BUILD A

DIGITAL

CAMERA

BY R.S. HEDIN

Low cost digital timer provides accurate check
of camera shutter speeds from 1/1000th of a second to 1 second.

—AVE YOU ever wondered why a
_——=camera whose diaphragm opening
and shutter-speed setting are adjusted
perfectly according to an exposure me-
ter should regularly produce overex-
posed or underexposed negatives or
prints? Too often, the cause is a shutter
speed that deviates too much from the
camera's speed markings.

Now you can check your camera’s ac-
tual shutter speed by building the elec-
tronic shutter tester presented here. If
the camera displays a gross speed inac-
curacy, you'll know that you must com-
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pensate for it by modifying the camera’s
control adjustments (say, an f stop
greater or smaller than the exposure
meter’s indication) or having the camera
serviced professionally.

With your own shutter tester, you can
test your camera at any time you feel it
needs adjustment. The shutter tester
described here uses digital circuits and
has six decades of display to give a high
order of accuracy.

About the Circuit. The sensor/con-
trol circuit for the tester is shown in Fig.

1, while the counting circuit is shown in
Fig. 2. The two circuits are coupled
together via the +V and GND buses and
the points marked K going to each other.

When light strkes phototransistor Q2
and not LDR1 in Fig. 1, the Darlington
circuit made up of Q2 and ordinary tran-
sistor Q1 triggers on and supplies cur-
rent to timer /C6. This causes the timer
IC to generate pulses at a frequency of
10,000 Hz. (Potentiometer R1 is provid-
ed for adjusting the operating frequency
of the oscillator to exactly 10,000 Hz.)

If at any time light strikes LDR1, the
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resistance in the base circuit of Q2
drops to a low enough value to cause
the Darlington circuit to cut off. This, in
tum, turns off the timer circuit. Under
normal operating conditions, no light will
fall on either Q2 or LDR1 initially. After
pressing reset switch S1 (Fig. 2), light is
allowed to reach only Q2. This allows
the timer circuit to generate a 10,000-Hz

pulse output that is counted by the total-
izer circuit shown in Fig. 2. The displays
continue to count upward until the light
to Q2 is interrupted or light falls on
LDR1. At this time, the displays “freeze”

to indicate the total number of pulses

counted. When the tester is used with a
camera, the camera's body covers
LDR1 to exclude all light and the shut-

ter/lens mechanism is positioned diregt-
ly above Q2, in line with a high-intensity
light source. Switch S71 is momentarily
depressed to reset the counters to zero.
Then, when the shutter is tripped, the
system counts the number of pulses
generated between the opening and
closing of the shutter.

The counting circuit shown in Fig. 2
consists of five decade-counter IC’s (IC1
through IC5) and their companion sev-
en-segment displays (DIS1 through
DIS5). Note that DIS2 is the only display
whose decimal point is active. This deci-
mal point comes on whenever the tester
is powered. Note also that the decade
counters are wired to suppress the ze-
roes to the left of the decimal point.
Since the display indicates the number
of pulses counted during a discrete in-
terval of time, it does not indicate time.
To obtain the time indicated by the num-
ber in the display, you must divide that
number by 1000. Hence, displays of 1.0,
8.0, 16.6, and 33.3 translate to 0.001,
0.008, 0.0166; and 0.0333 second or,
in photography terminology, 1/1000,
1/125, 1/60, and 1/30 second, respec-
tively. (It is a good idea to make up a ta-
ble of conversions that can be affixed to
the completed project, as shown in the
lead photo.)

The power supply for the tester is line
operated. Dc power for the system is ob-
tained from a conventional rectifier-
diode/filter-capacitor (D1/C1) setup that
is driven from the center tap of trans-
former T1. This circuit assumes that
high-intensity lamp /1 is an integral part
of the system. If you prefer, you can use
a separate line-powered high-intensity
lamp and substitute a 6.3-volt transform-
erforT1.

Construction. The entire circuit, ex-
cept T1 and the two switches and Q2

Fi6 1 (x)

Fig. 2. The five
decade counters
are formed from

IC’s that also
include 7-segment
decoded outputs.
Note that DIS2 has
the decimal point.
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and LDR1, can be assembled on a sin-
gle printed circuit board, the etching
and drilling and component-placement
guides for which are shown in Fig. 3. Al-
ternatively, you can assemble the circuit
on perforated board, using appropriate
solder hardware. In either case, the use
of sockets for the IC's and displays is
recommended.

Install the components on the circuit
board as shown in the component-
placement guide, taking care to properly
orient them. Note here that the four
jumper wires labelled J and R5 mount
on the foil side of the board. To avoid the
possibility of short-circuiting the board,

CONVERSION TABLE
NUMBER SHUTTER SPEED
1.0 = 1/1000 sec
2.0 = 1/500 sec
4.0 = 1/250 sec
8.0 = 1/125 sec
10.0 = 1/100 sec
16.6 = 1/60 sec
20.0 = 1/50 sec
a8 = 1730 sec
40,0 = 1/25 sec
100.0 = 1/10 sec
125.0 = 1/8 sec
250.0 = 1/4 sec
500.0 = 1/2 sec
TROC D= 0 sec
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DIS 2

be sure to use insulated sleeving on the
resistor leads and wire jumpers.

Phototransistor Q2 and light-depend-
ent resistor LDR1 mount in a block of
pine as shown in Fig. 4. The holes in
which these two components mount
must be stepped as indicated to permit
easy routing of the hookup wires that in-
terconnect them with the rest of the cir-
cuit. Note that LDR1 mounts in the hole
at the lower left corner and Q2 mounts in
the hole in the center of the block.

Fig. 3. Foil pattern and
component installation. Pin

15 of IC1 through IC5 are
connected together by a common
jumper on the foil side of the
board. Note that R5 and the
other jumpers are also

located on the foil side.

Before you mount Q2 and LDR1 in the
block of wood, apply a coat or two of flat
black paint to all exterior surfaces of the
block. Allow the paint to completely dry,
and then mount the components in their
respective holes, fixing them in place by
force fitting. (If the fit is too snug, very
carefully ream out the holes; if it is too
loose, sparingly apply a drop or two of
clear plastic cement to the component
edges. Both components mount flush
with the top surface of the block. When
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Fig. 4. Details of the camera

mounting block. The two photosensitive
devices (Q2 and LDR1) are mounted
close to the upper surface of the block.

this is done, use contact cement to fast-
en a thin sheet of soft matte black vinyl
to the top of the block after first punching
holes in it for Q2 and LDR1.

A 9D x 5"W x 215"H (22.9 x 12.7 x
6.4 cm) metal box comfortably accom-
modates the circuit board assembly,
power transformer and its line cord, and
switches. The case must be machined
to provide a 254" x 14" (6.7 x 1.3 cm)
window for the displays; mounting holes
for the switches, transformer, and wood
block; and access holes for the line cord
and leads from Q2 and LDR1. Once the
case has been machined, spray two or
three coats of matte black paint over all
exterior surfaces. When the paint has
dried, cement a red filter over the win-

dow from the inside. Then mount the
wood block with screws, followed by T1,
S1, and S2. Next, interconnect the
switches, transformer, line cord (passed
through the case via a rubber grommet),
LDR, and phototransistor. Finally, mount
the circuit board assembly in place with
machine hardware and spacers, making
sure its displays are properly oriented
behind the filter.

Checkout and Use. Place a piece of
black plastic tape over LDR1, plug the
line cord into a convenient ac outlet, and
turn on the tester's power. Now, using
an oscilloscope or a frequency counter,
adjust potentiometer R71 for an exact
10,000-Hz output from timer IC6. This

Underside of timer reveals pe board and transformer mounting.
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completes calibration. Remove the tape
from LDR1.

Open the back of the camera you wish
to test and place it on the wood block so
that the lens opening is directly over Q2.
Make sure that the camera body covers
LDR1. Then set the camera’s lens dia-
phragm for maximum opening, set the
shutter speed, and cock the shutter. De-
press reset switch S1 so that all displays
read zero. Trip the camera shutter. The
displays should rapidly count up and
freeze at a number that is the shutter
speed in thousandths of a second.

Check each shutter speed at least
three times, resetting the display at the
start of each test. The most accurate
reading is with the lens on the camera
because the light is somewhat collimat-
ed. Without a lens on the camera, the
light can diffract around the shutter cur-
tain and indicate a longer than actual
shutter speed time. This is important at
fast shutter speeds when the curtain
opening is narrow. This does not pertain
to between-the-lens leaf shutters.

Do not be disappointed if your shutter
speed is not close to its camera setting.
Up to 1/500 of a second, the allowable
error may be as great as +25%; at high-
er settings, the allowable error might be
+35%. These figures would depend on
the tolerance of the film used, of course.

With the aid of the camera shutter tim-
er described here, you can eliminate
some of the uncertainties you have
about the accuracy of your camera’s
mechanism. Additionally, it can tell you
why your latest batch of photos did not
turn out as they should have. <
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An optional optical trigger is also des

by JIM GUPTON

BARE-BULB ELECTRONIC PHOTOFLASH
units are becoming increasingly pop-
ular with amateur and professional
photographers. Soft shadows and wide
angle coverage increase the versatility
of any camera and make those “Im-
possible” group shots...possible. Add
a Lawson Enterprises “Reflectasol” to
a bare-bulb photoflash and you have a
professional studio light source for
color portraits. By obtaining power
from the standard 117-volt ac line,
you eliminate the weight and expense
of batteries and have the fastest re-
cycling time of any electronic photo-
flash on the market.

This article contains the construc-
tion details for three bare-bulb photo-
flash units. The first unit uses
computer-grade capacitors and has an
output of 200 watt-seconds. The sec-
ond unit has an output of 100 watt-
seconds and uses standard photoflash
capacitors. A selectable output unit
having 50, 100, 150, and 200 watt-
second outputs is also described.

All three photoflash units can also
be used as slave units with an optical
trigger circuit that is described. As a
slave unit, the photoflash is triggered
with the light from a photoflash
mounted on your camera. This elim-
inates the need for sync cords and per-
mits the placement of the slave unit
anywhere in the picture taking area.

Optically triggered slave units are com-
monly used among professional
photographers.

Of all electronic construction proj-
ects, none can be more deadly than
the electronic photoflash unit. Voltages
ranging between 400 and 500 Vdc, at
a current of 1 ampere, can kill you!
Therefore, every step of the construc-
tion, including the final assembly and
testing, must be and is, engineered to
protect you against accidental shock
hazards and possible fatal injury. It is
imperative that no deviation from the
specified material be attempted. When
constructing one of the three alternate
photoflash circuits, observe capacitor
polarity at all times,

Plastic canister housing

The electronic circuits for the bare-
bulb electronic photoflash must be
housed in a shock-proof container.
Metal cases offer considerable physi-
cal protection, yet the metal exterior
is likely to become charged and it will
create a shock hazard when contact is
made with a common ground circuit.
The ideal case to house the bare-bulb
photoflash can be found in the house-
hold section of most any department
store or discount house. The article’s
housing was originally one of a set of
four kitchen canisters. It has rigid side
walls and ample inside dimensions to

house the electronic circuits securely
with complete protection from acci-
dental shock hazards.

To eliminate the molded handle
grips and bottom depressions of the
canister’s top and bottom, simply cut
away the surface containing the raised
handle and bottom depressions, and
replace it with a matching contour
section of fiber glass printed-circuit
board. The fiber glass board provides
a metal shielding surface and is rigid
and thin enough to support the flash
tube circuits. They are easily attached
to the plastic top and bottom with
epoxy cement and small aluminum
angle sections to assure firm attach-
ment and rigidity. In my model, a
metal ring surrounds the flash tube to
provide mechanical protection to the
tube and to serve as support for a
large reflector. Remember that the wall
thickness is an important item in se-
lecting your plastic canister. The plas-
tic walls must have enough strength
to support the photoflash when
mounted on a tripod. Flexible plastics
should not be substituted as they can-
not meet the support requiréments.

Power-capacitor bank circuits

The schematic circuit diagram in
Fig. 1 illustrates two types of capaci-
tor banks, One type of capacitor bank
is series connected, provides a 200
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watt-second output, and is shown in
Fig. 1-a. Figure 1-b shows the alter-
nate, parallel circuit which provides a
100 watt-second output.

The series circuit takes advantage
of high -capacitance computer- grade
capacitors for high output power at a

minimum of space requirements. How-
ever, there are some. who may be
apprehensive about the ability of com-
puter-grade capacitors to hold up under
rapid discharge cycling and of the
higher leukage rate common with this
type of capacitor. The alternate, par-

D3 AISB
R1
I D2 AISB 4000 R3 |
—— 0w 30K A
5W
Ao ) 3900uF
180/200V 250V
R2
Cc2 30K |
180/350V 5W C3-C6-525uF
3900uF 450V
20V | 0 —————
T

POWER & CAPACITOR BANK

ALTERNATE CAPACITOR BANK

PC BOARD
e B -
on QFF
110-120 VAC
|
R6
3 MEG

| FLASHTUBE
SOCKET

“TRIGGER PC BOARD

Fig. 1—BARE-BULB PHOTOFLASH CIRCUIT. Circuit a shows the series capacitor bank which
provides a 200 watt-second output. Circuit b shows the alternate capacitor bank which pro-
vides a 100 watt-second output. With the optional addition of capacitors C5 and C6, circuit
b provides 200 watt-seconds. An optional switch wired between the positive terminals of the
capacitors in circuit b will also provide multiple power output ratings. Circuit ¢ is the trigger

circuit.
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FIG., 2—FOIL PATTERN for series capacitor bank which provides 200 watt-second output.
This foil pattern is also used for the parallel capacitor bank, having an output of 100 watt-
seconds, with a jumper connected between J1 and J2 and other modifications (see text).

Pt e
allel circuit employs the standard
photoflash capacitors for maximum
power output and requires a larger
canister housing.

Computer grade capacitor circuit
The circuit board illustrated in Fig.
2 can be used for computer-grade ca-

SLAVE TRIGGER PARTS LIST

SC1—National Semiconductors Ltd.
NSL-701-3, 3-element, series-con-
nected silicon cell

C1—0.01 uxF ceramic disc capacitor 50
Vde

R1—39K; %a-watt resistor

SCR—General Electric C106B3 SCR Ac
plug

TRIGGER CIRCUIT PARTS LIST

R5, R7—2-megohm 1-watt resistor

R6—3-megohm 1-watt resistor

C5—.254F Mylar capacitor 400 Vdc

Flash tube socket, standard 4 pin radio
socket

Flash camera sync socket, standard ac
socket

Flashtube DX-5—Kemlite Laboratories,
1819 W. Grand Ave., Chicago, III.
60622

200 WATT-SECOND SERIES
CAPACITOR POWER PARTS LIST
S$1—Dpdt switch-rocker or toggle type,
Allied Electronics No. 700-5110 or
equal
F1—1% amp. Slow-Blow
D1, D2, D3—General Electric A15B or
equal 1A 200V silicon rectifier
R1—400-ohm, 10-watt resistor
R2, R3—30K, 5-watt resistor
C1—180 uxF/200 Vdc Mallory
No. CG181T200A1
C2—180 pF/350 Vdc Mallory
No. CG181T350B1
C3, C4—3900 xF/250 Vdc Mallory
No. CGS393T250FH1
Ac line cord and plastic strain relief.

PARALLEL CAPACITOR—
POWER PARTS LIST

S1—Dpdt switch, rocker or toggle type,
Allied Electronics No. 700-5110

F1—1% amp. Slow-Blow

D1, D2, D3—Silicon rectifier GE type
A15B or equal

R1—400 ohm, 10 watt resistor

C1—180 xF/200 Vdc Mallory
No. GC181T200A1

C2—180 xF/350 Vdc Mallory
No. GC181T350B1

C3, C4, C5, C6—525 uF/450 Vdc Mal-
lory type FF45052 or equal

pacitors in series or standard photo-
flash capacitors in parallel with minor
changes. The series circuit employs
Mallory 3900-zF. computer-grade ca-
pacitors. This amount of capacitance
will produce a 200 watt-second output
to the flash tube. Resistors R2 and R3
serve to equalize the voltage across
the capacitor discharge bank, C3 and
C4. To produce the charging dc voltage
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for C3 and C4, capacitors C1 and C2,
in conjunction with the silicon diodes
D1, D2, and D3, form a voltage-
tripler circuit to transform 117 volts
ac into 450 volts dc. Fuse F1 is rated
at 1 ampere and must be of the Slow-
Blow type due to the greater current
drain . during the initial forming of
computer-grade capacitors. Likewise,
the current limiting resistor R1 is rated
at 10 watts and must be mounted no
less than %8 inch above the circuit
board to properly radiate the heat gen-
erated in the initial forming operation.

A jumper is indicated at J1 and J2
of Fig. 2. The jumper is only used
when modifying the circuit board for
standard photoflash capacitors and is
not required for series capacitors. The
dimensions indicated on Fig. 2 are to
locate drill centers for components
and capacitors. All electrolytic capaci-
tor terminal holes are Y4 inch in di-
ameter. When mounting the capacitors,
be sure that the number 10 washer is
between the copper circuit and the
capacitor terminal with the mounting
screw inserted through the Y-inch
hole from the component side of the
circuit board. Be sure the correct po-
larity is observed in mounting the
capacitors.

Parallel standard
photoflash capacitors

Only minor modifications are needed
to convert the circuit board in Fig. 2
to the parallel-connected standard
photoflash capacitor bank. The 1050
#F capacitance (525F + 525xF) will
produce an output of 100 watt-seconds
or, if you prefer, you can use the
larger circuit board in Fig. 3 with four
standard photoflash capacitors. This
will produce a 200 watt-second output
similar to the computer-grade series
capacitor circuit. In parallel use, the
circuit board in Fig. 2 does not require
R2 and R3. The 10-watt resistor Rl
must now be connected between the
cathode of D3 and the heavy foil
strip running across the top of the
board. (Use the holes provided for R3
in the series-capacitor circuit.) Capa-
citor C4 must be reversed if polarity
so that the positive terminals of C3
and C4 are attached to the plus bus
circuit. Now connect a number 18
wire between jumper terminals J1 and
J2. Trigger terminal T2 cannot be
used as shown. Move it to the positive
terminal bus at point R2. No change
is made to the voltage-tripler circuit
or its associated capacitors or diodes.

The four-capacitor parallel circuit
(Fig. 1-b, using the circuit board in
Fig. 3) can be modified to provide
selectable light output. For a choice
of either 100- or 200-watt-second out-
put, connect a single-pole, heavy-duty
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FIG. 3—FOIL PATTERN for parallel capacitor bank which provides 200 watt-second output
(connect jumper between J1 and J2). With modifications, the foil pattern is also used for the

multiple power output flash (see text).
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FIG. 4—FOIL

TRIGGER PC BOARD
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PATTERN for the
trigger circuit.

toggle or rocker switch instead of the
jumper between points J1 and J2 in
Fig. 3. For a choice of 50, 100, 150
or 200 watt-seconds, modify the cir-
cuit board by removing the copper foil
paths between the positive terminals
of C3 and C5 and C4 and C6. Install
a heavy-duty single-pole, 4-position
progressive-shorting switch on the
housing top. Connect the four termi-
nals to the positive terminals on C3—
C6 and the arm to point T2.

WARNING: ONLY POWER-CAPA-
CITOR BANK (Fig. 1-b) CAN BE
MODIFIED WITH OPTIONAL
POWER SELECTION SWITCH.
UNDER NO CIRCUMSTANCES
SHOULD A POWER SELECTION
SWITCH BE ATTEMPTED ON
FIG. 1-a SERIES-CONNECTED
COMPUTER-GRADE CAPACI-

1 " 4
32

TOR CIRCUIT. PLACING ONLY
ONE CAPACITOR ACROSS 450
VOLTS DC WILL PRODUCE A
DANGEROUS OVERLOAD OUT-
PUT AND CREATE A POTEN-
TIAL EXPLOSIVE CONDITION
IN THE CAPACITOR.

Trigger circuit board

The trigger circuit shown in Fig. 1-c
is simple with only 4 components. The
PC board for the trigger circuit is
shown in Fig. 4. Since the flashtube
socket is on the component side of the
circuit board, some minor difficulty
may be encountered in connecting the
flash tube socket to the circuit connec-
tions 1, 2, 3, and 4. All that is necessary
to make the proper connections is to
attach number 16 solid wires to the 4
tube socket pins and insert the other
end of the wires in the corresponding

¥.61 HIGWIAON

w
(1]




RADIO-ELECTRONICS

(]
(-2}

print board contact holes and solder.
Firm mechanical connections must be
made to the tube socket pins to pre-
vent solder heat from breaking a
solder-only connection.

To mount the trigger board to the
housing’s top, attach 4 stand-off ter-
minals to top and solder stand-off pins
through 4 corner holes of the trigger
circuit board. TS1 and TS2 connect
to the camera sync socket which con-
sists of a standard ac connector, with
either number 16 or 18 flexible, strand-
ed wire. The camera sync socket is
mounted on the housing’s top and can
be either a push-in, snap-lock, or
screw-mounted socket. This location
for the sync socket minimizes the
number of connections between trigger
circuit board and the power-capacitor
bank and places the sync socket in the
most advantageous position for use
with an optical slave trigger.

Power input connections

Ordinarily, one would expect the
power switch discussions to be along
with the 117-volt ac tripler circuit.
However, because there is a potential
shock hazard associated with the ac
power switch, it is described sepa-
rately. Only a double-pole double-
throw switch should be used in the ac
power line. The ac line must be con-
nected to either the two top or two
bottom terminals of the switch with
the power-capacitor bank connected
to the center terminals of the switch
and a jumper connected to the unused
terminals. This connection, shown in
Figs. 1-a and 5, prevents voltage feed-
back through the switch to the ac plug
terminals and eliminates a potential
shock hazard. It also provides a capa-
citor discharge shunt when the switch
is in the OFF position, to remove dan-
gerous stored capacitor voltages.

Optical slave trigger

The most valuable accessory to elec-
tronic photoflash photography is the
optical slave trigger for your photo-
flash (Fig. 6). It triggers the photo-
flash with the light from your camera
mounted photoflash and eliminates the
use of two sync cables. Figure 7 illus-
trates how the four components are
assembled on the prongs of an ordi-
nary ac plug and encapsulated in a
clear plastic or epoxy resin. The Gen-
eral Electric C106B3 SCR is specified
not only for the electrical specifica-
tions but for the anode terminal posi-
tion opposite the gate and cathode
terminals. This is most convenient for
mounting the SCR on the prongs of
the sync plug.

The light-sensitive device is a Na-
tional Semiconductors Ltd. type NSL-
701-3 silicon photodiode. It consists of

three 0.1 x 0.2 in. silicon chips con-
nected in series to provide sufficient
voltage output to trigger the SCR when
struck by the light from the master
flashgun. The NSL-701-3 can be pur-
chased for $6.00 from National Semi-
conductors Ltd., 331 Cornelia Street,
Plattsburgh, NY 12901.

(The NSL-701-3 is sold as an as-
sembly of bare silicon chips. These
are very fragile and easily damaged.
If you wish, you can purchase a com-
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FIG. 6—OPTICAL SLAVE TRIGGER CIR-
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FIG. 7—OPTICAL SLAVE TRIGGER com-
ponent placement diagram.

CAPACITOR BANK CIRCUIT board can be
seen from component side of board,

plete optical trigger—ready to plug
into the flashgun from most photo
equipment supply houses for approxi-
mately $15.00. The device is the Wein
Micro Slave.—Editor)

Final assembly

Upon completion of the power-
capacitor bank and trigger circuit

REAR VIEW OF PHOTOFLASH unit mounted
on tripod shows power cord and ac switch,

boards, the final mounting of compo-
nents in the plastic housing is begun.
Figure 8 shows the side view of the
component mounting inside the can-
istor housing. The ac power switch is
mounted on the bottom plate of the
housing with the 117 volt ac line con-
nected to the end terminals on the
switch and a shorting jumper con-
nected across the opposite end ter-
minals (see Fig. 5). Connect a 10-inch
section of ac cord from the two center
terminals of the switch and run it
towards the top of the housing. Next,
insert the power-capacitor bank circuit
board to locate the tripod mounting
position. The correct position for the
tripod mount is slightly below the
bottom of capacitor C1, with enough
space below Cl for adequate back-
plate support. The tripod socket can



If you select the variable-output
circuit for your flashgun, you'll find
a progressive-shorting switch al-
most impossible to obtain because
it appears that they’re now being
made only on special order.

Do not be misled by the terms
“shorting” and “non-shorting” in
switch catalogs. A shorting-type
switch has its arm or wiper arranged
so it establishes a new contact be-
fore breaking the old. In a non-
shorting switch, the wiper breaks
contact with one terminal before it
makes contact with the adjacent
one.

A progressive-shorting switch has
a long wiper that progressively con-
nects or shorts the fixed terminals
until all are tied together. Your best
chance at a suitable switch of this

surplus radio transmitter or antenna
tuning unit. Diagram a shows how
to connect it. (I have a hunch that
the burners on electric ranges have
a similar switch so you might ook
into this.)

If you can't find a progressive-
shorting switch, you can make an
equivalent from by wiring a 4-pole,
4-position rotary switch as in dia-
gram b. It should have ceramic
wafers and contacts rated at at least
5 amps at 350 volts dc.

The DX-5 flash tube is rated at
150 watt-seconds maximum, How-
ever, the author assures us that he
has not noticed any shortening of
the tube life due to its operation at
200 watt-seconds. Furthermore, this
tube is used in several commercial
200 watt-second flash guns.

type is to salvage one from a —Editor
FLASH TUBE—
CAPACITOR BANK
METAL
SHIELD\ CIRCUIT BOARD
CAMERA SYNC

TRIGGER
CIRCUIT SOCKET
BOARD

STAND-OFF~__ | \

AC POWER SWITCH

FIG. 8—COMPONENT PLACEMENT DIAGRAM for the barebulb photoflash unit.
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be made from a 1-inch circle or square
plate of aluminum or brass, %4 inch
thick and with a 4-20 threaded hole
in the center point of the plate. Or,
if you prefer, a tripod socket may be
purchased from your local camera
store or a quick-release tripod base is
available from Edmund Scientific Co.,
101 East Gloucester Pike, Barrington,
N.J. under catalog number 40941,
With the tripod socket installed, wrap
the capacitor bank, below the print
board, with plastic film or acetate
sheet and tape securely. This wrapping
offers additional electrical shielding
and will contain capacitor electrolyte
should a capacitor rupture for any
reason.

Insert the power-capacitor circuit
into housing and firmly seat the pc
board to housing sides. A small piece
of tape is sufficient to secure the entire
assembly if the pc board has been
accurately contoured to the housing’s
interior dimensions. Attach the trigger
circuit connections and insert the top
of the housing onto the housing body.
However, do not secure the top to the
body at this point. Insert the flash tube
in the flash tube socket.

(continued on page 80)
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BUILD A PHOTOFLASH
(comtinuecd from page 37)

Series capacitor bank
forming operation

Plug in the ac power line and turn
the power switch to on. Before trig-
gering the photoflash unit, allow the
unit to charge for no less than three
hours, overnight is even better.

After the minimum charging period,
or overnight, attach a camera sync
cord to the camera sync socket and
with a pin or small piece of wire,
short the end terminals to trigger the
flash. Then allow 3 to 7 seconds for

the recycle power to build-up. Then
re-trigger the unit for approximately
30 flashes. The combination of 3 hour
charge and repeated flashing will com-
plete the forming operation and the
flash unit will be ready to use with
your camera.

Always trigger your flash unit sev-
eral times before beginning to take
pictures to assure maximum power
output. Unused units will gradually
de-form with age, and it is recom-
mended that the forming operation be
followed once every two to three
months for better operation and to
extend the life of the capacitors.

enuine CHANNELLOCK. Look for the trade

Circle 25 on reader service card

Operation

Bare-bulb operation, without a re-
flector, usually has a guide number of
30 for a 200 watt-second power out-
put, and as high as 150 with reflector
for ASA 25 film. Guide numbers are
just that...a guide to use as a start-
ing point for proper exposure. I rec-
ommend running a test film of varied
exposures and shutter speeds to deter-
mine the proper guide number for
your type of use. This involves shoot-
ing a series of pictures on a good
resolution film, one rated at ASA 30
to ASA 65. Bracket your exposures
4 stops up and 4 stops down from
f-8 at a shutter speed of Ypo-second.

Always use a maximum shutter
speed of Yoth of a second for cameras
with focal plane shutters since the
photofiash triggers at X or zero-delay
shutter setting.

Troubleshooting the
photoflash unit.

If you have properly made the cir-
cuit boards and installed each com-
ponent properly, there should be no
difficulty encountered in operating the
unit. Usually, during the initial form-
ing operation, considerable heat will
be radiated from R1, and the possi-
bility of the fuse blowing exists. This
can be caused by excessive leakage of
capacitors C3 and C4 that will cor-
rect its-self after completing the form-
ing operation. It can also be caused
by connecting the polarity of the ca-
pacitors incorrectly. Should your fuse
blow, check the capacitor polarity
FIRST.

Should the flash tube fail to fire,
remove the flash tube from it’s socket
and measure across the socket pins
with a DC Voltmeter. The positive
lead of the voltmeter to pin 2 and
the negative lead to pin 4. It should
measure 450 volts. Should you be
unable to measure the voltage; turn
off power switch, open top, and check
the following:

check 1 Open fuse

check2 Open RI

check 3 Incorrect polarity of capa-
citors C3 and C4

check 4 Open or shorted D1, D2,
D3

check 5 Incorrect polarity of capa-
citors C1 or C2

check 6 Open connection between

power circuit and trigger
circuit

For those who would like to con-
struct a bare bulb electronic photoflash
unit but would prefer to assemble a
kit, there is a kit for the Uniflash
barebulb photoflash produced by
Mitchell Enterprises, P.O. Box 1372,
San Francisco, CA. 94101. R-E
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brought “stop action" photo op-
portunities to camera enthusiasts. It
also eliminated the need for changing
spent flashbulbs thanks to the stor-
age properties of the electrolytic
capacitor and the use of long-life
gaseous lamps. The next major ad-
vance in electronic flash technology
can be pinpointed to 1965 when Hon-
eywell Photographic introduced an
automatic electronic flash, freeing
photobuffs from having to set f-stops
for each shot that was at a different
distance.

Now electronics has created
another plateau in automatic flash
technology by adding thyristor
control—an SCR that both triggers
the flash and stops capacitor dis-
charge when the subject receives suf-
ficient light. The result? More flashes
per battery charge, faster recycling
time for the next shot, and short re-
charge time.

A Flash of Light. For background,
here are the various steps that go into
producing the electronic flash of
light. First, voltage from a battery, the
usual power source in an electronic
flash, is converted to ac by means of
an oscillator circuit. (This oscillator,
by the way, is what causes the charac-
teristic "whine” you hear in the elec-
tronic flash unit.) Once the ac is gen-
erated, it is stepped up to a higher
voltage by a transformer. Then the ac
is converted back to dc by a rectifier,
after which it is stored in the flash
unit's main electrolytic capacitor.
(Capacitors in modern flash units are
capable of storing potentials of about
350 volts.) The flash capacitor is con-
nected to a gas-filled tube. Xenon is
the usual gas used, although some
other types are available.

BY MICHELE FRANK

How a
simple SCR trigger
provides faster recycling,

more flashes per charge
and quick recharge
Jor the latest breed of
automatic electronic
flashers




VOLTAGE MAIN FLASH
SUPPLY CAPACITOR

VOLTAGE MAIN FLASH
SUPPLY CAPACITOR

QUENCH
TUBE

VOLTAGE MAIN FLASH
SUPPLY CAPACITOR

At this stage, everything is set for
triggering the flash. What is now
needed is a high-voltage pulse to
ionize the gas in the flashtube to
make it conductive so that energy can
flow through the tube, where it will be
converted to light. This high-voltage
pulse is created as the camera’s shut-
ter contacts close, causing a small
trigger capacitor to release its charge
into a spark coil connected to the wall
of the flashtube. After the charge on
the flash capacitor has been ex-
hausted, the gas becomes de-ionized
and no longer conductive. The re-
charging cycle can then begin. Once
the cycle is complete, as indicated by
the ready lamp on the flash unit, the
flash can again be fired.

Automatic Flash. Film exposure is
based on two factors: time and inten-
sity. With the pre-1965 photoflashers,
the time factor (flash duration) was
fixed at about 1/1000 of a second for
most units. Hence, intensity had to be
controlled by changing the camera’s
lens opening (f-stop).

The Honeywell 860 automatic flash
employed the first ‘‘quench circuit”
and operated on the variable of time.
Now, instead of just one flash dura-
tion of perhaps 1/1000 second, the
flash unit would give a burst of light
with a duration of anywhere between,

40
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ENERGY
SAVED

Energy used by three electronic flash units shooting
the same scene. At (A), the manual unit uses
all the voltage stored in flash capacitor to
illuminate the scene. Proper exposure is oblained
by setting the f-stop on the camera. In unit (B),

a quench-tube type, exposure was controlled by the
flash unit. Only 45 percent of the energy was used
to expose the film. Flash unit (C) used the same
amount of time and energy as (B) to illuminate the
subject properly but unused energy remained in the
flash capacitor, resulting in less battery drain

as well as a faster recycling time between shots.

POPULAR ELECTRONICS



TRACES FROM AN ENERGY-SAVING FLASH UNIT

Oscilloscope traces show results
of synthesizing various working
distances by regulating a set of
baffles in front of a Braun 2000
flash unit, then measuring the
resulting flash waveform with a
photomultiplier and scope set to
0.2 ms per division. Effective
flash duration varies from
maximum of 1/1000 s (equivalent
to using unit on manual or at

its maximum working distance) to
minimum of 1/32,000 s (using unit
at closest working distance).

Peak in the waveform on middle
four traces is from firing of

the flash tube. This is a
characteristic of some, but not

all, of latest energy-saving

flash units using thyristors.

JANUARY 1975

flash of 1/32,000
from pulse width at half height.

10 microsec.
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We used a high-speed oscilloscope
to check flash duration of the
Braun 2000, set to give briefest

s. Measurement

1/1000 and 1/30,000 second. The ex-
posure control was taken from the
camera, and the photographer put in
the flash unit. The photographer had
only to set an f-stop on his camera,
following the recommendations of
the manufacturer based on the light
intensity from the flash unit and the
ASA of the film. The flash unit would
then control the duration of the light.

Here's how it works. Light emanat-
ing from the flash tube is reflected
from the subject back to the flash
unit, where it is detected by a photo-
cell. The photocell is connected to a
small timing capacitor whose value
has been carefully selected based on
known criteria (f-stop to be used with
a given ASA of film, lignt intensity,
and distance) that add up to an ex-
posure analog. The amount of light
falling on the photocell can be biased
either by using small apertures or
neutral-density filters placed before
it. By so doing, the photocell can be
fooled into believing that it takes two,
three, or four times as long to illumi-
nate the scene. Responding to the
amount of light falling on it, the
photocell regulates the charging of
the timing capacitor. Once the timing
capacitor has reached its full charge
in a quench-tube circuit, it closes
another switch that allows the current
flowing from the flash capacitor to be
shunted to another tube, with a lower
series resistance. Here, the energy is
expended in the form of light and
heat.

This second tube is never seen by
the photographer, and its light never
plays a part in the photographic pro-
cess. It is just a convenient way of
dumping the unneeded energy flow-
ing from the flash capacitor. With this
approach, flash durations of up to
1/70,000 second have been obtained
with small electronic flash units, per-
mitting us to record such things as
bullets piercing wood, balloons
breaking, etc.

All of this was enough to send most
photographers into fits of ecstasy, but
it still left one problem. Even though
the quench-tube idea brought
enormous flexibility to electronic
flash units, they were still energy was-
ters. There was no feasible way to
dam up the energy flowing from the
flash capacitor to the flash tube. The
result was that a photographer could
obtain only a limited number of
flashes per battery or charge. In the
case of the rechargeable nickel-
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cadmium battery, this was usually
about 40 to 60 flashes.

Enter Thyristor Control. In the fall
of 1972, Braun introduced the first
series-circuit, thyristor-controlled
flash units. The much-sought-after
breakthrough came in the form of a
small silicon controlled rectifier
(SCR) called a “thyristor." Operating
as an electronic switch, this little
solid-state wonder can handle the
load flowing from the flash capacitor
and stop it at the precise moment that
the exposure control circuit says the
subject has received enough light. In-
stead of having a parallel circuit that
simply reroutes the energy from the
flash capacitor, we now have a series
circuit that allows the leftover energy
to remain in the flash capacitor.

The thyristor has many advantages,
among them: It can switch on and
remain on until the current flowing
through a dc circuit drops to zero (or
near zero). It can be made to open if it
receives a very brief low-energy pulse
from the opposite direction. The
pulse to shut down, of course, comes
from the timing circuit with its small
capacitor connected to the photocell.

Used in an electronic flash unit, the
thyristor performs two jobs. First, it
stops the current flowing from the
main flash capacitor, thus regulating
the duration of the flash in the same
manner the parallel quench circuit
did. And it allows the unused energy
to remain in the flash capacitor,
rather than being wasted. This, in
turn, provides another advantage.
Recycling times can be shortened
because the battery can very quickly

supply the small amount of energy
necessary to recharge the cgpacitor.
Battery power can be conserved
—meaning more flashes per charge.

One series-type thyristor flash unit
known to us recycles in about 2.5
seconds after illuminating a scene 10
ft (3.05 m) away. In doing so, it uses
only 22 percent of the energy in the
flash capacitor. However, if this same
unit is fired at a subject 20 ft (6.1 m)
away, it will have used up 90 percent
of the stored energy and will require 6
seconds to recharge. At distances of
2.5 ft (0.76 m), the recycling time
would be only about 0.25 to 0.33 sec-
ond. In the manual mode (with the
photocell covered), or at distances at
the very end of the electronic flash's
ability to properly illuminate the
scene, the thyristor does not receive
the reversing pulse from the timing
circuit. Instead, it opens after the vol-
tage in the flash capacitor has drop-
ped to near zero (usually about 1.5
volts). "

Battery conservation goes hand in
hand with the storage of energy in the
flash capacitor. Before the thyristor
made its appearance in flash units, it
was necessary each time to supply
enough power to bring a fully de-
pleted capacitor up to full charge.
Now, the thyristor has reduced the
requirement so that only fractions of
the earlier power are required to re-
charge a partially discharged
capacitor. In some cases, if the flash
unit is used exclusively at the closest
working distances {where the dura-
tion of the flash is briefest), it is not
uncommon to obtain 700 to 1000
flashes per nickel-cadmium battery
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charge. (On manual, these same bat-
teries would deliver only about 60
flashes per charge. Since no one
shoots exclusively at distances of 2.5
ft (0.76 m), the more usual number of
flashes per charge is about 100 to
200.

Thyristor-controlled electronic
flashes are not likely to glut the mar-
ket in the near future. This type of
flash makes sense only with the more
high-powered flash units. The low-
powered flash units generally require
the entire flash charge on the
capacitor to illuminate scenes greater
than 10 ft (3.05 m) away; so, there
would be no energy savings by build-
ing into them a thyristor circuit. Only
flash units where a small amount of
energy would be used in a shot would
make the thyristor circuit practical
and necessary.

Another thing barring the universal
use of the thyristor in electronic
photoflash units is that this type of
SCR is expensive and can be tricky to
make. Quality control must be very
tight, which reduces the number of
devices available. This means that
thyristor suppliers are having a rough
time trying to keep up with the de-
mand. Manufacturers tell us that they
are having troubles trying to get
enough thyristors just to meet the
demand for flash units now in pro-
duction.

When you do see a thyristor-
controlled flash unit, you can bet you
will have to pay more for it than you
are accustomed to do for ‘‘conven-
tional” flash units. The type of sophis-
tication built into these flash units
does not come cheap. Perhaps when
semiconductor manufacturers can
crank out this type of SCR the way
other manufacturers crank out resis-
tors, a price reduction can be
anticipated—but not before then.

Who Makes Them. If you want to
look for one of the new thyristor-
controlied flash units, ask for any of
the following in your local photo
store: Argus Model 1272 or Model
1275; Auto Spiralite Thy 1000; Bell &
Howell Model 880; Braun Vario Com-
puter 2000 F022 or F027; Honeywell
Auto Strobonar 470; Metz Mecablitz
402 or 217; Rollei Model 36 RE or
Model 140 RES; or the Vivtar Auto
Thyristor Model 292 or Model 352.
Canon, Minolta, and Nikon also mar-
ket this type of electronic photo flash
unit outside the U.S. @

POPULAR ELECTRONICS
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uality control is especially impor-
tant in operating a darkroom, and

of all the various meters, controls

and other instruments employed in
making enlargements, the most impor-
tant and useful one is the photometer.
This light-measuring instrument indi-
cates numerically, via a meter move-
ment or other readout indicator, the
amount of light from an enlarger lens
striking the enlarging paper on the easel
below the lens. This is done by using a
light-sensitive device to generate or
regulate an electrical signal, which in
turn is amplified and indicated by a dis-
play mechanism. After reading the indi-
cation of light intensity coming from
the enlarger, one opens up (or closes
down, as required) the diaphragm open-
ing of the enlarger to get the right
amount of light. After that, each time

a new negative is put in the enlarger
the photometer is placed under the en-
larger for a moment, the photometer
readout is examined, and the enlarger
diaphragm is again made larger or
smaller to produce the desired reading
on the photometer. This ensures that
the same amount of light will come
from the enlarger on exposures made
with the new negative,

During several vears’ use of such
instruments, it was found that most
photometers on the market today have
at least one drawback. If the meter uses
a mechanical movement, the meter
face is difficult to read accurately.
Even with special glow-in-the-dark face-
plates or internal illumination one still
has to get inconveniently close to the
meter to be able to read it in the sub-
dued illumination of the darkroom.

Some meters employ a special mecha-
nism on the meter movement that will
lock the needle in place during a meas-
urement, allowing the user to turn on
the room lights to read the meter. How-
ever, these are expensive, and are thus
out of the question for most experi-
menters. Another system often found in
darkroom equipment employs digital
readout with seven-segment LEDs for
the display. While this is fine, being
very easy to read in the dark, it also
carries a high price tag, as it requires
elaborate analog-to-digital . (A-D) con-
verters and digital circuitry. Still an-
other, and from the author’s experience
the best, is the LED /chip Photo-Helper
described here.

The most noticeable feature of this
LED/chip meter is, of course, the dis-
play. In place of a meter or number
readout, one of five light-emitting
diodes (LEDs) indicates the degree and
the direction the aperture of the en-
larger lens must be stopped in order
to project a predetermined amount of
light to the easel, and subsequently to
the photographic paper. By using the
calibrated control on the LED/chip
the projected light can be accurately
measured.

The display comprises five red LEDs,
each of which represents a deviation of
one f/stop from the values indicated on
either side. The center LED represents
the null—the desired light intensity.
Those to the right indicate that a high
f/stop is being used (not enough light
projected) and those to the left signify a
low f/stop (too much light projected).
This system has recently been adopted
by a major camera manufacturer in
Japan in one of its cameras as a light-
metering system.

About the Circuit. Refer to the sche-
matic diagram of the LED/Chip. The
heard of the meter is the simple A-D
{analog-to-digital) converter, and the
LED display which it controls.

The A-D converter uses four opera-
tional amplifiers (OP-amps) as voltage
comparators, and a voltage-dividing lad-
der made up of resistors R3 through
R7. The voltage divider supplies posi-
tive reference voltage ratios of 0.78,
0.68, 0.58 and 0.47, which amount to
14, 12.2, 10.4 and 8.5 VDC, respec-
tively, when used with an 18-volt sup-
ply. to the inverting (—) inputs of com-
parators A, B, C, and D. Photocell
R1 and control R2 make up a second
voltage divider, the tapped voltage of
which is dependent on the amount of
light striking R1, and the setting of R2.
The output of this divider is applied
commonly to the noninverting {4} in
puts of all four comparators. The LEDs
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tween comparator B (V—) to compara-
tor C (which is now at V+4). The volt-
age difference between these two out-
puts causes current to flow through
LED3, turning it On. LED4 is posi-
tioned between the outputs of compara-
tor C and comparator D, both of which
are at V4. This LED sees no current
between the two V+ (leveled) outputs,
and therefore does not come On. Final-
ly, LEDS is located between the V4
output of comparator D and the V+
line itself, and also remains Off. This
system will result in one (and only one)
LED being lit at any one time, under
normal conditions. (Under a fluorescent
or Xenon light source, which flashes at
a rate of 120 Hz, the LED/chip meter
sees the lights as both On and Off and
will display this by turning On two or
more LEDs).

As the intensity of light at the photo-
cell is altered, or control R2 is changed,
each comparator will go from V— to
V4, or vice versa, according to the
change in voltage level at the output of
the R1-R2 voltage divider. If each situa-
tion is carefully analyzed it can be seen
that only one LED will be On, all
others remaining Off.

Note that since the two voltage di-
viders R1/R2 and R3 through R7 are
connected to the same V4 source, and
since the resultant output of the A-D
converter is dependent only on the
voltage differences between the various
points in these dividers, changes in the
supply voltage will not affect the opera-
tion or calibration of the LED/Chip
Photo-Helper unless of course such ex-
tremes are reached that the circuits
cannot operate or are destroyed). Also,
since no “ground” reference is needed,

Location of components on printed circuit board.
Foil is placed on top of board, as are components.

CDS
PHOTOCELL
(R1)

a single voltage supply, such as a single
battery, may be used.

Construction. Except for the battery,
power switch S1 and coatrol R2, the
entire circuit of the LED/chip is built
on a single one-sided printed-circuit
board. Any means of construction may
be used, as dress is relatively unim-
portant. However, the LED/chip using
a printed-circuit board is easier to build
and to use in the darkroom.

Position and install the resistors,
jumper wires, integrated circuits and
LEDs on the circuit board as indicated
in the component location chart im-
mediately following the printed-circuit
foil pattern. Pay special attention to
the polarities of the light-emitting
diodes, and use heat sinks (such as a
pair of longnose pliers) when soldering
these devices in place, as they are easily
destroyed. Also note the orientation of
the integrated circuits. IC sockets may
be used for the ICs if desired, and they
make it easy to construct with no dan-
ger of destroying the ICs while solder-

ing them in place.

Prepare a suitable enclosure for the
LED/chip by drilling holes for control
R2 and switch S1. Drill or cut a win-
dow at the position where the five
LEDs will be visible when the PC board
is mounted in place, and another open-
ing to allow the light from the enlarger
to reach the photocell. The cabinet for
our prototype was prepared so that the
end of the PC board bearing the photo-
cell projects beyond the side of the
enclosure. The prototype's printed cir-
cuit board was manufactured as a mir-
ror-image (reverse) of the foil pattern
shown here, and the components
mounted on the foil side, so the PC
board itself is the bottom of the cabi-
net, and is secured to the cabinet just
as its original bottom was, using the
same hardware. Mount four rubber feet
to the underside of the cabinet to pre-
vent the cabinet marring the easel of
the enlarger.

Testing and Using. To test the

(Continued on page 100)
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and their current-limiting resistors are
connected between the outputs of the
comparators, with one LED going to
the V4 line and another to the V—
line, as indicated in the schematic dia-
gram. The operation of this display
circuit is described later in this article.

In order to simplify the discussion,
the operation of the A-D converter and
the LED/chip meter are analyzed in
terms of a typical measurement. Let’s
assume there is enough light falling on
the cadmium sulfide photocell, RI, to
give it an effective resistance of 318
Kohms (the effective resistance of such
a photocell varies directly with the
amount of light falling on it). Control
R2 is set for half a megohm, resulting
in an output of 11 volts which is ap-
plied to the 4+ inputs of the compara-
tors. On the — inputs, remember, there
is 14-volts at the comparator A, 12.2-
volts on comparator B, comparator C
has 10.4-volts, and 8.5-volts is being
applied to comparator D. These voltages
come from resistor ladder R3-7, derived
from the 18-volt V4 supply. With each
comparator, if the voltage level on
the + input is greater (more positive)
than the voltage on the — input, the
output of the comparator will go to
the: level of V+. If however, the +
input sees less voltage than does the —
input (— input is more positive), the
output will drop to the value of V-
(zero). With this in mind, consider the
example. Comparators A and B have
11 volts on their 4 inputs, but have
14 volts and 12.2 volts on their —
inputs. Since the — inputs are more
positive than are the + inputs, the out-
puts of these comparators will be at
zero. However, while comparators C
and D also have the common 11 volts
applied to their + inputs, only 10.4-
volt and 8.5-volt signals are being sent
to their — inputs. As the + inputs of
these comparators are the more posi-
tive, their outputs will go to V+ (18
volts).

Now consider the LEDs, beginning
with LED1. The cathode of LEDI is
tied to V—, and its anode to the output
of comparator A. As shown above, this
output is at V— potential, so no current
can flow through the LED: it remains
Off. Limiting resistors R8 through 12
can be disregarded in this discussion as
they only serve to limit the current
through the LEDs and in no way affect
the operation of the A-D converter or
display. The cathode of LED2 is con-
nected to the output of comparator A
(at V—) and its anode to comparator
B, which is also at V— level. Again, no
current flows through the diode, and it
remains unlit. LED3 is connected be-

LED CURRENT
LIMITING

RESISTORS R8-RI2

R3-R7 .
LIGHT SENSOR
Assembled LED/chip Photo-Helper has light sensor on board, at right. Five LEDs are

mounted under the transparent window at left. Only one LED lights at a time.
View of the printed circuit board with components in place. Light sensor is at right

end, five LEDs at left.
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PARTS LIST FOR LED/CHIP PHOTO-HELPER

B1, B2—9-VDC transistor radio batteries (Radio
Shack 23-464 or equiv.)

IC1, 162—dual-741 integrated circuits, pack-
aged as 558 (Radio Shack 276-038 or equiv.)
LED1 through 5—Light-emitting diodes 1.6 to
1.75 volts at 20mA (Radio Shack 276-042 or
equiv.)

R1—Cadmium sulfide photocell (Radio Shack
276-116 or equiv.)

R2—2.0 megohm potentiometer (Radio Shack
271-093 or equiv.)

R3—-2.2 K, Y2-watt resistor (Radio Shack 271-
000 series or equiv.)

R4 through 6—1 K, %2-watt resistors (Radio

Shack 271-000 series or equiv.)

R7—4.7 K, Y2-watt resistor (Radio Shack 271-
000 series or equiv.)

R8 through 12—1.5 K, Y2-watt resistors (Radio
Shack 271-000 series or equiv.)

Note: Y4-watt resistors acceptable if available
$1—SPST toggle switch (Radio Shack 275-602
or equiv.)

Misc.—Plastic cabinet 3%-in, D x 1%-in. H
x 2-in. W (Radio Shack 270-230 or equiv.),
etching kit for printed circuit boards (Radio
Shack 276-1576 or 276-1560 or equiv.), con-
trol knob.
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RADIO & TELEVISION

SCIENCE & CHEMISTRY

TV TUBES 36¢ each. Send for Free 48 page color
catalog. Cornell, 4217-W University, San Diego, Cal-
ifornia 92105.

NEW CANADIAN MAGAZINE, ‘'‘Electronics
Worlrshop '' $5.00 yearly, sample $1.00. ETWCO, Box
T4l ''A’’ Montreal, Canada.

PERSONAL ~ Cont'd

60 GUARANTEED Vitamins for Smokers, $6.47. Cloud
Chasers, Box 16568, Dept. I30, Fort Worth, TX 76133

DATES GALORE! Meet. singles-anywhere. Call
DATELINE, toll-free (800) 451-3245,

Handbook''—50¢. *‘20
Handbook—50¢, Catalog 25¢, re-
1477-G. Garden Grove,

"“"CRYSTAL Experimenter's
Crystal Set Plans''
fundable. Laboratories,
CA 02642,

CITIZENS BAND Radios, Accessories, Monitor
Radios. Discount Prices, Evergreen Electronics, 9420
Trumbull, Chicago 60642.

"X-RATED" Films, n{uinea Cards, Specialties!
Fabulous Catalog! !:l'pllel Photos| Rush $1.00 RE-
FUNDABLE!! M, , Box 23TLL. Bronx, NY

A serious informative, entertaining magazine cov-
ering just about every topic of interest to hikers.
Inc!udu n 'Buyerl Guide to Equipment” and a
“‘Beginner’s Section" for those who want to learn
about hiking and backpacking, Send $1.60 (includes
25( for postage/handling) to : Bukpenlnnz Journal,

Park Avenue South, New York, NY 10003,

ANTIQUE Radio Collectors. Circult disgrams for
most U.S. radios 1915 to 1840, 3250 each, JKMS,
P.O. Box 2213A Olympia, WA 9850

DISCOVER how to avold calllng the serviceman,
Save by servicing home equipment yourself. Send
$1.50 (includes postage) for magazine, RADIO-TV
REPAIR—229 Park Avenue South, New York, NY
10003.

SALESMEN-DISTRIBUTORS

PHOTOGRAPHY—PHOTO FINISHING
‘& SUPPLIES

MVI HUNDREDS OF DOLLARS!!| Make your own
8 & M Densitometer. Send $3.00 for detalled drawings
and instructions. A must for successful photography
in your darkroom. Order direct: S & M Instruments,
Dept. EE3, 220 Park Avenue South, N.Y., NY 10003.

AUTOMATIC Fishhooks, Profitable samples, $2.00
(refundable), Arons, 61 Mastic Beach, NY 11951,

re looking

SALESPERSON

for a~
growth minded, Su'les oriantaec! tn vidual willing t.o

learn our business. Famillar with the CB Market.
Must be Ir!llinc to t.r-.ve: Send resume. Anixter-
Mark, Mrs hardt, 5349 W, Fargo Avenue,
Skokle, GOO'TG (812] 675-1500.

FIREWORKS. Spectacular
manufacturers textbook. $5.00.
Box 95M4, Palm Bay, FL 32905

novelties,
Guarant

Simplified
eed. Tropic,

SONGWRITERS

EXCITING offer! Send poems, songs. Crown Musie,
49-RX West 32, New York 10001.

SURPLUS EQUIPMENT

GIANT Bargain Packed Canadian Surplus c‘ata.]ogq
$1.00 Etco Electronics-DG, Box 741, Montreal '

TAPE RECORDERS, SOUND EQUIPMENT

HEAD Cleaner 75¢. Two for $1.25 plus Free Gift
Catalog. Gale, P.O. Box 683, OJus, FL 33163.

TIPS FOR THE HOME, ETC.

PRACT‘XCAL tips for home znrden and workshop
are in ‘1001 How-To Ideas.'' Send $1.50 for your
copy (includes postage) to mm How-To Ideas, 229
Park Avenue South, New York, NY 10003,

WATCHES, WATCHMAKING & REPAIRING

WATCH and clock repalring books, tools, materials.
Free catalog. North American, Box T7, SM-201, Fox
River Grove, IL 80021,

PLEASE BE sure to Include your zlp code when
ordering merchandise from classified advertisements.
You’ll receive faster delivery.

YOU’LL MAKE

MONEY

SAVE MONEY TOO —

BY READING and ANSWERING
THESE CLASSIFIED ADS

(Continued from page 96)

be easily connected to the sockets.
Choosing Fuses. Fuses should never
be rated higher than the maximum rated
current of the associated power supply.
For example, if you are using an ex-
ternal 5-ampere/5-volt supply the fuse
should be no larger than S5-amperes.
If you are using the internal 1.5-
ampere/5-volt supply the fuse should be
no larger than 1.5 amperes. But fusing
for the supply’s maximum rating pro-
tects only the power supply, not the cir-
cuit you're building. Such fusing in the
presence of a wiring error could lead
to an undamaged power supply—with
crispy-fried experimental components!
It is better to fuse so that the experi-
mental circuit gets full protection, or as
much protection as you can give it. For
example, assume you are building a
TTL project whose maximum current
including the readout display is 150
mA. Using the next higher fuse value,
in this instance 3/16 or 2/10 ampere,
will protect both the project and the
power supply. Thus, whenever you use
the Rig-Kwik for breadboarding a proj-
ect you can protect the project, as well
as the power supply, by choosing a fuse
just large enough for the project itself
(each time). You now have a fast, con-
venient, and inexpensive laboratory
breadboard. Enjoy! |

LED/Chip Photo-Helper

(Continued from page 72)

LED/Chip Photo-Helper, connect the
batteries and turn the power switch On.
One LED should immediately come On.
Rotate the control from one extreme to

BH
v

B+2
oV

the other, and note that at some point
each LED will come On in succession,
but only one LED will be On at any
given time. If more than one LED
lights at a time, check whether you are
working under fluorescent lighting. If
50, move to a room lit with an incan-
descent lamp and repeat the test. If
there is no fluorescent light near, the

CALIBRATION
ADJUSTMENT

POWER
ON/OFF

CADMIUM SULFIDE
LIGHT SENSOR

Assembled LED/chip Photo-Helper has light sensor on board, at right. Five LEDs are
mounted under the transparent window at left. Only one LED lights at a time.
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fault is in the circuit itself. Check the
PC board for solder bridges, loose pig-
tails or wires, or defective foil traces.
If none of these can be found, the fault
is in one of the integrated circuits, and
it should be replaced with another of
the same type. If one of the LEDs
fails to light, but otherwise the circuit
operates normally, exchange the LED
for another one known to be good.
When the LED/chip meter is operating
properly, proceed with calibration.

The Photo-Helper was designed to be
used with a photographic enlarger, to
ensure making black-and-white and
color prints with repeatable success. If
a good-quality enlarger is available,
and vou have access to a transparent
step-tablet (gray scale), calibrate the
LED /chip as follows.

Calibration. With the step-tablet in
the enlarger’s negative slide, measure
each segment, using the LED/chip by
noting the setting of the control that
causes the center LED (LLED3) to come
On. Next, make a series of test prints,
using different exposures and develop-
ment times, to produce a succession of
prints of the step-tablet of differing
contrasts. Note on the print the expo-
sure and development used, and beside
each segment of the step-tablet note
down the setting of the LED/chip
control.

When ready to print a negative,
measure the lightest and darkest arcas
of the negative with the LED/chip.
Select the test print (made earlier) with
the most desirable contrast range within
the measured values, and use the ex-
posure and development information
recorded on the test print to determine
the exposure to be used.

When setting the LED/Chip con-
trol with light from the enlarger, you
can use a diffusion lens in conjunction
with the enlarger lens to average out
the illumination from the various parts
of the negative. This ensures that the
light being measured is a fair sampling
from the entire area of the negative,
and avoids measuring a too-dark, or
too-light part of the picture. Of course
the diffusion lens is swung out of the
way after the LED/Chip Photo-Helper
is calibrated, so that the negative may
be properly exposed.

Transparent step-tablets can be pur-
chased at any photo-supply shop or
graphic-arts store for a few dollars.
They come in a number of types, from
some with 25 or more segments to
those that include a color analyzing
section containing color spots. Most
low-cost step-tablets are not calibrated
for their photographic densities but
nave instead an arbitrarily-numbered

scale on one side. Calibrated step-tablets
are available, of course, but their high
cost makes them unreasonable for use
with the LED/Chip. An inexpensive
step-tablet can be calibrated by placing
each segment under a transmission den-
sitometer and recording each reading.
Most newspaper and many color print-
ing shops usesuch a desitometer.
Another useful function the photom-
eter has is to ensure that a constant
amount of light will reach the enlarger
casel, regardless of the lens used or the
magnification (enlargement). Make a
mark on the LED/Chip control scale
at the setting that corresponds to the
desired light intensity, reading the LEDs
as before. In most cases, this may be a
particular segment in a step-tablet.
When making a print or, in the author’s
case, a process color separation, include
the step-tablet with the negative. With
the desired lens in place and the en-
larger set to the correct enlargement,
locate the photocell under the same
segment in the step-tablet that was
used carlier. Adjust control R2 to the
mark made earlier, and then set the
lens aperture until the center LED
comes on. This feature is especially
useful in the graphic arts, where a
common set of exposures is desired for
any type of halftone or color-separa-
tion work done on a particular enlarger.
Using the components in our parts
list, the LEDs will automatically re-
spond at increments of one f/stop (f/
stop is the term used to describe the
setting of the lens aperture, one f/stop
higher or lower means that either half
or double the amount of light is trans-
mitted by the enlarger lens.) If another
type of CdS cell is used in place of
the photocell listed in the Parts List, the
values of resistors R3 through 7 may
have to be changed to allow for the
different response characteristics of the
new photocell. All the components are
easy to come by, and the total cost of
the LED/Chip Photo-Helper should
not be more than $10.00—considerably
less if parts are scrounged from your
junk box. |
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ISN'T IT TIME WE DEFENDED OURSELVES AGAINST
MUGGERS, RAPISTS/ .

AND ATTACKERS?

Will you be a victim of a criminal attack? Don't be afraid of going out
... anytime, anyplace. Defend yourself, your loved ones and your
home against attackers with this high quality, dependable 8-shot
non-lethal .22 caliber tear gas revolver. Fires B shols, in seconds,
to stop one or even a gang of attackers instantly. Solid metal con- °
struction by skilled European craftsmen. Don't buy a cheap metal or
plastic imitation that might misfire or jam when needed.

I_Y 524 98 ADD $5.00 FOR 25 ROUNDS AND PREPA
L]

INSURED DELIVERY. NO C.O.D.'S PLEAS

DEFENDER DEPT. 4258

FITS EASILY
IN PURSE
« NEW CASTLE, DEL.19720  OR POCKET

CIRCLE 8 ON READER SERVICE COUPON
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_reader built it

The following project has been submitted by a reader

PULSER FOR TIME LAPSE PHOTOGRAPHY

by P. J. Bunge

Most Super 8 cameras today are fitted with facilities
for single-shot, time-lapse or remote operation. If the
camera is set on single-shot and an exposure is made once
every few seconds, then the elapsed time is compressed
when the film is projected. In this way pictures of clouds
drifting by, sunrise or sunsets, flowers opening and tides
going in or out can be captured on ten or fifteen seconds
of film and shown in speeded up motion.

This pulser uses a programmable unijunction transis-
tor (P.U.T.) for its timer and a reed switch to operate the
camera. R1, R2, R3, Cl, C2 and C3 are switched to pro-
vide appropriate time constants. When the voltage at the
anode of the PUT charges to the same voltage as that at
the junction of voltage divider R4 and R7 then the PUT
fires in much the same way as an ordinary unijunction
transistor does. D1 temperature compensates the PUT.
Q1 and Q2 discharge C4 and stretch the pulse from the
PUT to ensure reliable camera operation. Q3 is switched
on by this pulse and energises the reed switch. Almost
any reed switch will work; if the coil is unsuitable, or is
missing, simply keep adding turns around it (about no. 30
wire) until the switch closes when the coil is placed across
4.5 volts, then add 10% more turns for reliability.

Nearly any silicon transistors and diodes should work
for Q1, Q2, Q3, D1 and D3. R1, R2 or R3 may need
changing a value or so if the timing is off. C1, C2 and C3
must be Tantalum types for low leakage or the PUT
will not fire. SW3 permits using the pulser as a remote
switch. The reed switch could be replaced by a sensitive
relay, and either could operate a mechanical camera re-
lease solenoid with its own battery supply (these are
usually 12 volt high current solenoids). In this case C4
can be adjusted to determine the number of frames ex-
posed per pulse.

o)

§) Seconds of projection time

& 5 10 15 20 30

1 Imin 30secs 3min 4min 30secs 6min 9min

2 3min 6min 9min 12Zmin 18min

5 7min 30secs 15min 22min 30min 45min

10 15min 30min 45min 1hr Lhr 30min
20  30min lhr lhr 30min  2hr 3hr

50 lhr 15min  2hr 30min3hr 45min  Shr 7hr 30min
100 2hr 30min  5hr 7hr 30min  10hr  15hr

200 Shr 10hr 15hr 20hr  30hr

500 1Zhr 30min 25hr 37hr 30min 50hr 75hr

Chart showing relationship between exposure spacing,
the amount of elapsed time, and the amount of projection
time for a completed film.

Parts list C3 100u 6v Tantalum RS 1K R7 33K
C4 4.7u 6v Tantalum R6 10m R8 220K
Cl lu 6V Tantalum Rl 1.2m R3 5.6m Di D3 1N459
C2 10u 6v Tantalum R2 2.7m R4, R9 22K D2 D13T2 Programmable

R1 12m
R2 2.7m
e AAAA.
VAN
A3 6.6m

R4 R8
2K 220K

[ A9
T 2 = :
5 O B B
ey ks B B G TUS T
FoTR ot BRI ERY
N3838
2N3585

c1 c2 c3
u 10u 1004

l Unijunction Transistor (PUT)
sadsr iy Q1 2N3565
it Q2,Q3 2N3638
Plug to fir
SW1  Reed switch (see text)

Sw2 SPST
A SW3 SPST mom. pushbutton. N.O.
n SW4 2 pole 9 position rotary

SW3

Optanal
NAD Push
= Button

Battery and holder, case, knob and
miniature earphone jack to fit camera.
The author's Pulser was built into a
Hammond 1411D Handy Case.

<@

i e o s e 5
-
o

Remote
Operation

electron — October 1971
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enlargements from a full 36-ex-

posure roll in only one evening and
you'll know just how frustrating life
can be. Every change in magnification
and negative density means a different
exposure. And if you use test strips or
exposure guides to hit the correct ex-
posure you're making at least two
prints for every one you need.

The way to take all this drudgery out
of your darkroom work is to use an
electronic printing meter, a device that
takes only seconds to indicate the cor-
rect exposure, regardless of whether
the enlarger is at the top or bottom of
the rack, or whether the exposure and
negative development is over or under.

A quick example will illustrate how
easy it is to make prints with a printing
meter.» Let's assume you have just
chocked the negative in the enlarger
and have cropped the picture exactly
the way you want it. Now you take the
probe from a printing meter—which you
have previously calibrated for a 10 or
2G-second exposure—place it on the
easel at the point of maximum light
transmission through the negative (the
black reference in the print—deepest
shadow) and adjust the lens diaphragm
until the printing meter’s pointer indi-
cates some reference value you have
previously selected.

That's the whole bit. Expose the
paper for your normal 10 or 20-second
exposure and the first print will be a
good print. Maybe even a great print,
If you're grinding out wallet-size jobs
for the whole family, each print from
each frame will have the same excellent
quality.

A Hint. The key to successful use of
a printing meter lies in the fact that,
except for some particularly artistic
work, any print will look decent to ex-
cellent if there is some deep black, even
if it's just a spot of black; for the black
to highlight or border-white contrast
gives the visual appearance of a full
contrast range, even if the greys are
merged. For those who do portraiture,
a printing meter can be user-calibrated
for “flesh tones.”

The printing meter shown in the
photographs has been especially de-
signed for construction and use by the
typical e/e photographer/electronics

T Ry TO grind out wallet-size prints or

94

Print-paper saver gives you fine B&W prints sooner!
by Herb Friedman

hobbyist. It features a calibration—
called “speed”’—adjustment to accom-
modate slow to fast enlarging papers
(such as Polycontrast and Kodabro-
mide) and readily available parts, many
of which will be found in the typical
experimenter's junk box. The layout is
non-critical—any cabinet can be substi-
tuted; there are no critical shielded
circuits (not even shielded wire is
used); and except for the photoresistor
sensor, just about any component qual-
ity will do. There is absolutely no sense
in building the project with the best
components money can buy because the
best components won't affect the final
performance one iota.

Construction. The unit shown is as-
sembled in a 5% x 3 x 5%-in. metal
utility cabinet. Connecting jack J1 is
optional as the photoresistor sensor,
PR1. can be hard-wired into the cir-
cuit. If you use a jack, note that it must
be the three-terminal type such as is
used for sterco connections; the ground
connection is not used since neither
PRI lead is grounded. Do not use an
ordinary phone or phono jack as they
will ground one of the PR1 leads. Plug
P1 must similarly be a matching three-
terminal stereo type. Either miniature
or full-size jacks and plugs can be used.

Power switch S1 can be anything
you care to use—lever, slide, or toggle.
Use the least expensive slide switch if
you're trying to keep the cost down.

The meter, M1, is a Lafayette Radio
99.26262 illuminated 0-1 mA S-meter.
This meter was selected because it has
built in pilot lamps with 6 and 12-volt
connections. When 12-volt-connected tc
T1, which is 6 volts, the pilot lamps arc
dim enough not to affect the sensor and
bright enough so that you can see the
pointer in the darkroom. Meter M1
mounts in a 1¥2-in. hole, which can be
cut with a standard chassis punch (if
you have the punch).

Sort Them. The meter scales are
jammed with numerals that can be con-
fusing in the darkroom so the best bet
is to paint out the unwanted “calibra-
tions” using Liquid Paper or Liquid
KO-REC-TYPE, products used to correct
typewriter errors (available in station-
ery stores). First, snap the plastic cover
off the meter, It might feel secure but
it's not. Grasp the top of the cover and

force the cover outward and down,
taking care that when it snaps free the
pointer isn't damaged. Next, remove the
scale by taking out the two small screws
and sliding the scale out from under
the pointer. Do not attempt to paint
the scale while it is mounted in the
meter as a single drop of the fast-setting
correction fluid can ruin the meter if it
gets into the pivot bearing. When re-
installing the scale, hold the screws with
a tweezer or long-nose pliers until you
“catch” the first few threads. When the
scale is secure, snap the meter’s cover
into position. (On the unit shown all
scales and markings other than 0-to-1
have been painted out, as the O-to-1
scale is the most convenient to see
under dim lighting.)

Note that meter M1, power switch
S1, and jack J1 have been positioned
on the front panel so as to provide the
maximum room for the speed control’s
calibrated knob. Use the largest pos-
sible knob as the greater the calibra-
tions the easier it is to reset the control
to a desired paper speed.

Power transformer T1 can be any
6.3-volt filament transformer rated 50
mA or higher. (A 6-volt transformer
scrounged from a portable cassette re-
corder will work just fine.)

Power Filter. If the line voltage in
your home is known to be reasonably
constant, assemble the unit as shown in
the schematic. If your local utility likes
to bounce the line voltage, or if ap-
pliances cause your line voltage to vary
(indicated by dimming lights), install
zener diode D5 across points A and B.

The sensor is really a large tuning knob
with photoresistor PR1 embedded in epoxy,
plastic or RTV rubber adhesive.

101 ELECTRONIC PROJECTS 1976
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Inexpensive and easy to build, it will save you money later. o P

One trick that old timers have used
for years is to connect a diode in series
with a medium-to-heavy duty soldering
iron. This halves the value of the iron’s
wattage rating, making it especially use-

By John Keidel and Frank Cicchiello

ful for soldering transistors, integrated
circuits and low-wattage resistors.

But this arrangement limits the ver-
satility of the iron, since there are times
when one may wish to solder to a metal

SWITCH
Sl

FUSE
Fl

QUTPUT
RECEPTACLE

Schematic diagram of two-
position heat controller for

115 vVac
LINE

N

50-watt soldering iron. It's easy
to wire up—should take about

RIS an hour for entire project.

INDICATORS
I2LOow

PARTS LIST FOR HEAT CONTROLLER

D1—1-amp, 200-volt silicon diode (Radio Shack 276-1137 or equiv.)

F1—1-amp, fast-acting fuse (Radio Shack 270-1273 or equiv.)

11, 12—Panel Lamp Indicators, 115-volt AC (Radio Shack 272-1501 or equiv.)

$1—SPDT, Neutral Center, switch (Radio Shack 275-325 or equiv.)

Hardware Items and Misc.—Case 3%-in, x 2%-in, x 4-in. (Radio Shack 270-251), 4-lug terminal
strip (Radio Shack 274-687), Fuse Holder (Radio Shack 270-364), AC Outlet (Radio Shack
270-642), Line cord with plug, strain relief or grommet, solder, wire.

AC LINE DIODE
CORD Di

SWITCH
Sl

101 ELECTRONIC PROJECTS 1976

chassis or make other heavy-duty type
connections. The soldering iron Heat
Controller described here provides
low /high-wattage versatility in a com-
pact case, with a convenience outlet.

How It Works. Diode D1 shown in
Fig. 1 provides half wave rectification
of the ac line voltage when switch S1
is in the Low position. Throwing switch
S1 to the High position allows full line
voltage to be applied to the soldering
iron receptacle. The center oFF position
removes power from the outlet. Fuse
F1 prevents any harmful effect if the
iron's element should become short-cir-
cuited. Indicator lamps I1 and 12 add a
professional touch to the equipment,
and also act as On-Off pilot lights.

Construction. All components ex:
cept diode D1 are mounted on the case.
Diode D1 is soldered to a terminal
strip, which also provides terminal
points for the various interconnecting
wires. Wiring is point-to-point and not
critical. The photo illustrates the loca-
tion of the components. Transfer letters
are used for the individual panel mark-
ings.

This is a very easy project, and the
hour or so it takes to assemble it (once
you've got the parts together) will be
quickly repaid by the added conven-
ience of having two different iron heats
to work with.

Using the Heat Controller with a
50-watt soldering iron which takes vari-
ous tips will handle about 95 percent
of all your soldering iron work. It's only
the very occasional super-heavy job that
will require anything else, and that
would require a much bigger iron any-
how. 7]

Mechanical layout of heat controller.
Putting this project together is not only
good practice for beginners—it gives you
a versatile tool which will make future
projects easier.
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The zener will provide a regulated 6
volts, with the slightly lower circuit
voltage (6 VDC rather than 9 VDC)
providing slightly reduced sensitivity.
Normally, you will not need D3, so
there’s no need to get it unless you're
certain you need it.

In order, to get speed control R2 to
increase sensitivity in the expected
clockwise direction, its ground terminal
is opposite to the usual volume control
ground. Facing R1's shaft with its ter-
minals sticking up, the ground terminal
is the one on the left.

Meter M1 has five terminals. The
one designated “+" and the one adja-
cent to it are the meter terminals. The
three terminals above the meter termi-
nals are the pilot lamps. The extreme
end pilot lamp terminals are the 12-
volt connections. The center terminal
is not used for the 12-volt connection.

The Eye. The only assembly that re-
quires some care is the sensor. The
sensor itself is a photoresistor; however,
the photoresistor doesn’t have enough
heft to maintain its position on the
easel, so it must be mounted in a sup-
port that can maintain its position
without falling over. The sensor as-
sembly shown consists of PR1 epoxy-
cemented into a relatively large knob.
The knob must be plastic—not metal,
though it can have a metal decorative
rim—and it's best if there is a recess on
the top even if the recess is produced
by a rim. Remove the set screw and
drill out the set screw hole with a bit
approximately 3/16-in. (not critical).
Then, using a ¥-in. bit, drill through
the shaft hole clear through the top of
the knob. If the shaft hole has a brass
(or other metal) bushing make certain
the drill bit removes all the metal.

Pass the PR1 leads through the hole
i the knob from the top. Tape it in

M1 R2 R1

position. Feed a section of linecord or
speaker wire through the setscrew hole
and solder the wires to PR1 as close as
possible to the knob. Trim away the
excess PR1 leads; they should not pro-
trude below the knob. Remove the
tape holding PR1, get PRI as close to
the center of the knob as possible, and
then pour in a quantity of fast-setting
epoxy or liquid plastic from a knob re-
pair kit or plastic modeling kit, and let
it set a few minutes until the plastic
hardens. Keep the level of the epoxy
or plastic below the top of PR1—use
less rather than more. If you can’t get
epoxy or plastic you can use G.E.'s
silicon RTV rubber (adhesive, caulk,
window sealer, etc.); but the RTV rub-
ber must cure for at least 24 hours.
Similarly, pack the bottom of the knob
with epoxy, plastic or rubber.

Mask Down. Now, the surface area

of the photoresistor is too large for

small prints—4 x 5 or smaller—and even

The specified meter has five terminals. The two on. the bottom row are for the
meter movement. The top row terminals are for the 12-volt lamp connection.
The remaining terminal is for a 6-vo!* lamp connection and is not used.
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T Nothing is critical so
~ don’t crowd the layout.
B¢ Two parallel terminal
 strips provide the tie
' points for the rectifier
diodes and power supply

some 8 x 10s. So cut a disc the diameter
of the knob from shirt cardboard or a
manila file folder (but not oak-tag) and
using a standard hand punch (such as
used in schools) punch a hole in the
center of the disc. Apply rubber cement
to the rim of the knob and the inside
rim of the disc. When the cement is dry
drop the disc on the knob so the hole
exposes a small part of the photoresis-
tor’s surface. It's not all that critical;
the hole doesn’t have to be precisely
over the center of the photoresistor.
However, the unit is calibrated for a
punch-size hole and migh* not work
properly if the disc is not used, or if
the hole is a hand made “pinhole.”
Use the punch.

Using the Meter. The first step
is to select a decent reference
negative and make a good print using
a 10, 15, or 20-second exposure. We
suggest 20 seconds as it will become
your standard exposure, and will be

PHOTO RESISTOR

EPOXY

KNOB

After the sensor is completed, punch a
hole in a matching cardboard disc and
cement the disc over the sensor. The hole
provides a smaller sensitive area required
for prints 4 x 5 or smaller. Better results
with larger prints are also obtained with
the mask.
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DARKROOM PRINTING

sufficiently long to allow moderate
dodging. When vou are certain you
have a print exactly the way you want
it, and without disturbing the enlarger’s
controls, place the printing meter’s sen-
sor under the brightest light falling on
the easel—it produces black (maximum
shadow) on the final print. Now turn
on the printing meter and allow about
five seconds for warm up.- Adjust speed
control R2 so the meter pointer in-
dicates any meter reading you want to
use as a reference. It doesn’t matter
what the reading is as long as you al-
ways use the same reference for the
standard exposure time. For example,
0.2 on the meter scale is a good choice
because it is well illuminated by the
meter lamps. But you might just as
easily select mid-scale as the reference
meter reading. It doesn’t make any dif-
ference; just be consistent.

Once you have adjusted the speed
control for the reference meter read-
ing note on a piece of paper or in a
notebook the dial reading from the
speed control’s calibrated knob. This is
the reference speed value for the par-
ticular printing paper. For example,
let’s say you made the test print on
Polycontrast using the #2 filter, and
the speed knob indicates 5.6. Next
time you want to print using Poly-
contrast with a #2 filter you simply
set the speed knob to 5.6, put the sen-
sor under the darkest shadow area and
adjust the lens diaphragm for a refer-
ence meter reading. Everything will be
set for your standard exposure time.

Changing Filters. Kodak provides a
speed rating for all their papers and
you can easily work out the correct (or
close) speed control settings without
making a “perfect” test print for each

Use the largest calibrated knob you can install without interference by other-
panel components. The greater the calibration area on the knob the easier it is to
preset the paper speed with accuracy.

type and grade of paper. For example,
changing from a #2 to #4 filter usu-
aly means increasing the exposure by
a 3.5X factor. If your #2 exposure is
10 seconds, the #4 exposure will be
35 seconds—somewhat long. You can,
however, open up the lens diaphragm
for a 3.5X light increase (close enough
value) and adjust the speed control for
the reference meter reading. The new
speed control setting is the speed value
for the #4 filter. You can do this with
variable contrast filters or numbered
printing paper.

While the most pleasing print usual-
ly has some black. there are times
when there can be no black, such as
snow scenes, portraits, etc. You can
peg the speed control’s calibration to
a grey corresponding to a skin tone, or
any other degree of grey you might de-
sire. The only thing you cannot do is
calibrate the meter for highlights, since

the meter might not have enough sen-
sitivity for slow papers, and highlights
can completely fool the meter.

If desired, you can take a speed con-
trol calibration reading for each type
of paper (using your standard nega-
tive) for both shadow detail and inter-
mediate grey. This way, you can quick-
ly set up for typical snapshots, scenics,
or portraits.

Keep In Mind. The sensor has a
slight light memory, so we suggest the
sensor be turned face down when not
being used and the power switch be
turned on and off in the dark, though
you can keep the darkroom illuminated
by a safelight with the power switch
on. Meter readings, however, must be
taken with all room lights off; only the
enlarger should be on and the print
meter should be positioned so that its
meter lamps do not illuminate the sen-
sor (even slightly). a
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€1—100-uF, 15VDC or better, electrolytic
capacitor :

D1 to D4—1-amp, 50-volt silicon diode

D5—6-volt, 1-watt zener diode (optional, see
text) (Radio Shack 276-561 or equiv.)

11, 12—meter lamps, part of M1 (see text)

N —3-circuit jack and plug set (optional, see
text)

M1—0-1 mA movement, illuminated S-meter
(see text)

PR1—photoresistor (National 4941 or equiv.)

R1-150-0hm, Y2-watt resistor

R2—10,000-ohm audio taper potentiometer

$1—spst switch

T1—transformer: 117 volt primary, 6.3 volt at
50 mA or better secondary

The MNational 4941 photoresistor is avaoilable from the Electronic Hobby Shop, Box 192, Brooklyn,
NY 11235 for $3.75 postpaid. New York state residents add soles tox; Conadion orders add §2

for extra postage. No foreign orders, please.

Misc.—large knob for mounting photoresistor,

AAA
VWA~

=l (Y

A PRI

B
DS

case 5% x 3 x 57-in., 5-lug terminal strips
for mounting components, wire, etc.
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