
Project 

Triple -Head 
Photo Flash System 

Gives the amateur photographer the advantages of 
multiple- source studio lighting systems for shooting 
professional- quality portraits 

By Maurice P. Johnson 

Regardless of the camera you 
use, if the flash is mounted 
on it, you get very restrictive 

illumination because light aimed at 
your subject from the same axis as 
the lens can produce flattening and 
very unflattering front light. This 
flash -on- camera arrangement is also 
the cause of "red eye" commonly 
seen in color photos of people. For 
effective photography lighting, you 
need more than one light source in lo- 
cations that are off -camera. 

Though use of a flash gun with a 
flash head that can be tilted upward 
to bounce light onto the subject pro- 
vides a bit of improvement, it isn't 
a good solution. Light reflected 
(bounced) off the ceiling onto your 
subject from a direction may be more 
flattering, but the intensity of the 
light that reaches your subject is con- 
siderably reduced when compared to 
direct -flash intensity. Consequently, 
unless you use a fairly powerful flash 
gun, the light falling on your subject 
may be too weak to provide adequate 
exposure without a fast lens. 

For effective portrait photos, what 
you really need is a multiple -head 
flash system like the triple -head de- 
sign described here. Our Triple -Head 
Flash System is designed to meet 
three important criteria for good in- 

door studio -quality photos. One is 

the modeling light, which is the dom- 
inant light that establishes the direc- 
tion of principal illumination and is 

seldom located at the lens axis. It de- 
fines butterfly, Rembrandt, 45 °, etc. 
type light. Next is fill -in light that you 
use to illuminate the shadows created 
by the main light. This light can be lo- 
cated near the lens axis but is subor- 
dinate to the main light. The third 
and final criterion is independent 
background lighting that acts as a 
"hair" light for a degree of back- 

lighting to separate the subject from 
the background. It can be used as a 
"rim" light or side light. 

We offer here two different but 
similar multiple -head flash system 
designs. One provides 300 watt -sec- 
onds of power and features a bevy of 
bells and whistles. The other, more 
conservative system provides 100 
watt- seconds of power and omits 
some convenience features. The ver- 
sion you build will almost certainly 
be determined by availability of cer- 
tain components. 
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Design Considerations 
A convenient per -tube power level 
for a home studio system lies in the 
100 -Ws (watt- second) range. Such a 
unit requires power packs that supply 
450 to 500 volts dc. This is a feasible 
voltage for home construction and 
provides a very useful light level. 

There's no need for miniaturiza- 
tion or powering from a source other 
than the 117 -volt ac line for a studio 
setup. The flash heads are intended 
to mount on light stands, the power 
pack to rest on the floor. 

The flash heads consist of flash 
tubes with reflectors and a minimum 
of electronics. Trigger transformers 
and trigger capacitors are the only 
trigger components in the flash 
heads. The remaining triggering cir- 
cuitry is housed inside the power 
pack, which is the major element in 
the system, since it encompasses the 
storage capacitors, charging power 
source, control and monitor ele- 
ments, and triggering circuitry. 

To obtain effective energy /light 
conversion, a full amount of energy 
should be supplied to each flash tube 
in a multiple -head system. To achieve 
this, the applied potential must be at 
least 400 volts but not more than 550 
volts for reliable firing. You must 
take care to avoid subjecting the 
flash tube to greater than 550 volts, 
or the tube will be irreparably dam- 
aged. From the foregoing, you can 
see that there's a very definite voltage 
"window" between 400 and 550 
volts that defines power pack voltage 
levels. The power pack must, there- 
fore, be designed to load the tube to a 
100 -Ws energy level within these 
voltage limits. Also, each flash tube 
should be loaded to this energy level, 
whether one, two or all three flash 
heads are in use for a particular pho- 
to session. This is accomplished with 
a separate storage capacitor in each 
flash head. These capacitors charge 
in parallel from a single source, but 
they're electrically isolated from 
each other for independent discharge 

Fig. 1. Flash heads selected should have built -in flash tubes and trigger trans- 
formers. They should also be able to mount on tripods or other supports. Being 

able to tilt is also a plus. 

into their respective flash tubes. 
When searching for suitable flash 

tubes, look for ones intended for 450 
to 500 volts across them (GE No. FT- 
118 and similar types). Try to obtain 
heads that include tubes, trigger 
transformers and suitable reflectors 
to minimize any modifications need- 
ed to adapt them for light -stand use. 

Suitable capacitor values are in the 
500- to 800 -µF range. These capaci- 
tors should be rated to handle 500 
working volts, but in a pinch you can 
get away with capacitors rated at 450 
volts. You can parallel- connect small- 
er -value capacitors to obtain the de- 
sired value if need be. 

You also need a power transform- 
er of the type used to power tube -type 
TV receivers, amplifiers or radios. 
The transformer should have a sec- 

ondary winding rated at 650 to 700 
volts and a center tap to drive a full - 
wave power- supply circuit. A trans- 
former with no tap on the secondary 
winding and capable of delivering 
325 to 350 volts can be substituted for 
a half -wave power -supply circuit. Se- 

lect a transformer rated at not less 

than 50 mA. The greater the current 

rating, the faster the charging cycle 
for the flash -head storage capacitors 
and the shorter the cycle interval be- 
tween shooting pictures. 

To avoid confusion, we'll deal 
with the elements that make up this 
project one at a time, discussing how 
each works and giving construction 
details before proceeding to the next. 

Flash Heads. Only a minimum of 
circuitry is included inside a flash 
head (see Fig. 1). A three -conductor 
cable terminated in a plug connects 
each flash head to the power pack 
through a mating jack. This cable 
should be wired directly to the com- 
ponents in the flash head, not 
through a plug /jack arrangement. 

Flash -tube leads shouldn't be sub- 
jected to strain. They're best secured 
to solder lugs or support terminals at 
the points the cable conductors or 
trigger transformer leads attach. 
Connect the high -voltage secondary 
of the trigger transformer directly to 
the trigger band on the flash tube. 
(Each flash head must be equipped 
with a separate trigger transformer 
and trigger capacitor.) One side of 
the trigger capacitor connects to the 
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primary of the trigger transformer, 
while the opposite (input) end of the 
capacitor is brought back through 
the cable to the power pack, where 
it's accessible to the firing circuits. 

In essence, the trigger capacitor 
simply connects back to the opposite 
end of the trigger transformer when 
the flash is to be fired. The primary 
circuit is completed so that the capa- 
citor discharges through the trans- 
former in only a few microseconds to 
generate a high -voltage firing pulse 
at the transformer secondary. Ap- 
plied to the tube, this trigger pulse 
ionizes the internal xenon gas so that 
the capacitor, in turn, discharges 
through the very -low resistance of 
the ionized gas and produces a light 
pulse of very -short duration. 

Nearly 500 volts dc appears across 
the flash tube and cable conductors 
when the storage capacitor is charged. 
The trigger capacitor charges to 
about 150 volts, which also appears 
on the third cable conductor. Within 
the head housing, when the tube is 
fired, the voltage at the secondary of 
the trigger transformer is a pulse with 
a magnitude of at least 4,000 volts 
and may even approach 10,000 volts 
with certain transformers. Conse- 
quently, component layout and cable 
type should be selected with these 
voltages in mind. 

Fit the flash head with adequate 
hardware to permit it to be attached 
to a standard light stand. A tilt head 
is particularly useful for aiming the 
flash to direct light in a specific direc- 
tion during use. 

Power Pack. This part of the sys- 
tem requires construction from 
scratch. Here we give you a choice 
between two versions of power pack 
to build -"bare- bones" and a more 
elaborate design, both of which can 
power up to three flash heads. The 
major difference between the two de- 
signs is the amount of loading each 
applies to each flash tube when the 
tubes are fired in parallel. 

When using multiple flash heads 
powered by a common power pack, 

each flash tube should have its own 
trigger transformer and capacitor to 
ensure reliable triggering. Parallel - 
connected flash tubes should be of 
the same type if a common stored en- 
ergy source is to divide equally 
among the tubes. Make sure that the 
energy discharged into any one tube 
never exceeds the energy (watt -sec- 
ond) rating of that tube. 

The more -elaborate power pack 
contains a storage capacitor for each 
flash tube in the setup, each of which 
charges to the energy rating of a sin- 
gle tube. Thus, each storage capaci- 
tor charges to a 100 -Ws energy level. 
To ensure that no tube becomes over- 
loaded, which could happen if one 
tube receives the charge of more than 

one energy capacitor, each tube and 
its energy capacitor is isolated from 
the others via "steering" diodes. 
This makes for a bit more elaborate 
power pack and permits loading each 
parallel- connected tube to its full en- 
ergy rating, with attendant greater 
total light output. 

It makes little difference whether 
you use half -wave or full -wave recti- 
fication, except that the full -wave 
supply has a higher ripple frequency 
that's a bit more efficient in charging 
the storage capacitor(s). Availability 
of a specific transformer can be the 
guiding factor in your choice be- 
tween half- or full -wave rectifier cir- 
cuit. In any case, transformer voltage 
must be selected according to the 

300 -WS PARTS LIST 

Semiconductors 
D1 thru D5 -1,000 -volt, 1- ampere sili- 

con rectifier diode 
D6 -100 -volt, 1- ampere silicon rectifi- 

er diode 
D7 -400 -volt, 1- ampere silicon rectifi- 

er diode 
SCR 1- 200- volt,1- ampere or more sili- 

con- controlled rectifier 
Capacitors 
CI -8 -µF, 500 -volt electrolytic 
C2,C3,C4 -600- or 800 -MF, 500 -volt 

computer -grade electrolytic 
C5- 22 -µF, 50 -volt electrolytic 
CT-0.22-AF, 400 -volt paper* 
Resistors (10'o tolerance) 
R1,R2,R3 -1,000 ohms, 10 -watt wire - 

wound 
R4 -1 megohm, 1 -watt carbon 
R5- 470,000 ohms, 1 -watt carbon 
R6- 533,000 ohms for 1 -mA meter 

movement; 5.3 megohms for 100 -µA 
movement 

R7 -10 ohms, 'A-watt carbon 
R8 -180 ohms, % -watt carbon 
R9 -470 ohms, 'A-watt carbon 
R10 -5,000 ohms, 10 -watt wire -wound 
R 11,R 12,R 13 -2 megohms, 2 -watt car- 

bon 
Miscellaneous 
F1 -3- ampere slow -blow fuse 
FT-100-watt-second, 450 -volt flash 

tube with suitable reflector and hous- 
ing (GE -FT118 or similar)* 

I1 -6.3 -volt ac panel lamp 
M1 -1 -mA or 100 -µA meter movement 

(see R6 above) 
S1 ,S5 -Spst toggle or slide switch 
S2 -Sp3t non -shorting rotary switch 
S3 -Spst normally -open pushbutton 

switch 
S4 -Sp3t shorting rotary switch 
SO1 -Polarized jack 
T1 -700 -volt, center -tapped power 

transformer with 6.3- and 5 -volt 
windings (see text) 

TT -4 -to- 10,000 -bolt trigger trans- 
former* 
Suitable enclosure (see text); bayonet 
fuse holder; pointer -type control 
knobs for S2 and S4; C clamps for 
mounting storage capacitors; bayonet 
panel -lamp holder; sockets for flash - 
head cables; flash -head cables; flash 
heads (see text); tripods or stands for 
flash heads; ac line cord with plug; 
spacers; terminal boards (see text); 
dry- transfer lettering kit; spray paint 
and clear acrylic spray (see text); 
stand(s) for flash tube(s) *; suitable 
wire (see text); machine hardware; 
hookup wire; solder; etc. 

*These items are for the flash -head assem- 
blies. You need one of each per assembly. 
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voltage rating of the storage capaci- 
tor(s) and flash tube(s). 

There are some interesting aspects 
to the interrelationship between the 
power supply and flash head. The 
power pack charges the storage capa- 
citors between flashes fairly rapidly 
so that you can snap another photo 
again quickly. A time constant relat- 
ed to the charge time involves the 
value of the storage capacitor and 
series resistance in the charge path: T 
= kRC. From this, you can see that 
larger -value capacitors take longer to 
charge through a given resistance. A 
smaller resistance speeds up charging 
but results in heavier current flow. 
However, current flow must be limit- 
ed for safe repetitive delivery without 
excessive heating. 

Similarly, discharge of the storage 
capacitor through the flash tube 
(which has been ionized by the trigger 
pulse) may see a low- resistance path 
of, say, 3 to 6 ohms or so. Discharge 
can then occur in only a few millisec- 
onds, depending on the value of the 
capacitor. A large- capacity storage 
capacitor takes longer than a small 
one to discharge. Flash units with 
electrolytic capacitor values in the 
hundreds of microfarads produce a 
flash that lasts a few milliseconds. 

Since the power supply generally 
runs continuously during a photo 
session, the charging circuit con- 
stantly attempts to charge the storage 
capacitors, even during the flash dis- 
charge period. Therefore, the series 
charging resistance must also keep 
the power supply from attempting to 
keep the flash tube alive by supplying 
current directly to the tube. If this oc- 
curred, the tube would quickly be de- 
stroyed. Hence, the series charging 
resistance assures that discharge cur- 
rent comes from only the storage ca- 
pacitor and not directly from the 
power supply. 

Fig. 2. Complete diagram of more -elab- 

orate power -pack circuit design. 
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The time required to recharge the 
storage capacitor is a determining 
factor in the rate at which flashes can 
be repeated. Another factor is the 
need to limit the number of flashes 
per unit time that the flash tube ex- 
periences because each discharge 
generates heat in the tube that must 
be dissipated between flashes. How- 
ever, the charge time of the power 
pack is more of a limitation than the 
allowable repetition rate of the flash 
tube. So the power supply itself will 
be the determining factor for flash 
repetition rate. 

Storage Capacitors. Having estab- 
lished that a transformer secondary 
potential of 350 -volt rms (or a full - 
wave 700 -volt center -tapped secon- 
dary winding) will provide a peak po- 
tential near 500 volts, the next step is 

to select suitable storage capacitors. 
So- called computer -grade electrolyt- 
ic capacitors of good quality (low in- 
ternal series impedance) are suitable. 
Your objective is to operate the flash 
tube near its full watt -second rating 
for maximum energy -to -light output 
efficiency. 

Loading is related to the voltage 
across the capacitor and its value in 
microfarads by the equation Ws = 
CV, where Ws is the energy in watt - 
seconds, Cis capacitance in microfa- 
rads and V is the charge voltage in 
kilovolts (kV). With 500 volts avail- 
able, Ws = 0.125 C. Thus, 500µF de- 
livers 62.5 Ws; 600 µF provides 75 
Ws, and 800 µF supplies 100 Ws. A 
1,000 -µF capacitor is a bit large, de- 
livering 125 Ws, which is the absolute 
maximum rating of the tube. How- 
ever, 1,000 µF capacitor could be ef- 
fectively used if the power pack volt- 
age turns out to be a bit lower than 
the 500 -volt peak being discussed. 

300- Watt -Second Design 
The power -pack circuitry for the 
more -elaborate design is shown sche- 
matically in Fig. 2. This version has a 
center -tapped transformer and two 
diodes for full -wave rectification. 

In addition to the impedance of 
power transformer TI, series resis- 
tors limit the charging current. Inde- 
pendent storage capacitors are used, 
one per flash head, to permit each 
flash tube to be fired at maximum en- 
ergy. Yet, any tube will never be 
over -stressed, since steering diodes 
D3, D4 and DS isolate the capacitors 
from each other. If one flash tube 
fails to fire, its associated capacitor 
doesn't discharge. The other capaci- 
tors won't be effected, nor will the 
unfired capacitor "dump" into those 
that do discharge. This keeps any 
flash head from ever being over- 
stressed, while full energy is supplied 
to each tube. 

For convenience, shorting switch 
S4 permits one or two of the storage 
capacitors to be disconnected from 
the charging path if only two or one 
flash heads are needed during a pho- 
to session. Doing this can speed up 
charging time, resulting in shorter cy- 
cling intervals between shots. 

Meter M1 monitors the voltage on 
any selected storage capacitor. You 
can select the storage capacitor to be 
monitored with S2. The series resis- 
tance of the meter was selected so 
that a reading 9007o of full -scale rep- 
resents full capacitor charge. The 
slight overvoltage scale allowance 
can be useful if high line voltage is 

ever encountered. 
Momentary- action pushbutton 

TEST switch S3 permits firing the 
charged flash heads to test the sys- 
tem. Pressing S3 grounds the trigger 
capacitors of all connected flash 
heads to fire the tubes. The current 
that flows in this trigger line is a bit 
high for camera shutter sync con- 
tacts, especially when several flash 
heads are fired with a common sync 
switch. A simple way to upgrade the 
firing circuit is to use an SCR to com- 
plete the discharge path of the trigger 
capacitor(s). With SCR1 connected 
as shown, its anode -to- cathode cir- 
cuit absorbs the current that flows 
through the very -low resistance trig- 
ger- capacitor return path when firing 

the system. In turn, SCR1 is triggered 
by the much lower voltage delivered 
to its gate from the camera shutter 
contacts. 

SYNC CONNECTOR SO/ can be any 
polarized socket for connection from 
the camera to the power -pack trigger 
interface. One side of the sync cable 
goes to the gate voltage source, the 
other to the gate of SCR1. Because 
the amount of current flowing in this 
path is very low, no arcing or spark- 
ing will occur. Therefore, no signifi- 
cant wear of the camera sync con- 
tacts will result. 

Power transformer TI selected for 
this version of the project has two ad- 
ditional secondary windings. The 
6.3 -volt winding permits use of POW- 

ER indicator II, while the 5 -volt 
winding is the source for the SCR 
gate voltage. Transformers that 
don't have these secondary windings 
can be used, but you must obtain the 
voltages for the POWER indicator and 
SCR trigger from the main secondary 
winding (we'll show you how this is 

done later, when we discuss the mini- 
mal power -pack circuitry). 

Construction 
Before you can decide on what size 
enclosure to use for the power -pack 
circuitry, collect the major compo- 
nents that must go into it and from 
their physical sizes determine the di- 
mensions of the enclosure you need. 
Typical computer -grade capacitors 
measure 2% inches in diameter by 5 

inches high. The power transformer 
may occupy a similar volume. These 
components dictate enclosure size, 
especially since three storage capaci- 
tors are involved. 

The prototype of this power pack, 
shown in the lead photo, was built in- 
to a 12 x 7 x 6 -inch aluminum utili- 
ty box, which nicely accommodated 
the power -pack circuitry. Note that 
this enclosure provides ample vol- 
ume for the components and a satis- 
factory control -panel layout. Re- 
movable 7 x 12 -inch panels serve as 
the sides of the enclosure, and all 
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Fig. 3. These two views of author's prototype of the 300 -Ws unit show the zig -zag pattern you should use to fit 
the power transformer and storage capacitors on a minimum of enclosure real estate. 

components attach to the box itself. 
One side wall (not removable side 

panel) accommodates the controls 
and indicators for the project and 
serves as the top panel of the enclo- 
sure. Most major components mount 
on the other side wall, which also 
serves as the floor of the enclosure. 
On one end of the enclosure should 
go the sockets for the cables that con- 
nect the flash heads to the power 
pack. No actual chassis is needed, 
since all components mount to either 
the enclosure walls or on small ter- 
minal boards. 

If you use the utility box described 
above, position the storage capaci- 
tors and power transformer in a zig- 
zag pattern (see Fig. 3) to fit the avail- 
able area on the bottom panel. Plan 
on using ring clamps for mounting 
the capacitors and /2-inch spacers to 
support the transformer so that its 
leads can fan out under the trans- 
former and obviate the need for drill- 
ing extra holes. 

Plan your layout so that two small 
terminal boards mount near enough 
to the power transformer so that its 
leads reach the appropriate points on 
the boards without requiring you to 
extend them with wires. 

Mount on one terminal board the 
components associated with the 

high -voltage rectification section, 
namely the rectifier diodes, filter ca- 
pacitor Cl and resistors R4 and R5. 
On a second terminal board that will 
mount near the transformer, mount 
D6, C5, R7 and R8, with SCRI, R9 
and D7 at one end of the board. 
Mount on a third terminal board D3, 
D4, DS, RI , R2 and R3. The resistors 
on this last board are 10 -watt units 
that operate at nearly 500 volts. Use a 
high -quality board material and 
leave '/a inch of space between the re- 
sistors and the surface of the board. 

Machine the enclosure as needed, 
including drilling a hole for entry of 
the ac line cord. Plan on mounting a 
carrying handle on the top control 
panel near the center of gravity. 
Don't drill the holes for the handle 
until after you've assembled the pow- 
er pack and can better judge where 
this point will be. Because the power 
transformer is a bit heavier than the 
storage capacitors, this point will be 
a bit to the rear of enclosure center. 
Arrange the holes for the POWER in- 
dicator, POWER switch and fuse 
holder at one end of the control panel 
and those for the sync cable socket 
and TEST switch in the other corner. 

The third terminal board will 
mount on the underside of the panel, 
beneath the carrying handle. This 

makes for short leads between capa- 
citors, steering components and out- 
put sockets. The two rotary switches 
and meter movement holes should be 
drilled and punched through the top 
control panel. 

Switch SS should mount under the 
top panel on a small L bracket. This 
switch isn't an operating control. 
You open it only to insert RIO into 
the charge path during initial form- 
ing of the storage capacitors. You 
then close it to short out R10 for nor- 
mal power -pack opération. 

By mounting components on the 
three terminal boards, you can use 
point -to -point wiring to make all in- 
terconnections when you're ready to 
wire together the components and as- 
semblies. Since the currents involved 
in charging average less than 1 am- 
pere, ordinary hookup wire will do 
for these portions of the circuit. 
However, the discharge path from 
storage capacitors to sockets to flash 
heads carry current pulses of 75 to 
100 amperes for a few milliseconds, 
necessitating use of heavier wire - 
No . 18 or heavier -duty and well -insu- 
lated, at the minimum. 

Locate the holes for the three sock- 
ets into which the flash -head cables 
plug in one end wall of the enclosure. 

When you finish machining the en- 
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closure, deburr all holes drilled and 
punched to remove sharp edges. 
Thoroughly clean all exterior sur- 
faces of the enclosure with scouring 
powder and fine steel wool. Then 
thoroughly rinse the enclosure and 
dry it. The scouring powder and steel 
wool will have left behind a fine 
"tooth" to which paint will adhere. 

Spray a light base coat of enamel 
paint in your choice of color on all ex- 
terior surfaces and allow it to com- 
pletely dry, preferably two or more 
days. Then lightly rub the painted 
surface with dry steel wool and wipe 
away all dust. Spray onto the first 
two or more light coats of the paint, 
allowing each coat to thoroughly dry 
before spraying on the next. 

When the paint has completely 
dried, use a dry- transfer lettering kit 
to label appropriate legends at the 
control, connector and indicator lo- 
cations. Follow up with two or three 
light coats of clear spray acrylic to 
protect the legends. Again, allow 
each coat to dry before spraying on 
the next coat. 

Mount the various components 
and subassemblies in their respective 
location. Then refer back to Fig. 2 to 
wire together the circuit. Take care 
when doing this to properly polarize 
the electrolytic capacitors and diodes 
and properly base the SCR. Make 
certain that the connections to the 
sockets into which the flash -head ca- 
bles plug are properly polarized. 

Wire the ground and trigger -capa- 
citor feeds in parallel. Be sure to feed 
the high -voltage leads independently 
to each storage capacitor, since each 
flash head has its own separate 
storage capacitor. 

A word of caution: Electrolytic ca- 
pacitors that have been sitting 
around unused for a long time have a 
tendency to lose storage capacity and 
must be re- formed before they be- 
have properly. An unformed capaci- 
tor won't fully charge and may heat 
internally if excess current is applied 
to it. Forming isn't difficult, but it 
must be performed before you try to 

put the power pack into service. 
Your wired power pack includes 

everything you need to form the stor- 
age capacitors as follows. Resistor 
RIO at the input of switch S4 is in- 
cluded just for the forming proce- 
dure. Opening S5 inserts RIO into the 
charge path to limit charging current 
when forming the capacitors. 

Forming is a straightforward pro- 
cess. With the flash heads discon- 
nected from the power pack, open 
S5, plug the line cord of the power 
pack into an ac outlet and set the 
POWER switch to "on." You can set 
S4 so that all three capacitors are 
connected to the charge line. Moni- 
tor the voltage across each of the 
switched -in capacitors in turn and 
note that one or more may not charge 
to more than, say, 200 or so volts af- 
ter a minute or more of charging 
time. This is characteristic of un- 
formed capacitors. 

Turn off ac power to the power 
pack and allow the capacitors to dis- 
charge through their bleeder resis- 
tors. You can accelerate discharge by 
shunting a 500 -ohm, 10 -watt power 
resistor from the + terminal to 
ground. Don't just short the capaci- 
tors to ground with a screwdriver or 
other very -low- resistance path. Re- 
member to observe all applicable 
safety precautions when working 
around the storage capacitors and 
voltages involved! 

Repeat this charge /discharge sev- 
eral times and you'll notice that each 
time you do the capacitors should 
charge a bit faster to a slightly greater 
voltage. Depending on the history of 
the capacitors, it should be possible 
to reach a charge of about 400 volts 
on each capacitor. A capacitor may 
need more cycles before it charges to 
this voltage. If so, continue the pro- 
cess until all capacitors reach this 
level or more. 

You can now connect the flash 
heads to the power pack to continue 
the forming process. It's now possi- 
ble to discharge the capacitors by fir- 
ing the flash heads as the discharge 

load. Close S5 and continue to 
charge and fire the heads until the ca- 
pacitors can be charged to at least 450 
volts in a reasonable amount of time 
(20 to 30 seconds). The capacitors 
have now been formed and should 
accept full charge. 

It's a good idea to cycle capacitors 
of the electrolytic type, even if un- 
used, by charging and firing a few 
times every month or so. This keeps 
the capacitors fully formed and obvi- 
ates having to go through the re- 
forming process again. To form ca- 
pacitors from scratch or after un- 
known periods of time on the shelf 
may take hours to accomplish if in- 
ternal heating is to be minimized. 
This is the reason for using at least 
5,000 ohms of charging resistance in 
the initial forming steps. The operat- 
ing circuit uses only 1,000 -ohm 
values for charging resistors R1, R2 
and R3. These resistors limit the 
charging currents applied to fully 
formed capacitors. They also limit 
the maximum current drawn from 
the power supply and keep the flash 
tubes from suffering "hangover" 
from current coming directly from 
the power supply instead of from 
only the storage capacitor. 

After you secure the side panels to 
the enclosure, there's little chance for 
electric shock from the power supply 
or flash system. Of course, complete- 
ly enclose the flash heads, since high 
voltages appear at the tube terminals. 
The interconnecting sockets for at- 
tachment of the heads to the power 
pack are polarized to be female on 
the power pack and male on the flash 
head cable. The trigger circuit, as 
brought to the camera, carries only 3 

or 4 volts and, thus, avoids any prob- 
lems in camera handling relative to 
the higher pack voltages. 

100- Watt -Second Design 
The elaborate power pack discussed 
above includes operating conveni- 
ence features and maximizes the en- 
ergy directed to each flash head, 
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Fig. 4. Complete schematic diagram of minimal power pack circuit design. 

whether one, two or three heads are 
used for a photo session. The mini- 
mal power pack, shown schematical- 
ly in Fig. 4, is less versatile but still 
useful. It can apply 100 Ws total en- 
ergy to flash heads and can fire two 
or three heads, provided the charge 
energy is divided among the heads 
for a total of 100 Ws. With this ar- 
rangement, one head could be fully 
loaded, two heads fire with 50 Ws 
each and three heads share the charge 
at 33 Ws each. 

Many simplifications are made in 
the Fig. 4 circuit, though some fea- 
tures of the Fig. 2 300 -Ws power 
pack can be included, if desired. For 
example, you might add a voltmeter 
circuit to monitor charge status, as in 
the more -elaborate design. 

In Fig. 4, power transformer Tl 
has a single untapped secondary 
winding that drives half -wave rectifi- 
er DI. Because a 6.3 -volt winding 
isn't available for a pilot light, neon 
lamp II and its series resistor connect 
across the ac -line after POWER switch 
SI and fuse Fl to serve as a POWER 

indicator. 
Also note that the 150 volts for 

charging trigger capacitor CT is 

taken from bleeder resistor R2, as is 

done in the Fig. 2 circuit. However, 
an additional voltage tap is made in 

100 -WS PARTS LIST 

Semiconductors 
DI -1,000 -volt, 1- ampere silicon recti- 

fier diode 
D2 -400 -volt, 1- ampere silicon rectifi- 

er diode 
SCR1 -200 -volt, 1- ampere or greater 

silicon -controlled rectifier 

Capacitors 
C1-8-AF, 500 -volt electrolytic 
C2 -600- to 800-AF, 500 -volt comput- 

er -grade electrolytic 

Resistors (10'o tolerance) 
R1 -1,000 ohms, 10 -watt wire -wound 
R2,R7 -I megohm, 1 -watt carbon 
R3- 470,000 -ohms, 1 -watt carbon 
R4- 15,000 ohms, 1/2-watt carbon 
R5 -470 ohms, 1/2-watt carbon 

R6 -2 megohms, 1 -watt carbon 
R8- 180,000 ohms, '/ -watt carbon 
Miscellaneous 
I 1-Neon panel -lamp assembly with 

built -in limiting resistor 
I2 -Neon lamp 
S1 -Spst toggle or slide switch 
S2 -Spst normally -open pushbutton 

switch 
SO1- Polarized jack 
T1- 350 -volt power transformer 

Suitable enclosure; ring clamps for 
capacitors; terminal boards; bayonet 
fuse holder; ac line cord with plug; 
materials for flash heads (see 300 -WS 
Parts List); carrying handle; spacers; 
machine hardware; hookup wire; sol- 
der; etc. 

this divider, between R2 and R3, to 
supply gate bias to SCR1. 

The SCR trigger circuit is included 
in this minimal power pack to avoid 
having 150 volts and high trigger cur- 
rents appear at the camera shutter 
contacts, as would occur if the cam- 
era shutter was directly used to short 
the trigger capacitor(s). 

The half -wave rectifier circuit 
charges storage capacitor CT to 100 
Ws, somewhere beyond 450 volts. 
READY lamp 12 shunted across part 
of the resistive voltage divider made 

up of R7 and R8 indicates when CT is 

charged but doesn't indicate voltage 
as charge progresses. It lights only 
when a preset charge is reached. 

TEST switch S2 across the 150 -volt 
trigger bus lets you test the flash sys- 
tem, as in the Fig. 1 circuit. Three 
output sockets are included in this 
design to permit you to connect mul- 
tiple flash heads to the power pack, 
with the same head circuit as used in 
the more -elaborate design. How- 
ever, the total 100 -Ws charge on a 
single storage capacitor is all the en- 
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ergy available and is divided between 
flash heads. Hence, there's no need 
for steering diodes. This supply 
could be implemented with a full - 
wave rectifier circuit, with a bit better 
charging efficiency. 

Construction 
The minimal- design power pack can 
be built into a much smaller enclo- 
sure than was recommended above. 
A "double -U" shaped utility box 
measuring 8 x 6 x 3' inches is suit- 
able. Again, you should collect all 
the components to be used before set- 
tling on a given -size enclosure. 

No chassis as such is needed for 
building the power pack. The top of 
the enclosure serves as the control 
panel on which you mount the Pow - 
ER switch, POWER indicator lamp, 
READY indicator lamp, fuse holder, 
SYNC connector and a handle. 

One of the 6 x 3 % -inch ends of the 
enclosure accommodates the three 
sockets for connecting the flash 
heads to the power pack. Secure the 
power transformer to the underside 
of the control panel, and attach the 
single energy- storage capacitor to the 
other end of the box with a ring 
clamp. Use terminal strips to mount 
the few circuit components, and wire 
together the components using the 
point -to -point scheme. 

Compared to the more -elaborate 
design, this minimal- design power 
pack is much simplified. Neverthe- 
less, it's an easy and inexpensive way 
to get involved with multiple -head 
lighting setups. If you go this route 
and later wish to upgrade to the 
more -elaborate design, the compo- 
nents can be directly salvaged and re- 
used in it. 

Using the Project 
Operating either of the flash units is 
almost instinctive. The flash heads 
plug into the power pack and a sync 
cable attaches between the camera 
and the pack. Two of the flash -head 
units should have 10- to 15- foot -long 
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cables and be fitted with tilt heads for 
use as modeling light and back- 
ground /rim /hair light. Locate these 
flash units at a distance from the 
camera. Tilt heads let you aim light at 
a subject from various angles. 

The third flash head gets a 6 -foot- 
long cable. Positioned close to the 
camera, this flash head provides fill - 
in light. It doesn't need a tilt head, 
because you'll usually direct its light 
straight onto your subject from es- 
sentially camera position. If you 
wish, you can fit to this flash head 
a normally -open pushbutton switch 
that can be used to short across the 

trigger capacitor line so that you can 
test fire the heads from camera posi- 
tion instead of having to reach for the 
TEST switch on the power pack. 

Whenever you connect and discon- 
nect the flash heads to and from the 
power pack, always power down the 
power pack. A flash head may fire on 
its own when being connected if its 
capacitor is already charged. 

It's a good practice to energize the 
system and make a few test firings be- 
fore actually starting to take pic- 
tures. This will assure you that the 
capacitors charge properly and even 
do minor reforming before a shoot- 

CABLE TV DESCRAMBLERS! 
BARGAIN HEADQUARTERS! 

INE111114 

JERROLDTM TOCOM HAMLIN 
OAK *ZENITH 

SCIENTIFIC ATLANTA 

6 month warranty! We ship C.O.D.! 
Lowest retail /wholesale prices! 

FREE CATALOG: 
Global Cable Network 

1032 Irving St. Suite 109 
S.F., CA 94122 

NO CALIFORNIA SALES!!! 

ORDER TODAY! 800 -327 -8544 
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PICKS UP A WHISPER 50 FEET AWAY! 
The model WAT -50 miniature FM tranmitter uses a 
4 -stage circuit NOT to be confused with a simple wire- 
less microphone. Simply snap the unit on top of a 9V 
battery and you can hear every sound In an entire house 
up to 1 mile away! Use with any FM radio. Tunes to any 
frequency from 70mhz - 130mhz. Easy to assemble kit 
includes all parts and instructions. Only 29.98 tax Incl. 

The WIRELESS TELEPHONE TRANSMITTER model 
WTT -20 is only about the size of a dime, yet transmits 
both sides of a telephone conversation to any FM radio 
with crystal clarity. Completely automatic. Uses power 
from the telephone line Itself - never needs a battery! 
Up to V. mile range. Tunes from 70mhz - 130mhz. Easy 
to assemble kit includes all parts and instructions. On- 
ly $29.98 tax incl. 
Call or send MO, VISA, MC for immediate delivery. 
Single kit orders Include $1.50 S&H. FREE SHIPPING 
on orders of 2 or more. All orders shipped by U.S. Mail. 
COD add $4.00. Personal checks allow 21 days. 

DECO INDUSTRIES 
BOX 607, BEDFORD HILLS, NY 10507 

914232 -3878 
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All the tools 
& test equip- 

ment you need 
for hobby or work! 

Electrical, 
electronics, 
computers, 
communica- 
tions, sound 
systems - 
all the tools, 
meters and 
other equip- 
ment you 
need to do a 
professional 
job! 

Top technicians and field service 
personnel prize their Jensen tool 
kits. Our new 232 -page Master 
Catalog will show you why. You'll 
discover hard -to -find items, the 
latest high -tech developments, 
soldering stations, wire & cable 
accessories and many more quality 
products you want and need. 
Send for your free copy today! 

JENSEN'TOOLS INC. 

7815 South 46th St., 
Phoenix, AZ 85044 -5399 
Phone: (602) 968 -6231 
FAX: (800) 366 -9662 
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AMAZING 
SCIENTIFIC & ELECTRONIC 

PRODUCTS 

LASERS AND SCIENTIFIC DEVICES 

VRL2K 3mw Vis Red Laser Diode System Kit $159.50 
LLISIK Laser Beam "Bounce" Listener Kit $199.50 
LHC2K Visible Simulated 3 Color Laser Kit $44.50 

LC7 40 Watt Burning Cutting Laser Plans $20.00 

RUB4 Hi Powered Pulsed Drilling Laser Plans $20.00 
LGU40 1 to 2mw HeNe Vis Red Laser Gun Assembled $199.00 
LLSI Laser Lile Show -3 Methods Plans $20.00 
SD5K See in the Dark Kit $299.50 
EMLIK Electromagnetic Coil Gun Kit $69.50 
MCP1 Hi Velocity Coil Gun Plans $15.00 
LEVI Levitating Device Plans 510.00 

EH1 Electronic Hypnotism Techniques Plans $10.00 

HIGH VOLTAGE AND PLASMA DISPLAY DEVICES 

HVMÌK 75,000 Volt DC Variable Output Lab Source Kit $149.50 

I0G3K Ion Ray Gun Kit, project energy without wires $69.50 
NIG9K 12V/115 VAC Hi Out Neg Ion Generator Kit $34.50 
EMA1K Telekinetic Enhancer/Electric Man Assembled $99.50 
LG5K Lightning Display Globe Kit $54.50 
BTC1K Worlds Smallest Tesla Coil Kit $49.50 
BTC3K 250KV Table Top Tesla Coil Kit $249.50 

BTC5 1.5 Million Volts Tesla Coil Plans $20.00 
JL3 Jacobs Ladder -3 Models Plans $15.00 

IRAI Anti Gravity Generator Plans $10.00 

PFS20 Plasma Fire Saber Assembled $69.50 

10120 Dancing Plasma to Music and Sounds Assembled $79.50 

SECURITY AND PROTECTION DEVICES 

ITM10 100,000 Voll Intimidator up to 20' Assembled $129.50 

IP070 Invisible Pain Field Blast Wave Gen Assembled $74.50 
PSP4K Phasor Sonic Blast Wave Pistol Kit $59.50 
LIST10 Infinity Xmtr, Listen in Via Phone Assembled $199.50 
TAT30 Automatic Tel Recording Device Assembled $24.50 
VWPM7K 3 Mi. FM Auto Tel Transmitter Kit $49.50 
FMVIK 3 Mi. FM Voice Transmitter Kit $39.50 
HO01K Homing/Tracking Beeper Transmitter Kit $49.50 

EASY ORDERING PROCEDURE TOLL FREE 1 -800- 221 -1705 

or 24 HRS ON 1 -603- 673 -4730 or FAX IT TO 1 -603- 672 -5406 

VISA. MC, CHECK, MO IN US FUNDS. INCLUDE 10% SHIPPING. ORDERS 

$100.00 0 UP ONLY ADD $10.00. CATALOG $1.00 OR FREE WITH ORDER. 

INFORMATION UNLIMITED 
P.O. BOX 716, DEPT. ME -9, AMHERST, NH 03031 

Cautionary Notes 

Storage capacitors must be able to hold 
a high- energy charge and not leak or 
discharge over long periods of time. In- 
ternal losses must be very low. These de- 
sirable factors for a good storage capa- 
citor also contribute to making it a po- 
tentially lethal device! Even a comput- 
er -grade electrolytic capacitor can hold 
its charge for many hours, even days. 
Another mark of a good capacitor is 

low internal resistance, which means 
that there's nothing internal to limit the 
discharge current if the terminals are 
shorted together. 

The factors that go into making a 
good storage capacitor in its intended 
application can also make it dangerous. 
A capacitor charged to 75 to 100 joules 
(watt- seconds) contains considerable 
energy. When discharged in the normal 
manner into a flash tube you'll hear a 

very audible "snap" as the tube fires, 
and a very noticeable amount of heat 
will be radiated from the flash tube. 
This is because the 100 joules of energy 
are being "dumped" into about 6 ohms 
of tube resistance at a current of 75 to 
100 amperes for a few milliseconds. 

The discharge current can vaporize 
the tip of a screwdriver if a charged ca- 
pacitor were to short it with such an 
essentially zero- resistance shunt. Short- 

ing the capacitor with zero resistance 
can tear it apart internally and create 
destructive internal heating. Don't ever 
attempt to discharge a capacitor in this 
manner. 

The proper way to discharge a capaci- 
tor is to shunt its terminals with a power 
resistor, carefully avoiding personal 
contact with the leads or terminals. Ex- 
perienced personnel who work around 
high voltages, keep one hand in a pock- 
et or behind their backs to avoid injury 
and death when working around high - 
voltage, high- energy storage capaci- 
tors. You should adopt this as a work- 
ing rule as well. 

When discharging capacitors, use well - 

insulated clip leads attached to a 10 -watt 
resistor of, say, 500 ohms resistance. At- 
tach one clip to one terminal of the capa- 
citor. Then carefully touch and hold the 
other clip to the remaining terminal for 
several seconds. Repeat the procedure 
several times to make sure the capacitor is 

fully discharged, even if you're working 
on a circuit that hasn't been powered for 
hours or several days. Work with one 
hand only (remove any rings and watches 
before you start) and an alert apprecia- 
tion of what charge can do. And always 
handle any capacitor as if it's fully 
charged to a lethal voltage! 

ing session. Test fire the system with 
the TEST button on the power pack or 
on the fill -in light head, before start- 
ing to trigger the system with the 
camera sync contacts. 

When you're done taking pictures, 
always fire the heads to discharge the 
capacitors and trigger circuits before 
stowing your gear. Do this by firing 
the system with the TEST button and 
immediately switch off ac power. 

If at any time you must gain access 
to the interior of the power pack, ex- 
ercise extreme caution. Bear in mind 
that the storage capacitors may have 
potentially injurious charges on 
them. So exercise care when the unit 
is open. Discharge all capacitors be- 
fore you do any internal testing. 

An integrating flash meter is a very 
useful accessory and is highly recom- 
mended when using this project. 
Place the meter at the location of 
your subject and aim it toward the 
camera while you test fire the system. 
The meter will indicate the correct f- 

stop for proper exposure as a func- 
tion of film speed. It will result in cor- 
rect exposures, saving you time and 
film. Shutter speed doesn't have any 
effect on exposure because the flash 
is only about a millisecond in dura- 
tion. With focal plane shutters, how- 
ever, speeds must be slow enough to 
ensure that the curtains are fully 
open when the flash does fire. This 
means you must use "X" sync, usu- 
ally at %0 second or slower. AE 

58 / MODERN ELECTRONICS / March 1991 Say You Saw It In Modern Electronics 




