, exhibit fast voltage spikes a
when switched on or off. The following precautions
are recommended to minimize the risk of destructive
electrical transients occurring:

e Reduce static charge accumulation by wearing
a grounded wriststrap when handling laser
diodes.

e Use a grounded work area and store the laser
diodes in their original shipping packages
when not in use.

e Eliminate transient power supply spikes by
using a power supply specifically designed for
laser diodes or another “slow-start” power
supply. This criterion is built into this project.

Excessive Forward Current

An excessive forward current can cause operation at
optical power levels, which may damage the output
facet in less than 1 microsecond (usec). Laser action

92 Electronic Gadgets for the Evil Genius



may continue after this damage at lower efficiency
and lower power, or only spontaneous emission may
remain. The allowable current depends on the pulse
width in pulsed or quasi-clockwise operation, and
peak optical power must be reduced as the pulse
width increases.

Reverse Currents

Reverse currents may also damage the diode. For-
ward or reverse transients may be caused by energy
reflections in pulsed systems, capacitance in fixtures
or cables, or output capacitors in constant-current
supplies operated with no load connected. Drive lev-
els on drivers for moderate-power, continous-wave
laser diodes may be tested by using a dummy load,
such as two 1N4001 diodes and a 1-ohm resistor in
series.

High Temperature

For normal, room-temperature operation, the laser
diode should be firmly mounted on a heat sink,
whose temperature should be maintained at 20° to
25° C. The maximum operating and storage limits are
shown on the product data sheet.

Here is some helpful information on how to oper-
ate your laser:

1. Note that the optical diagram on the inset of
Figure 9-10 shows the shaping and collimating
lens (LEN1) along with the focusing lens
(LEN2475). Lens L1 is screwed into the mat-
ing threads of the heat sink (HSINK1) to a
point that provides optimum collimation.
Once set, it may be left alone except for occa-
sional cleaning. It also need not be perfectly
set for acceptable operation.

2. Obtain some black carbon paper and wrap it
around a 1- X 2-inch piece of wood. Place the
laser diode with only the shaping lens
installed securely in a mound of clay. Position
the carbon paper jig about 1 to 3 inches away.
Apply power and slowly adjust the current
trimpot on the CC1 module to 1.3 amps. You

will note smoke and fire as the jig is moved
across the output beam.

3. The focusing lens is adjusted for proper beam
delivery as a burning spot the size of a pin-
point or wider. Note that the lens tube may be
inserted with LEN2 at the output end, provid-
ing a shorter focal length than when the lens
tube is inserted with LEN1 on the internal
end adjacent to the laser diode. Focal lengths
may range from approximately 2 to around 50
centimeters. You may use a longer focal length
for a far-field effect.

System output will be dependent on the
power, wavelength, and beam profile of the
actual laser diode. It is assumed the user is
familiar with these properties, their applica-
tions, and safety precautions.

4. Once proper operation is verified, you may
assemble and label everything, as shown in
Figure 9-11.

Table 9-1 Handheld burning diode laser parts

Electronic Gadgets

Ref. #  Qty. Description 0B #
R1,2 2 470 ohms, !/4 watt (yel-pur-br)
R3 1 meg, '/+ watt (br-blk-grn)
R4 47K, '+ watt (yel-pur-red)
R5 5K trimpot
R6 220 ohm, (red-red-br) '/+ watt
R7 47 ohm, 3 watt
DIODES 3 IN4001 used for test laser diode
CL,2,3,4 4 .1 mfd/50-volt plastic cap.; note
C30n8S3
Cs5,8 2 10 mfd/25-volt vert. electrolytic cap.
C6 .01 mfd/50-volt disc cap.
C7 100 mfd/25-volt vert. electrolytic cap.
co 3.3 mfd/20-volt tantalum cap.
S1 SPST toggle switch
S2 Key switch nonremovable
key in “on” position KEYSW
S3 Optional switch for trigger
BLW1 2- X 2-inch 12-volt blower fan
for the Evil Genius 93
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INFORMATION unlimited

PO box THIAMHERET 4 03031

Medel Humber

LASER RADIATION
AVOID EYE OR SKIN EXPOSURE
70 DIRECT OR SCATTERED

Sertal Number
Manifactursd Dute

5 B4 i, o

LAB1

COVER

Note meter reading jack J2
may be mounted on side of
cover.

P
R
D -
24
12 VDC input

and laser head
umbilical cable

AVOID EXPOSURE
INASELE |ASER RACATON TS
EVATTED FROM THIS APERTUNE

LEN2 Q

Adjust collimator tube to
focus beam impact point.

LAB4

©

FROM Figure 9-8

APERTURE CAP
12 VDC at 1.5 to 2 amps.
Use batteries or a wall adapter.
Figure 9-11  Final assembly with laser head and labels
Table 9-1 Continued Ref. # Qty. Description 0B #
B Red ) o J2/P2 3.5 mm stereo jack and plug for
Ref. #  Qty. Description - OB # external meter
LAl Red LED indicator for primary I 2.5 mm DC jack or use direct
power on wiring
m LA2 Green LED indicator for TE6 6-lug solderable terminal strip
g laser emitting
PB1 134 x 2.1 X .1 perforated
= g D1 IN5401 power diode circuit board
g PZ1 PKE15 transorb COVER Shown in Figure 9-11
el Adjustable current driver module L CHASSIS Shown in Figure 9-4
VRI1 317 voltage regulator, shown BK1 Shown in Figure 9-4 inset
as TO3
MK1 Mounting kit for TO3
01 PN2907 PNP general purpose transistor
transistor
BUI 3/s-inch clamp bushing
Q2 MJE3055 NPN GP transistor
TO220 case WIRE22  2feet 22-gauge, vinyl-stranded
hookup wire
I 555 dual in-line package IP timer
94 Electronic Gadgets for the Evil Genius



Ref. # Qty.

WIRE20 6 feet
SWI/NUL 4
SW2 2
FEET L
PLASTIC

.Dweéc__riptfan i

20-gauge, vinyl-stranded
hookup wire

6-32 % !f2-inch screws and nuts

4-40 % /2-inch screws for
mounting BLW1

1/-inch rubber stick-on feet
for chassis bottom

2- ¥ 2-inch piece of insulating plastic

Las.?r___Hg:'a;j Eénd Cn!!fipéfb_ffﬁ T

WIREZIP 4 feet

TUBEI1

TUBE2

HSINKI1

#18 zip lead, parallel stranded wire

412 X 1 X .062 wall aluminum
tube; see Figure 9-9

21/a X 7fs % .062 wall aluminum
tube; see Figure 9-9

Heatsink, washer, and screws HSINK

combination per Figure 9-9

Ref # 0.

SOCK1
CAP1,2 2

BU3

LEN1

LEN2475

SW3 2

LDIODE

LABI1
LAB2

LAB4

 Description

DB #

Three-pin TOS transistor socket
1-inch plastic caps; see Figure 9-9

Small, *4-inch Heyman clamp
bushing
Special threaded lens fixture LENS13

24- X 75-millimeter
extending lens

LE2475
4-4() % 3/s-inch small screws
for securing HSINK

See text of options and LD0098

instructions on laser diode.
Laser certification label
Laser classification label

Aperture label

WM VNN WM NN BN MM MR MG G G G mi Een S mW W SR S W NS AR

Electronic Gadgets for the Evil Genius 95
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This relatively low cost kit, shown in Figure 10-1,
shows how to build a laser gun that can project a red
dot over several miles. Someone looking toward the
laser would see it as the brightest object on the hori-
zon from distances of tens of miles. The project is
intended for beginners who may have more mechani-
cal than electrical skills. The enclosure and fabrica-
tion are readily available from most hardware stores,
but it will require some work using files, saws, drills,
and other small hand tools. Expect to spend about
$30, and that includes the laser module.

This project is intended for the laser experimenter
who desires to add a simple optical system that
allows for far-field focusing, beam collimation, or

Figure I"El-l

Optical laser electronic assembly
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beam expanding. The kit contains all the crucial parts,
including a working 3- to 5-milliwatt, 650 nanometer
(nm) red laser module.

Construction parts such as tubing, handles, brack-
ets, and hardware are all readily available at your
local hardware store. Our suggested lab approach is
to acquire some telescopic tubing of metal or plastic,
or a combination of both, and fabricate the laser and
lense holders from a suitable sized plastic rod or the
equivalent. The center holes of the holders must be as
accurate as possible or the optical system integrity
will be greatly degraded.

The grip or handle is fabricated from a 1-inch-
thick piece of finished pine that has a section care-
fully removed for the battery holder and pushbutton
switch. Passage holes for the power leads are drilled
as shown in Figure 10-2. A clear piece of lexan (poly-
carbonate) sheet is formed with a flange at a 90-
degree bend that is the surface for mounting the
switch. This cover is screwed to the wooden handle
and has a neat appearance if done with care and pre-
cision. A contoured shape may be fabricated into the
handle to mate to the curvature of the tube. See Fig-
ure 10-3 for assembly details.

The operation of the laser can be used without any
of the optics, providing a similar performance to a
higher-quality laser pointer. The addition of the lens
system allows far-field focusing, close-range expan-
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Holders for laser module and lenses
may be made from fabricating
wooden or plastic dowels to the
required dimensions.

Fab OD to snug sliding

fit to ID of housing tube.

Fab ID to snug fit to OD of
lens or laser module.

cover ||

Figure IEI 2

Tubing pieces should telescopically fit for easy adjustment of
collimator. Start with around a 1" diameter section for TUBE1
and obtain a suitable size for TUBE2. You may ream out the
larger tube or turn down the smaller for a suitable sliding fit
Note that clear plastic tube provides a good transparent housing
that may enhance your science project.

Note the dimensions may be varied to fit available sizes of

The BRK1 is formed over TUB1 and lenses etc.

secures this assembly to the wooden
handle via 4 small #8 screws.

BRK1

BRK1
CAP1

HOLDER FOR LM1
r— HOLDER FOR LEN1

HOLDER FOR LENZ

HANDLE

Optical Axis

The handle can be fabricated from a
plece of 1" pine, removing a section
Hola for with a chisel or jig saw to form outa

Front view looking
into laser.

swi compartment for the battery holder
and switch. A plastic cover fits over
the cutout section and is fabricated
as shown. This forms a neat
and transparent assembly.

Long-range opncal laser gun

File to fit contour of tubing.

Clear piece of formable
plastic such as Lexan or
equivalent. Fab as shown.

LEN2 position will depend on focal lengths and focus distance of target. LEN1 lens distance from module is not critical.

Attempt to get close to module as this will limit overall length of system. Lenses are mounted inside of fabricated bushings/holders OPTICAL
and secured In place by small trace amounts of glue. Lenses must be perfectly centered for proper operation. The AXIS
magnification value of the system is determined by the focal length of the convex lens divided by that of the concave =

lens. This value expands the beam width but decreases the beam divergence by the same factor greatly increasing the

range capability, producing a much smaller spot size at far field.

Approximate position shown for lenses supplied with kit. Adjustment is by varying the separation 33
distance between LEN2 and LENC. Start at a distance (fx) of approx 6.26mm (2.5"). e LENZ

LEN1 LEN2

OPTICAL AXIS

Figure 10-3

Mss ] 1] N
BT

A
hi] <t

Collimination=f{fy}

\ BH2

Isometric assembly drawing

CcL1

Use small wire nuts or
solder and insulate splices.

LM-650-P3

Electrical Parts List (included in kit)

BH2 2AA cell holder

CL1 battery clip

SW1 pushbutton NO switch

LM1 laser module 3 MW Class Red....................Db# LM650-P3
LEN1 concave lens 6" x (-.75)"
LEN2 convex lens .9"x3.5"....
Mechanical parts you get yourself.

Parts shown are not critical and represent
our finalized lab approach.

TUBE1 1" 0D

TUBE2 telescopic fit over TUBE1

HANDLE 2 X 4 X 1" piece of wood

COVER Piece of 1/16" Lexan/polycarbonate
BRK1 1/32"X 1" aluminum strip

HOLDERS plastic or wooden dowels
SCREWS #6 wood

LAB1 label ciass lllA "Caution”

sion, and far-field collimation where the beam spot optics at 300 meters will be approximately a

effect will be reduced by the collimating power of the 50-centimeter diameter spot. With a 10X collimator,

system. As an example, the beam diameter without the diameter will be reduced to 5 centimeters.
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This excellent visual effects laser produces a visible
green beam of light. The device is shown constructed
as a fully compliant 20-milliwatt class 3b laser (see
Figure 11-1). This tool has many useful applications,
and the range can be up to tens of miles.

Expect to spend up to several hundred dollars on
this reasonably simple construction project. All parts
are available through Information Unlimited at
www.amazingl.com and are listed in Table 11-1.

Figure 11-1 Handheld, zt/frabrighf ‘greven laser
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Applications

The green diode laser project requires protective eye-
wear if viewing the direct beam or reflection. It is
intended for star pointing by amateur astronomers,
spooking light-sensitive animals, long-range pointing,
target intimidation, special effects, or just general
optical research and experimentation.
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The laser operates from a 6-volt battery pack and
includes an adjustable collimator where the beam
spot can be expanded and converged for extra-long-
range applications. The system is in full compliance
for a class 3b laser project and is built using easy-to-
fabricate plastic parts.

Circuit Description

Figure 11-2 shows a key switch (S1) applying main
power to the circuit and starting timer I1, initiating
the activation cycle. The delay time of 11 is deter-
mined by the time constant of R2 and C2.The LED1
light-emitting diode (LED) indicator now energizes,
indicating the system is ready to fire via S2. Resistor
R1 controls the current to the LED. Current to the
laser module (LM1) is sent through transistor switch
Q1 by controlling its base current from pin 3 of 11
through resistor R3. You will note that the beam con-
trol pushbutton switch S2 is used to control the laser
output and can only apply power after the emission
delay circuit times out and pin 3 of 11 goes high.

Resistors R4 and RS are selected to allow the
required current through the laser module. The Z1
zener diode maintains a 3-volt level at the laser mod-
ule input connections.

Assembly Steps
To begin the project, follow these steps:

1. Identity all the parts and pieces and verify
them with the bill of materials.

2. Insert the components, starting from one end
of the perforated circuit board, and follow the
locations shown in Figure 11-3, using the indi-
vidual holes as guides. Use the leads of the
actual components as the connection runs.
These are indicated by the dashed lines. Itis a
good idea to trial-fit the larger parts before
actually starting to solder.

Always avoid bare wire bridges, messy solder
joints, and potential solder shorts. Check for
cold or loose solder joints. Pay attention to the
polarity of the capacitors with polarity signs
and all the semiconductors.

3. Cut,strip, and tin 4-inch wire leads for con-
necting to §1, 82, and the LED. Solder to
these components along CL1 and LM1, as
shown in Figure 11-3. Note the polarity of the
laser module. Red is positive, and black is neg-
ative.

4. Fabricate rear cap CA1l from a 135-inch plastic
cap. Note the large hole for the S1 key switch
and the small hole for the LED.

S1

OPTICAL AXIS

Figure 11-2  Laser modélschemanc

@ Flat side is
cathode of LED.
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Use WR1 #24 vinyl wire for connecting up LED, S1, 82, etc. Dashed lines indicate N
the wiring beneath board. Attempt to use the component leads as the wiring wherever B
possible. :
g}, *
Figure 11-3  External wiring to the board e
]
-
™
o PPy
File grooves for O-rings &l
ADJMALE1 ADJFEMALE1 LEN2 bt
] LENT :
FR e ——— Sina insaie ()
A i R_ -
ol Tepe 7 | (D
layers | ; «;
_____ 1R L2 1 1) R - I i |
step 7 O D mrek U [ —
LTUBE1

Glue to ridges on the

- COUPLING o . fabbed- out shoulder |
Blowup showing 20- to 30-milliwatt LM1 laser module position recess, Caution!
Lenses must be clean
and free of fingerprints!

The objective is to get the proper separation distance between the two lenses to allow proper
adjustment within the range of the threaded sections of the male and female pieces.

LM1 laser modules are fitted into COUPLING using layers of electrical tape to obtain a secure i
fit. Caution: Only build up to allow a securing force to hold in place. LEN1 lens is positioned '
as shown and may be eventually glued in once separation distance is verified. y

I b | O

A

A

;_1_1_
ORINGLAR1 EN1 \ 5
Between lens centers

Assembled collimator x-ray showing laser and lenses position

Figure 4 Collimator assembly
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Chapter Eleven

Electrical Pretgg’g_q

To test out the electrical system, follow these steps:

iy

Figure N5 X-ray view wéf the enclosure and innards

Position the laser module so that it is pointing
in a safe direction.

Turn the key switch off (full counterclockwise
[CCW]) and connect it to the 6-volt battery
pack (BH1).

Turn the key switch on one notch and note
that the emission indicator comes on within a
10-second period. This is the turn-on delay
necessary for compliance with the Bureau of
Radiological Health (BRH).

Activate pushbutton switch S2 and note a
bright green output. Allow several seconds for
it to brighten. You may check the input cur-
rent to the laser module by connecting a cur-
rent meter in series with one of the leads to
the laser module and measure 250 milliamps
for the total current.

Collimation and Final
Assembly

W

Follow these steps for collimator and final assembly

File some grooves onto the coupling for large
O-rings. Trial-fit them into the EN1 enclosure
until a secure fit is obtained. You should file a
bit at a time to avoid overdoing (refer to Fig-
ure 11-4).

Shim up the LM1 laser module with several
layers of electrical tape to provide a positive
friction fit with the coupling piece. Fully insert
it until the module abuts to the internal center
shoulder in the coupling.

Clean the larger lens LEN2 and then glue it
onto ADJFEMALEI], as shown, using silicon
rubber glue or an equivalent.

Insert LEN1 into the laser output end of the
LTUB1 assembly as shown. Do not glue at
this time.

FROM FIGURE 11-4

|

et

CAPY FROM FIGURE 113 .
DT e -l
a. @:} s
= RN ‘H:E
m Q /.-
Leng ]ﬂ:—(——-
cL1 )

BH1

CAP2

”’ HA1
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Fully insert the LTUBI into the other end of
the coupling to the internal center shoulder.
You will now have an assembly as shown in
Figure 11-5.

Finally, assemble and label everything, as
shown in Figure 11-6. Note the clearance hole
in the enclosure adjacent to the handle for
routing through the connecting leads. You
may want to extend the laser module leads.
Use caution as the reversing polarity will
destroy the laser.

Insert 4 AA batteries into the BH1 holder in
the handle and slide on CAP2. Turn on the
key switch and verify proper operation as
done in an electrical pretest section.

Point the laser at a target around 100 meters
away and adjust the collimator to the smallest
spot. Do this in low light or preferably at
night. It may take several seconds for the laser
to come up to the required brightness. Note
that the adjustment should be about a '/2 to /4
turn from being fully tight for a mechanically
stable operation. If too far out, the assembly

CAUTION: Viewing of the laser beam or direct reflections requires the use of
protective eyewear available through Information Unlimited at
www.amagzing1.com.

Instructions

1. Turn key switch full CCW. Note switch has several positions; two are

used in this version.

2. Remove CAP2 and insert 4 AA batteries into holder.

3. Turn on key one position CCW and note LED lighting. If not, check the
battery holder.
4, \Wait about 10 seconds and push button, noting a visible green beam
output clearly visible at night under most conditions. ¥
5. Adjust collimator for desired effect.

BK1 BRACKET

| Pushbutton switch
SwWi
switcH LED

20- milliwatt model
shown in this drawing

CAP2

Compliance tests

1. Verify correct labels as shown.

2. Key switch - nonremoval in off position.
3. Delay after key switch activation.

4, Beam indicator LED indicates after delay.
5. Aperture cap included.

WARNING: Do not under any
circumstances point this device
at people, vehicles, or especially
aircraft—YOU WILL BE
PROSECUTED IF CAUGHT!!!

will be loose. You may have to wire brush
threads to clean and lube with dry Teflon for
smooth action. You may compensate for the
distance between lenses by changing the
length of TUBEL. You may now glue LEN1 in
place as noted previously.

The collimator will expand the beam width but
decrease the divergence by the same ratio. This
greatly reduces the far field beam diameter.

Note that the laser modules are at a wavelength of
532 nanometers and will be much brighter to the eye
than an equivalent powered red device at 630 to 650
nanometers. Higher-powered green lasers are avail-
able at www.amazingl.com. Also note that most of
the mechanical parts used in this project can be
obtained through most hardware stores.

The pointing range on a clear night can be in
excess of many miles. The target detection can only
be limited in the line of sight by the curvature of the
earth. On a clear night, when looking toward the
laser, it will appear as a very bright source from up to
tens of miles.

Note that collimator will expand
beam at near field but greatly
reduce it at far field. Laser module
may require beam adjustrment over
time using the special tool.

5 INFORMATION unfimited
§ &\3// PO box T15 AMHERST NH 03031
,/ Model Number
’ Sarial Humber
Manufactured Date
Collimator assembly LAB1
from Figure 11-4

This laser prosuciconforma ta the provisions of
S1CFR 1080 10 wnd 1040 11

VISIBLE OR INVISIBLE
LASER RADIATION

VOID DIRECT EXPOSURE
TO BEAM
CLASS I8 LASER FROOUCT

LAB2

AVDID EXPOSURE
LASER RADIATION 15 EMITTED
FROM THIS APERTURE

LAB3

5
P

Figure 11-6  Final assembly view and labels
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Chapter Eleven

Table 11-1 Handheld, ultrabright green laser parts

Rl fg T R P T T g
R1 1 470-ohm, '/+-watt (yel-pur-br) resistor

R2 1 1-megohm, '/s-watt (br-blk-grn) resistor

R3 1 220-ohm, '/s-watt (red-red-br) resistor

R4,5 2 10-ohm, Ys-watt (br-blk-blk) resistor

C1 1 100-microfarad, 25-volt vertical electrolytic capacitor

Cc2 1 10-microfarad, 25-volt vertical electrolytic capacitor

C3 1 .01-microfarad, 50-volt polyester capacitor

LED 1 High-brightness LED

n 1 555 dual in-line integrated circuit chip timer IC

Z1 il 3-volt, 2-watt zener diode 1N5225

01 1 PN2907 PNP general purpose transistor

*LM1 1 Class I11IBiib 10- to 30-milliwatt 532 nanometer laser module LM532-20
3 [ 1 Panel-mount key switch

S2 1 Pushbutton NO switch

PB1 1 1.5- X 2- X .1-inch grid vector board

BH1 1 4 AA cell holder

WRI1 24 inches #24 hookup vinyl wire

ENI1 1 7-to 12-inch X 1.5-inch ID X .058 wall plastic tube

HA1 1 5 X 1.5 ID x .058 wall plastic tube

CAP1,2 2 1 *s-inch plastic caps, fabricated as shown

CL1 1 Battery clip lead

BK1 1 6 > ' X .035 aluminum bracket

LEN1 i .6 % —1 negative lens LE15-25
LEN2 1 24- X 75-millimeter double convex lens LE2475
*LTUBE 1 .625- ID X 2-inch sked 40 polyvinyl chloride (PVC) tube

*COUPLIG 1 PVC sked 80 '2-inch coupling; use for Im 10—Spears #02467

ORINGS 2 If2 X 5y X 0625 rubber O-ring #014

ORINGL 2 1316 X 1716 X 125 rubber O-ring #217

ADIJMALE 1 '2-<inch PV C sked 40 slip fit to male thread, Genova 30405

ADJFEM 1 If2-inch PV C sked 40 slip fit to female thread, Genova 30305

LABI 1 Certification label

LAB2 1 Compliance class I11B label

LAB3 1 Aperture label

SWi1 3 #6 X 3fs-inch sheet metal screw
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A low-cost property-protection device provides a
laser beam perimeter that, when broken by an
intruder, will sound an alert or an intrusion deterrent.
It consists of a laser beam generator, optical detector,
controller. and front-surface mirrors to reflect the
beam around the perimeter (see Figure 12-1). The
device can be interfaced with our painful sound field
deterrent system described in Chapter 28, “Pain Field
Property-Protection Guard.”

Simple-to-build modules require basic installation
skills in setup and alignment. This project may
require readily available hardware depending on the
particular installation.

The system is intended to protect a given area
against unauthorized intrusion by producing a wall of

ultrasonic pain. The system can be used for small
inside areas or larger outside areas. The system uti-
lizes a laser that bounces between several strategi-
cally placed front-surface mirrors before impacting
an optical light detector and controller. Once the
beam is broken, the controller sends a signal to the
sonic pain field generator, discouraging the intruders.

The total range of the light path depends on the
alignment, quality of the laser beam, and the number
of mirrors used. Expect a range of 1,000 feet with
three mirrors and up to 2,000 feet with a single
mirTor.

Power for both the laser and controller comes
from low-voltage adapters using batteries for backup
or short-term installations. The light source is a visible

Property protection system

Figure 12-1
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red laser but may be invisible infrared. The laser sec-
tion must be securely mounted on a sturdy pole and
bracket. A tree or existing structure may be used,
providing it allows a clear shot to the first mirror and
is out of the way of normal traffic.

The optical receiver and controller section
requires 12 volts-direct current (VDC) as supplied by
the included wall adapter transformer. It must be
mounted like the laser section and avoid any expo-
sure to bright sunlight. This section also provides the
control to other external deterrents, as well as having
a buzzer and light-emitting diode (LED) indicating
lamp.

The device is shown housed into a plastic cylindri-
cal tube (EN1) fitted with a focusing tube and a lens
for long-range applications. You may use an aperture
cap with its opening customized to size depending on
the range and collimation of the reflected laser light.
A diffusion plate can also be made from two milky
white plastic caps assembled together. This method
may be necessary when being used with the highly
coherent beam of light from a nearby laser.

Special Note

The optical light detector controller receiver section
can also be used to cause an event when light is
detected and exceeds a certain value. The threshold
detection level is set by the adjustment of a trimpot.
This mode of operation is designed to be used in con-
junction with any laser, light gun, or similar device to
control any external function. It can provide a means
of improving handgun steadiness by holding the laser
beam on the aperture as long as possible. A means
for the instinctive point firing of such weapons as
shotguns and machine guns is also realized. Long-
range optical remote control is possible up to a half-
mile or over.

Circuit Description
Light entering the focus tube (FT1) through the lens
(LE1) is detected by phototransistor Q1. From Figure
12-2 Q1 is placed so that it picks up the laser light

and causes its collector to conduct through the R1
base sensitivity trimpot resistor that biases transistor
(2 into conduction. A positive voltage is now devel-
oped across the R3 collector resistor. This voltage
remains across coupling capacitor C1 until the light
beam is broken. When this occurs, a negative-going
voltage appears at the junction of biasing resistors R4
and RS that are connected to the control pin 2 of
monostable timer I1. The timing cycle now turns
“on,” causing pin 3 to go positive. It turns on transis-
tor Q3 and energizes the sounding buzzer (BZ1), the
LED, and control relay (RE1). The relay is capable of
switching noninductive loads of up to 5 amps at 120
volts-alternating current (VAC) or of providing the
detection level to trigger our PPG10 pain-field gener-
ator or other deterrent.

Construction Steps for the
Receiver and Contruller

Follow these steps in constructing the optical receiver
and controller:

1. Lay out and identify all parts.

2. Assemble the board as shown in Figure 12-3.
Note the PNP and NPN transistors. Use the
leads of components as connecting wires
whenever possible. Avoid bare wire bridges
and short-circuit points.

3. Attach leads and external components, as
shown in Figure 12-4.

4. Create the focus tube FT1 from a 6-inch piece
of 17/s-inch polyvinyl chloride (PVC) tube,
shown in Figure 12-5. Create EN1 from a 12-
inch length of 2%/s-inch tubing. Glue the lens to
the shoulder of FT1. Note that the tubes
should provide a secure telescoping fit.

5. Make the final assembly as shown with leads
exiting through CAP1 using the clamp bush-
ing BUL.

6. Test your unit by presetting both trimpots to
midrange. Note the 1-megohm pot R6 con-
trols the “on” timer once the light beam is
broken. The 100K pot R1 controls the light
necessary to keep the unit from triggering.
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9-12VDC

Optical
detector

CcoMm

NC

A0 pgm

NO

RE1

This circuit is intended as an alarm using a laser to continuously activate phototransistor Q1. When the beam is broken

by an intrusion, the |1 timer is activated, turning on the buzzer, the LED, and the relay for the external of our #PPG100 Phasor

Shockwave Blaster described in Chapter 26.

Figure 12-2 De(éctoréﬁbﬁ L‘ontt."‘olle:; schematié}
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Dashed lines indicate wiring runs on underside of board.

Indicate actual holes in perf board used for components.

@) Indicate holes used for external lead connections and may

Pin layout of Q2. Base pin
is not used.

require redrilling to fit wire leads.

IX:i.gurE 12-3 ‘M;Ign}ified view 'Sirowing wire rbﬁring on the ak,mderisjiﬂdheu(;]; the board

7. Place the unit in a brightly lit area and con-
nect it to a 12-volt power supply or wall
adapter. Point the unit to a light source and
then place your hand over the aperture. The

LED and buzzer should respond for a period
of time determined by the R6 setting. Adjust
R1 for reliable triggering and R6 for the
desired response time. The relay also activates,

c ©o 0.0

e
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Chapter Twelve

Power leads to 12-volt .3~
amp wall adapter

=

o @ 6 0 0 a0 6\ 0 06 0 o 00000090000900 © 06 ¢ 0 06 06 0 6 0O o o 6 0o o
an 6 6 000 0000 6 0 06 06 0 06 0 6 00 0 0 0 0 ® 6 0 0 0 0
© ¢ 06 0 0 00 © 0 0 0 0 00 0 QO Q0 0 O e o 0 & @ ¢ o0 0 O
R © 0 © 6 6 0 0 0 0 O 6 6 0 O 6 ¢ 0 0 6 0 00 0 0 9 0 0 O
v 0. o © D@ o 0 OO C OO OO O © Do © 0 04O 000D OO O
a @ o o o o ¢ ol © 0 © © @ 0 O O O O O © 0 6 0 00 0 0 6 60 0 6 0 0 0 O
o 0o 6 9 0o o o e o o a ¢ 000 o 0 0 9 0 0 00 0 00 O0COCO0OD0DOC OO0 O OO0 O
o 5 o 0 0 @ 5 © o © © 8 06 6 0 O © 6 9 6 0 00 © 0 O0 GG 060 00000 0
® 0 6 6 s 0 0 O °o o 6 ¢ o 0 o ¢ ¢ 0 0 0 6 0 0 ¢ 0 Q@ 0 ¢ 000 O e G 0 0 0
o o 6 & 0 0 © O o o o o ° © o 0 0 0 0 0 © 0 0 O 0 O 0 © O 0O 0 0 O 0O O O
© o0 o 0 0 0 O ¢ © 0 ¢ 0 00 0 0 © 0O 00O 00 0 00 0O 00 ¢ 0 0 O 0 0
o 6 0 6 0 6 0 O o o o 6 06 & 0 0 006 60 00O0O0OO0GOCOGCOODODOOO0O OO
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COMMON ARM
NORMALLY OPEN
Figure 124 Board cmembly showmg external wzrmg
FROM FIGURE 12-4
CAP1 EN
FT1
LENT
|: Glue lens to
BU1 shoulder of FT1
System showing setup with one mirror and interfacing to our PPG100
pain field system used as a low-liability deterrent
| | l I | | Note that beam quality
when received at the
@ ©© @ detector will deteriortate
T P e as more mirrors are used.
12DC/M.5
PPG100 Transducers
Mirror
S g from Fig. 12-8
—

120(:/‘31 e o
_A_____'_____,_.._m—-v—-*"—_'-—'

3DC/.3

Laser
Attempt to point detector in a direction away from bright lights or sunlit
areas. It may be necessary to put detector in a long tube to avoid high
ambient light conditions.

Figure 12-5  X-ray view optical detector and controller in enclosure
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closing the contacts that now will turn on the
pain field generator or other device. This now
verifies the proper operation of the receiver

adapter directly, and strain relieves the power ot
leads, which can be done using a clamp bush- "
ing or tying a knot. Verify that the far-field

beam spot is fairly condensed when using the

controller. '
collimator. il
: ; =
2. Proceed to set up the system as outlined in R
’ Figures 12-5, 12-7, and 12-8. Stabilize the laser,
EDI"IS’[I'U ction Ste ps fDI' thE detector, and all the mirrors. Use your own 4]
ingenuity in these steps, using available mate- b=
Laser Beam GE'I'IE'I'EI’[EII' rials and any possible mounting points for o
components. g
Follow these steps in constructing of the laser beam w
generator: (Y
1. Mechanically assemble the laser section, as ) ;
shown in Figure 12-6. You may wire the 3-volt :
i
LEN2 2,
ADFEM1 ADMALE1
ORING14 \ HENE
— o
LM-650-P5 | - (}
—— L) ;
LTUBE1 .
Bl h . LM . | dule i S Glue to ridges or fab out a e
owup snowing our series laser module in position  ¢houider recess for LEN3. i
The objective is to get the proper separation distance between the two lenses to allow proper
adjustment within the range of the threaded sections of the male and female pieces.
LM laser module is fitted into LTUBE1 with small O-rings as positioning shims. LEN2 lens is i

positioned as shown and may be eventually glued in once separation distance is verified.

3-volt, 100 ma wall adapter with
mating plug for jack or splice in
direct to adapter leads. Use any
suitable combination.

| g

ﬁlm’m’ww/wlwl%

B E

4

/|

| v-650.P6 |
V4

P

CAP1 EN1

Note polarity of
plug and jack
before applying
power.

Figure 126 As&émbly using the laser module

4/7171"7/’77‘1/777/777/777‘/1’77//777/77 ]

Approximately 2"between lens centers

Assembled collimator x-ray showing laser and lens position
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MOUNTING

POLE
ADJUST
D [:j SCREWS
NUTS FRONT
1 ] FOR MAST SURFACE
CLAMPS MIRROR
MAST
CLAMPS
AND U”
BOLTS
]
COMPRESSION — gEX?gLE @
SPRINGS n
i i . STATIONARY —/
Basic instructions PLATE

Your laser protector fence is designed to provide an intrusion-detection perimeter around your home or target area. It
uses a Class iiia diode laser to minimize but not eliminate any optical hazard. A low-liability sonic shock field generator
such as the system shown in Chapter 26 is suggested as a deterrent. Caution: check local laws for proper posting of this
equipment on your property. Remember if you injure a criminal, even if he is robbing you, it can result in a stiff penalty in
certain states for violating his rights.

System setup

1. Obtain the following equipment listed in the latest Information Unlimited catalog:
A. Class iiia diode laser or a HeNe Laser

B. Optical light detector and controller with built-in alarm or

C. PPG10 low liability sonic shock pain field generator from chapter 26

2. Examine the area you want to protect. Attempt to position beam travel over level terrain to eliminate possible "easy-to-
sneak-under"points.

3. Establish comer points of property where mirrors are to be positioned. Note that a clear view of adjacent mirrors, laser,
and receiver must be maintained in all weather conditions for reliable operation.

4. Determine the corner you want to position the actual laser and laser detector at. Note there should be access to these
devices for powering and control.

5. Construct mirror mounts using your own ingenuity; allow for adjustment and stability. Roughly align mirror to
approximate position.

6. Turn on laser and position it to hit center of first mirror. Secure laser in place.

Adjust first mirror to hit center of second and repeat for remaining mirrors all the way back to the optical receiver. Secure
them in place as you go.

Special note - Large areas may require an optical collimator at the laser output to reduce beam width at longer ranges.
gig The collimator can be a rifle scope, telescope, binoculars etc., positioned in axial alignment with the laser. Beam

s divergence will be reduced by the magnification factor of the system used; however, the actual beam will be expanded by
& the same factor. The net result is a smaller cross-section at longer ranges.

=

Figure 127  Scheme showing adjustable mirror mounts
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Optical receiver

Laser
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; < Protected area
Mirrors
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: ‘-\_____/‘-\.____”_____—-‘
e c——
< = Protected area

The laser beam is reflected back and forth in the protected area via strategically placed

mirrors. Once the beam is broken by an intruder, the optical receiver detects and sends a
level to the sonic generator where the transducers are activated, producing an intolerable
sonic pain field discouraging the intrusion.

Even though there is no lasting effect from exposure to the transducers, it is always best
to check with local laws before implementing this system.

F}Q_UrE 128 Examp[e E)tf syﬂem fa}f)ut using mu!.ti]-)lé‘mirrors

Table 12-1 Laser property-protection fence

Ref. #

R1

R2,4,5

R6
R7.8
RY

ClL;3

C4
Q1
Q2
Q3

D1

BZ1

aty.

' Dést(intian

100K vertical trimpot resistor

100K, '/s-watt (br-bl-yel) resistor

10K, '/s-watt (br-bl-or) resistor

1 m, '/a-watt (br-bl-gr) resistor

1K, s-watt (br-bl-red) resistor

27, /s-watt (red-pur-blk) resistor

10-microfarad, 25-volt vertical electrolytic capacitor

.01-microfarad, 25-volt disk capacitor (103)

100-microfarad, 25-volt vertical electrolytic-capacitor

L14 phototransistor

PN2907 PNP general-purpose transistor

PN2222 NPN general-purpose transistor

IN4007 1 Kv diode

555 DIP dual in-line integrated circuit timer LED1

4- to 8-volt, 20-milliampere, 90-decibel, 1-inch OD buzzer

;

Note that beam quality will
deteriorate as the number of
mirrors is increased.

DB#

L14P2

Ultrabright LED
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Table 12-1 Continued

Ref # 0w Descripon . Do#

RE1 12-volt SPDT relay 115/5a contacts

PB1 3 x1.750f .1 X .1 grid perforated board

WR24 60 inches #24 vinyl hookup wire

ENI1 12 inches of 23/s-inch schedule 80 PVC tubing

FT1 6 inches of 17/s-inch schedule 40 PVC tubing

CAP1 23/s-inch plastic cap

BU1 2 Small clamp bushing

LEN1 45 x 90 focusing lens LE4590

12DC/.3 12-volt, .3-amps adapter for detector 12DC/.3

PPG100 Optional pain field deterrent PPG100
Laser section

3DC/3 3-volt, .3-amp wall adapter for laser 3DC/3

LM1 3-milliwatt laser module LM650P3

LTUBELl 2fa - X s -inch OD PVC tubing

EN2 3'/2 - X 1-inch OD plastic tubing

CAP2 1-inch plastic cap

LEN2 .6 X —1-inch negative lens LELS

LEN3 .9 X 3-inch F/L double convex lens LE24

ADMALE 1/2-inch PVC slip to male Genova #30405

ADFEM 1/2-inch PVC slip to female Genova #30305

ORING 2 lf2 - X 3fs-inch O-rings #014

BN mES G MR meN RS MEm AN e MW M M GO G MR UEN WSS ENN OSSR BN DN MM SN BN NS M NN DS MM MW SR SRR B BN RO M WS SR WEN BRSNS W M M e
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This chapter offers an excellent demonstration in

which a laser illuminates a window or another reflect-
ing surface and is then reflected back to a specialized
optical receiver. Information is retrieved from the
window laser as a result of vibrations on the reflect-
ing surface. This device (see Figure 13-1) makes many
| potential tasks possible from a safe distance, such as
| surveillance or monitoring radioactive pipes in reac-
| tors, high-voltage insulators, and other objects in hos-
| tile environments.

Complete detail on the construction of the
required electronic modules is provided in this chap-
ter, allowing you to set up and demonstrate the con-
cept without a precision machined optical housing
lab. This approach is excellent for science projects,

and a sample housing is shown for those wanting to
build a medium-performance field-usable device lab.

Expect to spend around $100 for the basic parts.
Most are readily available, whereas specialized parts
are available through Information Unlimited at
www.amazingl.com. The parts for the laser transmit-
ter and receiver are listed in Tables 13-1 and 13-2.

Special Note

The builder must realize that using a system for
acoustical surveillance could violate Federal Law
#90-352 (which states that it is illegal to covertly

Figure 13-1  Laser bounce listening system

e



listen to a conversation without permission from one
of the parties) and may also be in further violation of
certain state and local laws. Remember that you need
permission from one of the parties being listened to.
Our advice on this point is when in doubt, consult
your state attorney general as to your bottom-line
objective. Using the device for a science fair project,
research and development, or individual experiment-
ing usually is not a legal issue.

Basic Theory

This project shows how to interface any optical laser
and a sensitive light with a sound detector/receiver to
create a system capable of listening to vibrations
from a laser-illuminated reflecting surface. This
device makes it feasible to listen to mechanical
abnormalities of moving machinery, dangerous burst-
ing pipes, volcanic activity, high-voltage insulator fail-
ures, and nuclear reactors, all from a safe distance.
Monitoring and acoustically listening to a certain
premises without ever illegally entering, as would be
necessary for purposes of installing a bug or a similar
device, now are possible. The principle is sound, but
to achieve optimum results it may sometimes be diffi-
cult due to the many variables often encountered.
These variables strongly depend on the optical and
mechanical properties of the reflecting surface, the
positioning of the laser transmitter relative to the
laser receiver, and the quality of the target sounds in
intensity, wavelength, and background interference.

Project Description

Your system requires three parts: the laser transmitter
for surface illumination, the laser receiver, and the
sound-to-optical surface. The laser transmitter proj-
ects a coherent, collimated beam of light that is
reflected off the sound-to-optical surface. This
reflected or scattered light is detected by the laser
receiver and is converted into sound through a head-
set. The system uses two methods of receiving the
reflected or scattered light.

The direct reflection (DR) method is where the
laser transmitter and receiver are at two defined loca-
tions dictated by Snell’s Law, which states that the
angle of reflection equals the angle of incidence in all
planes. This approach can be cumbersome and is lim-
ited due to positioning problems, as both the trans-
miltter and receiver must be optically aligned in both
the horizontal and vertical planes. It does provide a
maximum range of operation. The DR method pro-
vides a high level of signal that may require optically
attenuating with polarized filters. A shortcut for demo
purposes is to use a reflective surface such as a mirror
or window pane, and position it for proper alignment.
This surface can be secured using your own ingenuity.

The preferred method is the scattered reflections
mode, using the signal provided by the light from
where the laser hits the surface. This is the spot you
usually see at any relative position and is many times
weaker than the DR, but it reduces the problem of
positioning,. The laser transmitter and receiver can be
mounted on the same frame but must be aligned so
both may view the target point. Obviously, large opti-
cal lenses on the receiver and a higher-power laser
with a collimator can greatly enhance this method by
collecting and providing more light for the signal.

All systems use our laser light receiver, utilizing a
“light-biased” phototransistor for operation at low
light signal levels. A voice enhancement bandpass fil-
ter limits high- and low-frequency sounds, further uti-
lizing performance.

The surface of reflection plays a major role in per-
formance, as well as the actual position of the laser
spot. Double- and triple-glazed windows further com-
plicate the situation. We can only suggest patience
and perseverance to become familiar with the tricks
and sometimes “black magic” of optimizing the per-
formance of this system.

You will notice a peculiar property of the reflected
laser light, such as from a window containing interfer-
ence bands. This is primarily due to the phase inter-
ference occurring from a relatively flat surface. A
slight motion or distortion of this surface will cause
these interference bands to vary in position. This
quality we use in modulating the phototransistor of
the laser light receiver. The proper position of the
phototransistor relative to its view of these bands can
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be a very sensitive adjustment. A slight change can
cause a tremendous difference in reception.

You will note that it is nof necessary to view the
beam at an exact right angle to the reflection surface.
Any reasonably acute angle will produce the interfer-
ence bands since they are a function of the differen-
tial flatness of the reflecting surface. The detector
wants to view the interface of these interference
bands for optimizing performance. The importance of
good, sturdy tripods for the system cannot be over-
stressed.

An ideal condition for testing is to position both
the laser transmitter and the laser receiver so that the
reflected beam has a small angle or the reflected path
is near that of the incident path. This might be diffi-
cult in actual use because you have two planes
(azimuth and elevation) to deal with. It is suggested
when experimenting to attempt to position the “test”
reflecting or vibrating surface to fine-tune these
nearly coincidental axes.

Project Cunstru_l:tian

The project is divided into three sections consisting of
the laser transmitter, the laser receiver, and the com-
pleted assembly.

Laser Transrnit‘te\r

First, a little laser theory. “Laser” is an acronym for
light amplification by stimulated emission of radiation.
Visible lasers are used in many applications, including
gun sites, pointers, printers, construction and survey-
ing aids, compact disc players, barcode readers, light
shows, and many others. The helium-neon gas laser is
one of the most familiar types, with its bright red
directional beam. It’s been a workhorse for years
despite its fragile glass laser tube and its require-
ments for costly high-voltage power supplies.
Infrared diode lasers are used in telemetry, security
detection, night vision, robotics, covert target designa-
tion, and laser bounce surveillance.

The recently developed laser diodes emit coherent
laser light in the visible and invisible spectrum, and

do not require a high-voltage power supply. Because
they’re small, low cost, and fairly rugged, laser diodes
are well suited for many new applications.

Before reviewing some basic laser theory, we must
first talk about regular light for a minute. When you
turn on a lightbulb, light energy is emitted in what is
referred to as a spontaneous form. It is an integration
of many individual atomic-energy-level changes, each
producing its own little “packet” or photon of light
energy, with each photon having a particular phase
and frequency. In the case of a lightbulb, electrical
energy “pumps” the filament electrons to higher than
normal atomic energy levels shown in the 13-2a sec-
tion of Figure 13-2.

Photons are emitted when the electrons return to
their initial states and give up that energy in the form
of light. The frequency of the light is dependent on
the difference between the previously excited and the
normal energy-level states: the larger the difference
in energy levels, the lower the wavelength of light.
The light produced by the process of spontaneous
emission is incoherent or random, as shown in the
13-2b section of Figure 13-2.

Unlike spontaneous emission, laser light is highly
directional. The radiant energy is released in steps, or
in synchronism, resulting in coherent, reinforced light
where all the waves are in phase. In other words, all
the rays are parallel and at the same wavelength. This
requires that the number of excited atoms in the
higher energy state exceeds that of the initial or rest
state. This condition, referred to as population inver-
sion, normally doesn’t occur in nature and must be
“forced.”

Given a population inversion, each energized
atom is then “stimulated” to return to its lower
energy state by the emission energy or the incident
light of an adjacent atom, as shown in 13-2¢. The
result is coherent lightwaves, as shown in 13-2d. An
optical cavity with mirrored ends is usually necessary
to provide the right amount of stimulated energy for
laser light. As shown in 13-2e, the light is reflected
back and forth within its confines until it is a power-
ful beam that is allowed to exit the cavity as useful
laser light energy.

A laser diode is similar to an ordinary light-
emitting diode (LED) in that both are composed of a
semiconductor PN junction, as shown in Figure 13-2f.

Electronic Gadgets for the Evil Genius

115



irceen

“

i

apter Th

P &
il

E3

E2 EXCITED | |aseR LASER
- } LEVELS LIGHT /,,__|:">\\ LIGHT
e BOTTOM N\@—/

LEVEL
Fig 13-2a Light is the result of radiation produced REFLECTOR 1 ACTIVE MEDIUM REFLECTOR 2

within an individual atom by an electron being
"pumped" to a higher than normal energy level
by an external energy source.

Fig 13-2e An opfical cavity having mirrored ends provides the
right amount of stimulated energy for laser light. Light is

reflected back and forth within its confines until it is a powerful
beam that is allowed to exit the cavity as useful laser radiation.

/\/\/\/ TYPEP

. 4
Fig 13-2b A lightbulb emits "spontaneous" light
that does not allow the energy packets to
reinforce one another in phase or position.

SPONTANEOUSLY TYPE N REFLECTING
EMITTED LIGHT FACETS
LIGHT-EMITTING DIODE LASER DIODE

Fig 13-2f  Alaser diode is similiar to an ordinary LED except
/\/\Af /\/\/\/ that the LED produces spontaneous light, while the laser emits
light by stimulated emission where the wavelengths and

temporal relation are coherent. A laser diode also contains two
reflecting mirrors that form a cavity and permit the emitted light
to be highly directional.

Fig 13-2c  When more excited atoms exist in the
higher- energy state than in the initial or rest state, |
each energized atom is "stimulated" to return to its [ e e e g -
lower-energy state by the emission energy, or

I
]
incident light of an adjacent atom. g E Loser light
@ emission
z
g1
31
g
(S
]
}_ ____________________ 1 Spontaneously
' ! emitted light
H W Fowarcarerions W de
Fig 13-2g A laser diode operates similarly to a forward-
LASER LIGHT (COHERENT RADIATION) biased diode. The vertical axis corresponds to optical output
while the horizontal axis is the forward diode current. lo is
Fig 13-2d A laser beam is the result of an the operating current, and anything below Ith will produce the
"in lockstep" train of coherent lightwaves. effects of an LED.
Figure 13-2  Laser diode theory
An electrical potential causes a flow of holes and light to be highly directional, an important laser
electrons that, upon recombination, emit light. The property. The 13-2g section of Figure 13-2 shows the
LED produces spontaneous light, whereas the laser characteristic diode curve showing the slope sensitiv-
emits light by stimulated emission. The laser diode ity of the device.
also contains two reflecting mirrors that form what’s In spite of a laser diode’s apparent physical
called a Fabry Perot cavity and permit the emitted ruggedness, it is very sensitive to temperature
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changes, electrical transients, and operating-current
parameters. It is totally unforgiving of errors, so our
circuitry and construction techniques must take that
into consideration. The curve shows a steep slope
where laser operation takes place and the input-
current “window” on the horizontal axis is very nar-
row; consequently, the driver circuit must operate
within those limits or you’ll end up with one of the
world’s most expensive medium-powered LEDs.

It is possible in certain cases to cool your laser
diode down to a low temperature and obtain more
output. Caution is advised for two reasons: You may
damage the diode’s built-in optics and you may
exceed the laser classification rating.

The laser in this circuit uses a diode that can pro-
duce up to 10 milliwatts of optical power at a wave-
length of 880 nanometers. The output level must be

Q3 +6VLINE

kept to fewer than 5 milliwatts to comply with safety
issues when using this application.

Circuit

The schematic of the handheld laser is shown in Fig-
ure 13-3.The laser diode (LD1) is actually an assem-
bly that contains a laser-emitting section (LLDD) and a
photodiode section (PD). The photodiode enables
the circuit to monitor the laser diode’s output and
produce the feedback necessary to control the circuit
and protect the diode from excess drive current.

The laser diode is connected in series with current-
limiting resistors R3 and R4 and the collector of tran-
sistor Q2. The current through Q2 is controlled by
transistor Q1. The zener diode (Z1) maintains the

° -
c3 LD1
Q4
‘ ™ b N 1 Po
R10 c1 Section % Section
5.6M ol 320 ~
+— W\ —e T >
) ’_1 l_" R3 R4
= 27 27
c7
01 RO < g
1K Break this R1
point for 100 [
81 disabling the
POWER LED indicator a1 Q\ X test tone
el o & input point
I
LED1 N Q2 RS
%y . 100
c2 ——
10 R8
(“ 5K
’ & * & Y L3
COMMON Test input
common

Note 1 Laser output power may be controlled to some extent by physical pressure to contact probes

connected in place of S1 switch.

Note 2 Do not adjust R6 to limits as the resistance jump could damage the laser diode.

Note 3 Power to the module is shown using a 6-volt battery pack of 4 AA cells. You may use any clean
source of 6 volts, providing it can deliver a current of 150 ma without a voltage drop. Use caution when setting
the power on weak batteries as when new ones are replaced the laser may be overpowered.

Note 4 The test tone oscillator and voice modulator are connected to the points shown across R5,6. A
separate battery of 9 volts is recommended for power to these external circuits. Connecting wires to
these circuits are twisted and routed out through rear cap CAP1.

FigurE“]E'l—j Laser Xschemmicv
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voltage across Q1, and resistor R2 limits the zener
current. The collector current of Q1, also the base
current of 2, is controlled by its own base, which is
connected across resistors R5 and Ré. Current
through the photo diode PD develops a voltage
across these resistors that is proportional to the opti-
cal output energy and constitutes the feedback
required for output stabilization. Increased output
causes Q1 to conduct less base current to Q2, result-
ing in less laser diode current. Potentiometer R6 pre-
sets the value of the quiescent current. Capacitors C2
and C3 limit transients at the base of Q2, whereas
capacitor C1 limits them from the 6-voll line. The sys-
tem turns on when transistor Q3 starts to conduct
and eventually reaches saturation.

The leads to switch S1 may be touch-control elec-
trodes consisting of small pieces of metallic tape that,
when bridged by finger contact, cause a small amount
of base current to flow into transistor Q4. The collec-
tor current of Q4 flows into the base of Q3, causing it
to saturate and supply current to the laser diode cir-
cuitry. The base current to Q4 is limited by resistors
R9 where R10 and capacitor C7 reduce the circuit’s
sensitivity to stray AC or static fields that could cause
premature activation. This scheme would only be
used in certain applications and may be eliminated
by a simple switch.

The laser is powered by four external AA batter-
ies or any convenient source of 6 volts. S1 controls
the power to the circuit and may be a key switch,
push button, toggle, or slider switch rated at .5 amps.
LED1 is intended for emission indication, and resis-
tor R1 controls the diode current.

Construction of the
Electronics Flssernbl_g Board

To construct the board, follow these steps:

1. Identify all the parts and pieces and verify
them with the bill of materials.

2. Insert the components, starting from one end
of the circuit board, and follow the locations
shown in Figure 13-4. If you are using a perfo-
rated vector board, it is a good idea to trial-fit
the larger parts before actually starting to sol-
der. Always avoid bare wire bridges, messy

solder joints, and potential solder shorts. A
printed circuit board (PCB) is available for
this project.

3. Check for cold or loose solder joints. Pay
attention to the polarity of the capacitors with
polarity signs and all the semiconductors.

4. Carefully solder the bus wire extension pieces
to the laser socket as shown in Figure 13-5.
The socket must abut to the top side of the
assembly board when soldered in place. It is
suggested that the socket be secured in place
using room temperature vulcanizing (RTV)
silicon rubber when the proper assembly is
verified.

n

Solder two 6-inch switch leads and a CL.1 bat-
tery clip to the assembly board. You may also
connect leads to the optional test-tone circuit
if building the laser for window bounce exper-
iments. Note the dual connections to pins 1
and 3. These are the anode of the diode laser
and the cathode of the monitor diode.

Assembly Is Ready for
Pretest

Do not install the laser diode in the circuit at this
time. The circuit must be checked and calibrated
beforehand. To test the construction, follow these
steps:

1. Make sure that the batteries are at full capac-
ity before you proceed with the following.
Check on the lowest meter range: any current
flowing into the circuit above a fraction of a
micro-amp with the system off will cause pre-
mature discharging of the batteries. Check for
defective components, flux paths, excessive
moisture, and so on if any current reading is
detected in this step.

2. Set up a meter in series with one of the bat-
tery leads to monitor the system current in the
range of 10 to 250 milliamperes.

3. Temporarily unsolder the LED from R1. Short
the switch leads together and measure a cur-
rent of approximately 15 milliamperes. Bridge
R1 to the LED and note the current going to
40 milliamperes and the LED lighting. Still
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View of R1 may be obscured
in this drawing.

These are the connection points for the
opticnal test tone or voice modulator circuit
used for the laser window bounce or long-
range voice comunicator.

This drawing shows a foil layout for an available printed circuit board. You may
use it to make your own or as routing data for a vector board assembly. Circuit
board foil traces on board underside.

+
Im @ z% LED POLARITY

8 |l Note connection point for LED1

L

Proper clearance of transistors
from assembly board

LEADS TO S1
SWITCH C
B
E

Transistor pin
identification

I

\ T LEADS TO 6 VOLTS
+

Flgure 13~l-| As&erﬁbly circuit béar;j'w "

leave it disconnected. This verifies the LED1
lighting necessary for emission indication.

4. Obtain a IN4001 diode and connect it in place of 5.
the LD laser diode section of LD1. You can con-
nect the anode to the 6-volt line and the cathode

end to the junction of the R3 four-socket end.
Rotate R6 to full counterclockwise (CCW).

Turn the system on and note the input current
going to 250 milliamperes. Add a 10K resistor
in place of the PD section of LD1 and note
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POSITION SLOT

REAR VIEW
OF LASER DIODE

[

Rear view of laser socket shown wired to printed circuit

board using extended pieces of bus wire leads.
Note pin 1 and 3 are wired together.

CASE

NN

2 4

Pin 1 laser anode and case
Pin 2 monitor diode anode
Pin 3 monitor diode cathode
Pin 4 laser cathode

LEN1 adjuster tool

Tape a piece of #20 wire over the end of a 5/8"
hollow tube. This will allow beam passage for
observation as you rotate the lens adjustment for
optimum collimation.

LEN1

-
g

Laser
diode ==
pins

LASMOD1 LASER MODULE WITH BUILT-
IN COLLIMATING LENS

This view shows our optional integrated laser diode collimator
combination module. This is a great advantage over the altemate
method shown using the adjustable threaded lens assembly as the

adjustment is fixed and optimized.

Use caution not to get the lens dirty!

L

£
Q
v
A
b
r@

the input current dropping to around 15 mil-
liamperes.

6. Rotate R6 through its range and note the
input current varying between 15 and 250 mil-
liamperes. This is not a linear control.

Note that an integrated laser diode with optics
(LASMODI1) is available as shown in Figure
13-5, making optical alignment simpler.

Chapter T

Figure 13-5  Laser socket wiring for a separate diode and a diode with .a_fi"ihr;tmééi;éf"coilim.ator

POSITION SLOT

You will need to drill out the heatsink just slightly over the diameter of
the module so it fits in snugly with minimal movement. You may then
apply a few light spots of epoxy or something similar to secure it in place as shown.

Rear view of laser module
as mated to laser socket

7. Assemble the laser diode to the heat sink, as
shown in Figure 13-5, and very carefully install
the laser diode into the socket. Observe the
position slot shown. Verify that R6 is fully
CCW. Apply power and carefully adjust the
input current to 100 milliamperes. The diode
should be producing around 2 milliwatts of
output and is detectable using infrared-sensi-
tive paper or a night vision device. Many video
cameras will respond to this laser wavelength.
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You can operate the diode up to 125 milliamperes
and obtain almost 10 milliwatts of output. This will
exceed the class 3a rating and the system must be
labeled accordingly. Safety glasses must be used at
this power level.

Once you set the desired power level, you can
reconnect LED1, noting that it draws 20 mil-
liamperes of additional current. The optional test-
tone or voice modulator can be connected and will be
clearly heard when used with the optical detector by
just picking up the scatter. Note these optional cir-
cuits can operate up to 12 VDC.

The output of this laser is also an excellent invisi-
ble illumination source for starlight night vision
scopes, allowing long-range viewing in total darkness.

At this point you should have a fully functional
board-level laser system capable of producing up to
10 milliwatts of optical output power at 820 nanome-
ters. The laser must now be housed or contained in a
suitable enclosure dependent on its application.

Special NDtE

Unfortunately, the output of this system is in the
mfrared range and is invisible to the naked eye as the
radiation is at 820 nanometers and appears as a dull,
red glow. The actual viewing of the laser energy will
require a night vision device. Many video cameras
will pick up this radiation.

Lumitek supplies infrared sensor paper that will
glow, indicating the beam profile. It is available on
their web site at lumintek.com. Look for Q11 sensor
paper or sticks.

Final Enclosure and Optics

Insert the small lens (LEN1) with the small, plastic-
threaded retainer into the heat sink, as shown in Fig-
ure 13-5.If your heat sink is threaded, simply screw it
in until it bottoms out. If it is not threaded, you must
shim up the assembly with some thin tape until it fits
into the heat sink reasonably securely. Adjustment is
much simpler using the threaded heat sink as you
simply screw it into the right position to obtain the
smallest far-field beam profile as indicated by the

detection equipment used. The unthreaded version
will require trial-and-error positioning of the lens to
achieve the correct position. This can be very cum-
bersome and requires patience and perseverance to
find the optimum position. The objective is to obtain
the minimum beam divergence at far field (several
meters).

Fabrication

Fabricate the enclosure tube (EN1) from a 1- X /16 -

X 7-inch polycarbonate tube, as shown in Figure 13-6.

We use clear tube to enhance the science project
approach, showing the innards.

Create the lens tube (LTURB1) from a .835- OD X
.6- X 2-inch schedule 40 polyvinyl chloride (PVC)
tube. Note these are the nominal dimensions for !/z-
inch PVC tubing. Insert a negative concave lens
(LEN2) into the LTUBI.

Make sure the lens is clean without [ingerprints.
Use a clean eraser on a pencil to position it. This
should fit smoothly into this tube. PVC tubing can
vary in dimension and you may have to shim or actu-
ally bore out the tube for proper fitting of this part.

Final Assembly

Finally, assemble the attaching lens (LEN3) to the fit-
ting (ADJFEMALE) with glue as shown. Press the
lens tube completely into the mating fitting (ADJ-
MALE). The collimator assembly now fits into the
enclosure tube. You may have to shim the LTUBI
section to obtain a secure fit.

The laser module fits inside the enclosure tube and
is secured by a small nylon screw (SW1) mating to the
clearance hole on the board. S1 is mounted to the rear
cap (CAP1). A clearance hole for power adjust trim-
pot R6 must be drilled in the enclosure tube.

Now the ultimate trick is to get the two-lens sepa-
ration distance approximately to 2 inches or where
the best collimation occurs at the midrange of the
threaded adjustment of the ADIMALE and
FEMALE fittings. Once this is verified you can
secure it using a forgiving adhesive such as RTV sili-
con rubber.
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LTUB1

EN1

OSecurement hole for SW1

ADJMALE ADJFEMALE LEN3
LEN2
Blow up of collimator assembly Glue lens to fiting
L__ e o N
_ ] ( L
m
SRR R . =
=

Approx 2" between lens centers

X-ray of assembly showing collimator and laser module

The objective is to get the proper separation distance between the two lenses to allow proper
adjustment within the range of the threaded sections of the male and female pieces.

It may be easier to use a visible red laser to verify this dimension. Use electrical tape or

something equivalent to shim up a laser pointer.

Beam spot without collimator will be approx. 12" at 500 feet. The collimator will reduce this

width by a factor of 5to 7.

FlgurE 13—6 H()usmg_and collirl*mtor

Experiment by checking the basic lens position in
the heat sink and by resetting the collimation adjust-
ment, noting the objective of obtaining minimal
beam divergence at far field. You may also require an
expanded beam for night viewing. The final assembly
should resemble that shown in Figure 13-7.

o

1.

Test-Tone Module
Construction

To assemble the test-tone module, follow these steps:

Identify all parts and pieces and verify them
with the bill of materials.

Insert the components, starting from one end
of the perforated circuit board, and follow the
locations shown later in Figure 13-14, using
the individual holes as guides. The board is cut
I X1.5X.1.

Use the leads of the actual components as the
connection runs. These are indicated by the

dashed lines. It is a good idea to trial-fit the
larger parts before actually starting to solder.

Always avoid bare wire bridges, sloppy solder
joints, and potential solder shorts. Check for
cold or loose solder joints.

Pay attention to the polarity of the capacitors
with polarity signs and all the semiconductors.

Cut, strip, and tin the wire leads for connect-

ing to the diode laser module points X and Y.
These should be #24 leads to [it into the hole
pads of the laser module.

Connect a scope across output X and Y and
connect a 9-volt battery to the CL1 snap clip.
Note the circuit draws 10 milliamperes when
activated.

Turn on S1 and note a 1,000 to 1,500 Hz test
tone of 2 volts peak.

Connect the output leads to the laser board,
as shown at points X and Y. Preset the laser
diode current to 100 milliamperes as directed.
Aim the laser at a light-colored surface. You
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Note that collimator will expand the beam at near
field but greatly reduce it at far field. LEN1 basic
lens in heastsink may require beam adjustment

~ er time using as | tool.
Instructions: o g5 hpecd

CAUTION: Viewing of laser beam or direct reflections require the use of
protective eyewear available through KENTEK in N.H. tel# 1 603 435 7201

1. Note switch is off and insert batteries.

2. Mount or secure laser assembly and point to target.

3. Power up by turning on $1. Note emission LED coming on.
4. Adjust optics for desired effects.

Collimator assembly

Note that the collimator's adjustable from Figure 13-5

piece is shown as the male part.
This is a user preference. We prefer
the female section with the flutes.

Access hole for
power adjust

INFORMATIEN STIE oot

PO ’“‘”"’“EWN"MNWM oam

L Serlal Huariber

Berlal Navbet  prairactured Date

Of $1CFR 104010 p0d 104011
This lasar produsteontorns o the provsiens of
FCFR 1040 10 and 104011

LAB1

VISIBLE OR INVISIBLE

Compliance tests LASER RADTION

WVOID DIRECT EXPOSURE
TO BEAM
1. Verify correct labels as shown. %m
2. Key switch with nonremoval in off position,

3. Delay after key switch activation.

Bl ; LAB2
4. Beam indicator LED indicates after delay.
5. Aperture cap included.
AVOID EXPOSURE
LASER RADIATICH IS EMITTED
FROM THIS APERTURE
LAB3

Figure 13-7  Final assembly view and labels

| PHoTO- o P
- /TRANSISTOR [ g
o BiAS iy ‘ / 3 -
100K | BIAS Ri6 |

\

\

R22
10K =

Figure 13-8 Optwna! receiver schematic
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should clearly and loudly hear the test-tone for sensitive positioning applications. The gain con-

signal when pointing the laser receiver in the trol power switch and headphone jacks are mounted

direction of the scattered reflections. on the rear of the enclosure. A pistol grip configura-
tion is suggested for pointing and listening to random
sources.

Laser Receiver

e i e

Circuit Theory

This section shows how to construct the electro-opti-

cal receiver capable of detecting and reproducing the Figure 13-8 shows the output from a sensitive photo-
modulated information placed on optical beams of transistor (Q1) amplified by a low noise amplifier
laser light energy. It also enables you to listen to any (I1D) to a gain of 50. The output is pass-band filtered
varying, periodic source of light, such as calculator by voice filter [LABC at 3-decibel rolloff points
displays, TV sets, normal lighting, the light produced between 500 and 2,000 Hz. This provides maximum
from a fire, lightning, infrared sources, and of course performance at most voice frequencies. The filtered
intentionally modulated beams for voice or other output is further amplified to a usable level by IC2 for
analog communications. It functions as an excellent headsets or a small speaker. The J1 jack is connected
detector for this laser listening project by detecting to allow individual volume controls when using high-
the vibrations on a window or other similar surface performance headsets (HS30). System gain is con-
when illuminated by laser light. These signals are trolled via a pot and switch combination (R22/S1). S1
clearly reproduced via a speaker or headset. controls battery (B1) power to the circuit. A network

The device is housed in a round PVC enclosure consisting of resistors (R2 and R3) provides the nec-
that is easily mounted to a camera tripod when used essary midpoint biasing for [IABCD.

: Lead from CL1
a1 Pin layout of Q1. R22
\ Base lead not used. \'

- S —

\ To black lead of CL1 L

g Magnified view showing J1 wiring scheme. Front view of R22 showing use of small
Use a cut piece of lead wire from a component pieces of wire from component cutoffs for
@ for this connection. Converts J1 to mono connecting to printed circuit board. Note this is not
operation and allows individual control of required if this part has lugs for printed circuit
m special headphone earpieces. board insertion. Side lugs are for switch S| Bﬁﬁ
3 To red iead of CL1 connections to pads on board.
|
A% ': ADJ
-4 f o6 2B = .
r 0 Rple sws| . .| o1 -
” - [Ra - R
= HO n O & Cean  LEDH{ Pt
B side
B O ) .CRg. cf +CRE]
T e
n - IC2  ¢a mEme ' M. -[RT]. MIC E
g B Q1
b ° " 5 « [R1§- ' ’ . p  FHETO g
() ® |- e I i1 N Cr v -3
\ J[RI]. i ¥ c14
| R22
¥ o 3 _——
Q | ¥ : ~cize)  -[R)-
P [l <59 (RT3 .CRT3]- ‘(R3] - [R&]
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.
-
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f:igure 13-8  Optical receiver assembly board

124 Electronic Gadgets for the Evil Genius



A special circuit consisting of LED1 provides a

light bias to phototransistor Q1. This is especially use-

ful in a low light signal condition when viewing the

scattered reflection mode of operation. Resistor bias-

ing Q1 creates bothersome noise, limiting the full
performance of the system. Trimpot R21 controls the
emission output of LED1 and must be carefully
adjusted in final testing for optimum effect.

Construction Steps

To build the laser receiver, follow these steps:

1.

Lay out and identify all the parts and pieces
with the parts list—note the color identifica-
tion on the resistors. Capacitors are easily
identified by markings with alternative value
codes in parentheses. Assembly is shown on a
PCB with a foil layout, as shown in this data.
Construction may be on a vector board if lay-
out is followed.

Insert the resistors as shown in Figure 13-9.
Start with R1 and progress until all the resis-
tors are mounted. Solder and clip off the
excess leads. It is important to avoid solder
bridges, shorts, and cold solder joints. Figure
13-10 shows the foil traces on the underside of
the PCB for those wanting to etch their own.

Repeat with capacitors, observing the polarity
of Cl1, C3,C6, C7,and Cl4.

Insert I1 and 12; note the position marks.

Insert Q1 phototransistor. Note the polarity as
shown in Figure 13-7.

Insert B21, R22, and J1. Solder in place.

Connect the CL1 battery clip. Note the color-
coded leads and dedicated strain relief holes
in the PCB.

Fabricate the baffle plate (BAF1), as shown in
Figure 13-11.This piece is used to view the
position of the reflected laser or focused light
as gathered by the extender lens. It is neces-
sary to position this light onto the lens of the
phototransistor. The baffle should be small
enough to slide into the enclosure tube with-
out obstruction. Drill two small holes for the
leads of LEDT and center the hole for the
phototransistor. Insert the LED1 leads,
observing the polarity through the holes, and
solder in place. Note the leads must be as long
as possible. Position LED1 off to the side rela-
tive to the Q1 phototransistor so the emission
signal can obliquely be seen yet does not
block out any signal along the optical axis.
Position it as shown in Figure 13-12 and
secure it to the PCB with an RTV adhesive or
an equivalent.

Create SPCR1 from a 1'/2 - X 2-inch piece of
plastic, cardboard, or any suitable resource.
This piece is sandwiched between the battery
and the bottom of the PC board for insulating

STRAIN RELIEF HOLE
FOR+LEAD OF CL1

\—' STRAIN RELIEF HOLE

FOR-LEAD OF CL1

Figure 13-10 Assembfy board lay(hJﬁwrfé)‘ij traces
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EN1 main enclosure side view

ACCESS HOLE

2.50

Access hole for phototransistor
viewing during setup

6.75 |
4.50 | ‘
4.00 1.00 —

o %" access hole for
8-32 tapped hole bias adjust trimpot
for focus tube
locating hole R0.50

to attach laser mounting bracket

( o o
Mating holes for self-lapping screws
1

" Diill and tap for 1/4-20 bolt
position bottorn midpoint
for mounting to video tripod.

EN1 end view.
Use schedule 40
PVC tubing.

Fabricate disk from light-colored plastic
Note center hole for phototransistor. Two
small holes are for leads of LED1. Disk
must freely slide into EN1.

Two 3" plastic caps for end section.

Note to fabricate two holes for mating to J1
and R22. Attempt to center assembly in
enclosure.

2" plastic cap with 15" center removed.
Piece tightly slides into EN1 to abut up
against BAF1. See Figure 13-11

BAF1

Figure 13-l Parts fabrication skeiches

purposes, as shown in Figure 13-12. The bat-
tery can simply be held in place with suitable
elastic or an O-ring as shown. Create the colli-
mator as shown in Figure 13-13.

10.  Check all the wiring and the integrity of the
solder points. Check for solder bridges and
shorts on the assembly circuit board.

rteen

Unit |s Ready for Pretest

1

To test the unit out, follow these steps:

|

L

|
god

1. Connect a headset to J1 and clip in a 9-volt
battery or connect to a suitable DC bench
supply. Preset R21 FCCW. Click on R22/51
H and advance until a hum is heard in the head-
() phones. Back off to a comfortable listening
4 level. Note the hum is from the 60 Hz lighting.
Q

Obtain a calculator with a clocked display and

Holes anly shown for
approximate location

o O

CAP2

3. Verify the filter operation (which is not neces-
sary unless circuit problems are encountered)
by inserting a variable sine wave signal
through an attenuator network across Q1.
Preset the signal generator frequency to 1
kHz and turn up the level until a 1-volt peak-
to-peak signal is measured via a scope con-
nected across J1. Slowly vary the signal
frequency and note the output response. The
signal should start to roll off at 300 Hz with 3
kHz peaking in the center of these extremes.
The battery current should read approxi-
mately 10 to 20 milliamperes with the head-
phones connected, detecting a normal signal.

Final Assembly

The final steps are as follows:

1. Fabricate EN1, CAP1, and CAP2, as shown in

%*%?:é point unit to pick up the display emissions. Figure 13-11.
mg;;‘ Note a loud tone indicating signal pickup.
F Y
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Figure 13-12  Internal view of innards o
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2. Assemble as shown in Figure 13-12. Note the L R i | R du f
positioning of CAP1. This keeps BAF1 in aser neceiver |1s heady for
alignment. Final Testing

To conduct the final test, follow these steps;

1. Attach the unit to a video tripod via the /4-20
threaded hole.
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EXT10 extender lens assembly

EXTUBE LENS1

[ 7. LE LT

It may be necessary to trim down
outside diameter for proper fit into
enclosure tube of main assembly.

LLLL L E LA

Figure 13-13  Extender lens assembly

2. Obtain a source of signal such as the clocked
display of a hand calculator or a similar
device. Note the liquid crystal will not work.
Point the unit in the general direction of the
display at a distance of 10 to 15 feet. Do not
use the EXT10 lens at this time.

3. Allow for total darkness and attempt to
obtain a signal by panning the tripod. Adjust
the bias light control R21 for the best signal to
background noise. Note the difference in low-
level signal detection in total darkness without
the bias light.

4. Experiment with the EXT10 lens at longer
distances and appreciate the detection sensi-
tivity of this device. Note that alignment may
be difficult due to a narrow field of view.

System Application, Safety,
and Legality

These fully working modules may be packaged by the
builder into a compatible housing that will allow
micro-mechanical adjustments. You can use a visible
red laser module for short-range demonstration or
sighting and alignment purposes. The illuminating
laser transmitter must be precisely in alignment with
the optical axis of the laser receiver and be mechani-
cally fine-tuned via micrometer head screws to

[ LENRET1

Lens retainer slides onto
EXTUBE and secure lens.

Remove 14" center section
similiar to CAP1 in Figure 13-10.

LENRET1 FRONT VIEW

receive and process the scattered reflections. The
laser transmitter described in this project uses the
test-tone circuit that greatly simplifies rough optical
alignment to a far-field surface. Output of the laser
transmitter may be preset to 2 to 4 milliwatts for class
3a or at 8 to 10 milliwatts for class 3b. A collimator is
included that greatly extends the potential range of
the system. Optional use of the telephoto lens retro-
fitted to the optical receiver will greatly enhance dis-
tance and performance. The prebuilt modules may be
set on tripods to verify performance integrity or for
demonstration purposes before being enclosed.

The lasers used can be class 3a to class 3b visible
or invisible. Protective eyewear is positively required
in case you look into the direct reflection. Using the
scattered reflection mode is less dangerous.

Get permission of those parties you are listening
to! Experimental demonstration of this system
should not pose a legal problem, nor should it be
used for applications not involving oral interception.

Setup Using Direct
Reflection

The direct reflection method requires the following
steps:
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Bill of Materials

vt/
' ! R1 1K 1/4 W (BR-BLK-RED)
51 | R R2 (1) 390K 1/4 W (OR-WH-YEL)
¥ | T C1 (1) 100 M/ 25V vert electro capacitor
\ L . SR1 ;
| =ik C2 (1)1 M/ 25V vert electro capacitor
4 8 %
o E C34 (2).01 M/50V disc (103)
100M ‘ 1 (1) 555 DIP timer IC
| T~ * Lo 1 o3 —e
2 i S2 (1) Slider SPDT switch
| .
& i ; 1 CL1 (1) Battery snap clip .
| 5 WR1 (30") #24 vinyl hookup wire
T T _1_c4
| i ; """" 01M PB1 (1) 1X1.5".1grid perf board
\ |
‘ | = R2
~7-.C2 380K
M c3
om L e
Test tone output
‘ ‘ to a laser
L 2 L 4 > oy
TEST TONE

Assembly board layout

To point X in Figure 13-4

(e]
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©olo0 o o\o0o ©o O
\
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0o o O 0 O

OUTPUT 3

Wiring Layout

Tl

SESL™

L aW-" = &

P

"
T e’ L

Parts layout
To test point
common
Figure 13-4 Test-tone circuit R
1. Obtain two video camera tripods and secure 2. Remove the rear cover of the laser receiver

the laser transmitter to one and the laser
receiver to the other. Use duct tape, bungee
cord, electrical tape, and your own ingenuity.

and install a 9-volt battery into the clip.

3. Determine the target window. Select an easy
one that is nearly “normal” and on the same
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Thirteen

apter

Yo |

Fan b
S L

level where you are located. Place a loud
radio on the opposite side of the window.

If your laser is a pointer or gun sight, it will be
necessary to apply pressure to the trigger
switch. This can be accomplished using a
paper clip or clothespin to clamp the switch.

Position the laser transmitter tripod so the
angle is as close as possible to the normal,
reflected surface. This will allow minimal sep-
aration between the transmitter and receiver.

Note that this is not necessary for proper per-
formance but is easier until you are familiar
with overall system alignment.

Locate the position of the reflected “laser
spot” resulting from the direct reflection of
the laser beam as it bounces back from the
window. This will depend a lot on the relative
position as in step 5, since the angle of reflec-
tion will equal the angle of incidence (Snell’s
Law).

Carefully adjust the positioning of the laser
receiver so that it intercepts the spot from the
direct reflection. The final position where the
reflected signal is incident on the phototran-
sistor as viewed through the view hole.

If you are using the extender focal lens, adjust
it so that the reflected signal is about the size
of a penny as viewed on the phototransistor
and the white baffled disc. This lens is not nec-
essary for ranges below 50 feet.

Turn the amplifier on via the control and
adjust it to a comfortable audio level. Opti-
mum results may require “tweaking” to an
actual signal. A rough adjustment requires
detecting a weak optical signal source in total
darkness and adjusting for the best perform-
ance/noise figure. Note that the unit will not
work correctly if not properly set.

Carefully adjust the position of the laser
receiver for maximum clarity and volume.
Note that only a slight adjustment can make a
world of difference in performance. Experi-
ment with the lens assembly when using
ranges over 50 feet. Note the laser beam spot
profile on the surface of the white baffle disc.
You will see interference bands or fringes
consisting of light and dark sections.

Note that clarity, volume, and general performance
depend on many factors. The size of the window; the
setting of the pane; and even the vibration picked up
from window air conditioners, motors, pumps, oil
burners, and so on can seriously degrade a usable
signal.

Serious experimenters may want to interface the
system with an audio equalizer to filter and enhance
the usable signal. Again, experiment and experience
is the best solution to quickly set up and obtain opti-
mum performance.

A setup using the scattered reflection utilizes the
light detected off the optical axis. The signal will be
weaker over a given distance and will require more
careful alignment.

You now have a choice of using the individual
modules mounted on tripods for a demonstration of
the concept and experiment. You may also choose to
retrofit the modules within a sturdy housing similar
to what is shown in the following data, providing a
usable, field-worthy system of medium performance.

The objective is to allow an optical alignment
between the laser impact point on the window and
the return signal being coincident (coming back on
same axis) to the optical axis of the receiver. Once
this initial alignment is accomplished, it is only neces-
sary to “tweak™ the micro adjust screws that secure
the laser optimizing the signal from any reasonable
distance. It is assumed some signal is always
detectable once initially aligned.

A test-tone signal modulates the laser at 1 to 2
kHz. This scheme provides easy access to aligning the
optical axis. You now carefully search for the test
tone, which is clearly detected with the optical
receiver. Night vision equipment also can be an aid in
initial alignment.

Mounting the laser in our test prototype involved
floating it inside a stable housing, allowing several
degrees of both vertical and horizontal adjustment
for final “tweaking” using vernier adjust screws. The
lens used on our prototype was from a low-cost video
camera and screwed into a mating adapter plate
firmly attached to the housing.

Obviously, a certain amount of mechanical ingenu-
ity will be required in finalizing the system. The sug-
gested assembly of this integrated system is shown in
Figures 13-15,13-16, and 13-17.
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LASER ENCLOSURE

COLLIMATOR

CWLA1
LASER

® © Y

BRACKETS

® Y Y

N

S

TELEPHOTO LENS

CONTROL
PANEL

MAIN ENCLOSURE

HANDLE FAB

SLIP CAP

F|gure ]3]5 - ‘S;uggé;v‘té'd;y;;e:-ﬁV&ssembly—side view

Exact dimensions are not given, as this might limit

you due to the access of materials and the use of your

own ingenuity. We show our approach to be used
only as a guide that may be closely or partially fol-
lowed.

Assembly of a Field-
Worthy, Integrated
System

The laser receiver innards are placed inside a sturdy
housing and secured in place. An adapter fitting is
secured to the exit end, allowing the fitting of your
choice of telephoto lens. The laser transmitter is
housed with a collimator and is secured to the laser
receiver by two aluminum brackets.

B

This assembly requires good accuracy for main-
taining close optical alignment, as any adjustment is
via two micro-head adjusting screws for azimuth and
elevation adjustments for fine-tuning.

You will note that the laser module is supported at
its midsection by two rubber O-rings that provide a
flexing motion both fore and aft. Compression
springs are placed directly opposite the contact
points of the micro-head adjusting screws. These
springs load the position of the laser module beyond
the optical alignment point and now require contact
pressure of the micro head adjusting screws to adjust
back into alignment against the spring pressure. The
front points provide pivoting for elevation adjust-
ments, whereas the rear points provide for the
azimuth adjust.
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MICRO ADJUST
ELEVATION

LASER

O-RINGS, ENCLOSURE

SPRING LASER OPTICAL AXIS

MICRO ADJUST
AZIMUTH

BRACKETS

RECEIVER OPTICAL AXIS

MAIN ENCLOSURE

LENS MOUNT ADAPTER

HANDLE FAB

S

FIE!LIFE'B-IE “ ;S:&jg;éested system Vdssembly;fk},;m-{zz.'éljt;f;%.énus optfcs

thickness. Plastic PVC may be used for easier fabri-

Parts and Fabrication cating at the cost of mechanical stability.
Description

®  Main enclosure 235 OD X '/s-inch wall alu-
minum tubing. Fabricate a hole for the press
fit of the handle section. Note '/»~20 holes for
mounting to tripods.

You must supply the following parts for final enclo-
sure and assembly. Note that the recommended hous-
ing is aluminum tubing with at least a '/s-inch wall
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MICROACJUST
ELEVATION

TEST TONE
MODULE

6-VOLT BATTERY
FOR LASER

HANDLE FAR

9-VOLT BATTERY FOR
TEST-TONE CIRCUIT

Laser enclosure 1% OD X /4 -inch wall alu-
minum tubing. Fabricate as shown for spring-
retaining cutouts and holes for
micro-adjusting verniers.

Handle 1%/s-inch aluminum tubing for han-
dle and battery enclosure.

Brackets Fabricate two brackets for securing
the laser and main enclosure together. It is

important that this step be as precise as possi-
ble, as the two-enclosure axis must be parallel.

Control panel You may use the front panel of
the laser receiver module. Fabricate additional

holes for the test-tone switch and feed-through
bushing for the cable going to the laser section.

Rear panel For the rear section of the laser
enclosure with a hole for cable bushing.

Lens mount adapter Fabricate for a !/2-inch-
thick piece of PVC to fit into the innerdiame-
ter (ID) of the main enclosure tube. Cut out

MAIN ENCLOSURE

___________ COLLIMATOR
MICRO ADJUST e
- {EEEEER) = B8 - B
(S
LASER MODULE \"::;iy
\
I TELEPHOTO
| LENS
LENS MOUNT ADAPTER

Instructions for the laser and optical receiver are
shown on separate data sheets,

the center to mate with the telephoto lens of
choice.

O-rings For sleeving over the laser module
and sandwiching with the laser enclosure
tube. The position along the length may be
adjusted for best movement using vernier
adjusters. Experiment for best results.

Springs Compression springs for maintaining a
positive pressure against micro-adjusting vernier
screws through their adjusting movement.

Micro-head adjusting screws For precise ele-
vation and azimuth positioning.

Cable A multiconductor for 6-volt battery
power and test-tone input to the laser module.

Switches For power and test-tone control to
the laser module.

6-volt battery Uses a four AA battery pack
for powering the laser module and is con-
trolled by one of the switches.
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®  9-volt battery For powering the test-tone cir- e Cap Slip-on plastic cap for the retaining end

cuit. of the handle.
® Telephoto lens An optional choice will ¢ Cushioned headset with individual volume
greatly determine the potential range and per- controls
formance of the system. Mates to the mount
adapter.

Table 13-1 Laser receiver parts list

Ref.#  Qw. . Descrtion  DB#
R1.,4 2 10-ohm, '/+-watt resistor (brn-blk-blk)
R2,3,8,12,13, 9 100K, Y-watt resistor (brn-blk-yel)
15.16,17.18

R5,20 2 LK., Ya-watt resistor (brn-blk-red)

R6 10K, 'fa-watt resistor (brn-blk-or)

R7 22K, 'a-watt resistor (red-red-red)
R9,10,11,19 4 150K, Ys-watt resistor (br-grn-yel)

R14 1 3 meg, '/+-watt resistor (or-blk-grn)

R21 5K trimpot resistor

R22 10K pot and switch

C1,7 2 100 mfd/25 vertical electrolytic capacitor
C2,4,5 3 .1 mfd, 25-volt dise capacitor (104)
C3,14 2 47 mfd/25-volt vertical. electrolytic capacitor
C8,10.13 3 01/25-volt disc capacitor (103)

9 470 pfd, 25-volt disc capacitor (471)
C11,12 2 .001 mfd, 25-volt disc capacitor (102)
IC1 LMO074 or 324 14-pin DIP note

1C2 LM386 B8 pin DIP

I Stereo jack for P1

CL1 9-volt battery clip

Q1 L14G3 phototransistor

LEDI1 IR light-emitter diode

PC1 HGAPC PCB

CAP1 23/s-inch plastic cap

CAP2 2-inch plastic cap

EN1 63a-inch X 2¥s-inch sked 40 PVC tube
HS3 High-quality headsets

EXTUBE 3- % 2-inch schedule 40 PVC (see Figure 13-13)
LEN1 45- X 89-millimeter convex lens
LENRET1 2-inch plastic cap #A2 (see Figure 13-13)
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Table 13-2 Laser transmitter parts list W
Ref. # Qty  Description ... De# 0
RL5 2 100-ohm, '/s-watt (br-blk-br) resistor i)
R2 470-ohm, '/a-watt (yel-pur-br) resistor §”§
R3,4 2 27-ohm, Y4 watt (red-pur-blk) resistor
R6 5,000-ohm trimpot resistor 502
R9 1 1K, V/s-watt (br-blk-red) resistor il
R10 5.6 m, '/a-watt (gr-bl-gr) resistor ;;%
0
C1,7 2 .01 mfd/50-volt disc capacitor @
c2 10 mfd/25-volt vertical electrolytic capacitor g:
3 1 1 mfd/25-volt vertical electrolytic capacitor
71 3-volt zener diode 1N5221B h
Q1,4 2 PN2907 PNP TO92 transistor Q
Q2,3 2 PN2222 NPN TO92 transistor m
LEDI1 Any high-brightness LED %
SOCKI1 Four-pin transistor socket m
BHI1 Four AA cell holder
CL1 Battery clip -
S1 Small toggle switch: key or push button may be used =t
BUSS24 #24 bus wire for extension leads of SOCK1 gﬁ
WR6 12-inch #22 vinyl hookup wire g
PCl1 CWL1 PCB PCCWLI m
LASMODI1 Laser diode with integrated optics LASMOD | =
LD1 10-milliwatt, 880 nm laser diode; see text IRLD1 ;3
HSINK Special fabricated aluminum heatsink, lens holder, and hardware HSINK W 1
LENI1 Basic lens in threaded fitting for 9-millimeter diode LENS13
LEN2 15- X -25-millimeter double concave DCV negative glass lens LE15-25 %
LEN3 24- X 75-millimeter double convex DCX glass lens LE2475 @;
ENI 1- X Yis- wall X 7-inch length of clear polycarbonate tubing bt s
LTUBI .835- X .6- X 2-inch length of schedule 40'/2 inches PVC tubing g:%
ADIMALE '/2-inch sked 40 female slip to male thread GENOVA 30405 {Q
ADJFEMALE '/2-inch sked 40 female slip to female thread GENOVA 30305
CAPI 1-inch plastic cap
SW1 6-32 X 'f2-inch nylon screw
LABEL Labels cert, class, and aperture
CLASSIIIBSET
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Twelve-Inch-Spark Tesla Cail -

Use Caution Around
Sensitive Electronic
Equipment

This fascinating visual and audible display project
never fails to attract attention as fiery bolts of light-
ning jump into the open air. The project, when prop-
erly built and tuned, will generate some 12-inch spark
discharges (see Figure 14-1). Operation is done from
a standard 3-wire 115 volts-alternating current (VAC)
outlet and requires caution in assembling and opera-
tion. The transformer secondary output is 23 mil-
liamps and is not considered lethal but can provide a
nasty shock and burn that the victim will remember.
The system output, while quite spectacular, can be
contacted by firmly holding a metal object and bring-
ing it near the output terminal. You will experience a
very mild shock.

Expect to spend around $100 for this very reward-
ing project. Assembly is more mechanical than elec-
trical and will require basic skills in the use of hand
tools. The winding of the secondary coil may require

building a simple jig and fixture to allow turning for
applying the fine wire windings.

Tesla Caoil

A Tesla coil is one of the most fascinating electrical
display devices to see in operation; a large unit can
produce a continuous spark exceeding the height of
the coil. Electric discharges that simulate lightning
bolts will produce cracks of noise louder than a rifle
shot. These sparks, as well as being very impressive
and attention getting, can also can produce bizarre
effects in most common materials. For example, wood
may explode into splinters or be made to glow with
an eerie, reddish light from within. Insulating materi-
als seem to be useless against this energy. Lights ener-
gize without wires, and sparks and corona in the form
of St. EImo’s fire occur within proximity of the
device. High-energy electric and magnetic fields ren-
der electronic equipment useless. Phenomena not
normally associated with standard high-voltage elec-
tricity become apparent in the form of many weird
and bizarre effects.
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Brief Theory

A Tesla coil is a high-frequency resonant transformer.

It differs from a conventional transformer in that the
voltage and current relationships between the pri-
mary winding and secondary winding are independ-
ent of the winding turn’s ratios. A working apparatus
basically consists of a secondary (L.S1) and a primary
(LP1) coil. It is obvious that the primary circuit is
capacitance dominant, and tuning the primary circuit
via taps along the primary coil alters the frequency
accordingly. However, this relative fine-tuning of the
primary circuit to the secondary is mandatory for
proper operation. Force driving the secondary coil
will produce hot spots and an interwinding break-
down along with other negative results.

®

T

Introduction to Your Easy-
to-Build Tesla Caoil

The circuit schematic in Figure 14-2 shows a step-up
transformer producing 6,500 volts at 23 milliamps
from the 115 AC line. This voltage-current combina-
tion can produce a painful shock. The builder must
use adequate caution, just as being around any live
115 VAC circuit. When in doubt, consult someone
experienced with this equipment. Safety rules should
be followed at all times.

The device also produces ozone; therefore, use it
in a well-ventilated area. Do not use it for prolonged
periods of time. Thirty seconds at any one time is
ample for any demonstration. Avoid eye exposure to
the spark gap and use ample protection, such as
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Secondary test for resonance

T1 TRANSFORMER

RFC1

S1 SWITCH R

C1 CAPACITOR

EON
F81 FUSE

LP1 PRIMARY LS1 SECONDARY

C01 CORD

1. Disconnect ground end of secondary coil and insert a 1k resistor in series with a
variable frequency generator. Connecta scope across resistor and determine
resonant frequency by noting a sharp dip in signal amplitude. Record this reading.
Note that output terminal must be solidly connected to the coil lead and must be
away from conductive objects to obtain an accurate reading. Approximate
frequency of this coil is around 500 kHz.

2. Short out spark gap with a short clip lead and disconnect lead from the RF
choke. Connect scope and generator combination to tap of primary coil. Startat
maximum tums and note a sharp rise in the voltage wave form at some frequency.
Record and repeat at various tap points.

FlgurE]‘-I-E . .n.bir}:uit schematic

safety glasses or shielding, as dangerous ultraviolet
light is emitted.

The unit, when constructed, can develop voltages
up to and in excess of 250,000 volts. (This is the DC
value of voltage that would be necessary to produce
the arc lengths obtainable with this Tesla coil model.)
It will cause a gas discharge lamp, such as a regular
household fluorescent lamp, to glow up to a distance
of several feet from the unit. The high-voltage output
coil terminal can actually be touched with a piece of
metal held securely in the demonstrator’s hand, cre-
ating quite a conversation piece.

Circuit Theory

T e ST
o L L
i : B e

The device, as shown in Figure 14-3, consists of a sec-
ondary coil, LS1, containing approximately 500 turns
wound on a polyvinyl chloride (PVC) form 13 inches
long. This coil possesses an inherent resonant fre-

SAFETY PROBE

Note that the direction of routing the tap lead around
the secondary coil will cause considerable difference in
performance. It is suggested to experiment with these
settings. You will note that a static tuning setting will
vary in actual operation due to capacitance gained by
the output spark. Primary resonant frequency should
be preset to a slightly lower frequency than that of

step 1.

quency determined by its inductance and capacity,
usually around 500 kHz. A primary circuit consisting
of a drive coil (LP1) and a capacitor (C1) are impulse
driven by a spark gap (SGAP1). This primary circuit
should also have a resonant frequency equal to that
of the secondary coil for maximum performance. It is
possible to “force drive” the secondary coil with
fewer results. The output voltage of the device is
dependent on the ratio of Q between these two coils.

The primary coil has an adjustable tap that allows
for fine-tuning. It should be noted that it does not
take much in the way of added capacitance to the
secondary to alter its resonance point. Even a change
in the output terminal will require a readjustment of
the tap.

Transformer T1 supplies the necessary high volt-
age. It is rated at 6,500 VAC at 20 milliamperes. (A
larger-capacity transformer will produce more output
but may stress the other circuit components.) This
voltage charges the primary resonating “tank” capac-
itor (C1) to a voltage where it fires the spark gap

Electronic Gadgets

for the Evil Genius

139




TO8
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Method showing proper attaching
of secondary leads to grounding
screw and toroid terminal.

Discharge probe is made from a 12" section of
plastic tubing. Thread the wire WR12 and ball
up the end to prevent from slipping back.
Balled-up end is now contact point.

Chapter Fourteen

Figure -3 Completed Tesla coil rear view

(SGAP1), producing an impulse of current through
the primary inductance (LP1) where oscillations take
place. The frequency is determined by the inductance
and capacity values of the primary circuit. The volt-
age output of the secondary coil, LS1, is usually
approximately related to the primary voltage Vp
multiplied by C1/C2 where C1 equals the primary
capacity, VP equals the spark gap discharge voltage,
and C2 equals the secondary coil capacitance (usually
relatively small). Another way of expressing this rela-
tion is that the output volts are dependent on the

input drive voltage times the ratio of primary Q to
secondary Q. Information describing some of Tesla’s
works are available on our site at www.
amazingl.com.

Construction Steps

Note that the layout must be closely followed only
where actual dimensions are shown. Otherwise, trial-

140
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Figure 144 Secondary coil -

position the components as shown in the figures and
use the “eyeball” approach to locate them. Please
note that you may make substitutions that may
increase or decrease performance.

1. Assemble subassembly secondary coil (LS1),
as shown in Figure 14-4.

Precut coil form from 3" (3.5" OD) thin wall PVC tubing.
Thoroughly clean both inner and outer surfaces and make
sure form is dry.

Drill the small holes in the form as shown for securing the
start and finish leads.

Thread wire through small holes leaving about 6" and wind a
9 3/4" layer of #24 magnet wire on form evenly and

without any kinks or overlaps. Finish by threading through
holes at other end.

Coat coil several times with orange shellac, making sure there
is no water or other impurities that will contaminate the
coating,

A suggestion in winding this coil is to work with a buddy using a
broomstick as a shaft and carefully dispense the wire as
needed. Keep wire taut and avoid kinks and overlaps as
these will cause output to be greatly reduced!! You may wind
a section and then shellac holding the wire with tape to avoid
unwinding.

Approximate frequency of coil is equal to total winding length
of wire in meters times 4 divided into 300 x 10 e8. This is the
familiar quarter-wave antenna formula.

Finished coil should resonate at 500 to 800 kHz without any
output terminal attached. The frequency decreases
substantially when a terminal is added, changing more or less
with terminal size.

SECFORM

Drill a .25" hole for
connecting bolt.

—

Use small pieces of
dry wood and glue in
at each end.

End View

— ]| —— a
»

Drill three small holes 1.5"
from ends of form and

thread leads as shown.

Magnified View

‘

A Y

1
\
% |

2. Assemble the RFC1 subassembly and fabri-
cate the CBKT1 capacitor bracket, as shown
in Figure 14-5. Drill two small holes for
threading the 4-inch connection leads.
Evenly and tightly wind 40 to 50 turns of #26
magnet wire. Note the mounting scheme of
sleeving into a plastic cap (CAP15) screwed
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to a base plate (BPLATE1) shown later in
Figure 14-16.

Fabricate the SGBKT spark gap bracket and
four primary coil-holding brackets (PCBKT1)
from .065 polycarbonate (Lexan) plastic, as
shown in Figures 14-6 and 14-7.

Fabricate the two spark gap cooling fins
(SGFINTI) from .065-inch aluminum, as shown
in Figure 14-6.

Fabricate front panel (PANELL1) from .065-
inch aluminum, as shown in Figure 14-8.

Fabricate TPLATEL1 from ¥s - to !/2-inch thick-
ness plywood, as shown in Figure 14-9.

Fabricate BPLATE]L from %z - to !/2-inch ply-
wood, as shown in Figure 14-10. Drill holes
when the layout is verified in step 12. More
serious craftsman may want to replace the
plywood with clear Lexan or Plexiglas. This
approach creates a professional-looking
project.

Fabricate four pillars (PIL1) at 5%/s-inch
lengths of !/>-inch PVC tubing, as shown in
Figure 14-3.

Figure 14-5  CBKTI cap bracket and RFCI assembly

10.

11.

12

13.

14.

CAPBRACKET

" 32
o
i ———
— 332 |
= 1
X-RAY VIEW
OF CAP15
13 =
16 Y - /I
A h N S f
e |
I BpLaTEr oS '

Assemble (RFC1) subassembly as shown. Drill two smal
holes for threading 4" cannecting leads through. Evenly
and tightly wind 40 to 50 turns of #24 magnet wire. Note
mounting scheme by sleeving into (CAP15) plastic cap
screwed to the (BPLATE1) bottom plate as shown

Attach capacitor C1 to the bracket, as shown
in Figure 14-11.

Assemble the spark gap assembly (SGA-
PASSY) as shown in Figure 14-12.

Add several '/+-20 hex nuts to a length of
threaded rod (TROD). Cut four pieces to 7!/«
inches and dress the cut ends with a small file.
Reform the threaded ends using the nuts as a
threading die.

Lay out bottom plate (BPLATET) and verify
the components’ locations. Drill the mounting
holes for securing the components, as shown
in Figure 14-13.

Assemble the four PVC caps with pillars at
the corners using the threaded rods and hard-
ware. Assemble the components using the 6-
32 X 1-inch screws with washers and nuts.
Note the front panel is secured by the sand-
wiching action of T1 and the capacitor
bracket. Attach the solder lugs as shown in
Figure 14-13.

Wire up the high-voltage section, as shown in
Figure 14-14. Note all leads to the capacitor

Electronic Gadgets
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Figure -6 SGPKI spark gap brackets

15.

16.

17

and the spark gap must be direct. Avoid loops
and use short pieces of stripped WR12 sol-
dered to the respective lugs. The T1 trans-
former lead to the radio frequency (RFC)
choke is soldered as shown. The secondary
ground lead is soldered to LUG2. You should
end up with the grounding lead to the second-
ary, the primary coil center connection with
the lug, a lead for the primary tap, and a lead
to the safety discharge probe.

Assemble PANELI1 and wire the primary 115
VAC input section, as shown in Figure 14-15.
Note that it is important to verify a proper
ground of the green wire of the cord (CO1)
being electrically connected to the frame of
T1, the PANEL section, and the secondary
return lead.

Attach a 3'/2-inch plastic cap (CAP35) to the
center via a /420 X 1-inch brass screw and nut.
This point is the earth-grounded common
return of both the primary and secondary coils.
Attach the four coil brackets using #6 s-inch
brass, flathead wood screws. Verify that the
bracket holes line up with the pilot holes so that
everything fits as shown in Figure 14-16. If not,
redo the pilot holes and assemble as shown.

Measure an 8-foot length of wire (WR12) and
thread one end through the clearance hole as

18.

19.

20.

— % —
065 LEXAN
——) % ; approx 45 dges
‘ o | %2
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SGFIN1 Spark gap cooling fins

shown and wind six full turns, placing them
into the larger clearance in the four brackets
as you go. Shape for a neat circular shape, as
shown in Figure 14-17. Strip off the end as it
must be inserted and soldered into the 3/16-
inch copper tubing (COTUB316) for the
remaining part of the primary coil.

Continue by winding the attached 7-foot sec-
tion of the 16 -inch copper tubing as shown,
snapping the cutouts into the brackets. Attempt
a neat circular look, as shown in Figure 14-17.

Assemble and check the integrity of all the
wiring and mechanical assembly. Label the
unit as shown in Figures 14-3 and 14-18.

Open up the spark gap or place a piece of
insulating material between the electrodes to
prevent firing. Verify the proper assembly and
plug the unit into a 115 VAC, three-wire,
grounded outlet. Check the action of S1 and
note the lamp NEI igniting. Quickly short out
the spark gap electrode attached to C1 to the
chassis ground with the safety probe. Note a
loud, bright discharge occurring. Only per-
form this momentarily as it subjects compo-
nents to unusual stress and only serves to
verify proper operation at this point. Also
remove the power cord and material between
the spark gap electrodes.

Electronic Gadgets
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Chapter Fourteen

Material is .065 clear polycarbonate (Lexan) plastic. Three pieces required.
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Dimensions shown must be followed on this drawing to obtain proper coupling of the
primary and secondary coils.
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Follow this drawing to get the correct slotting. Use as a pattern or
template. Slots must retain wire and tubing but allow snapping into
position.

Figure 14-7  PCBKI primary coil holding brackets (four required)

21. Feed the tap wire through the appropriate producing 23 milliamperes to earth ground.
hole and attach a crocodile clip (CLIP1). The 115 VAC power lines must be avoided, as
Insert the secondary coil assembly into cap they can be lethal.

CAP350, attaching the ground return wire to

the screw. This lead should be as short as pos- 22, When firing up your coil, start with the spark
sible, as breakdown will occur inside of the gap set at /s inches and the adjustment tap at
coil. Attach the output terminal to the top of the outermost winding tap to provide maxi-
the coil using the same procedure. See Figure mum inductance. Note that this lead also con-
14-3. tributes to total inductance when routed as

shown (the same direction as turns of the pri-
mary coil). It should be possible with this coil
to easily obtain 10- to 12-inch streamers when
properly adjusted. Careful adjustment of the

Before proceeding to the next step, you must
always remove the power cord before making
adjustments. The tap lead is a shock hazard,
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tap location and gap adjustment will greatly
enhance performance. When operating for a
prolonged period, always note the potential
breakdown points, indicated by heavy corona
or premature sparking. These points must be
corrected or a burning tracking condition will
result.

Special Notes

The tap lead is shown being 3 feet long, enough to
wrap itself around the primary coil assembly, provid-
ing an additional turn. You may shorten this lead to a
shorter length. bearing in mind that it will require
readjustment, as it is part of the primary coil.

If you cannot obtain open-air discharges of 10 to
12 inches, it will be necessary to experiment with the
tap position along with the spark gap spacing. Open-
air discharges are where the sparks emit from the
output terminal into the open air. These will be
longer than if they were direct to a discharge probe.
Point-to-point discharge lengths of 7 to 10 inches are
possible and will be more intense but shorter than
the open-air discharges.

The spark gap should be set to a maximum length
where reliable operation occurs without extinguish-
ing. The coil should not be operated for periods over

e—

30 seconds due to radio frequency interface (RFI)
potentials and overheating. You may have to place
the system in a Faraday cage as shown on our plans
as #FARA1. This will be necessary around sensitive
electronic and communications equipment.

The secondary coil leads must never be allowed to
route inside the coil form, as breakdown and irre-
versible damage will occur (see Figure 14-3). Figure
14-4 shows a wooden block with leads secured.

Note the coil is referenced TOP and BOTTOM,
where one end is slightly spaced shorter than the
other. The shop unit seems to work best with the
short end at the bottom. Coupling between the coils
is critical and you may experiment by placing the sec-
ondary coil on wooden blocks with various thick-
nesses and check the results. A toroid terminal is
recommended for optimum performance and you
may use metal bowls.

Application and Operation

Please note this Tesla coil device produces electro-
magnetic radiation that can damage or interfere with
certain types of equipment. Operation inside a screen
room or Faraday cage may be required for FCC com-
pliance.

Electronic Gadgets
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Material for this piece may be 3/8" to 1/2" finished plywood. Plexiglas for this section
will add greatly to the finished aesthetics of the project.

1. Note that only holes shown dimensioned must be precise. Others may be eyeballed.
2. Corner holes are 1/4" and are located 1/2" from edges.
3. Use small pilot holes for #6 wood screws for securing the four BKPC1 brackets.

4. Dimensioned holes are referenced from exact center.
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As stated previously, remove the power cord
before making any of the following adjustments. The
tap lead when ungrounded from the primary is a
shock hazard and can produce 23 milliamperes to
ground.

Optimum output requires the proper selection of
the correct tap position on the primary coil. Start at
the end of the outermost turn and reconnect the tap
to the exposed sections, changing a quarter of a turn
at a time while noting the increasing or decreasing
output. You may secure it via soldering when the
proper position is determined. Caution: Keep this

lead flat, as breakdown to the secondary will perma-
nently damage the windings. Note the tap lead clip
position and mark it when using different terminals.
Note Figure 14-17 for proper routing of the tap lead,
which we found tuned reasonably close with this ter-
minal.

The capacitance of the output terminal will greatly
affect the tuning, requiring more turns the larger the
terminal size and vice versa. To operate the coil, you
need to perform the following steps:

1. Place the coil on a table away from sensitive
electronic equipment. Computers must be
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Spark gap bracket from Figure 14-6
@] O
O O
T1 Transformer
RFC1 RF Choke
from Figure 14-5
(@] (@]
O
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CBKT1 Capacitor

bracket from Figure 14-5
O

FRONT

Use 3/8" to 1/2" plywood

1. Comer holes are 1/4" and mate to those on TPLATE1 in Figure 14-9.
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2. Tral-position referenced subassemblies as shown and mark hole locations for drilling 1/8" clearance holes.

Figure 14-10  Fabrication of BPLATEI

removed from the area and disconnected
from power if on the same line. Observe, read,
and heed all warning labels.

2. Make sure the switch is “off” on the front 4.
panel before plugging the coil into a three-
wire grounded outlet. Defeating the ground
on the plug will result in system failure, poten-
tial fire, and an extreme shock hazard.

3. Attach the secondary coil as shown in Figure
14-3. Make sure that leads from the coil are as
short as possible, allowing only what is neces-
sary to make the connections to the bottom

grounding screw and repeating for the top ter-
minal. Failure to do this will result in irre-
versible damage to the coil.

The spark gap can be increased just before
reliable firing becomes a problem. Further
spacing may produce intermittently longer
discharges but may overstress the capacitor
and transformer. Always set for a reliable,
steady firing of continued operation. Itis a
good idea to space the gap at /s of an inch
when first firing up, and increase as described
previously.
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Secure C1 to bracket using two TYE1 8" tie wraps. Do
not overtighten.

Figure 14-11  Isometric view of CBKTASSY capacitor bracket assembly

Assemble as shown and verify proper alignment of tungsten electrodes.

Preset gap to 1/4" and secure with lock nuts,

SW4/NU2

Holes for connection lugs

LUGBLOK1 (2)

TUNG141 (2)

From Figure 14-6

Note you may have to pass a 1/4" drill-
through hole in LUGBLOK1 for proper
SWB/NU1 fitting of the tungsten electrodes.

T—From Figure 14-6

Figure 1U-12  ISO view of SGAPASSY spark gap assembly
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LUG1

i

Spark gap assembly from Fig. 14-2.

Use SW2/NU1/WASH1 screws, nuts, and
washers to secure components to bottom plate
BPLATE.

@]

©)

LUG1 lugs are pre-attached as shown.

T1 Transformer

by sandwiching act
| I T1 transformer and
C BKTASSY.

@ R N
RFC1 RF Choke
from Fig.14-5
From
Fig. 14-11

PANEL1 panel is attached

jon of

FH1/FS1

S1

P 4
F 4

- - S -
el Nw b s

- - . ™S - ™ - = ™y - = -

PWwoodBPLATEl////{
\\—CAP1

Figure 1413 Bottom plate assembly

Side view showin

The secondary coil should be terminated into
a conductive object such as a sphere or torus.
A metal 13- to 16-ounce coffee can or salad
bowl may also be used with reasonable
results.

5. The trick now is to adjust the tap lead for the
maximum spark output from the particular
terminal used. Note the lead position along

g mounting of CAP1 PVC pipe

cap spacers and PIL1 pillars. (four req)

with the spark output of the secondary coil;
the discharge length increases or decreases as
adjustments are made. Note that a variance of
several inches along the primary coil winding
can make a noticeable difference in output.
The open-air discharges will be longer than
the point-to-point ones.
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To safety
probe. Use
36" WR12.

© o ©
Qie—J5 D
© ©

SPARK SWITCH

To tap hole in TPLATE
top plate Fig.14-9. Use

36" WR12.
RFC1

To ground
center screw
of coils. Use
11" WR12.

[©)

1.

LUGS may be replaced by forming circular loops at the lead ends and securing under the screw and
nuts using flat washers. If using stranded wire, always pre-tin before forming to keep intact.

Figure 14-I4  Bottom plate high-voltage wiring

the painless, tingling sensation. Fake out your

EXDE riments Us] ng YD ur pals by letting them think it is really painful.
) This demonstrates the “skin” or surface effect
ED | l of high-frequency electricity. Caution! Make
: = sure you are standing on a dry, nonconductive
You may perform the following experiments with surface.
your coil: o Effect on insulators Place various objects on

top of the coil and note the effects of the high-
frequency electricity. Glass or other usual
insulators do not stop the sparks. Experiment
using objects such as lightbulbs, bottles, glass,
and so on.

¢ Adjustment Suspend a grounded metallic
object above the device. Start at about 3
inches of separation and make adjustments,
increasing the separation until the optimum
spark length is obtained. (Note grounding
means connection to the metal base.) o Effect on partial insulators Use some wood
pieces about 12 X 1 X 3-inches and notice red
streaks and other weird phenomena occurring
from within the piece. Try other materials as
well.

-
v
)
4
b
=
O
Py
S
()
e
Q,

Effect on human body Use caution as this
may cause a reflex secondary reaction even
though it is painless. Hold a metal object
tightly and advance to the coil terminal. Note
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Figure Y15 Low-voltage wiring [T s s e larome |
¢ Jonization of gases Obtain a fluorescent tion field that ionizes and causes the gas
lamp or plasma globe and allow it to come lamps to glow.

within several feet of the device. It will glow
and produce light without a direct connection,
clearly demonstrating the effects of the elec-
tric and magnetic fields on the gas. Note the
distance from the coil that the lamp will glow.
Experiment using a neon lamp in place.
Obtain other lamps and note the colors, dis-
tances, and other phenomena.

* Jon motors Create and carefully balance the
rotor as shown. Use a piece of thin, spring
beryllium copper. Pinprick the center with a
center punch for the bearing point. The rotor
will spin at high speeds if it is carefully bal-
anced, demonstrating ion propulsion.

Note that your Tesla coil output is hungry for
* Induction fields Obtain a small filament- “capacitance.” It is suggested that you obtain an 8-

type lamp, such as a flashlight bulb, and con- inch toroidal terminal such as our TOS8 at www.
nect it between a large 1'/2- to 2-inch-diameter

metal or wire loop. The lamp will light due to
energy coupled by induction. You will note

that a current is required to light this type of
lamp and is entirely different than the radia-

amazingl.com. You may substitute two metal bowls
and attach them together to produce a spherical-
shaped object. The torus, however, provides electro-
static shielding of the coil, eliminating a discharge at
these points.
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©

1/4" hole for
clearance of tap lead

O

PCBKT1 from Figure 14-7

CAP350

SW5/NU2

Hole for common
return of primary coil

Figure 14-16  Top-plate layout showing component mounting
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@ TAP LEAD use 36" length of WR12 Suggested tap connection paint

©

COPTUB316

ALLIGATOR
CLIP
\)

GROUND
SCREW

©

{ col
| RETURN
\ LEAD
\

Insert WR12 wire into
@ COPTUB316 and solder for splice. @

FRONT

Tapped lead to primary coil must be positioned
close to surface of top plate as possible for avoiding
arcing to secondary coil.

/ . Tap position shown here is where the shop model
Cutav_vay V'E.’W of br:_ack_et is roughly tuned to and may serve as an approximate
showing primary windings

starting point.

Position and direction of tap lead will affect tuning.
Experiment until you get 10-12" open air
These wires are randomly positioned in these slots. discharges.

Figure 14-17 T(;p"-p.la.fe ."ayoutslmwmg primary coils
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T08 Optional 8" toroidal terminal

Attach TO8 using one of the screws to
connect to top wire lead of secondary coil.
Do not allow any slack inside of coil form as
irreversible damage will oceur!!!
This part may be mechanically secured
using your own ingenuity if you feel
necessary,
[ & = |
LAB1
NEON/BUZ2
© s
F;IIFH1
BU1

L] L

if $1 has a metal handle
you may want to sleeve
To CO1 over a piece of plastic
tubing to avoid annoying To Safety Discharge Probe
burns when turning unit off.

Figure 14-18  Front view showing the control panel

Chapter Fourteen
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Table 14-1 Twelve-inch-spark Tesla coil parts

Ref.# Q. Description OB v
TPLATEL 1 Top plate, fabricated as shown in Figure 14-9
BPLATE1 1 Bottom plate, fabricated as shown in Figure 14-10
CBKTI1 1 Capacitor bracket, fabricated as shown in Figure 14-5
SGBKT1 1 Spark gap bracket, fabricated as shown in Figure 14-6
SGFINI1 2 Heat fins, fabricated as shown in Figure 14-6
PANELI1 1 Control panel, fabricated as shown in Figure 14-8
PCBKT1 4 Primary coil brackets, fabricated as shown in Figure 14-7
LS1 1 Secondary coil form, fabricated as shown in Figure 14-4
RFC1 1 RFC choke coil form, fabricated as shown in Figure 14-5
PIL1 4 52 - x 12 -inch PVC tubing for pillar spacers, as shown in Figure 14-3
TRANI - 6500-volt/.02-milliampere current limited core and coil transformer 6KV/02A
1 005 mfd, 10 Kv AC special polypropylene capacitor 005 M/10 Kv
TUNG141 2 '/« - % 1-inch pure tungsten rod, cut and faced, as shown in Figure 14-12 TUNG141
S1 Single pole single throw (SPST) 6-amp toggle switch (see Figure 14-15)
FH1 Panel-mount fuse holder (see Figure 14-15)
FS1 3-amp, slow-blow, 3 ag size fuse (see Figure 14-15)
NEON Neon indicator lamp (see Figure 14-15)
CO1 3-wire #18 power cord (see Figure 14-15)
BUI1 Cord clamp bushing (see Figure 14-15)
BU2 Neon lamp bushing (see Figure 14-15)
R1 39K, !/s-watt resistor (see Figure 14-15)
WN1 Small wire nut (see Figure 14-15)
CAP158 1 3/s-inch plastic cap (see Figure 14-5)
CAP350 3 !'2-inch plastic cap (see Figure 14-16)
CAP 4 3/s-inch PVC cap used for feet (see Figure 14-13)
PLTUB1 10 to 12 inches of ¥s -inch OD plastic tubing (see Figure 14-3)
TYE1 2 8-inch tie wraps (see Figure 14-11)
CLIP1 Small crocodile clip (see Figure 14-17)
WRI12 15 feet #12 AWG stranded, vinyl-covered wire
SW1 8 #6 X /s brass wood screws
SW.2 14 #6-32 X 1 screws, Phillips
SW3 4 #6-32 X /4 screws, Phillips
NU1 20 #6-32 hex nuts
WASHI 28 #6 x '/2 flat washers; use under #6 screws and nuts
Sw4 2 1/4-20 X '/2 -inch brass screw
Electronic Gadgets for the Evil Genius 155
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Chapter Fourteen

Table 14-1 Continued

Ref # Ot Destription T DBF
SW5 1 1/2-20 X 1-inch brass screw

NU2 4 1/-20 brass hex nut

NU3 4 #8-32 hex nut for threads of C1

COTUBE 7 feet %16 coiled copper tubing

ROD1 4 1/4-20 X 7 '+ -inch threaded rod (see Figure 14-13)

NU4 12 1/4-20 steel hex nut

LUGI 8 1420 X #12 solder ring lug (see Figure 14-13 and 14-14)

LUG2 2 #6 solder lug for green lead of CO1 and T1 ground (see Figure 14-14)
LUGBLOK 2 1/4-20 block lug #YLAG (see Figure 14-12)

LABI1 General label (see Figure 14-18)

LAB2 Spark gap danger label (see Figure 14-3)

TO8 8- X 2-inch spun aluminum toroidal terminal (optional) TO8
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This low-cost and interesting project generates a con-
tinuous spark discharge with a variable rate of cur-
rent. It operates from a 12-volt wall adapter or a
battery for portable use or a science project where
outlets may not be available. The device (see Figure
15-1) has a built-in timer, allowing you to set the off
and on times. This property provides excellent display
for desk or bar conversation pieces where it will
automatically turn on for several seconds and recycle,

#

s e ol

Figure 15-1  Spark Tesla coil with timer

surprising those in the area as the unit generates this
noisy visual display.

Construction involves minimal electronic experi-
ence. Expect to spend around $25 for this rewarding
and interesting conversation piece with most parts
readily available. Those that are special, including a
printed circuit board (PCB), may be obtained through
www.amazingl.com. Table 15-1 outlines the parts
needed for this project.




Chapter Fifteen

W

Circuit Theory

Figure 15-2 shows a high DC voltage being produced
by a blocking oscillator circuit consisting of a trans-
former (T1) being switched on and off by a transistor
(Q1). The current through the primary winding (1)
rises as a function of Et/L. (when Q1 is on), where E
is the applied voltage, in this case 12 volts-direct cur-
rent (VDC), and L is the primary inductance of T1.
This rise in current induces a voltage in the feedback
winding further holding Q1 on, due to supplying the
base current through resistor R2 and the speed-up
capacitor C2. When the core of T1 saturates because
of a high primary DC current, the induced base volt-
age goes to zero, turning off Q1. This results in a
reverse voltage induced in the secondary forward-
biasing diode (D1) and charging capacitors (C3 and
C4). When the charging capacitor reaches the trigger
voltage of the SIDAC silicon switch (around 300
volts), it now turns on, dumping the energy stored in
the capacitor into the primaries of pulse transformers
(T2 and T3). This energy causes a rapid rise in the
current “forward,” inducing the high-voltage output
pulses required for the lightning display.

You will note that two pulse transformers are con-
nected out of phase (reversed connected) relative to
one another. This approach generates twice the out-
put of what is possible from one transformer, now
being in excess of 50,000 volts. You will note switch
S1 controls the primary power. Switch S2 selects the
display texture. The base of Q1 is the control port for
the output of current sink Q2, which is controlled by
switch S3.

Construction Steps

To begin the project, follow these steps:

1. Identify all parts and pieces and verify them
with the bill of materials.

2. Insert the components, starting from one end
of the perforated circuit board, and follow the
locations shown in Figure 15-3, using the indi-
vidual holes as a guide. Use the leads of the
actual components as the connection runs,

which are indicated by the dashed lines. It is a
good idea to trial-fit the larger parts before
actually starting to solder.

Always avoid bare wire bridges, messy solder
joints, and potential solder shorts. Also check
for cold or loose solder joints.

Pay attention to the polarity of the capacitors
with polarity signs and all the semiconductors.
The transformer position is determined using
an ohmmeter as instructed in Figure 15-3 .
Note the SIDAC may have two or three pins.
Only the outer ones are used and may con-
nect in either way, as the part is not polarized.

3. Cut,strip, and tin the wire leads for connect-
ing to S1,S2, and S3 and solder them. These
leads should be 4 to 5 inches long.

4. Fabricate the plate section from a 4%/a X 24 X
.06 piece of plastic. This is the base plate for
mounting and gluing the T2 and T3 pulse
coils/transformers.

5. Prewire T2 and T3, as shown in Figure 15-3, at
the separation distance of 2 inches. Use short
pieces of vinyl wire to extend these leads.
Splice in 5-inch leads for interconnecting to
the board.

6. Carefully position the wired pulse coil assem-
bly to the plastic plate and secure it with sili-
con rubber cement (a room temperature
vulcanizing [RTV] adhesive). Clamp it in
place to hold it in position as the cement sets.
It is important to keep these coils straight for
aesthetics.

7. Attach the discharge electrode wires using the
wire nuts. You may solder these wires but
must use care as excessive heat can internally
damage T2 and T3.

8. Preconnect the pulse coil assembly to the
board as shown. Connect the wall adapter
using the wire nuts, observing proper polarity.

Electrical Pretest

To test the project’s wiring, follow these steps:

1. Separate the ends of the discharge wires to
approximately 2 inches. Preset the trimmer
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Figure 15-2  Tesla lighmir.r,g.gé}ieraiar.éche;;n;fib\ :

pots to midrange and the slider switches S1
and S3 to “off.”

2. Turn on S1 and note a discharge occurring
between the pulse coils. Change the position
of the toggle switch S2 and note the discharge
texture changing. Identify the switch position
for heavy or light spark display.

3. Turn on S3 and note the display cycling on
and off at an approximate rate of 100 seconds
on and 100 seconds off. These times are inde-
pendently variable over a wide range. Our
suggested setting is 100 seconds on and 100

seconds off. The device can be left on continu-
ously with these low-duty cycle settings.

Final Assembly

For the final assembly, follow these steps:

Fabricate the enclosure from a 6'/4 - X 54 - X
.06-inch piece of plastic, as shown in Figure
15-4.
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Figure 15-3

Assembly board from Fig. 15-3

Figure 15-4  Final assenibl);"

Determine proper position of T1 by
identifying winding designated
A.B using an ohmeter to measure
around 30 ohms.
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il
83 s
Note bus
1. All leads are 4-5" unless marked otherwise. wire fuml]
2. Coils are shown on T1 for circuit clarity. T2 G G T3

3. Dashed lines indicate wire connections on
underside of board.

2"
Assembly board
Adust gap spacing for reliable firing
Bus wires for
electrodes
Access holes for Ep
adjusting R4,6
Knot cord to
strain relieve
TO12CD/3

Leads to
assembly board
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You can use a clear or colored piece for this
part. Fabricate holes for T2 and T3, observing
the proper alignment with the glued plate
assembly as in the prior step. Fabricate the
remaining holes for switches, power leads, and
trimpot access holes.

Glue the pulse coil assembly, followed by the
assembly board. Mount the controls and dress
the wire leads for a neat-appearing assembly.

Verity the operation and preset controls for
the desired spark display and cyclic timing.

Table 15-1 Tesla 2-inch spark coil parts

R3 27-ohm, Y+-watt carbon film resistor (red-pur-blk)

R4,6 2 1M trimmer resistor vertical mount

R5,7 2 10K, /s-watt carbon film resistor (br-blk-or)

Cs 100 mfd, 25-volt electrolytic capacitor vertical mount

(@3] 220 mfd, 25-volt electrolytic capacitor, vertical mount

cy .01 mfd, 50-volt disk ceramic capacitor

¢l 10 mfd, 25-volt electrolytic capacitor, vertical mount

22 .047 mfd, 50-volt polyester capacitor, marked 2A473 on green body

c3 3.94 mfd, 350-volt polyester capacitor

C4 .47 mfd, 250-volt polyester capacitor

Q1 MIJE3055 NPN transistor TO220

Q2 NPN PN2222 GP transistor

11 555-dual in-line package DIP timer

D1 IN4007 1 Kv rectifier diode

SIDAC 300-volt SIDAC switch marked K3000; see text SIDAC
T1 Switching square-wave transformer 400V TYPEIPC
T2:3 2 25 Kv pulse transformers CD25B
81,23 3 SPST 3-amp toggle switch or equivalent

PB1 5 % 1.5 .1 grid perforated circuit board

PCTLITE Optional PCB replaces PB1 PCTLITE
WR20B 36 inches #20 vinyl stranded hookup wire, black

WR20R 36 inches #20 vinyl stranded hookup wire, red

WN1 2 Small wire nuts, #71B

EN1 Enclosure 6 '/4 X 5 /s % .062 plastic, see Figure 15-4

PLATE 2 1/a X 434 X .062 plastic partition

TAPE 6 X 1 X .125 double-sided sticky tape

12DC/.3 12-volt DC .3-amp wall adapter 12DC/.3

_ Description i IR

4.7K, '+-watt carbon film resistor (yel-pur-red)

470-ohm, '/a-watt carbon film resistor (yel-pur-br)

Ll et e ettt e e et B e e g e e p—
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Tesla Plasma and lon Projects

This multifunctional electrical project is very suitable
for science fairs, as the device is powered by a 12
volts-direct current (VDC) battery or a low-voltage
wall adapter transformer (see Figure 16-1). Many
interesting action and display experiments are shown
in detail with safety stressed throughout, thus suitable
for the younger hobbyist. Construction involves basic
wiring and soldering with some basic mechanical
assembly.

Most parts are readily available. Those that are
special, including a printed circuit board (PCB), may
be obtained through www.amazingl.com. Expect to
spend $25 to $50 to complete the project as shown.
Table 16-1 outlines the parts needed for the project.

Experiments and
Applications Using Plasma

Circuit Theory

Figure 16- 2 shows transistor Q1 connected as a free-
running flyback oscillator with a resonant frequency

determined by capacitor CX and the short-circuit pri-
mary inductance (LP) of transformer T1. The leakage

163

inductance of T1 must be high as it is where the
inductive energy is stored when Q1 is biased on. The
current now ramps up as a function of i = ET/L.
Energy is equal to W = Li%/2.

Circuit operation commences when 12 VDC is
applied and resistor R2 biases Q1 on, and the current
now flows through the primary of T1, inducing a high
voltage into the secondary winding. Oscillation is
maintained by the base of Q1 being controlled by the
feedback voltage from the feedback winding on T1.
The feedback current is limited by resistor R2.
Capacitor CX aids in speeding up the turnoff time of
Q1. Resistor R3 and capacitor C5 form a filter to pre-
vent self-oscillation at the resonant frequency of the
secondary of T1.

Construction

To begin the project, follow these steps:

1. Lay out and identify all the parts and pieces.
Verify them with the parts list, and separate
the resistors as they have a color code to
determine their value. Colors are noted on the
parts list.

Obtain the available PCB as shown in Figure
16-3 or fabricate a piece of perforated circuit
board (perf) to match the PCB (PC) as laid
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Figure 16-1  Tesla plasma and ion generator
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HV OUTPUT
+12 P1 LEAD
vDC 0 I

C6 is 25 pfd for use where
output is shorted such as

Jacob's Ladder. Add C7 if
using high-voltage retrofit.

Ci1
1000/25 1/50

b
Al
|
|
8
q

|

832

.068/50 cs

-12vDC P4
RTN ® 5 L ePie RETURN

GROUND TO
BASE PLATE Note it may be necessary to reduce the value of R2 if circuit fails to oscillate
at 11 to 12 volts.

EXTERNAL
GROUND

High voltage ion generator retrofit

Optional DC multiplier stack diodes shown for positive
output—may be reversed for negative output,

Figure 16- 2  Tesla plasma and ion schematic

out. Note that the size of the PC board is 3'/2 - drawing as these indicate connection runs on
X 1%/s-inches and contains the silk screening the underside of the assembly board.

that:shows the positionimg/of the; monnted 4.  Attach three 6-inch #22-20 leads as shown for

pass-Nove dhat tbe. el trans.lst(?r TS be: input power (P1 and P2) and external ground-
mounted so that it is flush with its mounting ; ; s
ing. Attach a short piece of bus wire for

;urfacs ot ahng:lt’al]-l{'gle. Th{lis stephls 1‘mp](1)rta}[nt grounding of the base section. Leads are
FRITCRA U U RIS R b iy 515 routed through the BU1 bushing and are

bty twisted in the final assembly steps. Attach

3. If you are building from a perforated board, pieces of bus wire to the output connections
insert components starting in the lower left- (P3 and P4) and shape them to fit around the
hand corner. Pay attention to the polarity of screws as shown.

the capacitors with polarity signs, as well as all

: 5. Double-check the accuracy of the wiring and
the semiconductors.

the quality of the solder joints. Avoid wire

Route the leads of the components as shown bridges, shorts, and any close proximity to
and solder as you go, cutting away unused other circuit components. If a wire bridge is
wires. Attempt to use certain leads as the wire necessary, sleeve some insulation onto the
runs. Follow the dashed lines on the assembly lead to avoid any potential shorts.
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Note bare bus wire jumps to output
screw hole locations.

/ HV output point

+12VDC

Note that the flat metal tab of Q1 must
be even with end of circuit board for
flush fitting to base plate.

HV return output Note dashed line indicates wire jump
for external grounding of high-voltage

return

Note that C8,7 are in a different location
than that indicated by the screening
on the printed circuit board.

Figure 16-3  Assembly board showing part identification

Pretest

To test the circuit out, temporarily and quickly con-
nect a 12 VDC source of 1 amp to the input power
leads, and note a current draw of around .3 to .5
amps. Touch the output lead with an insulated metal
tool and note a small arc of /s to /2 inches. Do not
operate for more than several seconds as Q1 will
overheat because it requires mounting to the base
section for heat sinking. You may want to verify the
wave shape on the collector of Q1, using a scope. It
should resemble that shown in Figure 16-2.

teen
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Mechanical Assembly

Assembling the parts is done by following these
steps:

1. Fabricate the base section, BASE, from a 3 X
3 X .063 aluminum plate and drill a hole to
mount the heat sink of Q1, a small hole for
SW2 to mount the BK1 bracket, and a /s-inch

clearance hole for the BU1 bushing. Trial-fit

Chapter

° P1 - QCZ

O P3 oo
INFORMATION - Q1
UNLIMITED ° °
MTC3 o ©o
REV A b ] &

o °°t
O P4 o o [ (-]
L/(o ° ’CT To base plate
|/ p S

Note that all these points at P2
are common with one another.

EXT GRD

everything before actually drilling. Fold down
the corner sections of the base to form the
legs as shown in Figure 16-4.

Fabricate the bracket BK1 from a piece of
formable plastic thatis 3 X 1 '/4 X .063 inches.
Fold a '/2-inch lip for mounting to the base
section. Note the clearance hole for SW2.
Position as shown, abutting to the rear of the
assembly board. This will provide a stable
mounting scheme.

Finally, assemble as shown in Figure 16-4.
Secure the assembly board to the bracket
using a plastic tie wrap. Ground the base sec-
tion with a short piece of bus wire under SW2
and attach the wire to the P2 line on the
board.

Fabricate the shroud tube from a piece of
clear 10- X 1%s-inch OD plastic tubing. This
piece slips over the assembly and provides
enclosure protection while allowing visibility
of the circuitry. This is an obvious asset when
making a science project presentation. Note
you will have to file slots or grooves at the
bottom to allow airflow and to clear screw
SW2.
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Figure 16-4  Mechanical assembly

Test and Function
Selection

Connect a 12 to 14 VDC source of 1 to 2 amps, and
test it by touching the output with the end of a fluo-
rescent tube, noting a moderate bright glowing. Study
the following data to decide the experiments you
wish to pursue. The unit can be operated from any
12- to 14-volt battery pack that can supply a current
of 1 to 2 amps or more.

It is important, where noted, that the unit be earth
grounded with a separate grounding connection to a
known, grounded object. A wall adapter, when used,
will require a separate grounding wire for proper
operation as the output circuitry is usually isolated

from the primary plug side, as there is no third wire
grounding pin. The screw of a receptacle plate can be
used for this external connection, as is noted on the
drawings. When using a converter, automatic ground-
ing is usually via the third prong on the power plug,
which is the same as the negative lead output (see
Figure 16-4). Experimenting with ions will require
assembly of the magnifier retrofit as shown in

Figure 16-10.

Experiments and
Applications Using Plasma

¢ Radiated power Energize a light without
any connections (see Figure 16-5).

Electronic Gadgets
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‘hapter Sixteen

Radiated Power Project

Obtain a gas discharge lamp such as a piece of neon or
use the test neon lamp in the kit and, holding one of the
leads, bring it near the radiator, noting it glowing up to a
foot or so from the unit. Try with a larger fluorescent
tube.

Gas Tube Energy Supply

Touch one end of a household fluorescent tube to the
output radiator and note lamp glowing with only the
single connection. This demonstrates the high-
frequency ground current flowing via the electrical
capacity of the discharge tube.

Pyrotech Display

Obtain some steel wool and attach a small tuft to the
output lead. Draw an arc with a grounded object and note
strands brightly burming. Experienced personnel may
wish to add certain oxidizing chemicals to greatly
enhance this effect. USE CAUTION.

Wire
12TO 14V 1 nuts
AMP WALL

ADAPTER

Connect
this lead to
the socket
plate screw
of the AC
receptacle.

Figure 16-5  Set up for radiated power

Clear plastic should be
removed for access to output.
It is necessary to prevent
accidental contact that can
cause annoying but not
dangerous shocks.

Shape a 10" length of #14 bus
lead or 1/16" brass rod and shape
as shown with a loop to fit around
the screw for securing in place.
This serves as a small energy
radiator.

% /_ Air circulation gap

Copyright 10/97

The ground lead is necessary for proper
operation of this project as capacitive
ground currents are produced.

Electronic Gadgets for the Evil Genius



Arc separation distance is 1/2
to 5/8". Adjust for best effect.

\,/’“k

repeating.

Arc start point is 1/16 to 1/8" separation.
Adjust for reliable starting.

1/186 brass rods as shown. Note itis a

board as indicated to prevent burning.

project as it is a closed system.

12TO 14V 1

AMP WALL
ADAPTER

X
vd
ed

00

t=)
L1

Figure 16- 6  Jacob’s ladder project

e  Gas discharge power supply Energize color-

ful neon and other gas-filled tubes (see Figure
16-5).

e Electrical pyrotechnic display Burn up a
piece of steel wool in a shower of sparks (see
Figure 16-5).

* Jacob’s ladder Build the popular traveling
plasma arc machine seen in Frankenstein
movies (see Figure 16-6).

¢ Build an effective deodorizing machine It
actually produces fresh air (see Figure 16-7).

¢ Magic electric man Energize a fluorescent
tube by the touch of your hand (see Figure
16-8).

¢ Plasma etching Use an electrical arc to cre-
ate intricate designs in wood and plastic (see
Figure 16-9).

When properly adjusted, an arc will start at the bottom and
travel to the top, extinguishing and then starting again and

Shape two pieces of #14 bus wire bar or g b okl

good idea to remove a section of the PC L %]

A ground is nol necessary for this “

Clear plastic shroud is
necessary to provide a
chimney effect to the plasma
arc. Note to maintain a slight
gap at bottom point for air
circulation.

Air circulation gap
) <"
oo ol

Experiments and
Applications Using lons

Ion high speed motor Spin a metal rotor
into the thousands of RPM (see Figure 16-1

and 16-10).

Force field Forces an object on to a surface

with considerable pressure (see Figure 16-10).

Motion freezing Capture high-speed peri-
odic motion as a moment in time (see Figure
16-10).

Charge transmission and capacitor charging
Charge objects to high voltages without con-
tact (see Figure 16-10).

Negative ion generator and ion wind Pro-
duce a high flux of beneficial negative ions.
Easily detectable (see Figure 16-10).

Electronic Gadgets for the Evil Genius
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Chapter Sixteen

. Flow direction of fresh air
This project as shown requires our 30 mg ozone cell #SS01 and is
available at www.amazing1.com.

Input voltage will play a major role in the performance of this project. If
the cell constantly sparks over it will be necessary to reduce the input

voltage below 12 VDC. Proper operation is evidenced by bluish coronal Cell is secured at a right-angled altitude
fire emanating from the sharp points of the cell. You should notice a via the grounded connection screw.
fresh air smell similar to that after a good thunderstorm. This smell is Connection is made via a short piece of
not ozone but is nitrous oxide formed from ozone and nitrogen, the main (o] ————— O] bus wire soldered to the common lug
ingredient to nitric acid!! It is OK in small amounts for deodorizing but Nﬂ the cell.
must be controlled. ©O00000
00000000
O _|— HV lead for connection to cell
HV conn
o]
= T ? o
QOzone air cell side view showing COM conn

pointed emitters and ion gap

[ ]12ro4vt Wire
| AMP WALL nuts
ADAPTER

The ground lead is not necessary for
proper operation of this project.

Caution This project can produce painful and annoying shocks if
improperly used. It should only be attempted by those experienced in use of
HV for magic shows, props, etc.

Instructions - Grab a fluorescent or nean tube in one hand and with the
other tightly hold a metal object at least 1" in diameter by 6 to 8 in. in length.
(touching as much surface area as possible with your hand). Turn the unit
on and contact the HV output with the metal object, noting the lamp in your
other hand energizing, indicating an electric current flow through your body
without any shock!! Bring the lamp near a large metal object or another
person and note it getting brighter. This experiment affects the skin where
high-frequency currents flow on the surface of the person's body, lighting the
lamp and the capacitive properties of conductive objects where they
seemingly attract electrical energy
High-
voltage
output

Plastic shroud is
shown but not
required.

Metal contact object

12vDC

Ground

Power to this unit can be any 12to 14
VDC source capable of supplying 1
amp. The ground lead must be
grounded for proper operation.

Figure 16-8 Magzc electric man
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Use a plasma arc to bumn in etches and designs into noncenductive materials
such as wood, plastic, etc. (THIN WOOD WORKS EXCELLENT). This effectis %
very similar to the old wood-burning sets but can produce much finer and precise

designs once mastered. |
Burn must be prestarted with an existing arc drawn from a grounded point to

start the carbon channel. We attach the ground return wire to a thumbtack.

Once the arc trace is started, it can be continued as desired. Our lab samples e
were done on a 1/4" piece of mason slightly dampened. gw il
This setup can also be used for Kirfian Photography projects. Experimenters %4
may wish to cansider our available #KIRL1 plans. %&»
o

Plastic shroud is Plasma writing pen is
shown but not made by connecting a m
required

sharpened metal nail to
a flexible silicon wire
lead routed through a
thin plastic shroud to
form a thick pencil-type
device. Use silicon
rubber to seal up etc

12vDC
Wire
nuts

Power to this unit can be any 12 to 14
VDC source capable of supplying 1
amp. The ground lead must be
connected to a small pin or thumbtack
inserted into the object at the intended
beginning of the plasma design.

Figure 16-9  Plasma etchmg '

Note mating holes for attaching
to printed circuit board

Note bus wire leads for
connections to the screws

=

s3oaloxg uol

Attach a needle as shown by wrapping several tums of bus
wire and solder into a smooth ball. Epoxy or use silicon
rubber fo secure. Needle should be stainless steel and
serves as an ion wind emitter or shaft for ion motor.

m
J\o o o
o4 oo
o o\o o
C—
<
Tx
Fosvans

o 0060 00

Note: High-voitage points must be free of sharp points
and other irregularities. Allow solder joints to "ball up" in
smooth globular shapes about 3/16 to 1/4" in diameter.
This is contrary to most soldering instructions.

The plastic shroud is
suggested when using the
retrofitted voltage magnifier for
high-voltage DC projects.

Once proper performance of this board is verified it is
suggested to coat it in silicon rubber cemant (RTV)
This will help to prevent energy-robbing corona from

@ 6 00 % 0006000 00008000000 000D 0O

o 00000 0000O0CO0GO0O00GCO00O0O0 G000 O 0

. occurring.
Dm1
o $ 000000
o000 00
@ o000 0
/ © 0 0o & 0 0
a0 o000 g
58060060 ¢
@ 0 00 00 o ¢
o 6 000 00 o 12TO14V 1
o e o0 0 0 AMP WALL
60 600 0 ADAPTER
© 0008 o
o © 0 0 & 0 0 0 o U 0O
o 0 6 © 0 0 0 86 0 0 0 O
o: 30
. A ground is necessary
e e ° for this project and can
be connected to the
~1 | socket plate screw.

HV retumn ead to safety
discharge probe

Figure 16-10 Magnifier retrofit

Electronic Gadgets for the Evil Genius 171



Chapter Sixteen

Table 16-1 Complete parts list for your Tesla plasma and ion generator

Ref.# Gt
RI1

R2

C1

C2

C3

C4

Cs

C6,7 2

Q1

Tl

WR20 48 inches
WRBUSS 16 inches
PCMTC

BASE

BUI

PLTUBE

BK1

Swi1 2

sSw2

SW3

NUT 3
MICA

TUBE

TYE1

WNI1

HhG

NE1

NE15

WRHV 12 inches
CM1-8 8
DM1-8 8
RM1

RM2,3

PBI1

Ll Al el s s e - -
120 ohms, 1 watt (br-red-br)

1.5K, Y4 watt (br-grn-red); see note on schematic

1000 mfd/25-volts electrolytic vertical capacitor

.1 mfd/50-volts plastic capacitor

068 mfd/50-volts plastic capacitor

1 mfd/250-volts metallized plastic capacitor

047 mfd/100-volts plastic capacitor

25 pfd at 6 Kv ceramic capacitor

MIJE3055t TO220 power tab NPN transistor

Special high-voltage, high-frequency transformer 28K089
#20 vinyl wire

#14 straight US wire or /16 -inch brass rod for ladder elements in Jacob’s ladder
PCB or use a piece of 3 '/2- X 1 /2 -inch .1 grid perf board PCMTC
3 X 3.063 Al plate with folded corners fabricated as shown

¥s-inch plastic bushing

3s- % 6-inch length of plastic tubing for safety probe and plasma pen

3- % 1 'a-inch .063 plastic bracket

6-32 34 Phillips screw

#6 X 3fs-inch Phillips sheet metal screw

6-32 X 'f-inch nylon screw

6-32 kep nut

Mica washer for TO 220 transistor

10 X 134 OD X 1 Y16 wall, clear CAB plastic tubing

4-inch tie wrap

Small wire nuts

14 volt, 1 amp with internal ground 14DC/1
Small neon lamp with leads

15-inch length of colorful neon in green, red, blue, purple, white
Flexible silicon 20 Kv wire

500 Pfd/10 Kv ceramic disk capacitors

10 Ky, S-milliampere, 100 ns high-voltage rectifiers VGI12
220 '2-watt resistor (red-red-br)

47K, 1-watt resistor (yel-pur-or)

414> 11a 1 x .1 grid perforated circuit vector board

172 Electronic Gadgets for the Evil Genius
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Table 16-1 Continued

~ Description

Ton-propelled, four-point aluminum rotor

Small brass ball with threaded hole

Miscellaneous hardware

Small needle for ion motors
Piece of masonite for plasma writer
6 to 8- X 1 '2-inch piece of metal tube or rod for electric man experiment

Miscellaneous wire, hardware, and so on

Electronic Gadgets for the Evil Genius
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This versatile project shows how to convert a readily
available television flyback transformer into a high-
frequency, high-voltage generator operating from 12
volts or a battery source (see Figure 17-1). The
assembled device is excellent for powering all kinds
of gas display pieces from plasma balls to an every-
day lightbulb. Chapter 20, “Amazing Plasma Tornado
Generator,” shows how to actually build a plasma

tornado with some fascinating and unique properties.
The solid-state Tesla coil can be used to create ozone,

corona and brush discharges, and electric pyrotech-
nics, including a small Jacob’s ladder.

Figure I7-1 : SOfl'([-:\‘{a[(f Tesla coif V

175

The construction here includes an easy-to-build
circuit costing under $50 with parts readily available.
Those that are special, such as a printed circuit board
(PCB), may be obtained through
www.amazingl.com. Flyback will require some re-
work involving disassembly and the addition of a 10-
turn coil. Some small hand and soldering tools are
required. The necessary parts are listed in Table 17-1.

Circuit Theory

The output is a result of a resonating action of the
secondary coil occurring around 50 to 70 kHz. Under
these “tuned” conditions, the transformer requires
considerable power and produces high-voltage dis-
charges that would quickly break down the insulation
if left on for any period of time. Immersion in an oil
bath can help limit overheating and eventual break-
down, but is not necessary if operated as directed.

Figure 17-2 shows the primary transformer T1
being driven by two metal-oxide-semiconductor field
effect transistors (MOSFETs), Q1 and Q2, in a push-
pull configuration. This approach utilizes the full core
potential of the flyback and reduces the electrical
strain on the MOSFETS as they run very cool, even
at 5 to 7 amps input. A driver circuit (I1) generates
complementary outputs 180 degrees out of phase
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hapter
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Inductive overshoot should not
exceed 50 volts,
+12VDC \ Pulse amplitude
e A about 25 volts
A i —2 | [
R9 % A Wave shape at TP1 about
3 R6 - RS 15 to 20 usec period
g 10 a i3 S
: O
713 15
R1 14 1000M B
10 l
112 Air gap cores to 5 mils

5

6 11
c1 1 9218
S 1

.

i
T

c2 10
4700

Common grounding point

=G5
To external ground
D

R30 R3
10K pot 5K trimpot

12 VDC RETURN

F=1/{Ct7Rt)

CORE
BOBBIN
AIR GAP 5 MILS/SIDE

Figure 17-2  Circuit schematic

with built-in dead time. The frequency is made vari-
able by control pot R30 and range-adjust trimpot R3.
This adjustment allows a wide range of frequency,
driving T1 out of the resonant mode where it can
power a voltage multiplier and make a variable high-
voltage DC source.

Capacitor C2 and R3 determine the operating fre-
quency. Resistor R2 sets the upper frequency limit,
and resistor R1 sets the switching dead time for reli-
able operation. Resistor R9 and capacitor C1 provide
decoupling between the MOSFETs and driver I1.
Resistors R6 and R7 eliminate parasitic oscillation
from occurring on the gates of Q1 and Q2. Resistors
R8 and C5 form a snubber network to clamp the volt-
age spike generated by the leakage inductance of T1.
The capacitance of the snubber absorbs the current
charge of the spike, limiting the voltage peak to a safe
level. The MOSFETs would quickly break down as a
result of high-voltage spikes if it were not for this net-
work. C3 and C4 bypass any of the high frequencies,
appearing at the primary center point of T1.

Lp SHORT

Lp OPEN

Ls SHORT

Ls OPEN

Np_10 TURNS BI #20
Ns

The power requirement for the unit is 12 to 14
volts-direct current (VDC) at a maximum of 5 to 7
amps when tuned to the resonant frequency of T1. It
is suggested that the entire T1 flyback assembly be
immersed in transformer oil if full output operation is
anticipated over a period of time. The oil bath both
cools and provides added insulation to the high volt-
ages developed, but is not necessary for normal oper-
ation.

Assembly

To begin the project, follow these steps:

1. Lay out and identify all the parts and pieces,
and check them against the parts list.

2. Assemble T1, the ferrite transformer, in Fig-
ure 17-3. Measure the inductance if you have
an LCR (inductance, capacity, resistance)
meter for verifying the values given.
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Due to the difficulty in reworking certain flyback transformers this ready-to-use part is available on
www.amazingl.com Fortunately some units are easy to disassemble while others are not.

1. Remove the "U" bolt and one of the core halves. Some units may require chipping away the binding
material with a pointed object until the cores will come apart using moderate force.

2. Form a bobbin from a piece of plastic or cardboard tubing, as shown, of a length that allows core pieces to

touch one another.

3. Bifilarly (parallel) wind two different color #18 magnet wires for 10 turns of these double windings, leaving 8"
leads. Note the different colors will help identify the lead ends.

4. Scotch tape the face of each core half so that when reassembled there will be two pieces separating each
side of the cores. These should produce a 5 mil gap at each junction.

5. Place the coil wound in step 3 onto the cores as shown and tape tightly into place.

6. Identify the secondary lead return that will be the leads attached to the base. Usually any one will work but
it is suggested to use an ohmmeter and use the highest resistive combination. Carefully attach an external
wire to this point and strain relieve with some silicon rubber. Verify other leads are not shorted together.

You may verify the inductance as follows secondary open:

A to B&C are around 15 microhenries.
D to B&C are around 15 microhenries

Note that most flybacks are similar and will
work. Some may have a built-in diode in
the output lead section of the secondary
coil. This can be removed if the potting
material is rubber; if epoxy "good luck"t Get

a replacement.

’-

OUTPUT LEAD

"A"TO DRAIN OF Q1 T1

USE WR4

JOIN "B&C" TO
CONNECT TO VC+

"D" TO DRAIN OF Q2

Gap between
core halves.

|

|
|
" "] Use Scoteh tape.

|

— -

This lead is ground return of

output lead and is usually
around 300 ohms. Attempt to

— use highest reading

HY RETURN TO GROUND

combination with output lead.

1;18 solid magnet wire can be used; however, high-frequency LITZ wire will give a slight improvement.
You can make this wire by obtaining 6 pieces of #26 magnet wire and twist together as a single wire.

Figure 17-3  Flyback rework for TI

3. Fabricate the MTGBKT mounting bracket
(see Figure 17-4) and the channel/cover com-
bination as shown in Figure 17-5.

4. Assemble the board as shown in Figure 17-6.

a. Insert capacitors C1 and C3, and note the
polarity, as these are electrolytic.

b. Insert C2,C4,and C5.

c. Insert R1,R2,R5,R6,R7, and R8. Note

that the exposed lead of R8 should attach

to Q1 for an easy access test point.

d. Insert Q1,Q2, and I1, noting the polarity.

e. Solder in the remaining components and

clip off the excess leads.

5. Mount the components to the chassis bracket
MTGBKT. Wire the assembled board to the

Electronic Gadgets
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Chapter Seventeen

MATERIAL: .063 SHEET ALUMINUM

1
%
1
L
) Holes shown are positioned without dimensions to
HELBEoR NN O allow for use of alternate components than those
SrNONe g 1 shown, Trial fit before drilling holes.
2
FUSE MOLE HOLE FOR 51 HOLE FOR FEED
THRUWIRESTO T
5
@5
o} | % 0 %2 T~g
_|_ HOLES FOR TABS OF
MOSFETS @1 AND G2
HOLE FOR INPUT HOLE Fi
LEADS BLSHING A3CONTROL
FRONT PANEL VIEW INNER PANEL VIEW
; |
8
33 2t 1 1
32
] —— s Ao rom SR e @ Dyl S,
2% MATING HOLES FOR
SECURING TO CHANNEL I
SIDE VIEW VIEW LOOKING DOWN INTO CIRCUIT

Figure 174 Mounting bracket fabrication

MATERIAL: .063 LEXAN-BLACK FOR LOCKS!

| 2 |

End view showing bend downs %

IS

Cover to fit as shown

o
L . Bl

7 = O —=—i
Mating holes for securing
5 4 holes for tie wraps
MOHNG RraLke to secure T1 transformer.

Locate as required.

| 1 ! 1
| 4 | 2 1
o Side view showing 45" holes for securing cover [}
|
7

i:igure 17-5  Fabrication of plas:ffuc' channel and cover

178 Electronic Gadgets for the Evil Genius



- 12in +

"

=
¢C4o

Common ground lug
on mounting bracket

HV return

Ground return

Figure 17-6 »A:szyembly board and external wmng 7

mounted parts and the primary leads of T1, as
shown in Figure 17-6 and Figure 17-7, using
the appropriate lengths of the #20 vinyl
hookup wire. Note the mounting scheme of
Q1 and Q2, as they must be insulated from
the chassis bracket. Assemble this to the chan-
nel via two 6-32 X /2 screws and nuts

Control R3
R14 R1S
3 B s 4 s
e 20 Rig-[RZ]- - -
e P
-[BR ] 2 =%Z'FG
Sj:ii‘l’wKBEM nil_'
& G -|R12] - N
£ - [R13] - '[[m] = 03 “
IC2 __ Nth ‘
P2la = A . ' | Very carefully splice
* E] %2 . E this lead to R2 lead.
5 e 5
\ i ICl: ;
* R8 . =
= - :
: L o e
LS 9 z S
S A LIS
s i | al o+ ¢ =« %
[effop s )
bycyye A Insert only the following parts into the

circuit board as others shown are not
used in this project:

R1,3,4,6,7, 8, 9 resistors

C1, 2, 3, 4, 5 capacitors

@129

power leads, and leads to pot R30

Flyback from Fig. 17-3

High-volt output

SW2/NU1. Note the thin piece of plastic insu-
lating material for the PC board.

Mount a 3.5-inch plastic cap, CAP2, to the

channel using two screws, nuts, and small, flat
washers SW2/NU1/WA1. Note the four holes
for the two tie wraps to secure T1 in place via
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Q1,2 MOUNTING
SCHEME

ASSBLY
FROM FIG.

Use a plastic tubing extension on shatt of
control to avoid annoying shocks and
burns from electromagnetic field pickup.

the primary section shown in Figure 17-7.
Note the ground return lead of T1 being
routed through a small hole beneath the chan-
nel and returning through another hole to
connect to common ground point.

7. Finally, assemble everything as shown and
insert a 4- X 3'/-inch polyvinyl chloride
(PVC) tube (EN1), as shown in Figure 17-8.

8. Verify all wiring with the schematic. Use an
ohmmeter to check that the drain tabs of Q1
and Q2 are insulated from the metal chassis.
Check for solder joints, shorts, and so on.

9. If you decide you require oil filling, CAP2 will
need to be replaced with an actual PVC flat
cap fitting, intended for a 3-inch (actually 3.5-
inch OD) schedule 40 PVC tube. These parts
are available through most local hardware
stores. Add a sealant using PVC cement and
primer as directed on the container. Note that
the oil filling is only needed for light loads
where the output voltage will be excessively
high.

Chapter Seventeen

QUTPUT WIRE

Insert a thin piece of plastic sheeting to insulate the circuit board connection
points from shorting to the metal mounting bracket.

Test Steps
To test the project, follow these steps:

1. Turn R3 to full counterclockwise (CCW) and
S1 off. Insert a temporary 10-amp fuse into
the holder.

2. Connect a test lead at the chassis ground and
place the other end about one inch from the
output lead of T1. This is a crucial step.

3. Connect to a suitable 12-volt converter or a
high-current battery. It is a good idea to moni-
tor the input amps for circuit performance
verification.

Turn the power switch S1 on and note a quies-
cent current of 1 amp. Slowly adjust R3 clock-
wise and note a rise in the current of about 2
amps along with some corona at the output
terminal. This is the low-output mode and can
be used for continuous operation without
overheating. Preset R4 to midrange.

180
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Figure 17-8  Final view of Jacob’s ladder project

ARC

Plasma arc starts at bottom of ladder and
travels up the ladder elements where it
expands and eventually extinguishes. Arc
quickly reforms at the bottom and repeats
itself.

Adjust bottom of ladder spacing so that arc
reliability starts but yet does not remain
stationary. Adjust top of ladder so that arc
travels up to desired length before extinguishes
and repeats. It may take patience and
perseverance to get it right!!

1. Shape two 1/8" brass rods as shown,
2. Drill two 1/8" holes about 1/2" deep into
EN1 enclosure as shown.

3. Connect output lead of T1 to one rod
and ground lead to other. Solder or crimp
for a positive secure connection.

4. Adjust bottom separation to 1/2" .
Separation between rods increases to

SOLDER OR

about 1 to 2" at top end.

FROM FIG. 17-7

Continue tuning R3 and note a very sharp rise
in the current (about 7 amps) with the output
coming to life. Immediately shut it down as
the coil can be damaged in this mode without
a suitable load such as connection to a neon
or fluorescent tube.

If you have a scope, you may short the output
of T1 to ground and note the test patterns
included in Figure 17-2. This verifies the oper-
ation. Note that the transformer is designed to
allow proper switching of the MOSFETSs even
with shorted output.

Replace the 10-amp fuse with a 5- to 7-amp
value.

Insert a four-inch enclosure tube (EN1) into
the bottom cap (CAP1). Use PVC plumber

cement to seal these pieces as they must not
leak the transformer oil. Do this only after

correct circuit performance has been verified
as you cannot service T1 without hacksawing
the enclosure apart.

Fill the enclosure with oil to the top of the T1.
It is not necessary to seal the top cap if the
unit is always operated in its upright position.
Note this step is not necessary for use with the
enclosed experiments when operated as
shown.

Proceed to conduct the experiments as shown
in Figures 17-8 and 17-9. Experiment using
pieces of steel wool, needles, and fluorescent
and gas-filled lamps, and observe how differ-
ent materials react to the high-frequency
energy. Caution: Obtain some potassium
nitrate and sprinkle it onto some steel wool.
Note the pyrotechnic display. Danger: Do not
use chlorates or perchlorates.
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Chapter Seventeen

1. Carefully solder a piece of thin bus wire to the
center terminal of lightbulb. This is usually lead and
solders easily. Caution to not overheat.

2. Connect output lead from T1 to this lead. Bulb
should be secured to top of EN1 via a small bracket or
other suitable means. Use a nonconductive material.

3. Use a 5", clear 100-watt "DECOR" lamp, preferably
one made by Sylvania or GE as these seem to work the
best. Experiment with other bulbs as you may get
some interesting results.

4. Do not leave this display on for long periods as high-
frequency energy may quickly puncture the thin glass
envelope of these bulbs.

Eigure 79 A poor man’s plasma globe

Table 17-1 Solid-state Tesla coil

Ref.# Q. Description DB#
R1,6,7 3 10-ohm, 'fa-watt resistor (br-blk-blk)

R2 1-kilo-ohm, '/+-watt resistor (br-blk-red)

R3 5 kilo-ohm trimpot

R9 10-ohm, '/2>-watt resistor (br-blk-blk)

R8 15-ohm, 3-watt resistor (br-grn-blk)

R30 10K, 17-millimeter potentiometer

C1 100 mfd, 25-volt vertical electrolytic capacitor

cZ 4700 pfd, 50-volt polyester capacitor

C3 1000 mfd, 25-volt vertical electrolytic capacitor

C4 .1 mfd, 100-volt polyester capacitor

C5 .0033 mfd, 250-volt polypropylene capacitor

11 Integrated circuit driver 3525

01,2 2 MOSFETs IRF540

T1 Reworked flyback transformer; see Figure 17-3 FLYGRA
WRIBLK 6 feet #20 vinyl hookup wire, black
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Table 17-1 Continued m
ReC# Gt Descrghign TR &
WRIREDK 6 feet #20 vinyl hookup wire, red W =
WRIGRN 6 feet #20 vinyl hookup wire, green @d
WR2 6 inches #20 bus wire §
PERELE PCB or perforated circuit board .1 X .1 grid PCVARG m
SWi1 2 6-32 X !/2-inch nylon screws g
Sw2 8 6-32 x 'f-inch steel screws lf‘%&
NU1 7 6-32 nuts g@
MICA 2 Mica washers for Q1 and Q2

TYEWRAPS 2 6-inch nylon tie wraps

FH1/FS1 Fuse holder and 5-7 amp fuse @
S1 SPST 5-amp switch m
LUGS 2 #6 solder lugs -
BU1 *fs-inch plastic bushing Qﬁ
BU2 Strain relief plastic bushing gn
MTGBK1 Mounting bracket, as shown in Figure 17-4 @
CHANNEL Plastic channel base, as shown in Figure 17-5 b=
PLASTIC 2- % 2-inch thin plastic insulating sheet et
CAP2 3 'fo-inch plastic cap

ENI1 4- X 3 fr-inch schedule 40 PVC tube

COVER Plastic cover, as shown in Figure 17-5

SLEEVE 1- X Ya-inch vinyl tube for control pot, which prevents annoying burns

12DC/7 12-volt, 5- to 7-amp converter for main power

u-—-n--—--nu-—m——--u-l——mn--——-u—nmm———-u——-_——-nu—-um—-—
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An advanced electrical project is an excellent display

for museums or can be a fascinating and rewarding
project for the serious and experienced hobbyist.
Highly energetic audible and visual bolts of lightning
jump into empty space, providing a spectacular effect.
This can be an excellent advertising and attention-get-
ting display when properly set up (see Figure 18-1).

The project is shown using basic materials but will
require certain specialized parts readily available
through our web site at www.amazingl.com (see
Table 18-1). Expect to spend around $400 for the spe-
cial parts with the others available at a local hard-
ware store. The unit utilizes dangerous high voltages
and is not recommended for inexperienced person-
nel. Safety is fully emphasized throughout these con-
struction plans.

Basic Points to Consider
Before Building This
Project

Your Tesla coil produces large amounts of electro-
magnetic energy. It may damage computer systems
and cause destructive interference to communication
and sensitive electrical equipment. The system should
be operated within a shielded enclosure, such as a
Faraday cage, if near such sensitive equipment.

185

The primary circuitry, consisting of transformers
T1 through T4, produces lethal currents. Human con-
tact with these points, when the system is connected
to a power source, can result in a dangerous and fatal
shock or serious burns.

Never stand on a conductive surface such as
cement or wet ground when operating this equip-
ment. The proper grounding of the system is very
important for safe and optimum operation. Omission
of the line bypass capacitors C1 and C2 can create an
unsafe condition with a voltage breakdown in the pri-
mary feed lines.

Never operate the device in a flammable atmos-
phere as sparks can cause ignition. Low, overhead
wooden structures are also prone to fire hazards.
Also, always provide adequate ventilation as the dis-
charge produces ozone in large amounts.

[t is often a merit of Tesla coil operation to make
physical contact with the secondary spark discharge
for demonstration purposes. An experienced and
qualified person should only attempt to do such a
demonstration. The secondary return of the output
coil must be directly grounded to earth.

Never leave the system unattended where children
or other unqualified personnel may turn it on. Also,
there is no need to energize the coil for longer than
10 to 20 seconds at a time.

This coil can produce up to 36-inch discharges.
Therefore, it is suggested to position the main power
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The 30-inch-spark Tesla lighining generator

Figure 18-1

switch from a remote point as the sparks may jump
toward you if you are standing too close to the output
coil. All metal controls should be insulated because
contact may cause irritating burns.

Do not use near pacemakers or other similar
devices. Always warn spectators as to the possible
danger of being near this device if wearing or using
sensitive equipment. Also do not operate this device
near computers.

Brief Theory of Operation

Transformers T1 through T4 step up the household
115 to 8,000 volts-alternating current (VAC) and
charges the “tank” capacitor C3. This capacitor now
discharges through the spark gap switch (SPKGAP)
on voltage peaks and steps a pulse of current into the

primary coil (LP1). This sets up a resonant voltage of
a frequency determined by the inductance of LP1
and the capacity of C3. Energy is now coupled into
the secondary coil (LS1), also tuned to the resonant
frequency of the primary circuit. The secondary
energy now “rings down” with an exponential decay-
ing waveform. The high voltage output produced in
the secondary is now a function of the ratios of pri-
mary LP1 to secondary LS1 Q factors or capacities.

It is important to note that voltage is not depend-
ent on turn ratios. The spark gap switch must turn off
in order to not allow the “secondary ring down”
energy to couple back into the primary circuit. The
spark gap uses multiple gaps to enhance the positive
turnoff and to prevent ionization from excessive
heating. The spark gap electrodes can be brass or
steel for limited use but should be tungsten for pro-
longed operation. Input may be wired for 110- or
220-volt operation as shown in Figure 18-2.
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T3

TERMINAL

T CHK1
[ L
4KV 4KV
o a
Note the blower fan for air
cooling spark gap.
T T4
4 KV 4 KV
Optional
o o shorting
L
CHK2 = gy JPLE
6 POWER GROUND LINE
This schematic shows our optional
secondary current monitor jack J1.
Not necessary for normal use.

115 VOLTS AC 50/60 HZ

Screw stud for direct earth ground
and safety discharge probe.

FS1

L1 GRD L2
220V 1PH

Circuit Description |
Figure 18-2 shows transformer T1,T2, T3, and T4 con-
nected in a parallel series, parallel combination to
produce 8.000 volts at 60-milliampere (ma) output.
The secondary coils are connected to a common neu-
tral point to provide a midpoint ground. This scheme
provides 8 Kv between the transformer endpoints but
only 4 Kv from any end point to ground. The primar-
ies are wired using standard 115 VAC wiring tech-
niques.

Figure 18-2  Schematic for both 115- and 220-volt operation

TAP LS
LP1

Ly vy

iy
bl S

POWER GROUND LINE

220 VOLTS AC 50/60 HZ

It is important to note the phasing dots shown
adjacent to the windings. These must be followed in
both primary and secondary circuits. Use Figure 18-2
for wiring points.

Caution: Note that the primary wiring must be iso-
lated from the secondary. The secondary coil is con-

nected directly to the ground plate bracket
(GRDPLT).

The fuse (FS1) is rated for 10 amps and is neces-
sary to prevent catastrophic damage from faults,
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breakdown, and so on. A heavy three-wire line cord
(CO1) is strain relieved to the ground plate bracket.
This bracket also serves as a connection point for all
grounds of the system. It should be connected
directly to a dedicated, solid earth ground. You will
note capacitors C1 and C2 connected across the AC
lines to the ground plate bracket. These capacitors
bypass any “kickback” pulses from entering the
house wiring where damage to sensitive electronic
equipment is minimized (not eliminated). The system
might be connected to a remote variable transformer
for output adjustment.

The output of the unit can cause annoying burns
and shocks from contact to the metal controls. Oper-
ation can be controlled by simple removal and inser-
tion of the power plug or a remotely located switch.

Description of Major
Components

The role main components perform in your Tesla coil.

LS1 Secondary Coil

This is where the high voltage is produced. The coil
form must be an excellent insulator and have a low
dissipation factor to the high-frequency currents. It
preferably should be of a material that will not read-
ily “carbon track™ in the event of spark breakover.
Turns must be even and properly spaced. Turn
crossovers or overlaps will always cause serious per-
formance problems and must be avoided like the
plague. The resonant frequency of the secondary coil
can approximately be calculated by considering it to
be a quarter-wave section of the length equal to the
actual physical length of the wire used. A reduction in
this figure can be fudged due to extra capacitance as
a result of ionization at the top of the coil when a dis-
charge occurs.

Output Terminal 3

The output terminal of your system is shown as a 12-
inch toroidal terminal. These are expensive and hard

to find. You may use stove pipe elbows as a substitute
at the cost of overall appearance.

The purpose of the terminal is twofold. First, it
electrostatically shields the top winding of the sec-
ondary coil from arcing into the open air. This burns
the coil and can result in performance degradation.
Second, the addition of electrical capacity to the top
of a quarter-wave system will enhance current flow
through the coil. This property will increase the spark
energy at the cost of fewer discharges per unit time.
Mathematically speaking, this capacity is unlimited,
with the exception of the resonant frequency
decreasing to an unworkable value. We are currently
designing a computer program on this important
property when it is used for voltage magnification
and other nonmagnetically coupled resonant systems.

LP1 Primary Coil
This coil is combined with capacitor C3 and must form
a resonant circuit equal in frequency to that of the LS1
secondary coil with its associated output terminal. It is
made tunable via a tap that enables connection any-
where along its spiraling turns. The wire used is heavy,
bare copper or copper tubing and should be %16 of an
inch or thicker to accommodate the high-flowing pri-
mary tank currents as a result of its high Q factor.

Coupling

The secondary coil LS1 is coupled to the LP1 primary
coil and must be inherently tuned to the same fre-
quency for efficient operation. The coupling of these
circuits must not be too tight as beat frequencies can
cause hot spots along the secondary coil. Coupling
that is too loose, however, will not allow a proper
energy transfer between the circuits. You may want to
experiment by changing the position of LS1 by plac-
ing it on wooden blocks.

SPKGAP Spark Gap Suwitch

This is where energy stored in capacitor C3 is
switched into the primary inductor LP1. The spark
gap electrodes must allow for clean “makes” and
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“breaks.” Adjustment is usually critical to allow C3 to
charge sufficiently before a breakdown or switching
occurs. Remember, system energy is a function of the
square of the charging voltage across the primary
capacitor. It is important that the gap cleanly shuts
down before the secondary current reaches it maxi-
mum value. The energy in the secondary current must
not couple back into the primary one, as it will cause
erratic spark gap operation, destructive voltage
nodes, hot spots, and so on. The use of tungsten for
the spark switch electrodes is recommended if the
coil is to be frequently used.

C3 Primary Eapacitar:

This is where the energy is stored that is exchanged
with the primary inductor at a rate equal to the reso-
nant frequency. It must be capable of handling high
currents and have a low dissipation factor for efficient
operation. Note a special capacitor must be used in
this circuit and attention must be given to its dissipa-
tion factor and reverse current-handling capability.

CHKI—RF Choke

This part is necessary to block the high resonant fre-
quency as well as the harmonic voltages and currents
from feeding back into the transformer. These cur-
rents can create destructive voltages that will most
certainly cause premature breakdown of this part.

Assembly Step‘s‘

The following steps are those used by our laboratory
when assembling this device. You may implement
your own ideas, but we cannot guarantee the per-
formance claimed if circuit parameters and values are
changed. The dimensions shown may also vary with
different mechanical parts.

1. Study all of the the plans, schematics, and figures.

2. Identify the parts and pieces if you purchase
the kit. Important: The hardware located near
the primary coil must be brass.

Assemble the secondary coil designated as
LS1, as shown in Figure 18-3.

Assemble the chokes, designated CHK1, as
shown in Figure 18-4 (two are required).

Add the top and bottom base sections, desig-
nated BASTOP and BASBOT, as shown in
Figure 18-5. Note that not all holes are prefab-
ricated because they are best determined by
the actual placement of the components.

Fabricate the plastic parts (PRIBKT) per Fig-
ure 18-6 (four are required). Then, fabricate
the parts for a spark switch, as shown in Fig-
ure 18-7. Note that the hole location on these
pieces must be accurate, as shown. Also note
the top and front view of the spark switch
assembly, as shown in Figures 18-6 and 18-8.

Fabricate the metal parts designed GRDPLT
(see Figure 18-9). Note the position of the
holes for mounting T1,T2, T3, and T4.

Assemble the primary coil section designated
BTCPRI (see Figure 18-10). This can easily be
done because the /1s-inch copper tubing is
usually neatly coiled up in its shipping con-
tainer. Mount the PRIBKT brackets in place
with small #6 brass wood screws. Carefully fit
the coil turns of the copper tubing in place as
shown. Connect a 12-inch piece of insulated
#12 wire to the copper tube by inserting the
striped end into the tube and soldering it with
a heavy iron or propane torch. Note the end
of the outside copper tube winding adjacent
to the hole for the tap lead. Use some silicon
rubber (room temperature vulcanizing [RTV]
adhesive) and apply at slots in PRIBKTS to
hold the copper tubing in place. Allow 24
hours to set. Cut a 3-foot piece of the #12 wire
for the coil tap lead and attach the crocodile
clip for connection to the copper tube.

Assemble the parts to the bracket, designated
GRDPLT, as shown in Figure 18-9. Note the
fuse holder, strain relief, grounding screw
(GRDSCR), and current monitor jack, as
shown in Figure 18-11. Positioning is not criti-
cal but should allow adequate clearance of the
connection points.

The transformers are mounted to the bottom
base (BASBOT) via suitable hardware. Use
Figures 18-12a and 18-12b and attempt to fol-
low the layout as closely as shown. Note that
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Holes for threading
end leads Material is 22" length of 4.25" OD x .125" wall PVC drain pipe
An aluminum bracket with a 1/4" center
hole is placed at coil ends for initial
winding and attaching to the base and
top terminal. The coil winding leads
are electrically attached via small
brass screws, as shown.

ENDBRKTS end bracket.
Drill and tap for 4"

Drill and tap for 1/4-20

1. Position form on shaft using center holes of brackets and
secure one end in a vice. Form will now easily rotate for
winding on wire.

2. Position roll of #26 heavy magnet wire and
thread into holes on one end of form. Attach free
end to bracket via one of the screws.

3. Start to wind the turns, being careful to keep the wire tight and
free of kinks and to avoid any overlaps. Do approximately

one inch at a time and shellac in place using orange shellac.
Always secure lead with a piece of good adhesive sticky tape

as unwinding of the lead would be disastrous. Two people winding
this coil makes this step much easier.

4. Completed coil should contain approximately 1,000 turns
and should be tuned to around 200 kHz when free standing. Note
that winding should be in the same direction as primary coil LP1.

Special note: The coil form must be totally clean both inside
and out. Use isopropyl alcohol and allow the form to

completely dry. Coating with a layer of orange shellac should
be done on a dry day or in a dehumidified area.

Secondary coil

SWI12/NU12/LUG2

ENDBRKTS
Bracket tapped 1/4-20

SWIGINUT ——_ Ea,
5 |

BASBOT base

&

R i

!

Connect to GRDPLT on Figure 18-12b for
earth grounding of secondary output coil.
This is very important for safety and proper
operation. Verify for connection integrity.

Fiaure 183 Secondary coil assembly

the inner mounting legs of the transformer are
electrically contacted to the grounding
bracket GRDPLT, providing a positive earth
ground for the transformer frames.

Finally, assemble everything as shown in the
remaining figures. Note the individual

schematic showing both 115 and 230 VAC
operation. Note the wire nuts are shown con-
necting to primary wires. You may use termi-
nal strips or another more suitable means.
Remember these points are at 115/220 VAC
and must support at least 5 amps.
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Material is a 5" length of 1"-
thick wall PVC tubing.

1. Start winding by soldering a length of #26
magnet wire to top lug. Space wind for 1" and
shellac in place.

2. Continue and wind remaining 2"; close wound
and solder end to bottom lug as shown.

3. Shellac windings in place.

4. Assemble 3" x .5" length ferrite core into coil
form as shown. See note.

5. Assembly is mounted by screwing retaining
plastic cap to bottom base. Coil assembly is
now tightly slid into cap for securing in place.

6. Inductance should be around .1 to .4 mh.

the second wire, leaving the space between.

The wire in spark gap assembly is as shown in
Figure 18-13. Note the mounting of C3 via two
heavy tie wraps.

Testing Steps

.
sl

If you live in a congested area, close to an airport, or
near computers and other sensitive electronic equip-
ment, it will be necessary to test this system within a
Faraday cage (FAR1). It is also strongly advised to
test this system in an area with wooden floors, as dan-
gerous ground currents resulting from accidental
contact will be reduced. To conduct the test, follow
these steps:

I. Carefully position the secondary coil bottom
bracket over the center screw and rotate until
it secures in place.

FERRITE CORE
NOT USED THIS REV

#6 SOLDER LUGS AND
SMALL BRASS SCREWS

Note that ferrite cores are shown but
are not necessary for normal operation.

¥

3 x .5" ferrite core positioned
1" from base to enhance inductance of
bottom coil section; secure with RTV.

APPROX.1"

Note: Space wind means using another same size
wire and parallel winding together. You then remove

BRASS WOOD SCREW
AND WASHER

Use a styrofoam peanut
to position ferrite core.
CAP

Verify the correct wiring, the proper clearance
of high-voltage points, and a proper grounding
to the GRDPLT ground plate.

Set the two spark gaps to about /15 of an inch.

Connect the tap lead to the outermost pri-
mary turn. You will note that the flexible pri-
mary tap lead is used as a full turn of the
primary winding and adds another turn
depending on the position of the tap connec-
tion. This is important, as the system may not
properly tune with the toroidal terminal with-
out this added turn.

Connect a meter to J1 or short (not necessary
for a basic setup).

Attach a toroid or another similar terminal.
Note that a metal bowl will suffice in a pinch.
Screw on to the top secondary bracket and
secure with a nut.

You may use a 2- to 3-inch screw as an output
terminal if not using the toroid. Attach and
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—=] — 01625

- 14,0 -

0.625

Fabricate two pieces of .5" plywood for both top and bottom sections.
Note .25" holes placed on .625 centers from outside edges.

3

Center hole for LS1
grounding point

You may also bore out a .125"-deep section
for nesting of the .825" PVC spacers. This
step should be done prior to drilling the .25"
through holes as shown on inset Figure 18-11.

O O

F!dure 18-5  Fabrication ofboth the top and bottom p%eces BASTOP and BASBOT

Separate the test contact from the point
where the spark is erratic and connect the tap
to the next inner winding on LP1. Reapply
power.

screw into the center hole of the top bracket 10.
from the bottom. Note that maximum output

will require the tap lead now being moved

inwards several turns. Do not allow discharges

to r from the actu indi ; :
N i allopwinding 25 you 11.  Repeat the previous steps in an attempt to

may cause burning of the PVC coil form.

Place a grounded contact approximately 8
inches from the terminal and secure it in
place.

Quickly plug the unit in and note a discharge
occurring at the test contact. If not, recheck
the system.

find the exact point on the primary tap for
maximum output. Slightly open the spark gaps
and repeat. Note that discharges into open air
will be considerably longer than those from
point to point. You may tune for this effect if
the unit is for display purposes.
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Material is .068" Lexan (polycarbonate) sheet ~ PRIBKT Primary coil brackets (4 required)

4.50 W
2,00 Slots are fabricated by first drilling 25" holes 5" |
1.50 centers. Use hacksaw and file remaining slot. 5—%
~— 1.00 Builders with more precise tools may want to
—| 050 taper slot so tubing snaps into place. Note cr
|—— tubing must fit tightly into slots. =i 100 == m
pURUBUE VR T
MOUNTING HOLES L S
2.50 — 060 — Q?
Spark gap top view W
|~ SW4 @
frnt

@ e SW4

L

T

&bl ©d

~el
Y

SW7 12 required for this assembly

Figure 18-6  BTCFABP fabrication of plastic parts

uTtu

Note that there will be a second-order differ- blocks and readjusting all parameters. A

ential effect when the gap is opened due to round or square wooden block that fits inside

changes in dynamic capacity resulting from the secondary coil will position and secure it m

space volume ionization. This effect will mani- in place. Always use brass screws for fasten- 0

fest itself as requiring slightly more induc- ing. You may have to remove the bottom

tance in the primary. We are currently bracket. Use your own ingenuity in perform- @

developing an advanced program in MATH- ing this experiment. {)]

CAD for those into the complex higher math  p

and electrical physics of resonant high-voltage It is also a good idea to keep notes as you experi- (o))

systems. ment. w
12.  Experiment by using different values of cou- Q

pling by raising the secondary coil on wooden 4
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“hapter Ei

Material is #22-gauge galvanized sheet metal.

= O All holes are 166" to allow for fine O
adjustment of electrode alignment.
‘i @] O O
15 ‘
1 1
r 4
| ~ O o O
—— - T
L2 1 > |
%
| 3
4
o @)
I 1 I
Y

Electrode bracklet (3 required)

| 1
i

HOLES FOR
CONNECTING

LUGS
@

l SMALL HOLES ARE 3/16"

Collars must be
centered over .375

3_1 -——>—f-—— hole and carefully
& e soldered with a
4 | propane torch.

G S T

o e EEan

Special Notes

Note the optional current meter (M1) can be used for
an indication of fine-tuning by adjusting to a maxi-
mum value. An initial operation where tuning may be
way off can result in erroneous current peaks, espe-
cially if coupling is too tight. Use a thermo couple
device if available.

PVC spacers (3 required)

Holes are
10"

L&
FEN

I
|

I
sl +—O—-—£F ——

The secondary coil in the system acts similar to a
quarter-wave antenna with top loading capacity. This
means a current node at the base in amps. If you
depend on the green wire of the line cord for ground-
ing, you force your electrical wiring to become a part
of this system. This is not a good idea as a voltage
gradient can result along the wiring run. This voltage
value is determined by many complex factors such as
frequency, harmonic content, and, of course, a varying
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FAN

1. Fabricate and verify pieces as per Fig. 18-7.

2. Steel collars must be properly positioned and
soldered to brackets. Use a propane torch and
ingenuity in this step. Holes must allow proper
alignment of electrode faces.

COLLARS

(3

ELECTRODES (3 REQ) @ @

Solder collars
to brackets

r+———BRACKET (3 REQ)

mL SWH4/NUZ/LUG2Z (2 SETS REQ)

[~+—— PVC SPACER (3 REQ)

\str (12 REQ)

\— MAIN BRACKET

Figure 18-8 Sﬁarfc switch ;Jssembly and fa}e

amount of parallel and series complex impedances
along this run. What this means in simple language is
that you should ground the coil to earth with the
shortest direct lead possible. This can also eliminate a
good part of interference coupled back to the power
line.

The coil form used for the secondary coil should
be an excellent insulator, plus be a relatively lossless
dielectric at the operating frequency. A ruby mica coil
form would be ideal if it existed. A material with this
property can be expensive. Thin-wall PVC tubing,
while not the best, is a good compromise between
cost and performance. Unfortunately, PVC is hygro-
scopic (it absorbs moisture), but it can be treated by
driving out the moisture with a heat gun and then
sealing in orange shellac or an equivalent (do this on
a dry day).

Caution: PVC tubing may give off undesirable
gases under high-voltage stress. Lexan polycarbonate

tubing is preferred if you are planning to use your
coil for continual use.

Not all the holes on the fabrication points are
dimensioned. It is suggested that you trial-fit and fab-
ricate as you go.

The CHKI1 and CHK2 chokes are designed to pro-
vide a relatively high impedance to the resonant
operating frequency and any of its associated har-
monies. This is necessary to choke off these high fre-
quencies from reaching the power transformer, T1 to
T4, where damage to the secondary winding
inevitably results. You may use 1K 50-watt wire-
wound resistors in place of these chokes.

The spark gap is connected across the transformer
to limit voltage stress on their secondary windings.
The gaps are fabricated from three pieces of 2-inch X
3fs-inch tool steel or tungsten rod. A muffin fan keeps
the assembly cool (see Figure 18-13). Be cautious of
any ultraviolet hazards. Spark gap discharges emit
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"hapter Eighteen

Material is 032 aluminum.

C1

ALL HOLES 9/64" { ]@ 3.30 4.00

|
125 —=— 2.00 1.75 — 2.00

O @) O O =
0.35

Note to use the dimensions as shown for proper placement of transformers.

Figure IB—EI NB TCFABM fab;ication and a&vsemb[y- c;fu(w}RD-szgrc;twmmdpla;e

rod/tool steel. It will be necessary to reface electrodes

hazardous ultraviolet emissions and must not be
more often than if they were tungsten.

viewed directly. Observe them through a clear piece

of plastic or protective eyewear. Use the remaining four feet of #14 wire to make a

ground discharge probe that must connect directly to
the ground plate (see Figure 18-11). This can be used
for drawing sparks from the output of the coil.

Tungsten is recommended for long-term reliable
coil operation. However, tungsten is expensive and
those requiring short-term operation may use drill
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Initially attach alligator clip to end of
LP1 primary for tuning. Hole for tap lead

Note progressive .125" offset
of PRIBKTs starting with #1
from center for spiral effect
of primary winding.

ZEF VI IR TIRFIRT AT T

Z

Hole for lead to

]: @ \\ A\ \\ \

2 Hole for grounding screw
SW1/NU1/WAT1 to start of
Sl secondary

LS1 from Fig.18-3
3

h
N

O

Use #6 brass

wood screws to

attach PRIBKTs to

wooden base top. You
will need to drill clearance
holes for machine screws if
using plastic for this base.

© S

Dashed lines show possible routing of tap lead when used with optional toroidal terminal. This is a rough
adjustment of tap setting and will require repositioning to obtain maximum output. It does, however, suffice
as a starting point and should produce some impressive streamers into open air. You will note the routing of
this tap lead is in the direction as the primary winding and actually adds a turn. Going the other way would
effectively remove a turn. The routing and positioning shown will vary dependent on assembly.

COPTUB

75’
IT Bysal Yaedg-your-A3ar

|

Vil AT BT AT VAT

Iyl

YUTU

Figure 18-10  Assembly of primary coil
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Suggested labels if you intend to use your coil for demonstrations

HIGH
VOLTAGE
SCREW TO OUTPUT
TERMING: CAUTION Priease read:
E Faraday shield may be required.
X-RAY OF SPACER ASSEMBLY 3 ;
W Operate in short 10-second intervals.
PLYWOQD or ACRYLIC TOP Keep clear of sensitive electronic equipment.

6"X .875" PVC SPACERS AND 8"
1/4-20 THREADED BRASS RCD

Do not operate in explosive atmosphere.

Remove power plug before servicing.
SPCR
Ventilate if ozone becomes excessive.

Note cutout for nesting of From Fig. 18-3 Output requires careful selection of tap lead.
the PVC spacers. Not
necessary for assembly.

4
PLYWOOD BOTTOJ ®

7oA

A
/“{‘.'g PVC CAPS USED FOR FEET
7

Blowup of tap clip or
use a crocodile clip

Do not view spark gap
without protective eyewear.

From Fig. 18-10

hteen

Note J1 is not required
for normal operation.

Use stranded #14
wire for the safety
discharge probe.

From Fig. 18-4

Figure 18-11 Isometric view of the final ass:eﬁtbly o

Chapter Eic¢
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SPARK SWITCH

from Fig. 18-8

L=

inner winding
through hole
"A"; see Fig.
18-10

) 5
e ]
A
2 ® o
' 3
O
l Lead to LP1 @

LP1 tap lead through
hole "B" Fig. 18-10

BASE BOTTOM layout showing
high-voltage wiring circuitry

SWI1/NU1T/WAT (4) per
| transformer for mounting

Figure 18-12a

BTCAS assembly and first-level wiring
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To center bolt for
mounting secondary
c3 coil (see Figure 18-3)

BASE BOTTOM layout showing low-
voltage wiring. Note shown for 115 VAC.

Special note on phasing: The first step
used in our laboratory is to initially phase
T1 and T2 to obtain 8,000 volts with a
center point ground. Repeat with T3 and
T4. The second step is to now phase the
above combinations for 8,000 velts at 60

] ~4
o . oy | @
o - : 9
9 2 ]
@@ '_,@ - GRN

6-to 10-amp fuse = I—]Strain bushing

Figure 18126 BTCBASP ﬁssembly azd]_‘or second-level wiring

ma.

DANGER as the above
parameters can be lethal if
improperly contacted.

ifigure 18-13  Side view of spark gap and capéci’tdr"

e
—
AIR FLOW
Q 1 FAN
0 ~
m COLLAR/X-RAY VIEW
é \ ELECTRODEFK
o At
el gy
o gt
s | BRACKET
L E @ TO START
OF LP1
SW4/NU2/LUG2
PVC SPACERS SW4
) NlU:ZH
ggm) 7N
& L. 2| |
SW7
gﬁ" ’ BASBOT ?
v ' = =
’;@ SW5/NU2
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Table 18-1 Thirty-inch lightning bolt generator parts

T O TN e T IS N

T1.2.314 4 4000-volt, 30-milliampere current-limited transformer #4 Kv/.03 amp

G122 2 .1 mfd @ 630-volt capacitor #.1M/630

3 .022 mfd, 10 KVAC pulse capacitor #.02 M/10 Kv

ES1 Fuse holder and 10-amp fuse

CO1 Three-wire, heavy-duty line cord

BU1 Line cord bushing

GLIP Crocodile clip for primary coil tap

WIRE Eight-foot section of #14 PVC stranded hookup wire

COPTUB 50 feet 3/1e-inch roll of copper tubing gp

TOROID (Optional) 12- X 3-feet or use stove pipe elbows PG

WIRENUTS 2 Large wirenuts m

FAN 4/2-inch 115 AC mulffin fan (high output) ;‘

TYEWRAP 3 15-inch heavy nylon tie wraps for attaching C3

LS10 1 Assembled secondary coil as per Figure 18-3 M

CHK10 2 Assembled chokes as per Figure 18-4 m

FORMLS1 22- x 4.25-inch OD /s wall PVC tube for LS10 m

FORMCHK 2 5- X 1-inch OD sked 80 PVC tube for CHK1 form ?""

PRIBKT 4 4'f2 X 2 % 0625 lexan for primary bracket @3

GRDPLT 4 % 10 X .063 aluminum for ground plate N

BASTOP/BOT 2 14 X 14 X '/2 finished plywood (see Figure 18-5) (=P

SPCR 4 6- % 1-inch OD PVC tube (see Figure 18-11) %@

ELECTRODES 3 2- X 3/s-inch tungsten or tool steel #TUNG38 S‘

MAIN BRACKET Fabricate as shown in Figure 18-7 ﬁ'

PVC SPACERS 3 Fabricate as shown in Figure 18-7 m

ELTRODE BRKETS 3 Fabricate as shown in Figure 18-7 F ﬁ

END BRKTS 2 Fabricate for top and bottom of secondary coil as shown in Figure 18-3

SWi 16 6-32 X 1-inch screws

SW3 4 6-32 X !/s-inch screws Q’)

Sw4 6 8-32 X l/2-inch screws m

SW5 2 8-32 X 1-inch screws S

SW6 4 1/4-20 X 8-inch threaded rod (see Figure 18-11) m

SW7 16 #6 X Ya-inch sheet metal g
1 8-32 X 2-inch brass screw

NUIL 16 6-32 nuts g

NU2 8 8-32 nuts !
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Chapter Eighteen

Table 18-1 Continued

Ref.# Q. Descrption . De#
NU3 12 1/5-20 nuts

WA1 17 'f2-inch flat washers

LUG1 9 #6 solder lugs

LUG2 5 1420 lugs

PVCCAP 4 PVC end caps for bottom feet (see Figure 8-11)
COLLARS 3 g ID % 34 OD steel collars with set screws
Sw2 10 6 % !f2 brass wood screws

SWI0/NUT 4 6-32 X 3fs-inch brass machine screws and nuts
SWi12 2 1/4-20 % 1'/2-inch brass machine screw

NUI12 4 1/4-20 brass hex nuts for previous screws
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Traveling-Plasma Jacob's Ladder

This popular electrical display saw great fame in the
old Frankenstein horror movies of the 1930s. A con-
tinuous traveling arc of electrical plasma climbs a
metal ladder, expanding and eventually evaporating
into space (see Figure 19-1). At that moment, the arc
reinitiates at the bottom of the ladder and now con-
tinually repeats the cycle. It must be noted that these
older displays required dangerous and lethal
amounts of electricity to obtain the desired results.
This property often discouraged their use in public
places.

This project generates a plasma arc over 3 inches
long that travels a ladder height of nearly 24 inches. It
rapidly recycles and contains an arc power adjust-
ment.

Not only is this a rewarding and energetic display,
any shock hazard is greatly reduced by the use of our
patented safety shutdown circuitry. Any contact to
the ladder elements results in immediate circuit shut-
down, avoiding any shock. Even if the shutdown were
disabled, contact would only cause a minor burn as
the output energy is at a high frequency.

Most parts are readily available and are listed in
Table 19-1 at the end of the chapter. Those that are
specialized, including a printed circuit board (PCB),
may be obtained through www.amazingl.com.
Expect to spend $50 to $75 to complete the project as
shown.

203

Origin

The Bible tells the story of Jacob’s dream about a
ladder that extended from Earth to heaven. Jacaob,
the son of Isaac, was the father of the founders of the
12 tribes of Israel. Among sailors, however, a Jacob’s
ladder is a long rope ladder that is hung over the side
of a ship so the harbor pilot can climb aboard.

Basic Description

The power supply for this project forms electric arcs
across two diverging stainless steel strips (LAD-
DER). The 16-inch-long strips are mounted on insu-
lating blocks to eliminate possible leakage. The
stainless steel strips are separated by about a quarter-
inch at their bases and diverge to a distance of about
3 to 4 inches at their upper ends.

The strips form a gap across the secondary wind-
ing of the output transformer. After power is turned
on, the air dielectric breaks down due to the almost
short-circuit state across the lower end of the gap,
and an electric arc is formed. As the arc heats up,
thermal convection causes the arc to rise up the V-
shaped ladder. As the plasma arc ascends the ladder,



its length increases, thereby increasing the arc’s
dynamic resistance and thus increasing power con-
sumption and heat. This causes the arc to stretch as it
rises, and it extinguishes when it reaches the top of
the ladder. When this happens, the transformer out-
put momentarily exists in an open circuit state until
the breakdown of the air dielectric produces another
arc at the base of the ladder and the sequence
repeats.

Circuit Descriptions

e A

We suggest you refer to the circuit description sec-
tions in Chapter 8, “Handheld Burning CO, Gas
Laser,” as this project is very similiar, with the excep-
tion of the added safety shutdown circuit shown in
Figure 19-2. This circuit detects any abnormal ground
currents that would be produced by accidental con-
tact to one of the ladder elements. Current now flows
through the resistor divider (R5 and R9) and biases
diode (D6) into conduction. A rectified voltage is
now developed across capacitor (C8) and trimpot
(R4). The trimpot sets the trip point of the silicon-
controlled crowbar switch, shorting out the supply
voltage to IC1 and turning off the power circuit.

Assembly Steps

To begin the project, follow these steps:

: _ 1. Study Figures 19-3 and 19-4 showing the

. b 4 power board. Assemble as shown, adding the
: . . safety shutdown components shown in Figure
19-2. The added parts are R1, R4, R5, R9, C8,
C12, D6, and SCR and are included on the
parts list in this chapter.

eteen
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2. Assemble the heat sink bracket as shown in
e Figure 8-8 (Chapter 8).

3. Assemble the main power board shown in
Figure 19-3.

Figure 19-1  Jacob’s ladder plasma machine
. oy o g o b 4. Finally, assemble everything as shown in Fig-
ures 19-4 and 19-5, and read all special notes

and options.

Chapter
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component leads beneath board See text on test setup steps.

Figure 19-2  Jacob’s ladder circuit schematic

5. Verity all the wiring for the solder shorts, the
correct components, the polarity of parts
where noted, and the general overall quality
of the assembly.

Testing the Circuit
To test the circuit, follow these steps (see Figure
19-2):

1. Set the bottom of the ladder elements to no
more than /s of an inch separation and tem-
porarily short circuit the ladder elements with
a clip lead. Preset the trimpots R4 and R10 to
midrange (12 o’clock).

2. Connect an oscilliscope to TP1 and TP2. If
you do not have a scope and your assembly is
correct, you may assume the circuit is cor-
rectly functioning if the following measure-
ments are read.

3. Obtain a 40-watt lightbulb used as a ballast
and an isolated source of 115 volts-alternating

current (VAC), preferably with a adjustable
voltage transformer (variac) and a current-
reading meter. A suggested circuit is described
in Chapter 8 (see Figure 8-3).

Rotate R19 full clockwise (CW) and quickly
adjust R4 to read a period of 40 microseconds
(usec) (25 kHz). Turn R9 back full counter-
clockwise (CCW). '

Turn off the power and remove the short
across the ladder elements, as directed in step
1. Turn on the power and advance R19in a
CW direction, noting an arc that forms and
attempts to rise up the ladder. Switch out the
ballast, noting the full action of the plasma arc
rising and breaking at around 3 inches and
repeating. Check that the fan is fully on and
measure 12 volts-direct current (VDC) across
the leads.

IappeT s,qooel ®©

Observe the line current, noting that it rises to
around 1 to 2 amps as the arc rises and breaks
at the ladder top.

Firmly grab a metal object and contact one of
the ladder elements. The unit should quickly

Electronic Gadgets

for the Evil Genius
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FUSEA1

CORD1
(7, g "
@2 1§ NEONI
R IR w
‘= QE @ © RX .
_« . Z =
s Tf» © | P
= =
ST 1T % 3
o |2 ] “—;—
e
g =
; @
= R19/SWA
o= :
: 3 y Twist these leads
>
=)
=
S =
el
h =
\
ﬂ%ﬂ_j Twist these leads
@ Shut To T1
@ down
] e e et 0 ST SN Y S
z Figure 18-3  Wiring diagram
shut down. Note that R4 may be adjusted CW 7. Even though the circuit is intended for contin-
i y ] g
Q to increase shutdown sensitivity or to full uous use, the project as described should not
) CCW to disable. The normal setting is at be left on unattended.
Q, midrange.
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Secure assembly with

Heat sink assembly

s

E1 e R0 adab of RTV.
54 o zll
e el
Twist leads
Use leads
from fan or
T1 use #24.
o
E;gﬁ;; 4
Q‘\
FAl
- N
H SCRWBX1 /
Twist leads
S

Tie wrap

Note 20 Kv output leads must not be near any other
leads or components as eventual breakdown will occur,

Holes for

screws

[
mounting _ﬂ_® @

WR24
Twist leads

Allow
access to
FAULT
and ADJ
trimpots.

o O

FUSE

Figure 19-U

Bottom view of parts layout

CORD

S

WR20KV

AIR FLOW HOLE

SCRWS/WASHB/LUGT

O s

FUSE1

O

R19/5W1

Figuré 19-5 Top view Qf'pc;;’afusﬂld)youur
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Table 19-1 Jacob’s ladder parts

Ref # __ Qty. Description
N s W et e S e s P 1C1 IR2153 dual in-line package driver
Ref. # ty. Description
R Q“L-f L L A W Q1,2 2 IRF450 metal-oxide-semiconductor field
R1 100-ohm, '/+-watt resistor (br-blk-br) effect transistors (MOSFETS)
R2,3 2 18K, 3-watt metal oxide (mox) resistor SCR Sensitive gate silicon-controlled rectifier
#EC103D
R4 2K vertical trimpot
Z1:2 2 6-volt 1-watt zener diodes #IN4735
R5,11 2 1K, Vs-watt resistor (br-blk-red)
BCl PCB and wire as shown in Figure 19-3
R6,7 2 15-ohms, !/s-watt resistor (br-grn-blk) #PCLINE
R8 10-ohm, 3-watt mox resistor THERMO1 2 Insulating thermo pads for Q1 and Q2
R10 10K vertical trimpot SWNYLON 2 6-32 X Y2-inch nylon screws and metal
t
R30 30-ohm, 3-watt mox resistor e
FH'Y/s A Panel- t fuse hold d3-¢
R9 100K, '/a-watt resistor (br-blk-yel) ; sl?)l:\iblf::\)vuﬁlscuse e s
R19/SW1 10K potentiometer and 115 VAC switch col Three-wire #18 power cord
Rx In-rush current limiter #CL190 T1 High-voltage ferrite switching
o 10 mfd/25-volt vertical electrolytic tragsformer, #IACKTL
bapEEtar WR24 37 #24 red and black pieces of hookup wire
& G ot eO Sl nplisuc tsproby WR20 6’ #20 red and black pieces of hookup wire
o 1 mfd/o00:-volt metalized polypropylens WR20KV ~ Sfeet 20 Kv silicon high-voltage wire
capacitor
BASE 6 X 9 X V4 finished pl d or Lexan,
C5,6 2 1.5 mfd/250-volt metalized polypropylene fabricate d4 a;?::qure%ywao S
capacitor
LADDERS 2 18 X /2 X .05 stainless steel, fabricated
c7 0015 mfd/600-volt metalized e 2 L e o
polypropylene capacitor
. - BLOCKS 2 144 x 1 %34 PVC or Teflon blocks
C8 .47 mfd/50-volt plastic capacitor
FEET 4 15%2 den d 1 lasti
C10,11 2 220 to 330 mfd/200-volt vertical i sl
electrolytic capacitor TYE12 12-inch tie wrap for securing T1
C12 {01 mfd/1 Kv disc capacitor SCRW6 8 #6 % ¥s-inch blunt sheet metal screws
C30 100 mfd/25-volt vertical electrolytic WASHS6 ) #6 % 1h-inch washers
capacitor
SCRW4x1 2 #4-44 X '/2-inch screw and nuts for
D1.2,3,4 4 IN5408 1 Kv, 3-amp rectifier attaching the assembly board
D5 IN4937 1 Kv fast-switching diode SCRW8x.5 4 #8 X 1j2-inch wood screws for attaching
feet pi
D6 IN914 silicon general purpose diode L =i
LUG | #6 solder |
D30 IN4001 1-amp rectifier diode S T it I et Sl
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This project provides a simple yet quite spectacular
display of various forms of electrical plasma (see Fig-
ure 20-1). The medium used is safe, ordinary, rarefied
air pumped down to a rough vacuum of approxi-
mately '/2 millimeters (which is measured in Torr,
which is a measure of pressure equal to 1 millimeter
of mercury). The plasma display takes on various
forms from a well-defined, multivortex swirling tor-
nado to a column of orange saucer-shaped disks.
Hand proximity to the container produces an interac-
tive mechanism where the tornado can be controlled
both in position, movement, and intensity.

The low-cost construction includes the use of a 1-
gallon glass pickle jar as the plasma display vessel. A
wide-mouthed jar is preferred with a brass cap that
will allow the soldering of the necessary fittings. The
electrical input is supplied by the high-frequency,
high-voltage Tesla project described in Chapter 17,
“Solid-State Tesla Coil.” You will need access to a
vacuum pump usually found in most high school sci-
ence labs that will pump down the air. A pumped-
down jar—one that is processed with a vacuum—is
available from amazingl.com. Properly processed,
the display will last up to a year.

Theory of Operation

An evacuated glass container is sealed and pumped
to .5 to 2 Torrs of pressure. A metal cap seals the con-
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Figure 20-1  Plasma tornado enclosure jar
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tainer and serves as an electrode for charging the
remaining thin gas mixture. The voltage applied to
the cap is at a potential of 10 to 20 thousand volts and
is at a high frequency of approximately 25 kHz. The
capacitive effect of the thin gas causes a current to
flow, creating the plasma discharges. One may visual-
ize the device in the following manner: A capacitor is
formed by the conductive gas inside the container
forming one plate, the glass envelope being the insu-
lating dielectric and the outer air serving as the other
plate. Any conducting object brought near the con-
tainer now only enhances this effect and appears to
draw the plasma arc to the point of contact.

The vacuum will vary along with the physical
parameters of the container and can be adjusted to
enhance the type of discharge desired. A pressure
where the plasma discharges are most defined may be
critical. Increases will create a broken, wispy effect,
whereas a further decrease will broaden the discharge
and eventually form striations as a series of weird,
orange disks. Any weird effects are possible from
changing pressure, power frequencies, and voltage.

The effect of where the conduction of a gas peaks
at a certain pressure is known as the Townsend effect
and becomes an important factor in the design of
vacuum systems where medium- to high-voltages are
encountered. The device as described does not use
any gas other than the existing atmosphere rarefied
by evacuation. Other colors and effects are limitless
when the builder chooses to charge the unit with
other gases or combinations of pressures.

Project Description

The described device is intended for display pur-
poses, novelty decorations, and special effects, as well
as an educational science fair project demonstrating
plasma that is controlled electrically and magneti-
cally. Special materials treated by a controlled plasma
beam can also be realized.

Plasma is often considered to be the fourth state
of matter. It consists of atoms that are ionized and

demonstrates peculiar effects unlike the other three
forms of matter.

Columns of pinkish and purplish plasma are
attracted to external influences such as fingers and
other objects when placed on or near the display con-
tainer. These columns of plasma light span the entire
length of the display container, dancing and writhing
with a tornado-like effect. Balls of plasma and fingers
are created and controlled by simply touching the
container. This effect cannot be effectively or justifi-
ably described in words and can only be appreciated
when actually observed.

The device is low powered, high frequency, and
high voltage, producing the necessary parameters for
obtaining the described plasma effect. This generator
utilizes conventional electrified circuitry, consisting of
a transistor switching the ferrite core of a high-volt-
age resonant transformer (similar to a TV flyback).
Power for the transistors is obtained from a simple
step-down transformer and rectifier combination.

HAssembly Instructions

This project will require a properly working Tesla
driver, as described in Chapter 17.

Obtain a 1-gallon pickle jar or the equivalent with
a brass- or tin-plated metal cap for the display con-
tainer, as shown in Figures 20-2 and 20-3. The display
container must have a provision for depressurizing
and then being permanently sealed. Again, this metal
cover of a pickle jar makes an excellent choice
because a piece of copper capillary can be directly
soldered to it, forming a good, vacuum-tight seal and
allowing pinching off for sealing. Should the display
container require repumping, the pinched capillary
may be easily reopened for reconnection to the vac-
uum system.

The display container may be mounted on a suit-
able stand that houses the generator beneath, resem-
bling a water cooler. Refer to the figures for final
assembly and pump down instructions.
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Note that the penny stiffens up the thin metal
cover to provide a sturdy mounting point for
the capillary tubing.

Automotive Cover preparation:
vacuum hose 1. Drill a .125" hole in the center of a copper penny and in the jar cover.
2. Throughly clean the penny and cover to a bare shiny surface.
3. Obtain a propane torch and solder the tube to the penny and to the jar cover as shown. Try not
to bum the jar seal. Verify that the solder completely seals this point as any leaks will prevent
operation.
4. Throughly clean the jar and let it dry. Put in microwave and "nuke" for 30 seconds.
5. Apply vacuum grease to the jar seal and tightly screw on the cap.
6. Unit is ready to pump down.

Vacuum gauge may be a capsule for reading in Torrs ora
Pirani for more precise, lower readings.

1 to 2 stage roughing pump

1. You will need a roughing pump good for pulling & vacuum below 100 millitorrs,
a Pirani gauge, and a bleed-off valve PV3.
2. Connect output of power supply to metal base section. Verify proper isolation from any conducting objects
as this point must support the high voltage and high-frequency energy for this setup.

3. Slide copper capillary into appropriate section of vacuum hose.

4. Allow to pump down to limit of system—should be below 100 millitorrs.

5. Bleed off to .5 Torr and apply power, noting rarefied air glowing a purplish pink.

8. Disconnect from vacuum system and pinch off section of rubber hose as shown.

7. Connect power supply output now to copper tube on cap and reapply power, noting a well-defined tomado-
shaped discharge extending the full length of jar. Display is visible under normal lighting but should be quite
spectacular in the dark. See note below.

NOTE: Display may vary with temperature, proximity to other objects, grounding, and, of course, pressure of air
inside. Many display variations are possible and experimentation is suggested.

Figure 20-2 Aasembly and pum,t; data

Electronic Gadgets for the Evil Genius 211

-
' 4

‘;sg * t?t QMQ
e Uil @

o g T
| B

R
B, e
£

-

P
Vsl

g

e
P

TY ©
Tt tusfle

| o4

!

B

iy T
i | =

W

g
o e o
B

g
W

= gy P T esn
=10

il

| =

a8
i w%‘g«

g
o &
Gl N



pter Twenty

a

h

é;“%
St

Figure 20-3 Plasma tornado Jar setup

Connection is made to
copper tube by a slip fit
Jar is sealed via a small washer pinching the favaculntose.
folded rubber hose. This method provides an
excellent temporary seal that is easily removed
for repumping etc.
Caution: Jar is under a high vacuum and should be placed

in a meshed bag to contain flying shards of glass if used in DANGER: Jar is under

public. i

a high vacuum and
Output from power supply can cause a moderately painful ill i i
shock or bum. It is not injurious or life threatening due to WI" ImpIOde VIOlentIy
low current and high frequency. if broken.

Insulating plate-use glass or plastic. Dry wood
will work but might leech off energy. You may
also support it on a glass mixing bowl.

)

Use a metal plate by grounding, ungrounding, or
attaching various lengths of wire efc. for best
results.

Operation

1. Place an approx. 6 x 6" piece of metal on a larger piece of glass or other insulating material.

2. Place jar as shown on metal plate. Do not ground for now.

3. Verify proper operation of power supply as shown on instructions.

4. Connect up green grounding lead to a positive earth ground. Failure to do this will result in improper operation.
5. Connect output lead to copper capillary tube exiting the jar cover.

6. Rotate power control full CCW and tum on power switch.

7. Rotate power control until you get desired effect that should be a pink column of energized plasma resembling a
tornado.

Bring hand near jar and note attraction of display.
This demonstrates the capacitive effect produced by proximity of two conductive objects. The high-
frequency current now wants to flow between these points that form a capacitive reactance.

Hold a fluorescent lamp near the jar and note it lighting! This demonstrates the radiative effects
of the energized plasma and provides an interesting science project.

If you are fortunate enough to have access to a vacuum pump, experiments with different
pressures can yield some real interesting results.

Adjust power control knob for maximum display. Note a peak in adjustment.
Do not leave on for extended periods of time until you check for heating of supply and jar.
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Application and Operation

The display is inside a glass enclosure and resembles
a tornado shape of glowing and swirling plasma. It
dances and jumps to anything brought near it and is
highly visible, even in normal, fluorescent lighting.
This sensitivity to any external capacity creates many
bizarre and seemingly striking effects. The plasma
also can light up a fluorescent lamp when brought
near the glass enclosure without any wires or connec-
tions of any kind. This feature demonstrates the
highly radiative properties of the plasma field and
serves as an excellent science fair project or a unique
conversation piece.

Special Note

Your display will vary over time, starting out as a
wide, undefined glow with purplish and orange disks
and eventually forming a defined purple tornado-like
vortex extending to the length of the container. This
change is due to the pressure increasing and is a func-
tion of leakage and internal impurities. The system,
properly processed, should be active for up to months
before repumping is required.
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This chapter shows how to construct a novelty

product that provides a bizarre special-effect light
display. It is fashioned after the Star Wars lightsaber
(see Figure 21-1) and uses a recently patented phe-
nomenon involving “traveling plasma” (our patent
#5,089,745). Total control of this display effect is
accomplished by simple grip contract on the saber’s
handle. No switch is used in any way. Energized
plasma (an electrically ignited gas giving off visible
light) travels up the saber, illuminating its length as it
moves. The effect is greatly enhanced in darkness and
is quite dramatic when properly controlled by the
user. This gives the effect of a controllable length of
visible light appearing to emanate from the handle of
the device and continues out into space. A striking
visual display now results when operated at low light
levels.

Expect to spend $25 to $35 for this awesome,
attention-getting display project. Instructions are
detailed with all the specialized parts, the printed cir-
cuit board (PCB), and the actual plasma tube avail-
able from www.amazingl.com. The parts list is
included in Table 21-1 at the end of the chapter.

i i .

&
£
i

Figure 21-1  Lightsaber
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Circuit Theory

The system utilizes a high-frequency, high-voltage
plasma power source that requires only one electrode
or an external capacitive electrode for input to the
plasma display discharge tube (see Figure 21-2). The
external capacitive effect greatly reduces the cost of
producing this plasma tube, as no internal electrode
or glass-to-metal seals are required. Also eliminated
are any grounds or electrical returns required in con-
ventional systems.

Ignition of the plasma discharge appears to occur,
extending outwardly into space without a return con-
nection. In actuality, high-frequency electrical cur-
rents flow through the capacitive reactance of the
plasma tube with the surroundings where the glass
enclosure acts as the dielectric between the two. The
user, by hand contact with the control pads, forms the
other plate of this virtual capacitor.

The circuit consists of transistor Q3 connected as a
Hartly-type oscillator where its collector is in a series



Red lead from
high-voltage coil

You may use two parallel
connected 9-volt batteries for .
all display tubes. A 12-volt T
battery pack with 8 AA cells
may also be used for a

brighter display.

* ? 5 of T1
314 = PRR{ -
A Al ouTPUT
L TPC 1 9|
S S e
22K L Q3 RS -
1. MJE182 39, [
" —Wegyl
4 b
A FB <[|(__
> ‘
3
|
R4l s G2
330:] 022Mm

It may be necessary to reduce the
value of R2 to 100k for decreasing
the touch sensitivity. This will
depend on humidity, skin resistance,

and other factors.

T1 transformer winding data

Output........ 1350 turns
Primary......... ... 10 turns
Feed back......c..c.... 10 turns

Fi:;ll:ll;F_" 21-2  Plasma figizitéézrber schematic

with the primary winding, PR1, of transformer T1 and
is energized by batteries B1 and B2. The drive signal
to its base is obtained by a feedback winding (FB)
properly phased to allow oscillation to take place.
The base current is limited by resistor R4 and biased
into conduction by resistor R3. Capacitor C3 speeds
up the switching times. The oscillations produced are
at a frequency of approximately 100 kHz. This is usu-
ally determined by the resonant frequency of T'1 and
tank capacitor C4.

The output of Q3 is controlled via the conduc-
tance of pass transistor Q2 by biasing its base with a
ramp signal from transistor Q1. C2 bypasses any
high-frequency switching currents to the common
line of the circuit. This approach provides a positively
defined state between the energized and denergized
plasma, hence its lit display length.

The current through Q2 and therefore the power
to Q3 is controlled by the DC ramp amplifier Q1. The
Q1 transistor is now controlled when a base current
flows through resistor R2. This occurs when the user’s
fingers simultaneously touch the two external pad

NE26
I Plasma tube

0

Wave shape at TPC when connected to a 26" red

neon tube fully lit.

It is connected to a 9-volt source and drawing .4 amps.
Note input was adjusted to 7 volts before display started
to break from end.

contacts biasing Q1 to a point dependent on the
user’s contact resistance. This effect produces the
variable current ramp that controls the current
through pass transistor Q2, hence controlling the out-
put of Q3. No off/on switch is necessary since total
power is controlled by the user’s finger contact, a
capacitor C1 bypasses any external signals that may
cause premature operation, and R1 controls the sen-
sitivity range of the necessary contact resistance for
full ignition as well as linearity.

Construction

The device can be built in two parts, consisting of the
display and power sections. These are easily sepa-
rated for convenience should the plasma display dis-
charge tube become broken or damaged. Also, we
must consider the option of using display tubes with
other gases, producing different colorful effects.

216
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The display section of the device can consist of a
12- to 36-inch length of small-diameter neon or
another gas tube. Only one electrode is necessary on
the display tube, thus eliminating unnecessary costs.
This internal gas tube is centered in a clear or colored
plastic tube that serves for protection from breakage
and provides a more enhanced visual effect due to its
diffusive, refractive, and diffractive optical properties.

Ocel9

FiQLIrE ;?lw-3“ X-ray view‘ 'sh"()v,ving Joil tmc‘es“aﬁudl pads o

Construction Steps

Figure 21-3 shows the foil traces for those wanting to
do their own PCB. To begin construction, follow these
steps:

1. Lay out and identify all the parts and pieces,
and check them with the parts list. Note that
some parts may sometimes vary in value. This

This view is helpful for those who want to
design their own layout on a vector or
perforated circuit board. Component leads
may be used for most routing traces with
heavier leads for the wider traces.
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is acceptable as all components are 10 to 20
percent tolerant unless otherwise noted.

2. Identify the pins on the base of transformer
T1, as shown in Figure 21-4.
3. Insert components into PCB PCPF5 as shown

in Figure 21-4. Note to leave at least !/s to /s of
an inch of lead between the actual compo-

HEATSINK

Q3

il
=)

[
N

Heatsink bracket is fabricated from a 1/ 2"-wide
piece of 1/ 16" aluminum.

Note pi
T1 corl
positiol

printed circuit board.

’ﬁg’ -

s

o

th

Battery clip leads are routed

from under board. Red
leads are positive,

i:lQLJI‘F.' El-l-l View showmg barrs placement on E)":;ard

nents and the surface of the board. Also notice
the polarity on C2 and the proper position of
transistors Q1 and Q3. Solder the connections
and cut away the excess leads. Connect the T1
transformer using short pieces of bus wire and
secure it to the board using some tape. Then
attach the leads for B1 and B2. Note these
leads are strain relieved by passing through

Drill a small hole for the
second lead wire from the
plasma tube and route as
shown by dashed lines for
connections.

PCPFS5

T

in 5 as marked on
responds to
n 3 as marked on

H
gy

Leads to touch
probes

rough strain-relieving holes

CL1
CL2
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the holes on the foil side of the board. Solder
11-inch leads for contact pads located on the
enclosure tube. These may be shortened later.
Check for accuracy, the quality of solder joints,
potential shorts, and so on.

Obtain a 12- to 36-inch neon tube, NE26, as
shown in Figure 21-5. Note that the neon tube
is shown utilizing only one internal clectrode.
An external electrode consisting of a piece of
metallic tape wrapped around the tube end
will also work. The internal electrode
approach seems to work slightly better as the
input impedance of the feedpoint is obviously
nonreactive, now being only resistive.

Note that the assembly of the tube is beyond
most hobbyists and probably should be
obtained as indicated on the parts list. Solder
the tube to the assembly board as shown in
Figure 21-5 and secure it with some room tem-
perature vulcanizing (RTV) silicon rubber.
Insert a piece of plastic vinyl tubing between
the tube and the PCB to protect the tube from
hitting the assembly board and possibly frac-
turing.

Connect two 9-volt batteries or a 9-volt power
converter. Note that batteries are connected

in a parallel way to supply more current and g
consequently last longer.

6. You may verify the circuitry by connecting a W
current meter in series with the batteries and ¢
note it reading zero. Turn the meter range ,
down a step at a time to 50 micro-amps or the

lowest range. The meter should still read zero. I
Note that any current flow in this test will
wear down the battery over a period of time, Gl

indicating transistor leakage or a wiring error.
The battery will drain down even if the saber
Is not in use. ehedf

7. Now set the meter range to read 300 to 400
milliamperes and reverse if necessary. Make

contact between the pads’ — and + leads.
Note that the neon tube fully ignites and the {8
current meter indicates around 300 mil- N

liamperes. Please refer to the test points in
Figure 21-2 if you experience difficulty. These
are explained in the supplementary test points
section.

8. Attempt to make contact between these
points using the resistance of your finger and
verily the partial ignition of the neon tube.
Dampen your finger if the skin is dry. This ver-
ifies the proper operation of the electronics, A

CAP3 Small holes for probe leads
PROBES CAP2
______________________________________________________ e e e e = RS |
CLz H l‘ SHROUD ﬂ
rzzz
W', ETiD e
1 NSRS Y ==,
‘ e R T INSERT 1 WE
it
o / i 1
[
e e e e T e _ _ ___fooo N oo W |-
= —
Contact probes (2) From Figure 21-3 / ADPTR rings {3)-glue onto shroud }
Adhesive solderable using "crazy glue " Note positions as i
metal tape shown :
|
¥ P |
— = 1 e 1
| |
Contact to wire leads is F
made by soidering to the I
adhesive metallic tape. }
|
! .
!
[

Use RTV silicon rubber to secure
end of tube o assembly board
Use the INSERT piece to offer

a cushioning effect

Figure 21-5  X-ray view of handle innards
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dry hand may require a tighter grip, whereas a
damp hand requires only a light touch to
achieve full plasma ignition.

Mechanical Assembly
Steps

To begin the project assembly, follow these steps:

Cut a 29 '/2-inch length of 1-inch OD plastic
tube for the shroud, as shown in Figure 21-6.
Even up and remove sharp edges from the
ends. A red transparent tube greatly enhances
the display when using red neon gas.

are mishandled. The center holes should be a
snug fit to the neon with the outer diameter
providing reasonable friction to the inner
walls of the shroud tube. These spacer rings
should be positioned on the NE26 display
tube as shown. Note that other materials may
be used for this part.

Fabricate three adapter rings as shown in Fig-
ure 21-6. The outside diameter must fit snugly
into handle HA1. A 1-inch hole must be in the
true center and fit snugly around the shroud.
These are positioned and glued to the shroud
tube, as shown in Figure 21-5.

Fabricate CAP2 with a 1-inch center hole and
position it on the shroud assembly as shown in
Figure 21-5. It should abut closely to the for-

ward adapter ring.
2. Fabricate four flexible spacer rings from a
sheet of clear, flexible !/s-inch vinyl, as shown
in Figure 21-6. These spacers position the
neon tube, NE26, inside the plastic shroud and
offer some shock protection in case the units

5. Fabricate handle HA1 from a 10-inch-long
piece of 1 %/s- X Vie-inch rigid, wall polyvinyl
chloride (PVC) or an equivalent material.
Place two, small Yie-inch holes as shown in
Figure 21-5 for contact probe leads. Note that

aQ SHROUD

SPACERS

Note the project shows a 24" plasma display blade. You may use
up to a 36" display blade but must increase the shroud by an
additional 12" and add 2 more spacers. All other components will

Q} support this option. All display plasma blades are available from
y www.amazing1.com.
~ A 12" blade is available to make a plasma dagger.
i From Figure 21-3
=il
w‘*fe&

{ :_i mFigurE 21-6 “.Assemb[y of &i’splay rut;ew,wgfwlroud, and spacers
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the position is not critical and can be placed to
suit your preference.

Insert the NE26 tube assembly (see Figure 21-
6) with spacer rings along with the assembly
board into the shroud as shown. It may help
to moisten the inner walls of the shroud by
breathing into one end and quickly inserting
the neon tube assembly. You may also use a
mist bottle. Work gloves should be used to
avoid injury in case of breakage.

Insert the above assembly into handle HA1
with the forward adapter ring recessed into
the handle approximately /4 of an inch (see
Figure 21-5). You may glue it in place or leave
it as is for disassembly. Slide CAP2 into place
as shown. Please note that it may take consid-
erable force as the fit is tight and will not nor-
mally need gluing.

Using extreme patience and your own ingenu-
ity, attempt to thread the probe wires through
the holes in HA1, as shown in Figure 21-5.
Sandwich the stripped ends to the handle with
small pieces of metallic tape as shown. Note
that electrical contact is made to the metallic
probes by this sandwiching action. Cut the pads
to shape for appearance using an x-acto knife.

SPACERS (4)

PROBES (2)

Fignl_XII:é-E]-7 hPﬁrsmLx iight;mbér:ﬁnalhl;.z:éw

9. Insert two fresh, standard 9-volt alkaline or
lithium batteries into CL1 and two battery
snaps into the handle. Obtain some foam rub-
ber and use some pieces to hold the batteries
in place. Secure the end with the CAP3 cap.
Test the unit by touching the probes and ver-
ify that the correct operation occurs. Verify
the heatsink is not too hot to touch.

10.  Finally, assemble everything as shown (see
Figure 21-7) by attaching the caps into place
along with any labels or decals. Now go forth,
have fun, and may the force be with you.

Test Points and
Troubleshoaoting
Suggestions

The following are some measurements for testing the
device:

* Measure 9 VDC at the TPA point and at the
COM line. If the previous tests cannot be
obtained, it is suggested to double-check all

Note that spacers and cap are as transparent
as possible for best overall effect.
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wiring and components for correct placement.
Pay attention to Q1 and Q2, as they are not
the same.

e Measure ) VDC at the TPB point and at the
COM line.

e Short contact probes A and B together and
now measure 8§ to 9 VDC at TPB.

e |f the display tube fails to ignite, double-check
all the wiring and components for correct
placement. Pay attention to Q1 and Q2, as
they are not the same.

Special Notes

Gas tubes longer than 30 inches may require a 12-
volt battery pack to activate to full length.

The electronics assembly and batteries will easily
fit into the often preferred Graphlex and Heiland
camera flash handles. Contact the factory for facsimi-
les of this hard-to-find part.

This chapter’s plans show the unit built with a 26-
inch gas display tube. The system is designed to use
any length of tube up to 36 inches long. The only
modifications will be the length of the outer shroud
tube and adding or subtracting the spacer rings. Our
standard lengths of tubes are 12, 26, and 36 inches.

The touch probes may be replaced by a 1 megohm
adjustable pot and switch for varying the discharge
length. R1 must be changed to a 47-kilo-ohm value.

Batteries

The unit will work with two alkaline batteries con-
nected in parallel to double the current rating for
about five hours of “off and on” operation. Two
lithium batteries, while more expensive, will allow
eight hours of operation. The suggested nickel-cad-
mium (NiCad) rechargeables are Varta #1R 7/s for 9.8
volts. The running time for two batteries will be
almost an hour before recharging.

Thirty-six-inch red neon units may require 12
volts, which is obtainable by using 8 AA cells to fully
ignite the display. You may also use two AAA cells
connected in a series with the existing two 9-volt bat-
teries. The wiring is shown in Figure 21-2. This
approach allows fitting with the Graphlex and Hei-
land handles, as were the original props. Double-
check the heatsink tab for Q3.

Applications

The property of the moving, ignited plasma your
lightsaber produces can be utilized to provide an
indicator of direction, such as turn signals for vehi-
cles, semaphore signaling, pointing devices, or an
excellent safety device for nighttime jogging or walk-
ing as a visible, piercing colored light is produced.
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Table 21-1 Plasma lightsaber parts list

f@ﬁ#tif" ﬂwf
R1

R2

R3

R4

RS

cl

2

C3

C4

Q1

Q2

Q3

Tl

CL1,2 ;
PCPFS5

HS1/SW1
BUSWIRE

WR2 2
ADPAPTERINGS 3

SHROUD

SPACER -
CAP1

CAP2

CAP3

PROBE 2
HAI1

INSERT

NE26

Description

5.6 meg, '/s-watt resistor (gr-bl-gr)

1K, fs-watt resistor (br-blk-red)

22K, Ya-watt resistor (red-red-red)

4.7K, Y+-watt resistor (yel-pur-red)

330-ohm, '/s-watt resistor (or-or-br)

.01 mfd, 50-volt plastic capacitor

10 mfd, 25-volt electrolytic capacitor

022 mfd, 250-volt plastic capacitor

.1 mfd, 400-volt metal polypropylene capacitor
PN2907 PNP GP transistor

PN2222 NPN GP transistor

MIJE182 power tab NPN transistor

Ferrite high-voltage transformer

Battery snap connectors

PCB

Heatsink bracket and #6 X 1/4-inch sheet metal screw
Three-inch piece of bus wire for connecting T1 pins
12-inch lengths of #24 vinyl hookup wire

112 OD X 1 hole X /16 Lexan washer fabrication

292 % 1 OD % 'Yis wall Lexan or other clear or colored
plastic tubing

s X 3s hole X U5 flexible, clear vinyl washer

1-inch clear plastic cap

1 %/s-inch black plastic cap with 1-inch hole

1 5/s-inch black plastic cap

2- X Ya-inch strips of adhesive, solderable, metallic tape
10 '/2- % 1 5fs-inch black plastic handle

3s- X 3fs-inch Tygon tubing

26-inch X 10-millimeter special prepared plasma tube

DB # .

#28K077

#PCPFS5

#NE26 available in “phaser”
green, “photon” blue, “starfire”
purple or “neon” red
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This project shows how to build a device that pro-
duces a bizarre yet interesting electrical phenomena
that possibly may provide the propulsive forces used
for space travel in the near future, A high potential
source is allowed to leak off charges by being termi-
nated into a sharp and pointed object. A charge emis-
sion now occurs due to the repulsive force of like
charges occuring at the pointed end, producing a high
density of charged particles that possess mobility
over a distance. The finished unit is intended for use

by the electrical physicist (see Figure 22-1) as well as
for educational demonstrations, material testing, and
many other applications as presented in this chapter.

Expect to spend $75 to $100 for this useful electri-
cal device. Assembly will require only basic hand
tools, wiring, and soldering. The finished project must
be used with caution as moderate electrical charges
can be generated at a distance. The parts list for this
project is shown in Table 22-1.

Figure 22-1 Jon ray érm
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Circuit Dperatmn

Your ion ray gun requires a h1gh DC voltage at a very
low current. The driver power supply, as shown in
Figure 22-2, generates over 600 micro-coulombs (600
micro-amps per second). This amount is a large num-
ber of ions and is sufficient to induce shocks at a dis-
tance, charge objects, and perform a host of bizarre
electrical experiments. Even though the current is
low, improper contact can result in a harmless yet
painful shock.

The output voltage of the driver is obtained using
a Cockcroft Walton voltage multiplier with 4 to 10
stages of multiplication. This method of obtaining
high voltages was used in the first atom smasher ush-
ering in the nuclear age. The multiplier section
requires a high-voltage/frequency source for input
supplied by transformer T, producing 6 to 8 Kv at
approximately 30 kHz. You will note that this trans-
former is a proprietary design owned by Information
Unlimited. The part is small and lightweight for the
power produced.

+12vDC L1

The primary winding of T is current driven
through inductor L1 and is switched at the desired
frequency by field-effect transistor (FET) switch Q1.
Capacitor C6 is resonated with the primary of T1 and
zero-voltage switches when the frequency is properly
adjusted. (This mode of operation is very similar to
class E operation.) The timing of the drive pulses to
Q1 is therefore critical to obtain optimum operation.

The drive pulses are generated by a 555 timer cir-
cuit (I1) connected as an astable multivibrator with a
repetition rate determined by the setting of trimpot
(R1) and a fixed-value timing capacitor (C2). 11 is
now turned on and off by a second timer, I12. This
timer operates at a fixed frequency of 100 Hz but has
an adjustable “duty cycle” (ratio of on to off time)
determined by the setting of control pot R10. I1 is
now gated on and off with this controlled pulse, pro-
viding an adjustment of output power.

Even though the output is short circuit protected
against a continuous overload, constant hard discharg-
ing of the output can cause damage and must be lim-
ited. A pulse current resistor, R7, helps to protect the
circuit from these potential damaging current spikes.

\. A brcr
- B I / / i I b
1 / \ / A \ \ i \ # o
| . ............ ;.._\ — 5 | ....‘
‘ Multlpller | Cm“ :
Bt " | t‘
Y R7 2
Output (3) 10 meg in series
B1 checkpoint 2
L ]
COM
Oscillator Te virtual ground A
cantact on handle /! \
bracket lon
emitter

14»15u|suc
Lglirla Y g,

i Output should be terminated into a 25-

i i
| |
| i
.
i
T
| lon time |
10ms 10ms
Low output High output

setting of R10  setting of R10

Flgure TR E Ion ray gun echemanc

| megohm, 25-watt, high-voltage resistor

| for load test. Connect scope to test point

| TPX. Adjust R1 to the wave shape

~ shown with unit connected to a 12-volt, 3-
amp supply.

QOutput voltage should be 30 Kv,
indicating a current of over 1 ma. Input
current will be 2.5 amps with a power
output in excess of 30 walls!
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Power input “enable” is controlled by switch S1
that is part of control pot R10. A trigger switch (PB1)
allows instantaneous control. The actual power is a
battery pack placed in the handle that consists of 8
AA cells in a suitable holder. A virtual ground is pro-
duced by user contact to the circuit return via a
metallic probe built into the handle.

Construction Steps

B e

Here you'll begin construction of the electronic ion-
generating power supply. The ion generator is shown
built using a perforated circuit board, as this is the
preferred approach for science projects because the
system looks more homemade.

The perforated board approach is more challeng-
ing, as the component leads must be routed and used
as the conductive metal traces. We suggest that you
closely follow the figures in this section and mark the
actual holes with a pen before inserting the parts.
Start from a corner, using it a reference, and proceed
from left to right.

The printed circuit board (PCB) only requires that
you identify the particular part and insert it into the
respective marked holes. Soldering is now greatly
simplified.

PERFBOARD

Board Assembly Steps

To assemble the perforated circuit board, follow
these steps:

1. Lay out and identify all the parts and pieces.
Verify them with the parts list, and separate
the resistors as they have a color code to
determine their value as noted.

2. Cut a piece of .1-inch grid perforated board to
a size of 4.8 X 2.9 inches. Then cut a piece of
10- X 2.9- X .063-inch polycarbonate for the
multiplier section. Locate and drill the holes
as shown in Figure 22-3. An optional PCB is
available from Information Unlimited.

3. Fabricate the metal heatsink for Q1 from a
piece of .063 aluminum at 1.5 % .75 inches, as
shown in Figure 22-4.

4. Assemble L1 as shown in Figure 22-4.

5. If you are building from a perforated board,
insert components starting in the lower left-
hand corner, as shown in Figure 22-5 and 22-6.
Pay attention to the polarity of the capacitors
with polarity signs and to all the semiconduc-
tors. Route the leads of the components as
shown and solder as you go, cutting away
unused wires. Attempt to use certain leads as

POLYBOARD

........................... ssovsssesssssese fu_ T

sQeevensccsoacd () o

The assembly board is in two sections attached together by two outer 6-32 nylon screws and nuts. The

middle hole is used to fasten the entire assembly to the base of the enclosure.

The circuit section is 4.8" x 2.9" x .1" perforated board. The high voltage polycarbonate section as shown is
10" x 2.9" x .063" thickness. This is sufficient to accommodate 10 stages of muiltiplication.
Drill .063" holes in the perforated section and the polycarbonate section located as shown.

Drill the three .125" holes in both sections for attaching together.

Drill and drag the .125" slot as shown. This cutout and the enlarged holes are for mounting transformer T1.

Using the optionally available printed circuit board will still require fabrication of the Plexiglas board.

Hole diameters are not critical.

Always use the lower left-hand corner of the perf board for position reference.

Figljfe-éE:é D;z'véi; and multiplier board fabricat.;'o}zw “
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bt 4, ol

Cores

SW1/NU1

Bobbi
obbin a1

Wind 6 turns of #20 magnet wire

&

for both sides i

HSINK bracket fabricated as per
step 3 from 1/16" aluminium piece.

) Note hole for attaching tab of Q1.
Tape assembly tightly

together. Measured
inductance is 6 Uh

ﬂ s
CLIP CARBON FIBER
Solder lead for inserting into LUGE

SCRW/NUA

LUGS is used to secure ion
emitters via set screw.

NEEDLE

Flat alligator clip for use with
carbon fibers and similiar
experimental emitters.

Figufe 22-U LI current feéd inductor and heatsink bracket

Expanded view showing high-voltage solder

SW1/NU1 points being smooth and globular. This is
contrary to normal soldering methods.
- =2 £y F Y
Note polarity of C1,C4, C8, D3, D4, D12, and D20A-D20J.

Note position of 11, 12, and Q1.

BB

FigurE' E'E-S ﬂ VParIlvn.r,;dén.ﬁﬁ;:‘a'tion

Heatsink bracket assembly

BB

| —Emitter is connected at this
point. See Figure 22-3 inset
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wire runs or use pieces of the included #22 bus
wire. Follow the dashed lines on the assembly
drawing as these indicate connection runs on
the underside of the assembly board. The
heavy dashed lines indicate use of thicker #20
bus wire, as this is a high-current discharge
path and common ground connection

6. Attach the external leads as shown in Figure
22-6. Figures 22-7a and 22-7b are enlarged
views of the assembly board wiring.

7. Assemble the voltage multiplier as shown in
Figure 22-5. The project shows 10 stages of
voltage multiplication. Each stage consists of
two capacitors (C20xx) and two diodes
(D20xx). The stages can be reduced to a num-
ber of 10 where you will obtain 7 to 10 Kv of
output as each stage contributes this amount
of additional voltage. Additional stages over
10 will produce more ions but will only gener-
ate a higher potential when terminated into a
smooth 4- to 5-inch terminal.

8. Double-check the accuracy of the wiring and
the quality of the solder joints. Avoid wire

See Figures 22-7a and 22-7b and B for enlarged views of this figure.

Testing Steps

bridges, shorts, and close proximity to other cir-
cuit components. If a wire bridge is necessary, o
sleeve some insulation onto the lead to avoid ;
any potential shorts. See the note in Figure 22-5 pdl
showing smooth, globular solder joints for all
high-voltage points on the multiplier board.

f
To run a test on your device, follow these steps: g
(®)
imww
1. Preset trimpot R1 to midrange and R10 to full
clockwise (CW). 7
2. Obtain a 25-megohm, 20-watt high-voltage =~
resistor. You can make this part by connecting )]
B
25 I-megohm, 1-watt resistors in a series and g
sleeving them into a plastic tube. Then seal the i,
. i ‘T |
ends with silicon rubber Sl
41
3. Obtain a 12-volt, DC, 3-amp power converter N
or a 12-volt battery. You may use the 8 AA -
cells in the specified holder. ¥ )
gl
-
-~

Thick dashed lines are direct connection runs beneath board of

#20 bus wire (WR20BUSS) and are extended for the spark switch

electrodes.

~«_ _» Thinner dashed lines are #24 bus wire (WR24BUSS) and

component leads wherever possible.

[> Triangles are direct connection point junctions.

e Solid black lines are external leads for input and output lines. Use

red (WR20R) for +12 input.

Use green (WR20G) for lifter connection.

Use black (WR20B) for com -12 input

WR20C

WR20R
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Figure 22-6  Wiring connections and external leads
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4. Connect the input to the power converter and
the midsection of the multiplier section to the
25-megohm load resistor. Connect oscillo-
scope to drain pin of Q1 and set it to read 100
volts with a sweep time of 5 microseconds
(usecs).

5. Apply power and quickly adjust R1 to the
wave shape shown in Figure 22-2. The spark
gap may fire intermittently and should be
respaced just to the point of triggering. This is
usually between 25 to 30 Kv.

6. Rotate R10 counterclockwise (CCW) and the
input current smoothly drops almost to zero.
This control varies the ratio of off to on time
and nicely controls the system current to the
ion emitters.

If you have access to a high-voltage probe meter,
such as a B&K HV44, it will be possible to measure
the direct output, noting 20 to 30 Kv across the 25-
meg load resistor. This equates to over 30 watts! You
will see a smooth change in output as R10 is varied.

Also note that the output voltage indicates only
half the output value and is also heavily loaded by
the load resistor along with the rest of the system. In

SCRW1
CAP2 BRK1

actual usage in the intended ion and charge gun, the
input current will be adjusted low by the setting of
R10 as excessive power is not necessary.

Also, do not continually allow a hard spark dis-
charge as circuit damage can occur.

Mechanical Assembly

To put the rest of the device together, follow these
steps:

1. Create the main enclosure (EN1) from a 15-
inch section of 2 */s-inch schedule 40 PVC tub-
ing, as shown in Figure 22-8. Note the 2
I/>-inch clearance holes accessing the retaining
screw on LUGH that are necessary to secure
the emitter selection and passage of the leads
to the HA1 handle section. You may want to
use a piece of 2 /s-inch OD clear plastic tub-
ing with a 2-inch ID for this piece as it allows
viewing of the circuit innards and can be
impressive if your assembly is neat and
orderly.

Access hole to block lug
ASSEMBLY EN1

P

SLEEVE1

a e =

=] o

T
=
R10
Hole for leads
Fa-Atf- i+
;

Lead for virtual ground to
bracket on handle

Recess -
use a .75"
wood bit

CAP1
Rework CAP1 with small hole for ion emitter.

Rework CAP2 with a mating hole for control pot R10

Front view showing
handle and bracket

Figure 22-8  X-ray view on circuit innards

Electronic Gadgets for the

Evil Genius 231



e

?iéﬁre 22-9  Jon ray and charge gun

Build the handle section HA1 from a 6-inch
piece of 1.9-inch schedule 40 PVC tubing,
Note the contour that is filed out to fit the
curvature of the enclosure section is at a slight
angle, providing a gun-like look. You will need
a small hole for the passage of the BRK1
grounding lead and a hole for the pushbutton
switch PB1.The hole will require recessing
using a 34+-inch wood bit because the width of
the handle tubing is too wide to allow ade-
quate clearance for the securing nut.

Create the bracket, BRK1, from a 10-inch
length of '/>-inch .035 aluminum strip and
shape as shown in Figure 22-8. Drill holes for
the screws (SCRW1).

Assemble everything as shown in Figure 22-9,
reading all the data in the figure.

CAP2

Ground wire to
bracket

HA1

(

CAP3

Operation and
Applications

The unit’s output will be a soft, bluish [lame forming
at the emitter point. lons are produced by charge
concentration occurring at the end of the ion emitter.
In order to be optimized, a return path to ground is
necessary and is provided by a conductive hand grip
connected to the common line of the circuit. The user
now creates the ground return or electrical image
necessary for enhancing the charge and ion mobility.

Control of the system is done via a pushbutton

switch. This switch can easily be modified or changed
to suit the user’s needs. A low-current, spring-loaded

push button is shown.

CAP1

Handle section is cut in the contour to mate to curved surface of
EN1 enclosure tube. Fabricate to a slight angle. It is attached
by an aluminum bracket BRK1 and screws SCRW1.

Bracket is electrically connected to circuit virtual ground retum
of multiplier section by a wire lead exiting a small hole in the
handle.

Batteries are inseried by removing cap CAP3 and sliding out
battery holder BH1 and inserting 8 AA cells. Attach the clip and
reinstall. Always verify that the batteries are making proper
contact with the end contacts of the holder as some, being new,
are tight and do not allow the batteries to slide into place.
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Power to the unit is via an eight AA cell battery
pack fitted in the handle. This approach provides a
neat compact unit. Rechargeable batteries may be
used, utilizing a built-in charging circuit for those
applications where constant use is required.

Your ion ray gun demonstrates an interesting phe-
nomenon involving the mobility of charged particles.
It is capable of producing the following effects:

e Inducing electrical shocks in other people

e Causing lamps to flicker and ignite without
contact

» (Causing paper to stick to surfaces, playing
cards, and so on

e Causing motion of objects/ion motors

e Charging of objects to a high potential with-
out contact

e Static electricity experiments
s Kirlian photography and ozone production

* Strange and bizarre effects on certain materials

Experiment A

Sphere

High charge density
at point due to like
charges

Moderate charge
density

Negative charged ground

* Effects on painted and insulated surfaces that
require darkness

e Effects on vapors, steam, and liquids

® Visual discharge of plasma force, corona, and
SO on

¢ Effect on electronics equipment, TV, and com-
puters—use caution

The device accomplishes all the previous effects
without any direct connections other than the travel-
ing of ions through the air. In order to demonstrate
this effect, it is necessary to produce voltages of mag-
nitudes that may be at a hazardous shock potential
but at a relatively small amperage. Even though the
device is battery operated with low-input voltage, it
must be treated with caution. Use discretion when
using, as it is possible for a person wearing insulated
shoes to accumulate enough of a charge to produce a
moderately painful or irritating shock when he
touches a grounded object. The effect could cause
injury to a person in weak physical condition (note

Experiment E

Maximum rotor speed will occur when
contact to sphere is made with ion
emitter.

Experiment B

Ao

Note corona and St. Elmo’s fire
as a bluish discharge easily
visible in low light conditions

Experiment C g e F

i 1 |
+ +
Fle s 4t '
+ 4+
eyt ow Touch far end to
++ 4+ grounded object
++

Experiment F
Sensitive ion detector

Collecter

Collector can
Neon Plastic base

A small round metal bow! or similar object (ion collector) is attached to a glass jar
or plastic cap. A neon lamp and capaciter are connected as shown. When the
ion ray gun is pointed to the device, the ion collector builds up a charge across the
capacitor. Once the voltage reaches the ignition level of the neon lamp; it flashes,
now discharging and repeating this action. The fiashing rate is an indication of

001 mfd/100-valt

Neon capacitor

the ion field and can be used for relative measurements.

Experiment D

1

Figufé 22:0 Vé;r;rief't'inen‘jf_s'

Experiment G

Note the ceil jumping and moving
when a spark oceurs. This is due
to the generated magnetic field

”*%

Spark discharge
S

Spheres may be
substituted using large,
smooth kitchen utensils
with some decrease in
performance.
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the warnings). The effects depend on many parame-
ters, including humidity, leakage amounts, types of
objects, and proximity.

The device can be used in two ways. When the out-
put is terminated into a large, smooth-surface collec-
tor such as a large metal sphere or oblate, it becomes
a useful high-potential source capable of powering
particle accelerators and other related devices. It may
be built as a producer of negative or positive ions,
demonstrating a phenomenon that is often regarded
as a demerit when building and designing high-volt-
age power supplies.

The device is then terminated into a sharp point
where the leakage of positive or negative ions can
occur. This will result in corona and the formation of
nitric acid via the production of the ozone produced
when combining with nitrogen and forming nitrous
oxide, which, with water, produces this strong acid.
The production of ions as leakage also robs the avail-
able current from the supply.

Experiments

The following experiments are graphically shown in
Figure 22-10. It is well known that high-voltage gen-
erators usually consist of large, smooth-surface col-
lectors where leakage is minimized, allowing these
collective terminals to accumulate high voltages with
less current demand. Leakage of a high voltage point
is the result of the repulsion of similar charges to the
extent that these charges are forced out into the air
as ions. The rate of ions produced is a result of the
charge density at a certain point. The magnitude of
this quantity is a function of voltage and the recipro-
cal of the angle of projection of the surface.

Note that Experiment A in the figure shows why
lightning rods are sharply pointed. This causes the
charges to leak off into the air before a voltage can
be developed to create the lightning bolt.

It is now evident that to create ions it is necessary
to have a high voltage applied to an object such as a
needle or another sharp device used as an emitter.
Once the ions leave the emitter, they possess a cer-
tain mobility that allows them to travel moderate dis-
tances, contacting and charging up other objects by
accumulation and collision.

Experiment B shows St. Elmo’s Fire. This glow dis-
charge occurs during periods of high electrical activ-
ity. It is a corona discharge that is brush-like,
luminous, and often may be audible when leaking
from charged objects in the atmosphere. It occurs on
ship masts, aircraft propellers, wings, and other pro-
jecting parts, as well as on objects projecting from
high terrain when the atmosphere is charged and a
sufficiently strong electrical potential is created
between the object and the surrounding air. Aircraft
most frequently experience St. Elmo’s fire when fly-
ing in or near cumulonimbus clouds, in thunder-
storms, in snow showers, and in dust storms.

Experiment C shows a flashing fluorescent or
neon light. This experiment demonstrates the mobil-
ity of the ions and their ability to charge up the
capacitance in a fluorescent light tube and discharge
in the form of a flash. For this experiment, perform
the following steps:

1. Have a friend carefully hold a 10- to 40-watt
fluorescent light or neon-filled tube and turn
off the lights. Allow your eyes to become
accustomed to the total darkness.

2. Hold the end about 3 feet from the output of
the ion ray gun and note the lamp flickering.
Increase the distance and note the flicker rate
decreasing. Under ideal conditions and total
darkness, the lamp will flicker to a consider-
able distance from the source. Use caution in
total darkness. Hold the lamp by a glass enve-
lope and touch the end pins to a water pipe,
metal objects, and so on for best results and
the brightest flash. The flash time is the equiv-
alent of the equation T = CV/I, where T is the
time between flashes and V is the flash break-
down voltage characteristic of the tube. C is
the inherent capacity in the tube and [ is the
equivalent of the amount of ions reaching the
lamp and obviously decreases by the 5/ power
of the distance.

Experiment D concerns ion charging. This demon-
strates the same phenomena as in the previous exper-
iment but in a different way. Perform the following
steps:

1. Set up the unit as shown with a ground con-
tact about /4 of an inch from the charge
sphere.
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2. Note the spark occurring at the grounded con-
tact as a result of the ion accumulation on the
sphere. Increase the distance and note where
the spark becomes indistinguishable.

3. Obtain a subject brave enough to stand a
moderate electric shock (use caution as a per-
son with a heart condition should not be near
this experiment).

4. Have the subject stand on an insulating sur-
face and then touch a grounded or large metal
object. Shoes with rubber soles often work to
an extent.

Experiment E shows an ion motor. This dramati-
cally demonstrates Newton'’s law of action producing
a reaction. Escaping ions at a high velocity produce a
reactive force. This is a viable means of propulsion
for a spacecraft where hyper-velocities may approach
the speed of light in this frictionless environment.
Here you will work with a rotor and pin attached to a
sphere via a lump of clay or something similar. A
piece of folded paper will sometimes work.

Form a piece of #18 wire as shown. For maximum
results, carefully balance and provide minimum fric-
tion at the pivot point. There are many different
methods of performing this experiment with far bet-
ter results. We leave this to the experimenter, bearing
in mind that a well-made, balanced rotor can achieve
amazing rpms. Note that as the rotor spins, giving off
ions, one’s body hair will bristle, nearby objects will
spark, and a cold feeling will persist.

Experiment F shows accumulated ions on the
insulated spherical object, charging it theoretically to
its open circuit potential (this in practice doesn’t
occur due to leakage). The object accumulates a volt-
age equal to 'V = it/c. Note that the unit is also
directly grounded to increase this effect by producing
the necessary electrical mirror image. The quantity Q
(coulombs) of the charge is equal to CV where C
equals the capacitance of the object and V equals the
voltage charged. The energy W (joules) stored is
equal to /2 capacitance X voltage squared (CVE2).
The capacitance can be calculated by approximating
the area of the object’s shadow projected directly
beneath it and calculating the mean separation dis-
tance. The capacitance is now approximately equal to
.25 times the projected area in square inches, divided
by the separation in inches.

Also regarding Experiment F, note that the IOD1
ion detector described in the Information Unlimited
catalog is an excellent device and provides extraordi-
nary sensitivity. The ESCOPE electroscope also is an
excellent detector.

Experiment G demonstrates the transmission of
energy via mobile ions. The objects used here are
round spheres placed on glass bottles used as insula-
tors. One object is grounded using thin, insulated
wire. Another object discharges to the grounded
object. Note that the grounding wire physically jumps
at the time of discharge; these phenomena are the
result of current producing a mechanical force. As the
unit is brought closer, the length of the spark dis-
charge and the discharge rate will increase. A dis-
charge length of a half-inch may be obtainable with
the unit 4 to 5 feet away. This demonstrates the
potential effectiveness of the device.

Other experiments and uses would be materials
and insulation dielectric breakdown testing, ozone
production for odor control, X-ray power supplies,
and capacitance charging using a Leyden jar. Other
uses include the ignition of gas tubes and spark gaps,
particle acceleration and atom smashers, Kirlian pho-
tography, electrostatics, and ion generation. Other
related material may easily be obtained on these sub-
jects.

For example, an experiment on charge attraction
demonstrates the force between unlike charges. Place
an 8- X 11-inch piece of paper on a wooden desk or
tabletop. Scan the paper with the unit approximately
2 to 3 inches from its surface. Note the paper pressing
to the surface and becoming strongly attracted as
indicated when attempting to lift it up.

An experiment on change repulsion would
demonstrate the force between like charges. For
example, place a small paper cup on top of the out-
put. Obtain some small pieces of Styrofoam and
place them in the cup. Note that some of the pieces
fly out of the cup. Bring a grounded lead near the cup
and note the reaction.

The effects on many materials can supply hours of
interesting experiments, producing sometimes weird
and bizarre phenomena. If you discover or happen to
come up with any new experiments or data, contact
us at www.amazingl.com.
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Negative lon Information

In the last two decades, a medical controversy has
evolved pertaining to the beneficial effects of these
minute electrical particles. As with any device that
appears to affect people in a beneficial sense, there
are those who sensationalize and exaggerate these
claims as a cure for all ailments and ills. Such people
manufacture and market these devices under false
pretenses and consequently give the products a bad
name. The Food and Drug Administration now steps
in on these claims and the product, along with any
beneficial facets, goes down the tubes.

People are affected by negative ions from the
property of these particles to increase the rate of
activity by cilia (whose property is to keep the tra-
chea clean from foreign objects), thus enhancing oxy-
gen intake and increasing the flow of mucous. This
property neutralizes the effects of cigarette smoking,
which slows down this activity of the cilia. Hay fever
and bronchial asthma victims are greatly relieved by
these particles. Burns and surgery patients are
relieved of pain and heal faster. Tiredness, lethargy,
and a general feeling of fatigue are replaced by a
sense of well-being and renewed energy. Negative
ions destroy bacteria and purify the air with country
air freshness. They cheer people up by decreasing the
serotonin content of the blood. As can be seen in
countless articles and technical writings, negative ions
are a benefit to man and his environment.

Negative ions occur naturally from static electric-
ity, certain kinds of wind, waterfalls, crashing surf, cos-
mic radiation, radioactivity, and ultraviolet radiation.
Positive ions are also produced from some of the pre-
vious phenomena and usually neutralize each other
out as a natural statistical occurrence. However,
many man-made objects and devices have a tendency
to neutralize the negative ions, thus leaving an abun-
dance of positive ions, which create sluggishness and
most of the opposite physiological effects of its nega-
tive counterpart.

One method of producing negative ions is obtain-
ing a radioactive source rich in Beta radiations (elec-
trons). Alpha and gamma emissions from this source
produce positive ions that are neutralized electrically.
The resulting negative ions are electrostatically
directed to the output exit of the device and are fur-

ther dispersed by the action of a fan (this method has
recently come under attack by the Bureau of Radio-
logical Health and Welfare) for the use of tritium or
other radioactive salts. This approach appears to be
the most hazardous one according to the product
consumer safety people.

A more accepted method is to place a small tuft of
stainless steel wool as the ion emitter at the output
terminal of a negative high-voltage DC power supply.
The hair-like property of the stainless steel wool
allows ions to be produced at a relatively low voltage
yet with reduced ozone output. lons are produced by
the leakage of the particles charging air molecules in
the immediate vicinity of the steel wool emitter. The
unit should be operated below 15 Kv as too much
voltage can produce substantial amounts of ozone
that can mask the beneficial effects of the increased
ions obtained.

Special Notes

The ion emitter plays an important function in the
proper operation of this unit for the particular appli-
cation. It is suggested that you use a small, sharp,
stainless steel needle for starters.

The average current is about 500 microamps and
can be considered constant for most loads. It charges
objects of an electrical capacitance (C) to a voltage by
the following formula: V = it/c, where t equals the
time in seconds and c equals the capacitor of the
object in farads. The average human body usually
equates out to 10 to 20 picofarads (pfd). Objects of a
larger capacity could mathematically be charged up to
dangerous energy amounts if they were well insulated.
Consequently, this must be taken into consideration.

Here’s an example. An object of a capacity equal
to .001 mfd, insulated up to 25,000 volts, would
charge up to near this value in approximately /s of a
second. This should equate out to .2 joules and can
result in a painful electric shock, as anyone knows
who has gotten across a charged capacitor.

An interesting phenomenon is that a human body
on a dry day can accumulate a sufficient charge to
cause a neon or fluorescent lamp to flash reasonably
brilliantly when contact is made with a grounded
object.
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Table 22-1

lon ray and charge gun project parts list

Ref. # th Description 0B #
Rl 10K trimpot vertical
R2.4 2 10-ohm. '/« -watt resistor (br-blk-blk)
R3,5,8,9 4 1K, /s -watt resistor (br-blk-red)
R7 3 10-megohm, 1-watt resistor (br-blk-bl)
R10/S1 10K pot and switch
(5] 100 mfd/25-volt vertical electroradial leads
2 .0022 mfd/50-volt green plastic cap (222)
C3,8 2 01 mfd/50-volt disk (103)
C4 1000 mfd/25-volt vertical electrolytic capacitor
C20a-n 20 500 pfd, 10 Kv ceramic disk cap #500P/10KV
C6 .22 mfd/250-volt metallized polypropylene
C9 I mfd, 25-volt vertical electro cap.
c7 I mfd, 50-volt cap
D20a-n 20 16 Kv, 5-milliampere avalanche diodes #VG16
3,4 2 IN914 silicon diodes
D11 1 PKEL5 15-volt transient suppressor
D12 IN4937 fast-switching 1 Kv diode
Q1 IRF540 metal-oxide-semiconductor field effect transistor (MOSFET) TO220
I1,2 2 555 DIP timer
Tl Mini-switching transformer. 7 Kv, 10 milliampere #IU28K08Y
L1 l 6 Uh inductor; see text on assembly #IU6GUH
CL1 Battery clip #22 with 12-inch leads
BHI Eight AA cell battery pack
PB1 Pushbutton switch (normal open)
PERFBOARD 5 % 2.9 % .1 grid perforated board: cut to size per Figure 22-3
PCGRA Optional PCB #PCGRA
POLYBOARD 10 > 2.9 X .063 polycarbonate (Lexan) plastic
WR20R 12 inches #20 vinyl red wire for positive input
WR20B 12 inches #20 vinyl black wire for negative input
WR20G 12 inches #20 vinyl green wire for output ground to craft return
WR20BUSS 12 inches #20 bus wire for light leads
WR24BUSS 12 inches #24 bus wire for light leads
SCRWI 5 #6 X s sheet metal screws
SWI/NUI 3 #6-32 X '[2-inch screws and nuts
HSINK 1.5- % 1-inch .063 AL plate fabricated as per Figure 22-4
LUG6 #6 aluminum block lug
LUG25 'fa-inch ring lug
CLIP Small alligator clip, duckbill type
ENI1 15> 23 OD x /s wall PVC or clear plastic tube
HAI 6- » | 'fs-inch OD PVC schedule 40 tube
BRK1 10 % /2 % 035 aluminum strip fabricated as shown
CAP1,2 2 2 Yfs-inch plastic caps fabricated as shown with holes
CAP3 1 7/s-inch plastic cap
Optional items
B1-8 8 AA alkaline cells, 1 /2 volts
NEEDLE Stainless steel
CARBONFIB Carbon fiber hair for high-output emitters #CARBFIB
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This useful and interesting project shows how to

build a device capable of seeing in total darkness.
Unlike conventional devices requiring the minute
light from the stars or other ambient background
light. this system contains its own infrared source,
allowing covert viewing of the desired subject (see
Figure 23-1).

Assembly is shown in two parts, the high voltage
power supply and the final enclosure with optics and
an illuminator. Expect to spend $50 to $100 for this
uselul infrared imaging system with all the special-
ized parts available from www.amazingl.com.

General Description

This project shows how to construct a device capable
of allowing one to see in total darkness. It can be

used to view a subject for recognition or evidence-
gathering reasons without any indication to the target
subject that he or she is under surveillance. It is an
invaluable device when used for detection, the align-
ment of infrared alarms, invisible-laser gun sights, and
in communications systems. This technology can also
be used to detect diseased vegetation in certain types
of crops from the air, to serve as an aid to nighttime
varmint hunting, and to view high-temperature ther-
mographic scenes where heat is used to produce the
image. This device is excellent for use with the
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infrared laser described in Chapter 9, “Handheld
Burning Diode Laser Ray Gun,” with a performance
that is as good operationally as units that cost much
more.

The unit is built using readily available parts for
the enclosure and basic optics. The batteries are
enclosed into the housing and do not require side
packs, cables, and so on. The range and field of view-
ing are determined by the intensity of the integrated
infrared source and the viewing angle of the optics.
Readily available and low-cost optics are usable, but
they may have spherical aberration and other
adverse effects. This approach keeps the basic cost
down for those not requiring actual viewing of
detailed scenes. Improved optics will eliminate these
effects and can be obtained at most video supply
houses as an option.

Assembly focuses around common paolyvinyl chlo-
ride (PVC) tubing as the main housing and a spe-
cially designed, patented, miniature power source for
energizing the image tube. The tube is a readily avail-
able image converter being used by most manufac-
turers of similar devices. This tube establishes the
limits of viewing resolution and is suitable for most
applications but may be limited if one desires video
perfection.

The viewing range is determined mainly by the
intensity of the infrared source and can be controlled
by varying this parameter. Our basic unit is shown



Figure 23-1  See-in-the-dark viewer
utilizing a 2-D cell flashlight with an integrated filter
placed over the lens to prevent the subject from see-
ing the source. This provides a working range of up to
50 feet (reliably) and can be increased to several hun-
dred using a more powerful source such asa 5 to 6
cell flashlight. Needless to say, the builder can choose
his or her infrared source and adjust the optics to
meet his or her needs. Infrared light-emitting diodes
(LEDs) or lasers, as described in our catalog, are also
good illumination sources. Long-range, quick viewing
may utilize a small, two-cell light with eight nickel-
cadmium (NiCad) AA cells to replace the normal
two D cells, providing a significantly brighter infrared
source yet lasting for less time than the normal D cell
would.

The unit can also be operated using external
sources such as super-intense Q-beam handheld
lamps with an added filter extending the range out to
400 to 500 feet, providing a wide field of illumination.
Note the viewing of active infrared sources such as
lasers does not require the internal infrared source.

An optional long-range, infrared illuminator for
viewing up to 300 feet is available. See #HLR10 at

www.amazingl.com and optional equipment can be
found on the parts list at the site.

Basic Theory

A subminiature high-voltage power supply produces
approximately 15 Kv at several hundred microam-
peres from a 7- to 9-volt rechargeable nickle cad-
mium (NiCad) or alkaline battery. This voltage is
applied to the tube (IR16) with the “plus” going to
the viewing end and the “negative” to the objective
end. A focus voltage is taken from a tap in the multi-
plier circuit and is approximately /s of the total
potential.

An objective lens (LENSI) with an adjustable
focal length gathers the reflected image, illuminated
by the infrared lens, and focuses this image at the
objective end of the tube. Image conversion now
takes place inside the tube and is displayed on the
viewing screen of the tube in a greenish tinge. The
viewing resolution is usually adequate to provide
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subject identification at a distance of 50 feet or more
depending on the intensity of the infrared source and
the quality of the optics.

Circuit Description

Transistor Q1 is connected as a free-running resonant
oscillator with a frequency determined by the combi-
nation resonance of capacitor C3 and the primary
winding of the stepup transformer, T'1. This oscillating
voltage is stepped up to several thousand in the sec-
ondary winding of T'1. Capacitors C4 through C15,
along with diodes D1 through D12, form a full-wave
voltage multiplier where the output is multiplied by
six and is converted to direct current (DC). Output is
taken between C5 and C15, as shown, and may be
either positive or negative depending on the direc-
tion of the diodes. Different values of voltage may be
obtained at various taps of the capacitors. Figure 23-2
shows the connections for the taps to the image tube.

The base of Q1 is connected to a feedback wind-
ing of T1 where the oscillator voltage is at the proper

Note that Q1 may require a
heatsink if battery voltage
exceeds 9 volts.

6-12VDC
INPUT
.3 amp

CATHODE

AN~ A= AAAT €15

value to sustain oscillation. Resistor R2 biases the
base into conduction for the initial activation. Resis-
tor R1 limits the base current, wheras capacitor C2
speeds up the deactivation of Q1 by supplying a neg-
ative bias and capacitor C1 bypasses any high-fre-
quency energy. The input power is supplied through
switch S1 via a “snap-in” battery clip.

Circuit Assembly

To put the circuitry together, follow these steps:

1. Lay out and identify all the parts and pieces,
checking them with the parts list. Note that
some parts may sometimes vary in value. This
is acceptable as all components are 10 to 20
percent tolerant unless otherwise noted. A
length of bus wire is used for long circuit runs.

2. Create the PB1 perforated circuit board as
shown in Figure 23-3. Enlarge the holes as
follows:

Thirteen Y1s-inch holes for the junctions of the
diodes and the capacitors in the multiplier

O;ﬁicnel fine focus adjust resistors
described in step 9

27KFOCUS

OBJECTIVE
END

Ve COMMON

IMAGE

TUBE EYEPIECE END

HV ANODE HV LEAD

Note: If unit fails to oscillate, reverse connections.

2and6on T1

IRVAVAY

-

Figuré 23-2  Power ;'upply schematic

Qutput polarity may be reversed by simply reversing all diodes D1 thru 12.
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272 Pin 6 has HV sec return

combined with normal feedback winding.

Figure 23-3  Assembly board

Seven '/s-inch holes for mounting the switch
(S1) and the external connection leads

The switch is shown attached to the assembly
board but may be remotely located using
interconnecting leads.

3. Assemble the board as shown in Figure 23-3.
Start to insert components into the board
holes as shown. Note to start and proceed
from right to left, attempting to obtain the lay-
out as shown.

Certain leads of the actual components will be
used for connecting points and circuit runs. Do not
cut or trim at this time. It is best to temporarily fold
the leads over to secure the individual parts from
falling out of the board holes for now.

Note that the solder joints in the multiplier sec-
tion, consisting of C4 through C15 and D1 through
D12, should be globular shaped and smooth to pre-
vent high-voltage leakage and corona. The solder
globe size is that of a BB. Run your fingers over the
joints and verify the absence of sharp points and pro-
trusions.

Also note that T1 is laying on its side and uses
short pieces of bus wire soldered to its pins as exten-
sions for connections to the circuit board.

Circuit Board Testing

To test the circuit board, follow these steps:

1. Separate high-voltage output leads approxi-
mately 1 inch from one another.

2.  Connect 9 volts to the input and note a cur-
rent draw of approximately 150 to 200 mil-
liamperes when S1 is pressed.

3. Decrease the separation of the high-voltage
leads until a thin, bluish discharge occurs, usu-
ally between '/2 to ¥4 of an inch. Note the cur-
rent input increasing. The increased value
depends on the length of the spark, corona,
and so on, but should not exceed 300 mil-
liamperes.

4. Check the collector tab of Q1 and add a small
heatsink if too hot to touch. A heatsink tab is
shown in Figure 22-4 (Chapter 22).

For those with a scope, it may be interesting to note
the wave shape at the collector tab, as shown in Figure
23-2. Note this is without any sparking occurring.

Note the takeoff point for the focus lead. This
point is approximately at '/ the output voltage. The
unit may be powered up to 12 volts-direct current
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(VDC) but will positively require a heatsink on the
tab of Q1.

This unit is capable of producing 10 to 20 Kv from
a small, standard 9-volt battery. It is built on a printed
circuit board (PCB) or a small piece of perforated cir-
cuit board and can easily be housed or enclosed, as
the application requires. Applications include power-
ing image converter tubes for night vision devices,
ignition circuits for flame-throwing or -producing
units, capacitor charging for energy storage, shocking
electric fences, insect eradication, Kirlian photogra-
phy, ion propulsion electric field generators, ozone

producing, and more.

Fabrication and
Mechanical Assembly

To begin the assembly of the device’s machinery, fol-
low these steps:

1.

It is assumed the power board as outlined is
properly operating. Check for the absence of

___ACCESS HOLE

BATTERY

Note hole for LENS1 is undersized to
provide a lip for attaching lens from the

inside. Use a suitable glue and keep
the lens clean.

corona in the high-voltage section. Corona
dope is a coating that reduces electrical leak-

age. Remove all sharp points and insulate with
corona dope and so on.

2. Take a window screen and place it flush

against the objective end of the image tube,
TUBLI, with a piece of clear scotch tape.
Secure the tube on the bench via modeling
clay and temporarily connect it to the leads
from the power board, as shown in Figure
23-2. Observe the proper clearance of the
leads and components. Darken the room and
place a source of infrared filter light pointing
toward the tube. (Use a flashlight preferably
with an IR filter.) Note the tube glowing
greenish and an image of the screen appearing
either sharp or blurred. If the image is good
and sharp, you are in luck. You may further
improve the focusing by adding the 22-

megohm resistors as shown in Figure 23-2.
This is usually not necessary.

Fabricate EN1 from a 7-inch length of 2 /-
inch ID schedule 40 PVC tubing. Note the
hole adjacent to the HA1 handle for feeding
high-voltage wires to the tube from the power
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board and '/4-20 threaded holes are dimen-
sioned in Figure 23-4 for securing and center-
ing the image tube. These holes are located on
a 120-degree radius.

Fabricate the HA1 handle from an 8-inch
length of 1'/>-inch ID schedule 40 PVC tubing.
The tube must be shaped and fitted where it
abuts to the EN1 main enclosure.

Fabricate the BRK 1 and 2 brackets from a
half-inch-wide strip of 22-gauge aluminum as
shown. Note the holes for #6 X '/4 sheet metal
screws for securing the assembly together.

Fabricate TUB1 from a 3 '/>-inch length of
2-inch ID schedule 40 PVC tubing for the
objective lens. Note this is only 2 inches long
when using the optional optics and “C or T”
mount adapter fitting.

In order for TUBI to telescope into the main
enclosure EN1, suitable cylindrical shims,
CAP2 and CAP3, must be fabricated. These
are the 2 3/s-inch plastic caps. CAP2 has its end
removed by cutting out the center using the
wall of tubing as a guide for the knife. CAP3
has a smaller section cut out for LENS1. This
method is cheap and works reasonably well.
You obviously could substitute the pieces with
properly fitted parts fabricated from alu-
minum or plastic if you desire. This approach
is more professional looking but can be much
more costly.

The lens shown is a simple, uncorrected con-
vex that is adequate for most infrared source
viewing. It is not a quality viewing lens such as
the optional 50 mm wide-angle or 75 mm tele-
photo with the C mount threads. When using
this lens, you should either create or purchase
an adapter ring that will adapt to the lens
threads and fit snugly into the enclosure. See
CMT1.

The IR16 image tube has preconnected leads.
The negative short lead attached to the
objective end must have a 10-inch lead
spliced to it. Insert the tube partway into the
enclosure and snake the leads through the
access hole. Position the tube and gently
screw in the retaining screws by hand to
secure and center it.

10. Connect the leads from the tube to the power
board as shown.

11. Insert the power board into the HA1 handle.
You will have to determine the access hole
and drill for the switch S1 once the board is
secured in its final position. Wires should be
long enough for the complete removal of the
assembly when the handle is secured in place
via the BRKI bracket. This allows any prelimi-
nary adjustment or service. Leads may be
shortened once proper operation is verified.
Connect the battery to the power board and
energize switch SI. If you did your homework,
you will not have to readjust the focus taps or
divider values. Once the operation is verified,
check for any excessive corona and eliminate
it. Position the board to switch S1 adjacent to
the access hole in the handle. It may be neces-
sary to further secure the board in place via
foam rubber pieces, a room temperature vul-
canizing (RTV) adhesive, and so on. Slide a
flexible rubber membrane over the access
hole and insert the battery and cap CAPL.

12.  Finally, assemble everything as shown in Fig-
ure 23-5 and mount the infrared filtered flash-
light. You will have to seal any light leaks
using plumbers’ “monkey dung” or coax seal.

13.  Adjust the objective and then the eyepiece for
the clearest image.

Special Notes

The unit is shown with a built-in infrared source con-
sisting of a common, everyday two-cell flashlight fit-
ted with a special infrared filter. Any visible light
leaks must be sealed with electrician’s gunk, coax
seal, or black liquid rubber.

This approach allows total flexibility in viewing
sources not requiring infrared illumination as the
light need not be energized or may even be removed.
The light source may also be intensified by replacing
the two D cells with an eight AA cell NiCad pack
providing approximately 9 volts. A suitable lamp may
be substituted, providing several times more illumi-
nation. The lamp and battery life will be greatly
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Flashlight with infrared
filter, sealed for light leaks

Figure 23-5  Final view

reduced as this approach is only intended for inter-
mittent use. Note the now available halogen lamps
are far more intense and make excellent infrared
sources.

Longer-range viewing may be accomplished by
using other, more intense sources such as higher-
powered lights, auto headlamps, and so on. These
must be fitted with the proper filters to be usable. A
range of several hundred meters may be possible
with these higher-powered sources. A source capable
of allowing viewing from up to 500 feet is referenced
in the project parts list.

Eyepiece can be a short v
focal-length magnifying lens.

LTUB1

-32Yl-uT-29a%

Note top tube positioning screws
are cut flush when mounting
integrated illumunator.

Optional rubber membrane
for switch cover allowing activation

30aloxg axe

CAP1

Obtaining maximum performance and range from
the system may require the optional lens system
specified. The viewing of externally illuminated
infrared sources will not require the integral infrared
source.

You will note that this device is excellent for view-
ing the output of most solid-state, gallium arsenide
laser systems, LEDs, or any other source of infrared
energy in the 9000 A spectrum. No internal infrared
source is necessary when viewing these actual
sources.
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Table 23-1 See-in-the-dark project

Ref.# Q. Descripion
R1 1.5K, '/« -watt resistor (br-gr-red)
R2 15K, /4 -watt resistor (br-gr-or)
C1 10 m/25-volt electrical vertical capacitor (blue or green can)
c2 .047 m/50-volt plastic capacitor (473)
C3 A7 m/100-volt plastic capacitor (474)
C4-15 12 270 ptd/3 Kv plastic disk capacitors
Di1-12 12 6 Kv, 100-nanosecond high-voltage avalanche diodes
(0] MIE3055 NPN TO 220 case transistor
T1 Special transformer info #28K077 #IU28K077
S1 Pushbutton switch
PB1 512~ % 1 Y2 -inch perforated board with .1 X .1 grid
CL1 Snap battery clip
WR22 2 24-inch length of #22 vinyl hookup wire
WRHV20 12-inch, 20 Ky silicon wire
IR16 Image converter tube #IUIR16
ENI1 8- % 235 -inch schedule 40 gray PVC tube, created as shown
TUBI 314 -inch length X 2-inch ID schedule 40 gray PVC
BRKI1.2 2 9- x 'z -inch-thin aluminum strip as shown
CAPI 2-inch plastic cap for handle
CAP23 2 235 -inch plastic cap as shown
LENSI 45 % 63 double convex glass lens
SW1,2 6 /420 X 1-inch nylon screws
SWo 6 #6 > '/a -inch sheet metal screws
Optional parts
PCPBK PCB #PCPBK
CMT1 Prefabricated C mount adapter for EN1 enclosure
EPI Small eyepiece
FIL6 6-inch glass infrared filter, 99.99 percent dark, for Q beam light
HLR10 200,000-candle-power infrared illuminator invisible to the naked eye, #HLR10
at 12VDC
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This useful project is intended used for driving
worms out of the ground or stunning fish while in
their normal environment. This stupefying effect
allows tagging and relocating as the fish float to the
surface. It is best to check before trying this in public
waters, as many states do not allow “electric fishing,”
except by those qualified.

The device (see Figure 24-1) must be used with
caution as improper use can cause electric shock.

Fish“;vhhécker

Figure 24-1
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The finished project should have a danger label
affixed to it.

Expect to spend $50 to $100 for this outdoor proj-
ect. Most parts are readily available, and any special-
ized parts are obtainable through www.amazing]1.
com. The parts for this project are listed in Table 24-1.

General Description

As shown in Figure 24-2, this project generates an
adjustable 1 to 2 joules of 600-volt pulses at a 30-
reps-per-second rate. The output of the circuit is elec-
trically floating (no ground reference) to minimize
but not totally eliminate a dangerous shock potential.
The output leads are intended to be connected to
probes or drag chains, as shown in the operating
instructions,

The device is housed in a 3-inch polyvinyl chioride
(PVC) tube with splash-proof plastic end caps. The
front cap retains the control panel with power switch
(S1), pulse energy pot (R5), light-emitting diode
(LED) power on the indicator, and the input power
leads. The rear cap has a passage hole for exiting the
output leads. This arrangement helps protect the
device from moisture but in no way makes the unit
submersible.
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width. Total period should be 22-
23 milliseconds with input current

of 3.5 to 4 amps.

Load test resistor may over-
heat with the unit in the high
output setting if left on for
more than a minute.

Figure 24-2  Circuit schematic

Circuit Description

The circuit utilizes inductive charging similar to that
used in the ignition systems of older automobiles. The
primary winding of the transformer TI current
charges through metal-oxide-semiconductor field
effect transistor (MOSFET) switch Q1. The current
ramps up to a value determined by i = Et/L, where E
equals the 12 volts-direct current (VDC) input, L the

20 - 30 vpk

3ms
20-25 ms
period

40 -60 vpk
3ms |
|

225ms —»

-

inductance of the T1 primary, and t the “on” time of
switch Q1. The pulse energy is now equal to Li%/2
because it is being controlled by the “on” time as
determined by pot RS.

Transformer T1 requires cutting in an air gap nec-
essary to store the inductive energy because the core
itself would saturate, making T1 useless.

Timer I1 is wired as a stable pulse generator with a
fixed frequency determined by the total value of pot
R35 and trimpot R4, along with timing capacitor C2.
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Trimpot R4 is used to set the maximum core charging
time range of RS5. Resistor R6 and capacitor C3
decouple the operating voltage (Vc) to timer I1 from
the main 12 VDC. LED D4, along with the current-
limit resistor, indicate when power switch S1 is on.

Construction Steps

To begin assembly, follow these steps:

1. Lay out and identify all parts and pieces,
checking them with the parts list. Note that 6.
certain parts may sometimes vary in value.
This is acceptable as all components are 10 to
20 percent tolerant unless otherwise noted.

2. Create the PB1 assembly board at 21/s X 5
inches from a piece of .1 X .1 vector board.
Note that it is a good idea to duplicate the
placement of the perforated holes as shown in s
Figures 24-3 and 24-4. This makes placement
of the components identical to what is shown.

3. Assemble the board as shown, inserting the

Note that certain leads of the actual compo-
nents will be used for connecting points and
circuit runs. Do not cut or trim them at this
time. It is best to temporarily fold the leads
over to secure the individual parts from falling
out of the board holes for now.

Rework the T1 transformer as shown in Fig-
ure 24-4.

Put the frame assembly (FRAME) together,
as shown in Figure 24-5. You may want to
trial-fit the components before actually fabri-
cating.

Mount the components to the frame as shown
in Figure 24-6, using TYE] wraps to secure
T1. Note the mounting of Q1, using a thermo
pad and nylon screw. The large capacitor C1 is
mounted behind the assembly board with the
ground side attached to the common ground-
ing lug LUGIL.

Preconnect all the leads as shown in Figure
24-4. Note that the wires intended for input
and output leads are 3 to 4 feet in length. They
may be longer or shorter.

. 8. heck the wiring for an ial shorts, wire
components into the board holes. Proceed C _ch & y Poltent s,
. . . ; : bridge shorts, poor solder joints, the correct-
from right to left, attempting to obtain the lay- ..
£ S ness of the components, and the position and
out as shown. Dashed lines indicate connec- ) . : .
. . orientation of semiconductors and capacitors.
tion runs on the underside of the board.
PFBOARD
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® This symbol indicates holes used for component leads.
/ Dashed lines indicate wiring connections on underside of board.
Figure 24-3  Parts layout and wiring of assembly board
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the output lead as shown
by the dashed line. SECONDARY
Disconnect outer lead and 12y
resolder to center pins. 8 7 8 5
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FIgLIrF_' 244 Final wrrmgshowmg transformer rework
O o Hole for
solder lug

9.00

Hole for Q1
O O mounting O

View looking down

() o

Use .063 aluminum or equivalent

View front panel

View side m

You may use these drawings as templates for fabricating the frame
section. Note to verify hole dimensions for companents used.

Figure 24-5  Construction of the frame asvembly zemplare
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Figure 2U-6

Note that large capacitor C1 and grounding lug
LUG1 are positioned on the rear side of the

assembly board.

e U

N

Isometric overall view

@B

Subassembly Pretest

To run a test on the device, follow these steps:

1.

"Turn pots RS to full counterclockwise (CCW),
R4 trimpot to midrange, and S1 to off (down
position).

Connect a 10- to 25-watt, 500-ohm testing
power resistor to the output leads. If you have
a scope, it is suggested that you connect it to
the drain of Ql.

Apply a 12-volt DC to the input leads, and
turn S1 on (to the up position). Adjust R5 full
clockwise (CW) and note that the input cur-
rent does not exceed 2.5 amps. Adjust trimpot
R4 to limit this maximum value with R5 at full
CW. Check for wave shapes as shown with RS
at full CW and CCW. Do not operate into the

From fig 24-2

TIE WRAP

i
o)

s THERMO PAD

From 244

g SW3/NU1

Note that not all the parts are shown on the assembly board

Thermo pad is for insulating Q1 from the metal frame.

4.

test resistor for too long as the resistor may
overheat.

Verify D4 LED lighting when S1 is energized.

Final Assembly

To complete the assembly, follow these steps:

L.

Cut a 10-inch piece of 3'/2-inch OD schedule
40 PVC tubing for the enclosure (EN1).
Rework the 3'/>-inch plastic end caps by sim-
ply poking two small holes for the output
leads (CAP1). Cut out the center of cap CAP2
by placing it onto a suitable form and remove
the center with an x-acto knife using the wall
of the form tube as a guide.
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2. Retest using a load resistor and verify all the
controls before actually using the device. It is
a good idea to attach suitable connection clips
to the input leads for battery terminals.

3. Connect the output leads to a suitable probe
scheme and study the instructions section of
these plans.

4. Place a high-voltage warning label on the
enclosure (see Figure 24-7).

Operation

Your fish stunner is intended for survey tagging and
population evaluation of certain species. The system
is designed to operate from a 12-volt battery and
draws 3 amps at maximum output. The unit is shock
circuit protected and utilizes our highly efficient
induction charging and switching to obtain the high-
peak currents necessary for the high conductivity
often found in brackish waters. A power adjuster con-
trols the duration of the pulse, therefore controlling

Note the output polarity may affect results from certain types of fish. Always experiment

with probe depths, polarity, and other variables.

CAP2
Fab this partwith a
shoulder to retain
assembly in enclosure

Figure 24-7  Fully assembled unit

the current flowing in the water. The pulse repetition
rate is factory set at 25 pulses per second. The ratio of
the pulse’s “on” to “off” time is controlled by the
power adjuster control. The output voltage with a
load of 500 ohms is over 300 volts at its peak at a cor-
responding current of over half an amp. No load volt-
age rises to a high value and open-circuit operation
must be avoided. Five hundred ohms correspond to a
water resistance representing a typical freshwater
pond found in southern New Hampshire.

At these parameters, the power dissipated into the
water is around 25 watts and is effective up to 10 feet
from the boat.

The effectiveness of the system is dependent on
the following:

¢ I[s the target fish within the area?

¢ Are the fish bottom dwellers?

» The fish size. Larger fish are easier to stun
than the smaller ones.

e The water temperature may be too cold. This
is important for proper operation.

OUTPUT LEADS
BLK-
WHITE+

CAPY

Fab this cap with small holes
for output leads.

HIGH
VOLTAGE
12 VDC INPUT
RED IS+ AT

BLK 18-
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¢ Use of the correct dragline, chains, wire mesh, cal system of the boat or the boat itself as an elec- ggj
and weights for the particular fish. Several trode. If it is metal, you may choose to do this for cer- bte

examples are shown in Figure 24-8. tain applications. This is simply done by connecting

the negative output lead to the —12 VDC input or

Please note that the system utilizes a floating out- craft common, forcing a grounded return.

put, which means you do not have to use the electri-

0]
ct

INDICATOR ﬁ
Intended for bottom fish such as catfish. OUTPUT gﬁ
May not work that well for ;”:‘3
scale fish. Water
temperature should be §*’j 5
above 70 F for best ﬁ
results.
INPUT LEADS -
i FRONT PANEL
v
Drag chain scheme Q;”':*}
NYLON TETHER LINE
- Attach tether line and @“‘

Preferred Method

Separate drag leads about 3 to 10 feet,
Will depend on water properties. Experiment for
best results.

The area between the electrodes is where the
fish will be affected. Most fish will swim
towards the positive electrode where as they
get closer they become stupefied and stunned.
The above sketch shows the use of the floating
output approach where no ground is required
either to the boat or externally.

You may ground the negative lead using the
boat or motor as the contact now requiring only
the use of one drag line electrode.

Chains must be allowed to drag on bottom.

twist or wrap along
with voltage lead You
may use cable ties o
tape.

INSULATED VOLTAGE LEAD

ATTACH WIRE TO CHAIN

CHAIN

SINGLE SECTION of DRAG LINES
ELECTRODE FOR BOTTOM FISHING. TWO REQUIRED

WOQOD HANDLE

\

=4 WOOD BOOM

WIRE LOOPS -~
2

2to 3 feet
separation

\

A multidrag line may be made by using
a insulated boom and eyebolts to attach
the chains. Electrical contact can now
be made to each chain by the two
output leads creating an electric field
between the chains. Any fish between
the chains will experience the effect. A
tether bridle is made from nylon rope
with voltage lead taped or tie wrapped
to secure, Note that this approach
should not be used in waters with a lot

VOLTAGE LEADS

of bottom debris that can snag the
device.

Boom may be mounted to transom using
longer nylon tether lines as shown in
preferred method.

Zone of effect

Chains

EYEBOLTS|

An electrified survey is made by attaching 2

conductive loops mounted at the ends of a wooden boom
piece. Our test model was made as shown with a
separation of approx. 3 feet between loops. One loop is
connected to the positive output lead and the other to the
negative. There is no grounding used as current must only
flow between the loops. The handle was made from a 6-foot
length of 1 x 3 pine with 4 screws attaching it to the boom
section. The bare wire loops were press-fitted into
pre-drilled holes through the boom where they were epoxied
in place. We used %" copper tube with approx. 18" diameter
for our model as it is reasonably self-supporting and can be
easily reformed if accidentally bent.

The voltage feed wires can also be slid into the holes for the
loops or can be attached to the loops by soldering or using a wire
clamp. The voltage leads are run up along the sides of the
handle where they are connected to the shocker. We
actually mounted the shocker and 8 D cell batteries to the
handle, making a completely self-contained system. The
voltage leads are taped or clamped into place.

=
0
¥
3
0
ﬁ

“

aslLox

UD

Figure 24-8  Electric fishing probes
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A floating output provides a certain degree of
safety for the operator because he or she must make
actual contact with both output leads simultaneously
to get shocked. If you now ground one of the output
leads, it is possible to get shocked just by being in
water that may be inside the boat and making acci-
dental contact with only one of the output leads.

Verification of Operation

To confirm that the device works properly, follow
these steps:

1. Connect the output to a household 15-watt,

115 VAC fluorescent lamp.

Table 24-1 Fish stunner project parts
Ref. # Q. Description V w DE#
R1.3 2 1K, 'a-watt resistor (br-blk-red)
R2 470-0hm, '/+-watt resistor (yel-pur-br)
R4 10K trimpot (103)
RS 10K control pot linear
R6,8 2 10-ohms, Y/s-watt (br-blk-blk)
R7 2 1.8K, 3-watt metal-oxide-semiconductor (MOX) resistors, two in a series

for 3600 ohms
Cl 10,000 mfd/16-volt electrolytic capacitor axial leads
C2 2.2 mfd/50-volt nonpolarized electrolytic capacitor
C3 .01 mfd/50-volt disk (103)
&5 2,200 mfd/25-volt vertical electrolytic capacitor
C4 3.9 mfd, 350-volt plastic capacitor #3.9M
D12 2 IN914 silicon diodes
D3 IN5408 1 Kv, 3-amp rectifier
D4 Bright-green LED
Q1 IRF450 MOSFET transistor
LABI DANGER HIGH VOLTAGE label
11 555 DIP timer 1C
T1 24-volt 4 A with 240-volt primary 60 Hz, reworked per text #IUTR2412R
S1 SPST 3-amp toggle switch
PBOARD 2 1a % 5 % .1 grid perforated board, cut to size per Figure 24-3
WR20R 6 feet #20 vinyl wires, red
WR20B 6 feet #20 vinyl wires, black
WRBUSS 24 inches #20-inch bus wire
THERMO Thermo pad for mounting under Q1
LUGI 6-32 solder lug
TYEWRAP 2 12-inch heavy-duty tie wraps for holding T1 to frame
FRAME 11.5 x 1.75 .063 Al plate fabricated per Figure 24-5
BU1 3/ plastic clamp bushing
SW1 1 6-32'/2 Phillips screw
SW3 1 6-32 > 'f2-inch nylon screw
NUTI 2 6-32 kep nut
CAP1,2 2 3 lf2-inch plastic caps fabricated per Figure 24-7
EN1 10- % 3 Y/z-inch OD schedule 40 PVC tubing

s S mSs BRH DS WSS SR RS B Sen sen Sms S MSS SNBSS DAE SEE mE MM W B G o
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Connect the input to a 12 VDC source or a 4. Connect to the required electrodes and test it o o

B
battery capable of supplying 2 amps. out on a target fish. Use as suggested in Figure - g
Turn on the power and rotate the control, not- 248, tn
ing that the bulb lights and gets brighter as the et

control is turned clockwise. Also note the out-
put indicator lighting.
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This advanced project shows how to produce a multi-
megawatt pulse of electromagnetic energy that can
cause irreversible damage to computerized and sensi-
tive communication equipment. A nuclear detonation
causes such a pulse, which must be countermeasured
to protect electronic devices. This project requires
lethal amounts of electrical energy storage and must
not be attempted unless in a qualified laboratory
environment. Such a device can be used to deactivate

the computer systems in automobiles, avoiding dan-

gerous high-speed chases. Sensitive electronic equip-
ment can be tested for susceptibility to lightning and
potential nuclear detonations.

The project is semidetailed with references made
only to the major components. A low-cost, open-air
spark switch is shown but will provide only limited
results. A gas-filled or isotope doped switch is
required for optimum results (see Figure 25-1).

Fiéufe 25-1 Eler‘rmmaén etic pulser
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Chapter Twenty-Five

Basic Description
Shockwave generators are capable of producing
focused acoustic or electromagnetic energy that can
break up objects such as kidney stones and other sim-
ilar materials. Electromagnetic pulse (EMP) genera-
tors can produce pulses of electromagnetic energy
that can destroy the sensitive electronics in comput-
ers and microprocessors. Destabilized inductive and
capacitive (LC) circuits can produce multigigawatt
pulses by using an explosive wire disruption switch.
These high-power pulses can be coupled into parallel
plate transmission lines for EMP hardness testing,
parabolic and elliptical antennas, horns, and so on for
directional far-field effects.

For example, research is currently being under-
taken to develop a system that would disable a car
during a dangerous high-speed chase. The trick is
generating a high enough power pulse to fry the elec-
tronic control processor modules. This would be a lot
simpler if the vehicle were covered in plastic or fiber-
glass rather than metal. The shielding of the metal
body offers a challenge to the researcher developing
a practical system. A device could be built to do this,
but it would be costly and could produce collateral
damage to friendly targets.

Project Objective

The objective here is to generate a high-peak power
pulse of electromagnetic energy to test the hardness
of sensitive electronic equipment. Specifically, this
project explores the use of such a device for disabling
vehicles by jamming or destroying computerized con-
trol chips. We’ll experiment with disruptive LCR cir-
cuits with focused shockwave capabilities.

Hazards

The project uses deadly electrical energy that can kill
a person instantly if improperly contacted. The high-
energy system that will be assembled uses exploding

wires that can create dangerous shrapnel-like effects.
A discharge of the system can severely damage
nearby computers and other related equipment.

Th'eclrg

A capacitor (C) is charged from a current source to
an energy source over a period of time. Once it
reaches a certain voltage corresponding to a certain
energy level, it is allowed to discharge quickly into a
resonant circuit. A wire now is made to explode, dis-
rupting this high-peak current through the circuit
inductance. A powerful, undampened wave is now
generated at the natural frequency and at the associ-
ated harmonics of this resonant circuit. The induc-
tance (L) of the resonant circuit may consist of a coil
and associated lead inductance, along with the intrin-
sic inductance of the capacitor, which is around 20
nanohenries. The capacitor of the circuit determines
the energy storage and also has an effect on the reso-
nant frequency of the system.

Radiation of the energy pulse can be made via a
conductive conic section or a metal, horn-like struc-
ture. Some experimenters have used lumped, half-
wave elements center-fed by a coil coupled to the coil
of the resonant circuit. This half-wave antenna con-
sists of two quarter-wave sections tuned to the reso-
nant circuit frequency. These are in the form of coils
wound with an approximate length of wire equal to a
quarter-wavelength. The antenna has two radiation
lobes parallel to its length or broadside. Minimum
radiation occurs at points axially located or at its
ends, but we have not validated this approach. For
example, a gas discharge lamp, such as a household
fluorescent lamp, will flash brightly at a distance from
the source, indicating a powerful directional pulse of
electromagnetic energy.

Our test pulse system produces conservative,
multimegawatt electromagnetic pulses (1 megawatt
of broadband energy) and is radiated preferably via a
conical section antenna consisting of a parabolic
reflector of 100 to 300 millimeters in diameter. A 25-
X 25-centimeter-square metallic horn, flaring out to
100 centimeters square, will also provide a degree of
performance. A .5-microfarad, special, low-
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inductance capacitor charges up in about 20 seconds
with the ion charger described in Chapter 1, “Anti-
gravity Project,” and is modified as shown. Faster
charging rates can be obtained by a higher-current
system available on special request for more serious
research from www.amazingl.com.

A high-power radio frequency pulse can be gener-
ated where the output of the pulser may also be cou-
pled to a full-size, center-fed, half-wave antenna
tuned between 1 and 1.5 MHz. The actual length at 1
MHz is over 150 meters (492 feet) and may be too
large for many experiments. However, it is normal-
ized for a radiation coefficient of 1, with all other
schemes being less. The actual elements may be
reduced in length by using tuned quarterwave sec-
tions consisting of a 75-meter (246-foot) length of
wire spaced and wound on 2- to 3-meter pieces of
polyvinyl chloride (PVC) tubing. This scheme pro-
duces a pulse of low-frequency energy.

Please note, as stated, that the pulse output of this
system will cause damage to computers and any
devices using microprocessors or similar circuitry up
to a considerable distance. Always use caution when
testing and using this system—ijust being close can
damage sensitive electronic equipment. Figure 25-2
provides a description of the strategic parts used in
our lab-assembled system.

Capacitor

The capacitor (C) used for this type of application
must have very low inherent inductance and dis-
charge resistance. At the same time, the part must
have the energy storage sufficient to produce the nec-
essary high-powered pulse at the target frequency.
Unfortunately, these two requirements do not go
hand in hand. Higher-energy capacitors always will
have more inductance than lower-energy units.
Another important point is the use of relatively high-
discharge voltages (V) to generate high-discharge
currents. These values are required to overcome the
inherent complex loss impedance of the series induc-
tance and resistance of the discharge path.

The capacitor used in our system is .5 mfd at 50,000
volts with a .03-microhenry series inductance. Our tar-

get fundamental frequency for the low-power nondis-
ruptive circuit is 1 MHz. The system energy is 400
joules, as determined by E = '/ CV?, with E at 40 Kv.

Inductor

The inductor can be easily made for a low-frequency
radio pulse. The inductance shown as L1 is a lumping
of all stray connecting leads, the spark switch, the
exploding wire disrupter, and the inherent inductance
of the capacitor. This inductance resonates at a wide
band of frequencies and must be able to handle the
high-discharge current pulse (I). The value of the
lumped value is around .05 to .1 Uh. The conductor
sizes must take into effect the high pulse current, ide-
ally equal to V X (C/L)"2. This fast current transition
wants to flow on the conductor surface due to the
high-frequency skin effect.

You may use an inductor of several turns for
experimenting at the lower frequencies along with a
coupled antenna. Dimensions are determined by the
air inductance formula: L. = (10 X D? X N? )/I, where
D is the diameter in centimeters, | is the length in
centimeters, and N is the number of turns. A coil from
3 turns of 10 millimeters (.375 inches) of copper tub-
ing on a 7.5-centimeter (3-inch) diameter spread out
to 15 centimeters (6 inches) will have a calculated
inductance of .3 Uh.

Spark Switch

The spark gap switches the energy from the capacitor
into the inductor where a resonant tank is momentar-
ily set up (see Figure 25-2). The current rise time
occurs over the period pi/2 X (LC) . The gap separa-
tion distance is set to fire at the desired breakdown
voltage. The impedance of the spark switch is deter-
mined by the equation Zg, = (k X 1)/Q, where k
equals .8 X 10731 equals the spark gap distance in
centimeters, and Q equals the amps per second
(coulombs) of discharge. The gap is self-firing and
requires no external triggering. The gap assembly is
an integral part of the discharge path and must be
constructed to minimize inductance and resistance.

Electronic Gadgets for the Evil Genius
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Horn or parabolic
reflector
Rasistor G

FETREE

Exploding

Cument wire emitter

charger

Target

Lumped
circuit

y inductance
Basic Theory

A resonant LCR circuit consisting of components as in the above figure, Capacitor C1 is charged up from constant
current charger at Ic. The voltage V across C1 is now related to V = It/C. The spark switch (GAP) is set to fire just
before V reaches 50,000 volts. Once fired, a peak current rise of di/dt=V/L occurs. The period of circuit response is
functional of .16 x (LC)® The capacitor now discharges into the circuit inductance in 1/4t with the peak current

now causing the wire to explode and interrupting this current just before it peaks. The inductive energy (LI?) is
released in an explosive burst of broadband electromagnetic radiation. The peak power is derived via the following

and is in excess of many megawatts!!!!|

1. Charging Cycle: dv=Idt/C (Expresses the voltage charging on the capacitor as a f(t) with | constant current)
2. Storage energy in C as a f(v): E=.5Cv? (Expresses energy in joules as the voltage increases)

3. Response time 1/4 cycle current peak: 1.57(LC)% (Expresses the time for the first resonant current peaking
when the spark switch fires)

4. Peak current in 1/4 cycle: V (C/L)® (Expresses the peak current)
5. Initial response as a (fjt: Ldi/di+iR+1/C+1/Cint idt = 0 [Expresses voltages as a f(t)]
6. Energy joules in inductor; E= .5Li?

7. Response when circuit is disrupted at max current through L:
Ld? i/dt? + Rdi/dt + it/C = dv/dt. One now sees the explosive effects of the first term of this simple equation as
the energy in the inductor must go somewhere in a very short time, resulting in an explosive E X B field
energy release.

An appreciable pulse of many megawatts in the upper RF energy spectrum can be obtained by destabilizing the LCR
circuit as shown above. The only limiting factor is the intrinsic real resistance that is always present in several

forms, such as leads, skin effect, dielectric and switching losses, etc. These losses must be minimized for optimum
results. The RF output can be coupled to a parabolic microwave dish or tuned horn. The Q of the output will depend
to an extent on the geometry of the wire switch. Longer lengths will produce more "B" field characteristics while
short more "E" field. These parameters will enter into the coupling equations regarding the radiation efficiency of the
antenna. Experimenting is the best approach using your math skills only for approximating key parameters. Damage
to circuitry usuallly is the result of very high di/dt (B field) pulse properties. This is a point of discussion!!

Figure 25-2  EMP pulser schematic

The fabrication of our lab test unit is shown and you a threaded rod and locking jam nut scheme. The top

may deviate with your own ideas, but the objective ball also uses a threaded rod that fits into the 3/s-inch

must be minimal circuit impedance. PVC tubing used for the structural support of the
You will note that the bottom ball of the spark gap wire disruption scheme.

switch is at a high potential and is made adjustable by
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% Dimension of spark switch and output section will = -
depend on the maximum value of the charging % —
Foci area of parabolic antenna voltage used. .
(v
()
La
5 Tungsten/cerium electrodes are recommended. w“gw
The brass spheres provide a frictional press fit as %
e Lot i well as some cooling. -
L | Ly
- - ] o)
J

|

Partition plates 3
P&

Optional 1/4" ?A‘g

tungsten inserts # \%
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5" PVC pillars gt

718" brass {tm’g‘.
balls
o o | I ] | | I (e | éwg )
| ] Partition plates { '}
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13" PVC pillars ,M
= )
COMMON/GRD .
Extender c1 €§3
bracket capacitor + HOT
Rod 1/4-20
Brass
Pillars x
Caps—
Tie wrap—=—(
1
= @)
= 4
7 LJ*;- 1))
Retaining blocks B
to kee om Partiti Nut & bolt %
b gecur on artition plate \ . ot
[ | The method we used to attach pillars to partition plates E%
using flat-faced end caps attached with 1/4-20
| | nuts and bolts. Drill holes through cap and pillar for b
=H == tie wraps to secure together. Note there are 24 i
of these attachment points! @ §
Figure 25-3  Front view of pulser showing spark switch ct
iy
@)
! Higaia , ey N
Low-inductance extension pieces are used to The open-air, self-triggering spark switch is
lengthen the capacitor terminals and are fabricated intended as a low-cost approach to this very strategic
from !/s-inch brass plates with mating holes to the part. A system of this type requires the fastest switch-
existing block terminals of the capacitor. The edges ing times possible. Gas-filled, triggered gaps will
are rounded and smoothed to prevent corona. switch faster than open air, and isotope doped elec-

trodes will further enhance performance.
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Chapter Twenty-Five

Exploding Wire Disruption
Switch (High-Power, High-
Frequency Pulse) i

This is where the stored energy in the circuit induc-
tance is released as an explosion of electromagnetic
energy at broadband proportions. The released
energy is a function of LI> where 1 is the current rise
in the spark gap switch at the moment the wire
explodes and L is the inductance. The actual power
lost in the spark switch is but a fraction of that emit-
ted in the explosion of the wire.

Selection of the wire size must take into considera-
tion the electrical circuit parameters for the proper
timing of the optimum release of energy. We experi-
mented with a .1-millimeter (.004 inch) to .3-millime-
ter (.012 inch) diameter of brass and aluminum wire
about 50 centimeters in length. The wire is attached
by a sandwiching action between two flat brass wash-
ers as shown. Note that a longer wire will tend to pro-
duce more of a magnetic pulse, whereas a shorter will
produce more of an electric pulse.

RFC1 Radio Frequency
Choke

This component is necessary to keep the fast current
pulse rise isolated from the charger multiplier diodes
that could be avalanched by the rapid dv/dt. The sug-
gested value is around .2 mh with .3 Uh tertiary coils.
The assembly can be a single-layer close wound
winding of 150 turns for the .2 mh section. Wind three
turns spaced over 1 inch for the .3 Uh section. Use
#28 magnet wire on a 1 '/>- X 12-inch PVC plastic
tube.

R1 Resistor

Intended as a safety precaution, this resistor provides
a high impedance should a short occur in the output
stage of the current driver. Use approximately 50 to
100K with at least 100 watts.

Charger

The charger for the system can be any current-
limited source with an open-circuit voltage in excess
of 50 Kv. The charging current rate will determine the
amount of time necessary to reach a firing level and
need not be that fast for this experimental system. A
single charging cycle produces approximately 500
joules per shot and requires reloading of the wire for
an exploding disrupter switch. A 2-milliampere cur-
rent source will charge the .5 mfd capacitor to 50 Kv
in approximately 5 seconds. This is shown mathemati-
cally by t = cv/i(.5)(10e — 6)(5 % 10,000/.002). This
rate is more than ample and there is no advantage to
a higher-current system unless you are planning to do
a multiple discharge system using a spark gap-driven
radiator or wire-dispensing scheme.

The ion supply described in Chapter 1 can supply
an open-circuit voltage of 50 Kv by easily adding four
more capacitors and high-voltage diodes to the multi-
plier section. Everything else can remain the same.

FIsSernhIg

Our lab pulser is shown constructed using materials
and parts available from any hardware store. The
structure uses a combination of */s-inch schedule 40
PVC tubing for the pillars and flat-faced end caps for
the retainers (see Figure 25-4). Partitions are made
from nonconductive material of structural integrity
for the application. We used *s-inch, clear, acrylic
plate stock. Figure 25-3 shows the scheme we used to
attach these sections to the flat-faced end caps. The
sections are secured by drilling clearance holes and
plastic tie wraps keep them together. PVC cement is
obviously stronger but prevents disassembly unless
you destroy the support structure.

The pillar and cap assemblies are attached to the
partition plates using 1-inch X /420 bolts and nuts. A
cradle assembly fabricated from wood or plastic
secures the capacitor C1 to the bottom partition. This
scheme stabilizes the bottom of the capacitor.

The metal plate sections extend the terminal con-
nections of the capacitor. These attach to the termi-
nals connecting to the exploding wire cavity section
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Figure 25-U  Side view of EMP pulser

via brass-threaded rods sleeved into pieces of 3/s-inch made adjustable by adjusting the bottom nut on the
PVC pillar tubing. The bottom spark gap electrode is extended rod.
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You will note the four longer pillars are positioned
at the corners of the bottom and middle partition
plates. The shorter pillars, however, are positioned at

the midsections of the middle and top partition antenna.
L
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plates. This layout is shown in Figure 25-5. Figure 25-6
illustrates the final view of the pulser and Figure 25-7
shows the spark switch setup for coupling to the

Figure 25-5 'Ib}) view uf middle par“t’iht‘i‘onupl&te, showi;;(é the x-ray view of cap‘ﬂ;ét:ror pla(;émenr and mounti;(g;w
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Event action occurs along the wire that explodes. The foci point of the dish is bl

not exact for all points of the explosion event. Experiment for best results. S
;‘%M:ﬂs'
¥
h
Use 1/16 copper or brass i &
brackets shaped as shown. Target wire is sandwiched .
Fab holes for screws. by washers and screws to o
fabbed brackets, s;»g
F
Conic reflector-shown as &
Bracket to reflector connectiont shallow paraboloid, Mustbe i)
Use screw and nut. [ ] experimented with for best g‘:ﬁya
|_ J J I_ J position in reference fo target i
—— e wire, f=

Qur low-cost, open-air
spark switch is shown.
Serious experimenters {%:ﬁ
may want to consider our -
triggered enclosed devices { Wf»
gbenﬁ &
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as on cover sheet.
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Application

This system is intended for research into the suscepti-
bility of sensitive electronic equipment to an EMP.
The system can be scaled down for portable field use
and operate on rechargeable batteries. It can be

Current charger HVOLT 10 shown as described on cover wj

Figure 25-6  Final view c;f p-utse'r%. shc‘)-wihg conic antenna

scaled up to produce kilojoule pulses at the user’s b
own risk. No attempt to construct or use this device

should be considered unless thoroughly experienced

in the use of high-pulse energy systems.

The electromagnetic energy pulse can be focused
or made parallel by use of a parabolic reflector.
Experimental targets can be any sensitive electronic
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Chapter Twenty

Form coil from 3 turns of " ID copper tube
3" diameter. Adjustto 3 to 6" length to
obtain required inductance.

1" threaded rod is sleeved into ID of copper
tubing and soldered with a propane torch.
Rod is retained in position by shaft collars.

| 2" PVC caps

2" PVC tube

/\/\ \ @ Top view showing capacitor

Side view showing capacitor

Figure 25-7  Spark switch setup and layout for low-frequency coupling to antenna

equipment or even a gas-discharge lamp. The acousti-

cal spark energy can produce a sonic shockwave of SQ urces
high sound pressure at the focal length of the para-
bolic antenna. High-voltage chargers, transformers, capacitors, gas-

filled and isotope doped spark switches, MARX
impulse generators up to 2 megavolts, and EMP gen-
erators are all available at www.amazingl.com.
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This interesting electronic project enables you to
clearly hear a world of sounds beyond that of human
ability. The possible applications of the ultrasonic
microphone vou will create (see Figure 26-1) range
from the detection of leaking gases, liquids, the
mechanical wear of bearings, rotational and recipro-
cating devices, and electrical leakage on power-line
insulators. A whole world of sounds coming from liv-
ing creatures is also audible. Simple events like a cat
walking across wel grass, the rattling of key chains, and

even a collapsing plastic bag all are clearly heard. On a
warm summer night, the sounds that can be heard are
remarkable, as bats to small insects all perform a
cacophony of nature’s own orchestra at its best.

This handheld and directional microphone easily
detects and locates these high-frequency sounds. The
addition of a parabolic reflector further enhances the
performance of this project. Expect to spend $30 to
$50 for this rewarding effort.

Figure 26-1  Ultrasonic néi;cﬁr"(')phone»v;ftiﬁ ;Dar&b()licr reﬂécror
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This project enables you to listen to a world of sound
that few people even know exists. The unit is built in
a gun configuration with the barrel housing the elec-
tronics. A rear panel contains the on/off volume, the
tuning control pot, and the headphone jack. The front
of the unit contains the directional receiving trans-
ducer. The handle houses the batteries.

The addition of an optional parabolic reflector
greatly enhances the device’s performance, providing
super-high gain and directivity.

Applications

One of the most interesting sources of high-fre-
quency sound is the many species of insects emitting
their mating and warning calls. On a typical summer
night, one can spend hours listening to bats and other
strange insect noises. A whole new world of natural
sound awaits the user. Many man-made sounds also
generate high-frequency sounds easily detected by
the device. Several examples are as follows, yet these
only represent a small fraction of the potential
sources of high-frequency sounds:

* Leaking gases and rushing air.

¢ Water from sprinklers or leaks.

» Corona leakage, sparking devices, or lightning.
* Fires and chemical reactions.

* Animals walking in wet grass or in the brush
can be heard over a considerable distance.
This is an excellent aid for hunters or trackers,
or for just finding pets at night.

* Computer monitors, TV sets, high-frequency
oscillators, mechanical wear bearings, rattle
detection often developing in automobiles,
plastic bags, and rattling change.

An excellent demonstration of this ultrasonic
microphone would involve Doppler shifts where
motion toward the source produces a rise in fre-
quency and motion away from it does the opposite.

Doppler shift is when an observer moving toward
a source of sound experiences an increasing fre-
quency. This is easy to visualize when one realizes
that sound propagates as a longitudinal wave at a rel-

atively constant velocity. As the observer moves
toward the direction of the sound source, he inter-
cepts more waves in a shorter period of time, thus
hearing a sound that seems to be shorter in wave-
length or higher in frequency.

A fun game both for children and adults is to hide
a small test oscillator and attempt to have your oppo-
nent locate it in a minimal amount of time.

Circuit Description

An ultrasonic transducer mike (TD1) picks up high-
frequency sounds and converts them to electrical sig-
nals via the piezoelectric effect (see Figure 26-2).
Inductor L1 tunes the inherent capacity of the trans-
ducer to a window frequency centering around 25
kHz. This parallel, equivalent resonant circuit pro-
duces a high-impedance signal source that is coupled
to field-effect transistor (FET) Q1 amplifier through
capacitor C2. Resistor R1 and capacitor C1 decouple
the bias voltage to the drain. Layout and input lead
shielding is important, as this section is prone to
noise, feedback, and extraneous signal sensitivity.

The output of Q1 is taken across the drain resistor
R2 and is capacitance coupled to amplifier I1A. Gain
is set to x50 by the ratio of resistors (R6/R4).

The output of I1A is AC coupled to the combina-
tion mixer/amplifier I1B through capacitor C4.The
output of oscillator I1C is coupled into the circuit by
a “gimmick” capacitor, CM. This is a short lead from
pin 8 of IC1 and is twisted with a similar lead from
pin 2 of I1B. (It is suggested to check performance
without this gimmick.) The oscillator now generates a
frequency that is mixed with the picked-up signals.
The resultant is two signals, one being the sum and
the other the difference.

Capacitor C7 and resistor R17 form a filter net-
work attenuating the higher-frequency component of
the mixed frequencies while allowing the lower fre-
quency to pass by a factor of 20 decibels (db). The
lower-frequency results are the difference between
the oscillator frequency and the actual signal fre-
quency. This is similar to a superheterodyne effect.
The high frequency is obviously bypassed by filter C7
and R17. The filtered signal, being the composite dif-
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Figure 26-2  Ultrasonic microphone schematic -
0
ference, is rectified by diode D1 and integrated with
capacitor C8. This signal is in the audio frequency Construction Ste ps
range and is what you actually hear. It is tuned by
control pot R12 in the oscillator section and enables To begin constructing the device, follow these steps:
the selective tuning of certain target frequencies
within an acceptance window of the transducer TD1. L. Identlfy all the parts and preces and verify
These resulting audio frequencies are coupled to vol- them with the bill of materials.
ume control R19 through DC blocking capacitor 2. Insert the components, starting from one end
C10. Capacitor C12 bypasses any higher frequencies of the perforated circuit board, and follow the
that may leak through. The arm of R19 feeds the locations shown in Figure 26-3, using the indi-
audio signal into headphone amplifier 2. The output vidual holes as guides. The board is cut 2.25 X
is 8 ohms and is capacitance-coupled to the headset 2'25. X 1. A printed cir C““. board (PCB) is also
jack J1. You may use a small speaker in a quiet loca- available from www.amazingl.com.
tion for group listening. Network R21/C4 further Use the leads of the actual components as the
attenuates any further higher frequencies. connection runs, which are indicated by the
Power to 12 is decoupled through resistor R20 and dashed lmes].JI.t‘ls a good idea to Ir ial-fit t::je
capacitor C15.This provides circuit stability, prevent- larger parts before actually starting to solder.
ing feedback oscillations and other undesirable Always avoid bare wire bridges, messy solder
effects. joints, and potential solder shorts. Also check
The operating points of I1A, 1B, and I1C are set far cold or loose solder joints.
at the supply voltage midpoint selected by divider Pay attention to the polarity of the capacitors
resistors R7 and R11. Resistors R5, R10, and R15 with polarity signs and to all the semiconduc-
Compensate for offset currents. tors. The pOSitiOﬂing of the control pOtS must
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;ﬁ allow physical alignment with the mounting c.  Carefully strip 'z of an inch of the insul-
.rd holes in RP1. ation from the center conductor and tin.
dp) 3. Cut,strip, and tin the wire leads for connect- d. Check the. fiﬂiShFd cablle for shorts or
I ing to J1 and solder them. These leads should leakage with a high-resistance meter.
be 2 inches long and twisted. 6. Solder the inductor L1 and the damping resis-
4. Fabricate the CHASI chassis, the RP1 front tor Rd, as shown in Figure 26-5. Solder one
panel section, the EN1 enclosure, and the end of the SH1 cable, being careful not to
HANDI handle, as shown in Figure 26-4. overheat the transducer pins or the insulation

of the center conductor. Overheating these
pins will ruin this part. If in doubt, you must
perform a simple test of measuring a short cir-
cuit to the metal case of the part to the
shorter pin. If this resistance is above 1 ohm,

5. Prepare the SH1 shielded cable at both ends
as follows. If the optional reflector is used, you
will need a length of 18 inches; if not, you will
need 6 inches. This is shown in Figure 26-5.

a.  Carefully remove s of an inch of the outer you have trashed this part and need a replace-
insulation, being careful not to nick the ment. The inset in Figure 26-5 suggests using
shielded braid. mechanical connections such as crimpling,

b. Shred the shielding braid using a pointed wire nuts, and so on.

object, such as a pin, and twist it into a 7. Assemble as shown. Figure 26-6 shows an
lead. Carefully tin only the ends to hold assembly using the parabolic reflector,

the wires together. whereas Figure 26-7 shows one without.
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Note that hole in EN1
for handle is best cut
with a 1 % circle
saw. Fit must be
tight to properly
secure handle in
place. The handle
serves as the
housing for the
single 9-volt or 8 AA
cells.

O.375

@

Figure 26-4 ”Fin-..st!-Elowup and fabrication

Electrical F'rete‘st_:!

To run a test on the system, follow these steps:

1. Turn the controls to “off.” plug in the HS30
headset, and insert a 9-volt battery. Connect a
meter set to read 100 milliamperes across the
switch pins of R19 and quickly read a current
of around 20 milliamperes. Remove the meter
and turn control pot R19 to the midway point.

RP1 PANEL

O.375

OFF/ON/VOL  TUNING

@

SWI/NU1

gl
-
CAP1 ¥
{ w
H
()]
Cut out center of 3.5" plastic cap %:i}
by placing on the enclosure tube irwa;
and cutting out the center et
section with an x-acto knife, using ?m s
the inner wall as a guide. ~
L ¥

-~ Chassis Fab

Dashed lines indicate 1/2" mounting gk
lip. Note clearance holes for SW1 I
mating to holes in RP1 rear panel ¥

section. %

Front Panel Fab

Panel is cut from a 3 1 x 31" piece of .045
aluminum or .03 gal. Cut corners to
approach a circular shape.

Note that holes must be accurately positioned
for proper alignment to R12, R19, and J1 on
the assembly or printed circuit board.

Note a smooth, rushing sound in the headsets.
Then turn on a computer or TV monitor, and
adjust the R12 control until you hear a clear
tone. Turn off the sound source and gently rub
two fingers together, noting a distinct sound.
Check the range of the controls for unwanted
feedback or spurious signals.

The unit is now ready for final assembly. Note
the test points and wave shapes shown in Fig-
ure 26-2.
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It cannot be stressed the importance of proper heat
sinking of the pins to the transducer TD1 before
attempting soldering. If you are in doubt, use a wire
nut or "slip on" pin connections. Note the shorter pin
is internally connected to the transducer case and
connects to the ground side of the circuit.

You should measure a short circuit from this pin to
the aluminum shell or the transducer is no good!

CHAS1
_\

Short pin is connected to shield.
See note in Fig. 26-4 before
connecting to the pins on TD1.

You may use a 9-volt battery or 12 volts
using an 8 AA pack that will fit into the
HA1 handle. The 12 volts allow a

small 8-ohm speaker to be used as it
produces more volume.

Figure EES Chasvzs assembly with boara’ connecttons

2. Complete the final assembly, adding parabolic
reflector PARA12 for a greatly enhanced per-
formance, as shown in Figure 26-6.

Note that your unit may pick up strong magnetic
fields, as it is not shielded for such. Performing the
Doppler shift test, as noted earlier in these plans, eas-
ily differentiates these fields.

See inset
BU1

From Fig. 26-

:j.

R19/S1 RP
Volume
Power 212 Tuni

Note that J1 is 12 Hning

wired for mono
operation.

Special Note: Utilizing a
Standing LLlave_

It is possible to produce a standing wave at the face
of the transducer TD1 and improve the system sensi-
tivity. Point the device at a steady, low-intensity
source of high-frequency energy and carefully adjust
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PARA12 I |\
il W | o !
LU Holefor T )
SW3 (3 used) —‘@Kfm Cab'f/@
\\ e //
Dashed lines are end of EN1 enclosure tube
with three mating holes for sheet metal screws
SWa3 for securing to PARA12 parabolic dish.
These are located at 120-degree intervals.
Adjust distance between transducer face and
belly of dish for max. signal from a known
source. Position will also change sharpness

tube D
r

of directional acceptance angle.

Transducer|

SH1 “*“\‘
777

Face of transducer /

Use small screws and
slots in baffle plate to
precisely adjust.
Adjustable baffle

plate

Note page 4 on
standing wave

T 1.625" plastic cap CAP4

E LI TP T T P T I T T 77T T 7T

LLEAT LT L LLIPLLLL,

T~ Rd
ITD1
SH1
[ 1]

FIIITZ TS FPTTI T IS 7 VIS TITIS. VI TITIDTTIIIE IS,

X-ray view of transducer tube showing mounting scheme
Note shielded cable is 18" and is routed through a small hole in the rear

cap CAP3 and in PARA12 reflector.

TD1 is fitted into bushing BU1. Assembly is then inserted into the 5.5" x
1.625" diameter enclosure TUBE and is spaced by the O-RING, This
scheme shock mounts the transducer and secures it in place.

Transducer is wired as shown in set Fig. 26-5.

Figure 26-6  Final view showing a reflector

the distance of the 1 X 1" metal flat plate relative to
the transducer face. noting an increase in the signal.
This effect will occur at half-wave multiples with the
most pronounced being closest to the face. Use your
own ingenuity in retrofitting this simple step.

Supplementary Application
Note

This device can provide hours of entertainment for
adults and children alike. For example, a small box
containing an oscillator at a frequency of 25 kHz
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Unit without parabolic reflector where

transducer is mounted as shown in Fig. 26-4

J1 headphone jack

R19/S1 onl/off and
volume control

R12 frequency tuning

i'-:l'l;:[ure 26-7  Final assemblyA without a reﬂécfbi; w

could be well hidden somewhere. The highly direc-
tional characteristics of the device with its ability to

1 respond to various signal levels enable a quick bear-
ing to be made on the hidden source and the fun
begins. It should be noted that the detection range
could be in excess of a quarter-mile! This allows great

1/4-20 hole for
tripod mounting

HAND1

N

Battery cover

Recording

You may easily record the output to a recording
device by connecting the auxiliary input to the head-
phone output jack. A “Y” adapter can be used for
simultaneously plugging in the headset to monitor
the recorded sounds. Two sets of headphones can be

used with the adapter, and the output impedance is 8
ohms.

o flexibility in hiding the oscillator, using only your
L) imagination for making detection difficult. Along
= with my children and friends, I have had many enjoy-
o able hours and good laughs playing with this equip-
= ment.
4
€ a
=4
@
ap
E
e
(LY
4
o)
r
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Table 26-1

Ref.#

R1,21
R2

R3
R4,8,18
R12

R5,7,10,11,14,15

R17
R19/51
R20

Rd

&l
C2,3,4,6,10,12
D1

C8
C5,7,13,14
9,16
C15

L1

0l

11

12

J1

TD1

SH1

PB1
BAFI
BUI1

CL1
PARAI12

PCHT?9

Ultrasonic microphone parts

ary.

2

18 inches

fl

Description DB#

10 ohm, /4 watt (br-blk-blk)

1T

s
@

3.9K, /4 watt (or-wh-red)
10 megs, Y/+ watt (br-blk-blue)
10K, Y4 watt (br-blk-or)

10K, 17-millimeter pot

=

Tuosex

100K, '/ watt (br-blk-yel)

-
B’

470K, '/+ watt (yel-pur-yel)

2.2K, '/a watt (red-red-red)

!

1 meg, '/« watt (br-blk-grn)
4.7K, /4 watt (yel-pur-red)
10K, 17-millimeter linear pot and switch

47 ohm, '/+ watt (yel-pur-blk)

1dox0T

Select for dampening transducer circuit—10 to 47K, Vs watt

F
10 mfd, 25-volt vertical electrolytic capacitor %
.01 mfd, 25-volt disk or plastic capacitor ?;‘fg
IN914 small-signal diode ()]

.047 mfd, 50-volt plastic capacitor

.1 mfd, 25-volt disk or plastic capacitor

100 mfd, 25-volt vertical electrolytic capacitor
1,000 mfd, 25-volt vertical electrolytic capacitor
27 millihenry inductor #IU2Z7H
J202 n-channel FET

LMO074 4-second OP amp DIP

LM386 audio amplifier DIP

3.5-millimeter stereo audio jack wired for mono
25 kHz acoustical receiving transducer #IUTR8925
Shielded mike cable

PC or .1 grid perforated vector board, 2.25- X 2.25-inch

Thin piece of 2.25- X 2.25-inch plastic for insulating

1 X 152 X 3he wall neoprene bushing

Battery clip with 12-inch leads

#IUPARA12

Optional parabolic reflector

Optional PCB #IUPCHT9
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This project shows how to build a directional, hand-
held device capable of driving off both wild and
domestic animal pests (see Figure 27-1). This device
produces high-pressure-level sound at complex fre-
quencies mostly above that of human hearing. This
sound is painful to many animals as their hearing is
much more acute than humans. The unit is tunable
and can also be adjusted to be very annoying to peo-
ple when exposed at close range.

The circuitry is housed inside an easily obtainable
piece of polyvinyl chloride (PVC) tubing and resem-
bles a large ray gun. The output controls are on the
rear panel with the batteries in the handle. Expect to
spend around $25 to assemble this sound gun. All the
parts are readily available, with the hard-to-find items
available at www.amazingl.com.

Figure 27-1 Phaser pfﬁnlﬁeid gun
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Caution: Exposure below 20 kHz at a sound-pres-
sure level of 105 decibels (db) in excess of 1 hour
may cause a hearing impairment.

This project shows how to construct a moderately
powered, directional source of continuous, adjustable,
high-frequency, time-variant acoustical shockwaves.
The output energy of the device is conservatively rated
at 125 db. The frequency is programmable or is con-
stantly sweeping at an internal preset rate and is vari-
able approximately from an audible 5 to 20 kHz. The
unit is intended for use as a research tool in the study
of animal behavior, acoustical experimentation, or as a
source of intense, directional, acoustical, high-fre-
quency sound for other scientific and laboratory appli-
cations. The device is excellent for use in agricultural
applications such as flushing out rats and other rodents
from granaries, silage bins, chicken coups, and so on.

It is to be used with discretion and not treated as a
toy. Caution must be used as exposure to most people
causes pain, headaches, nausea, and extreme irritabil-
ity (younger women are especially affected). Do not,
under any circumstances, point the unit at a person’s
ears or head at close range, as severe discomfort and
possible ear damage may result. Usage on dogs and
other animals must be done with discretion to avoid
excessive discomfort.

g L 2 . L 2 L 2
5 e
S p 100 |
j - 1K
\
] ] |
RE <
3+ 10K
B ) R2
stav < | 500k
ic1 oy
st _ —
R3 | R6
2K W
p it <
-
2i8 —AAA I
5 i R4 |+
T 10K i
cv | ) |
o1 1o |
| |
|
N I

Figure 27-2  Phaser pain field gun schematic

Circuit Theory |

A timer (1C2) is connected as a stable, free-running
multivibrator whose frequency is externally con-
trolled by pot R9 (see Figure 27-2). Resistor R10
selects the range limit of R9. Capacitor C5, along with
the resistors, determines the frequency range of the
device. The square wave output of 1C2 is via pin 3 and
is resistively coupled to power amplifier Q2. The drain
of Q2 is DC biased through resonator choke L1.

The square wave oulput signal is now fed into
transducer TD1 in a series with resonating coils L2
and L3 in a parallel combination. The resonant action
among the inherent capacities of TD1, the tuning
capacitor C7, and the inductance now produces a
sinusoidal-shaped wave peaking around 25 kHz or
the upper limit of the tuning range. This signal wave-
form now has a peak-to-peak voltage several times
that of the original square wave. Transducer TD1 now
can take advantage of these peak voltages to produce
the high-pressure-level sounds necessary without
exceeding the high average ratings of an equivalent
voltage-level square wave.

Timer IC1 is similarly connected as a stable run-
ning multivibrator and is used to produce the sweep-
ing voltage necessary for modulating the frequency of

1000

50T
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3
|
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1C2. This sweep repetition rate is controlled by pot 2. Cut the HS1 heatsink bracket from a .75 X 2

R2, and resistor R3 limits the range of this repetition X .065 aluminum piece. Bend it 90 degrees at

time. Resistor R1 selects the duty cycle of the pulse, its midsection and drill a hole for the

whereas capacitor C2 sets the sweep time range. The SW1/NU1 screw and nut. Then attach it to Q2
output for I1is via pins 6 and 2 where the signal ramp as shown later in Figure 27-4.

function voltage is resistively coupled to inverter tran- 3. Figure 27-3 shows the assembly using a

sistor Q1 via resistor R4. The output of Q1 is fed to printed circuit board (PCB) available through
pin 5 of 12 and provides the output modulation volt- www.amazingl.com. Experienced builders

age necessary to vary the frequency as required. Note may use a piece of .1-inch grid perforated vec-
that the modulation signal is easily disabled via R2/S2. tor board. Use the drawing for parts location

and the schematic for the connections. Certain
leads of the actual components will be used
for connecting points and circuit runs. Do not
cut or trim them at this time. It is best to tem-
porarily fold the leads over to secure the indi-
vidual parts from falling out of the board
holes. If you obtain a PCB, you may omit this

Power to the system comes from battery B1 and
pushbutton S1. Capacitor C6 guarantees an AC
return path for the output signal. Power to the driver
circuits IC1 and IC2 come through a decoupling net-
work consisting of resistor R7 and capacitor C3.

step.
E on St ru Ct| on S tE D [= 4. Insert and then solder in the designated com-
ponents:
To begin the assembly of the gun, follow these steps: a. Insert the Y/s-watt resistors: R1, R3, R4, R6,

. . . R7,R8,and R12.
1. Lay out and identify all the parts and pieces,

checking them with the parts list. b. Insert R10 and R13.

-AUX+ -LED+

o of 1
S R

. cs ° Replace R15, 16 with the 1 millihenry
" inductors L2, 3 step 4h.

s C9
sl s S ,
@ . Note that not all of the parts, as designated

on the printed circuit board, are used for this
project.

dwnr
-
=
m
4]
pat |
(9]
]
B
]
&

- Heatsink bracket attached to Q2 is not
™8] » shown in the view.

ee L] e e

Battery holder for 8 AA cells

slides into handle ON/OFF/FREQ ON/OFF/SWEEP

Figure 27-3  PCB wiring
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c. Solder in the control pots R2/S2 and R9.
Use short pieces of bare-wire leads from
the component pins to the respective holes
in the PCB. Note these controls must be as
close to the board surface as possible. 6.

Note that R11 and R14 are not used and
the positions for R15 and R16 are used for
components designated as L.2 and L3.

.003 inches each for a total of .006 inches. If
you have an inductance capacitance bridge,
measure 1.5 millihenrys.

Wire in the inductor and secure it to the
board with room temperature vulcanizing
(RTV) silicon rubber or another suitable
adhesive.

d. Insert capacitors C1,C4, CS, and C8 7. Preconnect all the leads to TD1, S1, and CL1.
e. Insert electrolytic capacitors C2, C3, and 8. Check th.e corl?plete wiring for potenti.al.
C6, noting the polarity. Note that C7 is not shorts, wire bridge shorts, poor solder joints,
used in this circuit. the correctness of the components, and the
f.  Insert semiconductors Q1, Q2,IC1, and posttipnang orenttonel UL100; O30
IC2. Note that Q2 is attached to heatsink ICl and IC2.
HS1 via SW1/NUI1.
g. Insert two wire jumps.
Insert the two 1 millihenry inductors in SU b assem b | y p rete St
place of R15 and R16.
i, Insert the red lead of CL1 and the 10-inch To conduct a test on the device, follow these steps:
R IOE LR 1. Turn pots counterclockwise and install eight

j-  Insert two 10-inch leads for transducer TD1.

5. Assemble the LI choke coil by wrapping 50
turns of #24 magnet wire on the nylon bobbin
as evenly as possible. Leave two inches of
leads for connection to the circuitry. Assemble
the E core, as shown in Figure 27-4. Shim each
side with pieces of yellow cardboard strips of

ASSEMBLY SHOWING L

CORE ' '

Complete windings are
not shown for clarity.

N

BOBBIN

-~ Wind 50 turns of #24
magnet wire WR2.

hapter Twenty-Seven

Figurem 274 Assembly of inductor L1 and heatsink HS1

C

fresh AA batteries into the BH1 holder, as
shown in Figure 27-5.

Note that a variable bench supply capable of
12 volts-direct current (vdc) at 1 amp with a
volt and current meter can be a great conven-
ience for the remaining steps and for the test-
ing of other similar circuits.

SW1/NuUl

HEATSINK BRACKET
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Note that hole in EN1
for handle is best cut

with a 1 %" circle saw.

Fit must be tight to Drill hole in handle

properly secure
handle in place. The
handle serves as the
housing for the single
9 volt or 8 AA cells.

for pushbutton switch
S1. It may be
necessary to recess
the hole so nut will
reach shank.

BHTEXPLO

CAP1

Panel is cut from a 3% X 33" piece of

.035 aluminum. Cut corners to
approach a circular shape.

HANDI

©

CAP3 v @

Cut out center of two 3.5"
plastic caps by placing them
on the enclosure tube and
cutting out the center section
with an x-acto knife using the
inner wall as a guide.

Front Panel Fab

i:igufen 37-5  Final blowup .

2. Push button S1 and note a loud, piercing wave 3
coming from TD1. Measure a current of 300
to 400 milliamperes in a series with a battery.

Turn on sweep control R2/S2 and note the fre-
quency being modulated by a changing rate as
this control is adjusted. Use caution as certain
sweep rates may cause epileptic fits and other
undesirable effects. Sweep rates between 7
and 20 per second should be used with cau-
tion.

3. Rotate R9 and note that the frequency
increases to above the audible range. Then
measure a current of 100 to 200 milliamperes.

4. Note the wave shapes shown in Figure 27-2
for those who have a scope.
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Final Assembly

The final steps are as follows:

L.

Cut the rear panel from a 3'/s- X 3!/s-inch
piece of aluminum. Add holes for the controls
as shown in Figure 27-5.

Create the CAP2 and CAP3 retaining caps
from a 3'/>-inch plastic cap. This is easily done
by placing a cap over the end of the main
enclosure and carefully removing the center
section with a sharp knife, using the wall
thickness as a guide. These reworked caps now
retain the transducer and the rear panel to the
main enclosure.

Table 27-1 Phaser pain field gun project parts

4.

Create EN1 and HA1 from the material indi-

cated on the parts list. Add a hole in the main

enclosure for the insertion of the HA1 handle
section. The hole must provide a tight fit. Glue
the parts together.

Create the final assembly as shown.

Note that the frequency range with the values

shown is 4 to 20 kHz. The frequency range can be
changed by increasing the value of C5 to lower it or
by decreasing the range to raise it. Experiment for a
desired result. The sweep range with the value shown
is 4 to 50 Hz. C2 can be changed in a similar function.

Sound pressure measurements will vary from 130

to 100 db at 18 inches depending on the frequency.
Certain sweep rates between 5 to 20 per second may
cause dizziness or epileptic fits.

Ref. #

aty. Description DEBE#

R1,6,8,12 4 1K, "4-watt resistor (br-blk-red)

R2/S2 500K to 1 meg pot/switch, 17 millimeters

R3 2.2K. Ya-watt resistor (red-red-red)

R4,5 2 10K, a-watt resistor (br-blk-or)

R7 10-0ohm, 's-watt resistor (br-blk-blk)

R9 LOK pot, 17 millimeters

R10 SK trimpot, horizontal

R13 1 30-ohm, 3-watt resistors (or-blk-blk)

C1,4 2 .01 mfd/50-volt disk capacitor (103)

€3 100 mfd/25-volt vertical electrolytic capacitor

2 10 mfd/25-volt vertical electrolytic capacitor

5 .01 mfd/50-volt polyester capacitor

Co 1000 mfd/25-volt vertical electrolytic capacitor

c8 .01 mfd/2 Kv disk capacitor

c9

L2,3 2 I millihenry inductors in place of R15 and R16. as marked on PCB IUIMH
L1 Inductor—2 Hitachi 30.48 E cores and mating bobbin, as shown in Figure 27-4 IUPPP1L1
Q1 PN2907 PNP GP transistor

Q2 IRF530 or 540 N channel metal-oxide-semiconductor field effect transistors

(MOSFETS)
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Table 27-1 Continued
Fef# _ Qw.  Descripion oB#
1C1,2 2 555 DIP timer
HS1 Heatsink bracket shown in Figure 27-4
SWI/NUT 6-32 X Vs-inch screw and nut
CL1 1 9-volt battery clip
BHI1 Eight AA cell holders for 1.5 volt batteries (B1)
S1 SPST pushbutton switch
PCPPP1 PCB or use perforated vector board
IUPCSONIC
TD1 Polarized 130 db piezo transducer
IUMOTRAN
WR1 3 feet #24 vinyl hookup wire, red and black piece
WR2 5 feet #24 magnet wire to wind L1
CAP1 1 7/s-inch plastic cap (A1 /s )
CAP2,3 2 3 !/2-inch plastic cap (A3 /2 ), as shown in Figure 27-5
RP1 3 !/s-inch square #22-24 aluminum, as shown in Figure 27-5
ENI1 3 12- OD X 7-inch PVC tube, as shown in Figure 27-5
HANDI 17/s- OD X 6-inch PVC tube, as shown in Figure 27-5
Electronic Gadgets for the Evil Genius 283
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This chapter offers an excellent home- and property-
protection project when properly built that provides a
low-liability deterrent to unauthorized intrusion from
both two- and four-legged threats. Once activated,
strategically placed transducers project an uncomfort-
able and disorientating field of complex acoustical
sound and shockwaves. It is a harmless effect yet dis-
courages most intrusions in a defined area.

A reasonably simple electronic system can power
up to eight individual transducer emitters positioned
in the target area (see Figure 28-1). Activation can be
an open or closed fault switch or a voltage level such
as that produced by our laser property guard

Figuure 28-1  Phaser property bf‘o[é(‘ff()n guam’

described in Chapter 12, “Laser Property-Protection
Fence.” Together these projects can be interfaced to
produce an effective intrusion detection and deter-
rent system. Expect to spend $50 to $100 with hard-
to-find parts available at www.amazingl.com. The
complete parts list is outlined in Table 28-1.
Warning: Do not operate this system at conlmuom
high output at frequencies below 20 kHz. Daily sound
pressure exposures in excess of 1 hour at 105 decibels
(db) may lead to hearing impairment. When properly
used, this device provides a limited liability deterrent.
It should not cause permanent damage or trauma.
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Project Description

The following product is intended to be a property-
or home-protection device. It consists of a field of
acoustical, ultrasonic, high sound pressure energy
that is triggered when unauthorized intrusion is
detected.

Detection consists of the following functions:

e A “trip wire” or closed system such as taped
glass windows and doors where a break or
open triggers the unit. This function is via J3.

e A “switch” input where a closure to ground
such as a pressure switch, door, or entrance
switch triggers the unit. This function is via J2.

e A “+ level” input where a voltage pulse or
level from other detection equipment such as
an infrared intrusion, motion, or sound detec-
tion system triggers the unit. This function is
via J1.

Test and Reset buttons enable total system con-
trol.

Upon activation via the above, a moderately pow-
ered source of acoustical, ultrasonic energy is pro-
duced, causing certain adverse effects to the intruder.
These may be paranoia, severe headaches, disorienta-
tion, nausea, cranial pain, an upset stomach, or just
plain irritating discomfort. Most people are affected
in one way or the other, with young women unfortu-
nately being the most sensitive. External adjustments
enable the user to select clearly audible sounds that
serve as an alarm, high-frequency energy that pro-
duces the physiological effects, or a combination of
both.

The sound pressure level is less than 130 db and
will not produce permanent damage if exposure is
kept to a minimum. Obvious prolonged exposure is
not encouraged for these reasons. A rule of thumb is
to keep exposure to less than 1 hour with a frequency
less than 20 kHz at a sound pressure of 105 db or
over.

The system consists of the central power and con-
trol unit that powers up to six remotely located trans-
ducers. These are now positioned to take advantage
of potential entrance and intrusion areas, considering

that each transducer can produce up to 118 db meas-
ured at 1 meter. Since the sound pressure level is log-
arithmic, an attenuation factor of —3 db must be
factored in every time the distance is doubled from
one of the transducer stations.

Oriver Circuit Description

A timer (IC2) is connected as a stable, free-running
multivibrator whose frequency is externally con-
trolled by pot R9. The trimmer resistor (R10) selects
the range limit of R9. Capacitor C5, along with the
resistors, determines the frequency range of the
device (see Figure 28-2).

The square wave output of 1C2 is via pin 3 and is
connected to metal-oxide-semiconductor field effect
transistor (MOSFET) Q2. The drain of Q2 is DC
biased through L1. The amplified square waves are
fed to the transducer via resonating coil L1 and
capacitor C8, along with Q spoiling resistors, R13
through R16. Resonating coils (L2A and L2B) are
selected to tune out the inherent capacity of the
transducer at their upper-frequency limit, usually
around 25 kHz. A sinusoidal wave is generated and
allows the transducers to operate at a higher peak
power level than the equivalent voltage square wave
would. Resonant peaking of the voltage is also
obtained. These transducers, unlike their electromag-
netic counterparts, have a tendency to draw high cur-
rent at higher frequencies. This effect is compensated
to an extent by power resistors R17A and R17B.
Note the wave shapes shown are at a fixed frequency
of 20 kHz.

Timer IC1 is similarly connected as a stable, run-
ning multivibrator and is used to produce the sweep-
ing voltage necessary for modulating the frequency
of 1C2. The switch section of R2/S2 activates it, and
this sweep repetition rate is controlled by the pot sec-
tion R2. Resistor R3 limits the lower range of this
repetition time. Capacitor C2 sets the sweep time
range. Output from IC1 is via pins 6 and 2 where the
signal ramp function voltage is resistively coupled to
inverter transistor Q1 via resistor R4. The output of
Q1 is fed to pin 5 of 1C2 and provides the modula-
tion voltage necessary to generate the sweeping fre-
quency action required. Note that this signal is easily
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disabled via the switch section of R2/S2. This is a con-
venience when initially setting or checking the range
of 1C2 as it eliminates the constant varying fre-
quency.

Power is supplied to the system via a conventional
step-down converter wall transformer, T1, which con-
nects to the system via the DC JACK chassis mount
connector. Power is controlled by switch S1 that is
part of the frequency control pot R9. A light-emitting
diode (LED) indicator lamp and an associated cur-
rent-limit resistor (R11) tell when the system is ener-
gized.

Detection Circuit
Description

The detection circuits consist of inputs J1,J2, and J3,
which sense an intrusion and energize PS5, enabling
timer IC2. A reset switch (S4) enables the circuit to
be reset. A test switch (S5) enables the verification of

system operation. Detection circuit functioning, along
with the appropriate jack identification, is shown in
Figure 28-3.

Construction

To begin assembling the project, follow these steps:

1. Lay out and identify all the parts and pieces to
the assembly board (see Figure 28-4), sense
board (refer to Figure 28-3), and the remain-
ing parts for the final assembly.

2. Assemble inductor L1 as shown later in Fig-
ure 28-8. Drill a small hole in the bobbin for
the start of the winding and wrap 50 turns of
#24 magnet-enameled wire tightly and evenly
along the bobbin length. Tape the winding in
place and allow 2 inches for both the “start”
and “finish” leads. Assemble everything as
shown, inserting core halves into the bobbin,
and place the air gap spacers between them.
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PS P2

TRUTH TABLE

Note the polarity of all the diodes, transistors,
integrated circuit, and electrolytic capacitors.
Note the two wire jumps. Be careful of the
solder bridges on the PCB foil as these can
cause damage to circuit components. Attach
approximately 6 inches of wire leads to the
front and rear panel-mounted components
per Figures 28-4 and 28-5. Note that most
resistors are vertically mounted. Always leave

JifJ2 |J3 [R (s |a |&@
p
MOM GRD 1K - - - - B
3 O@ H L |H|H|L
TEST
ve . L L [H [H |L
e S S H L |L |L |H
LjL |t L |H
BRKN GRD 1K H L H H L
Figure 28-3  Detection circuit schematic "" N V ”
These spacers can be from a cut-up business at least a '/16-inch lead between the body of the
card. You should attempt to find a thickness component and the board.
fo?) Mol (:U03) andicanfion with vesiicr Experienced builders may use a piece of .1-
calipers. Tape the assembly together or use ; : !
. ; .. . inch grid perforated vector board. Use Figure
elastics, O-rings, and so on. The finished induc- 5 ;
. e 28-4 for parts location and the schematic for
tor should read approximately 1 millihenry . .

- . . the connections. Certain leads of the actual
when measured on an inductance capacitance ; 5 :
bridee components will be used for connecting points

ge: and circuit runs, Do not cut or trim them at
Create the heatsink bracket HS1 from a .75 X this time. It is best to temporarily fold the
2 X .0625 aluminum piece. Bend it 90 degrees leads over to secure the individual parts from
in the middle and drill a hole for the falling out of the board holes. If you obtain a
SWI1/NUI screw and nut, as shown later in PCB, you may omit this step. Figure 28-6
Figure 28-8. shows the foil layout.
Assemble the PCB as shown in Figure 28-4. 5. Assemble a sense board from a piece of 2 /-

> 1 Y2-inch of .1-inch grid perforated board
per Figure 28-7.

Insert the components into the board holes as
shown. Certain leads are used for connecting
points and circuit runs. Do not cut anything at
this time. Fold over the leads to secure the
parts in place.

Please read the following before doing any
soldering:

Electronic Gadgets for the Evil Genius
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Replace R15, 16 with the 1-millihenry

oo . ol 1e el e . el le inductors L2, as in Step 4.

— Note that not all of the parts as designated
on the printed circuit board are used for this
project.

Heatsink bracket attached to Q2 is not
ON/OFFIFREQ ON/OFFISWEEP b I Aniecviste:

Figure 28-U  Printed circuit board (PCB) wiring first level

a. Components are mounted both 7. Wire L2A,L2B, R17A, and R17B to the rear
horizontally and vertically. Leave at least of transducers TD1 through 4, as shown in
/15 of an inch between the part and the Figure 28-8. Note securing the two-conductor
board surface. speaker leads is, done via a small nylon clamp.
b. Verify the polarity of IC3,1C4, D1, D2, 8. Check the wiring for accuracy, correct compo-

and D3.

Use a good, pencil-type soldering iron, keep-
ing the tip tinned and cleaned. Use rosin core
solder. Do not overheat the solder joint as you
may damage a component. All the connec-
tions should be smooth and shiny. Avoid
excess solder.

Wire as shown, using the dashed lines as the
circuit runs.

Attach the wire leads to the related front and

nents, the quality of the solder joints, short cir-
cuits, foil shorts on the circuit board, pinched
wires, and debris.

Final Assembly

To complete the assembly, follow these steps:

1. Fabricate the chassis from a piece of 6- X 7- X
rear panel components as shown. .063-inch aluminum, as shown in Figure 28-8.
Connect the interconnecting leads with the Bend up 1'/2-inch sections for the front and
circuit board (see Figure 28-4) for P2, rear panels. Then bend up !/z-inch flanges to
AUX12V, and PS5, SHUTDOWN. mount the cover via four sheet metal screws
, ) (SW2). The location of most of the mounting

Note that rpost of thc?se mte_rconnectlng leads holes is not critical and may be “eyeballed.”
are approximately 6 inches in length.
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Figure 28-5  PCB wiring second level

However, the holes for R2 and R9 should be
measured to match the PC1 PCB pads.

2. Fabricate the cover from a piece of 8Y/2 - X 5-
X 1/1s-inch-thick plastic or aluminum. Form it
to fit over the chassis and secure it via mating
holes for the SW2 screws.

3. Fabricate a 4'/4- X 3!'/2-inch piece of plastic or
cardboard insulating material for placement
between the circuit boards and the metal
chassis.

4. Finally, assemble the circuit boards and the
panel-mounted components to the chassis as
shown in Figures 28-4 and 28-5. Twist the
leads and dress as shown. Use a small piece of
sticky tape to hold them in place.

Test Procedure
Testing the device can be done by following these
steps:

1. Insert a 1-amp fuse into F1, connect a shorting
plug into J3, as shown in Figure 28-9, preset
controls to full counterclockwise (CCW), and
click “oft.”

2. Apply 12 volts to the DC jack from a bench
supply. You may use T1 or a 1-amp wall
adapter if a supply is not available.

3. Connect a scope to pin 3 of IC2. Turn on R9
and note a square wave, as shown in Figure
28-2. Rotate R9 a full clockwise (CW) turn
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Figure 28-6  View of foil routing and pad location

and adjust R10 for a period of 50 microsec-
onds (usec). This sets the high-frequency
range to 20 kHz.

Obtain hearing protection for the next steps.

Temporarily connect the four-transducer
assemblies in parallel and connect to J6. Turn
R10 a full CCW turn and note a piercing,
shrill, and uncomfortable shriek. Adjust R10
CW and note the pitch increasing to an upper-
frequency limit.

Turn on R2 and note the frequency of the
shriek periodically changing. Adjust and note
a sweeping action varying from very slow all
the way to a chirping sound.

Testing Detector-Sensing
Circuit

To test the detector circuit, follow these steps:

I.  Momentarily press S4 (RESET) and the unit
shuts down. Press S5 (TEST) and the unit
turns on. Repeat this action several times to
verify proper operation.

2. With the unit in the reset mode, temporarily
remove the shorting plug from J3 and note
the unit turning on.

3. In the reset mode, temporarily short J2 to
ground and note the unit turning on.
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S5

P3 shorting plug for mating to J3 for

simulating a shorted circuit such as a 43
unbroken trip wire or window tape. m

g
A=

TEST
o 1
To P2 ° (
Fig. 28-4 )
o f A
0 o ”-_-é
o "\_
[e]
@ e R24
To P5 'l/
Fig. 28-4 \
JEP
'S
gt
=]
{? ] Secure this assembly board with small
4 strips of two-sided foam tape.
] 2‘:555
i
i — s enie ey NOR— — i .
s Figure 28-7  Sense board layout and wiring
™
E Y
.
c 4. Still in the reset mode, temporarily connect a for a particular range of frequencies, beam spread,
q) S-volt level to J1 and note the unit turning on. and placement.
N
L=
~ Special Notes Application and Setup
4
s ] . . . i
b The transducers used in this system are piezoelectric Your phaser property guard system is capable of
4= and consequently are many times more efficient than operating in two modes. Mode 1 is at a frequency
(1, theelectromagnetic type. Several operational curves known to produce paranoia, nausea, disorientation,
18] and charts are available and intended for those who and many other physiological effects. Mode 2 enables
¢ may want to modify or optimize the existing circuitry you to use the system as an audible alarm to frighten
§ N off intruders or warn the user. Both modes can be
Ve
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ASSEMBLY SHOWING L1

CORE Hj

Wind 50 tums of
#24 magnet wire WR2.

Complete windings are
not shown for clarity.

Figure 28-8  Final assembly

used in combination and are easily front-panel-con-
trolled by the user. Three separate jacks enable the
detection of a broken trip wire or contact foil, a pres-
sure or actuating switch, and a positive voltage-level
pulse obtained from other detection equipment such
as those listed in the Information Unlimited catalog.

The position of the transducers should be set to
direct as much energy as possible to the points of
intrusion or access. They can be directed to any target
area or be individually placed for multiple effects.

The power unit should be placed where the user
can reset the device and preset the controls for maxi-
mum effect. Figure 28-9 shows the connections to the
rear panel.

A Word of Caution

Ultrasonic is a gray area in many respects when an
application involves the control of animals or even a

View showing mating
plug wiring

R17A&B

View showing wiring of the four
transducers TD1-4

Leads are in parallel and
connect to J& shown in Figure 28-9.

CHASSIS
COVER

deterrent to unauthorized intrusion. It is always best
to consult with local, municipal, and state laws before
using this device to protect your home or property.
Remember that many state laws lean more toward
the right of the criminal rather than the victim.

General Information on
Ultrasonics

Numerous requests have been made for information
on the effect of these devices on people.

None of these devices have the ability to stop a
person with the same effect as a gun, club, or more
conventional weapon. They will, however, produce an
extremely uncomfortable, irritating, and sometimes
painful effect in most people. Not everyone will expe-
rience this effect to the same degree. As stated, young
women are much more affected than older men due
to being more acoustically sensitive. The range of the
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FREQ SWEEP RESET

Front panel view

JB

J

DC JACK

J4

©

J4 is optional jack in

series vith the input  R€AT panel view

power for remate control.

J3,4 must be shorted for
normal operation.

] P6
Figure 28-9  Controls and hodkup instructions

p
- devices depends on many variables and is normally
d somewhere between 10 and 100 feet from the trans-
ey ducers.

= One possible use of the device (that deserves care-
ful consideration) is for all the transducers to protect

P |
-

Ly
g
i

S

Transducer hookup pictorial

an area from unauthorized intrusion. This approach is
excellent for protecting target areas such as jewelry
boxes, gun cabinets, and safes and vaults. Normal use
is to place each transducer to cover a given area.
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Table 28-1 Phaser pain field property guard parts

Ref. # ' V Oty. Description _ oB#
R1,6,8,18,19,20,21 7 1K, Y/a-watt resistor (br-blk-red)
R2/82 S00K pot and switch
R3 2.2K, 'fs-watl resistor (red-red-red)
R4.5 2 10K, !/+-watt resistor (br-blk-or)
R7 10-ohm, '/s-watt resistor (br-blk-blk)
RY/S1 10K pot and switch
R10 5K trimmer resistor
R11 470-ohm, '/+-watt resistor (yel-pur-br) Ohms
R13,14,15,16 E 47-ohm, 3-watt resistor (yel-pur-sil)
R17A and B 120-ohm, 1-watt resistor (br-red-br)
R22,23,24 3 39K, Y+-watt resistor (or-wh-or)
C1,4 2 .01 mfd, 50-volt disc capacitor
c2 10 mfd, 25-volt electrolytic capacitor
C3 100 mfd, 25-volt electrolytic capacitor
Cs .033 mfd, 50-volt polyester capacitor
Co 1000 mfd, 25-volt electrolytic capacitor
cY .22 mfd, 250-volt polypropylene capacitor
10,11 2 .1 mfd, 50-volt polyester capacitor
LIA and B 2 1-millihenry .25-amp inductor [UIMH
L2 1-millihenry choke (see Figure 28-8) IUIMHPPC
IC1,2 2 555 DIP timer IC
1C3 4001 Norgate complementary metal oxide semiconductor (CMOS) DIP 1C
1C4 4049 inverter/buffer CMOS dual in-line package integrated circuit
Q1 PN2907 GP PNP transistor
Q2 IRF540 power MOSFET TO220
D1,2,3 3 IN914 silicon diodes
LED Light-emitting diode
TD1,2.3,4 4 Polarized high-output ceramic transducers IUMOTRAN
54,5 2 Momentary pushbutton switches
J1,2,3,6 4 RCA chassis mount phono jacks
P1.2,3,6 4 RCA phono mating phono plugs
DCIACK 2.1-millimeter DC jack
Fl Fuse holder panel mount
LEDRET LED retainer bushing
Electronic Gadgets for the Evil Genius 295
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Table 28-1 Continued
Ref. # Oty.  Description - DB#
PCPPPI1 PCB IUPCSONIC
PB1 Alternate 2- X 3-inch .1-inch grid perforated vector board
HS1 Heatsink bracket fabricated as shown
SWI/NUI 6-32 % 3fs-inch screw and nut for HS1 attaching to Q2
Sw2 4 #6 X Ys-inch sheet metal screw for cover
FEET 4 !/2-inch stick-on rubber feet
CHASSIS Metal chassis fabricated as shown
COVER Plastic cover to fit chassis
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A

accelerator, electrokinetic (See electrokinetic gun), 23
acoustical surveillance devices, Federal Law 90-352,

113-114

antigravity project, 1-22

arcing between ground wire and HV wire, 19

Biefeld-Brown effect in, 20

construction steps in, 3-4

corona wire flutters during liftoff, 19-20

corona wires in, 12, 15

foil skirt flutters during liftoff, 20

general operational/troubleshooting guidelines,
20-21

ground wires in, 12,19

launching pad for, 9-15

lifter moves, bounces, 18

lifter moves, but not much, 18

lifter moves, no hissing noise, 17

lifter moves, pulls to one side, 19

lifter moves, shorts out HV and ground wires, 19

lifter moves, with arcing, 18

lifter not moving, high-voltage supply dead, 17

lifter not moving, hissing noise, 17, 20

parts list for, 21-22

power supply for, 2-3

printed circuit board (PCB) for, 3-9

schematic for, 3

spark gap adjustment in, 9

testing, 9-15

tethering setup for, 15-17

theory of operation for, 1-3

troubleshooting guide for, 17-21

voltage requirements for, 2-3

wiring for, 6

B

Biefeld-Brown effect, antigravity project and, 20
Bureau of Radio and Health (BRH) compliance,

carbon dioxide laser and, 68

Index

C

can crusher, magnetic field, 61
capacitor charging using Tesla plasma and ion
generator, 168
carbon dioxide laser, 65-83
assembly steps for, 69-73
Bureau of Radio and Health (BRH)
compliance, 68
circuit operation in, 66-69
cleaning output optics in, 80-81
coolant system in, 65-66, 81
focusing lens (optional) for, 80
laser head construction for, 73-74
low-flow axial device nature of, 66
operating time limits for, 81
parts list for, 81-83
population inversion in, 66
power output increase for, 81
power supply for, 65, 66-69
printed circuit board (PCB) for, 70
purging cooling system in, 81
testing, 74-79
text fixture for line-powered circuits, 81
theory of operation in, 66
charge transmission using tesla plasma and ion
generator, 168
coherent light of lasers, 115
collimation of lasers, 102-103

D

deodorizing machine using tesla plasma and ion
generator, 168

direct reflection (DR) method, laser window bounce

listening device, 114-115, 128-131
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efficiency equation, 1
electrical pyrotechnic display using Tesla plasma and
ion generator, 168
electrokinetic gun, low-power, 23-30
basic theory of operation in, 23-24
board assembly steps for, 24-25
circuit description for, 24
electrical pretest for, 27-28
fabrication of, 25-27
parts list for, 30
power supply for, 23,24
safe use cautions, 28
velocity increasing tips, 28
electromagnetic pulse (EMP) generator, 257-266
applications for, 265-266
assembly of, 262-264
basic description of, 258
capacitor in, 259
charger in, 262
 exploding wire disruption switch in, 262
hazards of, 258
inductor in, 259
objective of, 258
power supply for, 258, 266
radio frequency choke (RFC1) in, 262
resistor (R1) in, 262
spark switch in, 259-261
theory of, 258
electromagnetic pulses (EMP), 32, 55
generator for, 257-266
electrostatic discharge (ESD) damage, laser ray
gun, 91

Fabry-Perot cavity, laser window bounce listening
device, 116
Federal Law 90-352 acoustical surveillance devices,
113-114
fence (See laser property protection fence)
fish stunner and wormer, 247-255
circuit description and construction for, 248-249
construction steps in, 249
final assembly in, 251-252
operation of, 252-254
parts list for, 254
subassembly pretest in, 251
verification of operation in, 254-255
voltage generated by, 247

fluorescent tube electrification through human
body, 168

focusing lens, carbon dioxide laser and, 80

force field generation using Tesla plasma and ion
generator, 168

gas discharge power supply using Tesla plasma and

ion generator, 168
green laser (See ultrabright green laser)

handheld laser (See carbon dioxide laser)
high-energy pulser, 31-40
charging time and energy storage requirements
for, 33
circuit theory of operation for, 32-33
construction steps for, 33-37
electrical pretest in, 37
electrical specifications for, 38-39
electromagnetic pulses (EMPs) and, 32
final assembly steps for, 35-37
magnetic can crushing, 61
main test in, 38
mass accelerator and, 41
mathematical relationships for use with, 38-39
parts list for, 39-40
plasma thermal gun, 47
schematic for, 33
system description for, 32
voltage requirements and power supply for, 32
wire-exploding project, 55
human body, fluorescent tube electrification through,
168

induction fields generated by tesla coil, 12-inch-spark
151
insulators and effect of tesla coil, 12-inch-spark, 150
ion motor,
Tesla coil, 12-inch-spark, 151
Tesla plasma and ion generator, 168
ion ray and charge gun, 225-237
circuit board assembly for, 227-229
circuit operation in, 226-227
construction steps in, 227
experiments using, 234-235

bl
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mechanical assembly in, 231-232
negative ion information for, 236
operation and applications in, 232-234
parts list for, 237
special notes on operation of, 236
testing, 229-231,229

ion wind generator using Tesla plasma and ion

generator, 168

ionization
antigravity project and, 1
ion ray and charge gun, 236
Tesla coil, 12-inch-spark, 151

Jacob’s ladder experiment

Tesla plasma and ion generator, 168
traveling plasma type, 203-208

L

laser, carbon dioxide (See carbon dioxide laser)
laser diode (See laser ray gun)
laser, optical (See long-range optical laser)
laser property protection fence, 105-112
circuit description for, 106
detection-level threshold setting for, 106
instructions for setup and use of, 110
laser beam generator in, construction steps for,
109-111
pain field property protection guard used with, 105
parts list for, 111-112
power supplies for, 105-106
receiver and controller in, construction steps for,
106-109
laser ray gun (burning diode), 85-95
applications for, 85-86
assembly steps for, 86-88
basic theory for, 86
circuit pretest in, 88-91
electrostatic discharge (ESD) damage and, 91
excessive forward current in, 91-92
excessive forward voltage in, 91
general handling of, 91
high temperatures and heat sink in, 92
light-emitting diodes (LEDs) and, 86
parts list for, 92-95
power supplies for, 86
reverse current in, 92
safety precautions for, 91
laser, ultrabright green (See ultrabright green laser)

laser window bounce listening device, 113-135
applications for, 128
assembly of field-worthy integrated system using,
131

batteries for, 133,134

brackets for, 133

cable for, 133

construction of, 115

control panel for, 133

direct reflection (DR) method in, 114-115,128-131

handle for, 133

headset for, 134

laser enclosure in, 133

legal issues and, Federal Law 90-352 acoustical

surveillance devices, 113-114, 128

lens mount adapter for, 133

main enclosure in, 132

microhead adjusting screws in, 133

O-rings for, 133

parts fabrication for, 132-134

parts list for, 134-135

population inversion in, 115

rear panel for, 133

receiver for, 124-128
construction steps for, 125-126
final assembly for, 126-127
final testing for, 127-128
pretest for, 126

regular vs. laser light, 115

safety issues of, 128

scattered reflection method in, 114-115

sound to optical surface for, 114

springs for, 133

switches for, 133

telephoto lens and cap for, 134

theory of operation for, 114

transmitter for, 114, 115-124
circuit schematic for, 117-118
electronics assembly board in, 118
enclosure tube fabrication for, 121
Fabry Perot cavity in, 116
final assembly steps for, 121-122
infrared light from, night vision devices for, 121
light-emitting diodes (LED) in, 115-116
power supply for, 117-118
pretest of assembly in, 118-121
test tone module construction for, 122-124

lasers

coherent light of, 115

collimation of, 102-103

photons of light and, 115

regular light vs., 115

spontaneous emission of light and, 115
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stimulated emission of light and, 115
wavelength of light in, 115
launching pad for antigravity project, 9-15
light-emitting diodes (LEDs)
laser ray gun, 86
laser window bounce listening device, 115-116
See in-the-dark project, 240
ultrabright green laser and, 100
lightning generator (See tesla coil, lightning
generator)
listening device (See laser window bounce listening
device)
long-range optical laser, 97-98
low-flow axial device, carbon dioxide laser and, 66

M

magnetic can crushing, 61-63

high-energy pulser for, 61

setup and operation of, 61-63

special operational notes on, 63

voltage requirements/power supplies for, 62-63
mass accelerator, 41-46

high-energy pulser required for, 41

setup and operation of, 41-46

theory of operation for, 41
microphone, ultrasonic (See ultrasonic microphone)
motion freezing using tesla plasma and ion generator,

168

motor, ion, Tesla plasma and ion generator, 168

N

negative ion generator using Tesla plasma and ion
generator, 168
negative ion information, ion ray and charge gun, 236

optical laser (See long-range optical laser)
ozone, tesla coil, 12-inch-spark, 138

<

pain field property-protection guard, 285-296
application and setup for, 292-293
caution with, 293
construction in, 287-289
detection methods used in, 286
detector-sensing circuit testing in, 291-292
detection circuit description in, 287

driver circuit operation in, 286-287
final assembly in, 289-290
frequency range output of, 285, 286
laser property protection fence, 105
parts list for, 295-296
special notes on, 292
test procedure in, 290-291
ultrasonics in, 293-294
phaser pain field gun, 277-283
circuit theory for, 278-279
construction steps in, 279-280
final assembly in, 282
frequency range of, 277-278
parts list in, 282-283
power supply for, 278-279
subassembly pretest in, 280-281
photons of light, 115
plasma lightsaber, 215-223
applications for, 222
batteries for, 222
circuit theory for, 215-216
construction of, 216-220
mechanical assembly steps for, 220-221
parts list for, 223
power supply for, 216
special notes on, 222
test points and troubleshooting, 221-222
plasma thermal gun, 47-53
assembly steps for, 47-49
energy requirements/power supplies for, 50
high-energy pulser for, 47
projectiles for, 48
special operational notes on, 50-53
theory of operation for, 47
plasma tornado generator, 175,209-213
application and operation of, 213
assembly instructions for, 210
special note on, 213
Tesla coil in, 209
theory of operation for, 209-210
Townsend effect in, 210
population inversion
carbon dioxide laser and, 66
laser window bounce listening device, 115
power supplies
antigravity project and, 2-3
carbon dioxide laser and, 65, 66-69
electrokinetic gun, low-power, 23, 24
electromagnetic pulse (EMP) generator, 258, 266
gas discharge type, 168
high-energy pulser, 32
laser property protection fence, 105-106
laser ray gun, 86
laser window bounce listening device, 117-118
magnetic can crushing, 62-63
phaser pain field gun, 278-279
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plasma lightsaber, 216
plasma thermal gun, 50
Tesla coil, 12-inch-spark, 137
Tesla coil, lightning generator, 186, 187-188
Tesla coil, solid state, 175-176
Tesla coil, timered, 2-inch-spark, 157, 158
Tesla plasma and ion generator, 163
traveling plasma Jacob’s ladder, 203-204
ultrasonic microphone, 268-269
wire-exploding project, 56

printed circuit board (PCB)
antligravity project and, 3-9
carbon dioxide laser and, 70
ion ray and charge gun, 227-229

property protection fence (See laser property

protection fence)

pyrotechnic display
Tesla plasma and ion generator, 168
wire-exploding project, 55

R

radiated power experiment, Tesla plasma and ion
generator, 167

receiver, for laser window bounce listening device,
124-128

reflection, in laser window bounce listening device,
114-115,128-131

S

scattered reflection method, in laser window bounce
listening device, 114-115
See in-the-dark project, 239-246
basic theory of, 240-241
batteries in, 240
circuit description and assembly for, 241-242
fabrication and mechanical assembly in, 243-244
light-emitting diodes (LEDs) in, 240
parts list for, 246
special notes on, 244-245
testing circuit board for, 242-243
solid state Tesla coil (See Tesla coil, solid state)
spontaneous emission of light, 115
St. Elmo’s fire, Tesla coil, 12-inch-spark, 137
standing waves, ultrasonic microphone, 272-273
stimulated emission of light, 115

circuit design and schematic of, 138-140

construction steps for, 140-145 sz
electrical discharge phenomena of, 137 é‘:z
experiments using, 150-151 (O P
human body and effect of, 150 M
induction fields generated by, 151 ,%;
insulators and effect of, 150 L

ion motors and, 151

ionization of gases by, 151

ozone produced by, 138

parts list for, 155-156

safety precautions when using, 137-138

spark gap setting, 145

special operational notes for, 145

theory of operation for, 138

voltage and power supply requirements for, 137

Tesla coil, lightning generator, 30-inch-spark, 185-202

assembly steps in, 189-191

circuit description for, 187-188

coil materials for, 195-196

coupling in, 188

major components of, 188-189

output terminal in, 188

parts list for, 201-202

primary capacitor in, C3, 189

primary coil in, LP1, 188,196

RF choke in, CHK1, 189

safety precautions for use of, 185-186

secondary coil in, LS1, 188, 194-195

spark gap switch (SPKGAP), 188-189

special notes on, 194

testing steps in, 191-193

theory of operation for, 186, 186

voltage and power supply requirements for, 186,
187-188

Tesla coil, solid state, 175-183

assembly steps for, 176-180

circuit theory and design, 175-176

parts list for, 182-183

plasma tornado generator and, 175,209
power supply for, 175-176

testing, 180-181

Tesla coil, timered, 2-inch-spark, 157-161

circuit theory and design in, 158
construction steps in, 158
electrical pretest for, 158-159
final assembly of, 159-161

parts list for, 161

power supply for, 157, 158

Tesla plasma and ion projects, 163-173

L

Tesla coil, 12-inch-spark, 137-156
adjustment for, 150
applications and operation of, 145-149

capacitor charging using, 168

charge transmission using, 168

circuit theory and design in, 163
construction steps in, 163-1635
deodorizing machine using, 168
electrical pyrotechnic display using, 168

Index
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experiments using, 163, 167-169
fluorescent tube electrification through human
body using, 168
force field generation using, 168
gas discharge power supply using, 168
ion high-speed motor using, 168
ion-type experiments and applications, 168-169
ion wind generator using, 168
Jacob’s ladder experiment using, 169
mechanical assembly in, 166
motion freezing using, 168
negative ion generator using, 168
parts list for, 172-173
power supply for, 163
pretest in, 166
radiated power experiment for, 167
test and function selection, 167
thermal gun (See plasma thermal gun)
thrust equation, 1
timer (See Tesla coil, timered)
tornado generator (See plasma tornado generator)
Townsend effect, plasma tornado generator, 210
transmitter, laser window bounce listening device,
115-124
traveling plasma Jacob’s ladder, 203-208
assembly steps in, 204-205
circuit description and power supply for, 203-204
origin of term, 203
parts list for, 208
testing, 205-206

ultrabright green laser (handheld), 99-104

applications for, 99-100
assembly steps for, 100-101

circuit description for, 100
collimation and final assembly, 102-103
electrical pretest for, 102
light-emitting diodes (LEDs) in, 100
parts list for, 104
ultrasonic microphone, 267-275
applications for, 268, 273-274
circuit description for, 268-269
construction steps in, 269-270
electrical pretest for, 271-272
parts list for, 275
power supply for, 268-269
recording with, 274
standing wave utilization in, 272-273
ultrasonics (See also pain field property-protection
guard), 293-294

ortas ! w
wavelength of light, 115
window bounce listening device (See laser window
bounce listening device)
wire-exploding project, 55-59
electromagnetic pulse (EMP) in, 55
high-energy pulser for, 55
setup and operation in, 55-57
special operational notes for, 57-59
theory of operation in, 55
voltage requirements/power supplies for, 56
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SHOCK AND AMAZE!
INEXPENSIVE PROJECTS YOU CAN BUILD!

Electronics fans have waited a long time for this book. Not since 1983 has author Bob lannini published a
collection of his amazing projects—all of them fun, easy, and inexpensive to make at home and, best of
all, seriously exciting and impressive!

lannini takes the stuff of science fiction and science future and brings it down to size for the home
hobbyist. Full of easy-to-follow plans and clear diagrams and schematics, and respectful of your

wallet, Electronic Gadgets for the Evil Genius gives you: '

lllustrated instructions and plans for amazing pretested projects advanced enough for sophisticafed

electronics enthusiasts but described in sufficient detail to be built easily by newcomers

of achieving acceleration)

*%% %% FOR BOB IANNINI!

k4 k “Only book of its kind—it’s way cool! | love the projects
in this book! It brings a lot of ideas from Star Wars and other
science fiction films to real life! It is a must for all science fiction
enthusiasts and inventors.”*

* %k x* “An amazing book with plans for anything cool that you
could ever want to build. It has very clear and easy-to-understand
instructions. There are lots of diagrams and detailed parts lists.
All of the things work very well, and the material costs are all
less than 100 dollars.”™

%k * ok kx “Excellent. The schematics were easy to understand....
Robert has done a great job.”*

*k ok ok “An excellent book of electronics for beginners and experts
alike. It gives step-by-step instructions on building real lasers and
much more. Requires little or no electrical experience.”*

* %%k kx “Robert E. lannini seems to have spent a lot of time
. building and writing about all of the projects in his 390-page book.
His technical expertise in the field guided me greatly...when | built
two of his projects. There are lots of other prolects .and a great
project that | am going to build next.”*

* Online reviewers on Bob lannini’s 1983, out-of-print Build Your Own Laser, Phaser,
lon Ray Gun & Other Working Space-Age Projects

Explanations of the science and math behind each project (e.g., you can explore different methods

Frustration-free plans —needed parts are listed, along with sources—and most of these projects
can be built for $100 or less

WHAT WOULD
YOU DO WITH...?

This book equips you with complete
plans, instructions, parts lists, and
sources for these wonderful projects:

e Infrared viewer
* Object levitation device
* Laser listening system
* Electromagnetic pulse (EMP) generator
¢ Sonic phaser cannon
* Electromagnetic launcher
* Object projectort
* Traveling plasma wave generator
¢ Multivortex plasma tornado
¢ Laser beam cutter
* |on ray projector
* Several Tesla coil projects
* Pyrotechnic blaster and shock wave pulser
* Lightning bolt generator
* Robotic circuit jamming EMP generator
* Ultrabright green laser
* Working light saber
¢ Magnetic pulse can crusher
® Mass driver and launcher
* Ultrasonic microphone
* Laser protection project
¢ Ultrasonic shock projector
* Electric fishing and worming machine

ISBN 0-07-L42k09-Y4

52495

Visit TAB Robotics’at:
http://books.mcgrawhill.;om/.robots]' =

Cover design: Todd Radom

Q7800711426091

$24.95 U.S.A. | £14.99 U.K. | $39.95. CAN
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