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Introduction

The Encyclopedia of Electronic Circuats, Volume V adds approximately 1000 new
circuits to the treasury of carefully chosen circuits that cover nearly every phase of
loday’s electronic technology. These five volumes contain a wealth of new ideas and
up-to-date circuits garnered from prestigious industry sources. Also included are
some of the authors’ original designs.

Each circuit is accompanied by a brief explanation of how it works, unless the cir-
cuit’s operation is either obvious or too complex to describe in a few words. In the lat-
ter case, the reader should consult the original source listed in the back of the book.
The index includes all entries from Volumes I to V. This provides instant access to
about 5000 circuits, which make up the most extensive colection of carefully catego-
rized modern circuits available anywhere.

Once again, the authors wish to extend their thanks to Ms. Loretta Gonsalves,
whose virtuoso performance at the word processor contributed so much to the suc-
cessful completion of the manuscript for this work. We look forward to the pleasure
of working with her on Volume VI, which is now under development.

Rudolf F. Graf and William Sheets

xi
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Alarm and Security Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.

High-Power Alarm Driver Exit Delay for Burglar Alarms

Multi-Loop Parallel Alarm 555-Based Alarm

Series/Parallel Loop Alarm Light-Beam Alarm for Intrusion Detection
Parallel Loop Alarm Light-Activated Alarm with Latch

Closed-Loop Alarm Precision Light-Activated Alarm

Delayed Alarm Dark-Activated Alarm with Pulsed Tone Output
Door Minder Light-Beam Alarm Preamplifier

Strobe Alert System Precision Light Alarm with Hysteresis

Warble Alarm High-Output Pulsed-Tone/Light-Activated Alarm
Audio Alarm Self-Latching Light Alarm with Tone Output
No-Doze Alarm Alarm Sounder for Flex Switch

Heat- or Light-Activated Alarm  Burglar Chaser
Piezoelectric Alarm Silent Alarm



HIGH-POWER ALARM DRIVER

RESET IQ*“"“ In this circuit, a low-powered SCR is used to
. trigger a higher powered SCR. When a switch is
o3 3 R scas opening (52, 53, 54} or closing (5b, 56, 87), ei-
- SCRY hs ther SCR1 or SCR2 triggers. This triggers SCR3
> L 49 via D1, D2, and R5. BZ1 is a high-powered alarm
s R I 02 of the noninterrupting type.
1 1N4001 L :
§2° = —
T~ = *SEE TEXT
POPULAR ELECTRONICS FlG. 1-1
MULTI-LOOP PARALLEL ALARM
f1 1| 18
s2 1k g™ dme 1neia
Uuta -
Az \\
POPULAR ELECTRONICS FIG. 1-2

This alarm has status LEDs connected across each inverter outpul to indicate the status of its as-
sociated sensor. 58 is used to monitor the switches via the LEDs, or to trigger an alarm via Q1 and
SCR1. BZ1 should be a suitable alarm of the noninterrupting type.




SERIES/PARALLEL LOOP ALARM

RZ2& +§-12V
<R > $1
$4K 4k 3
8CR2
2N5060
. . 85 % S6 % §7
83 §4
L
SENSOR A3
§2* L00P %W
3 £ = = = *SEE TEXT

POPULAR ELECTRONICS FIG. 1-3

Two SCRs are used with two sensor loops. One loop uses series switches, the other loop parallel
switches, When a switch actuation occurs, the SCR triggers. The alarm should be a noninterrupting
type.

PARALLEL LOOP ALARM CLOSED-LOOP ALARM

+§-12V

821
“SEE TEXT

SCR1
2N5060

2N5060

POPULAR ELECTRONICS FIG. 1-4

POPULAR ELECTRONICS FiG. 1-5

Four parallel switches are used to monitor A string of three series-connected, normally

four positions. When a closure occurs on any
switch, SCR1 triggers, which sounds the alarm.
The alarm should be of the noninterrupting type.

closed switches are connected across the gate of
an SCR. When one opens, the SCR triggers via
R1, sounding an alarm. The alarm should be of
the noninterrupting type.




DELAYED ALARM

Nsé § TooTHER D2 > ?c?ox
T <
RESET G SENSDR  iNgie 1K it

CIRCUITS

SCR2

POPULAR ELECTRONICS FIG. 1-6

The alarm/sensor circuit shown is built around two SCRs, a transistor, a 4049 hex inverter, and a
few support components, all of which combine to form a closed-loop detection circuit with a delay
feature, The delay feature allows you to enter a protected area and deactivate the circuit before the
sounder goes off.

Assuming that the protected area has not been breached (i.e., S1 is in its normally-closed posi-
tion), when power is first applied to the circuit, a4 positive voltage is applied to the input of Ul-a
through S1 and R1, causing its output to go low. That low is applied to the gate of SCR1, causing it to
remain off. At the same time, C6 rapidly charges toward the +V supply rail through S2, LEDZ, R4, and
D3. The charge on C6 pulls pin 5 of Ul-b high, causing its output at pin 4 to be low. That low is ap-
plied to the base of @1, keeping it off. Because no trigger voltage is applied to the gate of SCR2 (via
Q1), the SCR remains off and BZ1 does not sound.

But should S1 open, the input of Ul-a is pulled low via R8, forcing the output of Ul-a high, light-
ing LED1. That high is also applied to the gate of SCR1 through D1 and R3, causing SCR1 to turn on.
With SCR1 conducting, the charge on C6 decays, the input of Ul-b at pin 5 is pulled low, forcing its
output high, slowing charging C8 through R8 to a voltage slightly less than the positive supply rail.

Transistor Q1 remains off until C8 has charged to a level sufficient to bias Q1 on, allowing suffi-
cient time to enter the protected area and disable the alarm before it sounds. Once C8 has developed
a sufficient charge, @1 turns on and supplies gate current to SCR2 through R6, causing the SCR to
turn on and activate BZ1. If the circuit is reset before the delay has timed out, no alarm will sound.

The delay time can be lengthened by increasing the value of either or both C6 and R5; decreas-
ing the value of either or both of those components will shorten the delay time.

All of the switches used in the circuit are of the normally-closed (NC) variety. Switch S1 can be
any type of NC security switch. Switch S2 can be either a pushbutton or toggle switch. Because S3 is
used to disable the sounder (BZ1) only, anything from a key-operated security switch to a hidden
toggle switch can be used.




DOOR MINDER
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FIG. 1-7

POPULAR ELECTRONICS
This circuit monitors a door to determine if it has been left open. After 24 seconds, the alarm sounds. S1 is a magnetic sen-

sor. The alarm is an electronic chime sound that is struck once per second.




STROBE ALERT SYSTEM
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1992 PE HOBBYIST HANDBOOK FIG. 1-8

The circuit is activated by an LED/photoresistor isolator (U1), which is a combination of a light-
dependent resistor (LDR) and an LED in a single package. That device was chosen because of its
high isolation (2000 V) characteristic, which is necessary because the strobe part of the circuit is di-
rectly connected to the ac line.



STROBE ALERT SYSTEM (Cont.)

The voltage divider is formed by R2, Ul's infernal resistance, and R3. When Ul'’s internal LED is
off, Ul's internal LDR has a very high resistance—on the order of 10 MQ. The voltage applied to NE1
is considerably below ils ignition voltage of approximately 90 Vdc.

The aptoisolator’s internal LED is activated by a de signal supplying 20 mA. The external sen-
sor(s) that supply the signal are connected to the strobe part of the circuit at J1 and J2.

When the internal LED lights, the LDR’s resistance decreases to around 5 k€2, Under that con-
dition, about 125 Vde is applied across C1, R4, and C2. The neon lamp periodically fires and extin-
guishes as capacitor C3 charges through R4, and discharges via NE1 and the SCR gate.

Resistor R4 restricts the current input to C3, and thereby controls the firing rate of NIt 1-—about
three times per second. The discharge through NE1 is applied to the gate of SCRI.

SCR1, a sensitive-gate umnit, snaps on immediately when NE1 conducts, which completes the
ground circuit for transformer T1 (a 4-kV trigger transformer). As SCR1 toggles on and off in time
with the firing of NE1, capacitor C2 (connecled in paralicl with T1’s primary) charges via R1, and
then discharges very rapidly through T1's primary winding, A voltage pulse is applied to the trigger
input of FL1, a Xenon flash lamp.

It is important to remember thal the circuitl is connected dircetly to the ac line. Resistor R6 isin-
cluded fo limit the amount of line current available to the circuit. The value of R6 can be decreased
if you intend to modify the circuit for more flash power.

Warning: Even though the circuit is fusce-protected, it can still be dangerous if handled care-
lessly.

WARBLE ALARM
L 4 > + 12V
10 ki ¢ 32-00
0 ) Speake,D 1N4007

1

] 4.7 kQ 100 ko)

. 9. . A 3|/2556
IC1b |2
6
C1
10 ;LFTJ.M wF
) —_
IC1 NE556 dual time
WILLIAM SHEETS FiG. 1-9

This circuit uses a 556 to first generate a low frequency square wave, that is modulated to pro-
duce two alternate tones of about 400 and 500 Hz. Circuit generates warble alarm of European emer-
gency vehicles. The frequencies of the oscillators are determined by the vaiues of R1, C1 and R2, C2.




AUDIO ALARM

1
< R
3 - $ 10k
<
» R§ &
30k $iok
at
2N2222
D1 Rt 27 6
_1::14 0K 3| 2
L
€3 = ™ 02
DT L & /10 283906
S 311 $ 0K
oz 821
1NS14 A
POPULAR ELECTRONICS FIG. 1-10

In the circuit, Ul araplifies the audio picked up by the condenser microphone. Resistor Rl lim-
its current, while R2 and R3 center the output of the amplifier to % B+ to allow a single-ended sup-
ply to be used. Diodes D1 and D2 rectify the output of Ul, and C3 filters the resulting pulsing dc.
Thus, a dc voltage that is proportional to the ambient sound level is produced.

That voltage is presented to the noninverting input of U2. The inverting input is provided with
a reference voltage of between ( and %X B+, which is set by R11.

As long as the noise level is low enough to keep the voltage at pin 3 lower than the voltage at pin
2, the output of U2 stays low (approximately 1 V). That is enough to bias Q1 partially on. A voltage
divider, formed by R8/R10 and Q1 (when it’s partially on), prevents @2 from turning on.

When the noise level is high enough to bring the voltage at pin 3 higher than the voltage at pin
2, the output of U2 goes high. That turns Q1 fully on and drives Q2 into saturation. The piezo buzzer
then sounds until the power is cut off. .

NO-DOZE ALARM
T 51
~0 O > o
§2
——)I hd I
= C1 4
47 !
! \ This circuit sends out 2 loud tone if the
! 2 = input switch (82) is not retriggered at pre-
N.16 Bt o i setintervals. If you fall asleep and miss re-
51, B oS30 = triggering the circuit, it will sound until you
A press S2.
A3 a1
100K 8121315  2n3804
POPULAR ELECTRONICS FIG. 1-11




HEAT- OR LIGHT-ACTIVATED ALARM

+ 12V

KO 1N4002

2N3s08

Q2
TIP
3055

1kQ

SENSOR CIRCUITS

+12V +12V +12V +12V

Thermistor A

LOR
10 kQ T g 10 ki

Base Base

Ol

Base Base

sensor

Darkness Light Cold Heat

WILLIAM SHEETS FiG. 1-12

The tone generated by a 555 oscillator can be turned on (activated) by heat or light. That causes
Q1 to conduct transistor W2 (TIP 3085).Q2 (TIP 3055) acts as an audio amplifier and speaker driver.




PIEZOELECTRIC ALARM

m XD
N M F ¢ C1,C2....... .047 Disc Capacitor
G, Q1.Q2.......... 2N3906 Transistor
+ 4 R1.................. 68KResistor
- ) Q2 1 33K Resistor
! c2 R3. ....200 ohm Resistor
- 3 A R, 75K Resistor
1 XDC....ccvnv oo Piezoelectric
transducer
$ro
A3 1
Wy
1991 PE HOBBYIST HANDBOOK FIG. 1-13

The alarm uses a lixed-frequency piezoelectric buzzer in conjunction with the cadmium-sulfide
(CDB) cell and the two-transistor cireuit to provide a unique effect. Whenever light reaches the CDS
photo-electric cell, the alarm is silent. But when no light strikes the cell, transistor @1 turns on, and
the circuit emits a high-pitched tone.

The alarm consists of a piezoelectric disk that oscillates at the fixed frequency of 3.137 kHz, cre-
ated by transistor Q2, capacitor C1 and C2, and resistors R1 through R3. Transistor Q1 is used as a
switch. It is forward-biased “on” by R4; however, the CDS ccll turns Q1 “off” when the light is strik-
ing it.

A CDS photo cell is made from cadmium sulfide, a semiconductor material that changes resis-
tance when the light strikes it. The greater the amount of light, the lower the resistance. The low re-
sistance conducts positive voltage to the base of pnp transistor @1, keeping il turned “off” when the
light shines on the CDS cell. As soon as the light is removed, the CDS cell provides a resistance of
over 100 kQ. That causes Q1 to turn “on,” allowing a positive voltage to reach the emitter lead of Q2,
which then begins to oscillate. That then causes the piezoelectric element (transducer) to produce
a loud signal.

EXIT DELAY FOR BURGLAR ALARMS

$— 512V
A3
Ewse
Q1
2N3906 Depressing S1 charges G1 to the supply
N R voltage. This biascs Q1 on via bias resistors R2
51 o1 ;3i b -and R3. A voltage is available for the duration of
ih [E])E(:.TAY TNG14 ms?i 1N914 1ND14 the delay period, to hold off the alarm circuit.
= L C1 can be increascd or decrcased in value to al-
10 SIMILAR ter the delay times.
SENSOR
INPLITS
POPULAR ELECTRONICS FIG. 1-14
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555-BASED ALARM

L I +9 -1V
LED1 ! 2Rl
RS ¢ R§ g5 <I0K -
K Y a7 21(=
/ 1% 8 RESET
y v R4
g {7 s = K SCR1 =43
) $40061L =~
555 4 -
T2 a1 3 2 4 =
= 471K iy
M + €2
WY n’ 22
1+ Lo R ZN3804
SENSAR ‘TN 22K =
= *SEE TEXT

POPULAR ELECTRONICS

FIG. 1-15

The alarm circuit has a single 555 oscillator/timer (1) perforrming double duty; serving both in the
alarm-trigger circuil and the entry-delay circuit. In this application, the trigger input of U1 at pin 2 is
held high via R1. A normally-closed sensor switch, S1, supplies a positive voltage to the junction of R2
and Cl1, and lights LED1. With both ends of C1 tied high, there is no charge on C1. But when S1 opens,
C1 (initially acting as a short) momentarily pulls pin 2 of Ul low, triggering the timed delay circle.

At the beginning of the timing cycle, Ul produces a positive voltage at pin 3, which charges C4
to near the positive voltage at pin 3, which charges C4 to near the positive supply voltage. Transistor
Q1 is heavily biased on by R3, keeping its collector at near ground level, With Q1 on, SCR1’s gate is
clamped to ground, holding it off. When the delay cireuit times out, pin 3 of Ul goes low and ties the
positive end of C4 fo ground. That turns Q1 off.

When Q1 turns off, the voltage at the gate of SCR goes positive, turning on the SCR and sound-
ing the alarm. The delay time is adjustable from just a few seconds (R6 set to its minimum resis-
tance) to about one minute (R6 adjusted to its maximurm resistance).

LIGHT-BEAM ALARM FOR INTRUSION DETECTION

112V

iN4607 *Indicatar

lamp

10 k¢!

100 K}

When the light beam that falls in the CDS
photocell is interrupted, transistor (EN3904)

Reset
button

'] anag0 o conducts thereby triggering SCR1 (C106) and
Cight beam S N sor aclivaling alarm bell. S1 resets the SCR. The
= ( 1k g alarm bell should be a self-interrupting electro-
400 mechanical type.
CD§ l
* Lamp should draw at least 100 mA
to sensure SCR1 remaming on
during alaim cycle
WILLIAM SHEETS FIG. 1-16
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LIGHT-ACTIVATED ALARM WITH LATCH

Rt +6TO +14V
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LAAd

81
RESET
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ELECTRONICS NOW FIG. 1-17

In this circuit, light causes R5 to conduct forward-biasing Q1. R6 sets sensitivity. SCR1 is trig-
gered from the emitter voltage on LQ1, sounding the alarm bell. When S1 is depressed, SCR1 un-
latches. Be sure that a self-interrupting alarm (electromechanical buzzer or bell} is used.

PRECISION LIGHT-ACTIVATED ALARM

270 )

ICA
TLO81
wA741, etc.

To load
or canrol
device

R7
20 kO
Trip point

R8
cos

P

WILLIAM SHEETS FIG. 1-18

The light-sensitive CDS cell R8 configured in a bridge circuit with IC1 as a comparator causes
IC1's output to go high when light strikes the CDS cell RS, triggering SCR1. This lights LED]1 and
turns on opto isolator IC2, which switches the load.

12



DARK-ACTIVATED ALARM WITH PULSED TONE OUTPUT

0.1 pF 470 pf
IL I

'*—Lﬁ & oty To audio

ampilifier

abed = CDADDY

1.2 M{} Pin 14 CD4001
L4 @—1—) +12 V input
1k} CDS
cell

R3
250 k(2

WILLIAM SHEETS

NQR gates a and b form a low-frequency oscillator that is activated when the CDS cell, under
dark conditions, causes NOR gate a to see a logic zero at one input. This low-frequency (10 Hz) gates
a high-frequency oscillator (¢ and d) to oscillate at around 1000 Hz. R1 can be varied to change the

pulse rate and R2 to change the tone. R3 sets the trigger point.

LIGHT-BEAM ALARM PREAMPLIFIER

+12V
¢l
0.1 uF TLO 81
{ . +
Photo P—0 Output
diods -
100k 100 kY 2ZMO

WILLIAM SHEETS

This circuit can be used for light bears 1o 20 kHz. The gain of the operational amplifier is set for

a 40-dB gain.




PRECISION LIGHT ALARM WITH HYSTERESIS

> To amplifier
and speaker

Hysteresis
100 kO adjust
10 M0}

WILLIAM SHEETS l FiG. 1-21
The TL081 is used as a comparator in a Wheatstone bridge circuit. When the CDS cell resistance
decreases due to exposure to light, the output from IC2 cause the low-frequency oscillator (a) and (b)
Lo generate a 10-Hz square wave, gating the 1000 Hz oscillator (¢) and (d) on and off, This signal dri-
ves an amplifier. R3 controls hysteresis, which reduces on-off triggering near the threshold set by R4.

HIGH-OUTPUT PULSED-TONE/LIGHT-ACTIVATED ALARM

IC1

01uF 470 pF
It %
i iy
o . = 2N3904
. =
N 11 eyt 3 5 4
b = d o1
9 13 2 8 T4 2200
680 kit 1.2 M)
1c1 abcd — CD 4001 e L1V

u—f\/vx‘ .1 .
Ccos
coll 100K }
< - 0 uF 1N4007
S I 1BV

- B2 N

< 1841
\I Hormn
speaker

1N40a7

WILLIAM SHEETS l EN365S FIG. 1-22

This circuit can produce up to 1 W of audio power to drive a speaker or horn. When the CDS cell
is struck by light, its resistance decreases thus activating NOR gate (a) thereby causing (a) and (b)
to produce a low-frequency (10-Hz) square wave. This pulses the 1-kHz oscillator (c¢) and (d), caus-
ing it to generate a pulsed 1-kHz tone at a 10-Hz rate. Q1 and Q2 amplify this signal. Q2 (2N3055)
drives the speaker.
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SELF-LATCHING LIGHT ALARM WITH TONE OUTPUT

»> 12V

CDS
cell

a
Ra
2650 ki) E—

0.001 pF
[ L

L2

A

100 ket l
1k

S
v
Reset J:

WILLIAM SHEETS

b—3 Tone output

FIG. 1-23

A decreasc in the resistance of the CDS cell when light strikes it activates latch a and b, enabling
tone oscillalor ¢ and d which produces an output of about 1000 Hz. R, sets the trip level. 51 resets

the cireuit.

ALARM SOUNDER FOR FLEX SWITCH

Plastic outer sheath

Conductive foil strips

A

Rubber separators

POPULAR ELECTRONICS

+6 10 +15V
4 -l-
Ay O 0
R1 52 R2 &
1K 8 Fiex switch 4.7 :I
7 4
< R4 C1 L R3 &
$ 100K U1 3
4 BB 10 7 ' 200K 4:
3 =
1 SPKAI *.J. €3
80 22

B
FIG. 1-24

This is a cross-sectional diagram of a flex switch, They can be used as pushbutton or even posi-
tion sensors. This schematic diagram shows an oscillator, which is used as an alarm sounder, trig-

gered by a flex switch.
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BURGLAR CHASER

T 0'1' ‘BZ. Metal Horn Buzzer
..... .5 uF 250 voite Capacitor
. - 22 uF Green Cap (223 K5K)
J 3 . = b 3 2 1N4007 Diode
A1 :E R$ 5 L A, Micro Strobe Tubs/Reflector
a 1 L1 Nean Lamp
e — ] T Q1 C1740 SW Transéséov
106 SCR
hi il (Y L Al 200 ohm Resistor
o \/ ! Q2 R2...... ....B20 ohm Reslator
B8z A R3.... cvnrneennn 10 Mg Reslstor
€2 L R T ....Inverter Transtormer
T T2urcceeeerrimnsnsnsresssnens 4 KV Trigger Colt
1991 PE HOBBYIST HANDBOOK FiG. 1-25

The burglar chaser makes a great accessory for any alarm system. It creates brilliant flashes of
white light and a loud, irritating sound from a metal horn buzzer. Transformer T1 is connected to Q1,
R1, and R2 to form a blocking oscillator. This creates a 6-Vac signal on the primary of T1. Because of
T1’s large ratio of turns from primary to secondary, the 6-Vac signal is stepped up to a level of over 200
Vac, which is then rectified by D1. The resultant de voltage is applied to storage capacitor C1 and the
neon relaxation oscillator made up of R3, C2, and L1. Each time C2 charges up to a sufficient level, it
jonizes L1, which causes SCR Q2 to fire. The firing SCR causes the charge on C2 to be applied to the
trigger coil. The trigger coil converts the 200 V into the 4000-V pulse that is needed to fire micro xenon
strobe tube/reflector FT. The cycle repeats itself after the strobe tube flashes.

SILENT ALARM

—3 T
[]
B
n ”—o———« +8Y !
R2 ¥
300K .]_'_.
510 LED1
SENSOR SWITCH \}‘
POPULAR ELECTRONICS FiG. 1-26

A sensor switch triggers a set-reset flip flop and lights an LED.
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2

Amplifier Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure nuraber in the box of each circuit correlates to the entry in the Sourees section.

Difference Amplifier

Fast-Inverting Amplifier with High Input Impedance

Noninverting ac Amplifier
Inverting Summing Amplifier
Noninverting ac Amplifier

Fast High-Impedance Input-Inverting Amplifier

Nonlinear Operational Amplifier with Temperature-

Compensated Breakpoint
MOSFET High-Impedance Biasing Method
Inverting Summing Amplifier
Bootstrapped Source Follower
30 MQ JFET Source Follower
JFET Source Foltower
Unity-Gain Noninverting Amplifier
JFET Amp with Current Source Biasing

Electret Mike Preamp
Difference Amplifier
General-Purpose JFET Preamp
FET Amplifier with-Offset Gate Bias
Push-Pull Darlington Amplifier
Noninverted Unity-Gain Amplifier
500 MQ Input Impedance with JFET Amp
Discrete Current-Booster Amplifier
Frequency Counter Preamp
Audio to UHF Preamp
V- & I-Protected Intrinsically Safe Op Amp
Current Feedback Amp Delivers

100 mA @ 100 MHz
General-Purpose Preamplifier
Test Bench Amplifier

17



DIFFERENCE AMPLIFIER

R?

AAA
A\ AL

AAA
e

A3

AAA
A4

il

_R3+R2 R4
R1 + R4 A1

FOR R1 = R3 AND R2 = R4
R2
Veigr = — Vo=V
our = o V- Vy)

VDU7

R1IR2=A3 R4

POPULAR ELECTRONICS

By using two inputs as shown, a differcnce
amplifier yielding the differential between U1 and

U2, times a gain factor results.

FiG. 2-1

FAST-INVERTING AMPLIFIER WITH HIGH

INPUT IMPEDANCE
Al
i
C1 R2
SpF 10K
+V WA
9 . At L +V
- 6 10K |, 4 .
ut W -
S A f T lafue >t
LM102 + +1 LMI01A
[+]
o ouTPUT
INPUT —)
c2
150pF
POPULAR ELECTRONICS FiIG. 2-2

Ul is used as a voltage follower to feed in-
verter U2, Because Ul is in the voltage-follower
configuration, it exhibits a high inpuf impedance.

NONINVERTING ac AMPLIFIER

R R2
1MEG 10MEG
Ve M
+V
R3 2
910K 0 Vgur

1M107

\) =
am=Ri+RZ,
R
Ry = R3

R3=R1IIR2Z

W}

POPULAR ELECTRONICS FIG. 2-3

A general-purpose noninverting ac amplifier
for audio of other low-frequency applications is
shown. Design equations are in the figure. Al-
most any general-purpose op amp can be used
for Ul.

INVERTING SUMMING AMPLIFIER

]
V1 O ‘v‘v‘v
R2
Vs 0—aw—e
R3
Vs o—wwy
<
RS s

R5= R1))R21IR3IIR4

POPULAR ELECTRONICS FIG. 2-4
The output of Ul is the sum of V|, V,, and V,,
multiplied by & /R,, B,/R,, and respectively. R1,
R2, R3 are sclected as required for individual
gains. R4 affects gain of all these inputs.
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‘NONINVERTING ac AMPLIFIER

A1 R2
IMEG 10MEG

AAA AAA
ey L AAd

+V

7

R3 x 6
910K 3| u . —0 Vour
AAA . + LMD
4

FAST HIGH-IMPEDANCE INPUT-
INVERTING AMPLIFIER

o1 1 Voor=R1+ R2
1 R U]
Ry = R3
VIN
R3=R1{|R2
=
POPULAR ELECTRONICS FiG. 2-5 | poPULAR ELECTRONICS FIG. 2-6
NONLINEAR OPERATIONAL MOSFET HIGH-IMPEDANCE

AMPLIFIER WITH TEMPERATURE
COMPENSATED-BREAKPOINT

& RS 02 R6
31975k w2008 . 50k
a1 A3 Re |
22008 740k 100K

\AA S

-~ 15V

+15V
'";UI“ 1 mm% '
ot | znzoos
0k 2
LM /g
OpF

POPULAR ELECTRONICS

=]
OuTPUT

FiG. 2-7

BIASING METHOD

T 1y O e gur
g 3.9 k()
= C
+12V
WILLIAM SHEETS FIG. 2-8

High-irnpedance biasing method for an N-
channel MOSFET to form a linear-inverting am-
plifier.
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INVERTING SUMMING AMPLIFIER

Rt
V) o—AMy

v O——M{ +V EE R4

R3

Vi o—awy
>
asi;
- [V1 Vy Va}
= Voyr & ~R4|— + — + —
our Rl R2 R3

R5= R1HRA2IIR3IIR4

POPULAR ELECTRONICS FIG. 2-8

‘-BOOTSTRAPPED SOURCE FOLLOWER

+12V
A
g 22 MO
100 pF (—O Out
100 MO 10 uF
16V
1L
AN
1.0 pF
22 MO
WILLIAM SHEETS FiIG. 2-10

This bootstrapped source follower uses an
N-channel MOSFET. It has a high input imped-
ance.

30-MQ JFET SOURCE FOLLOWER

» +12 V
g 270 K MPF 102
0.01 pF
Audio
nput ® f
i 3.3MO
- 10 uF
18V
+ + . A
i ! udio
‘ HF 1F—C output
m

H—0

WILLIAM SHEETS FIG. 2-11

This JFET source-follower uses an MPF102
with offset biasing. It has an input impedance of
>30 MQ.

JFET SOURCE FOLLOWER

+12V

MPF 102

0.01 pF |
° |
! | 10 uF
+16 \%
10 MO ¢ O
AN
< 2.2 MO
T 2.2 M0 -
+12V
WILLIAM SHEETS FIG. 2-12

The circuit uses positive gate bias to improve
the operating point for better dynamic range.
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UNITY-GAIN NONINVERTING AMPLIFIER

+10V
NCH
0.001 uF MOSFET
input O—|

Q (—> Output
= 10Kk0

106 MO 1

W3 + 13 V
1M
1 M}
WILLIAM SHEETS FiIG. 2-13

Biasing methods for an N-channel MOSFET
to form a unity-gain noninverting amplifier or
source-follower.

JFET AMP WITH
CURRENT SOURCE BIASING

+12V

MPF102

* 10 uF Oulput

0.1 pF 18V

2N3906, 2N2905, etc.

2.2k

—-12V

-WILLIAM SHEETS FIG. 2-14

A current source (MPF102) in the source
lead of bipolar transistor 2N3%906 permits accu-
rate control of drain current.

ELECTRET MIKE PREAMP

+15V
[
2%$  ©
MIC T
+*
I:C _i 10
= 75K 22pF
i

ELECTRONICS NOW FIG, 215

This circuit is suitable for using an electret
microphone for many applications. A 1.5-V bat-
tery is used. C1 and R3 provide treble boost/bass
cut; they can be eliminated, if desired.

DIFFERENCE AMPLIFIER
R1
Vi o—AW
V? 0 "AVAV'
R3
?
L
- _RI+R2 R4 R2 v
*" " Ri+R4 R1 ° RI
FOR Rt = A3 AND R2 = R4
A2
Voyr = — (Vo= V
our Ri ( - 1)
R11IR2=R3 [{R4
-| POPULAR ELECTRONICS FIG. 2-16
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GENERAL-PURPOSE JFET PREAMP

49 uF
25V 1k
J‘ | +24V
= 10kQ
0.1 uF MPF 102 - —o
1uF _Output
Input j)_
22MQ =
= 2.2k0 47 pF
WILLIAM SHEETS FiIG. 2-17

This JFET preamplifier has a gain of about
20 dB and a bandwidth of over 100 kHz. It is use-
ful as a low-level audio amplifier for high-imped-
ance sources.

FET AMPLIFIER WITH OFFSET GATE BIAS

1

% » >+ 24V
FS 100 k) 4.7 ki) 10 uF
O E— 16V
nput MPF 102 H Output
oy + =
0 pF L 22 M) Im“F
16V
‘SVI 47k0

WILLIAM SHEETS FiIG. 2-18

In this amplifier circuit, the gate of the
MPF102 is biased with an external voltage. This
circuit achieves tighter control of the operating
point and biasing conditions.

PUSH-PULL DARLINGTON AMPLIFIER

>4y

NONINVERTED UNITY-GAIN AMPLIFIER

Ve

<R it R4
$ 220k P 5500
£
5 Q1
283904 a2
|N0—*:‘
4: 100K
vvv
L4
POPULAR ELECTRONICS

> RS
b3

3 L

FIG. 2-19

This circuit has a high-Z input and push-pull
output via the output taken across R4 and R6.

A1

WILLIAM SHEETS FIG. 2-20

An op amp can be used as a unity gain am-
plifier by connecting its output to its inverting
input as shown. R1 should be low enough so the
bias current of the op amp does not cause an ap-
preciable offset.
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500-MQ INPUT IMPEDANCE WITH JFET AMP

1.0 pF
330 k2 25 Y

2N3504

Output

§150 k() 10 k)
1.2k}

Output

WILLIAM SHEETS FiG. 2-21

A current source using a 2N3904 transistor plus bootstrapping, achieves an input impedance of
500 MQ. A second 2N3804 transistor can be added at X to lower the output impedance.

DISCRETE CURRENT-BOOSTER AMPLIFIER

c3
1
IT')! - y— 4 24V
1?;; = R7 ¢ S
5
Vin - 2 NJ|'72LMasTA 0K $ MP38560
ut 4 g R4
c2 1 | Ut $ 130K
1 AN 4 Q3
15K 3 MPS8580
R5 & L
15K & <t R12 —0 Vo
10K
AMA- -
= Ra Q2
10K MPSB562 o
POPULAR ELECTRONICS FIG. 2-22

Suitable as a line driver, this circuit is useable in many similar audio applications.
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FREQUENCY COUNTER PREAMP

5v
c5 t
100pF R2 % D1

J1 K nau ouTPUT
INPUT Al ¢ M D2 E
IMEG S 914
= -5V
+5V
f
. 24 1
Qa1 b
03 I+ s
2N4418 47“;-;[ s
c f“‘
EF 5?2) 01 =
$ A2
1 o $s5100
3 - 1
2N3904 M
Q2 D4
2H4418 03 1N814
no £ 1914 \
33K <4
i A6
500 05
< A7 2H2368
& 2006 o kF s
ATuf 3062
sy
RADIO-ELECTRONICS FIG. 2-23

Based on the LM733 or NE&92, the preamp shown has a bandwidth of 100 MHz. The FET inputs
provide about 1-MQ input impedance. Q4, @5, and IC2 provide signal conditioning.

AUDIO TO UHF PREAMP
1Q04F RFC
nI, lo}?' 33-93;\” { ;ﬁv%ﬂ REGULATED

The Signetics NE5204 or NE5205 can be
Lo N used in this AF to 350-MHz (30 dB) prearmp. If
U VL IS B LA | SN 600 MHz @ 3 dB is needed, use the NE5205. The
50734 e 30,750 noisc figure is 4.8 dB at 75 ©, 6 dB at 50 Q. Gain

j —ﬂ;f]_ is approximately +20 dB over the passband.

73 AMATEUR RADIO TODAY FIG. 2-24
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V- & I-PROTECTED INTRINSICALLY SAFE OP AMP

Rt
56002

Load

WILLIAM SHEETS FIG. 2-25

The circuit is designed to drive an external load. A fault condition in the external load circuit
could feed excessive current or voltage back into the line drive circuit. If excessive voltage appears
from the load, the two zener diodes will clamp that voltage to a safe level, which in this case is 10 V.

The current in the zener diodes, op amp, and the remainder of the circuitry is limited to a safe
level by resistors R1, R2, and R3. D1 protects the op-amp output stage from 10 V appearing across
the clamp diodes under a fault condition.

The advantage of this circuit is that, although it's designed as unity gain buffer, the same tech-
niques can be applied to inverting, noninverting, or differential gain stages.

CURRENT FEEDBACK AMP DELIVERS 100 mA @ 100 MH2

5002 Cable

Using a NS LM6181, this IC is useful in cable
drivers. The supply voltage is 5 Vto =15 V.

NATIONAL SEMICONDUCTOR FIG. 2-26
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GENERAL-PURPOSE PREAMPLIFIER

GENERAL PURPOSE PREAMPLIFIER

—~07 o—=+8V
S1
A5~ ON/OFF
-
g AL S ouT
< 100K o .r—{c(a——@
8c108c )
(E 10
4
a oo Y .
IN 47 Q Suitable for general audio usc, the prearp
) perac circuit uses a feedback pair. Current gain is set by
470K 3 s
WA the ratio of (B, + B /R,
:Ens
$r gw 7 e
< 470K € 47K
2  $w
1w P
POPULAR ELECTRONICS FIG. 2-27

TEST BENCH AMPLIFIER

J4
EXTEANAL
12vDC
D1 SUPPLY

SPK1
16

"SEE TEXT -

POPULAR ELECTRONICS FIG. 2-28

This amplifier might be useful in servicing or bench testing as a signal tracer or as a building
block in various systens.
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3

Analog-to-Digital Converter Circuits

I R

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.

ADC Poller
8-Channel A/D Converter for PC Clones

27



ADC POLLER

‘ 10
4.9152-MHz __‘4———'——’1
oscillater TAHC4040

T/ 245MH 16 T4HCI07
2 45 K 20h L o
LN [ | d

]
Voltage |25V 19 i
reerence VREF Sok i Q~| Ly 0-|
85501 % 3 i
DROY 18 MC 14507 A8-232
! AGND soATA |22
MOOE —1‘? W5V
“ } 1o amctor
£55501
souk -2 1 |_11
soun -3 i wess A o
DRDY ,—-——-
ELECTRONIC DESIGN FIG. 3-1

Because the CS5501 16-bit-delta-sigma analog-to-digital converter lacks a “start convert” com-
mand, it converts continuously, outputting conversion words to its output register every 1024 cycles
of its master clock. However, by incorporating a standard dual J-K flip-flop into the circuit, the ADC
can be configured to output a single-conversion word only when it is polled.

The CS5501 converter can be operated in its asynchronous communication mode (UART) to
transmit one 16-bit conversion word when it is polled over an RS-232 serial line (see figure). A null
character (all zeros) is transmitted to the circuit and sets the flip-flop FF2. The CS5501 can then out-
put a single-conversion word, which is transmitted over the RS-232 line as two bytes with start and
stop bits.

The baud rate can be chosen by selecting the appropriate clock divider rate on the 74HC4040
counter/divider as the serial port clock (SLCK) for the ADC. This type of polled-mode operation is
also useful when the ADC's output register is configured to operate in the synchronous-serial clock
(88C) mode. In this case, the converter will load one output word into a 16-bit serial-to-parallel reg-
ister (two T4HC595 8-bit registers) when polled to do so (see figure).
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62

8-CHANNEL A/D CONVERTER FOR PC CLONES

The following program the A-D riar o perform eight saquentin)
conversions and display the result. it's writlen in Turbo BASIC/Power BASIC
saurce code, bt ® witl run under the GW-BASIC interpreter f you replace the delay
stataments with FORMNEXT loops, and add line numbers as shown in the second
listing. These programsa are available on the 73 BBS under the filenameg ADC Tur-

GWBASIC Version

10" The foliowing program caugas the A-D canvenar to perform eight
20° sequential conversions and display the resuh.

b0.BAS and ADCGW.BAS,
INITIALIZE: ‘remarks foliow the spostrophe
[r)

np(EES)
# 80%<120 then byte%=byta%+2bi%)

screen ‘ext mode 80 columns
color 14,0 ‘yaliow on biue
cis ‘cloar the screen
clear ‘clear all vanables
loggle%=2 ‘mitialize variablés
oddsign %D
MINORLOOP:
whie pol instat ‘koep QoY until & key 18 prasged
oul 888,1 ‘reguialor {ine Hi
detay 1 walt 1 secend before next sample
out 8820 ight up the reguigtor
delay 054 ‘wast 54 miligeconds to stabitze
for ch¥%=D to 7 ‘scan B channeis
out 269.8 CShighpin§
out 869.0 TS low
out 888.2 ‘stunt bR is always hgh D) Ine
out 8900 ‘clock high pin 1 of DB 25 printer
for slow%a(l to 1-ne slow ‘siretches clock pulse
out 890,1 ‘tlock law
oul BBE 2 '8 single ended measurements selecied
out 890.0 ClocK high
for slow%=0 10 1:next slow% ‘sirgiches clock pulsa
out 890, 1 ‘clock low
out 888 0ddsgn% ‘pan of the charngl sslection stg
swap oddsign %, loggla% 10ggies between high and low
out B90.0 choek hph
for siow%e=0 10 $:next Slow% ‘siretches clock puise
out 890,1 ‘clock low
out 858 salect! % ‘part of the charinel selection siring
out 890,0 ‘elock
for shkow%20 10 1:next slow ‘streiches clock puise
oul 850.1 clock low .
out B8R, seiect0 ‘pan of the channel selection String
it 890.0 clacik Fi
o1 slow%=0 10 1.next slow% ‘streichas otk pulse
out 88,1 ‘clock low
REALBITS:
for bit%=7 to 0 step -1 M58 is first out
out B9D.0 ‘slock hgh
for slowde=0to 1 next slow strekches clock pulse
aut 890,17 ‘ehock low
ad%si ‘pont 889 pin 10 7-low135-lugh

30 SCREEND et mode 80 columns

40 COLOR 14,0 yeliow on bius

S0CLS ‘clear the screen

60 CLEAR ‘clear all variables

70 TOGGLE%=2 fnitalize varables

80 ODDSIGN%=0

90 IF INKEY$< >™ THEN END eop going urtil a key is pressed
100 OUT 888,14 Yegulator ine high

110 OUT 888.0 light up the reguiatar

120 FOR W=D TO 500:NEXT W% ‘waill 54 mseconds 10 stabifize
130 FOR CHY%=0 1O 7 ‘scan 8 channels

140 OUT 668.8 TS high pin 5

150 OUT 668.0 CSlow

180 OUT 888 2 ‘stant bR is stways high DI line

170 OUT 8sg.0 ‘clock high pin 1 of DB 25 printer
180 FOR SLOW%=0 TO 1 NEXT SLOW%  ‘stretches clock pulse

180G QUT 880, % ‘clock low

200 OUT 888.2 '8 single endod measurements selecied
210 0UT 8900 ‘ctack hgh

220 FOR SLOW%=0 TO 1:NEXT SLOWS.  ‘stfetches ¢iock pulse

230 OUT 8801 ‘clock tow

240 OUY 6888, ODDSIGNS ‘pant of the channet selection strng
250 SWAP ODDSIGNS. TOGGLE% Yoggles between high and low
260 OUT 8800 ‘chock high

270 FOR SLOW%=0 TO 1:NEXT SLOW" 'stretches clock pulse

280 OUT 890, ‘cloci iow

200 OUT 88B.SELECT1% *part ¢f the channel selection atring
300 QUT 890,0 ‘cock high

310 FOR SLOWS=0 TD 1:NEXT SLOW® 'sireiches clock puise

220 OUT 890.1 ‘clock law

330 OUY BBB.SELECTO% ‘pant of the channe! salection string
340 OUY 850,0 ‘clock high

350 FOR SLOW®4=0 TO 1. NEXT S5LOW%  'sweithes clock pulse

360 OUT BHO, 3 ‘clock low

370 REM ‘read oulput bie

380 FOA BIT%=7 YO 0 STEP -1 'MSE is first ot

390 CUT 90,0/ ‘clock high

400 FOR SLOW%=0 TO 1:NEXT SLOW% o ad%'straiches clock pulse

430 OUY 8001 ‘clock low

420 AD%=INP{889)

430 IF AD%«< 120 THEN BYTE%=BYTEX+(2"BIT%}

440 NEXT BIT%

‘port B8% pin 10 7-low 135-hygh

next bri% 4501F CH%a0 THEN SELECT1%=0:SELECT0%=0: CHOVOLTS=BYTE%/ST
ggx? m se:g:;.i:g:smwg::gvn:wweﬁl 480 IF CH%a1 THEN SELECT1%a0: SELECTD%=2: CHIVOLTS=BYTE%/S1
el | SEHCIO%=2 ! voRtgubyto' . . .
F otaz thon sokci?®nd salociTh-2 | 2volontyteS' “0F Cees THEN SELELTI%et  SELECToN-0. CHAVOLTS-BYTERS!
i ch%a3 then select %2 : seleci0%s0 : chIvDRs=byle%/S1 = bez =2
# Ch%ed then celect™e? . SeHCI0%=0 : ChavoRsatyla%s/S) 490 1F CH%=4 THEN SELECTY%=2 SELECTO%a0 CHAVOLTS=BYTE%WS!
# ch%z=5 then selecli™=2 selechl%e2 | chSvohs=byte%/S! 00 IF CH%a5 THEN SELECT1%-2.SELECTO%s2 CHSVOLTS=BYTE%S!
# cho=6 en seleciV%a? : select0%az : ChEvoRs=byte%/S1 S10IF CH%e8 THEN SELECT1%x2: SELECTD%=2: CHBVOLTS=BYTEWS1
i Ch%a7 then Selecti%=0 seleciD%=0 : chPVolts=byle%S1 S200F CH%=7 THEN SELECT1%=0:SELECT0%=0: CH7VOLTS=BYTE%/51
= 530 BYTE%=0
noxt ch 540 next ch%
by o chavolis hévolls chivolls 550 PRINT USING™4#.8":CMOVOLTS, CHIVOLTS, CH2VOLTS.CHACOLTS,
wans CHAVOLTS,CHEVOLTS CHEVOLTS, CHVOLTS
73 AMATEUR RADIO TODAY FIG. 3-2



8-CHANNEL A/D CONVERTER FOR PC CLONES (Cont.)

0

3 .
5y
REGUL ATGR
BURFACE
ANALOG INPUTS MOUNT
; ADCOA3S ! < S
N - vee
- L
—1— 470 10uf
s hd {
a ]
5 ot LFD
i Le o
6—t—— ey
L
T FRINTER PORT
e g oo T CONNELTOR
9 VoLt a7ty leY 25
M ’— .H -—J_.—
LOM Vags + -
45RO f—— 0
.
COMMON . °
GRADUND ) . °
I
1.1} I °
°
O

An A/D converter by National Semiconductor (ADC0838), converts 0- to 5-V analog inputs to a
digital data format. A 9-V battery is used. The converter connects to the pointer port connector via

a 25-pin connector.
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4

Antenna Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figurc number in the box of each circuit correlates to the entry in the Sources section.

Dual-Band Loop Antenna For 80 & 160 m
VLF-VHF Wideband Low-Noise Active Antenna
VLF 60-kHz Antenna/Preamp

Simple Balun

Wideband Antenna Preamplifier

HF Broadband Antenna Preamp

Automatic TR Switch

Low-Power Antenna Tuncr

Loop Antenna Preamplilier
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DUAL-BAND LOOP ANTENNA FOR 80 & 160 m

Q2 C5
m “““ q 283804 .047

*SEE TEXT

1 INCH GAP IN SHIELD

POPULAR ELECTRONICS FIG. 4-1

This antenna might help to reduce power-line noise. A plastic “hula hoop” or conduit 3 feet in di-
ameter, covered with aluminum foil as a shield is used for L1 and L2, L1 is two turns and L2 is one
turn, threaded through the loop. S1 selects 160- or 80-m operation. @1 and Q2 form a preamplifier
for the loop antenna. Do not transmit with this antenna—it is for receiving only.
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VLF/VHF WIDEBAND LOW-NOISE ACTIVE ANTENNA

L] o
I| I

2

5] 1ev Bon
]

2 see taxt \'* [ ]
]
BF979 3 Iy *
B ATOUH .. . SmHT
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ELECTOR ELECTRONICS USA FIG. 4-2

A 30- to 50-cm whip antenna provides reception from 10 kHz to over 220 MHz. T1, a dual-gate
MOSFET, provides low noise, high-input impedance, and high gain. The circuit is powered via the
coaxial cable used to connect the antenna to a rcceiver.

VLF 60-kHz ANTENNA/PREAMP

L e
T

VRIO FRO
9‘ KM +9v
é s s o ?
b
JAPE ;
. scoten % .1_
TaPE & f"f 3 7MEG o.;
FERMITE 1=
A0DE HIH
TOGETHER | H
1 ]
Tare, ! ' VNIOKM
: H 3t &
H01n LONG :
" ool CREAN -
TAPE IS g SR 10GpF ;lx‘ym J O;OI
100-600 ¢ | M VARIASLE
TUANS § )
ool I | 3090 grmes
0 et x
Jare, : FERRITE ROD L%: vaw
=
=
L_§ >
SINGLE
LAYER
coi
73 AMATEUR RADIO TODAY FIG. 4-3

Suitable for 60-kHz standard frequency reception, here is a schematic for a FET preamp and an-
tenna.
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SIMPLE BALUN

The wires must be bound tightly together,
but windings may be slightly spaced if
necessary. The diagram shows a bifilar

balun with two coils.

Ferrite rod

The wire connections for the 4:1 balun.
After connecting up and testing, the
coils and ferrite rod may be located

inside the plastics film container.

An example of a 4:1
bifilar (a), and {b) a A C
1:1 trifilar balun. D}

. 50175
ohms

Plastics
fitm box

B
300
ohms

c
50/75 50175

ohms ohms

PRACTICAL WIRELESS

FIG. 4-4

An old ferrite rod from a junked broadcast receiver can be used to construct an antenna balun,

as shown,
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WIDEBAND ANTENNA PREAMPLIFIER
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ELEKTOR ELECTRONICS FIG. 4-5

This wideband antenna preamplifier has a gain of around 20 dB from 40 to 860 MHz, covering
the entire VHF, FM, commercial, and UHF bands. A phantom power supply provides dc to the pre-

amp via the coaxial cable feeding the unit.
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HF BROADBAND ANTENNA PREAMP

1600 kHz 32 MHz

HIGH-PASS FILTER  LOW-PASS FILTER
A\ VaN
4 > 7/ N\
i) Ct € €3 4 L5 c6
INPUT 002 001 002 3uH  3uH ATTNT 01

RECEIVER ()
INTERFACE
BOX o

TO EXT.
POWER O~ ---¢-—--
(SEE TEXT) o

A

Rt
No W —0 OuT

A2 4 R3
91003 $s100

T

¢

POPULAR ELECTRONICS FIG. 4-6

The HF/SW receiver preamplifier is comprised of a broadband toroidal transformer (L1-a and
L1-b), LC network (comprised of a 1600-kHz, high-pass filter and a 32-MHz, low-pass filter), L2 and
L3 (26 turns of #26 enameled wire wound on an Amidon Associates T-50-2, red, toroidal core), a pair
of resistive attenuators (ATTN1 and ATTN2), and a MAR-x device.

Shown here is the composition of a basic 1-dB pi-network resistor antenuator. This is the
method of supplying dc¢ power to a preamplifier using only the RF coax cable.
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AUTOMATIC TR SWITCH
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73 AMATEUR RADIO TODAY
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Scanner Connection
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Saa text for additional diacussion

FIG. 4-7

A pair of diodes and a quarter-wave transmission line are used as an automatic TR switch. D1
and D2 conduct during transmit periods, short-circuiting the scanner input. In this mode, the %-wave
line appears as an open circuit. In receive, the circuit acts as a Wilkinson power divider.

37



LOW-POWER ANTENNA TUNER

BUH N T T This antenna tuner is suitable for use with
s [2" v 1"7 °7‘° vpoge 5‘- v low-power (less than 5 W) transrnitters or SW re-
19l 15 3 11 9 71 (310 ceivers. S2 selects inductance and 82 connects
L the 365-p} capacitor to either the transmitter or
s2 the side of the inductor. The tiny tuner is com-
prised of a tapped indtictor (L1) and a variable
b ey S a— capacitor (C1), which is connected to the induc-
tor through a center-off SPDT switch (S81). That
switch arrangement permits the capacitor to be
connected to either the input or the output of
the circuit.

y,

-—
—

J2
ANTENNA

1983 ELECTRONICS HOBBYISTS HANDRBOOK FlG. 4-8

LOOP ANTENNA PREAMPLIFIER

Q2
Qi NPN
MPFI02 2N3504, ETC C5 QUT 10

0.01 RCVR

i*c:- SEE TEXT

G S50 caectg
MPFIQ2 NPN
PIN OUTS ~BOTTOM VIEW

73 AMATEUR RADIO TODAY FIG. 4-9

This preamplifier has a built-in regeneration control boost gain selectivity. C1 is a single or multi-
gang AM broadcast-band tuning capacitor. L1 is a ferrite loop antenna, tapped at about 15 to 25% of
total turns. This circuit should prove useful for low-frequency (up to 3 MHz) reception, where a loop
would be advantageous to reduce man-made noise pickup.
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5

Audio Power Amplifier Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.

20-W + 20-W Stereo Amplifier 10-W Inverting Composite Amplifier
40-W Amplifier LM380 Personal Stereo Amplifier
Half-Watt Single-Channel Audio Amplifier Subwoofer Amplifier

Dual Audio Amplifier 18-W Bridge Audio Amplifier

A 70-W Composite Amplifier Subwoofer Crossover Amplifier

A 33-W Bridge Composite Amplificr Audio Power Amplifier

MOSFET Power Amplifier Fast High-Voltage Linear Power Amp
10-W Noninverting Composite Amplifier Single-Chip 40-W Amplifier
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20-W + 20-W STEREO AMPLIFIER
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Lo s 7_+y EE'" - Resistor
g*‘ [ HE\ g C17 \ s&)m "R9,ARt0,R17,R18 3ohm,1/4
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5 o ot Rt IC1,1C2 NEC70001AB Amplifier
X
1991 PE HOBBYIST HANDBOOK FIG. 5-1

The 20-W + 20-W stereo amp consists of two complete, separate 20-W RMS bridge-type ampli-
fiers. The input signal source is brought into the amplifier through the voltage divider network, which
is made up of R1, R2, and P1. Resistor R1 provides a load impedance between the signal source and
ground. Resistor R2 couples that signal to potentiometer P1.

The signal is coupled by capacitor Cl to the noninverting (+) input (pin 1) of internal amplifier
(A) of IC1, where the signal is greatly amplified. Capacitor C2 couples the (+) input of the other (B)
internal amplifier of IC1 to ground. That causes the input signal, which is referenced to ground, to be
coupled to both amplifiers because both the inputs and outputs of IC1 (A) and IC1 (B) are connected
in a bridge configuration. Notice that the output of IC1 (A) from pin 10 is connected to one side of
the speaker and the output of IC1 (B) from pin 8 is connected to the other side of the speaker. That
is why the speakers used cannot have one side connected to ground. Resistors R6 and R7 set the gain
of the amplifier, Resistors R9 and R10 and capacitors C9 and C10 provide frequency stability and pre-
vent oscillation. Capacitors C6 and C7 provide “bootstrapping,” which prevents distortion at low fre-
quencies. LED L1 lights up by way of a series resistor connected from the anode to +12 Vdc when
power is applied.

Power for both IC1 and IC2 is brought in through D1 (to protect amplifiers from reverse polar-
ity). Capacitor C11 provides additional power supply line filtering. This booster is capable of pro-
ducing 20 W RMS output out of each channel.
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40-W AMPLIFIER
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ELECTRONICS NOW FIG. 5-2

This circuit uses two LM1875 devices and a dc servo loop. This circuit provides 40-W output. IC3
and IC5 must be heatsinked.

HALF-WATT SINGLE-CHANNEL AUDIO AMPLIFIER

C1
4.7 uF
+
(_
Input
I
10K 5+ 220 uF This circuit uses an LM386 IC and will work
to from 6- to 12-V battery sources. Output is about
0.5 Winto 8 Q.
ELECTRONICS NOW FIG. 5-3
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SILICON CHIP
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FIG. 5-4
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A 70-W COMPOSITE AMPLIFIER
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Four LM1875 devices, suitably heatsinked, and a £25-V supply, 70 W of output are available
from this circuit. IC6 is a phase inverter.

FIG. 5-5
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A 33-W BRIDGE COMPOSITE AMPLIFIER
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ELECTRONICS NOW FIG. 5-6

Two LM1875 ICs provide 33 W of audio. IC4 is used as a phase inverter. IC6 and IC2 must be
heatginked.
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MOSFET POWER AMPLIFIER
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303 CIRCUITS FIG. 5-7

Two complementary MOSFETs are used to
deliver 20 W into 8 Q. A TLO71 op amp is used as
an input amplifier. The MOSFETs should be
heatsinked with a heatsink of better than 5°CG/W
capability. THD is less than 0.156% from 100 Hz to
10 kHz,

10-W NONINVERTING COMPOSITE
AMPLIFIER

auTeuT

ELECTRONICS NOW FIG. 5-8

By using an LM1875, suitably heatsinked, a
10-W amplifier that uses two 1C devices can be
built. IC2 must be heatsinked.

10-W INVERTING COMPOSITE AMPLIFIER

+18Y +18v

INPUY ouTeuT

R4 &
1MEG

ELECTRONICS NOW FlG. 5-9

Using an LM1875, a 10-W amplifier can be
build using just two IC devices. The gain = E/R,.
Note that IC12 must be heatsinked.
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LM380 PERSONAL STEREO AMPLIFIER
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1987 R-E EXPERIMENTERS HANDBOOK FIG. 5-10

With the simple circuit, you can use your personal stereo to drive standard 8-€2 speakers.
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SUBWOOFER AMPLIFIER

T0
CROSSOVER
CUTPUT +35v c2
P, 1 22
C1 l(' Wy ——
[ Le : T
4700 E—J
1w
! 10
SPEAKER
R ?
o 1000Q 1
4 DAMPING
10K P 100K CONTROL» & L RS
A4 4 210
6.04K 12w
rve *
o.—_
T o O
8200 00
w + As '
+35V 47K _ﬁ Ki
*SEE TEXT =
POPULAR ELECTRONICS FIG. 5-11

Designed to feed a low-frequency subwoofer speaker system, the amplifier is capable of up to
100 W into an 8-Q load. The OPAB41BM op amp requires heatsinking and is manufactured by Burr-
Brown Corporation. A damping control and a relay to eliminate turn-on and turn-off thump in the

speaker is included.

18-W BRIDGE AUDIO AMPLIFIER

18-WATT BRIDGE AMPLIFIER
N—

7 SPKA? c8
2 40 2

POPULAR ELECTRONICS FIG. 5-12

Two LM383 IC devices are used in a bridge circuit that is useful for auto sound applications.
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SUBWOOFER CROSSOVER AMPLIFIER
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RADIO-ELECTRONICS FIG. 5-13

The electronic-crossover circuit contains a summing amplifier that combines the left and right channels from a stereo’s head-
phone jack. Originally used in a subwoofer system, the above circuit might be useful in similar audio applications.




AUDIO POWER AMPLIFIER

, ’ »+12V
01 +
€3
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47 1K
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POPULAR ELECTRONICS FiG. 5-14

The circuit, built around an LM741 op amp configured as an inverting amplifier, is used to drive
complementary transistors (Q1 and Q2). The op amp’s feedback loop inchudes the base-emitter
junctions of both transistors—an arrangement. that helps to reduce crossover distortion that would
normally occur as-a result of the emitter-to-base junction voltage drop of about 0.6 V. Potentiometer
R5 varies the amplifier’s voltage gain from 1 to about 20. As much as 0.5 W can be obtained from the
circuit if a heatsink is added to the transistors.

FAST HIGH-VOLTAGE LINEAR POWER AMP

100 10

Yout

0
0-to-180 Vph-pk
RL = W n

ELECTRONIC DESIGN FIG. 5-15

An Apex PB50 Booster Amplifier, plus an IC op amp, can be used in a high-voltage op amp that
converts a small analog signal to a 180-V p-p signal.

Apex Microtechnology manufactures a number of power op amps. The above circuit uses a PB50
booster amplifier to deliver a 180-V p-p signal into a 90-Q load, from a +100-V supply.
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6
Audio Signal Amplifier Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.

Headphone Amplifier JFET Headphone Amplifier
Audio Line Driver Dual Preamp

Constant-Volume Amplifier Magnetic Pickup Phono Amplifier
Mini Amplifier Using LM1895N Audio Booster

Audio Amplifier with Tuneable Filter Audio Volume Limiter

Audio Compressor Audio Distribution Amplifier
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HEADPHONE AMPLIFIER
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303 CIRCUITS FiG. 6-1

Built around Precision Monolithics Inc. OP-50 op amps, this amplifier will drive 100-Q to 1-kQ
headphone, is flat within 0.4 dB from 10 Hz to 20 kHz, and has a THD of less than 0.01% over most
of the audio range. Amplification factor is about 6X.
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AUDIO LINE DRIVER
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303 CIRCUITS FIG. 6-2

This line driver can drive low-impedance lines with up to 70 V p-p max. IC1 is a low-noise op amp
suitable for £15-V operation. T1 and T2 are regulators for the power supply for IC1. T3 and T4 form
a complementary power output stage. Frequency response is flat up to 100 kHz.
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WILLIAM SHEETS

CONSTANT-VOLUME AMPLIFIER
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FIG. 6-3

The amplifier has an output level that shifts about 6 dB for 4 40-dB input variation.

ke,

MINI AMPLIFIER USING LM1895N

With 3-V to 9-V supplies, this amplifier can
provide from 100-mmW to 1-W output into a 4 £
and bandwidth is approximately 20 kHz @ 3 dB.
This circuit is useful for low-power and battery
applications. Drain is 80 mA @ 3 Vor 270 mA @
9 V at maximum signal conditions.

303 CIRCUITS

FiG. 6-4
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AUDIO AMPLIFIER WITH TUNEABLE FILTER
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POPULAR ELECTRONICS FIG. 65

This audio amplifier can tune from 500 to 1500 Hz and will drive a speaker or headphones. Use-
ful for CW reception or other receiver applications, only two IC devices are needed.
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AUDIO COMPRESSOR

Faos text

AC‘I'——

D 1006

303 CIRCUITS FIG. 6-6

This compressor will compress a 25-mV p-p to 20-V p-p audio output to input levels remaining
between 1.5 V p-p to 3.5 V p-p, and has a frequency response of 7 Hz to 67 kHz. It is suitable for au-
dio and communications applications.

JFET HEADPHONE AMPLIFIER
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WILLIAM SHEETS = FIG. 6-7

This circuit can drive high-impedance headphones from a low impedance low-level source. Gain
is about 5X to 10X depending on headphone impedance. A volume control is included.
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DUAL PREAMP
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1987 R-E EXPERIMENTERS HANDBOOK FlG. 6-8

If you wish to amplify low-level signals, such
as the output of a turntable, the signal must first
be fed to this preamp.

MAGNETIC PICKUP PHONO AMPLIFIER

L A 4 4
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Fvey
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POPULAR ELECTRONICS FIG. 6-9

This preamp is RAA compensated for use
with magnetic phone cartridges.
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POPULAR ELECTRONICS FIG. 6-10

This circuit has a maximum gain of about 22
dB (voltage gain), and it can be used for miscel-
lancous audio circuits.
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AUDIO VOLUME LIMITER
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FIG. 6-11

ICI-ais connected as an inverting amplifier whose gain is controlled by the LDR portion of an op-

tocoupler.
AUDIO DISTRIBUTION AMPLIFIER
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POPULAR ELECTRONICS

FIG. 6-12

Three low-Z audio outputs are available from this circuit, using a quad TL0O84 FET amplifier. The
input is high impedance. V.. can be 6 to 12 V for typical applications.
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7

Automatic Level Control Circuits

s —— o coms—
————————— N —— — — E—

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.

Digital Automatic Level Control (ALC)

AGC System for Audio Signals
ALC (Automatic Level Control)
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DIGITAL AUTOMATIC LEVEL CONTROL (ALC)

arL ] =cis
ol T 04 » RaB SE0F I_A
be MYLAR Nze 1004 ouT
j“ ] W,
ce hadd ol
RO AsY
o7m ISk 1 3aF iwie
L
L] 1]
15 aqs GBpF
220n z|
?
cz dc
aif L. ™
soz NPFI02 I3y e b2
ALy - a20] _ U3a ‘ e
—(17 R b g JUT-10 "
OV LY : 5,
° R3 2200 Azy 'fl'r :ﬁ
2200 — an LIS
ﬁ; LAY
1N
dcC RT Ry LI L1k RI7 RIB R2! A2e
g R OuF 100k iw- 568 e 5 ,}:o. an 2T LMI o
L o d .
l Rl 7;5
2w cle
ol 56 T
T 'l 4 m
H o Res —
Lu3ITLZ 330
5 us
CDS06
. '
:Lc.s naz
Y I'T'F an Lll!lgs
az /Iw
<
ZNR222N 1 anF
e | ——1 il . A
) K,l
aw
Ral A0 e
an an
ue R34
M - LMISN 12y
2 as s | |
'
us
g Cha02e
fe 5 R32
e
73 AMATEUR RADIO TODAY FIG. 7-1

This approach to automatic level control (ALC) makes use of digitally switched audio attenuators in the signal path. The out-
put level of the system is sensed, compared to a reference, and audio pads are inserted via analog switches. This method is nearly

instantaneous and €liminates the compromises necessary in conventional RC network ALC systems using fast attack, slow-decay
approaches.




AGC SYSTEM FOR AUDIO SIGNALS

1
f > +15V
D1
Q@1 < Rs
1 e,
(100 pF)
+ R3
10O pF —= 1kQ =
@ AVAVAY
R1 R;
% .

WILLIAM SHEETS FiG. 7-2

This circuit is an AGC system for audio-fre-
quency signals. AGC systems usually consist of
three parts: an amplifier, rectifier, and controlled
impedance. In this circuit the functions of an am-
plifier and a rectifier are performed by a single op
amp. This makes the system simple and cheap.

The rectifier is made with the output push-
pull cascade of the op amp and K, R, and Cp.
The transistor Q1 and D1 are used as a voltage-
controlled resistance (7). The input signal is (Z
+ R )/Z times, diminished by the voltage divider
and 1 + E,/R, times, amplified by the op amp. C2
eliminates influence of de bias voltage. R3 pro-
tects Q1 and D1 from excessive current.

ALC (AUTOMATIC LEVEL CONTROL)

WEy 278 R, (1.16)

10K
RX 1

]

(3.14)

T+2,LF

(5,12 1t

uF
u

Rg 20K

6.19) Ay
30K
mv—T +

1988 RF COMMUNICATIONS HANDBOOK

+
Creer

The rectifier input is fied to the input. This
makes gain inversely proportional to input level
so that a 20-dB drop in input level will produce
a 20-dB increase in gain. The output will remain
fixed at a constant level. The circuit will main-
tain an output level of =1 dB for an input range
of +14 to -43 dB at 1 kHz. Additional external
components will allow the output-devel to be ad-
justed.

62



8

Automotive Circuits

The sources of the following circuits arc contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.

CD Ignition System for Autos

Brake and Turn-Signal Light Circuit

Vehicular Tachometer Circuit

Smart Turn Signal

Manual Headlight/Spotlight Control for Autos
Thermostat Switch for Automotive Electric Fans
Flashing Brake Light

Power Controller (for Automotive Accessories)
Automotive Power Adapter for de-Operated Devices
Time-Delay Auto-Kill Switch

Booster Amplifier for Car Sterco Use

Auto Turn-Signal Rerminder

Hcadlight Flasher

Automotive Audible-Turn Indicator
Engine Block Heater Minder
Headlights-On Reminder

Brake and Turn Indicator
Lamp-Switching Circuit

Automnatic Turn-Off Control for Automobiles
Alternator Regulator

Auto Generator Regulator
Lighis-On Reminder

Auto Fuse Momnitor

Headlight. Alarm
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CD IGNITION SYSTEM FOR AUTOS
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POPULAR ELECTRONICS FIG. 8-1

At the heart of the CD4-MX is an astable muitivibrator, built around Q1 and Q2, that feeds step-up transforrer T1. The out-
put of T1 is rectified by D3 to D6 and used to charge capacitor C4. When the points close, a small voltage is fed to the gate of SCR1,
causing it to fire, durhping the charge of C4 to the vehicle’s ignition ceil. The circuit also contains optional subcircuits to accom-
modate different types of auto ignitions.

X, +and X, —are alternative trigger configurations for nonpoint breaker ignition systems. R6 is not used for these systems
and must be removed. Optocoupler Ul can be used (pin 4) in conjunction with X, — or X + depending on polarity of sensor. Note
that 60 to 70 kV is available from this system, so observe suitable safety precautions.




BRAKE AND TURN-SIGNAL LIGHT CIRCUIT

TO BRAKE
SIGNAL 0—
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POPULAR ELECTRONICS

i}

1/4 4001

1/4 4001

1/4 4001

» +12V

FIG. 8-2

This circuit enables single-filament tail lights to serve as combination brake lights and turn signals.

VEHICULAR TACHOMETER CIRCUIT

Ic1
+i2V 150
ignition a8 l T T l N
-switch +
Im WL TotwF ; 39 k() I 10 uF
6.8 k) 3
8 4
6
7| Nesss
0.0088 wF IC2
8269 ( # . 1N4148
2 10-100 wF
Breaker 1N751 1 5
points 001kF T I 0.01 uF 0-1 MA
B - 0.1 pF . =
WILLIAM SHEETS N FiG. 8-3

In this automotive application, the 555 is a pulsc counter. IC1 regulator provides proper operat-
ing voltage for 1C2. This circuit is for vehicles with conventional breaker points,
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ELECTRONICS NOW

66

SMART TURN SIGNAL

BRAKE-ON 10 FLASHER o

v L TERMINAL ®} TOFLASHER
SR pf
D1 TK T =
NG14 " -
5 4
cr |9 @
12 s66 |2
L_g. 1 D2 y
1| 1w
R7
1K
TOP BOTTOM
|- SOURGE ¢
O| a2 |——pRaIN ojo )at
e GATE 8

STS schematic. The Q2 gate voltage increases with the charge on C3. After
15 seconds of charging, the buzzer will warble. As the tharging continues,

the sound will grow louder.

A

T

1
P
|

-----------

i
1
TURN SIGNAL
ON

AFTER 10-15 SECOND DELAY,

BZ1 BECOMES AUDIBLE.

i
61 RESET

—

TURN SIGNAL
OFF

Circuit waveforms. Point A shows the signal from the flasher. The voltage
at point D will increase as long as the pin-3 output of IC1 (point C) remains
high. The C1-R2 time constant {point B) determines how long the output

will be high.

FIG. 8-4



SMART TURN SIGNAL (Cont.)

SMART
TURN SIGNAL

BEEPER

. PULSE LOLDNESS
o e (| DETECTOR i CONTROL 2

+1VDC 9 STor R .
L—fo————i——- R e L S PR

Flasher terminal L connects to the load and X connects to the 12-volt supply.
When the driver engages the turn signal, the L terminal voltage varies with
the blinking lights. The STS senses the changing voltage and, after 15 sec-
onds, it applies power to a buzzer through a current-limiting device to
control loudness.

Cc

This circuit.reminds a driver that his turn signal has been left on for more than 15 seconds.
When stopped for a light, the brake-on signal holds the warning off.

MANUAL HEADLIGHT/SPOTLIGHT CONTROL FOR AUTOS

+12V

Py > From
light

i switch

+12V
#> Battery

Spot GND
or
head =
lights
3
Stant
push
button
3 K1A, 8 DFST relay
20-A comacts
Jj 5 12-V coil
WILLIAM SHEETS FIG. 8-5

Pressing the START pushbutton turns on either the headlights or spotlights for a predetermined
time. After 1 minute (R1 and C1 determine this), the lights will shut off as the NE555 completes its
cycle.
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THERMOSTAT SWITCH FOR AUTOMOTIVE ELECTRIC FANS
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oIVIDER CURRENT
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SILICON CHIP FIG. 8-6

The circuit is based on a commercial temperature sensor (TS6178) and an MC3334P ignition chip. When the radiator tem-
perature increases, the sensor pulls the base of Q2 low via Q1, which is wired as a diode. Q2's collector thus goes high and trig-
gers IC1, which switches its pin 7 output high and turns on the fan motor via Q3.




FLASHING BRAKE LIGHT
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1990 PE HOBBYIST HANDBOOK FIG. 8-7

When power is first applied, three things happen: the light-driving transistor (Q1) is
switched on because of a low output from U2, pin 3; timer Ul begins its timing cycle, with the
output (pin 3) going high, inhibiting U2's trigger (pin 2) via D2; and charge current begins to
move through R3 and R4 to C1.

When Ul's output goes low, the inhibiting bias on U2 pin 2 is removed, so U2 begins to oscillate,
flashing the third light via Q1, at a rate determined by R8, R6, and C3. Oscillation continues until the
gate-threshold voltage of SCR1 is reached, causing it to fire and pull U1's trigger (pin 2) low. With its
trigger low, Ul’s output is forced high, disabling U2's triggering. With triggering inhibited, U2’s out-
put switches to a low state, which makes Q1 conduct, turning on 11 until the brakes are released. Re-
moving power from the circuits resets SCR1, but the RC network consisting of R4 and C1 will not
discharge immediately and will trigger SCR1 earlier. So, frequent brake use means fewer flashes,

Bear in mind that the collector/emitter voltage drop across Q1, along with the loss across the se-
ries-fed diodes, reduces the maximum available light output. If the electrical system is functioning
properly (at 13 to 14 V for most vehicles), those losses will be negligible.
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POWER CONTROLLER (FOR AUTOMOTIVE ACCESSORIES)

+12VDC(REG) +12VDC
4 (FROM CAR BATTERY} OF“",
ry1  10A
c3 I——T—T—T—T—T—l c2 pm—————— 1
S 14) 13) 12| 1] 10] o] 8 .02 ;q_:
—4 161 +12VDC (REGH :
€04013 | a0
]
T12]3[4]5]6 7 . ;
R? | L , ' '
]
! — = J (
Ve ?mb [+} -4
M omg 33 AP oapo—¢
22k (10 4)
R & - i_ RS ¢
10K 3 = = 1Ke
=
2 |3
s A 1C2 +12VDEC
oo 1 1812 3 {REG)
O ¢, 51 ™ GnpOUT
3 C
1

ELECTRONICS NOW _FIG. 8-8

Because the power controller is powered from the vehicle's accessory switch, the load can re-
ceive power only when the ignition key is on. Using half of a dual flip-flop (CD40813), a load of up to
10 A is controlled by a momentary pushbutton. This circuit was originally intended for automotive
power control, but could have other applications as well.

AUTOMOTIVE POWER ADAPTER FOR dc-OPERATED DEVICES

1] wn 0
|:<""".'_':::)_— LM31? o o— o
) < o—
1 ADJ $ 2400 PL2
R3 R4
LM317 amy o, T2
ADJ
OUTPUT o $ I WV ] eV
INPUT $1.5 31

1993 ELECTRONICS HOBBYIST HANDBOOK

In the schematic diagram for the car-power adapter, note how the value of B, (which is R1 and

S1 in the center position) is changed by putting R3 or R4 in parallel with R1.
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TIME-DELAY AUTO-KILL SWITCH
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POPULAR ELECTRONICS FIG. 8-10



TIME-DELAY AUTO-KILL SWITCH (Cont.)

The automobile delayed kill switch is simple in concept. When you get out of your car, a secretly
located pushbutton switch is pressed. Nothing apparently happens, but at the end of a predeter-
mined time, a relay is pulled in and locked. When the relay is pulled in, contacts open, and the hot
lead from the ignition to the coil and the hot wire from the key switch to the starter solenoid is
opened or disconnected. If the engine is running, it stops immediately and the starter will not oper-
ate. When you get into the car, another pushbutton switch is pressed and the relay drops out and
everything goes back to normal.

BOOSTER AMPLIFIER FOR CAR STEREOQ USE
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1880 PE HOBBYIST HANDBOOK FIG. 8-11

Only one channel of this circuit is shown. The other is practically a carbon copy.

The input to the circuit, taken from your car radio’s speaker output, is divided along two paths;
in one path, a high-power divider network {consisting of R8 through R10) provides 4.5-€) resistance
to make the circuit’s input impedance compatible with the output impedance of the car radio. In the
other path, the signal is fed to the input of Ul through resistor LR7, trimmer potentiometer R21, and
capacitor C2. Together, R7 and R21 offer a minimum resistance of 27,000 Q.

Integrated circuit Ul (a TDA-2004 audio power amplifier) amplifies the signal, which is then out-
put at pins 8 and 10 and fed to the loudspeaker. Note: This amp is designed for use only with car radios
whose speaker outputs are referenced to ground: do not use it with radios that-have balanced outputs.
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AUTO TURN-SIGNAL REMINDER

Vee
(KEYED POWER) "-O'F}Jf‘
T0 Rt 1A
“LOAD*WIRE 5 o
ON AAA 1

vy

FLASHER
MOOULE

POPULAR ELECTRONICS FIG. 8-12

This circuit counts turn signal flashes. At the end of about 70 flashes, a chime sounds to remind
the driver to turn off the turn signal. By using various taps on U2, the period can be changed if de-
sired. BZ1 is a buzzer or chime module.

HEADLIGHT FLASHER
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POPULAR ELECTRONICS FIG. B-13

The headlight flasher is nothing more than a 555 oscillator/timer that’s configured as an astable
multivibrator (oscillator). Its input is used to drive the gate of an IRFE3IND hexFET, which, in turn,
acts like an on/off switch, turning the lamp on and off at the oscillating frequency (1 Hz).
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AUTOMOTIVE AUDIBLE-TURN INDICATOR
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POPULAR ELECTRONICS FiG. 8-14

This little circuit should be useful to the
hearing impaired. It produces a tone each time a
dashboard turn indicator lights. The tone drops
in frequency for as long asthe indicator is lit.

ENGINE BLOCK HEATER MINDER

POPULAR ELECTRONICS FIG. 8-15

If you live in the frozen north, knowing your
engine-block heater is working is a comfort. This
device will let you know if yours is okay. Plug in
L1 to your power outlet. NE1 should light.
Then, plug in the block heater. Depressing Sl
should cause the indicator to get brighter. If not,
your block heater might be open and inoperative.

HEADLIGHTS-ON REMINDER

TO POSITIVE
IGNITIDON = TERMINAL ON
SWITCH A HEADLIBHT
POPULAR ELECTRONICS FIG. 8-16

This circuit will sound alarm BZ1 if the igni-
tion is turned off with the headlights on.

BRAKE AND TURN INDICATOR

TOLEFT-TURN  TORIGHT-TURN

SIGNAL SIGNAL
CURRENT CURRENT
TOBRAKE SIGNAL

CURRENT

D1 02
+ ECG174 ECG174

POPULAR ELECTRONICS FIG. 8-17

This might be a quick solution to getfing the
two-wire truck harness to support both turn and
braking indications.
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LAMP-SWITCHING CIRCUIT
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POPULAR ELECTRONICS FIG. 8-18

A normally open pushbutton switch (S1) delivers a positive input pulse to pin 4 of 111, triggering
the IC into action. The output of Ul at pin 6 supplies base-drive current to a Darlington pair com-
prised of Q1 and Q2, activating K1. A 10-pF capacitor and any resistor value of from 1 to 10 MQ can
be used as the timing components.

To use the circuit on an auto'’s headlights, connect the relay’s normally open contacts across the
car's headlight switch and press S1 to extend the on time. In connecting the circuit to control an ac-
operated lamp, turn off the ac power and connect the relay contacts in parallel with the lamp’s power
swilch contacts.

AUTOMATIC TURN-OFF CONTROL FOR AUTOMOBILES
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“WILLIAM SHEETS FIG. 8-19

When the ignition switch is on, relay K1 is energized continuously, and the headlights can be
turned on. Turning off the ignition turns on timer IC1,which keeps IC1 energized for a time deter-
mined by R1 and C1. With the values shown approximately a 1 minute delay will resuli. The values
of Rl or Cl can be changed to vary this delay time.
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AALTERNATOR REGULATOR
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RADIO-ELECTRONICS FIG. 8-20

This alternator regulator uses a 3-transistor de amplifier, and is designed for a “pulled up” field
system, where one side of the alternate field returns to the +12-Vsupply, and the other end is pulled
toward ground. The circuit monitors the state of the battery through a resistive divider and causes
the voltage to change at the field terminal.

AUTO GENERATOR REGULATOR
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RADIO-ELECTRONICS FIG. 8-21

This regulator is for the purpose of controlling a dc generator. The field configuration is that one
side of the field is grounded. D4 prevents the battery from discharging through the generator and
takes the place of the mechanical cut-out relay. R10 adjusts the system voltage setting.
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LIGHTS-ON REMINDER

70
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IGNITION
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POPULAR ELECTRONICS FiG. 8-22

Arelay and two diodes are all that is necded—
the relay performs the job of a buzzer so no annun-
ciator is required. When the lights are left on, but
the ignition is off, the normally closed relay con-
tacts are in series with the relay coil. That means
the relay interrupts its own power each time it be-
comes active, so it chatters and acts like a buzzer.
This is a real minimalistic headlight reminder. It
doesn’t even require an annunciator because the
relay acts as buzzer.

AUTO FUSE MONITOR
LED1
1k
LED2
—

Fuse under test
{12-V circuit only)

WILLIAM SHEETS FIG. 8-23

This circuit can quickly check a fuse in an
automobile circuit, Connect across suspected
fuse—either LED glows, fuse is blowrn. The cir-
cuit must be live for this test to work,

HEADLIGHT ALARM
To
To inst. igniton
panei famp switch

fusa fuse

R1

Piezo 10K

buzzer

a1
2N2222

1989 R-E EXPERIMENTERS HANDBOOK FIG. 8-24

The base of Q1 is connected to the car’s igni-
tion circuit; the easiest point to make that connec-
tion is at the ignition switch fuse in the car's fuse
panel. Also, one side of the piezoelectric buzzer is
connected to the instrument-panel light fuse;
when the headlights or parking lights are on, the
instrument panel is lit, too. When the headlights
are off, no current reaches the buzzer. Therefore,
nothing happens. What happens when the head-
lights arc on depends on the state of the ignition
switch. When the ignition switch is on, transistors
Q1 and Q2 are biased on, effectively removing the
buzzer and the LED from the circuit.

When the ignition switch is turned off, but
the headlight switch remains on, transistor Q1 is
turned off, but fransistor Q2 continues to be bi-
ased on. The resull is that the voltage across the
piezoelectric buzzer and the LED is sufficient to
cause the buzzer to sound loudly and the LED to
light.




9
Battery Charger Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.
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Lead-Acid Trickle Charger
RF-Type Battery Charger

Battery Charger

Solar-Powered Battery Charger
Intelligent Battery-Charging Cireuit



LEAD-ACID TRICKLE CHARGER
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POPULAR ELECTRONICS FIG. 9-1

The charger can be used as a stand-alone charger or for emergency lighting and burglar alarm
systems nsing lead-acid battecries.

RF-TYPE BATTERY CHARGER

This type of charger couples RF from L2 to an external pickup coil. The pickup coil connects to
arectifier and battery to be charged. This idea is handy because no wire or contacts are required. L2
is 10T #24 wire and L3 is 10T #30 wire. Both coils are mounted on a 1" x 4" ferrite rod,
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1992 R-E EXPERIMENTERS HANDBOOK FiG. 9-2
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BATTERY CHARGER
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POPULAR ELECTRONICS FIG. 9-3

The circuit is capable of supplying either a trickle (60 mA) or high-current (1-A) charge. You can
select either charging method or an automatic mode that will first trickle charge a battery if it is par-
ticularly low before switching to high-current charging.

If the battery’s voltage is low, Zener-diode D5 will not conduct sufficient current to produce a
voltage drop across R8 to turn Q2 on. With Q2 off, R4 pulls the base of Q1 high, turning it on. That
activates K1. With K1 active, the only thing between the battery and the power supply is R2 and D4
(which prevents current from flowing through the circuit from the battery).

Once the battery charges a bit, the current through D5 increases, causing a voltage drop across
R6 that is of sufficient magnitude to turn on Q2. Transistor Q2, in turn, grounds the base of Q1, keep-
ing it off, With Q1 off, K1 remains in its normally closed state. That places R1 in series with the bat-
tery, thereby reducing the current to a trickle.
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SOLAR-POWERED BATTERY CHARGER
NiCd Batteries

Solar Array L1 - 300uH D1 - IN6492JANTX
Vin _ - ol Y Y Y e 3 . Vour
e L Lome ST L &
Cin
10.0 uF I Cout
= LM1577K-12/883 Feedback = 120uF
Comp u1
Simple Switcher

J_ Ground

FIG. 9-4

NATIONAL SEMICONDUCTOR
A National Semiconductor LM1577 IC is used in a step-up regulator to charge Nicad batteries

from a solar panel.

INTELLIGENT BATTERY-CHARGING CIRCUIT

)
\J\} Charging
LED
$se00 -@NSGSB
Ni-Cd -
Wil 'RC +VIN
} B | + A Ad I
*Value of current
SCR limiting resistor
ON/OFF ECG5400 depends on the
‘\3 battery voliage
<
T $ 470K 2.2K
Low
battery
+V OUT 0— 500k ¥ [ LED
ON2222 A
FIG. 9-5

Ground O

RADIO-ELECTRONICS
Intended for a Nicad application this charging circuit can be used with a wide range of batteries.
A low-battery detector is intended. The trip voltage is set via the 500-kQ pot. Select R, for the bat-

tery you intend to use.
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Battery Test and Monitor Circuits

ov—

m— S ——
— — W

The sources of the following circuits arc contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.

Battery Tester

Car Battery Tester for Cranking Amps
Supply Voltage Monitor

Battery Watchdog

Battery Test Circuit

Battery Voltage Monitor

Battery Saver Circuit

0-2-A Battery Current Monitor with Digital Output
Car Battery and Alternator Monitor
Relay Fuse for Battery Charges
Bargraph LED Battery Tester
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BATTERY TESTER

10 BATTERY 3 p
UNDER TEST L5 RG R3g “‘HE R5
Ak QAN a3
a2
t\: &’Qj;q -1k "Rt Q ’__':
o DFF ’—W‘v—r—-l
8t | me$ vy Uy
« “// '
OFF —o o——]
1& P24 PIE P4S PS5
fﬁ up g gty o3
1891 PE HOBBYIST HANDBOOK FiG. 10-1

The battery tester uses four transistors and two LEDs to indicate the condition of any battery you
want to test. Q3 and Q4 are connected in a Darlington configuration that has extremely high gain. LED
L2 lights when a small positive potential appears on the base of Q3. Transistors Q1 and Q2 form a direct-
coupled dc-amplifier circuit. The output of this stage drives the red LED L1, Rotary switch 51 is used to
select different ranges (which have been previously set by adjusting trimmer resistors P1 through P5).

The positive (+) lead goes through the selected confacts of S1 to the biasing resistors R3, R4,
and R5. The negative (-) lead of the battery under test goes to the ground or comrmon lead of the
circuit and the (+) side to one side of P1 through P5.

L1 Red LED

L2 Green LED

P1 through P5 5-k€ trimmer resistor

R1 100 kG

R2,R3 33 kQ

R4, R5 470 Q

R6 1201W

Sl 2 P6 position NS rotary switch
S2 NO pushbutton switch

Depending on the position of S1, a particular trimmer resistor (wiper lead) is selected. That lead
goes through the contact on S1 to resistor R1 and into the base of npn transistor Q1. If the battery
is good enough, (+) voltage goes to the base of Q1, turning it on. This turns Q2 off, which then al-
lows Q3 to turn on. That causes Q4 to turn on and light green LED L2.

If the battery is weak, Q1 will not turn on, which will cause Q2 to be biased on by R3, which in
turn lights red LED L1, When Q1 is on, it biases the base of Q3 negative, and causes Q3 to be turned
off. That prevents L2 from turning on.

The circuit operates in the same manner for all ranges except the first two, where a 9-V battery
has been added by S1 to be in series with the input voltage to allow for testing of very low voltage
batteries. That is because al voltages below 2 Vde, LEDs will not light and the circuit would be un-
able to set a low-voltage (<2-V) battery without the additional internal-battery voltage. A load resis-
tor has also been included; it allows the battery under test to be connected to a load to give a better
indication of its condition. That load resistor is connected across the battery when normally open
{NO) switch S2 is depressed.
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CAR BATTERY TESTER FOR CRANKING AMPS

{+)ALLIGATOR
i cLP
D1 (RED
154001
i :
R2 RS €
20K 3 TP4 a700e
AdA
IC1-a 1
Rl & 2 4 yamsea| PR3 R4 0-1mA D2
23.7K$ N\ 500Q 470 L
s Myt 0} »—e
3 . / { + N/
il SENSITIVITY \
A7 & > R11 P g
4 D
WKE € 10K 1lllig17 s80S
AV TPS oo P65
RiZ | © ‘s Q
100K = | MAX ADJ
\ 1K
. _ | ;e o hA a
C1 ade? LM2931Z . Al4 an
T e A2 5 2;:3 25K SRi10 (- ALLIGATOR
10uF CURRENT D) 22700 33K 7 8W BE%K)
=
ELECTRONICS NOW

FiG. 10-2

This circuit determines the cold cranking amps of a battery by first discharging the surface charge, then checking the inter-
nal resistance. This gives a more realistic measurement than simply measuring the instantaneous drop in voltage with a load. A
constant-current source draws 2.5 A, Then, after one minute, a voltage drop measurement is made under load.




SUPPLY VOLTAGE MONITOR

+V
LRl <& R3
» <
£1 Mag $ 100K
»
*ne
100K
LIN 4 s
L C1 7 When supply voltage exceeds a preset level,
= 100 .
R4 vt |3 the 555 oscillates, and flashes LEDI. The flash
L 2.7% " . - ¢
1g§£: o] o| 555 i’ ?Ig rate is controlied by varying C3.
T @
*..L C2 ok C3 \\
j\, T o1 LED1
TIL208
4
POPULAR ELECTRONICS FIG. 10-3
BATTERY WATCHDOG
112-¥
battery
T S g
A 14 14
4
Optional | ict ic2
1 kil 4001 4013
® T 7 7
- iC1 -
A ?11 v 1/4 4001
Rt 2
880 N [ s Q1 Plug
Vesd L 5 30‘;’031)
5 5 a 1
1c2
1/2 4013 _ .
L D2 3 [ ] Q -E-NC ot wire Extansion cord
’1 14V
1
=73 oa#
L 12000 U Raceptacls
73 AMATEUR RADIO TODAY FIG. 10-4

This eircuit uses a pair of Zener diodes to monitor battery voltage of a 12-V battery. If below 11
V, D1 ceascs to conduct, pin 3 of IC2 goes high, setfing FIF IC2 turning on Q1, K1, and the battery
charger. At excess of 14-V-battery voltage (full charge), D2 conducts, resetting FF IC2, and cutting
off the battery charger.
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BATTERY TEST CIRCUIT

*+ input*
]
144735
62V
Ry R
910 zi
L D3
¥ (ED
&
Ry R ’
248 248
“Low fevel* "High level"
L o
ELECTRONIC DESIGN FIG. 10-5

Using this circuit, three levels of voltage can be displayed—normal (11 to 156 V), high (>15 V),
and low (<11 V). When the voltage is low, the LED glows steadily. In the normal range, the LED is
off. When the voltage is high, the LED blinks at a 1-Hz rate. This circuit is useful for assuring proper
electrical system operation.

BATTERY VOLTAGE MONITOR

sy
RZ & &A4 .
00k ¥ $1MeG
<RI
¥ 18K
.02
™I When battery voltage goes low, pin 4 of Ul
; 7 L L goes high as Q1 fails to conduct. This activates
G ai RY ¢ U _ﬂ;m oscillator Ul and generates audio tone. R5 sets
- . . N -
VNIOKM] LU SN B level at which the circuit activates.
J Y }
43
T o1 SPEKRt
b4 -B0LY
POPULAR ELECTRONICS FIG. 10-6
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BATTERY SAVER CIRCUIT

o
<
Ow
o=

P e e

13

2]

U1
n

hl
Ll
M M I
100 1N814 —

+3VDC
QuT
TO.LOAD

81

o—
1"—|i
umlmauw_.

FFEE

R1
1OMEG =

POPULAR ELECTRONICS -FIG. 10-7

This battery saver circuit can automatically turn off 4 small piece of test equipment after a de-
sired period of time, allowing you to leave your shop worry free.

This circuit uses a CD4011 IC to act as a simple timer. One section acts as an RC discharge timer
(pin 7). This causes its output to go low, holding the three other outputs high acting as a 9-V source.
After C1/R1 discharges approximately 10 minutes, the output drops to zero. S1 resets the circuit.

0—2-A BATTERY CURRENT MONITOR WITH DIGITAL OUTPUT

01

il

01pf
% i
<73 Il
= w08V 750K S
AAA
L \ [ Yee
a 178 + CLK 3
A / LTG109%
D 0212 FOR 24 FULL SCALE - Dgy* ol P
202 FOR 0 24 FULL $CALE GND Voge e §
20M
L0 BATTERY
e LA LATY
- »
AEETE W 00
LINEAR TECHNOLOGY FiG. 10-8

IC devices by Linear Technology make up this current monitor circuit. Drain is only 70uA from a
3- to 6-V battery.
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CAR BATTERY AND ALTERNATOR MONITOR

°¥
+
p 4
1)
3 L1 Red LED
L2 Green LED
P1 2.5-k{) trimmer resistor
a1-Q4 2N3904 transistor
R1 Rt 100-k() resistor
VY R2, R3 33-ki resistor
P1 - A R4, R5 470-(} resistor
X \ 4 Misc. PC board, wire
R2Z
o
1991 PE HOBBYIST HANDBOOK FIG. 10-9

The monitor is a simple voltage comparator in which a car baltery serves as the battery for op-
eration. The input voltage to the comparator is set by adjustment potentiometer P1, which must be
adjusted so that the green LED L2 is on when the alternator is operating properly and red LED1 is
on when the alternator is inoperative.

The circuit operates as follows: When the alternator operates properly, the battery voltage is
higher and P1 is set so that transistor Q1 causes Q2 to be off. That results in Q3 and Q4 being fully
on, thus applying current to green LED L2. If the battery voltage is lowered (alternator inoperative),
transistor Q1 is turned off. That allows transistor Q2 to turn fully on, applying current to red LED L1,
indicating trouble. Once Q2 is on, it causes Q3 and Q4 to go out of conduction.

RELAY FUSE FOR BATTERY CHARGES

°‘i"“°°' Charged capacitor C3 and momentary push-
Res button switch S2 are used to momentarily energize
------ --{7] Aes relay RE2. The battery under charge energizes the
D aarky . ’ relay to hold it closed. $2 will energize the relay
I even if the battery is too far discharged initially to
* & sae text energize it.
03 Yo
_@f ;;.@J
_— Sva0s-its
ELEKTOR ELECTRONICS FIG. 10-10
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BARGRAPH LED BATTERY TESTER

<
1 J 18 !
LEONO 1—] —LED ND 2 S i3 8..160mA
2 17? MODE v+
VT — [—LEDNO 3 \\ st
3 16 [ 10 .3}
vi— l-LEONO 4 Retpi
1
DIVIDER (LOW END)— "% eonos Relout - 02
5 14 12 03
SIGNAL INPUT - —iepnos RY IC1 - y
13 @ I ‘ D4
DIVIDER (HGH END}-2] 12 enno7 LM3914 = s 4
1
7 12 )
REFERENCE OUTPUT-—| F-LED
. " N8 Ratyg), 15 % Dg 4
REFERENCE ADJUST— —LEDNDS R2 -
o 10 16 - oy i e
MODE SELECT — I LED NO 10 Batt. ¥,
17 08 L 4Vs [
- D9 '
siG —,.:"»———4’8 {
1 Kmo
¥,
D.U.T. 4
u.T Ae V-
14 2
-
ELEKTOR ELECTRONICS USA FIG. 10-11

The LM3914A bargraph LED1s used here as a voltmeter for battery testing. The circuit is pow-
ered by a 4.5-V battery and compares the battery under test with an internally derived reference, set
by RI/R2/P1. Each LED of the 10 represent 10% of full scale. For best results, the battery (D.U.T.)
should be loaded with an appropriate resistor.
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Buffer Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section,

Buffer/Amplifiers

High Current Buffer

VFO Buffer Amplifier

MOSFET Buffer Amplifier

3-V Rail-to-Rail Single-Supply Buffer
Simple Video Buffer

Low-Offset Simple Video Buttfer
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BUFFER/AMPLIFIERS

) * 49~ 12V
= G
1
INPUT OUTPUT
R1 C3
12K -327
C1 at PR3
0022 40245 == RS $ oap
= 12K
A
R4 3 C4 =
100K < 01
OUTPYT
I
I.m 3 SEC.
C1 =
100pF 40673
NTE222
INPUT o—f€ EC6222
R1 4
100K ;E 1500 %%
T ‘ *SEE TEXT
B
POPULAR ELECTRONICS FilG. 11-1

These two buffer/amplifiers that have been successtully used with VFOs: one (shown in A) is
based on a pair of bhipolar npn transistors, and the other (shown in B) is built around a dual-gate
MOSFET.
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HIGH CURRENT BUFFER

+9-12V

1
3
g s 4049

L
[ V/s 4049
[ /s 4048

ouT
o

By parallel connecting all six gates of Lhis
4049 hex inverting buffer, you can obtain a much

) 9 b} 10 ! higher output current than would otherwise be
16 4048 available.
JE b} 12 |
/24048
13 2 /6 4048
IN =
POPULAR ELECTRONICS FIG. 11-2
VFO BUFFER AMPLIFIER
> +3- T2V
INPUT ouTPUT
Al C3
L 12K 027
—)
1 R3
0022 24001
POPULAR ELECTRONICS FIG. 11-3

A two-transistor feedback pair provides broadband operation. The gain is approximately £,/E,.
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MOSFET BUFFER AMPLIFIER

M I——
R4 & R3 C4d =
100K 3 1000 01
T ouTPUT
C3 > RS é
01 < 47K | SEC.
ct a -
100pF 40873
NTE222
INPUT o—{(- ECG222
Al
100K EE ¢z
1 :
560 T o “SEE TEXT
POPULAR ELECTRONICS FIG. 11-4

A MOSFET is used as a wideband buffer am-
plifier. T1 is wound on a toroid of approximately
%" diameter, with material suitable for frequency
{usually 1- to 20-MHz range). The turns ratio
should be about 4:1 depending on load imped-
ance. Typically, at 4 MHz, there are 18 turns on
the primary, 4 turns on the secondary, and the
stage gain is about 14-dB voltage (Z; = 50 Q).

3-V RAIL-TO-RAIL
SINGLE-SUPPLY BUFFER

NATIONAL SEMICONDUCTOR FIG. 11-5

The LMC6484 provides a 3-V p-p rail-to-rail
buffer with a +3-V supply commonly used for
logic systems.

SIMPLE VIDEO BUFFER

+ BV -y
-

AA

Video
in

R2
1.5K

ELECTRONICS NOW FIG. 11-6

This simple emitter follower can be used as a
video buffer.

LOW-OFFSET SIMPLE VIDEO BUFFER

+5Vto 12V

330 O
Qz2

Vide_o Q1
n
2N3906
22k0$ 100
—e —5Vio 12V
a 10 pF
WILLIAM SHEETS FIG. 11-7

This circuit has proved to be an effective
video buffer and will easily drive a 756-Q load to
1.5-V p-p output. BW is better than 20 MHz and
there is less than 0.05-V dc offset, which is the
difference in 17, of Q1 and Q2. The supply lines
should be well bypassed, + 5 V or more.
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Carrier-Current Circuits

Thc sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuif, correlates to the entry in the Sources section.

Carrier-Current Baby-Alert Transmitter
Carrier-Current Bahy-Alert Receiver
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CARRIER-CURRENT BABY-ALERT TRANSMITTER

J oo

R1 Rz
1K LED1 3.3 6 9%
IWATT JWATT 126V
4 -
117 JHOT D1 + 02 +
VAG 1H4004 == C1 \\ 1N4T30A T
T o 6.8V TX1901
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+6.8V = ] R9 . c8 3
470K 4 yq7380 G3 033
6.8V 470 g R17
‘ $ 1000
R3 - R14
K|, 4.75K
“A'A' ‘VAV‘V
R4
D4
K 3 1N4148 8 R16
Ml l 3 47K
b AR5 AAA
5:10'( c5 4 ua vy
LMCSE5CN | 5
. e
1 278 2.21K
MicY = R12 $
by 100K ¢
c9
3 001
R19 —
WK g uz 7 A13 =
SENSITIVITY 4 1| messsen [g 10K
= i +
= ., C7

1993 ELECTRONICS HOBBYIST HANDBOOK FIG. 12-1

The baby-alert transmitter is built around an LM324 quad op amp (U1), two LMC555CM CMOS oscillator/timers (U2 and

U3), and a few support components. The transmitter sends a signal on receipt of a sound at MIC1. It has a frequency of around
125 kHz and can be used to trigger an alarm receiver.




CARRIER-CURRENT BABY-ALERT RECEIVER

-, & AAA
e JHor T e [ oLon 2
. q,
VAC | NEUT. IWATT 470 A25 EE
7 D6 100K 821 (&)
1NAT50A
R21 2V
10K L R2 & Q3
= 476 S 2N3906
C12 (._..1 04
T ., ssd 2, ;l,s ”@) 283904
"——I(——' ) R27 %
;Ef?& 47K
L 3 < .
L1 ci8 !
c13 Iysmn 01 gRu [ CUL PR
T-Om TK3203 2 1000 2.2 T ¥ 10K
- ; . v
1893 ELECTRONICS HOBBYIST HANDBOOK FiIG. 12-2

The baby-alert receiver is comprised of three transistors: Q2, which is configured as a high-gain
linear amplifier; Q3, which serves as both an amplifier and detector; and Q4, which is essentially used
as a switch; and a few additional components. It sounds an alarm BZ1 on receipt of a 125-kHz signal
from an alarm transmitter via the 120-V power lines.
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Clock Circuit

The source of the following circuit is contained in the Sources section, which begins on page 675.
The figure number in the box of the cireuit correlates to the entry in the Sources section.

Binary Clock
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BINARY CLOCK
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1982 PE HOBBYIST HANDBOOK

This circuit is an unusual clock in that the LEDs are bi-color red/green displays that indicate the

time in binary coded decimal form.
LEDs 21 through 24 read out seconds
LEDs 5, 18, 19, and 20 read out 105 seconds
LEDs 14 through 17 read out in minutes
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LEDs 4, 11, 12, and 13 read out in 105 minutes
LEDs 7 through 10 read out the hours

LEDs 1, 2, 3, and 6 read out tens of hours

The 60-Hz line is used as a timebase.

FIG. 13-1
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Code Practice Circuits

The source of the following circuits are contained in the Sources section, which begins on page 675,
The figure nuruber in the box of each circuit correlates to the entry in the Sources section.

Code Practice Oscillator Uses Optoisolator
Electronic CW “Bug” Keyer

QRP Sidetone Generator/Codc Practice Oscillator
Morse Practice Oscillator

Code Practice Oscillator

Variable Frequency Code Practice Oscillator
Single-Transistor Code Practice Oscillator
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CODE PRACTICE OSCILLATOR USES OPTOISOLATOR

OPAQUE
ENCLOSURE OBJECT
LED PHOTOTRANSISTOR OR
ﬁi f PHOTODICDE
PEN
e Y -]
A
+5v
3
R4 @
2003 : '?f( 3
Ut
VIL10G1 8
7
Q‘—K R2 <;..|
100K @
u2
PR
ESS = TO REDUCE VOLUME, 555 ]2
INSERT A 10°52 ADJUSTABLE
BEND A SMALL RESISTOR HERE.
PIECE OF TIN OR 3
THIN SHEET METAL
INTO THIS TYPE N : o1 |+
OF FORM. gg SPKR1 X
80
V"'
| o

g \ VIL1061

OPTOISOLATOR

POPULAR ELECTRONICS FIG. 14-1

A slotted-pair isolator (A) is effectively an enclosed-pair isolator with a slit that will allow an ob-
stacle to interrupt the light path. That could be useful for building a code key (B).
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ELECTRONIC CW “BUG” KEYER

A3 R1O Lca = 8
oM iDM “T~ 6.1 oV
RA ez
10M =
T 39pF

R?
O™ licd

RZ

DT 100k
PAQDLE D
>=C3
"\0 |
a3 R4
10M 0% D2
4
INGI4
%
100R
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PHONE

ol sLUG
23904 .
161 a7
CKT 8D I
s QUTPUT
001

/ g:ﬁTE T
»

73 AMATEUR RADIO TODAY FIG. 14-2

This keyer uses skin conductivity to simulate the old-fashioned mechanical CW bug keyer. When
the “dit” paddle is touched the bias on the inverter, IC1-a is shunted to ground, and it produces a logic
high, causing oscillator sections C&D to generate a low-frequency square wave keying Q1 for 4 series
of “dits.” When the “dah” paddle is touched, section b produces a logic high, driving keyer Q1 on.

QRP SIDETONE GENERATOR/CODE PRACTICE OSCILLATOR

I_\ 10k
L A7 st __1-’ &
[ 2] II'_QV
To Y J:l
KEY u: -
RIO
4700
TQ KEY
2
Q-4 -2N3I904
[~} 2N3TGE
SPK 1
73 AMATEUR RADIO TODAY FiG. 14-3

For use with low-power transmitters with a positive keying voltage. Q1/Q2/Q3 form a switching
amplifier, When the key is pressed, the collector of @3 goes to ground, turning on Q5 and activating
IC1, an audio oscillator. Q4 drives the speaker. For use as a code practice gscillator, insert P1 and J1
and a key in J2.
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MORSE PRACTICE OSCILLATOR

CODE PRACTICE OSCILLATOR

I v ‘ cwW
142 ' key
L oav
-—7 8 = battery
NE555 I
2.2 ki) -
2
3
106 0 To
20 k(2 sarphones
5000 »Z = 5006}
Freq.
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o o > +0V
<R \ S1
47K [ 8 4 KEYSWITCH
7 c2
100
< R2 U1 it
100K 555 + 0
2 1
L C3
™ 47
o SPKR1
= 40-800
T o022
4
POPULAR ELECTRONICS FIG. 14-4

A b5 timer configurcd as an astable
multivibrator is used in this circuil to generate
an audio nolc. C1 can be changed to vary the
audio note as desired.

volume <&,
control

The tone and volume of the sound produced
when the telegraph key is depressed can be var-
ied in this code practice oscillator.

gl
e

0.1 pF I

WILLIAM SHEETS FIG. 14-5

VARIABLE FREQUENCY CODE PRACTICE

CSCILLATOR
SPKR1
82 4-INCH
SPEAKER
+3-12v +3-12v
R2 8 ]7 L 5 |
10K
: 1]
4 M0 < R4
Ok - F 100K
KEY 3 3 f T
4 crlt tle2
RS 47 1
50K L3
4. FREQ. R = A3 T 1
ADJ. 1K 47K
POPULAR ELECTRONICS FIG. 14-6

The variable frequency audio oscillalor can
be used as a low-level alarm sounder or a code-
practice oscillator.

SINGLE-TRANSISTOR CODE PRACTICE
OSCILLATOR

—

a1 &
g
< /i

g;T‘

368
Rl
10080

MEG

SPKA
.
st
T KEYSWITCH

POPULAR ELECTRONICS

AAA
YWy

81
9 VOLTS

FIG. 14-7

A 2N366 is configurcd as an audio feedback
oscillator using an audio fransformer is shown.
Adjust R1 for proper operation and desired audio
note.
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Color Organ Circuit

The source of the following circuit is contained in the Sources section, which begins on page 675.
The figure number in the box of each circuit correlates to the entry in the Sources section.

3-Channel] Color Organ
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3-CHANNEL COLOR ORGAN
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1991 PE HOBBYIST HANDBOOK FIG. 15-1

The ac line power is brought back into the circuit through F1, a protective 5-A fuse. One side of
the ac line is connected to one side of each ac outlet. The other side of the ac line is connected to
each SCR or silicon-controlled rectifier. Each SCR is, in turn, connected to the other side of each ac
outlet.

An audio signal is brought into the circuit from a stereo speaker by transformer T1. This trans-
former has 500-Q impedance on the primary and 8-Q impedance on its secondary. Connect T1 so
that the 8-Q side is connected to the speaker and the 500-Q side is connected to potentiometer P1.

Potentiometer P1 is used as a level or sensitivity control. The signal from its wiper lead is applied
to each RO filter stage. Because each SCR has a different RC (resistor/capacitor) filter on its gate
lead, each will respond to different frequencies. The greater the capacitance in the filter, the lower
the frequency that the SCR will respond to.
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16

Computer Circuits

-

The sources of the following cireuits arc contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.

Printer Sentry

PC Password Protection
Buffer I2C Data and Clock Lines
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PRINTER SENTRY
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POPULAR ELECTRONICS FIG. 16-1



PRINTER SENTRY (Cont.)

ACKNOWLEDGE"
BUSY

PAPER EMPTY
SELECT —— —‘ |’>STHOBE'
6635&50000000043

13
goooooogookzﬁ

|—»AUTOFEED

*LOW-GOING PULSE ——— ERROR
—— ™ INITIALIZE*

GROUND > SELECT

TABLE 1—PIN CORRESPONDENCE

DB-25 il

Connector Connector
1 1
10 10
11 11
12 12
13 13
14 13
15 32
16 31
17 36
18 19

Handy for monitoring printers, this circuit displays all the signals on a parallel link. It monitors
the status of the lines, enabling remote monitoring of the operation of a printer, and it also gives an
indication of troubles (paper empty, busy, etc.).
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PC PASSWORD PROTECTION
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ELECTRONICS NOW FIG. 16-2

With this circuit, a PC will be protected, requiring a password to boot, After three times, the
computer will have to have a cold reboot and the password tried again. Software for this system is
available—-consult the reference for further details.
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BUFFER I°C DATA AND CLOCK LINES

0 45 Y
Fyp fy SR
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ELECTRONIC DESIGN FiIG. 16-3

Camman Lommen
o ]

The I*C serial bus is a popular two-wire bus [or small-area networks. I?C Clock and Data lines
have open collector (or drain) outputs for each device on the network. Only a single pull-up resistor
is needed. With this architecture, each device can “talk” o1l the network, rather than just “listen.” In
some circumstances, it might be desirable Lo buffer these lines to expand the network, which can
sometimes be a tricky task. The obvious approach (Fig. 1) wont work because it latches in either the
higher or lower statc. A circuit for a noninventory nonlatching buffer is also shown.

The circuil is symmetrical about its center so that the input and output can be swapped. Q1 and
(8 are the output open collector drivers. Q2, Q3, Q6, and Q7 provide the nonlatching functions. The
capacitors prevent switching glitches by ensuring the inhibit transistors turn off hefore the output
transistors do.

Operation can be best explained by example: if the input is high, Q4 turns off, and the voltage
across R8 goes to zero. This turns off Q1 and Q8. The output then goes high, which is the circuit’s
normal resting place. If the input is pulled low, @4 is turned on.

Diode D1 remains reverse-biased, preventing Q3 from turning off Q4. With Q4 on, current is sup-
plied to both Q2 and Q1 to turn them on, but Q2 turns on first to keep Q1 off. This prevents the in-
put from latching. Q4 also turns on @8. D4 is now forward-biased, so @6 turns on, and thus turns off
QRb. With Q5 off, Q7 will not turn on. The output remains low. Fven with both the input and the out-
put cxternally driven low, the circuit will not, latech. The circuit, using the values shown in Fig. 2,
reached a clock rate of 80 kHz with e VOH of 5.0 Vand a VOL of 0.5 V.
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Control Circuits

e—————
R 0 M

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.

6-Digit Coded ac Power Switch
VCR TV On/Off Control

Simple Power Down Circuit

Simple ac Voltage Control
Dual-Control Switch Uses ac Signals
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6-DIGIT CODED ac POWER SWITCH

lss 7 sel S9 S10

Pk b b bk I
R1 H5] R15
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1C1...IC4 = 4013BE
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220K
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Semiconductors:
IC1—-1C4 = 4013BE
IC5 = 4069BE

IC6 = MOC 3063
T1, T2 = BC109
01, D3 = 1NAOO1
D2 = LED.green
Tn1 = BTA 26-600B

ELEKTOR ELECTRONICS FiIG. 17-1

This switch uses four CD4013 BE dual flip-flops, an inverter, and an optoisclator to drive a triac. The circuit can switch
25-A ac load current. A standard 4 x 3 telephone keyboard is used o enter a 6-digit code. In case of a wrong code, a signal is
available to activate an alarm. The disarming method is a secret reset button that can be any nurmber on the keyboard.
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VCR TV ON/OFF CONTROL
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1993 ELECTRONICS HOBBYISTS HANDBOOK

FIG. 17-2

This circuit senses the video from the VCR. When the VCR is turned on, video signal is amplified by U3A and B to drive Q1,
activating K1. In this manner, it is not necessary to turn on and off two video devices every time. In many cases, this avoids the

use of a cable box, the cable-ready VCR performing this function.




SIMPLE POWER DOWN CIRCUIT

0 +12¥

-Power Down
cantrol input

ELECTRONIC DESIGN FIG. 17-3

This circuit adds a power-down function to analog 1/0 ports (for example, the AD7769 and
AD7774). Moreaver, the diodes ordinarily needed to protect the devices against power-supply mis-
sequencing can be elitninated (see the figure).

In the circuit, MOSFETs Q1 and Q2 switch the +5- and +12-V supplies, respectively, in a se-
quence controlled by two cross-coupled CD4001 CMOS NOR gates (U1C and U1D). The sequence in
which power is applied is important: The controlled circuits may be damaged anytime V... exceeds
Vyp + 0.3 V. Conscquently, the NOR gates must be powered from a 12-V supply throughout the
powcr-down sequence,

Bringing the power down control high (+5 V) applies power to the controlled circuit by turning
on all MOSFETs. Specifically, raising the power down brings the output of U1C low, causing capaci-
Lor C1 to discharge VOL exponentially with time constant B,C|. As the voltage on C1 falls, two events
occur. First, it puts a negative gate-source voltage on P-channel Q1, turning it on. A

Second, it causcs output gate U1D to go high. With the output of U1D high, capacitor C2 charges
exponcntially to VOH—about 12-V—applying a positive gale-source voltage to furn on Q2. In the
power down mode, the Power Down control is brought low and the RC circuits and their delays work
in reverse. Consequently, capacitor C2 discharges to the logic input of ULC before C1 can charge.
Hence, Q2 turns off before Q1.

SIMPLE ac VOLTAGE CONTROL

LAMP
CIMMER
@ Lamp dimmers can be used for more than
lso1 just controlling lights. Just provide one with an
ac line cord and a socket, and discover just how
PLI useful they can be.
POPULAR ELECTRONICS FIG. 17-4
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DUAL-CONTROL SWITCH USES ac SIGNALS

Q2
IRF511
+6-10V
2kHz
AC 1K
IN

AN
vy

o1

+6- 10V 23904 |

2kHz
AC 1K
N

POPULAR ELECTRONICS FIG. 17-5

The Dual-Control Switch uses two 6-10-Vac sources {o trigger the circuit on and off; one source
for each function.
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Converter Circuits

— —
— S

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.

One-Chip Crystal-Controlled Converter Simple 2-m-6-m Transverter
High-Performance Shortwave Converter Sine- to Square-Wave Converter
3-A dc-dc Converter Needs No Heatsink 439.25-MHz ATV Downcaonverter
Simple WWV Converter for Auto Radios Sine-Wave-to-Square-Wave Converter
Digital-to-Analog Converter ATV Downconverter -
Temperature-to-Frequency Converter 28-Vdc to 5-Vde Converter
VLF Converter Current-to-Voltage Converter
800- to 1000-MHz Scanner Converter Termperature-Compensated One-Quadrant
Crystal-Controlled Frequency Logarithmic Converter

Converter Using MOSFET de/de Converter Circuit with 3.3-V
Temperature-to-Digital Converter and 5-V Qutputs
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ONE-CHIP CRYSTAL-CONTROLLED CONVERTER
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POPULAR ELECTRONICS FIG. 18-1

This circuit can work over a wide range of frequencies. XTAL 1is a fundamental-frequency crys-
tal. T1 and C1 are tuned to the input frequency. An application of this circuit is a simple shortwave
converter for AM radios, ete. A tuneable oscillator can also be used, as shown.
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HIGH-PERFORMANCE SHORTWAVE CONVERTER
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1990 PE HOBBYIST HANDBOOK FIG. 18-2

The NE602 chip, Ul, contains oscillator and mixer stages. The mixer cornbines the oscillator sig-
nal with the input RF signal to produce signals whose frequencies are the sum and difference of the
input frequencies. For example, an 8.5-MHz oscillator and a 10-MHz incoming signal will give output
signals at 18.5 MHz (10 + 8.5) and 1.5 MHz (10 - 8 5). Recall that 1.5 MHz is 1500 kHz and an ordi-
nary AM radio will tune to it.

The choice of crystal depends on what shortwave band you want to hear. The 9.5- to 10-MHz
band is less crowded and includes the time-signal station WWV. For that band, you'll need a crystal
of 8.5 to 8.9 MHz. There is no standard microprocessor crystal in that range, but you can use an am-
ateur radio crystal, have a crystal custom-made, or use a CB crystal.

Transformer T1 rejects signals that are outside the band you are interested in. Transformer T1
should pass signals from 9 to 11 MHz and atfenuate all others.

The transformer, T1, used in the circuit is a 10.7-MHz [F transformer salvaged from an FM radic.
They are fairly easy to obtain new from parts stores and mail-order houses. Most 10.7-MHz IF trans-
formers will tune across the 9.5- to 10-MHz band without modification; all you need to do is turn its
tuning slug. To receive the 6.0- to 6.5-MHz shortwave band, you'll have to add a 150-pF capacitor.

Capacitors

Cl 150-pF, ceramic disc (see text)

C2 32-pF, ceramic disc

C3,Ch  220-pF, ceramic disc

C4 0.04 or 0.05-uF, ceramic disc

Additional Parts and Materials

Ul NEB02N frequency-converter integrated cireuit
D1 6.2-V, 0.4 or 1-W Zener diode

Rl 10,000-2 panel-mount potentiometer

R2 1000-Q, %W, 5% resistor

J1,J2  RCA phono jack

S1 DPDT, toggle switch, panel mount

T1 10.7-MHz IF transformer (green color coded)

XTAL 1 8.5-MHz crystal or CB channel-5 receiving crystal (see text)
XTAL 2 5.0-MHz microprocessor crystal for 6-MHz band
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3-A dc-dc CONVERTER NEEDS NO HEATSINK
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ELECTRONICS DESIGN FiG. 18-3

This regulator delivers 30% efficiency at 12-V input, 5-V output. It uses an LT1158 and LT1431
by Lincar Technology, Inc. High efficiency is obtained by synchronously switching two power MOS-
FETs in a step-down switching regulator. The LT1431 voltage reference combines with the LT11568
half-bridge driver to form a constant off-time current mode loop.

SIMPLE WWV CONVERTER FOR AUTO RADIOS
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POPULAR ELECTRONICS

This simple frequency converter mixes the 15-MHz WWV/WVH signal with a 16-MHz signal from

the LO to convert it down to 1 MHz so that it can be heard on AM-band receiver.




DIGITAL-TO-ANALOG CONVERTER

Veer ¢

m
AAA
V¥

x
AAA
vy e

=
AAA
k4 4 4

>
o 16 R R3
{
55
132 " R
o—n—
>
5 L ;
W
9
m R2
i %
‘ RS
+5V 4 i
WL c 5 £yl 1SCALE ADJUST
2.2uF A
Vee I 15V +12V
/ 12
-(Dn—4] = TANTALUM & Rit
o111 ol4 T 20000
0210 Ré 1G16-a
3.3K —O
DIGITAL | v 7 M % LF353 ANALOG
INPUTS J B3—= 3
(FROM 4 Dg-——s Ic15 -E‘- ouTeyT
FiG.2} 05 7 DACOB_O?/ 15 Dt = SV
_—5 REF ECG - 12V
D6 — < R7 m T
o7 —4] $33K A !
R
J-—‘G-COMP onop? D2 _ K 2‘;’2
¢4 Vee M9 (seE TEXT) ey
T gi W 5.4V 1 TANTALUM
v % =+
22uF
SR TanTALM

1992 R-E EXPERIMENTERS HANDBOOK

Figure A is an R/2R resistor ladder. Each switch that is closed increases the amount of current at
A simple channel A/D converter is shown in Fig. B. The voltage reference (D2) is common to all
channels, but.the value of the dropping resistor (R9) varies as the number of DACs installed in the
system. IC15 is a DACOR08 A/D converter chip. ICI6A is an op amp to interface the output current

i)

aul*

from the D/A convert to an analog voltage output.
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TEMPERATURE-TO-FREQUENCY CONVERTER
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RADIO-ELECTRONICS FIG. 18-6

In this circuit an LM34 or LM35 produces & frequency proportional to temperature, Reference
current (138 nA) is set via R3. The output can be used to drive a display, frequency counter, or other
indicating device for temperature readout.

VLF CONVERTER
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303 CIRCUITS FiG. 18-7

. 4010 ... 41S0 kHr

This converter converts10 kHz to 150 kHz to 4.01 to 4.156 MHz for use with a shortwave receiver
for VLF reception. A 4-MHz L.O. frequency is used. X1 can be a microprocessor XTAL or another
suitable type. The antenna should be as long 4as possible.
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800- TO 1000-MHz SCANNER CONVERTER
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RADIO-ELECTRONICS FIG. 18-8

This converter enables reception of 800 to 1000 MHz on any scanner covering the 400 to 500-
MHz range. The converter can be set up to cover either 800 to 900 MHz or by readjustment 900 to
1000 MHz. Sensitivity is very high because of the GASFET fronl end. For best results, the scanner

should be of a programmable variety. A complete kit is available from North Country Radio, P.O. Box
53, Wykagy! Station, NY 10804.
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CRYSTAL-CONTROLLED FREQUENCY CONVERTER USING MOSFET
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POPULAR ELECTRONICS

FIG. 18-9

The second gate (G2) of a MOSFET can be used to incorporate a crystal oscillator into the same
stage as a frequency mixer. Although old hat with tubes, this scheme is seldom seen in dual-gate
MOSFET circuitry. L3, C3, and X1 form the crystal oscillator, and T2 is an IF output transformer. T1
and C1 are tuned to the converter input frequency. This circuit should be useable up to 25 MHz or
S0, or higher with third-overtone crystals.

TEMPERATURE-TO-DIGITAL CONVERTER
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FIG. 18-10

The devices shown from National Semiconductor are used in digital temperature circuit sensor
LM35 and reference LM385 feed A-D converter ADC08031.
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SIMPLE 2-m—6-m TRANSVERTER
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Using the bilateral properties of a balanced mixer this transverter will produce 6-m output with
2-m inputs. Y1 is a 90-MHz crystal. Note that the input on 2 m is 143 to 144 MHz for 53 to 54-MHz
output. This avoids possibility of extraneous 2-m reception during receive periods. If your radio will
not transmit below 144 MHz, then use a 93- or 94-MHz crystal frequency.

SINE- TO SQUARE-WAVE CONVERTER
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439.25-MHz ATV DOWNCONVERTER
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73 AMATEUR RADIO TODAY FIG. 18-13

Most ATV (Amateur Television) transmitters-transmit a DSB signal and commercial television
stations use a VSB (Vestigial Sideband) signal. This fact is made use of in this converter to use the
lower sideband. This results in less interference from repeaters that occupy the 440- to 445-MHz por-
tion of the band. However, this approach might suffer from VHF image responses from channel 29, if

that channel is active in your area.

SINE-WAVE-TO-SQUARE-WAVE CONVERTER

- a—
nNJ

i Lo
= T
AL
50K

POPULAR ELECTRONICS

FIG. 18-14

This circuit turns a sine wave into a square
wave. It is comprised of a single 2-input NAND
Schmitt trigger that's configured as an inverter
with a trigger level adjustment af, its input. As the
input voltage rises above the gate’s trigger point,
the output snaps to its alternate state, producing
a square-wave output.
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ATV DOWNCONVERTER
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ELECTRONICS NOW

FIG. 18-15

This RF converter converts amateur TV gignals in the 420- to 450-MHz region to VHF channel 3 or 4, allowing reception
of those signals on a standard TV receiver. RF amplifier Q1 feeds mixer M1, and Q3 acts as an [F amplifier. Q2 is an oscillator

operating around 378 MHz and is tuneable over about a 30-MHz range. A complete kit is available from North Country Radio,
FP.O. Box 53, Wykagyl Station, NY 10804.




28-Vde TO 5-Vdc CONVERTER

Unregulated Feedback
MIL-8TD-7400 4
Input 1 +5V @ 1A
LM1575-5.0 L1 330uH Regulated
a Cutput Output
CiN 3 5
100uF
s Cout
330uF

FIG. 18-16

NATIONAL SEMICONDUCTOR
The National Semiconductor LM1575-5.0 allows a very simple switching regulator, with »80% el-

ficiency, operating as a 5-V source @ 1A from a +28-V bus.
CURRENT-TO-VOLTAGE CONVERTER

b——0 Vour

Vow = 'mm

4 ~FOR MINIMUM ERROR DUE TO
BIAS CURRENT R2 = A1

POPULAR ELECTRONICS FIG. 18-17

TEMPERATURE-COMPENSATED ONE-QUADRANT LOGARITHMIC CONVERTER

AAPypoemas V4 15Y

o
a a2 @9 R3*
2N2020 202020 1 5MEG
- K ca 1%
Ry 20pF
INPUT O\ {¢ A
— (] R2
hw +V 300pF 2
R1 .
15 7K R4
19 1 5MEG
S A‘A'A' "‘v" é
10nA < [y < TMA -
SENSITIVITY 1S = p
Lm1s 3
1V PER DECADE 4 1
ouTPUT L. “DETERMINES GURRENT FOR ZERC CROSSING
ON QUTPUT 10pA AS SHOWN

FiIG. 18-18

POPULAR ELECTRONICS
A logarithmic converter used to produce an output voltage that is proportional to the logarithm

of an input current is shown. E is the input impedance of the input source.
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de/de CONVERTER CIRCUIT WITH 3.3-V AND 5-V OUTPUTS

G 0tuf
20 l ¥
1N5822
. }Jf' o SHORT 5V, 0054 T0 0.4A
z . <
@ "\ AAAS :.14.3k
SHORT
+» Vin Vew i, g * 3.3V.0.1A10 1A
LT1078 L} SHORT |+ 3304F + 330pF |+ 330uF
— <
86pH S0V e SOV S0V &1k
GND V¢ FB T 1N5822 SXE SXE SXE S
/T
v 1Kk SHO STE—, RETURN
+ 330pF .
10 e 50V 1uF
30v > T s e
SHORT S22%
R SHORT
S P.G. SINGLE POINT GROUND, (STAR GROUND)
DARK LINES INDICATE HIGH CURRENT PATHS (SEE TEXT)
L1 = HURRICANE LABS HL8685
= COILTRONICS £TX01-11959
ALL ELECTROLYTIC CAPACITORS, UNITED CHEMICON SXE SERIES
LINEAR TECHNOLOGY CORPORATION 1993 FIG. 18-19

Input voltages can range from 8 V to 30 V. The load range on the 5 Vis 0.05 A to 5 A while the 3.3-V
load range is 0.1 A to 1 A. The circuit is self-protected under no-load conditions. Over all load and line
conditions, including cross rcgulation, the 3.3-V output varies from 3.25 V to 3.27 V. The 5-V output
varies from 4.81 V to 5.19 V under the same conditions.

In a typical application to 0.5 A on the 3.3 V and 0.25 A on the 5 V, efficiency is typically 76%.
With an input voltage of 30 V and a full-load condition, the efficiency drops to 66%. In normal oper-
ating regions, efficiency is always better than 70%. The 5-V ripple is less than 75 mV and the 3.3-V
ripple less than 50 mV over all line and load condilions.
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19

Counter Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.,

2-MHz Frequency Counter
10-MHz Frequency Counter
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2-MHz FREQUENCY COUNTER
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1993 ELECTRONICS HOBBYIST HANDBOOK FIG. 19-1
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2-MHz FREQUENCY COUNTER (Cont.)

b
16-STAGE

XTAL .| DIVIDE- DIVIDE- f BINARY DIVIDER
OSCILLATOR BY-10 BY-10 RANGE

START

TRIGGER > GATE
OSCILLATOR .| LATCH I B B B B
SToP
[

INPUT ANALOG | counver

? AMPLIFIER

1993 ELECTRONICS HOBBYIST HANDBOOK

This is a schematic and block diagram of a 2-MHz frequency counter. It uses and LSI counter/dis-
play driver, LCD readout, and a few logic chips for timebase and timing pulse circuitry. Q2 and @3
form a signal (input) amplifier.

The circuit contains a crystal oscillator built around U3-c¢ and XTAL1, which provides the pri-
mary timing-reference signal. That signal is then divided twice to provide two additional timing ref-
erences, giving the circuitry three selectable timing references. The ICM7224IPL is an integrated
circuit that consists of the counter and display driver to drive the LCD-004 display.

131



10-MHz FREQUENCY COUNTER
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10-MHz FREQUENCY COUNTER (Cont.)

The circuit consists of an ICM7208 seven-decade counter (U1), an ICM7207A oscillator con-
troller (U2), and a CA3130 biFET op amp (U3). Integrated circuit Ul counts input signals, decodes
them to 7-segment format, and outputs signals that are used to drive a 7-digit display. Integrated cir-
cuit U2 provides the timing for Ul, while U3 conditions the input signal to provide a suitable wave-
form for input to Ul. The 5.24288-MHz crystal frequency is divided by U2 to produce a 1280-Hz
multiplexing signal at pin 12 of U2. That signal is input to U1 at pin 16 and is used to scan the display
digits in sequence. The cathodes of each digit are taken to ground several times each second, acti-
vating any segments of the digits whose anodes are high as the result of decoding by Ul. The crystal
frequency is further divided te produce a short “store” pulse at pin 2 of U2, followed (after about 0.4
ms) by a short “reset” pulse at pin 14 of U2. The frequency of the pulses is determined by the state
of U2 pin 11.

When pin 11 of U2 is taken to ground through 81, the pulses occur every 2 seconds and cause U2
pin to go high for one second, which prevents additional input signals from entering Ul That causes
the count latched in Ul’s internal counters to be transferred to the display.

Integrated circuit U2 pin 13 then goes low for one second, allowing a new count to be entered
into the seven decade counters of Ul. That cycle is repeated, continuously updating the display
every two seconds.

When U2 pin 11 is taken to the positive supply rail (+5 V), the “store” and “reset” pulses occur
at 0.2-s intervals, resulting in a 0.1-s count-period. Ten input pulses must be counted in order for a
“1” to appear on the first digit, D1, so that the frequency being measured is obviously 10 times larger
than the frequency that is shown on the display. In that mode, the decimal points are driven by M and
visually indicate that the 0.1-s count period is being used.

The display must have at least seven 7-segment common-cathode multiplexed LED digits. Any
common-cathode seven-segment display can be used; no particular display is specified.
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20
Crystal Oscillator and Test Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the. Sources section.

Low-Frequency Crystal Oscillator
Crystal Oscillator

Easy Crystal Impedance Checker
Hex Buffer Crystal Oscillator
Multi-Output Timebase

Crystal Activity Tester

10- to 1-Hz Timebase

Crystal Tester

Wide-Range Crystal Oscillator
Pierce Oscillator
Crystal-Controlled Hartley Oscillator
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LOW-FREQUENCY CRYSTAL OSCILLATOR

0.1
R T R
XTAL T ¢ %
Ol H—e
100 k 100 k J
P
1N4148 47 nF
NTE312 {
1 uF 1M 39k
F
= = =L = NPN transistors: (4) BC548
RF DESIGN FIG. 20-1

Q1, Q2, and the associated circuitry form a modified astable multivibrator in which the loop gain
is automatically adjusied Lo the threshold of oscillation by means of field elfect transistor Q3. Q4 lin-
early amplifies the-sighal present at the collector of Q2 and isolates the oscillator section of the cir-
cuit from the output. This stage features wideband operation and delivers a clean 2.5-V amplitudc
sinc wave into a rcsistive load greater than or equal 1o 20 RQ. The stage comprising Q5 has a voltage
gain of 1 and its sole purpose is to isolate the nonlinear effects of rectifier D1 from the output.

CRYSTAL OSCILLATOR -
A
220 k)
~
\‘
[ CMOS R Y Cp . . . .
gate >O The CMOS amplifier is biased into the linear
region by resistor Ry,. The pi-type crystal network
(Cl and C2, and XTAL) provides the 180° phase
shift at the resonant frequency which causes the
XTAL circuit to oscillate.
—i
2or il f
I fundamantal
L cut L
WILLIAM SHEETS FIG. 20-2
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EASY CRYSTAL iMPEDANCE CHECKER

Rs reference

vesislc:;)

- Reee / 7 < A TN/~ - O >_ —— (NG}
Make - kI%E ******
identical y

Ry¢F signal
ELECTRONIC DESIGN FIG. 20-3

Swep! RF source

On occasion, microprocessors/microcomputers and microproccessor crystals just aren’t compati-
ble with each other. Many microprocessor data sheets specify maxirum values for a crystal’s equiv-
alent series resistance (Ry) that aren’t met by some crystals advertised for microprocessor/
microcomputer use. As a result, a crystal with an £ value greater than the maximum specified for
the chip might cause problems, such as a’balky or even inoperative clock oscillator.

To tackle this problem, a suspected crystal can be given a quick check for B¢ with a simple test
setup that consists of a sweep generator, oscilloscope, and three resistors (see the figure). When the
frequency source is brought to the crystal’s frequency, output 2 will maximize. If it exceeds the am-
plitude of output 1, the crystal's R, value will be less than the R reference resistor’s value. If it
doesn’t exceed output 1's amplitude, the crystal's B¢ value is too large.

HEX BUFFER CRYSTAL OSCILLATOR

AAA,

20'r;1'eg Output
‘ [
| XTAL  $10k A 4049 single section acts as a crystal oscilla-
0 [ tor, driving another section as a buffer, leaving
four sections for other use. Use a 32- or 20-pF
4-40 pF parallel resonant fundamental crystal.
68 pF
10 pF |
ELECTRONICS NOW FIG. 20-4
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MULTI-OUTPUT TIMEBASE
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o . 15|
=
RADIO-ELECTRONICS FIG. 20-5

A 1-MHz oscillator drives a binary counter to produce pulse widths from 2 to 65,536 ms. V+ is
any CMOS suitable level (6 to 16V, ete.).
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CRYSTAL ACTIVITY TESTER

27pF
TO FREQUENCY
I:5M COUNTER
,J, +5VDC
Ik
” i 0ol 100 -200,4
=< 0.0l 3060 i79 & + -
560 560 —{7448 10k
—A- 3 o LEVEL
A<0.08
14
L4 " 30‘01 4 - . 0.0l
27400 317400 —
? IN3aAs 2N3904 P
IN9Os 2N2222
- O etc. eic. B
”

73 AMATEUR RADIO TODAY

FIG. 20-6
This circuit will check a crystal for activity. Two sections of a 7400 act as an oscillator and its out-
put is rectified and drives an npn transistor that switches an LED (Fig. A). In Fig. B, a meter replaces
the LED.

10- TO 1-Hz TIMEBASE

12V +5V +5V
H 1k /m[\ 0.01 ) —1{—. 10 Hz
100 Q6 1 8 JM 11
8 2N5770 — us Ug 1Hz
2 1 eoHz 19K o 7492 | | 790
u10 |
MM5369 110k 7 7
& 5 i PR 2,13
Y1 j
3.379
| | Reset
10M
TABPF 55 pF’_‘f w14 pF

”

73 AMATEUR RADIO TODAY

FIG. 20-7
This system uses an MMB369 IC to derive a 60-Hz signal from a TV burst crystal (3579 MHz). V8
and V9 producc a 10-Hz and 1-Hz signal from this 60-Hz signal. Y1 can be any parallcl-mode 3.579-
MHz crystal.
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CRYSTAL TESTER
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ADJUST Sk POT FOR 9VDC AT
TERMINAL “OuT" BEFORE
CONNECTING TO CRYSTAL TESTER

FiG. 20-8

Q1 acts as a Colpitts crystal oscillator, and if the crystal under test is operational, the REF signal
is rectified by D1 and D2, turning on Q2 and lighting indicator LED2. LEDI is a4 power indicalor.

WIDE-RANGE CRYSTAL OSCILLATOR

U1 =7400 or 74LS00

e

3.579645 MHz
‘A
Ll

2jU1a

73 AMATEUR RADIO TODAY FIG. 20-9

A circuit using one 7400 TTL 1C can use crys-
tals of the fundamental type, from 1 to about 13
MHz. Output is rich in harmonics, making this os-
cillator useful for calibrations and test applica-
tions.
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PIERCE OSCILLATOR

22 k2
+é6V
o—I[]| 820 Q
65 MHz 10 pF
L
A%
l ! 2 (0]
10 pF 470 pF RL=500
[ tza 7
= 1.5 k)
Q1 = 2N3563
WILLIAM SHEETS FIG. 20-10

This Pierce oscillator uses a fundamental-mode 85-MHz crystal.

CRYSTAL-CONTROLLED HARTLEY OSCILLATOR

— +V

1A

- (2
T o
3: R2 283804
> 47K s
< 311
-
POPULAR ELECTRONICS FIG. 20-11
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21

Current-Source Circuits

0 MR

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.

Current Source for Low-Resistance Measurements
Precision Positive Current Source

Bilateral Current Source

Precision Negative Current Source
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CURRENT SOURCE FOR LOW-RESISTANCE MEASUREMENTS
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1993 ELECTRONICS HOBBYISTS HANDBOOK FiG. 21-1

Useful for low-resistance measurements, this 1-A current source will produce 1 A in unknown
resistance R . For best results, i, should be less than 1 to 2 Q, because only 3 V are available. Ul is
a flyback converter to generate 9 V for U2,

PRECISION POSITIVE CURRENT SOURCE

LM4431

Rt b O +15V

An LM4431 precision 2.5-V reference and an
| LMC6062 op amp to make a positive current
source, from 1 mA to 10 mA.

out' 2.5

~ll—— Fl2 =
—_———ANNA—
1.0V to 12V a2
NATIONAL SEMICONDUCTOR FiG. 21-2
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BILATERAL CURRENT SOURCE

6

R1
100K

ut W
Viy oS4 /[3
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~
LM102
) R6
F X

V+ >
BALANCE

iy

A3V,

R1R5

R3=R4 + RS
R1=R2

‘UU’!

POPULAR ELECTRONICS

R2
100K

FiG. 21-3

Using two op amps, this circuit produces current proportional to V..

PRECISION NEGATIVE CURRENT SOURCE

LM4431

2.5V to 12V R2

NATIONAL SEMICONDUCTOR FiG. 21-4

and

A National Semiconductor LM4431 reference
an LMC6062 op amp make up a negative cur-

rent source. Current range is 1 pA to 1 mA.
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Current Limiter and Control Circuits

cammmss—— con———
L M

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.

Offset-Adjusting Current Source
Inrush Current Limiter
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OFFSET-ADJUSTING CURRENT SOURCE

Ve g Vee 2
Ry Bs
0 " Vin *
O + 7]
f
Load . Load
de { i Laad

1. Though this setup can act as a

cost-effective current source with an
output accurate to 1%, the voltage offset
will turn on the current source even
when Ve equals Vi,

2. Modifying the configuration

of Flgure 1 can rectify the problem of the
current source being turned on by the
voltage offset. The addition of R; allows
an adjustment that guarantees turn-off
A for any op-amp offset specification.

B
FIG. 22-1

By carefully choosing components, you can create a cost effective circuit for a current source

with an output that’s accurate to 1% (Fig. A). I,y (the current flowing from the collector of Q1) is
VooV (the voltage at the wiper of R3) divided by the value of R,,.

In some instances, it’s important to be able to turn off the current source (within the limits of
1, for Q1). Unfortunately, in about half of these cases, the offset voltage (V) of the op amp will
turn the current source on even when V. = V. That’s becausc the offset voltage (when the nonin-
verting input needs to be at a higher potential than the inverting input to get an output of 0 V from
the op amp) is impressed across R2. This offset voltage forces Q1 to turn on enough to yield a col-
lector current of V, . divided by R,

Figure B offers a fix for this predlcament The addition of R7 presents the emitter of Q2 vmh a
Thevenin equivalent voltage and resistance represented by:

V. o= VCC(I_RS)

TH
R5 +R,
R xR
Ry = 2 o
R+ R,

The difference between V., and Vi, is V. (Ry/R, + R,). If V. (R/R; + R,) is set equal to the max-
imum V. spec for the op amp in question, the circuit is then guaranteed to turn off. This circuit has
an output current of V., — V), divided by E,.

The compromise of Fig. B does present another error term in the circuit. The term (V,,, - V)
will have to be 2 x V/ ( to guarantee a current output for whole population of the op arnp chosen. This
error can be made arbitrarily-small (but not zero) by increasing the voltage of D2 and V., while rais-
ing the value of D2 and V. while also raising the value of the equivalent resistance RTH
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INRUSH CURRENT LIMITER
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ELECTRONICS NOW

Q1 is an npnDarlington and Q2 is a pnp Darlington. MOV1 is a metal-oxide varistor and R8 is an

NTC thermistor for limiting inrush current.

This circuil limits ac line current to a load. When a predetermined interval has passed, RY1
shorts out thermistor or resistance RB. R4 can be 150 kQ if R9 is not used. If power is removed, the

circuit is ready for immediatc rcstart.
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Delay Circuit

—

o — —
B e I I

The source of the following circuit is contained in the Sources section, which begins on page 675.
The figure number in the box of the circuit correlates to the entry in the Sources section.

Power-On Delay Circuit
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POWER-ON DELAY CIRCUIT

P )
i)
! DELAY TIMES
" Dm; ' @ Switches 8, Time (s)
2y Rat = V23127-A0006-A101 1N4148 el 1 2 3 4

o 0| 0 0 0 0.0

1N4148 4 D9 Cdum2208 g + 0| 0 0 1 5.1
0| o 1 0 10.2
\ s 0! o 1 1 15.4
"2 1of  Reser ) 1N4148 2 D 1 0 0 205
ox } ax S 1l . 0 1 0 1 25.6
— 1c4 ‘gn...u o] b o 1 1 0 30.7
@ 4040 99 p\. {+-)Bs170 | o | 1 1 1 35.8
L3 P P L . ] 1 0 o 0 41.0
1 0 0 1 46.1
3’ 3 Cé RS [“qRe an f2 |5 1] 0 1 o 51.2
sl Is anp LS 1 0 i 1 56.3
ToouT'us 2 - 11| 0! o] &4
40V |25V g 4x 1Nd148 B 1 1 L] 1 66.6
4x INAGOT o ‘ 1 1 1 0 71.7
L@ —-— 1] 1 11 768

ELEKTOR ELECTRONICS FiG. 23-1

Using an IC to count ac mains pulses, the circuit produces 16 various delay times, where ac
power is applied to a load after a preset interval.
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Detector, Demodulator, and
Discriminator Circuits

—
L A — I

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.

Bug Detector

FM Demodulator

555 Missing Pulse Detector
Simple Full-Wave Envelope Detector
Open-Loop Peak Detector
Closed-Loop Peak Detector
Fast Pulse Detector
Air-Flow Detector
Negative Peak Detector
Low-Drift Peak Detector
455-kHz FM Demodulator
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BUG DETECTOR

+
c3 ===
01 r‘l &1
K . +9V R20
aol = 1000
R22 c6 10 == = hl e
220 01 + c7
A RO Py
Re IMEG |
5600 Ay
P RS RIG &
1 b4
w7 ¢ ol 42N osanep | 100KF
5K ‘b LAAd \
3 21'3 1
R21 ..
RS A17 :Ems 1 4700
1.5K < 10K < 10K > Rl &
My 7K & =
' c8 L R1g
ZRI3 3
Fa¢ | vimcaunap | 7 F 4
13N
14
12] Ut e
/ 14 MC3403P
9
$R12 R14 - 8
$ 4K 10K v !
AAA, AAA, .
ey ey
a2 - R23 A5
PN2222 1K 100K
- AN
=
1992 PE HOBBYIST HANDBOOK FIG. 24-1

The circuit, built around a single integrated circuit (U1, an MC3403P quad op amp), three trah-
sistors {(Q1-Q3), and a few support components, receives its input from the antenna (ANT1). The
signal is fed through a high-pass filter, formed by C1, CZ, and R1, which eliminates bothersome 60-
Hz pickup from any nearby power lines or line cords located in and around buildings and homes.

From the high-pass filter, the signal is applied to transistor Q1 (which provides a 10-dB gain for
frequencies in the 1- to 2000-MHz range) for amplification. Resistors R2, R3, and R4 form the biasing
network for @1. The amplified signal is then ac coupled, via capacitor C4 and resistor R7’s (the sensi-
tivity control) wiper, to the inverting input (pin 2) of Ul-a. Op amp Ul-a is configured as a very high
gain amplifier. With no signal input from ANT1, the output of Ul-a at pin 1 is near ground potential.

When a signal from the antenna is applied to the base of @1, it turns on, producing a negative-go-
ing voltage at the cathode of D1. That voltage is applied to pin 1 of Ul-a, which amplifies and inverts
the signal, producing a positive-going output at pin 1. Op amps Ul-b and Ul-c along with C8, R10
through R18, and Q2 are arranged to form a voltage-controlled oscillator (VCO) that operates over the
audio-frequency range. As the output of Ul-a increases, the frequency of the VCO increases. The VCO
output, at pin 8 of Ul-c, is fed to the input of Ul-d, which is configured as a noninverting, unity-gain
(buffer) amplifier. The output of Ul-d is used to drive Q3, which, in turn, drives the output speaker.
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FM DEMODULATOR

1St

+9v
M +  Tp3 +9v c13
10002 100pF L
O e Rio 3 AL A
+
10002 F b
2 R2 @ ) c5 '
- 41 —
i wn:E 100uF 1 A20
o T = 470 E
ﬁ 100K 3 16 7
1 N PP & vot
| a8 brg 210 163
o— 1+ $ioc Lveour e Y weaante Vo2
IcY 7 ALIP P2 FC2 0D GND FCY
D LM31Y f 8lox RERINIAE SPKRY
o 3] z ic2
o Lox cooes ci4 16
p RS ’ 3 veom 4TF 10F
¢ 100K = a1 DEMO 1
W g R A Rr2 i3 & T
P 10K ] i
) SQUELCH
3 Ag A9 9_
= 50K 88K =
FM demodulator. An LM311 comparator converts a small analog signal
to & dighal level for the CD404E6 phase-locked loop. which is configured
as & first-order FM dernodulator.
ELECTRONICS NOW FiIG. 24-2

An LM311 comparator converts a small analog signal to a digital level for the DC4046 phase-locked loop, which is config-
ured as a first-order FM demodulator. This demodulator works with a 50-kHz FM modulated input signal. It has applications
in FM light beam receivers or in remote control applications. Pin 1 of IC3 can be used to squelch the receiver if it is lifted from
ground; if not desired, leave it grounded.




555 MISSING PULSE DETECTOR

+10V
A
ézzo )
330 0
Relay
S0k o 8 4
g 2 LED
NE
r 6 855 4
7
hd 1 5
1000
2N3906 | l
4 I 0.01 uF
- = 0.4 uF
WILLIAM SHEETS FIG. 24-3
This missing pulse detector can use an LED or relay output.
SIMPLE FULL-WAVE ENVELOPE DETECTOR
V+
Negative-going
T rectified envelope
p———— 0O
RF transformer with center-tapped ) W
secondary 2N4124 2N4124
@ Center tap 1N914s
B {aptionat)
Last i &
Ta Positive-going
Class-A rectified envelope
bias {_
— RF b
] _ ypass RF bypass :[ Eigs
ELECTRONIC DESIGN FIG. 244

Simple, yet sensitive, this amplifying full-wave detector circuit has an almost zero rectification
threshold. 1t presents a highly linear RF load to the final IF stage. The gain for the collector output is
given (approximately) by 7/, The emitter cutput gain is slightly less than unity.
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OPEN-LOOP PEAK DETECTOR

D1
1NS712

LINEAR TECHNOLOGY FIG. 24-5

In this open-loop design, the detector diode is D1, and a level shifting or compensating diode is
D2. Load resistor R, is connected to -5 V, and an identical bias resistor R, is connected to -5V, and
identical bias resistor R, is used to bias the compensating diode. Resistors with equal values ensure
that the diode drops are equal. Low values of F; and E; (1 kQ to 10 kQ) provide fast response, but
at the expense of poor low-frequency accuracy. High values of R, and &, provide good low-frequency
accuracy, but cause the amplifier to slew rate limit, resulting in poor high-frequency accuracy. A good
compromise can be made by adding a feedback capacitor C,,, which enhances the negative slew rate
on the (-) input.

CLOSED-LOOP PEAK DETECTOR

3
Yy RU
ws712 0
Voog
R
v S
N % 500 c
—_I-:ompF
LINEAR TECHNOLOGY FIG. 24-6

This closed-loop peak detector circuil uses a Schottky diode inside feedback loop to obtain
goaod accuracy. The 20-Q resistance R, isolates the 0.01-uF load and prevents oscillation. The de
value is read with a DVM. At a low frequency, the error is small and dominated by the decay of the
detector capacitor between cycles. As the frequency rises, the error increases because capacitor
charging time decreases. During this time, the overdrive becomes a very small portion of a sine-
wave cycle. Finally, at approximately 4 MHz, the error rises rapidly because of the slew-rate lim-
itation of the op amp.
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‘FAST PULSE DETECTOR

D1
1N5712

G

I 1000pF

LINEAR TECHNOLOGY FIG. 24-7

A fast pulse detector can be made with this circuit. A very fast input pulse will exceed the am-
plifier slew rate and cause a long overload recovery time. Some amount of dv/dt limiting on the input
can help this overload condition, however this will delay the response.

AIR-FLOW DETECTOR NEGATIVE PEAK DETECTOR
415V
A
1§ [ R QuTPUT
< L
tKg QT HIGH +15V
2 WITH b
U2 - AIR FLOW
LM335 y—0 R?
> = TMEG -
R3 4: > R5 A
680 ¢ P IMEG b
R4 7
10K | u3 6
TRIP POINT S LM335 A1
ADJUST Y 2 0K
= <+ LM310
“SELF HEATING IS USED TO DETEGT AIR FI OW INPUT
pUTPUT
POPULAR ELECTRONICS FiIG. 24-8
Two precision temperature sensors are used
to detect a small temperature difference. When
air flow occurs, self-heating of the LM335 is re-
duced, and the output of the two temperature
sensors is unequal. This is amplified by Ul. POPULAR ELECTRONICS FiIG. 24-9
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LOW-DRIFT PEAK DETECTOR

Leakage of D2 is provided by fecdback path
through R..

Leakage of circuit is essentially 1, (LF155,
LF156) plus capacitor leakage of Cp.

Diode D3 clamps V. (Al) to V-V, toim-
prove speed and to limit reverse bias of D2.
Maximum input frequency should be «<<¥n
pe Where Cp,, is shunt capacitance of D2.

RC

POPULAR ELECTRONICS FIG. 24-10

455-kHz FM DEMODULATOR

+ 9V
SRy
INPUT FROM 10K _l_ 2
HAMMARLUND ¢
HO 170- 4 Rz =3

J’ i 5230 GO0ILF
OluF 3

10 8

2 ?

3

e

A, F

AUDID QUT TO
EXTERNAL

100pF & 27pF -2 AMPLIFIER

IN PARALLEL

(315 REQUIRED TD ELIMINATE POSSIBLE OSCILLATION IN THE
CONTROL CURRENT SOURCE

73 AMATEUR RADIO

FIG. 24-11
Free-running frequency of VCO: /. = 1.2/4 (R} (C))

lock range f| = +8f J1.

2nF
capture range f =+ % [~ L
”

where r = (3.6 x 10 (C2)

Useful for NBFM reception on older shortwave receivers lacking this capability, this circuit uses
a PLLIC, an N565N) to achieve this. It was originally used with an old Hammarlund HQ-170 receiver,

for both 6- and 10-m FM reception.
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Digital Circuits
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The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.

Digital Entry Lock

Digital Audio Selector

Digital Multiple-Gang Potentiometer Control
Digital Resistance Conirol

Digital Capacitance Control

BCD Rotary Switch
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DIGITAL ENTRY LOCK

1 | sense P NS vo 114 NC.
] (ENABLE) 88 COM. p OUY
_2 JUNSELECTED KEYS  LOCK CONTAOL | 13 +6-12VDC L oo
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4] I SAVE INPUT AN KEYPAD 01 K1
2 | SELECTED KEYS COMMON = 1Ng14 | SVOC
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187200 ut W
I . m
=1t 4 2A 6| LSTR20 |11 2N3064
The L87220 keylsss lack (a pinout P oY 1] 5 20 2 9
of which is shown hare) is a special- o
purposs IC designeda to accept a
four-digit code. 7 " ;5 8 6 o112 7 %: 303
3 P N l'
—.Lﬂ 2 8f w7 i
Tele o) e +
N A
L=l 1| "
L 3 12} . 13
1992 PE HOBBYIST HANDBOOK FIG. 25-1

A block pinout diagram of the 187220 keyless-lock 1C is shown. The keypad must provide each
key with a contact to a common connection. In this case, the commmon connection goes to the posi-
tive supply rail so that when a key is pressed, a positive voltage is passed through to the wire associ-
ated with that key. Each of the 12 keys are brought out to separate wires, and each wire is connected
to a different pin of a 24-pin socket (SO1).

To activate (unlock) the circuit, a preprogrammed four-digit access code must be entered in the
proper sequence. The four-digit access code must be entered in the proper sequence. The four-digit
access is programmed into the circuit by connecting jumpers between terminals of a 24-pin plug-in
header.

When the correct access code is entered (in the proper sequence), positive voltages appear at
pins 3, 4, 5, and 6 of UL. That causes U1 to output a positive voltage at pin 13, which is fcd through
resistor R2 to the base of @1, causing it to conduct. With Q1 conducting, its collector is pulled to
ground potential, energizing rclay K1. The normally open relay contacls close, switching on any ex-
ternal device.

Capacitor C2 controls the total time that the output of Ul at pin 13 is positive after the release
of the first key. With a value of 3.3 uF for C2, active time after release of the first key is about two sec-
onds, assuming a 6-V supply or four seconds with a 12-V supply. Therefore, if you push the subse-
quent keys too slowly, the relay might not close at all! To increase the time allotted for code entry,
you will have to increase the capacitance of C2.
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DIGITAL AUDIO SELECTOR

—®
i3 C 15y
76L05) § BmAa

rY

Cc1)

Sy
100} 25V
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1C1= 740545 7415 145,
TAHCT 45, 74HCT 145 ! TA
303 CIRCUITS FiG. 25-2

This circuit uses switched emitter followers, rather than the usual analog switch CMOS chips.
This yields better reduction of crosstalk between channels. This circuit can handle up to 4V with
less than -80-dB crosstalk.

DIGITAL MULTIPLE-GANG POTENTIOMETER CONTROL

é N Analog switches
47K CDA4018, CD40685, etc. -
4 8 ® @ @ @
Audlo in
SOk & INSM7 ;’ Sz
2 9 A El z
555 '
J &
O @] (]
INg14 1 ® @ ) ®
150 pFI J_S __L1 Audio out
= Toorpr
In/out ——N—-— Qutin
Cantrol analog switch
WILLIAM SHEETS FIG. 25-3

A bBb5 timer can be configured to simulate a multi-gang potentiometer by controlling the mark-
space ratio. The switching rate should be at least twice the maximum expected signal frequency the
potentiometer has to handle.
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DIGITAL RESISTANCE CONTROL

%R
1Cta

0 A

A = 500 £ to 500 kQ
Rrora = 0 t0 15R

— § 2R
& IC1b >§
B A, 8, C, D = Logic input

Pro
(;"L IC — CD4016 or CD4066

iClc % <

—=0 C
< gsa
1c1d
+——-O D
Quad
analog
switch
WILLIAM SHEETS FIG. 254

Digital resistance control is possible with bilateral switches. Do not forget that analog switches
have “on” resistance.

DIGITAL CAPACITANCE CONTROL

IC1 — 4066B
Quad analog switch

A O_.\—Ic1a

(LSB) >< I¢ ©
o N IC1b
8 ) i ([ 20
Logic L——\:t : I
input e IC1e Digital capacitance control is possible with
‘ ac bilateral switches. Do not forget to consider “ON”
resistance of the analog switches.
D 1c1d
(MSB) >4 EBC I
O
CrotaL CrotaL = Cl0 16C
C = 100 pF to 1 pF, eic.
WILLIAM SHEETS FIG. 25-5
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BCD ROTARY SWITCH

1C2 = 40708

Yy
TR F,

X2 1 .
R
2
5 sl )
)l et B ’g 4 @
5401478
8 & 8 )
[
- s w
’ a) 2" ——@

ELEKTOR ELECTRONICS USA FIG, 25-6

This circuil allows a simple rotary switch Lo emulate a BCD switch. The circuil draws about 200
mA. A 10-position rotary switch is used.
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26
Display Circuits

——

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.

4033 Display Circuitry Corminon Cathode
Cascaded 4026B Counter/Display Driver Circuit
Large L.CD Display Buffering Driver

7-Segment LCD Driver

LED Display Leading-Zero Suppressor
7-Segment Common-Cathode LED Display Driver
7-Segment (LED) Display Driver

4543B 7-Segment LCD Driver

Gas Discharge Tube or Display Driver

4511B Common-Anode Display Driver
Fluorescent Tube Display Driver

4543B Cominon-Cathode LED Driver
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4033 DISPLAY CIRCUITRY COMMON CATHODE

To next decade (hundreds)

5 Tens
cY
Out a 10
p 12
c 13
d 9 Display
e 11
3 RBI $
18 Vee 7
GND LT CI RS CK
8 [14 |2 |15 1 J—
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— cathode
+Vee =
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CcY
Out 10
b 12
c 13
d 9 Display
e i .
RBI § 2]
Vee g7
GND LT €I RS CK
8 14 |2 15 1
1 Com.
= cathode

O
Clock in

WILLIAM SHEETS

FIG. 26-1

To drive two or more common-cathode displays two or more 4033 decode counters can be cas-

caded.
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CASCADED 4026B COUNTER/DISPLAY DRIVER CIRCUIT

Tonext
decade if needed

Tens
a 10
b 112
¢ 13
40268 g9 Display
3 e 11
DEE 6
16 7
Vee g
Reset C1  GND CK Cathod
Vee B 2 |8 |1 athode
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CY out
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b 12
¢ 13
40268 d L3 Display
3 e |l
DE (L6
16 7
Voo Y
Reset €1  GND CK Cathod
+ Voo 5 12 8 athode

Clock in
[

WILLIAM SHEETS

FIG. 26-2

Two or more 4026B counters can be cascaded as shown lo give a multiple-digit display. Two,

three or more displays can thus be connected.
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LARGE LCD DISPLAY BUFFERING DRIVER

R 68
w o (—=]0 WYL
micro- {M b ayg It
processar | _ 32-35 8o wyz 418
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z 3 Digitt  Dign2..  Digits
Ry
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1G4
MAXTZ3)
- Ity
== L7831
ELECTRONIC DESIGN FIG. 26-3

Large LCD devices of 1" or more exhibit a large driving capacitance to the driver circuits. To solve this problem, the drive cir-
cuit shown (see the figure) introduces a buffer amplifier for each of the three common lines. Each ampilifier can be programmed
independently for a quiescent current of 10, 100, or 1000 pA. In this application, the bias network applies a voltage that sets the
three quiescent currents to 100 pA.

The display driver and triple op amp operate between 5 V and ground, and the COM signals range from 5 Vto =1 V. To en-
sure that these signals remain within the amplifiers’ common-mode range, the signals are attenuated by one-half and the buffers
operate at a gain of two. The circuit drives eight 1-inch displays, and is suitable for ambient temperature variations of 15°F or less.
At the highest expected temperature, R1 shouid be adjusted so that no “off” segments are visible,




7-SEGMENT LCD DRIVER

2 Required
7486, 74L886, etc.
axclusive OR gates or equivalant

D
[— a
BCD B b l b
nputs ——— ¢ G :
1 - ¢
— D !
L —d 7 Seg.
7448 4> ! LCD
A "
74L848 e > E f display
— BI/ABO f ‘ — g
13
RBI g 3 < X
LT ) Back
plane
Square wave

0l

50 Hz
5V

WILLIAM SHEETS FIG. 26-4

This circuit shows how a 7448 IC is used to drive a 7-segment LCD display. An external 50-Hz
square wave supplies necessary phase signals to the back plane of the display.

LED DISPLAY LEADING-ZERO SUPPRESSOR

J:""'"""'— RBI

) wen . oo

RBO/B}

RBI
-1

— VR

RBO/BI

The diagram shows how to connect 7447-
type IC devices for leading-zero suppression in
REI 2 an LED display.

m— V" Y SN

[—‘ RBOM

m—
e DISP

WILLIAM SHEETS FIG. 26-5
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7-SEGMENT COMMON-CATHODE LED DISPLAY DRIVER

Ry
—JA a FAAAA Ay should limit drive current to segment rated value
Data B b EAAAA
input ¢ & L AAA Commen g, - Yec = Yoiseiay
co cathode * 7 Tssement
—D 45118 4 FAANH LED
display
LT 8 N\AN— Typical values Vgp = 12V, Vpgpray = 2.5V,
BL t EAAA~ lsgg — 20 mA
Vee GND LEg TV 12-25
‘L l _L Ry = o0z = 4750 {use 470 {1)
12V - - =

WILLIAM SHEETS

FIG. 26-6

A CD4511B CMOS LED display driver can be used to drive a common cathode LED display. Cur-
rent limiting resistors limit the segment current to the rated value at maximum supply voltage. A

sample calculation is shown.

7-SEGMENT (LED) DISPLAY DRIVER

Rx A _Vour = Vseawment
A A a—AAA— 2 ! seomeNT
8 =8 b —A\"A— b Typical * Vour = 43V Vergment = 25V g = 20 mA
c —-C ¢ —"WA\— ¢ Common 4325
5 -D d AAA 4 aCEoge Ay = 002 =180 02
BURBO & A dispiay . _
REl L AAA— 1 An IC1 like a 7447 drives a 7-segment com-
LT Y IR mon anode LED display. Current limiting resis-
l tor R should limit the segment current to the
= = > 15V rated value.at glﬂmmum supply voltage. A sam-
ple calculation is shown.
WILLIAM SHEETS FIG. 26-7
4543B 7-SEGMENT LCD DRIVER
LCD
— A a
8cb J —B b
nput c c
—D d
e The circuit shows a frequently-used method
] Lg ! of driving an LCD display. A square-wave drive is
N ase BL - necessary for this application.
L = Backplane
Sql;*a
WILLIAM SHEETS FIG. 26-8
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WILLIAM SHEETS
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GAS DISCHARGE TUBE OR DISPLAY DRIVER

VCC

€D4543 B8 Seg

GND Phase

ment
drive
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t*¥%  FIG. 26-9

Gas discharge

fube To drive the display, K, should provide
. a drve of about 1 mA to the gas discharge
tube. K is a corrent-limiting resistor.
P npn
Veeo® 125V,
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_i_ =
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+Vps

Seg

4511B COMMON-ANODE DISPLAY DRIVER

ment drive

+V

!
%nx
Y

J—
R CDas11 B
J— T

1

WILLIAM SHEETS

Common anode

2N39304 typically

The usc of a switching transistor
(like a 2N2222 or 2N3904) allows use of
the CD4511B with a common-anode
display. Ry should be chosen to provide
about 1 mA to drive Q1 and E_ should
provide enough current, to drive the dis-

‘/’ play. For this circuit, the transistor gain
a ( 2N2222 )

Rvj\i

(Hp;) should be at least the ratio of the
segment drive current to the current

through R .

FIG. 26-10

+V

45438

GND  PHASE

g

=
RADIO-ELECTRONICS

FLUORESCENT TUBE DISPLAY DRIVER

SEGMENT
DRIVE
ouTPUT

FLUORESGENT

TUBE

FIG. 26-11

A fluorescent tube or display can be driven
with a 45438 1C, as shown.

CD45438

GND

Phase

WILLIAM SHEETS

4543B COMMON-CATHODE LED DRIVER

v Common
. cgmode
, display

t | device

[
'
¥

( ¢

FIG. 26-12

This circuit shows a way of driving a com-
mon-cathode display segment or an LED with a
CD4543B.
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Doorbell Circuits

X he sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.

Electronic Doorbell

Twin Bell Circuit
Electronic Door Buzzer
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ELECTRONIC DOORBELL

€ $ A YL G2
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POPULAR ELECTRONICS

When the doorbell switch is pressed, the two monostable stages are activated in sequence, applying bias to a pair of voltage-

Ut-e
16 74014

11
-

150K

10

Ré*

dio amplifier, then to the speaker.

controlled resistor stages. These then modulate the outputs from a pair of tone generators. The resulting signals are fed to an au-

SPKRY
B

FIG. 27-1




TWIN BELL CIRCUIT

S$2

e — .
E b o 1
O O — & i
o IN4001 !
02 Ret |
R![‘] 1
o )
12v
1N4148
71
cs
4704
18V 2] ez 80139
] rz]~
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[

L

303 CIRCUITS Tr1 = bell transformer FIG. 27-2

It is often desirable for a single doorbell to be opcrated by two buttons, for instance, one at the
front door and the other at the back door.

The additional button, S2 in series with the break contact of relay Rel, is connected in parallel with
the original bell-push, S1. When S2 is pressed, the bell voltage is rectified by D1 and smoothed by C1.
After atime, t = B R,C,, the direct voltage across C2 has risen 1o a level here T1 switches on. Relay Rel
is then energized and its contact breaks the circuit of S2 so that the bell stops ringing. After a short
time, C1 and C2 are discharged, the relay returns to its quiescent state and the bell rings again.

In this way, 51 will cause the bell to ring continuously, while S2 makes it ring in short bursts, so
that it is immediately clear which button is pushed.

ELECTRONIC DOOR BUZZER

Button

o:’o—~j
= B9V
1k 4 ::L battery
7 8 =
Ry 2 47 uF This simple electronic door huzzer draws
2240 NESSS ]

no quiescent, current. When 81 is pressed the
spcaker produces a tone. The NE&55 (U1) gen-

20 -
6 erates signal.
l 0.1 uF 2 1
S -
I Tor-\-e frequency = 330 Hz
= Vary Ry to change tune
POPULAR ELECTRONICS FIG. 27-3
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Fax Circuit

s —
N

The source of the following circuit is contained in the Sources scction, which begins on page 675.
The figure number in the box of the circuit correlates fo the entry in the Sources section.

Fax Mate
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FAX MATE

-t IN FROM TELEPHONE LINE T0 X MACHINE g
N T
EL 1062 1C6-b 2]
; DATAPATH | LOOP SENSE CONNECT ;
:  FEEDBACK LOOP — :
* | DECODE AND CONTROL PATH > !
: N RING 5
. ~ - TRANSFORMER] |
*f 132 |CONNEGT TIMER 1030 i
: [] :
: 12 —— 12v " !
> TONE 1C4-a I_I ;
? DECODER RING TIMER G !
; ! 120V,
: ;
¢ I
‘ ic5 ;
! SIGNAL RING DRIVE ;
l CONDITIONER :
L e e mr - e — (S OV U S |
DASH LINES INDICATE ACTUAL FAX-MATE

- 70 ALL OTHER TELEPHONE EQUIPMENT

FIG. 1i—BLOCK DIAGRAM for the Fax-Mate. The upper path is for data, and the lower one
is the decode and control path,

1892 R-E EXPERIMENTERS HANDBOOK FIG. 28-1
RIS o ) “’
O A Ad -
n ZI51 O
[s
= o C2 Ve
oM ca A rone [ B
R2 E_;}_ 2} DECOOE '/‘g"ﬁn o1
30K = 3 1.2 = 254;\/
Ol e
e e e W] R
250k _1 s S efiz  C
p I & 1K
—
1036 1
47488
o3 oL 1 4
0 ! ! ( 5 ic5
= 163
S 3 700 ] mocagto| 12V g
CONNECT 4 2 il
- TIMER ?Vm
RS =Ky | L T o
30K § lj ol o 100
12 "
(C4 Ec: ot
558 T AT
RE & 1
27K % ;O*—I(—
e ]
5 8 1 RING TIMER
Nen
ccu%g’s‘gims TRIGGERLINE = | 812 VACINI i
FIG. 2—SCHEMATIC for the Fax-Mata. Notice how it clogely resembles the block diagram.
1992 R-E EXPERIMENTERS HANDBOOK FIG. 28-2
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FAX MATE(Cont.)

The fax mate separates the fax machine from the phone line, rings the fax machine on com-
mand, connects equipment to incoming lines, and senses the end of the message. When a touch
tone pound signal (#) is detected, it actuates a ring greater and driver for the fax machine (the #
signal is not used in ordinary dialing). The connect signal is inhibited for this time (ring cycle).
1C46 runs for 15 s and drives part of the connect IC. Then the fax or modein has fired up and is
sending out a handshake tone. IC6 connects the equipment for initial hookup and keeps the con-
nect section powered. When the fax machine hangs up, the loop current detector turns off, and re-
sets the system.
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29
Field-Strength Meter Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.

Remote Ficld Strength Meter
Amplified Field Strength Meter
Simple Amplified Field Strengih Meter
Simple Field Strength Meter I

Simple Field Strength Meter I
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REMOTE FIELD STRENGTH METER

ALTERNATE £V

12V |
REG ANTENKA ?I e
BSi70
0001 ) L
5
s a2
Ly k ANTENNA
220 15k 3 METERS
U j; “ MAX
J
/i _] +ADJUST
L RFC FOR 100mwW
;v mR INPUTS ;
+ _— .&
F§ SENSOR
Ji INPUT
Coax
|
4 FS SENSOR
J2 2 OUTPUT
g
|
]E IN34  Ca
_y
It ,_;7
Ls
73 AMATEUR RADIO TODAY . FIG. 29-1

This field strength meter consists of a tuned crystal detector producing a dec output voltage from
a transmitted signal. The dc voltage is used to shift the frequency of a transmitter of 100-mW power
operating at 1650 kHz. The frequency shift is proportional to the received field strength. This unit
has & range of several hundred feet and is operated under FCC part 15 rules (100-mW max power
into a 2-m-long antenna between 510 and 1706 kHz).

AMPLIFIED FIELD STRENGTH METER

s1e =9V
ANT ,l
Q.01
PLUG-IN COIL L »
(Lo~amo)\l 43 b 3 0-200 44
fexE zr04 ¢

RF
[}
0.001 ot INgGI4
52 Ly Y
il > sia
5 10x
s IN9IS 4
T
g
anT ~ j,)
PLUG-IN COIL L2 53 \
HI-BAND) % T4 OIPPER IN

73 AMATEUR RADIO TODAY FIG. 29-2

s

FET Q1 acts as an RF amplifier to boost sensitivity of the usual diode detector field strength me-
ter.

175



SIMPLE AMPLIFIED FIELD STRENGTH METER

2
fg‘ This circuit uses a FET as a dc amplifier in a
éL bridge circuit. R4 is set for meter null with J1
r short circuited. Any surplus 50-mA meter can
S'oon ev = serve in this circuit. RFCI1 is any suitable RF

choke for the band in use. A 2.5-mH RF choke
:] will do for broadband operation, R1 is a sensitiv-

ity control. The antenna can be any small whip
antenna (2 ft or less).

Rt

RECH SO0« §
1set s LN TIVITY

73 AMATEUR RADIO TODAY FiIG. 29-3

SIMPLE FIELD STRENGTH METER |

T°°°’ Useful for checking transmitters and anten-
ﬁ . nas, this circuit uses a voltage-doubling detector
J_ b D1 and D2 (HP 5082-2800 hot carrier types). D1
o door and D2 can also be type IN34 or IN82. M is a 100-
bt R2
I 4 o mA meter movement.
»
73 AMATEUR RADIO TODAY FIG. 29-4

SIMPLE FIELD STRENGTH METER Il

‘7 ANT1

19 INCH

ROD ANT. M1
S0pA

This simple field-strength meter provides a
cheap way to monitor an amateur radio or CB
transmiitter (or even an antenna system) for
maximum output.

POPULAR ELECTRONICS FIG. 29-5
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Filter Circuits

The sources of the following circuits are contained in the Sources section, which begins on page 675.
The figure number in the box of each circuit correlates to the entry in the Sources section.

Active Low-Pass Filter

High Q Notch Filter

Universal Stale Variable Filter
Adjustable Q Notch Filter

Fourth Order High-Pass Butterworth Filter
Tunable Notch Filter

High Q Bandpass Filter

Simulated Inductor

Bandpass Filter

Fourth Order Low-Pass Butterworth Filter
Active High-Pass Filter

400-Hz Low-Pass Butterworth Fiiter
Bandpass Filter

Active Low-Pass RC Fiiter

Passive L Filter Configurations
Passive Pi Filter Configurations
Four-Output Filter

Variable @ Filter for 400 Hz

Twin T Notch Filter for 1 kHz
Variable Bandpass Audio Filter
Active Fourth-Order Low-Pass Filter

Audio Notch Filter for Shortwave Receivers
Active Second-Order Bandpass Filter
Variable-Frequerncy Audio BP Filter
Variable Low-Pass Filter

Variable High-Pass Filter

1-mV Offset, Clock-Tunable,

Monolithic 5-Pole Low-Pass Filter
Unity-Gain Second-Order High-Pass Filter
Active Unity-Gain Second-Order Low-Pass Filter
Active Fourth-Order High-Pass Filter for 50 Hz
Simple High-Pass (HP) Active Filter for.1 kHz
Equal Second-Order HP Filter
Second-Order Low-Pass Filter for 10 kHz
Simple Low-Pass (LP) Active Filter for 1 kHz
Current-Driven Sallen Key Filter
455-kHz Narrow-Band IF Filter
Audio-Range Filter
BI-Quad RC Bandpass Filter
Passive T Filter Configurations
Full-Wave Rectifier/Averaging Filter
1-kHz Tone Filter
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ACTIVE LOW-PASS FILTER HIGH Q NOTCH FILTER
1 R2Z R4 Vour
Viy IOMEG  10MEG 6.8K 4 o
!
540pF o ¥,
< R3 3
270;*‘_‘?1 SMEG szw
R1 = Rz = 2R3 . 1
Cp =Cy =Gy % 2aR,,C,
2
POPULAR ELECTRONICS FIG. 30-1 | POPULAR ELECTRONICS FIG. 30-2
UNIVERSAL STALE VARIABLE FILTER
C] "‘VAV;
R3
v | 001 100K
3 | c2
& ——
N4 ¢ 10K T o
A1 R
100K 3| ure > S ; 20k
AAA
IN O—AWy + 14 ZRUSK 5| V1o Wy LOWPASS
1] LF18? o6 Y our
LF147 P R9
— K <
v l?AEA' * 10K
R
1’ 10K 1%-{( ‘: R10
= A 13 -~ :“ 100K
14 o NOTCH
o o) 1| U+ out
HIGHPASS BANDPASS R
ouT T = LF137
POPULAR ELECTRONICS FIG. 30-3
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ADJUSTABLE Q NOTCH FILTER

FOURTH ORDER HIGH-PASS
BUTTERWORTH FILTER

R1 R2 R4 RS
v 10MEG 1OMEG  6.8K 4 240K
7 Vou
B —0
12
q LF353
> AAA
» oy
4} R8
- = > 200K 430K
POPULAR ELECTRONICS FIG. 30-4 | POPULAR ELECTRONICS FlG. 30-5
TUNABLE NOTCH FILTER HIGH Q BANDPASS FILTER
R3
100K 001 ———
AAA _)| c4 R7
R1 W Vin +V 1pF 620K
ek |, 2 AV
Av‘v‘v - 7 ‘: R4 ‘ +V C5
g R &62x I .
1 Ut —o Vour b3 C1 (—_L .
e W T LT TN s !
100K I(_‘ - 6 Bzf 2 ] - v
SR —+ v MASH PN S
C1 ? b o LF357 LF357 —0
500pF # $ 30 A A+
3 RE
£l =
At & 2R = a0 ek Cy
50K @ LM307 $ 200k -V = Cé
— ; ]
RS = -
50K
l""‘v
POPULAR ELECTRONICS FIG. 30-6 | POPULAR ELECTRONICS FIG. 30-7
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SIMULATED INDUCTOR BANDPASS FILTER

’ DVOUT

IN Ot

A3 LMD

10MEG =V
Vin
POPULAR ELECTRONICS FIG. 30-8 | POPULAR ELECTRONICS FIG. 30-9
FOURTH ORDER LOW-PASS ACTIVE HIGH-PASS FILTER
BUTTERWORTH FILTER
R1
110K
€1 C2 R2
02 81 1k 1
VINO'-—)'_"_) y
R3 1M110
110K -V
POPULAR ELECTRONICS FIG. 30-10 | POPULAR ELECTRONICS FIG. 30-11
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400-Hz LOW-PASS BUTTERWORTH FILTER

/1

1
INPUT O

Q QUTPUT

POPULAR ELECTRONICS

FIG. 30-12

Designed for a 400-Hz cutoff frequency, the cutoff can be scaled by varying the element values

proportionally to frequency

BANDPASS FILTER

ACTIVE LOW-PASS RC FILTER

[ L Ry
39?;:( o1 i: Jo0K LM‘?)J RY v ol R2
3\ ~ 18K | 16K
I ] 50l L i I V 0y
ot -3-/. M 5| U 7ﬂ'
E3«} RS RE H
‘0"1&04 #mox 1)
‘.H‘;‘. A EM1247 o |
800 F hid b | c2 3 R
01 100K
POPULAR ELECTRONICS FIG. 30-13
-
Appropriate center frequency of this circui
- bprop q Y UL | popuLAR ELECTRONICS FIG. 30-14
1 The circuit shown has a cutoff frequency at
R, about 1 kHz. R1, R2, Cl, and C2 can be scaled o
C.—C R =R change this to any other desired frequency.
1T s A =0y
PASSIVE L FILTER CONFIGURATIONS PASSIVE PI FILTER CONFIGURATIONS
LOW PASS LOW PASS Lorir:ass
O g0 bt VA ° LOW PASS
L R? SE R 2 o T
a R e 1 o
> C1 3 ~C?
O N
HIGH PASS HIGH PASS HIGH PASS HIGHK PASS
o—f—y—o o
c? 4] 4] 4]
L gEm ng i L L2
e & 5 o -
POPULAR ELECTRONICS FIG. 30-15 | POPULAR ELECTRONICS FiG. 30-16
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FOUR-OUTPUT FILTER

High pass Bandgass Low pass

£ 1
cenler = ETDCO

ELECTRONIC DESIGN FIG. 30-17

The classic “state-variable” (two-integrator) filter (see Fig. A) is famous for its insensifivity to
device parameter tolerances, as well as its ability to provide three simultaneous separate outputs:
high pass, bandpass, and low pass. These advantages often offset the fact that a quad operational
amplifier is needed to implement the circuit.

A modification of the classic scheme that applies the input voltage via amplifier Uy, rather than
U, provides a bandpass output with a fixed peak gain that doesn’t depend on the @ of the filter. It
was found by using that configuration, a fourth notch-filter output can be obtained if B, = B, (see
Fig. B).

If R, = R, = R,, the gains of both the notch and bandpass outputs are unity, regardless of the @
factor, as determined by R3, R1, R2, R4, R5, and R6. The resonant {(or cutoff) frequency is given by
-®, - 1/R, X C,. Depending on the capacitor values and frequency o, resistance E, might also share
the same monolithic network for maximurn space economy. As with the classic configuration, reso-
nant frequency ® can be electrically controlled by switching resistors K, or by using analog multi-
pliers in series with the integrators.
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VARIABLE QFILTER FOR 400 Hz

33 k) 33 k2

O.........,,,,,,,,

AF in ICA, B LM1458

H—o

§3300

Null

Rs

—_),
Sharpness g 10k

WILLIAM SHEETS FiIG. 30-18

A bootstrapped twin T notch filter in this circuit can yield an effective @ of up to 10. K adjusts
the feedback, hence the Q. Values of C, and C, can be changed to alter the frequency. R, is a fine-
tune null control.

TWIN T NOTCH FILTER FOR 1 kHz

33k
AN
0.01 uF 0.01 pF
¢ £ | 470 k)
33 k2
..... .’
input
L 12 LM14sg  Output
33 k2 j
WILLIAM SHEETS FiG. 30-19

The circuit shown uses a twin T notch filter and an amplifier. Used to remove unwanted fre-
quency.
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VARIABLE BANDPASS AUDIO FILTER

&‘K: 2 ¢4
9 500pF
c3
: 1.0uF A6-5
R7
[: ) 100K 10K
ct | RS £ L]
1.0uF | 1.0pF 10K 1
Mmoo H
-4
" ?g&f(:;} c5 o
-
INPUT sl 4 S00pF qureuy
o ¢ o
ELECTRONICS NOW FiG. 30-20

This circuit is a variable audio bandpass filter that has a low cutoff variable from about 25 Hz to
700 Hz and a high cutoff variable from 2.5 kHz 1o over 20 kHz. Rolloff is 12 dB/octave on both high
and low ends. R2-a-b and R6-a-b are ganged potentiometers for setting lower and upper cutoff fre-
quencies, respectively.

ACTIVE FOURTH-ORDER LOW-PASS FILTER

R7 R8 c3 RS
47 k2 6.8kN 0.002 uF 39 kO
® .

c2
R9
4.7 KO I 0.002 pfF

IC1 a, b op amp = LM1458

WILLIAM SHEETS FIG. 30-21

This circuit is a fourth-order low-pass filter with values for kHz. The valucs of k|, K, C, and C,,,
and R, R,, C, and C, can be scaled for operation at other frequencies. Roll-off is 24 dB/octave.
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AUDIO NOTCH FILTER FOR SHORTWAVE RECEIVERS

AF IN
R3
i
AAA
500Hz A mnwum l‘ =
TO]SkHz ZES
| SH uus 095 =
<& Rt ! A2 o W
$ax 1 100X s
| coa ANy S\ ,
t | .00% o | w
>

e Rl $ 10k +

' Ui + 14 11

I e €722 R62 maa -

‘ S1-b H 1/4 LM224 4 TPy cs
<:R9 A 8 c4 1 '__
2 10K 008 ,: RE =

TUNE 1K o
o out

POPULAR ELECTRONICS FIG. 30-22

The notch tilter can be added to just about any receiver to atteniuate a single frequency by more
than 30 dB. This filter should be handy for reducing heterodynes and whistles.

ACTIVE SECOND-ORDER BANDPASS FILTER FOR SPEECH RANGE

0.001 pF |

100 k(3 100 k() 100 k{2

100 kil

47 k(2

47 k()

I 0.001 uF

Op amp LM1458 dual, etc.

WILLIAM SHEETS FIG. 30-23

This filter eircuit which uses LM 1458 or similar op amp has a response of 300 Hz to 3.4 kHz with
12 dB/octave roll-off outside the pass band. Scetion A is the high-pass one, followed by low-pass sec-
tion B. Values of either section can be scaled to alter Lthe pass band.
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VARIABLE-FREQUENCY AUDIO BP FILTER

- c‘s"o_wys—\zv

w
AL

d.c
A1 “T*.002 [Lm741

1
w1 220K 7 A2
A2 v WY E 20
R5 ¢ C4
47K 842

< R%s <

L 02
Y 4 s \ !
\\ 10K 9 ™4 Y

\\ =+ “‘ AF QUT
M w o me - oo -o— 4
A
POPULAR ELECTRONICS

AF
ouTPUT
lovr
TWO POLE
FALTER -
Cx¥ /51b
Lol e v ouTPUT

AMP
The filter can be wired mto an existing amplifier by

insertng the filter circunt bepveen the amp’s preamp und ourput
stages as shown here,

FIG. 30-24

This variable-frequency, audic bandpass filter is built around two 741 op amps that are con-
nected in cascade. Two 741 op amps are configured as identical RC active filters and are connected
in cascade for better selectivity. The filter’s tuning range is from 500-Hz to 1500 Hz. The overall volt-
age gain is slightly greater than 1 and the filter’s is about 5. The circuit can handle input signals of 4
V peak-to-peak without being overdriven. The circuit’s input impedance is over 200 kQ and its out-

put impedance is less than 1 kQ .

VARIABLE LOW-PASS FILTER

330 pF

L1

0.001 uF

A1
47k 50k0

1‘)—'\/V\~\NL\~I-«D-—'\AA34\N
Ep lo-2)
[ X
_I Ganged

WILLIAM SHEETS FliG. 30-25

This second-order low-pass filter uses a 741
op amp and is tuneable from 2.5 kHz to 25 kHz.
This circuit is useful in audio and tone control ap-
plications. R1 and 2 are ganged potentiometers.

VARIABLE HIGH-PASS FILTER

< Ria
S ATk
l A2 Ganged -
< SaoKu pots LM1458
500 kb wA741, ete.
o—| op amp
Gta Cib 0
0.01 uf
0.01 pF W s
A1, l
a7k <
¢ L O
WILLIAM SHEETS FlG. 30-26

This second order filter which should prove
useful in audio applications uses an LM1458 or
other similar of op amp. It is tuneable from 30 to
300 Hz cutoff. R2a, b are ganged log-taper poten-
tiometers.

186



1-mV OFFSET, CLOCK-TUNABLE, MONOLITHIC 5-POLE LOW-PASS FILTER

Vin 1 . 8—_|_
2 1=,
= 4| ucwes |, ourz
UAkF 4 5 0 1uF
= "

e
| =
awoud iy
) ¢

=

The LTCL063 is the first monolithic low-pass fil-
ter that simultaneously offers outstanding de and ac
performance. It features internal or external clock
tunability, cutoff frequencies up to 50 kHz, 1-mV typ-
ical output de offset, and a dynarmnic range in excess of
12 bits for over a decade of input voltage.

The LTC1063 approximates a 5-pole Butterworth
low-pass filter. The unique internal architecture of
the filter allows outstanding amplitude matching from
device to device. Typical matching ranges from 0.01
dB-at 25% of the filter passband to 0.05 dB at 50% of
the filter passband.

An internal or external clock programs the filter’s
cutoff frequency. The clock-to-cutoff frequency ratio is
100:1. In the absence of an external clock, the
LTC1063’s internal precision oscillator can be used. An
external resistor and capacitor set the device’s internal
clock frequency.

CLOCK OUT = 1/RC ¥ 00pF
1 8
Ving —
2 7 = v
o = L] e | oure
W -
01uF 4 5 -4 0.1puF
T 1<
= [ =
TO GTHER
LTC1063s -
LINEAR TECHNOLOGY CORP. FIG. 30-27
UNITY-GAIN

SECOND-ORDER HIGH-PASS FILTER

ACTIVE UNITY-GAIN

SECOND-ORDER LOW-PASS FILTER

s

33 pF %
- 33 k1
o1 »——O
c1 Output
input 0-0038 uF  0.0035 uF Qutput S :30 PF
° ° (s
IC1: Any general-purpose 2 47k0
op &mp (1A741, LTS8, ete.) WILLIAM SHEETS Al FIG. 30-29
WILLIAM SHEETS FlG. 30-28

This filter circuit has a cutoff frequency of
2900 Hz with the values showr.
1
-f(‘umﬁ' - 2 83nRC
Rl
= 2R1
C,=C

2

Q™

1 2

This second-order Butterworth filter cuts off
near 10 kHz, The values of €, and C, can be
changed to alter the frequency, or else calculated
from the formula.

1
fcutoff = 9 83nRC
C,=2C,
R,=R, =R
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ACTIVE FOURTH-ORDER HIGH-PASS FILTER FOR 50 Hz

This circuit which uses an LM1458 or similar

op amp is a fourth-order high-pass filter with a 24
dB/octave roll-off. The values of R/R,, R/R,,
2 i . C,/C,, C,/C, can be scaled to suit other cutoff fre-

Ol + = guencies,

Op amp LM1458

WILLIAM SHEETS FIG. 30-30
SIMPLE HIGH-PASS (HF) EQUAL COMPONENTS
ACTIVE FILTER FOR 1 kHz SECOND-ORDER HP FILTER
o o

o— R B2 1
Ty 2
En 100 KN 2 R —C ct o g 1 e
o ; ~

l = In C‘Z < Out
= i 5 £.0038 uF (1,20 k o

- Any G.P.opamp = 1 1 y=1se0mz L
LM741, etc. -
iC1 General-purpose op amp (741, efc.}
WILLIAM SHEETS FIG. 30-31 | i\ 1AM SHEETS FiG. 30-32

This simple 1 kHz filter uses a voltage fol- This filter circuit uses equal value compo-
lower and an RC section for a filter element. For nents and is shown for 1500_ Hz. The values can
be scaled for other frequencies.

other frequencies f, dB — 1/6.28 B C|. The re- 1
sponse drops 6 dB/octave below f, dB Jostort = YT
SECOND-ORDER R=R,
LOW-PASS FILTER FOR 10 kHz R, =2R,
C=0C, =

f SIMPLE LOW-PASS
(LP) ACTIVE FILTER FOR 1 kHz

a1 ey
100 Ko}

b3
Output

B} IC 172 LM1488

W'LL'T;J' SHEETS vl FIG. 3‘?1:';3 WILLIAM SHEETS o FiG. 30-34
This circuit uses equal value capacitors. The . .
cutoff frequency ( £) i;l P This simple filter uses an RC section for a fil-
o coe ter element, with a voltage follower for other fre-
1 quencies f; dB = 1/6.28 R C|. Response drops 6

Je= 2 8amRC dB/octave above f, dB.
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CURRENT-DRIVEN SALLEN KEY FILTER

Vout -1/R;R;3C,Cy

= - = H(s)
Vi s2es L (,.1_+,_L+J_ b1
C: \R;, R; Ry R:R5C,C,
A B
ELECTRONIC DESIGN FiG. 30-35

The low-pass Sallen-Key filter is staple for designers because it contains few components (A).
By redesigning the filter, a current to voltage conversion can be avoided when the input signal to be
filtered is in current form (B).

455-kHz NARROW-BAND IF FILTER

680p 220p * * " 560p 680p

—0 0 [ aH
330 0 . " See text . . . . 330 0
[> ,‘:]L = 1n2 = 680p = 680p T ‘

86442-1
303 CIRCUITS FIG. 30-36

This filter uses five 455-kHz ceramic resonators. The impedance is 330 €, the bandwidth is 800
Hz, and the ultimate rejection 260 dB. The ceramic resonators could be replaced by crystals.
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AUDIO-RANGE FILTER

1 MHz INPUT
30 pf II 30 pf
= T - 12 14 i1 12 18 ? 14 12 14
Ji HLJ LA N S ST ) S T 1 1°° T Tm
LMF LMF UMF LMF LMF
380 280 ag KLl 380 380
B R 6 4 6 st 4] a3l ¢ s s sl
20 kH2 42.5 kHz tG mz 6. 25 kHz S kHz 3.13 kHz 2. s tz 1. sa kHz 125kHz | . 7e1 KkHz
Out Out Out Out Out Out Out Cut Out Dut
16 kM2 0 Kz 4 kH2 2 kHz 1 kH2
Qut Out Cut oul Out
8
1 I f.= 5kHz
1
sy 5] iwr
60-100 NG J 8 ]
¥
2] LweF
T
112 14 12 14 112 14 = 1T 12 14
| | IR T | S R { M 10 | S
LMF LMF LMF LMF LMF
380 ~| 380 360 380 380
5
s af af sI ¢ al st af af st 4] sl
825 Hz 381 Hz 313 Hz 195 H2 156 Hz 977 H2 78 1 Hz 488 Hz 321 Hz 244z
Qut Out Out Out Out Out Dut Out Dut Out
500 Kz 250 Mz 125 Hz 525 Hr 313 M2
Out Out Qut Qut Ot
NATIONAL SEMICONDUCTOR FIG. 30-37

The LMF380 switched audio filter by National Semiconductor is used here to obtain a third-oc-

tave filter set that covers the entire audio range.

BI-QUAD RC BANDPASS FILTER

PASSIVE T FILTER CONFIGURATIONS

Al
100K
IN Av‘v‘v
1/4 +V C1
330pF
R2 ~—H——
100K RS
g | 470K
7
5
R3
100K $ 174
LM124
;VOUT
+V
-y—s
LM124 &g o3 Lt R
2 100K 10 7T~ 100K
=
POPULAR ELECTRONICS FiG. 30-38

LOW PASS LOW PASS
L L2
R A2
C
o
o —0 o] * O
HIGH PASS HIGH PASS
] c2 ¢ .E 2
11 <
Tm
o —o o -0
POPULAR ELECTRONICS FIG. 30-39
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FULL-WAVE RECTIFIER/AVERAGING FILTER

Ay Ay
RI R2 R3 R7 R8
Cl G2 | agk 20K 20K 20K 2.5K
AC A7 47y 1% 1% 1% CAL
Ut O— oA AW R6
D1 10K 537
FO866 % .
) o 3 o2
ouTPyUT
D2
FDSE6
LI
POPULAR ELECTRONICS FIG. 30-40

The input signal is rectified by D1 and D2 op amp Ul-a, and fed to output amp UZ. R8 is sef for
correct circuit calibration.

1-kHz TONE FILTER

0.022 pF
&—
AVAV |
8.2k
r{ A s e
0.022 uF B2kQ +®/ p———O Oulput
5.6 k() ;
Audio
ji The Wien-bridge based filter has a variable
L bandwidth and a center frequency of 900 Hz. The
5.6 kid g circuil will oscillate if the 10-kQ pot is set too low.
Q ad). ‘
10 k!l@
@ - Most any IC op amp LM1458, LM324, eic.
WILLIAM SHEETS FIG. 30-41
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31

Flasher Circuits

The sources of the following circuits are cortained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.

Sequential Flasher

36 LED Flasher Driver

LED Flashers

Dark-Activated LED Flasher
Super LED Flasher

LED Flasher for 2 tol0 LEDs
Flash Signal Alarm

LED Christmas Tree Lighl Flasher
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SEQUENTIAL FLASHER

117 Vac » *
+ Voo
R4
10k 10 k
2W
LMP1 LMP2

+ CE
- uF
10V 8
* See text
+VCC - » 117 Vac
R1 (I R7
1 MEG 10 k
2W
e LuP4{O)
10k 8 4 16 3
7} ic1 HE
555 3 4
R3 OUT CLK 2 7
1k 14 3
3] iC2
2 4017
c1
B
T 1 8
N
R-E EXPERIMENTERS HANDBOOK FiG. 31-1

A 555 timer, IC1, drives a 4017 CMOS decadce counter. Each of the 4017's first four outputs drives
a CA3079 zero-voltage switch. Pin 9 of the CA3079 is used to inhibit output from pin 4, thereby dis-
abling the string of pulses that the IC normally delivers. Those pulses occur every 8.3 mis, i.e., at a
rate of 120 Hz. Each pulse has a width of 120 ps.

Because of the action of the CA3079, the lamps connected to the triacs turn on and off near the
zero crossing of the ac waveform. Switching at that point increases lamp life by reducing an inrush of
current that would happen if the lamp were turncd on near the high point of the ac waveform. In ad-
dition, switching at the zero crossing reduces radio frequency interference (RFI) considerably. Cau-
tion: The CA8079s are driven directly from the 117-Vac power line, so use care.
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36 LED FLASHER DRIVER
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POPULAR ELECTRONICS FIG. 31-2

Originally intended as a 3-bell animation circuit for Christmas decorations, the circuit can be
used for many other purposes that require a flasher of this kind. By re-connecting U2 (see the data
manual), more than three outputs can be be obtained.
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LED FLASHERS
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DARK-ACTIVATED LED FLASHER

WILLIAM SHEETS
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FIG. 31-4

WILLIAM SHEETS
This circuit can be used as a small beacon or marker light, and toys or novelty iterns. R1 is an
LDR that has 210 k€ dark-resistance, or a CDS photocell. C1 determines the flash rate.
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SUPER LED FLASHER
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1991 PE HOBBYIST HANDBOOK FIG. 31-5

The super LED flasher is actually two complete LED flasher circuits on orne circuit board. The
first LED flasher is made up of IC1 and LEDs D1 and D2. IC1 is a 555 timer 1C configured as an
astable (free-running) multivibrator with its output on pin 3.

The frequency of the 5655's oscillation is controlied by R2, R3, and Cl. Resistor R1 limits the in-
put voltage to a low enough level to prevent damage to the IC. As the 555 IC oscillates, the output of
pin 3 goes high (+) then low (-). When the output is high it supplies current to D1, which lights up.
When it is low, pin 3 sinks current and D2 lights up. This happens because LEDs are polarity-sensi-
tive (like all other diodes, they permit current flow in only one dircction) and one lead of each LED

has been connected to the respective polarity needed to light that LED.
The second LED flasher, made up of IC2 and LEDs D3 and D4, operates in the same way as the

first. LED [lasher.
LED FLASHER FOR 2 TO 10 LEDs
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i
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WILLIAM SHEETS

FlG. 31-6

This LED flasher has double-ended output connection. The circuit can be used with 1 to 5 LEDs
on each side as indicated.
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FLASH SIGNAL ALARM
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RADIO-ELECTRONICS FIG 31-7

LED CHRISTMAS TREE LIGHT FLASHER
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Three individual flashing circuits that use an LM3909 LED flasher/oscillator IC create the ap-
pearance of a pseudo-random firing order. The combination of C\/R,, C/R,, and C//R; control the
blink rate, which is between (.3 and 0.8 s, and the inherent wide tolerance range (-20% to +80%) of
standard electrolytic capacitors add to the irregularities of the blink cycles. The continuous current
drain is about 10 mA; however, if yau decrease the values of R4 through R6 or C1 through C3 in or-
der to increase the blink rate, the current will then increase proportionally.

Note in particular that external current-limiting resistors aren't needed for LED13 through
LEDI18; the resistors are built into the ICs. LED10, which serves as the tree's “star,” is a special kind
of flashing LED that blinks continuously at a fixed rate.
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32

Frequency Multiplier Circuit

W— —

The source of the following circuit is contained in the Sources section, which begins on page 675,
The figure number in the box of the circuit correlates Lo the entry in the Sources section.

Frequency Multiplier Without PLL
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FREQUENCY MULTIPLIER WITHOUT PLL
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ELECTRONIC ENGINEERING FIG. 32-1

An input rectangular signal is differentiated and short impulses arce formed from its cdges. These
impulses write the content of counter A to a latch that clears the counter after a very short time.
Counter A counts impulses of the frequency f, that are much greater than that of the input signal.
The pulses come from an impulse generator. Thus, the numbcer, which is written to the latch, ex-
presses the number of these impulses between the edges of the inpuf signal. The impulses from the
same generator pass to (reverse) counter B. The carry impulse loads the content of the latch to
counter B. The latch is connected with the reverse counter such that the number written to this
counter is 2M times smaller than the number introduced to the latch. This can be readily achieved by
omitting M most significant bites of counter B. Because the number loaded to counter B is 2/ times
smaller than the number in the latch, the carry impulses of counter B have frequency 2M times
greater than the frequency of the impulses at the output of the dilferentiator. The carry impulses are
fed to a D flip-flop, which divides their frequency by two. In this way, the output frequency is 2M
greater than input frequency f, as long as the frequency of impulse g,enerator‘)‘;7 is much greater than
oMY,
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33

Function and Signal Generator

Circuits

————

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.

200

Function Generator

100-dB Dynamic-Range Log Generator
Funetion Generator

Fast Logarithm Generator
Triangle-Wave Generator

555-Based Ramp Generator

Triggered Sawtooth Generator

Signal Generator

Transistorized Schmitt Trigger

Linear Sawtooth Generator
Capacitance Multiplier

Triangle-Wave Oscillator

Clock-Driven Triangle-Wave Generator
Triangle- and Square-Wave Generator
Root Extractor



FUNCTION GENERATOR

ELECTRONIC DESIGN

FIG. 33-1

This function generator, based on an LT1016 high-speed comparator, will generate from a single
+5-V supply. The slow rate of the op amps used determines the maximum useable frequency of this

circuit.
100-dB DYNAMIC-RANGE LOG GENERATOR
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POPULAR ELECTRONICS

A A AL

FIG. 33-2

E = constant x (Log E,). This circuit has 100-dB dynamic range, which is five decades of volt-
age change at the input.
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FUNCTION GENERATOR

¢ cs
al G022 »
-\" )} -6-12 VAC IN
ar RI12 RIS C
100k 100N 27k D~34°
RE Rl RI4 N4 ot
ok g 100k § o 10k | and3 ¢
T - - L)
4, 0l 2], l_
us Uit " A
T 084 uio L c? A~
HI -—LCQ ctllol . |l000KF
Py
o]
cRIY RiE b T
RS F 10k A70k N40O!
10k
+
“ 4 ot ”
100k 52 ri8 RI7 *
FREQUENCY 20k GAIN 470k
Noia
cin L e 2
L g e 33.F I - 29 AT0uF -
RS 500 { 4
3k Al 19k ? ¥ U
Py 7 ol
A b4 2N3904
bz
IN9IA 2260-
4 -
< €4 cia Rz2 thas
/o 0001 33uF 310 ATOuF
33 At i B3
J2 W FZAN ,):
'3
73 AMATEUR RADIO TODAY

FIG. 33-3

A quad op amp makes up the heart of this function generator. Ul-a generates a square wave, and
outputs this to J3. J1 and J2 are pulse outputs obtained by dilferentiating the square wave. Integra-
tor Ul-b generates a triangle-wave shaper to obtain a sine wave. Q1 is an output.amplifier.

FAST LOGARITHM GENERATOR
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= (constant) x log E}. The circuit should be useable with op amps other than
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POPULAR ELECTRONICS

TRIANGLE-WAVE GENERATOR
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FIG. 33-5

This is a simple triangle-wave generator using two IC devices and a transistor. The triangle wave
is used as feaedback to the square-wave generator. S1 allows range switching in three ranges from 100
Hz to 100 kHz. Iixtra positions could be used Lo extend the range to lower frequencies, using larger
values of capacitance.

D1 = fast charge

555-BASED RAMP GENERATOR

D2 = fast discharge
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ELEKTOR ELECTRONICS

®

5...15V

This circuit is used to generate 4 ramp voltage
for tuning a radio receiver. An NEB5S, running at

® ’ about 0.1 Hz, is used as an astable multivibrator.
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TRIGGERED SAWTOOTH GENERATOR

.

+12 V regulated

y
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Saw out

WILLIAM SHEETS

') Pulse out

I

FIG. 33-7

Two 2N3804 transistors and a 555 form a triggercd sawtooth generator. A sawtooth or other ris-
ing voltage input provides a pulse output when the trigger point is reached.
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WILLIAM SHEETS FIG. 33-8
This simple oscillator is rich in harmonics
which make this circuit useful for signal tracing

applications. POPULAR ELECTRONICS FiIG. 33-9
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LINEAR SAWTOOTH GENERATOR
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WILLIAM SHEETS

tooth generator generates a linear ramp waveforin,

The 2N3906 transistor is used as a constant-current source, to assure that the 555-based saw-

TRIANGLE-WAVE OSCILLATOR

CAPACITANCE MULTIPLIER
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POPULAR ELECTRONICS FiG. 33-11

Capacitance multiplicr uses the gain of an op
amp to produce an effective capacitance—in this

THRESHOLD INTEGRATOR
DETECTOR EGRATO
ct
0.1
h Voo
Urd 443
b 38
FiG. 33-12

POPULAR ELECTRONICS

Ul-b acts as an integrator while Ul-a is a
threshold detector. R2 sets the trip level and
therefore the amplitude, R3 controls charging

current of C1 and the frequency.

case 100,000 uF.
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CLOCK-DRIVEN TRIANGLE-WAVE GENERATOR
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ELECTRONIC DESIGN FIG. 33-13

U2-a, C3 and R2 operate as an integrator. Q2 and Q3 are altcrnately switched at 256 cycles,
U2-b, @4, Q5, and R8 through R11 arc a constant current generator, and R11 is set for a syrmmet-
rical triangular waveform.

TRIANGLE- AND SQUARE-WAVE GENERATOR
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WILLIAM SHEETS FIG. 33-14

The circuit will generate precision triangle and square waves. The output amplitude of the
squarc wave is set by the outpul swing of op amp Al, and k /R, sets the triangle amplitude. The fre-
quency of oscillation in cither case is approximately 1/0.69RC.

The squarc wave will maintain 50% duty cycle—even if the amplitude of the oscillalion is not
symimetrical, The use of a fast op arap in this circuit will allow good square waves to be generated to
quile hugh frequencies. Because the amplifier runs open-loop, compensation is not necessary. The
triangle-generating amplifier should be a compensated type. A dual op amp, such as the MC1458, can
be used for most applications.
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ROOT EXTRACTOR
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POPULAR ELECTRONICS FIG. 33-15

This circuit produces a voltage that is proportional to the root of the input. This gives a logarith-

mic response, log V¥ = Nlog V..
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34

Game Circuits

— — — ———

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Seurces section.

Electromagnetic Ring Launcher

Quiz Master
Electronic Slot Machine
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ELECTROMAGNETIC RING LAUNCHER
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1993 ELECTRONICS HOBBYIST HANDBOOK FIG. 34-1

The electromagnetic ring launcher is corprised of four subcircuits: a clock circuit (built around
U5, a 555 oscillator/timer configured for astable operation), a count-down/display circuit (built
around U3), a 74190 synchrorious up/down counter with BCD outputs that is configured for count-
down operation; U4, a ECG8368 BCD-to-7-segment latch/decoder/display driver; and DISP1, a com-
mon-cathode seven-segment display), a trigger circuit (comprised of U6), an MOC3010 optoisclator/
coupler with Triac-driver output; TR1, an SK3665 200-P'1V, 4-A Triac; and a few support compo-
nents), and a reset circuit (comprised of Ul, a 7400 quad 2-input NAND gate; U2, a second 555 0s-
cillator/timer configured for monostable operation; and a few support components).

This circuit is that of a repulsion coil (L.1) used to demonstrate the principle of electromagnetic
repulsion by propelling a metal ring around the core of L1 through the air. A countdown circuit is
provided to count seconds before laumch.
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QUIZ MASTER
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Up to eight players each have their own answer button to press, corresponding to the four Red
Team and four Green Team LE!)s on the master control board. As soon as the first contestant who
thinks that he knows the answer presscs the button, a loud tone sounds, all other contestants are
locked out, and the contestant’s indicator LED lights on the control board so that it’s obvious who
buzzed in first. ‘

The control board also featires two sclectable “time out” periods—each adjustable from 3 to 15
seconds, setting specified time intervals in which the player must answer before the “time’s up!” tone
sounds. Eight SCRs form the heart of the circuit. The anode ol each SCR has a positive (+) bias on it
by way of an LED and a negative (—) bias on cach cathode. As soon as a contestant depresses his or
her switch button (S4 through S11), a positive bias is applied to the respective SCR gate. That bias
latches the contestant’s SCR on, which in turn lights up the appropriate LED on the master control
board. At the same time, the activity of the SCR latching on turns on the answer buzzer (BZ) and
locks out all other contestants. The lockoul occurs because relay X2 contacts operate to remove the
availability of a bias voltage to the gate of the other SCRs.

The other circuitry consists of a timer circuit and a “time’s-up” tone-generating circuit. The timer
circuit consists of transistor Q1, capacitor Cl, resistors R1 through R3, and trimmer resistors P} and
2. Depending on the adjustment of the trimmer resistors and selection switch S3, a specific time pe-
riod can be set. The time’s-up tone-generating circuit is made up of IC1, transistors Q2 and @3, and
the associated resistors and capacitors. The “on” time of the tone can be set by P3. Relay K1, which
is opcrated by the timer circuit, scrves to reset the entire unit for the next question.
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ELECTRONIC SLOT MACHINE
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1991 PE HOBBYIST HANDBOOK FIG. 34-3

The slot machine’s realistic action is provided by seven ICs and three displays, as shown. Two
555 CMOS timer ICs generate pulses. IC1 is used to generate the clock pulses for the entire elec-
tronic slot machine. The pulses are coupled from the output (pin 3) to the clock inputs of I1C4, 105,
and IC6, the display-driver ICs.

The displays are common-cathode 7-segment LED types. They are wired to display three dilfer-
cnt symbols, an “L,” a “7,” and “bar.” When all three displays show the same symbols, 1C7 (a 4023
triple 3-input NAND gate) decodes a winner and sends a signal fo pin 5 of 1C3. That IC is a 4001
CMOS NOR gate and it turns on IC2, a 555 timer 1C. IC2 actually produces the winner tone on its out-
put, pin 3.

Transistors Q4 through Q12 are used to drive the common-cathode displays. An LED is used to
indicate the clock pulscs, and a variahle resistor is provided for each of these fimetions. Trimmer re-
sistor P1 confrols the overall clock rate, P2 controls the “winner” tone, and P3 controls the display
brilliance.
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35

Gas Detector Circuits

e — . . o —. o

e —— e —t
e —— — R N N

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.

Explosive Gas Detector
Combustible Gas Detector
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EXPLOSIVE GAS DETECTOR
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POPULAR ELECTRONICS FIG. 35-1

A gas sensor (TGS823 from Allegro Electronics, Cornwall Bridge, CT 06754) conducts in the
presence of explosive gases. Ub is a voltage-to-frequency converter that produces a {requency pro-
portional to the sensor conductance. The output frequency ranges from 100 Iz in clean air to 8 kHz
in a contaminated atmosphere. The de voltage from the sensor also drives bar graph LED U7 and
comparators U4-b and U4-¢ Lo sense present caution and danger levels. Ul drives an ac load up to
100 mA (relay, indicator, alarm, eic.).
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COMBUSTIBLE GAS DETECTOR

D1
4001 & .
¥ tm2naect-s.0
D2
1N4pOY
iy
120 VAC " VDC == C1
] 470pF
|
Bt |
avoc |
100-MESH SUS 218
STAINLESS STEEL GAUZE (DOUBLE}

THE GAS SENSOR is mainly
composed of tin dioxide on a ceramic
base; the resistance of the sensor varies
depending on the concentration of re-
ducing gases in the air.

ELECTRONICS NOW FIG. 35-2

The circuit shown is useflul for the detection of dangerous levels of combustible fumes or gases.
It uses a comparator circuit to trigger an alarm buzzer. The sensar's registant element is connected
in series with resistor R1 to form a voltage-divider circuit; R1 is specifically matched to each gas sen-

sor by the manufacturer.
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Gate Circuit

A R

The source of the following cirenit is contained in the Sources section, which begins on page 675.
The figure number in the box of the circuit correlates to the entry in the Sources section.

AND Gate
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AND GATE

+V
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_L A"VAV AVAV"
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1K 1K R &
/i b3
100K VoKD
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A2 41N
100]’( 5 b
B O A'AvA‘ o

/4 LM139

o
out

POPULAR ELECTRONICS

FIG. 36-1
A left-over section of a quad op amp can be used to save cost and eliminate an extra logic chip
for this AND gate.
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Geiger Counter Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuit corrclates to the entry in the Sources section.

Geiger Counter |
Geiger Counter 11
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GEIGER COUNTER |
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POPULAR ELECTRONICS FIG. 37-1

The circuit is buill around a 4049 hex inverter (Ul), a pair of 555 oscillator/timers (U2 and U3),
two transistors, a Geiger-Muller tube, and a few additional support components. The first 555 (12)
is configured for astable opcration. The output of U2 (a series of negative-going pulses) at pin 3 is
fed to three parallel-connected inverters (Ul-a, Ul-b, and Ul-¢). The positive-going output pulses of
the inverters are fed to the gate of Q1, causing it to toggle on and off.

The output of @1, which is connected in series with the primary of step-up transformer T1, pro-
duces a stepped-up series of pulses in T1%s secondary. The output of T1 (approximately 300 V) is fed
through a voltage doubler (consisting of D1, D2, C3, and C4), producing a voltage of around 600 V.
Three series-connected Zener diodes (D3, D4, and D5) are placed across the output of the voltage dou-
bler to regulate the output to 500 V, fed through R4 (a 10-MQ current-limiting resistor) and J2 to the
anode of the GM tube. The limiting resistor also allows the detection ionization to be quenched.

The cathode side of the tube is connected to ground through a 100-kQ resistor, R5. When a par-
ticle is detected by the GM tube, the gases within the tube ionize, producing a pulse across RH. That
pulse is also fed through C5 and applied to the basc of Q2 (a TIP120 npn fransistor), where it is am-
plified and clamped to 9 V. The output of Q2 is inverted by gate Ul-d, then it is used to trigger U3
(the second 555, which is configured for monostable operation). The output of U3 at pin 3 causes
LED1 to flash, and produces a click that can be heard through speaker SPKR1 or headphones. The
circuit is powered by a 9-V alkaline battery and draws about 28 mA when not detecting radiation.
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GEIGER COUNTER H

BZ ..........Blue Piezo Buzzer
Ct........ 4.6-1.F Electrolytic Ca-
- pacitor
c1 ot C2-C4 ....0.005-pF 1-kV Disc Ca-
C3 pacitor
o1 C5..... .01-pF 1-kV Disc Ca-
r T pacitor (103 M)
' C6 ........ .1-pF 100-V Mylar Ca-
4 pacitor (104 k)
Ri% 1ER2 DIA C7 ......... 33-uF Electrolytic Ca-
+ pacitor
T D1-D5 . ..1N4007 Diodes
H GR1 ....... Aipha Window Geiger
- Muelier Tube
T % L1-L6 .....Neon Lamps
Mt o2 Mt ... 0-200 Microamp Meter
Q1 ... 02-GE PNP Power Tran-
sistor
Q2. 2N3906 Transistor
R1 .......... 47-ohm Resistor
R2, R3 ... 3.9-k Resistor
R4, R5 ... 4.7-Meg Resistor
R6 ......... 220-k Resistor
8 R7 e 27-k Resistor
R8 ... 18-k{} Resistor
81 ......... 8PDT Stide Switch
T1 . Inverter Transformer
PE HOBBYIST HANDBOOK FIG. 37-2

Q1 is a pnp power transistor used in conjunction with a ferrite transformer to form a bloekin:g—
type oscillator. This oscillator is a fixed-frequency type, and the feedback to sustain oscillations is
from capacitor Cl. Because of the tarns ratio of T1, the small ac voltage produced on its primary is
converted to a large ac voltage on its secondary. That high-voltage ac is applied to the voltage trip-
per stage, which consists of capacitors C2, C3, and C4 and diodes D1, D2, and D3. The resultant voit-
age is now over 800 V and.it is regulated by neon lamps L1 through L6. Diode D4 rectifies the high
voltage and applics it to the cathode lead of the GM tube. The positive (+) bias on the GM tube is ap-
plied to the anode by way of load resistors R4 and R5. Each time a radioactive particle strikes the GM
tube, it causes the gas inside to ionize. This ionization of the gas creates a pulse, which drives the
piezo speaker and is also coupled by diode D5 to the base of Q2. Transistor Q2 is a pnp type and is
used to “integrate” the pulses in conjunction with capacitor C6. That produces a dc voliage level,
which is in proportion to the quantity of pulses arriving at the base of Q2. The collector of Q2 is con-
nected through resistor R8 to the (+) terminal of the meter. The other side of the meter goes directly
to (-) of the battery.
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38
Hall Effect Circuits

S ——— —
— A —

The sources of the following circuits are contained in the Sources section, which beging on page
675. The figure number in the box of each circuit correlates to the cntry in the Sources section.

The Talking Compass
Unusual Hall-Effect Oscillators
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THE TALKING COMPASS

TABLE 1--743188 TRUTH TABLE
Decimal
Diractory {nput Quiput Equivatent
Ad A3 A2 At AD|BO BY B2 B3 B4 BS B6 B7
North L H L H H{0O 0 0 0 0 0 0 1 1
NW. L L L H H|O 0 8 1 1 0 ¢ 20
Waest L L H H H|0O O t 0 t+ 0 0 o 46
S.W. L L H H L|OC 0 1 ¢t 1+ 1 0 0 60
South L H H H L|O t 0 1 0 0 0 © 80
S.E. L H H L L[fO 1 1T 0 0 1 0 © 100
East { H H L H|O ¥+ 1 1 1 0 0 O 120
N.E. Lt H L L Hit 0 0 0 t 1 0 0 140
Ris & g 14 t O T PO 3 R 1 t i
wxj» $ 10k 10 LI 7' 2% 210k E',‘;,‘( . 1%
" 7 2
6 3
R15 E 5 4
10K 12] a3 14 5
3 8
RIGS 2 9 u2
—1oxi» 1 10] 1501010
13 8 e 2
[ l R3
11115 ~
i o 1N40O ”
OFFO m—— S [N
o + 74
T B1 9 %
v
Hr-===]¢ *
1993 ELECTRONICS HOBBYISTS HANDBOOK FIG. 38-1

A talking compass is made up using a Hall-effect direction sensor (MOD1) and an ISD1016 ana-
log audio storage device. It is possible to program eight two-second announcements, for each of the
eight main compass directions.

The Talking Compass is comprised of a digital compass (MOD1), and ISD1016 analog storage de-
vice (U2), a 745188 preprogrammed PROM (U3), and a handful of additional components.
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UNUSUAL HALL-EFFECT OSCILLATORS

+9-12V -——

D1 Lt
1NG0R2 20 70 200
org RELAY COIL
U1 XY ponm
UGN3113U POLE
1 12 3
é Lt
B FACE
SPKA1
UBNI118U
A
+9-12v
D1 L1
184002
Ut
UGN3113U | $ AT
T 220K
! f 3 I o
L IRF511
- . c1
£4-5V == .10R =
L (SEE *SEE TEXT
170 50Hz = Jexn)
B

POPULAR ELECTRONICS

Although not intended for this application,

FIG. 38-2

Hall-effect switch can be used as the basis for a rather

unusual oscillator. The oscillator can be reconfigured, as shown in Fig. B, {o allow the circuit’s oscil-
lating frequency to be controlled via an RC network, comprised of R1 and C1.
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Infrared Circuits

——

The sources of the following circuits are contained in the Sourccs section, which begins on page
675. The figure munber in the box of each circuit corrclates 1o the entry in the Sources section.

Remote-Control Analyzer Wireless IR Headphone Receiver
IR-Pulse-to-Audio Converter Infrared Remote-Control Tester

IR-Controlled Rerote A/B Switch Pulsed Infrared Transmitter for On/Off Control
Simple IR Detector Very Simple IR Remotc-Control Circuit
Infrared Receiver IR Receiver .
Sclective Preamplifier for Infrared Photodiode Remote-Control Tester

Wireless IR Headphone Transmitter
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REMOTE-CONTROL ANALYZER

si

0
PL2©—‘_ 'y
Pl !
2
3| mont
= CASE
POPULAR ELECTRONICS FiG, 39-1

A schematic diagram for the remote analyzer is shown. The circuit is powered from a simple 5-V
supply, consisting of PL1, S1, T1, a bridge rectifier {(comprised of D1 through D4), capacitor C1, and
a common 5-V regulator, Ul. Switch S1 is the on/off control and is optional. The power-supply trans-
former used in the prototype is a 12.6-Vac unit, but any transformer that can supply at least 5.8-Vac
will do. The 12.6-V unit was used solely becausc of its availability.

The output of T1 is full-wave rectified by diodes 121 through D4 and filtered by C1. The bumpy
dc output from the capacitor is regulated down to 5 V by Ul, a 7805 intcgrated regulator. LED] acts
as a power indicator to let you know that the circuit is active.

The 5-Vde powers a GPIUS2X infrarcd-detector module* (MOD1), which demodulates the 40-
kHz carrier used by most infrared remotes. After demodulation, the resulting logic pulses are sent to
an oscilloscope via PL2, a BNC connector.

*Radio Shack part #276-137

IR-PULSE-TO-AUDIO CONVERTER

wop! ANy — oF o= rs-12v
R2 4 €3 SPKAY
C;% 4700 $3m0 220 gq

\>‘< 2 E:M 3+u1 S s __Jd(lca

P 100K 1
NE me LA . As
5.1V -
; 10k ¥ wass | x5 oo

GPIUS2X
(216-137 ‘L‘

POPULAR ELECTRONICS FlG. 39-2

If your ear is good, you can use this IR-pulse-to-audio converter to troubleshoot infrared remote-
controls. It is also a good project for detecting infrared-light sources. A photo cell module (Radio
Shack P/N 276-137) detects IR radiation and drives audio IC Ul. This circuit is useful for trou-
bleshooting IR remate controls.
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IR-CONTROLLED REMOTE A/B SWITCH

RECEIVER MODULE

WALL TRARSFORMER
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RADIO ELECTRONICS

FIG. 39-3

Useful for A/B control, the IR receiver shown controls a relay from an infrared beam that has a
pulsed tone-modulated signal. Q1 is the phato receptor feeding op amp IC1, tone decoder 102, and
flip-flup I03. ICH turns off the indicator LEDs after about 15 seconds.

POPULAR ELECTRONICS

[}
TiLaia

SIMPLE IR DETECTOR

N

koo
H

3¢]

&
< -
Eep—1

af-

SPKR1

T0
SCOPE

FiG. 39-4

Useful for IR detection, this circuit uses an op amp of the 741 family (or similar) to detect and
amplify IR pulses.
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INFRARED RECEIVER
10 £

4 AN +5V
ode 47 F
1: 0.047 pF { » DDautia

13 4 8 ]
38 mH 2 10 0.0068 pF
TDA3047/48 :[\

470 pF 3 7
114 Tap 16 1514 12 11 5 6  2.3amH
=5 [ | b
= - 100 pF
T 7T 0.0047 kF
jf 0.022 pF
WILLIAM SHEETS FIG. 39-5

The circuit operates from a 5-V supply and has a current consumption of 2 mA. The output is a
current source that drives or suppresses a current of more than 75 pA with a voltage swing of 4.5 V.
The Q-killer circuit eliminates distortion of the output pulses because of the decay of the tuned in-
put circuit at high input voltages. The input circuit is protected against signals of more than 600 mV
by an input limiter. The typical input is an AM signal at a frequency of 36 kHz.

SELECTIVE PREAMPLIFIER FOR INFRARED PHOTODIODE
1 MO

L4 +9to12V
|+ 2
1 pF I_

Photo
- diode 4.7k}

> Ouput
470 pF
22 mH 2/
2N3565
0.0047 uF
I 100 k{2
f~ 51 kHz
WILLIAM SHEETS FIG. 39-6

The circuit uses a tuned circuit to achieve frequency selection. Values are for operation at about
51 kHz. The 2N3565 amplifics the output developed by the tuned circuit.
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WIRELESS IR HEADPHONE TRANSMITTER

7-14V o o
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22Q 047
*SEE TEXT

POPULAR ELECTRONICS

FIG. 33-7

The transmitter for the wireless headphones is buill around a CD4046 CMOS phase-locked loop,
coupled with a driver transistor, and a pair of inlrared LEDs, Although the CD4046 is comprised of
two phase comparators, a voltage-controlled oscillator (or VCO), a source follower, and a zencr ref-

erence, only its VCO is used in this application.

WIRELESS IR HEADPHONE RECEIVER
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POPULAR ELECTRONICS FIG. 39-8

TR detector diode D1 intercepts the 1R signal at around 40 kHz and feeds it from U1, a high-gain
preamp, to PLL, U2, a 4046 configured to serve as an FM detector. U3 is an audio amplifier that feeds
a pair of headphones or a speaker.
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INFRARED REMOTE-CONTROL TESTER

§t

1991 PE HOBBYIST HANDBOOK FlG. 39-9

The infrared remote-control tester uscs a sensitive IPN-type solar sensor that is connected di-
rectly to a Darlington amplifier made up of transistors Q1 and Q2. Biasing is provided by R1 and P1,
a variable resistor that serves as a sensitivity control. The collector lead of Q1 is the output lead of
the Darlington amp, and it is connected to a red LED and the primary of transformer T1, The func-
tion of Tl is to convert the low-voltage output signal to a level high enough to drive a small piezo disc.
That disc makes a clicking sound when the sensor picks up an infrared signal that is varying in fre-
quency or amplitude. The infrared sensor will also pick up visible light. The use of an IR [ilter (Wrat-
ton #87) is recommended.

BZ Piezo Disc
L1 Jumbo Red LED
P1 2-M&Q Trimmer Resistor
Q1 2NB3904 Transistor
Q2 2N3906 Transistor
R1 270-8) Resistor
S1 Solar Sensor
T1 Audio Transformer .
PULSED INFRARED TRANSMITTER FOR ON/OFF CONTROL
+ R16 ¢11 (¥ INFRARED
Toor | B i | SOV
I ‘ LED3
[—I TSI i \}
RADIO ELECTRONICS FlG. 39-10

This transmitter consists of an oscillator and LEDs. It generates a pulsed tone of around 850 Hz.
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VERY SIMPLE IR REMOTE-CONTROL-CIRCUIT

T e S
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B1 LED1
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POPULAR ELECTRONICS FIG. 39-11

ouTPUT
e Ny
Q1 +12v 4
SDP8403-301 ] [O_i
81
@j Q2 —o—}—’
/ ZN2222 i
7 —o—}—’
[ ‘
| v =
< 200K 1M4001 K1
12v
é RECEIVER
PORTION
USE A LIGHT m
SHIELD TO
PREVENT FALSE
TRIGGERING
B

Here is a complete IR remote-control system that consists of a simple transmitter (A} and an

equally simple receiver (B).

IR RECEIVER

To LED

9Vde  przer, ote. O

47k —8
1 Meg
1K 7
\>* AA 2 6
3 T4 >——
Any T 14
silicon
phototransistor
ELECTRONICS NOW FIG. 39-12

This circuit is just about the simplest TR re-
ceiver you can build. The parts are cheap, the lay-
out is not critical, and a 9-V battery will last a long
{fime.

REMOTE-CONTROL TESTER

ELECTRONICS NOW FlG. 39-13

The IR Tester circuit lets you know if the but-
ton you press on a remote control is working. @1
is a photo transistor that is activated by IR en-

ergy.
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Indicator Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates Lo the entry in the Sources section.

Polarity Indicator
Tri-Color Indicator
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POLARITY INDICATOR

GREEN
ELEMENT 14

RED

fj} CLAMP

LED?

COIN-SIZE
TEST

PLATE RED
ELEMENT

POPULAR ELECTRONICS FiG. 40-1

This circuit consists of a tri-color LED, a resistor, wire, and a coin-size test plate. You will have to
build two such circuits—onc for cach black clamp on a set of auto battery jumper cables. The author
installed the circuits inside the black clamps themselves using lengths of wire to make the connec-
tions to the red clamps. -

The first step is to connect one rcd clamp (o what you believe is the positive post on the okay
battery. Then, touch the test plate on the black clamp at the end of the cable to the negative termi-
nal on the good battery. The LED will light red if the red clamp is on the wrong terminal. I so move
the clamp to the other post and check again. If all is well, the LED will light green. Pick up the other
black clamp and connect it to the remaining post on the good battery.

Connect the remaining red clamp to what you assume to be the positive terminal on the bad bat-
tery. Now, touch the test plate on the remaining clamp to the engine block or a bare area on the dead
car’s frame. If the LED appears or docsn’t glow, switch the red clamp to the other terminal and test
again. When the LED glows green, attach the black clamp to the car’s frame (which will prevent any
sparks from occurring near the battery). When you remove the clamps, take the clamps off in reverse
order to avoid sparks.
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BI-COLOR INDICATOR
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POPULAR ELECTRONICS FiG. 40:2

With S1 open, base bias is supplied to Q2 through a voltage divider (formed by R2 and R3), thus
turning on the green element in the LED. That indicates that power is being supplied to the project.
If you close 81, current through R1 biases Q1 on, thereby grounding the voltage divider and turning
off Q2. That reverses the flow of current through the LED, which causes its red element to light. That
indicates that the circuit is under power and S1 (really a DPDT switch), whose remaining section
controls another circuit, is active, In this circuit, a bi-color LED is used to indicate when a circuit is
under power and the status of S1. In that way, the LED does the job of two indicators.
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Instrumentation Amplifier Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.

LMC6062 Instrumentation Amplifier
LM6218 High-Speed Instrumentation Amplifier
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LMC6062 INSTRUMENTATION AMPLIFIER

Rs Ra it R1=Rs, R3=Rs and Rs=R7
25k 250K Then:

Vour _Rz2+Ri1 R
ViN ARz Ra
- AV= 100 for circuit shown
(R2=4.91k)
V
™ Vour
All Op Amps
1/2 LMC8062
50k Pot.
NATIONAL SEMICONDUCTOR FIG. 41:1

Useful for +5-V single-supply applications, this op amp circuit features low drain (around 1 mA),
high input resistance (10" Q), and low bias current (=101A).
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LM6218 HIGH-SPEED INSTRUMENTATION AMPLIFIER

NATIONAL SEMICONDUCTOR FIG. 41-2

This amplifier features 400-psec settling time (to 0.01%), 140-V/usec slow rafe, and 17-MHz
gain-bandwidth product. The supply voltage can be +5 to 220 V.
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Integrator Circuit

=. N

The source of the following circuit is contained in the Sources section, which begins on page 675.
The figurc nurnber in the box of the circuit correlates to the entry in the Sources section.

Fast Integrator
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FAST INTEGRATOR
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POPULAR ELECTRONICS

b——0 Vi

Vour is the integral of VA in this circuit.

Vour 1 Vin{A)

Vin G R

FiG. 42-1
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Intercom Circuits

— - -

The sources of the following circuits are contained in the Sources section, which begings on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.

One-Way Voice-Activated Intercom

Very Simple Telephone Intercom Circuit
Telephone Intercom
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ONE-WAY VOICE-ACTIVATED INTERCOM

o AAA » = +12V

POPULAR ELECTRONICS FiG. 43-1

An omnidirectional electret microphone can be used to pick up the sound and convert it into an
electrical signal. The oulpul of the microphone is fed along two paths. In the first path, the signal is
sent to the inverting input at pin 6. In the second path, the microphone signal is fed to the non-in-
verting input of U2, where it is amplified and output to the speaker, SPKR1.

VERY SIMPLE TELEPHONE INTERCOM CIRCUIT

PHONE 1
A1
D1 sog | NED
1 1N4OOM | U1 0 BﬁVAAATT GREEN
18V 7812 hiid
" R2
PLI l 1000 == G 50052
3swvnc | ) sWarT |
RED| GREEN
PHONE 2
POPULAR ELECTRONICS FIG. 43-2

"T'wo telephones can be used as an intercom by using this circuit. Older style rotary phones that
are nonelectronic might work best in this application. Also, handsets only might be powercd this way.
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TELEPHONE INTERCOM
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POPULAR ELECTRONICS FIG. 43-3

An intercom using dual-modular wall jacks is shown in this circuit. If the wires are available in
the home telephone cable, this system can be installed with little trouble.
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Interface Circuits

—

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.

Audio-to-ADC Interface

Process-Control Interface

-Relay Interface for Amateur Radio Transceivers

Receiver Interface Circuit for Preamps

Microcomputer-to-Triac Interface :
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AUDIO-TO-ADC INTERFACE
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RADIO-ELECTRONICS

FIG. 44-1
This simnple general-purpose driver for an analog/digital converter uses two 741 1C devices with

adjustable gain and offscl. Other op amps might be substituted, but some circuit adjustments might
be needed.

PROCESS-CONTROL INTERFACE

PRECISION PROCESS-CONTROL INTERFACE
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POPULAR ELECTRONICS

FIG. 44-2
This eircuit can be used to interface a 2-wire transmitter/sensor cormbination to an external de-
vice or measurement setfup.
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RELAY INTERFACE FOR AMATEUR RADIO TRANSCEIVERS

-120V

HEATHKIT
RELAY

24-27K IN4OO4

al

ix INGOO4

INSI4 Q2

CR
ok !N@18B
D ey o
Kiﬁg’gﬁ’g imnooa

The relay power in the linear is obtained from the —120-V bias supply, and the transmit keying
output from the Kenwood is +12 V at 10 mA maximum. The key ingredient in the circuit is the pnp
driver transistor, which must be capable of handling at least 150 V al about 250 mA,

73 AMATEUR RADIO FIG. 44-3

RECEIVER-INTERFACE CIRCUIT FOR PREAMPS

POPULAR ELECTRONICS FIQG. 44-4

The purpose of the receiver/interface circuit is to pass RF to the receiver through capacitor C9,
while adding dc power to the feedline through R2 and RF choke L7.
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MICROCOMPUTER-TO-TRIAC INTERFACE

100 watt
light bulb
-
110 VAC
-
2N6154
MOC 3010 TRIAC
phototriac
optacoupier

3300 WARNING:
Extreme shock hazard on

right half of this circuit!

RADIO-ELECTRONICS FlG. 44-5

A microcomputer-to-triac interface uses a phototriac optoisolator to let safety-isolated logic sig-
nals directly control high-power loads. Depending on the input waveforms and the load, this cireuit
can be used in either an on/off switch or a proportional phase control. A low input powers the lamp.
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Inverter Circuits

—
N - e A

The sources of the following circuits arc contained in the Sources section, which begins on page
675. The figure number in the box of each circuitl correlates to the entry in the Sourccs section.

250-W Inverter

Digital Inverter

de-to-ac Inverter

Power MOSFET Inverter
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250-W INVERTER

S ¥
(FROM CAR BATTERY) £ 120 VAG OUT
3 20 AMPS (SQUARE WAVE)
L ‘ . . o
R D1
800 a0t
Vee © A +—
(+13V) ; 02
= O N4T51
20 13 05
I e
o
Lai]
Veg .
7 cuwmf o 02 o)
012 A2 A3 T A5 IRFZ30 IRFZ30 IRF220
I R AR DR DL DS
+ ¥ l// ALY £3 S IE 512
v DAOSUBE
o
1"00 14 »—D—— g
: tgser Coamane o oo “'m'"‘"
oyt g C0e0 s
U siscuance A o R >
A4 dog 1.2 &3
i1 ¢ 103-4
555 "o CDAOSOBE 04 05 08
6 L Rs IRF30 RFZ30 IRFZ8Q
THRESHOLD 47K "[\12 /N2 ¢ D [2 5/ ™\Di2
2 RiGeER Sefser ga b 135 Ar sl T3] ! 393
8]y % COADIIBE 13 1/ CD4GS0BE
11 =12 D3
LK ap naort
10 7 " 15 e
7 CLR [%E] L al
..l. /5 CDABSUBE N
ELECTRONICS NOW FIG. 45-1

A 555 timer (IC1) generates a 120-Hz signal that is fed to a2 CD4013BE flip-flop (IC1-a), which
divides the input frequency by two to generate a 60-Hz clocking frequency for the FET array (@1
through Q6). Transformer T1 is a 12-/24-V center-tapped 60-Hz transformer of suitable size.

DIGITAL INVERTER .
Voo
e}
PCH
MOSFET ﬁ
) A CMOS digital inverter is formed by con-
* * —© necting two MOSFETS, as shown.
Input NCH Output = Input
MOSFET
WILLIAM SHEETS FIG. 45-2

246



dc-to-ac INVERTER

—12v
4
R3
2200
L'A'L‘
03
2N3055
D &R .l. c2
2N2838A * 15K To‘my
: L o L]
= “T~ 0.047 =
02
2N3828A 3 1";2'( R4
1 22002
L
2N3055
POPULAR ELECTRONICS

128v LT

T
OLD FILAMENT
TRANSFORMER

(ORIGINAL

PRIMARY)

| —]
T7VAG
ouTPUT

FIG. 45-3

A multivibrator circuit drives a pair of 2N3055 power transistors. Tl is a 12.6-V CT filament
transformer with a 120-V primary.

POWER MOSFET INVERTER

R4 &
190K i’

o0
{RF511

R1
47K 3

vy

q €1

AMA
vy

A
LA Ad

02

2
IRF511

m f
é—"*

POPULAR ELECTRONICS

SUTPUY .

Rt\
47K~ 100K

FIG. 45-4

T1 is a suitable transformer for the voltage desired, with a 12.6-V CT winding.
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lon Generator Circuit

The source of the following circuit is contained in the Sources section, which begins on page 675.
The figure number in the box of the circuit correlates to the entry in the Sources section.

Negative Ion Generator
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NEGATIVE ION GENERATOR

DISCHARGE
-POINT

PLY

e

v

12V

(Y g
1000 T
»

1993 ELECTRONICS HOBBYIST HANDBOOK FIG. 46-1

This oscillator-driver induces a high voltage in the windings of T2.
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Laser Circuits

The sources of the following circuits are contained in the Sources secction, which begins on page
675. The figure number it the box of each circuil correlates to the entry in the Sources section.

250

Efficient Laser Supply

Lasecr Power Supply and Starting Circuit
Handheld Laser

High-Voltage Power Supply

Fanlastic Simulated Laser

‘Laser Power Supply



EFFICIENT LASER SUPPLY

8.01,F 1800 pf a7k
L30) 10k W
- ] | |
—L 11 1
L 1300 pF
- 0k
FLB—»
2] ]
MY dinges |
§
*— Vip
al ly=
I 2.2,F Laser 6.5 mh
150
L
MUR4DS 145 4H
J 123V 10
,———1——/\/\/\, 3
viﬂ Vin VSW 01 PF 190
v |+ f8 L 1%
S a0 -
= Ve oKD w2 ‘
fall} K=
e 1231500
10 4F
HV diodes = Semiech-FM-S0 —
0.47 .F = Wima (Mannheim, Germany) 3 X 0.15:F, type MKP-20
01, G2 = Zelex 27X-849
Lq = Coittrantcs CTX0211128-2
Lg = Pulse Engineenng PE-92103
Laser = Hughes 3121 H-F, 6 5- mA beam curent
ELECTRONIC DESIGN FIG. 47-1

Driving Helium-Neon Lasers can be simplified considerably using this power-supply configura-
tion. When power is applied, the laser doesn't conduct and the voltage across the 190-Q resistor is
zero. However, a resonant circuit and a voltage tripler then produces over 10 kV to turn on the laser.
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LASER POWER SUPPLY AND STARTING CIRCUIT

2¥V TO APPROX 10kV PEAK

VOLTAGE QUADRUPLER MULTIPLIES '

100 pF
' 5%V d
VOLTAGE T2aw . SOk
DOUBLER \ . Iw Iw
i
Ll 7 —)f W
11oVAC :;:0 47 1000F Q0 pF 100pF {15kV)
AV 100k
3w
T,‘o PRI k ';:o 47 RESISTOR NETWORK BALLAST FOR
(kv SECOND'Y LY LASER TUBE PROTECTION CURRENT LiMIT
MAX. EXAMPLE 10mw LASER REQUIRES 300k
850V MIN BALLAST RESISTOR L1M!TS CURRENTY 100k
T0 TS5 mA @ 2 %%V 3w
~HV +HV
N R
O LASER TUAE r
73 AMATEUR RADIO TODAY FIG. 47-2

This circuit delivers 10 kV peak, then limits current to 7.5 mA @ 2 kV. The resistors shown pro-

vide ballasting. The starting circuit cannot maintain the 10 kV under load and appears as a series-
pass circuit with little drop in voltage.

HANDHELD LASER
LED1 ~\(2) Vee [ HEATSINK |
1 N 16)
> A3
A | nioor +\< ! 3.0 oY %0
0 T S
i 21 W TRy 8 3 pe 5200
2
pH222 24V 13) 10091 150
L 03
4 125V @
B2 1K PN2307]
125V © 3 s
iy $ 1700
(éée T 1.25v TOUCH IR | b 04 1n
. SWITCH 0 PNZ222
TEXT) T 12 f ) T 10uf | ] 35
TEST POINTS-ENCIRCLED R7, A 2762 ¥ cow
3 1 20—;“ - < 1
SIMULATED LASER
\®/BASE oF - LEDS NTED|
LASER
DiODE L1lﬁ3 o M_m...____,o 3

1992 R-E EXPERIMENTERS HANDBROOK FlG. 47-3
A laser diode TOLDS200 (Toshiba) is used as a source of laser light. Q3, Q2, and 81 form a touch

switch to control thelaser. L1 is an RF pickup coil to pick up energy from an RF-type battery charger.
It 1s 10 turns of #18 wire on a 4" diameter.
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HIGH-VOLTAGE POWER SUPPLY
+12V

1N4007

: <uc Auto ignition
T coil
Output

Sec.

= 20 kV
100 pF
I +12V
a—f Six sections
CD4048 or 74C04
WILLIAM SHEETS FlG. 47-4

The high-voltage power supply is a CMOS-based oscillator that pulses a high-voltage ignition
transformer. The transformer output is around 20 kV.

FANTASTIC SIMULATED LASER

S1 -
]
]
4? ‘ |
o ci =1uF
1 8 [Las . -
rag 5‘ A"'T il IC1 =555
¥ oty 2 7 P 4 L1 = Bright LED
) 3 1CY 6 & P1 = 50 kS pot.
™3 R1, R2 = 4.7 k0
b1 4 5 P1 R3 = NO push button
1991 PE HOBBYIST HANDBOOK FIG. 47-5

The circuit uses a 555 timer IC to power an ultrabright LED. The output is a pulsing red light
that can be projected using lenses, An ultrabright Stanley LED, capable of 300-millicandle output, is
tied to pin 3 of the 555 timer IC. That IC has been configured as an astable multivibrator. The fre-
quericy of this multivibrator is controlled by R1, R2, Cl1, and P1. You can vary the frequency by ad-
Jjusting P1, which changes the output from a slow blinking to a fast pulsating light. Resistor R3 is used
to limit the current flowing into the circuit to a safe vahie, to prevent the LED and the IC from burn-
ing out. Switch S1 applies power to the circuit when its button is pressed.

263



LASER POWER SUPPLY

65 K
001 , . e
D3 001
F1 1 + ;1
5A P H $ 330K pa-
1 1w
o 1€
c2 4t < C6
10 $ 3?&“ 001
m
4509~ 30mA
calr ) A €9
10 11313‘3'( 001
PL1 o2 & L
"
AC + R4
o $ 330K o7*
c8 =L 1w :
. 1
-ALL piopes; %! . i oo
1N4OD7/1NE408 < e
POPULAR ELECTRONICS

RS
33K

FIG. 47-6

This supply generates an initial high voltage for ignition purposes. After ignition, the supply gen-
erates about 1300 to 1500 V. If a higher ignilion voltage (than the 6000 V supplied) is necessary, more
multiplicr stages can be added to D5 and D8.
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Lie Detector Circuit

— ——

The source of the following circuit is contained in the Sources section, which begins on page 675.
The figre number in the box of the circuit correlates to the entry in the Sources section.

Simple Lie Detector
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SIMPLE LIE DETECTOR

etk

Qt

R2
5PKR

TOUCH PADS

1

1991 PE HOBBYIST HANDBOOK FIG. 48-1

The circuit uses a two-transistor direct-coupled oscillator that has a frequency determined by
C1, RZ2, and the (skin) resistance across the touch pads. Since C1 and R2 are fixed values, only the
skin resistance across the touch pads can vary the sound of the oscillator. To sustain oscillations, Cl
feeds a portion of the output from Q2 back to the input of Q1 through resistor R1.

Transistor Q1 is an npn type and transistor Q2 is a pnp type. The output of Q2 is fed into a small
speaker. The circuit relies on the fact that the human skin conduets electricity.

Cl 0.01-uF Capacitor
Q1 2N3904 Transistor
Q2 2N3906 Transistor
R1 4.7 k€2 Resistor
R2 82 kQ Resistor
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Light Beam Communication Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure mumber in the box of each circuit correlates to the entry in the Sources section.

Modulated Light Transmitter

Modulated Light Receiver

FM Light-Beam Receiver

FM Light-Beam Transmitter

Light-Wave Voice-Communication Transmitter
Light-Wave Voice-Communication Receiver
Visible-Light Audio Transmitter

Visible-Light Receiver
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MODULATED LIGHT TRANSMITTER

W ' o7 o> W
RE st
< 58082
R1 3: SZGK 80
12MEG
+ 1 AvAv‘v b
- > RS R7
THioo . 3 4k Tk
2 =
015 047 TR4
BFYS1
s
a1 M 10
BC107 R4
560K 4 o
MIC1 RS R8
XTAL 470 38K »
MIKE a2 AN 35y
$ 8c107 0.5 OR 0.3A
1)
POPULAR ELECTRONICS FIG. 49-1

A light-bulb filament can be modulated with audic as a method of optical transmission. Ampli-
fier Q1/Q2/Q3 drives emitter-follower TR4. Adjust R10 for the Q point (light bulb) giving best results.
It should have a filament with low thermal inertia for best audio responses.

MODULATED LIGHT RECEIVER

. »> —o0T——————————————» -3V
a $ s1
.0937 c
K 1 a3
R2 1 K ) BC170
1.5MEG
+ o1 AN R4
R0 ! SMEG s
vy 10
— —]
\}‘ 2 ¢
22
$R5 PHONES
2.2:109 $30¢
2N5177
POPULAR ELECTRONICS FIG. 49-2

Using a phototransistor, this receiver will detect and demodulate a modulated light beam. R6 af-
fects sensitivity.
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FM LIGHT BEAM RECEIVER

' VWA A AN * oA
+ ¢ A2 Bl a7 + 12 _E
10 uF 10 ke c4 100 ) cs 1~ 100 11 cis
10 uF] 16 uF
R3 # Ro ¥ fg ot 2 RaaQ WL
c2 15k 15 ki) 4740 47k 15O =
1 . cs ce 8
2N3B04 S f é A16 cia ro
T 15 kD b =
= ai — L Q4 i ( ocC
= \} MPS018 - - K
D (‘) i
SHF205 Q3 1C D
cs = As c8 c7 2N3304 o
o1 isoun | 470pF 470 pF 3
1
M € C
150 ki
A1 as A8 A10
100 ket 33k S 39k 1540
c18
o< ot
— F2d
A = 23x0
4 7 kil
A%
= 40 kHz HIGH PASS 60 kHZ LOW PASS
ELECTRONICS NOW FIG. 49-3

This receiver will pick up IR or light heams that are frequency modulated on a 50-kHz carrier.
Q2/Q1/Q3/Q4 from an active filter and amplifier and differential amp Q5/Q6 provide more gain.

FM LIGHT-BEAM TRANSMITTER

I8V +8V
g LED3
1 LED4
1
| a3 \}
a4 R16 2N3834e
a1 "2 T ar R
1K 22K M 56K
1 Devigtion
| sajust +
| -~
1
| 1 uF
1
MICT ] aNaa0
[
—t
! Q¥
2N3904
= —
. 2 8
2.2
A3 ﬁé = S Ato iy
10K ca gon
1 uF cs
10 uF
ELECTRONICS NOW FIG. 49-4

This transmitter uscs two-stage amplifier Q@1/Q2 to frequency modulate an NES55 (configured
as a VCO) operating at about 50 kHz. The resultant FM-modulated pulse train is converted to light
pulses via LED1 through LED4, driven by Q3 and Q4.
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LIGHT-WAVE VOICE-COMMUNICATION TRANSMITTER

R8
330 Q)

R6
+ E { i 50 KQ
Any
LED
R7
1 KO %

WILLIAM SHEETS FIG. 49-§

Mic

This transmitter uses a 741 op amp as a high-gain audic amplifier, which is driven by a micro-
phone. The output of the 741 is coupled to Q1, which serves as the driver for a LED. Potentiometer
R1 is the amplifier's gain control. Miniature trimmer resistor R6 permits adjustment of the base bias
of Q1 for best transmitter performance. Gain control R1 can be eliminated if C1 and R2 are con-
hected directly to pin 2 of the 741, For maximum sensitivity, increase the value of R, from 1 to 10
MEQ and use a crystal microphone with a large diaphragm.

LIGHT-WAVE VOICE-COMMUNICATION RECEIVER

ci
0.1 uF This light-wave receiver consists of a 741 op-
erated as a preamplifier and an LM386 operated
A\ as a power amplifier. Potentiometer R2 is the gain
V4 control. Various kinds of detectors can be used as
Ic1 the front end of the receiver. Phototransistors are
wA741 very sensitive, but they do not work well in the
presence of too much ambient light. A 100-k$ se-
ries resistor is required if you use a phototransis-
tor. Solar cells, photodiocdes, and LEDs of the
. same semiconductor as the transmitter all work
= well in this circuit.
WILLIAM SHEETS FIG. 496
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POPULAR ELECTRONICS

VISIBLE-LIGHT RECEIVER

*SEE TEXT

FIG. 49-7

This receiver for amplitude-modulated light signals uses phototransistor ¢}1 mounted in a para-
bolic reflector (to increase range). Any npn phototransistor should work. Emitter-follower Q2 drives
amplifier Q3. The output from Q3 feeds volume control R7 and audio amplifier Ul. A 9-to 12-V supply
is recommended for the receiver.

VISIBLE-LIGHT AUDIO TRANSMITTER

uy jao

7805

G| R2
47082

AAA

POPULAR ELECTRONICS

2v{c L )
AMs j E’suon

\AAZ

> R1

-

\

£z
A

*SEE TEXT

FIG. 49-8

In the visible-light transmitter, a 7805 volt-
age regulator is connected in a variable-voltage
configuration, and an audio signal is fed to the
common input, to modulate the output voltage.
The modulated ocutput voltage is used to transmit
intelligence via an incandescent lamp.
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Light Control Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.

262

Light Sequencer

Hol