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Capacito r C2 couples th e out
put of the process ing a mplifier
to the rectifier- and pea k-detec
to rscc tion conststtng of Dt. D5.
H.9 . HIO. and C4. The DC volt
age that appears across R9 is
a pproxim ately th e same as th e
pea k-to-pea k voltage at the out
put of the amplifier.

The voltage is applied to a
threshold detector. wh ich is a

so tha t only changes In th e l r i~

~er l ng s ignal are detected . Th e
values of the coupl tng capaci tor
betwee n s rane s a re tn te n 
tro n al ly s m a ll so that o n ly
cha nges with h igher-frequency
co mponents (a bove abo u t 5
kHz) pass through the a mpl t
fler. Whe n using the m icro
phone. that means that sna ps
and pops will be more likely to
tr igger the u n it tha n other am
b ient noise. tncludtng speech .

How it works
Th e co mp lete sc hematic for

the Freeze Fram e Is s hown In
Fig. l. Eit her of the sensors
lphotot ra nststor g 2 or elect ret
microp hone MIC I) acts like a
var iab le current sink in se ries
with Rl. As light or scund levels
change a nd more or less cu rren t
s inks into the sensor. a voltage
develops ac ross RI.

Th e process ing amplifier for
the sensors Is built arou nd two
s tages ofa n LM324 quad opera
tional ampli fier (ICI-a a nd ICI
b j. The a mp lifier is AC-cou pled

so ~IUCII OF LIFE IS A UI.L:H. Wll~:N

you can slow it down and savo r
It. vou discover the mos t inter
es ting thtnns .

Take. for example. the pic
tures showt ng a water-HUed bal
loon being popped by a dart . You
ml~h t a ntic ipate that the bu rs t
balloon would lea ve a ball of
wa ter hanging In th e ai r for a
fra ction of a second . but would
you have guessed tha t the sur
Iace of th e water ball wou ld frot t
the way it docs ? What a beauti
fu l su rp rise.

Ou r Freeze Fram e s t robe trt
gcr lets you usc photographte
techniques that s ubs tl t u te a
s t rob e nash for hi gh sh u t ter
s p eeds. You ca n re produce
Ihes and :vWher stop-ac ti o n
shot lO~c1i for serious scien
tifi c pu rpose or j us because
they make suc h Int eresti ng-pit....
tures . The Inexpe nsi ve . easily
b u ilt un it has been designed to
use In terchangeable sensors. so
that anything tha pops. sna ps.

ashes or rene Is or blocks
Ughf can IT J e meras
strobe.



Building the Freeze Frame
You ca n build t he Freeze

Frame wit h Just abou t any con
s truction tech nique you like. A
ctrcu lt board Is always th e neat
est. qu ickest , and easies t way
though , so we've provided a foil
pattern. You ca n buy a n etched
a n d drtll ed board from t he
source given In the Pa rts List. If
you usc a PC board . mount a nd
solder all of the componen ts fol
lowtng the parts-placement d i
agram In Fig. 2, There are th ree

fier s tage in ICI. whi ch Is wired
as a comparator. At the end of
the tim e-out. IC25 ou tpu t goes
low and Is Inverted by ICI < to a
positive transit ion th at turns
on scm. The curren t path to
scn I 's ga te Is pro vided by
LED2, which also Ind icates thai
the triggering s igna l ha s hap
pened . As a convenience when
se tti ng u p to take photos .
s witc h 5 3 can be clos ed to
grou nd the gale of SCR I a nd
preve n t It from firln,g.

FREEZE FRAME foil pattern.
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couples the tra nsitio n to th e In 
put of the 555-hased timer sec
ti on a n d tr ig gers It. The
amount of delay produced by
the timer is set by the m ;lJ\Y CON
Tf«)L Rl2 and ca pacitor C7. Ca
pacitor CIO Is switched In by 52
wh en longer delays are needed .

The ou tput of the ll mer Is
cou pled by C5 to the final ampll-
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Sch m itt tr igger built around
lei -d. Th e trigger level Is s et to a
cou ple of volts and hys teresi s is
set to abo u t one volt by R16.
RIB. a n d R20. At the ou tpu t o f
the a m plifier. LE D I Indica te s
when a stimulus has exceeded
the threshold,

Wh en th e o u t p ut o f t h e
th reshold detector goes low, C6

FIG. 2- PART5-PLACEMENT DIAGRAM. The th ree wire jumpers can be fo rmed from
excess component lead.

FIG. l - SCHEMATIC FORTHEFREEZEFRAME. The sensors act like avariable current
sink in series with Rt . As light or sound levels change and more or less current sinks
Into the sensor, a voltage develops across R1.
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AG. 6--ANOTHER DART hitting another
water balloon, but lrom directly above.

wh e re t h e v c a n look OUl
through holes In the front pa nel
when th e boa rd is mo u n ted a t a
r igh t angle to the pa nel with "' L"'
b racket s .

FIG. 5-A DART HITTING a water-filled
balloon from an angle_The mlcrophOfle
sensor picked up the sound at the bal
loon bu rsti ng.

FIG . 4-THE COMPLETED FREEZE
FRAME. This is one at the most attrac
tive boards you 'll ever see.

SHIElOBRAID

wire Jumpers on the board tha t
can be formed from the excess
leads clipped from ot her compo
nents .

A fairly light gauge wire such
as AWe 26 is approp riatc for
ma king connections between
the circuit board a nd front -pan
el con tro ls. With a ny elect ronic
circu it. keep ing th e wiring be
twee n the circ u it boa rd a n d
front panel as short a nd d irect
as poss ible Is good practi ce, and
with the Freeze Frame It is im
portan t because the h igh signal
gains In the se nsor-processi ng
a m pli fi e r a t ma x imu m s en 
s tnvny could cause the pickup
of stray s ignals.

The circuit boa rd is la id out
so th at t he LED's a n d t he
STHOIl E-THI GG E R output Jack J 2
are on a n edge of the board

CENTIRCOtlOUCTOR

RG174N
COAXiAl
CABLE

FIG. 3-MAKE THE SENSOR ASSEMBLIES with heal·shri nk tubing and small diam e
teecoaxial cable such as RG-174fU. The space betw een the coaxial cable and the outer
heat·shrlnk tUbing Is tilled with a li tt le sil icone rubber.

Al l resi stors are Y4-watl, 5%.
Rt. Al8-1000 ohms
R2- 5600 ohms
R3, A4, R6, R7, Rl0, A15, AlB,

Rl 9-10,OOO ohms
A5-680,OOO ohms
A8-50,OOO ohms, auoto-teper po-

tentiometer with switch (51)
R9--330,OOO ohms
Rll-l00,OOO ohms
R12-250,OOO ohms, unear-taper

potentiometer
A13-680 ohms
Rl4-1 megohm
Al ? R25-2200 ohms
A2o-1.5 megohms
R2l --470 ohms
A22-330 ohms
R23-33.000 ohms
R24-1500 ohms
Capacitors
C1 , C9-0.005 ....F. ceramic disk
C2, C5--0.1 ....F. Mylar
C3-2.2 ....F. 10 IIOI1S, electrolytic
C4, CS. C8--0.01 ....F. ceramic disk
C7---O.05 ....F. ceramic disk
C1O-1 ....F, 10volts. electrolytic
Semiconductors
IC1- LM324 quad op-amp
IC2-555 timer
Ot-D3-1N4148diode
LE0 1-LE03---fecl light-emitting di·

ode
O1-IR phototransistor
5C R1-Tl 060 silicon-controlled

rectifier
Other components
81-9'volt battery
J1-Miniature phone jack
J2- RCAjack
MIC1- Electrel microphone
Pl1 , Pl2- Miniature phone plugs

S1-$P$T switch (part of A8)
52, S3-SP5T slide switches
Miscellaneous: case with top pan

el, knobs. wire. hardware, battery
snap, heal-shrink tubing, coaxial
cable, circuit board, etc.

Note: The fo llowing items are
availab le from PAIA Elec 
tronics, Inc., 3200 Teakwood
Lane, Edmond, OK 73013(405)
340-6300:
• Etch ed , d rill ed , and
s llkscreened PC board
(il9208pc}-S12.75
• Complete Freeze Frame kit
including PC board, case. and
all compone nt s (# 9208k)
539.75

Please add $3.50 shipping and
handling to each order.
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Providing a m iniature phone
jack IJ II wtll a llow In terchange
able senso rs. Usi ng d ifferen t
style Jac ks for the tr igger Inpu t
and s trobe out pu t prevents the
pos s ib ili ty o f dama gi n g t he
Freeze Frame's ci rcu it ry If a
hi gh voltage on the flash u nit
were s uddenly con nected to the
Input of the a mplifier ctrcuttry
Even If you're goi ng to be using
on ly one sensor. h aving It re
mote from th e rest of't he ct rcut t
ry Is a n adva n ta ge be cau se It
makes It mu ch easter to set u p
photos a nd to protec t the tr ig
ger paris from s plas hes a nd
ot her ab use.

Make the se nsor assemblies
with h eat -shrink tu bi ng a n d
small d ia mete r coax ia l cab le
such as RG·174!U (see Fig. si
Both the ph ototra nsrs tor a nd
m icrophone arc pola ri zed com
po n en ts , s o m ake s u re thei r
pos it ive Sides (th e collector In
the case of Q2 ) con nects to the
cen ter co nductor of the coaxia l
cable. wh ich . In tum. con nects
to the tlpofthe phone jack. Note
the resistor in se ries with the
ph ototrans ls tor: we mounted It
a t the de tect or end of the coax ia l
cable and made the heat-s h r ink
tub in g long enough to cove r
both It and mos t of th e case of
Q2 . T he space between t h e
coaxial cable a nd the outer h ea t
s h rink tubing was filled with a
lit tle s ilicone rubber.

An in fra red photodetector Is
recommended because It a llows
a setup under lim ited lIu ores
cent ligh ting. wh ich Islow In IR.
At the same ti me . many of the
even ts th at will be trlAAer ing
events (such as th ings blowtng
u p. for instance) are htgh in fR.

You will n eed to modify a flash
extension co rd by replaci ng its
nor mal ca mera-end con nect or
wit h an HCA plug. Th ere a rc a
couple of things to be awa re of
h ere. Firs t check th e polarity of
the voltage on the nash co rd:
the posttive side mus t go to th e
anode ofSCRI(the cen ter of the
RCAjack) an d th e nega tive side
to grou nd . Also . the voltage on
those leads va r ies Widely: on
some s tro bes It m igh t be on ly a
cou ple of vo lt s . wh ile o t he rs
m igh t be over 200volls . There is
fa irly low ene rgy here in eit her
case. so we're not tal king about

FIG. 7-AIR·FILLED BALLOON hit by a
pellet. The streak on the right side is the
pellet.

FIG.8-WATER-FILLEDBALLOONhit by
a pellet. The sound sensor was used
with the report 01 the gun providing the
event trigger.

FIG. 9-UGHT BULB hit by a pellet. The
del ay was set al its minimum value lor
this shot.

FIG. 10-THE LIGHT BULB Is almost to
tally gone in this picture . Don't lorget to
wear goggles when shatt eri ng lig ht
bulb s.

a lethal s itu a tion. But youll def
initely feel the higher m ilage If
you touch It . Ifyou don't want to
purchase a n ex tens ion cord to
be d e di ca t e d t o t he Free ze
Fra me. you mi ght be able to cu t
you r exts t tn g cord a nd patch
the two ends togethe r with an
In-lin e plug and jack pair. Make
sure the male con nector on the
end of the cord is co n nected to
th e nash. Figure 4 s hows the
completed unit .

Testing
Any tes ti ng p rocedure s hou ld

s ta rt with a close vis ua l Ins pec
tion of you r work . Ma ke s u re
com pone n t polarities have been
observed, that a ll solde r Joints
look good, an d tha t th ere a re no
solde r b ri dges on the circ u it
boa rd .

Don 't plug In a se nsor yet 
ou r In it ia l tes ts won 't need on e.
S nap In a fresh 9-v01l batt ery
an d tu rn th e un it on by rot ating
the senstttvtty control clockwise
beyond the de tent : the power In
d icator ILED3) sh ould light. If
no t. ch ec k for a dead battery.
s h ort circu its . etc .

Set the S~NSITIV ITY (R B) a nd
m ·;I.AY lH 12 ) cont rols to abou t
the m td-potnt of their ro tation .
a nd set the SliOIn'ILONG s witch
(5 2) to "sh ort." With a wire
ju mper or cl ip lead . s hort the tip
a n d ground lu gs of the in pu t
jack J I together. If everything's
working p rope r ly yo u s hou ld
see bo th the T Hl OGl-:H an d FI H E

I..ED's flas h briefly a n d a ppar
en tly si mu lta neo us ly. If neither
LED flas h es . It co u ld indica te
problems in th e sensor-process 
Ing amplifier. so check the ci r
cu itry associa ted with ICI-a and
-b. the pola rity and assembly in
tegrity a ro u n d d iod es D I a nd
D3 . and the circuitry associa ted
with ICI-d , If only the -nuooen
LED ligh ts. It co u ld In d ica te
problems In the timer circu it ry
associated with IC2 or the fina l

, compara tor lCI-c.
Switch 52 to "long." a nd once

again s hort the Input. Now you
s hould be able to see a discerni
ble time delay between th e flash
fro m the TR I GG E I~ a n d rme
LEDs . If you do n 't see an ob 
vious de lay It cou ld mean prob 
lems wit h th e ti mer or with 52
and ClO.
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You ca n 'look forward to giving
your Imagination a wor kou t as
you figu re out what sensor to
lise. how to usc It . and how to
ligh t th e su bject- not to men
tion th ink ing u p an in tcrcs ung
picture In the first p lace.

Each s ituation wiII be sllgh tly
different. but to get ) 'OU s ta rted
well cover f irst some basi c prtn
ctples on the ca mera stde of
thi ngs , a nd the n look In detail
at how the Freeze Frame pro
duced th e photos shown here.

As we sa id in the open ing. th e
essential idea Is that you 're go
ing to be expostng the film with
a brief nash of light while the
ca mera shutter Is held open .
rather than the usual way of
lighting the subject and brietly
open ing the sh u tte r. Th e firs t
obvious implication of thi s is
th at the ph otography mus t be
d on e i n t he d ar k -n o t
d a rk room dark necessarily.
where every tiny little crack
must be sea led against ligh t.
bu t dark-a moonless-ntgbt-In
th e-country kind of da rk .

Sen sor se lecti on Is u sually
pretty obv ious, If th e even t thai
you wa n t to photograph makes
a sou nd (like a popping bal 
loonl . use the micropho ne. If
the event is vel')' qu ie t. mak e a r-

•
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FIG. 12-THIS MILK CROWN is formed
etter the drop nu s.

AG.l3-THIS MILK COLUMNforms later
In th e sequence.

doesn 't mean that they're neces
sar lly going to be easy. The qu al
Ity of the p ict u res you get wiII
depend to a large extent on how
ca refu lly you se t up th e shot.

FIG.ll-YOUCAN TRIGGER A MILK DROPby poin l ing an IRemnt er and the sensor In
the same direction toward the space through which the drop will fall through.

Now plug In the microphone
sensor. With t he S ENSIT IVITV

con trol set to abou t mid-range.
a finger snap from with in a foot
of the microphone sho uld ca use
both the -rmcc ee and 1,' IIm LED's
t o light. At maxi mu m se n
s itivity. a Ilnger snap within sev
eral yards s ho u ld rrtgger the
unit . and at minimum sen
s itivity you will have to be with
i n a In c h o r so f rom the
microphone. If the re a re no ob
vious d ifferences In th e se n
s it iv it y of the u n it a s the
S ~:NSITIVITV cont ro l is rota ted
over its range. check the wiring
around potentiometer R8 . If
th ere is no response from the
microphone as a n Inpu t. check
the wiring of the phone plug
and coax ial cable of the micro
phone. as well as the polarity of
the microphone.

Plug In t he IR se nsor a nd
poin t It at an incandescent
la mp Hluorescent or Krypton
lights m igh t not ha ve su fficien t
Infrared energy to be det ected
by the phctotranststorj. and set
the SE NSrrM TI control to mid
range . Pass ing you r fin ger in
fron t of the photo t ra ns tst or
shou ld cause the TmGC F.B and
FlHF. LEDs to flash briefly Strtk
Ing a match or ligh ting a ciga
rette lighter In front of the
sensor should trigger the u n it .
If there a rc problems h ere .
check th e wiring of the sensor.
In particula r the polarity of the
phototransistor.

Fina lly. mate the RCA plug on
th e end of your mod ified flash
cxtenslon cord with the sraoue
jack and tum the strobe on. Sct
the A R M/SAn; s witch (53) to
"arm" a nd trtgger the Freeze
Frame. The s trobe s hould nash
when the FUU'; LED flashes . If
not. check the s trobe firs t. mak
ing su re Its batte ry Is good by
firing it with Its own tes t switch.
Th en check th e modifica tions
you 've made to the flash 's exten
sion cord : make sure th at th e
positive voltage from the strobe
con nects to the tip of the RCA
plug . If there are st ill no resu lts .
check th e 5C H.

Using the Freeze Frame
The Freeze Fra me helps you to

get sho ts that woul d be difficu lt
to obtain otherwise. But that



FIG. 14-TO CATCH A STONE SKIPPING ACROSS WATER, we set up the camera on
shore, and supported the flash and microphone sensor out In Ihe water to get them
close r 10 the ecuon.

not co mpletely s u re wh ere all
the pieces of a subject will be
when th e sho t Is ta ken.

A tripod was used to free up
hand s needed elsewhere. but
the ca mera ca n be handheld
withou t mu ch fear of blurring
because the strobe will s top th e
actio n . A cable or othe r remote
release can be used to open th e
sh utter. but our Mlnolla Maxx
urn 7000 had a se lf timer that
we used Instead . We found th at
a 2-second exposure wa s long
enough to let us tak e a picture
withou t ru s hi ng, a nd s ho r t
enough to keep the fil m from
being exposed.

As the bar te rv In a strobe
ages, It takes longer for the unit
to cha rge high enough to fire
aga in. That can become an an
noying delay If th e lIash is Inad
vertent ly fired duri ng se t u p.
The ARfo,tlSM-I'; switch keeps that
fro m h a ppen in g . Leave t h e
switch In the "safe" pos it ion un
til you' re ready to s hoo t a pte
ture, the n switc h It to "arm."

Once we finished se tt ing and
adjusting t he ca mera. s trobe
a nd su bjec t placement. d elay
times. sensit ivity. and other ad
j us tme n ts, the ge nera l se
quence for all s hots was the
same:
1) Ann the Freeze Frame and ac
tivate th e se lf timer

SKFPlllG SlOll(
. '~ .
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FIG. 15-THIS STONE was In the midd le
01sk ippi ng when we Ycaught" II.

ano ther nash. A modem vtvttar
636AF was s mar te r tha n we
were. so we wound up us ing an
Inexpen s ive a nd anc ient v tvua r
253 for all of the shots shown
here.

Yo u can use whatever film
you 're used 10 : these sho ts were
done on Kodachrom e 64 with
aperture settings ra ngi ng from
rs to fll. We used a fairly long
len s (35--80mm zooml because
tak ing some of these shots was
a messy proposit ion a nd we
wa nted to keep the camera as
fa r away a s pos s ible , Re 
member, th e larger the f-stop.
the grea ter th e depth of field .
That is Impor tant when you 're

rangements for th e even t to In
terrupt a light beam, In the case
of th e milk drop. we found that
milk was su rp ris ingly reflective
of Infrared . and we were able to
exploit thi s . Some event s (lIke
a n exp lod ing rtrecracke r ) pro
duce a nash and pop giving you
a choice of sou nd or ligh t sen
sors.

Arter se tting up t he st robe
a nd se nsor. you wlll need to do
so me t ria l eve n ts to get the
pro per sensitivity and delay se t
ti ngs fo r the Freeze Fra me.
S ince you won 't be shooting any
pictures, you don 't have to do
this part In th e dark. You can
get a pretty good preview of the
photo jus t by watching t he
event when the s trobe flashes.
Persistence of vis ton will hold
the image on you r eye's reti na
for a short time. and you can get
a feel for whet her the de lay Is
r ight or needs to be shorter or
longer. The ra nge of delay is
from 0.5 milli second t":' 12 milli
seconds wh en S2 Is set to
"short" and 10 milliseconds to
0 .25 second when set to "long."

Proper placement of th e flash
makes a big contribution to the
qu alit y of the ph oto . for exam
ple . backlighti ng th e s u bj ec t
s ligh tly (placing the st robe so
that it ligh ts the subject from
behlnd l w ill keep any ba ck
grou nd clu tte r from showing up
on [11m. When ba ckligh ting ,
make su re th e s t robe doesn 't
nas h directly Into the camera
lens or close eno ugh to cause
len s narcs , un les s you wa n t
them. Strategica lly placed "light
barnes" ca n make th ings that
you don't wan t In the photo,
suc h as supports for th e su b
ject. disappear by keep ing them
In shadow. Sheets of ca rdboard
would be ou r choice material.
but we used books or whatever
else we cou ld lay ou r hands on.

Whe n you 're trying to freeze
motion , you need brief flashes
of ligh t. Strobes that are too
"s ma r t" can p rod uce a na sh
th at Is a maz tng lylong: we figure
several millis econds j u dg ing
from the blurred results of our
firs t shots . Switc h you r l1ash to
Its "du mb" (manual) mode and
min imu m energy settings Ifyou
get blurred results . If you are
not able to do this, switc h to36



2) Darken the sce ne
3) Pra y wh ile wa iting for the
shutter to open
4 ) Do the event
5 ) Watt for the shutter to close
a nd relight the scene
6) Fi~ure ou t what went wrong
a nd do the next one

Ball oons and darts
Figures 5 and 6 were shot

with th e microphone sensor to
pick up th e sound of a water
filled balloon burs ting . The rm
crophone was placed close to
the s u bj ec t. j u s t out of the
frame. No prote ction against
splas hes was needed in the case
of the wat er ba lloon because
splas h ing is min imal- mos t of
the wa ter j us t falls and forms a
puddle.

In the case of the water-filled
balloons. t he SENSITIV ITY (RB)
se tt ing was Importan t because
the event dtdn't generate much
mo re noise than the se lf-timer
opening the ca mera s hutter.
(With too much se nsit ivity. the
s trobe triggered when the shut
ter opcned .) With ai r-filled bal
loons , th e S f-; NSITIVI lY is not as
criti ca l beca use the ba lloon s
generate a louder sound wh en
th ey pop.

The SH OIIT/LO NG switch (52)
was se t to "sh or t" for those
s hots wit h the m :LAY co n t ro l
(R 12) set for a very short period.
In fact . It was the shortest possi
ble delay in most of the photos .
The balloons were all s it ting on
a n up-ended spray-ca n lid for
support. Light baffles kep t th e
support from being lit .

Balloons and pellets
Figu res 7 a nd 8 were p ro

duced by shooting at a balloon
With an air r ifle (the balloon In
Fig. 7 is filled with ai r and the
one In Fig. B ls filled With water).
The sound sensor was used. and
th e report of the gun provided
the eve nt trigger. The SENSI ·

TlVl1Y control was set to mini
mum . T he r ifle was securely
clamped to a tr ipod abou t 4 feet
from the ta rget an d ca refu lly
ai med duri ng se t-up. Se vera l
sheets of cor rugated ca rdboard
were used as a back-s top for the
pellets. We chose a pump-type
air rttle ra ther than a ca rtridge
powered one because, by pump-

Ing It th e same number of t imes
for each even t. we found it had a
more cons tant muzzle velocity.

Because air balloons arc not
as messy llS water ones, we used
them for setup. S imply place a
balloon, arm the strobe , s hoot
the balloon. a nd see what hap
pens . Don 't blink, oryou l l miss
the part of th e even t Illuminated
by the flash. If what you sec by
the ligh t of the flash Is the bal
loon just s itting the re, increase
the de lay. If you do n 't see any
ba lloon , decrea se the delay. If
you 'r e not sure what you saw,
shoot a picture anyway. (There
Is such a th ing as screndtpt tyl

It's In teresting to notice the

AG . 16--A CAPACrTOR EXPLODING Is
really qu ite a s pectacle II you can really
see what happen s.

difference bet wee n wat er bal
loons bu rst with a dart and
th ose h it wit h a pellet. Wh ile the
dart simply sli des In, leavin g
th e water In the balloon almost
undis turbed (FIg. 5 ), the energy
fro m the im pact of the pellet
se ts up a shock wave like that
shown In Fig. B. In some of the
photos you ca n see the pe llet as
a s trea k In the righ t-hand side
of the fram e.

Ligh t bulbs and pellets
Shooti ng at ligh t bulbs with a

pellet gun (Figs. 9 a nd 10) Is set
up the same way and wtlh s rm
Il ar SENSITIV ITY a n d Df-; I.AY

se ttings as shooUng at balloons
with pellets . Safety firs t here:
Don 't forget yo u r protec t ive
sa fety goggles.

Milk drops
This Is the "class ic" s top-ac

tion photo, with a tip of the hat
to strobe photography's pioneer.
Dr. Harol d Edgerto n. Since the
splash produced by the drop Is
pretty quiet . the ph otot ran
srstor Is the sensor ofchoice. We
tri ed the m ic ro p ho ne. bu t
cou ldn 't keep the ca mera s hut
te r from p re-t r iggering t he
strobe. This common pictu re is
usually ta ken by havtn g the
drop fall bet ween a collima ted
ligh t sou rce a nd ph otodetector;
We t r ted that with ou r some
what les s -t han -Iaborato ry
grade s tands and supports. It
was di fficult to get the eyedro p
per we were u s ing a s a d rop
so urce Injus t the rtght posit ion
to b reak the beam. After playing
around for a wh ile . we found
tha t milk is su rpris ingly reflec
tive of Infrared . By placing an IR
em itter and the sensor facing In
the same directi on poin ting to
ward the space through wh ich
the drop would fall. we got very
reliable tr iggering (see Fig. Il l.
The SENSITIVIlY con trol was se t
nearly to max imum.

In these pictures we used the
lon g delay range. By adjusting
the D ELAY control. we were able
to ge t shots of both the familiar
milk "crown" (FIg, 12 ) and the
rea ction co lu m n tha t for ms
later In the seque nce (Fig. 13 ).

1b help visualize the dis tri bu
tion of flow vectors Induced by
the momentum Impart ed to the
resting fluid by the flu id In mo
tion . we dyed th e medtum-jus t
k iddi ng. We though t It would
look inte resti ng to put some
food coloring In th e drops : nev
ertheless. it shows that the flu id
th at was In the drop winds up In
the crown of the splas h.

Skipping stones
These were fun .weset up out

do o rs by the s ide of a s mall
cou nt ry la ke on a moon les s
n igh t , Aconvenlent wallgave us
a d ry place to put the ca mera
and throw rocks from. but the
suppo rt for the flash was put
ou t In the water to get It closer to
the ac tion (see Fig. 14 ). The mt
cropho ne was used as a sensor
to tr igger from the splas h ofthe
s tone h itti ng the water. After-en-

con tin ued on page 8 7 37
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APPLIA NCE REPAIR HANDBOOK5-13
vol ume s by service exp ert s ; ea sy-to
understand diagrams. illustrations. For major
appliances (air conditioners. refrige ralors,
washers, drye rs, microwaves. ele.). etec.
housewares, personal-care appliances.
Basics 01 solid state. setting up shop. test
mstrurner ns. 52.65 10 55.90 each. Free
brochure. APPLIANCE SERVICE, PO BOll
789. Lombard, tl 60148. 1-708-932-9550.
CIRCLE 84 ON FREE INFORMATION CARD

FREE CATALOGI ELECTRONIC TOOLS &
TEST EQUIPMENT-Jensen's new Master
Catalog, available free. presents major brand
name electronics tools, tool kits, and test in
struments, plus unique, nare-tc-nncproducts
for assembly and repair and custom held ser
vice kits available only from Jensen. Altfully
described and illuslraled. Enjoy free technical
support and rapid, oost-oaid delivery any
wher e in the Continental USA. JENSEN
TOOLS, INC., 7815S, 46th st, Phoenix. AZ
85044 . Ph o n e : 602- 968 -6231 ; FA X
1-800-366-9662.

CIRCLE 115 ON FREE INFORMATION CARD

TUNABLE SOdB NOTCH r arees--e, TV.
Can be tuned precisely to required frequency.
Model 23H-Ch's 2-3 (SO-66 Mhz ) Mod el
46FM-Gh's 4·6 plus FM (66-108 MhZ) Model
713-Ch's7·13 (174-216Mhz) Model 1417-Ch's
14·17 (120·144 MhZ) Model 1822·Ch's 18·22
(144·174 Mhz) S30 each. includes shipping.
Visa, Me , or check. (C.O.D. 55 extra). Fast
delivery, 30 day money back. Quantity prices
10 $16. STAR CIRCUITS, P.O. Bo x 94917,
Las Vegas, Nevad a 89193, 1·800-535-7827.
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FAX: 516-293-3115

CALL NOW
AND

RESERVE
YOUR SPACE

• 6 x rate 5940.00 per each insertJon.
• Fast reader servicecycle .
• Shorllead time for the placement of

ads.
• We typeset and layout tho ad at no

additional charge.

Call 516-293-3000 10 reserve space,
Ask for Arline Fishman. Limited number
of pages available. Mail metenersto;
mini-ADS, ELECTRONICS NON, 500-B
BrCoonty Blvd.• Farmingd.1le. NY
11735.

TWO TRANSMlnERS IN ONE! 5 MINUTE
ASSEMBLY! MONEYBACK GUARANTEE!
New Law Entorcement grade device on a
single chip is the most sensitive, powerful.
stable room transmitter you can buy. Uses
any 3V-12V banery. Or altach to telephone
line to monitor an telephone conversations
over 1 mile away without banene st 100mW
output!8O-130MHZ. Receive onany FM radio
or wideband scanner. VT·75 microtransminer,
$49.95 + 1.50 S&H. VISA. MC, MO. COD's
add 14.00. DECO INDUSTRIES, BOll 607,
Bedford Hill s, NY 10507. 914-232-3878_

CIRCLE 127 ON FREE INFORMATION CARD

- - --+--~====~----l

CABLE TV CONVERTER S AND DE 
SCRAMBLERS S6-3. TRI-BI. MLO. M35B.
ORZ-DlC. CaMlorcatalog and price jist, Spe
cial combos available. we ship COD, Quan
lily discounts. Call for pr ic ing on o ther
products, Dealers wanted. FREE CATALOG.
We stand behind our products where others
laiL One year warranly. ACE PRODUCTS,
1-800-234.(1726.

CIRCLE 75 ON FREE tNFORMATlON CARD

co u ntering some trouble with
false tr igger ing by the sound of
the shutter openi ng. we put the
m icrophone on a tree limb to ge l
It clos er to th e splash while
being carefu l not to get It In the
frame. We covered it wit h a plas 
tic ba~ to keep It dry. Th e S~:NS I ·

T JVrn' ended up being se t about
m id-range. Figu re 15 shows one
of ou r efforts at catch ing a stone
skipp ing across water.

Exploding capacitors
Wh en the editor speculated

on what an explodi ng ca pac itor
migh t look like . we decided to
find ou t... despite our better
judgment. Do no t try this a t
home! The fum es that are gen
era ted arc noxious and toxic. A
fire exti ngu isher. proper sa fely
cl othing a n d eye-p rotecting
goggles a rc ess en ti al precau 
tions.

We lea rned tha t there's n ot
mu ch more to be seen of an ex
pl od in g c a pa c ito r with the
strobe than without it. How
ever. the picture that we chose
to Illus t ra te what happened
(Fig. 16) Is s ligh tly mo re d ra
ma ti c beca use the smoke .
which would not have shown u p
otherwise. was illuminated by
the s trobe . 10 try to get a more
in teres ting shot. we even piled a
grou p of electron ic compone n ts
on top of the cap thi nk ing we
cou ld get a pictu re of them fly
tngt nt o the ai r. That might have
worked eve n tua lly. but whe n
our eyes s ta rted to wat er from
the smoke we decided to ta ke a
b rea k . a nd we Jus t never got
back to this experiment.

Your turn
These photos and the expla

nations of how they were set up
and shot should get you s tarted .
The only ru le Is that th ere arc no
rules : you really ge t to make
them up as you go along. We
have a s ta nd ing bet about how
much a golf ball deforms when
Its h it . If you find out before we
do . let us k now. Electronics
Now will be happy publish the
best Freeze Frame pictu res we
receive. R-E

conttn uea from page 3 7
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