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Congratulations! We think you made a great choice with

MAXITRONIX LAB® — 30-IN-ONE ELECTRONIC PROJECT LAB

This kit is aimost e “inslant eecironics”™ bacause you can
Beegin building your firs! project right now, whether you know
anylhing about eleclronice or nof. Don't boliove us?
......... You will in 3 few minuias!

Bafore we begin, make sure you have two AA batierips.
Almost every project will use tham. Place tha battedes in
the battery holder (undemeath) and check to see that the
+ and — markings on 1he batteros match the ones on the
holder. Don't ever leave the Datteries in the holder when
mmm using your kit. Even “leak proof"” batteries CAN
and damage tha parts of tha kil,

Mow lel's get starled.

The 30-IN-1 KIT consists of a board covered with electronic
pars, and an assortment of wires you'll use to connect
those pars. There are several different colors and lengths
of wire. In addition 1o the electron'c parts on the boasd, you'll
soe some shiny, silver springs with numbars next 1o tem,
These springs and numbers are the Keys o starfing right
now, We simply 18ll you which ones o connect for sach
of tha THIRTY projects.

The first connection for your firs] project will be from 2310 17,
Locale thase hwo and choose a wire long encugh to
reach botween them, To attach the wine, just band the spring
2 one Sice with your inger and SHck e wine inbd e of h
Qapd thal wou Sod. Mow b the spring go and i will clamgp the
wire firrnly in place,

= Afiervou have connecled 73 and 17, make
suve thi spring Is touching thi melal pan of
the wira and-not the plaste insulation. The
projects won't work If tha metal par of the
= wirg g0l uching he speing.

Thamnmum}unhalrmnﬂmaa.‘rmunmmmmgnm
have two conngclions al tha same apring (ike a1 17), 0 is

eagiar il you make them on opposite sides of tha spring.

Mow connect 24 to 14, 251028, 201037, 37 015, 32 1022, 22
1013, 1300148, .. ... . . HANG INTHERE! ?M'Ebﬁlmaning
1o your “creallon” wery soon,, ., ., . 33 043, 121042, 4210
B, 18 1o 18, and 36 1o 20. Tho las? connocton will bo for the
EARPHOME. Onewireof the EARPHOMNE goas 1o 18 and the
thar 1o 200 Finlshed an lasy!

Ful tha EARPHOME in yvour ear and press the KEY on the
CIRCUIT BOARD (circuil is & fancy word for the wiring you just
). Hold it dowd fer aboul § seconds. You zhould hear a
hagh-pitched sound. If you don i, check your connections.
Thizre weara lots of wines!

Wi you Raar the 2ound, Beginto press and re‘ease the KEY
about once & second. Does thal sound familiar, . .. .. Bke
mayba a Sron of ono of those electronic games you like 1o
play? You can expanment with different speeds of pressing
thwie KEY @, . v v0v 0o HEY'! WWait a mimde. You're playing
with your firgl elpelhonic creuit, that YOU pul togather. WE
TOLD YOU 200
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PARTS LIST

Antenna Coll (with 5 leads)

Antenna Holder

Bar Antenna

Battery Contact, W Size

Battery Contacts, S Size (2)

Battery Holder

Capacitors:
0.0022 uF, coramic disc type
0.022 uF, coramic disc type
100F, 16-valt electrolytic type
100.0F, 10-volt electrolytic type

Diode, 1NE0 ([ Garmanium)

Earphane, high impedance, crystal type

Frames, plastic (right, left) (2)

Key Lever

Knob for Key

Enab for Variable Capacitor (Tuning)

LED, 5R-503 (or LT-4203), Red

Mut, 3mm (5)

Papar Panal

TWENTY-NINE TO GO

Mow thal you're a “welgran,” wa'll be ghving you the wiring for
the other twenty-nine projects in a slightly different way
...... ke this:

23-17-39, 24-14, 25-28, 29-37-15, 32-22-13-19,
33-43, 12-42-38, 16-18-EARPHONE, 36-20-
EARFHONE

Thig iz called the WIRING SEQUEMCE. lis important to maka
the connections inthe order they are given, o preven] damage
1o any of the electronks pads. [ you follow the witing sequence
above, you will see thal | Is the clreult you just built.

You can build, play with, and enjoy every cirewit in this kit by
just bellowing the wiring sequances, bul wa hope (in fac we're
almost sure) that you'll gat a itthe curkous about how thay work.
HOWEWVER, if you're nol the cudcus type, just skip the next
section of the manual,

MORE ABOUT THE CIRCUIT BOARD

Yiou've probably alneady naticed the diffanent Kinds of pans on
the CIRCUIT BOARD, 50 now wo're going 1o el you Somd-
thing aboul what each one can do.

RESISTORS: Resislons ang the brown fu-

bular obiects with colored bands around

thom, They and calied resisions because

they resist the flow of eleciniaty through
them. The amount of strenglh a resisior has

=WV 10 resist the electricity Is measured in units
called OHMS. Each ol the live resistors in your kit has its
atrength (inohms) Heted undarmeath it. The K alter some of the

numbers stands for thousands, 5o the "strongest”™ resisior in
tha kil has 470K or 470,000 chms of resislanca.

Resigtors:
BBO ohm
5.6K ohm
10K ohm
100K ohm
ATOK ohm
Secrews:
2.5 % 4 mm
3 x B mm{5)
2.6 x 3 mm{2)
Spring Terminals{43)
Transformer
Transistor. 25C945 (or 25C828),
NPN, silicon (2)
Variable Capacitor, 285 pF (Tuning)
Wires:
White, 7.5 cm(7)
Red, 15 emi(8)
Blue 25 em(3)
Green, 3m

CAPACITORS: Capacilors siome and i

leasa alectrcity as a circuil nesds 1. Thair
ability 1o store elecideity is measured in
units called FARADS, bat since a larad is a
viry large amount, mosl capaciiors ara
=1 TI{_ rated in micro-farads {uf). A micro-farad is

cni millionth o & farad, You have two ditfenant kinds of capacs
bors in your Kit, and wo'll talk aboud the diffarences later. The
capacitors in thig kil anp all rabod in ricro-larads (jaf).

DIODE: Dindes do one simgle thing,
= alloww amﬁmlnwmmhm;nghm
one direction. You'll sea prool of this fater.

LED: Look at the CIRCUIT BOARD and

L Count the disdes that you see. If you just

counled one, ook agaln, becavse LED

stands for light emitting diode. The LED

does tha same thing as any other dicde,

that it ghves off llght when the alec-

tricity passas through it [In the right direction). LED:s last kager
and usa lass alactricity than regular light bulbs.




TRANSISTORS: Transistors have three

connincions (instaad of two like the ofher

parts you have seen). You'll ses why this s

impadant latas. bn your kit, transistors act

either as swilches 10 tum things on and off
or a5 amplifiers to make things loudear of brighler,

m m ANTEMNA COIL: The ananna ool s

used o send and recetve radio sig-
nilg . . ... That's dght! You will ba
ki & radc &nd Some other “wing-
heas™ progicts with wouer Rit, The an-
lanna consisls of a ool of wire weap-
ped around a ferite [a special formof
powdered iron) core,

TUNING KNOB: The tuning knod s aclual-
iy a varable capacitor. [ will be used 1o
“tune” radio signals.

TRANSFORMER: The transformers i a ool
of wire arcund & plastic core. 1 can halp

differanl parls of & circull “get alang” and
work mone elficlantly.

KEY: The koy is a switch that compleies a
path for the eleciricity %o flow through, when
it i5 pressid,

EARPHOME: Tha earphana is a de-
vica thal twns slecincal n‘ormation
inler sound for vou to hear, It can elso
turn sound into dlectricity, as you will
sa@ in several of he projacts,

BATTERIES: Of course you know
whal batlerlas arel They will ba
power source for most of your cir-
cuits, We includod them in this sec-
lion baciuse of the symbol nexl o
ihe ilgatration. bn fact you may have
noticed a symbal naxt to each one of
ihe componants (parts). These will
ba wary impostant te you later, o don'l foegat abaout tham.,

Wiring Sequence
23-17-39, 24-14, 25-28, 29-37-15, 32-22-13-19
33-43, 12-42-38, 16-18-EARPHONE, 36-20-EARPHONE
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WHAT NEXT?

Mow that you have bulll all the circuits in this k1, there ane
senaral diftienand things you can donext. You may want o buikd
them &1l again, or maytse jus! thionas you thowgh! ware really
“spacial.” i thare ware some circulls you would Bke o make
parmanani madaels of, you can buy tha exira pans (resistors,
cagacitors, LED's, efc.) thal you need &l your ocal RADID
SHACK store,

i you want 12 leam mone about elecironics in kit form balone
you stike out on your oem, the RADID SHACK 200-in-1
ELECTROMICS LAB s super, FLADID SHACK also has some
gt books about electronics, Tke ENGINEER'S NOTEBOOK
and UNDERSTANDING SOLID STATE ELECTRONICS. Also,
thara are many good Dooks about elecironlcs al your school o
public ibrary, Whether you plan {0 continue elecironics as a
habity or make 1 a career, wa hope you HAVE FUNI

By the way, horg i the Schomatic for the first circuit you built
{the Siran). When you buill it wa bel it seemed pratty compli-
caaled, bad now, with a Sithe experimanting you can probably
figuere B out in ng time,

Here is a list of experiments which can be performed with

this 30-in-1 Electronic Projects Lab.

CIRCUIT #2: The Elecironic Stovage Tark
CIRCUIT #3: The Ono-Way Stront

CIRCUIT #4: The “Trvissde Power™ Radio

CIRCUIT 85: The Trarsissor, An Elactronic “Trigger”
CIRCUIT #6: The Transistor and “Ampification”
CIRCUIT #7: The Sunrise-Sunsel Light

CIRGUIT #8: The Siow Motion Sunrss-Sunsit Light
CIACUIT #9: Tha “Secret Code™ Kiy

CIRCUIT #10: The Highs and Lows of Oscillaticn
CIRCUIT #11: The Beacon Light

CIRCUIT #12: Muslc From A Pondl

CIRCUIT #13: The Leaky Favcn

CIRCUIT #14: The Baee

CIRCUIT #15: Tha Elsctronis Canary

CIRCUIT #18: The Burglar Alarn

CIRCUIT #17: The Touching Light

CIRCUIT #18: Tho Rain Dotoctor

CIRGUIT #18: The Radio Staton

CIRCUIT #20: The “Wieless™ Rain Defegior
CIROLIT #21: Trea hadal Dabsctor

CIRCUIT #22: Biowing “ON" A Gandie

CIRCLNT #23: The Blrker

CIRCUNT #24: The Twoe-Transishor Oacillaice
CIRCUNT #25: Tha Timor

CIRCUNT @b Tha Memory

CIRCUIT #27: The "AND™ Gaw

CIRCUIT #23: The "OR™ Goto

CIRCUIT #29; THE “NAND" Qate

CIRCUIT #30: Thie “NOH" Galg



CIRCUIT #2: The Electronic Storage Tank

In the preceading section of the manual we lald you that a
Clpaitor shored and released electicity in a clroull. Now you
Ciun Sind for yoursatl, After you compdete the wiring, louch the
frienr g of tha LONG WIRE to 21 and thon to 28, Surprisel
Tive LED lights up. Do you know why'?

Tounderstand batier, look al tha diagram balow. We call thiga
SCHEMATIC, and it s the kind of drawing professionalsuse o
build clrcults. Don't worry. ... you can a8l use the wirng
BAJUENICE. ﬂmmﬂhﬂhmﬂlnhﬁmﬁ:mlhnm
we poinled oul in the MORE ABOUT THE CIRCUIT BOARD
saction of this Manual. [ you didn't leok at tham then, it would
b @ good idea 1o chack them out now,

 you tollow the Schamatic you will See that touching the wine
o 21 complotos a path for electicity to fow from the —
terminal of the Battenes to the Capacilor and then from the
othar slde of the Capacifor to the + lorminal of tho Batiedes.
This lats tha Capacitor “fill up™ with alactricity. \When youtouch
the wire to 26 you complete a path for the Capacitor o refease
the electrcily through the LED, The LED kghts jus! long
angugh for the Capaciior 1o “emply™ (which tan't veey long in
this casa).

Ag you go through all the circuits, you'll leamn iz of
information just ke this and its a good idea 1o Keep this
information in & Notebook, By the Bme you finigh this kit you
rriy want 1o bry diasigning soma circuits of your own, and then
o MO0 would have mast of the things vou'd need 1o
ke,

Wiring Sequence
21-26-24-28, 23-11-14-17-31-33, 10-13-16-27, 25-LONG WIRE, 25-LONG WIRE, 12-32, 15-30
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CIRCUIT #30: The “NOR" Gate

THE MOH gate i ancthar "logic™ circulf and is the opposite of
this OR gate (Mot QR). Here, connacting either one input OR
the other (25 to 30 or 29 10 32) will lum off the LED [cutput).

Ha'hwmuumpununlmdmlnmmmvﬂl

eithar ingul (and weming on thal ransiziorn)
uﬂnﬂmaMdmﬁMﬂuLEﬂﬂwm@hmﬂ
thal transisior. This probably seems very s'mpla fo you by
ro, Hitdoes . GOOD ... ... 0 B nob, then i owill with B
lithe mone practics with oloctronics and schomatics, Just
remamber that onoe you kKnow how edch component of thi
clrcudt worka, you can figure oul how and why the creuill doas
whatewer it doos,

Wiring Sequence

23-11-41, 10-27, 40-LONG WIRE (blue)

gt

(s

ef
LED




CIRCUIT #3: The One-Way Street

Do you remember what LED stands for? ...... Light
Emitting Diode. And wo iold vou thal a diode only lels
algciricity o in ond dirgction. Hamn's prood,

Complate the wirng, and then louch the two free ends of the
LCI'HE‘-WJHES together. The LED Eghls up ... right? Now
reverse the connections to the Batedes (21 and 23}, and
touch the LONG WIRES again, Nothing happons, because
the Tlow of electricity is going in the oppesite drection and the
Dicdie won't e it through,

I the Schematic you cangee how the Diode must ba connect-
ed lor it io Bght, Tha + (posiive) side ol the Bateres goas 1o
the arrcs-hesd and the - (negatve) skde of the Battedes
goes 10 the ling, This would be good information for your
Holebook. You ar keoping one, amen't you?

The 680 ohm Resistor in this circuit reduces the amount of
aleciricity golrg to the LED (i can't take very mach, or B will
burn oul).

& proclical use for this circuit is as a conlinuity tester. It will
allow you to see whather electricity is Nlowing through a
particular dreull or componant. This Rind of testing can help
you find where the problems are il a circult ian’ working
carmaclly,

Wiring Sequence
21-26-24-28, 23-11-17-30-32, 10-27-13, 25-LONG WIRE

29-LONG WIRE, 12-33, 14-16, 15-31

&1
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CIRCUIT #29: The “NAND" Gate

As you might suspect the NAND gate is the opposite of the.
AND gate (Mot AND). In thiz elrcuit you must connect both
LOMG WIRES (25 to 31 and 25 to 33) 1o tum the LED (lhe
cuiput) off. One use for a NAND gale, basides in a computer,
imikghit Eu T vl OO DUZZEM IN YOUT PANSnTS Car, They have i
clogeboth doors (two inpuls) to e off the buzzer (the output).

In the Schematic you will saa that when both connections are
made, both transistors am on, and that makes a short circuit
around the LED, through the oulput circuils of the transisioss,
The LED then has 1o go off.

Wiring Sequence
21-10, 11-27, 26-LONG WIRE, 23-LONG WIRE

- B || w
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CIRCUIT #4: The “Invisible Power" Radio

I the wiring sequence for this circuit you will see a lerm we
haven't lalked about vel ... ., GROUND, The schematic

ia <. “Ground™ rmaans that you actually connect awire
1o 1t aueri, O comvanians wiry b do this is o connect awire
0 a metal, cold water pipe (water pipes run through the
ground). Firsl, use a culter fo divide the green wire inlo o
pieces. Then sirip both ends of each wire by removing the
plastic nsulation trom thi wite, Conmct the end of one wire 10
tha pipe. If you can't use & waler pipd, you can drive an iron
stake Into the ground and attach the wine 1o thal. You can gel
tha extra wire (also the metal ground pod) you will need lor this
al your kocad RADIC SHACK stor,

Whien the wiring is compleled, put the EARPHONE inyour ear
and tumn the TUNIMNG Knob [variable capacitor) untl you hear
& radio station, This is & very weaak radio, and you will have o
listen carefully.

Afer you've istened to the radio for a while, 1ake a logk al the
narng of this drcuit, We arenol using the Batleres, sowhere is
ther porwir coming from? Boliava it or not, the power i coming
fraem the EndsEbde radio waves that ane maving throwgh the air
11 th tirwe, The radio waves are intercepted by the green wine
and dre Sont 1o the AMTENNMA whins thay “SlF up”™ the Ao
in the Cod o wing. This stiring up causes small pulses of
SHECLECily 10 Bony oul of e ANTENMA, The vaniabhe capacilor
filters out the puises of slecticity from all but one froquoency of
R0 Wil (OnE Fadio SEation), and that alectricity & changed
inlo sound by the EARPHONE,

It is gasy 1o understand winy the sound S waak whien You see
thit Bhe power for (e radio comes “oul of the ar.”

NOTE: In a schematic if two wires cross like this +
thiry are not connectad, and o thay cross Fhe this +
they ane connecied.

Receplion not very good? OK, try soma axponiments, Try
connecting the Ground wire to temminal Ginsteadol 7 . Or try

the Green Anfenng Wire 1o one of the ather AN
TENMA tarminats. Often just

changing connections lie (his
can make a big diferencain how good the Radio works, Better
8till, use an ouldoor antenna (Radio Shack se'ts one just for
Ehon Wava Radios — it works well for crevits [l this) — BUT
BE SURE YOU HAVE AT LEAST ONE ADULT HELP YOU
EIE‘IE';LL THE ANTEMMA. AND DON'T GET NEAR POWER

Wiring Sequence
21-10-24-28, 23-14-17-30-32, 11-26, 27-16-13, 25-LONG WIRE, 29-LONG WIRE, 12-31, 15-33




CIRCUIT #28: The “OR" Gate

The OR gato is o computer cirguit. Ancthar name lor the types
ed girelits wsed in computers is “logie™ or "digital” cirouits,
ther wiring sequence and ouch the LONG WIRE
frgm 25 80 31, Tha LED should Bghil. Mew remoss thad eonnse-
o and towch the LONG WIRE from 28 1o 33, Agaln, tha LED
ghouid lght., Instead of needing both transistons o ba on
before the LED Byhis, ke thi AND gate, this circuil works i
althar ong transistor OR the olher s on, This is ke having b
wall swiiches In your room and eithar one of tham will tum on
th light,
This cirguit works as it does becausas louching either ona of the
LONG WIRES fums on a fransistar, and thare iz 3 complate
path lor the electicity to fiow throwgh the LED if either ransis-
1ors.on, Again, trace the pathof the oleciricily on the Schoma-
tic and you will see a path throwgh efther fransision outpa,
Yhizn lransistons ane connected this way the culputs are sakd
4o b in “pasaliel.”

Wiring Sequence

ekt

5-6, 4-8, 1-ANTENNA (green), 7-3-2-32-35-Earphone, 9-33-34-EARPHONE, 7-GROUND

11

ANTEMNA
WIRE
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CIRCUIT #5: The Transistor, An Electronic “Trigger” ~ %;’:-

The small motion of pulling the tigger of & gun can release a
large amawnt of powar. The Transistor can wark in muech tha
sarme way, bul balore wa axplain how that's dana lat's look at
the three connections on the Translslor (we mentonad that
earfier, ramambar?).

Thae three connaclions ang the BASE,
COLETOR  cpITTER and COLLECTOR,

BARE Complate the wirting SEQuUence, press
Misgog @ KEY, and the LED wil light up.
This may nod seem very Imgresshe
1o you, but you will see how important it is in the next ciroul.,
For mor ™5 ook al thi Schematic and seowiy B LED lighis
whien you press the KEY,
There ane actualy by paths for olociricity in this diagram, One
from i amitber (E) o collector (C), and one from the emitler
(E)} 1o base (B), From ncw on we will call the emitter to
collector path the DUTPUT, and the emitter-io-bage path
the [IMPUT in all ¢ircuits using transisbons.

Tha oulput circuit leaks complabe, bul the LED doasn’t Bghi up
untll you prass the KEY and complabe th Input circuil, 100,
The small amount of electicity in the Input circuit {one Bat-
tery], “irggers” the larger amount of electricity in the output
gircuit (both Batierigs), and the LED Bghis up.

This iz a simphe cincuit, bul i iz impodan! thal youwunderstand i
well, because there Is al beast one Iransisior in all of the
remEinng circuits in your kit, I would be a good iea to lum
Back bo this circuil cocasionaly 1o romind yoursed about the
INPUT and QUTPUT of a ransisiorn, Or betler 56, just pul the
information in that Molebook you ane keeping.

LI
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Wiring Sequence
21-10-24-28, 23-17-30-32, 11-26, 27-13, 25-LONG WIRE, 29-LONG WIRE, 12-33, 14-16, 15-31




CIRCUIT #27: The “AND"” Gate |

The AND gate is another bype of circuit that 15 used in coms
puters {and in your coalculater, too). In fact o)l the remaining
circuils are used in complters — bad thara ara other uses boo,
Whan you finksh wirng, touch the LOMGE WIRE frem 25 bo 31.
MNothing happans, Now ramova that wire and fouch the LONG
WIRE from 29 to 33, Again nothing happens, but if you touch
both wires at the sama Sma the LED wil light. Ws like having
b wall switches in yournegm and having 1o urm themboth on
bedore thae light comes on. Computers usa thase circuits 1o add
things togather, By using many of these circuits, the computer
can add many things 1ogethar,

Besides in a computer, can you think of @ use for this cireuit?
How abowt. . . Tor telling an astronaut whether both hatches of
the spaceship’s air lock are closed? Thare are many marne
uses and we're sura you'll think of some of tham,

Thie AND gabe works a8 it doos bocause bolh ransésters have
to be on befora thare iz a complete path for the electicty o
fiow theough, the LED. Lock al the Schematic and trace the
outpad circuil's path.

When ransisions are conmected in this way the oulpuls ara
sakd to be kn “seres.”

Wiring Sequence
10-26, 11-16, 15-43, 17-23, 21-27, 22-29, 28-42

o _.-E
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CIRCUIT #6: The Transistor and “Amplification™

Complicated elecinonic circuits are almast ahways msce up of
tevo o more simple crcuits connecled togather. This project
cambines a radic ke the one in CIRCUIT #4 with a one
translstor amplitler. Connact the GROUMND and ANTEMNMA
just as wou did bedore and lune ina staban. You shoukd g
rgrd Sound Trem the EARPHDNE this Gme. While you'ra
lissening, lel's B0k a1 ihe Schematic, and See whiy tha sound is
howagher,

In the “INVISIBLE POWER™ RADIO the pulses of electricily
stirred up by the radio waves were tumed Inte scund by the
EARPHOME. In this clrcull those sama pulses of elaclricity arg
connecled o the INPUT of the Transl£ior In the drcult. As the
putsas turn the INPUT on and olf they creale a Smiror mage”™
of the puises in the DUTPUT. Remember thal the OUTPUT is
confrodied by the INPUT. The pulses irom the QUTPUT ana
cannecied iothe EARPHOMNE and are much stronger than the
INPUT signal, because the Battedes ars conngcied to the
OUTPUT of the transistor, Gesling a high power signal from a
lew power signal in this way is called AMPLUIFICATION.

Wiring Sequence

21-10-24,23-14-17-LONG WIRE,11-26,28-12,30-15,29-25-16,31-27-13




CIRCUIT #26: The Memory

Thiz type of circail Is used in computers, becausa it has the
ahilwmramrbmmmsrrmm&nammamﬂmd input has
been removed, When you finish wiring, we'll show you what
Wl P,

Touch the LONG WIRE to 15 and the LED wil light up. Now
o thawing Trorm 15 and the LED stays on. It remembars
the “crder” you gave It ko ba “on,” Mext touch the LOMG WIRE
1012 and tha LED goes off. it will remamber to stay ol untill you
1ol it 10 b on again by touching 15. In 4 computer this kind of
circuit could ba sat to remember the numisar 3 of the latler A, or
juat aboul anything.

Ancther name for this clrcull s the bistable swilch or
“flip-flop.” It worka the way it doas becausd of the vy th b
transisiors ara connecled, The explanation may Seam o iflle
confusing ai first, but follow il carsfully and you'll Sed that all
tha compononta ane working just ke wetva showm you i othaed
clrcuits,

Balore you touch tha LONG WIRE to 15 or 12, tha lafl
transishon s on, bul when youw towch 15 youmake a short Gt
around thir input of that transister and turm it off. Whan thal
happens, ihe elecindity thal wis going throwgh the lel oUtpul

beging to flow ther 108 ohrm resistor and (o the ingut of
tha-right traneistor. ltmmﬂﬂl‘-jﬂlmnﬂlmnr'inutpm
and, ol course, the LED. Tha LED stays on whén tha LONG
WIRE iz roamoved from 15, bocauso the electricty thal was
Tiraiing to the basa of tha lefl Irensistor through the 100K ohm
resistor will continue fo go theowgh the owtput of the rght
transistor; it la lollowing the path with least resistance.
Eleetricily ahways does thal, Whan the LONG WIRE is touched
1312, tha input 1o the rbgh ransistor is shon-cirouiled and i
ocutput on the dght is tumed off. This allows the flow of
edactricity to relum as it was before you did amything with the
crguit,

Wiring Sequence
2-3-7-35-28-17-23, 4-8, 5-6, 9-29-36-34, 15-37-33,
16-20-EARPHONE, 32-21-18-EARPHONE, 1-ANTENNA, 2-GROUND

I.II
)

AHMFLIFLER
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CIRCUIT #7: The Sunrise-Sunset Light g iﬂ"-‘ﬁh

Aftar the circuit Is complabe, hosd ihe WIRE f0 31 andwatch the
LED. It will showhy lightwp, . , . like a sunfise, When the LED
raaches its brightest paind, remewe the WIRE fram 31 and the
LED will cirn and go ofl, . .. ke a sunsel. i vou louch the
WIRE to 41 the LED will go off very quickdy. In this circuit the
Transistor I5 usad a5 a swilch, It swilches on sliowly because
thet 100 pF Capaciton must be “Whed up” or charged belone the
elaciricity ¢an fion through tha inpat of the Transistior b tuen on
the ouiput &nd th LED. The 100K chm Reslstor reduces the
amount of eleciricity fiowing in the inpul circult and this makes
the Capacitor charge more slowly. Touching 41 makes the
Capaciior dischangs weny quickly, becausa it makes a “short
circuit” (& path with lithe of ng resistance] Tor the Capaciion 1o
empty through.

What do you think will happen if you change the values of the
Rasistor or Capacitor? Wrile down your guaesa, and than by
changing the resisior 1o 10K or 470K ohms. Next try the 10 pF
chpacifor in ploce of the 100 wF,

MOTE: The 10uF and 100uF capaciiors ara a special
typer of capacitor called ELECTROLYTIC, and they
have a + and a - connection. Be sure 1o kaep tha
wiring the same when you swich them or they could be
damaged.

D8 you gl the resulls you axpected when you made the
changes? Don't forget to make notes!
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Wiring Sequence
21-10-24-30,23-14-17-42,11-26,28-12,29-25-16,31-41-15;13-27-40-43




CIRCUIT #25: The Timer

Thiz eircuit ks also a multivibralor, butit is a special kind called ;!:n(_&:ﬂ:ﬁ
a eng-ahel multivibeator, When you finish wirng youll sea

why it is called that, Press the KEY and release itimmadiatedy.
The LED will light and stay on ko a few seconds and then go
off, It will stay on for the same amount of time every time you
prass the KEY, evan if you hold the KEY down I-ung-ar
M.MMMmeuﬂmwﬂuiﬂ
pF capaciior, 20 you could chonge tho by changing

— of the resisior tha! conlrols its dischange (the
100k ohrm), The name “'one-shot™ comes from the fact that the
LED only comes on once for each ime the input is connacted
by prassing the KEY.

Wiring Sequence
21-10-30, 23-17-41, 11-26, 16-27, 15-40-WIRE

OFF

Lk



CIRCUIT #8: The Slow Motion Sunrise-Sunset Light

In this circuit the light tem the LED comes on axbramisty
siewly. Complele the wiring and ho'd tha LONG WIRE 533, In
abaut terenty 1o thirty seconds the LED wil begin 1o lighit
up. Remova the LONG WIRE and the LED will slowly go off.
(it may take five MINULES OF 50]. AS in (he previons Sey-
|;.1|I1a LED will go off quickly if you touch the LONG WIRE to

This careuit works much like this pravious onie. Tha LED comes
on mome siowly because of 1he increased resistance in the
mgut, and because both transisiors must be swilched on
belon the LED (connectad 1o thi cutput) can ight up.

Wiring

Sequence

21-26-24-28-30, 23-14-17-EARPHONE, 27-34-13-EARPHONE,
25-36-16, 29-37-12, 31-35-15

e o | 6
SEK 10K 200K ZEED
5] aow2uF | 3| ooopzpF |7
F =
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CIRCUIT #24: The Two-Transistor Oscillator

%
F - e A |
rom the wiring sequence and the Schamaltic, you can see hb =

thnt thés clrouit ks almest exactly Bhe the BLINKER, The differ-

encd is that wo have changed the fraquency of the oscillation

(with capacitors . ... ., just like you ¢id in the one-ransistor

oadialors), and we also changed the fosm of the outpat from

lighting the LED to making a scund in the EARPHOMNE.

Right now you may be asking why we told you it wouldn't be
pracical fo use the smaler capacitons in the st circul, and
than waused therm hare. The reason i thal the requency s 50
fast thal you wouldn't have boen ablo to see the LED going on
and o, it would hawve iacked ke tha LED was an all tha tirme,
bt the EARPHOMNE can usa this high fnequency 10 produces
sound thal you can haar.

Az inthe BLINKER you canchange the freguency by replacing
thia 100K chim resietor with tha 470K ohm rasialoe.

Wiring Sequence
21-10-28-32, 23-17-41, 11-26, 27-16, 29-13, 12-40-WIRE, 14-15

X

oM

QFF




CIRCUIT #9: The “Secret Code” Key é@;"" )

Whien all the connections hanve baen made, press the KEY and
you will hear & sowned in the EARPHONE. By following the
MORSE CODE chan below you will be able 10 send messages
with a sories of dols (short sounds) and dashes [‘onger
solnds). (f course Morse Code i=n't really a secret coda. It
viks the first means of electronic commemnecaton .. ... . by

tedagraph and then radio. It is atill used by radio eperatons: all MORSE CODE
o i workd, Yiou will learn the coda laster, and have mong

A | SRR L o 1 =il
m:rwmmrgmm:dtaMMhﬁmu g b ,I:‘ 7 ; s g P
The type of circuit used here is called an OSCILLATOR. The o e o 4 0
sound In the EARPHOME iz caused by pulzes of E o [ Y e B
Jus Bl it was in he raclos thal you i, TMI:HHHEM&IEHIM F ., =] = Fa = B .
ther pulses come from the clroult turmning itsell on and off G 0 -
irsfiad of from the radio waves, The osciltator turms on and of H A .. Poriod S
becausa of something called feedback. You hawe heard I = Comma TR - T
another example of fesdback al concerls, when the J i A Cuestionn R i NI

udspaakars start to “squesl.” This happens when the
speaker and microphone get (o0 ciose iogather and the sound
from the speaker “leeds back” into the microphone, The same
thing happang in the caclllator exeapt tha microphone s
reglaced by the Input of the transistor, and the speaker Is

raplaced by the oulpul. Ala concer, leechack i3 annoying, but
in an oscillalor i is necessany bor the cinouit to work al all,

Wiring Sequence
21-26-24-28-30, 23-14-17-11, 27-38-13-10,
25-40-16, 29-41-12, 31-39-15

43



CIRCUIT #23: The Blinker

A, circuit lixe this one might be controling the binker i your
parent's car. Sincd i turis on and off you might guiss that ilis
anoscillator ... .. . and you'd be righl. It's a typea of osclllator
called an astable multivibrater. It is designed ao that, when
ong irangistoris on tha othar 5 off; and they continually switch
back and fonh, of vibrate, from “on™ o “all,”

Just Exa the one transisior osdllaton, the Trequency ol tha
miutlibraton ks controdled by the combination of restsions and
capaciiors. Since there Iz such a blg diterence in size
bativean the capacilors used here and thé othar two
Cilpadibons in the Kit, i woukd ndd b practcal 1o use thim bk,
Buif ol e raplacs th 100K abirm fasiates walh tha 470K chm
resisior and sae what happens. You probably alraady know,
but iry i aryhow,

Finally, do you know which ransisior is on whin the LED s
o0 You should be albie ko Wl from the schamatic. It's tha right
onk ...... of courss!

Wiring Sequence
22-19, 23-43, 32-34-20-EARPHOMNE, 33-35-15, 16-18-EARPHONE, 17-42
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CIRCUIT #10: The Highs and Lows of Oscillation

When an oscillator lums itsell on and off it is called OSCILLA-
TIOM. The rate at which it temns itzel on and off iz called
FRECHJEMGY. The frequancy for anoscillator that producasa
sond can be anywhars from 20 to 20,000 times a second| In
Bl CEreuif Wik g you A chance 10 see how the fregquency of
Rorel 01 &N OSCIILEIOr Cin B changed,

When yvou have complated the winng sequancs, fouch tha
LOMG WIRE from 19 0 either 30 or 32, and al the same time
towsch the LONG WIRE from 20 to either 34 or 36, Mow you
should ba hearing a ssund in the EARPHONE. Try as mang
combinalions of touching the LONG WIRES as you can find
and gea how many difioront sownds you can get from tha
oscillalo.

From lookdng af the Schematie you can soe that fouching 30
connacis the 100K ohm resisior, and 32 connecls the 470K
ohm resistorn. 34 connects the L0022 uF capacilor and 36 the
0.022 pF capaciior.

When you have found all the combinations, make a chart
showing which connectiong made the highest and lweast
sounds, and pul the chan in your Nobebook, Thin ned lime
you will Know in advance whal is going (0 happan.

B

G|

Resisior & Capaciior

100K + .0022uF

100K, + 022uF

470K + 0022eF

AT0K + 022uF

examphe of a chart

Wiring Sequence
21-10-28-32, 23-30-17, 11-26, 27-16, 29-13, 33-31-12-EARPHONE, 14-15-EARPHONE

4F



CIRCUIT #22: Blowing "ON" A Candle

On your birhday you make a wish and Biow out the candles.
Wall, in thiz circuif you can blow oo’ the LED [we wane just
kidding about biowing “on™ a candla), We ane using the EAR-
PHOME as a microphone, again, Once you complete the
wiring, blow into the EARPHONE and the LED will light up as
koG A5 you keep biowing. You can also gel the LED to light by
yeling into the EARPHONE, bt the biowing seems easier
(and your parents will appraciala thal it is quisber),

This circult Is & two-tranalslor ampdifier that uses the electricity
craated by the air hitting the EARPHOME asaninput i ium on
{hur Gurtpurs and the LED. Your iriends will be amazed, bulilisn
magis, it's ELECTROMICS!

Wiring Sequence

=&

.{":‘l"'-.

)

22-19-LONG WIRE, 23-17, 33-31-37-35-15, 16-18-EARPHONE, LONG WIRE-20-EARPHONE
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i



CIRCUIT #11: The Beacon Light

Have you ever noticed the Fashing lights on the tops of tall
buildings or iowers? They flash on and off so low-flying planes
won't hit them. The type of circuit you will build hara ks similar to
U Ooruers Coninolling those very imponant ights.

Adftar you hane finished the wiring, the LED will bagin to lash
on and off slowhy, ke a beacon Bghl, Mow kook a1 tha Schie-
matle. Doos it look familiar? it should, because it is an
oscilator vany much ke the last two circults you have bud.
The diffarence ts that it has @ much kwer frequency than the
others. With what you lepmed in the last cirowlt, you won't be
surprised lo see thal this sliow oscillator uses the largest
capacitor and the “strongest”™ nesisior,

As you rmeght suspect, changing tha resisior or capaciior will
alter tha frequency of this oscillaton (oo, 50 g0 ahead &nd iy it

NOTE: Don't forgel about tha + and = connactions on
the slectrolytic capacitons.

QUESTION: Cou'd tha freguency become 5o fast thal
you wiatdnl be able to sea the LED going on and ofi ?

Wiring Sequence
22-26, 23-17, 5-6-36, 3-7-16, 4-27-30, 31-37-15
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CIRCUIT #21: The Metal Detector R

Parhaps you have seen pecpe al a beach or park searching
for “buried treasure™ with their metal dabectors, and you've
wondined haw anelecironic devica can “see” tha matal. Well,
Raa's G Way,

Vilven the cireuit s complabe, you will sgain nead an AM radio
to act as tha “voloe™ of the cirouil, bar thiss time tha radio will ba
tuned In a ditfarent way. Sat the dial 1o a station thal is weak
and does not come in vary cleardy, Then adjust the TUNING
HMOB untl thi radio station i blocked out by a "squesl.” Ned,
fine-luné ihe TUNING KNOB unt you gel the kowest tong
“squeal” you can. Mow you're ready to tost the METAL
DETECTOR.

Tako & piacn of mlal (b acoln) and touch it ta the end of the

ANTEMNA COIL core, The sgueal lone wil go awdy 1o
indicabi th présence of metal,

This circuit i a radio wave ransmitter similar 1othe o1hars you
s, bul in this circuit the signal irom the transmitier is used 1o
immmmum&mnmmmmg%m. YWhen
metal is touched to the cora of the ANTENNA GOIL the fre-
quency of the blocking signal is changed encugh fo stop it
intarlaranca with the waak radia slation, and that b5 your signal
that melal i presant.
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Wiring Sequence
21-32-19,23-17,10-18,11-16,15-33-41,30-20




CIRCUIT #12: Music From A Pencil

In s circult we will again use an oscilaer 10 produca sound,
bt you will contred tha frequency in an unusual way ... ...
with a pancil mark. You may even be able to play a song with
this "slactironic ongan.”

Complate the wirng and then draw a rectangle the full length
of & pieck of notabook paper, and about wo or thres cantl-
maters widh, Fill in the entire rectangle with heavy pencll
marks (@ viry sofl pencil will be best). Mext tape oo of the
LONG WIRES 10 ome and of the pencil mark. Towch th olfsr
LONG WIRE 1o the middle of the pencil mark and Fslen to thi
EARPHOME. You should hiar a sound now, and if you move
thi frees wire up and down thee pencil mark the tone will gat
higher and lower, With a Hitle practice you will be atde to pick
ol your favorite Song,

We hava told you thal the requency of an osclilator can be
controlled by a rasisior, Wiell, inthis cireuit the pencil mark acts
83 a variable rasisior, When the two wines are coser Wogethear
the resistance i3 less and the frequency and tona gat higher.
When the bvo wires are farther apart, the resisiance is mon
and 1he frequency and tone gel lower,

The “lpad” in a pencil i a leom of carbon, and thie resisions @
your kit are made with carbon, 1o,

Wiring Sequence
22-26, 23-14-17, 5-6-36, 4-31-29-27-19, 3-7-16,
28-15-37, 30-LONG WIRE, 12-35-LONG WIRE, 13-18, 34-20

RAIH DETECTOR




CIRCUIT #20: The "Wireless" Rain Detector

Thia circuit ks anothar example of combining wo simpla ¢ir-
cuits lo maka 2 mone advancad ang. Hara we havs combinad
the RAIN DETECTOR and the RACHD STATION. Although
the two sections of this project are not exactly ke the previcus
circints, they work in the same way. \Wa had to make some
amall changes 5o the hwo parts wou'ld “gel along” batter, You
will pul the bve LOMNG WIRES in water, as you did balona, B
Ehis lirrad you waill uSe thi AM rded 0 ecenad tha “alam”
signal, Dont forget, you have o adjust the TUNING KNOB
uritl yeu ean hear tha signal coming from the WIRELESS
FAlN DETECTOR.

in the schamatic you wil ses that the culput that wan! 1o the
EARPHOME in the olher rain"deleciod s now going 1o tha
RADID STATION or “transmiilar™ section of the circuil. The
TUMING KNOB adusts the transmitter’s fregquancy 10 malch
the satling on the radio cial. And the ANTENNA COIL sends
the aignal out inte the air whara the AWM radio picks 8 up and
tums the madio wave signal inte sound,

This rain dotector can ba wsad in the same ways as e othor
one, excapt you will have the cormeaniance of hedmng the
alarm over the radio instead of through the EARPHONE.
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Wiring Sequence
22-19-EARPHONE, 22-LONG WIRE, 23-17, 30-LONG WIRE,
16-18-EARPHONE, 15-31-37, 36-20
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CIRCUIT #13: The Leaky Faucet

By o yoa should have no probilem recognizing this circuit as
an oscillalof, and this one works just ke the othars you have
Eralit. Bl b this circuit (in Tactin the mext thres] we are going to
hava fun wilh “scund effects.”

Wi you findsh thawiring youw will begin to hear & 5w clicking
sound, semathing lke a dipping faucel. Mew lel's see if you
Can pul 40 wWork 1hosk Noles youe been laking,
1. Can you think of o way 5 make the “dhpping” got
fastar?
2. How aboul a way 1o make the “dripping” slower?

Sea whal you come up with and then check with the answers
b,

Wiring Sequence
22-4-30, 23-17-EARPHONE, 5-6-26, 27-16, 33-EARPHONE, 15-32-31-34, 3-7-35

al



CIRCUIT #19: The Radio Station gﬁ,

g
if you ever wanted ‘o ba a radio announcer or “0.." here's % A
your chancs, Aller you finish the wining, you will need an AR

raded 1o recehAl your "Broadenst.” Tha radio should be aboul

one foo! away from the RADID STATION, 1o bagin with, and

shou'd be tuned to a place on the dial where there i no cther

stafion.

How adjust the TUNING KMOEB on the RADIO STATION,
whily spaaking inlo the EARPHOME, until you hear yvour voice
o Ul ractho, Chista you Riase your broadcast tured bn, you can
expodiment 10 see how far away your signad can be received.
The FCC (Federal Communicalion mission) doasn't
allow the eperation of slrong redio stations withaut & Foonsa,
&0 don'l be dsappointed il the signal carmies only a lew Taal,

A radio slation like the one you have buill is a combination
amplifier-gscillaior, The oscllpior produces a high Irpguency
raciio wave that s senl out into the air by the ANTENMA COIL.
The frequency of the cscillation is sef [ match the satting on
tha radso dial by the TUNING KNOB (Remembar, the TUNING
KNOB s a variable capacitor.).

Tha strangth o “amplituvda™ of the radio wewes ks controllad by
the amgpiifier, and the ampiiier is controlled by the smail
amcun of electricity precucad by the EARPHONE when you
falk inta it I this way, the input Irom the EARPHOMNE {ycur
widea) connads the amplitude of the radio wayes. The AM rdo
is able 10 tum these changes in the strength or “ampiRude™
into the sound thal comes out the radio’s speaker, Amazing,
BT P Whise vee 'l CABing abaut B, have you eved wondsned
whad “AM" stands lor? 1 slands for amplitude modulation
(medulation i anathar word for changa).

Wiring Sequence
22-32-19, 23-17, 16-18-EARPHONE, 15-39-33, 38-20-EARPHONE




CIRCUIT #14: The Bee %Q

Diothe wiring and then press the KEY and hold it You will hear %

a buzzing sound through the EARPHONE. Mow releess the
KEY and see whal happons. The sound fades away. By
expenmenting with cifferent rates of pressing and releasing
the KEY you will ko able to gat a.sound verymuch e a bea {or
mdybe the “giant bee™ on the late mavie).

O course thisis an oscillator, butit has two capaciiors (inatead
ol gy ke 2t oihors) 5o lot's iry somathing to ses what the
Bwnd CApACIOns o In th circuil, First replace the 10 oF chpaci-
tor with the 100 pF and pregs the KEY, You will hear the same
sound you heard balora, bul when you release the KEY the
sound fades away more slowly, This tells us that the large
capacitons storo alecticity while the KEY |s pressed and na-
ease it whisn you retease the KEY. Sincs the 100 pF capacios
is misch larger, i§ lakes much longe for i fo dschangs, and the
"bee" sound laces away mone slowly.

Moy change the D022 pF capacilor to the 0.0022 wF, Tha
tond will bR highar, 80 Wi can assums that thoso capaciion
conirgl the Instency o e ascilation,

Wa haven't mentioned the resistor in this circust yol, but of
coursa It can change things oo, In facl, changing the resis-
tance will change the frequency of oscilation, And the rate of
digcharge of the lrge capacitor. Don't take our word for it
veno.. Iy it yoursalf, and take notes!

Wiring Sequence
21-26, 23-17, 27-28-19, 29-LONG WIRE, 16-18-EARPHONE,
15-37-LONG WIRE, 36-20-EARFHONE
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CIRCUIT #18: The Rain Detector

-

This circuit shows you anothar thing thal conducts alaclricity
...... wibor. This shouldn't b 100 much of a surprise, since
your body conducts electricity and i s mostly water,

Whan the wiring s complate, pul the foee ends of the two
LONG WIRES in a glass of wabes, Hold them as close togather
5 o Can Withaout beting them touch (Wou may fnd it easer o
tape the wines 108 pencil o "popsicle stick™ and then put them
in thie water). Tha water will conduct tha electicity and you will
hiear & sound kn the EARPHCONE. This “alanm” will o off any
timae thera ks encugh waler present 1o connect th b wings,

This typrof cincuit could be used o fell you il ihe waber hevel in
a bath iub of squanum ks goiting too high. And f it was
connacied o othar spacialized devicss, I could aveda urm the
waber on and of .

To wsa this as a rain dabector, you will need to got exte wing
from RADKD SHACE, and run two wires oulside, Tape them
close togethar on a board of pieca of plastic, 5o that just a few
drops of rain will compiein the circuit and st the alarm off.
It this circuit looks familiar, you're right again! It is anothar
ascilator, The difference is thas i s designed to use walerasa
CONGUCION 10 complate the circuit.

Wiring Sequence
22-32-19, 23-42-39, 33-37-15, 16-18-EARPHONE, 36-20-EARPHONE, 38-17-43

a1



CIRCUIT #15: The Electronic Canary "

~p gy JD..-l
You may be beginning fo think that an ossillator is the only ﬁ%

electronic circuil! Well il isn't, bul il can 6o 50 many diffenent
things, and make so many ditferend scunds, we just had lo
shew Tharm 10 you, The name of this cirouit gives things away,
bl goahaad and gel the wiring dons and seewhal you think of
oUr “canry,”

Adter you play with this for a while, we hope you will put your
o 1o work and 00 how you can alfter thés “oird call.™ You
may craatn A sound mon ke a prehislons Bying roplile, or a
“speca bird.” HAVE FLINY

Wiring Sequence
21-26-28, 23-31-14, 10-27, 11-13, 25-15, 29-16, 30-12-17




CIRCUIT #17: The Touching Light
Up untll now, all of the croulls have used wire o camy of b e

“conduct” electricity and make themwok, Howenar, thant o
othar Ehings that conduct electricity, and you will iscover one
you probably haven'l houghl of — in the TOUGHING LIGHT.

Whan you complels the wifing sequencs you will Rolce noth-
ing is happening, That's OF because the circuit isn't finfshed
vil, Thia Enpl siep is 10 touch 24 and 26 with fingars of the
same hand, Sunprizal The LED lights up, and YO ara the
conducior for the electricity. Thera ks no reason for you fo
wiarry about getting a shock from this or any of the alrcuits n
this kit, because the amount of elaciricity being uhed IS very
o,

This carciit is a two-lransistor ampiller. The small amount of
electrcity that flows through you complales the input and lels
tha powar from the battarles flow In the oulpal Srcult and
theough the LED. Balore you go on b the nexl circu, iny

24 and 25 with fingors from difteront hands, Doos
LED =iill light? Welling your fingers will hadp make
contact with the lerminals.

i

Wiring Sequence
22.31-19,23-42,43-17-39,26-30-15-37,27-38,16-18-EARPHONE,36-20-EARPHONE




CIRCUIT #16: The Burglar Alarm

This circuil & tumed on by disconnecting a wire, instead of by
connecling ond, Any tirme the LONG WIRE between 15and 17
is disconneciad, the “alarm”™ goes off, Later on you may want
1o replace the LOMNG WIRE with magnetic switches e the
profossicnals use. This type of switch is avaZable at your local
RADMD SHACK sloré. This same type af alanm circuil & used
in probessianal burglar alarms, except thal il is connactad 1o
vary loud bells of buzzars, or a silent alamm that alrs the
palice, instead of an EARPHONE.

The “iip wire” keops the alarm from going off when it ks
connected because it makes a “shor clrcuit” around tha base
and emitter of the Transistor (the input). A short cincuit ks &
parth for alectricity that has litthe o no registance, and alectosity
will always Niow through the path with least resistance. When
the electricity fiows threugh the trip wire instead of the oscilla-
tor input circull [yes this is another oscillator), no sound I
produsced, bul when the trip wire ks disconnecied the eleciricity
Tigws through the oscilalor input and the alarm sounds.

f-ﬂ Sl i ol can catch who's been getting into your “prdvate
atutf.”

Wiring Sequence
22.19,23.17-LONG WIRE (green)-15-35-32,33-34-20-EARPHONE,16-18-EARPHONE
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