


game chassis that detects this “sound.”
The “sound” is a 25-ke. note, which is
about 10 ke. above most people’s hearing
range. In many respects the system is
similar to the common light source and
photocell alarm system, but with several

important advantages. ‘The ultrasonie
beam cannot be “fooled” with a flash-
light, nor is it affected by sunlight. Ul-
trasonics works equally well in pitch
darkness and in broad daylight.

Two transducers, one from the trans-

PARTS LIST

C1, C5—100-uf., 15-volt clectrolytic capac:tor"

C. 2—-30—#} 1500l clectrolytic capacitor®

C3.C7; C9 C11—0.05-p)., 50-voll ceramic disc
capacitor*

C4—0.003-nf., 3% polystyrene capacitor®

Cé, C8, C10—0.01-pf., 50-volt ceramic disc
capacitor*

C12,C13, C14—S5-pf., 15-volt electrolytic capaci-
for*

o

D1, D2—IN34 germanium diede (or equive-
lent }*

D3, D4—350-volf PIV, 750-ma. silicon rectifier®

I Necon pilot light with built-in resistor

Ri1—Printed-cirenit-type d.pdt. relay (Price
Electric 206-14P or cquivalent )*

K2, R3—Relay—sec text

Li—13- fo 25-mbh., variable inductor with 10%
tap (DEMCCQ 3E-027-1)*

MI—0-15 volt d.c. veltumcter (Lefaycttc 92 G
3047 or cquivalent)

01, Q6—2N3706 transistor (Texas Instruments,
or equivalent)*

Q2, 03, 04, Q5—2N3708 transistor (Tcxas In-
struments, or equivalent)*

R1, R4, R6—470-0hm, Va-watl resistor*

R2—-47 000-plim, Va-wall resistor*

3, R19—4700-0kn, V4-wall resislor*

R5, R18- -1000-elhwm, Va-wakl resister*

R7, R11, R15—100,000-0lun, Vi-walt resistor®

RE&, R16—10,000-0itm, YV4-wall resistor*

R9, R13—27,000-0/tm, Va-wall resistor®

R0, RI4—2200-0fum, Va-watl resistor®

RI12—10,000-glim Erimmer resistor (CTS X-201
or cquivalent )*

RI7F—15,000-0fun, Ye-twall resistor®

R20-—Resistor—sce fext

S1, §2—Minigture s.p.s.l. foggle swilch

SOQ1—2-prong socket (optional)

Ti1—Low-voltege transformer: 110- lo 120-volf
prinary; 20-y0lt CT sccondary (Stancor TP-2
or equivalent)

1—LChassis { Bud CU-465 or cquivalent)

1—LCircuit board ( DEMCO #128)*

2—23-ke.ultrasonictransducers ( DEAMCO E-25)*

Misc—Wire, solder, nuis, bolls, councclors,
spacers, elc.

NOTE: Most of the parts listed above are stand-
ard and should be available {rom your locul
dealer. If you have any difficulty in obtaining
them, you can contact DEMCO, Box 16297, San
Antnmu ‘Fexas 78216 for the followmg a kit
of all the parts marked with an asterisk for $204
an etched and drilled fiberglass circuit board Tike
that shown in the photo for $3.30; any of - the
parts used—nprice list available from DEMCO
on request.
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Ig. 1. One transistor oscnlator, Q1, generates an ultrasnmc signat wh:ch is beamed thraugh
the alr and: back to the receiver, Q2 to Qs Alarm sounds when beam is [nterrupted

By -y
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Fig. 2. Actual size photo of conductor side of printed circuit board. Components can be mounted
on any type of chassis, but care should be exercised to prevent stray leakage, or coupling.

mitter and one from the receiver, can be
placed up to 50 feet apart to protect a
large area. Any interruption of the beam
causes an alarm. HEven a fire in the area
between the {ransducers can create
enough air turbulence to set off the sys-

“ tem.

How It Works. The transmitter por-
tion is nothing more than a single tran-
gistor osecillator circuit (QI) which di-
rectly drives the output transducer con-
nected to-terminals 4 and B (Fig. 1).

. Coil L1 and capacitor €4 make up a re-

sonant tank tuned to 25 ke. Feedback
from the coil to the base of @1 through
3 helps sustain the oscillations. Resis-

tor RS isolates the transducer from the -

tuned circuit and prevents variations in
the transducer and its cable capacitance

April, 1966

from affecting oscillator operation too
much.

The receiver, consisting of transistor
circuits @2 through @6, picks up the sig-
nal from the input {ransducer, amplifies
it, and energizes relay KI. Transistors
@38 and @) are conventional common
emitter amplifier stages. Potentiometer
R12 acts as a level and sensitivity con-
trol. Transistor @5 is used as an emit-
ter follower and provides the low oufput
impedance needed to drive the half-wave
voltage-doubler rectifier consisting of

D1, D2, €18 and C18. The resulting d.c. .

voltage is used to turn @6 “on.” Tran-
sistor @6 drives the alarm relay.

The circuit is arranged so that the re-
lay is held in at all times when there is
a signal present. A drop or absence of

signal causes the relay to open, and the
43




alarm to sound, or a counter to operate,
ete. This is a type of “fail safe’” opera-
tion, in that a defect in the system, pow-
er failure, transducer failure, eirecuit
failure, ete., will eanse the alarm to
gound. The cireuit is compromised if the
same power source is used to activate

Fig. 4. By locating the receiver and transmitter
output and input connectors on the rear cover, the
enfire package takes on a ¢lean professional look.

the external alarm. However, this con-
dition can be easily remedied, as de-
seribed in the installation instructions.

Switch 52 must be placed in the Reset
yosition (closed) before the system will

44

Fig. 3. No attempt at
conserving space is made.
Relatively large open areas
© reduce undesirable cou-
-+ pling between transmitter
*:: and receiver. Component

. location on the board is
 easy to determine, but the
. callouts sprinkled around
. the photo may give you
- more confidence as you
drop in each part. Be sure
to observe polarity of di-
. odes and electrolytics.

operate. With the switch in this posi-
tion, the relay will kick in and out every
time the sound beam is on and then
broken. For counting or other activities
requiring self-resetting, the switch should
be left in the Reset position. But for
alarm purpeses, the switch should be

F

Fig. 5. If vibration of hardware in the transmitting
transducer creates an audible sound, carefully open
case and insert small piece of foam plastic,

placed in the Reset position only Ilong
enough for the relay to kick in.

Once the relay is “on,” move the
switch te the Operate position; relay
contacts J and H will continue to com-
plete the relay circuit and hold the relay
‘“on" until the beam is interrupted. When
the beam is broken, the relay opens. The
relay will not close even if the beam is
restored, and the alarm will sound con-
tinuously until the switeh is manually

POPULAR ELECTRONICS
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REFLECTING
SURFACE

Fig. 6. To cover a narrow passageway, both trans.
ducers can be mounted on the same wall; for a wider
area, up to 50‘, the direct-path technique is used.

placed in the Resef position once again.
" Power for the transmitter and receiver
"is derived from the 117-volt line, stepped
down by T'1, rectified by D3 and D4, and
filtered by C1, R6, and €3, and by RI and
02. Actually, any 12-volt d.c. supply,
able to deliver about 50 ma. of current
will do. Batteries can also be used.

Construction. Although an etched and
drilled circuit board is available, you can
make your own board, using the actual
size photo (Fig. 2) as a guide, or mount
the parts in any manner-more convenient
for you. If you do change the layout,
avoid stray coupling between the trans-
mitter and receiver sections, but in-any
event observe polarity of electrolytic
capacitors and diodes. *

April, 1966 : P
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After all the parts are mounted on the
circuit board, connect wires to points 4
through M. These should be about 8
inches long. Twist together leads 4 and
B;Cand D; E, F and G; K, L and M;
and J, H and N.

Mount the switches and meter on the -

front panel, and the transducer connec-
tors and alarm connector on the back
panel, as shown in the photos. TUse
ghielded microphone cable and appropri-

ate connectors for the transducers. For

a 50-foot spread, each cable need be

only 25 feet long. A phono plug con-. .

nects the transducer to the cable. Any
type of cabinet can be used to house the
cireunit,

Adjustment, Mount the transducers

about 20 feet apart. Turn the sensitivi- -
ty control fully clockwise (viewed from _

the knob side) and turn on the power.
Place 52 in the Reset position and ad-
vance gain control B12. As the control
is turned counterclockwise, the meter
reading should increase; and at approxi-
mately 8 volts, the relay should be

heard to click in. If the relay does not "

close—or if the reading doesn’t reach 10
volts—at the full counterclockwise posi-
tion of the gain control, the slug in L.l
should be adjusted.

Use a nonmetallic alignment tool to
turn the slug about halfway into the
coil form. Now slowly turn the slug out
of the form and watch the meter read-
ing. When the reading reaches 10 volts,
reduce sensitivity and keep adjusting
until 2 peak or maximum reading is ob-
tained. Turn the alarm off and back on
to be sure that the adjustment is stable.
If the meter reading does not return to
the same place or is zero, tune for the
second highest reading.

If you find that. the best transmitter
adjustment causes the transmitting trans-
ducer to make andible sounds, damp the
transducer. The high drive ievel can
cause the crystal-.or internal parts of
the transducer to “sing’ at an audible*
frequency. Carefully open the transducer
case by straightening the crimped edge
on the back of the transducer to remove
the cover. Then carefully insert a piece
of foam plastic (not rubber) under the
crystal as shown in Fig. 5. The pad
shouid be approximately 3~ sguare by

(Continued on page 82)
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. "ULTRASONIC OMNI-ALARM

{ Continued from paoge 45)

" Ye” thick. Replace. the cover and seal
" .the seam with rubber cement to prevent
the transducer case from rattling.

If everything seems to be in working
order, set the sensitivity control to ob-
tain a 10-volt reading and have some-

'» one take a walk to break the path be-
tween the transducers. The meter read-
ing should drop to zero and the relay
should drop out.

.r Installation. You ean mount the trans.
ducers for direct or for reflected beam
operation as shown in Fig. 6. Direct-

- . type operation is more effective over
greater distances. With the reflected-
type setup, both transducers can be
mounted on the same wall to cover hall-
ways.and small rooms. Do not use more

“cable than necessary for the receiving
transducer; the longer the cable, the

» + mare capacitance it has; and the greater

the capacitance, the greater the loss in’

signal to the receiver, I the system is
to be used as an intruder alarm, mount
the transducers high enough and in such
a way that a eat or a dog will not break

OMMNI-ALARM
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Fig. 7. Simple alarm circuit can be compromised by
cutting one of the wires. Use of a battery causes
the alarm to sound in the event of a power failure.

the beam and eause a false alarm—un-
less you would like “to know about the
uninvited four-legged visitor.

Keep the beam as far away from heat-
ing or air conditioning ducts as pos-
sible, Although this system will tolerate
some air motion, violent or turbulent
motion can-set it off. The Omni-Alarm
cannot normally be used outside, espe-

« cially in a windy place—the “sound”
beam can be blown away enough to
cauge thealarm to trip.

“Any type of alarm device that can be

* activated by a switching ‘action can be

g2

5
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‘connected to the relay contacts. Per-
haps the simplest arrangement is that of -
a bell or light connected to points ¥ and
I as shown in Fig. 7. But while this
hookup will work fine, it can be put out
of commission simply by cutiing the
wires.
If you want to make the installation
tamperproof, you can encloge the exter- ,
nal alarm and its circuitry in a locked . . -
steel box, mounted high above ground ‘
level.. The alarm will sound if ah in- .
truder breaks the beam, cuts or shorts
the wires, or if there is a power failure.
Two identieal relays are used as shown

BELL . 4
oR . g
LIGHT =

Fig. 8. Fall-safe external alarm system will cause
an alert if the wires are cut or shorted, if the
battery is weak, or if the power line should fail,

in Fig. 8. All relays have a higher pull-
in than drop-out current, and you ecan
take advantage.of this characteristic. -
Resigtor B20, installed in the algrm con- .
trol unit, is selected to allow a small cur- o
rent to flow through K2 and K38, which
is too small to pull in the relays, but
large enough to-hold them in, Setthe =
alarm and manually close the contacts of
K2. Now, if anyone cuts the wires or
breaks the beam to open Ki, K2 will
open and sound the alarm. If someone
shorts the wires, R20 is hypassed and
K2 closes, and sounds the alarm.
If you want to be real “mean,” you can - .
put a Microswitch in the bottom of the
case. Then the alarm will sound if the
case is picked up. An added safety fea-
ture inherent in this type of eirenit =
is that the alarm will sound when the ;
batteries approach their end life. -4
To obtain pinpoint control in a produc-
tion line setup, yeu can insert one or
both of the transducers into one end of
a 1”-diameter plastic tube. This reduces
the range. Distances of one to.three feet
can be monitored without feedback prob-
lems. : . - - - 5
POPULAR ELECTRONICS .
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CIRCUIT NOT FAIL-SAFE

Tour fail-safe external alarm system (“Ul-
trazonic Omni-Alorm,” April, 19686") falls to
ring a bell, or I fail to see the light. If X1 in
Fig. 1 of the article opens, or if wires & and
G (Fig. 8) are cut but not shorted together,
there ig no possible current path to the hell
or the light. To make the circuit work as de-
scribed, I removed the wire indicated by the

_________ ] BELL
o oR
¥ LIGHT

dashed line in the drawing, and I connected
the jumper wire indicated by the heavy solid

line. ;
ATIC R.D. NoTARL
McConnell AFR, Kan,

Good catch, B.D,, The alarm cannot sound
—or tha lamp light—if points F and G are
openegd as in the orlginal sehematic drawing,
Your stight modification reclifies the problem
nicely.
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By HERB COHEN _

: shrubbery approaches a-

Bl'l:ll:_d. Ybur G)wn

FEa)

Ul!rasamc

S éftér r“nidﬁight.’
- The house is quiet.”
But trouble is lurk-

‘ing in the shadows. A :
. burglar h:dlng in the

~:window® and . starts ‘fo."
opeh it. He’ looks carex
fully for sw:tches ‘wire stru ng
actoss theé window sill and light .
beams. Not ﬁndmg them, he staits’to ‘en-- - -

* ter: The irstant he sticks his hand inside, an alarm
" goes off to alert you of the danger. - -

Inside a store a ‘shoplifter hides during the dayr After the store has ‘closed he leaves
his lair and -starts for the jewelry counter. As soon as he moves'an alarm goes off
outside to, summon the police. ' .

In your office a prowler intent on -cracking the wall safe looks: for the usual light
bearns, switches on the door ]amb and wire strung across the room.-Not seeing them
" he heads toward the safe. As he moves towards it an alarm goes off,

“What is it that detects the person in each of these situations? It’s an 1nv151ble spxder ;
web of silent sound coming from our ultrasonic burgldr alarm system and ‘it fills the
room. Qur glarm also can be used as a proximity detector or even a fire alarm.

The system. consists of a transmitter and a receiver. The transmitter sends out an
ultrasomc sound whlch fills the TOOM. Waves reflected by the walls, cc;lmg, floor and ob-

- 1 s
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Recelver circuit board Is 4 x 5 in. To conserve
spuace, we mounted resistors on end rather .
than flat. In pictorial we show wiring on top
of hoard; howaver, as you can see in photo ba-
low, wirlng in our model is on rear of hoard,

- Build Your Own
Ulirasonic
Burglar Alarm

TORI9 FROM FROM TO 117 VAC

-8R1,3,5 SRZ246

]
= . <
2 “ " arilfl 5% *
10 i !
ALARM y d i
CIRCUIT @ ;
| i.
' - [ 5 =
Pk NLL :
" \RED TO 7 VAC ’
FROM ' |
Ci5+ - These compenents, the power transformer, relay. powor switch and noon lamp = ‘
are mounted at the top of the main secion of the Minibox as in photo al right. g
. . : : ; 7 . q‘
8" L ' ) . Electronics Illustrated . 1
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jects are picked up by the receiver. Any
phase or amplitude change in the reﬂectlon
of the wave appears to the receiver as an

. amplltude modulation of the signal. .

The reécelver amplifies the signal and then

- demodulates it. A Schriitt trigger shapes the ‘

démodulated signal and feeds it to a relay
“driver ‘amplifier, which actuates a small reed
“relay, .

The alarm-is sensitive cnough to detect
the air turbulence that is caused by fire. Con-
nect an oscillosedpe to the third-amplifier
output {pin 7)'of the IC, and you'll be able
_to see the effect of normal air currents in a
perfectly quiet room. The receiver can cover
a 120° arc-and is sensu.we enough to pick

. up.an mtruder ata- -20-ft. drstance

How the-System: Works i

" The transmitter sends out a l7-kc ultra-
sonic signal which will saturate a small room.
. The receiver picks up riot only the dlrect sig-
nal from the transmifter, but the waves that
are refiected” by walls, ceiling and. other

objects in the room. The many waves which .
“have traveled different distances, have dif-
-ferent phase relationships at the receiver. The

(I AR ’

Rear view of roceiver. Nole how circuit board is
mountad with Y4-In, spacérs. Transformer end relay
are-installed in top of cabinel away irom coil LI, .

January,. 1969

receiver’s microphone algebralcally adds the
- amplitude and-phase relatlonshlps of all the.
wives and produces'a Signal which' the re-
ceiver sees as a smglc re.ﬂected wave,

If an‘object in the room’ moves, ‘its re-
ﬂected wavc, as seen by. the recewer, will
change in amplitude .and.- phase. The 'ampli-
tude changc depends ‘on the posmon of the
ob]ect in relation to the receiver and. trans-
mitter. The phase. change depends on the.
speed of the object and the wavelenglh of the
. transmitied s:gnal :

Since the wavelength of a 17-Ke mgnal is.
.about 0.8 in, an o‘bject moving at several
feet-per-second toward " the recewcr will
cause phase reversals in its reflected wave at

“a-tate of 30 to 50-cps. These phase reversals

will alternately add to!and subtract from the

. total received signal and appear to modulate
-the signal at a low audio rate.

Crystal mike MIC! is tuned to 17 ke by

. L1 and Cl. Capacitor C2 feeds the input

signal to the first amplifier of ICl. The

 signal is amplified and the output at pin 3

goes to sensitivity pot R3. This pot deter-
mines the level of the signal which is sent
- to the second amplifier input at pin 4. °
..~ 'The output of the second amplifier is de-
* modulated by DI1: It is then filtered by C3;

" which also attenuates. the high frequencies

and noise in the modulation envelope. The»
‘third* amplifier- in the integrated circuit is
dsed as a straight amphﬁer for the demodu-
- lated signal. The signal is- then fed to the
. Schmitt trigger (Ql,.Qz) Capac1tors C4 and
+ C10 are RF bypass capacltors. Potentiometer
RI10 is a tngger—level pot for the Schmltt
' trigger. .. v .
The Schmltt trlgger whlch isa regcneratlve
. switch, converts the demodulated signal into
square waves whlch feed relay—dnver 03 and
- relay RY1..Relay RY1'is a reed relay which
is used to control an external relay. It has.
a contact rating of 500 ma. An.ordinary
relay mounted in the same cabinet as MICI
will, on closing, cause acoustic feedback and
send the system into “oscillation. The reed
relays contact closmg is.almost inaudible.
The tranimnittér 'is 'a standard emitter-
coupled oscillator which is powered by a 9-V
transistor-radio battery. Crystal miérophone
MIC2 is connected “actoss the tank circuit,
Theefficiency of the os¢illator and the trans-
ducer are so high that the battery drain is
only 1.5 ma. This enables the battery to
operate the transmitter continuously for one
wcek without replacement

)
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2 Oulput of IC1 is lod {o Schmitt tnggor (Q1.Q2} which convexls demodulated s:gnul ‘Into squure wuaves. thal.'
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Build Your.l]wn

 Ultrasonic Burglar Alarm

The transmitter can also be powered .from
the receiver power supply., Connect two
wires.across C15 and run ‘them to the trans-
mitter. At the transmitter install a decoupling
network consisting of a-200-ohm resistor_ and

a 200-pf capacntor. )

g Construchon
The rccewer was constructed on pcrfor-

“afed circuit board and_eyelets were used for’
" mounting parts. This methad proved much
cheaper and quicker than:using a home-‘. '

¥

brew prmted—clrcuu board. . <

The CA3035 mtegrated circuit should be .
.- mounted in a 10-pin socket 50 yowdon’t have.
".to solder directly ,to the IC’s leads. Tran-

sistor leads can be pushcd through the eyelets
and soldered.. However, do not push the
transistors flush to the board or the eye-

" lets will short to the transistor case. Let the

transistors sit about % in.above the board,

The circuitry layout is not' critical,’
try to duplicate ours. However, the posi-
tion of L1 may be a bit touchy. Indictor L1

should be placed well away .from the power -

transformer or it will pick up hum. Mount
the microphones in the cabinets in 13&-in.
dia. punched holes. Epoxy cement can be
usedto hold the mikes in place. The power-

transformer secondary has a center-tap lead

8 g s

- disconnect. the: 9-V battery “from the trans--

. mum sensitivity. Now turn RI0 sO that thér
relay closes Back oﬁ' on R10 so that the relay R

but

‘feed relay-drlver lruns:s!or Q3, Q3 energlzes read reluy BYl which is.used 1o conirol an axiemul relc:y

‘which is riot used: It should be cut short'and - °
taped so it will not touch the cabinet.

Five- lug terminal strips, with: center lug
mounting, were used for the AC terminals

-+and the relay connections. The relay itself is o

mounted by its contact-leads. This means
they “should not be slack ‘or-the relay will .
have a tendency to vibrate when the contacts -
close and cause acouistic’ feedback

Ad_]ustments 5, g E
To- start’ with, turn on the reéeiver'but

mitter. Turn R3 counterclo‘ck\mse -for mini- .

- * : lﬁ 3

“Trahemitler isw emiiter-éoupled o&ll!utor whose’

ultrasonic frecuency s determined by 12, MIC2 s
crgstc:l mike. It works well g ulirasonic spec:ker

R213
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PARTS LIST |

{Mallory Minitrol MTC-23L1, Lafayetto 33T

~.Bl—9 ¥V battery .
. Capacitors: 50 V or hlgher unless “atherwise
Indicated ) :
C1,C17—.01 pf, coramie dise = -
€2,C3,C5,C8,C9,C10,C14—.04 pf ceramic disc
£4—.005 uf. ceramic disc” .
. 1. CE&—100. pf,.6-V electrolytic . ¥

- 'C7,C16—5 pf, G-V electrolytic .
Cl1—.25 pf ceramic.disc
Cl2—,002 uf, ceramic disc
Cl3 015---1,000 £f,*10:V electrolytic
C18—.1 pf ceramic dise -
DI—1N34A diodo .
*tC1—CA3035 integrated circuit (RCA)
£1,L2—1.5-10 mh adjustable width coil (J. W
. Mlller 6322, Lafayette 34 T 8852) :
= . - MIC1, MIC2—Crystal-microphone cartrldge
' (Lafayette 99 T 4500)

' NL1—NE-2 neon lamp .and holder .
¥ Q1,Q2.Q3—2N696 transistor . © ;

1645 or eguiv.}
R4,R5—5,600 ohms, 5%
R6, R14.R21—-10 000 ohms. 5% R‘!—-GBO ohms
- R8,R16—3,000 ochms, 5% R9—&2:000 ohms, 5%
R10—5,000 ohm, linear-taper potentiometer
(Mallory Minitrot MTC-53L1, Lafayette :
.+ . 33 T 1647 or equiv)) %
R11—6,800 ohms_ R12—5,000 ochms, 5%
- R13—330 ohms RIS—-Z.‘]’OO ohms
R17=—-2,200 chms, 5% ot
R18,R22—1,000 ohms, 5% : ‘
R19,R24~—100 ohms ‘R23—510 ohms, 5% i
RY1—SPST (normally- -open eontaels) minjature j “
{1 In. long x 7/16 In. dia:} reed relay. Coil: 250
ohms, 40 ma. Avaliable for $4.95 (postage
. inelvded) from Round Hill AssncIates. Inc.,, 325
Hudson 'St., New York, N, Y.
S1—SPST switch
SR!. SRG—SIHcon rectifier; mlnlmum ratlngs 750 »
W ' __tna, 50 PIV

Q4—2N2270 transistor . . Tl-—FIiament transformer. saeondary 6.3.V @ o [
- .Reslstors: 4 watt, 109 unless otherwlse 0.6A
= indicated g A g Mlsc—Pcrforated circuit board. flea ‘clips, 5 x .
} .R1,R2,R20—10G,000 chms 214 x 2%-In. Minibox, 6 X 5 x 4-in. Minibox;
K; ) R3—2,000 ohm lineartaper potentiometor. ; Integrated—cn.remt socket (Cinch-Jones 10-ICS)

. T e,
. o “ :

waveform is saturated (ﬂauened at the top :
and bottom) ba¢k off on R3 until the wave- . |
form is clean. Now adjust™L1 for maximum
signal and. back off on R3:if the s:gnal sat- 7
urates,. .
A final; ad]ustment should be made with .
the’ transmittér ‘in its more-or-less perma- 4
nent location. If used to detéct the opening - 5
of a door, the, transmitter should face the - ;
_door and be about 4 ft” from the receiver.- 3
The Teceivér - should also -face the door, .- = = -
and all-final adjustments should be made !
from. the rear of the recewer, 50 as not to
block the mike. Adjust R3 so-that.the wave- .
form is saturated. Now back off on ‘R3 until 3
the. peak-to-peak signal’ voltage is. half the .
. is beyond the range of your hearing. To our saturated voltage. 7 .
ears the frequency was about 17 kc. If the [C:onrmued on page 113]

. ¥ 3 “ "] <43 . . ‘
. e L ‘ %

I.a-youl of transmiiter's parls on 2 x '.'Hn. plece
of perforated board is not critical. Bracket hold-
ing L2 is mude from a plece of scray aluminum,

. opens again. The Schmitt. tngger is*now “set .
-just below its threshold, If RY1 closes
unpredictably, back off on R10 a bit until the
relay is just into its stable off position, ~
e Next, connect a scope from pin 5 of ICI
. “to ground and slowly turn R3 clockwise to-
" ward maximum. If oscillation breaks out con-
.nect a 200-ohm resistor across R3.' If’ the
200-ohm resistor does not st0p the oscilla’
tion, back off on R3':until the oscillation-
. stops ‘Now connect the scope td the junction
~ of RS5/C5 .and. ground. The, -transmitter -
"7 should be about 10 ft. from the Tecciver. Fu-et
up_the transmitter and observe the .pattern.
on the scope.. Next, adjust the core of L2 on
the transmitter vitil the pitch of the sound -

Tramsmillor. Parts” placoment differs « bit from that"
in piclorial, but it isn"t important. Mount board
in main soction of Minibox with,%-in; spacers. -
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Continued from page 89

You're now ready for the findl test, Stand -
in front of the re¢eiver about 5-ft, away from
it. Now walk toward the receiver. The relay
should close. You may have to experiment
with the -placement of the receiver and-the
adjustment of R3 and R10:for maximum-
. sensitivity and stability. Relay RY1 should
only be ised to actuate an external relay,

which can-operate a be]l or any other alarm
* device, ' :

Keep "in mind. that ‘spunous responses )
could be caused by a slowly moving curtain,
the movement of a _rattling window pane, or
the noise of a steam valve.
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IT WOULD TAKE all ten fingers—and

maybe a couple of toes—to count the
various types of intruder alarm systems
that can be leased, purchased, or home-
built. None, however, is better than an
ultragonic system of the type used in
areas of tight military security. The
“One-Step Motion Detector” described
here is such a system. When you have
the One-Step for protection, it is not
necessary for the intruder to break a
wire or tape or even touch anything to
set off the alarm~—and there are no
visible or invisible light beams to be
broken. All the intruder has to do is take
one step into the protected area and his
very presence disturbs the ulfrasonic
field to actuate the alarm circuit.

Built around integrated cireuits to re-
duce cost and construction complexity,
the One-Step generates a signal with a
frequency of 40 kHz (far above the limit
of human hearing) and aims it at the
areg to be protected. (The area covered
. ig in the shape of a 50° cone fanning out

. March, 1970
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Ne plus ultrasonic intruder alarm

BY DANIEL MEYER

from the detector to a distance of about
15 feet,) The receiver portion of the de-
tector uses the 40-kHz output as a refer- -
ence and compares it with the frequency
reflected from the protected area. If
there is no movement in the area, there
is no difference between the radiated fre-
quency and the reflected frequency, and
no alarm is given. If the two do not
agree, the receiver actuates the-alarm
cirenit, :
Begides detecting intruders, the One-
Step can be used for other alarm pur-
poses. Since the air turbulence cansed by
flames is sufficient to create a Doppler
shift, you can use One-Step as a fire de-
tector. A wild-life photographer can use
the device and let the alarm signal trip a
camerga shutter and photoflash, One-Step
can alao be used to activate a counter to
indicate the passage of objects or to
open & door as a person or object ap-
proaches. You can even use it to detect
rodents or other small animals,
- Any type elecirical or electronic alarm. -
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cireuit can®be used with One-Steé. The

external circuit is controlled by normally -

open or normally closed 1l-ampere con-
tacts on the relay in the detector.

Construction. Most of the circuitry of
the One-Step (see Fig. 1) is contained in
two integrated circuits so construction
of the device is much simpler than if dis-
crete components were used throughout.
To further simplify construction, make
or buy the printed circuit board whose
foil pattern is shown in Fig. 2. Mount

PARTS LIST

CI—0.05-pF capacilor

C2—0.01-uF capacitor .

C3,04,C5,C9—0.1-uF capacitor

Cé—0.003-uF capacitor

C7,C8,C12,C13,C17—10-pF, 15-volt cleclrolyt-
i¢ capacitar

C10—0.001-yF copacilor

C11—0.22-uF" cepacitor

C14—200-pF, 6-volt clccirolylic capacitor

C15,018—30-ul, 15-volt electrolylic capacitor

C16-—1000-pF polystyrenc capacitor

C19—1-uF, 50-volt clectrolytic capacitor

C20—640-pF, 25-volt electrolytic capacitor

C21—100-pF, 15-volt electrolylic capacitor

ID-D4—IN5060, I-ampere diode

D5, D6—INE00, silicon diode (General Eleciric)*

DI—1NA4740, 10-volt, 1-walt sener diode

F1—1-ampere fusc and holder

IC1-=Integrated circuit (Spragne ULN21114)*

FC2—{Iutcgrated cirenit (Motorola MC1303)}*

KI—D.pd.t. reley, I2-v0ll, 300-0km coil, -
ampere contact raling (Price Eleclric 22E121-
FF or similar)

L1-L3—15-20-mH coil {Wee Coil Inc. 387-2000
or similar)*

@1,03—Trausistor (National Semiconductor
2N5130)}

Q2—Trausistor (Natignal Semiconductor 2N-
31,

3129)

(Q4—Trausistor (RCA 40407)

R1,R14—10,000-0fin:

R2—470-0ltms

R3.R7,R8—4700-0ltm

R4—100-0ltin

R6—47,000-0ktm

R9,R11,R13—1000-0hm

R10,R12—100,000-0ltm

R15—130-0fmm

R3—10,000-0lun printed-circuit potentiometer

51,52-=8.p.s.k. switch (52 aptional)

T1—Filament ifrausformer, secoudary 12 volls
2 amperes {Stencor P-8130 or similar)

TD1,TD2—40-kHz trausducer (Nasse M K-109
or sinilar)

Hlisc.—Spacers (4), transducer councclors (2),
line cord, mounting hardwere, cte.

Note—dn ctehed and drilicd printed circuit board
Jor $3.50 and a complete kit of parts including
punciied chassis for $37.25 arc svailable from
Southiwest Technical Products Corp., 219 V.
Rhapsody, San Antonio, TX 78216.

*Alse available from Sonthwest Teclnicel Prod-
nels are: DHD-§00 diode (20¢); 15-20-mll
coil (82): ULN21114 inlegrated circuit (82);
MC1303 integrated circuit ($5.25}; 40-kHs
transducer ($4). These prices are jor singie
anits,

All resistors
Vi-wall

ANIMALS AND ULTRASONICS

In most commercial instaliations of ultra-
sonic alarm systems, the ultrasonic generator
is left on all the time and only the alarm cir-
cuit is de-activated when detection is not
desired, This may not be such a good idea
around the home or anywhere pets are con-
sidered. While humans cannot hear the 40-
kHz signal, animals can; and, although it
affects different animals in different ways, it's
best to keep it turned off when not in use to
avoid discomfort to them. Remember also
that, when you are using the detector, it can
be activated by animals, causing false alarms.
In fact, they may be attracted to it.

the components on the board as shown in
Fig, 3, Use a 35-to-50-watt soldering
iron, 60/40 alloy resin-fiux solder, an
take care in soldering. :

The detector shown in the photos was
built in a U-shaped metal enclosure 13"
X 217 X 217, though any type of en-
clogure will do. Drill holes at each end of -
the channel for TD1 and TD2. With the
transducers in place, mount transformer
T1, fuseholder for FI and an outlet for
the connection to the external alarm cir-
cuit at one end of the chassis. Drill an-
other hole for the power cord. Put a
grommet in the hole before installing
the cord.

Mount the printed ecircuit board on
four insulated standoffs. Make a pair of
transducer connectors by using twisted
pairs with conventional phono plugs at
the ends. Connect the board to the ex-
ternal components.

If you want to have a remote reset,
connect a s.p.s.t. switech (S2) to termi-
nals Y and Z. For automatic reset, con-
nect a jumper between these two

WHAT 1S DOPPLER SHIFT?

Doppler shift is a change in the observed
frequency of a train of waves (acoustical or
electromagnetic) caused by the relative mo-
tion of either the source, the medium through
which the wavetrain passes, or the observer.
The most common example of Doppler shift
accurs when the sound of a train’s whistle is
higher in frequency as the train approaches
and lower as it passes.

Doppler shift is the principle used in police
radar systems to measure the speed of ve-
hicles, It Is also used to measure the relative
velocity of stars and the rotational speed of
planets or satellites. Certaln types of military
radar systems also operate on the Doppler
principle.

March, 1970
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Fig. 2. Actual size printed circuit foil pattern
for ultrasonic alarm. Due to circuit complexity,
the use of a foil pattern prevents wiring errors.

o -

OTHER ULTRASONIC ALARMS

Ultrasonic alarms are getting popular. Be-
sides the several commercial versions, the
Knight/James Kit KG-642 Sonic Intrusion
Alarm (Allled Radlo, $69.95) Is also available.
The unit meastres 2” x 2* x 12" and operates
at a frequency of 40 kHz, covering an area of
100 square feet (10° x 10°). Using 10 discrete
transistors and an SCR, the KG-642 has pro-
visions for 12-volt operation and will switch on
an external alarm of up to 117 volts at five
amperes using Its internal relay. The two
transducers are positioned at each of the
long front face while all operating controls
and a switched power outlet are at the rear.

The kit goes together with relative ease
(case is extruded aluminum) and operation is
quite good within the protected area.

Still ancther ultrasonic alarm, the Delt-Alert
{Delta Products, Inc.) will be described next
moanth in The Product Gallery.

Fig. 3. When installing compo-
nents, be sure that the diocdes,
IC's, and electrolytic capaci-
tors are installed correctly.
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HOW IT WORKS

The transmitter portion (at the top of the
diagram} consists of a 40-kHz ultrasonic oscilla-
tor, formed by half of /C2 and tuned ciccuit L3-
€16, and o complementary emitter follower, Q1
and Q2. The output drives ultrasonic transducer
TD2, The beam from TD2 is cone-shaped, about
50 degrees wide.

The receiver portion oi the One-Step has two
inputs: one is the 40-kHz signal generated in the
transmitter and the other is the observed fre-
quency (Doppler shifted or not) existing in the
area covered, and picked up by TD1 Swhich also
has a 50-dcgrec pattern of coverage), In inte-

" grated circuit JCI, the detected (observed fre-
quency)} sigoal is amplified and mixed with the
40-kHz reference from the transmiticer. As long
as the two frequencies are identical, there is no
output from ICIX. However, if there is any mo-
tion within the protected aren, the siznal picked
up by T'D1 is Doppler shifted from the reference.
The diiference produces a beat frequency which
iz a function of the rate of change of the target
motion, The output of IC! is a low-frequency
andio signal, usually between 10 and 50 Hz.

The output of IC1 is applied to level control

potentiometer RS and then to the second half of
IC2, where it is amplified. The gain of this ampli-
fier 13 determined by the ratio between resistors
R? and R18 and its frequency response is deter-
mined by C9, C10, and C12.

The amplified lIow-frequency signal, present
only when there is motion in the protected area,
is rectificd by DS and D6, Capacitor C14 then
Integrates the signal, thus mnking it necessary
{for the motion to continue for a second or so be- °
fore the signal is high enough to operate the relay
driver circuit (Q3 and Q4). This helps to sup-
press [alse signals due 1o line-voltage variations,
ot randem air motion within the protected srea.
The relay is normally energized so that any at-
tempt to disable the system by cutting the power
will eause the alarm to sound. The second pole of
the relay may be used to activate an external
alarm, The load is restricted only by the current-
carrying capacity of the relay contacts. The built-
in_power supply can handle one ampere at 12
volts d.c. to an external load, The power supply
is a conventional full-wave bridge rectifier with
capacitor-input filtering. Zener diode D7 stahi-
lizes the amplifier circuit and prevents supply
loading and line-voltage variations from aflecting

circuit operation.

terminals. The isclated relay contacts
(at board terminals U, V, and W) are
connected to the external outlet. Make
sure that a jumper is connected between
terminals A and R to provide the receiv-
er with the reference signal.

Place a metal cover, suitably painted
or covered with contact material, over
the completed chassis.

Installation. Since the trangmit and re-
ceive transducers have 50-degree cones
of usefulness, they must be "aimed” to.
achieve the best results. The sensitivity
of the detector decreases with distance
and air movement. Obviously, the larger
the area to be included, the more impor-
tant it is to avoid air currents from heat-

(Continued on page 104)

o

e

The prot

otype One-Step was constructed within a long slim metal c

should be a foot or so apart and arranged so that the beams overlap to cover protected area.

Morch, 1970
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MOTION DETECTOR

{Continued from page 61)

ing and cooling ducts or heavy drafts
around doors. Final location depends on
the area and what you want to detect.

Once a location has been determined,
connect the detector to the alarm ecirenit
and apply power to the system, Set the
gain contro! (R5) so that the external
alarm is energized when a person takes
about two steps into the protected area
at the mezimum range, I you make the
system too sensitive, false alarms may
result from slight air motions.

The external alarm circuit is activated
for the amount of time that is required
for C14 to discharge. A small air dis-
turbance in the area covered produces a
short alarm signal. A longer disturbance
produces a longer alarm, The amount of
time the alarm is on can be reduced by
lowering the value of RI2—at the ex-
pense of some sensitivity. i~

104 POPULAR ELECTRONICS
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#One-Step Motion Detector” (March
1970). The following information on test-
ing the unit was inadvertently omitted
from the article: The slugs in LI and L2
should be flush with the top of the cans.
Coil L8 slug is set about %" in from the
top. Temporarily conneéct a 1000-chm
resistor between point A and the center
of the transmitier phono plug. Connect
an a.c. voltmeter {or scope) between the
transducer side of this resistor and
ground. Adjust L3 slug with a non-metai-
lic. tuning tool until a dip is noticed on
the readout. Remove the resistor and
reconnect the lead. Coils LY and L2 are’
used as r.f. chokes.
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I SDURGE FUR DUAL OP AMP e

, The' address of the-supplier n the UIBAAN
< of the TBA231 dual op amp (IC1 Iri my articla - N
i|—Listen to a New World of Sounds with Ultra- ‘g
sonic, Datector." July 1978) has baen»\,
changed 1o SG-ATES Semleonductor Corp.,
78 Massasoit 8, ‘Waltham, MA 02154 Tel:
. 617-891-3710. Note also that the Fairchild

1 A738 canbe Used. —Brian Danco.
: POPULAR ELECTRONICS
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