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THIS Ropk INCLUDES STANDARD  APPLICATION
CIRCUITS AND CIRCUITS DESIGMNED EBY THE
AUTHOR. EACH ClReurT WRAS ASSEMBLED AND
TE-TED BY T™™E AUTHOR AS THE Eo0k WAS
DEVELOPED. AFTER THE B8ooK WAS COMPLETED,
THE AUTHOR REASSEMEBLED EACR CQiReu™ 10
CWECK FOR ERRORS. WHILE REASONABLE CARE
WAS EXERCISED N THE PREPARATION OF THIS
Book , VARKIATIONS IN COMPONENT TOLERANCES
AriD  CORNSTRULTION METHODS MAY CAUSE THE
RESULTS YoU OBTAIN TO DIFFER FROM THOSE:
GIVEN HERE. THEREFORE THE AUTHoR AwNp
RADIo SHACK ASSUME NO RESPoNSIEZIITY FOR
™E SulTABILITY OF THIS EBook's <COMTENTS
FOR ANY APPLICATION. SINCE WE HAUE NO
CONTROL OveR THE wusE T whicH THE
(INFOR MATION 1N THIS BOOk 18 P0T, WE
ASSUME NO LIABILITY FOR AnY DAMAGES
RESLLTING FROM ITS USE. OF courtE T
IS YOUR REsSPONSIEILITY TD DETERMINE IF
COMrERCIAL USE, SALE OR MANUFACTURE
OF ANY DEVICE THAT [(NCORPORATES [NFOR- .
MATION INn  THIS BOook INFRINGES ANY
PATE 1ITS,  COPYRIGHTS OR OTHER RIGHTS.

DUE 1o THE MANY |NQUIRIES RECEWED EY
RADIO SHACK Aw~ND THE AUTHOR, (T IS NoT
POSSICLE TO PROVIDE PERSONAL RESPONSES
T REQUESTS FOR  ADDITIONAL  INFORMATION
(CusToMm CIRCUIT DESIGN, TECHNICAL ADVICE,
TROVB(ESHOOTING ADVICE, ETC). IF You
CWisH T LEARN  MORE  ABouT ELEGTROMICS
SEE OTHER Rooks 1IN THIS SERIES  AND
RADIO SHACKS "GETTING STARTED IN
ELECTRoNICS. " ALSO, READ MAGAZINES LIKE
PO PULAR g,;cTRomgs AND RADIO-ELECTRONICS.
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HISTORICAL NOTE

THE OPERATIONAL AMPLIFIER WAS DEVELOPED
FOR USE IN ANALOG COMPUTERS IN THE
1940 s. EARLY OP-AMPS USED VACUUM TURES
AND WERE LAREGE N SiIZE  AND CONSUMED
CONSIDERARBLE POWER. IN 1967 FAIRCHILD
SEMICONDUCTOR INTRODUCED THE FIRST
INTEGRATED CIRCUIT OP-AMP, TODAY'S IC
OP-AMPS ARE FAR SUPERIOR TD THEIR
VACUUM TUBE PREDECESSORS, AND THEY
ARE MUCH SMALLER AND CAN BE PURCHASED
FoR AS LITTLE AS A DoLLAR ©OR TWO.. :
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INTRODUCTION

THE  OPERATIONAL AMPLIEIER OR OP-AMP
13 A RIGH PERFORMANCE LINEAR AMPLIEIER
WITR AN AMAZING VARIETY OF USES. THE
OP~-AMP HAS TwWO INPUTS, INVERTING (-)
AND NON-INVERTING (4), AND ONE OUTPUT.
THE POLARITY OF A SIG6NAL APPLIED TO THE
INVERTING INPUT (S REVERSED AT THE
OLTPUT. A SIGNAL APPLIED TO THE NON-
INVERTING INPUT RETAINS |ITS POLARITY AT
THE O UTPUT.

THE GAIN (DEGREE OF AMPLIFICATION) oOF
AN  OP-AMP |S DETERMINED BY A FEEDBACK
RESISTOR THAT FEEDS SOME OF THE
AMPLIFIED SIGNAL FROM THE OuTPUT To THE
ANVERT ING INPUT. THIS REDUCES THE
AMPLITUDE OF THE OUTPUT SIGNAL, HENCE
THE GAIN. THE SMALLER THE RESISTOR,
TRE LOWER THE GAIN.

RERE S A BASIC INVERTING AMPLIFIER
MADE  WITH AN OP-AMP:

Re GAIN = Re /R
AAA
Vour = —Vin (Re /Rw)
Rin tV

l' V‘N o_/\N\._ -
: : OP-AMP b > Vour

+ ¥_  LINEAR
‘g I: : OUTPUT
- "V >
= Vin

TRE GAIN IS INDEPENDENT OF THE SuUPPLY
VOLTAGE.. NOTE THAT THE UNUSED INPUT
IS GROUNDED. THEREFORE THE OP~AMP

AMPLIFIES THE DIFFERENCE BETWEEN THE
INPUT CViN) AND GRoumnD (0 vocTs)., THE
OP-AMP IS THEN A DIFFERENTIAL AMPLIFIER.

o



THE FEEDRACK RESISTOR (Rf) AND AN
OP-AMP FORM A CLOSED FEEDBACK LOOP. WREN
Re IS OMITTED, THE OP-AMP is SAID TO BE IN (TS
OPEN LDOP MOOE THE OP-AMP THEN EXHIBITS MAX-‘,
IMUM GAIN, BUT ITS OWTPUT THEN SWINGS FROM .
FULL ON TD FULL OFF OR VICE VERSA FOR VERY
SMALL CHANGES I[N INPUT VOLTAGE. THEREFORE.
THE OPEN LOOP MODE 1S NOT PRACTICAL FOR
LINE AR AMPLIFICATION. INSTEAD THIS MODE IS
USED TO INDICATE WHEN THE VOLTAGE AT ONE
INPUT DIFFERS FROM THAT AT THE OTHER. IN
THIS MODE THE OP-AMP (3 CALLED A COMPAR-
ATOR SINCE IT COMPARES ONE INPUT VOLTACE
WITH  THE OTHER.

POWERING OP-AMPS

MOST OP-AMPS AND OP-AMP CIRCUITS REGUIRE
A DUAL POLAR\TY POWER SUPPLY. HERE IS A
SIMPLE DUAL POLARITY SUPPLY MADE FROM TwWoO
d-VOLT RATTERIES:

9 yoLTS 9 voLTS
+Ci\/<—-+—’|,|'f ' ‘”II l*—-——» -qv
_I, GROUND

—
-

IMPORTANT : THE LEADS FROM THE SuPPLY TO THE
OP~AMP SHOULD BE SHORT AND DIRECT. IF THEY
EXCEED ABOUT ( INCHES, THE OP-AMP's ;
SUPPLY PINS MUST BE BYPASSED BY CONNECT-
ING A 0.1 uF CAPACITOR BETWEEN EACH
POWER SupPPLY PIN AND GROUND. OTHERWISE
THE OP-AMP MAY OSCILLATE OR FAIL TO
OPERATE PROPERLY. ALWAYS USE FRESH BAT’TERIES
BOTR MUST SuPPLY THE SAME VOLTAGE. BE
SURE THE BATTERY CLIPS ARE CLEAN AND
TMGHT. NEVER APPLY AN INPUT SIGNAL WHEN
THE POWER SUPPLY IS SWITCHED OFF, :
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OP—AMP SPEC\F]CATIO MS

op—mps ARE CAARACGTERIZED BY Dozﬁus of

SPEQ\FchT\oMs, SOME OF WHICH ARE Gwsu!
ON THE Fou_owwcs PAGES, THOSE | wuasﬁ .

MEAMM& ls MD’T onous ARE..

myw on:se.r VDLTAGE‘7EVEN WITH NO | IMPCJT
‘vourAse AN OP-AMP GIVES A VERY SMAL.L

. QuUTPUT  VOLTAGE. THE OFFSET VOLTAGE IS -rHAfr,,

| WHICH, WHEN APPLIED TO ONE. InpUT, cAusES.
’\'.HE ouTPuT T . BE . AT o VOLTS '

i fcammou MODE REIEQT‘[ON RATIO — THis I A

 WIRING. USE FRESM BATTERIES.

‘MEASURE' OF THE ABILITY OF AN OP-AMP  TO

“ %’,,R&:ecv A S\GNAL swun_rAmeouswaPPLlED

TD Bo‘r H INPUTS R

BANDW\DT’H THE FREQUENCY RANGE OVER wmca; '

AN OP=AMP WILL FUNCTION. THE  FREQUENCY

"'5’;A-r WHIGH THE GAIN FALLS  To 1 ,rs ,-me

UNST\/ GNN FREQUﬁMC\h o

SLEW RATE- THE RATE OF GHANGE N TE

OLTPUT OF AN OP-AMP IN' VOLT S . PER
M\cRosﬁcoMD wHEN THE. c;Aw g 1.. :

;;CIRCU T ASSEMBLY TIPS

{\/ou, CAN SUALL\/ SugS’rnuTE DlFFEREM'T
OP-AMPS IN A ciRcuIT. FOR EXAMPLE, ' usE

A 1458 DUAL OP-AMP In A CIRCUIT. THAT ;

REQUIRES TWO 74L 0P-AMPS. RE SURE TO
KEEP TRACK OF PIn DIFFERENCES. FOR
VER‘I HIGA INPLUT RESISTANCE AND Low -
OPERAT1M6 CURRENT, USE CMOS OP- AMPS.
USE A H\GH-IMPEDANCE VOLTMETER TD
MONITOR THE OUTPUT OF AN OP-AMP THAT
1S AMPLIFYING A d.¢. VOLTACE. IF A CIRCUIT .
FAILS T WORK, REMOVE |NPUT SICMAL FIRST.
THEN DkSCONMEQT POWER AND CHECk'. .THE.

"7



741 OP-AMP

TRE 741 18 A OFFSET O
HIGHLY POPULAR wuLL [
GENERAL PURPOSE

OP-AMP. T IS v [Z] 7] +v
SIMPLE TO USE, ‘ >—l |
RELIABLE , AND +iv [ __é_-[ ouT
INEXPENSIVE, , o
IT 1S USED IN -V E , S| oFFsET

MbST CIRCUITS NoLL
N THIS BOOK. :

8] unwsep

MAXIMUN RATINGS

SULPPLY VOLTAGE 18 VvV
POWER DISSIPATION 500 wmW
DIFEFERENTIAL INPUT VOLTAGE £330 V
INPUT VOLTAGE (NOTE 1) -V A
OUTPUT SHORT CIRCUIT TIME INDEFINITE
OPERATING TEMPERATURE o°c TO 10°¢C

NOTE 1% INPUT VOLTAGE SHOULD NOT EXCEED
SUPPLY VOLTAGE WHEN SUPPLY VOLTAGE IS
LESS THAN * 415 voLTs.

CHARACTERISTICS  (ore 2)

INPUT OFFSET VOLTAGE 2 710 b mV
INPUT RESISTANCE 23 T0 2 MSL
VOLTAGE GA|N 20,000 TO 200,000
COMMON—MODE REIECTION RATIO 70 TO 90 dB
BANDWIDTR .5 10 1.5 MHz2
SLEW RATE 5V / msEC
SUPPLY CURRENT 1.7 o 2.8wA
POWER CONSUMPTION 50 m 85 mw

NOTE 2: VALUES SHOWN ARE TYPICAL OR
MINIMUOM  TO TYPICAL.

8
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CTRE AMPLIFIERS rin B

1458 DUAL OP-AMP

THE 1458 INCLUDES O

TWO INDEPENDENT, oOUT E; ; E +V
~ 4

GENERAL PURPOSE

OP-AMPS 1IN A -in 2 7] out

SINGLE  PACKAGE, £
S

SHARE. COMMON |

POWER SUPPLY PINS. -V  [4] 5]+

‘USE TD REPLACE
TWO 741 opP-AMPS.,

MAXIMUM RATINGS

SUPPLY VOLTAGE ; 1 v
POWER DISsipATION 400 mwW
DIFFERENTIAL INPUT VOLTAGE 20 v
INPUT VOLTAGE (NOTE 1) ) 15 v
‘OUTPUT  SHORT CIRQUIT TIME INDEFINITE
OPERATING TEMPERATURE 0°¢ To 10°C

NOTE 1! INPUT VOLTAGE SHoulD NoT EXCEED
SUPPLY  VOLTAGE WHEN SUPPLY VOLTAGE IS
LESS -THAN 215 v

CHARACTERISTICS (uore 2)

INPUT OFFSET VOLTAGE 10 b wmv
INPUT  RESISTANCE SO L MA
VOLTAGE GAIN 20,000 10 1L.0,000
COMMON=MODE. REJECTION RATIO 70 T0 90 d8
SUPPLY CURRENT (NOTE 2) 3710 5.6 mA
POWER CONSUMPTION 85 mW

‘NOTE’L: VALUES SHOWN ARE TYPICAL OR
CMINIMUM  TO  TypPical.

NoTE 2 : BOTH AMPLIFIER S,



339 QUAD CON\PARATOR

THE 339 N
CONT AINS :] Ou‘r3,
FOUR : .
INDEPENDENT : j our'-y
COMPARATORS,

MAKING (T AN ] | GND )
ECOMOMICAL |

APPROACA TO | Y +\Nq
COMPARATOR ﬁ ; ‘
CIRCLITS. 1T +INY { —d] ~wy
OPERATES ' \ N S
FROM A L9 +1n3
SINGLE POLARITY : B ‘

POWE R SuPfLY.

B - IN3

MAXIMUM  RATINGS

SUPPLY VOLTAGE ‘ , 136V OR 18V
POWE-R DISSIPATION 870 mWwW
DIFFERENTIAL INPUT VOLTAGE 3%V o
INPUT  VOLTAGE. L =3V .T0 +3(¢v,; R

OUTPUT SHORT cIRculT (NoTE 1) CONTIMUOUSj
OPERATING TEMPERATURE 0% T 10°C

NOTE 1! OK TO SHORT OUTPUT TO GROUND. :

DO MOT SHORT ouTPuT TO +v SmcE c,HlP
WILL  OVERHEAT.

CHARACTERISTICS  (note 2)

INPUT OFFSET VOLTAGE t2tpt20mV
VOLT A GE GAIN 2,000 TO 30,000
SUPPLY CURRENT .8 O 2 wmA

OUTPUT SINK CURRENT b TO1lbmA

NOTE. 2 : VALUES SHOWN ARE MINIMUM TO
TYPICAL. n
10



SIMPLE: TO USE
AUDIO AMPLFIER
WITR &AIN OF

20. OPERATES
FROM  SINGLE
POLARITY SUPPLY.
CONNECT 10 uF
‘CAPACI TOR BETWEEN
PINS L AND 8 FoR
6AIN OF 200.

286 AUDIO AMPLIFIER

+eain |1 O
-IN |2
+iv [3]
SN

E] GAIN
:ﬂ BYPASS
] +v
HE

MAXIMUM  RATINGS

SVPPLY VOLTAGE
POwWER  DISSIPATION
INPUT  VOLTAGE

OPERATING TEMPERATURE

CHARACTERISTICS

SVPPLY VOLTAGE RANGE

STANDBY CURRENT
OUTPUT POWER
VOLTAGE GAIN
"BANDWIDTH

TOTAL HARMONIC DISTORTION

ANPUT  RESISTANCE

TYPICAL APPLICATION

GAINZ= 20 +V

+

10K
VOLUME

+15 V

b0 MW
to.4V

0°c 10 70°¢C

+4TD+ 12V
4T0 8 wmA
250 TO 325 wa W
20 TO 200
200 KHz2
0.2 %

SOK QL

CONTROL




RASIC INVERTING AMPLIFIER

t+v INPUT IS
V=323 10 245V T RZ INVERTED
A AT OuTPUT, -
N o

R1
3 I——*—%
ANz ~(R2/ Rl)
R3 -V

R2 =(R1R2)/(R1+R2) |

EXAMPLE: IF R1 = 1000 oHMS AND
R2Z= 10,000 OHMS, THEN GAIN IS
- (10, 000 /1600) ok =10.

THIS (S ONE oOF THE MOST COMMON OP-AMP

CIRCUITS. FOR A NON-INVERTED ouTPuT.
LVSE THE AMPLIFIER ON THE FACING PAGE,

UNITY-GAIN INVERTER

R1 tVvV R2 USE AS A
1K T\ 1K RUEFER OR
Vin o~AA T0 CONVERT

=“Vour TO * Vour.

Vour

Vour = — Vin

V=£2 10215V

i

12
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NON-INVERTING AMPLIFIER

Vin Vv
\YJ
N o 3+\k ouT
-V 741, G > L\
2——
L1
V=t 3 To2185V
"2
R2
PAVAVAN

R1
cain = 1+ (R2/R1)

EXAMPLE: IF R1 = 1,000 OHMS AND
R2= 10, 000 OHMS, THEN GAIN IS
1+ (10,000 /1,000) orR 11.

NOTE THAT Voot 1S AN AMPLIFIED BUT
NOT [NVERTED VERSION  OF VUi,

UNITY -GAIN  FOLLOWER

NV=%3 o ti5Vv

CiRCLIT,

b Vour

tv VSE TO
7
Vin 4
l.'

BUFFER Slenal

FROM  ANOTHER
-V

VouT = Vg

12



TRANSCONDUCTANCE AI\APL\F\ER |

+V Tonr = CURRENT R

V=t2 To £1SV THRoLGH LOAD,

Nin o____é-.+ Y
. VouT

2
RL (LoAD)
Vour = [V‘N (Ri*ﬁl)] / RZ R2
Tour = Vour / ( Ri+ R?-)
IOUT = V\M / 22- —:

THIS  CIReuU\T 1S A VOLTAGE —TO-CURRENT
CONVERTER. HERE'S HOw IT PERMITS AN
INPUT VOLTAGE TO CONTROL THE EBRIGHTMNESS
CFE AN LED! ‘ ,

+qvy
R
R3 21 LK
1oK 3 A
2

R2 CONTROLS LED
Viin. VARY '
R2 To Ny
ALTER Iou-r,
HENCE. THE
BRIGHTNESS RL
OF THE LED, HK

1"[

14



: T‘R‘ANSl"M‘PEDA‘NCE AMPLI F\ERA

- 7 ; 4y ;
V=%3 1o 1SV ; T RY o
Ty o _ 20 o
| | 7ML e | Vou'r .
, 3y :
L ‘ GAIN = Vou'f /Im
- o=V
GAINE ~R{

EXAMPLE: IF R1%=1,000 OHMS THEN GAIN =
-1,000. ‘

THIS CIRCUIT 1S A CURRENT-TO-VOLTAGE

. CONVERTER. HERE'S How T TRANSFORMS
TRE CURRENT GEMNERATED B\/ A SDLAR csu.
ANTO AN OUTPUT VOLTAGE : o

b
: b VOUT:
STRYar] o
SOLAR - ‘ ' Lo
CELL //4 USE R1 TD VARY.
: 3 ~9v THE CIRCUIT'S
e — GAIN,

THIS CIRCUIT CAN AMPLIFY THE SIGNAL
FROM  NON- CURRENT GENERATORS LIKE
THERM\STORS AND PHOTORESISTORS. CONNECT
ONE SIDE OF DEWWCE TO +4Qy AND THE
OTHER TO PIN 2. GROUND PIN R.



SINGLE-SUPPLY AMPLIFIER

+S T0 +18V
Vour = "(RZ/Rl) 1

ot

L RL R3
47 1K 47K

o o

THis POINT =7 |
s Yz + V. Ry ; % R,
47k ,

— o e e wm me e

1y

THIS 1S AN INVERTING AMPLIFIER DESIGNED
TO OPERATE FROM A SINGLE= POLARITY
SUPPLY, WITH THE VALUES FOR R1 AND .
R2 GIVEN ABOVE, THE G&AIN 1S LoO.
CAPACITORS (C1 AND C2 MUST BE USED.
TREREEORE THIS CIRCUIT witl AMPLIFY A
FLUCTUATING AC SIGNAL BUT NOT A DC

S\GNIAL.

Cl SHouthD BE APPROXIMATELY L/(2T $cow Rl)
(Fow 1S THE Low FREQUENCY CUTOFF OR 300 Hz.
FOR THE CIRCUIT ARBOVE.) C2 _SHouLD BE
APPROXIMATELY L1/ (27T fow R4). (Re

THE LOAD RESISTANCE.)

THE OUTPUT FRomM A DUAL-SUPPLY OP-AMP
CAN FLUCTUATE ABovE AND BELOW GROUND
(© voLTs). HERE THE DIVIDER FORMED BY
R2 AND R4 SETS Vour AT 1/2 +V. THE
OUTPUT THEN FLUCTUATES ABOVE AND

BELow 1/2 +V LIKE THIS:
§ OUTPUT SIGNAL

1/2 VFM\/WMA/WW
1b




? AUDIO AMPLIFIER

. THE 741 1S A PREAMPLIFIER. R2 CONTROLS
ITS GAIN. THE 386 'S A POWER AMPLIFIER,
R2 CONTROLS THE VOLUME OF THE SPEAKER.

. OK TO USE FIXED 100Kk RESISTOR FOR RZ.
(REDUCE RESISTANCE OF R2 \F CIRCUIT OSCILLATES

. OR GIVES DISTORTED OUTPUT.) IMPORTANT : BYPASS

- THE POWER SUPPLY CONNECTIONS WITH O.1 uF

CAPACITORS.

AUDIO MIXER

f 10K - 10K OK TD USE

INL o AAAL ANAAL WITH THE

' ‘ ‘ AMPLIFIER

: ' 10K AROVE.

IN 2 o A ‘ :

: b OUTPUT

: 1ok

AN 3R o MMA] 10k USE wWITH

, MULTIPLE
= MICROPHONES,

L7



SUMMING AMPLIFIER

R1 R3 ,
10K 10k V=18 To218Vv
Viul oM AN - .
For TEST AT.
R2 LEET V=Z10V.
oK ' Lo
Vin2 oA

. VOUT
TEST REsSuLLTI

Vlui-: +4.0v
Vin2z=s + .8V
Vour = —4.8V

Veour =~ (\/lul + V(N?.)

THE OUTPUT OF THE SUMMING AMPLIFIER
IS TRE SUM OF THE I[INPUT VOLTAGES TRE
SUM OF THRE INPUTS ShoutD NOT EXCEED
£y LESS A VoLT OR Two. OK TO ADD MDRE
CINPUTS. (USE 10K RESISTOR TO PIN2  FOR

EACH INPUT.) THE CIRCUIT BELOW PRESER\JES‘
THE POLARITY OF Vin

R1 R3 Rb
10K 10K 1K
Vig Lo— AN A _ N
RZ TtV
10K RS
2
Viu Z o—/ VN -5 8 . 1K .
2 |14s8 A 7] v
* 14 5 > WT
RY -V
1K R’?
Vour® Vinl +Viu2

18



DIFFERENCE AMPLIFIER

R1 R3

. ook took V=tsv 1O 115V
VinLlogoMA e - AN
: . FOR TEST RELOW
o +V V= 2low.
- R2 2
L0 100K > Voir
Vin2 o ‘
L TEST RESULLT:
Viel = 0.9 v
Vw2 = 5.0V
Vour = 4.1V

,‘: Vovr = Vg2 = Vinl

THE OUTPUT OF THE DIFFERENCE AMPLIFIER

1S Viw2-Viel. THE INPUT VOLTAGES

CSHOULD NOT EXCEED T V. THE CIRcuIT
. BELOW REVERSES THE POLARITY OF
i‘VlNZ'._ Vlul :;

R1L R3 R
1LoOK 100K 1K
) NN

VOUT =
- (VmZ" Vin 1)

19



SUAL-SUPPLY INTEGRATOR |

CL

20

10K -

XY R1 ouT o
4.9K 0.1 uF -
RZ 1
TRE OUTPUT OF 4K RLA10 %R
THE |\ NTEGRATOR 4 AN ¢
\S PROPORTION AL cL=L/fR2
TO AMNPLITUDE +y o
OF INPUT TIMES Rz=s1/fcC1
DURATION OF 21 7 ‘
INPUT. USE TO LN @ £=1nPur
MAKE TRIANGLE 2 Y FRE QUENCY
WAVES, FOR “4 o
Low —PASS FOR VALUES SHOWN
FILTER, ETC. R3 =~V AND £=2000Hz,%2.5-
AnkK VOLT SQUARE WAVE,
R3= R1 R2 THE oOuTrPUT IS A ,
Ri+RZ = £1.3-voLT TRIANGLE,
QINGLE-SUPPLY INTEGRATOR
(N R1 cL ouT
AMF WK 0.4 MF
RZ ‘
_ J_{_J%_ 47K
+V AN\ FOR VALULES
I~ SHOWN AND
+V = 2,000 Rz ,
3 2.5 vours,
10K THE OUTPUT 1§
AtL.3-voLT

TRIANGLE WAVE,

v=+S§ Tto +185V



JDUAL-' SUPPLY DIFFERENTIATOR

clL R2 ouT

| Lno .1,41: 4.7K

/\/\ P ~fHH-
TV
THE OUTPUT OF | ,
THE DIFFERENTIATOR cL=1/FR2
AS PROPORTIONAL
TO THE DERIVATIVE RZ=1/%fcL
OF THE INPUT. ; ,
: , 1 (OR)
= -V

v=tgy 1o sy 1/€=r2c1

FOR VALUES SHOWN AND £=72 000 Hz , 2 2.5-voeT
. TRIANGLE WAVE , THE OUTPUT I1s A % 10 -voT
‘SQUARE  WAVE.

THE DIFFERENTIATOR witL TRANSFORM A SQUARE
WAVE  INTO  PULSES :

Rt eyy U =Yy
SINGLE—SUPPLY DIFFERENTIATOR

CZ Rt Q1 RZ ouT
A uF 470 01 uF 4.1K

N c,__K_/\N\__'L

FOR VALUES

+vV SHoOWN AND
22,000 Hz,
AMA x SVOLT
R3 THE OUTPUT'
10K AAA IS 1.2 voLT,

10K - 21



DEAX DETECTOR

R1
10K

IN o AAA_2]

2

V=3g t0 15 votts

THIS OP-AMP 1S
A VOLTAGE

D1 ~ FOWLOWER THAT,

RZ g 7 1N914  BUFFERS CL

10K FROM THE QuTPVT,

< ‘/ ; o

TV 7 o

Ll1458 — OUT
st s Ct A
RESET TiTOlO/MF ™

&

L

—

THIS CIRCUIT FoLLowsS AN INCOMING VOLTAGE
SIGNAL AND STORES THE MAXIMUM VOLTAGE.
IM @1, PRESS S1 TO DIsCHARGE C1 AND
RESET CIRCUIT. CONNECT A VOLTMETER
FROM OUTPUT TO GROUND TO MEASURE THE
PEAR VOLTAGE STORED IN Cl. THE CIRCUIT
FUNCTIONS LIRE THIS S - ,
DRIFT
+V OUTPUT _cooo—X

...... | x

INPUT

TiME —— >

NOTE HOW THE OUTPUT FoLLowS THE PRECEEDING
HIGH (PEAK) INPUT. ALSO NOTE THAT THE CHARGE
ON Cl WILL GRADUALLY LEAK AwAY, ¢1 1IN
THE TEST CIRCUIT FELL 10 MILLWOLTS / SECOND.

22
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INVERTING CLIPPER

: R1 V=Esy0% 13V
S 1K D1 b2

INPUT "‘M/\‘T““NZ“JK}— D1 AnD D2 ARE
: ) 2ZENER DIODES.,
: ~ R2 THEIR BREAK DowN
WSE T LimiT 10K VOLTAGE 1S WHAT
OVERLDOADS IN —— MA_____ | DETERMINES
AUDIO AMPLIFIERS THE CLIPPING
AND TO CONVERT +V LEVEL.
SINE WAVES TO
‘SQUARE WAVES. 2
{ ~ b OUTPUT

. GAIN= —~RZ/RL 31

4 TYPICAL WAVE FORMS:

. R3 ;
o BAR

—
-

| VALUES SHOWN GIVE - (£10) ouT M
‘GAIN, D1=D2= 8§ voLrs. ‘

" NON- INVERTING CLIPPER

+V V=5 To21SVy

3. OVTPUT

TYPICAL WAVEFORMS

R2

10K ouT m
DL=D2=5v DL p2 GAIN = L+ R2/RL
‘ L__H_ VALUVES SHOWN
GIVE Y11 GAIN.

13




RISTARLE RS FLIP-FLOP

Y V=25 TO %18 VoLTS
A A
ok TDO LSE
R3 é RED /GREEN R7
o BICOLOR LED ik
FOR LEDS. ; Ra
o 1K
R1 4
Hk Ry = Re
R o-MA_YL 1x ' Q7 .
IN2222
S o MNAGE '
RZ
H4,11K 282222

-V

D1 AND D2 ARE
OPTIONAL S.1-VoLT
2ZENER DIOPES.
SEE BELOW.

—_

LeD 1
b1 E / }Z
o B ;

|
|

L-..---*-----

£
p—
=

THIS CIRCuUIT DEMONSTRATES HOW AN ANALOG

CHIP CAN  PERFORM A DIGITAL LOGIC EUNCT\ON,
(THE COMPARATOR 1S ANOTHER EXAMPLE.)
HERE IS THE TRUTH TABLE!

INPUT LED THESE OUTPUTS

R S 1 2 HAVE MEMORY
LoD | vV oN | OFF |=<—— AND HoLD THEIR
coDl-Vv |ofr | ON | STATE EVEN WHEN
+V GND | OFF ON < |NPUT FLOATS.
-\ 6D ON | OFF

24

VSE D1 AND D2 TD
LIMIT OuTPuT LEVEL.



MONOSTABLE MULTIVIBRATOR

tv
¢1L A y=ts Totisv
: 01 mF :
(o ' 2 I
o ' + , ‘ ‘
TRIGGER o> R1 /"‘ c2 1t outeur
PULSE 22K 00L-1mF T puLse
, { R3
R2 Y 10K
50K -V

A NEGAT\WE TRIGGER PULSE CAUSES THE OP-AMP
OLTPUT TO SWING FROM Low TO HIGH FOR A
"fIME A PPROXIMATELY EQUAL TO RZ x (2. USE
TO DWIDE AN INCOMING SI6NAL AND  TO
CONVERT AN IRREGULAR INPUT PULSE TO A
UNIFORM OUTPUT PULSE, TYPICAL RESULTS:

+5 > kK .1wmsee

TRI\GGER
- PULSES 0 |----- | S UM [ S I S

v=tqy

PvipE-BYy-1

- uUTPUT
Ci= .OOl/uF
R2= 25K

D\WVIDE-RY-2

CUTPUT
Cl= .O1luF -25
RZ= 182K

O Frcrmeaaeaea i aa {..-_--4----_..-----

NOTE: USE THE 555 FOR MORE VERSATILITY,.
2.5



RASIC COMPARATOR

A COMPARATOR S AN ANALOG CiRcUIT
THAT MOMITORS TWwWO INPUT VOLTAGES,
ONE VOLTAGE |S CALLED THE REFERENCE
VOLTAGE (Verer) AND THE OTHER 1S CALLED
THE [INPUT  VOLTAGE (Vin). WHEN Vin
RISES AROVE OR FALLS BRELOW \/ae:’, THE
OUTPUT OF THE COMPARATOR CHANGES ‘
STATES.,  SOME CIRCUITS (LIKE THE 3239)
ARE DESIGNED SPECIFICALLY AS :
COMPARATORS. DUE TO TS VERY HleH
OPEN -~ LOOP GAIN, AN OP-AMP wITHOUT A
FEEDBACK RESISTOR CAN  FUNCTION AS
A COMPARATOR,

) REF o> 2

Vour

Vi o—-3]

NON— IWVERTING
COMPARATOR

'

WHEN Vi EXCEEDS VReEF, OUTPUT
SWITCHES FROM Low 0 HIGH.

VRE,F o—-—-—3
Vour L
VIN o..——-?;
INVERTING
COMPAR ATOR

—

WHEN Vin EXCEEDS Vege, OUTPUT
SWITCRES FRoMm HIgH TO Low.

26



BASIC COMPARATOR (CONT.)

+9y  NON-INVERTING

COMPARATOR
e | ~ RY
e - R3 470
Rt | r2 2> 4K
10K | 1ok ; 741
R 3+ o : ‘
$ | » 4 QL LED
o 282222 '
| N R
R

——
-

BUILD THIS SIMPLE CIRCUIT oN A  PLASTIC
BREADROARD TO LEARN. BAsics OF TRE
COMPARATOR. Ri AND R2 FUNCTION AS
VOLTAGE DIVIDERS THAT SULPPLY A RANGE
OF VOLTAGES TO RoTtH 741 |INPUTS. Q1
SWITCRES . CURRENT TO THE LED WHEN
THE OUTPUT oF THE 741 GoOES Hlél-\ THE
CIRCUIT WORKS LIKE THIS:

:ASSUME R2 15 SET TO |TS CENTER PoSITION
TO GIVE Veer = 4.5 voeTs (9v/2 =4. sv}
Rl THEN CONTROLS V.

q _<—— LED OFF >he—(ED ON—>
8L , Y
o Z— | Vour = 8.2V
S qi —~—— \gefF = 4.5V
~ 3 Vwr=1.QV1‘ ‘
A
; 1L
L ] /] 1 i L 4
o} 1 2 2 Y CY [ 7

Vs (voLTs) )
-



RASIC WINDOW COMPARATOR

+V
tv=5T01S Vv

Ok TO USE 741,
339, ETC.

Ve EF

(WL GH) ~

Viw o———-——JL

VREF o

(Lo w)

THIS 1S AMONG THE MOST VERSATILE OF
COMPARATOR CIRCUNVTS. ASSUME Vegr (HIGH)

s 5.5 votTs AND  Veer (LOwW) S 2.8 voLTS.
C\RQUIT THEWN OPERATES LIKE THis:

Veee (Low) )

QVREﬁ (HiGH)
> <—— W {NDOW —>
O o
i I} 1 | 1 1 J
e 1 2 3 4 5 G 7
Vin (voLTs)
OMNE OR RBOTH REFERENCE VOLTAGES CAN BE
SUPPLIED BY A VOLTAGE DIWVIDER:
'}\V‘ Veer 1Y Vese
Ry re L oe
Veer = +V <.___R..2__ Veer VARIES =
, R1+ R2

28



WINDOW COMPARATOR  (CONT.)

RL=RZ= R3=100K

<J

-

BUILD  THIS CilreniT ON A BREADBOARD TO
LEARN BASICS OF THE WINDOW COMPARATOR.
USE VOLTMETER TO SET Veer HIGH (R1) AND
Vege Low (R3). (CONNECT PROBES ACROSS PIn 2
OF 1458 AND GROUND ; ADJUST R1. REPEAT

FOR PINS  AND GRGUND, ADIUST R3.) ADJUST
R2 TO VARY WVin.

‘Vin AT OR ABOVE Vees RIGA: LED 1L ON
Vv WITHING WiNDOW LED Z ON
"Visgs AT OR RELOW Veer LOW | LED 3 ON

WHEN Vg IS BELOW O.b VoLT, BoTH LEDL
AND LED 3 SWITCH ON.

29



3-STEP SEQUENCER .

PRESS S1  +9V  USE TO START AN
. TO RESET. 4\ Amommc 3-s-ra1> ss&u&mce :

b

» R1 - RY - ‘ : > R

4K | IM T ) A 410
o , L AN2222
S 2_(\18 : g e ; .
\ ! 3 1‘158 DI :
v , ‘ bL
1 81 RS S 1nquy
1k : .
g Rz 1»—0—1— 7 : o
< 4.9K ‘ 1= RV * oK TO DR\WVE
; , o N EXTERNAL CIRCUIT.
3w 1 I bELA\ﬂ'—
1) 1,25 1 Ry 2 [ 3
: us 1
, + 1oK ]| ‘L. 2
. | T | b2 100k | G| 14
o Re S iN914 L_1M|S1 {177
R T ct 1K ~
41K | 100uF | . buTPUT L=O
LED3 "  Toray v SECONDS
£+

CTHIS 1S A WINDOW  COMPARATOR THAT
SUPPLIES A 32-STEP SEQUENCE OF OUTPUT
SIGNALS. PRESSING Si DISCHARGES C1 AND
LIGHTS LeD 1 (AnD LED 2 BRIEFLY). Q1 THEN
CHARGES THROUGH R4, AS C(CHARGE ON (L
PASSES 3 AND b VoLTS, LEDS 2 AND 3 Glow
IN  SEQUENCE. REDUCE R2 TO RALANCE
TIME DELAY SEQUENCE AND REDUCE DELAY
TIME, DELAYS SHownN wilL VARY WITH
TOLERANCE OF (1.

20 :



RARGRAPH VOLTMETER

b

100K S

LED L R

R2. é
1K
R3

1K

LED3 RE
ai, 1K
4 1414 AN
L
Ry v
1K
: LEDY R4
11 ‘*L"/q 1K
13 N
| 10| 339 ' —
1K
Rl coNnTRoOLS
o—rd SENSITIVITY.

N

.”—ﬁ

OK TO vLsE
741 OP-AMPS.

' CUSU——

LEDS GLow IN SEQUENCE AS INPUT VOLTAGE
RISES., LEDS ALSO RESPOND TO CHANGE N

RES\STANCE AT INPUT, TOUCH INPUTS WITH

FINGER TO OBSERVE. CONMNECT (CdS CELL

ACROSS INPUTS TO MARE LIGHTMETER.

31



"“\LIC-.HT-ACT\VATED RELAYS
PHOTOTRANS STOR

+9v  VERY rFAsST Rsspomss_f

: A AND RECOVERY ' TIME.
Ql ; ; N
PHOTO TRANSISTOR o , L
S | RL 47
LN \ : iM R ~
j\\ ? 27 CAK L NNz

m

) | 716 | AAA
i Sy , '
S 4 RELAY

(RADID SHACK
215 ~004)

—
-

ILLUMINATE Q1 TO ACTIWATE RELAY.

PHOTORESISTOR: |
ds +4v  [LLUMINATE CASkCEL:’L :
PROTORESISTOR ,T TO ACTUATE RELAY.

b @

RL
, lookg

(RADIO SHACK
2715-004)

1M REVERSE 741 InPUTS
(SENSITWVITY)| TO REVERSE OPERATION.
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LIG HT-‘ C.T\ VATE D ALE RT E R

cds - *qy
PHOTORE SISTOR jA
N — '

RZ Q1L
1OK  2N2222

RL 2
100K | R2
LooK

-

RUZZER EMITS TONE WHEN PROTOCELL s =
ILLUMIER ATED. R2 CONMTROLES SENSITIVITY.
,RH KEEPS QL OFF unTIL THE 741 OuTPuT

. GDES R\GH. USE AS SUN-ACTIVATED WAKEUP
ALARM AND OPEN REFRIGERATOR DOOR ALARM.

DARK—-ACT\VATED ALERTER

4 s - +9y
. PRAOTORESISTOR 1\
N
i' ‘ RZ a1

10K  2N2222

R1
100K

g

IDENTICAL TO ABOVE CIRCUIT EXCEPT =
INPUTS  TO 741 REVERSED. OK TO REPLALE .
PIE20 BL22ER  WITH RELAY (No.27S- ooq)

33



Ll GHT-SENSIT \/E OSC\LLATO RS

R1 %/
1K : CdS ,
PROTOCELL
Y1 ¢t FREQUENCY
T LufF INCREA SES
BS LI\GHT
RZ é LEVEL AT
10K CdS cCeLL
RISES.,
R3
10K :
N > OK TO
~ CONNECT
PIEZO T0 3286
SPEAKER SPEAKER
. AMPLIFIER,
¥ C4s
1K @ dS 1
o
et T [LLUMINATE CIS L
T anuF TO INCREASE TOKE
FREQUENCY AND
RZ g 2\]\ CdS 2 TO REDUCE, ;
lOK 7‘[1 > 5
3!, ADIUST RS R
/ For BALANCE RS
R3 RY - | SOK
10K 1K CdSZ :
PAVAVAN /A %
\—/P\EZO |
S PEAKER

34
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HIGH-SENSITIVITY LIGHT METER

iCAunogs_a: | +

I£ cL ‘

THIS CIRCUIT 1S LY .02 uF

VERY SENS\TWE. :

TOO. MUCH LIGHT : ANAA_ R1
Wikl "SLAM* TRE ‘ ; 1M
'NEEDLE OF AN .

ANALOG METER, ___t_le___‘ QZZ .
S st 3o :, |
FuLL- ScALE o7 o A RZ
METER o ~ , looK
READINGS : 1 , o2 ‘
: , . |

S1}] METER . |§ 2 uF

1 lo-104A ; ; ‘

2 |o-1 ~A ANAA R3

3 ]10-.1 A 1oK

' ~ ¥qy '
- RY
3 sk
2

, ; \\t-
~SILICON. ZS
" SOLAR +
. CELL

e
——
-

¢ *0-1 mA METER
-qv  (PANEL OR VOM)

THIS CI\RCUIT (§ RASED UPON THOSE USED N
SOME  PREC\SION, LABORATORY - QUAL\TY LIGHT
METERS . TD ZERO METER, CONNECT Piv2
To GROUND AND ADIUST OFFSET (RS) UNTIL
METER READS O. THEN DISCONNECT PIN 2

FROM GROUND. R4 1S AN OPTIONAL CONTROL
FOR ALTERING SENSIT\VW\TY OF THE CIRCUIT.

35



S OUND-LEVEL METER

moe +Qqy

' " A
. €D ’
o &

CAUTION: USE EAR
PROTECTION WHEN -

+ » R2 MEASURING LOUD
c1 H.1K ~ SOUNDS.
M7 uF
R7
rY 1K
1M
, 2 [N
R4 41 +
SoK 3 B
g R3
4K
22K +
*O~1 mA METER | ML

4

p—

FMICROPHONE (RADIO SHACK 270-092 OR SIMILAR).

THIS SYMPLE CV\RCUIT 1S AN EFFECTIVE SOuUND-
LEVEL METER. R1 CONTROLS THE GAIN OF
THE 741 OP-AMP, HENCE THE SENS|TWITY
OF THE CIRCUIT. THE METER CAN RE A PANEL
METER OR A MULTIMETER SET TO READ CURRENT,
THE CIRCULIT WAS TESTED WITH A PIEZ20 BU22ER
THAT EMITTED A 6.5 KHz TONE AT A SounDd
PRE SSURE OF 90dB, WHEN THE BUz22ER ,
WAS 2" FROM THE RUCROPHONE ANMD R1 wAS
SET FOR MAXIMUM GAIN, THE METER
INDICATED 1 mA., AT 12" THE ouTPUT FELL
TO 0.4 mA. NORMAL SPEECH AT 12" GAVE
FLUCTUATING SIGNAL UP TO 10 4A.
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SOUND-ACTIVATED  RELAY

Yqv Ry conTROLS
SENS»TWITY,
o _
©] miek
o 3 R1
Y4IK
cz
{7 Z K>
1€ ”
c1 3
.‘1'7/AF Qi
n2222
R2
. H.K
) cH
c3 ;L— == ‘Ol .uF
10/AF F: L TS"
A ' 2
5858
7
THRIS CHIP  FUNCTIONS A___o:z
RS 8] AS A MONOSTABLE 3
iM f MULT\VIRRATOR. (ONE-SHOT) CIE
y ‘ ,
« RELAY
4 5F 10 uF 215 ~o04

FMICROPHONE (RADIO SHACK 270-092 OR SIMILAR).

THIS CIRCUIT TRIPS RELAY N RESPONSE TO
Loud SounD (voiceg, CLAP, ETC.). RS AND C3
CONTROL TIME RELAY STAYS PULLED IN (VALUES
SHOWN GIVE ~12 SECONDS). IMPORTANT i USE O.1uF
CAPACITOR ACROSS PowER SupPPLY PINS OF BoTH
THE 741 AND 5§8&. REDUCE RESISTANCE OF
R3 T REDUCE SENSITIVITY.

37



PIEZO ELEMENT DRIVERS

GATED: +vV
V= %5 10 12 VOLTS J\ ;
1 A
PiEZO ELEMENT RZ R3.

47K 100k
H\GH 2] N7
IL 741 >_6= 3
Lows 3 -
: q 'n<

HIGH = TONE OFF A1
LOW = TONE ON -

THIS CIlRCUIT IS AN ASTABLE MULT\WIERATOR N
WH ICR A PIEZ0 ELEMENT DOUBLES AS THE
TIMING CAPACITOR AND THE TONE SOURCE.
TRAGGER WITH LOGIC S\GNAL OR BY CONNECTING
Sw ITCH FROM INPUT TD GROUND.

VARIARLE FREQUENCY

V= +3 1o +18 V +v
) T ADIusT R3 TO
[ :l\ ALTER FREQUENCY
R1L | . OF TONE FRoM
4.1K R3 PIE20O BLEMENT.
1M
Z __N i
I THLTN G
L C1 34 e
A uF T4 ey t piEzo
Rz 22K <o> BLEMENT
H.IK AVAVAN ,

|}{

3&



PERCUSSION SYNTHESIZER

.
:/\Jh‘Cl 2.2 uF
RS | - 3]
10K
Ré
15K -V

R1
iM

THIS CIRCuIT
PRoDUCES A
SERIES ©OF
PERCUSSION
SOUNDS AT A
RATE CoN-
TROLLED BY
R1. BELL

FOR MANULAL
CONTROL REMOVE
R7 FROM PIN L
AND PLACE SwWITCH
FROM R7 TD

AnD DRUM
SOUNDS CAN
BE PRODUCED.

Low,

SOUND LEVEL ’]\

GROVND. R2
1M
R3
V2= ™, 1M
\
RS COMTROLS )
VOLUME., - (3 4. CH
CAVUTION: 7 001 = 001
PROTECT VYour RY
EARS BY 1M
KEEPIN & A ¢s

TO OPERATE, SET
R1,R2 AND R3 TD
CENTER POSITIONS,
THEN ADITUST Ri
UNTIL 2 0R 3
CLACK S PER SECOND
ARE EMITTED BY
THE SPEAKER,
Now ADJUST R2
UNTIL SPEAKER
EMITS A TONE,
BACK OFF UNTIL
TONE JUST STOPS.
R2 AND RY cONTROL
PITCH.

29



 LOW-PASS FILTER

Rt o1 V2%5 To £1S vb&s
IN o AA_ ll( , o

R1=R2=R R
c1=c2=¢C

CUTOFF
EREQUENCY (£o)
IS .707 TIMES

MAX | MUM
OvT PUT,

£o = 1

2T RC
AL ez g Ry
GAIN=RYy/R3 T 56K
(ABoOuT 1.59).
L

——
-~

THIS 1S AN EQUAL COMPONENMT SALLEN-KEY
EILTER. R3 SHoulb BE .58(C % R4, SHOWN
BELOW IS RESPONSE OF FITER WHEN INPUT
WAS A 1-voLT SINE WAVE: :

3,389 Hz
3,000 Hz

R=4,200 L  CALCULATED %¢
¢= .01 uF MEASURED fe

fnon

FREQUENCY (KH2) o
40



HIGH-PASS FILTER

et RL V=150 t1s vouTs
AN o ‘K AN

Ri=RZ=R A e2
cr=cz=¢ ]

CUTORF
"FREQUENCY e QLT
S 707 TIMES
MAXIMUM
OVT PUT, R3
233K
fe=_ 4
21 RC
3 R2 g Ry
GAIN= RY/R3 56K
(ngouT 1.59)
L

—
-

THIS CIRCUIT IS IDENTICAL TO THE EQUAL
COMPONENT SALLEN-KEY FILTER ON FACING
‘PAGE EXCEPT R1 AND RZ AND C1 AND C2
HAVE BEEN INTERCHANGED. BELOow IS
RESPONSE WHEN INPUT WAS A (-VOLT SINE WAVEL

R= 4008
1.5 _ C= .01l uF

O

>
©

1.0
CALCULATED = 3,386 Hz
MEASURED £¢ = 3,000 H2

OUuUT PuT
(vocrs)
0n

FINEEON WU SN WV TOT S R

o 1 2 3 4 5 & 7 8 9 1o

FREQUENCY (KHz2)
41



60 HZ NOTCH FH_TER
- WIEN BRI DGE

PEAK-TO~-PEAK SINE WAVE,

H2

IN c
R3 j
27K R1= RZ=R3==EH~RS=2’?& |
R 1 ; S
mké c2
.1,‘1:’]‘
R2 CL L RY
27K ANET 2k
1 RS
- 27K
A
TWIN TEE
R=R1=R2= 2% R3 :
C=C1=¢c2=¢3/2 Co
IN > OUT
. R1 o
470K A 2_'['1'1
-V i RC
R3 \CS L ?
120K N L ot USE THESE FILTERS
% ~ 2 TO BLOCK POWER
oos .008 LANE HUM.,
[£ i
R K 5 WIEN BRIDGE
3‘1 1 ¢ TWIN TEE
GR APH ShowSs 2z
RESULTS FOR g s
TE<ST VERSIONS M
OF RoTH FILTERS. < ol .
INPUT WAS 1-VoLT 4 too 260 300
Lo H2

 FREQUENCY (Hz)



TUNABLE BANDPASS FILTER
PR Y

AN —

ci R3 RY
OLuF 100K 220K

R c2
, 15K 0L ,F
NG A Q\L
ADTUST R2
R2 TO 1K oR SK
TUNE.
'_L V=25 Tto0%15 voLTs

—-—

"THIS FILTER CAN BRE TUNED 8Y R2Z To PASS
A NARROW FRE QUENCY RAND BETWEEN A FEW
HUNDRED Hz AND ABOUT 32,000 Hz. USE TO
DETECT: PRESENCE OF A TONE IN A SIGNAL,
ACTUAL RESPONSE Tb A 1-VOLT SINE wWAVE:

7~
Ll R2=9300 <«—R2=35010
£o= LKHz Fo=1.5 RHz
w S|
[
Pl
~ R2= 123000
- 3L < F, = 2ZKHz
e J
a 20
[
he J
Q 1L
o] 1 i 1 i

5 1 1. 2 2.5 3 3.5

FREQUENCY (KHz)



MINI-COLOR ORGAN

THAS ARRAY OF ACTWE FWTERS WILL CONVERT
THE AUDIO SIGNAL FROM A SMALL RADIO
OR TAPE PLAYER INTO A FLICKERING
PATTERN OF COLORS. R2Z QONTROLS  GAIN
OF THE INPUT AMPLIFIER BELOW, USE
RADIO/ TAPE PLAYER VOLUME CONTROL AND
R2Z TO ADJIUST INTENSITY OF LEDs,

k-2 et
INPUT 10 uF

FROM 5 & +K.___ > o—/MA
ouT PUT

STAGE,

(oR)

Low-~2 RED
INPUT
FROM 5 83
a8

PHONE WHITE
IAC-KO

GREEN

1K

TL: AUDIO INPUT
TRANS FORMER
= (R.s. wno. 273—138o)

T1 BLUE

¥ |NSERT PHONE PLUE CONNECTED TO T1 PART

WAY N PHONE JTACK SD SPEAKER wll..l. NOT
BE SWITCHED OFF, ,

LEDs VARY IN BRIGHTNESS. EXPERIMENT WITH
DIFFERENT LEDs FOR BEST RESULTS. HERE

IS ACTUAL RESPONSE OF CIRCUIT ¢

LED
BRIGHT NBSS
(%)

N
IS

100 VELL@ F GREEN

(tow) (M) (H\GH)

7]
o

o]

L i i
10 100 1,000 10,000

[

FREQUENCY (Hz2)



MINI-COLOR ORGAN  (CONT)

¢z 1 cood PROTECT

REDUCE RY AND RO TD INCREASE RED AND YELLOW

BRIGHTNESS. INCREASE R11 TO

4

RY ¢z
4K | LLuF AN
__ AN YA AAA :
, i\ RS
, 220K
b /1’
. 1" % ;
TS 1458 ——D{'—‘
: P
R RED
o 1K I LED
| & [ . re | cs
| 20 j2zuF 0 ok T L2zuF
~ 49v
o AN . A1
2 4.1:‘(58 ) D l
R l 4 YELLOW
ik L LED
- ~-Qv
AAA
R10 R11
6C.BK 20K
b
r_/\/\/\ = ., Ay
I c iqsa '—_{>}"‘""
i | GREEN
C6 R12 LED

BR\GHTNESS,

a—
pe

FOR ADVANCED
EXPERIMENTERS.

Low

A

Mip

LA

HIGH

INCREASE GREEN

4s
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SQUARE WAVE GENERATOR

+SV TD. +1sv

Z

[ o8

PLACE €2 CLOSE TO 74{. J
j“ RL | /\M [ AE
A 10K ; o RS
= , ; 100K
, 2\7 | :
, + oo
4 1ok £ S R
T | | { | JUL

Lok ~ Re - R1
| Lk M

$ ; S
. el

. B
—

THIS CIRCUIT IS AN EAS&L\/ Ab:rusTABLE.
SAUARE WAVE GENERATOR. THE TIMING
COMPONENTS ARE (1, R4, RS, R6L AND R7.
RA-R2-R3 CONTROL THE DURA TION

(R “wibTH") OF THE PULSES. THE PULSES
‘ARE SYMMETRICAL WHEN R2 IS AT (TS
CENTER POSITION. OK TO CONNECT RZ
DIRECTLY TO +V AND =, THEREBY
ELIMINATING R1 AND RZ. TYPICAL RESULTS:

CL | FREQUENCY FOR THESE RESULTS,
001 | 11,480 Ha R1-R2-R3 REPLACED BY
NN 3, 848 Hz 47K FRom PIN 3 TD
oL | 2,155 Hz +V AND 4.0k FROM
~O47 He2 ARz PIN 3 TO GRoOUND.
.1 227 Hz R4+ RS = 100K,

.47 4s Hz  RG+RT = 22K, AND
1.0 24 Hz +V = +12 voLTs.

OK. TO ADD FOLLOWER STAGE TO BUFFER OUTPUT,

Hé



Sl NE WA\/E OSCH_LATOR

: +qv
- RLU
1K

LOK
1

\J\
2
/lq/
-Qqv o
R=R%2=RrYy

AA MA__| e=¢1=cz
R3* RY * o

-

1'K'SEE. BeLtow.

—i¢ ¢

ca (e 2 ADTUST RZ
- .01 .01 UNTIL CI\RQUIT

S _ OSCILLATES.
RS | o
look —4_C3 cYy ;

—

T.ol. T .ol

b_:J____

R3, RH, RS, €1, €2, C3, AND C4 FoRim A
,sTwm TEE. FILTEFL wHEN CONNECTED
IN . THE PEEDEACK LooP OF AN OP-AMP,
"THE RESULTING CIRQUIT GENERATES A :
"SINE WAVE. THE FREQUENCY (5 J./(erc)

TYPICAL RESULTS R3= R4 | FREGQUENCY
FRom TEST 4.7 K 2926¢ Hz
CIRQLIT ¢ Lo kK 1356 Hz

1S K 327 Hz2

47



F'l_l NCT\ON G ENERATOR

FAWE SINE,

- WAVE

gRS
2 100K

CIRCUIT AS SHOWN
OPERATES AT 1KH2.
USE 1M PoT ForR RS9
TO VARY THE RATE.

INMCREASE €3 FoR

SLOWER RATE.

5 /.\\./ TRIANGLE
WAVE

~i-: SQUARE.

WAVE

AY
/
N
W

i

18
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