
SHOOT THE CLASSIC MilK DROP 
Take breathtaking photos like this one 
with our time-delay flash-trigger circuit 
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I f you are ,like 114e. you have beeQ 
amazed at the simple, yet classic 
bea\)tY ot 'the familiar "milk Ctrop" 

photos. They are among the thousqnds 
of well-known images created by fam­
ed inventor and educator, Or, Harold 
Edgerton. Now you can shoot your own 
"classic" using your own camera and 
;flash, coupJed with this easy-~o-mal(e 
fime delay flash trigger. 

How It Works. The schemayc d i­
agram tor the time delay circuit is 
shown in Fig. 1. The Circuit is built around' 
a single 4093 quad 2-input NAND Schmitt 
trigger. Two dates trom that quad pac;k­
age (U1-a and,U1-b) are configured ,as 
a set"reset fiip"flop, which is triggered 
by a phototransistor (Q1). As long as Q1 
is Illuminated by a ·beam of light. one 
input of U1-a is held higb. When the 
beam is interrupted, say by a falling mil~ 
drop, the input to U1-a is pulled low via 
resistor R1. 

That causes't1.1-a's output to go high~ 
thereby forcing U1-b's output low. Atthat 
point, C2 (which, in conjunction with R2 
and R3, detetmlnes the length of the 
time delay) begins to d ischarge 
through R2 and R3. The actual' ~e]ay 
Jime in seconds is given by: ••• td = C" x (R2 + R3) 

When C2 has discharged sufficleQtly, 
U1-c's output goes high, triggering SCR1 
and firing your flash. Now C1 begins, to 
charge through R4, which takes about 
a half second. When tt\at tim;e has 
elapsed, U1-a!s output goes lo~ resef-



ting U1-a and U1-b to their initial state. 
Capacitor C2 then quickly recharges . 
through 01. so that lfs ready for the next 
shot. The half-second delay produced 
by C1 prevents double exposing your 
shots. 

Constnlction. The aUthor's prototype 
of the trigger-delay circuit was built on 
a printed-circuit board (see Fig. 2) 
measuring 1Y2 by 2Y2 inches. After etch­
ing your circuit board. install the com­
ponents using Fig. 3 as a guide. Be 
careful when handling U1. lfs a CMOS 
device and can be damaged by static 
discharges. Also. when installing C1 and 
C2. be sure to observe the proper po­
larity. 

Mount the phototransistor. Q1, near 
one end of the circuit board. The lead 
nearest to the flattened edge of the 
phototransistor is the collector, and 
shoulc;i be connected to the + 9-volt 
bus (as shown). Before installing Q1 
bend the ends of its leads to form a 90° 
angle to line up with a hole that will be 
drilled in one end of the circulfs en­
closure (more on that in a moment). 
Just about any phototransistor will work 
for Q1. Both infrared and visible light 
types are acceptable. 

You'll need a short length of black 
plastic tubing to fit over Q1 to help keep 
it lined up with the hole. The author 
used a section cut from an old disposa­
ble ballpoint-pen housing. A hole 
about Y.,6 inch was drilled in the sealed 
upper end of the pen housing to allow 
light to get to Q1. Be careful not to make 
the hole too large; if you do. a drop of 
milk may be too small to block all the 
light. 

GE C106D SCR's come both with and 
without heat-sink tabs. For this project 
the tab is unnecessary. so you can cut it 
off if desired to prevent shorting. You 
can also use Teccor T106D's. Do not sub­
stitute any other SCR for SCR1; either 
version of the 1060 is inexpensive and 
have been used successfully on many 
flash and control projects. 

Next prepare the enclosure that will 
house the time-delay circuit by drilling 
holes for S1. R2. Q1. and the flash cord. 
The authorS circuit was housed in an 
enclosure measuring about 5Y.,6 by 2o/a 
by 1o/a inches. The author drilled a hole 
in one end of the enclosure for Q1. That 
hole should be small enough to fit Q1's 
plastic tubing snugly. Cement the tub­
ing in place. 

Drill a hole in the side of the enclosure 
for the flash sync cord. For the sync 
cord, cut the male end off of a pho-
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Fig. 1. The time-delay trigger circuit is built around a single 4093 quad 2-input NAND 

Schmitt trigger. Two gates from that quad package ( U 1 -a and U 1-b) are configured as a 
set-reset flip-flop. · 

j.-- 1'/eiNCHES ---.J 
Fig. 2. The author's prototype unit .w~s 
built on a printed-circuit board measuring 
PIB by 2!12 inches. 

tographic extension cord. Use the 
female end and the wire for this project. 

Attach 1wo adhesive-backed plastic 
cable clamps to the bottom of the 
case along the centerline. They are 
used to attach the delay unit to the 
ringstand. Cut a disc about 5/s-inch in 
diameter from a white. self-adhesive la­
bel. Make a hole in the center to fit 
around the photocell opening in the 
case. Mount the disc around the hole. 
The disc will serve as a target for lining 
up to take your splash photos. 

Testing. Before mounting the circuit 
board in the enclosure. attach the bat­
tery and make sure that the circuit is 

functioning correctly. Temporarily sol­
der the sync cord to the appropriate 
points on the circuit board. The white or 
center leod goes to the anode of SCR1. 
The black leod or outer conductor goes 
to ground. A few flashes have negative­
polarity sync circuits; if that is the case 
with your unit, it will be necessary to 
reverse those connections. 

To determine if the sync cord is prop­
erly connected for your flash unit, plug 
the sync cord into your flash unit. If your 
flash unit has a variable-power "man­
uar setting, set it to minimum power for 
the quickest recycle time. Turn the flash 
unit on. but leave the delay turned off 
for the moment. Connect a voltmeter 
across the anode and cathode of 
SCR1. The anode should be positive 
and the cathode negative. The voHage 
is unimportant and is likely to be any-

Just about any phototransistor (itifrared or 
visible light type) is fine for Ql. Before 3: 
installing Q1, bend the ends of its leads to Q~ 
form a 900 angle (as shown here) so that it ..... 
lines up with the hole in the end of the ... 
enclosure. ~ 
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Fig. 3. Install the components using this figure as a guide. Be careful when handling VI. 
It's a CMOS device and can be damaged by static discharges. Also, when installing C/ 
and C2, be sure to observe the proper polarity. 

Here is the author's set up. Two adhesive-backed plastic cable clamps were used to attach 
the time delay trigger circuit to the ringstand. 

where from 2 to 250 volt~epending 
on the design of the flash.lfthe anode is 
negative with respect to the cathode, 
unsolder the sync cord leads from the 
board and reverse the connection. 

Attach a 9-volt battery to the battery 
connector and turn on the power 
switch. Make sure no direct light is shin­
ing on Q1. The flash should fire every 
second or so. Rotating R2 should 
change the time interval between 
flashes. If the flash does not fire, check 
the battery to make sure its fresh. Shine 
a bright pen light on Q1 and the flash­
ing should stop. Briefly interrupt the 
beam with a pencil or other object and 
the flash should fire a moment later. 

If a fresh battery fails to make the 

flash fire, momentarily place a short 
across the sync cord to see if the flash is 
working. It should fire each time you 
short out the sync cord. Assuming the 
flash is working, check the following 
voltages: with Q1 lit, pin 1 should be at 
8.5 volts and 0 volts when dark; pin 3 
should be at 0 volts with Q1 lit; pin 4 at 
8.5 volts with Q1 lit; pin 10 at 0 volts with 
Q1 lit; pin 11 at 8.5 volts with Q1 lit. With 
the exception of pin 1 of Ut the volt­
ages should alternate between the 
high and low readings with Q1 dark. 

If the voltages do not check out, then 
SCR1 is probably defective, otherwise 
suspect U1 or that a capacitor is in­
stalled backwards. 

Once you have everything working, 

PARTS LIST FOR THE 
.. ;[I ME DELAY FLASH TRIGGER . ' . 
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temporarily disconnect the sync cord 
from the printed-circuit board, feed it 
through the hole in the enclosure, and 
reconnect it to the circuit board at the 
point indicated in Fig. 3. Insert Q1 into its 
tubing and secure the circuit board to 
the bottom of the enclosure with dou­
ble-sided foam adhesive tape. Mount 
S1 and R2 to the enclosure. 

Add a piece of insulating cardboard 
or foam over the circuit board to isolate 
it from the battery, which will lay above 
it in the case. Close up the enclosure, 
and install a knob on the shaft of R2. 

Taking the Photo. The ideal source for 
falling milk drops is a glass laboratory 
burette. Mount it on a ring stand with its 
tip about eleven inches above the ta­
ble. Place a dark or brightly colored 
dinner plate below the burette. Clip the 
delay box onto the ring stand (see pho­
tosf Position the photocell so that it is 
about Y2 inch below the tip of the bu­
rette. Fill the burette with either milk or 
half milk/half water. 

Support a pen light about a foot 
away from the delay box and aim it at 
the photocell. Tape a black pope: 
hood around the pen light to confine 
the beam. It should light the ring 
around the photocell. Connect your 
flash to the delay and set it for minimum 

(Continued on page 101) 



surements before you hook up the ster­
eo for a sound check. Figure 13 shows a 
test setup that you can use to make the 
test. What you're trying to verify is that 
the crossover works as expected. 

While slowly varying the frequency 
from one half to two times the low 
crossover frequency, measure the AC 
voltage at the woofer terminals. That 
voltage should start dropping just be­
low the crossover frequency, and 
should drop rapidly above it. Do the 
same with the midrange. It should have 
a low voltage at half the lower 
crossover frequency, rising as the fre­
quency increases. then leveling out 
above the crossover frequency. Check 
the midrange and tweeter sections in 
the same way, but this time varying the 
frequency from half to twice the upper 
crossover frequency. Any wiring errors 
you may have made can be dis­
covered by these tests. (I once blew an 
amplifier by mis-wiring a crossover net­
work so that it presented too low an 
impedance to the amp; a 15-minute 
test is cheap insurance.) 

If you a re really interested in 
crossover design, there has been a lot 
of valuable work published in the 
Journal of the Audio Engineering So­
ciety in the last few years. Much of this is 
summarized in Vance Dickason's 
Loudspeaker Design Cookbook. pub­
lished by the Marshall Jones Company 
of Francestown. N.H. There's also some 
good info in Badmaieff/Davis', How to 
Build Loudspeaker Enclosures, pub­
lished by Howard Sams. 

Well, I guess you're wondering about 
my young friend and his girl's ex-speak­
er system. Once he found out what the 
problem was. he decided to use a sim­
ple capacitive crossover like the one 
that was originally in the system. but he 
did buy 100-volt capacitors. Then he 
decided to add midrange units. He 
wasn't very good with a saber saw. Oh 
well.... • 

"Why can't you be obsessed with cars like a 
normal man?" 

ELIMINATING INTERFERENCE 
(Continued from page 69) 

a large number of signals get together 
in one system. intermodulation is a pos­
sibility, and that means signals outside 
of the official spectrum can be gener­
ated. The problem is that signals leak 
out of the cable N system, and interfere 
with your receiver. The only thing that 
you can do legally is to complain to the 
cable operator and insist they elimi­
nate the interference. Fortunately, the 
FCC is your ally: by law, the operator 
must keep the signals home! 

Other Culprits. It is likely that most 
American homes today are equipped 
with microwave ovens. They use a mag­
netron tube to produce several-hun­
dred watts of microwave power on a 
frequency of approximately 2.450-MHz. 
The high voltage applied to the mag­
netron is typically pulsating DC. It is that 
pulsating DC that causes "hash" in ra­
dio receivers. Although better-quality 
microwave ovens are equipped with 
EMI filters, many are not. However, most 
manufacturers or seNicers of micro­
wave ovens can install EMI filters inside 
the oven. Alternatively, one of the EMI 
filters we've shown can be used. 

The proliferation of personal com­
puters has greatly increased the 
amount of noise in the radio spectrum. 
The noise is caused by the digital pulses 
generated by their internal circuits. 
Older machines, which use internal 
clock frequencies of 1 to 4.77 MHz (like 
the original IBM-PC), wipe out large 
portions of the AM and shortwave 
bands. If you doubt that. try using an AM 
radio near a computer! Later-model 
computers (XT-turbo. AT. etc.) use higher 
clock frequencies (e.g. 8, 10, 12, 16, 25, 
or 33 MHz), and they can wipe out the 
VHF bands-including the FM-broad­
cast band-as well. 

Most of the noise produced by the 
computer is radiated through the 
power line or from the keyboard cable. 
In the latter case. make sure that a 
shielded keyboard cable is used. 
Power-line noise can be stopped by 
using the EMI filters discussed earlier. 

Printers or, more commonly, printer 
cables are another source of noise. If 
the cable between the computer and 
the printer is not shielded, then replace 
it with a shielded version. Otherwise, 
you might want to consider a ferrite 
clamp-on filter bar such. as the Amidon 
2X-43 or equivalent. • 

CLASSIC MILK DROP 
(Continued from page 42) 

power as before. Place it near the pen 
light and aim it downward toward the 
plate. 

Your camera should have a macro­
focusing lens with at least a 100-mm 
focal length. The falling milk splashes, 
and the longer focal length will keep 
the lens surfaces at a relatively safe dis­
tance. Load the camera with IS0/100-
speed film. 

Turn off the room lights and open the 
burette slightly to allow one drop to fall 
about every one to two seconds. Move 
the burette until you see the shadows of 
the falling drops cross the photocell. 
The flash should fire as each drop pass­
es. Adjust the delay knob until you see 

This milk crown-a drop of milk actually 
splashing off a solid surfcae-is but one 
example of an action that requires split­
second timing to capture on film. 

the "crown" splash. Your vision per­
sistence will hold the image long 
enough to see the splash clearly. 

Once you have the delay set to your 
liking, simply set your camera's shutter 
to "B" and open it just long enough to 
record the next splash. Set the aperture 
as small as possible for maximum 
depth of field. Don't let more than a thin 
layer of milk accumulate in the plate. 
Too much milk makes the "crowns" less 
spectacular. To get a cone-shaped 
splash, make the milk deeper. 

Timing is quite important to catch the 
splash. Since the tolerance of elec­
trolytic capacitors tends to be pretty 
wide, you may need to make R3 a bit 
larger or smaller to get the proper time ~ 
delay. Otherwise, you can raise or lower ~ 
the height of the burette until you see :: 
the splash. • ~ 
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