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Pictures of high-speed
events such as popping
balloons, breaking glass,
and splashing liquids reveal
Interesting structures not
visible to the naked eye. You
can take your own high-
speed photos to capture

LA )

these ephemeral events. »&

Set up: p.108 Make it: p.109 Use it: p.116

I——

i
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PROJECTS: STROBE wiviv.makezine com/04/strobe

JUMPIN’ JACKED FLASH

We built a strobe flash out of a Kodak dis-
posable camera and then designed a cir-
cuit that triggers the flash when it detects
a sound or other measurable event. The
strobe flash will freeze motion!

We use a digital camera set for a long
exposure (two seconds or more), and
shoot the picture in a dark room. When the
balloon pops, the sound-activated trigger
circuit fires the flash, and the camera cap-
tures the incredible event.

Why not just take the picture of the bal-
loon with a digital camera and its built-in
flash? First, getting the timing right is a
hard problem: the camera’s exposure, its
flash, and the event itself need to be syn-
chronized. (Try it yourself and see what
luck you have.) The second problem is that
a stock camera flash doesn’'t make a very
good strobe because it flashes too long,
causing blurry high-speed photos.

Tom Anderson and Wendell Anderson are engineers for an electronics company. As a hobby, they develop audio
hardware and software projects.
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SOUND TRIGGER

We lake long exposures na darkened room [Ldoesn L need
Lo be pilch black; we usea salnightwith the ights
oul Even though the shaller is open lor 2 1o 15 seconds. e

[lash fires just once lriggered by sound . The llash lreezes Lhe
cel apiclure When laking a [l
dark room itdoesn Umaller how long the shuller s open All
thal mallers s thal the llash Tres while e shuller s open

mobion. and w ashpiclure ina

2 G
Pop the balloon. ?\‘
Press the camera’s I
shutter button
and the shutter /7 3

remains open. The sound is picked up

by a microphone.

) IR

6

The camera’s shutter
closes.

.'.'.T.'."Tﬁ_‘

(5] =) ©
()
The light from the 2
flash tube lights up Oy . =1 .

the picture. N
o
LK J

a4 Controller logic: The sound
travels from the microphone
to the controller, where it is
converted to an electrical
signal. The electrical signal
trips the comparator. The
comparator triggers the
timer. The timer generates
a delay. The timer fires the
SCR. The capacitor discharg-
es through the flash tube.

llustration by Timmy Kucynda
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PROJECTS: STROBE www.makezine.com/04/strobe

Strobe Photo Gallery

This page. clockwise from top: Bottle blast in Bryn Russell's
high-speed studio; .22 bullet meets crayons, by Khuong
Nguyen. Ed Bystrom, and Chen-Chei Chuang: Chris Pycior
captures Dan Brown making a catch inLee’s Summit, Mo.;
drive-by fruiting by Bryn Russell. (Not all of these photos can
be taken using the Flash Controller Kit).

Opposite page. clockwise from top: Ken Reppart's glass is
more than half full; firecracker explosion by Tom and Wendell
Anderson; board breaking by Tom and Wendell Anderson
3 see more strobe photography in the Flickr high-speed
photography pool, flickr.com/groups/highspeed/pool.
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A BRIEF HISTORY OF
HIGH-SPEED PHOTOGRAPHY

nehspeed images 1 1337 using the hghl Tron
ap Lo freeze @ bullel and reveal Lhe
shadow of the supersonic shock wawi ceed
2 L Butitis M olessor Harold Do

Edeerlon (1903-1990) whois lareely credited

ognized [or hisvisual cesthelic. Many of
Lhe striking images he crealed of urmmating
ienomena adorn arl museams worldwide
1= pholos and strobe equipmenl can be seen
al the MIT Museun

Peter Mui

Editor’s Note: Peter Mui had Doc Edgerton as his
thesis advisor at MIT and after graduation was a
research assistant in his lab until 1990.
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PROJECTS: STROBE

SET UP.

www.makezine.com/04/strobe

Visit makezine.com/04 /strobe for source list.

MATERIALS

Disposable camera*

Flash Controller*

Flash cable 2.5mm
mono male-to-male*

2.5mm phone jack*
Flash wire 22 awg
hookup wire, 8" long,
one green, one red*

Computer microphone*

Balloon

Soldering iron or
soldering gun

* These items are
included in the Flash
Controller Kit.

The authors of this project have worked with MAKE
to develop a limited number of kits for sale. The Flash
Controller Kit includes all of the electronic compo-
nents, the circuit board, an enclosure (the box), a
disposable camera, a microphone, and other compo-
nents described in this project. The Flash Controller
included in the kit is assembled and tested. although

you can order an unassembled version if you want to
solder more than 60 components. (You should at least
have soldering equipment and a volt-ohm meter and
know how to use them. This is not a “learn to solder™
project.) The Flash Controller Kit costs $99, and you
can order it at makezine.com/go/flashkit.

108 make: Volume 04

© 2005, O'Reilly Media, Inc. Single copy use; PETTISB@YAHOO.COM

Photography by Tom Anderson and Wendell Anderson

9/29/06 7:23 PM



Print MAKE - Volume 04 (Page 102,103,104,105,106,107,108,109...

8 of 15

http://www.make-digital.com/make/vol04/templates/pageviewer_pri...

MAKE IT.

START

DISASSEMBLE THE
= DISPOSABLE CAMERA

The flash speed of a weaker flash is fast enough
to make a pretly good strobe light. So we made
one oul of the cheapesl disposable camera we
could find (under $5). We look aparl a single-use
camera, added a connection for the flash control

ler circuit to fire the flash. and then pul the camera

back together

About Single-Use Cameras

Evenifyou don't make a strobe photo system, you
may find itinteresting lo lake aparl a single-use
camera

thichis surprisingly maker-friendly. These
cameras are designed Lo be laken apart and pul
back logether, bul not necessarily by those who
them. Inside youmay find parts that show the
wear and tear of multiple re-uses. We gol a few used
cameras for free just b king for them at a local
camera shop. (Kodak p aboul $0.15 each for

The usual reason for disassembling a disposable
camera would be to add new film and a batlery, but
vant o use the camera as a sound-triggered
flash attachmentl The actual photos will be laken
with adigital (or film) camera

WE

Camera Disassembly, Step-by-Step

Follow along with the photographs on the next page
First we remove the stickers and goo from the out
side of the camera [1]. There are four side lalches
(left. right. top. and bolttorm). We found it easiest
to start with the left. Using a small. flat-bladed
screwdriver, gently pry open the latch, and slightly

HOW TO CAPTURE
HIGH-SPEED MOTION

Time: An Afternoon Complexity: Low

WARNING: Nasty Shock Inside

Before you take apart a single-use camera, you need
to know that there is a large electrolytic capacitor
inside the camera. This capacitor, which stores the
charge for the flash bulb, is charged to 330V and can
give you a nasty shock if you touch the leads or the
circuit board before it is discharged. We tell you how
to safely discharge the capacitor, so do not leave out
this step.

I Watch this video clip of discharging a capacitor:
makezine.com/04/flash/caps.mov

separale the plastic back from the camera, which
keeps the latch open[2] While holding the front
and back slightly apart. pry out the top and bottom
latch. Finally, pry out the right latch and remove the
plastic back [3]. Try not to break the latches. (Il you
do, use ducl tape or rubber bands when reassem
bling.) Remove the film and baltery [4]

The charged-up capacitor leads should be visible
near the bottom center, when looking in through
the back of the camera. Using the tip of a small
nsulated. plastic-handled screwdriver, short the
two capacitor leads together [5]. You will probably

a loud pop. After you are sure
or has been discharged, gently pry off
the latch that holds the plastic front [6, 7]. Behind
the plastic front is a lens and shulter. Carefully pry
off the lens holder as shown [8]. Beneath is the
shulter, with a spring connectled to it. Remove these
as well [9] There should be a hole in the center thal
is open from the front Lo the back [10]
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MOD THE DISPOSABLE
= CAMERA

Now we re ready Lo perform & lew operalions on the disposable camera so we can conlrol ils cheap

2a. FirsL o we will mounl our lrigeer
conneclor cwhich comes mcluded
with the kil onlo the camera
sacko wilth the conneclor be
Lhe place ol the [im canisler
drilling a 4" hole in the plastic back

Solder wires to the tip
(red) and shield (green)
terminals of the 2.5mm
connector.

2b. Thread the red and green connec

rwires through the cenler nole and

solder them as shown, red wire on the
lop and greenon the bollom: Do nol
remnslall the shuller and lens

Back of camera. wires
threaded through shutter
hole.

Front of camera.

2c. Reassemble Snap
onlo the camera aller remnsla
Lhe ballery Installing
recharge the capacilor =

NOTE: Pay attention to the
polarity of the battery. If
you put it in backwards, it
permanently damages the
circuit. and you will have
to start over with a new
camera.

1en snap the plastic back o
camera and the llas
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DESIGN OF THE FLASH CONTROLLER

The Flash Controller inour kit responds Lo a signal and then triggers the flash unit. We needed Lo add an
adjustable delay between the sound and the photlo to gel the beslt possible stop-action picture. Agood

flash trigger should be able Lo react Lo loud sounds (like a balloon pop) or quiet sounds (like a drop of waler
landing in a dish). It should be able to trigger from light as well as sound. It should be able to trigger a
or astrobe light. This is wha

e designed and bulll. I you're interesled in making your own controller, see

the sidebar on page 115

%Am,,.m,%@”@i 1

Time Delay

Window
‘ 4 ’ Comparator _> O

O —p > Camera Flash
Eyd

Light Photo Sensor Flash Controller

Versus Buy

Our Flash Controller circuit consists of six
simplified “system blocks.” tachblock's behavior
Is programmed by a few components (resistors
and capacitors), which are inside the block. Our
overall systern has two inputs (sound or light) and
two outpuls (TTL or camera flash). See below for
instructions on using and adjusting the settings of
the Flash Controller

HOW TO MAKE A TIME-DELAY-SUB-CIRCUIT

Do you want your balloon photograph to have a small How does a resistor and capacitor set a time delay?
hole or a big one? A small difference in time delay
changes the photo a great deal. You could just move Vee " vin R

v
the microphone further away from the sound to add c o
delay (about 1/1000 of a second per foot), but this I
won't work for light triggering. Switch closas

Vin :

When the switch closes

In order to get the best high-speed photographs, it is - — at time t=0, the output
important to be able to adjust the time between the : ) voltage Vout follows the
sound and when the picture is taken. i o formula:

Vout=Vin(1-e 7<)
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Sensor Block
This sub-unit has two
—= nputs: sound and light
( C}_om_( The microphone con
~ I{,gm(.nm, verls sound into voltage
and the photodiode con
verls light to voltage. Plugging in the microphone
automatically makes the microphone aclive and
disables the photodiode. When the microphone is
unplugged. the photodiode is automatically active.
The Sensor Block outputis a low-level voltage (a
few thousandths of a volt).

Vout

Amplifier Block

This makes the voltage
from the Sensor Block
proportionately larger
The exacl proportion

is called "gain"and it is
programmed by Rl and
Rs. according Lo the for
mula Gain =1+ Rf/Rs.
Since the gainis proportional, then Gain = Voult/Vin.
The circuil shown here is a simplified version of

the Amplifier Block used inour design. Consider
what would happen if Rf were a variable resistance:
changing Rf would change the gain, which would
change how much the signal is amplified. Thisis one
way to make a volume control. This is also why our
circuit can trigger on loud or soft noises. depending
on the gain setling

Window Comparator
Block

When the voltage from
the amplifier is above or
below a specified level,
the oulpul voltage of
the window comparator
goes very quickly from
Vee Lo zero. and delivers
pulses of OV o the Time
Machine Block. When
e you use the photodiode
input. the flash will trigger when the light comes
on. or when the light goes off. For example, a laser
pointer will trigger the flash when the beam is inter
rupted. or when it is first received.

49V e Time Machine Block
R This block consists of
four 555 timer chips.
LM555 ]’C

One sels delay (see
sidebar, "How to Make
a Time-Delay Sub-
Circuit”)y and one sels
output pulse width: the
other two are used to
fime prevent multiple flashes,
which can be caused
by echoes of a loud
noise when using the
microphone. We added
the last two 555s when we noticed “double images”
on our original balloon-popping pictures

When the inpul voltage of a 555 goes Lo zero, it
oulputs a positive pulse whose lengthis sel by R
and C. The length ol the oulpul pulse (in seconds)
=1.1*R*C.For example, when R = 560K, and
C=10uF the Length = L1 *560E3 * 10E-6=6.2
seconds.

Flash Output Block

There are two different ways our circuit can be
slrobe accepls TTL levels and the camera flash
accepls the SCR output. The TTL output of the time
machine can drive the SnapShol |l strobes thal we
found here (Just use a guitar cable to connect toit):
www.musiciansfriend.com/srs//g=home/search/
detail/base_1d/38402. The SCR (Silicon Controlled
Reclifier) is a triggering device for a camera flash,
including the one we built for this project. [tis also
connecled to the outpul of the time machine. The
SCR can trigger many types of standard camera
flashes. including the one inthe modified dispos
able camera.

Power Supply Block
vee A SVbattery supplies

R power Lo the circuit. The
diode prevents damage

~ Lo the circuitin case

LED

the ballery is installed
backwards. Aswitch
turns the circuit on and
off, and the LED is on when the circuilt is on
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PROJECTS: STROBE

When we started this project, we investigated
building a flash from scratch. It was a big chal
lenge to make it cheap. We fligured out how to

make a nice one, bul it was loo expensive. We
looked into modifying a cheap flash from Ritz
Camera, butit
pictures to be blurry

n't fast enough, causing the

omponents
subslituting

that can cause the flash lo be slo

faster parls for these components, we found

which part was slow — the flash capacitor. Ironic

a smaller, cheaper capacitor would be faster. We
tried a disposable camera. figuring it would have a
small capacitor to save cost. We were right

To keep the flash from becoming too dim. a
ge can be used on a small capacitor
which increases the stored energy. With this
approach, and a few other tricks, a fast flash
(afew microseconds long) can be created. This

higher volta

gels expensive and complicated. though

Zi{odda g (o)) 28 Choosing a Flash

indstrobe.mov.

www.makezine.com/04/strobe

One important enabler for designing this sort
of acircuitis to be able to make good measure
menls of things like flash speed. We buill a special
circuil that uses a fast photodiode to converl the
flashes of light at the input to a voltage output. We
measured this voltage output with an oscilloscope

The sound of speed. Camera flash unils use a
xenon flash tube, and its flash is accompanied by
a distinctive sound. We found that we can hear the
difference between a shorl, strobe-like “tick” and a
longer. il flash. which sounds like “pugghushs
The xenon flash tube in your camera is probably
the most efficient light bulb inyour house. [t prob
ably also has the shorlest operational lifetime
While it m st for about 200,000 pictures, each
flashis perhaps about 172000 of a second long

Sointotal itlasts only 100 seconds!

Industrial strobe lights are used for inspection of
machinery because they can freeze moving parts.
See ademo at makezine.com/04/strobe/
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NIl (022 Designing a Circuit Board

ITyou plan to make a flash circuil from scratch

it might interest you to learn how we went from

a wish (triggering a flash based on a measurable
evenl) to a linished printed circuil board (PCEB)
that fulfilled the wish. It required planning, testing.
protolyping, and revising.

1. Start with a breadboard. The parls were most

ly soldered in mid-air. This allowed us Lo quickly Lry

outdesign alternalives, and made it easier Lo find
design problems and fix them

2. Keep track of the breadboard with a hand-
drawn schematic. \We enlered the schemalic inlo
a CAD tool called gschem (geda seulorg/lools/

cschernn). Next, we designed the shape of the

COorm)

printed circuit board

3. Finish the printed circuit board design wilh
another CAD tool called PCB (ocb )
We senl the output files from PCE Lo the printed
circuit board fabricator PCBexpress (pebexpress

sourceforge nel

4. Order parts from Mouser
Digi-Key (dicieyv com). The printed circuit boards
and parls arrived in a few days

MAKE VERSUS BUY

You can build your own flash control
ler, using the information from this
arlicle and the full schematic avail
able at makezine.com/C4, be, or
you canbuy the Flash Controller Kit
for $9S. For more information, see
nakezine com/eo/flashkil. There are

a limited number of kits available
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PROJECTS: STROBE

USE IT.

IN MID-P

READY...

Blow up a balloonand place it and a subjectin a
good spol for picture laking

1. Sel camera for a long exposure Lime, say two
seconds, using “Shutler priority
the camera’'s built-in flash. You m

Also, turn off

lso want to

experiment with manual focus vs. autofocus. Use
the camera's "Macro” mode for exposure control if

available

2. Position the camera so ibis focused and pointed at
the balloon (& tripod is handy for this, il you have one)

3. Position the flash so it is pointed al the balloon
and not al the camera (a2 tripod is handy here Loo. if
another one)

you hav
4. Plug the microphone into the Flash Controller
5. Position the microphone close to the balloon

6. Plug the cable into the Flash Controller and the
[lash (or strobe). There are lwo possible oulpuls
from the Flash Controller. Either or both can

be used. One cable (a2 normal guilar cable, not
supplied) conneclts the Flash Controller to the
Snapshol [l strobe light (nol supplied). The other
cable (2.5mm male mono to 2.5mm male mono
supplied) conneclts the Flash Controller (supplied)
Lo the modified disposable camera flash (unmodi
fled camera supplied)

7. Power on the Flash Conltroller and the flash (or
strobe). Connecl the oulput cable Lo power up the
Controller. Press the buttonon the front of the cam
era for a few seconds o power up the flash

NOW CAPTURE
A BALLOON

wiww.makezine.com/04/strobe

OP

SET...

L Turnout the lights. The room doesn't have Lo be
complelely dark, butl darker is beller

2. Press Lhe shuller release. | you don't use manual

focus, your camera might need a little light to adjust

lens to focus

GO!
Pop the balloon with a halpin. The sound Lriggers
the camera flash. Wall for the shulter Lo close or

you will ruin the shot. My camera makes a little click
when the shuller closes. Then turn the lights b

cal

on and admire the photo

DO IT AGAIN!

Ifyou're like us, you'll want to make a few adjust

1 Controller delay il necessary.

y means a bigger hole in the balloon

There are two knobs on the top of the Flash Control

The same is true for gain. Increase the Flash Con
troller gainif the flash didn't go off

Move the flash closer to the balloon for more light
il the photo is too dark

I vou're proud of one of your pholos, please
post it to your websile and send anemall about it to
editor@ma

KEZINeCcor
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