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Introduction

The Encyclopedia of Electronic Civcuats, 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 weallth of new ideas and
up-to-date circuits garnered from prestigious industry sources. Alse included are
some of the authors’ original designs.

Each ecircuit is accomparnied 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 hook.
The index includes all entries from Volumes I to V. This provides instant access to
about 5000 circuits, which make up the most extensive colleclion of carefully calego-
rized modern circuits available anywhere.

Once again, the authors wish to extend their thanks to Ms. Loretta Gonsalves,
whaose 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 sourees 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 Paralle]l Alarm 5b5-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-Qutput Pulsed-Tone/Light-Activated Alarm
Audio Alarm Self-Latching Light Alarm with Tone Qutput
No-Doze Alarm Alarm Sounder for Flex Switch

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



HIGH-POWER ALARM DRIVER

In this circuit, a low-powered SCR is used to
trigger a higher powered SCE. When a switch is
opening (82, 53, 84} or closing {85, 56, S7), ei-
ther SCR1 or SCRZ triggers. This triggers SCR3
via D1, D2, and RS, BZ1 is a high-powered alarm
of the noninterrupting type.

il = SEE TEXT

POPULAR ELECTRONICS FIG. 1-1

MULTI-LOOP PARALLEL ALARM

5 D3
164048 s
Bl
Lal

Akk @ % < =

’ 4*"’ Nl
. 1/ 4049 R1?

R19 3 i W

= *SEE TEXT

POPULAR ELECTRONICS FIG. 1-2

This alarm has status LEDs connected across each inverter output to indicate the status of its as-
sociated sensor. S8 is used to monitor the switches via the LEDs, or to trigger an alarm via @1 and
SCRI. BZ1 should be a suitable alarm of the noninterrupting type.




SERIES/PARALLEL LOOP ALARM

AAA
Yy
o

53+ 54

SENSOR
§2° L0aP

POPULAR ELECTRONICS

R & +5-12V
RS L

SCR2
INGO6]

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
RI g +6-12v 6 19V
83t
[
211 "SEETEXT ZNS5060
POPULAR ELECTRONICS FIG. 1-4

Four parallel swiiches are used to monitor
four positions. When a closure cccurs on any
switch, SCR1 triggers, which sounds the alarm.
The alarm should be of the noninterrupting type.

POPULAR ELECTRONICS FIG. 1-5

A string of three series-connected, normally
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

O
TOOTHER D2
SENSCR  1N914
CIRCUITS

1K

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., 51 is in its normally-closed posi-
tion), when power is first applied to the circuit, a 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, LED2, 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 Q1, 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 sheould S1 open, the input of Ul-a is pulled low via R9, forcing the output of Ut-a high, light-
ing LED1. That high is also.applied to the gate of SCR1 through D1 and R3, causing SCRI to turn on.
With SCR1 conducting, the charge on €8 decays, the input of Ul-b at pin 6 is pulled low, forcing its
output high, slowing charging C8 through RS to a voltage slightly less than the positive supply rail.

Transistor @1 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, Q1 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 51 can be
any type of NC security switch. Switch S2 can be either a pushbutton or toggle switch. Because 53 is
used to disable the sounder (BZ1) only, anything from a key-operated security switch to a hidden
toggle switch can be used.
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STROBE ALERT SYSTEM

A =+ 330V
R2 Ri &
sz 750K MEG$ L1
R20 TEST 02 SEE TEXT
SEE TEXT 0.047
N o—W— -0 o . b T ‘
~c ] N T0
” i
FROM VTLSC3 I N ]
SENSOR !-\:‘ 3
A4
4 7MEG
J2 o AAA
C1
0.1
RI &
4T0K &
H
NS Fi R6
1A 500Q
PL1*
NEZ .
NE-2 R7
470K POWER SUPPLY
r—@—w—« INPUT=117VAG A8
QUTPUT=12VDC .y 47052 X
! AMAOR o AN—p——C
P ) SO. MAY | i
D ) BE PLUG-N" | !
1Na007 14007 TVPE. L s
GND
!
+ + +l
K .1 1 3t
C5* C4= *‘
100 RS 100 PL1 , 82
470K | &
‘V‘VAV :
¥ |
GROUND +330V *SEE TEXT . °
outT =
N 7
M Cc
TO STROBE
+SEE TEXT CIRCUIT
B
1992 PE HOBBYIST HANDBOOK

T0
STROBE
CIRCUIT

FIG. 1-8

The circuit is activated by an LED/photoresistor isolator (Ul1), 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, U1’s internal resistance, and R3. When Ul’s internal LED is
off, Ul’s internal LDR has a very high resistance—on the arder of 10 MQ. The voltage applied to NE1
is considerably below ils ignition voltage of approximately 90 Vdc.

The optoisclator’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 Jt and J2.

When the internal LED lights, the LDR’s resistance decreases to around 5 kQ. 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 SCR1.

SCR1, a sensitive-gate unit, snaps on immediately when NE1 conduets, 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 (connected 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 that the circuil is connected dircetly to the ac line. Resistor R6 is in-
cluded to 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 fuse-protected, it can still be dangerous if handled care-
lessly.

WARBLE ALARM
> 12V

1N4007

1T 200 w100 g H7 K,

T asv FANA

+ 1] I7
C1 J_
10 ;LF’me wF
) —
IC1 NE556 dual time
WILLIAM SHEETS FiG. 1-9

This circuit uses a 566 to first generate a low frequency square wave, that is modulated to pro-
duce two alternate tones of about 400 and 500 He. Circuit generates warble alarm of European emer-
gency vehicles. The frequencies of the oscillators are determined by the values of R1, C1 and R2, C2.




AUDIO ALARM

I

L < RS
E 230 i
T 3 1ok

S0k
zugzizz
D1 RIS 2
_1.111«914 0K ] 02 ]
LT

€3 mpe ™ 02
a7 & Ay 2N3806
v | ok $ 0K
0z
1N914 Bf"

POPULAR ELECTRONICS FIG. 1-10

In the circuit, Ul amplifies the audio picked up by the condenser microphone. Resistor R1 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 de.
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 0 and % 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 Q2 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 5t
—0 O . e al
52
o I
= C1 2
47 ™
1 N This circuit sends out a loud tone if the
! 2 = input switch (S2) is not retriggered at pre-
116 BZ1 o I setintervals. If you fall asleep and miss re-
? ) Mlt':]lfaaan = triggering the circuit, it will sound until you
4 . press 82,
R3 Q1
100K 8121315  .zZN3gD4
POPULAR ELECTRONICS FIG. 1-11




HEAT- OR LIGHT-ACTIVATED ALARM

1 k&2

2N3s06

1k}

+12V

Base

sensor

Darkness

WILLIAM SHEETS

+12V

SENSOR CIRCUITS

10k}

Base

+

Thermistor

10 k()

tN4002

'3

12V

A

Cold

Base

+12V

Q2
TIP
3055

+12V

10 kf}

FIG. 1-12

The tone generated by a bb5 oscillator can be turned on {activated) by heat or light. That causes
Q1 to conduct transistor W2 (TIP 3055).Q2 (TIP 3055) acts as an audio amplifier and speaker driver.




PIEZOELECTRIC ALARM

M F C1,C2....... .047 Disc Capacitor
........... 2MN3906 Transistor

@2 F——r-- [ R 33K Resistor
c2 pY 21T 200 ohm Resistor

§ SR R, 75K Resistor
a b | XDCoee, Piezoelectric
transducer

AR
vy

]

R

1891 PE HOBBYIST HANDBOOK FiG. 1-13

The alarm uses a lixed-frequency piezoelectric buzzer in conjunction with the cadmium-sulfide
{CD8S) cell and the two-transistor circuit 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 Q1 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 @1 is used as a
switch. It is forward-biased “on™ by R4; however, the CDS cell 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-
gistance conducts positive voltage to the base of pnp transistor @1, keeping it. 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 k€. 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

. o1z
E R3
¥ IMEG
a1
Rl 2N3906 Depressing S1 charges Cl to the supply
082 - - voliage, This biascs Q1 on via bias resistors R2
51 o1 ;3l b -and R3. A voltage is available for the duration of
i}-‘ E)éli.TAY 1N914 ms?i 18914 914 the delay period, to hold off the alarm circuit.
= <L (C1 can be increasced or decrcased in valuc to al-
10 SIMILAR ter the delay times.
SENSOR
INPUTS
POPULAR ELECTRONICS FIG. 1-14
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5b5-BASED ALARM

012y
(ED1 JJWJ 3 |
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» 2
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i *SEE TEXT
POPULAR ELECTRONICS FIG. 1-15

The alarm circuit has a single 555 oscillator/timer {Ui1) performing 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 Cl, 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, hoelding it off. When the delay circuit times out, pin 3 of 171 goes low and ties the
positive end of C4 to 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 maximum resistance).

LIGHT-BEAM ALARM FCR INTRUSION DETECTION

112V
IN4DO7 *Indicatar
18 KL lamp
p
100 ke f ”R‘Zsm When the light beam that falls in the CDS
button photocell is interrupted, transistor (EN3904)
2N3904 c106 conducts thereby triggering SCR1 (C106) and
Light beam } . activaling alarm bell, S1 resets the SCR. The
= 1k = alarm bell should be a self-interrupting electro-
408 mechanical type.
cDS
* Lamnp should draw at least 100 mA
to sensure SCR1 remaining on
during alarm cycle
WILLIAM SHEETS FIG. 1-18
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LIGHT-ACTIVATED ALARM WITH LATCH

Rt +8 TO + 14V
51
RESEY
0ox R4
TN4OM 47002
2t 1Y
=

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 51 is depressed, SCR1 un-
latches. Be sure that a self-interrupting alarm (electromechanical buzzer or bell) is used.

PRECISION LIGHT-ACTIVATED ALARM

A d A 4 > 12V

1C1
TLOB1
To load
wA741, etc. or conrol
o device
22 k1
Ra8
cos
/ 22 kil

WILLIAM SHEETS FiG. 1-18

The light-sensitive CDIS 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 RE, triggering SCRL. This lights LED] and
turns on opto isolator IC2, which switches the load.

12



DARK-ACTIVATED ALARM WITH PULSED TONE OUTPUT

0.1 pF 470 pF
K4
1€ 1t

|: [ ij—ﬁ > > > To audio
amplifier
abed = CD4001
A2

1.2 M} Pin 14 CD4001

. +12 V input

1 ki cDS

call

A3
250 k)

WILLIAM SHEETS FIG. 1-19

NOR 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 (c 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
ci
0.1 Wk TLO 81
Photo —O Qutput
diode
+12V
10 pF I
WILLIAM SHEETS FIG. 1-20

This circuit can be used for light hearns 10 20 kHz. The gain of the operational amplifier is set for
a 40-dB gain.

13



PRECISION LIGHT ALARM WITH HYSTERESIS

2 To amglifier
and speaker

R3
Hysteresis
10 kO adjust
10 M1:

WILLIAM SHEETS FiG. 1-21

The TL(O81 is used as a comparator in a Wheatstone bridge circuit. When the CDS cell resistance
decreases due Lo exposure to light, the output from IC2 cause the low-frequency oscillator (2) and (b)
to generate a 10-Hz square wave, gating the 1000 Hz oscillator (¢) and (d) on and off. Thus 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

1€1

4700 pF
i

+12V

cDs
cell

100 ki1 16 11
Hormn

speaker

% 10 uF 1N4007
= 1N4007

821

WILLIAM SHEETS = 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-kIlz 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

0.

001 pF

100 kit

1 kel

N7

Rasst

WILLIAM SHEETS

680 Kk

| L
AN

Y Voc

‘ c d —@—3» Tone output
a,b,cd
F4C000

{) or
CD400C

FIG. 1-23

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

the circuit.

ALARM SOUNDER FOR FLEX SWITCH

Plastic outer sheath
"Rubber separators

ot T T T G B B e e mm[
T
e

Conductive foil strips

A

POPULAR ELECTRONICS

+5T0 +15V

A -
A'A'Av _0 G_
R1 82 m}
1K 8 Flex switch 47k 1:
7 4
< R4 c1 I: R3 ¢
$ 100K ] 5%15 w7 200k $
2 3 =
) 1 SPKA1 *_[_-03
9 M0 2.2
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

R
r

T D

&
AAA

W
E

=G ] T

“'I'_ N | Lt
] L\ ') 4
BZ

SVdc
C7
T

1991 PE HOBBYIST HANDBOOK

<eerereeeeeeeMetat Homn Buzzer

coeeeee. -8 pF 250 volts Capacitor

.022 pF Green Cap (223 K5K)

M 1NAOOT Diode
[ P Micro Strobe Tube/Reflector
[y PR ....Neon Lamp
[ DU ...C1740 8W Transistor
[w}:] weeenee 108 SCR
= & OO 200 ohm Resistor
R2...... ....520 ohm Resistor
R3....... ceeennenn 10 Mg Resistor
Tl ....Inverter Transformer
T2... rerererereenenenne & WV Trigger Coll

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 fo 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
Vae, 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
‘ionizes 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

—

0K =

POPULAR ELECTRONICS

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

FIG. 1-26
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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 number in the box of each circuit correlates to the entry in the Sourees section.

Difference Amplifier Electret Mike Preamp

Fast-Inverting Amplifier with High Input Impedance Difference Amplifier

Noninverting ac Amplifier General-Purpose JFET Preamp

Inverting Summing Amplifier FET Amplifier with-Offset Gate Bias

Neninverting ac Amplifier Push-Pull Darlington Amplifier

Fast High-Impedance Input-Inverting Amplifier Neninverted Unity-Gain Amplifier

Nonlinear Operational Amplifier with Temperature- 500 MQ Input Impedance with JFET Amp
Compensated Breakpoint Discrete Current-Booster Amplifier

MOSFET High-Impedance Biasing Method Frequency Counter Preamp

Inverting Summing Amplifier Audio to UHF Preamp

Bootstrapped Source Follower V- & [-Protected Intrinsically Safe Op Amp

30 MQ JFET Source Follower Current Feedback Amp Delivers

JFET Source Follower 100 mA @ 100 MHz

Unity-Gain Noninverting Amplifier General-Purpose Preamplifier

JFET Arap with Current Source Biasing Test Bench Amplifier

17



DIFFERENCE AMPLIFIER

_R3+R2 A4
RU+R4 AT ° R

A2

Vou Vim — Yy

FOR R1 = R3 AND R2 = R4
R2
Voyr = — (Vo—V
TS R V- Vy)

R1JR2=A3!I1R4

POPULAR ELECTRONICS FIG. 2-1

By using two inputs as shown, a differcnce
amplifier yielding the differential between Ul and
U2, times a gain factor results.

FAST-INVERTING AMPLIFIER WITH HIGH
INPUT IMPEDANCE

+V

2 Ri
Sl

n YWy

: { '
Lmioz L -

Lo}
INPUT
POPULAR ELECTRONICS FiG. 2-2

Ul is used as a voltage follower to feed in-
verler UZ, Because Ul ig in the voltage-follower
configuration, it. exhibits a high input impedance.

NONINVERTING ac AMPLIFIER

R R2
1MEG 10MEG
AN AN
+V
R3 2
910K 3 —0 Vo

LM107

Vo =
om=RLeR2
R1
Ry =R3

R3=R11IR2

=

POPULAR ELECTRONICS FlG. 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

-
-«
L |
—4

R5= A1]JR21IR3II R4

POPULAR ELECTRONICS FiG. 2-4

The output of Ul is the sum of V|, V,,, and V,,
multiplied by & /R,, R,/R,, and respectively. R1,
R2, R3 are seclected as reguired for individual
gains. R4 affects gain of all these inputs.

18



"NONINVERTING ac AMPLIFIER

FAST HIGH-IMPEDANCE INPUT-

INVERTING AMPLIFIER
R1 R2
1MES 1OMEG ')I' v e e
AN A, 1 -
v 5pF 10K
2 ? A‘,AA
R3 - 8 R1 L +V
910K alwn —o0 Vo WK ], A
A—y— L Tm07 A e
4 alu2 b
o1 it Vor=R1+ A2, L p gl 1T
R1 - 1
1 .
Ry = R3 & 0 ©
v uTPUT
W R3=R1IR2 INPUT —22
= 150pF
POPULAR ELECTRONICS FIG. 2-5 | poPULAR ELECTRONICS FIG. 2-6
NONLINEAR OPERATIONAL

AMPLIFIER WITH TEMPERATURE
COMPENSATED-BREAKPOINT

n >
10K1r3+ [
L1t C1 OUT%UT
30pF
POPULAR ELECTRONICS FIG. 2-7

MOSFET HIGH-IMPEDANCE
BIASING METHOD

l{ Q egyr
§ 3.9 ki)
= o]
+12v
WILLIAM SHEETS FIG. 2-8

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

R
Vy o——Ay
R2
V; o—4W—4
R3
VQG* Ay
RS §
v, V, V
- vom--na(—'+—3+—3}
Rl A2 R3

R&= R11IR21IR3IIR4

POPULAR ELECTRONICS FIG. 2-9

‘-BOOTSTRAPPED SOURCE FOLLOWER

+12v
§ 22 M
100 pF 0 out
100 M0 10 F
18V
| £
1L
1.0 uF
22 MO
WILLIAM SHEETS FIG. 2-10

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

30-MQ JFET SOURCE FOLLOWER

> 12V
; 270 kR MPF 102
001 pF
Audio
input bt E
EE >
= 3.3 MQ
= 10 wF
18V
p I + + ] Audio
1‘ \F I output
[
/Y
150 kN
4.7 ki) =
FIG. 2-11

WILLIAM SHEETS

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

JFET SOURCE FOLLOWER

+12V

MPF 102

001 pF |
e | 10 uF
6V
10 MO ( ©
47 KO
AN
+ 22M0
ik 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

N CH
MOSFET

+10V

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 " o
10 pF _Oulput
0.1 4F 16V

2N3906, 2N2905, etc.

2.2k

12V

‘WILLIAM SHEETS FiG. 2-14

A current source (MPF102) in the source
lead of bipolar transistor 2N3906 permits accu-
rate control of drain current.

ELECTRET MIKE PREAMP

+1.5V
4
2.k$ €1
MIC 4 o0
+
[ E C10
= 76K 22uF
i
ELECTRONICS NOW FIG. 2-15

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——Ay
VQC‘_ AAA-
R$ 4
‘h
) RI+ RZ2 R4 R2
L -4
= Vypr —mm— —V,——= V¥
®T Ri+R4 BT ° R1
FOR R1 = R3 AND R2 = R4
R2
Vour = — (Vo= V
our RI ( r 1)
R1/IR2=R3(1R4
POPULAR ELECTRONICS .FIG. 2-16
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GENERAL-PURPOSE JFET PREAMP

49 uF
Vv 1 k)
l | +24v
= 10 kO
01 uF MPF 102 - —o
1uF  Output
Input i
2.2 MO + =
= 2.2k0 47 puF

WILLIAM SHEETS FIG. 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 audic amplifier for high-imped-
ance sources.

FET AMPLIFIER WITH OFFSET GATE BIAS

% . >+ 24V

005 uF S 100K 4THL  gpyF
o—F— PRTLY

Input O:I_ MPF 102 E & OQutput

WILLIAM SHEETS FIG. 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

Y
LRI < R4
$ 20k ¥ 5500
1
) a1
2NI904
INQ-—*+—4
1: RS
> 3K
> HZ b
!: 100K 2 auT

POPULAR ELECTRONICS FIG. 2-19

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

NONINVERTED UNITY-GAIN AMPLIFIER

V4

R1

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-M<2 INPUT IMPEDANCE WITH JFET AMP

1.0 pF
330 k2 25V
+18V
15 MQ T
0-0r1 nF | - +18v
ot MPF l-:
|an|t 102
2
i ; 100k 2N3904
2.2k Output
2N3304 Qutput
%150 k(2 10 k()
WILLIAM SHEETS FIG. 2-21

A current source using a ZN3904 transistor plus bootstrapping, achieves an input impedance of
500 MQ. A second 2N3904 transistor can be added at X to lower the output impedance.

DISCRETE CURRENT-BOOSTER AMPLIFIER

+ 24V
o]
oK R7 £
Vi . MPS6560
c2 i
g K
g I ® b 130
> MPS6580
¢ R12 0 Vo
> 10K
Q2
MPS8562
POPULAR ELECTRONICS FIG. 2-22

Suitable as a line driver, this cireuit is useable in many similar audic applications.

23



FREQUENCY COUNTER PREAMP

5V
o5 I +
100pF R2 D1
a ’ Jook %msu ! ouUTPUT >
INPUT Al < o D2
IMEG T Ng14
= -5V
+5V
. . 1 2. ;
7] 3
03 g+ b4
2M4418 aTuF $
:F RS
F510 3 are
s ?713 T 500
Q3 Ao
23908 T YW
Q2
2N4415 D3
: g & 1M914
3k s
05
_‘b RT 2“2359
3 2000
G2 R13
47pF 300

RADIO-ELECTRONICS

-5VI

FIG. 2-23

Based on the LM733 or NE592, the preamp shown has a bandwidth of 100 MHz. The FET inputs
provide about 1-MQ input impedance. @4, Q5, and 1C2 provide signal conditioning.

AUDIO TO UHF PREAMP

1Q0uF RFC
ID\‘:* Jz:?-?:—t' ~ t6vDC REGULATED
’_}’ EAl ™ 24mh
The Signetics NE5204 or NEB205 can be
- 1. N used in this AF to 350-MHz (—30 dB) preamp. If
o] wESszos 1 : a

e N F—b—> s our 6OQ MHZ @ 3 dB is needed, use the NES205. Tl}e
20/150 30s730 noise figure is 4.8 dB at 75 Q, 6 dB at 50 Q. Gain

g

lrsiﬁ

73 AMATEUR RADIO TODAY

ﬂL___) +20d8

FiIG. 2-24

is approximately +20 dB over the passband.
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V- & -PROTECTED INTRINSICALLY SAFE OP AMP

R1
560 2

Load

WILLIAM SMEETS 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 mverting, noninverting, or differential gain stages.

CURRENT FEEDBACK AMP DELIVERS 100 mA @ 100 MHz

Using a NS LM6181, this IC is useful in cable
drivers, The supply voltage is +5 Vito 215V,

NATIONAL SEMICONDUCTOR FIG. 2-26
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GENERAL-PURPCSE PREAMPLIFIER

GENERAL PURPOSE PREAMPLIFIER
o7 O—+3V
51

ON/OFF

RS«

&
K ¥
<Rl Y, ouT

L
< 100K 0—«-—-—1: p
a2 1
BL10aC a:)
10
L
o
BL109C
A4
470K

AMA
Yy

o1

IN 47 Suitable for general audio use, the preamp

circuit uses a feedback pair. Current gain is set by
the ratio of (B, + E,)/E,.

£re
tal r 3900
$akFak !
©  §w
I A F L

POPULAR ELECTRONICS FiG. 2-27

TEST BENCH AMPLIFIER

J4
EXTERNAL
12V DC
D1 SUPPLY

SPK1
1642

“SEE TEXT hi

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 systeins,
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3

Analog-to-Digital Converter 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.

ADC Poller
8-Charnnel A/D Converter for PC Clones
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ADC POLLER

4.9152-MHz 1
ostillater .
woh: L—q1 w473
CLKIN P B
Voltaga |2.5V) 1 1
reference | AEF SCLK ” rK ] X o u_I
csssel 3
AN mRor, 18— Mo 1807 1 RS-0
i MODE 5V
_ AGND SOATA A‘I
MODE |- 45

} 1o 7ancior

55501

19 11 u
SCLK g 12 5 12
SOATA T4HC595 T4HCH%5
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 cutput a single-conversion word only when it is-polled.

The C85501 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 FE'2. 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 74114040
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
(S5C) mode. In this case, the converter will load one output word into a 16-bit serial-to-parallel reg-
ister (two T4HCH95 8-bit registers) when polled to do so (see figure).

28



g€ "Oid AVQOL OIOVH HNALYNY €2
SLI0ALHO S LTOAIHD SLTOASHO'SITIOAYHD . - pusn
'SLTOMEHD SLI0AZHD ‘SLIDALHD 'SITOADHY # H.ONISN LNIHd 055 HOALUY' SHOADUY SHOAGY'SHOA U SHoAZUR SYoALLR .u._s.m.,._.w.w e,
U XU OYS pryptorh

0=%31A8 085

152 LARSSII0ALHD T 0=%0L03135 1 =% LO3F13S NIHL L~%HD K25
ISR LAS=SLIOASHD 1 2=%0L0T135 $ 2=%L103713% NIHL 8%%HD JI0IS
15/%ILAB=SLT0ASHD " 2=%01037135 ' 2=%L LO3TES NIHL §=%H0 JI oS
ISP TLAB=BLTIOAPHD | 0%%0L03135 | 2=%4LOFBS NIHL +=%HD I 06¢
16/ FIAB=ESLTOAEHD © 0=%0L03N35 - %L LIS NIHL E€=%HD i 08r
L5FALAB=S I TOAZHD ( Z=%0LIT13S © 0=%1L037 38 NIHL 2=%HD dI0.v
16/%ILAB=SLTOALHD (1 2=%0L0373%  0=%ILOTBE NIHL 1=%HO I 09F
152 AB=SLTOAQHD [ Qe%0 L 03 T3S  0=%ILDTIIS NIHL O0=%HO dI 0S¢

“L1d 1X3N 0¥

(%11Ev@H%ILAB=%3 LA0 NAHL 021>%aY 31 05F

ybi-sEL Mors 0 wid GBg Wod,
0| HI0HD,
25ING ¥0;3 SBYTIBLIS TP I
uBiu %2013,
o 18 51 ASH,
314 Indino peay,
01 %902,
asnd Y204D SEUNSIS,
b %DOR,
BuLils UOGS{RS [PULRLO BUYL j0 ued,
0| %90,
asid $010 S AN,
iy 3301,
Bungs uonaeters JeUUBLD Byl 10 LiBd,
O] LD,
nn_:n ¥R SBYIBNS,
uBig 30040,
oy PUB YBiL LBaMIRg $oi50D),
Buvys wonaaiae UUBLD ) 10 LB,
O P,
es|nd ¥oa SedARS,
by Yoou,
POLIMN3S SJUBLLGINSEELS Pepla sl g,
LT
es|nd YOO S3UDIBAS,
s 62 9a 40 | ud yhiy oo,
suyl K] uBiy sAems S 4G LEIS,
moj ST
§ud yBiy 52,
SAUUEYD § URDS,
BIPAELS OL SPUOOBEL PG KB,
JogeinBes oy dn by
ey eu Jolenbay
passard st Aov e ipun Bunl dee,

SHQUUEA 921U,
SHABLEA 1€ JROYD,
uBBISE Ul JBRJ,

B U0 MO,
SUWNIOP 08 BpoW s,

(668}dNI=%0V 02F

1068 1NOQ OLr

%MOTS LXINL OL 0=%MOTE HOS 00F
0069 LNC 06

b 315 b 0L £=%119 O 098

LEL L4

1068 LY 098

%MOTS LX3INL OL 0=%MOTE HOH 058
0068 LOD OFE

%0L03T3S'880 LNO HEC

1088 LNO 028

LAMOTS LXAN: L (L O-%MOTS HOH 04E
G068 LOO OE

%1103138°888 LNO 062

1'068 110 082

SAMOTS LGN L OL 0=%MOTS B0 048
a'088 LNO 092

%ITOD0L %NDISAAO dYMS 052
*%NDISA00 888 LNOQ Ov2

1’088 L0 082

TMOTS LXEN: L 0L 0=%M0NS B0 082
Q'068 LNO01E

2'888 INO 002

1'068 LN 08}

BMOTS LXAN: L OL 0=%MWONS 8O- D8t
0'068 1NO 0LL

2888 1NO 081

0998 110 051

8888 1NG OFt

£ 03 0=%HD HO4 DEL

%M LXIN:008 QL 0%%M HOH 021

0’888 LNO 0LL

1'888 LNO 001

AN NZHL o *$ADNN] I 06
0=%NDISO00 08

Z=%ITHO0L 0L

HyT1D 9

51205

0'vl HOIOD OF

0 NIIHDS 0

WS 6L ARSI P SUOHABALCD RIENbES | OF
wibio weoped 01 JRUAAD (Y 8y sesnes wibod Bumolo) Byl L OL

UoJSIBA JISYEMD

o=%ewa
LSRLBAG=SHOALYD | (F%OERS | (=% LI000S UG L=9%UD &
1GLAIAG=SIOAGUD - ZE9L0I0NES | 2u 0008 LBl S=YD )
L5PRBIA=SUTAGYD © T2 (HOMES | Z=% L1000 UBL] G=%UD §
ISFGBAGSSUTAYYS | 0=%01080S | Z=% 110008 LBl ¥=ILUD
1GABUASUOAEYD | rop0I00)8% | Z=t | I0Nes LD £=%UD )
| G/RLBIAQESOAZUD | Z=SLOIDHEE | 0=, L1088 UBYl Zww%ud i
LSMLOUAGRSHOALLD : Z=900I08BS 1 0=2% L009d  UBLY 1=9%Ud J
156 BA0=SHOAOUD - (- T0IR8I88 | (=% LISIes UBI el

L pau
{eehGvel+ %81Ag=",834q UBLE DS >%DT §
YEIGE MO 0 1ad 688 Vod, (6anMdumepe
0| $D0P, 1 '088 o
g WO SeLRIS BOTS BXBU: | O D=SMOIE J0)
Uiy H30P, 07068 o
0 150 51 G5 1- 0318 0 01 £=%:H0 I}
S80I
WO 0[O, 1068 0
o5nd ¥I0P SBUMBILS, TWMOTS N8| O} J=ILMOIS 10}
i 3o0p, 0'068 N0
Buum LONIA3S [BUUBLYD BLY JO WWd, L0IOMBS' BYY N0
' MOy X30(, 1'06% o
£5|Nd HI0]I SBUABUS, LMOS DO 1 Q=S O
4By %0042, 0'068 N0
BUULS LIONDIBS [BULBLD S jO ped, %|129{05'BEY InG
MO| 301D, 1068 10
#5Ind X013 SPYHBUIS, MO Pxauiy O} D="%Mait Ja)
Uiy 30p0, 0°068 10
wa| pue ybiny ussmeq se166, =%81B00| wubsppo dems
Buns voyunees [BULBLS My jO lred, %MHEPPO B8 N0
' ] 00, 1'068 0
syl P0R SOUNAILS, IMOIE IXBU L OF D=RMOfS 50)
b 5004, 0068 N0
POpISiEt SUWIBITEMNL POPUS S §, z'8gg 1IN0
A0 304, 1'068 1o
9sind OO0 SIS, SMOPS PXBULE | D} D= %MOIS 20/
M G2 B0 40 | Wid YO %I04, 0068 N0
B g e SARAE 6 NG WS, Z'8se 10
MOy 5, 0°R88 N0
S ud yby 53, €'80 N0
SIBULIBLET | LOE, £ O 0= 104
SZIqaIE O} SPUCIBEINIL ¥G JRM, P50 Amap
Jojemibas sy dn wbn, 0'988 1IN0
ojdes [XBU BI0JD PUODES | JRM I Amop
uby suy sopenbes, 1998 o
passesd s 4oy @ joun Buob doex, PERSLY lOu BHum
© OOTIHOMNIA
Oubespro
FRAVITA STHEOL, Z=%aiB001
SONJELEA B JBAP, 8
WBRIIS i) ey, sp
4G U0 MORRA, 0’7l K003
FUWNGD OF SPGL X8|, D URRIDS
aydoustde BUL MO0} SRrBWA, IZITVLLIMI
“SyE'mDOaY P SYg0q

-NL Y SawBua)) e apUn SERA €4 Sy uo exejeAR arm susnBosd asay ) ‘Bulisy
PUDDGS BUR Ul UMOUS S8 SIS0 sult PPR PUB '8H00| | XIN/HO Uik SlUaWeIms
AB16p o) adexial noA §) JaleKdisiv JISVYE-ME BU] JOPUN LML M } K '8p03 890
DISYS PMOLDISYS 0GIN] B BENUM S| "YNSSs Bifl ABICSKD PUY SUOISIBALCO
nusnbes ybe wiopsd 0} J8LHeAUCY (1Y 8Ul 5a5ned wesioud Bumona) oyl

SANOTD Od HO4 HILHIANOD A/Y TINNVHO-8

29



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

5
REGULATOR
SURFACE
MOUNT

ANALOG INPUTS

r— ADCORME
5 . vee
b 3
Y by I 4 1OuF
s T
a —
5 bt LED
. 777“_11 oo f—— @/
1 n
— FRINTER PORT
a gl oo . CONNECTOR
’- 9 voLt 47 10K 75
I § r—"_.—
com vagr |— + .
AGRD - o J'
r- @
COMMOR . .
GRDUND ) . *
°
S .
1ok o
— B
o a
o
.
—
-
. |

An A/D converter.-by National Semiconductor (ADC0838), converts (- 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 figure 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 Preamplilier

H¥ Broadband Antenna Preamp

Automatic TR Switch

Low-Power Antenna Tuner

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

;-‘*-‘? ----- “ 2Ngsﬂ

FE8

—

R3
1K
" §2
00
+-
Te
1 +9V
3
*SEE TEXT
A
CONDUIT
1 INGH GAP IN BHIELD
POWER
ONCEF
GOMDUET FTTINGS
TO RECEIVER
B
POPULAR ELECTROMICS

FIG. 4-1

This anterina 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. 51 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

4 soe taxt

noten PCB
(phantom supply) | .= __ __ T2 J

ELECTOR ELECTRONICS USA FIG. 4-2
A 30- to BO-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 receiver.

VLF 60-kHz ANTENNA/PREAMP

. FLAT SIDE
m FRONT

g 9y
g s [ [o —?
TAPE —x l_
- ‘sr%ggc; -:‘fr" 37 MEG ot
FERRITE =0
AQODS i 4
TOSETHER ! H
1 1
TaPE : : YNIOKEM
Ll
. gk Y W]
Hin LONG HEm o A
[} 1 .01
TAPE | t ' = o
LY HERE T 100eF .n:g ica ) 3 5
500-600 (| | VARISBLE
T“":’Bs 36 N [
Na, 30- [} 4 | M
wiie on | D 3000 3
10 L~ - - 1%
Jape, 3 rs;‘zmn{ ] "5, 14w
ot
=
k’r
[ k]
SINGLE
LATER
COL
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
|J 1\ ! \\ | inside the-plastics film container.

i

50258

3 pin

An example of a 4:1
bifilar (a), and (b) a A c
1:1 trifilar balun.
50/75
ohms Plastics
film box
B
Cc
50/75 50/75
ohms chms
B
PRAGTICAL WIRELESS FIG. 4-4

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

as shown,
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WIDEBAND ANTENNA PREAMPLIFIER

Lt l BU @
€1
20 |
BuU2 22n BU3

nH cer c2
: i—-e
820p

909514 - 12

BUS
c3 I\ ca
2 7
i S q{e
;3& 3,4 YA
5.6
B

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
N ~
Ve S/ —\
J1 Ct cz2 c3 L4 LS
INPUT 002 .U(I‘F 002 3pH 3uH

11

RECEIVER @
INTERFACE
BOX o

TO EXT.
POWER O~~~ ¢——--
(SEE TEXT) o

A

Rt
INO AWy © OuT

R2 4 R3
91003 9100

vy
Adh
vy

w ¢

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 ATTNZ), 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

LR L1

’{FTW\T_( ANT
i I“ C‘I Two Mater

Antanna
Conngction

AIG >

Two Meiar
Transceivar
Canneclion N2
o1, D2

i3

CNY¥TR  Receiva Canvertar Connaction

D Indicates Wikinson Hybrd section - See texi lor discussion

€1, C2 - 39pF mica caps

D1, D2 - 1N914, 1N4148 5| Diodes

LY - 2turns # 18 linned wire, 144 inch iD, 0.2 inch long

11, 112 and [13 consist of 75 £ coax gections, 1/4 wave @ the center of the
transceiver ransmitter band typicaliy 147 Mhz.

T and [13 ane combingd in one coninuauy length of cable - 1/2 wavelength total,
Sas text lor additionad discussion.

A

73 AMATEUR RADIO TODAY

LI
—Eﬁj—* RIG
Twa Matqr
T Transceiver
Connection
L1
ANT
> <1
Antonna
Connection I I
nz
DI, D2
~
CNVTR
Scannar Conneclion

€1, G2 - 39pF mica caps

D1, D2 - 1N914, 1N4148 5i Diodes

LY - 2tums # 18 tinned wire, 1/4 inch 1D, 0.2 inch Jang

M1, T2 and [13 consistaf 75 L1 coax sections, 1/4 wave at 1he cemer ol the
ranscolver transmittar band typically 147 Mhz.

1 and 113 are combined in one continuous length of cable - 1/2 wavelsngth total.
Sae toxt for additional discussian,

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 4-wave
line appears as an open circuit. In receive, the circuit acts as a Wilkinson power divider.
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LOW-POWER ANTENNA TUNER

BUH #—w':- This antenna tuner is suitable for use with

H [2“1 v :7 °?“; g ; v ; v ) low-power (less than 5 W) transmitters or SW re-

19| (5| (11} 17| (3|0 ceivers. 52 selects inductance and S2 connects

l the 365-pF capacitor to either the transmitter or

52 the side of the inductor. The tiny tuner is com-

prised of a tapped inductor (L.1) and a variable

[ — o— b capacitor (C1), which is connecte.d to the induc-

I 60 tor through a center-off SPDT switch (S1). That

0 switch arrangement permits the capacitor to be

p " connected to either the input or the output of
ANTENNA the circuit.

1993 ELECTRONICS HOBBYISTS HANDBOOK FIG. 4-8

LOOP ANTENNA PREAMPLIFIER

Q2
Gl NPN
MPF102 2N3904, ETC. o) QUT TO

Q.01 "RCVR

G SD cHE
MPFIQ2 NPN
PIN QUTS - 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. L.l 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
6876, 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 Amplifier Audio Power Amplifier

MOSFET Power Amplifier Fasi High-Voltage Linear Power Amp
10-W Noninverting Composite Amplifier Single-Chip 40-W Amplifier
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20-W + 20-W STEREQ AMPLIFIER

Voo Dif AT | o C1,€2,C12.C13 ..... 4.7 pF Elec-
LR @ iRy tralytic Capacitor
M2 : : 1+ A 10 ?rs Adik £3,04.C5,C6,
o 3 L) . LU C7,C14,C15 .. 100 yF Electrolytic
3 GHD ) BT A1 Capacitor
s |4 w b C16,C17,C18,C8,
’E}%" @ o1 |y e $ns sPKR £9,610,G19.C20,
¥ +'\m\\ g U8 3 o C21 ... 0.47 yF Mylar Capacitor
/!%_1 { T Cc11 ... 3300 pF, 25V Elactro-
“ P v Iytic Capacitor
1\ LAY 44 | ) S 3 Amp Rectifier
- * ol o M LT Red LED
GROUND = R1, R11 .. 47 chm, 1 watt Resistor

R2, Rt2 .. 33K, 1/4 watt Resistar
R3,R5,R13,R14 ...... 12 obm, 1/4

E
¥
|
@ >
3
=
—
33
=
2x

R12 e LLIEY watt Resistor
LT J b= S G Ay R4,R19.. T20K, 1/4 watt Resistor
o 1 = 1 W R6,AT5 .. 2K. 1/4 watt Resistor
GHD c};l-*‘“ Ri3 R7,R16.. 1K, 1/4 watt Resistor
. 2,3 wr 21 T 680 ohm, 1/4 watt
s 7 _ty $r Resistor
Arete e ol N 5P RO,A10,R17,K16 ... 3ohm, 1/4
_ o watt Resistor
4 +.,=’ v s £1,P2 ... 50K Dual Potentiometer
T Y o RIE IC1,IC2 NEC70001AB Amplifier
k.
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.

Fower for both IC1 and ICZ2 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

L3 c1
A1 R2 - 3
E SN 10K 100p¢
TN e = -
[ +15v &+ A3 3 !
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15V C7 e ) t13| 1
7027 HC15 190PF E RN
W ] o 1
2 3 A4 h X 3 -3 i
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ADTHY
INPYT o 7 Ri5
+ 280 LM1STE
j Aot secon ¢—2
Rul 1uF
n13 W o
10K ~15¢ - ia; GUTPUT
00uF
—3v
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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
o410 uF
Input
Ay
10K4 220 uF This circuit uses an LM386 IC and will work
3 from 6- to 12-V battery sources. Output is about
0.5 Winto 8 .

ELECTRONICS NOW FiG. 5-3
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DUAL AUDIO AMPLIFIER

MONLTOR

1000 .33 828
SOURLE =s—3 TAPE

pLJ
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FIG. 5-4
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A 70-W COMPOSITE AMPLIFIER

DC SERVO v R2 DUAL-INVERTING
AMP D TV o B3 — COMPOSITE-AMP A

'y
vy

o i o o - ——— o o ok A e S e - . ——

e e e e e e e e — —— —— e — . ——
N
! I
[l 1
! NPyt !
i ]
1 1
' (
| i
1
i :
v BRIDGE !
t INVERTER c23]
I AMPC 01,
R — [P — .
ELECTRONICS NOW

44



DUAL-INVERTING
m_'cz(_s COMPOSITE-AMP B
47pF

+25V

R24 +15V

R32

A26
TMEG

——— A i o — — — — = e

vy

vy

ouTPUT

Four LM1875 devices, suitably heatsinked, and a +25-V supply, 70 W of output are available
from this circuit. IC86 is a phase inverter.

FIG. 5-5
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A 33-W BRIDGE COMPOSITE AMPLIFIER

CTTTTTT T TTTTTTTTTT T H
g ¥ |
i 1 !
I 100pF H
: We ! o
| R? +15V +25v i b
I RY - 1
lazzq H
' I
I = i
' ]
1
]
I 1
I 1
t 1
[ i
1
'
1
1
1
1
1
1
1
!
LAMPA
INFUT O
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

IFRE20
IFR 9520

11 L}
&
. U L
* ; e T (o Eal
120 12} <7 =
[ ’\
- et
bl I k2 + V‘—'_. >
#]wom IRF 520|*
0V
303 CIRCUITS FIG. 5-7

Two complementary MOSFETs are used to
deliver 20 W into 8 . 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. THI) is less than 0.15% from 100 Hz to
10 kHz.

10-W NONINVERTING COMPOSITE
AMPLIFIER

X5 ce
10uF T 10f

= uTPLT
Ic2
iy A

FiG. 5-8

ELECTRONICS NOW

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

10-W INVERTING COMPOSITE AMPLIFIER

+18Y

+16%

INPUT ouTPUT

&

A4
1MEG 3

ELECTRONICS NOW FIG. 5-9

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

» 9-15V
c3
2.24F
CHANNEL 1
POWER AMP  O———rf——
INPUT
SPKR1
5 -
k¥ 8
= 9-15V
c4
2.2uF
CHANNEL 2
POWER AMP O] ——— -
INPUT
$PKR2
RIG &, 80
50K >
B
1987 R-E EXPERIMENTERS HANDBOOK FiG. 5-10

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

0
CROSSOVER
CUTPUT +35v c2
YD 22
01 K ‘v‘v‘v ~O-
:j; 1.0 * 1£r R7 '--*>-'f"!'
aoy 470Q t_‘
W
1 1
10
SPEAKER
A6 T
. | s 1000 !
< DAMPING
10K ¥ > 100K CONTROL» 3 | Rs
R4 4 21Q
6.04K Tow
- rew *
s
— Rg. cs. QF’:j‘
8200 4700 *
1w + Rg ]
+35V - ‘v‘v‘v 47K _rg K‘l
*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 OPA541BM 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

A
$PKA?
7 ’E i j“?z“

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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AUDIO POWER AMPLIFIER

' 12V
a1 +
i C3
2N3964 470
R2 R5
¥ K 20K
AF .vAvAv ‘v v ]
Ny 2L R v 1 470
. 1K K
O—) * AV 2 \ 7 6 +
3 U1 J
+12V + Il ——
12:';( = SPKR1
R4 - 19
10K a2
ZN3906
POPULAR ELECTRONICS FIG. 5-14

The circuit, built around an LM741 op amp configured as an inverting amplifier, is used to drive
complementary transistors (@1 and Q2). The op amp’s feedback loop includes 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 veltage drop of about 0.6 V. Potentiometer
R5 varies the amplifier's voltage gain from 1 to about 20, As much as (.5 W can be obtained from the
circuit if a heatsink is added to the transistors.

FAST HIGH-VOLTAGE LINEAR POWER AMP

1000 100k

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 ampiifier to deliver a 180-V p-p signal into a 90-Q load, from a +100-V supply.

51



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.

52

Headphone Amplifier

Audio Line Driver

Constant-Volume Amplifier

Mini Amplifier Using LM1895N
Audio Amplifier with Tuneable Filter
Audio Compressor

JFET Headphone Amplifier

Dual Preamp

Magnetic Pickup Phono Amplifier
Audio Booster

Audio Volume Limiter

Audio Distribution Amplifier



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-€2 to 1-k
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

R2 0= u2w 87459
¥ = see text

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 coraplementary power output stage. Frequency response is flat up to 100 kHz.
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CONSTANT-VOLUME AMPLIFIER

& - O +H12V
10 kM % J
82 k(1 fa_2Nso04
10 uF
MPF102 +
o— 2N3565
10 uF
16V
+—f 2 Output

%2.2 ke
33 k2

WILLIAM SHEETS

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

FIG. 6-3

MINI AMPLIFIER USING LM1895N

W3-8V
5@
nzf.
b 4?”09 ce
n
o Taw

10k

With 3-V to 9-V supplies, this amplifier can

9V at maximum signal conditions.

-~

303 CIRCUITS FIG. 6-4

provide from 100-mW to 1-W output into a 4 Q
and bandwidth is approximately 20 kHz @ 3 dB.
This circuit is useful for low-power and battery
applications. Drain is 80 mA @ 3 V or 270 mA @
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AUDIO AMPLIFIER WITH TUNEABLE FILTER

AF
iN
71
SR
220K Y A6
¢ T002 4%k
L2 A5
c3

C11 1o 9vBAT.
QUTPUT hs 4

oS AKER{O—) AN T 47 ossuepLy

DA PHONES A9

= L 5K

- = VOLUME
I.1 CONTROL
POPULAR ELECTRONICS FIG. 6-5

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

=

. e, ) TEE

yoa text ?gl‘: i i ov i

O pr— B B
D 100n , ’—[ll

R0

47k
Iog.

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 1.5V 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
+12V
4.7 k}
A
———
Aud!u o_.__| Hi-z
in
01 »F ohone.
- + P
1MQ 22 kN 10|J.F =
Log taper 16V
— volume
WILLIAM SHEETS control = 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

CHANNEL t
PREAMP R1
INPLIT 22K
My = +9-15Y
R3 A9
N 47K IMEG
el AdA
ey b
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0.1uF 4K N ;
B AAd
—o
A+ CHANNEL 1
PREAMF
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4
CHANNEL 7 g15 =
PREAMP R4 1HuF Ri0
IRPUT i 7% THEG
< ) Yy b
c2 ARG +3-15Y
DiuF} 47K 2
WA
—C
CHANNEL 2
Ry d PREAMP
XS 3 OuTRUT
1987 R-E EXPERIMENTERS HANDBOOK FiG. 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

» AM—= 15V
R2 5ol+_96 < R7
1sokF T KT Ky
o 0 c7
PH4303 +—] 001=
INPYT
= ce
1MEG 0.004
IE A1
T 47K 1»
R3 <&
4?0!2:. 'E)[?OS?5
o |
3 1
50
c2 e ™ § R4 b
50 “T 330K 0 15V
POPULAR ELECTRONICS FIG. 6-9

This preamp is RAA compensated for use
with magnetic phone cartridges.

AUDIO BOOSTER
5t
O— 4 9V
RE
VED1| 2700 .
5
c1
{051
INo—)—1
Ri1
47K out

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

1£1-h

v> NE§532 R3
6 100K
AN
‘V""‘V
R4 re
J30K 100pF Ca
e
5 7 J2
I | ) 22uf QUTPUT
Ji + + v: NE§532 * I
INPUT < R? M 6
3 I 1001}
TR souF o 10K 2k 1
1992 R-E EXPERIMENTERS HANDBOOK FiG. 6-11

IC1-ais connected as an inverting amplifier whose gain is controlled by the LDR portion of an op-
tocoupler.

AUDIO DISTRIBUTION AMPLIFIER

+Vcc
-R2? :: 5
cl 2 \% MEG ¥ . furs [ t—0 DUTPUT A
1 -a
3 174 TLOBA .
PyT o—H 4 TL084
rR3 ¢ = 9
A1 g 100K S 8
160k & 10 M- ——o0 QUTPUT B
1/4 TLOB4
A hd +Vee
R4
co L+ RS & 100K 3
1% 0y Uid “e o QUTPUTC
1217
=L 174 TLOBA
POPULAR ELECTRONICS FIG. 6-12

Three low-Z audio outputs are available from this circuit, using a quad TL084 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

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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AGC SYSTEM FOR AUDIO SIGNALS

v
f > +15V
D1
M < Ag
C:B
:[ (100 puF)
+ R3
100 pF 1k =

H—Ann

cz2

T

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 rectilier are performed by a single op
amp. This makes the systern simple and cheap.

The rectifier is made with the output push-
pull cascade of the op amp and R, R,, and Cp
The transistor @1 and D1 are used as a voltage-
controlled resistance (Z). The input signal is (£
+ 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)

1eFy (215 R (1,16
10K » {+
RX ’ CREGY
= 20K
— Ae —w——I') 3.14)
== 2uF
S?AK 33K F'_
WA
IjOHF
(5.12) it
30pF
e, Ra
f ! _
611
®11) Ry !
ek (7,10)
tsv————w +
1989 RF COMMUNICATIONS HANDBOOK FIG. 7-3

The rectifier input is tied 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 cutput level of =1 dB for an input range
of +14 to —43 dB at 1 kHz. Additionsl external
components will allow the output-level to be ad-
Jjusted.
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8

Automotive Circuits

The sources of the following circuils 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

Vehicutar Tachometer Circuit

Smart Turn Signal

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

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

Booster Amplifier for Car Stereo Use

Auto Turn-Signal Rerninder

Headlight Flasher

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

Brake and Turn Indicator
Lamp-Switching Circuit

Automatic Turn-Off Control for Automobiles
Alternator Regulator

Auto Generator Regulator
Lights-On Reminder

Auto Fuse Monttor

Headlight Alarm

63



1-8 "Oid

‘suoTnedsrd AyoJes SJ(RIMS DAIIS0 05" URGSAS ST} WIOIJ S[qeleAR ST A (4 01 09 1M1
930N “1osuas jo Aurejod uo Fuppuadap + My 10 — 'y ypm vonouniuoes ut (p uid) pasn aq uea 1) 18[dnoac1d() paaouiad 3q Jsnul pue
SWIISAS 3531Y] IO PISN JOU ST g} "SUIBISAs uonudl Joxealq Juioduou 10] SUCHRINSIUeD B85 eAneuIs)e a1e — Ty pue + Ty

‘SUORIST ogne Jo sad4) Jusisp ojepour
“WI0JDE O] SPNIIIDGNS Teucrido SUtepIon osfe JIndIm 3y [, 102 UOIIUISIL 91014 343 03 ¥ Jo TR0 a1 furdump ‘a1g o] 1 Sursnen
“TUHS 0 3188 o) 01 pa] ST mmmio.» rews e ‘as0[0 spod S1) usip 1) Jonveded a81eyd 01 pasn pue gJd o1 g 4Aq pagmaal st 1,1, jo ud
-Jmo g, 1.1 Jpuojsuen du-dags spasy 18] ‘g8 pue [ punole Ymq ‘I0jeIqalnul 3[qeise Ue st XN-FI0 9U1 JO 1eay] o) 1V

SOINOHLISF 1T BV INdOd
—H— -0+ 1109
i
L
—4 , ang
-
3% + o 2
- ———— oy 0 SLNH0d
iz ¥ b U
€ i 2 s $
o vz g uilr ST
oL o4 ¥ 81 m\- AVY——0 451X
aa ANy fl\ MY
ZZLANT ald
€0
') 0090NE A A AN —SiX
m s ﬁt AP
o freds i
1eLenz A/. s
L "
v0os 3 w \ A o 20
¥y 5
bra
_ 4 4] ol_.- La(i:31
AAA Ldl O Puml
+§ q %
4 00s Lo i
<& S ™
W g
wﬁ_ :E.NE <\ o | W
_ | ow o081 00zz
u.l. ] $ly 1
|I©’ - AL e - 2L+
vom Z5dw
6y 1q

SOLNY HOd W3LSAS NOLLINDI AD

64



BRAKE AND TURN-SIGNAL-LIGHT CIRCUIT

TO BRAKE
SIGNAL 0—
SOURCE 2 A1 1/4 4011
< 10K
= O R
P 00K 5
>
T0 RIGHT- - ﬁ Ut p
TURN 14 401
SIGNAL ,‘Em
SOURCE 3T
o2 :E RS
R gL
)
10 LEFT. = . 1/4 4011
TURN » 10
SIGNAL £ R6 g .
SOURCE K
12
.
Lz $A7 13
T 30k | an

i}

POPULAR ELECTRONICS

1/4 401

1/4 4001

1/4 4001

- +12V

o XE)

2N3055

FIG. 8-2

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

VEHICULAR TACHOMETER CIRCUIT

11
+12V 150
Ignition 08 I T l "
“switch +
Itm WL Totwr sk I o
6.8 ki) ’
8 a
6
NES555
0.0068 F Ic2
8200 ( & ! 1N4148
2 10-100 uF
Braaker IN751 1J_ 5 " I
points X =
0.01 pF I 1 L I 0.01 uF G-1 MA
- 0.1 uF =
WILLIAM SHEETS N FiIG. 8-3

In this automotive application, the 555 is a pulse counter. IC1 regulator provides proper operat-
ing voltage for IC2. This circuit is for vehicles with conventional breaker points,
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ELECTRONICS NOW

66

SMART TURN SIGNAL

BRAKE-ON
RAKE O FLASHER ¢

TO FLASHER
L TERMINAL ®=: Rt | FT X TERMINAL
Tk = &+
4
wer |3 @
565 |2
1
D2
1 1||m]
mi
ToP BOTTOM 1«
|-—SOURGE c
Q| &2 |——pRaN plo o
—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 charging continues,
the sound will grow fouder.

61 RESET

........... AFTER 10-15 SECOND DELAY,
BZ1 BECOMES AUDIBLE.

N

1]
i
TURN SIGNAL TURN SIGNAL
ON 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

x BEEPER
+12vDG

i PULSE LOUDNESS
o ‘S"’T‘;')P : DETECTOR CONTROL 2

+INOC LIGHTS N ; D
t——o"oo-——--—-i-—_ ------------------------------- -

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.

C

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.

y

MANUAL HEADLIGHT/SPOTLIGHT CONTROL FOR AUTOS

+12 Vv
& - From
ight
switch
o 12V
47 Battery
Py o
|
v K1A
Spot - ' Tb GND
aor '
head (9 l/‘ Kig =
lights A o
A1
270 kil 4.7k
Bf 4 0.1 uF a1
) P‘l Start
NE 4.7k0 = push
7| s 1N4007 - butten
3 K1A, 8 DFST relay
©1 20-A contacts
220 pF 1 5 12-V coll
l J iJli 0.01 uF
WILLIAM SHEETS FIG. 8-5

Pressing the START pushbutton turns on either the headlights or spotlights for a predetermined
time. After 1 minuie (R1 and C1 determine this), the lights will shut off as the NE555 completes its
cycle.
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FLASHING BRAKE LIGHT

<Rs  Ll.ca < RE
814 £k T 818 $yx
I ’ ’
= ui ';'—J = '?L_ u2 L_I
555 3 555 3
, 6 ] R7 , A <Re
— —e 5K —e
3 3
N +
Tzz L
D1 3 I
Yinora| e | =
AN " D2 1k]
R1 p i 1N914 1N918
18K 270k
A9
10052
SCR1
ECG5402
w2 4 LIGHT  LIGHT
£R4  tlo
302 sk T o
- -
1890 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 cutput 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 Ul’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 It 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 @1, 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 wilt be negligible.
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POWER CONTROLLER (FOR AUTOMOTIVE ACCESSORIES)

+12VDC(REG) +12VDC
\ (FROM CAR SATTERY) ¥ M0
. R’Y1 10A
l €2 -
Cg 14] 13 12!11|710| 9I s! .02 f‘q_ .E
11 ! H
—1 o +12VDC (HEG)I :
R I
R t1213Tals]e |7 i E
22MEG | Rt g = 4 '
M—e 1k$ | — s TV Qie==—= J
hd Al 1
?E(j R4 :: \53 IRF511 LOAD O—@
22K (10 A} RS &
! 3 2
= i- 15K2
i ST LT ' +12V
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ACGESSORY FUSE)

= GROUND
‘*\MOUNT ON DASHBQARD

-
[ ]

1

1

1

4 IC2 +12VDC :
1% © 7612 3 (REG)
O O 5 N GNDUU 1
2 e

R 1

I

L

1___1_.
"

ELECTRONICS NOW FIG, 8-8

Because the power controller is powered from the vehicle’s accessory switch, the load can re-
ceive power orily when the ignition key is on. Using half of a dual flip-flop (CD4013), 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 FCR dc-OPERATED DEVICES

v |0
| LM317 g =
L
o ADJ $ 2400 PL2
R R4
A SR U 22
ADJ
ouTPUT 0 $ A v ] ev
INPUT $15K st

1993 ELECTRONICS HOBBYIST HANDBOOK FIG, 8-9

In the schematic diagram for the car-power adapter, note how the value of R, (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

TO AUTO BATTERY
A
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o1 Rl & a4
NC. o:g:‘; oo | 1iMes 3 2N3905 ne 3 oo L
4| 10 i
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100 g U g T 0047 0047 T
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c AV‘V‘V
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FiG. 8-10

POPUILAR ELECTRONICS



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 starfer 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 toc normal.

BOOSTER AMPLIFIER FOR CAR STEREOQ USE

Ch ol ; c1
38
+12V0C 100 ; 1 cs
68
1 5
K ——*_{(—0
7% & 1]
r 1 Ak AA‘ 848 6 3 Y
o Y 21 n ut ';'"_.'.*1.
47K TDA-2004 ’
o B
R8
$15a 10 gy 10
i 4
“AUDIO o1 +Lc3
weut ) F50 100 100 )
| Ahh AbA AbdA 5? SPKR
S R10 RI & ;1'2' Rgv 'R"' b R4
150 mE ® | wa k¥
k R6
ca 2 c10
6 17k b 1
b - == CAR FRAME -
GROUND
1890 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 minimuin resistance of 27,000 €.

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}F%‘ pv
0 R 1A 16 TIPd2
“LOAD*WIRE 5 o 14 v
N Ak 1 o

RED

=

Wi
H.:.( = }B21

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
+12V e O - 4
F1 + 02
> A1
10A 5_ puan fﬂm
=
> R2
3 a2 r
If
s 17 e LAMP @
U1
565
1 |2 a1
IRF531ND
1 T‘ 10K
4.7 -
=" =
POPULAR ELECTRONICS FIG. 8-13

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 IRFB3IND hexFET, which, in turmn,
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

TO LEFT- T0 RIGHT:
TURN TURR
INDICAT
mg{a}cmen%'_t
Ocar ety Pﬁaum
GROUND
SPKR]
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s B &
< m
N 7 1 100k
R4 s
L 22052 it < 1K
55 ¢ 1
Wh—e L L
R3 2
50K J_ Y
2 ct
LT T T
pe
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
PL1 to your power outlet. NE1 should lght.
Then, plug in.the block heater. Depressing S1
should cause the indicator to get brighter., If not,
your block heater might be open and inoperative.

HEADLIGHTS-ON REMINDER

BRAKE AND TURN INDICATOR

TO LEFT-TURN

TORIGHT-TURN

Rt

'Kl
! 4700
12v
EomA 112W
L BZ1
T0 1vec T0 POSITIVE
IGNITION = TERMINAL ON
SWITCH A HEADLIGHT
POPULAR ELECTRONICS FIG. 8-16

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

SIGNAL SIGNAL
CURRENT CURRENT
TOBRAKE SIGNAL

CURRENT

02
4 ECB174 ECG174

u@_L

01

POPULAR ELECTRONICS FIG. 8-17

This might be a quick solution to getting the
two-wire truck harness to support both turn and
braking indications.
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LAMP-SWITCHING CIRCUIT

+ 12V —e—e %]
10
3 A
= " R2 ;
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12V
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4 SWITCH
a2
B $ 8 MJEI055
-
POPULAR ELECTRONICS FIG. 8-18

A normally open pushbutton switch (S1) delivers a positive input pulse to pin 4 of 171, 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-uF capacitor and any resistor value of from 1 to 10 M 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 o control an ac-
operated lamp, turn off the ac power and connect the relay contacts in parallel with the lamp’s power
switch contacts.

AUTOMATIC TURN-OFF CONTROL FOR AUTOMOBILES

Y +H2v
» A 3 tohead
+L light
10 uF Ki 9n
18V I contacts switch
a1
= 330 kit
’_“
4] 8 1N4007
6 3 P . -
K1
et 1N4007 % E 12-V coll

7 2 L. L A>1000

¢l 1 3
0.01 uF
220 uF = I r—— AN——— |
L 10 ki
1k — 0.01 uF K15SPST
L 20 A contacts
1 ki
f12v 1N4007
from ignition
switch
"WILLIAM SHEETS FIG. 8-18

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 result. The values
of R1 or C1 can be changed to vary this delay time.

75



AALTERNATOR REGULATOR

1 s IN4003 F)LeD 1
rRa $ O P62 (2 :
10K 56K @
¢ R 22K 0p
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P33K i 1 @
@ 100 pF Q2
20
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Riog. 47K Qt Q3
500 O ¥ @ oy 2Nz222 2N3055
Circled numbers
refer to @
R3¢ R7 R8s $ | edge connactor
10KE 2200¢ 400 % Ground
. . *——
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 pulted
toward ground. The circuit monitors the state of the battery through a resistive divider and causes
the voltage to change at the field ferminal.

AUTO GENERATOR REGULATOR

+V
? 1 ] D4
L a | LEDGD oA
¥ a3k 2E5 G2 1 \ pely
R4 Bigk 50 pF \ rosy 1
22K ) D1 ] ‘):
AV RE & LIN4OO3 oA
cr | B8KT | ¢ fok 4 D2 ToTy|
- i
100 pF *es 13 P indocs 1o lal
' 22 pF : e :
5 !
Q2 Lo
Q1 TIP31 Relay
2N2222 -
A3 & RB7 R8 il 2N3055 “ DS]E
10K i‘ 220 () 470 aiE IN4003
' -
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-cut relay. R10 adjusts the system voltage setting.
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LIGHTS-ON REMINDER

70

LIGHTS
|
D1
1N4001
IGNITION
K1
1N40D1 12V

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 awn power each time it be-
comes active, so it chatters and acts like a buzzer.
This is a real minimalistic headlight reminder, It
doesnt even require an annunciater because the
relay acts as buzzer,

POPULAR ELECTRONICS

AUTO FUSE MONITOR

LEDA
1 k)

LED2

LD
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 blown. The cir-
cuit must be live for this test to work.

HEADLIGHT ALARM
To
To Inst. ignition
panel lamp switch

fuse

fuse

Ri
10K

Q1
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
comnected to the instrument-panel light fuse;
when the headlights or parking lights are on, the
instrurnent 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 transistor 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.

Lead-Acid Trickle Charger
RF¥-Type Battery Charger

Battery Charger

Solar-Powered Battery Charger
Intelligent, Battery-Charging Circuit
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LEAD-ACID TRICKLE CHARGER

e
[
D4 1M4002
1N4002
Bl
Ll un {o o7 ps
7806 1N4002  TNADO2
D8 06
([ w2 |o | ™N4oez | 1n4po2
m 7905 P P
1N4D0Z 2
Pt Ia
. .uasT #03 .
i8] Dz R
oy o2 | 81
VWA Wy 12y
o Ri 1Y) -
76002 28002 T
E\
+ c1 WINEZ
gong  TLA30E R3
65WVDC 2.52K
A VWi
24 - N
pLY . 9
10)
INVERTER

POPULAR ELECTRONICS FiG. 9-1

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

RF-TYPE BATTERY CHARGER ’

This type ol charger couples RF from L2 to an external pickup coil. The pickup coil connects to
a rectifier 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.

U/: . 14001 A O S U
5 OPTIONAL R8 & (7
PL1 {SEE TEXT} 22k$ |
L RS
R7 10K
4700
L3

1992 R-E EXPERIMENTERS HANDBOOK

FlG. 9-2

79



BATTERY CHARGER

TO T2V CARBATTERY
Q

PLI
117VAC AAA AAA T* -
ey Yy
R1 R? :
20 10
W 10W
SN R4 D4
msmu 2 '4.7% 1NG6400
| AAA
] b
D5 A
184742
05 ¥
) 1N4001
TRICKLE
02 AUTD
25 VAC 1N5400 o—>e
2A —C)
D3 - HIGH
184001
2 RE &
ai 2IKS
2N2222 2N2222
POPULAR ELECTRONICS FIG. 9-3

The circuit is capable of supplying either a trickle (50 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 R6 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 )4
{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 @2, 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

vin *——e —t Y Y Y e 3 -——o Vout
3.50 -11.00 o ve | | “swih &L L aov

Cin

10.0 yF I 1 gng

= LM1577K-12/883 Feedback = <l
Comp W

Ce r Simple Switcher

470 oF
Rc _|_ Ground

2.20K =

NATIONAL SEMICONDUCTOR

FiG. 9-4
A National Semiconductor LM1577 IC is used in a step-up regulator to charge Nicad batteries
from a solar panel.

INTELLIGENT BATTERY-CHARGING CIRCUIT

N
o’/ Charging
~ ‘LED
P4
$5600 —@Naea&
Ni-Cd *
.; it RCG +VIN

o Lo Ay gj-\,l
o .

*Value of current
limiting resistor
depends on the
battery voliage

2.2K

O\C))N/O FF ECG5400

7

AR
v

4

Low
battery
LED

ey

F
+V OUT 0— 500K 3
- ON2222

Ground &

RADIO-ELECTRONICS

FIG. 9-5
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

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.

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 Menitor
Relay Fuse for Battery Charges
Bargraph LED Batllery Tester
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BATTERY TESTER

10 BATTERY P Y
UNDER TEST I ARG R3S CTE 3 o RS
—_— e AAA |
+ ™
\o a2 4
B I ¢
o OFF rm—»—-':
& . U Ly
81 | Re% 2 4 =
4 - o
OFF 0 )
Pld Pry PIg Pid P52
{3 \ﬁ EXnc s dnc BB
1991 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 extrermely high gain. LED
L2 lights when a small positive potentiat appears en the base of @3. Transistors @1 and Q2 form a direct-
coupled de-amplifier circuit. The cutput of this stage drives the red LED L1. Rotary switch S1 is used to
select different ranges (which have been previously set by adjusting trirumer resistors P1 through P5).

The positive (+) lead goes through the selected contacts of S1 to the biasing resistors R3, R4,
and RS, The negative (-} lead of the battery under test goes to the ground or common lead of the
circuit and the (+) side to one side of F1 through P5.

L1 Red LED

L2 Green LED

F1 through P5 5-kQ trimmer resistor

R1 100 kQ

R2,R3 33 kQ

R4, R& 470 Q

R6 12Q1W

Sl 2 P6 position NS rotary switch
52 NO pushbutton switch

Depending on the position of S1, a particular trimmer resistor (wiper lead) is selected. That lead
goes through the contact on 81 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 LI, 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 af 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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SUPPLY VOLTAGE MONITOR

+V
3l & Aa
:,1 Meg :. 100K
>
< RE6
100K
LIN 4 8
e fgo 7 When supply voltage exceeds a preset level,
Rd & 3 the 555 oscillates, and flashes LEDI. The flash
27¢ u 1
it 4 mel 8| *° RS rale is controlled by varying C3.
4 1K
) I 2 1
-
7"1?2 = Sﬂ* LED1 \‘\
T ’ TiL209
4
POPULAR ELECTRONICS FIG. 10-3
BATTERY WATCHDOG
112y
battery
T 51
‘;( A 14 _C‘i)
Optional ! cz
1\ 1ki} 4013
® - 7
- 1e1 -
A ?11\; 144 4001
R1 2
680 0} 5 ol Plug
3000
3 D o 1
ce
3 124013 _|p Hot wi
x ?42\/ ¢ R Q[—ne oL e Extension cord
u
A2 D:}i{
L 1oed Receptacls
73 AMATEUR RADIO TODAY FiG. 10-4

This circuit uses a pair of Zener diodes to monitor battery voltage of a 12-V battery. If below 11
V, D1 ceases to conduct, pin 3 of IC2 goes high, setting FF 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

W5V
“+ ingut’ JVR\SA{ ?
< b1 40 02
NATSS 144733
(6.2 B1¥
1 B =
) 2 A .
] P
D3
_ Yo
. 3
5 } HFEY
A
R u E '
2 A
24 24t m
R
"Low fevel “High level" i 9
g “

ELECTRONIC DESIGN

FIG. 10-5

Using this circuit, three levels of voltage can be displayed—normal (11 to 16 V), high (>15V),
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

Yy
R2 1: 1: A4
g 00K ¥ $IMEG
SR
T'BK
il S
f"\l
i 7 A 8 s
100
1 >
10 Iof] Rl & ul +
¢ VNIOKM| 10K 3 | %8 L
J— 1
Ll
T m SPKAT
54 -BOLY -y
POPULAR ELECTRONICS FIG, 10-6

When battery voltage goes low, pin 4 of Ul
goes high as QI fails to conduct. This activates
oscillator Ul and generates audio tone. R5 sets
level at which the circuit activates.
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BATTERY SAVER CIRCUIT

!
Bl |
5vOC : 1 14
I |2 13
i ; 2]
- IT U1 11
6 v am o
51 5 10 +9VDC
l—— QuT
6 g TO.LOAD
et 7 8 | _T_
100 N9l L
R1
1GMEG =
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 4 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

01t

Fan

01t
| ) L
I <737k 2 470k
= avTo8Y 750k 1 3
T ‘\ L & Vee [
0 ¢
0 12LTI78 * oo O <
0025 FOR 24 FULL SCALE + 1 Dgy~ * |
0201 FOR 0 24 FULL SCALE GND Vg AN u
oM
b —
L0 BATTERY
e
R REEy W T
LINEAR TECHNOLOGY FIG. 10-8

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

[o o
+
b
>
<
' L1 Red LED
L2 Green LED
P1 2.5-kf]} trimmer resistor
104 2N3904 transistor
R R1 100-k(} resistor
AAA R2, R3 33-ki) resistor
P1g<—Y¥y R4, R5 470-(1 resistor
4 Misc. PC board, wire
-
; R2$ //T
O
1991 PE HOBBYIST HANDBOOK FIG. 10-9

The monitor is a simple voltage comparator in which a car batlery 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 LED] is
on whern 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

63V
et t '
O g 11¥4001 Charged capacitor C3 and momentary push-
o] button switch S2 are used to momentarily energize
------- -1 /: | os relay RE2. The battery under charge energizes the
D a3 T —n ’ relay to hold it closed. S2 will energize the relay
. ot even if the battery is too far discharged initially to
* e o tont energize it.
pa Wt
@ —-®
- grai08-110
ELEKTOR ELECTRONICS FIG. 10-10
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BARGRAPH LED BATTERY TESTER

o
\_/ o
LEDND 1] "% ennoz [9 Tn 8..160mA
2 17 MODE v+
v | LEDND 3 \\ st
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5 14 12 03
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13 D4
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1
7 12 -—il‘————-«
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» LEDNO B Refyq). 5 o8 |
REFERENCE ADJUST -2 Hieonos A2 - ——
5 16 16 4= o7 3
MODE SELEGT— "% Eona 1o Batt.1,
17 = o] | 4vs 1
t D9 '
sIG ——;;“——1‘5 \
1 oo
¥,
D.U.T. 4
ut R v
| l4 2
——
ELEKTOR ELECTRONICS USA FIG. 10-11

The LM3914A bargraph LEIYis 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/IR2/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 resisior.
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Buffer Circuits

The sources of the [olowing 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 Buffer
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BUFFER/AMPLIFIERS

) $—= 4 9- 12V
az
= Q2 <& R2
R P
INPUT QUTPUT
R1 A4 C3
12K a7K Der
AN a
C1 a1 PR3
0022 40245 = RS 3 a0
= 12K
AMA
A

R4 4 C4 =
100K < o
QUTPUT
les |
I.m 4 SEC.
1 at <~
100pF 40673
NTE222
WPUT o—J ECE222
Rl <
100k 3 150Q %%
T' *SEE TEXT
B
POPULAR ELECTRONICS FiG. 11-1

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

By parallel connecting all six gatcs of Lhis
4049 hex inverting buffer, you can obtain a much
higher output current than would otherwise be

available.
POPULAR ELECTRONICS FIG. 11-2
VFO BUFFER AMPLIFIER
— + 3- T2V
INPUT ouTPUT
3
L 27
——A—y —)
Cl o < A3
o022 40245 =~ A5 2 2400
= 12K
POPULAR ELECTRONICS FIG. 11-3

A two-transistor feedback pair provides broadband operation. The gain is approximately £ /R, .

g2



MOSFET BUFFER AMPLIFIER
A4 5 W] =
190k & 01
QUTPUT
C3 * R
01 3 A SEC.
ct -
100pF 40673
N
INPUT 0—J{—9 Eg:gg
R1 :t
100K < 1500 %ﬁ
T ~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 (£, =50 Q).

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

i +3V
I 0.1ufF

ViN

Vour

NATHONAL SEMICONDUCTOR FIG. 11-5

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

SIMPLE VIDEO BUFFER

R1
1.5K

o3
2Nz222

Video M
in
Video
R2 out
1.5K

ELECTRONICS NOW FiG. 11-6

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

LOW-OFFSET SIMPLE VIDEO BUFFER

-+ . > +5Viol12V
10 puF
- 1002

3300
Q2

Vidgo Q1
In
2N3906
22k0$ 100
—e —5Vto 12V
4 10 pF
WILLIAM SHEETS FIG. 11-7

This circuit has proved to be an effective
video buffer and will easily drive a 75-£2 load to
1.5-V p-p output. BW is betier than 20 MHz and
there is less than 0.05-V dc offset, which is the
difference in V2, of @1 and Q2. The supply lines
shouild be well bypassed, + 5¥ 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
875. The figure number in the box of each circuit correlates to the enfry in the Sources section.

Carrier-Current Baby-Alert Transmitter
Carrier-Current Baby-Alert Receiver
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CARRIER-CURRENT BABY-ALERT RECEIVER

—a AV,
o fFor 1 e e | Lo =
X 47 - q,
VAC | NEUT. IWATT 0 e 3
-] D6 821 (=
TN4T50A
A2t 27V
10K R22 & Q3
47K ¥ 2N3000

€12 (...4 a4

T 00 c14 A23 & 2*03 ;|15 2N3904
L
oon  ATKF 38041 " ﬁ?)
e ) R27 Q‘q
1E fgﬁ 47K
4 b < .
L c16 ]

c13 T 15mH .01 sra | o7l SRm
T.um TK3203 ? 100G 2.2 T T WK
. < i ;

1993 ELECTRONICS HOBBYIST HANDBOOK FiG. 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 @4, 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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13
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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1992 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 2() read out 105 seconds
LEDs 14 through 17 read out in minutes
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FiG. 13-1

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.
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14

Code Practice Circuits

The source 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.

Code Practice Oscillator Uses Optoisolator
Electronic CW “Bug” Keyer

QRP Sidetone Generator/Code 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
ﬁ: PHOTODIQDE
PEN
e Y ]
A
+5V
3
R4 & Rl <
20 $ 3 e 3
Ut 4
VTL10G1 8
7
!%{ R2 1:‘J
100K S
u2
PR
ESS = TO REDUCE VOLUME, 855 (2
INSERT A 10°C2 ADJUSTABLE
BEND A SMALL RESISTOR HERE.
PIECE OF TIN OR 3
THIN SHEET METAL
INTO THIS TYPE . : or L+
OF FORM. gz; SPKRT ;o .
80
)
N vrLtom
OPTOISOLATOR
B
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
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MAT GND KEY
" PLATE o5 QUTRUY
ool
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»

73 AMATEUR RADIO TODAY FiG. 14-2

This keyer uses skin conductivity to simulate the old-fashioned mechanical CW bug kever. 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 a 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
[ 0k

+
L ar s Ly,
a3 ’;[,'
[[+17
TOT o
Key i G ) -
1 RIO
[ ATOR
cs ; ; L 100
TO KEY I“Onf |_ -
J2
Q1-G4 -2NIBO4
[-}] 2NI06
SPK |
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 Q3 goes to ground, turning on Q5 and activating
IC1, an audio oscillator. Q4 drives the speaker. For use as a code practice oscillator, insert P1 and J1
and a key in J2.
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MORSE PRACTICE OSCILLATOR

o o—0nr0 » gV
<RI | S
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T .o22
POPULAR ELECTRONICS FIG. 14-4

A Bb5 timer configurcd as an astable
multivibrator is used in this circuil o generate
an audio nole, Cl can be changed to vary the
audio note as desired.

CODE PRACTICE OSCILLATOR

N New
1k0 key
a-v
7 8 = battery
: NES55 I
.2 k{k -
22 2
To
20 k(2 aarphcnas
5000 ~Z = 5004}
6 volume <& —
Freq. control
control 5 1
o ”FI Io.m uF
WILLIAM SHEETS FIG. 14-5

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

VARIABLE FREQUENCY CODE PRACTICE

CSCILLATOR
SPKR1
802 4-INCH
SPEAKER
+3-1 +3-12v
4 ]
R2 - 8 Ir [ 5 [
10K .
: 1]
c4 mcaste < R4
ok - 3 100K
KEY I 2 13 |4
t [ [ e Y
RS 47 T 1
50K Lea
) FREQ. Rt = R3 1
AN 1K 47K
A AW Avy—
POPULAR ELECTRONICS FIG. 14-6

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

SINGLE-TRANSISTOR CODE PRACTICE
OSCILLATOR

—

&
g
V«'m

éﬂ
$ g
1 SPKR1
+
51
\[ KEYSWITCH

POPULAR ELECTRONICS

1

8
2 vVOLTS

FiIG. 14-7

A 2N366 is configurcd as an audio feedback
oscillator using an audio transformer is shown.
Adjust Rl 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

[ O\
1 F1
T —— —
ET 1 QUTLET 2 QUTLET 3
120VAC
i Vo o [F
AUDID 1 ‘G,! SCR2 G SCR3
INPUT 10 C C
< <RI
4 c2 '_',__\Ci 3
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 info the circuit from a stereo speaker by transformer T1. This trans-
former has 500-Q impedance on the primary and 8- impedance on its secondary. Connect T1 so
thatl the 8-£ side is connected te 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 RC 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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Computer Circuits

The sources of the following cireuits are contained in the Sources section, which begins on page
875. The figure number in the box of each circuit correlates fo the entry in the Sources section.

Printer Sentry

PC Password Protection
Buffer I*C Data and Clock Lines
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PRINTER SENTRY {Cont.)

ACKNOWLEDGE"
BUSY

PAPER EMPTY

SELECT —— —| rSTROBE‘
] (5 [ [] 6
% OO0 00000000

gOOOOOOQOO(‘?Eﬁ

L»AUTOFEED

“LOW-GOING PULSE —— ERROR
—— ™ [MITIALIZE*

GROUND *SELECT

TABLE 1—PIN CORRESPONDENCE

DB-25 Dt

Connector Connector
1 1
10 10
11 11
12 12

13 13 .

14 14
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, ete.).
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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 o boot, After three times, the
computer will have to have a cold rehoot- 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

+5Y 0—¢ »—0 43V
oSk R
1k Wk -
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Bt
| :
N nz p )
A S L] By Ay Rig 28k
Lamman Hk 2% Wk Comman
o—— 4 + —4
Mbmgn's=2NIY04 A prp's = ENGO06  AM diodes » 1N5712
ELECTRONIC DESIGN FiIG. 16-3

The I2C serial bus is a popular two-wire bus for small-area networks. [C Clock and Data lines
have open collector (or drain) outputs for each device on the network. Only a singie pull-up resistor
is needed. With this architecture, each device can “talk” on 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. @1 and
8 are the output open collector drivers. Q2, @3, @6, and Q7 provide the nonlatching functions. The
capacitors prevent switching glitches by ensuring the inhibit transistors turn off before 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 eircuit’s
normal resting place. If the input is pulled low, Q4 is turned on.

Diode D1 remains reverse-biased, preventing @3 from turning off Q4. With Q4 on, current is sup-
plied to both @2 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 Q8. D4 is now forward-biased, so Q6 turns on, and thus turns off
Q5. With Q5 off, Q7 will not turn on. The output remains low. E£ven with both the inputl and the out-
put cxternally driven low, the circuit will not latch. The circuit, using the values shown in Fig. 2,
reached a clock rate of 80 kHz with a VOH of 5.0 Vand a VOL of 0.5 V.
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17

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.

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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SIMPLE POWER DOWN CIRCUIT
+12¥

-Power Down
tantrol input

i1 = CD4001 10k

ELECTRONIC DESIGN FIG. 17-3

This ¢ircuit adds a power-down function to analog I/0 ports (for example, the AD7769 and
ADNTT74). Moreover, the diodes ordinarily needed to protect the devices against power-supply mis-
sequencing can be eliminated (see the figure).

In the circuit, MOSFETs @1 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 UlD). The sequence in
which power is applied is important: The controlled circuits may be damaged anytime V., exceeds
V., + 0.3 V. Conscquently, the NOR gates must be powered from a 12-V supply throughout the
powcer-down sequernce.

Bringing the power down contrel high (+5 V) applies power to the controlled cireuil by turning
on all MOSFETs. Specifically, raising the power-down brings the output of U1C low, causing capaci-
tor 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.

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 en Q2. In the
power down mode, the Power Down control is brought low and the RC eircuits and their delays work
in reverse. Consequently, capacitor C2 discharges 1o the logic input of U1C before C1 can charge.
Hence, Q2 turns off before Q1.

SIMPLE ac VOLTAGE CONTROL

LAMP
OIMMER
@ Lamp dimmers can be used for more than
1501 just controlling lights. Just provide one with an
ac line cord and a socket, and discover just how
PL useful they can be.
POPULAR ELECTRONICS FIG. 17-4
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DUAL-CONTROL SWITCH USES ac SIGNALS

=) oa2
IRF511
+6-10V
2kHz
AC
IN

A
ey

+6- 10V
2kHz
AC
IN

POPULAR ELECTRONICS FIG. 17-5

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

One-Chip Crystal-Controlled Converter
High-Performance Shortwave Converter
3-A de-de Converter Needs No Heatsink
Simple WWV Converter for Auto Radios
Digital-to-Analog Converter
Temperature-to-Frequency Converter
VLF Converter
800- to 1000-MHz Scanner Converter
Crystal-Controlled Frequency
Converter Using MOSFET
Temperature-to-Digital Converter

1186

Simple 2-m~6-m Transverter
Sine- to Square-Wave Converter
439.25-MHz ATV Downconverter
Sine-Wave-to-Square-Wave Converter
ATV Downconverter
28-Vde to 5-Vde Converter
Current-to-Voltage Converter
Temperature-Compensated One-Quadrant
Logarithmic Converter
de/de Converter Circuit with 3.3-V
and 5-V Qutputs



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 1 is a fundamental-frequency erys-
tal. T1 and C1 are tuned to the input frequency. An application of this circuit is a simple shortwave
converter for AM radios, etc. 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 NEB02 chip, Ul, contains oscillator and mixer stages. The mixer combines 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 WWYV. 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 erystal, 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 attenuate all others.

The transformer, T1, used in the circuit is a 10.7-MHz IF transformer salvaged from an FM radio.
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)

Cc2 32-pF, ceramic disc

C3,Ch  220-pF, ceramic disc

C4 (.04 or 0.05-uF, ceramic disc

Additional Parts and Materials

Ul NEB602N frequency-converter integrated circuit
D1 6.2-V, 0.4 or 1-W Zener diode

RI 10,000-£2 panel-mount potentiometer

R2 1000-, %-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-b 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

Q
1841 al $o-24-¥
i 01uF | 1RFIM4 input
Boest Boost
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L NOGE gensp 4 L —AAA~ I Low ESR
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drive ¥,
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1000 pf Ground programmable
' :TE J_ rafarence :I
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L1 = Colltronics CTX50-3MP 500 collecm'r .
Rg = Vishay/Ultronix RCSO1, SM1
Isotek Corp. ISA-PLAN SMA -
ELECTRONICS DESIGN FiG. 18-3

This regulator delivers 904 efficiency at 12-V input, 5-V output. It uses an LT1158 and LT1431
by Linear 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 LT1158
half-bridge driver to form a constant off-time current mode loop.

SIMPLE WWV CONVERTER FOR AUTO RADIOS

+3VDC  RI 5
t 1K 047
[ - -
1 .
T + T2
rm= 1=~ 4 [Commm——- 1
o= : : - T °
| I |
15MHz 1 & Lot ui 1 J, : TMHz
WNY I ™1 , NEGDZ ( out
N t o I :
{ i I A5 1 [
T_tC —_—d ll 9 [T, 2
Cy L xmu c2 6 C3 (7 C4
047 1eMHz  S0pF 27¢F 68pF
*SEE TEXT I—P————1—_
POPULAR ELECTRONICS FiG. 18-4

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.
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DIGITAL-TO-ANALOG CONVERTER
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1992 R-E EXPERIMENTERS HANDBOOK FIG. 18-5

Figure A is an R/2R resistor ladder. Each switch that is closed increases the amount of current at
I, Asimple channel A/D converter is shown in Fig. B. The voltage reference (D2) is common to all
channels, butthe value of the dropping resistor (R9) varies as the number of DACs installed in the
system. IC15 is a DACO808 A/D converter chip. ICI6A is an op amp to interface the output current
from the D/A convert to an analog voltage output.,
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TEMPERATURE-TO-FREQUENCY CONVERTER
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RS ca
6.8 T o001
RADIO-ELECTRONICS FIG. 18-6

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

VLF CONVERTER
6...12V
@ 5...10maA
Ls 1 -
N 0. isak g Ioon
100uH

1=

I—7 Ic1 1

Lé
2
JER LS T
(o} [of+] 11
- 2 » 4010 ... 4150 kHz
-
BQp
O]

i1
100mH -
JJODI 390u| 390p 1000 100n| ’

* B5484
303 CIRCUITS FiG. 18-7

This converter converlsl0 kHz to 150 kHz to 4.01 to 4.15 MHz for use with a shortwave receiver
for VLF reception. A 4-MHz-L.0. frequency is used. X1 can be a microprocessor XTAL or another
suitable type. The antenna should be as long as possible,
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800- TO 1000-MHz SCANNER CONVERTER
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RADIO-ELECTRONICS FIG. 18-8

This converter enahbles reception of 800 to 1000 MHz on any scanner covering the 400 1o 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 froni end. For best results, the scanner
should be of a programmable variety. A complete kit is available from North Country Radio, O, Box
53, Wykagyl Station, NY 10804.
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CRYSTAL-CONTROLLED FREQUENCY CONVERTER USING MOSFET

:w»—--—{n:
= Rl XTAL1+ L3
J1 100K b——— 2000¢ ———t
RF IN G2 .Eﬂ,n o —
G140 Y aers
\.'js
T+ 4
R2 & £2
Cis % 700 ¢ 0.05
—t %
* 4o
10
*SEE TEXT \

”l

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 [F output transformer. T1
and C1 are tuned to the converter input frequency. This circuit should be useable up to 25 MHz or
80, or-higher with third-overtone crystals.

TEMPERATURE-TO-DIGITAL CONVERTER

+5V
N 3.9k
ouT IN
imM3s e SERIAL
) REF | ADC08031 > DATA OUTPUT
20V
GND .
7 100K |—< CLOCK
FB
LM385
N
hd I E—
- ENABLE
10k -
. . GND

NATIONAL SEMICONDUCTOR FIG. 18-10

The devices shown from National Semiconductor are used in digital temperature circuit sensor
L.M35 and reference LM385 feed A-D converter ADCO8031.
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SIMPLE 2-m—6-m TRANSVERTER

. L8 B
R3 TUf.aR
hoing 2 2

Connection
Te

2-Meter Rig Connacticn
To
1i0 6-Meter
Antenna
From 12 vDC
Switched
“Source

(]

100 A12
100

ca L L gz
- A > cs
097 <470

LU B BY )

€3 cz 1
oo T

73 AMATEUR RADIO TODAY FIG. 18-11

Using the bilateral properties of a balanced mixer this transverter will produce 6-m output with
Z2-m inputs, Y1 is a 90-MHz crystal. Note that the input on 2 m is 143 to 144 MHz for b3 to b4-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

T > 515V
4 8
47 kid
2 Square This 5565-based Schmitt trigger circuit
NESES 3O i is useful for creating clock pulses from
Co analog signals since it readily converts
Sine 047 pF  BBKI . .
Wave G L A 6 sine waves IMto square waves.

input

-

G should have

reactance 47 kD
~ =5k @

0.01 pF

it
o

WILLIAM SHEETS FIG. 18-12
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439.25-MHz ATV DOWNCONVERTER
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& o
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A .
Lz
;7‘ 0.00IuF
FB- FERRITE BEAD 310
L1, 12,L3- MICROSTRIP ,J7 Rr
€1, C8- SPRAGUE (GREEN) CYC 40,000 22x 1k § FRONT FOT TUNING
CI8- SPRAGUE {WHITE) CYC 20,000 SET FOR BAND RANGE >
2.24 GIVES 440MHz
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 frorn VHF image responses from channel 29, if
that channel is active in your area. .

SINE-WAVE-TO-SQUARE-WAVE CONVERTER

A 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 at, its input. As the
input voltage rises above the gate’s trigger point,

52'1(1_ the output snaps to its alternate state, producing
:__ a square-wave output.
POPULAR ELECTRONICS FIG. 18-14
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28-Vdc TO 5-Vdc CONVERTER

Unregulated Feedback
MIL-STD-7400 : 4
Input vy +5V @ 1A
1 LM1575-5.0 L1 330uH Regulated
5 Output QOutput
5
N 3
100uF

Cout
330uF

NATIONAL SEMICONDUCTOR FIG. 18-16

The National Semiconductor LM1575-5.0 allows a very simple switching regulator, with »80% ef-
ficiency, operating as a 5-V source @ 1A from a +28-V bus.

CURRENT-TO-VOLTAGE CONVERTER

liy O

R2*
AAA 3 "
vy

4] “FOR MINIMUM ERROR OUE TO
.4 BIAS CURRENT RZ = R1

POPULAR ELECTRONICS FiG. 18-17

TEMPERATURE-COMPENSATED ONE-QUADRANT LOGARITHMIC CONVERTER

'S NG Vo 15V
o1 a2 @9 Ra*
2H2920 2N2920 1 5MER

= c3 1%,
8, 7 20pF
INPUT C——tWr {€ AA, *

—T—-b 2 R2

N "] F 2K

R 2 e
15 7K
5 uz 1.
8 1 LMITIA 1~ |2 A

10nA < |y < TmA
SENSITIVITY 15
1V PER DECADE

“Lm10s

A'A'A' 1 4:
R8 = G4 -
- ZRRLS 150pF
1 _/am (—

*DETERMINES CURRENT FOR ZERO CROSSING
30pF ON QUTPUT: 10uA AS SHOWN

POPULAR ELECTRONICS FIG. 18-18

A logarithmic converter used to prodilce an output voltage that is proportional to the logarithm
of an input current is shown. £ is the input impedance of the input source.
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de/de CONVERTER CIRCUIT WITH 3.3-V AND 5-V OUTPUTS

0.01uF
20y
1NG822
r “SHORT
i $J g 5V, 0.054 T0 0.4A
Bl—aant Q143
SHORT
+ W Viy Veow ’ Yy & . 4 33V, 0.1A10 1A
LT1076 * U SHoAT _+3304F |+ 3s0uF [+ ssouF )
86uH SV e SO0V 50V 213k
GND Vg FB T 1N5822 SXE SXE SXE %
" 1k SHORT SPE— RETURN
+ 330uF —
3-33 T~ 50V 1pF
Sxe 41
SHORT ' 221k
_ SHORT
S P.G. SINGLE PQINT GROUND, (STAR GROUND)
DARK LINES INDICATE HIGH CURRENT PATHS (SEE TEXT)
L1 = HURRICANE LABS HL 8685
= GOILTRONICS CTX01-11959
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 regulation, the 3.3-V output varies from 3.256 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 86%. In normal oper-
ating regions, efficiency is always better than 70%. The 5-V ripple is less than 756 mV and the 3.3-V
ripple less than 50 mV over all line and load conditions.
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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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1893 ELECTRONICS HOBBYIST HANDBOOK

130



2-MHz FREQUENCY COUNTER (Cont.)

b
16-STAGE

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

START

TRIGGER > GATE
DSCILLATOR | LATCH I E B B B
SToP
A

INPUT

ANALOG
? AMPLIFIER

| counter

1893 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 signai (input) amplifier.

The circuit contains a crystal osecillator 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-(04 display.
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10-MHz FREQUENCY COUNTER
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10-MHz FREQUENCY COUNTER (Cont.)

The circuit consists of an ICM7208 seven-decade counter (U1}, an ICM720TA oscillator con-
troller (U2), and a CA3130 biFET op amp (U3). Integrated circuit Ul counts input signals, decodes
them to 7T-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 Ul at pin 16 and is used to scan the display
digits in sequence. Thie 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 to produce a short “store” pulse at pin 2 of U2, followed (after about (.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 S1,.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 UUl. 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 obvigusly 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

Y
OOutput

NTE312

= NPN transistors: {(4) BC548

RF DESIGN FIG. 20-1

@1, Q2, and the associated circuitry form a modified astable multivibrator in which the loop gain
is automatically adjusled Lo the threshold of oscillation by means of field elfect transistor Q3. Q4 lin-
early amplifies the-signal present at the collector of Q2 and isolates the oscillator section of the cir-
cuit from the ocutput. This stage features wideband operation and delivers a clean 2.5-V amplitude
sinc wave into a resistive load greater than or equal 1o 20 kQ. 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 .
RE
220 ki)
R
\\‘
e | o©mMOS e e s . .
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.
0l
zpe = Lok 7 s
:|i fundamantal
L cut L
WILLIAM SHEETS FIG. 20-2
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EASY CRYSTAL IMPEDANCE CHECKER

Ry reference

resislu;)

1 -

e RRer - _<>_ NG
Make - k@ﬁ ______ (hG)
identical -

RpgF signal

Swep! RF source

ELECTRONIC DESIGN FIG. 20-3

On oceasion, microprocessors/microcomputers and microprocessor crystals just aren’t compati-
ble with each other. Many microprocessor data sheets specify maximum values for a crystal’s equiv-
alent series resistance (R,) that aren’t met by some crystals advertised for microprocessor/
microcomputer use. As a result, a crystal with an £ value greater than the maximurn 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 B¢ value will be less than the Ry 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};]'99 Output
‘ [
XTAL 210k A 40486 single section acts as a crystal oscilla-
—in— AT & ; - i
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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Cc3 ] I
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c2 ic3-b B|—0 16,384 s
1
., 68pF 1) thesz0 g —o: 32,768 s
10 pF RS Df—2 65,536 us
Ground
. . _ 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 (6to 16V, etc.).
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CRYSTAL ACTIVITY TESTER

TO FREQUENCY

COUNTER

+5vDC
9

IN9Cs
etc.

1N34As

2N3904
2N2222
eic.

.73 AMATEUR RADIO TODAY

100 -200uA

+’(-
10%
LEVEL
~ .01

AT}

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 meler replaces

the LED.

10- TO 1-Hz TIMEBASE

12V +5V +5V
W '”7
Iesmn ik T 1oH
I o Q6 1 8 14 11 .
8 INSTT0 ~{ us Ug 1Hz
2 1 goHz 19K 7492 7480
A1 uio g 6 8
MM5369 110k 7 7
-5 15 T10 2,! 3
il
357
! I Reset
10M
T%ﬁ%%Wﬁ =14 pF

73 AMATEUR RADIO TODAY

77

FIG. 20-7

This system uses an MM5369 IC to derive a 60-Hz signal from a TV burst crystal (35679 MHz). V8
.and V9 produce 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

S1

)

RrR2
= (OR 9v FOWER 3!t 33k
SURALY) AW

o —

O
2N2222

a2
2W2222

ALLIGATOR CLIPS
(OR TEST SOCKET)
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l RY
D tll }l" A ey pUT
I o o 2700
"""""" T~ (000xF ADJ 174w
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WALL CHARGER SOPIV | AWP LY
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-
RE v
5kl I

73 AMATEUR RADIO TODAY

ADJUST 5k POT FOR 9VDC AT
TERMINAL “OuT" BEFORE
CONMNECTING TO CRYSTAL TESTER

FiG. 20-8

31 acts as a Colpitts erystal oscillator, and if the crystal under test is operational, the RT signal
is reclified by D1 and D2, turning on Q2 and lighting indicator LEDZ2. LED1 is a power indicalor,

WIDE-RANGE CRYSTAL OSCILLATOR

U1 =7400 or 74L.800

2|u1a 4

3.579545 MHz
L

73 AMATEUR RADIO TODAY

FiG. 20-9

A circuit using one 7400 TTL1C can use crys-
tals of the fundamental type, from 1 to about 13
MHz. Output is rich in harmornics, making this os-
cillator useful for calibrations and test applica-
tions.
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PIERCE OSCILLATOR

22 k}
+6V
o—[| 820 )
65 MHz 10 pF
T
s
l L 2 G
10 pF 470 pF R =500
I g 22 ke
= 1.5k}
Q1 = 2N3563
WILLIAM SHEETS FiIG. 20-10

This Pierce oscillator uses a fundamental-mode 65-MHz crystal.

CRYSTAL-CONTROIL.LED HARTLEY OSCILLATOR

AAM
v

L 1
s 283904
& 47K :L‘ R2
<40
=
POPULAR ELECTRONICS FIG. 20-11
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Current-Source 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.

Current Source for Low-Resistance Measurements

Precision Positive Current Source

Bilateral Current Source

Precision Negative Current Source i
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CURRENT SOURCE FOR LOW-RESISTANCE MEASUREMENTS

— N
| L ost® R,
B L POWER 4 |8 L
159 3 4.7mH
Bd  C1 Lt . 7
R 4 C
1.5V 100 8K $ "
L—j TLC555 D1
= 1NA148 ]
LED
W\ POWER e L
& QNT ! 9 VLTS
+
4:331( »*
= 03
IBK 10 al
Wy Ro & IRFS21 |
R7 8 10k$
500€2 LS
Topuelsw 15K$ ._m%g 12 2 LM393 I———<
i R10
@ RE < 5 100
13K 3 1 1WATT
—5
o ] )
g FRONT VIEW
FiG. 21-1

1993 ELECTRONICS HOBBYISTS HANDBOOK
Useful for low-resistance measurements, this 1-A current source will produce 1 A in unknown
resistance R . For best results, & should be less than 1 to 2 £}, because only 3 V are available. Ul is

a flyback converter to generate 9 V for U2,
PRECISION POSITIVE CURRENT SOURCE

LM4431

An LM4431 precision 2.5-V reference and an
LMC6062 op amp to make a positive current

source, from 1 mA to 10 mA.

lout=2.5
wt— A2
1.0V to 12v

R2
FiG. 21-2

NATIONAL SEMICONDUCTOR
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BILATERAL CURRENT SOURCE

<
+V s
Ri
/ 100K
G A A A
3 1 W
Vm Oo—4+ " |B ]
4B
LM102 !
L R6 >
V+ -—sg K
BALANCE
R3V,,
Your = ]2 o
RIR5 100K lour
R3 = Rd + R5 1L
R1=R? =
POPULAR ELECTRONICS FIG. 21-3

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

PRECISION NEGATIVE CURRENT SOURCE

LM4431

A National Semiconductor LM4431 reference
and an LMCB062 op amp make up a negative cur-
rent source. Current range is 1 pA to 1 mA.

2.5V to 12V A2

NATIONAL SEMICONDUCTOR FiG. 21-4
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Current Limiter and Control Circuits

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

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

Yo o Voo o

Rz % Rs
H‘- &
i} in
2 R
0 + )

iy

" Load

4 I Load

by

Load &

I.oadT

1. Though this setu;; canactasa
cost-effective current source with an
output accurate to 1%, the voltage offset

will turn on the currgnt source even voltage offset. The addition of Ry allows
when Ve equals V. .
an adjustment that guarantees turn-off
A for any op-amp offset specification.

= _

2. Modifying the configuration
of Flgure 1 can rectify the problem of the
cufrent source being turned on by the

FIG. 221

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). f;; (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
{5 for Q1). Unfortunately, in about half of these cases, the offset voltage (V,s) of the op amp will
turn the current source on even when Voo = V- That’s because 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 @I to turn on enough to yield a col-
lector current of V. divided by R, .

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

Vo (=R

V.. =
MR 4R,
R xR
R -1 7
i RﬁJrRT

The difference between V. and Vi, is V. (R /R, + B.). ItV (R/R + R.) is set equal to the max-
irmum 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 R,

The compromise of Fig. B does present another error term in the circuit. The term Vo = Vi
will have to be 2 x V, to guarantee a current output for whole population of the op amp 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 V7, while also raising the value of the equivalent resistance R
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INRUSH CURRENT LIMITER

R8
(SEE TEXT)
T
f 1wl s 3 T3
1000 100Ki> 13&
A1 |mon R9 )
130V _IMEG 4
|
C1 R2 :
1.2uF 2.2MEG MP3AS4 !
AC R4 : L
10K AAA aC
INPUT 1"0‘302 (SEE av?'r : QUTPUT
TEXT) '
AN 2K |
Dt D4 5
1NST&2 5742 ‘  av1
D5
02 c2 3: R3 B gz "TOAM iion
1NG742 220uF| 22K 1 DUHF
& ‘ é . 3
NEUTRAL
ELECTRONICS NOW FiG. 22-2

@1 is an npn-Darlington and Q2 is a pnp Darlington. MOV is a metal-oxide varistor and R8 is an
NTC thermistor for limiting inrush current.

This circuit limits ac line current to a load. When a predetermined interval has passed, RY1
shorts out thermistor or resistance EB. R4 can be 150 kQ if R9 is not used. If power is removed, the
circuit is ready for immediate restart.
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Delay 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,

Power-On Delay Circuit
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POWER-ON DELAY CIRCUIT

& . o —&
- =
l ne ! DELAY TIMES
2700 e’ E —t Switches S, Time (s)
[xla e =[] 1
ims Re1 = V23127-A0006-A 501 1mus# ‘-Eh“" 1 2 3 4
[ W

0 [ 0 0 0.0

1N4148 4 DO 04'1'2!00 0 0 0 1 5.1
1} ¢ 1 0 10.2
" ° 0 (1] 1 15.4
0 1 0 20.5
Jiow } 1" ' 0 1 0 1 256
— o/17Y° 0 1 1 ] 30.7
q.) {— BS170 i} 1 1 1 35.8
5 1 v} 0 0 41,0

o 1 [+ ] i 461
el 42 M il P 1 [ 1 0 51.2
sl |8 i 0 i 1 56.3
1000 [4us ht - 1 1 G o] 61.4
40V |25v 8 4x 1Nd1488 @ 1 1 ) i 66.6
4x 1N40ODT o ) 1 1 1 0 71.7
@ e & 1 1 1 1 76.8
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

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

s i
01
| +9V R20
oo ] L 1000
A22 c6 wx T . My
220 p *
AAA et Cc7
W R9 !
R6 TMEG
5609 . A"V‘V
+ RS R10 &
2200 4 a b3
R $ev -2~ caamer | 1T
Ul-a
3 1
J// R2T
R5 :: R17 :E Rig 1 4700
1.5K & 10K € 10K == RN <t
AWA K $ =
' c8 , R18
£ R13 b3
Fak | vumcanap | 7 F 4K
13 \
12
/ 12 MC3403P
9
gR12 R14 - 8
$ 47K 10K |V b
A AAA +
Ty ey
o R23 A15
PN2222 1K 100K
AdA
- Yy
=
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-@3), and a few support components, receives its input from the antenna (ANT1}. The
signal is fed through a high-pass filter, formed by C1, C2, 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 Q1. 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 Di. 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-¢ along with C&, 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 corfigured 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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555 MISSING PULSE DETECTOR
+H10V

A

é 220 kf}

330 0
Ralay
LED
2N3906
T 0.1 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
fe rectified envelope
RF fransformer with center-tapped W
l secondary 2N4124 2N4124
© Center tap 1Ng14s
h (optional}
Last i & J
Te Positive-going
Class-A b rectified envelope
bias
~ AF b
I ypass RF bypass :I: t?igs
ELECTRONIC DESIGN FIG. 24-4

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 /r, The emitter cutput gain is slightly less than unity.
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OPEN-LOOP PEAK DETECTOR

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 &, is connected to -5 'V, and an identical bias resistor &, is connected to -5V, and
identical bias resistor Ry is used to bias the compensating diode. Resistors with equal values ensure
that the diode drops are equal. Low values of &, and £ (1 kQ to 10 k€2) provide fast response, but
at the expense of poor low-frequency accuracy. High values of R, and K, 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 €, which enhances the negative slew rate
on the (-) input.

CLOSED-LOOP PEAK DETECTOR

Rg
We712 0

LINEAR TECHNOLOGY FIG. 24-6

This closed-loop peak detector circuil uses a Schottky diode inside feedback loop to obtain
good accuracy. The 20-Q resistance R, isolates-the 0.01-uF load and prevents oscillation. The dc
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 Lhe frequency rises, the error increases because capacitor
charging time decreases. During this time, the overdrive becomes a very small portion of a gine-
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

R 5V
1K 3

m
1N5712

Rg
500

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
115V
y
Al R
< < QuUTPUT
lHg o ek HIGH +15Y
2 WITH b
02 1T u AIR FLOW
LM335® R —0
= R3 2 > RS ’
6802 ¢ § IMEG
R4
00§ u3
TRIP POINT 2 L#M335
ADJUST 1
“SELF HEATING 1S USED TO DETECT AIR FILOW
POPULAR ELECTRONICS FiG. 24-8

Two precision temperature sensors are used
to detect a small temperature difference. When
air flow occurs, self-heating of the LM3356 is re-
duced, and the output of the two temperature
sensors is unequal. This is amplified by UL. POPULAR ELECTRONICS FIG. 24-9
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LOW-DRIFT PEAK DETECTOR

POPULAR ELECTRONICS

A through R,

2

h A
-

— 3

Leakage of D2 is provided by feedback path

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.

L1
D1 ’ Maximum input frequency should be <<¥n
1914 C,J —15¥ RfC

ey Where Cp, ks shunt capacitance of D2.

FIG. 24-10

73 AMATEUR RADIO

455-kHz FM DEMODULATOR

> +9v
AR

INPUT FROM 10K _I_

HAMMARLUND ca

HG 1708 a2 *C3

5230 TOOILF

RIS =

3

ghmaan N,

EXTERNAL
AMPLIFIER

ci
100pF 8 27pF 9V
N PARALLEL

(3 15 REQUREDR TO ELIMINATE POSSIBLE OSCILLATION N THE
CONTROL CURRENT SOURCE

Free-running frequency of VCO: f; = 1.2/4 (R} (C,)

lock range f| = +8f /17,

2nF
capture range f, = + %7 L

¥

where r = (3.6 x 105 (C2)

FIG. 24-11

Useful for NBFM reception on older shortwave receivers lacking Lhis capability, this circuil uses

a PLL IC, an NB6EN, to achieve this. [t wag originally used with an old Hammarlund HQ-170 receiver,
for both 6- and 10-m FM reception.
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Digital 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.

Digital Entry Lock

Digital Audio Selector

Digital Multiple-Gang Potentiometer Control
Digital Resistance Control

Digital Capacitance Control

BCI) Rotary Switch
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DIGITAL ENTRY LOCK

+ [sensEmpur NS v [ NE.
(ENABLE) 5 [ COM. > OUT
2 |UNSELECTED KEYS  LOCK CONTROL |43 +6-12VDC Lo
{RESET) OUTPUT I K
31 CONVEMIENCE [ 12 BT — tF
! DELAY fzzo 16'1' o
4 1t KETPAD
~'2{ seLecTED KEYS =~ SAVEINPUT— COMMON = 1914 | svoe
sl m SEQUENCE  gave INDICATOR |10 o —
: ouTPUT L[, 2 I 3 14 1208
&1, Voo |2 e — (SEE TEXT)
7 LOCK INDICATOR | & o % 2 4 12 R2
—] LOCK INPUT OUTPUT — I 4 3 2 5 13 2.;'2!(
O AAA
137220 U WA
I , o1
=11 4 2 6) tsrzan |14 2H3064
The LB7220 keyless lock a pinout .I- 1} 5 20 2 9
of which :sc shown here) is a special- B,
purpose IC dasigned to accopt a I
four-digit code. i - L 6 o119 7 **g%
-T; 5 7 18 ’7 l
—.Lo 2 8l b7
'-T-c * 9 16 4-'
;; 8 1w |15
le n|  lu
e PR . 13
1992 PE HOBBYIST HANDBOOK FIG. 25-1

A block pinout diagram of the LS7220 keyless-lock IC is shown. The keypad must provide each
key with a contact to a common connection. In this case, the cornmon connection goes to the posi-
tive supply rail so thal 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
10 a different pin of a 24-pin socket (SO1}.

To activate (urdock) 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 fed through
resistor R2 to the base of Q1, causing it to conduct. With Q1 conducting, its collector is pulled to
ground potential, energizing relay K1. The normally open relay contacts 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 alll To increase the time allotted for code entry,
you will have to increase the capacitance of C2.
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DIGITAL AUDIO SELECTOR

G 15y

1 33ma

—_
100} 25V

CONTROL
INPUT

H::aun ®

e

— >
1C1= TALS45,74LS 145, ;:.:
TAHCT 45, TAHCT 145 @
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 4 V.. with
less than —80-dB crosstalk.

DIGITAL MULTIPLE-GANG POTENTIOMETER CONTROL

N Analog switches
CD4018, CD4066, etc. -
. o @ ®
8
Audie in
50 kit
555

47 Kk

INg14 1 @

150 pFI f £ Audio out

= Toetur

Infout 4%7"— Qutfin

Control analog switch

WILLIAM SHEETS FIG. 25-3

A 555 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 frequeney the
potentiometer has to handle.
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DIGITAL RESISTANCE CONTROL

IC1a
2 A

R = 500 (t to 500 k2
2R Arora, = 010 16R

A, 8B, C, D = Logic input

IC1B
FroTa,

IC = CD4016 or CD4066

IC1c

1C1d

Y

CQuad
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

ICt1 = 4066B
Quad analog switch

A O—_\_|C1a c

(LSB) 1
IC1b
8 O"W—\_,x 2c
Logic + — I
input Digital capacitance control is possible with
coO— IC1c 181
_Lt j E“C bilateral switches. Do not forget to consider “ON”
\ L resistance of the analog switches.
DO—| 1c1d oc
{MSB) EV *
O
CrotaL CraraL = Cto 16C

€= 100 pF to 1 pF, ete.

WILLIAM SHEETS FIG. 25-5
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BCD ROTARY SWITCH

IC2 = 40708 o lp .L1®
ki

Wl

e
o
[« -
e

ic1 B S\E ¥ &
&}]IC2b
401478 ’_J
i 6\ 10
._9).—“.

!5*9 NN
W O N O Ve e W AN -y

‘%E
©

1

ELEKTOR ELECTRONICS USA FIG. 25-6

This cireuil allows a simple rotary switch 1o ermulate a BOD switch. The circuit 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 sectior.

4033 Display Circuitry Common Cathede
Cascaded 40268 Counter/T}isplay Driver Circuit
Large LCD 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 Common-Cathode LED Driver
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4033 DISPLAY CIRCUITRY COMMON CATHODE

To next decade (hundreds)

5 Tens
cY
Out 7 10
b 12
113
c
d 9 Display
e 11
8 RBI f 3]
i6 Vee g 7
GND LT ClIl RS CK
8 [14 |2 [15 1 l
Com.
= cathode
+Vee =
5 Units
CY
Out 410
b 12
13
c
d £] Display
o 11
8 RBI f
16 Vee
GND LT ClI RS CK
8 |14 |2 15 1
1 Com.
— cathode
+Vee =
O
Clock in
WILLIAM SHEETS FIG. 26-1

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

caded.
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CASCADED 40268 COUNTER/DISPLAY DRIVER CIRCUIT

To next

decade if needed

[

Tens
a 10
b 12
o L8
40268 g2 Display
3 g1
D/E (L8
16 7
Voo g
Reset C1 GND CK
+ Vg TR 5T l Cathode
5 Units
CY out
a 10
p 12
c 13
40268 a8 Display
3 a 11
DE P16
16 7
Voo 2
Reset €1  GND CK
+ Ve TR 3 _L Cathode

Clock in
L

WILLIAM SHEETS

FIG. 26-2

Two or more 40268 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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7-SEGMENT LCD DRIVER

2 Required
7488, 74L586, atc.
exclusive OR-gates or equivalant

D
—_— a
8CD B b i e
inputs —— ¢ C — '
—D | e
! — 7 Segq.
7448 A > ' LCD
74L548 ] e display
2 | —1
- BIHEO f | s
RBI g —3 P .
LT - Back
plane

Square wave

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

REI

MSD
RBO/BS

—» DIsP

RBI

-1
MSD — DISP

RBO/BI
The diagram shows how to connect 7447-

type IC devices for leading-zero suppression in
REI _2 an LED display.

MSD = pisp
RBO/BI

T
t

RBI

LSD
[--—3m= DISP

ﬂrﬁﬂ ﬂ ﬂW

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

Rx
— A a AAA— Ay should limit drive current to segment rated value
Data B b A
input —c & FAAAA Cormmaon a2, = Vee — VoispLar
co cathode * T sgament
—D 4511B d FAA LED
display
LT e AN Typical values Vgr = 12 V, Vgplay = 2.5V,
AL t EaAA~ lsgg ™ 20 MA
Veo g P
GHD LE _12-25_
J_ J_ i Ay = 002 4750 (use 470 {1)
+12v S =
WILLIAM SHEETS FIG. 26-6

A CD45118 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

Ay A _VYaur — Vsrauent
A A a—\AA— 2 * ! SEGMENT
BB b —AANA— b Typical : Vour = 4.3V Voeoment = 25V iggg = 20mA
c H¢C S —"WN—C GCommon 43-25
o -dp d LA d acgge Ry = 00z 180 (2
BURBO B VVv—e  dEREy . _
REI t aAA—] 1 An ICT like a 7447 drives a 7-segment com-
LT g A g mon anode LED display. Cirrrent limiting resis-
T* tor R should limit the segment current to the
= = > 5y rated value.at 1.naxlmum supply voltage. A sam-
ple calculation is shown.
WILLIAM SHEETS FIG. 26-7
45438 7-SEGMENT LCD DRIVER
LCD
— A a
BCGD / —B b
input c e
— d
® The circuit shows a frequently-used method
] Lg : of driving an LCD display. A square-wave drive is
N e B = neeessary for this application.
J_ = Backplane
Squ‘;'e
WILLIAM SHEETS FIG. 26-8
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WILLIAM SHEETS

+ V;

GAS DISCHARGE TUBE OR DISPLAY DRIVER

+v%  FIG. 26-9

Gas discharge
tube

To drive the display, £, should provide
a drive of about 1 mA to the gas discharge

VCC

CD4543B  Segment

GND Phase

tube. 7, is a current-limiting resistor.

dri n
e Voo 125 Vs

ror

= Ag = Ve Ry

+Vpp

!

CD4511 B

Wy

WILLIAM SHEETS

Segment drive

45118 COMMON-ANODE DISPLAY DRIVER

wY The usc of a switching transistor

(like a Z2N2222 or 2N3904) allows use of

A, the CD4511B with a common-anode
display. Ry should be chosen to provide
* Common anade about 1 mA to drive Q1 and E_should
provide enough current to drive the dis-

— play. For this circuit, the transistor gain
(2:43904 wpicaly)  (Hpz) should be at least the ratio of the
segment drive current to the current

= through Ry.
FIG. 26-10

+¥

45438

FLUORESCENT TUBE DISPLAY DRIVER

FLUQORESCENT
TUBE . .
A fluorescent tube or display can be driven

SEGMENT with a 45438 IG, as shown.

GND PHASE O%TFYST
g Y
=
RADIO-ELECTRONICS FiG. 26-11
4543B COMMON-CATHODE LED DRIVER
+ Comman
' cathode

WILLIAM SHEETS

.
Ay .  display
:
|
|
|

| device
CD45438 e . . . . ..
I ! This circuit shows a way ol driving a com-
Phase  GND " mon-cathode display segment or an LED with a

CD4543B.
FiIG. 26-12
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27

Doorbell Circuits

1 he sources of the following circuits are contained in the Sources section, which begins on page
875. 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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TWIN BELL CIRCUIT

b
" 1N4001
1
303 CIRCUITS Tr1 = bell transformer

FIG. 27-2

It is often desirable for a single doorbell to be operated by two butions, 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, 31. When S2 is pressed, the bell voltage is rectified by D1 and smoothed by C1.
After a time, t = E R,C,, the direct voltage across G2 has risen 1o a level here T1 switches on. Relay Rel
is then energized and its contact breaks the circuit of 52 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, S1 will cause the bell to ring continuously, while 52 makes it ring in short bursts, so
that it is immediately clear which button is pushed.

ELECTRONIC DOOR BUZZER

Button

T
O_—L:_ 8109V
1 k2 4 J:—_ battery
7 8 =
Ay 12 47 uF This simple electronic door buzzer draws
2k | messs a— no quiescent current. When S1 is pressed the
@ speakcr produces a tone. The NE555 (Li1) gen-
& -erates signal.
l A1 pF 5 1
IT" l [ =
I Tor:e frequency ~ 330 Hz
= Vary Ay 1o change tune
POPULAR ELECTRONICS FIG. 27-3
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28

Fax 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.

Fax Mate
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FAX MATE

- 1IN FROM TELEPHONE LINE 10 FAX MACHINE  —
N I Tt T o [
1
Ll IC6-a | IC6-b 1 » ;
| DATA PATH LOCP SENSE GONNECT :
1 | 1
‘ FEEDBAGK LOOP '
" | DECODE AND CONTROL PATH bl '
; , RING i
! ) 1G5 TRANSFORMER |
! lconusc'r TIMER '
! r Tt
B o I
! G2 —m ey 12v " |
; TONE IC4-a .
i DECODER RING TIMER 1B !
i | 20V,
! i
i 1
3 I
: Ic5 !
i SIGNAL RING DRIVE ;
| CONDITIONER ;
i

L s e e e e e e — — — — — — - - —— = -

DASH LINES INDICATE ACTUAL FAX-MATE

- 0 ALL OTHER TELEPHONE EQUIPMENT

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

*1092 R-E EXPERIMENTERS HANDBOOK FIG. 28-1
[ <
o Wi - s
o 1
L G2 v,
- co 5 B 7 81
. [*.om ca A rowe | % 1o Ty N - #
d DECODE C3-a Heb | 15117 1 | 166 e
2 1 ) - TSIT
g —)} 2 13 2| V7400 T i o
F 30K = 3 = 47
T e We—— L 4] e 2509
: A3 51204 . .
_5 n. 2
6 10 TIK
g 7
3 =
LA C5 B:L g %
3
= ! R .:_,Agu AR > 1C5
: bt = 1C3-c
1MEG T3 omba] | | 5 vt Mocasin| TZVRIIE 12V
CONNECT 4 2 s
TIMER ﬁ Vig '
. L T
R5 4 J TR & R
320K ¥ 14 RiG [Bli] 0
) R 1 27K A $00
97K 13 = | =
AN 2
3 1C4 12leg 69 U
as & o = 556 L 47pF
< ) 1
PR ST ; _|w -
| 8 ER
-=L 7 8 RING TIMER
£L
SIGNAL = 12 \.'ACINI J3
GONDIIONING TRIGGER LIRE r—— - 8

FIG. 2—SCHEMATIC for the Fax-Mate. Notice how it closely 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 156 s and drives part of the connect IC. Then the fax or modem has fired up and is
sending out a handshake tone. IC6 connects the equipment for initial hookup and keeps Lhe 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 Field Strength Meter
Amplified Field Strength Meter

Simple Amplified Field Strengih Meter
Simple Field Strength Meter 1

Simple Field Strength Meter I1
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REMOTE FIELD STRENGTH METER

ALTERNATE 17
w12V "I
REG ANTENNA .r' e .
;
[
ci
BSI7D 1\
0001 o .
[
5 e of W4
L23 fus £ ANTENNA
15k 3 ME TERS
MAax
L4
+ ADJUST o
RFC FOR 100mWw Al
I m¥ INPUTS 7
i o - 4
) F.5. SENSOR
J\OlNPUT
A ’
COax
i
4 F S SENSOR
JZ .~ OUTPUT
=r
2]
iiIM'M. [}
v
EdS ,;[7
LS
73 AMATEUR RADIO TODAY ., FIG. 29-1

This field strength meter consists of a tuned crystal detector producing a de 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 a 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 1705 kHz).

AMPLIFIED FIELD STRENGTH METER

PLUG-IN COIL L

‘LQ-BANDJW

@2
=
1 )
F)P. )
& IN14
5
J ant ” j,)
PLUS-IN COIL L2 ) AN
(H1-BAND] E e OIPPER IN

73 AMATEUR RADIO TODAY

L)
0-200,u4

IN9I4

FIG. 29-2

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

l—--/-—

?s’n This eircuit uses a FET as a de amplifier in a
= bridge circuit. R4 is set for meter null with J1
@ short circuited. Any surplus 50-mA meter can

C oo ov = serve in this circuit. RFCI is any suitable RF

choke for the band in use. A 2.6-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).

'SEE T Simpitivity

73 AMATEUR RADIO TODAY FIG. 29-3

SIMPLE FIELD STRENGTH METER |

cr

T°°°' Useful for checking transmitters and anten-
§ ” nas, this circuit uses a voltage-doubling detector
[ b D1 and D2 (HP 5082-2800 hot carrier types). D1
o oo and D2 can also be type IN34 or IN82. Mis a 100-
bt 2 )
I £ i MA meter movement.
Pros
73 AMATEUR RADIO TODAY FIG. 29-4

SIMPLE FIELD STRENGTH METER Il

ANT1
\ | /191NCH
‘ZOD ANT. M1

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

POPULAR ELECTRONICS FiG. 29-5
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30

Filter Circuits

The sources of the following cireuits 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 @ 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 Filter

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

Variable @ Filter for 400 Hz

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

Audio Notch Filter for Shortwave Receivers
Active Second-Order Bandpass Filter
Variable-Frequency 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
C1
940pF N R1 RZ R4 Vour
f v,y VMMEG 10MEG 6.8K 5 —
c1
540pF Y,
< R3 3
2700F “$ SMEG TZTUDF
R; = Ry = 2R, 1
Co=C3=6 ® " 21R,,Co
2
POPULAR ELECTRONICS FiG. 30-1 | POPULAR ELECTRONICS FiG. 30-2
UNIVERSAL STALE VARIABLE FILTER
¢l
+V
£ R4 D)T
10K
2 4
R1 -
1UUK 3 U1-a 1 ‘v‘v‘v b l\7 ’
AAA
IN O—AAy 14 2H05|< 5 | Ui-b LOWPASS
1| LF187 t outT
v 1S§K = LE147 $ R
~ AAA g IOK
vy
ZR2
o
< 10K A7 s R10
= 10K i3 $ 100k
oy B 14 NOTCH
o) O 12 :”"3 ° gurt
HIGHPASS BANDPASS 174
ouT ouT = LF147
POPULAR ELECTRONICS FIG. 30-3
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ADJUSTABLE Q NOTCH FILTER

FOURTH ORDER HIGH-PASS
BUTTERWORTH FILTER

R1 R2 R4 R4
10MEG 10MEG  6.8K 240K
V AAA
C3 C4
01 | .001 5
I’
i1 7 Vou
SR [ —0
> 430K 2
F
wy |0
100K $ v
y R7 R8
k200K 430K
POPULAR ELECTRONICS -FIG. 30-4 | POPULAR ELECTRONICS FIG. 30-5
R3
100K ————
A 4 R7
R1 MAASIY e 1pF 620K
IU[}K 2 A'A'Av
AN _ 1 e +V s .
1 —o V < R
VING Av"v‘v 3 ouT :’ RS (j_
R2 62K 7 =
100K N = | v
sr Lragr| vz 8 o
C1 < LF357
500pF ?é > 390 4 1+
R6
1 Al
R4 4 2 = 1= gex| ¥,
50K & ¥ 300K -V = 6
RS =
h0K
POPULAR ELECTRONICS FIG. 30-6 | POPULAR ELECTRONICS FIG. 30-7
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SIMULATED INDUCTOR

IN O—

BANDPASS FILTER

y OVDUT

Ry LMitD
10MEG -V

Vin
POPULAR ELECTRONICS FIG. 30-8 | POPULAR ELECTRONICS FiG. 30-9
FOURTH ORDER LOW-PASS ACTIVE HIGH-PASS FILTER

BUTTERWORTH FILTER

POPULAR ELECTRONICS

FIG. 30-10 | POPULAR ELECTRONICS FiG. 30-11
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400-Hz LOW-PASS BUTTERWORTH FILTER

R1J

AAA

-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

L4

Ct & Re Rg
R1 b3 174 120K
390K 01 390K

3K [ g o™tV
Vi ’

Ut-b

Ci«] Ry RE H

107=mm<] 100K 1/

A= —AAr LMIZ4™ gz
620¥,

AAA
Vi

ouT

eg
e
\/
..

R2 L
5200 = hid

FIG. 30-13

Appropriate center frequency of this circuil
is:

POPULAR ELECTRONICS

1
R L,

C,=C2,R,=R,

ACTIVE LOW-PASS RC FILTER

R1 A2
16K

AMA
W

Ve

- VUUT

<R3
$ 100K

s R4
P 100K

AAA

POPULAR ELECTRONICS FIG. 30-14
The ecircuit shown has a cutoll [requency at

about 1 kHz, K1, R2, C1, and C2 can be scaled to

change this to any other desired frequency.

PASSIVE L FILTER CONFIGURATIONS

LOW PASS LOW PASS
— VI ——0 O— AN
1 R?
E =&
o—————0 o—
HIGH PASS HIGH PASS
o—jf—p——o
c? c1
L Em
o———
POPULAR ELECTRONICS FIG. 30-15

PASSIVE Pl FILTER CONFIGURATIONS

LOW PASS

- AN
" LOW PSS
3 = C2 "VET‘
o a LR L7
o e
HIGH PASS HIGH PASS
o—
bl 3]
m Rz L1 Lz

POPULAR ELECTRONICS FIG. 30-16
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FOUR-QUTPUT FILTER

High pass tandpass Low pass

ELECTRONIC DESIGN FIG. 30-17

The classic “state-variable™ (two-integrator) filter (see Fig. A) is famous for its insensitivity 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 Up, 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, = F, (see
Fig. B).

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 rescnant (or cutoff) frequency is given by
-, - 1/R, x C,. Depending on the capacitor values and frequency w, resistance K, might also share
the same monolithic network for maximum space economy. As with the classic configuration, reso-
nant frequency @ can be electrically controlled by switching resistors K, or by using analog ruulti-
piiers in series with the integrators.
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VARIABLE QFILTER FOR 400 Hz

33 kil 33 k{2

3300

Ag
T
Sharpness § 10k

WILLIAM SHEETS FiG. 30-18

A bootstrapped twin T notch filter in this circuit can yield an effective @ of up to 10. B adjusts
the feedback, hence the . Values of ', and C, can be changed to alter the frequency. R, is a fine-
tune null control.

TWIN T NOTCH FILTER FOR 1 kHz

i}z LM1458  Qutput

WILLIAM SHEETS FiG. 30-19

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

>
A‘: o] +9V
3
1.0uF
) 100K 10K
q
R5 4
10K :E ] Cé x
: —gy 1.0ufF
R6-a ‘:f"
4 100K 5[?05 F ©
2 AP QUTPUT
¢ Yo

ELECTRONICS NOW FIG. 30-20

This eircuit is a variable audio bandpass filter that has a low cutoffl variable from about 25 Hz to
700 Hz and a high cutoff variable from 2.5 kHz to 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 cutoif fre-

quencies, respectively.

ACTIVE FOURTH-ORDER LOW-PASS FILTER

R7 R8 c3 RS
47 ki) 6.8k | 0.002 uF 39 kO

c2
47 KO I 0.002 pF

IC1 a, b op amp = LM1458

WILLIAM SHEETS FiG. 30-21

This circuit is a lourth-order low-pass filter with values for kHz. The values of B, R, €, 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 (N
2
A3
B -;T- 16X 8V
Ay 1
0 sgnnz A 1kHz TO 3kHz 1 L
Y I ——
s e g T
i [Ste 005 qps R7
L e | el
s 10K & 4
a1 100K . 3
| Cna "“"' r\;h 7
1 |.oes < R4 sf U
1 2 < +
| H 1 1
0 =
]
¥

N 318
Ula +
3 o7 R ! =
b LT amaze 47 IOk LMaze cé

: H — i
L 4 L.
& 10K 005 :: R8 =
<
TUNE 1K AF
o[ OUT

POPULAR ELECTRONICS FIG. 30-22

=
w0
b3
-]
[

1l

The notch filter can be added to just about any receiver to attenuate 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 |

-~

71

100 k(2 100 kD2

47 k(2

47 k()

= Op amp LM1458 dual, etc.

WILLIAM SHEETS FIG. 30-23

This filter circuit which uses LM1458 or similar op amp has a response of 300 Hz to 3.4 kHz with
12 dB/octave roll-off outside the pass band. Section A is the high-pass one, followed by low-pass sec-
tion B. Values of either section can be scaled to alter the pass band.
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VARIABIL.E-FREQUENCY AUDIO BP FILTER

Yl o’s"" Ot 4612V
& | A

-
=
)
A

Yy

hY ks

POPULAR ELECTRONICS

AF
QUTPUT
inm
TWO POLE
FILTER | —
CKkT ste
/
____________ = ouTPUT
AMP

The filter can be wired into an existing wmplifier by
inserting the filter circait between the amp’s preamp and ourput
stages as shown here,

FiG. 30-24

This variable-frequency, audio 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 eircuit’s input impedance is over 200 kQ and its out-

put impedance is less than 1 k€ .

VARIABLE LOW-PASS FILTER

330 pF

[,

0.001 wF

A1
47 kid SOk

{Le-Z) :

WILLIAM SHEETS

FIG. 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

LM1458
pA741, ete.
op amp

O * 0

WILLIAM SHEETS FIG. 30-26

This second order filler 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.
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1-mV OFFSET, CLOCK-TUNABLE, MONOLITHIC 5-POLE LOW-PASS FILTER

The LTC1063 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 dynamic range in excess of
12 bits for over a decade of input voltage.

The L,TC1063 approximates a b-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 256% of the filter passband to (.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
LT(C1063's internal precision oscillator can be used. An
external resistor and capacitor set the device’s iriternal
clock frequency.

VN § ] 3__._
2 7 = v
= | oo [ ourz
L S— —— 5V
uipf 4 5 == p1uF
j____ [Ca— == ___: 0.1u
- =
i—W\'—j
C
CLOCK OUT = 1/RC I 200pF
1 B
Vinzg -
2 7 = v
o = ,| ucwes g outz
- . 4 5v
0.1uF 4 5 L 0.1pF
T m RS
- v =
T0 OTHER
LTC1063s oW 501
LINEAR TECHNOLOGY CORP. FIG. 30-27
UNITY-GAIN

SECOND-ORDER HIGH-PASS FILTER

ACTIVE UNITY-GAIN
SECOND-ORDER LOW-PASS FILTER

s

3apF T
. 33 ki
o bp O
c1 Cutput
Input ©-0039 uF  0.0038 uF Cutput . ::0 PF

° 0 w
IC*: Any general-purpose 2 47kD
OP BMP (pATAT, LMTASS, etc.) WILLIAM SHEETS 1 FiG. 30-29

WILLIAM SHEETS FIG. 30-28

This filter circuit has a cutoff frequency of
2900 Hz with the values showr.

1
f;:ur:_al'l' =

2.83nRC

Rl
= 2R
C

2

Q o

C

1 2

This second-order Butterworth filter cuts off
near 1} kHz, The values of ¢, and €, can be
changed to alter the frequency, or else calculated
from the formula.

1
fcutoff = 2 83nRC
C, =20,
R,=R., =R
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ACTIVE FOURTH-ORDER HIGH-PASS FILTER FOR 50 Hz

A1
31.6kn S - 33K

R3
b AN
gk | 316D _L 33 k2
o) c4
\/\ 01pF | O pF
R2

¢ c2
0.1 pF 0.1 uF
O

Gin
1.8k

S

Qp amp LM1458

WILLIAM SHEETS FIG. 30-30

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 B /R, RJ/R,
C,/C,, C,/C, canbe scaled to suit other cutoff fre-
quencies.

SIMPLE HIGH-PASS (HP)
ACTIVE FILTER FOR 1 kHz
C1

00015
o—
En 100 KN 2 R —
EOUt

Any G.P. op amp
LM741, etc.

WILLIAM SHEETS FIG. 30-31

This simple 1 kHz filter uses a voltage fol-
lower and an RC section for a {filter element. For
other frequencies f; dB — 1/6.28 R ,C|. The re-
sponse drops 6 dB/octave below f;, dB.

SECOND-ORDER
LOW-PASS FILTER FOR 10 kHz

c1
0.005 nF
L

GP

j 247k op amp j

<2
I 0.005 wF

WILLIAM SHEETS FIG. 30-33

This circuit uses equal value capacitors. The
cutoff frequency (f) is

1

Jo= S ganRre

EQUAL COMPONENTS
SECOND-ORDER HP FILTER

R3
20k}

{ 1t -
" 00030 uF S20K %
1 fo- 1800tz L
IC1; General-purpose op amp (741, atc.),
WILLIAM SHEETS FIG. 30-32

This filter circuit uses equal value compo-
nents and is shown for 1500 Hz. The values can

be scaled for other fiequencies.
1

Jowot = 5 g3mR0
R=R,
Rz = 2R1
C=¢, =6,

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

R L8V
100 K0

IC1 12 LM1458
or genenal-purposa
ap amp

FIG. 30-34

This simple filter uses an RC section for a fil-
ter element, with a voltage follower for other fre-
quencies f; dB = 1/6.28 E,C,. Response drops 6
dB/octave above f; dB.

WILLIAM SHEETS
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CURRENT-DRIVEN SALLEN KEY FILTER

Vout —1/R1R3CIC2

= - = H(s)
Vin SZ+S._1_ ....;_..4.._..]:_+_..1_._ +_.1—
Ca V\R; Ry Ry RyR5C,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

880p  220p . .  580p  @80p

*
—0 O 0 OH
*See text
330 0 330 0
|j> * * inz * 680p * 680p *
T

864421

303 CIRCUITS ) FIG. 30-36

This filter uses five 455-kHz ceramic resonators. The impedance is 330 Q, 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

INPUT

14 " 2 4

10 10
LMF
380
al § s1 4] al sl a] al
3.13 kHz 2.5 kHz 1.56 kHz 1.25 kHz C.791 kHz
Qut Out Qut Qut Ow
4 kHz 2 kHz 1 kH2
oul Out
B
I | 1 fo=5kHz
12
BY ] LMF
§0-100 —\\ 3 2 8]

LMF
0-100

11 12 14 1% 12 14 1" 12 14
LMF LMF LMF LMF
380 80 180 380 Elg

5| a 4 § 51 NEL

625 Hz 391 Hz Jt3 Hz 195 Hz 156 Hz 977 Hz 741 Hz 488 Hz 331 Hz 244 H2
Qut Qut Qut Cut Out Out Cut Out Out Owt
500 Hz 250 Mz 125 Hz 62.5 Hr AN H
Out Oul Qut Qut Out
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

R1
100K
IN ‘v‘v‘v
1/4 +V
R2
100K R5
270K
R3 &
100K 3
-] VULIT
+V
Wr—
& ni 03 L8 BT
: 100K 10 T 100K
&3
POPULAR ELECTRONICS FIG. 30-38

PASSIVE T FILTER CONFIGURATIONS

LOW PASS LOW.PASS
L1
R1 R2
4]
o
o o o + o
HiGH PASS HIGH PASS
1 2 IR S
L1 b
Tr
[» -0 [« -0
POPULAR ELECTRONICS FiG. 30-39

190



FULL-WAVE RECTIFIER/AVERAGING FILTER

‘V‘Y"’ ‘V‘V" - b A
R1 R? R3 R7 RB
Gl 62 ] ok 20k 20K 20K 2.5K
AC ar AT | e, 1% 1% 1% CAL
inpLT O— i Ay R6
D1 10K €3
FUB66 1% 4.7 e
1 w——J O pureuT
| Foses
R4
10K
J____—1 4 4130
POPULAR ELECTRONICS FIG. 30-40

The input signal is rectified by D1 and D2 op amp Ul-a, and led to output amp UZ. R8 is set for

correct circuit calibration.

1-kHz TONE FILTER

0.022 nF
by
8.2kQ
r{ A ——— >
0.022 ,F 82K +® p———O Quipul
5.8 kil
Audic
j . The Wien-bridge based filter has a variable
= bandwidth and a center frequency of 900 Hz. The
5.6 ki) circuil will oscillate if the 10-k€2 pot is set too low.
Q adj.
10 k{2
(& - Most any IC op amp LM1458, LM324, etc.
WILLIAM SHEETS FiG. 30-41
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31

Flasher 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.

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-& » ® 2
+ Voo R4 RS
B B
LMPY LMP2 @
+1 ce
TRI*

* See text

+Veo > 117 Vac
R7
1 MEG 10k
2w
S
10k 8 4 16
|3
1 ? 3
5550UT 3 ok ol
14 3L
IC2
4017
1 8
R-E EXPERIMENTERS HANDBOOK FIG. 31-1

A BB5 timer, IC1, drives a 4017 CMOS decadce counter. Each of the 4017 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 ms, e, at a
rate of 120 Hz. Each pulse has a width of 120 us.

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 (RFT) considerably. Cau-
tion: The CA3079s are driven directly from the 117-Vac power line, so use care.
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36 LED FLASHER DRIVER

' +9V
R1
R Ry tLc
470
A2
47032 p S S =
Ay {9—@—-@-—@—4 16
R3
47802 A S S ! 15
LED13//4 /;4 LED36
1
vz
an7
47052
1
1 ]
=
1 e |
1
2 [} Utb y
< R14 14 1/4 7
$00K aom N R
A e
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 dala
manual), more than three cutputs can be be cbtained.
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LED FLASHERS

> +3V

]
4 18  3300t02.2k}

3
LED
NE&55

+
1 1 Single

5
1010 100 uFI iE J_
1 oot =

100 ke

A BbbHis used to switch an LED on and off.
C1 determines the flash rate. Single ended (one

= +9 Y
LED) and double-ended (alternating) flashers
10 ki3 4 330
8 are shown.
7 3
LED
100 ke 8 NEsSS Double
2 3300
cit HERY LED
10 t0-100 WF I 0.01 uFI —
WILLIAM SHEETS FlG. 31-3

DARK-ACTIVATED LED FLASHER

330 0

LED

FIG. 31-4

WILLIAM SHEETS

This circuit can be used as a small beacon or marker light, and toys or novelty items. R1 is an
LDR that has =10 k€ dark-resistance, or a CDS photocell. C1 determines the flash rate.

195



SUPER LED FLASHER

A'A'A' i ainsn < ——
a4
AMA .
W1 1 | .
- .
RZ$ 8l |4 ® a s 375
— 7 7
T 9V 02 03!
BATERY  pag &1 3 3 e (8 $r6
T L] L ® ® Il |
+ D1 D4 ~ H
of o g Mep ! B

1991 PE HOBBYIST HANDBOOK

Ci1,C4 ... 4.7 uF Electrolytic
Capacitor

C2, C3.....330 pF Disc Capacitor

wevenrenn. Yellow LED

....... Red LED

........................... Green LED

s 555 Timer IC

A1, B4 .. 100 ohm Resistor

R2,R5 .o 82 k Resistor

R3,R6 ..o 33 k Resistor

FIG. 31-§

The super LED flasher is actually two complete LED flasher circuits on one circuit board. The
first LED flasher is made up of 1C1 and LEDs D1 and D2. IC1 is a 5565 timer IC configured as an
astable (free-running) multivibrator with its output-on pin 3.

The frequency of the 555's oscillation is controlled 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 cutput 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 dicdes, 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 flasher.

LED FLASHER FOR 2 TO t0LEDs

*— + V.
4.7k} # LEDs
1-5
2 4 8
R
15 k0 2
NE555
A2l fep
I 8
5 -
1™ 1T T
= 0.01pF I =

WILLIAM SHEETS

Ry, Ay =

Typically Vi

V,, — 2(#LEDs)

ILED

=12V

#LEDs = 2
lLep = 30 MA

{# LEDS 1 1o 5 per side)

Ry Ry — 122 2@ - 25711
0.03

Use 270 1)

FIG. 31-6

This LED fiasher 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

200-

aovae T 2 eg
% Flashtube
Flash

Transtormer
02 uF | This circuit is useful if you need a low-energy
égOH\FI = | S0V flashing alarm. The 200 to 400-dc supply should
Trigger o @i) have enough internal resistance to charge the 0.5
Ground o { SCR | M capacitor between flashes, about 2 or 3 time
constanis, which means about 500 kQ to 1 MQ

1. Choose an SCR with the for a 1-s rate. Use lower values for higher rates.

proper power ratings

2. Be careful since high
veltages are present
at the flagh tube

RADIO-ELECTRONICS FIG 31-7

LED CHRISTMAS TREE LIGHT FLASHER

R7 (i1 R15
LEGH 50 I}EEI\S‘ LED2 L Iﬁm\a s LEDI4
o/ R 0% N CREMASI A A\ NEMA o
uns e - Lo 2 » LEGe, e P2
390 'l 390 /4 380} 4
Bl AAA iy AAA {..?\ AAA LEDID (Y
\rl '\ Ty "‘I ’\ -y Ll -y
LEESN R LEDY g R LEDT LT N o LED16 5
o — Y a3 e . 40— w—1G
N4 RO AN N Ri8
LED12 0 P LEDS 0 P LEDTS ™ 5 Bl L
AN _@ “AAA fn:'\ ‘i?f.i R 1.5V "+
A\ ¥ CA 5 B2 wid
AW 8l 705] s N 3| 7] 5] s AN gl 7l sl s 187 T
IC1 < n IC2 < R2 IC3 < m
3909 3 om0 3900 F 200 3909 3200
1} 2] 3]a [ 2 *
| | | 3; 4 Il 2 3| 4
) —H--
21 1 t €3
Ry & 600 F A5 500uF » S00uF
*§ o % Tx§ o
R-E EXPERIMENTERS HANDBOOK FiG. 31-8

Three individual flashing circuits that use an LM3909 LED flasher/oscillator 1C create the ap-
pearance of a pseudo-random firing order. The combination of C\/R,, C/R., and C4/R, control the
blink rate, which is between (1.3 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 you 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 LEDI13 through
LEDI18; the resistors are built into the ICs. LED1{), 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

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 eircuit correlates to the entry in the Sources section.

Frequency Multiplier Without PLL

198



FREQUENCY MULTIPLIER WITHOUT PLIL.

: 5 o L
d
o s L L1
LR T
Clear
Gene- | 3 cI] Counter 4 /I/]/]/l/
rator A
s Yse| s LLULEOHHINY
f—
e g LILILIMLT
o [WR
M
Ly LSB
MSB ||
Cl Fleven;se Carry Cl D [ Q
1 counter flip-fio
B 5 |:D p-hop :lO
Loadl
ELECTRONIC ENGINEERING FIG. 32-1

An input rectangular signal is dilferentiated and short impulses arc formed from its cdges. These
impulses write the content of counter A to a latch that clears the counter alter a very short tirne.
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 number, which is written to the latch, ex-
presses the number of these impulses between the edges of the input signal. The impulses from the
same generator pass 1o (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 writlen 1o this
counter is 2} 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 2M 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 ) as long as the frequency of impulse generator fq is much greater than
2MF,.
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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 .
Function Generator

Fast Logarithm Generator
Triangle-Wave Generator

bHh5-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

O—

£
1800 FF
L1018 31
71
0 R
% i n 5
—Pp—A—e
- 0 4
+ N4 R
. 2k

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
circuif.

100-dB DYNAMIC-RANGE LOG GENERATOR
a1

a2 b R3 .
2N2920 2H2020 3 15MEG
Q;j (E;) I +15V
L] +v G L C4
=e R4 $
#15v A | s 300pF T e ZOpFTB J kB RS
N < w2 1.5MEG
R m o » T " [TITITY S E v
100K N1 RT 4
OFFSET AW 18 15.7K R2
voutage | AT conos| En 18K
ADJ. o1 3/ —1
" €5
—15v i 360pF 150pF 01
POPULAR ELECTRONICS

FIG. 33-2

E = constant x (Log £} ). This circuit has 100-dB dynarnic range, which is five decades of volt-
age change at the input.
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FUNCTION GENERATOR
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100% 100k 2Tk DN34
R& Ril WA R4 I I‘om
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100k {00QuF
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a2 N o * # o
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A g 283904
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NS4 52
4 L&
™~ I cla $H22 po ok
B o001 33.F 330 ATOuF
33% y H
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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

Eper
169 .
o WA—O Eiy "
R . 3
2N2920 kO $ 1506

ZN2820 1%

A5
150K

AAA
vy

R7
K
QFFSET
ADJUST

POPULAR ELECTRONICS FIG. 33-4

In this circuit, £ .. = (constant) x log E,. The circuit should be useable with op amps other than

the ones illustrated.
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POPULAR ELECTRONICS

TRIANGLE-WAVE GENERATOR

0.1-1.0kHz
+HY —)ca £4 RANGE
Iy T AT 81
kHz ?H—O
1 * R1 oot i
4 10-1001 -
fﬂj :P“( kHz *—)
<+ Y
a1
2N2222
S
D1
1N4148
FREQUENCY
R4 ) g —
-8v 22K Lo"'gg
Ay Ay 2y
RE N
5K RS . |
AMPLITUDE I_E'E_ :34\' ] _I C

FIG. 33-5

This is a simple triangle-wave generator using two 1C devices and a transistor. The triangle wave
is used as feedback to the square-wave generator. S1 allows range switching in three ranges from 100
Hz to 100 kHz. Extra positions could be used 10 extend the range to lower frequencies, using larger
values of capacitance,

D1 = fast charge

555-BASED RAMP GENERATOR

D2 = fast discharge

2 x 1N4001

iUZI‘

3

3

Al
~
= :] 4
o
7 R
oIS
R2
5 1C1
o
555
THR
TR )
b oV
—c1 '5
=
100n...47,

ELEKTOR ELECTRONICS

®

5...15V

This circuit is used to generate 4 ramp voltage
for tuning a radio receiver. An NEBBS, running at
O) ’ ahout 0.1 Hz, is used as an astable multivibrator.

FiG. 33-6
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TRIGGERED SAWTOOTH GENERATOR

2N3804

i

)
o
(=)
2
=
m |

» +12 V regulated

2N3904

WILLIAM SHEETS

O Pulse out

I

FiG. 33-7

Two 2N3904 transistors and a 555 form a triggered sawtooth generator. A sawtooth or other ris-
ing voltage input provides a pulse output when the trigger point is reached.

SIGNAL GENERATOR

+
=9V
L
4 s B
22 kQ
NE555
j—: =

220 k0
FIG. 33-8

This simple oscillator is rich in harmonics

which make this circuit useful for signal tracing
applications.

0.001 puF

10k 3 E O Output

ito prohes

0.001 uF 0.01 uF

'IHI—

WILLIAM SHEETS

TRANSISTORIZED SCHMITT TRIGGER

+y
A5
2.2K
a2
a
N2 222
< R4 < A6
$oox  $sex
il
POPULAR ELECTRONICS FilG. 33-9
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LINEAR SAWTOOTH GENERATOR

+ 12 V regulated

10 uF 1 KO
16V I 12 kQ
= 15 ki) 25 k() 2N3906
4 |3
470 pF 3 33kl
r 2 e +12V
O iy NE |g =
Trigger 555 ? +
\( j wA741 Qutput
7 =g VPP
sawtooth
|5 1 12y
— I I 0.1 uF
FIG. 33-10

WILLIAM SHEETS

The 2N3906 transistor is used as a constant-current source, to assure that the hH55-based saw-

tooth generator generates a linear ramp wavelorin,

CAPACITANCE MULTIPLIER
A2
10MEG
Rl Ak
C= —_— 1 vy
R3 ¢
Vot lpsR1
= ————
R3
Rg= R3
c
10
N )
—_ n] b
10MEG «:
1%
[w]
OUTRUT

POPULAR ELECTRONICS FlG. 33-11

Capacilance multiplier uses the gain of an op
amp to produce an effective capacitance—in this
case 100,000 uF

TRIANGLE-WAVE OSCILLATOR

THRESHOLD
DETECTOR

INTEGRATOR

POPULAR ELECTRONICS FIG. 33-12

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.
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CLOCK-DRIVEN TRIANGLE-WAVE GENERATOR

]
U3k
1Yy o— AN

H n
&1 La
12V 2%
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, Q4, Q5, and R8 through R11 arc a constant current generator, and R11 is set for a symmet-
rical triangular waveform.

TRIANGLE- AND SQUARE-WAVE GENERATOR

‘ o Square

wave -

Al
I A ﬁ -
= + O Triangle
—t wave

R1

WILLIAM SHEETS FiG. 33-14

The circuit will generate precision triangle and square waves. The output amplitude ot the
squarc wave is set by the output swing of op amp Al, and R /R, sets the triangle ammplitude. 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
syrumetrical. The use of a fast op amp in this circuit will allow good square waves to be generated to
quite high 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 MC 1458, can
be used for most applications.
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ROOT EXTRACTOR

ar-
2N3728
+15Y - .;,;. pe a3 Q4 omqpm
= R , L VW ) Vv
kE a7 b
10K
az2- R4
ZN3728 20K
RS
I 20
= “MATCHED PAIRS
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 Sources sectior.

Electromagnetic Ring L.auncher

(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 comprised of four subcircuits: a clock cireuit (built around
U5, a 555 oscillator/timer configured for astable operation), a count-down/display circuit (built
around U3), a 74190 synchronous 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 optoisolator/
coupler with Triac-driver output; TR1, an SK3665 200-PIV, 4-A Triac; and a few support compo-
nents), and a reset circuit (comprised of U1, 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 (1) used to demonstrate the principle of electromagnetic
repulsion by propelling a metal ring around the core of L through the air. A countdown circuit is
provided to count seconds before launch.
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QUIZ MASTER
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Up to eight players each have their own answer button to press, corresponding te the four Red
Team and four Green Team LEDs on the master control board. As scon as the first contestant who
thinks that he knows the answer.presses 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
huzzed in first. -

The contral board also features 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 (84 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 lockout occurs because relay K2 contacts operate to remove the
availahility of a bias veltage to the gate of the other SCRs.

The other circuitry consists of a timer circuit and a “time’s-1p” tone-generating circuit. The timer
circuit consists of transistor @1, capacitor C1, resistors R1 through R3, and trimmer resistors P1 and
P2, 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 circuil is made up of IC1, transistors Q2 and Q3, and
the associated resistors and capacitors. The “on” time of the tone can be set by P2. Relay K1, which
is operated by the timer circuit, serves to reset the entire unit for the next question.
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ELECTRONIC SLOT MACHINE
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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 1G4, 105,
and 1C6, the display-driver ICs.

The displays are common-cathode 7-segment LED types. They are wired to display three differ-
cnt symbols, an “L,” a “7,” and “bar.” When all three displays show the same symbols, IC7 (a 4023
triple 3-input NAND gate) decodes a winner and sends a signal to pin 5 of IC3. That IC is a 4001
CMOS NOR gate and it turns on IC2, a 555 timer IC. 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 pulses, and a variable resistor is provided for each of these functions. Trimmer re-

sistor P1 controls the overall clock rate, P2 controls the “winner” tone, and P3 controls the display
brilliance,
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35

Gas Detector Circuits

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.

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 elean air to 8 kHz
in a contamminated atmosphere. The dec voltage from the sensor alse drives bar graph LED U7 and
comparators U4-b and U4-¢ Lo sense present caution and danger levels. U1 drives an ac load up to
100 mA (relay, indicator, alarm, etc.).
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COMBUSTIBLE GAS DETECTOR
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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 cireuit shown is useful for the detection of dangerous levels of combustible fumes or gases.
It uses a comparator circuit to trigger an alarm buzzer. The sensor’s resistant element is connected
in series with resistor R1 to form a voltage-divider eircuit; R1 is specifically matched to each gas sen-
sor by the manufacturer.
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Gate 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 Scurces section.

AND Gate
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AND GATE
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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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37

Geiger Counter Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
6875. The figure number in the box of each circuit correlates to the entry in the Sources section.

Geiger Counter I
Geiger Counter 11
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GEIGER COUNTER |

8 R A2 s Rl
220 22K 1K V]
e
L . 4
4 s
3 o, D1 i
b 1N4007 10MEG
» A
)
0 *
03
g“ K 153088
D4
& 1NG388E
T*

05
D2 L4 L 1B
L S Rl

H
T
HEADPHONES
P
LEH !D ]
220 £z
SPKRt \4 0
80
N ~SEE TEXT ha
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The eircuit is built around a 4049 hex inverter (Ul), a pair of 5565 osciliator/timers (U2 and U3),
two transistors, a Geiger-Muller tube, and a few additional support components, The first 555 (U2)
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 il to toggle on and off.

The output of Q1, 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 ihe detection jonization 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 R5. That
pulse is also fed through C5 and applied to the basc of Q2 (a TIP120 npn transistor), 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
LEDI to flash, and produces a click that can be heard through speaker SFKR1 or headphones. The
circuit is powered by a 9-V alkaline battery and draws about 28 mA when not detectling radiation.
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GEIGER COUNTER Il

BZ ... Blue Piezo Buzzer
Ct..... 4.6-.F Electrolytic Ca-
- pacitor
1ot C2-C4 ....0.005-pF 1-kV Disc Ca-
a1 ALPHA pacitor
C5. .01-pF 1-kV Disc Ca-
{_ T WINDOW pacitor (103 M)
. GR1 CB ..., A-pF 100-V Mylar Ca-
P pacitor {104 k)
mi 1E R2 C7 . 33-pF Electrolytic Ca-
+ pacitor
T D1-D5 . ..1N4007 Diodes
! T3 GR1 ....... Alpha Window Geiger
— Mueller Tube
T » L1-L6 .....Neon Lamps
M o M1 ... 0—200 Microamp Meter
@ + Q1 ......... 02-GE PNP Power Tran-
RS sistor
+ Q2 ......... 2N3906 Transistor
&7 Q R1 . 47-ohm Resistor
a2 %51 R2, A3 ... 3.9-k Resistor
R7 gg, R5 ... zzi'ol\;'l(eg Resistor
Man——a |V e | BRE ... -k Resistor
M T 05 R7 ... 27-k Rasistor
R& ... 18-k{} Resistor
§1 .......... 8PDT 8Slide Switch
T1 ... Inverter Transformer
PE HOEBYIST HANDBOOK FIG. 37-2

1 is a pnp power transistor used in conjunction with a ferrite transformer to form a hlockin:g—
type oscillator. This oscillator is a fixed-frequency type, and the feedback to sustain oscillations is
from capacitor Cl. Beeause of the turns ratio of T1, the small ac vollage produced o 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 volt-
age is now over 800 V and.it is regulated by neon lamps L1 through L6. Diocde 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 voltage 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 RS 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

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

The Talking Compass
Unusual Hall-Effect Oscillators
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THE TALKING COMPASS

TABLE 1—-745188 TRUTH TABLE
Decimal
Directory Input Output Equivalent
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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. Il 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
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POPULAR ELECTRONICS FIG. 38-2

Although not intended for this application, Hall-effect switch can be used as the basis for a rather
unusual oscillator. The oscillator can be reconfigured, as shown in Fig. B, to allow the circuit’s oscil-
lating frequency to be controlled via an RC netwark, comprised of R1 and C1.
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Infrared Circuits

U e

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

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

IR-Controlled Remote A/B Switch Pulsed Infrared Transmitter for On/Off Contrel
Simple IR Detector Very Simple IR Remote-Control Circuit
Infrared Receiver IR Receiver -
Selective Preamptlifier for Infrared Photodiede Remote-Control Tester

Wireless IR Headphone Transmiller
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REMOTE-CONTROL ANALYZER
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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, 51, 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 5.6-Vac
will do. The 12.6-V unit was used sclely becausc of its availability.

The output of T1 is full-wave rectified by diodes D1 through D4 and filtered by Cl. The bumpy
dc output from the capacitor is regulated down to 5 V by Ul, a 7805 intcgrated regutator. LED1 acts
as a power indicator to let you know that the circuit is active.

The 5-Vde powers a GPIUS2X infrarcd-detector maedule* (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
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If your ear is good, vou can use this IR-pulse-to-audio converter to troubleshoot infrared remote-
controls. It is also a good project for deteecting 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 remote controls.
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IR-CONTROLLED REMOTE A/B SWITCH
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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 phaoto receptor feeding op-amp 1C1, tone decoder IC2, and
flip-flop IC3. IC5 turns off the indicator LEDs after about 15 seconds.

SIMPLE IR DETECTOR
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POPULAR ELECTRONICS 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
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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 ©A with a voltage swing of 4.5 V.
The @-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 ML)

+gto12V
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Photo
diode
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22 mHj/
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f=51kHz

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
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The transmitter for the wireless headphones is built around a CD4046 CMOS phase-locked loop,
coupled with a driver transistor, and a pair of infrared LEDs. Although the CD4046 is comprised of
Lwo phase comparators, a voltage-controlled oscillator (or VCO), a source follower, and a zener ref-
erence, only its VCO is used in this application.

WIRELESS IR HEADPHONE RECEIVER
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1R detector diode D1 intercepts the IR signal at around 40 kHz and feeds it from Ul, 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
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The infrared remote-contrel tester uscs a sensilive PN-type solar sensor that is connected di-
rectly Lo a Darlington amplilier made up of transistors @1 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 outpul lead of
the Darlington amp, and it is connected to a red LED and the primary of transformer T1. The func-
tion of T1 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 Piexo Disc

L1 Jumbo Red LED

P1 2-MQ Trimmer Resistor

Q1 2N3904 Transistor

Q2 2N3906 Transistor

R1 270-€2 Resistor

S1 Solar Sensor

T1 Audio Transformer .

PULSED INFRARED TRANSMITTER FOR ON/OFF CONTROL

) INFRARED
LED4
SEPET03-1

RADIO ELECTRONICS FIG. 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

USE A LIGHT SHIELD
TO PREVENT LIGHT
SCATTER.

=

A

POPULAR ELECTRONICS FIG. 39-11
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TRIGGERING
B

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

equally simple receiver {(B).

IR RECEIVER

To LED
8VdC  pyzzer, etc.
47k
1Meg
1k 7
N\ AN 28 6
\ 3| 741
Any t14
silicon
phototransistor

ELECTRONICS NOW FIG. 39-12

This circuit is just about the simplest IR re-
celver you can build. The parts are cheap, the lay-
out is not critical, and a 8-V battery will last a long
fime.

REMOTE-CONTROL TESTER

ELECTRONICS NOW FIG. 39-13

The IR Tester circuit lets you know if the but-
ton you press on a remote control is working. Q1
is a photo transistor that is-activated by IR en-

ergy.
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Indicator Circuits

I 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 Lo the entry in the Sources section.

Polarity Indicator
Tri-Color Indicator
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POLARITY INDICATOR
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POPULAR ELECTRONICS FIG. 40-1

This circuit consists of a tri-color LED, a resistor, wire, and a coin-size lest plate. You will have to
build two such circuits—one 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 cennect one red clamp Lo what you believe is the positive post on the okay
battery. Then, Louch 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 lerminal. 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 rermaining 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

2V
\
N
R4
55052
36052 LEDT
h b A
R2 3 -
5605 68K 2
AA A A
b A ey " 1"2222

o) a1
g1 2222
f1 —
56K

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 S1, 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 beging 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 Rq If R1=Rs, Ra=Rs and R4=R7
25k 250k Then:
Vour Rz+Ri R4

Vin Hz Ra
- AV= 100 for circuit shown
(Re=4.91k)
v
™ Vour
All Op Amps
1/2 LMCs062
50k Pot.
NATIONAL SEMICONDUCTOR FIG. 41-1

Uselul [or +5-V single-supply applications, this op amp circuit featurcs low drain (around 1 mA),
high input resistance (10' ), and low bias current (=10"1A).
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LM6218 HIGH-SPEED INSTRUMENTATION AMPLIFIER

NATIONAL SEMICONDUCTOR FIG. 41-2

This amplifier features 400-usec settling time {to 0.01%), 140-V/usec slow rate, and 17-MHz
gain-bandwidth product. The supply voltage canbe =5 to +20 V.
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Integrator Circuit

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 eircuit correlates to the entry in the Sources section.

Fast Integrator
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FAST INTEGRATOR

R1 C3

Vin O AA—— 34— ——
R2 :: c2
56 2 topF

v——')l"-ﬂ

+V Vaur isthe integral of V1 in this circuit.
Your 1 VinlA)
-0 Vour Vin G R

LM101A

POPULAR ELECTRONICS

FIG. 42-1
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Intercom Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figure nurmber 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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POPULAR ELECTRONICS

ONE-WAY VOICE-ACTIVATED INTERCOM

-» —= +12V

FIG. 43-1

An omnidirectional electret microphone can be used to pick up the sound and convert it into an
electrical signal. The output 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.

POPULAR ELECTRONICS

VERY SIMPLE TELEPHONE INTERCOM CIRCUIT

PHONE 1
Al
D1 spa | PED
1 Na0m o g SWATT GREEN
18V 1812 b
R2
.
PLI I mﬁé iy 6 50042
35WvDC ] ST 4
- v b,
RED| GREEN
PHONE 2

FIG. 43-2

"I'wo telephones can be used as an intercom by using this cireuil. 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

$01-a $02-2
MODULAR
GRN  RED - CONNECTOR GRN  RED
WIRES
BLK  YEL BLK  YEL
=
12V
020 4 a:m
> 10052
p 4 y
RED GRN| | RED
YEL BLK YEL
—0 G 90
Fernt” meo || ) Tern|  RED -7
1 ° | | s |
e 2 TELE;?GONE L
| TELEPHONE T | | T |
i EIRCUIITAY $0 o | | CIRELITRY[ ™ {5 O i
{ 1 | L W e |
=)8z2 =}B2Z1
| BLK i I BLK l
LPRONEY _ _ _ _ _ J LRHONE 2 —_———
POPULAR ELECTRONICS FIG. 43-3

An intercom using dual-modular wall jacks is showr 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
-875. 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

+ By

PINZ5 OF P1) a13 /S5
nz £ }AO.D.K 10K
- S A
é——‘ TFFSLY
UD‘{ AAA
Ay WAy
6
IPUT 10k
A15
U 4
inpyT € 8
LEVEL 00K J,vo.:‘.{.,..éf_'
v

B2
~vog]- g
RADIO-ELECTRONICS FIG. 44-1

This simple general-purpose driver for an analog/digital converter uses two 741 IC 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

, s > 415V
FROM 2 WIRE TRANSMITTER 40-200mv
SIMILAR T3 A LHO045 A= 20mA
INPUT R
100
1 - |7 3 Vour
. 2 100K ) o 10V FOR 20mA
U WA OV FOR 4mA
o1 LHoozo | |
: . < » + 15V
1 T 909K $ LHBDA4 R9 l *
R5 p7 C3
R4 249K | 243K T 01
10K < Ay Ay
0] pg R8 =
- 39242 1MEG
- A bk AdA
ey Yy
POPULAR ELECTRONICS

vice or measurement, setiup.
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FIG. 44-2
This eircuit can be used to interface a 2-wire transmitter/sensor combination to an external de-




RELAY INTERFACE FOR AMATEUR RADIO TRANSCEIVERS

-120V

HEATHKIT
RELAY

24-27K 1N400C4

al
IN4DO4

INSI4

CR
jok  tNa41aB8
—snr—pl—Pp4
KEN o0 4004

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

SHIELD
r

POPULAR ELECTRONICS FIG. 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
220Q
—-—-—.
110 VAC
[
2NE154
MOC 3010 TRIAC
phototriac

aptacoupler

330Q WARNING:
Extreme shock hazard on

right half of this circuit!

RADIO-ELECTRONICS FiG. 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 circuit
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

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.

250-W Inverter

Digital Inverter

de-to-ac Inverter

Power MOSFET Inverter
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250-W INVERTER

p—--=C

+12¥
(FROM CAR BATTERY) £ 120 VA DUT
20 AMPS (SQUARE WAYE)
oL —0
R D1
600 H4op1
Ver O - 1
{+13V) o2
=0 & 1N4TE
20 13v 05
I g4
Pt
Ver lca -
Ve COMU508E ™ Q2 Q3
012 a2 H3 I A5 IRFZ30 IRF230 IRFZa0
; 2
M- SN 3 J  NR  £Y/ i r e
+ I/ AL s T2
v DESUBE
cc
Vo ur ;_D___ >
B? 8 e G D4
o r:‘gsﬁ:mz h i 06 naon
7 QUTPUT 3 3 CLEK ¢ \ e
DISCHARGE 13 o o 0 ot
puLE LY b
it o 13-
555 1/ CIMO5QBE 04 05 06
5 b Re | IRFT30 IRFZ3% IRFZ30
. THRESHOLD . 1._35 11[\\12 s N? & D2 g m™\D
TRIGGER —SET |c2-p IC3-2 1) g AHIE 743
91 ' COMD013BE |13 /o COASSURE o
Weix 5?:_2 o0
1 0d o n ) 1'23 — >
-.lr + 1 1/ GRAOSO0BE L
ELECTRONICS NOW FiG. 45-1

A 555 timer (IC1) generates a 120-Hz signal that is fed to a CD4013BE flip-flop (IC1-a), which
divides the input frequency by two to generate a 60-Hz clocking frequency for the FET array Q1
through Q6). Transformer T1 is a 12-/24-V center-tapped 60-Hz transformer of suitable size.

DIGITAL INVERTER .
Voo
O
PCH
MOSFET }:
A CMOS digital inverter is formed by con-
° ' © necting two MOSFETS, as showrL
Input NCH Output = Input
MOSFET
WILLIAM SHEETS FIG. 45-2
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dc-to-ac INVERTER

—12v
4
o T
2200
AAA OLD FILAMENT
03\, TRANSFORMER
2N3055
zusosjssa $h 'I' .
< T
¥ 5K 0.047 | (ORIGINAL
4 o L PRIMARY|
__:rh T 0.047 = 126V CT
02
2N3638A  $ 122'(
o
L T7VAC
OUTPUT
2N3055
POPULAR ELECTRONICS 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

+ 12V
Py
S QUTPUT .
’__-A__\
R4 :: o (-r
100K 9 |RF511(—>
R,
R1 4 47K‘~‘100K )
47K § b
-
£ B3
o 100K
R2 ¢
47K 3 l
S
POPULAR ELECTRONICS FIiG. 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

PL?

3

‘b

e

| -
Tt

12V T

1993 ELECTRONICS HOBBYIST HANDBOOK FIG. 46-1

This oscillator-driver induces a high veltage in the windings of T2.
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Laser 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 circuil correlates to the entry in the Sources section.

250

Efficient Laser Supply

Lascr Power Supply and Starting Circuit
Handheld Laser

High-Voltage Power Supply

Fantastic Simulated Laser

‘Laser Power Supply



EFFICIENT LASER SUPPLY

L
5
150
Ly
MUR405 145 .4
) 123V
Vin Vip Vs
ey _|* 8
BY I“HF e
- Ve GKD
_le

L

HV diodes = Semlech-FM-50

104F

1

L

ak
5W
I =
L K
aser §.5mA
10X
014F 120
%
10k o
(il K=
v 1.23 V1900
in

0.47 :F = Wima (Mannheim, Germany) 3 X 0.15:F, type MKP-20

01, G2 = Zetex 2TX-849
L1 =Coitlranics CTX0211123-2
Lg = Pulse Engineering PE-92105

Laser = Hughes 3121 H-F, 6.5- mA beam cument

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 130-Q resistor is
zero. However, a resonani, 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

VOLTAGE QUADRUPLER MULTIPLIES
2%Y¥ TO APPROX 10kY PEAK

100 pF
Haxv

+24%v

VOLTAGE
DOUBLER 5o 5o
} v v
ovac Logar 1000 100pF 1C0pF 115KV}
ayy 100K
3w
T e % oar RESISTOR NETWORK BALLAST FOR
1Y SECONG'Y Ty LASER TUBE PROTECTION CURRENT LIMIT.
EXAMPLE 10 mW LASER REQUIRES 300k
¥5ay min BALLAST RESISTOR LIMITS CURRENT 100K
TO ?5ma @ 2.5k 3w
-HV +HV
{ h
L -0 LASER TuBE }
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 p=~\(2) Vee [ HEATSINK |
245
o1 $ R
1h4001 $ 00 0¥~y —»&PD
—
c1 D2 A ] 3| 03
15221 T, Rd-a» + R4 8200
PN2222 | gy 3) 10003 ¥ 150 .
» L
Lt s Qa3 / @
1K PN2907
£ ® 39
L 125 TDUCH eIk 04 1 7o
(SEE I8 ?‘swan 01 B 05 PN2222 $R6
TEXT) T 195 ) T 10w | 35
TEST POINTS-ENCIRCLED Yoow
3 1 20
> SIMULATED LASER
BASE OF a5 DIODE
LASER L1463
DIODE
2
1992 R-E EXPERIMENTERS HANDBOOK FIG. 47-3

A laser diode TOLD9200 (Toshiba) is used as a source of laser light. @3, Q2, and S1 form a touch
switch to control the laser. L1 is an RF pickup coil to pick up energy from an RF-type battery charger.
It 15 10 turns of #18 wire on a %" diameter.
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HIGH-VOLTAGE POWER SUPPLY

+12V

pot. j . 4w Auto ignition
! b. - ok ¢l Qutput
0.01 uF $6C. " o0 kv

100 pF
: I +12V

a—f Six sections
CD4049 or 74C04

WILLIAM SHEETS FIG. 474

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 -
1
1
'-IQ | '
-— 3 l i C1 =1uF
H34: i 1 "A“r'vT 4“1 1C1 = 555
T 2 7 3 L1 = Bright LED
3] ©1 s 2 P1  =50kQ pot.
1 4 5 ™ R1,R2 = 4.7 k()
= P 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 LIED, 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-
quency of this multivibrator is controlled by R1, R2, C1, and P1. You can vary the frequency by ad-
justing 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 crcuit to a safe vahie, to prevent the LED and the IC from burn-
ing out. Switch 81 applies power to the circuit when its button is pressed.
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LASER POWER SUPPLY

€5 ¥ RS
0014‘ . 7 33K
: D3* 0ot
Fi o 14t L f1 1 P ——— 4
5A 10 3 330K D4
1 w
2
2\
wf 3% ®
10 > W .001
Tt
450Y- 30ma
calr L R3 6]
10 & 33K .001
PL1 1™ H
v b2" 4
AC + R4
?3 $ 330 D7
C8 ot T w «»M—H—O—H—Cc
“ALL DIODES; 0" . De* J e
1NMOCT/ING4DS é 3>
POPULAR ELECTRONICS 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 conlained in the Sources section, which beging on page 675.
The fignure 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

TOUCH PADS

1991 PE HOBBYIST HANDBOOK FIG. 48-1

The circuit uses a two-transistor direct-coupled oscillator that has a frequency determined by
C1l, R2, 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, C1
feeds a portion of the cutput from @2 back to the input of @1 through resistor R1.

Transistor G1-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 conducts electricity.

Cl 0.01-uF Capacitor
Q1 2N3904 Transistor
Q2 2N3906 Transistor
R1 4.7 k€2 Resistor
R2 82 kO Resistor

256



49

Light Beam Communication 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.

Modulated Light Transmitter

Modulated Light Receiver

FM Light-Beam Receiver

FM Light-Beam Transmitfer

Light-Wave Voice-Communication Transmitter
Light-Wave Voice-Communication Receiver
Visible-Light Audio Transmitter

Visible-Light Receiver
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MODULATED LIGHT TRANSMITTER

=[.'.1
100

"AV‘V
RE
> 58002
R1 E: :éK 8
1.2MEG :
“"V‘V
b4t R7
r 4
1 $ex T
c2 -~
075 D47
¢ Lo
o A, 1
BC10? g
560K 4
MIC1 RY RE
XTAL 470 © 19K
MIKE az AP

AAA
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BC107

a3
BC1798

R10
220K

POPULAR ELECTRONICS

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 & point (light bulb) giving best results.
It should have a filament with low thermal inertia for best audio respornises.

51

TR4
BFYSY

11
35Y
0.5 OR D.3A

MODULATED LIGHT RECEIVER

—= gy

- o7 o
o 3 S
‘D
027 .
" KI 03
R2 | BC17Y
1.5MEG
+ 5‘v“ R4
. Vy
7 Jio 1 SMEG o6
W 10
N\ L —
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|
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2(2:109 $a0x
IN5177

POPULAR ELECTRONICS

Using a pholotransistor, this receiver will detect and demodulate a modulated light bearmn. R6 af-
fects sensitivity.
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FM LIGHT BEAM RECEIVER

|
c13
A8 Rz % nzai m‘“i

47 k0 A47KOL 15k

)
2N3904

(=) c7
470 pF 470 pF
iL |
2% 1

A1 g Ré Rs R10
100 ktt 33k0 S B9ke 15 k02

1618
.01

A

A1
47K

l’V\/\r
= 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

+6V

il
PR
R
%

Q2

A1 Rz :": A7
1K 226 S 56K

1

1

1

1

1

1

P 2N3304

Hy

1uF 9 cs
a 10 WF

fs Tﬁg T SR
10K c3 47000 S|

ELECTRONICS NOW FiG. 49-4

This transmitter uscs two-stage amplificr @142 to frequency modulate an NE555 (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 @3 and Q4.
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LIGHT-WAVE VOICE-COMMUNICATION TRANSMITTER

R8
330 Q)
Mic
Any
LED
WILLIAM SHEETS FIG. 49-5

This transmitter uses a 741 op amp as a high-gain audio amplifier, which is driven by a micro-
phone. The output of the 741 is coupled to @1, which serves as the driver for a LED. Potentiometer
R1 is the amplifier's gain control. Miniature trimmer resistor RS permits adjustment of the base bias
of Q1 for best transmitter performance. Gain control R1 can be eliminated if C1 and R2 are con-
nected directly to pin 2 of the 741. For maximum sensitivity, increase the value of R, from 1 to 10
M€ and use a crystal microphone with a large diaphragm.

LIGHT-WAVE VOICE-COMMUNICATION RECEIVER

This light-wave receiver consists of a 741 op-
erated as a preamplifier and an LM386 operated
-45 a power amplifier. Potentiometer R2 is the gain
control. Various kinds of detectors can be used as
the front end of the receiver. Phototransistors are
very sensitive, but they do not work well in the
presence of too much ambient light. A 100-kQ se-
ries resistor is required if you use a phototransis-
tor. Solar cells, photodiodes, and LEDs of the
same semiconductor as the transmitter all work
= well in this circuit.

WILLIAM SHEETS FIG. 49-6
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VISIBLE-LIGHT RECEIVER

£R4 Ca
f% 33K 220

> *SEE TEXT
PQPULAR ELECTRONICS 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

+12-5V ' 7‘;35 g IR . . . :

C: g3 I In the visible-light transmitter, a 7805 volt-

AF ’ 47 4700 age regulator is connected in a variable-voltage
2'5 {c ik ‘,R'I" c2 configuration, and an audio signal is fed to the
AMS j E:mﬂI 1 common input, to modulate the output voltage.
| = The modulated output voltage is used to transmit

i "SEE TEXT intelligence via an incandescent lamp.
POPULAR ELECTRONICS FIG. 49-8
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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 hox of each circuit correlates to the entry in the Sources section.

262

Light Sequencer

Holiday Light Sequencer
Automatic Porch-Light Control
Dimmer for Low Voltage Loads
Three-Power-Level Triac Controller
Phase-Controlled Dimmer

120-ac Shimmering Light

Simple Triac Circuit

Running Light Sequencer

MOS Lamp Driver

CMOS Touch Dirarner

Neon Lamp Driver for 9-V Supplies
Sensitive Triac Controller

Halogen Lamp Protector



LIGHT SEQUENCER

AAA AAA

MY | Re

FUSE

120VAC
e
QUTPUT

1991 PE HOBBYIST HANDBOOK FiIG. 50-1

The light sequencer uses two ICs and 10 SCRs to create.an ac sequencer. The lirst IC, a 555
timer, is used to provide clock pulses for IC2. The IC is configured as an astable multivibrator, and its
output is on pin 3.

Capacitors C1 and C4, along with resistar R2 and potentiometer P1, control the frequency of the
pulses. IC2 is a 4017 Johnson counter, which shifts a high-signal level to each one of its 10 output
pins in sequence. Each oulpul pin is resistively coupled 1o the gale lead on an SCR. When the re-
spective output pin on the 4017 is high and the positive half of the ac ¢ycle is on the anode lead of
the SCR, it turns on. The lamp that is connected to its anode lights.

Power s brought into the PC board by the line cord, then the circuit is fuse-protected. Diode
LD1 changes the ac to pulsating, which is smoothed by C2 and C3. R23 limits the current, and zener
diode D2 limits the dc voltage to 6 Vdc.

Cl, C4 {1.1-uF Capacitor R2, R4, R6,

C2 100-uF Capacitor R&, R10, R12,

C3 47-nF, 350-V Electrolytic Capacitor R14, R16, R18

D1 1IN4007 Diode R20,R22 100-kE2 Resistor
D2 6-V Zener (M747814) R3, R5, RY

IC1 5565 Timer IC RY, R11, 13

IC2 4017 CMOS IC R1i5, R17, R19

P1 b00-k€2 Potentiometer R21 2.2-k€) Resistor
QI-Q10 106 SCR R23 15-kQ 7-W Resistor
R1 560-Q Resistor
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HOLIDAY LIGHT SEQUENCER

1990 PE HOBBYIST HANGBOOK
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HOLIDAY LIGHT SEQUENCER (Cont)

Integrated circuit U1 {a 555 oscillator/timer) is wired as a conventional pulse generator. The fre-
quency of the pulse generator is controlled by potentiometer R11. Resistor R2 puts a reasonable limit
on the highest speed attainable.

The output of the pulse generator is fed to the common clock input of U2, a 740175 quad D-type
flip-flop. Each flip-flop is configured so that its Q output is coupled to the D input of the subsequent
flip-flop.

Information on the D input of each flip-flop is transferred to the @ (and Q) outputs on the lead-
ing edge of each clock pulse. Switch S2 allows you to invert the information on the D input of the first
flip-flop at any time during the cycle. This allows you to create a number of different sequences,
which are determined by the state of the CQ output at the time of the switching.

Some of the possible sequences are:

¢ 1 through 4 on, 1 through 4 off;

¢ 1 of 4 on sequence;

* ] of 4 off sequence;

* 2 of 4 on sequence;

¢ | and 3 on to 2 and 4 off;

* and other instances when the sequence of events is difficult to determine.

However, if 52 is switched to position B while all cutputs are high or all are low (which seldom
occurs), the sequence stops and the outputs remain either all on or all off. If that happens, you only
need Lo switch back to position A for at least one pulse duration, then back to position B again.

Likewise, 82 should be in position A (pin 4 connected to pin 14) each time the power is turned
on. This is because the data on pin 4 must be a logic 1 in order to start a sequence; otherwise all out-
puts remain at logic 0, regardless of the clock pulses.

Fach output. of the sequencing circuitl is connected to an MOC3010 optoisolator/coupler (U713
through U6), which contains an infrared-emitting diode with an infrared-sensitive diac (triac driver
or trigger) in close proximity. The diac triggers the triac, which carries the 117-volts ac,

Each time that the infrarcd-emitting diode receives a logic 1, it turns on and causes the diac to
condutet. With the optoisolator/coupler’s internal diac conducting, the triac turns on, and power is
supplied to whatever load is plugged into the corresponding ac socket, So, the sequencing circuit and
the 117-V ac outputs are “optically coupled” and are effectively isclated from each other.

Power for the sequencing circuit is provided by a 6.3-V miniature transformer. The output of the
transformer is rectified by a four-diode bridge circuit, the output of which-is filtered by C1 (1000-uF
electrolytic capacitor). Capacitor C3 is added at the supply pin of U2 to suppress transients.
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AUTOMATIC PORCH-LIGHT CONTROL

A1
150 HOT TO
T0 SIT_ 10w BULB
HOT -a—e0 O re
p A3 cz,E R6 §
-
j'1DMEG 10 220‘11:
16
LI
1M R5
4020 |, | 56K
Ay
§ al
)| Rd €
6.2V 100k S N222
5W
1 2 *SEE TEXT

1993 ELECTRONICS HOBBYISTS HANDBOOK FIG. 50-3

The automatic porch-light control circuit holds a triac on until a 4020 divider counts a number
of 80-Hz powerline pulses. The circuit turns off a light after a predetermined time by using pins other
than pin 3 of Ul. Various times can be set. Consult the 4020 data sheet for information.

DIMMER FOR LOW VOLTAGE LOADS

- ®

A1.A2 = IC1 = CAD240

303 CIRCUITS F_IG. 50-4

This circuit controls a low voltage dc supply by pulse width modulation. The switching rate is
200 Hz. Input supply voltage should be +5 to +30 V. Up to 5 A can be controlled.
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THREE-POWER-LEVEL TRIAC CONTROLLER

0, R Ac load
1N4001 y

L 22 (o)
M’

AR S
2
+]10,F 16 ,
R, R L T
TLIR¥E ol 3 D
: B 1 oypw] A Wi 0 MT,
A ! ; Triag
B > 2 /]\Dlac @E Teccor
14 CO4011B & >~ =L oy
o, [ etui] T8 T,
1/4 CD4011B Teccor HT32
§ R, <
ICig 100,1/4W 3
AN F
oM >~ 4
) ~
L, Acioput L
ELECTRONIC DESIGN FIG. 50-5

Three power levels are supplied by the two logic inputs of this enhanced cireuit. RS, D4, D5, and

(2 torm a power supply for the logic IC. They can be omitted if another source of low voltage is avail-
able.

PHASE-CONTROLLED DIMMER

100 watt
light bulb

L A phase-controlled dimmer delays the triac
1O VAC  turn-on to a selected point in cach successive ac
2{%%%4 - half eyele. Use this circuit only for incandescent,
lamps, heaters, soldering irons, or “universal”

motors that have brushes.

250K

0.1 uF A

WARNING: Extreme shock hazard!

RADIQO-ELECTRONICS FIG. 50-6
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120-ac SHIMMERING LIGHT

120VAC

D—

AC
OUTLET

A

Wy
]
Lot

AA

w
o
=

i

A
[
b3 sen ¥
+ c
1 G

< R4

1891 PE HOBBYIST HANDBOOK

FIG. 50-7

You can turn any ordinary household bulb into one that shimmers or blinks. This circuil. works on
any incandescent lght up to 200 W, and runs on standard 120 Vac. The circuil uses an SCR-to cause
an ordinary lamp to shimmer. Note that one side of the lamp is connected directly to 120 Vae, and the
other side of the lamp goes to the cathode of the SCR. As ac voltage is brought into the circuit through
the line cord, it is full-wave rectified by diedes D1 and D2, That changes the ac to de, and a portion of
that dec voltage is applied to capacitor C1 through R2. Diode D3 blocks the (+) dc voltage so that only
the voltage from the path of R1 and D3 is clear. That forms an oscillator, which has a frequency de-
termined by the setting of potentinmeter P1 (becausc the other components have fixed values).

Remember to use extreme caution when using a device that connects to the ac line. Never use
it outside or near water and always mount the entire kit inside a wooden or plastic (insulated) box

1o provent any contact with the ac voltage.

100 watt
light bulb
33000

2NB 154
TRIAC

SIMPLE TRIAC CIRCUIT

B
110 VAC
—

WARNING: Extreme shock hazard!

RADIO-ELECTRONICS

FIG. 50-8

A triac can be used as a line-operated ac
power switch that can directly control lamps,
heaters, or motors. A brief and small current
pulse into the gate turns the triac on; it remains
on until the main current reverses.
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RUNNING LIGHT SEQUENCE

12v 4
® > B
R1 el
aool ,
{3300] o pa—ld
R2 a M—«I‘—
BI; . DS
8 4 . A
7 EI4 :}
P1 5
|’| 6 Ic1 icz F D8 3
" 1 &s5 UAA 1.706 . oo—lg—4
2 ulz 0100—“—
c 7 Dn'r—"
012-"
1 5 [
L ° ora—f—
1 Duo——l‘
4u? ;-l‘
‘T 4 1;" D54
Tmt. 4312
14
av1 —
400 miv @
303 CIRCUITS FIG. 50-9

This running light sequencer drives 16 LEDs and runs from a 12-V supply. C1 can be varied to
alter the rate of operation,

MOS LAMP DRIVER

+6-12V

i

GATE SEE TEXT
—jo"\\ +5-12V
CMOS NPT
DEVIGES e IRFS11
] - R1 <
100K 4
BUFFER L
POPULAR ELECTRONICS FIG. 50-10

The circuit shows a way of using a MOSFET as a load driver. I1 can be a larp, or any other load
that does not exceed the current rating of Q1.

?
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CMOS TOUCH DIMMER

R 1N4_148 _
B
& hd sn8
c A
Ca c1
! 2 4148 —_—
[©] LR N a lat 100n
s lGATE 250VAC
3
TiC206D 6 SLBOSESA . Teid
1 H N lsyNe M5 A2
2 A TIc2060
hi D o~ X
R7 - R
alll B
42 hd )
100
R cs cal25v Ll
E [—] ?\1’5 wc‘arpmsg i
4COMmW 1008 SFTa2:50 1
p2_| €2 R2
-5V3 ¢ ’
1N40O07 1000

250VAC
10...400wW

ELEKTOR ELECTRONICS FIG. 50-11
A Seimens SLBO586A IC allows the construction of a simple touch-controlled dimuner eircuit.
The circuit controls a triac ac switch, which allows control of loads from 10 to 400 W.

NEON LAMP DRIVER FOR 9-V SUPPLIES

Pt

D1

4 s T iINg14
sl g

125V Neon
bulb

555 |3

To1wF

jm wF

— lca
:

RADIO-ELECTRONICS FIG. 50-12

This circuit is for driving a neon lamp from a 9-V supply. The 555 generates an ac signal (stepped
up by T1), and lights the neon butb. T1 is any small audio output transformer.
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SENSITIVE TRIAC CONTROLLER
Ac load

R,
2k 1120

M,

Dg;c Triac
Teccor HT32. G ;Sz u;;g:§;1

R L/ W,

0.1 uF R
R, Sty 2 5
“R" inpuf M43 100, 114 W
274
Common o
A ~
L, Acinput L,

ELECTRONIC DESIGN FIG. 50-13

The single transistor connected between the capacitor and the common side of the ac line allows
a logic-level signal to control this triac power circuil. Resistor R2 prevents false triggering of the triac

by the (rickle current through the diac.

‘HALOGEN LAMP PROTECTOR

BUZ10(a)

GDS

T T‘."‘/mv

86468 -1

303 CIRCUITS FIG. 50-14
This cireuit produces a soft turn-on for halogen lamp filaments upon powering up. MOSFET

used is a BUZ10, which has 0.2 Q R, on. R1, R2, and Cl set the turn-on rate and D1 discharges C1
at turn-off.
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51
Light-Controlled Circuits

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

Light-Dependent Sensor for Multiple Inputs TPPhotoelectric Sensor

Simple Light-Activated Alarm Precision Light-Sensitive Relay Switch
Precision Dark-Activated Switch with Hysteresis Self-Latching Light-Activated Switch
Combined Light-/Dark-Activated Switch Simple Nonlatching Photocell Switch
Outdoor Light Controller Light-Controlled Oscillator
Dark-Activated Relay with Hysteresis Phototransistor Circuits

Porch Light Control Dark-Activated Relay

Dark-Activated Switch
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LIGHT-DEPENDENT SENSOR FOR MULTIPLE INPUTS

Wy 512y
Al -
& 47K
3 1 mustm
12 POS,
m{%”__oom
P 4 T Ula
IMEG$ L 1i4 4093
= = < R5
Ve b W1 NEG
N R2 ouT
?\1: 4.7K O 1
< 2 1814 ¥
= a il )° H— " 2hs0a
3 -
lmg?sii"_.i_ ”Bm] This light-dependent sensor uses LDRs to
= = detect the presence or absence of light. As long
W ‘.;.;. as the light source striking the LDRs remains
®; 47K constant, the alarm does not sound. But when
- - - . N .
< 8 mra . the light is interrupted, the alarm is triggered.
A4
AV -
R0 & = 10
rMEG:- | Ul
T = 1/4 4093
N
1\ 3 47K
T " D4
1N914
7
Rt1 < — n ::?SOK
- N p
wee L 1/4 4083 h
POPULAR ELECTRONICS FiG. 51-1

SIMPLE LIGHT-ACTIVATED ALARM

+1i2y
A cadmium-suifide photocell conducts when
a light beam strikes it. This triggers the SCR and
activates the alarm device.
WILLIAM SHEETS FIG. 51-2
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PRECISION DARK-ACTIVATED SWITCH WITH HYSTERESIS

WILLIAM SHEETS

R7
cos
cell

- Q+12V
R1
270 11

RS L0
10 MiL Laad to be
R2 Hysteresis ——{() Switched
R& 100 kit R3 adjust
100 kil AN AAN—

2Nago4

FiG. 51-3

A CdS cell is one leg of a bridge circuit. Potentiometer R6 in another leg sets the trip point. Po-
tentiometer RE provides hysteresis adjustment to prevent "chattering" or hunting of the relay. The
light, level has to increase noticeably before the 2N3904 turns off and the circuit deactivates.

COMBINED LIGHT-/DARK-ACTIVATED SWITCH

470 L)

Rz
10 ki)

4708

» 4 L — + ¥V {1010 15V}

Ri

470 O 100 1L
R3 102
10 k(2 10 k(2 Optoisolator
-« ; 10 kil
Ly
R4
LDR
470 0
ol 151 LM1458 =
1C2 MC3010, ate.
optoisolator
Dark
= = signal
4 10 k()

Ic1

WILLIAM SHEETS

Set R4 g0 1/2 of Vo0 appears across A3.
Set R2 for dark trip point.
Set R1 for light trip point.

FIG. 51-4

Two op amps used in a bridge circuit conliguration detect high and low light levels. Potentiome-
ter R2 sets the dark level and R1 controls the light level. R3 is sct so that about ' the supply voltage
appears across R4 at the desired light level. R1 and R2 set the trip peint of the optoisolator 1C2 at
darker or lighter ambient levels, as required.
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OUTDOOR LIGHT CONTROLLER

Load

100 W

lamps
(max. 5 lamps})

N C106B, etc.
Heat sinker

120 Vac G.1 pF
600 Vac
[ 0.1 pF ]‘

CcDS

100 mH/6 amp cell

(RFI suppression)
WILLIAM SHEETS

FiG. 51-5

A neon bulb and a CdS photocell enclosed in a light-tight enclosure form an optocoupler. A
diac/triac combination is used to provide the snap-switch effect. A second CdS photocell acts as the

main sensor.

As darkness approaches, the resistance of R4 begins Lo increase. At a threshold level, the diac
triggers the triac and causes the neon bulb to light. This reduces the resistance of R6, causing the
diac to trigger the triac, which lights the neon bulb and provides power to the load,

As morning light comes up, the process is reversed. The neon bulb goes out and the SCR turns off,

DARK-ACTIVATED RELAY WITH HYSTERESIS

.

1.

Sensitivity

L

NEES5

cDs
or 0.01 ""FJE
LDR E

WILLIAM SHEETS

+12V

1k

To controfled
circuit
or device

Optoisolater

FIG. 51-6

The hysteresis of a 555 IC can be used to advantage for sensing a drop in light. An LDR or CDS
cell with abeut 2 to 8 k resistance at desired light level should he used.
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PORCH LIGHT CONTROL

. . » 12V
cDS R
cell ;55 it gssom

L [} 555
1Y

25 k} § 1 5
Trigger —L 0.01 uF !
level c1 | . L7
[ -
220 wF

b L4

Ta triac
and light
circuit

Optoisolatar
WILLIAM SHEETS FIG. 51-7

This circuit can control the on/off cycle of a light via a CDS photocell, and turn it off after a pre-
set period. The light can only be turned on when CDS cell is in darkness, and it stays on for a time
determined by the 555 circuit. On time depends on R1 and C1 and is about 80 seconds with the val-
ues showr.

DARK-ACTIVATED SWITCH
R2
1k}
T—) +12Vv
D1
IN40O7
L
Load (relay, stc.)
R3 § -—
WILLIAM SHEETS FiG. 51-8

In this circuiit, lowering of the light level on the CDS cell turns on Q1 and Q2 which switches on
the load which could be a relay, light, ete.
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PHOTOELECTRIC SENSOR

+8-12V

» To alarm

/ R1
10k
/(See text
R4
1 MEG =
POPULAR ELECTRONICS FiG. 51-9

The circuit can be used as a sensor that can-trigger an alarm without direct contact being made
by the intruder. In this circuit, a visible or invisible light source radiates on the sensor, keeping the
detection loop in what could essentially be called a normally closed condition.

As long as the light source striking R5 remains uninterrupted, the switch remains closed. But if
an intruder passes between the light source and the sensor, the circuit goes from closed to open, and
triggers the alarm.

A light-dependent resistor (LDR), whose resistance varies inversely in with the amount of light
hifting its sensitive surface, is used. A bright light aimed at R5 causes its internal resistance to drop
as low as a few hundred ohms; in total darkness, the unit’s resistance can rise to several megohms.
The light-dependent resistor (R5) is connected between the +V supply and the base of Q1. As long
as R5 detects light, it supplies ample base current to cause @1’s collector to saturate Lo near ground
level. That also pulls the base of Q2 (a 2N3906 general-purpose pnp transistor) to near ground level,
turning it on and clamping its collector to the +V rail.
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PRECISION LIGHT-SENSITIVE RELAY SWITCH

R1
1 k2

WILLIAM SHEETS

D1

0
o1 IN4007 ‘I D
2N4355 | a—o
12V
R8 relay

1kQ) @

TIP41 etc.

FIG. 51-10

A CDS cell in a bridge circuit with an op amp provides a simple means of operating a rejay at a
predetermined light level. Potentiometer R4 sets the sensitivity.

SELF-LATCHING LIGHT-ACTIVATED

SWITCH
- + 12V
470 §)
2.2 ki} Relay
Auxillary
CDs IN4CO7 cou:l‘ams
cell |>
P [

2N3565

250 k(1

+12V
Switched
“ & 01080
Resst
WILLIAM SHEETS FIG. 51-11

When light strikes the CDS cell it turns on
the transistors which activates the relay which
latches. Depressing S1 grounds the base of the
2N3565 and the relay resets. The 250 k poten-
tiometer adjusts the sensitivity of the circuit.

SIMPLE
NONLATCHING PHOTOCELL SWITCH

+3to2V

Relay

l l A 2 contacts

3to 12 V relay

2N3904

WILLIAM SHEETS FIG. 51-12

A CDS photocell is used to drive the relay.
The circuit operates from a +12 V supply.
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LIGHT-CONTROLLED OSCILLATOR PHOTOTRANSISTOR CIRCUITS
+5V + V + V
"
AV""‘V ""‘Y’ R4
R1 A2 A
0K lg g 200k | K :
7 (?UNTROL @ _L g as Photetransistor
- mede
< H3 S
$ .00 | w [vomee  Ge = A,
6| BB6 PHOTOCELL
c2 T gpxmt A Ol
T on 8C 2.2 + Vv + Vv
POPULAR ELECTRONICS FIG. 51-13 A
This circuit can be used as a light detector en . Photodiode
and possibly as an aid for the visually handi- mode
capped. The frequency of the oscillator is deter- Ay
mined by the amount of illuminalion striking 1
LDR4. = =
WILLIAM SHEETS FiG. 51-14
Here are four ways to connect a phototran-
sistor for general use in phototransistor circuits.
DARK-ACTIVATED RELAY
Sensitivity > +12V
8.2k
' 4 8 To controlled
10 KD} circuit
or device
pot. 6 3 O
NE555
cDS Optoisolator
or LDR
(2-8 k range)
f 1
0.01 LLFI
WILLIAM SHEETS FIG. 51-18

Configuring a 556 IC as shown yields a dark-activated relay with low hysteresis. CDS or LDR
should be in the 2 k to 8 k. range at desired light level.
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52
Light Socurces

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.

Battery-Operated Black Light
Solid-State Light Sources
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BATTERY-OPERATED BLACK LIGHT

FTB
T
+ —
"' |"I}"‘““ C1 —1 pF Electrolytic Capacitor
1 - FTB — FTBATSE Black-light Tube
Q —wA P1 — 2.5k Trimmer Resistor (252C)
R'z" Q1 —C1740 SW Transistor
R1 —330 2 Resistor
P1 R2 - 1i-k Resistor
A\ 51 - Slide Switch
& A R1 . T1 - Inverter Transformer
wC.‘
1989 PE HOBBYIST HANDBOOK FiG. 52-1

The battery-operated hlack light uses a “U”-shaped, unfiltered, black-light tube, which requires
approximately 250 Vac to operate. To create the 250-Vac 6-V baltery, Lhe circuit uscs a one-transis-
tor blocking oscillator that drives a ferrite inverter transformer. A blocking oscillator turns itself off
after one or more cycles, In this circuit, it consists of C1, P1, @1, R1, and T1. The oscillations are sus-
tained because the base of Q1 is connecled 1o one of the windings on T1.

Transformer T1 is a step-up transformer that consists of a ferrite core, which has a few turns on
the primary and many turns on the secondary. The oscillating (ac) output of @1 is fed to T1, which,
because of ifs large turns ratio, converts the low-voltage signal into a high-voltage alternating cur-
rent, which is coupled threugh resistor R2 to the black-light tube, Resistor R1 and trimmer resistor
P1 limit the current flowing through the circuit. As the control on P1 is rotated, more current flows
in the circuit, producing a brighter light oulput,
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SOLID-STATE LIGHT SOURCES

Vg Iy
A
(ra]y ) Qpen-circuit {mA)
%(1] T voltage output 10
-9
B
15+ 7
6
16T Short-circuit 5
current output 4
3
5__
2
1
t t } f t f 1 f t |
5 10 15 20 25 30 35 40 45 &G
LED Current {(mA)
A
ANy
R lo M2
i LED 1 ini
c}a;apr]lgvltlgr @ \+ PC1 milliammeter
hotovoltaic
supply M1 = ~ P cell
I milliammeter (sotar cell)
B
| ! T £ R2
Variable ED1 I 2470
dc power G[ ~ \+ Vg
supply M1 Y s PC1 Ma
Milliammeter
Voltmeter
fe— —1cm —»
C

In A we show two LED output curves derived by experiment. The circuit in B was used to
get the data for the short-circuit current plot, while the circuit in C yiglded the data for the
open-circuit valtage plot.

+5VDC
LED! Y+
V+ LED1 % AN
R2? Ri
r::j Ri E =
100052 5100 Viso __| 1

Since LED intensity is linearly related 1o the
input current this circuit can be used to vary

D's bri i )
the LED's brightness via R2 You ¢an drive an LED with an opan-collector

TTL inverter. The inverter shown must
ground the LED to turn it en.

POPULAR ELECTRONICS FIG. 52-2

The 12 LED circuits shown are usehil for experiments and applications of LED devices. The cap-
tions are self-explanatory and illustrate many common LED applications.
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W LED! +5V0C

T4XX

A totem-pole TTL output can drive an LED
by grounding the LED's cathode, much like
-the open-coltector driver.

+5VDC v+
R3 H

|
2.7K >
{USEDFOR TTL) %

Rl

-
-
<

GENERIC

1
i
DRVER |
|

*NOMINAL VALUE ZNZZZZ(ETCH) &

This driver circuit will work for either CMOS or
TTL gates, but you don't need R3 in a CMOS-
driven circuit.

+12vog

This is a bipalar output indicator that lefs you know
if one voltage is greater than, less than, or equal to

another.
BLACK BLACGK HEATSHRINK
SILICONE SEAL TUBING

/.
a1 | ep i

You can "roll your own" optocoupler by using
some heat-shrink tubing, an LED, and opticat
transistor, and silicon sealant as shown here.

Yt

Wy
o e
XK
Ot R1 =
LED1

Unlike TTL devices, integrated circuits made
with CMOS technology can source enough
current to power an LED as shown here.

X\ LEDT v+
— N Ri

4XXX

[ m—

A CMOS-based gate can sink current much
like a TTL gate in order to activate an LED.

R
100042

0 B

This simple pelarity checker is easy 1o build
and can be of help if you don't know much
about a circuit's wiring ar grounding convention.

A"‘"" °
t 1
D1 ¥e
v
LEDI Vi =1.8VDC
o
<

P

This is a simpler voltage-level sensor than
that shown back in Fig. 9. To use it you have
to know the polarity of the voltage it is to monitor.

LOGIC
SIGNAL
INPUT

This high sensitivity Darlington LED driver circuit
can be usad as a simple logic probe. You may have
to vary the value of R1 to suit the circuit under test.
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53

Load-Sensing 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.

Load-Sensing Solid-State Switch
Load-Sensing Trigger
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LOAD-SENSING SOLID-STATE SWITCH

R1*
20
MT1 L
PL1 R a2 When this triac circuit senses current flow
%’Ecs 5616 :'725& $01 Cg through SO1-a, it activates the device plugged
) COMPRESSGR into SO1-b. The values of the resistors must be
Eg:q'a chosen for the specific devices to be plugged in.
*SEE TEXT

POPULAR ELECTRONICS FIG. 53-1

LOAD-SENSING TRIGGER

1

MDLII0 R1
! g 2200 HOT
° W ©] ToaC
0 LOAD
CONTROL NEUTHALI
CIRCLIT \}‘ TRI T0 117 VAC
02 4 G ECG-5616 of SOURCE
MT1 HOT

Triacs can be controlfed by low-power circuils through
Triac-driver optoisolators as shown here.

-
> -
D1 D4
< R1 TR1
< i}] D5 D1-D6
& 10K 184004 Eiﬁ-ﬁslﬁ
03 -06 400 PIV
Ton? | l G Imm
VAC
501 M1z 502
O

POPULAR ELECTRONICS FIG. 53-2

A device plugged into SO1 causes a voltage-limited gate trigger for triac TR1, and causes power

to be applied to SC2.
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54

Mathematical Circuits

Rl

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.

Second-Order Polynomial Generator

Polar-to-Rectangular Converter and Pattern Generator for Radio Direction Finding
Root Extractor
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SECOND-ORDER POLYNOMIAL GENERATOR

R : '. Vp=04V40.5%+0.05%2

o Vg=a+b¥ps oVl

Notes:
___________________________ 1.Rp=bx1VperaRyfa
""""""""" i 2Ka(t-h)b
3. By =RqRgX (Ry - By)
Hﬂg 0 Rylhg +Rg = V06
A BRTRY ¢ B
§. Deecdl1
Passive adder =
ELECTRONIC DESIGN FIG. 54-1

By using a circuit built with a single analog multiplier and five precision resistors, an output volt-
age (V) can be made to create a second-order polynomial.
The circuit implements the following quadratic:

V=a+bV +cV?

The input terminals of IC1 are connected to create a posilive square term and present the V_sig-
nal to the outpul. with a 1-10-V scale [actor. Incorporating the voltage-divider network (resistors R3
and R4) in the input signal path provides additional attenuation adjustment for the coefficient (¢) of
the square term in the quadratic. Then, the passive adder (resistors R1, R2, and R ) is wired to IC1's
internal summing circuit to generate the polynomial’'s other two terms; the offset term (a) and the
linear coefficient (&).
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POLAR-TO-RECTANGULAR CONVERTER AND PATTERN GENERATOR FOR RADIO
DIRECTION FINDING

100k

100k

* V¥

IN
/S—) X- HORIZ

73 AMATEUR RADIO TODAY FIG. 54-2

In order to display polar quantities (magnitude and direction of a received radio signal), a sine
and cosine voltage proportional to an angle (antenna direction) is needed. In this case, a sine-cosine
potentiometer coupled to a directional antenna and a sample of a voltage proportional to received
signal is used to display relative magnitude and direction of a received signal.

ROOT EXTRACTOR

Q1+ "ROOT EXTRACTOR

2N3728

AAA

POPULAR ELECTRONICS
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55

Measuring 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.

Energy Consumption Momnitor
Harmonic Distortion Analyzer
Watch Tick Timer

Visual Continuity Tester

RC Decade Box

Digital Altimeter

Electronic Scale

Radar Calibrator

Cable Tester

Simple Curve Tracer

Voltage Level Circuit
Low-Drift dc Vollmeter

Light Meter

Mercury Switch Tilt Detector
5(0-MHz RF Bridge

ac Watts Calculator
Audio-Frequency Meter Circuit
(One-IC Capacitance Tester
Transistor Checker
Low-Current Ammeter
Analog Frequency Meter
Electromagnelic Field Sensor
Magnetic Proximity Sensor
High-Impedance Voltmeter
Fast Video-Signal Amplitude Measurer

Signal Generator

‘Simple Signal Tracer

DVM Adapter for PC

Simple Digital Logic Probe

S Meter for Communications Receivers
LED Expanded Scale Voltmeter
1-kHz Harmonic Distortion Meter
Line Voltage-to-Multimetcr Adapter
Audible Logic Tester

Short Tester for 120-V Equipment
Digital Pressure Gauge

Simple Short Finder

Voltage Monitor

Linear Inductance Meter

DeBounce Circuit

ac Wiring Locator

Audible Continuity Tester

ac Outlet Tester

JFET Voltmeter

Check for Op-Amp de Offset Shift
Continuity Tester for Low-Resistance Circuits
Supply Voltage Monitor
Audio-Frequency Meter

Zener Diode Test Set
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ENERGY CONSUMPTION MONITOR
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1000pF
RI7 £ <R
18 ¥ F10k 4
RADIO-ELECTRONICS FiG. 55-1

The ECM circuit consists of four sections, as shown in the block diagram. A power converter gen-
erates a voltage that is proportional o the true of real power consumed by the load. That voltage

feeds both a bargraph and a voltage-to-pulse converter. The bargraph gives an approximate indica-

tion of the amount of power used, and the voltage-to-pulse converter produces a pulse whose fre-
quency is proportional to the power, The pulse triggers the counter module, which displays the cost

of powering the monitored load.
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HARMONIC DISTORTION ANALYZER
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RADIO-ELECTRONICS

OPTIONAL
EXT.
EARTH
GHD.

FIG. 55-2

The circuit includes a low-distortion, 1-kHz oscillator and will measure THD at a user selected
voltage level for voltage amplifiers, or for checking amplifiers of power levels to 600 W. [t will detect
THD levels of .005% (-86 dB). A huilt-in one-percent THD calibrator is included. The output device
is a digital multimeter (DMM).
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VISUAL CONTINUITY TESTER
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[
7 N
LEDG \
4 y \
c2 N
0.1
kR
5:1MEG LED? \\
1
POPULAR ELECTRONICS FIG. 55-4

By judging the rate at which a particular LED flashes, you'll be able to estimate the resistance.
The circuit consists of two IC's (1 4011 CMOS quad 2-input NAND gate, Ul; and a 4024 binary
counter, U2), seven LEDs, and a handful of additional components. All of the gates in U1 are wired
as inverters.

Two of the inverters (Ul-a and Ul-b) comprise an astable-multivibrator (free-running oscillator)
circuit, whose operating frequency depends on the amount of resistance detected between the test
probes. Feedback-from the output of the oscillator (at pin 4 of U1-b) back to the input of the circuit
{(at Ul-a, pins 1 and 2) is provided via Cl. Resistar, R1, along with the unknown resistance between
the test probes, completes the RC timing circuit. The frequency of the oscillator decreases as the re-
sistance between the test probes increases.

The output of the oscillator is fed to pin 12 and 13 of Ul-¢, the output of which then divides along
two paths. In the first path, Ul-¢'s output is applied to the clock input of U2 (a 4024 binary counter)
at pin 1; in the other path, the signal is fed through D2 and across capacitor C2, causing it to begin
charging. The charge on C2 is applied to Ul-d at pins 8 and 9. The output of that inverter {U1-d) is
fed to the reset terminal (pin 2) of U2. If there is continuity or a measurable resistance between the
test probes, U2's reset terminal is pulled low, triggering the counter and allowing it to process the in-
put pulses (count).

The rate of the count is proportional to the resistance between the testprobes. If the resistance
hetween the test probes is low, the counter advances slowly. The counter provides a 7-bit binary out-
put that is wired to seven LEDs.

When the test probes are placed across a short circuit, LED7 flashes. If the tester is placed
across a resistance of, for example, 2 MQ, LED1 will flash. In either case, the LED whose assigned
value most closely corresponds to the resistance connected between the two probes will flash con-
tinually at a steady pace, while the other LEDs will seem to flash intermittently.
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RC DECADE BOX (Cont.)

1 R 2 8 |C( g 1 R CE 5
A B C
s ¢ i 3
C 3 ¢ T 4 3 R EE 4
—k 2z 1 2 Z
D E F

THE VARIQUS CONFIGURATIONS are set using 513: (a) resistor only and {b)
capacitor only (both in position ric); (c) series RC (position ser}; (d) paraliel RC {position
PAR); (€) Low-Pass Filter (position LPF); and (f) High-Pass Filter (position HpF). The terminal
numbers listed are those of binding-posts BP1-BP6.

TABLE 1—DECABOX TERMINAL CONNECTIONS

Configuration $13 Position IN/GND QUT/GND
Resistance R/C IN:  BP1 OUT: BP2
Capacitance R/C iN:  BP5 OuUT: BP6
Series RC SER IN:  BP1 QUT: BP6
Paraliel RC PAR IN:  BP1 OUT: BPa6
Low Pass Filter LPF IN:  BPt QUT: BPE
{Integrator) GND: BP3 GND: BP4
High Pass Filter HPF IN.  BP6 OUT: BP1
{Differentiator) GND: BP3 GND: BP4

This decade box can be set for any resistance value between 10 Q and 11.1 MQ in 10-£ stops. A
switch can be used to configure several RC configurations. Usc close tolerance components in the
circuit. If possible, check components witlian accurate bridge or other means to ensure accuracy.
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DIGITAL ALTIMETER
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RADIO- ELECTRONICS FIG. 55-6

A pressure sensor (1C4) is used with a de amplifier to convert the bridge output (IC4) to a sin-
gle-ended voltage. IC1d provides a reference voltage for setling barometric pressure. IC3 is an A/D
converter manufactured by Intersil. This drives an LCD module. Calibration reads out in fact. A vac-
uum pump and a water-based manometer can be used for sensor calibration.
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ELECTRONIC SCALE
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I 5. 1K
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s A13 T s o g R0 DISP1 - PINS §,16,37.38
L vt Lmazan a ¥ 100 AND 33 ARE TIED TO BACKPLANE
3 75k R18 - R17 PIN.
kd 10V 100k a7oK
ELECTRONICS NOW FlG. 55-7

An electronic scale using a pressure transducer (load cell) and an analog-digital (A/D) converter
to drive a digital display is shown. The scale range depends on load cell. Display is calibrated in ap-
propriate units. Components are on-main circuit and display hoards. The off-hoard controls are on
the front panel and case. The cell in this scale is rated for 1.3 pounds (600 grams).
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CABLE TESTER
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POPULAR ELECTRONICS FIG. 55-9

At the heart of the cable tester are two op amps, which are used as a window. comparator Lo in-
dicale a short- or open-circuit condition. A third op-amp comparator is used to indicate a good cir-
cuit (i.e., neither open nor shorted). Colored LEDs are used to show the condition of individual
conductors within the cable under test; a red one to indicate a short between conductors, a yellow
one to identify an open conductor, and a green one to signify that the conductor is okay. Individual
LEDs of a bar-graph display are used to show which conductor in the cable is being tested.
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SIMPLE CURVE TRACER

|} cumrent 13 N
LIMITER ]I ©
DEVICE T0 SCOPE'S
UNDER X INPUT
TEST

AC
SIGNAL

<+ . | 10ScoPE'S
SOURCE RE v o' GTNos

O

This is a simple block diagram of
the EZ-Curve. Current-limited AC signals
are passed through both the device under
test and a precision resistor to yieid
current and voltage readings.

POPULAR ELECTRONICS

53
PL1 %o
NE1
NE-2H $1
17
4 1N4001
A1
33K
: T i
e — 12,6V 1 0
—TOTTTIITCTT ‘ 317 RS
5000
8 )
A2 NSO 52 componENT
1000 1% M TEST
1 AN TERMINALS
R3
‘ 1KQ 1% s
p—-AAN——O
Ré 1mAN
‘ 10K 1% T-"'WV
@) J1 J2
CURRENT/VERTICAL VOLTS/HORIZONTAL
FIG, 55-10

Useful for checking diodes, transistors, triacs, SCRs, resistors, and LEDs, this curve tracer
should prove useful in the experimenter’s lab. It displays the volt-ampere characteristic of a two-ter-
minal device on an oscilloscope.
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VOLTAGE LEVEL CIRCUIT

' w4 OV
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y 6 LEDT = 3K
) 7 e Ri oo - TC
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RS The variable voltage divider
4 9K shown here can be used with
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of input voltage settings.
<t B B
>
)
POPULAR ELECTRONICS A FIG. 55-11

A DC op amp and a comparator with a ladder reference divider allow a de input voltage Lo light
one or more LEDs, depending on voltage levels.

LOW-DRIFT dc VOLTMETER

1V —»+5Vio+9V

—

4.7 k)

Q2

a1 MPF102

22 MQ MPF102
100 k()

100 pA

Sens.

0V Bal.
e BV 1o -9V

100V

WILLIAM SHEETS FIG. 55-12

This voltmeter uses a pair of JFETs in a balanced-bridge source-follower amplifier cireuit. Q1
and Q2 should be matched within 10% for /... This minimizes meter drifl and maintains bridge hal-
ance over tcmperature.
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FIG. 55-13

The outputs from the comparators will
swing, in sequence, from high Lo low as the input
voltage rises above the reference voltage applied
to each comparator. The output LEDs will then
switch on in sequence as the voltage riscs.

The inverting inputs of the comparators are
connected in common to the collector of photo-
transistor @1. When Q1 is illuminated, its collec-
tor-emitter junction conducts, thereby placing all
the inverting inputs within a few millivolts of
ground. For most settings of R1, each of the four
reference voltages exceeds the value. Therefore,
when Q1 is illuminated, the output from each
comparator is high and its respective indicator
LED iz off.

POPULAR ELECTRONICS

TILT

I

MERCURY SWITCH TILT DETECTOR

S1

TILT

HORIZONTAL

FiG. 55-14

If the mercury bulb in this circuit is tipped,
TUl-a will light LED1 by going low, indicating a
“tilted” condition,
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50-MHz RF BRIDGE

500-(} Linear pot*

50'.mHZ Ie) P ,\/X\’
input l
(+10 to 20 dbm) Ri 1
R2
§ L %WW *Cermet
carbon or carbon
(RV6 style)
. C1
T 0.01nF
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B HP 5082-2835
R3
T kQ2
c2 | 100 pA
0.01 uF ] FSD
WILLIAM SHEETS FIG. 55-15

The bridge shown was used for measurements on 50-MHz amateur radio antennas. R1 is a minia-

ture 500 Q linear potentiometer. The unknown impedance is compared to R2, a 51-Q resistor. An ex-
ternal signal scurce is required.
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ac WATTS CALCULATOR

fy 11
L et aWe &
To115V¥ 200k
ac fing W v
d

Rg << Load Y

The load's powar factor, which is the cosine of the
phase angle between the voltage across the load
current, can be calculated simply with this circuit.
A 1:1 isolation transformer is used to prevent direct
contact with the line

By properly adjusting R,, the vector diagram
of valtages Vg, Vg, and V, forms an isosceles
triangle, which simplifies the power calculation.

ELECTRONIC DESIGN FiG. 55-16

The method basically consists of determining the power factor of the load—the cosine of the
phase angle between the voltage across the load and the load circuit. Using a simple circuit, that an-
gle can be calculated quite simply.

This circuit uses a 1:1 isolation transformer to prevent direct contact with the line, It is wise to
proceed with caution whenever voltages of this' magnitude are utilized in a test setup, even though
the voltages that will be measured are usually below 1 V.

E isa circuit-sense resistor and R is a multi-turn potentiometer. The voltage across B is ap-
prommately 0.5% of the line voltage, Wthh should be sufficient for most applications.

R_is adjusted so that IV | = [V}; then V, is measured. In the vector diagram according to Kirch-
hoff’s Voltage law, V, and V. form a Lndngle which becores isosceles by adjusting B .V, is in
‘phase with the load current and V?_ is essentially in phase with the load voltage.

The power delivered to the load can be calculaled as follows:

Po=V xI, xCas 8
=V, x (V./R,) x.Cos [2 Sin—1 (V,/2V)}]
[02y=285in-1 (Vd/zi/;)]
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AUDIO-FREQUENCY METER
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POPULAR ELECTRONICS FIG. 55-17

This meter differs from the norm in that it does not use a D’Arsonval movement or digital display
to give a reading of the input frequency. Instead, the measured frequency is read from a hand-cali-
brated dial.

Any audio signal applied to the circuit is aplified by Ul and the resulting output is divided along
two paths. In one path, the output signal is appliedto the mixer; in the other path, the signal is ap-
plied to the input of U2 through S1 (a normally open pushbutton switch).

The portion of the amplifier signal that is fed to the mixer is applied to the base of @1, causing it
to toggle on and off at the signal frequency. In the other path, when S1 is pressed, a portion of the op
amp’s output is applied to UZ. If the signal is within the range of U2’ internal oscillator’s operating
frequency, LED1 lights, and a signal is fed to the base of Q2. If the two signals arriving at the mixer
do not match exactly, LEDE and LED3 light. That means that the circuit must be fine tuned, which
is accomplished by releasing S1 and fine tuning R13 until LED2 and LED3 go out. The dial setting at
that point gives the frequency ol the input signal to within 1 Hz (or as close as the calibrated dial will
allow).
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ONE-IC CAPACITANCE TESTER

g1 +ev +12V 14
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RADIO-ELECTRONICS FIG. 55-18

This circuit can be used to malch capacitors, ete. The de output voltage is related to the capac-
itance values of C,. The circuit values shown are for capacitors in the (.01-uF order of magnitude,

but they can be changed for lower or higher values.

TRANSISTOR CHECKER

_.
=
\éi
s +]
=
xﬂ'}
NS
==
=
ry
Yy
—m
< M
'li—llg,;,—'l:?
ot

R1 A3
ooty * IMEG 100K
INPUT 4
R&
kL

POPULAR ELECTRONICS FIG. 55-19

The circuit is built arpund a 741 general-purpose op amp that is configured as a voltage follower;
with the-components shown, the op amp has a voltage gain of one. The output of the 741 is used to
drive a 50-pA meter movement. Polentiometer R7 is used to zero the meter and R6 sets the meter’s
full-scale reading,.

Calibrating the meter is a snap. With no input applied to the circuit, set R6 to mid-position and
adjust R7 to zero the meter. Once that is done, apply a positive 1-Vde voltage to the input and adjust
R6 for a full-scale reading. The voltmeter can he adjusted to read both positive and negative voltages
by adjusting R7 for a center scale reading at the meter’s zero position and a positive 1-V reading at

the meter’s full-scale position.
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LOW-CURRENT AMMETER

ord

2p2

T4 = IC1 = GA3046 —-—
Al =12 = LF411, OP41
R5.. .R10 =510, 1%
D1...D2 = 1N4148

303 CIRCUITS FIG. 55-20

Without using high-value precision resistors, this circuit uses a current mirror, Tla/T1b. Cur-
rents of 100 pA can be measured with this circuit. M1 is a 100-mA meter. Make sure to use a high-
quality PC board and low-leakage circuit construction,

ANALOG FREQUENCY METER

Adj. fer 1kHz
fulf scale

s o 50 k2 cal, o w -t Vregulated

T T 5100V
22 k2 =
47K |8 4
0.001 pF IN4148
2 3

&
2N3904 556
7
F -li

0.022
ID-‘” kF Oto ImA
= 10pF

WILLIAM SHEETS FiIG. 55-21

This 1-kHz linear-scale analog frequency meter circuit uses the 555 as a pulse counter. Fre-
quency is recad on M1, (or 1 mA meter) which can be calibrated to read 0 to 1 kHz.
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ELECTROMAGNETIC FIELD SENSOR

Gain

1N914B

1NO14B

IN914B

2.2k0

2250 100 pF
+ —

10 pF
I__P«

6.8 k(}

WILLIAM SHEETS

IIE—||I|I|-C\O—1

91012V

FIG. 55-22

A telephone pick-up coil is used as a sensing coil. Any 60-Hz hum picked up by the sensing coil
is rectified, amplified, and detected, and then drives 4 meter.

MAGNETIC PROXIMITY SENSOR

MAGNETIC OR
+5TO +15V MAGNETIZED
L ] OBRJECT
R S v
1K MAGNETIC
7 8 PROXIMITY
SENSOR
< R3 R2 s
< m
<« 100K 556 |4 4.7K
2 3
+
c1
1 spPrR1 29

POPULAR ELECTRONICS FIG. 55-23

A magnetic need switch enables a 5565 oscil-
lator, which drives a speaker. C2 can be varied for

different tone frequencies,

HIGH-IMPEDANCE VOLTMETER

HIGH IMPEDENCE VOLTMETER g2
R2
WS oy ON/aFE
S1 9
A3 - e,
cMEG  RANGE
—W—0
ALY
10MEG SV? c1
- Q 1
RS
CAI140T
F
S fl
$ HOMEG 3

POPULAR ELECTRONICS

GND
FIG. 55-24
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FAST VIDEO SIGNAL AMPLITUDE MEASURER

Reset
+5Y
e >—E1 \ G out
ideo -
3 ’ >
] + T 0PASZT
OPABI3 /
148
Holg  “>——AAA~—1 £
L6k s 15000F s B
56k l
Common
&Y
*4 = Laith Enabis

ELECTRONIC DESIGN

FiG. 55-25

Video-signal amplitude can be measured with this simple eircuit, which is basically a modified
standard peak detector. The device can verify RGB generated by video RAMDACs. U1 is a high-spced
butfer and U2 is a latched comparator. C1 is a hold capacitor. Reset is performed by Q3. U2 has a
latch that maintains the last comparator state. The reset holds the comparator output low during the
reset operation. The de output voltage is equal to the signal’s maximum amplitude.

SIGNAL GENERATOR

ayTRUT

POPULAR ELECTRONICS FIG. 55-26

Uselul for troubleshooting audio, video, and
lower frequency RF amplifiers, this circuit gener-
ates a signal that is rich in harmonics.

SIMPLE SIGNAL TRACER
33
—k—
al OuTRPUT
IN454
-=-E_..
R2
L IMEG
= ¥
L 1
Q |
.E _____ 4
o
_:w
ey
POPULAR ELECTRONICS FIG. 55-27

In this circuit, C1/D1/R1 form an envelope
detector. C2 couples audio to the basc of Q1. R2
can be adjusted for the desired gain.
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DVM ADAPTER FOR PC

AAA

K7
100 42
- [ ] [ ] L [ ] L ] L J
VIN A L ] L J ,‘ L ] L ] L ] .\
—_— 1 2 4
't bt +5V four GND
Al ¢ = R £
10MEG T way
1 8
+V,
forr it
o | osss |, RS ¢
R2 < GND +C2 2.9 &
1MEG = 3 %2
AN 3 e T |,
=Vy -(2 Cs
1o
Ity ~Vs 2
‘f;},‘ cé LED !D
1 c4
10MEG i 3 1 T \§
% b
POPULAR ELECTRONICS FIG. 55-28

The adapter consists of a voltage to frequency adapter with a signal conditioner and protection

circuit. J2 connects to the game port of a PC. See reference listed for software for use with this cir-
cuit.

SIMPLE DIGITAL LOGIC PROBE

O POWER SUPPLY
(ALLIGATOR CLIPS)
J_A—

Pt

LEM

The design of the digital logic probe centers
around a pair of complementary bipolar transis-
tors, which, in this application, are used as elec-
tronic switches.

Q
PROBE TP -

POPULAR ELECTRONICS FIG. 55-29
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S METER FOR COMMUNICATIONS RECEIVERS

12V <40 mA
cs +
4700
10
CA 3189
4
=250 pA
©
303 CIRCUITS FIG. 55-30

Because many amateur receivers are fitted with an S meter that functions far from logarithmi-
cally, the proposed circuit should be a welcome extension of such receivers. Although 1Cs such as the
CA3089 or the CA318% are not in comumon use anymore, they serve a useful purpose in the meter cir-
cuit, because, apart from a symmetric limiter, a coincidence detector, and an AFC amplifier, they
contain a very good logarithmic amplifier-detector.

As is seen, the circuit is fairly simple, but remember that these ICs operate up to about 30 MHz;
the wiring of the meter and its conmections in the receiver should be kept as short as possible.

LED EXPANDED SCALE VOLTMETER

Connhact 9 t¢ 3
e, for bar
IS ]9 open for dat
_— 5
x I#ED 1010
I3 11
Battery 4
input , _ ¥ 390
LEDs LM3914
1 In
Im
7
7805 Qut
LED T 1
GND bt
0.1 £ 1.5k
“May require heatsink |2 |4 2
in har mode
73 AMATEUR RADIO TODAY -FIG. 55-31

A 10-V zener diode is used to expand the scale of a 0- to 5-V voltmeter to a 10- to 15-V voltmeter.
The LED bar graph lights one segment per 0.5-V input above 10 V. The 7805 IC provides a 5-V refer-
ence and 5 V for the bar graph LEDs.
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1-KHz HARMONIC DISTORTION METER

Input

Sa

Digtortion
o

1k
To
true
RMS3

meter
ocanF:’j

v
ji - ﬁ
10kl 6.8 kil
— Leveiset
2k
Ic1
LM1458
WILLIAM SHEETS FIG. 55-32

The circuit useful for distortion measurements notches out the fundamental frequency of 1 kHz
to allow measurement of the residual level of harmonics. First a true RMS meter is used to measure
the 1-kHz input level &, by setting S, to the input position. Then, 5, is placed in the distortion posi-
tion and the 2 k potentiometer is adjusted for a null. The residual reading is noted. The THD is then
calculated based on the formula:

LINE VOLTAGE-TO-MULTIMETER ADAPTER

PLA [,

F1*

PL2 | e

BANANA
"SEE TEXT PLUGS TO

METER
POPULAR ELECTRONICS FIG. 55-33

This ac line-to-multimeter adapter can make checking line voltage safer. You can use it to find
taxing loads on your household wiring.
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AUDIBLE LOGIC TESTER

+V

1 3
2
181-a
% LM339 Y 400
INPUT
O
$R
190K 4
1989 R-E EXPERIMENTERS HANDBOOK FIG. 55-34

The tester provides an audible indication of the logic level of the signal presented to its input. A
logic high is indicated by a high tone, a logic low is indicated by a low tone, and oscillation is indicated
by an alternating tone. The input is high impedance, so it will not load down the circuit under test. It
can be used to troubleshoot TTL or CMOS logic.

The input section determines whether the logic level is high or low, and enables the appropriate
tone generator; it consists of two sections of an LM339 quad comparator. One of the comparators
(IC1-a} goes high when the input voltage exceeds 67% of the supply voltage. The other comparator
goes high when the input drops below 33% of the supply. Resistors R1 and R2 ensure that neither
comparator goes high when the tnput is floating or between the threshold levels, )

The tone generators consist of two gated astable multivibrators. The generator built around
ICZ-a and 1C2-b produces the high tone. The one built around IC2-¢ and 1C2-d produces the low
tone. Two diodes, D1 and D2, isalate the tone-generator outputs. Transistor Q1 is used to drive a
low-impedance speaker.

SHORT TESTER FOR 120-V EQUIPMENT

PL1
$01 Do you deal with old equipment in un-
known condition? If so, this lttle circuit could
b keep you from causing further harm to already
100-WATT shorted devices.
POPULAR ELECTRONICS FIG. 55-35
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SIMPLE SHORT FINDER

23904

0 {germanium})

ELECTRONIC DESIGN FiIG. 55-37

Transistors @1 and Q2, together with resistors R1 through R7, make up the input balancing
stage, which senses the resistance between points X and Y. The input stage is essentially a bridge,
consisting of R1, R2, R6, R7, and the resistance between points X and Y.

Transistors Q3 and Q4 and their associated passive components form a buzzer, which sounds
when the tester detects a short. The buzzer is controlled by the output from Q2. When the input re-
sistance is high (more than about 10 £}, Q2 turns on, so its collector potential is close to ground, and
the buzzer remaing off. When the input resistance is sufficiently low, Q2 turns off, and the buzzer
sounds. The frequency of the sound, which is about 1000 Hz, can be adjusted by varying the value of
capacitor {C).

VOLTAGE MONITOR

+9v

) et [LEDZ
NG 3
100K 3| o> 7 \
*'" tsimaza | 5| UTE N
1
o /s LM324

T
@
=
]
h=]

] =
Li

1
)
=

-
P
EE)
i AMA

DC.IN

The adjustable voltage monifor can be used to check
whether the voltage in a circuit remalins within a given range.

POPULAR ELECTRONICS FiG. 55-38

Il the de voltage is less than the voltage at pin 5 of U1-B, then LED 1 will light. If the voltage is
over bV, LEDZ will light, If the voltage is within the window set by R4 and RS, neither LED will light.
This circuit is useful as an under-or-over voltage monitor,

315



LINEAR INDUCTANCE METER

22K
+5v 5y w
1
o]
14 5 4 3 Io.ool,.r
Yer

uz
TAMCI32 a4

L2 " 10k
a e
+sy et 1
ok 02 O DVM
0.4TuF
|. |

R3
2200

b

UNKNOWN INDUCTOR 5-26CuH

A

73 AMATEUR RADIO TOQDAY

IVOLTS OUTPUT OF NAND 2

0 vOLTS

TIME—+
INPUT TO NAND 3

sy
sov- _\UFFER TRIGGER LEVEL
1By -f———"

{I;‘O:F_R TRIGGER LEVEL

DISCHARGE OF INDUCTOR

o

av

OUTPUTY OF NAND 3

o |
v QUTPUT DF NAND 4

TQ DIGITAL

VOLTMETER
oy

FIG. 55-39

Using the fact that in an RL circuit, the pulse width scen across the inductor is proportional to
the inductance, this circuit reads this indirectly on a DVM. The range is about 6 to 260 pH.

DEBOUNCE CIRCUIT

176 T404

2.3 4
O

N.C.

o ]
/5 7404 I

[

CONTACT

=  BOUNCE

POPULAR ELECTRONICS

This debounce circuit will keep the
from reaching the next circuit in line.

FiG. 55-40

electrical noise generated by the mechanical switch (81)
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ac WIRING LOCATOR

s t<15ma
§T® )
-
! ic1
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303 CIRCUITS FIG. 55-41

This circuit uses a pick-up coil to sense the 50- or 60-Hz field around wiring-carrying ac. L1is a

telephone pick-up coil with a suction pad.-D1 (LED) lights during positive half waves, indicating that.
ac current is present.

AUDIBLE CONTINUITY TESTER

> + 0V

& 32-0

100 nF Speaker 1k}
|
NESSS L This 565 oscillator sounds a tone when conti-
B Probes  nuity exists between the probes. Oscillator fre-
4 quency is determined by the values of R1 and C1.
ci

10 k2
10.022 wF f JJ Sensitivity
L Toorar  Stko

WILLIAM SHEETS FIG. 55-42
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ac OUTLET TESTER

Y > Ct 50 uF Electrolytic
120VAC Capacitor
. Ll C2,C3 .. .047 pF Disc Capacitor
Y U S R 1N4003 Diode
: To3 DR 555 Timer IC
o1l W LY Jumbo Red LED
- Rl .o, 3.9K, 1 watt Resistor

R2

............ 2K, 1/4 watt Resistor
........ 4.7K, 1/4 watt Resistor
SPK ... Piezoelectric Speaker

£n
)
=~
»
4.
33
e R u ] —
R

1991 PE HOBBYIST HANDBOOK FIG. 55-43

The tester consists of a rectifier circuit and a multivibrator circuit. The ac voltage is half-wave
rectified by diode D1 and stored in capacitor Cl. Resistor R1 is used to limif the current through 11
to a safe value. The voltage stored across C1 supplies IC1 operating power. The IC, the versatile 555
timer, i1s configured to operate as a multivibration whose operating frequency is determined by G2,
K2, and R3. The output of IC1, on pin 8, is coupled to a piezoelectric speaker (SPK), which gives an
indication of the presence of ac, An LED (L1) also-lights when ac is present.

JFET VOLTMETER
O
10 MG ) MPF102 220
kg
5kl =12V
1 MG Zero T_
2.2k
100 ki}
11 kit
WILLIAM SHEETS FIG. 55-44

This very simple volimeter circuit uses a 50-LA meter in a bridge circuit. It is useflul for noncrit-
ical applications.
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CHECK FOR OP-AMP dc OFFSET SHIFT
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75 | 1% m [ 4% 208
18| &
ELECTRONIC DESIGN FiG. 55-45

The dc values of op-amp offsets can’'t always be taken for granted when delivering ac outputs. No
device is ever exactly symumetrical for maximum positive slew rate versus maximum negalive slew
rate. Consequently, there is always some range of output slew ratcs in which the device used Hmits
in one direction more severely than in the other. What resulis in rectilication of the ac signal and an
apparent shift of the de offset.

This test.circuit can check for the shift phenomenon. The accompanying table and graph illus-
trate the results obtained for four devices, all of different types. As [requency and slew rate are in-
creased, Lhe effect can be either relatively abrupt (LF412CN and NES5632N) or relatively gradual
(LF3568] and TLOSZCP).

CONTINUITY TESTER FOR LOW-RESISTANCE CIRCUITS

PROBE Wt @

TiP r
Bl i1
1.5V
ALLIGATOR
CLIP
POPULAR ELECTRONICS FiIG. 55-46

The continuity tester is little more than a battery and a lamp connecled in series, with one end
of the string terminated in an alligator clip, and the other end. connected to the probe tip.
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SUPPLY VOLTAGE MONITOR

n
2RI P 3K
$ IMEG $ 100k
"
< RE
100K
. LIN PR
=0 ! Excessive voltage causes Ul to oscillate,
Ri & A & causing LED1 to flash. R6 sets the desired trip
18K & 1K :
2 |
e 07 C3 LED? \:‘
|1 TJ TIL209
POPULAR ELECTRONICS FIG. 55-47

AUDIO-FREQUENCY METER CIRCUIT

M1
0-1mA

INPUT g

> RS . . . .
10052 This simple tachometer circuit uses a pulse

shaper Q1 to drive M1, a (- to 1-yA meter. Ci can
be varied to optimize operation.

POPULAR ELECTRONICS FIG. 55-48
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PL1

POPULAR ELECTRONICS

ZENER DIODE TEST SET

e o s
DIDDE 2
pi-ps L UNDER TEST
iNGDDT *
R3‘=
“(:p
0

Vour TO
MULTIMETER

OR PROJECT
ey

J

AMA

R
2K

FIG. 55-49

This versatile circuit can be used to test zener diodes or act as a stand-alone power supply. It re-
quires a voltmeter to work as a zener tester.
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56

Metal-Detector Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
6'75. The figure number in the box of cach circuit correlates to the entry in the Sources section.

Metal Pipe Detector

Low-Cost Metal Detector for Experimenters
Metal Locator
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METAL PIPE DETECTOR

<30 mA
ci
r=—|=-
T e
1 1 T :
avr ! i lgv
400 mW : Pl
- :
| iy il @
c1 [
AuE\r
R2
1l
1 A3 -
1 L -
' 1oL :
1k
¥ LE] ca R4 2 f‘ ci"n -
z >UF] P
D2,D3 = 1N4148 mm ICt=CA3130
L1 -boo.lurnx snsmailed copper wirs, 1C2 = CA 3130, CA 3140
0.2...0.3 mmdis.
on ferrite rod 200 mm lang and 10 mm dia.
303 CIRCUITS FIG. 56-1

This circuit uses a 15-kHz oscillator coil. When metal placed in the energy fleld is withdrawn, the
‘oscillator voltage is rectified and compared to a reference. A drop in oscillator voltage therefore ap-
erates comparator IC2 and D4 (LED) extinguishes.

LOW-COST METAL DETECTOR FOR EXPERIMENTERS

S £
L1

-

o

9 This eircuit is on oscillator with L1 being a 4"
diameter coil of 35 turns of #26 magnet wire.
l Metal in proximity to 1.1 will cause the oscillator
TN to shift frequency. An AM transistor radio is used
LoV to detect the frequency shift.
T
POPULAR ELECTRONICS FiG. 56-2
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METAL LOCATOR

a1
o1 coiL od

ARA

c2 ] Rl
$re o

O

1991 PE HOBBYIST HANDBOOK FIG. 56-3

The metal locator uses a one-transistor oscillator and an AM radio to detect metal. Transistor @1
is a pnp transistor that is connected to an oscillator. Resistor R1 provides the correct base bias and
capacitors C3 and C4 and the search coil determine the frequency of oscillation.

Capacitors C3 and C4 are fixed-in value, but the search coil is an inductor that varies in induc-
tance (and thus varies the oscillator frequency) as metal is brought near it. The oscillator frequency
is rich in harmonies and its output falls within the AM broadcast band. The metal detector works by
combining its output with the local oscillator of the AM radio. The resulting net output of the radio is
a low-frequency audio tone that changes—gets higher or lower—as metal is brought near or taken
away from the search coil. Commercial metal detectors use two oscillators, so they don't require an
AM radio. This metal locator provides an inexpensive alternative to an expensive commercial metal
locator,

C1,C2 0.01-uF Capacitor (103)
C3,C4 (0.001-uF Capacitor

Q1 2N3906 Transistor
R1 47k Resistor
R2 100-Q Resistor
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57

Miscellaneous Treasures

Voice Disguiser

Soldering Iron Control

Furnace Fuel Miser

Personal Message Recorder

Four-Input Minimum/Maximum Selector

Soil Heater for Plants

Key llluminator

Radio Cormmercial Zapper

Audio Limiter

Analog De-Glitch Circuit

Acoustic Field Generator

Suppress Jitter with Hysteresis

Heartheat Monitor

Self-Retriggering Timed-On Generator

Frequency Divider for Measurements

Video, Power, and Channel-Select
Signal Carrier

7805 Turn-On Circuit

AF Drive Indicator

Phase-Locked Loop

Capacitance Multiplier

Practical Differentiator

Hum Reducer for Direct-Conversion Receivers

Preamp Transmit-Receive Sequencer

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.

dc Output Chopper

ac Isolation Transformers Use
Inexpensive 12-V Transformers

ac Line Voltage Booster

Octal DA Converter

1-dB Pad

Pseudo-Random Bit Sequence Generator

Simple External Microphone Circuit
for Transceivers

JFET Chopper Circuit

Audio Memo Alert

Octave Equalizer

Complementary or Bilateral ac
Emitter-Follower Circuit

Capacitor Hysteresis Compensator

Amplifier Cool-Down Circuit [

NE&02 Input Circuits

NE&02 Output Circuits

Basic Latch Circuits

Bootstrap Circuit

Simple Schmitt Trigger

Amplifier Cool-Down Circuit I

NE6&02 de Power Circuits

Inrush Current Limiter
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VOICE DISGUISER
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POPULAR ELECTRONICS FIG. 57-1

A complete schematic diagram of the voice disguiscr is shown. Microphone MIC1 picks up the
voice signal and feeds it to an audio amplifier, consisting of @1 and Q2, and a few support compo-
nents. The amplifier has a low-pass gain response that limits the voice frequencies to 5 kHz or lower.
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VOICE DISGUISER (Cont.)

The voice signal is then fed to the input of the first halanced modulator, which is comprised of
Ul-a, Ul-b, U2-a, and U3-a. The output of the first 4-kHz osecillator, built around U3-f and U3-¢, is fed
to the carrier input of the first modulator. The frequency of the first oscillator is controlled by the
setting of potentiometer IR13. The modulater ocutput-—a double-sideband suppressed-carrier signal
centered on 4 kHz—is then filtered by the first 5-kHz low-pass filter, formed by U2-b, which elimi-
nates the upper-sideband signals.

At this point, the voice frequency spectrum is inverted (e.g., the frequencies that were low now
become high, and vice versa), making the voice signal completely unintelligible. The output of the
first low-pass [ilter is led to a second modulalor formed by Ul-c, Ul-d, and U3-b, where it is fre-
quency moditated with the output of the second carrier oscillator, comprised of U3-c and U3-d; the
frequency of the second oscillator is controlled by potentiometer R36.

The output of the second moedulator is fillered by the second low-pass filter, which consists of
UZ2-d and few support components, and amplified by Q3. The voice output signal [rom Q3 is fed to U4
(an LM386 low-voltage, audio-power amplifier) through an impedance-matching transformer, T1.
The output of U4 is then used to drive SPKR1 {an 8-Q speaker).

In operation, if both carrier oscillators are set to the same frequency, the voice signal from the
specaker will be an exact duplicate of the input-signal from the microphone. However, if the frequency
of the second oscillator is varied (via R36), the cutput voice signal also shifts in frequency. That
makes the voice reproduced by the speaker sound higher- or lower-pitched than normal.

SOLDERING IRON CONTROL

D2
1N4001

A current control to temperature regutate a
soldering iron uses a high-voltage integrated reg-
ulator, TL783 (U1). WIth the component values
specified, the circuit should be uscd with a sol-
dering iron of 256 W or less.

@7
U,
U e

PINQUT

———— INPUT

O TLna__,—"—_-'-“-) OUTPUT
[ ADJUSTMENT

1992 ELECTRONICS HOBBYISTS HANDBOOK FIG. 57-2
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FURNACE FUEL MISER
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POPULAR ELECTRONICS FiG. 57-3

A timer (LM555CN) and decode counter is used to generate duty cycles from 10% to 100% to
control the time a heating system can operate. V2 is a decode counter that can be switched from 10%
to 100% duty cycle. V3A and B form a latch that drive Al, LEDI, and V4. The triac TRI is used as an
ac switch, in series with the thermostat that controls the heating system.
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FUEL

wisth _{ouruT |
+ F F
9- el LED2
INPUT
117VAC

When the circuit is working
properly, the output circuitry can be
checked using a 24-volt step-down
transformer, a Ik resistor, and an LED.
Together these components simulate the
load that the Fuel Miser sees during
normal operation.

EXISTING
24V FURNACE
TRANSFORMER

GAS VALVE
OR RELAY GOIL

-
TWO WIRE :.{
THERMOSTAT |

| MR |

+ + -

WALL FUEL
ADAPTER MISER
This drawing shows the Fuel
Miser connected in series with the
thermostal ef a two-wire gas furnace
that's pawered by u 24-volt transformer.

THREE WIRE
EXISTING  pmveemm ~THERHOSTAT
24V FURNACE | = 1 HERMOS
TRANSFORMER |

EXISTING

FURNACE
WALL FUEL RELAY
ADAPTER -MISER
+ .+
OUTPUT
- - — -

Some oil-fired systems use three-
wire thermostats to control the operation
of the burner motor and ignition svstem
by activating a relay. This is a typical
installation for such systems.

FURNACE FUEL MISER (Cont.)

EXISTING

24V FURNACE
TRANSFORMER

THERMOSTAT

r_._n

s k0

waLL FUEL
ADAPTER MISER
+ +
OUTPUT

FURNACE
HEATING
EgTING  CLEMENT
“FUPNACE
LY AY

Electric-heating systems may or may not use o relay in the thermostat circuit.
Those that de have a relay can be controlled by the Fuel Miser by wiring its output
circuit in series with the relav coil connections as shown here.

gl iy |
1 ]
] t
-
THERMOSTAT
240v
AG LINE ¢
POWER :
FURNACE
o ::ﬁ HEATING
e ELEMENT
* * g ADDED
ouTRUT HEAVY DUTY
- - RELAY OR
WALL FUEL CONTACTOR
ADAPTER MISER

Electric-heating systemy that do not contain a low-current thermosiat {as in the
previous installation). use a heavy-duty thermostat that directly feeds current to the
heating element For such svstems, it will be necessary to install a heavy-duty relay (KI
in this example) (o control the heavy heating-clement current.
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PERSONAL MESSAGE RECORDER
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PERSONAL MESSAGE RECORDER {Cont.)
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The personal message recorder is huilt around an 1SD1016 CMOS voice messaging system,
which does away with the cumbersome and expensive analog-to-digital and digital-to-analog con-
version circuits.

A functional block diagram of the IS 1016 is shown. The ISD1(16 contains all of the functions
necessary for a complete message-storage system. The preamplifier stage accepts audio signals di-
rectly from an external microphone and routes the signals to the ANA OUT (analog out) terminal. An
automatic-gain control (AGC) dynamically adjusts the preamplifier gain to extend the input signal
range. Together, the preamp and AGC circuits provide a maximum gain of 24 dB. The internal clock
samples the signal and, under the conlrol of the address-decoding logic, writes the sampling to the
analog-storage array. Eight exfernal input lines allow the ISD1016’s message space to be addressed
in 160 equal segments, each with a 100-millisecond duration. When all address lines are held low, the
storage array can hold a single, continuous, 168-second message.

However, there is a special addition to the POWER DOWN input (pin 24) of U1. If the internal mem-
ory becomes full during recording, an averllow condition is generated in order to trigger the next de-
vice. Once an overflow occurs, pin 24 must he taken high and then low again before a new playback
of record operation can be slarted.

Transistor @1, C3, R5, and R6 form a one-shot pulsc generator that automatically clears any
overflow condition cach time that start switch {S1) is pressed. Switch $2 selects cither the playback
or the record mode. Switch S4—an 8-position (a-h} DIP switch—is included in the circuit to allow
the circuit’s record/playback time to be varied from 0 to 16 seconds. The maximum time available is
when all 8 switch positions are closed (or set to the on position)..Resistor network R8 (a-h) is in-
cluded in the circuit to provide a pull-up function for the address lines, which thereby controls Ul's
record/playback time.
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FOUR-INPUT MINIMUM/MAXIMUM SELECTOR

LM324

Vi O——¢— = 74C86
1A

v g Uy

LM324

v3 O > 74C86
1B >— -

Vi O—e p ::)

WILLIAM SHEETS

Min/max

control

LM324 74C86

IC1 Op amp LM324
IC2 Exclusive OR 74C86
IC3 Analog sw. CA40668

~@——— Output

FIG. 57-5

This circuit outputs the maximum (or the minimum) of the four input voltages V,, V,,, V,, and V,,.
Each of these input voltages is in the range O to 5 V.

The output of the unit is the maximum of v, V,,, V,, and V, if the control voltage input is bV (ie,
logical 1). The output is the minimum of V|, V,, V,, and V, if the contrel input is zero.

By cascading N such units, one can select the maximum {or the minimum) of 3N + 1 input volt-

agcs.

Thus if % is the number of input. voltages, we need [(&+1)/3] units.
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SOIL HEATER FOR PLANTS
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FIG. 57-6

303 CIRCUITS
zero-crossing switching of the heater. The heater is made of elastic-coated steel wire. P1 is used to

A TDA1024 electronic thermostat senses soil temperature via thermistor R6. The circuit uses
set the temperature. The heater should have 2 Q or more resistance and operate from the 9-V trans-

former. About 40 W of heat, is available.
KEY ILLUMINATOR

UJsed as a 10-second momentary illurinator,

this circuit can be useful in other applications as
well. Pressing S1 charges Cl, which holds Q1 on

and holds the LED lit for aboul 10 secconds.

2N2222
_ BOTTOM
ViEW
FiG. 57-7
333
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RADIO COMMERCIAL ZAPPER
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RADIO COMMERCIAL ZAPPER (Cont.)
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FADE

BLOCK DIAGRAM OF THE COMMERCIAL KILLER: The envelope of the signal is used to vary
the pulse rate from IC2-¢. The pulses are integrated; the resulting signal controls the gains of a pair of
VCA's,

The L&R inputs are summed, dated and drive a comparator. The comparator senscs level and
generates a transilion when audio inputs go above or below preset thresholds. The nurmber of these

transitions {corresponding Lo rapid volume changes) are integrated and feed voltage controlled am-
plificrs. This device actually senses dynamic range.

AUDIO LIMITER

To amp or
Limit adjust speaker

500 (1

ey 2N3638

600/600 () 10 k1
isolation gain
transformer adjust

From
earphone H
Optoisolator
2.2 ki)
FIG. 57-9

An optoisolator 1s used as an attenuator in this circuit. When the LM386 draws more current on
audio signals, the 2N3638 turns on, which biases the oploisclator on, and reduces the volume

RADIO ELECTRONICS
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ANALOG DE-GLITCH CIRCUIT
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ANALOG DE-GLITCH CIRCUIT (Cont.)

Low-frequency signals produced by transducers, measurement equipment, or data loggers often
appear like the first waveform in the figure. The circuit shown operates as a tracking sample-hold,
and the transients are replaced in the output by the stored value of the current signal at the instant
of the transient.

The input signal is buffered and inverted by ICla, and the differentiated result shown at 2 ap-
plied to the inputs of two comparators IC2-a and IC2-b. VR1 and VR2 set.levels to prevent false or
unnecessary operation. Either comparator output triggers the mono IC3 from positive or negative
signal transients. When IC3 has not been triggered, TR1 and TR2 ‘p’ channel JFETs are on, and IC1b
operates as an integrator with a high leakage, and tracks the input signal, When the mono is trig-
gered as at 3, TR1 and TR2 turn off and the previous signal value is held constant, as shown at 4. The
resulting output waveform can then be easily filtered to remove the harmonics from the restoring
step at the end of the mono period, if needed.

The criteria for successful operation are:

L, > £, (mono period longer than glitch)

t/T small (to optimize output waveform)

Signal bandwidth f, = EEIEEe'

Signal phase 0= tan™! 2nfCR
The signal range is approximately +5 V, depending on the transient amplitude and polarity. The

mono period shown is 100 m3, but this can be optimized in practical applications. The shorter the
mono period in relation to the signal waveform, the better the guality of the result.
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ACOUSTIC FIELD GENERATOR
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THE AFG IS MADE UP OF 10 relatively simple circuit elements.

A

R-E EXPERIMENTER'S HANDBOOK FIG. 57-11

Referring to the simplified-schematic in A, the AFG is made up of 10 relatively simple circuit el-
ements. [C1-c and IC1-d are configured as unity-gain noninverting buifer amplifiers,

The summing (L+&) amplifier, IC2-c, combines equal amounts of the left and right signals, via
R14 and R15, to develop a total composite signal. Left- and right-channel signals are applied equally
through R13 and R12 to IC2-d, the difference (L-R) decoder. Any common to both channels is can-
celed by IC2-d, which exactly balances the inverting and noninverting gains of the amplifier for a per-
fect null,

The stereo width-enhancement circuit made up from IC1-a and IG-b works similarly to the (L)
decoder, except that C25 and C26 have been added in the inverting inputs of cach op amp. IC1-b de-
velops the “lefl wide” signal because its inverting and noninverting inputs are connected to the left
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ACOUSTIC FIELD GENERATOR (Cont.)
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THE CENTER-CHANNEL SPEECH FILTER is built by cascading a 3-kHz low-pass
filter with a 300-Hz high-pass filter to form a band-pass filter.

B
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100K
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vy vy

IC3-a
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BUFFER BUTPUT
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r -~ w >
56 'l‘ 47 LEVEL
T

AN ACTIVE CROSSOVER NETWORK for driving a high-power subwoofer system
18 made from |C3-a and IC3-b.

c

and right channels opposite that of [C1-a. The output of the width-enhancement circuit is routed to
34, which selects cither the “wide” or the bypass signal for feeding the front-channel amplifier.

The center-channel dialogue filter is built by cascading a 3-kHz low-pass filter with a 3-Hz high-
pass filter to form a band-pass filter, It has a sharp —18 dB/octave culoff, a flat voltage and power fre-
quency response, and minimum phase change within the passband.

In G, [C3-a and IC3-b form an active crossover network for driving a subwoofer. 1C3-a sums sig-
nals from the left- and right-channel buffer amps, it inverts the summed-signal 180 degrees, and pro-
vides a low driving impedance [or the following filter stage. I03-b and its associated RC network form
a 75-Hz, 3rd-order low-pass filter. The filter inverts the signal another 180 degrees, so the signal that
appears across R79 (which is the output-level control) is back in phase with the original input signal.

The delay section of the AFG, shown in D, is built around the MN3008 bucket brigade device
(BBD), and the MN3101 two-phase variable-frequency clock generator. The amournt of delay re-
quired in this systern varies between approximately 5 to 36 milliseconds. The delay time of a BBD is
equal to the number of stages divided by twice the clock frequency. Values were chosen for R53, R4,

R77, and C44, to produce a clock lrequency, adjustable via R77, which varies from about 30 kHz to
130 kHz.
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ACOUSTIC FIELD GENERATOR (Cont.)
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In A, S1 selects the signal 1o be delayed; either the difference signal (L-R) from IC2-d in the ma-
trix mode or the sum signal (L+E) from IC2-¢ in the concert mode. The selected signal is fed from
S1 to the delay section {I}) where IC4-d is configured as an inverting amplifier; R75 adjusts the gain
between unity and X3. Integrated circuits 104-a and IC4-b, along with their assoicated RC networks,
are identical 3rd-order 15-kHz low-pass filters. Cascading two filters produces a very sharp cut off
(—36 dB per octave), Potentiometer R76 adjusts the bias voltage required by the BBD to exactly one
half the supply voltage, as required.

The power supply of the AFG, shown in (3, is of conventional design. A 25-V center-tapped trans-
former, along with diodes D1 and D2, produces about £18-V unregulated dc. Two 2200-uF filter ca-
pacitors provide ample energy storage to meet the high-current demands of the audio ocutput
armplifier ICs during high output peaks.
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ACOUSTIC FIELD GENERATOR (Cont.)
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A 3rd-ORDER 7-kHz LOW-PASS FILTER is made from IC3-c and its associated AC
network.
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THE SURROUND CHANNEL POWER AMPLIFIERS are designed around a pair of
LMT875 monolithic power-ampiifier IC's.
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THE POWER SUPPLY produces about : 18-volts unreguiated DC. G
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SUPPRESS JITTER WITH HYSTERESIS
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ELECTRONIC DESIGN FIG. 57-12

When the comparator’'s output changes its state from low to high, the rising edge of the output
pulse, differentiated by the C1/R1 chain, opens Q1. This blocks comparator M via its strobing input and
sustains its output in the H state for a period of time, defined by the time constant &2,C.. After C1 is
charged by the current flowing through R1, Q1 is shut off and the comparator is relcased. When the
camparator’s output state changes from high to low, a similar process, involving elements R2, C2, and
Q2, oceurs. In many applications, the output transition in only one direction is of vital importance, and
the elements, which provide temporal hysteresis for the opposite direction transition, can be omitted.

HEARTBEAT MONITOR

f+5 Vdc

270 £)
§10K

F104
(see text)

\ 4 \\[\:_ + 1|0|wF+

ELECTRONICS NOW FiG. 57-13

An IR photodiode, which senses IR skin reflectivity as a result of increased blood volume during
the periods that the heart forcibly contracts, is used to pick up a signal that is correlated with the
heartbeat. A transistor and op amp raise this to a level suitahle to trigger logic circuitry or to be dis-
played on a scope.
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SELF-RETRIGGERING TIMED-ON GENERATOR
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POPULAR ELECTRONICS

When power is first applied to the circuit, C2 begins to charge via LED1, R3, and R4. When the
voltage across C2 reaches Ul’s input trigger level, the output of Ul at pin 6 goes positive for 4 period
that is determined by the values of C| and £,. That turns Q1 on, discharging C2 through D1 and Q1.

At the end of the set period, the output of Ul at pin 6 gees low, turning @1 off and allowing the
current to begin flowing through LED1, R3, and R4 to gain charge C2, causing the cycle to repeat.
The repeat time is determined by the values of R, R, and €. The previous formula won't be as ac-
curate for this cireuit, but it will at least get you close enough for the capacitor value; then R , can be

fine-tuned to obtain the desired timing period.
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FIG. 57-15

This ecircuit is meant to be driven by a 1-MHz standard signal of a few volts amplitude. Ul
through UB are 7490 decade counter/divider and produce a division ratio of 100,000:1. Successive di-
visions of 10 can be tapped off, if desired, between stages. One or more stages can be added for still

lower frequencies.
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VIDEQ, POWER, AND CHANNEL-SELECT SIGNAL CARRIER
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VIDEO, POWER, AND CHANNEL-SELECT SIGNAL CARRIER (Cont.)

In the video system of Figs. A and B, a single coaxial cable carries power to the remote location,
selects one of eight video channels, and returns the selected signal. The system can choose one of
several remote surveillance-camera signals, for example, and display the picture on a monitor near
the interface box.

The heart of the multiplexer box (A) is a combination 8-channel multiplexer and amplifier
(IC1). C11 couples the multiplexer’s baseband video output to the coax, and L1 decouples the video
from dec power arriving on the same line, This power—approximately 30 mA at 10 V—supplies all cir-
cuitry in the multiplexer box.

In interface box (B), a desired channel is encoded by three bits, set either by swilches as shown
or by an applied digital input. Momentary depression of the send button triggers downconverter IG1
and gated oscillator IC2A to initiate a channel-selection burst,

7805 TURN-ON CIRCUIT

A logic level can control a 7805 regulator
CVout with this circuit. Q2 is a series switching transis-
tor controlled by Q1. Q1 is turned on by a logic
voltage to its base.

O
Logic
control (O Ground

RADIQ ELECTRONICS FIG. 57-17

345



AF DRIVE INDICATOR

30..70v (3
1]
T
iy il 11 IC2 = 4518
T +—(®) 15v
s o Gl 5 .
15v -1 -G
A3 WS g: )

+T

6k

D . Ra
O-gfasi}

{ 2887

O I

L1

sau}—r[ 2kB? —4—1 715

ELEKTOR ELECTRONICS FIG. 57-18

This circuit was used with an audio power amplifier to detect the point at which output is -3 dB
from maximum, indicated by LED D5, and at clipping, shown by LED D6. The indicatorcan be used
with any amplifier operating from a £30 to £70 V symmetrical supply.
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PHASE-LOCKED LOOP

Vmo'* AAA b 14 4'\4’
BRZ]K Ul-a
2} r 3
XTIl S 1%

¥ R4
F 30K

FYey

001

——o /N

R
1
R3 [ 1/4 LM3IMT [
= IMEG g
Wy

— JLM

POPULAR ELECTRONICS FIG. 57-19

The PLL will lock onto an input gignal. Both
triangle- and square-wave outputs are available.
A quad op amp can be used in this circuit, which
should be useful in the audio and LF radio region.

CAPACITANCE MULTIPLIER

R2
10MEG
= R1 c1 A g
A3
VostlosR1
‘" R3
Ag= R3
c1
10
£
omes§ RS
1% JK - 30pF
o
ouTPUT

POPULAR ELECTRONICS FIG. 57-20

PRACTICAL DIFFERENTIATOR

R1 1
Vin O—‘N\v——)}
1 R3
fC =
2nR2C1
1 7 = €3
= Aopf

25R1C1 | 2¢R2C2
!n<fh<fmly ol
POPULAR ELECTRONICS FIG. 57-21

A differentiator has a high-pass characteris-
tic. Components arc chosen by using the design
equations.

‘| POPULAR ELECTRONICS

HUM REDUCER FOR
DIRECT-CONVERSION RECEIVERS

DC POWER
SUPPLY

~ 4

|| Ev

-+
DIRECT
CONVERSION
RECEIVER

TO
T1IVAC

FlG. 57-22

One cure for ac power line hum and ripple
(caused by leakage current) is to use a well-reg-
ulated and filtered 9- to 18-Vdc power supply
with a balancing choke (T1 in this illustration)
between the power supply and the DCR.
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de QUTPUT CHOPPER

MMT4CION
+®
160 &
Input
218 ¥ie ol TN 8 1m 1
(8.5 mA
maximum) 12 § s § °
I
RO nJ
W'PF]\ 270k T v
-" * 0
ELECTRONIC DESIGN FIG. 57-24

Any dc voltage source in the 2- to 15-V range can be chopped into a unipolar square wave that
has a peak amplitude nearly equal to the de source voltage with circuit (lightly loaded CMOS will
swing within a few millivolts of each rail at low frequencies). Depending on the actual voltage of the
supply, the programmable-unijunction-transistor (PUT) relaxation oscillator produces 2000-Hz trig-
ger pulses. These pulses operate the cascaded 74C107 flip-flop, producing a square wave.

ac ISOLATION TRANSFORMERS ac LINE VOLTAGE BOOSTER
USE INEXPENSIVE 12-V TRANSFORMERS

“Safety first” is a good motto to follow when When incoming ac power drops, you can
you play with electricity. You can follow that | bring the voltage back up with this booster cir-
adage mare closely with this homebrew isolation | cuit. It adds the transformer’s secondary voltage

transformer. to the ac line voltage.
s01
PL1
T1 T2 )
) Sec .
Pri | éSecé éPn; % ) Pri " Sec
PL1 {

POPULAR ELECTRONICS FIG. 57-25 “ POPULAR ELECTRONICS FIG. 57-26
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OCTAL D/A CONVERTER

o]

YREF

2
CAP
i ¢
o I™ 150 F

= MAXE50

Dightat |, 18
data — 17
bis [0 ]

-~
Analog

§

e
=
s oo -y | [ am e [me

00000000,

ELECTRONIC DESIGN FlG. 57-27

This octal digital-to-analog converter operates on 5 V and provides eight output voltages, each
digitally adjustable from supply rail Lo supply rail (0 to 5 V). Each output’s resolution is 20 mV/LSB.
The DAC chip (IC1) requires 3.5 V of “headroom” between its V., and reference voltages. However,
a voltage-doubler charge pump (IC2) removes this limitation by gencrating an approximate 10-V
supply for ¥~ All of the converter refercnces are connected to the 5-V supply, IC2 doubles the 52V
input to an unregulated 10-V output that has an cutput impedance of less than 10 €. it can dcliver
100 mA, which enables the eight DACs to issue their maximum output currents simultaneously (8 x
5mA = 40 mAj.

1-dB PAD
R1
8.2}
25069 W o Out
- R2 ¢ & R3 Z=3500 The 1-dB pad is useful as a termination in RF
9100T $ 9100 work to limit possible mismatch range between
hd system blocks, etc.
POPULAR ELECTRONICS FiG. 57-28
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PSEUDO-RANDOM BIT SEQUENCE GENERATOR

0.1.F 10uF
Ruel_{é -
o]
(o
Clock
input
— (512 kM)
PRES output
»- T sEquence
> m saquense
ELECTRONIC DESIGN FIG. 57-29

Ln this circuit, an additional exclusive-OR gate is connected after the modulo-2 feedback, with C1
and R2 applying the supply turn-on ramp into the feedback loop. This provides sufficient transient sig-
nal so that the PRBS generator can self-start a power-up. A shift-register length # of 10 is shown with
feedback at stages 3 and 10, providing true and inverted maximal length sequence outputs,

This technique applies an input. directly to the feedback loop. Thercfore, it’s considered more
reliable than applying an RC configuration to the shift-register reset input to create a random turn-
on state.

SIMPLE EXTERNAL MICROPHONE CIRCUIT FOR TRANSCEIVERS

ELECTRET MIC ELEMENT

(O it
2 T PHONE PLUG
2TKQ
Used originally for an lcom ICZAT handie
s talkie, this circuit might prove useful in other ap-
NOMENARY plications.
73 AMATEUR RADIO FIG. 57-30
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JFET CHOPPER CIRCUIT

47 Kk} 0.1 uF
O AN —]¢ e
de ac output
input Q3 =1 KkHz
O MPF102 ©
= +9V
3.3k
Q2
2N3906 2N3906
f~1kHz
O Chop signal
output

WILLIAM SHEETS FIG. 57-31

A JFET (MPF102) is used to chop a de signal for amplification in an ac coupled amplifier. Q3 is
the chopper element and Q1-Q2 forms the multivibrator to derive a chopping signal. Ry sets the bias
on the FET to keep the drive to MPF102 as low as possible.

AUDIO MEMO ALERT

-+ 9V

PAPER
NOTE L 1
14 4011

174 4011

R
10MEG ¥ 14 5
4
j , Ut-a 3484 Ul—b)o—s‘ Ul-c 10,12 iy 1
2 ) 9 ) -4

T a0 IRl
€1 RZ
680pF TOMEG 3

S1 = cz
= B
SEE TEXT é 3 ’f

Y

POPULAR ELECTRONICS . FIG. 57-32

This device prevents paper notes and memos from being overlooked. A paper note placed be-
tween two fingers made of a conducling material (metal or conductive plastic) breaks the circuit, al-
lowing pair 1 of Ul-a to go high. This causes Ul-¢ & Ul-d to act as an oscillator, pulsing piezo buzzer

BZ1.
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OCTAVE EQUALIZER

i, (H2) ¢y c,
- 00T 32 0.184F 0.018,F
e 64 0.1,F 0.01.F
125 0.047,F 0.0047,F
250 0.022,F 0.0022,F
- 500 0.012,4F 0.0012,F
Vino— b v 1k 0.0056,F 560pF
o ~—a Yo 2K 0.0027,F 270pF
l 4k 0.0015.F 150pF
8k 680pF 68pF
16k 360pF 3BpF

FIG. 57-33

PRECISION MONOLITHICS INC.

This circuit is one section of an octave cqualizer used in audio systerns. The table shows the val-
ues of C1 and C2 that are needed to achieve the given center frequencies. This circuit is capable of
12 dB boost or cut, as determined by the position of R2. Because of the low input bias current of the
OP-08, the resistors could be scaled up by a factor of 10, and thereby reduce the values of C1 and G2
at the low-frequency end. In addition, 10 sections will only draw a combined supply current of 6 mA

maxirmuim.

COMPLEMENTARY OR BILATERAL ac
EMITTER-FOLLOWER CIRCUIT

+12V

2N3904

470 uF
_ o
| T * 2N3306 1k
100 pF
4.7 k) 1
WILLIAM SHEETS FIG. 57-34

This noninverting circuit uses a pair of com-
plementary npn (2N3904) and pnp (2N3906)
transistors.

CAPACITOR HYSTERESIS COMPENSATOR

[—DU'FPU1

> A1
> 200k

- T
SELECT FOR TIME CONSTAKNT C1= 100k

"*ADJUST FOR AMPLITUDE

LINEAR DATABQOK FIG. 57-35
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AMPLIFIER COOL-DOWN CIRCUIT |

T4

S1A OPERATE
L TO FILAMENTS/HEATERS
4
120 v Q OFF
AC 120 v

L4
I

.
LR
BLOWER
—e
|
120 v
K1A
5

r CONTROL

01 u3

555

2 TR ouT Qz
+
30uF _ch 2N4400
20 & GRE
THRESHOLD jj
a.1m v §8
RESET "CC
14 EXCEPT AS INDICATED, DECIMAL
VALUES OF CAPACITANCE ARE

IN MICROFARADS { #F ), OTHERS
ARE IN PICGFARADS { pF );
RESISTANCES ARE IN OHMS:

k = 1000, M = 100C 000,

IC PINS NOT SHOWN ARE UNUSED

QsT FIG. 57-36

This cool-down relay circuit uses an IC timer to drive a relay, which keeps the blower on for a
time delay from timer U3. The value of C, can be changed to lengthen or shorten the time, as needed.
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NES02 INPUT CIRCUITS

cl
0.054F 1
RF IN 1
200 ® )I_
m;p_p NE-E02 o E NE-5C2 Ve
]
;; R1
z L] 10k
| | ¢l
] Dl 0.01uF
ce IJY [
0.05,F 0.05.F ’J;'—.I 7
I OPTIONAL J; *
GROUND L
A B !
H NE-602
1
T Y 1 2
1}
L':‘; §Ll e NE -602 Vel ggs ;
. Gop
! : NE-§0Z I
+ E
jjo.osMF
cz
I 0.054F
c D
73 AMATEUR RADIO TODAY FIG. 57-37
Inpui circuits for the NE-602.
NE602 OUTPUT CIRCUITS
¢l
0.08,F
i.__%|-7—) AF OUT & L
NE-602 %R "HE-€02 # u §L2 RF QUT
E————rr ouT s :
c2
0.05uF
A B
gz
C.1uF
/J? 7\} Ve
c:?é L1 L2
L] . 005F o) R
. —%]——wvj. l—o———%nr ouT
--- 3 Ll
OPTIONAL NE-602
NE-602 OUTPUT /J; RZ
CiRcULY 5— (NOT usED)
5 (noT usED)
C D

73 AMATEUR RADIO TODAY
Output circuits for the NE-602.

FIG. 57-38
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BASIC LATCH CIRCUITS

10K 22K
+V o 0 l "’"‘V‘V ‘WT
O 10K
Set
L 470K
= Clear _i_ Clear i Set Change 7 0.14F
A) Relay converted to latgh. lnverta i ed as latch.
(A) ¥ ¢ (B) Inverter pair us (C} Alternate action pushbutton.
-ELECTRONICS NOW FIG. 57-39

Some simple latches and alternate action circuits.

BOOTSTRAP CIRCUIT

+H5¥
Notes: [+3
1,6 ={Ryft) 41 &
+]
g m;nﬁ:‘é)mmhll, ml phY
b
ll—-——l l——(l
7 tm“tlma , l:'"'f Bootstrapping the substrate of a JFET am-
8 N

R plifier reduces the distortion caused by the non-
2 _/ /A linlearity of the JFET input capacitance. In the
figure, a second feedback divider bootstraps the
substrate of Ul. With B = 500 kQ-(source im-

S
=
-

ey ISy | )4 oMl pedance), THD at 10 kHz was reduced an order
! m"mré 1, of magnitude.
LH — v |
6 )
1.;Fm7
5Y 0
ELECTRONIC DESIGN FiIG. 57-40
SIMPLE SCHMITT TRIGGER
’—ﬂ—-—ﬁ +aV
0.01 uF
— 1
7 NG
2 NESSS A 555 IC is shown configured to function as
et 5 o a Schmitt trigger. Inputs above and below the
j Output threshold level will turn the circuit on and off
= 8 I producing a square wave output.
5 1
%om-uF l -
WILLIAM SHEETS FIG. 57-41
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120V
acC

20 v
AC

QsT

AMPLIFIER COOL-DOWN CIRCUIT I

OPERATE
;A/C 5
120 v AC
Q ofF TG FILAMENT/HEATER
O cooL 1HANSFORMER PRIMARY
OPERATE
518
O OFF
-
Ccom_ ‘ 120 V AC
_ TO BLOWER
P
s1a CPERATE B
pl
’____q—o) IO FILAMENT/HEATER
oce g TRANSFORMER PRIMARY
K18
NO
:: K24
THERMO
RELAY
NEe
Kz8
KiC
NO
518
QPERATE T §
9
O) 120 ¥ AC
TO BLOWER
0 KA 5

FiG. 57-42

High-power amplifiers used in RF service, using vacuum tubes, often benefit from leaving the
blower air flow on after removal of filament/heater voltage.
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NEG602 dc POWER CIRCUITS

c2
2] ez 1 i
Havoc 78LO5 P ,J,
' 3
pa B /J’
¢R1
$1008
cl
100uF Gl uF
i 3
AN B
78L0S
80TTOM 3
VIEW
INPUT A p—N 3 ouTPUT &
IC1 SEE
SEE FI&. 3 NE -602 FIG 4
5‘—)GUTPL:T g
INPUT § e H
lJ: Jj
LOCAL
OSCILLATOR
COMPONENTS
{SEE FIG. 5}
73 AMATEUR RADIO TODAY FIG. 57-43
The de power supply circuit for the NE-602.
INRUSH CURRENT LIMITER
+ | u? 0
| 7808
C1-
TO SuPPLY | L8
VOLTAGE 1
*SEETEXT
FIG. 57-44

POPULAR ELECTRONICS

A 7805 van be configured as a constant-current regulator, to serve as an inrush current limiter.
R1 will have 5V across it af all times so the total current through 11 will be 5 VIR, + 5mA, the 5mA
being the regulator operating current. In this casc, R, =5V/A5mA =526 Q for I1 current = 100 mA.
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58

Mixer 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-Noise 4-Channel Guitar Mixer
Audio Mixer

FET Microphone Mixer

Unity-Gain Four-Input Audio Mixer
FET Op Amp Microphone Mixer
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LOW-NOISE 4-CHANNEL GUITAR MIXER

+15¥

2.2
INPUT  25VW
1 o—gf

INPY
2

SILICON CHIP

1C1-a, IC1-b, IC2-a, and IC2-b all function with a gain of about 19. Their outputs are mixed via
the level-control pots and the resulting signal amplified by [C3-a and fed to tone-control stage IC3-b.
Finally, the output from IC3-b is fed to unity-gain buffer stage IC4-a via volume-control potentiome-
ter VR8.
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FiG. 58-1
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AUDIO MIXER

AAA
+9Vde - R7
1 Meg
2
c IC1-a 4
05 pF 3 114LM3900 ;‘;‘;
Mike 1 o—wwW—J¢- _
i 560
560 0 AAA
ey
Rs
o+ 1Meg | Ri12
c2 IC1-b 5| 2200
Ling 1 o——vwW—e—jt _ £ Ris
A2 $2200
47 K A'Av.l'
R5 My
560 £ R9
AN TMeg | Ryg
c3 IC1c ™~ o[ SO00
.05 pF 14LM390 A
Mike 2 O——Ah—]| 81
R3
5600}
b A
10
o2 TMeg | Rgg |
ca IC1-d ™ 19} 2208
1 F 11LM390 i )
. 11
Line2 o0——4—e—f 7 £ R16
b4
R4 2200
47 K A""" w
R6
560
GND o
ELECTRONICS NOW FIG. 58-2

Designed around an LM3900 quad op amp, this mixer combines 2-line and 2-mike inputs and
sums them at the output terminal. R7 through R10 can be changed to vary the gain (around +23 dI3).
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FET MICROPHONE MIXER

ci
MIC1 O—
R8
R1 < €—"\"\"\—@

S1

cz = —o/yoﬁg|
MIC2 O—¢ = B1

R7 :I'_

R2 S-S H10§ =

cé
MIC 3 O—‘{? a1l ¥ L oou
= +

MIC 4 o—| ? R C5
R9

B—9 Vdc battery
—- C1, C2, C3, C4-—0.22 uF capacitor
C5, C6-10—uF capacitor
R1, A2, R3, R4—500 ki) potentiometer, audio taper
R5, BB, R7, R8—2.2 M} resistor
R9-10 MQ resistor
R10—2.2 k1) resistor
R11—470 ) resistor
Q1—FET (field effect resistor), MPF102
S1—SPST switch

WILLIAM SHEETS FIG. 58-3

A JFET transistor-is used as a high-lo-low Impedance converter and signal mixer. Input imped-
ance is approximately 500 k€2 but it can be increased by increasing R5 to R8 as high as 10 MQ. Out-
put Zis about 2 kQ, but it can be increased or decreased by changing the value of K. Use 560 or 680
£ to feed a 600-Q input; use 100 kQ to 1 MQ for high impedance.
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UNITY-GAIN FOUR-INPUT AUDIO MIXER

Audio inputs 470 k2

470 ki)
In#1 O—A"AN—

470 ki) Mixed
In #2 O—"A output o ) .
audio The circuit has four inputs. The voltage gain

470 ki) between each input and the output is held at
In #3 O—AANAN— . . .
" = unity by the relative values of the 470k€2 input

470 ki) resistor and the 470k} feedback resistor.
In #4 O—AN—

EquT=—(In#1 + in#2+ In #3 + In #4)
IC1 = LM741, elc.

WILLIAM SHEETS FIG. 58-4

FET OP AMP MICROPHONE MIXER

Ch
1
o—— w2 A9
Rl + 2.2MEG 2 2MEG
- AAA -
IN1 IMEG 2 A
o
c2
1
ol 4
2.2MEG
IN2 R} e AMA—#
IMEG <
O
i
C3
1
o—f—— R6
a5 2.2MEG
IN3 APy
>
1MEG Ri0 &
O-—j'_ K 3
c4
A cs 4t
fo—l— ko 10
" 2 2MEG
IN4 < IMEG 4" AAA auT
e |
=
POPULAR ELECTRONICS FIG. 58-5
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59

Modulator 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.

FM Modulator

455-k11z Modulator
5556 FM Circuit
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FM MODULATOR

1C-1 - Motorola MC-1648P

All resistars 5%, 0.26 W

Zener - 51V, 06W

All 0.1 and 0.01 uF capacitors ceramic, 16V

C4 - 100 uF, 16 V electrolytic

01, D2 - Motorola MV-209

L1 - arweund, 6 turns, 3/16" dia., 5167 long, 20 AWG
C3 - 500 pF, silver mica

The FM modudator is built with a Motorola
MC1648P oscillator. Twa varactors, Motorola MV-
209, are used to frequency modulate the oscilla-
tor. The 5000- potentiometer is used to hias the
varactors for best linearity. The output fre-
quency of approximately 100 MHz can be ad-
justed by changing the value of the inductor. The
cutput frequency can vary as much as 10 MHz on
each side. The output level of the modulator is -5
dBm. In this prototype, the varactor bias was 7.5
V for best linearily; but this could be different
with other varactors.

RF DESIGN FIG. 59-1
455-kHz MODULATOR
> +OV
10 pF Ji
= 22k [ 4 8
7
100 k2 NESS55
2 3=~ Output
g This circuit shows how to frequency-modu-
0.002 pF 5 1 late the oscillator using a 565. Oscillator fre-
l quency is sel with the 5-kQ potentiometer and
the modulation signal is de-coupled.
ll_-.—_o Madulation
input
§ 10 kgL
W+9 v
1 skn
~  Frequency
adjustment
WILLIAM SHEETS FIG. 59-2
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555 FM CIRCUIT

IC-1 - Motorola MC-1374F

IC-2 - National LHOOG2C

L1, L2 - Mouser Electronics #4211F200

C1, C2 - silver mica, 300 pF

All 0.1 uF cap., ceramic disc, 16V

C3 - 100 uF, 10 V, electrolytic

All resistors 5%, 0.25 W

ADJUSTMENT: Adjust R1 for minimum carrier; signal {from function genera-
tor should generate 500 mVpp at pin 8 of IC-2 (suppressed carrier double
sideband). Adjust R2 and function generator level.to achieve 800 mVpp at
pin 8 of 1C-2 (standard AM with carrier-). Adjust L2 for 455 kHz. Adjust L1 for

maximum output.
0
al
r‘t—r“w
8 100
J[CHe }_@ =
HODULATED
1 2 STPUT

0 LF

RF DESIGN FIG. 59-3

Circuit for applying a de-coupled FM or PP'M to a 556 configured as an oscillator.
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Monitor 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.

Room Monitor

Baby Monitor

Bird Feeder Monitor
Acid-Rain Monitor
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ROOM MONITOR

ANTENNA
ELECTRET B8 10aMHz
WICAOPHONE

0.1 :
LOW = RIGHT CHANNEL) ., |
ATMPROUT | 2,
1GH « LEFT + AIGHT | 3Pp
- CHANNELS AT

VIEWED FROM
W

100k

11, (2 : 1.57 0.62mm ECW ON 5Smm
FORMER WITH F29 CORE

SILICON CHIP FiG. 60-1

The circuit uses Q1 to buffer the right-channel balance output while Q2 and Q3 form a VOX cir-
cuit. When the signal level from the microphone goes high, the output of the VOX also goes high and
the multiplexer inside IC1 switches the high-gain lefi-channel output through to a following buffer

stage. This signal is then ac-coupled via C3 into an RF mixer stage and thence to an RF amplifier,
which is tuned by C2 and L2.
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BABY MONITOR {Cont.)

Transmitter operation. Operating power for the transmitter circuit is derived directly from
the ac line. The de power to operate the circuit is generated in two stages, one for an RF power-am-
plifier stage, and the second for the remainder of the circuit.

The ac line voltage is applied 1o D1, which half-wave rectifies the ac input. The resulting de volt-
age (approximately 30V under load) is fed across an RC filler (comprised of R1 and C1) and used to
operate amplifier, Q1. The second stage of the power supply (composed of LED]1, B2, D2, D3, C2, and
C3, which forms a regulated +13.6-V, center-tapped supply) feeds the remainder of the circuit. LED
Is connected in series with R2 and is used as a visual power-on indicator for the transmitter.

An electret microphone element (MIC1) is used as the pick-up. The output of the microphone is
ac coupled through Cb to Ul-a (a noninverting op amp with a gain of about 1000, The output of
Ul-a at pin 1is ac coupled through C4 to the noninverting input of U1-b {which provides an additional
gain of 48) at pin 5. The output of Ul-b at pin 7 is then fed through D4 and R1{, and across R11 and
C6 1o the inverting input of Ul-¢ which is biased to a positive voltage that is set by SENSITIVITY-control
R1%. This represents a threshold voltage at which the output of Ul-e switches from high to low.

During standby, the output of Ul-¢ al pin 8 is held at about 12 V when the voltage developed
across (6 Is less than the bias-voltage setting at pin 10. When a sound of sufficient intensity and du-
ration is detected, the voltage at pin 9 of Ul-¢ exceeds the threshold level (set by R19), causing
Ul-¢'s output at pin 8 at go low. That low is applied to pin 2 of U2 (a 555 oscillator/timer configured
as a monostable multivibrator). This causes the output of U2 to-go high for about one second, as de-
termined by the time constant of R12 and C7. The output of U2 at pin 3 is applied to pin 4 of 113 (a
second Bb5 oscillator/timer that is configured for astable operation, with a frequency of about 125
‘kHz). That causes U3 to oscillate, producing a near square-wave output that is used to drive Q1 into
conduetion. The output of Q1 is applied across a parallel-tuned circuit composed a T1's primary and
C8. The tuned circuit, in turn, reshapes the 1256-kHz signal, causing a sine-wave-like signal to appear
across both the primary and the secondary of T1.

The signal appearing at T1's secondary (about 1 or 2 V peak-to-peak) is impressed across the ac
power linc, and is then distributed throughout the building without affecting other electrical appli-
ances connected to the line. Transient suppressor D7 is.included in the circuit to help protect @1
from voltage spikes that might appear across the power line and be coupled to the circuit through T1.-

Receiver operation. Power for the receiver, as with the transmitter, is derived from a tradi-
tional half-wave rectifier (D5). The resulting dc voltage is regulated Lo 27 V by D6 and R20, and is
then filtered by C11 to provide a relatively clean, de power source for the circuit. A light-emitting
diode, LEDZ, connected in series with R20 provides a visual indication that the circuit is powered
and ready to receive a signal.

The 125-kHz signal is plucked from the ac line and coupled through R21 and C12 to a parallel-
tuned LC circuit, consisting of C13 and L1. That LC circuit passes 125-kHz signals while attenuating
all others. The 125-kHz signal is fed through C14 to the base of Q2 (which is configured as a high-
gain linear amplifier), which boosts the relatively low amplitude of the [25-kHz signal. The RF out-
put of Q2 is ac coupled to the base of @3 through C15. Transistor Q3 acts as both an amplifier and
detector. Because there is no bias voltage applicd to the base of Q3, it remains cut off until driven by
the amplified 125-kHz signal. When Q3 is forward biased, ils collector voltage rises.

Capacitor C16, connected across Q3's collector resistor, filters the 125-kHz signal so that it is es-
sentially dc. When the voltage at the collector of @3 rises, Q4 is driven into conduction. Thai causes
current, to flow into piezo buzzer BZ1, producing a distinctive audio tone that alerts anyone within
carshof that the baby needs attention.
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BIRD FEEDER MONITOR

v
+6v N
h l
1‘.
ca L+
100 »
8 76 5 L.:E 250K
1 eam
]
MC34118
$ R3
I 2 |3 4 T 47K
= MIC1 g s+ o3
47
$ R2 o1 I_‘I‘1 s
T2E NN » = $ 2.2
|
POPULAR ELECTRONICS FiG. 60-3

The first amplifier circuit is a bird phone. In
this circuit, the electret mike (MIC1} is mounted
in the neck of & large plastic funnel. The amplifier,
built around an MC34119 (which is available from
D.C. Electronics, P.O. Box 3203, Scottsdale, AZ
85271-3203; Tel. 800-467-7736, and elsewhere),
is then placed cutside of the funnel with the pick-
up facing a nearby bird feeder. The output of the
amplifier is then connected to a 16-Q2 spealker.

The amplifier’s voltage gain is determined by

‘the values of the input resistor (R1} and the

feed-back resistor (R3 and R4, respectively). The
differential gain of the amplifier is given by: k2, +
R/R, % 2, With the component values shown, the
maximum voltage gain is about 270. This permits
listening to the activity at the bird feeder.

ACID-RAIN MONITOR

R-E EXPERIMENTERS HANDBOOQK

£ sou
DRAIN
o SOLENTOD
ww
D 62
= -4
[ N o
S
R i
50K —
FULL SCALE S
————— [oH SENSOR
{SEE TEXT)
INSIDE | OUTSIDE

FIG. 60-4

The drain-to-source resistance of Q1 varies depending on the acidity of the sample presented to
Q1’s gate circuit. That variable resistance varies the current flowing through the bridge; that current

is proportional to pH.

372



61

Moisture- and Fluid-Detector 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.

Water-Activated Alarm

Simple Flood Alarm
Moisture Detector
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WATER-ACTIVATED ALARM

+9V
o o
ay $1
BC109C ON/OFF
R
100K SENSOR
|a 4
! c2
&R2 3 "’f
4K 5 556 +
.___]2 ! SPKR1
408082
-t C1
T.uzz
-y

POPULAR ELECTRONICS FIG. 61-1

When sensor gets wet, it conducts, forward-biases Q1, and activates audio oscillator Ul. A tone
is heard from the speaker.

SIMPLE FLOOD ALARM

2N3004
QO 3
2 5 ?i e 4
WIRE LEADS 1K
10 SUmMP PIT
POPULAR ELECTRONICS FiG. 61-2

A common collector amplifier drives a 2N3904 switch to sound alarm BZ1. The wire leads to wa-
ter sensor or sump pit, level switeh, ete. and used to allow the alarm to operate and be mounted in a
dry place.
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MOISTURE DETECTOR

1991 PE HOBBY|ST HANDBOOK FIG. 61-3

The moisture detector uses two {ransistors and a piezoeleciric transducer to sound an alarm
tone when water is present, Transistor Q1 forms a crystal-controlled oscillator, using a portion of
piezoelectric transducer XDC—which contains two piezoelectric crystal regions—as the crystal. The
transducer has three separate leads. One lead-goes to each of the crystals, and the third lead is com-
mon to-both.

The smaller internal crystal region sets the frequency of operation and the larger element is
driven by Q1 (when it is biased “on™} to provide the loud tone output. To turn the pnp transistor @1
(used as an oscillator) “on” pnp transistor Q2 (used here as a switch) must-be on. To turn it “on” with
the biasing that is normally connected, you would only need to connect a resistor from the collector
of Q2 to the base, which gives the base a negative {-) bias. The resistor used is the water that is to
be detected. That turns Q2 on, which, in turn, turns on @1. The result when water touches the probe
18 that the transducer emits a loud sound.

C1,C2 0.1-uF Mylar Capacitor
Q1, Q2 2N3906 Transistor

R1 6.8-k€Q Resistor
R2 33-k(} Resistor
R3 200-Q2 Resistor
XDC Piezoelectric Transducer
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Motion Detector 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,

Microwave Motion Detector
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Motor-Control Circuits

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 cach eircuit correlates to the entry in the Sources section.

Blender-Control Circuit

PWM Motor-Drive Circuit

Speed-Control Switch Circuit

Piezo Motor Drive

Pulse-Width-Maodulated Motor-Speed Control
Speed-Control Switch
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BLENDER-CONTROL CIRCUIT

068 uF 2700
1 Walt —
110 VAC

e

b=
§§ 1.5 Mag

1N4004
—i

13y 220pF

WARNING: Extreme
shock hazard excapt
at touch pads!

LN

470 pf b |

0.047 jiF

PLZ PLT ¥5S OUT REF CAP OFF VDD

LS7314
$FL2 L PLS PLE PLT PLE PLY PLIO
0.0 0.0060.0.60

LT

LA A AL

RADIO-ELECTRONICS FIG. 63-1

A 10-speed touch-control blender cireuit that uses the low-cost LS314 chip by LSI Systems. The
11th touch pad is for power off.
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PWM MOTOR-DRIVE CIRCUIT

I1CAf
1/6 4049

iCle
1/6 4049

iG1d
1/6 4049

F=1/{1.4RC)

IC1c
1/6 4049

IC1b
1/8 4049

FIG. 63-2

This circuit will drive a small de motor over a
wide range of speeds without stalling by control-
ling the duty cycle of the motor, rather than the
supply voltage.

RADIO-ELECTRONICS

SPEED-CONTROL SWITCH CIRCUIT

SCR1
6a
Py 800PIV
81 5A on
T U\ i D1
BAS
17 240VAC
VAC T
l E SCR2 MOT
A
BOOPIV MaT1
D2
¥ inavor
D3 o
1N4QO7 - R4
T
6 | WA X
10K & m p 7
20w 1 "5 + 25K
o 2NN
o4 AWy : |
12V 4 R1 o
10W r Y 474 22
ZENER Wy
POPULAR ELECTRONICS FIG. 63-3

A center-tapped 240-V transformer is used
with two SCR devices to provide rectified ac
(pulsating de) to MOTI. Q1 is a UJT ramp gen-
erator used to generate trigger pulses for SCR1
and SCRZ.

PIEZO MOTOR DRIVE

20R

ELECTRONIC DESIGN

0 to &30 velts output

Piezo motor

FIG. 63-4

Using two Apex Microtechnology PA41 devices in a bridge circuit, this piezo motor driver deliv-

ers 0- to 630-V oulpul.
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PULSE-WIDTH-MODULATED MOTOR-SPEED CONTROL

Di D2 &
ILTITE STV e -
P 500K 15y
14
5 5 -8
0
o>
174 4001 14 4001
03 B4
1Na0D2  1NaDOZ el
LM317
p Cf =
= Rz
o 1
N304
51
° NO
POPULAR ELECTRONICS ’ FIG. 63-5

Connected in this rmanner, an LM317 }-A adjustable-voltage regulator can be used to control the
speed of a miniature de nmwtor or vary the brilliance of a small lamp. The circuit does so by control-
ling the pulse width, and therefore the current, to the load device.

To set the desired maximum output voltage, momentarily close S1 and adjust R3. Connect either
a lamp or small de motor {as is shown in the schematic to the circuit’s output) and adjust R4 for the
desired results. Any device that is driven by this circuit should have a current requirement of 1 A or
less. And you should be sure to usc good-sized heatsink for the LM317 regulator 1C.

SPEED-CONTROL SWITCH
SCR1

8A
P BOQPIY
s1N A yn
n @'\_ z D .
6AB
117
VAG
6A The speed-control switch offers reasonably
)

good control and stability to both ends of its op-
erating range. This circuit uses two SCR devices
in a full-wave configuration to control the dc
power to a motor. A center-tapped transformer is
used to supply the SCRs.

03
tH4007 3
L

AB

¢ b A7
10K 3 I
20W R5 25K
o M2
D4 Ay ]
12V R1 C1
ww ¥ 4 2T
ZENER AW
POPULAR ELECTRONICS FIG. 63-6
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Multiplexer 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.

32-Channel Analog Multiplexer
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32-CHANNEL ANALOG MULTIPLEXER

+15V -15V
L
1 12 27
% 19
|
Analog \ Analog
inputs ! 28 | output
1-16 |
1
1
O——- 4
17 16 15 14 18
i
+15V -5V
L 9
1 12 27
O——189 28
Angalog
inputs
17-32 i“i Inverter
o—4
17 16 15 14 18
Ay O
Ay O
A2 0 *
Az O '
Ay O ——
WILLIAM SHEETS FIG. 64-1

Using two Siliconix DGB06 multiplexer chips, this 32-channcl analog multiplexer selects 1 of 32
channels, depending on the data inputs 4, - A,.
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Multivibrator Circuits

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

Improved CMOS Multivibrator Monostable Multivibrator 11

Very Low Frequency Mullivibrator Astable Multivibrator IT

Monostable Multivibrator I One-Shot Multivibrator

Astable Multivibrator or Free-Running Flip-Flop or Bistable Multivibrator
Square-Wave Oscillator with Pushbutton Triggering

Astable Multivibrator I Free-Running Multivibrator Using Op Amp
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IMPROVED CMOS MULTIVIBRATOR

R1
YAVAYS
74C04, etc.
5—I>>—D® - Output
R2
Cc1
A (| |
WILLIAM SHEETS FIG. 65-1

This circuit uses a protective resistor £2 in conjunction with feedback resistor B1. Together, they
form a voltage divider to reduce the input voltage amplitude for IC1-a so that the protective diodes
never conduet. This improves temperature and voltage stability of the multivibrator.

VERY LOW FREQUENCY MULTIVIBRATOR

JFETs Transistor: N-channel (MPFT02, etc.)

WILLIAM SHEETS FIG. 65-2

The use of JFETs permits, high resistance and long time constants in this very low frequency
muitivibrator. The values shown are for (.15 Hz operation.
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MONOSTABLE MULTIVIBRATOR |

+3 015V
%H2 R3 R1

——

C1 Py

R5

a1 Q2
R4

| Pulse = 0.7 (C1 x R3)

0
<] swi
Push to start

WILLIAM SHEETS FIG. 65-3

This circuit is activated when SW1 is pushed to ground the base of transistor Q2. The pulse rate
is approximately equal to 0.7(R3xC1).

ASTABLE MULTIVIBRATOR OR FREE-RUNNING SQUARE-WAVE OSCILLATOR
> + V(31015 V)

2.2 22 22 2.2
ki kil k{} L)

0.1 pF
[ | OE,
0.1 pF
*—| ®
F~300Hz
2N3904 2N3904
O E, < 180°

WILLIAM SHEETS FIG. 65-4

This free-running square-wave oscillator uses two npn transistors. Qutput frequency is approx-
imately 300 Hz with the values shown,
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ASTABLE MULTIVIBRATOR |

| 4 8
1
1N914
NE 3
470 0 2 <
555 Output
A A o 6 j
100 k2 il
width i 15 =
1N914 10-01 wF
2.2 ki)
AN
100 k2
frequency
WILLIAM SHEETS FIG. 65-5

Inn this multivibrator circuit frequency and pulse width can be separately controlled by using
steering diodes {(1N914) and two potentiometers.

MONOQSTABLE MULTIVIBRATOR I

- < +10V
.I
47 k£ 8[_—<4 %RA

0.001 wF 5 .
Trig.
NE
Al 555 |8
O—_L 3
[ 5] TC
O Pulse output
T=11RC
WILLIAM SHEETS FIG. 65-6

The time constant of R, XC determines the period of the monostable multivibrator. A negative
pulse at pin 2 of the 555 starts the cycle.
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ASTABLE MULTHIVIBRATOR Ii

I » OV
RA 10 }LF
1 ki) 4 8 I 16V
7 =
Rp NE
33 ki) 6 555
2 3
0
c Cutput
0.022 uF I I

I

fo_ 144
(Ra + 2Rg) C

k]

WILLIAM SHEETS FIG. 65-7
An astable multivibrator based on the. 555 is

shown. Freq is approximately 975 Hz as deter-
mined by the values of Ry and C.

ONE-SHOT MULTIVIBRATOR

L

Vin

-
4
r

C1
100pF

POPULAR ELECTRONICS FIG. 65-8

A section of a quad LM139 is used here as a
one-shot pulse former.

FLIP-FLOP OR BISTABLE MULTIVIBRATOR
WITH PUSHBUTTON TRIGGERING

+V

ELECTRONICS NOW FIG. 65-9

FREE-RUNNING
MULTIVIBRATOR USING OP AMP

> 160K
;i p—-0 Epyr
0 *CHOSEN FOR
; DSCILLATION
Wy——s WA— AT 100Hz
POPULAR ELECTRONICS FIG. 65-10
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Musical Circuits

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

Precision Audio Generator for Musical Instrument, Tune-Up
Perfect. Pitch

Musical Instrument Digital Interface (MIDI) Receiver
Electronic Metronome

Musical Instrument Digital Interface (MIDI) Transmitter
Melody Circuit

Top Octave Generator
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PRECISION AUDIO GENERATOR FOR MUSICAL INSTRUMENT TUNE-UP
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1993 ELECTRONICS HOBBYIST HANDBOOK

FIG. 66-1

One section of the precision audio frequency generator uses an electret microphone element to
pick up audio from the piano. That, signal is then processed and sent to one channel of a dual-trace
oscilloscope. The other section of the circuit is used to produce a variable-frequency signal that is fed
Lo a digital frequency counter, After conditioning, the audio signal is presented to the sccond chan-
nel of the scape and output to a set of stereo headphones.
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PERFECT PITCH

+5v +5V 4BV +5Y

3t E 40

) E Liquip}2
X1 AW

RS cRYSTAL
Do

o1 pisPLAYE
D2

MOD?
o 2 HDA44/80

4
gisie D
PROCESSOR DS
06
Hast o7

Vi T4LSTA  _
14 @

el L CLK
1 4 Ic3 D1
12

TXD
PERIOD INTO
COUNTER TO
100y
R11
WK +ovDe
IRPUT
+5Y Ic7
+o. 3| 7805
el FOWER
9115 000F |2
-
ELECTRONICS NOW FIG. 66-2

Perfect pitch, which is based on the 8761 H microprocessor, is an inexpensive and easy-to-build
instrument tuner/frequency counter with a built-in headphone ampiifier and a visual metronome.
Perfect pitch converts the audio signal from your instrument to a digital signal, and displays the mu-
sical note vou are playing and its frequency in real time on a 16-character liquid-crystal display. It
also has an auxiliary audio input for radio, lape, or CD players so that you can tune up and play along
with your favorite artists.
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MUSICAL INSTRUMENT DIGITAL INTERFACE (MIDI) RECEIVER

G5 = T4HCO4

BFz458

ELEKTOR ELECTRONICS FIG. 66-3

Receiver photodiode SFH2560 is used to convert optical data pulses at 32.5 Kb to electrical sig-
nals. Buffer T2 feeds the signals to cascade amplifier T3-T4, then to op amp IC4, and buffers 1C5-f
and ICH-e. IC6 supplies 9 V for the circuit.

R, rate
100 k)

ELECTRONIC METRONOME

l +8YV
+1 00 wF
22k 8 T1ov R, sets the rate while R, sets the volume of
s B clocks in the speaker. The 555 is configured as a
NE low frequency oscillator. The circuit is powered
22 k() 555 R
1kG 2N3904 by a 6 V battery.
+ 5 volume 320
10 “Fz | T001pF = 1~ Speaker
ELECTRONICS NOW FIG. 66-4

3082



MUSICAL INSTRUMENT
DIGITAL INTERFACE (MIDI) TRANSMITTER

@sv
RS

ELEKTOR ELECTRONICS FIG. 66-5

Used for digital control of musical instru-
ments, this transmitter converts the digital data
signals to equivalent optical signals for fiberoptic
cable interface. Optocoupler IC1 provides isola-
tion, and drives IC2-a and -b and T1, and finally
provides a cable driver LED (SFH750).

MELODY CIRCUIT

{pitch)

{tempo)
014 =

(duration)

RADIO-ELECTRONICS FIG. 66-6
A high-quality melody circuit. The slow decay

waveform produced will create chime-like notes.

Pitch, tempo, and duration are all adjustable,

TOP OCTAVE GENERATOR
Inputs and outputs are 12 volt square waves

2.00240 Mhz
CLOCK
INPUT

oa_ooéol

CC#DD#E FFeE GGt AA#B C

RADIO-ELECTRONICS

OUTPUT TONES

FIG. 66-7

Using an MK50240, this circuit produces 12 top octave tones. The input and output lines can be
divided using a hinary divider IC to obtain the-lower notes.
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Noise-Generator Circuits

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.

Noise Generator

394



NOISE GENERATOR

() 1av

< 10 mA

DZ_*D% 2

2%
AAT19

Pa

| e |
47
sve T e 10k
400 mw

IC1=CA3130 g

*see text

303 CIRCUITS FIG. 67-1

This circuit generates noise pulses that are suitable [or test purposes, ete. A zener diode is used
as a noise source. IC1 is a relaxation oscillator. P1 determines noise bandwidth, and P2 and P3 the
noise amplification. Current consumption is 10 mA @ 12 Vde,
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Noise-Limiting Circuits

——— —

The sonrces of the following circuils are contained in the Sources section, which begins on page
6756. The figure number in the hox of each circuit correlates to the entry in the Sources section.

Audio Dynamic Noise-Reduction System
Amplilied Noise Limiter for SW Receivers
Receiver AF Noise Limiter for Low-Level Signals
Simple Neisc Limiter for Receivers
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AUDIO DYNAMIC NOISE-REDUCTION SYSTEM

DNR-SYSTEM
v 612
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W= 015 -0?29
‘e it b 3 ce i
-_L—)H € anm $ ) i
= C1 | va7 1000 L 1
100 =
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POPULAR ELECTRONICS

FIG. 68-1

Ul is a dedicated IC (National Semiconducior) that achieves up to 10 dB noise reduction by an
adaptive bandwidth scheme and a psycho acoustic masking technigue.

AMPLIFIED NOISE LIMITER FOR SW RECEIVERS
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FiIG. 68-2

The noise limiter circuit has a preamplifier clipper, and a switchable audio bandpass filler, Audio
levels in the 5- to 50-mV range are amplified-in a preamp to several volts p-p, fed to a clipper, voice
band filter, then to a narrow band active filter which can be switched in and out of the circuit.
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RECEIVER AF NOISE LIMITER FOR LOW-LEVEL SIGNALS
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FiG. 68-3

A preamplifier in the audio frequency range amplifies a noisy audio signal to drive a diode clip-
per. Suitable audio input levels would be in the 10-mV to 1-V range.

SIMPLE NOISE LIMITER FOR RECEIVERS
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FlG. 68-4

This circuit uses a diode series clipper o limit noise peaks on a received signal. It is best used
where several volts p-p of audio signal are available.
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69

Operational-Amplifier Circuits

I PR el

The sources of the fellowing 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.

Polarity Gain Adjustment

Fast Composite Amplifier

Non-Linear Operalional Amplifier with
Temperature-Compensated Breakpoints

Power Op Amp

Variahle Gain Op-Amp Circuit

Low Noise and Drift Composile Amp

High-GBW Op Amp

Single Op-Amp Full-Wave Rectifier
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POLARITY GAIN ADJUSTMENT

0k

Egut = Ejp1 + A7/Rg)

Ry
ok
R
10k
U4 = MC34084
Equt=-(E1+E) o I
G—'—I—
by Oulput o—
0 o
ELECTRONIC DESIGN FIG. 69-1

By adjusting one potentiometer, this circuit’s output can be varied froin a positive-going version
of the input signal, smoothly through zero output, then to a negative-going version of the input (see
the figure}. If the input signal is a positive pulse of, for example, +2-V peak, the output pulse ampli-
tude can be smoothly varied from +2-V through ground (nc output) to a —2-V peak.

Taking a closer look at the setup, assume that the signal has a +2-V peak input. The A section of
the quad op amp is an input buffer, op amp C provides a fixed negative-going output of —4-V peak,
and op amp B supplies a positive-going output that varies from +2-V to +6-V pcak. The D seclion
adds the B and C outputs. Thus, by varying the B oulput, the circuit output varies smoothly from
—2-V to +2-V peak.

The circuit can, of course, also be used as a 0°/180° phase switcher. For instance, with a ground-
centered sine-wave input of 4V p-p, the output varies from 4-V p-p in phase with the input, smoothly
through 0V, to 4V p-p 1807 out of phase with the input.
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FAST COMPOSITE AMPLIFIER

22pf

Rin “l}*l
A
l 2k ” AT g 1f

DQulpul

ELECTRONIC DESIGN = FIG. 69-2

An ultra-low-noise, low-distortion op amp—the AD797--is combined with the ADS11 op amp,
which offers a high bandwidth and a 100-mA output drive capability. The composite-amplifier circuit
serves quite well when driving high resolution ADC’s and ATE systems.

The fast AD811 operates at twice the gain of the AD797 so that the slower amplifier need only
slew one-half of the total output swing. Using the component values shown, the circuit is capable of
better than -90 dB THD with a +5-V, 500-kHz output signal. If a 100-kHz sine-wave input is used, the
circuit will drive a 600-£2 Ioad to a level of 7 V rms with less than —109 dB THD, as well as a 10-kQ
lead at less than 117 dB THD.

The device can be modified to supply an overall gain of 5 hy changing both the R,/R, ratio and
R /R, ratio to 4:1. This raises the gains of AD811 and the total circuit while rnamtammg the ADTIT at
unity gain. If only the Rf/Rm ratio is changed, the cireuit might hecome unstable. In contrast, if only
the R./R, ratio is varied, the AD797 will then opcrate at gain. Subsequently, the circuit will have a
lower overall bandwidth, £, should be equal to the parallel combination of E, and Rf.

NONLINEAR OPERATIONAL AMPLIFIER
WITH TEMPERATURE-COMPENSATED BREAKPOINTS
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o
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- H1V ments, this operational amplifier circuit can be
o= y N e
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AR . 1 -
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LEQEE Py
£ |
= 1 &
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POPULAR ELECTRONICS FiG. 69-3
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POWER OP AMP
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ELECTRONIC DESIGN FiG. 69-4

This circuit from Apex Microtechnology can deliver 180 V p-p @ 90 kHz into a 4-Q load. The
PAO4 can deliver 400-W RMS into an 8- load with low THD at frequencies beyond 20 kHz.

VARIABLE GAIN OP-AMP CIRCUIT

Input g1

00
vipt A JFET acts as a variable attenuator for this

FET
10 k€2 . L.
1 op amp. Maximumn gain is:
Gontrol 0.1 uF
voltage j:: " ] Ra Ra
R S ax. gain = o———— ﬁ(} »
is "on" resistanes Ry * Rosien B, + Bpgn,
of FET win. gain - .
Ry + Rosgain
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ELECTRONICS NOW FIG. 69-5
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LOW NOISE AND DRIFT COMPOSITE AMP
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ELECTRONIC DESIGN FIG, 69-6

This circuit offers the best of both worlds, It
can be combincd with a low input offset voltage
and drift without degrading the overall system’s
dynamic performance. Compared to a slandalone
FET input operational amplifier, the composite
amplifier circuit exhibits a 20-fold improvement
in voltage offset and drift,.

In this circuit arrangement, Al is a high-
speed FET input op amp with a closed-loop gain
of 100 (the source impedance was arbitrarily
c¢hosen to be 100 kQ). A2 is a SuperBeta bipolar
input op amp. It has good de characteristics,
bhiFET-evel input bias current, and low noise. A2
monitors the voltage at the input of Al and in-
Jects current to Al’s null pins. This forces Al to
have the input properties of a bipolar amplifier
while maintaining its bandwidth and low-input-
bias-current noise.

HIGH-GBW OP AMP

MAXIAR
1/2 MAX457

AR /DM
172 MAX457

MAXIM ENGINEERING JOURNAL FIG. 69-7

You can huild a composite amplifier featuring
high gain, wide bandwidth, and good dc accuracy
by cascading the scctions of a dual video ampli-
fier and adding two appropriate phase-compen-
sation components. The op amp drives a 150-02
load and provides a closed-loop gain of 40 dB.

vouTt
RLOAD
R

SINGLE OP-AMP FULL-WAVE RECTIFIER

10k T
R AN
10k
N ="

HP5062-2909 3

MAXIM ENGINEERING JOURNAL FIG. 69-8

This circuit operates from +5 V and uses a
single op amp to deliver a full-wave rectified out-
put of the input signal.
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70
Optical 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.

404

Optical Proximity Detector

Photoreceiver Optimized for Noise and Response
Optoisolator and Optocoupler Interface Circuits
Optocoupler Circuits

Optical Direction Discriminator

Optical Safety Circuit Switches

Simple Amplifier for Phototransistors
Variable-Sensitivity Phototransistor Circuit



OPTICAL PROXIMITY DETECTOR
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POPULAR ELECTRONICS FiG. 70-1

A “reflector” isolator (A} detects the presence of an object by bouncing light off of it. This tech-
nique is useful in circuits that detect when an object is close enough to the sensor (B).

PHOTORECEIVER OPTIMIZED FOR NOISE AND RESPONSE
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AN O 15V
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O -15V

ELECTRONIC ENGINEERING FIG. 70-2
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OPTOISOLATOR AND OPTOCOUPLER INTERFACE CIRCUITS
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Interfacing equipment, whether TTL, RS-232C, or 20=mA current-loop based,

with optoisolators.

POPULAR ELE