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THA\S Book INCLUDES STANDARD APPLICATION
CIRCUITS AND CIRCUITS DESIGMED BY THE
AUTHOR. EACH CIRCUIT WAS ASSEMBLED AND -
TE<TED BY T™E AUTHOR AS THE BooOk WAS
DE VELDPED. AFTER THE B8ooR WAS COMPLETED,
THE AUTHOR REASSEMBLED EACH CIRQuUIT T0 ‘
oW ECK FOR EBRRORS. WHILE REASONABLE . CARE
WAS EXERCISED 1N THE PREPARATION OF THIS
BOOK, VARIATIONS IN COMPONENT TOLERANCES
Ar3D  CONSTRUCTION METHODS MAY CAUSE THE
RE suLTS YoU OBTAIN TO DIFFER FROM THOSE
GIUEN HWEBRE. THEREFORE THE AUTHOR AND
RA Dio SHACK ASSUME NO RESPONSIBILITY For
M E SulTABILITY OF THIS Book'S CONTENTS
FOR ANY APPLICATION. SINCE WE HAUE NO
CONTROL OUVER THE ULSE TD wWhICH THE ‘

1 FORMATION [N THIS Book is PuT,  WE
ASSUME NO LIABILITY FOR  ANY DAMAGES
RE SULTING FROM ITS USE. OF COURSE 1T
18 YOUR REsPONSIBILITY TO PETERMINE IF
ComMERCIAL USE, SALE OR MAWUFACTURE
OF ANY DEVICE THAT INCORPORATES INFOR =
MATION IN  THIS Book INFRINGES ANY
PATENTS, COPYRIGHTS O©OR OTHER RIGHTS.

DUE T THE MANY |NQUIRIES RECEI\WVED BY
RADIO SHACK AND THE AUTHOR, T IS NOT
Po<si8Le TO PROVIDE PERSONAL RESPONSES
T© REQUESTS FOR ADDITIONAL INFORMATION.
(CusTom ClRCUIT DESIGN, TECHNICAL ADVICE,
FROUBLESHOOTING ADUICE, ETC.). [F You
Wisn To LEARN MORE ARouT ELECTRowICS,
SEEe OM™MER Books Im THIS SERIES AnD
RADIO SHACK'S "GETTING STARTED N
ELECTRONICS. " ALSD, READ MAGAZINES LIKE
MEDERN ELECTROMICS AND RADIO-ELECTROMICS.
e AUTROR WRITES A MONTHLY CoLUMN,
NE LECTROMICS NOTEBOOK, FOR MpDERN ELECTRONICS.
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1830 — SAMUEL F. B. MORSE INVENTS TELEGRAPH.
18726 = ALEXANDER GRARAM BELL INVENTS. TELEPHONE,
1880~ ALEXANDER GRAHAM BELL INVENTS PHOTOPHONE
1880~ PAOTOPHONE SENDS VOICE 213 METERS. '
188 6= HEINRICH HERTZ INVENTS SPARK TRANSMITTER .
1895-GUGLIELMO MARCONI INVENTS WIRELESS TELEGRAPH,
1897 -NIKOLA TESLA SENDS RADIO SIGNAL 20 MILES.
1899~ MARCONT SENDS "..." ACROSS ATLANTIC QCEAN.
1899 ~ A. FREDERICK COLLINS SENDS VOICE OVER RADIO.
1907~ LEE DE FOREST INVENTS TRIODE VACUUM TUBE.
190 7-H.T.ROUND DISCOVERS LIGHT EMITTING DIODE. ‘
1422 ~0.V.LOSSEV INVENTS CRYSTAL AMPLIFIERS.
19 25-T.E.LILIENFELD INVENTS FIELD-EFFECT AMPLIFIER.
19 47— BELL LABS INVENTS TRANSISTOR. =~ :
19 (0-T. H. MAIMAN BuILDS FIRST RUBY LASER. ‘ ,
19 62-G.E., MIT AND IEM INVENT SEMICONDUCTOR LASER,
19 L= K.C. KAQ PROPOSES OPTICAL FIBERS FOR LONG
DISTANCE LIGHTWAVE LINKS. . . . -



INT RODUCTION

ELEC TRONMC COMMUNICATION 1S THE TRANSFER
OF INN FORMATION FROM ONE POINT TD ANOTHER
BY A DIRECT ELECTRICAL CONNECTION (WIRE OR
CABLE ) ; WAVEGUIDE (OPTICAL FIBER OR MICRO~
WAVE TRANSMISSION LINE) OR BY WIRELESS
MEAN S (RADIO, TELEVISION, MICROWAVE OR
LIGHTWAVE). ‘

’THER& ARE MANY CATEGORIES OF ELECTRONIC
COMMUNMICATION. FOR INSTANCE, VOICE
COMMUNLVCATIONS CAN) BE (-WAY AS IN A
RADIO OR TELEWSION NEwS BROADCAST. OR
VOICE  COMMUNICATIONS CAN BE 2-wWAY AS

[N CONVERSATIONS VIA TELEPHOME, INTERCOM
AND BOTH AMATEUR AND CITIZENS BAND
RADIO. EXAMPLES OF NON-VOICE COMMUNICATION
INCLUDE MORSE CODE, TELETYPEWRITER SIGN ALS,
COMPUTER DATA TRANSMISSION AND WILDLIFE
TELEMETRY. RADIO CONTROL (S A FORM oF
COMMUNICATION IN WHICH THE TRANSMITTED
INFORMATION CONTROLS A REMOTE DEVICE
SucH AS A CAME,RA, GARAGE DooR o©R
MODEL BOAT oR PLANE,

CIRCUIT ASSEMBLY TIPS

THE CIRCUITS THAT FOLLOW CAN BE ASSEMELED
FRoM READILY AVAILABLE <UPPLIES. You CAN
DSUALLY SUBSI\TUTE SIMILAR COMPONENTS IE
THOSE SPECIFIED ARE UNAVAILABLE. FOR
INSTANICE, A 25000 (S0K) CHM POTENTIOMETER
CANY BE SUBSTITUTED FoR A 10,000 (10K) UNIT.
BE SURE TD BYPASS THE POWER SuPPLY PINS
OF OPERATIONAL AND POWER AMPLIER ICs
(TIE THEM TO GROUND WITH A 0.1uF CAPACITOR
CONNMECTED CLOSE TO THE T C). THIS wiLl
RELP PREVENT UNWANTED OSCILLATION.
FOR ADDITIONAL INFORMATION SEE “"GETTING
STARTED IN ELECTRONICS” (RADIO SHACK
1983) AND OTHER BOOKS IN THIS SERIES.
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CONMECTED COMMUN\CAT ON L\NKS

CONMEC.TED CDMMUN\CM*\QM umks AR& THoss
"IN WHICH TWO OR MDRE STATIONS ARE LH\JKED
. g‘f A wme CABLE. OR WAVEGU\DE o o

: ADVAMTAGES \NCLUDE RELIAB!LIT\/ LOw NO\SE
AN D SimpPLE ELECTRON\CS HowEvER CONNECTED
. LIMKS REQUIRE RIGHT-OF- WAY AND CAN BE VERY.
 EXPENSIE TO INSTALL. Fuarueamoks om.y
COHME.C.TED STATIONS C_Ard COMMUN\CATE_, :

ﬂsf)Nc;LE ,W)REj | R
: m Lo T&LEGRAPH LJI\SKS.
— R sl GROUND REQUIRED AT

— -

= T Each EwND
W\STED PA\R o ' . | |
N | fELEPHOWES CQPTD:LSE
:?@é: CHARNELS) AND DIGITAL
. DaTA jRANSststo&,' |
COAXIAL CABLE .

o '  CAM CARRY P O
: ==( (= QO coo voice cnmusz.s

HOLLOW WA\/EGU!DE

, CAN CARRY M\CROWP:UE
N SIGNAL MODULATED wWiTH
‘ 100, 000 + VOICE CHANNELS.

; CAN CARRY usn-\vawE
. MODULATED WITH
e ; B> 100, 000 OR MDRE

VD\C& CHANNELS.

OPTICAL FIRER
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WIRELESS COMMUN\CAT ON LSNKS

W|RELESS COMHUN‘CAT)OMS LINKS AR.E THOSE

1IN WRICH |NFORMATION IS SENT TO ONE OR MODRE |
RECEIVERS BY MEAMS OF ‘A MODULATED ELECTRO~
MAGMET\C. WAVE.

AD\/ANTAGES INCLUDE LONG DISTANCE commumamow
TRANSM\ssmM TO AND FROM LAND, AIR AND SPACE
vE\—nct.es AND BoTH DIRECTIONAL AND NON-DIRECTIONAL
TRANSMiSS)ON SURTECT To \NTERFER\MG NOISE.

RAD\O

i BROADCA ST AnD SHORTW AVE -
@ O RADIO. ALSO AMATEUR RABIO,
gle) CH'\Z&NS BAND McBlL.F. E'rc

VHF

TELEWSION AND FM RADIO.
ALSD AIRCRAFT, AMATEUR
RADIO, MORILE, SPACE, ETC.

Ortint

WEATHER BALLOONS TELEwsmN
MOBILE NAV\GATloM AMAT&UK
SATF.LL:T&, DEEP SPACE ETC

M\CRO WAVE

COMMUMNICAT IONS SATELLITE,
AANAN LonE ISTANCE TELEPHONE,
' NA\J\GATION AMATEUR E.rc.

LIGHTWA\/E

@ —_— LIME ~OF ~S\GHT COMPUTER
l——5=  DATA TRANSMISSION AND
VOICE LINKS.
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ELECTROMAGNETIC RADIATION

ELECTROMAGNETIC RADIATION 1S ENERGY
N YHE FORM  OF. A WAVE OF OSCILLATING
ELECTRIC AND MRGNETIC FIELDS. THE |

WAVE TRAVELS THROUGH A VACUUM. AT

A WELOCITY OF 2.998 * 10° METERS PER )
. sgconD (186,284 MILES PER SECOND). .
 THE  WAVELENGTH OF Any ELECTROMAGNETIC
 WAWE DETERMINES ITS PROPERTIES. X=-RAYS,

INFRARED, MICROWAVES, RADIO ‘WAVES AND

LIGHT ARE ELECTROMAGNETIC RADIATION. .

ELECTROMAGNETIC SPECTRUM
NANOMETER CJ.?\wi\ = .000 600 0oL &iE?ﬁr:—.R)?
MICROMETER (L4 =.000001 METER) =
MILLLMETER (1wmm ®.001 METER)

METER (L m = 33.37 INCHES)
KILOMETER  (Lkm = 1,000 METERS)
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“,V\/AVELENGTH \/S FREQUENCY

. TRE Faeau&ncv ofF AN EL.ECTROMAGME.T!C.
WAVE S THE MUMﬁEK QOF C‘/CLE_S THAT Occu&
;N QME SECGND. : : S

— 1 CvCLE

1 cva_E /SEcoND 1 HERTZ
-« Hz)

e——— WAVELE.MGTH

>

lF EITHER THE FREQUENCY OR LEN GTH OF
A WAVE (S KNOWN, THE UNKNOWN VALUE

CAN BE CALCULATED :

Q/WAQELEN GTH bx) |

n

FREQUENCY (H2)

WAVELENG.TH()\) c/ FREQUENC‘{ (Hz) .

= 3x108 ME.TERS PER sacouo
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i 2 :tm 32 o ¢ 9 s
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NTERNATIONAL MORSE CODE

N 1836, SAMUEL F. B MORSE BUlLT THE FIRST.
WORKING TEGEGRAPHR. HE ALsO DEVISED A
CODE THAT PERMITTED TELEGRAPH OPERATORS TO
Ex CHANGE. INFORMATION. HIS CODE 1S STILL.
 USED BY TELEGRAPH, RADIO AND SIBNVAL
LIEAT OPERATORS. HERE 17 Is: ‘

N No— 1 -=- -
B P L o) - . — 2. P
c _—. = P [REp——. '3 e
D — Q — -4 - I..‘ R
= . R o - 5 « . ¢ .
F, hdi gy . (0—- S

e -—.— T -— 7 R R
H [} U . 4 - B P e
T . \V} s & & = q P
3- - - W P o - .o —.,‘-
" -— - X -— s b = . ‘—L"'ﬁ_f. ...
L. — ' —_ - - ? T .f—-k-‘.k.;:
M - - Z _—— - R

THE. CODE INCLUDES MANY ADDITONAL PUNCTUATION
MARKS, PHRASES AnD ABBREVIATIONS. o

LEARNING THE CODE

THI K OF THE CODE AS SOUNDS, NOT DOTS
AND DASHES. SAY "DIT" FOR DOT AND "DAH"
Fom DASM. THUS A 1S "DIT DAH" OR SimpLY
UDIDAR" B 1S "DARDIDIDIT.” C IS “DARDIDARDIT."
A CODE PRACTICE OSCILLATOR CAN HELP You
LEMRN THE CODE. EVEN BETTER IS THE CASSETTE
TAPE |NCLUDED WITR THE "TUNE \N THE WORLD
WITR HAM RADIO " KIT AVAILABLE FROM THE
AMERICAN RADIO RELAY LEAGUE (ARRL) IN ,
NEWINGTON , CT O0blil. THE TEXT SUPPLIED WITH
THE T 1S AN EXCELLENT |INTRODUCTION TO
THE WORLD OF AMATEUR RADIO. IT COVERS
ELECTRICAL TREORY, EQUIPMENT, ANTENNAS, ETC.
{o] : : ~ o o
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| CODE PRACTICE OSCILLATORS

A RADI© TRANSMITTER REQUIRES LESS PowER.
TO TRANISMIT  CODE THAN VOICE. MOREOVER ,
CODE CAN BE UNDERSTOOD WHEN THE SIGNAL IS
VERY FAINT OR WHEN STATIC IS So SEVERE
THAT VOICE S UNINTELLIGIBLE . THESE CPO's
WILL HELP You LEARN CODE.. S

PIEZOBUZZER CPO

: KEY-USE TELEGRAPH
Do __o%__ . KEY FOR BEST RESULTS,
RL ~ PUSHBUTTON SWITCH oK

1ok J Key ~ FOR TEMPORARY USE.,
' L Y- Ri-comTROLS THE

+ - Bl VOLUME.

‘ 3T70Q v T_ , , : o
CO : PIEZO BUZZER- BEST
PIEZO TO UVSE LOwW FRE ~

BUZ 2ER, QUENCY, STEADY
. : TONE  UNYT. :

* INTEGRATED CIRCUIT CPO |

—

l | INSERT RESISTOR

: 4_18 HERE TO REDUCE
: _;g R1 ‘ VOLUME., o
| V\’ 7R took |
. . 3 ’

KEY

1, 558

+ O . B
Z_R2 2 8 1
— 1k 2 | SPKR

&1 L _I+
av | .01 1]

.\ - .
L 4..F R1i- cONTROLS
, FR EQUENCY
1

i+
N
™~

\




ELECTROMAGNETIC TELEGRAPH

THERE ARE MANY WAYS TO MAKE SIMPLE -
TELEGRAPHS, FOR EXAMPLE, THE CODE PRACTICE
OSCILLATORS ON THE PREVIOUS PAGE CAN BE
VSED IN A SOLID-STATE TELEGRAPHR SYSTEM.
THE COMPONENTS OF A DO-IT- YOURSELF ELECTRO-
MAGRETIC TE(EGRAPH ARE GIVEN HERE, You
Ch BUILD THE TELEGRAPH oN THE FACING
PASGE N A FEW WOUR S,

INVENTOR!
S F. B. MDRSE (1836)

ik

A (-32 HWARDWARE
HEAT - SKRINKABLE

TLRBING
WIRE
7

(30 GALCE
RE MOVE m = LS FEET)
VARNISH
WITH mmm" (2x ACTUAL
MATCH — |Z S|2E)
ELAME AND
FINE SAND PAPER. ELECTROMAGNET
PRESS KEY TO |
ACTUATE SOUNDER \ /_ 6-32
- HARDWARE
KE Y _ X
> = ALUMINUM
«— PLATE
(NON-
ARMATUR.E./ ] MAGNETIC)
(FLEX1BLE)
BATTERY
(310 &  ARMATURE SCREW SHOUCP TOUCH
voLrSs) counDING PLATE WHEN THE KEY
1S NOT PRESSED.

172



MOVING CONTACT _KE:(_

(6-32 SCRrew)

FLEXIBLE SOLDER EO)

PLASTIC Ltues e-32 N,
KeY . SCREW
\A/J\R.E = ‘
Y WY g
3“.‘ : S ‘i ”'I"u[[l””’”mm
FIXED \) - 7 s
CONTACTY) A Wllllllllﬂ’ BANAKNA
(SoLPER 4 uﬂ,,,ul”’ ‘ TACKS
LG € ';mmﬂl""
e-32 reexisce  SOUNDER
 SCREW) PLASTIC
' ELECTRO ARMATURE ALUMINUM
MAGNET 7 M /L_ ERACKET

ALUMINUM

S1ZzEe)

N\ 6-32
) screEwW g\

y

—PLASTIC OR
"TALUMINUM
L BRACKETS

CONNECT KEY, SOUNDER AND BATTERY WITH WIRES
FITTED WITH BANANA PLUGS. USE wooD OR PERE -
BOARD FOR BASES. USE ALUMINUM BRACKETS FROM
HARDWARE STORE OR MAKE FROM HOBBY SHOP METAL.
CuT PLASTIC ARMATURE FROM ONE GALLON MILK
CONTAINER.. DOT = PRESS /RELEASE ((cLicK/ CLicK),
DASH = PRESS /HOLD /RELEASE (CLICK /SPACE [/ CLick).
13



o SOLID STATE TELEGRAPHS

',TRAMS\STORS AND mreekmao cmcurrs MAKE
POSS\ELE VERY SENSITIVE TELEGPAPH S\/STEMS

"CA UTION: NEVER INSTALL TELEGRAPH N TERCOM
DR TEL.E.PHONE. WlRES NEAR. OUTDOOR POWER L!NES :

SIN\PLE SOL\D STATE TELEGRAPH

S-jCOMjDUCroR ;wm& : -V

r

A

v T 921 2= PIEZOBUZZERS |

‘ [__.__ St, 2 = S PST PUSHBUTTONS
o RANGE = HUNDREDS OF FEET
UNl‘r i R . CUNIT 2.

- OR 2 WIRE TELEGRAPH SENDER |

St= KEY, or o
; \ : 4 18  PUSHBUTTON
\Y s1 10k ' .~ QUTPUT = QSO Hz .
: . S : USE POTENTIOMETER
o 7| 588 - FOR RL TO CHANGE
-+ ' FRE&UENCY
BL —_ R2 3 L
v —_ 1k :
cr L ‘ o
oL T 1

—— — -
. EARTH. GROUND ~n_ (FoR. 1 w&RE UMK) o
14 ; , N



l \/\/lRE TELEGRAPH SOUNDER

- Rz
100K

’

10 FEET
OR MORE VOLUME CAN BF. VERY LQuUD.

n

i{‘l;

f+qV ’:

KE

100uF"

R3L VOLUME : : ‘ SPKR*

;EARTH GROUND CMF_TAL STAKE
, SE\JERAL FEET IN MOIST EARTH)

Do MOT VSE EARPHONE. OMIT.
cz tF \/DL.UME. roo H\,GH :

Z—V\HRE TELEG RAPH SOUNDER

/T

o

RL CONTROLS VOLUME. :
FOR MORE GAIN ADD 10 ,«F
FROM PIN 4 10 PINR.

: lJAF ' DO NOT USE EARPHONE.

ndl 1A

A

R1
10K

+qy

B o Do
- TTCIRCUIT, NOT EARTH, GROUND.



T ELEPHONE RECE \/ER

FR..OM

-32 i/z FURN\TURE :

fNUTi

AKMATURE ‘s 3/11,“ SQuARE

s
HOL_E.

1/1@”
HOLE -

LEG TIP

,/, Y ==

THIN
CGAP

. .

STEEL

o ARMAm&E '

WASHER

MAT ERJ ALS

A SIMPLE TELEPRONE. Rs,cewaa s EAS!LY MADE”
READILY A\/NLABLE L

M

- Net

| ELEC.TROMAGME,T
(PAGE. 8)

F"

pLSAS;T\i'ci 5]8 ERA&S ”
CEILMC - TUBING :
(\-\oes’y SHDP)

 1/32% THicK STEEL (SCRAP oR f INVENTOR: .
| CUT FROM SHEET). ATTACH TO PRoF‘ A.G. BELL (18%0)

PLASTIC WiTR DOUBLE.~S\DE.D

~ TAPE.

156 OHMS.

, ADD 10 OHM Rﬁsnsma

. _CONNECT LEAMDS TO f
BATTERY - Poweaﬁb Lo
'RADIO PRONE TACK.

T0 TEST, VOLUME. WILL

g BE LOW.. SlNcE coL
RESISTANCE s omLyl




PUSH-TO-TALK

INTERCOM

& S
SPKR _MH’ +
A <1 &
R1 1
LK 1uF St
1= TALK
4 R2 Z = LISTEN ce
l 100K 100/4F
tqy L
+9v k> e
z

K
ClRCuULtT
OSCILLATES?
g R4 -9v REDUCE R2.
1K
= RASE STATION
S1YDPDT SWITCH. USE SRIELDED CABLE

RZ: ConT ROLS 741
GAIN., OK TO USE
FIXED RESISTOR.

R3! CONTROLS VOLUME.

TO REDUCE NOISE -
(POWER LINE HUM,

ETC.). GrROUND

3%
LY

LY

i

IMPORTAN T : BYPASS

POwWER SUPPLY PINS

TO GROLUNMD WwWITH
0.1 uF CAPACITORS.

THE SRKIELD.

ADD om/om:

B85  SwiteH TO
SPKR save

BATTERY LIFE.

REMOTE <STATION

17



LI GHTWA\/E COMMUNICATIONS

1280 - ALEXANDER GRAHAM BELL INVENTED
THE PROTOPHONE, A DEVICE FOR SENDING
VOICE OVER A BEAM OF SUNLIGHT. ‘

18 80~ BELL AND SUMNER TAINTER SENT VOICE
MESSACES OVER A 213 METER PATHK, ‘

1966 — K.C. KAO PRDPOSED LONG DISTANCE OPTICAL

FIBER COMMUNICATIONS.

M ODULATION

A LIGHTWAVE CAN CARRY DIGITAL DATA OR
ANMALOG INFORMATION SUCH AS VOICE. SHOWN
RBELOW ARE SOME WAYS IN WHICH A LIGHT
WPAVE CAN BE ANALDOG MDDULATED.

ANALOG SIGNAL

TYPICAL ANALOG SIGNAL
(TEMPERATURE, TONE, ETC.).

AMPLITUDE

ANIALOG SIGNAL CONTROLS
INTENSITY OF LIGHT.

PULSE AMPLITUDE

ANIALOG SIGNAL CONTROLS
INTENSITY OF PULSES.

PULSE FREQUENCY

ANIALOG SIGNAL CONTROLS
FR-EEQUENCY OF PULSES.

1%

I

l

- e - ———
—-—— -

- gl - -——

<

R SUIpren w \E R nte Sata by e bt
I N A atad

[T S SRR

v

L |

L |

[

1 ] ]

1 ¥ 1

1 N 1

it t

] ] 1

[ 4

' )
] ]

[ t

— +

P U S O bt 2 N
VRS R I s T alachad

?

‘oo -
- m - -

o ———— e ———

- mrim e e e e e - a———-

- . -
-

- . -
— - -
- - - - —
- —
- ———
-

o - e m o e o - --— - -

e g - o
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LIGHT SOURCES |
MANY L\GHT SOURCES CAN BE USED (N

LIGHTWAVE COMMUNICATION SYSTEMS. AMONG
THE EASIEST TO ULSE ARE: L

L. SUNLIGHT ~ i
USED In THE FIRST LIGHTWAVE
COMMUNNCATORS  AND STILL VERY
EASY TO USE, :

2. INCANDESCENT LAMP—

LAMPS WITH SMALL FILAMENTS CAN
BE VDICE MODULATED. NOT SUITABLE
FOR HIGH FREQUENCY SIGNALS,

3. LIGRT EMITTING DIODE (LED)—
IDEAL SOURCE. BOTH UISIBLE AND
INVISIBLE WAVELENGTHS. CAN &E
MODULATED AT HIGH FREQUENCIES,

LIGHT DETECTORS

DETECTORS FOR LIGHTWAVE COMMUNCATION
LINKS ARE USUALLY SOLID-STATE DEVICES. ‘
AMONG THE MOST COMMDNLY USED ARE:

1.50LAR CE_LL" ;
INEXPENSIVE AND EASY TO DSE, PEAK
SENSITWITY 1S ~ 8RO wm, CAN BE
USED FROM V4SO wm TO 1100 nwm.

2. PHOTOTRANSISTOR —

FASTER AND MORE SEMNSITIVE TRAN
SOLAR CELLS. SAME SPECTRAL RESPOMSE.A
EXTERNAL LENS HELPFUL.

2. LIGAT EMITTING DIlODE —

AN LED CAN DETECT THE EMISSION @
FROM A SIMILAR LED. RED AND \
NEAR-INFRARED LEDS WORK REST /
AS DETECTORS., ,

19



LIGHTWAVE SYSTEMS

MOOULATED LIGATWAVES CAN BE SENT THROUGH
AR, (FREE SPACE) OR ULTRA- CL.EAR opncm. FIBERS.

LINK ADVANTAGES D\SADVANTAGES

FREE SPACE| 1.NO LICENSE | 1 HARD TO ALIEN

2. PRI\VACY 2.LINE OF SIGHT

; 3. TAM PROOF 3. RA!N AND FOG
FIBER 4. VERY LOW NOISE | 1. INSTALLATION
: 2. LIGHTNING PROOF | 2, HIGHER COST

3. SECLRITY 3.HARD TO sPuCE

FREE SPACE LINKS

SH ORT QANGE SYSTEMS (O TO 10 FEET) VERY EASY P
10 DESIGN AND ALIGN. LONGER RAMNGES USUALLY .~
REGWIRE EXTERNAL LENSES AND TRIPODS. s

ALJ GMMENT METHODS INCLUDE | L,

> :
1. REFLECTOR — USE RED LED AND 7 }\5\ o,
PLACE BIKE REFLECTOR NEXT TOo 7,7 '@ ,
RECE\WER. POINT TP-ANSM\TTER 7 oLENS: N7
AT REFLECTOR. ‘ s, 7Ok TO usa PR e

4/ MAGNIFIER , 7 .~
2. TELESCOPE. SORES\GHT,,/(ogpAp.TMEMT/ - FRE&

A SMALL TELESCOPE 7~ STORE, ETc) NI

MOULMTED on THE 7 ~ 7  RANGE
TRANIMITTER. < .27 EQUATION
L7 ot © (APPROXIMATE)
7
LLENS e \/ et
P Pu\ 8
, R=RECEPTION RANGE (METERS)

Po= LED POWER (MILLIWATTS)
Arec = RECEIVER LENS AREA (METERS)
Py DETECTOR SENSITWITY (MILLIWATTS)
) 0z LED BEAM DIVERGENCE (RADIANS) |
o .



A

A COLLIMATOR TURE PHOTOTRANSISTOR
PAINTED FLAT BLACK ' G &
WILL REDUCE NOISE , LENS ;
FROM PUNWANTED ‘ Lo

LIGHT SOURCES - -7

(SUNLIGHT, STREET 7 4 D
LIGHTS, ETC). 7 P A A
R Y/ oetional”

GAUSSIAN

1~ L% COLLIMATOR
BEAM : Q\/\./, R
PROFILE = ~ ~ ' - :
L S~ 7 N/ AT - ts) 15
P . ONLY BLACK ~ 7
L S/ THIS //,\, -9 qQ
s : . - PART P /'__*
.~ < OF BEAM .5 1/2 PEAK :
. TcotLEc TED. ~ - PoweR 1s 9 1S
// /7 Vd . . N -
. , o 4
7. .7 _ 7 THE cROSS-SEcTION OF MOST
» 2 < LIeHT BEAMS HAS A NORMAL OR
e ~ GAUSSIAN PROFILE. THIS DIAGRAM
s SHOWS THE PERCENTAGE OF LIGHT
7~ WITHIN THE BEAM. (NUMBERS IN Yo.)

COPTICAL FIRER LINKS

EXPOSEP  PLASTIC FIBER IS
[ FIBER INEXPENSIVE AND

, CAN BE CUT wiTH
:ﬁ A SHARP KNIFE.

) DISTANCES OF FROM
T RETAINER

SEVERAL TO MAMY
HUNDREDS OF EEET
INFRARED OR RED PossigLE.

LIGHT EMITTING DIODE

e

PROTOTRANSISTOR -

USE LEDs AMD ; ,
DETECTORS |IN &;\5 .

PLASTIC RECEPTACLES

LIKE THESE OR CONNECT : :

FIBER DIRECTLY TO DEVICE S , )

WITH EPOXY AND HEAT SHRINK TuBIN G. 2 '
, 1




ELECTRONIC PHOTOPHONE

AETER HE INVENTED THE PHOTOPHONE IN 1880,
ALE XANDER GRARAM BELL INVENTED THE ELECTRIC
PHOTOPRONE. IN THE NON-ELECTRIC PHOTO PHONE
A BEAM OF SUNLIGHT WAS DIRECTLY MDDULATED BY.
VO\CE PRESSURE AGAINST A FLEXIBLE MIR ROR OR
MOV ARLE GRATING. 0 THE ELECTRIC PROTOPHONE.
SUM LI GHT WAS MODULATED BY A MIRROR ATTACHED
TO A TELEPHONE RECEIWER. SHOWN HERE 15
A MODERN VERSION OF THE ELECTRIC PHOTOPHONE.

- ¥Qv
, ML — ELECTRET
RED ~ MICROPHONE

SILIcoN
SOLAR S ~_ 1

1 CELL ~
2z .
1 st(a) T
R - S{= DPDT SW\TCH‘
1K 1 R2 ~ :
— 10k L= SEND
2 7= RECEIVE
Si(b)

R2 - ADTUST FOR
BEST RECEPTION.

FLEXIBLE
REFLECTOR
+9y
ce ‘
L 100 muF /
+

5 g

STATION 1

4|‘
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KEEP Bp;rraay L
LEADS 'S HORT .AND |
. CONRELT. O.L ufF
. CAPACITORS FROM
- POWER SLPPLY PINS
. OF BACLH . CHIP T ey
:,GROUND‘ A

MPo&xmu 0
;;THE SP&AKER.S
M&P«V ﬁM!T E;lz! 4
f,z_ouo SOUNDS, /-
DQ NOT PLACE /
HQUR EARS
. CLOSE <0 .
. BITHER

FLEXIBLE. REFL&CTORES'
\ ALUMINIZED MYLAR oR
\ HEAVY DUTY ALUMINUM
FoiL ST&ETCH&D OVER '
- SPEAKE.R OR HOLE
AN Box I \MH\CH
i\e SPEAKER IS
U S . \NSTALLED,f USE
CAUTION: b ALUMINIZED M\/LAR
BOTH OPERATORS \ FROM EMERGENCY
" MUST WEAR ' BLANKET OR -
. SUNGLASSES Anp |\ PACKAG»NG "
Avoid  STARING \ MATERlAL
AT REFLECTED | ,
. SUNLGHT AT
U S ,FLEXIBLE
G \ (Re_sz.ecrog;

/ DSE TRIPODS FOR REST

~ RESODLTS. REFLECTED -
- SUNLIGHT FROM FLEXIBLE
REFL.EC.TDR SHouLD  FORM
. ;A D\anc‘r SPOT WHEN
DIRECTED AGAINST A
NEAR&\/ WALL.

CECL TN (SEE
— EACING
o PAGE)

NOTE TJ-\AT 'n-\E. ‘SPEAKERS

~ FUNCTION AS SounD ' ‘ o

~ SOURCE 1N RECEIVE :

CMpREL. STAT‘ON 2
, : o o 2.3



LI GHTWAVE CODE TRANSMITTERS
: ,S\MPLE coos. COMMUN\CATORS CAM EE; useo -ro
' S&mD MESSAGES WARRIN & SIGMALS Evc. ‘

. FLA%HL\GHT SYSTEN\

FLASRL‘GHT QLENS Coa REFLE;TOR)

| éjﬂ'n\x FRARED SYSTEM |
' e CURREN‘T«/ZS mA

/@\

o ' ' LE.MS} \
o PULSE MODUL/—\TED SYSTEN\

51 +9v

Rz  RL CONTROLS
220 FREQUE NCY,

(LENS

\2

3 \ ;




LIGHTWAVE CODE RECEIVERS

THESE RECEWERS MUST BE KEPT FROM EXTERNAL
L\GIAT SDURCES, THE FIRST TwWO ARE LIGHT"
ACTUATED TONE - GEMNERATORS.

cds | LED ESTABLISHES +qy
PHOTOR ESISTOR Q1I’'S SWITCHING POINT, T
(OARK) \ : ‘ :

R2 SeTs AL

i

o SESITIVITY  2N2222
3 [ )
2=
RL R2

100K | Look

\@)

|

DOES
NOT GLOW
QW
PHOTOTR ANSISTOR :
(DARK) 9 AN =
: tiv USE COLLIMATOR
4 AT @1 TO BLOCK
g UNWANTED LIGHT,
R4 R2 RY
47K 4.7K 22K Q2 Use TC
TN2222 AMPLUFIER
—_— /[ FOR MORE
) \ SENSATIVITY,
(654
| 1 g R3 PIEZO
—— 41K ELEMENT
Qi (NoT
PHOTOTRANSISTOR | , BUzzER)

(ARK) = 25



FLASHLIGHT \/O CE TRANSM\TTERS

. THESE SIMPLE AM SYSTEMS DEMONSTRA‘TE THAT
: mcp\moescem LAMPS CAN BE vmcr; MODULATED&

 BASIC VO CE TRANSM\TTER

,P}-\ONEJ'ACKE ~ : J|l|f'? BL

fd

RADIO OR | 1K
'AMJ’L)F:ER"‘ - ;

*Musr_ BE ) No.243 b
BATTERY POWERED. TL . OR22Z L.E.NS

T:L |S MINIATURE 1K:BR oUTPUT TRANSFORMER ;
CSINCE MOST PHOME TACKS ARE BJL, MucH BETTER
RESULTS WILL BE OBTAINED WITH 'rwo BACK-TO-

BACK TRANSFORMERS, CONNECT 1K wwbmes oF :

THE TRANSFD&MF_RS '\'OGE:TI-\ER THEN CONNECT |

ONE 8T WINDING TO RADIO OR AMPLIFIER AND L
. TAE OTHER TO THE LAMP AND BATTERY. :

© BETTER VOICE TRANSMITTER

AVERAGE CURRENT  +3V  MEASURE CURRENT. .
THROUGH Q2 1S ? R s e
230mA. USE POWER ;

R3

. TRANSISTOR IF RL
Q2 OVERHKEATS. 15K I..:L
o Qi NO. 243 \
. To c1 N2 OR 222 LEN,S
.. RADIO OR 104F] N . '
. AMPLIFIER® + QzA HEAT SINK
R o ZN2212 MAY BE
| ; ~ NECESSARY.
o ‘8.9_3 1K | -
L : : L C1Z SOUND
L CaF| QuAlTY |
) 15 . Goab, . ...

26 s



GENERAL PURPOSE RECEIVERS

. THESE SIMPLE RECEIWERS CAN RECE\VE ANY
AMPLITUDE MODULATED (AM) LIGHTWAVE SIGNALS.

BASIC VOICE RECEIVER

é\udom : RATTERY

SOLAR POWERED

;c'eu../"f , | AMPLIFIER

T

g

~

SPEAKER

TRAMS STOR VOICE RECE]VER

+9v
J T
R2Z
4K Qad
L.F_MS cL 1N2222
A uF 81
If SPKR
\ i< |
> RY RH M oez
4K 3 T 41uf
QL 1

PHOTOTRANSISTOR

-

OK 1O ODELETE Q1l, Ri AND C1 AND CONNECLT
SOLAR CELL sarweeu Q2's BAsge (CELL ANODE)

AND G ROUND (CEWlL

249.

CATRODE),

FOR MDRE VOLUME USE RECEIVER ON PAGE

27



AM LIGHTWAVE TRANSMITTER

+qy
A
RED
+ 4
- % RY R
+ 1K 220
1 MiC '
A QL
R2 c 281222

RL 100% LOMF o
I ,__16__4,_,.% Lo e S
+qy RS \ :

LENS

1K POowWER oK. MICROPHONE

R3 % ~QV  LESS OUTPUT ELECTRET

CONNECT TO
/GROUMD IF MIC - USE

TRIS TRANSMITTER WILL SEND YOUR VDICE
TO THE RECE\WER ON FACING PACZE. AT
NYGRT AND WHEN LENSES ARE LSED, A
RANGE OF SEVERAL HUNMDRED O©R MOR.E FEET
IS POSSIBLE., INFRARED LED wiLl GIVE BEST
RESULTS. WIGH-BRIGHTNESS RED LED Wwitl
ALSO WORK , ESPECIALLY WHEN OPTICAL FIBER
IS USED. USE TRIPODS FOR REST RESULLTS N
FREE~SPACE MODE. LENS CAN BE MAGMIFIER,

RZ - GAIN CONTROL

RS~ LED BRIAS CONTROL. ADTUST RS FOR
BEST SOUND QUALITY AT RECEIVER.

R7 = LIMITS CURRENT APPLIED TO LED.

KEEP BATTERY LEADS SHORT.
28



AM LIGHTWAVE RECEIVER

tqv

!

.« d
look

R3 CONTROLS GAIN
OF 741. INCREASE
R3 TO INCREASE
GAIN. (OK TO USE
1M POTENTIOMETER
FOR R3.)

R3 TO INCREASE
100K GAIN OF 38(
AV FROM 20 TO

. cL l*
QL LT
PHOTOTRANSISTOR
RZ
B
LENIS
Q1L MusT ge
SHIELDE D FROM
EXTERN AL
LIGHT, OsSE
coLlimmaTOR R4
IN FRONT OF 1K
LENS. USE
DEVELOPED

200, CONNECLT
+Qv 10uF FROM
Pin 1 (+)
TO PIN &,

RS CONTROLS
-qv

VOLUME,
RS 35 -
10K

COLOR  FILM AS
INFRARED FILTER

UNLESS TRANSMITTER i
c3

LED EM 1TSS RED LIGHT.

4
KEEP BATTERY LEADS
SHORT., <3 AnD ¢y
PREVENTY OSCILLATION. Yy
(CONNECT CLOSE TO 1 ’l‘
CIRCUIT )
-qv 8 5L

CAUTION! THIS CIRCUVT CAN

SPKR

PRODUCE VERY LOUD SOUNDS.
DO NOT PLACE SPEAKER CLOSE
TO YOUR EAR OR USE EARPHONE.

29



PENA LIGHTWAVE TRANSMITTER

ADITUST RS uUNTIL TOME 1S 49y R COMTROLS

NOT HEARD FROM RECEWER. \ LED CORRENT.
RED g
+ & R4
; 1% '

T ~ 3 R?7
ci Mic RS < 106
a4 _>§ ook _[4 |8 o
S RZ ' : LED

1K __ &
58S

?\t ;, _ﬁi)k/\___. Rl - Sy/ ' ”‘*——
* <
| .

2

5 )

It LENS
c3

R3 -qv  cz _L MIC ~ USE
1K .OiﬁFT ELECTRET
— MICROPHONE
L '

-—

TRANSMITTER: R2 CONTROLS GAiN OF 741
MICR OPAONE AMPLIEIER. 555 GENERATES STEADY.
STRE AM OF PULSES HAUING A REPETION RATE Con-
TROLLED BY R5. AUDIO SIGNAL APPLIED TO PINS
OF 555 MODULATES THE PULSE RATE. USE SUPER .
BRIGAT RED OR INFRARED LED. KEEP BATTERY ‘
LEAD S SHORT. PFM GIVES UNIFORM RECEIVER VOLUME,

RECEIVER: Q4 RECEWES PULSES FROM THE LED.
THE PULSES ARE AMPLIFIED BY THE FIRST T41. :
THE SECOND 741 1S CONNECTED AS A COMPARATOR.
THAT DELWVERS AN oUTPUT PULSE WHEN THE INPUT
PULS E EXCEEDS THE REFERENCE VOLTAGE SET BY
R4. —THE PULSES ARE LOW-PASS FILTERED BY RS AND
3 AND AMPLIFIED BY THE 286. ADIUST RS OF TRANS-
MITTER AND RH OF RECEIVER FOR REST SOUND QUALITY.
30



PFM LGHTWA\ZE RECE\VER

“ uwux& AM PFM ew&s UNIFORM +‘iv
. NOLUME ovsn EMT\R& &a:epnon A
RAN&E . :

FZL et ~ REDUCE RZ TO | FORM A

.iooK -1 REDUCE GAIN . | LOw-PASS

L . OF FIRST 741. FlLT&R
S : {NCREASE

627. " C3 F—RDM f’ ;
A TO CHAHGE. ,
EMPHASIS
FROM HIGH
TO LOow
FRE.QUE.NClES.

), Qi SN :
PHor@o-; - RL:
TRA'Asl‘smg 1k

LENS

Q1 MUST ee |
. SRIELDED |R3
L FRoM. . 1K

EXTERNAL ‘

_ LIGHT. use
. CoLLIM ATOR ﬁ s :

coWNnrronToFr L [voume

L,LEN’S,_, L TE i

\ R‘-{
CONTROLS
THRESHOLD

-

ke BATTERY  |Re 3 b
LEADS SMorRT.. tAV. 108 2 1 10:10.F

€4 AND cs ) o

.. HELP PREVENT (Y L z 349y
- DSCILL NS e '

e T Sl
cAvTion: | A © 3

 TH\S ClRcuIT €5 _|
 CAN PRODUCE .1 ’*
~-q

‘7|

VERY Coub
_— SOUNDS Do NOT
. PLACE. SPEAKER.
. CLOSE 1o YOUR EAR :
;... OR_VSE EARPHONE,

v
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RADIO COMMUN\CI—\T\ONS
188L—HEWRICH HERTZ sau'r WPYES FRDM A -
SPARK ODISCHARGE TO A LOOP OF WIRE. A SMALL
SPARK APPEARED AT A GAP IN THE. LDQP‘

1895~ GUELIELMO MARCONI INVENTED THE
WIRELESS TELEGRAPH. |

1899 — MARCONI SENT "+ ACROSS ATLANTIC o,cr—;,m.

MODULATION |
WHERS A PURE RADIO-FREQUENCY WAVE (THE

CARRAER) 1S MIXED WITA A SIGNAL SUCH As.
VOICE., TRE WAVE 1S SAID TO EE MoDuLATED., '

DAMPED WAVE (SPARKGAP)

/M/\'V M/V\/\ OK FOR CODE, BUT NOT
LEGAL SINCE MANY WAVE-
LENGTHS ARE EMATTED. . & !

CARRIER WAVE

WU\}VMUU\J PURE, UM MDDULATED f
{ QAD\O FRERUENCY wAvE.

NO SIGNAL CARRIED,

AMPLITUDE MODULATION

; : AMPLITUDE VARIES wWITH

INPUT SIGNAL (VOICE,ETC )_

FRE QUENCY MODULAT\ON

' FP-EQUENC\/ \/ARlES WlTH
INPUT . SienAL (VoICE, ETC,

GIVES NOVSE-FREE RECE Pno;u,.% -
22 ‘ B



: RAD\D COMMUN\CATlDM HAS ALWAvs ATTRACTED
L MANY _THOUSANDS . OF Eun—\usmsnc AMATEUR |
_RADID OPE&ATDRS THEY WERE AMONG THE FIRST -
e trc D\SCOVER THAT _SHORTWAVES  PERMIT. woaz.owmei
;;\,r_oMMuN\canoM THE.Y PROVIDE COMMUNICATIONS
?;;Dup.mé; NATURAL DISASTERS AND EMERGENCIES.
AmD n—-lE)/ COMMUN\CATE WITH FELLOW, AMATEuRs'
Acrz.oss ’TOWN AM(} HALF w;w AROUND THE WORLD. o

ATELJR OR HAM RADIO OPEKATDRS ARE LICENSED\
L JAND Assmmeo A CALL 516N BY THE FEQERAL =

. GOVERNMENT. PROSPECTIVE HAMS MUST PASS
A WRITTEN EXAM. FOR MODORE INFORMATION, .
CONTACT THE AMERICAN RADIO RELAY LEAGUE_'
CARRL) IN NEWINGTON, CT DGLI11. THE ARRL
SELLS EXCE.LLEJ\)T PUBLICATIONS FOR BoTH
,-PROSPELC.TWE AND es-rAsusn&D HAMS, ‘

i'*"'*%Lc;mz;st BAND RADIO

T;,’THE_ C;\TIZE.NS 3AND s Ho CHAMNELS N THE;
MICIYTY OF 27 MUz, THESE CHANNELS Pm&
L INTENDED FOR TWO-wRAY PERSONAL AND
. BUSINE SS COMMUNICATION. ONE CHA».WEL (Q)'
1S, RESERVED FOR EMERGENCY TRANSMISSIONS.
. THOWGRH NO LICENSE 15 REQUIRED, CITIZENS BAND
-t;ce,} QPeaa-rozs RAVE FEWER PRW!LE,GES THAN
. IAMATEUR RADIO OPERATORS. FOR EXAMPLE :
MAXJMUM TRANSMITTED POWER IS LIMITED TO
LPWATTS. : :

FEDERAL COMMUN\CAT\ONS COMM\SS&ON

THE FEDERAL commumcm*mns couwssnom ,
A(FCC) REGULATES RADIO. COMMUNICATION N THE
_ DNITED  STATES. VIOLATIONS OF FCC REGULATIONS
. CAN RﬁsuLT IN SEVERE  PEMNALTIES. YOU €AN '
. WRI\TE THE FCC (GETTYSBURG, PA 1732&) TD .
,,f,,MjZEQuE.ST mFoRMAnou ABouT TS REeuLAnoms



PN

‘ ,DIODE RECE\\/ER BAS\CS

A RADIO-FREQUENCY (RF) ELECTROMAGME.TIC
il WAVE WILL CAUSE A Fl..UCTUATiNG CUR.RENT To
; Fl.ow IN A WIRE ANTENNA' i Lol Lo '

| f\ /\ N corRenT ?ROD\)CED 8y TQME
MEVEY. \./y | MOPULATED RF SIGNAL. |

4 f+ ; i ~ | SRR
[\ AL\ CORRENT PRODUCED BY \/oncs—
\VAAY MODLLATED RF sxewm.. poEo

“ THE FLU«:TUAT\NG CURRENT CAN BE TRAMSFORMED
INTE  SOUND BY REMOVING THE POSITIVE oR NEGATWE

: AHBLF OF THE WAv& wm-\ A D:onr;*

U V \j ) ",;‘,r:,,:

THE S\GNAL 1S NOW SA\D TD BE RECT\HED THE
TWO HALUES OF THE WAVE WiLL NOT CANCEL
ONE AMOTHER WHEN THE OUTPUT 1S MONITORED,
THERE FORE THE AUDIO SIGNAL SUPERIMPOSED ON
THE RF SIGNAL CAN BE HEARD FROM A SMALL
;EARPHONE C.ONNE.CTED T ‘n-\e. DIODE.

S\N\PLE RF TL\NH\\G COIL

/\/\/\ 3 /\/\/\’

1. WRAP PLASTIC LT N WRAP 1-3/8° ;
FILM  CAN WITH < = i WIDE SECTION OF .
1-1/2" wiDE, WL N TAPE wiTH 30 GA..
2-SIDED MRGNET wlRE.. ;
TAPE .,

3. SANDPAPER ‘I‘HE
INSSULATION FRoM
THIN STRIP ALQNG

-

SLIDE STIFF WIRE olL.
WIRE \ (PAPER cLiP) 0 G
ACRDSS H. CEMENT
coll TO | cowr To
TONE . BASE.

34



N

S\MPLE DIDDE RECE)VER
Y7 ANTEMNA (,10 OR LONGER wnae} ;

01. (Gﬁmmwm mooe)

VOUT'PUT T0:

| 1. CRYSTAL PHONE (REST) OR
¢l - 851 MAGNETIC PHONE!

T 40pF  THROUGH tkign TRANSFORMER
© 2.AUDIO AMPLIFIER Csee
> BELOW). po mOT vsE
N : . _PRoNE. (see CAunou
SLIDER  (TUNER) BELOW.)

g LL IS COlL ON FACIN 6 PAGE , TUMING IS SENSITIWE.

SOM& STAT\ONS wiLlk COINCIDE WITH Q__g wnvmwé.

’RECE\\/ER WITH AMPL\FIER

K7* cz R1 RZ R2 CDMTROLS 741 GAw‘
: 1,uF 1K 100k R3 CONTROLS VOLUME.
; * SEE RADIO AROVE.,
o +qy 4
1 p1* :
- : +9y
. * ci‘* 2 7
LL A 741 >
L p——— 3 + Y
R4 9y
1K

T TUNE BY ADTUSTING SLIDER ON LL. Loup POPS
MAY OCCUR WHEN SUIDER IS MOVED, VOLUME CAN

.BE VERY LOWD. CAUTION! DON'T USE EARPHOMES |

3S




SHORTWAVE LISTENING

FEW HOBRIES ARE As RE_WARD\MG oR
INTELLECTUALLY STIMULATING As. SHDRTWAV&
CLISTENING. YET MANY PEOPLE HAVE. NEVER
LISTENED TO A $AORTWAVE RADIO.  EVEN A ;
VERY INEXPENSIVE SRORTWAVE RADID CAN RECE\VE.
BROADCASTS FROM HUNDREDS OF STATIONS |
AROUND THE wWoRLD. MANY oF THEM ARE JN
ENGLISH. SHORTWAUE BROADCASTS CAN BE ‘
D\VIDED INTO THREE BROAD cATEGoRIES:

INTERN ATIONAL BROADCAST S— THESE oméwm'a :
FRONM ROTH PRIATE AND GOVERNMENT STATIONS .
AND  ARE IWTENDED FOR A WIDE AUDIENCE. ',
PRDGRAMM\NG OFTEN IN ENGLISH INCLUDES
NEWS |, WEATHE_R, iNTERV\EwS DRAMA AMD
L\STENER MAILL. ‘ . ,

PERSONAL_ COMMUNICATIONS — T}-US CATEG@RY
INCLLUDES AMATEUR AND cmzems BAMD RAD;Q, j

UTlLlT\ES'V\RTuAI.LY ALL %RQADCASTS NOT
LISTED ABOVE CAN BE CONSIDERED UTHKLITIES.
TRESE INCLUVUDE TIME SIGMALS COMPUTER |
TRANISMISSIONS , WEATHER REPQRTS sATeLurns; .
SIGNALS AND MANY KINDS OF iMDUSTRIAL

AND GOVERNMENT TRANSMISSIONS. INCLUDED |
ARE TELECOMMUNICATIONS TO AND FROM SHIPS,
AchRAFT TAXIS AND COMMERCIAL VEHICLES.
ALsO ma.unED ARE TRANSMISSIONS FROM SPY,
RADIO CONTROL , TRACKING, SURUEILLANCE)
TELF..ME.TRY WEATHER em.LooN AMD ocemu
BuoY TRANSM\TTERS. \ L

MANY OF THESE TRANSMISSIONS ARE GP—QAD—;
CAST AT FREAQUENCIES BETWEEN . THE
BROAOCAST BAND AND 30 MHz. THE

SIMPLE RECEWER ON THE FACING PAGE CAN
RECEIVE SIGMALS FROM 1 TD & MH=z. IN ONE | .
EVEMING THIS RADIO RECEIVED SIGNALS FROM
ASIA , EUROPE, SOUTH Amech AND NORTH AmERch,
THE AuTENMA WAS A 147 [NDoOR WIRE. o

36



SHORTWAVE RECEVWER

THIS S'MPLE RECEWER CAN BE ASSEMBLED dn
A SOLDERLESS BREADROARD. THDUGH THIS
RECE\WER DDES NOT SEPARATE STATIONS AS
WELL AS A COMMERCIAL RECEBIVER, IT IS
SURPRISINGLY SENSITIVE AND WwWitl RECE|VE
STATIONS FROM  ARDUND THE WORLD.

K ARTENN A ANTEWNA 1S 107
Y~ (1 RL oR LONGER (INSIDE
' 1tuF ik ©R OUTDOOR). R3 IS
+ , R2 VOLUME CONTROL ., -

100Kk
AL
+qy

L1 ct

~\
AN

—
av—
—

LL 1S 25-50 TURNS OF 30 GAUGE MAGNET WIRE
WRAPPED AROUKND PLASTIC FILM CAN. SEE TUNIN G
ColL ASSEMBLY DETAILS ON PAGE 34.

Cl 1S 10-3LS pF VARIABLE CAPACITOR FROM
DISCARDED RADIO OR 10-40 pF oOR SO CRYSTAL
OSCILLATOR TUNING CAPACITOR.

TUNE BY SETTING L1'S SLIDER TO ANY PoSITION |
AND ADIUST Ci. CHANGE L1'S SLIDER POSITION
FOR DIFFERENT FREQUENCY RARCGES.

CAUTION: VOLUME CAN BE VERY LOUD, ESPECIALLY
WHEN L1'S SLIDER \S MOVED AWAY FRDM L1 AND
LocAL STATIONS BooM 1N, NG EARPHRONES!
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ANITENNAS

THE PERFORMAMCE OF RADIO TRAMNSMITTERS AND
REC EWERS 1S VERY MUCH DEPENDENT ON. THEIR .
ANTENNAS, THE SIMPLEST ANTENNA S A WIRE:
OR ROD WHOSE LENGTH EQUALS OR IS 1/4 OR
1/2 THRE WAVELENGTH OF THE RECEIVED SDGNAL.
THREE COMMON WIRE ANTENNAS ARE : A

VERTICAL WHIP  DIPOLE
T [ x=waveteneth ka4 xod ket

L=LENGTH(FT) o

>
4=~ L F= FREQUENCY ‘\ /v

FOR 1/4 X, ‘ INSULATORS{
L= 234 /F (MHAz2)

= "
1 |

EXAMPLE: L
/47 27 MH2 CB ‘
WHRIP = 234 /272 8,07 FT

LONG WIRE

Goabd FoR SHDRTWA\IE
RECEPTION,

/‘ROPE oR CORD
&£ INSULATOR
RECEIVER AN
ANTENNA)
~— ] 7 | dosf—— STANDOFF
—~——— ] INSULATORS
RECEWER A b .
GROUND b _I-DRiP LooP  LEAD-IN
(FOR RAIN) WIRE
e— u-(\
:: GROUND
STATIC DISCHARGE W RDD RADIO SHACK
UNIT (DOES NoOT neo(al s SELLS ANTENNA
GUARANTEE y  BEST) SUPPLIES AND.
LIGHT NING PROTECTION)! , ANTENNAS,
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ANTENNA SAFETY

THE N STALLATION OF AN ANTENN A REQUIRES.
CAREFLUL ATITENTION TO SAFETY. CARELESSMESS
CAN RESULT IN SERIOUS INTURY OR A FATAL_
ELECTRI CAL SHOCK. YOU MUST:

1. NEVER INSTALL ANY PART oF AN ANTENNA
iNE.AR A POWER LINE.

2. NEVER TOUCH ANY PART OF AN ANTEN nA
TRAT CONTACTS A POWER Lw&.

, 3 DiSCDMN\:CT CAND DO NOT USE AM AMTENMA
:DUR\NG AN ELECTRICAL STORM. :

H CONNECT OUTDOOR AMTENNHS T A wELL
GROUNDED STATIC DISCHARGE UNIT.

5. READ THE ANTENMA SALETY TIPS SUPPLJE.D
WITH COMMERCIAL ANTENNAS AND GIVEN
N "THE ARRL ANTENNA HANDROOKY AND

RADID SHACK'S “ANTEMNAS" (MAST’&R PususH-
NG, 1980).

ROPE = TREE oR ,OTHSRi :
OR NON - CONDUCTING -

MULTI STRAND CORD SUPPORT
 CoPPER \ ‘
. WIRE INSULATOR\ ‘

STATIC DISCHARGE
UNAT DWERTS STATIC
ELECTRICAL CRARGE

TO GROUND. N - LEAD-IN
B , ; CWIRE
.. TO $ 4 sPARK GAP

 RECEWWER L )
- T GROUND



BASIC RADIO TRANSN\\TTERS

. RAD 10~ FREQUENC\{ CRF) WAVES ARE. CRE.ATE,D
WHEN AN ECECTRICAL CURRENT s SWITCHED
- RAPIDLY ON OR OFF. TRIS IS wHY A RADLO .
 RECEIWER EMITS A BURST oF STATIC DURI 63
A LIGHTNING DISCAARGE OR A POP wueu A
. Nepcize\r APPLIANCE 1S s\uwcuen ON.

BROADBAND RF TRANSN\ TTER

. STROKE WIRE ACROSS EILE. BURSTS OF NOISE |
WLl BE EMITTED. BY A NEARBY RAPIO. SINCE
| MAMY DIFFERENT WAVELENGTHS ARE PRODUCED . j
("RASH"), THE sIGNAL 1S EQUALLY STRONG ACROSS §

| THE BROADCAST BAND. o

BROADBAND PULSE TRANSM\TTER

FAVAVAN .

s 31 | /,,’/, . IN‘CREASE;
1 1oox N CL FOR
= 1t é . STRONGER |
= Qv T ct o SIeNAL..

T WA uF | St "
g f ;,Si-SPST .
' ,\PuSH&uTToN ~

 WHEN S1 IS PRESSED A DISTINCT "Pap" Wil
BE HEARD FROM A NEARBY RADIO, THIS

CIRCUIT AVOIDS A .DIRECT SHORT CIRCUIT Ac;zo"ssﬁ |

_ THE BATTERY. INSTEAD CL IS SHDRTED BY SI:
AET ER BEING CHARGED THROUGH Ri.
40



NAR RDW BAND RF TRANSN\ TTER

/\/\/\

RL
1M

Lt

::|I|4

/l+

av oos,ur

&F_,__

cL AND LJ. j
FORM A
RESONANT
CIRCUIT.
THEREFORE.
THE RANGE
OF \WAVE -
LENGTHS
PRODUVCED
WHEN S1

FYCL

SODA \ l_.['wv] -

STRAW

L1

F—ﬁ—l R —

IS PRESSED .
1S NARRDW. .

7'9" oF 30 GAUCE
ST MAGNET WIRE.,

SIGNAL PEAKS AT SSOKMz WHEN C1 =o§oos/4F.

 TUNABLE RF TRANSMITTER

i

Oniebn

AR N EREERY!

R L1

1M

iy
qv f'\ct'* <
*¥ey: 0001 uF .OOf/AF

s B50KHz

“~—— 1000 KH2
< 1,00 KHz

“~10 MHz

TUNING  WIRE

USE FILE TD REMOVE
NARROW STRIP OF
INSULATION ALONG
LENGTH OF L&,
STROKE TUNING
WIRE ALONG
BARE CoOlL TURNS
WHILE LISTENING
T NEARBY RADIO,

PEAK FREQUENCIES
MEASURED wnTH
ACTUAL CIRCuUIT
FOR TWO vm.ues
ofF ({, . ,
41



" TRANSISTOR RF TRANSM\TT‘ERQ

A swez.& TRARNSI\STOR CAN BE CONNECTED
AS AN OSCILLATOR THAT SUPPLIES A SERIES oF
RADAO-FREQUENCY PULSES. THE BASIC HARTLEY
OSCILLATOR SHOWN HERE witt SEND RF PULSES
TO A SHORTWAVE OR SRDADCAST BAND RADIO.
savs.&m. FEET AWAY.

R ‘ AMA
~ R2 QL-TRY VARIOUS
o | 12K NPN. TRANSISTORS |
o  RL (zn2222, ETC). NoT
=~y <2 50K ALL witl worR¥., oR _|*
ANTENNA | REVERSE BATTERY T
1y POLARITY. AND TRY ~ |Bl
- htf__. Cl | PNP TRANSISTORS. 15v
A A
1/4" 15 20 L1

L1 1S A ADMEMADE AIR-CORE RF coiL. USE 30

. GAUGE WRAPPING WIRE OR MAGNET WIRE. (USE
MAGKRIET WIRE FOR SMALLER <pIL. BURM THE
VARNISH FROM ENDS OF L1 WITH A MATCH AND
LIGH TLY BUFF CHARRED VARNISH wyTH SAND PAPER.)
BEFORE WINDING, PUNCH SMALL HOLE IN OME END
OF STRAW (R\GHT END OF COlL AROVE). INSERT
2" OF WIRE THRoOUGH HOLE AND WIND 30 TURNS.
PUNCH SECOND SMALL HOLE (LEET END OF coiL)
AND. INSERT 2" LOOP OF WIRE (TAP) THROUGH !
HOLE. WIND BAcCk 15 TURNS BACK OVER FIRST .
WINDING, PUNCH HOLE THROUGH WINDING AND ;,
INSERT END OF WIRE. IF WRAPPING WIRE 1S .
USZE.D, CuT TAP LOOP AND Tw\sr EXPOSED. W\RES», ,
H : :



ol

#

i;,icif;:@iusE. 0.1 mF TOTRAMSM!T ‘:‘\N AUD‘IVO TONE ., USE

1O uF TO TRANSMIT A STREAM OF POCKS. USE A
MINIATURE ELECTROLYTIC CAPACITOR. ~

RL: CH ANGE RA'S SETTING TO VARY OSCILLATION
FREQUENCY.

BL! USE A PENLIGHT CELL OR A MERCORY oR
SILVER OXIDE BUTTON CELL. WARNIN G : NEVER
ATTEMPT TO SOLDER LEADS TO MINIATURE POWER

 cELLS! THEY witL ExPLODE.

CIRCUIT OPERATION

THIS TRANSMITTER EMITS AN RE SIGNAL THAT
CAN BE RECEIVED ACROSS A WIDE PART OF THE
BROADCAST AND SHORTWAVE SPECTRUM, PARTIC-

. DLARLY THE 16-METER BAND AND BEYOND. THE

- SEVERAL INPUT CONDITIONS.

SIGNAL  CAN ALSO RE RECEIVED AT THRE Low END
pF THE @8- T0 108-MHW2 FM ganD.

W'HM[WMNW&M————-—-

TYPICAL SINGLE PULSE OF
RF RADIATION EMITTED BY
TRANSMITTER,

EACH TRANSMITTED PULSE IS AN ENVELOPE OF
BROAD SPECTRUM RF OSCILLATIONS RATHER THAN
A PLURE , SINGLE FREQUENCY SIGNAL, NOTE
THAT THE AUTOTRANSFORMER ACTION oF L{
INCREASES THE OULTPUT FRoM 1.5 TO -20 vOoLTS.

TO TRANSMIT TEMPERATURE OR LIGHT INTENSITY,

C REPLACE RL WITA A THERMISTOR OR CADMIUM

SULFIDE PHOTORESISTOR . USE A VALWE FOR C1
THAT GIVES A PULSE RATE OF A FEW PULSES PER
SECOND. WITH THE HELP OF A DIGITAL WATCH
OR TIMER, YOU CAN THEN COUNT THE NUMEBER
OF PULSES IN, SAY, 10 SEComDS FOR EACH OF

43



‘CODE TRANSMITTER

THIS TRANSMITTER wWill ANMTENNA —> 7
SENDS TONE TO NEARBY (374" MAXIMUM)
. RROADCAST BAND RADIO
TUNED TO NEAR 700 KHz. L1 15 AIR CORE Colt.
TRAMSMITTING RARNGE USE &' oF 30 cwa&
1S SBVERAL FEET. MAGNET WIRE. TAP
f 1S AT CENTER OF
d/4" se T L.
1/ PA S RAW-\ colL

PRESS SL TO , ' I .HB/
TRANISMIT TONE. \
ot +3V oL TAP — 1" —

.Ol,{F L1

h)
A\S

5% I
1 mrmmrm
S NTAP
Y 8 Az
ez
S CH 470 pF
,i,uF
sss | 2
R3 QL
o 3 S0K 2NZ222
d.Cc2 ,
[~ O LuF RH ¢s L
1 100 005 ]

P
—
-

LL:- FORM 1-1/2" LOOP AT CE~NTER OF 8’ WIRE.
WIin D WIRE ON STRAW, INSERTING Loof THROUGH
HOLE: PUNCHED IN CENTER OF STRAW.

RE ©UTPUT IS CLEAN SINE WAVE NEAR 700 Kr-\z
ADTLST R3 FOR CLEAR, LOuD TONE. RETUNE
RAD IO AS NECESSARY. INSERT SMALL STEEL NALWL
[INSIDE L1 TO LOWER TRANSMISSION FREQUENCY. .
USE. DURING DAY FOR MRAXIMUM RANGE.

H4



"“O CE TRANSM\TTER

THE RE OSC\LLATDR oF THIS TRANSM\TTER
1S IDENTICAL TO THE ONE ON THE FACING
LPAGE REFER THE RE FOR 1_1 ASSEMBLY. :

mPuT 1% ELE.CTRET o ‘ ANTENNA f—>- ,
MICROPHONE. oK (.Ci q" MAXIMUM) ;;
TO CONNECT 1k T

SIDE OF 8L :1K +3v

 TRANSPORMER 4 (mmm T
TO INPUT. wt XTAP
4",,;:,',5;'_ ;“Li

if :
Ncz
L cH ‘470pF
-
Ry |
SOK — 1NZ2212
; RY g cs 1
LA 100 < 008 T
e lQz \, ]
AMF |2N1222
RS S RG | c2 =
4k 2 Ik [~ 47 uF KEEP ALL
. WIRES SHORT.

RF outvPuT IS CL.EI-N SINE WAVE NEAR 700 m-\z.;
?LACE MUCROPHONE CLOSE TO EARPHONE CONMECTED
TO TAPE RECORDER, THEN TUNE NEARBY RADIO

TO RECEWE S\GNAL FROM TRANSMITTER. ADIUST.
R3 FOR BEST SouND. RETUNE RADIO AS NECESSARY.
REMQVE RECORDER AND SPEAK NTO MtCP.OPHoME

iTL—\E TRANSMITTERS oN THiS AND FAcms PA.ss
CONFORM TO THE REQUIREMENTS OF THE FCC
GIVEN N 49 CFR, PART 15.113 WHEN R3 IS

‘ADIUST ED FOR CLEAREST OUTPUT S\GMAL B1 1S
,3 VGLTS AND THE AMTENNA LENGTH < 3 METERS

ys



AUTOMATIC TONE TRANSMITTER

TRIS CIRCUIT TRANSMITS A BRIEF (1/4 SECOND) .
TONE BURST ONCE EVERY 10 SECONDS TO AN EM,
BAND RECEWER UP TO A FEW HUNDRED FEET AWAY.

+3 WV FIELD STRENGTH AT Z M

!

1S < S00uV/ M.

Z
N/

o

AMTENNA -
(7" wirRE)

RL

:

looK

=3

i

RZ

Ll 5553

¢

ix

2

A\t

L ¢l
02 uf 1

TONE

e

‘ OOS

SOURCE

1

RED
LED

:

Re

H4.71K

RS
100 é
Qi

+|/

TIMER

558

R4

(See BELOW)

INTERVAL

Qe

Y|

N3 90@> |

R
HaK |

!

/

M
i

cH

"H?F ‘{.’?pF

LN

L{

L1 1S S TURNS OF BARE,
SoLiD HOOKUP WIRE WOUND
DIAMETER

AROUND

3/8"

~if2 !

.

1/2 ]

WOooD DOWEL. REMOVE DOWEL AFTER WINDING.
TAP LS WIRE SOLDERED AT 1-1/2 TURNS POINT.

R4 15 3.9M OR 2 2.2 M RESISTORS 1IN SERIES.

He



ClRC UIT OPERAT\DN

Ql OSCILLATES AT A Fﬂeouawcv ceMTRoLLED ay .
CS AND L1. VALWES SHOWN GIVE FREQUENCY NEAR
100 Ml-\z USE VARIABLE CAPACITOR EorR ¢S5 TO vARy;
FP-E@UENC‘I. : :

ri—LED ON L LED OFF
1/4 SEC —> : io SEC — ,,,571
dr
o _} C mn'ERwM.«’y
RF S1ENAL-  (DURATIONS OF RF SIEMAL
(AUDIO FREQUENCY AND INTERVAL CONTROLLED

. CONTROLLED gv Ri/{‘.l) BY rzc/,/ Rs/cz‘)

To onusr DtSCONMEcT QZs coz.LEC'roR FROM C3.
TUNE EM RADID UNITIL STEADY TONE IS RECEVWED:
RECONMNECT Q2. Do MNOT OPERATE CIRCUIT 1IN .
CONTINUOUS  TONE MODE. UNLESS ADJ’USTMENTS ,
ARE RBEING MADE. (SEE Ecc RULES BELOW AND ON
FOLLOWI NG PAGE.) INSTALL CIRCUIT |N ALUM!MUM
~ BOX. MOUNT L1 SECURELY TO CIRCUIT ROARD. IF
L1 MOVES op VIBRATES, THE FREQUENCY wiLl SHIFT,
. BOTH £S5 CHRIPS CAN BE CMOS /LOW-POWER TYPES,
- BUT NOT ALL CMDOS 5S5S°S witl WORK N CIRCUIT.
. WSE CIRCULLT FOR PAC—.:MG REMOTE coNTROL, TRACKIMQ
- ANNOUNICING WISITORS, ETC. TO TRANSM\T LIGHT =
 LEVEL OR TEMPERATURE AS A VARIABLE TONE, REPLAcE_ :
R.1. WITH PHDTDRESISTOR OR THERMISTOR.

SPECIAL FCC RULE

THE FCC REQUIRES THAT “...THE DURAT\ON of EACH:
TRANSMISSION SHALL NoT BE GREATER THAN  ONE
SECDMD AND THE SILENST PERIOD BETWEEN TRANS-
MISSIONIS SHALL BE AT LEAST 20 TIMES THE

TRANS MISSION DUP..AT\DN BUT N MDD CASE LESS
THAN 10 SECoNDS . (47 CFR 15.122) wiTH THE
VALUES  FoR R3 Ry AND CZ GIWVEN HERE, THIS
CIRCUIT FULFILLS THIS RULE, see NEXT PAGE. 4

N ,,f—oR ADDITIONAL RULES.,

H7



FC< REGULATIONS

FCC RULES You SHOULD KNOW ABOLT INCLUDE! .
{ EAUVESDROPPING IS PROHIBITED.

2 A LOW-POWER TRANSMITTER THAT INTERFERES
WITH RADIo OR TELEVISION RECEPTION. MUST MOTf
BE OPERATED. :

2. REQUIRED HOME=-RBWILT TRANSMITTER LABEL S

T RKAVE CONSTRUCTED THIS DEVICE FOR. MY
OWN USE. T HAVE TESTED \T AND CERTIFY
TH AT (T COMPLIES wiITH THE APPLICABLE .
REGULATIONS OF FCC RULES PART 1S.
A COPY OF MY MEASUREMENTS 1S 1IN MY
POSSESSION AND 1S AVAILABLE FOR .
INSPECT ION. ,
SV GNED, . DATE:

ADDITIONAL RULES GIVE PERMISSIBLE SIGNAL
STRENGTRS AND OTHER RESTRICTIOMS. SEE
47 CcFR, PART 1S FOR DETAILS (WRITE TO THE
SUPERINTENDENT OF DOCUMENTS, U.S. GOVERNMENT .
PRINTING OFFICE, WASAINGTON, DC 20402). :

GOING FURTHER

RADIO SHACK SELLS EASILY ASSEMEBLED TRANSMITTER
AND RECEIVER KITS. RADIO SHACK ALSO SELLS A
WIDE RANCE OF CB EQUIPMENT, BOOKS ABouT .
RADIO COMMUNICATIONS CAN BE Foumd AT MOST
LIBRARIES, POPULAR COMMUNMICATIONS, 73, QST AND
CQ ARE SOME OF THE MAGAZINES DEVOTED TO
THE SUJBTECT.

PROEABLY THE BEST GUIPE TO AMATEUR RADID IS

“ THE ARR(L HANDBOOK FOR THE RADIO AMATEUR."
THIS ALL~INCLUS\WVE BOOK, WHICH S REVISED EACH .
YEAR , IS AVAILABLE FROM THE AMERICAN RADIO .
RELAY LEAGUE (NEWINGTON, CT 0O6111).

4



RESISTOR COLOR CODE

AN
BLACK o o ¥ 1
BROWN i L X 1D
RED T2 %100
ORANGE 2 3 4 [ 000
YELLOW 4 4 A 10 000
GREEN 5 05 £ 100,000
BLUE b e % 100,000
VIDLET T A 10,000,000
GRAY B 8 X 100,000,000
WHITE 8 9 —

FOURTH BAND INDICATES TDLERANCE (ACCURACY):
GOLDTES % SIVERTE10Y  NeowE =

OMM' S LAW: veze g=ysq

T=V/R  P=vI

ABBREVIATIONS

A = AMPERE R = RESISTANCE
F = FARAD V (0R EY = VOLT
I = QURRENT W= WwATT

P = poweRr L= OUm

M (MEG-) = % 1 000 000

K {(KiLc=} * ¢ 1 000

mo ML= poi

Mo UMICRO-Y = | 000 o051
nO{NANO®Y ® | 500 s00 001

p L Picon) T L0060 000 D00 001
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