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RESISTOR AND CAPACITOR'COLOR CODES

RESISTORS

The colored bands around the body of a color coded resistor rep-
resent its value in ohms, These colored bands are grouped
toward one end of the resistor body.  Starting with this end
of the resistor, the first band represents the first digit of
the resistance value; the second band represents the second
digit; the third band represents the number by which the first

two digits are multiplied. A fourth band of gold or silver rep- -
resents a tolerance of 5% or +10% respectively, The absence

of a fourth band indicates a tolérance of +20%.

: CODE '
COLOR sTDIGIT 2v0 DIGIT MULTIPLIER
BLACK ° 0o — e
BROWN ‘1 ! 10
RED 2 2 100
ORANGE 3 3 1000
YELLOW 4 4 10000
BLUE - . . 200,000
VIOLET - 7 7 lé%o%.ogg
GRAY 8 8 — '100,000,000
WHITE 9 9 — Looo.ooo.ooo
GOLD - -

SILVER - - S

TOLERANCE
GOLD 5%
SILVER £10 7

NO BAND £20%

-2 watt resistors are a.ppro:dmntely 1/8"

The physical size of a composition resistor is related to its
wattage rating. Size increases progressively as the wattage
rating is increased, The diameters of 1/2 watt, 1 watt and

1/4" and 5/16",
respectively, N

The color code charf and examples which follow proMe the
information required to identify color coded resistors.

EXAMPLES
YELLOW-4 — }

VIOLET-7
‘ RANGE-1000—

SILVER = TOLERANCE

47 x 1000
(or 47Ky

tio07
REDED 22__' 22 x 100,000
GREEN-100,000 {(oR 2.2 MEG.)

‘_\NO BAND = TOLERANCE
£20%

CAPACITORS

Generally, only mica and tubular ceramic ca.pucitorl. used
in modern equipment, are color coded, The color codes differ
somewhat among capacitor manufacturers, however the codes

lhown below apply to practically all of the mica andtumhr

. ceramic capacitors that are in common use. These codes com-

ply with EIA (Electronics Industries Association) Standards.

MICA TUBULAR CERAMIC

CODE EXAMPLE 1:lz,lwe the group of rings or dots to the left and read from left
SOLOR 1D AUGIIIER 3 7% PR CoDE EXAMPLE
Suack. - ¢ ° e RED VIOL RED 20 0IGIT
RED 2 2 00{ & 2 MICA o ——
e H : 990 | *2 =
GREEN: s s —| ¢ s ~ &
Lyt ' [ -_— - [ s 1=
IR S =} £ FES
e s 3 ot -1
SILVER - - - o s 23 =8 =1~

TERIBTIC
mum'#ou or 2700upf 25 % ORG ORG BLK GRN
" OR.0027wfd uPERATURE 3 3 X1 asw
gl . CHARACTERISTIC— ittt Seow © ¥ 33uf £5%
INDICATES SE€ NOTE | BELOW o
A i
{VALUE IN wpf=SEE NOTE 3 BELOW)
(vaLue v puf—srz noTE 3 sELOW)
NOTES:

1. The characteristic of a mica capacitor is the temper-

ature coefficient, drift capacitance and insulation resistance, .

“This mlormation is not usually needed to identify a capacitor
i but, if desired, it can be obtained by referring to EIA Stand-
‘ard, n_s-lss (a Standard of Electronic Industries Association.)

2. The temperature coefficient of a capacitor is the predict-
able change in capacitance with temperature change and is

expressed in s per million per degree centigrade, liater
to EIA Standard, RS-198 (a Standard of Electronic Industries
Association,)

3, The farad is the buic unit of capacitance, however cap-
acitor values are generally expressed in terms of ufd (micro-
farad, .000001 farad) and puf (micro-micro-farad, .000001
ptd); /therefore, 1,000 upuf = ,001 pfd, 1,000,000 ppf = 1ufd,

_The desig-nation pf ls sometimes used for uuf

USING A PLASTIC NUT STARTER

‘A plutic nut stirter . offers a convenient method

of starting the most used sizes: 3/16" and. 1/4"

(3-48 and 6-32). When the correct end is pushed

down over a nut, the pliable tool conforms to the

shapeé of the nut and the nut is gently held while it -
is ‘being picked up and started on the screw. The

tool should only be used to start the nut,

6-32°

2
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INTRODUCTION

THESE
SMALL
TRANSISTORS

CAN REPLACE
THESE LARGE VACUUM
TUBES

UMM W

2| THIS BATTERY REPLACES THIS LARGE POWER SUPPLY

TRANSISTOR
RADIO

VACUUM TUBE RADIO

The development of the transistor has opened
up a whole new area in both the consumer and
military fields of electronics, Studying the theory
and practical applications of transistors in this
"Basic Transistor' course will allow you tobe-
come familiar with this fascinating new field,

Among the advantages that transistors have over
vacuum tubes are the following: They are
very small in size, only a fraction of the
size of a vacuum tube, In most cases they have
very low power drain, thus they eliminate the
need for a large power transformer and power
supply. They can operate at low voltages, thus
they can use a small battery to supply power,
this makes them exceedingly handy for alltypes
of portable electronic devices,

In the consumer products field, transistors are
used widely in portable radios, miniature trans-
mitters and receivers, car radios, and in many
other applications, Military uses are toonumer-
ous to mention, but one of the most prominent
places they are used is in guided missiles and
in the space program,

While learning with this kit, do not be overly
concerned if, during the first reading, your
grasp of the ideas is vague or the topics seem
to be of little importance. Unfamiliar concepts

have a way of coming into focus after a second
reading. During the second reading, however, be
sure that you do have a solid grasp of each idea
before proceeding to the next. Do not feel
above reading the material a second time, or
even more often, since a thorough knowledge of
the basic principles is essential to getting the
most from any course of studies,

The previous Heath Educational Kits, Basic
Electricity, and Basic Radio, Parts IandII, pro-
vide you with an excellent background for the
study of transistors, You will find it interesting
to compare some of the transistor circuits of
this kit to similar vacuum tube circuits in the
Basic Radio course, Notice how much smaller
the transistor circuits are,

In studying this text on Basic Transistors, you
will do experiments that will demonstrate many
practical transistor circuits, These circuits in-
clude an audio amplifier, a transistor radio,
an audio oscillator, a broadcaster, and an inter-
com, Not only will you have the enjoyment of
building and using each of these circuits, but
you will also have the satisfaction of knowing
how each of these practical transistor circuits
operate, as well as finishing up with afine tran-
sistor intercom when the course is completed.
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CONSTRUCTION NOTES

Refer to the "Kit Builders Guide'" for complete
information on unpacking, parts identification,
tools, wiring, soldering, and step-by-step as-

sembly procedures,

UNPACK THE KIT CAREFULLY AND CHECK
EACH PART AGAINST THE PARTS LIST, In so
doing, you will become acquainted with the parts.
Refer to the information on the inside covers of
the manual and in the Kit Builders Guide to help
you identify the components, If some shortage or
parts damage is found in checking the Parts List,
please read the Replacement section and supply
the information called for therein,

Resistors generally have a tolerance rating of
10% unless otherwise stated in the Parts List,
Tolerances on capacitors are generally even
greater, Limits of +100% and -20% are common
for electrolytic capacitors.

We suggest that you do the following before work
is started:

1. Lay out all parts so that they are readily

available,

2, Provide yourself with good quality tools,
Basic tool requirements consist of a screw-
driver with a 1/4" blade; a small screw-
driver with a 1/8'" blade; long-nose pliers;
wire cutters, preferably separate diagonal
cutters; a pen knife or a tool for stripping
insulation from wires; a soldering iron (or
gun) and rosin core solder, A set of nut
drivers and a nut starter, while not neces-
sary, will aid extensively in construction of
the kit,

Most kit builders find it helpful to separate the
various parts into convenient categories, Muffin
tins or molded egg cartons make convenient
trays for small parts, Resistors and capac-
itors may be placed with their lead ends in-
serted in the edge of a piece of corrugated
cardboard until they are needed, Values can
be written on the cardboard next to each
component, The illustration shows one method
that may be used,
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PARTS LIST
PART PARTS DESCRIPTION PART PARTS DESCRIPTION
No. Per Kit No. Per Kit
Resistors Hardware
1 1-41 1 10 @ (brown-black-black) (81 250-175 4 2-56 x 3/8" screw
1-42 1 270 © (red-violet-brown) 19, 250-52 24 4-40 x 1/4" screw
1-9 1 1000 @ (brown-black-red) 0 250-56 21 6-32 x 1/4" screw
1-11 1 1500 © (brown-green-red) (n250-89 1 6-32 x 3/8" screw
1-73 1 8200 Q (gray-red-red) 250-26 3 6-32 x 5/8'" screw
1-20 1 10 KQ (brown-black-orange) 12 250-8 2 #6 x 3/8" sheet metal screw
1-22 1 22 KQ (red-red-orange)
1-25 1 47 K9 (yellow-violet-orange) (S0 @gm @»ﬁm G{mmwn
1-60 1 68 KQ (blue-gray-orange) 10 11 12
1-26 1 100 KQ (brown-black-yellow) 03 2 51 4@] 2 5 t . .
1-35 1 1 megohm (brown-black- i B8 8 8 o
reen) 04 52- 4-40 nut
& 5 252-3 22 6-32 nut
g 252-7 1 Control nut
@ T
Controls-Switches 13 14 @ 5
2.10-111 1 100 K control @ O g
10-116 1 5000 © control
3 60-14 1 Single-pole-smgle-throw 1 252-50 20 4-40 speednut
(SPST) switch (twoterminals) 3 952_22 2 6-32 speednut
60-15 1 Double-polg-dout?le-thrqw M 253-1 2 Fiber flat washer, #6
(DPDT) switch (sixterminals) g 253.2 2 Fiber shoulder washer, #6
(;{,‘;-&; @ 253-10 1 Flat control washer
R I =
S &7 o
@ NN A’
b -
Capacitors-Coil @ 254-9 8 #4 lockwasher
41 20-105 1 180 puf silver mica @ 254-1 19 #6 lockwasher
51 21-46 1 .005 pfd disc 2 254-4 1 Control lockwasher
21-47 1 .01 pufd disc
21-48 1 .05 ufd disc
6 25-54 4 10 pfd electrolytic, 15V
25-56 2 100 pfd electrolytic, 15 V 22 @ 23 @ 2
7 AN-40-316 1 RF tuning coil O
Y i ke o 255-49 3 Spacer
(8 258-43 1 Battery contact spring
@ 259-1 3 #6 solder lug

NN v g r__-
/ R 8 - @
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HEATIHIKIT
PART PARTS DESCRIPTION
No.  PerKit

Metal Parts

% 90-M208F 1 Master bottom plate
# 90-M209F 1 Master back plate
% 90-M210F 1 Remote bottom plate
31 90-M211F 1 Remote back plate
82 90-M212F 2 Left end panel
3390-M213F 2 Right end panel
#200-M337 1 Chassis plate 0 0
(9 200-M338 1 Experimental chassis
3203-M217F669
1 Left half front panel
% 203-M293F 2 Right half front panel 0 0
s 204-M316 1 Coil mounting bracket
¥ 204-M458 1 Battery retaining bracket Miscellaneous
kol 205-M267 1 Front panel support plate ) 263-7 8 Felt feet
344-59 1 Length hookup wire
4 401-35 2 Speaker
@1401-36 1 Earphone
4 417-21 2 2N1274 transistor
(5 431-6 1 2-lug terminal strip, screw-
type
@) 431-45 2 6-1lug terminal strip
(71 434-102 2 Transistor socket
462-113 1 Knob
331-6 Solder
595-515 1 Manual
NOTE: Four size '"C" flashlight batteries should

be purchased at this time for use when needed,
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PROPER SOLDERING TECHNIQUES
DO NOT PROCEED UNTIL YOU READ THESE

PLACE WIRE THROUGH
OR AGAINST TERMINAL.

Correctly soldered connections are very impor-
tant if you wish to obtain the proper operation
from any circuit. A high percentage of the dif-
ficulties that cause faulty circuits are due
to poor solder joints, especially among those
who are relatively inexperienced in soldering,
If you are abeginner withno previous experience
in soldering, ahalf-hour's practice with some odd
lengths of wire may be a worthwhile investment,

For most wiring a 30 to 100 watt iron, or its
equivalent in a soldering gun, is satisfactory.
A lower wattage iron than this may not heat the
connection enough to allow the solder to flow
smoothly over the joint. Keep the tip of the iron
clean and bright by wiping it from time to time
with a cloth,

CHASSIS WIRING AND SOLDERING

1. SOLDER ALL ELECTRICAL CONNEC-
TIONS made in the experiments of this man-
ual, Soldering instructions have been added
to make the construction portions easier,
The instruction given with each connection
will be either to solder the connection (S) or
not to solder the connection (NS). The
instruction (S) will mean that no more con-
nections will be made to this terminal at
this time, The instruction (NS) will mean
that more leads or wires will be connected
to this lug.

HEAT TERMINAL AND
APPLY SOLDER.

ALLOW A SMALL AMOUNT
OF SOLDER TO FLOW......
REMOVE SOLDER....THEN
REMOVE IRON.

2. To prepare a length of hookup wire, strip
1/4" of insulation from each end of the wire
unless directed otherwise in the step. Be
careful that bare resistor or capacitor wires
do not cause short circuits by touching the
chassis, or other lugs or wires they should
not touch, Each wire should touch only the
connecting point indicated in the directions.

3. When making connections, take advantage
of gravity so the solder will flow down
over the joint to be connected,

4, First, place the flat side of the tip of the
soldering iron against the joint to be
soldered, When the joint is hot enough to
melt the solder, place the solder against the
terminal and allow it to flow down over the
joint, Use only enough solder to thoroughly
wet the junction, It isnotnecessarytocover
the entire area around the connection with
solder.

5. Next, remove the solder and remove the iron
from the completed junction, Be careful not
to move the leads until the solder is solid.

A poor or cold solder joint will usually look
crystalline and have a grainy texture, or else
the solder will stand up in a blob and will not
adhere to the joint, Such joints should be re-
heated until the solder flows smoothly over the
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entire junction, In some cases, it maybe neces-
sary to add more solder to achieve a good,
smooth solder joint,

TEMPORARY CONNECTIONS

Almost all of the soldering in the first nine
lessons will be of a temporary nature, Atempo-
rary connection means that this part or wire
will be removed again in another step or in the
next experiment, When making temporary con-
nections with resistors or capacitors, do not
cut the leads, B

A temporary connection should be one that can
easily be removed at alater time. Some common
examples of different types of temporary con-
nections are shown in the following illustration.
Usually the wires can be placed loosely through
the hole in the terminal, but occasionally it may
be necessary to put a loose bend around the
terminal to hold the wire in place,

The following method is a handy way of quickly
soldering a wire to a terminal, so it will not fall
out of the hole, Quickly (so all of the rosin will
not boil out of the solder), apply a small amount
of solder to the end of the wire, just enough to

PERMANENT CONNECTIONS

Most of the permanent connections in this kit will
appear in the last lesson. Since resistor and ca-
pacitor leads are usually much longer than they
need tobe, whena permanent connection is made,
they should be cut to the proper length before
the part is wired to the chassis. In general, the
leads should be just long enough to reach and
fasten to their terminating points.

When a wire or lead is connected to a terminal
to form a permanent connection, it should be
bent around the terminal as shown in the illustra-
tion. This will form a good joint that will not
rely on solder for physical strength.

wet the wire is sufficient., Apply a small amount
of solder to the place where the wire is to be
connected (sometimes, solder from a previous
connection will work here). Now hold the wire
and the tip of the soldering iron against the
terminal until solder flows between the two,
Hold the wire so that it does not move until the
joint cools, and the connection is complete,

SOLDER WIRES
TO TERMINAL

CRIMP WIRES
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CLEANING OFF EXCESS SOLDER

You will find it necessary from time to time to
remove the excess solder from a lug. The best
method for doing this is shown in the following

illustration, Be sure to place the heated lug in
such a position so that the solder will fall from
it by force of gravity, Use a small screwdriver
to scrape the solder from the lug, and from the
holes in the lug.

REMOVING EXCESS SOLDER FROM LUGS

HEAT LUG UNTIL

SCRAPE SOLDER FROM LUG WITH A
SMALL SCREWDRIVER

SOLDER FLOWS FREELY

PROP THE CHASSIS UP SO THAT SOLDER
WILL FLOW FREELY FROM THE LUG

ROSIN CORE SOLDER HAS BEEN SUPPLIED WITH THIS KIT. THIS TYPE OF SOLDER
MUST BE USED FOR ALL SOLDERING IN THIS KIT. ALL GUARANTEES ARE VOIDED
AND WE WILL NOT REPAIR OR SERVICE EQUIPMENT IN WHICH ACID CORE SOLDER
OR PASTE FLUXES HAVE BEEN USED. IF ADDITIONAL SOLDER IS NEEDED, BE SURE
TO PURCHASE ROSIN CORE (60:40 or 50:50 TIN-LEADCONTENT) RADIO TYPE SOLDER.
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LESSON |
WHAT ARE CONDUCTORS- SEMICONDUCTORS-RESISTORS-INSUL ATORS?

iy
| |comouctor fii 17

.SEMI CONDUCTOR

INSULATORS (INSULATORS ON WIRE,

(TRANSISTOR)

TRANSISTOR SOCKET)

Figure 1A

Each part in the circuit of any radio is used
because of the way electric currents either
flow or do not flow through it. The same
is true of all other electronic devices. The basic
elements in each of these parts are divided into
the following general categories, according to the
way they react when an electric current triesto
pass through them:

"Conductors,' through which current passes
very easily;

""semiconductors,' which onlypartially con-
duct electric currents;

"resistors,"” which tend to hold back the

flow of electric current;

"insulators," which block current flow al-
most completely,

In this lesson you will receive an overall view
showing how these different categories of ma-
terial are used,

If you completed the Basic Electricity, and Basic
Radio courses, a review of the basic princi-
ples given in these kits will be helpful before
starting this kit, While it is not necessary to
have completed these three previous educational
kits in order to understand this kit, the back-
ground they provide is quite valuable.
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/ INSULATOR
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A GREATLY ENLARGED VIEW OF THE ELECTRONS FLOWING FROM ATOM TO ATOM IN A LENGTH OF WIRE
Figure 1B

ELECTRONS (-)

NUCLEUS (+)

THE ALUMINUM ATOM

Figure 1B
Part 1

HOW CURRENT FLOWS

All matter is made of atoms. Figure 1B, Part
1, shows what an atom might look like, if it were
magnified one hundred million times,

At the center of the atom is a '"'nucleus" which
contains a number of positively charged (+)
particles and neutrally charged particles. Re-
volving about this nucleus, much like planets
in orbit, are negatively charged (-) particles,
called "electrons," These electrons are held to
the nucleus by a force much like the force of
gravity, There is a positively charged particle
in the nucleus for each negatively charged
electron in orbit around the nucleus,

Part 2

All atoms of every kind of substance are con-
structed in the same manner, and only the
number of electrons and the number of particles
in the nucleus are different, The electrons orbit
aroun:! the nucleus in a series of rings, with each
ring wider than the previous ring, Atoms with
larger numbers of electrons have more rings,
anc atoms with smaller numbers of electrons
have less rings.

Electrons in the outer ring of some substances,
such as aluminum and copper, are held in orbit
quite loosely by the nucleus. These loosely held
electrons will flow quite easily from the outer
ring of one atom to the outer ring of another,
A battery voltage, connected across the length
of one of these substances, pushes a steady
stream of electrons from atom to atom through
the substance as shown in part 2 of Figure 1B,
This stream of electrons flowing through the
substance is called an electric current.

This stream of electrons, or electric current, is
measured in "amperes' or "amps," just like the
flow of water is measured in gallons per minute,
One ampere is equal to the flow of a very great
number of electrons (the number 6,250 with
fifteen more zeros behind it) in a circuit in one
second,

Usually, quite a bit less than one ampere of
current flows in most electronic circuits, For
this reason, the milliampere (ma), which is
1/1000 of an ampere, is used extensively, To
state this in another way would be to say 1000
ma = 1 ampere, or .01 ampere = 10 milli-
amperes of current,
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Figure 1C

The number of amperes or milliamperes of elec-
tric current that can flow in a substance is de-
termined by how tightly held or how free the
electrons are that are in the outer ring of each
atom, K there are a large number of free
electrons, the material does not resist the flow
of current, and it is called a "conductor," K
there are no free electrons, the material does
not conduct an electric current at all, and it is
called an "insulator,” In between these ex-
tremes, conductors and insulators, lies a whole
spectrum of materials that only partially resists
the flow of electric currents, The chart of Fig-
ure 1C shows the difference in resistance between
the various conductors, resistive materials,
semiconductors, and insulators.

VOLTAGE

Voltage, the electrical pressure that pushes elec-
trons through a circuit, is measured in volts, A
larger number of volts would mean a larger
amount of electrical pressure and a smaller
number of volts would indicate a smaller amount
of electrical pressure,

Electrical pressure works just like physical
pressure does. For example: If you wish to get
a dog into a bathtub you must apply pressure to
him by pushing him in; he would not go by him-
self, Electrical pressure, or voltage, works in
this same manner; if you wish to make elec-
trons move through a conductor you must apply

an electrical pressure, or voltage, to them to
push them through the conductor,

RESISTORS

A resistor is a device that resists or impedes
the flow of electric currents, The unit of re-
sistance is an ohm (f2). A resistor that offers
a lot of resistance to currents will have a large
number of ohms, and a resistor that only offers
a small amount of resistance to currents will
have a small number of ohms,

Generally, resistors are made from either a
carbon compound or from a length of resistance
wire made from metal alloys. Figure 1D shows
how typical carbon resistors and typical wire-
wound resistors are constructed,

CARBON RESISTOR WIRE-WOUND

RESISTOR

e

" RESISTANCE
CARBON COMPOUND Ewms

Figure 1D

To control how much resistance (how many chms)
a carbon resistor will present to electric cur-
rents, the carbon is mixed with a nonconducting
material, By having more carbon and less of the
other material, a small amount of resistance is
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created, By having a small amount of carbon and
a large amount of the other substance, a large
amount of resistance is created. The amount of
resistance, or the number of ohms in aresistor
is determined then, by the mixture of the car-
bon compound and not by the physical size of the
resistor.

The amount of resistance in a wire-wound re-
sistor is determined by the length of the wire
and by the types of metal the wire is made from,
This type of wire is called resistance wire and
the longer the wire the larger the resistance.

The amount of current a resistor can pass de-
pends on its physical size, Too much current
would overheat a resistor and destroy its resis-
tance elements, The larger a resistor is physi-
cally, the more heat it will dissipate, allowing
more current to pass through it safely, High
power resistors, therefore, are quite large and
low power resistors are rather small, This power
rating is independent of the resistor value in
ohms. For example, a 100 ohm resistor rated at
2 watts could easily be much larger physically
than a 500 ohm resistor rated at only 1/2 watt,

SEMICONDUCTOR MATERIALS

Semiconductors are a group of materials that
are in the center of the resistance spectrum
shown in Figure 1C, These materials have
special characteristics caused by the type of
crystal structure the material is composed of,

Pure semiconductor materials have a rather
high resistance to the flow of electric current,
When impurities are added to the semicon-
ductor material (the amounts and types of these
impurity materials are carefully controlled),
the material has much less resistance to the flow
of electric current, When one type of impurity
is added, it causes a semiconductor material
to have many excess (loosely held) electrons; this

N P
TYPE TYPE
| e
- - + + +
gy N
-—- +47+
EXCESS SHORTAGE
ELECTRONS OF
ELECTRONS
Figure 1E

type of semiconductor crystal, shown in Figure
1E, is called "N" type (negative).

When another type of impurity is added to the
semiconductor material, it causes a shortage
of electrons in a semiconductor material; this
type of semiconductor crystal, also shown in
Figure 1E, is called ""P" type (positive).

When N type and P type semiconductor crystals
are joined together in a crystal diode, as shown
in Figure 1F, an unusual and very important
phenomenon occurs at the "junction' where the
two crystals are joined, When the plus terminal
of the battery is connected to the N type crystal
and the negative terminal of the battery is con-
nected to the P type crystal, the junction
appears like a very high resistance (almost like
an insulator) and only the tiniest trickle of
current is able to flow, A PN crystal, con-
nected in this manner, so that almostnocurrent
flows, is said to have reverse bias appliedto it,

+ 4+ 4+ |- = -
[ P TYPE NTYPE [ 7777 |
: + + +|-= = |
| HIGH AMOUNT OF I
i — _ CURRENT FLOWS
| Fopeg + = (LOW RESISTANCE] :
' E VERY LITTLE |
' _ 4 CURRENT FLOWS
L ReveRse sias (i’ HIOH RESisTANGE) |

i o -
—ip— ok ——
ELECTRICAL SYMBOLS FOR A BATTERY

Figure 1F

When the battery is reversed, with the negative
terminal connected to the Ntype crystal and the
positive terminal connected tothe Ptype crystal,
current flows easily and the PN crystal acts like
a small resistor (almost like a conductor). A PN
crystal, connected in this manner (so that the cur-
rent flows through it) is said tohave forward bias
applied to it.

A PN crystal junction, therefore, acts like a
very large resistor when current tries to flow
through it in one direction, and acts like a very
small resistor when current flows through it in
the other direction, This makes semiconducting
material different from ordinary resistance
materials,
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GLASS INSULATION

I
GERMANIUM CRYSTAL
CONNECTING LEAD,

-

CURRENT FLOW

+CONNECTING LEAD

CURRENT FLOWS ONLY

%ETAL "CATS WHISKER CONTACT
Y, Y,

FROM CRYSTAL TO CONTACT

Figure 1G

The same type of one-way current effect also
occurs in a different type of crystal diode, called
the ""point contact' diode, The point contact diode
is shown in Figure 1G. The behavior of this
point contact diode is essentially the same as
the behavior of the PN junction diode; in one
direction it presents a very high resistance to
electric current and in the other direction, it
presents a very low resistance to electric cur-
rent,

SUMMARY

An electric current consists of the flow of free
electrons through a substance. How much cur-
rent flows is determined by the kind of material
the current is flowing through, ¥ the material
has many free electrons, current flows through
it easily, K the material has few or no free
electrons, current does not flow easily through
it,

A material through which current flows easily is
called a '"conductor," and a material through
which current does not flow easily is called an
"insulator," In between conductors and insula-
tors are all the different ranges of materials
that only partially resist the flow of current.

A '""resistor" is made from a mixture of conduct-
or and insulator types of materials to hold back

the flow of electric current a certain amount, The
larger the conductor content of the material, the
smaller the resistance, and the less the resistor
will hold back the flow of current. The larger
the insulator content of the material, the more
the resistor will hold back the flow of current,
and the larger the resistance will be,

The amount of current that can be passed
through a resistor without overheating it de-
pends on the physical size of the resistor,

Semiconductor materials are resistive mater-
ials that have special characteristics caused by
their crystal structure, When impurities are add-
ed to these semiconductor materials it causes
either excess electrons in the semiconductor
material (N type) or causes a shortage of elec-
trons in the semiconductor material (P type).

Combining an N type and a P type crystal re-
sults in a rather unusual effect across the
junction where the two crystals join; when an
electric current goes through this PN crystal in
one direction, the crystal appears tohave a very
low resistance, When an electric currenttrysto
go through this PN crystal in the other direction,
the crystal appears to have a very high resis-
tance. This unusual effect is put topractical use
in crystal diodes and in transistors.

HOW TO DETERMINE THE RESISTANCE OF SOME COMMON MATERIALS

To showhow much various conductors, resistors,
insulators, and semiconductors resist the flow of

electric current,

PARTS REQUIRED

10 Q resistor (brown-black-black)
270 Q resistor (red-violet-brown)
1000 @ resistor (brown-black-red)
22 KQ resistor (red-red-orange)
2N1274 transistor

One water glass (about 8 0z.)

Table salt
One volt-ohm milliammeter (Tester from Basic
Electricity course, or equivalent),

NOTE: Having the tester from the Basic Elec-
tricity course (or its equivalent) would enhance
the experimental work in this kit by permitting
you to make all the measurements and tests
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suggested in the text, However, if youdonot have
the tester from the Basic Electricity course, you
will probably want to borrow a volt-ohm-millia-
meter or "VOM" in order to get the most out of
your Basic Transistor experiments, An instru-
ment of this type may be available on loan from
a school, from a local amateur radio operator
or hi-fi hobbyist, or from an acquaintance in
the radio-TV repair business,

Although a meter is desirable, it is not ab-
solutely essential to perform the experiments
in the Experiment sections of the EK-3 lessons,
No meter is used in many of the later lessons.
When an experiment requires the use of a meter,
if one is not available, read the experiment over
carefully so as to have a clear understanding of
how the meter would be used in the experiment,

The experiments in these lessons are not in-
tended to introduce new material in a lesson,
Their purpose is to take the knowledge learned
in the theory section and to commit it more
firmly to your memory by having you useit in a
practical application, For this reason, the lack
of a meter should not cause you undue concern,;
by diligent study, the Experiment section of
each lesson will still be a valuable aid to your
understanding of the practical applications of
the theory given earlier in the lesson,

EXPERIMENT 1

To show the resistance of various conductors,
resistors, and insulators.

NOTE: Each of the following resistance values
(except for the resistors) is the amount of re-
sistance that would be measured across a one
foot length of the substance, with the overall
dimensions shown in Figure 1H.

l<———~l ft.—————{
X
l_/.-4"
Lo

Figure 1H
CONDUCTORS

Silver wire - .000157 Q
Copper wire - ,000163 Q
Gold - ,000235 @
Aluminum - ,000272 Q
Zinc - ,000575 ©

Iron -.000944 ©
Platinum - ,000960 Q
Nickel - ,001 @

Tin - ,0011
Brass - ,0017 @
Lead - .002 Q

Nichrome resistance wire - ,0104 Q

Resistors: Measure each of the following re-
sistors and fill in the resistance sizes in the
blanks provided on the chart below,

Determine the value of each resistor from its
color code (refer to the chart on the inside
of the front cover) and record the values in the
blanks provided above, Now check the measured
readings against the color coded resistor values
as listed in the parts list, Compare the meas-
ured value of each resistor with its color coded
value,

Place the resistors back with the rest of the
parts; they will be used again in later lessons,

Insulators have so much resistance that each of

Resistor 1-41
Resistor 1-42 (red-violet-brown)
Resistor 1-9  (brown-black-red)

Resistor 1-22 (red-red-orange)

(brown-black-black)

MEASURED
VALUE

COLOR CODED
VALUE
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the following readings were divided by one
million to make the values easier to read, To
determine the actual value of resistance for
each material (when dry) multiply the figure
given by one million,

Wood 2,900,000 million chms
Plastic 4,800,000 million ohms
Paper 19,000,000 million ohms
Glass 1,900,000,000 million ohms
Porcelain 29,000,000,000 million ohms

EXPERIMENT 2

To show how mixing materials changes the re-
sistance values,

( ) Clip each one of the test leads of your ohm-
meter to each side of an empty water glass
as shown in Figure 1J and note the resistance
indication, This indicates the resistance of
the glass, which is too high to read on an
ordinary ohmmeter,

( ) Fill the glass with water high enough so that
the ohmmeter clips are wet, Note the re-
sistance reading; it should read between
10 K and 25 K2, depending on the mineral
content of the water,

Record

( ) Add 2 teaspoons of salt tothe water, one at a
time, Stir the mixture and mark down the
resistance reading after adding each tea-
spoonful,

Q (1 tsp)

9 (2tsp)

Record

OHMMETER _

GLASS OF WATER

Figure 1J

EXPERIMENT 3

To showtwodifferent resistance readings across
the PN junction, Since there are two PN junctions
in the 2N1274 transistor, one of these junctions
will be used for this experiment in place of a
diode.

SPECIAL NOTE: I you are using an ochmmeter
other than the test set from the Basic Elec-
tricity kit, you may find that your meter indi-
cates in the wrong direction in the tests given
below. This would only mean that the internal
connections of the tester you are using are
reversed from the internal connections of the
Basic Electricitytest set, Merely reversing your
test leads should solve the problem,

BASE

EMITTER COLLECTOR

EMITTER —
LOCATING
TAB

Figure 1K

() Connect the black lead to the base wire and
connect the red lead of the ohmmeter to
collector wire of one of the transistors (see
Figure 1K). Note the resistance reading; it
should read about 500,000 £ (too high a re-
sistance to be read on the EK-1 meter).

Record

Now reverse the leads. Connect the red
lead to the base connection and connect
the black lead to the collector wire, Check
the resistance reading on two different low
ranges; note that although both readings are
low in value, between 50  and 300 ©, they
indicate different amounts of resistance,
These two different readings for the same
connection occur because the resistance of
the PN junction changes when the current
passing through it (from the ohmmeter)
changes.

—_
~

Range #1

Range #2
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DISCUSSION

These experiments were arranged to give you a
practical demonstration of how various mater-
ials react to the flow of electric currents, The
list of conductors and insulators in Experiment
1 show that conductors have an exceedingly small
amount of resistance and insulators have anex-
ceedingly large amount of resistance, Resistors
and transistors fall between these two extremes.

Measuring the resistors should have helped you
to understand that even though these resistors
are the same size physically, their electrical
size depends on the amounts of the different
types of materials that are mixed in them,

Experiment 2 not only showed the resistance of
some materials but it also showed how the re-
sistance of a substance canbe changed by mixing
different material in with it, Different values of
resistance are obtained in resistors by mixing
different types of materials together in this
same manner,

Experiment 3 showed that the resistance read
across a PN junction depends upon which way the
current is flowing through the junction. Measur-
ing the resistance from one direction, the cur-
rent passes through easily, and the resistance is
quite low., Measuring the resistance in the other
direction, the current does not pass through the
junction and the resistance measures very high,

LESSON 1

QUESTIONS *

1. All matter is made up of .
2. At the center of each atom isthe .

3. Orbiting about the center of the atom are
negative particlescalled o

4, The atoms of different materials differ only
in the of negative and posi-
tive particles.

5. A resistor is a device that
the flow of electric current,

6, What determines the amount of resistance a
carbon resistor will present to an electric
current?

7. The amount of current a resistor can pass
depends on its

8. (True or False) Semiconductor materials
have special characteristics caused by their
crystal structure,

9. When impurities are added to semiconductor
material, the material has (less, more)
resistance to the flow of electric current,

10. The place where the N type and Ptype cry-
stals are joined together is called the

11, When the plus terminal of a battery is con-
nected to the N crystal and the minus
terminal of the battery is connected to the
P crystal, the junction appears like a very

resistance,

12, A diode that uses a piece of semiconductor
crystal and a metal contact is called a
diode,

*NOTE: The answers to these questions will be
found on Page 103,
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LESSON ili
HOW DO RESISTANCES IN SERIES AND PARALLEL CIRCUITS AFFECT CURRENT FLOW?

r TWATER

"7 WATER

| |PRESSURE
| {(VOLTAGEI | | PRESSURE [ TWATER
| | (VOLTAGE] . | PRESSURE
: (VOLTAGE)

I
I
(] |
0 0t VALVE TURNED

VALVE ON ALMOST » A MOST OF THE VALVE TURNED
% X 922 ALL THE WAY. % Sy WAY OFF A8 <3 %:PFEN —
3 (SMALL RES.) . (LARGE RES.) . ..-\
LARGE FLow K SMALL FLOW NO FLOW !
OF WATER ¢ M\ OF WATER m OF WATER
(CURRENT) (CURRENT)  /1i1, (CURRENT]
: b
LARGE CURRENT ' NO CURRENT

SMALL CURRENT
—— el

]

<
1000 @ g nac)
€ e

-
VOLTAGE VOLTAGE

I

OPEN

CIRCUIT

RESISTANCE _
i)

VOLTAGE

- + -+
S S
ELECTRICAL SYMBOL FOR A BATTERY

Figure 2A

The amount of current that flows in a resistor
depends onhow much resistance (how many ohms)
the resistor has, and how much voltage or elec-
trical pressure is applied across the resistor.
The three water tanks of Figure 2A canbe used to
demonstrate the principles of how voltage and
resistance affect current flow,

The water tank, with the flow pipe and valve at
the bottom, is shown in three different condi-
tions: with the valve all the way open, with the
valve turned most of the way off, and with the
valve turned all the way off. The pressure of
the water at the bottom of the tank pushing into
the pipe acts the same way as voltage does in an
electrical circuit (voltage isthe electrical pres-
sure that pushes the flow of electrons through
a circuit). The flow of water from the pipe acts
like the flow of current in an electrical circuit;
as the water pressure becomes higher, more
water flows,

The valve in the pipe acts like aresistor does in
an electric circuit, In part 1 of Figure 2A the
full-open valve offers very little resistance to
the flow of the water, thus it acts like a very
small resistor, In part 2 of Figure 2A the valve
has been turned most of the way off. Only a
small amount of water can now flow, thus the
valve acts like a large resistor,

In part 3 of Figure 2A the valve has been
turned off completely., This makes the valve
appear like a disconnected, or open circuit,
and no water (current) can flow at all, Notice
that with this valve position the water pressure
(voltage) is still present even though no water
(current) is flowing in the circuit,

THE CIRCUIT - A DEFINITION

An electrical circuit is any arrangement of
electrical parts which allows for the flow of
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CURRENT FLOW
—

BATTERY

ELECTRICAL
== PRESSURE

% RESISTOR
+

6 VOLTS

WATER FLOW
(l e — 1y
g

"

WATER
PRESSURE
PUMP 6 LBS

VALVE

Figure 2B

current, For a circuit to be complete, the
current must flow from one terminal of the
power source, or battery, through the wires and
parts, and back to the other terminal,

Figure 2B shows two complete circuits, one
using a pump and a flow of water, and the other
an electrical circuit using a battery and a flow
of current, The battery and the pump perform the
same functions, they supply pressure. The re-
sistor and valve resist (or impede) the current
(or water) flow, In both of these cases the cir~
cuit must have a complete path from one side
of the battery (or pump) to the other side for
proper operation,

An "ogpen circuit" is a circuit in which there is
no complete path from one side of the battery to
the other, See Figure 2C for an example, No
current can flow when an open circuit occurs;
this puts the circuit in a "turned off" state,

BULB

—_':— AN "OPEN" CIRCUIT
p— NO CURRENT CAN FLOW
-+

-@-

ELECTRICAL SYMBOL FOR A LIGHT BULB
Figure 2C

A "short circuit.” The bulb and resistor are
shorted out by the screwdriver, causing too much
current to flow, with the result that the battery
burns out,

A "SHORT" CIRCUIT

BULB NOT
LT

«= BATTERY \

T

THE BULB AND RESISTOR
ARE SHORTED BY THE
o SCREWDRIVER, CAUSING
THE BATTERY TOBE

RESISTOR

BURNED OUT.
1 CURRENT FLOW
S g
SCREW-
DRIVER
Figure 2D

A "short circuit" is a circuit where a low re-
sistance connection has been made (usually
accidentally) directly across the battery or
power source (or on the wires to the power
source) so that too much current flows. Short
circuits generally result in ruined batteries,
burned out fuses, or burned out wires andparts,
depending on the type of circuit the "short"
occurs in,
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SERIES CIRCUITS

A series circuit is one in which the current
has only one possible path to followas it travels
through the circuit, See the three examples
shown in Figure 2E, Since there is only one
path to follow, the same amount of currentflows
through all the parts of the circuit,

The total amount of current flowing in a circuit
depends on two things: the resistance in the
circuit, and the source voltage connected across
the circuit, The amount of current can be
calculated mathematically if the voltage andre-
sistance are known by using Ohm's Law, which

18 E

I==-

R

That is, the amount of current flowing in a
circuit I is equal to the voltage across the
circuit E divided by the resistance of the
circuit R . (The abbreviation for voltage can
be either E or V. Usually the letter E is used
when dealing with Ohm's Law.)

The source voltage in a series circuit, as shown
in Figure 2E, is divided among the series re-
sistors proportionally according tothe amount of
resistance in each resistor., A large resistor
will have a large amount of voltage across it
and a small resistor will have a small amount
of voltage across it. The sum of the voltages
across the resistors is equal to the source
voltage,

Part 1 of Figure 2E shows only one resistor
connected across the battery, In this case all of
the battery voltage is applied across this one
resistor,

Part 2 of Figure 2E shows two resistors of
equal value connected across the battery, Note
that since these resistors are of equal value, the
battery voltage divides evenly between the two
resistors,

Part 3 of Figure 2E shows two resistors of
different values connected in series across the
battery, Resistor R2 is twice as large as re-
gistor R1, for this reason resistor R2 hastwice
as much voltage across it as resistor R1, When
three volts are applied from the battery, one volt
appears across resistor R1 andtwo volts appear
across resistor R2, The sum of the two voltages
equals the source voltage, 3 volts,

The voltage across any of the resistors in a
series circuit can be calculated by using simple
algebra to solve Ohm's Law for E (voltage), as
long as the circuit current and the resistance
values of the resistors are known. In this case

=R becomes E = IR,

PARALLEL CIRCUITS

A parallel circuit is a circuit where the re-
sistors are connected across the battery in
such a way that there are two or more current

R é 3v e
4 S
Y q/ o

i+

w |

R1 1.5v R1 v
-,

v

1

1.5v

R2 R2 2v

R1 AND R2 ARE
SAME SIZE

R2 HAS TWICE AS
MUCH RESISTANCE
AS R1

Figure 2E
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paths around a circuit, See the parallel circuit
of Figure 2F. The amount of current flowing
in each one of the paths depends, as before, on
the amount of resistance in each path, The same
amount of voltage will appear across all the re-
sistors in the parallel circuit since they are each
connected directly to the battery,

Figure 2F shows a simple parallel circuit in
which R2 is twice as big as R1 and R3 is ten
times as big as R1, Ten volts (10 V) is applied
across each resistor from the same 10 volt
source, Notice that the current in each path is
proportional to the amount of resistance., R1,
which is a small resistor, has a large current
flowing through it; R3, which is a large re-
sistor, has a small current flowing through it.
16 AMPS

e,

10 AMPS 5 AMPS 1 AMP

Figure 2F

If the total or overall resistance for the par-
allel circuit were calculated it would be equalto
a single resistor that would allow the same total
amount of current to flow through it alone as
now flows from the battery through all three
current paths, This total resistance for a
parallel circuit can be calculated using the
formula _| e % Wb i =i

R TOTAL = R, R2 R3

See the example shown in Figure 2G.

t

THIS IS A PARALLEL CIRCUIT.......
EQUIVALENT RESISTANCE OF THE 3
RESISTORS IN THIS CIRCUIT,

i 109 20 5‘2% 50 @
1

1=1+1 +1 = 10
R 10 20 50 100
L1z 3

R~ 100 17R = 100

e ey

The overall or equivalent resistance of a circuit
can also be calculated with Ohm's Law by using
the total circuit current and the total voltage,

E total
Itotal (sum of all currents)

R equivalent =

SUMMARY

The amount of current that flows through a re-
sistor depends on how much resistance (how
many ohms) the resistor has, and how much
voltage or electrical pressure is applied across
the resistor. The current that flows in the re-
sistor can be calculated with the formula

voltage

e : P
resistance

or current =

o]l

current in "amps"
voltage in "'volts"

1
E
R resistance in "ohms"

nonon

A series circuit is a circuit where the current
has only one path to follow around the circuit,
The voltage in a series circuit is divided be-
tween the different resistors proportionally,
according to how much resistance there is in
each resistor, Larger resistances will have
larger voltages across them and smaller resis-
tances will have smaller voltages across them,

A parallel circuit is a circuit where there are
two or more paths for current to follow through
the circuit, The amount of current in each path
depends on the amount of resistance inthat path,
The same voltage appears across each of the
resistances (each current path) in a parallel
circuit,

AND THIS IS THE TOTAL, OR

R=5.88¢

Figure 2G
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PARTS REQUIRED

= DD DO DO DO DD DD DD U1 WS U1 0O W b

Master bottom plate
Experimental chassis
Battery retaining bracket
2-56 x 3/8" screw
4-40 x 1/4" screw
6-32 x 1/4" screw
6-32 x 3/8" screw
2-56 nut

6-32 nut

4-40 speednut

6-32 speednut

#6 solder lug

#6 lockwasher

#6 fiber flat washer
#6 shoulder washer
Battery contact spring
6-lug terminal strip
Transistor socket
Length hookup wire
2N1274 transistor

HOW TO PROVE OHM'S LAW
To show by experiments that I =-§:R-

PREPARING THE EXPERIMENTAL CHASSIS

Refer to Figure 2H for the following steps.

( ) Fasten the two 6-lug terminal strips to the
experimental chassis as they are shown in
Figure 2H, using 6-32 x 1/4" screws, #6
lockwashers, and 6-32 nuts, Be sure the
chassis faces in the direction shown in
Figure 2H.

( ) Install transistor sockets Q1 and Q2 from
above the chassis, using 2-56 x3/8" screws
and 2-56 nuts, Be sure that the lugs of each
transistor socket face as shown in Figure
2H,

(

~

Cut a length of wire about 6 feet long from
the roll of hookup wire you received with
this kit, Put the rest of the wire (about 50
feet) to one side, it will be used later when
longer lengths of wire will be needed,

1000 Q resistor (brown-black-red)

1500 § resistor (brown-green-red)

Volt-ohm-milliammeter
Hookup wire

#6 LOCKWASHER

S
2-56 x 3/8" SCREW %

6-32 NUT

Figure 2H
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#6 LOCKWASHER
6-32 NUT

Figure 2H

When you need wires to make connections on
the experimental chassis, use pieces cut
from this 6 foot length, Many of these pieces
of wire can be used a number of times in
different experiments, If you find the 6 foot
length is not enough, cut an additional 2 or
3 feet (as needed) from the longer length,

Cut four 1-1/2'" lengths of hookup wire and
strip 1/4" of insulation from both ends of
each wire,

Unless directed otherwise, all connections made
during these experiments are temporary con-
nections and will be removed or changed after
short periods of time. Use temporary solder
connections like those indicated in the Proper
Soldering Techniques during the experiments in
these lessons.

()

()

(

~

—_
~

Insert one end of one of these wiresthrough
the chassis hole near lug 1 of terminal
strip A, Connect the other end of the wire
to the lower hole in lug 1 of terminal strip
A (S).

Insert one end of a 1-1/2" wire through the
chassis hole near lug 2 of terminal strip A,
Solder the other end of the wiretothe lower
hole in lug 2 of terminal strip A (S).

Insert one end of a 1-1/2'" wire through the
chassis hole near lug 5 of terminal strip B.
Solder the other end of the wire to the lower
hole in lug 5 of terminal strip B (S).

Insert one end of the remaining 1-1/2" wire
through the chassis hole near lug 6 of
terminal strip B. Solder the other end of
the wire tothe lower hole inlug 6 of terminal
strip B (S).

()

()

Cut two 1-3/4" lengths of hookup wire and
strip 1/4" of insulation from both ends of
each wire,

Insert one end of one of these 1-3/4" wires
through the chassis hole near lug 4 of termi-
nal strip A. Solder the other end of the wire
to the lower hole in lug 4 of terminal strip
A (S).

Insert one end of the other 1-3/4" wire
through the chassis hole near lug 3 of termi-
nal strip B. Solder the other end of the wire
to the lower hole in lug 3 of terminal strip
B (S).

Refer to Figure 2J for the following steps.

()

()

()

Install the three 4-40 speednuts in position
as they are shown on the master bottom
plate with the flat sides facing the bottom
(painted) side of the master bottom plate.

Install a 6-32 x 1/4" screw through a fiber
shoulder washer (from the flat side). Install
this screw and the shoulder of the fiber
washer through the hole at the left end (with
the bracket facing as shown in Figure 2J)
of the battery retaining bracket. Fasten the
assembly in place by placing a fiber flat
washer, a #6 solder lug, and a 6-32 nut on
the screw on the outside of the retaining
bracket.

Installa 6-32x 3/8" screw through the small
hole atone end of the battery contact spring
(from the inside of the spring). Place a fiber
shoulder washer over this screw, and install
the shoulder of this washer through the large
fiber washer. Now insert this screw through
the hole in the right end of the battery re-
taining bracket.
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Figure 2J

4-40 x 1/4" SCREW

4-40 speednut on the bottom plate

( ) Install the four size C cells with the flat
end of each battery facing toward the end of

( ) Install another fiber shoulder washer over
the bracket which has the spring attached

this screw onthe other side of the bracket.
Put the shoulder of the washer in the hole
in the bracket, and fasten the assembly in
place with a #6 solder lug and a 6-32 nut.
Place the solder lug as it is shown in Figure to it,
( ) Finish installing the battery retaining brack-
et on the master bottom plate by pressing it
in position and installing the two remaining
4-40 x 1/4" screws through the battery re-
taining bracket into the 4-40 speednuts on

2J.
( ) Fasten one end of the battery retaining
the master bottom plate,

bracket to the master bottom plate as it is
shown in the inset drawing of Figure 2J.
Use a 4-40 x 1/4" screw through from the

bottom of the retaining bracket into the
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6-32 SPEEDNUTS

®
O

REAR CHASSIS FLANGE

=

Ql

Q2

l O/ FRONT CHASSI/S FLANGE

7

4-40 SPEEDNUTS

Figure 2K

Refer to Figure 2K for the following steps.

( ) Solder the wire coming through hole A to
lug 1 of transistor socket Ql,

( ) Insert the wire coming from hole Bthrough
lug 2 to lug 4 of transistor socket Q1.
Now solder the wire to both lugs,

( ) Solder the wire coming from hole C to lug
3 of transistor socket Q1.

( ) Solder the wire coming from hole Xtolug 1
of transistor socket Q2,

( ) Insert the end of the wire coming from hole
Y through lug 4 to lug 2 of transistor
socket Q2, Now solder the wire tobothlugs.

() Solder the wire coming from hole Ztolug 3
of transistor socket Q2.

( ) Install two 6-32 speednuts over the holes
on the rear chassis flange, Install two 4-40
speednuts over the holes on the front chassis
flange., Be sure theflat surface of the speed-
nuts face as they are shown in Figure 2K.

EXPERIMENT 1

To demonstrate Ohm's Law in series circuits,

Refer to Figure 2L for the following steps.

( ) Connect the experimental chassis to the
master bottom plate as it is shown in Fig-
ure 2L by inserting two 6-32 x 1/4" screws
up through the master bottom plate into the
6-32 speednuts on the rear flange of the
experimental chassis,

NOTE: Do not cut any wire from resistor
or capacitor leads since these parts will all be
used several times.
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For most connections you will find it best to
strip about 1/4'" of insulation from both ends
of the hookup wires before connecting them to
the lugs. Occasionally, 1/2" to 3/4" of insula-
tion can be removed when you are connecting
one end of a wire to two adjacent lugs, or under
the screw of a screw-type terminal strip,

( ) Connect a 6-1/2" hookup wire from the -6
volt solder lug (S) to lug 3 of terminal
strip A (NS).

( ) Connect a 1000 @ (brown-black-red) re-
sistor from lug 3 (S) to lug 6 (NS) of termi-
nal strip A.

( ) Compute the amount of current that should
flow through this resistor when the circuit
is completed using Ohm's Law

1-5

1-8 _ - Amperes =___ Milliamperes,

1000 — P —_ o

Remember, one milliampere is equal to
one-one thousandth (,001) of an ampere,
Example: 9 milliamperes = ,009 amperes,

9 ma = ,009 Amps

Switch the meter to the 10 or 15 milliam-
pere range, Connect the negative lead of the
meter to lug 6 of terminal strip A and con-
nect the positive lead of the meter to the
+6 volt solder lug. The meter itself now
completes this simple series circuit.

(

~

( ) The meter should now indicate the actual
current flowing in circuit #1 of Figure 2L.
Mark down the computed current and the
measured current in the blank spaces
below circuit diagram #1 in Figure 2L, Very
likely you will find these two measure-
ments slightly different; this will be due
mainly to the minor variations in value in
meters and resistors,

( ) Disconnect the meter from the circuit,

( ) Connect a 1500 @ (brown-green-red) re-
gistor from lug 6 of terminal strip A (S)
to lug 6 of terminal strip B (NS).

( ) Connect a 7" length of hookup wire from
lug 6 of terminal strip B (S) to the +6 volt
solder lug (S). The two resistors are now
connected in a series circuit as shown in
Schematic #2 of Figure 2L.

Do not leave the circuit connected in this
manner for a long period of time after the
next four steps are done, This could cause
the batteries to become run down,

(

~

Measure the voltage across each resistor
and mark it down in the proper blanks below
Schematic #20of Figure 2L. Disconnect and
remove the wire from lug 6 of terminal
strip B to the +6 volt solder lug,

Compute the current flowing in one of (or
both) the resistors using Ohm's Law,

E

R

—_
~

and insert it in the proper blank in Figure
2L.

( ) Turn your meter to the 5 or 10 milli-
ampere scale; connect the negative
lead to lug 6 of terminal strip B and con-
nect the positive lead to the +6 volt solder
lug,

( ) The meter now reads the measured current
flowing in the circuit, Mark this current
down in the correct blank of Schematic #2
in Figure 2L, and then disconnect the
meter leads,

-(
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EXPERIMENT 2

To demonstrate Ohm's Law in parallel circuits
and to demonstrate a PN junction acting as a
resistor,

Refer to Figure 2M for the following steps.

( ) Unsolder and remove both resistors from
the experimental chassis,

( ) Change the connection of the wire from the
-6 volt solder lug as follows: unsolder the
end of this wire from lug 3 and connect it
instead to lug 6 of terminal strip A (NS).

( ) Connect the 1000 © resistor from lug 6
of terminal strip A (NS) to lug5 of terminal
strip B (NS).

( ) Connect the 1500 @ resistor from lug 6 of
terminal strip A (S) to lug 5 of terminal
strip B (S).

The parallel circuit shown in Schematic #1 of
Figure 2M is now hooked up on your experi-
mental chassis, except for the final wire to
the +6 volt solder lug. The following calculation
should be completed before any further con-
nections are made on the chassis,

( ) Compute the amount of current that should
flow through each resistor when the circuit
is completed, using Ohm's Law,

1-E-6__. =
R 1000 A MA.
1-E_-6___ A= M
R 1500 =

( ) Now add these two currents together to ob-
tain the total current that will flowfrom the
battery in this parallel circuit.

MA

.. MA

= MA total current,

(

~

Switch the meter to read current on a 10
or 20 milliampere range, Complete circuit
1 of Figure 2M with your meter. Con-
nect the positive lead to the +6 volt solder
lug and connect the negative lead to lug 5
of terminal strip B.

( ) The meter now indicates the total current
flowing in the circuit, Record this current,
and then disconnect the meter. MA.

( ) Now compare this current just measured
with the total current that you calculated
a few steps earlier, You will probably find
a small difference between the two readings,
because of small differences between the
actual value of the resistors and the color-
coded values,

( ) Now compute the equivalent resistor (see
Figure 2G) that would draw the same amount
of current from the battery as thesetwore-
sistors now do in parallel, First change the
current from milliamperes to amperes as
done in the example on Page 16,

_ Total E
Total R = =222 =
- Total I (in amperes)

Total E _ 6 volts _ Q.
Total 1 — Amps,

|

<//,/I I
/L;

|
[T —

= MA
IL .JAMPS (MA)
+6 VOLT

Hb
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( ) Unsolder and remove the 1500 Q resistor,

( ) Cut the leads of the two 2N1274 transistors
to a length of 1/4". Plug one of the tran-
sistors in each of the transistor sockets. Be
sure the three transistor leads are correctly
aligned with the holes in each socket.

( ) Connect a wire from the +6 volt solder lug
(S) to lug 3 of terminal strip B (S).

The circuit is now connected as shown in Sche-
matic #2 of Figure 2M.,

( ) Switch the meter to read voltage on the 5
volt range in order to measure the voltage
across the transistor. Connect the negative
lead to lug 5 (Base connection) and connect
the positive lead to lug 3 (Collector con-
nection) of terminal strip B. Record this
voltage, V.

Unsolder and remove the wire that con-
nects from the +6 volt solder lug tolug 3 of
terminal strip B,

(

~

( ) Switch the meter to read current on the 10
or 15 milliampere range., Connect the posi-
tive lead of the meter to the +6 volt solder
lug and connect the negative lead to lug 3
of terminal strip B,

Your milliammeter now completes the circuit,
and indicates the amount of current passing
through the series circuit that consists of the
1000 ohm resistor and the PN junction of tran-
sistor Q2, Mark this current down and then dis-
connect the milliammeter, MA.

( ) Compute the resistance of the PN junction
in the circuit, This can be computed by
turning Ohm's Law around with basic alge-
bra so that

E (measured voltage)

B = I (measured current’in amperes)
R= = Q.
DISCUSSION

Experiment 1 gave you a demonstration of the
truth of Ohm's Law by allowing you to calculate
and then measure the current in a simple
series circuit, Although your computed and
calculated current probably did not come out
exactly the same, due to normal variations in
size (tolerances) in the meter and resistors,
they should have come out close enough to the
same value of current to demonstrate that the
law really works,

The first part of Experiment 2 directed you
first to compute and then to measure the amount
of current flowing in a simple parallel circuit,
This demonstrated another proof of Ohm's Law
and showed you that the amount of current that
flows in each current path of a parallel circuit
is proportional to the size of the resistor in
that path. A large resistor will have a small
amount of current, and a small resistor will
have a large amount of current,

In the second part of Experiment 2 you calcu-
lated the resistance of a PN junction, with
forward bias applied to it, in a simple series
circuit, Your calculations showed you that it
acts like a small resistance with forward bias
applied. K the junction had been connected in
the opposite direction, with reverse bias
applied to it, it would have acted like a re-
sistance so large that it would have appeared
to be an open circuit,
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LESSON 2

QUESTIONS

On what does the amount of current that

flows in a resistor depend?

What is an electrical circuit?

What is an "open' circuit?

When a '"short" circuit occurs (too much
current, no current) flows in the circuit.

In a series circuit, the same amount of cur-
rent flows through each resistor, (True,
False)

In a series circuit, the full amount of the
source voltage always appears across each
resistor. (True, False)

In a parallel circuit there is more than
one path for current to follow around the
circuit, (True, False)

How do you determine the total current
flowing in a parallel circuit?

9.

= s

Calculate the following values,

R1 250 @

-
= 10V
—

R2S 750 @

10.

TOTAL RESISTANCE (R) =
TOTAL CURRENT (I} =

VOLTAGE ACROSS RESISTOR R1 (E) =

A= MA

VOLTAGE ACROSS RESISTOR R2 (E) =

Calculate the following values,

L
L)

0oV R12> 750 @ R2> 250 @

AAS

>

TOTAL RESISTANCE (R) =
CURRENT INR1 (l) = A=
CURRENT INR2 (i) = A=

TOTAL CURRENT () =

MA
MA
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LESSON il
HOW DOES A TRANSISTOR REACT IN A SERIES CIRCUIT?

In Lesson I you learned how current flows, and
how different materials react to itsflow, In Les-
son II you learned how current flows in series
and parallel circuits; that the source voltage
divides proportionally over the resistances
(or '"load" resistors) in a series circuit; and
that the voltage that appears across a resistor
is proportional to its resistance, the larger the
resistance, the larger the voltage that appears
across it, and vice versa,

This lesson will show you that a transistor acts
like a resistor; a resistor that can be adjusted
in electrical size to have either a larger or a
smaller number of ohms, By controlling the a-
mount of resistance that this transistor presents
to the circuit, the amount of current that flows
through the circuit can be controlled,

A VARIABLE RESISTOR CHANGES CIRCUIT
VOLTAGES AND CURRENT (SEE R1) BY TURN-
ING THE SHAFT - A MECHANICAL CHANGE

A variable resistor, alsocalled a potentiometer,
or control, is a resistor whose electrical size
(number of ohms) can be adjusted, Figure 3A
shows how these variable resistors are gener-
ally constructed, A length of resistive material,
such as carbon, or resistance wire, is con-
nected in a horseshoe shape between twotermi-
nals, A metal tab, which is turned by the shaft,
can contact any point along this resistive surface,
This tab, which is also called the "arm" of the
control, is connected to the center terminal,

(1

- 10V

+

=10 _ > AMPS = 200 MA.

1= e
0

xjm
oy

When the shaft is turned, the resistance between
the center lug and both outside lugs changes, For
this lesson, only two of the variable resistor
terminals will be used, the center terminal,
and either one of the other terminals,

TERMINALS
RESISTIVE MATERIAL

METAL
OUTER COVER

Figure 3A

CONSTRUCTION OF A POTENTIOMETER
OR VARIABLE RESISTOR.

The first part of Figure 3B shows a variable
resistor, which has been adjusted to 50 ohms
resistance, connected across a 10 volt battery,
By using Ohm's Law you can determine that the
current flowing in this circuit would be .2 am-
peres or 200 milliamperes (200 ma).

In Part 2 of Figure 3B, the shaft of the variable
resistor has been turned so that it now has a
resistance of 100 ohms. Now, when you figure
the current in the circuit, you find it has de-
creased to 100 milliamperes (100 ma). This
shows that by changing the resistance of a cir-
cuit, the current through the circuit is changed,
Therefore, turning the shaft of the variable re-
sistor controls the amount of current flowing in
Figure 3B.

(2)
Is i)
!/ /

& | I
__dL I : "” ¥ -
— 100 @ l ( ‘N";C—

\
+ 1
o\

|=_;Z= 10_ _ 1 AMP =100 MA.
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(1)
CIRCUIT CURRENT = JOTALE _ 10 _ g pa,

TOTAL R ~ 1250

VOLTAGE ACROSSR1 E=IR =8V

i
°
<
2 _%—__2;5;_
‘T‘h
-9

1000 Q

(2

_TOTALE _ 10 _
CIRCUIT CURRENT = TOTAL £ _ 10 _ 5y,

VOLTAGE ACROSS R1 E = IR =5V.

Figure 3C

In Figure 3C a 1000 ohm resistor, R1, has been
connected in series with the variable resistor.
In Part 1 of Figure 3C the variable resistor has
been adjusted to a resistance of 250 ohms, The
Ohm's Law calculation shows that 008 amperes,
or 8 milliamperes of current is flowing through
the circuit, The lower calculation shows that 8
milliamperes of current flowing through R1
causes 8 volts to be measured across resistor
R1. The remaining 2 volts appears across the
variable resistor.

In the second part of Figure 3C the variable re-
sistor has been adjusted to a resistance of 1000
ohms, Now, 5 milliamperes of current is flow-
ing through the circuit. This 5 milliamperes of
current flowing through resistor R1 causes a
voltage of 5 volts to appear across R1, The re-
maining voltage, 5 volts, appears across the
variable resistor.

Thus the voltage across the series resistor (R1)
changed from 8 volts to 5 volts, This is demon-
strated in the two schematics of Figure 3C which
show that turning the shaft of the variable re-
sistor controls the circuit current, Therefore,
turning the shaft controls the voltage developed
across series resistor R1, The amount that the
voltage across R1 changes depends on how far
the shaft is turned,

The following paragraphs will show you that a
transistor can be connected in a circuit inplace
of the potentiometer and the same kind of re-
sults can be obtained; in this case the change in
voltage across series resistor R1 will be caused
by an electrical change in the transistor instead
of by the turning of a shaft,

TRANSISTORS

Transistors are made by placing the two dif-
ferent types of semiconductor crystals together
in the form of a sandwich (review Semiconductor
Materials, Lesson I), Two crystals of one type
are used for the 'bread" parts of the sand-
wich, and one crystal of the other type is
used in the '"meat" position between the two
others, A transistor is also like having two
semiconductor diodes, made from only three
pieces of crystal material,

Figure 3D shows how junction transistors are
constructed, andtheir schematic symbols, At one
end of the PNP transistor is a large "P" type
semiconductor crystal called the Emitter, At the
other end of the transistor is another large P
type crystal called the Collector, In between these
two P type crystals is a thin wafer of N type
crystal material called the Base,
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PNP TYPE TRANSISTOR

COLLECTOR

NPN TYPE TRANSISTOR

COLLECTOR

P COLLECTOR 8 COLLECTOR
«© Ci
1
BASE m——— N BASE BASE P BAS !
B 1Bi |
p EMITTER N EMITTER
(E} ‘B
ELECTRICAL SYMBOL ELECTRICAL SYMBOL
EMITTER EMITTER
CRYSTAL CONSTRUCTION CRYSTAL CONSTRUCTION
OF THE TRANSISTOR OF THE TRANSISTOR
Figure 3D

The NPN transistors are constructed in exactly
the same manner, except thatthe types of crystal
material are reversed, two N type crystals are
separated by a thin wafer of P type crystal., The
schematic symbol for the NPNtype transistor is
the same, except that the arrow that indicates
the emitter points in the opposite direction,
away from the base, The first type of tran-
sistor, the PNP type, is used in the circuits
that are constructed in this kit and are the most
common type,

To make the operation of the transistors easier
to understand, think of the Emitter as emitting
current into the transistor. Think of the Col-
lector as collecting current and sending it back
through the rest of the circuit to the battery,

AND R1 = 3 MA

1000 2
R1

BATTERY #1

- 10V
#

7 TRANSISTOR RESISTANCE

BATTERY ==
#2

_E_T _
R_T--g-_ 2333 Q

CURRENT FLOWING
THROUGH TRANSISTOR

A TRANSISTOR CHANGES CIRCUIT VOLTAGES
AND CURRENT (SEE R1) ELECTRICALLY BY

CHANGING THE TRANSISTOR CONTROL
VOLTAGE OF BATTERY #2,

Figure 3E shows a transistor replacing the
variable resistor of Figure 3C. The values for
current and resistance given in Figure 3E were
selected to make the circuit action as clear as
possible, and are not necessarily the amounts of
current or resistance that you might find in an
actual circuit,

In both parts of Figure 3E the battery voltage
connected to the Base of the transistor does the
same job as the shaft of the variable resistor;
it causes the resistance of the transistor in the
series circuit to be changed,

CURRENT FLOWING

THROUGH TRANSISTOR
AND R1 = 6 MA

BATTERY #1
— 10V
1.5v —
? TRANSISTOR RESISTANCE ¥
R=E_4_ 660

1 6

Figure 3E
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In Part 1 of Figure 3E a 1,5volt battery is con-
nected between the Base and Emitter of the tran-
sistor, causing 3 milliamperes of current to
flow in the circuit, The 3 milliamperes of cur-
rent causes 3 volts to appear across 1000 ohm
resistor R1, This leaves 7 volts appearing
across the transistor, Calculating the resistance
of the transistor with Ohm's Law shows that
under these conditions the transistor acts just
like a 2333 ohm resistance would in the circuit,

In Part 2 of Figure 3E, a 3 volt battery replaces
the 1-1/2 volt battery that is connected between
the Base and Emitter of the transistor, This
voltage increase causes the resistance of the
transistor to decrease, so that now 6 milliam-
peres of current flows in the circuit, Now, with
the larger current, 6 volts appears across re-
sistor R1, Using Ohm's Law tocalculate the new
resistance of the transistor inthe circuit, shows
that it has decreased to 666 ohms,

This change in resistance demonstrates that a
transistor in a series circuit acts just like a
variable resistor would, The change of re-
sistance is performed mechanically in the
variable resistor by turning the shaft, and it is
performed electrically in the transistor by
changing the voltage applied between the Base
and the Emitter. The next lesson will explain
how this electrically controlled resistance
change is put to use in circuits,

SUMMARY

A transistor contains three semiconductor cry-
stals put together in the form of a sandwich,
with one type of crystal material in the center
and a crystal of the other type on each side of
it.

A variable resistor is a resistor in which the
number of ohms can be adjusted mechanically,
by turning a shaft, A transistor also has an
adjustable number of ohms, only its resistance
is adjusted electrically.

In a series circuit containing two resistances,
one fixed and the other variable, the current can
be increased or decreased by turning the shaft of
the variable resistor, Changing the current in the
circuit causes the voltage across both resistors
to change, although the total voltage always
stays the same as the source voltage (battery,
etc.). Turning the shaft of the variable re-
sistor, then, will cause the voltage appearing
across the other (fixed) resistor to increase or
decrease.

If the variable resistor is replaced by a tran-
sistor in the series circuit, the same type of
current changes can still be made, Now, with the
transistor, the resistance is changed electrically
by changing the voltage applied between the Base
and the Emitter. This changes the current flowing
through both the transistor and the fixed re-
sistor (resulting in a change in voltage across
the fixed resistor). This shows that the tran-
sistor can be made to control current in a cir-
cuit, just like a variable resistor would,

HOW TO CONTROL CURRENT IN SERIES CIRCUITS

To show that a transistor and a variable resistor
will both control current in a similar manner,.

PARTS REQUIRED

1 EK-3 Experimental chassis w/bottom plate
assembly

Left half front panel

Right half front panel

Front panel support plate

Speaker

1000 @ resistor (brown-black-red) now
wired on the chassis

47 KQ resistor (yellow-violet-orange)
5000 Q control (variable resistor)

SPST (Single Pole Single Throw) switch

e

e

DPDT (Double Pole Double Throw) switch
6-32 x 1/4" screw

4-40 x 1/4" screw

6-32 nut

Control nut

#6 lockwasher

Control lockwasher

Control flat washer

#6 solder lug

Screw-type 2-lug terminal strip
Knob

Volt-ohm-milliammeter

[\

e bt e O P O DD e
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CONTROL LOCKWASHER
2-LUG SWITCH

LEFT HALF
OF FRONT PANEL

FRONT PANEL
SUPPORT PLATE

6~LUG SWITCH

CONTROL FLAT WASHER@ |
CONTROL NUT@ &6-32 x | [4"SCREW
Figure 3F
PREPARING THE CHASSIS

Refer to Figures 3F and 3G for the following ( ) Place the other half of the master front panel

steps. as shown in Figure 3G andfastenthe screw-
type terminal strip to it using 6-32 x 1/4"
( ) Place the left half of the master front screws, #6 lockwashers, and 6-32 nuts.

panel (with the large round hole and two
rectangular holes) as it is shown in Figure

3F. ( ) Mount the speaker on the right-hand front
panel, Fasten the two front panels together
() Fasten the 5000 £ control as shown in Figure at the same time, making sure speaker lugs
3F using a control lockwasher, control flat are oriented as shown. Use 6-32 x 1/4"
washer and a control nut. screws, #6 lockwashers, and 6-32 nuts,
Now tighten all screws holding the front

( ) Fasten the 2-lug switch as it is shown in panel support.

Figure 3F, using 6-32 x 1/4" screws, The
two switch lugs should be positioned as

shown, ( ) Fasten the assembled front panel to the
front lip of the experimental chassis as it

( ) Fasten the 6-lug switch to the front panel is in the inset in Figure 3K by installing two
using 6-32 x 1/4" screws, 4-40 screws into the 4-40 speednuts on the

front flange of the experimental chassis,
( ) Fasten the front panel support plate to the
front panel as shown in Figure 3F using
6-32 x 1/4" screws, #6 lockwashers, and ( ) Install the knob on the shaft of the 5000 ©
6-32 nuts. Do not tighten yet. control and tighten the setscrew,



& 6-32 NUT

|
@& 22 6 LOCKWASHER

Figure 3G & ALL 6 SCREWS ARE 6-32 %



Page 26

(&g =arm=iz)

PROTECTIVE COVER

P TYPE CRYSTA

N TYPE CRYST
(BASE REGION

COLLECTOR LEAD
BASE LEAD
EMITTER LEAD

ALL LEADS ARE HERMETICALLY SEALED IN GLASS

Figure 3H
BECOMING FAMILIAR WITH THE NEW PARTS

The construction of a typical junction transistor
is shown in Figure 3H, Its schematic symbol is
shown in Figure 3J. The transistor shown was
made from germanium crystals, but transistors
are also made from silicon crystals, The case
or protective cover shown is oblong in shape,
but it could just as easily have been made round
like the transistors used in this kit,

Leads are brought out through the bottom of the
transistor case from each of the three segments
of the crystal material, the Emitter, Base, and
Collector, The actual base region may be only
1/1000" thick, therefore this layer mustbe pre-
cisely located before other wires are attached,

The entire unit is assembled in areas that are
as clean as a hospital operating room so that
the amounts of impurities in the crystal can be
carefully controlled, The assembly is then
hermetically sealed in a protective case, often
with an inner compound to assist in conducting
heat away from the assembly,

EXPERIMENT 1

To show that by adjusting a variable resistor
you can control current in a series circuit.

Refer to Figure 3K for the following steps.

( ) Unsolder and remove the 1000 © re-
sistor and the wire from the -6 volt solder
lug to lug 6 of terminal strip A.

( ) Place the ON-OFF switch in the OFF posi-
tion,

HERMETICALLY SEALED
AFTER ASSEMBLY

COLLECTOR

P TYPE CRYSTAL

-BASE

EMITTER

Figure 3J

) Connect a 12" length of hookup wire from
the -6 volt solder lug (S) to lug 1 of the
ON - OFF switch (S).

) Connect a 1000 © resistor from lug 2 of
the ON-OFF switch (S) to lug 3 of the
variable resistor (S).

) Connect an 8" length of hookup wire from
lug 2 of the variable resistor (S) to the +6
volt solder lug (S).

~

Turn your meter to the ohms position.
Connect one lead to lug 2, and connect
the other lead to lug 3 of the variable re-
sistor, Now adjust the variable resistor
until the meter indicates 2000 Q,

~

Remove your meter leads from lugs 2 and
3 of the variable resistor. You have now
adjusted the variable resistor to give youthe
circuit of Schematic #1 of Figure 3K,

~

Adjust the meter so it will indicate cur-
rent on the 5 milliampere range. Connect
the negative lead of the meter to lug 1 and
the positive lead to lug 2 of the ON-OFF
switch,

) The meter has now completed the circuit
by connnecting across the ON-OFF switch,
Note the amount of current indicated by the
meter and mark it down in the correct blank
below Schematic #1.

Disconnect the meter leads from the ON-
OFF switch and connect the EK-1 meter to
read voltage on the 10 volt scale,

~
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FRONT PANEL

EXPERIMENTERS
b CHASSIS

— o

¢ 4-40 SCREW (2)

VARIABLE
RESISTOR

-6 VOLT +6 VOLT

SOLDER LUG SOLDER LUG
o @) @) (&)

SCHEMATIC #1 SCHEMATIC #2

— = [

- 6 VOLTS - 6 VOLTS . RY

—— —_— J T
\-...\4/

CONTROL

CONTROL ROTATED

ROTATED 50% } FULL CLOCKWISE
VARIABLE RESISTOR = 2000 Q@ VARIABLE RESISTOR = 5000
CIRCUIT CURRENT = CIRCUIT CURRENT =
VOLTAGE ACROSS 1000 & RESISTOR =~ VOLTAGE ACROSS 1000 @ RESISTOR =

Figure 3K
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() Connect the minus voltmeter lead to lug 2
of the ON-OFF switch and connect the
positive voltmeter lead to lug 3 of the
variable resistor, Turn the ON-OFF switch
ON. Note the reading on the meter, This is
the voltage across the 1000 @ resistor,
Mark it down in the correct blank below
Schematic #1 of Figure 3K.

—_
~

Turn the ON-OFF switch to the OFF posi-
tion and disconnect the meter leads from
the lugs of the switch and variable resistor.

Switch the EK-1 meter to read resistance
again, connect one lead to lug 2 and the
other lead to lug 3 of the variable resistor.
Adjust the variable resistor so that the meter
reads a resistance of 5000 .

(

~

Now switch the EK-1 meter to read current
on the 5 milliampere range, and connect the
leads as before; connect the negative lead
to lug 1 and the positive lead to lug 2 of the
ON-OFF switch,

—_
~

(

~

The circuit has now been adjusted so that
your meter will read the current flowing
in Schematic #2 of Figure 3K. Note the
current reading on the meter and write it
down in the proper blank below the sche-
matic.

( ) Remove the meter leads from the ON-OFF
switch and switch the meter to read voltage
on the 10 volt scale. Turn the ON-OFF switch
ON.

()

—_
~

(S0 cmorrcn)

Now connect the negative meter lead to lug 2
of the ON-OFF switch and connect the posi-
tive meter lead to lug 3 of the variable
resistor, Note the voltage reading on the
meter and insert it in the proper blank be-
low Schematic #2 of Figure 3K.

Turn the ON-OFF switch OFF and dis-
connect the meter leads,

EXPERIMENT 2

Showing that a transistor will control current in

a series circuit by changing its resistance elec-

trically.
Refer to Figure 3L for the following steps.

( ) Disconnect the 1000 Q resistor leadfrom lug

3 of the variable resistor and connect it
instead to lug 3 of terminal strip B (S).

( ) Disconnect the lead from lug 2 of the

variable resistor and connect it instead
to lug 6 of terminal strip B (S).

( ) Connect a 47 KR resistor from lug 6 of

terminal strip A (NS) to lug 5 of terminal
strip B (S).

( ) Connect a#6 solder lugtooneendof a 6-1/2"

hookup wire as shown in the inset drawing
of Figure 3L (S). Squeeze the solder lug
out flat with pliers before soldering the
lead to it,
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SCREWDRIVER

BATT. CASE

Figure 3M

( ) Connect the free end of this 5-1/2" wire to
lug 6 of terminal strip A (S). Insert the #6
solder lug down between battery #3 and
battery #4 in the manner indicated in Fig-
ure 3M. Be sure the solder lug is not
touching any metal parts of the chassis.

NOTE: The experimental chassis is now wired
with the circuit shown in schematic #1 of Fig-
ure 3L. To make the schematic diagram easier
to follow, the battery which controls the cur-
rent in the transistor is shown separately.
Actually it is battery #4 that is used for this
purpose, as well as its normal purpose of
supplying power to the rest of the circuit (in
series with the other three batteries). The
47 KQ resistor is used only as a protective
device (current limiter) in the circuit, and it
should not be considered as an integral part of
the experiment,

( ) Switch the meter so that it willread current
on the 5 milliampere range, Connect the
negative meter lead to lug 1 andthe positive
meter lead to lug 2 of the ON-OFF switch,

( ) The circuit of Schematic #1 is now com-
pleted since your meter bridges across
the ON-OFF switch, Note the reading onthe
meter and mark it down in the blank for
measured circuit current (I) on Schematic
#1 of Figure 3L,

( ) Disconnect the meter leads and switch the
meter to read voltage on the 10 volt range.

() Connect the negative lead of the meter to lug
2 of the ON-OFF switch and connect the
positive lead of the meter to lug 3 of
terminal strip B.

—_
~

Turn the ON-OFF switch to the ON posi-
tion and note the reading on the meter.
Mark this voltage reading down in the
blank for the "measured voltage across R1,"
the 1000 © resistor at Schematic #1 on Fig-
ure 3L.

( ) Disconnect the meter leads, and turn the
ON-OFF switch to the OFF position,
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( ) Disconnect the 6-volt solder lug from be-

tween batteries #3 and #4 and insert it
between batteries #2 and #3.

NOTE: The circuit of Schematic #2 is now con-
nected on your experimental chassis.

()

()

—_
~

Switch the meter to read current on the 5
milliampere range, Connect the negative
meter lead to lug 1 and the positive meter
lead- to lug 2 of the ON-OFF switch,

Note the current indicated by the meter and
mark it down in the blank for "measured
Circuit Current" (I) at Schematic #2 of
Figure 3L.

Disconnect the leads from the ON-OFF
switch and switch the meter to readvoltage
on the 10 volt range.

( ) Connect the negative lead of the meter to lug

(

~

2 of the ON-OFF switch and connect the
positive lead of the meter to lug 3 of termi-
nal strip B.

Turn the ON-OFF switch ON and note the
meter reading. Mark this voltage reading
down in the blank for '"measured voltage
across R1" at Schematic #2 in Figure 3L.

Turn the ON-OFF switch to the OFF posi-
tion and disconnect the meter leads, Dis-
connect the solder lug from between batter-
ies #2 and #3,

CALCULATING TRANSISTOR RESISTANCES

(

)

Transistor resistance in Schematic #1.

Determine V2, the voltage across the tran-
sistor, by subtracting the voltage across
R1 from the total voltage, 6 volts,
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( ) Now calculate the transistor resistance,
using the total circuit current as the cur-
rent through the transistor.

Transistor resistance,

rR-E (voltage across transistor ) _ .
I (current through transistor)

When you have calculated this resistance, mark
it down in the correct blank at Schematic #1
of Figure 3L.

( ) Transistor resistance in Schematic #2, De-
termine the resistance of the transistor of
Schematic #2 in the same manner, Subtract
the voltage across R1 from the total voltage
to determine the voltage across the tran-
sistor. Mark this voltage down for voltage
V2,

( ) Now calculate the resistance of the tran-
sistor for Schematic #2.

Transistor resistance,

rR-E (voltage across transistor) = "
I (current through transistor)

( ) When this transistor resistance has been
calculated, mark it in the proper blank at
Schematic #2 of Figure 3L.

DISCUSSION

Experiment 1 (Figure 3K) showed how current
can be controlled with a variable resistor. By
changing the setting of the variable resistor,
the current in the circuit changed and when the
current changed, it changed the voltage across
resistor R1, Experiment 2 (Figure 3L) showed
that the same type of control can be accomplished
using a transistor in place of the variable re-
sistor. Notice that the voltage at R1 was changed
by changing the voltage connected between the
Base and the Emitter of the transistor, When this
voltage at the Base of the transistor was changed,
it changed the resistance of the transistor inthe
series circuit. When the resistance of the tran-
sistor changed, it changed the currentflowing in
the circuit just as the variable resistor did, The
result of the current change wasthe same as the
result obtained in Experiment 1, the voltage
across R1 changed,

The last part of Experiment 2 showed you by
your own calculations that the transistor acted
like a resistor in the circuit, Notice the differ-
ence between the resistance of the tran-
sistor in Schematic #2 and the resistance of the
transistor in Schematic #1. When the transistor
acts like a large resistor, a small amount of
current flows, and when the transistor acts like
a small resistor, alarge amount of current flows
in the circuit,

LESSON H!I
QUESTIONS

1. What is a variable resistor?

2, Can the current in a series circuit be made
adjustable by placing a variable resistor in
the series circuit?

3. A transistor is made by placing (two types,
three types) of semiconductor crystals to-
gether in the form of a sandwich,

4, What are the names of each of the three
parts of a transistor?

5. In the schematic symbol for the NPN type
transistor, the arrow for the Emitter points
(toward, away from) the base of the tran-
sistor.

6. The resistance of a transistor can be
changed by changing the voltage connected
between the and of
the transistor,

7. When you change the current flowing through
a series circuit, the voltage across both re-
sistors will change; will the total voltage
change too?
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LESSON IV
HOW TO CONTROL THE CURRENT FLOWING THROUGH A TRANSISTOR

FORWARD BIAS
(LARGE CURRENT FLOW)

+ + + +
----- + o+ + +
» -
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~

REVERSE BIAS
(ALMOST NO CURRENT FLOW AT ALL)
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N P
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+ —_
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NOTE THAT THE BATTERIES ARE
CONNECTED IN OPPOSITE DIRECTIONS.

Figure 4A

Lesson III showed that a transistor acts like a
variable resistor in a series circuit, a variable
resistor whose size can be adjusted electrically,
Lesson IV will show you how the resistance of a
transistor is controlled: a small current flowing
from the Emitter tothe Base controls the amount
of resistance in the transistor, and therefore
determines whether alarge or small current will
flow through the transistor from Emitter to
Collector,

In Lesson I you were first introduced to P type
and N type semiconductor crystals, Remember
that a diode was made by joining Ntype and P type
crystals together, and that a diode may be con-
nected to a battery in two ways, The area where
the two crystals come together is referredtoas
a junction,

Useful amounts of current will only flow in one
direction through a junction, When the battery
is connected to the crystal in such a direction
that current flows, the diode (or junction) is
said to have "forward bias'" applied to it, When
the battery is connected so that practically no
current flows, the diode (or junction) is said
to have 'reverse bias' connected to it, Semi-
conductor diodes that have forward bias and
reverse bias applied to them are shown in
Figure 4A,

Transistors usually contain two PN junctions,
One of these junctions is between the Emitter

crystal and the Base crystal, and the other is
between the Base crystal and the Collector
crystal, A NPN type transistor is shown in
Figure 4B,

(50 MAR COLLECTOR
50 MA
JUNCTIONS

[e
51 MA

N

EMITTE
51 MA R

Figure 4B

To make the transistor operate properly, the
batteries are connected so that the Emitter-
to-Base junction has forward bias applied to
it, and the Base-to-Collector junction has re-
verse bias applied to it, Because the Base
crystal is actually constructed so that it isvery
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thin (sometimes only about 1/1000 of an inch
thick), most of the current leaves the Emitter,
passes right through the thin Base region, and
flows to the Collector, As a result, only a very
small currentflows from the Emitter to the Base,
and a comparatively large current flows from the
Emitter to the Collector, The currents shown in
Figure 4B are representative of the relative
sizes of currents in actual circuits, Notice that
50 milliamperes of current is flowing from the
Emitter to the Collector and only 1 milliampere
of current is flowing from the Emitter to the
Base,

The small current that flows from the Emitter
to the Base controls the large current that flows
from the Emitter to the Collector, This smaller
Emitter-to- Base current causes changes totake
place in the PN junctions with the result that
the transistor acts as if it were made up of
the resistors shown in Figure 4C.

The junction between the Emitter and the Base
acts like a small fixed resistor, and the junc-
tion between the Base and the Collector acts
like a large variable resistor. This large
variable resistor usually stays very large
compared to the smaller resistor, This large
variable resistance was the resistance you
measured across the transistor in the Experi-
ment section of Lesson 3,

Figure 4D and Figure 4E show howthe Emitter-
Base current affects the larger variable resist-
ance that appears between the Base and Collector
of the transistor, In Figure 4D a small voltage is
connected between the Base and Emitter with the
minus and plus terminals connected as shown,
The small voltage causes a small amount of
current to flow from the Emitter to the Base,
This small Emitter-to-Base current causes the
variable Base-to-Collector resistance tobe quite
large, and as a result, a smaller current flows
through the transistor from the Emitter to the
Collector,

In Figure 4E a larger voltage has been connected
between the Base and Emitter of the transistor,
causing a larger current to flow. The larger
Emitter-to-Base current causes the variable
Base-to-Collector resistance to become small-
er, thus allowing a larger current to flow from
the Emitter to the Collector in the transistor,
Remember then, that a small Emitter-to-Base
current results in a smaller Emitter-to-Col-
lector current and that a larger Emitter-to-
Base current causes a large current to flow
from the Emitter to the Collector,

A small voltage, therefore, applied between the
Base and Emitter of a transistor, will control the
current flowing in a transistor almost as if it
were opening and closing a gate for the current

q THIS CIRCUIT ........... ACTS LIKE ___....THIS CIRCUIT?
c C
+ T -
_L == = —Jl—* ""() b=
= - — = =R =] g
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Figure 4C
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Figure 4D

to flow through, All practical transistor circuits
work only because the current through the tran-
sistor can be carefully controlled in this manner,
Lessons 5 through 10 will show you how these
carefully controlled currents in the transistors
are put to work in different types of electronic
circuits,

PNP TRANSISTORS

There are two types of transistors, the NPN
type and the PNP type, In the explanations of

previous paragraphs NPN transistors have been
used, In NPN transistors, the current emitted
by the Emitter consists of a flow of electrons,
These electrons are then collected by the Col-
lector and sent back to the battery.

In the following paragraphs, as well as in the
remaining lessons, all explanations will be made
using PNP transistors, since transistors of this
type, which are used more commonly, are sup-
plied with this kit, PNP transistors work in ex-
actly the same manner as the other type, ex-
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CAUSES A LARGER
c ¢ | EMITTER TO COLLECTOR
C L CURRENT
<
- S A SMALLER . 2 |
— | ) '
— <. INJRESISTANCE — < N
¢ IGhHERE - ¢
| !
| I =
B i F
Aol
! o
: 3
]
1
A LARGER VOLTAGE HERE L l
CAUSES A LARGER EMITTER — | W
TO BASE (E TO B) CURRENT — :

Figure 4E
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Figure 4F

cept that the batteries are connected in the
opposite direction, This means that all the
electron streams will flow through PNP tran-
sistors in the opposite direction from the cur-
rents that were shown by the arrows in the
circuits of the previous pages.

TIME 1

1 1
2 2

ELECTRON Y LEAVES ITS
ORBIT AROUND ATOM 2
AND FILLS THE VACANCY
{OR HOLE!} LEFT BY
ELECTRON X.

ELECTRON X LEAVES
ATOM 3 TO GO TO THE
POSITIVE TERMINAL OF
THE BATTERY,

THIS LEAVES A VACANCY
{OR "HOLE"} IN ONE OF
THE ORBITS OF ATOM 3.

THE VACANCY HAS NOW
MOVED FROM ATOM 3
TO ATOM 2.

e S

All the PNP circuits in the following pages
could be explained by following the flow of
electrons as you have done in previous lessons,
They have not been explained this way be-
cause we believe it would be more confusing
for you; as you follow the flow of electrons
from the Collector to the Emitter, it would
seem as if the current were flowing backwards
in the transistor. In the type of explanation
that will be used, the Emitter is still emitting
the current into the transistor and the Collector
still collects current as before, The following
paragraphs will explain how and why this can
be done,

HOLE CURRENT

Engineers and scientists explain the flow of
current by either one of two theories; by the
flow of electrons which flow from - to + in the
circuit, or by the flow of holes (called "con-
ventional current' or '"hole current") which
flow the other way, from + to -, These two
types of current are shown in Figure 4F.

We will use this 'hole current" to explain the
PNP transistor circuits, The current emitted
by the Emitter and collected by the Collector
will be holes instead of electrons, The same + to
- hole current will be used throughout all these
circuits,

TIME 3

ELECTRON Z LEAVES ITS
ORBIT AROUND ATOM |
AND FILLS THE VACANCY
(OR HOLE] LEFT 8Y
ELECTRON Y.

THE VACANCY HAS NOW
MOVED FROM ATOM 2
TOATOM 1.

Figure 4G

ELECTRON A LEAVES THE
NEGATIVE TERMINAL OF
THE BATTERY AND FILLS
THE VACANCY LEFT BY
ELECTRON Z IN ATOM 1.
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Figure 4H

If you wish to obtain a more advanced under-
standing of PNP circuits you can returntothese
lessons (Lessons IV through X) after you have
finished Lesson X, and analize the circuits
once again in terms of the electron currents
flowing in them,

Hole current, which flows in the opposite direc-
tion from the flow of electrons, can be ex-
plained in the following manner, Figure 4G shows
free electrons flowing from atom to atom through
a conductor. When an electron flows from one
atom to another, it leaves an empty space or
"vacancy' in the outer shell of that atom that
tries to attract another electron. To make this
empty space easier to describe, it is generally
called a "hole." As electrons move to the right,
toward the positive voltage, the holes (left by
the electrons) have the effect of moving in the
opposite direction, toward the minus voltage,

How these holes, or vacant spaces, travel may
be easier to see if you study Figure 4H. In Fig-
ure 4H, the car wash represents the battery,
the cars represent electrons, and the vacant
space between car A and car B represents a
hole. Car A has just moved up toward the plus

end of the car wash, leaving a hole (or vacant
space) between it and car B, When car B moves
up one position, the hole (vacant space) moves
back to where car B is now shown. When car
C moves up, the hole (vacant space) moves one
more space back to where car C is now shown,
Notice then, as the cars (electrons) move for-
ward toward the plus (+) end of the car wash,
the vacant space (or hole) gradually moves back
and around the corner toward the negative (-)
end of the car wash,

The flow of electrons apd holes in a circuit
works in the same manner. As the electrons
move toward the plus voltage, the holes move
toward the minus voltage,

NOTE: Since PNP transistors are used in the

experiments of this kit, PNP transistors will
also be used as examples for the theory sec-
tions of the lessons, For this reason, so they
will be easier to understand, all of the tran-
sistor circuits will be explained in terms of
hole current (sometimes called "conventional'
current). Remember, hole current flows from
plus (+) to minus (-), the opposite direction from

electron current flow,
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POTENTIOMETER TYPE CONNECTIONS OF
VARIABLE RESISTORS

A large voltage can be divided up into smaller
voltages by placing resistors in series in the
manner shown in Figure 4J. Since the source
voltage divides across series resistors in pro-
portion to their resistance values, the 10 volt
source of Figure 4J will be divided between the
two resistors according to their values, The
total circuit resistance in all four voltage
dividers is 1000 ohms, In the first divider, the
750 ohm resistor represents 3/4 of the total re-
sistance, so 3/4 of the total voltage, 7,5 volts,
is developed across it. In the second voltage
divider the resistors are of equal values, so1/2
of the total voltage, or 5 volts, is developed
across each resistor, In the third divider the 250
ohm resistor represents 1/4 of the total re-
sistance, so 1/4 of the total voltage, or 2.5 volts,
is developed across it, In the last divider the
100 ohm resistor represents only 1/10 of the
total resistance, so only 1 volt is developed
across it,

Figure 4K shows how a variable resistor canbe
connected to act as an adjustable voltage divider,
This type of use (the "potentiometer' connection)
is one of the most common uses of a variable

resistor,
1ov 10v
VIT LT

The advantage of using a potentiometer voltage
divider becomes quite obvious by observing
Figure 4K, Not only can the same four voltages
obtained from the dividers in Figure 4J be ob-
tained, but now that the potentiometer has made
the voltage divider completely variable, any
voltage between zero and ten volts can be ob-
tained by turning the shaft of the potentiometer,
This potentiometer connection is often used as
an easy method for obtaining a voltage whose
size can easily be adjusted, A voltage divider
of this type will be put to a practical use in the
experiments of this lesson,

SUMMARY

A transistor contains three semiconductor cry-
stals, A very thin wafer of one type of crystal
is placed between two larger segments of the
other type of crystal.Current flows into this
transistor from the crystal at one end called
the Emitter, passes through the thin center
crystal called the Base, and is collected by a
third crystal called the Collector, Only a small
amount of the total current from the Emitter of
the transistor flows from the Emitter to the
Base, because the Base is so thin most of the
current passes through it to the Collector.

I f

Figure 4K
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The small current that flows from the Emitter
to the Base of the transistor controls the large
current that flows from Emitter to Collector,
When the Emitter-to-Base current is smaller it
acts as if it were closing a gate between the
Emitter and Collector, which allows less cur-
rent to flow through., When there is a larger
Emitter-to-Base current it acts as if it were
opening a gate between the Emitter and Collector,
allowing a larger current to flow through,

In an NPN transistor a stream of electrons
flows from the Emitter to the Collector, In a
PNP transistor, a stream of holes (hole current)
flows from the Emitter tothe Collector. The hole

current is actually the flow of vacant spaces that
are created in the outer rings of the atoms when
the electrons move away. Electrons alwaysflow
toward a positive voltage, holes always flow
toward a negative voltage,

When a variable resistor is connected as a po-
tentiometer, the voltage connected across the two
outside terminals will be divided when an out-
put is connected between the center terminal and
either of the outside terminals, By adjusting the
arm of the potentiometer the complete input
voltage, or any fractional part of it, canbe pro-
duced at the output connections.

HOW TO CONTROL THE CURRENT FLOWING THROUGH A TRANSISTOR

To show that the small Emitter-to-Base current
controls the larger Emitter-to-Collector cur-
rent, (To show that the resistance of a transistor

is controlled electrically,)

PARTS REQUIRED

1 Experimental chassis, wired for Lesson 3.
1 22 KQ resistor (red-red-orange)

EXPERIMENT 1

To show potentiometer action,

( ) Disconnect and remove the 1000 Q resistor
connected from lug 2 of the ON-OFF switch
to lug 3 of terminal strip B.

( ) Disconnect and remove the 47 KQ resistor
connected from lug 6 of terminal strip A
to lug 5 of terminal strip B,

( ) Disconnect and remove the wire from lug 6
of terminal strip A.

( ) Disconnect the wire connected to lug 6 of
terminal strip B and connect it instead to lug
3 of the potentiometer (S).

( ) Connect a short length of hookup wire from
lug 2 of the ON-OFF switch (S) to lug 1 of
the potentiometer (S).

( ) Adjust your EK-1 Meter to read VOLTAGE
on the 10 volt scale. Connect the minus lead
of the voltmeter to lug 2 of the potentiometer,

and connect the plus lead of the voltmeter
to lug 3 of the potentiometer, The circuit is
now connected to read the variable volt-
age at the output of the potentiometer as
shown in the Schematic of Figure 4L.

() Turn the ON-OFF switch tothe ONposition,

—_
~

Turn the knob of the potentiometer to its full
counterclockwise position. (Counterclock-
wise is the opposite direction from the way
a clock's hands turn,) The voltage on your
meter should now be zero,

—
~

Turn the Volume control knob gradually in
a clockwise position while watching the volt-
meter, Notice that the voltage gradually
increases from zero until it is at the full
voltage, 6 volts, at the full clockwise posi-
tion, This illustrates the potentiometer
connection of the variable resistor,

( ) Turn the ON-OFF switch to the OFF posi-
tion and disconnect the meter leads.

A very common example of this type of use of
a variable resistor is in the Volume control of
a radio; in the radio circuit the size of the
electrical sound signal that will eventually reach
the speaker is increased or decreased in this
manner,



° |

SR

a OFF-ON SWITCH

POTENTIOMETER

Figure 4L

" OFF-ONSWITCH
[ Wit

1

VOLTMETER




@[g 539

50

' I 2"=]@) OFF-ON SWITCH
V-

—

1000 @
POTENTIOMETER

EMITTER-BASE

EMITTER-COLLECTOR CURRENT # — 8



i
1
)

*,

3

A

e

Page 40

g == = e

EXPERIMENT 2

To show the smaller current controlling the

larger current in a transistor,

Refer to Figure 4M for the following steps.

() Comnect a length of hookup wire from lug 3
of the potentiometer (S) to lug 6 of terminal
strip B (S).

—_
~

Connect a length of hookup wire from lug 2
of the potentiometer (S) to lug 5 of terminal
strip B (S).

—_
~

Disconnect the short wire going from lug 2

of the ON-OFF switch to lug 1 of the
potentiometer,

—_
~

Connect the 22 KQ resistor fromlug 2 of the
ON-OFF switch (NS) to lug 1 of the poten-
tiometer (S).

Connect one end of a 1000 @ resistor to lug
2 of the ON-OFF switch (S). Leave the other
end free temporarily,

The circuit shown in the Schematic of Figure 4M
is now connected on your experimental chassis.

«(\ ) Switch your meter to read current on the

10 milliampere range. Connect the negative
lead of the meter to the free lead of the
1 KQ resistor. Connect the positive lead of
/ the meter to lug 3 of terminal strip B.
( ) Your meter is now connected so it willread
current flowing from the emitter tothe col-
lector (measured between the Collector and
the 1000 © resistor) on the Schematic of
Figure 4M,

kN

k!
4
}

i

Place the ON-OFF switch in the ON posi-
tion, Turn the knob of the potentiometer
so that approximately 3 ma of current is
indicated on the meter,

—_
~

Mark the current indicated on your meter
down in the correct blank below the Sche-
matic,

Turn the ON-OFF switch to the OFF posi-
tion, but do not move the setting of the
potentiometer,

( ) Disconnect the meter leads from the re-
sistor and terminal strip, Connect the free
lead of the 1000 Q resistor to lug 3 of
terminal strip B (S).

Disconnect the end of the wire connected to
lug 5 of terminal strip B. Switch your meter
to the 1 milliampere range., Connect the
minus lead of the meter to the free end of
the wire justdisconnected. Connect the plus
lead of the meter to lug 5 of terminal strip
B, Turn the ON-OFF switch to the ON po-
sition.

()

Your meter is now indicating the amount of
current flowing from the Emitter to the Base
in the circuit, You may find that this current
is rather difficult to read on your meter. I
this is the case, notice that it indicates not
only below the point that indicates 2/10ths of a
milliampere (.2 ma) but it also reads below the
point that indicates 1/10th of a milliampere
(.1 ma). Each scale indication at the low end of
the meter indicates .02 milliamperes, which
can also be stated as 20 microamperes.

( ) Read the amount of current indicated onthe
meter and mark it down in the correct
blank below the Schematic,

( ) Turn the ON-OFF switch to the OFF posi-
tion, Disconnect your meter leads. Connect
the end of the wire previously removed
back to lug 5 of terminal strip B.

DISCUSSION

Experiment 1 gave youa demonstration of the po-
tentiometer connection of the variable resistor.
You will find this a very common method for
dividing voltages in later experiments and later
circuits,

Experiment 2 gave a demonstration of how the
current through a transistor is controlled, Your
measurements should have shown you that the
current flowing from the Emitter to the Collector
was about 100 times as large as the current
flowing from the Emitter to the Base of the
transistor,

The circuit of Figure 4M probably looks dif-
ferent to you than the circuits you studied
previously, This is because the same battery is
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now shown supplying voltage to both the Emitter-

Collector circuit and to the Emitter-Base circuit,

Voltage is supplied to the Emitter-Base circuit
through a voltage divider which consists of the
22 K ohm resistor and the 5000 ohm variable
resistor.

The arm, or center terminal, of the 5000 ohm

variable resistor supplies the negative voltage
to the base, and the lead at the bottom of the
variable resistor is connected to the positive
voltage of the battery. These voltages were sup-
plied by separate batteries in previous circuits,
The 1 Kohm resistor in series with the Collec-
tor lead of the transistor is used to limit the
current in the transistor to a safe value.

LESSON IV

QUESTIONS

1. K a battery is connected so that it applies
reverse bias to a diode, will current flow
through the diode?

2. When the transistor is operating properly,
both of its junctions are connected so that
they have forward bias applied to them.
(True, False)

3. The base crystal of a transistor is (very
thick, very thin).

4, The small current that flows from the
Emitter to the Base controls the large
current that flows from the Emitter to the
Collector, (True, False)

5. A change in the small current flowing from
the Emitter to Base causes the resistance
from the Emitter to the Collector to be
changed, (True, False)

6. Which terminal of the battery, (the negative
or the positive) terminal, is connected to
the collector of an NPN type transistor,

7. Which terminal of the battery, (the negative
or the positive) terminal, is connected to
the collector of a PNP type transistor.

8. In the hole current theory, a "hole" is the
vacant space left when a free electron

moves on to another atom.(True, False)

9. Which battery terminal do the holes flow
toward?

10. What is a potentiometer?
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LESSON V
HOW DOES A TRANSISTOR AMPLIFIER WORK?
| $ &
¥ MIKE / %
! [

®

SMALL
SOUND
SIGNAL

POTENTIOMETER

7 "////'«,, )

% SOUND

LARGER SIGNAL
SOUND @ 4
SIGNAL _—
BATT =

Figure 5A

In the previous lessons you became familiar
with how these DC currents flow in different
materials, how they are controlled and calcu-
lated, and how a small current in a transistor
can be used to control a larger current,

To understand an amplifier, you must first under-
stand sound (or 'audio'') signals. These sound
signals, which are sounds putin electricalform,
use a different form of current called AC,
(Alternating Current). The purpose of this lesson
is to explain the nature of these sound signals
and how they are amplified (made larger) in a
transistor amplifier,

AC CURRENT AND SOUND SIGNALS

Up until now you have only been studying direct
current, or DC. The term DC means that the
electrons flow in only one direction in the cir-
cuit, This is the type of current produced by a
battery.

To create a DC current flow, a voltage is
created between the two ends, or electrodes, of
the battery by chemical action. When the two
electrodes are connected together, the voltage
causes electrons to flow out of the negative
electrode and around the circuit to the positive
(or button) electrode. If a circuit element such
as a flashlight bulb is included inthe circuit, the
bulb will light because the flow of electrons is
passing through it, This is illustrated in Fig-
ure 5B,

The other form of current, called AC current,
is generally used by power companies to supply
power to homes and factories, AC current also
occurs when sounds are put into their electrical
form, which are called AC signals."

DC CURRENT

FLOWS ONLY
ONE WAY
THROUGH
CIRCUIT

Figure 5B

AC current flows first in one direction, then in
the other direction, It is almost as if the bat-
tery connections of Figure 5B were quickly re-
versed back and forth in alternate directions,
causing the current to flow first one way and
then the other way, This is shown in Figure 5C.
First the voltage of the battery pushes the cur-
rent up through the bulb and then the battery is
reversed and the voltage pushes the current
down through the bulb, When AC current flows,
the voltage and current reverse in this manner
at a regular rate,
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AC CURRENT

BATTERY

Sas

—_—=mN

R
| T AR -

FLOWS

FIRST ONE WAY ---THEN THE OTHER WAY
AT A REGULAR RATE

Figure 5C

Figure 5D shows what AC and DC voltage would
look like if you plotted each of them on a graph
for 1 second., The amount of voltage is shown
vertically (-4 volts to 0 to +4 volts), and the
time (how long this voltage is turned on) is
shown horizontally (0 to 1 second).

The voltage that would be measured across a
resistor if DC were applied is shown in part
one of Figure 5D, Four volts is connected
and the voltage stays at the same amount (4
volts) for the full second,

Part two of Figure 5D shows what the graph of
the voltage would look like if the battery were
connected first in one direction and then in the
other, For the first one-half second +4 volts is
measured across the resistor and for the sec-
ond one-~half second -4 volts is measured across
the resistor. When +4 volts is measured, the
current is flowing in one direction and when
-4 volts is measured, the current is flowing in
the other direction,

Positive (+) voltage is usually indicated above
the zero line and negative (-) voltage is usually
indicated below the zero line on any kind of a
graph or picture of a waveform, To measure
negative voltage, the leads of the voltmeter
would have to be connected the other way across
the resistor, otherwise the current would try to
flow through the meter backwards, which could
harm the meter,.

The square wave of voltage shown in part two
of Figure 5D was created by reversing the
batteries. This crude example is usedtoexplain
in the simplest possible manner the effect of AC
voltage in a circuit. This is not what the usual
AC voltage (or current) waveform looks like,

THE VOLTMETER WOULD MEASURE .... | THIS DC VOLTAGE OR THIS AC VOLTAGE
(AC VOLTAGE BY REVERSING
THE BATTERY)
4V \ 4V
|
VOLTAGE (DC OR AC) m |
CONNECTED HERE VOLTMETE :
L1 '
1
[
| ov 1 ov 1 SECOND
0 SECONDS. ——————== 1 SECOND 0 SECOND 1/2 SECOND
Vs, ot s e

THE VOLTMETER WOULD INDICATE THE ABOVE
VOLTAGE (+4 VOLTS} FOR ONE SECOND IF DC
WERE CONNECTED ACROSS THE RESISTOR.

THE VOLTMETER WOULD INDICATE THE ABOVE
VOLTAGE (+4 VOLTS FOR 1/2 SECOND, -4 VOLTS
FOR 1/2 SECOND] DURING 1 SECOND IF AC WERE
CONNECTED ACROSS THE RESISTOR.

Figure 5D
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Figure 5E

Part one of Figure 5E shows what anormal pure
AC waveform would actually looklike, The name
for this waveform is a '"sine wave,' Note that
instead of going straight up to the +4 volts (or
whatever the actual voltage is) the voltage in-
creases gradually to 4 volts, decreases grad-
ually through zero, goes to -4 volts, and then
goes back toward zero again. Here the whole
cycle starts over again. At the start of the
waveform, the voltage is zero, at one-eighth
of a second the voltage has increased to almost
+3 volts, at one-quarter of a second the voltage
is 4 volts, at one-half second the voltage has
decreased to zero again, At three-quarters of
a second the voltage has now become -4 volts
and at the end of one second the voltage is
zero once again,

Since this voltage pushes current through the
circuit, the current will increase and decrease
through zero in the same sine wave manner,
Parts two and three of Figure 5E show how the
current flows through a resistor for each half-
cycle of the sine wave, Remember that the
current always flows from the negative terminal
to the positive terminal in a circuit, During the
first half-cycle, the current flows up through the
resistor and in the second half-cycle, when the
voltage has been reversed, current is pushed
down through the resistor.

+ ]

ZERO CURRENT

/
7
7
& )
-

An AC voltage that has completed one positive
swing and one negative swing, and has returned
to zero is called one cycle, Anynumber of these
cycles, or voltage swings, may occur during one
second, The term '"frequency' refers to how many
times (or how frequently) the waveform is re-
peated during any one second, The frequency of an
AC waveform may be anywhere from one cycle
up to millions of cycles during one second. A
common example of the frequency of a wave-
form is the AC power coming to your home from
the power company; this has a frequency of
exactly 60 cycles for each second,

Figure 5F shows some sine waves of different
frequencies, Part one is a graphic presenta-
tion of one cycle per second of AC. Part two
shows what a graph of 60 cycles in one second
would look like, As you can see it would be im-
possible to accurately graph so many cycles
taking place in one second, but none-the-less
each one of these cycles has acomplete positive
and negative alternation, Part three of Figure
5F shows that one cycle of this 60 cycle sine
wave (or a sine wave of any other frequency)
still looks exactly the same, only the length of
the cycle on the graph has been changed.
Instead of taking one second to occur (one cycle
per second), the cycle now takes only one
sixtieth (1/60) of a second to occur (60 cycles
per second).

i
aid

\
i

fe———— 1 SECOND———]
ONE CYCLE PER SECOND (1 CPS, OR | ~}

1 SECOND ’——"‘

60 CYCLES PER SECONDI60 CPS OR 60 ~

Figure 5F

be——— g5 SECOND————d

ONE CYCLE OF 60 CYCLES PER SECOND AC
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To make them easier to refer to, the terms
"Kilocycles" (kec) and '""Megacycles' (mc) are
commonly used to describe the higher frequen-
cies. The term Kilocycle, or k¢, means that the
number shown must be multipled by 1000 cycles,
The term Megacycle, or mc, means that the
number shown must be multipled by 1,000,000

cycles,
Examples:

22 kc = 22 x 1000 cycles = 22,000 cycles/second

37 x 1,000,000 cycles = 37,000,000
cycles/second

37 mc =

SOUND SIGNALS

A sound signal, also called an "audio" signal is
an AC waveform in which sounds are contained in
an electrical form. An audio signal, therefore,
will make sounds when connected to a speaker or
earphone, A graph of a pure audio signal would
show that it is a pure sine wave, All sounds
consist of either a pure sine wave, or a number
of sine waves of different frequencies and size
that are combined together to give a very
irregular AC waveform,

The two main parts of an audio signal are, the
loudness of the signal and the tone (or pitch or
frequency) of the sound, The tone of a sound
refers to whether it consists of high notes or
low notes,

Figure 5G shows how loudness is contained in
an audio signal, The large the electrical signal
is (the greater the number of volts of AC), the
louder the sound will be when it is heard in the
speaker,

LOUDNESS

-V

THE LARGER THE ELECTRICAL SIGNAL IS IN
VOLTS... THE LOUDER THE SOUND WILL
BE IN THE SPEAKER,

Figure 5G

The tone of a sound is determined by the fre-
quency of the audio signal, The frequency, or
number of cycles per second, determines wheth-
er you hear the sound as a highnote or as a low
note, The average human ear hears sound from
about 20 cycles per second to approximately
15,000 cycles per second, Each sound has its
own frequency or group of frequencies, Ex-
amples of the frequencies of various sounds are
shown in Figure 5H.

AVERAGE FREQUENCY RESPONSE OF HUMAN EAR

HUM IN
RADIO

;-(?z-: >

RANGE OF HIGH FIDELITY FM BROADCASTING
AND HI-F{ PHONOGRAPHS

-
FERANGE OF AVERAGE GOOD AM RECEIVING SETSH

e RANGE OF  PIANO el

HIGH FREQ.
SQUEAL FRQ

osc)

<

(HOR

S5KC I5KC

L
| L]

HHHH

NI R

o 10 20 30 50 100 200

/F\’
CAR HORN /@w

CYCLES PER SECOND..........

1000

10000 IOODOO

IOKC 20KC 100 KC

............ OR FREQUENCY

Figure 5H
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HOW CAPACITORS AND SPEAKERSREACT TO
AC CURRENT

A CAPACITOR, as explained in detail in the
Basic Radio Course, is a circuit element
through which AC currents can pass but DC
currents cannot pass, The schematic symbol
for the capacitor is shown in Figure 5J.

1{
I\

SCHEMATIC SYMBOL FOR
FIXED CAPACITOR

Figure 5J

The electrical size of a capacitor is measured
in quantities called '"farads." In actualpractice,
a capacitor one farad in size would be far too
large to be practical (a tubular capacitor one far-
ad in size would be about the size of a large liv-
ing room). As a result, practical capacitor values
generally fall in the microfarad range (ufd or
mfd). One microfarad is equal to one one-
millionth (1/1,000,000) of a farad,

Sometimes, even microfarads are too large for
certain applications, so an even smaller quantity
called micromicrofarads (upf, or mmf) are
used. One micromicrofarad (1 ppf) is equal to
one one-millionth of a microfarad (ufd). Micro-
microfarads are also sometimes called pico-
farads (pF).

In general, a capacitor with a large number of
microfarads (10 pfd - 100 ufd) isneededto pass
low frequency sound signals, Capacitors with a
small number of pfds (,001 pfd or 1 ppuf-

500 puf) are used to passhighfrequency signals
such as those used for radio or television sig-
nals.

The SPEAKER (see Figure 5K) is adevice which
converts electrical signals into sounds, The main
elements of the speaker are a permanent magnet,
a coil of wire called avoice coil (which acts like
an electric magnet), and a paper cone which vi-
brates the air in front of the speaker, The cone
and voice coil are connected together.

When the current passes through the coil (or
through any coil) it creates magnetism around
the coil, The area near the coil where this mag-
netism is strong is called the magnetic field of
the coil., The amount of magnetism around the
coil depends on the amount of current through
the coil, a larger current creates a larger a-
mount of magnetism and a smaller currentcre-
ates a smaller amount of magnetism,

As shown by the dotted lines in Figure 5K the
magnetism of the coil pushes against the mag-
netism of the permanent magnet, As the current
in the coil changes, it moves the coil and paper
cone back and forth, When the paper cone moves
back and forth it pushes the air in front of the
cone back and forth, and these air movements
are carried to your ears and heard as sounds,

The complete operation of the speaker is as
follows: The signal current increases and de-
creases the amount of magnetism around the
voice coil, The increasing and decreasing mag-
netism around the voice coil pushes the cone
back and forth, causing the air in front of the
cone to move back and forth, The movements of
air are heard as sounds when they reach your
eardrums,
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A. THE AMOUNT OF CURRENT IN
THE VOICE COIL DETERMINES
THE AMOUNT OF MAGNETISM
IN THE VOICE COIL

MAGNET

B. THE AMOUNT OF MAGNETISM
IN THE COIL DETERMINES HOW
FAR THE COIL IS PUSHED AWAY
FROM THE PERMANENT MAGNET

MAGNETIC

STRUCTURE | CONE

VOICE COIL DUST COVER

MAGNET

THE CONE MOVES
THE AIR IN FRONT OF
(AND IN BACK OF)
THE SPEAKER.

Figure 5K

A SIMPLE ONE-TRANSISTOR AMPLIFIER

One of the most common ways of changing sounds
into electrical signals is by using a microphone,
How a simple crystal microphone operates can
be learned by looking at Figure 5L.

Certain kinds of crystals, when cut to the
proper size, will vibrate when sounds are ap-
plied to them, These vibrations create an
electrical (audio) signal between one side of
the crystal and the other, that very closely
follows the amplitude and frequency of the
sounds spoken into the microphone,

In a typical microphone, such as the one shown
in Figure 5L, a thin metal diaphragm is connected
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(17

]
’... N DIAPHRAGM
Y
I.'l.
I.'I
SOUNDS o ".=.=
Na .. ’

Z
V-,
/ L7
&,

to the center of a piece of crystal, The crystal
and the diaphragm are mounted in a small metal
case, and the wires connected to the crystal
carry the electrical signal from the crystal
out of the microphone, When the sound waves
vibrate the diaphragm and the crystal, an audio
signal is generated,

Amplifiers are necessary because the signal
from a microphone (or any other source of
electrical signals, such as a phonograph arm)
is far too small and weak to be able to make
a speaker operate, The amplifier takes the
small signal from the microphone, or phono-
graph, and amplifies it until it is large enough
(more powerful) to operate a speaker,

CRYSTAL

ELECTRICAL SIGNAL
T
TO INPUT CONNECTIONS OF
AMPLIFIER

Figure 5L
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Figure 5M

Figure 5M shows a complete one-transistor
amplifier, The audio signal from the crystal
microphone is connected across a poten-
tiometer, The potentiometer selects a larger
or smaller amount of this signal (depending on
whether you wish the sounds to be louder or
quieter) and connects it through the capacitor
to the Base of the transistor, The capacitor is
placed in the circuit so that the AC sound signal
will travel from the potentiometer to the tran-
sistor, but the DC voltages at the Base of the
transistor will be blocked, so it will not effect
the potentiometer or the microphone,

As shown in Figure 5N, resistors R1 and R2
form a voltage divider, This voltage divider
causes a DC voltage to appear across re-
sistor R2 that takes the place of the battery
that was shown connected between the Emitter
and Base in previous circuits, The main ad-
vantage of using resistor voltage dividers in-
stead of batteries, are that they are smaller
in size, and also that only one battery is
needed for the whole amplifier,

The signal current from the potentiometer is con-
nected across resistor R2 by means of the ca-
pacitor, this causes the audio signal currentsto
flow through resistor R2, These small signal
currents also flow from the Emitter to the Base
of the transistor just as the small DC currents
did in previous lessons,

The small signal current flowing from Emitter
to the Base controls the large current flowing
from the Emitter to the Collector; as a result
the large current, since it is controlled by the
smaller current, looks exactly like the small
signal current, The larger signal current from
the collector then goes through the speaker
where it is changed back into sound again,

R1

/THIS RESISTOR

’

TAKES THE PLACE 6F
THIS BATTERY

Figure 5N
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A TWO-TRANSISTOR AMPLIFIER

Figure 5P shows a two-transistor amplifier,
Actually, a one-transistor amplifier such as
the amplifier of Figure 5M usually is not able,
by itself, to create a large enough signal to
drive a speaker properly.

In the two-transistor amplifier the sound signal
is sent from the crystal microphone to the po-
tentiometer, and from the potentiometer through
capacitor C1 to resistor R2. The signal voltage
across resistor R2 controls the Emitter-to-Base
current of transistor Ql., Just as before, the
smaller Emitter-to-Base (signal), current con-
trols the larger Emitter-to-Collector (signal)
current,

The amplified signal current from the Collector
of transistor Ql1, instead of flowing through the
speaker as before, flows through load resistor
R3. Since the signal current through R3 is
changing just like the input signal from the
microphone, it creates a voltage across R3
(by Ohm's Law) that follows all the changes of
the input audio signal.

The enlarged audio signal appearing across R3
then passes through capacitor C2 and is applied
to the Base of transistor Q2, Capacitor C2
operates just as it did before; it keeps the DC
voltages of the two transistors from being mixed
together but it allows the AC signal voltages to
pass from one transistor circuit to the other,

Now, at transistor Q2, the full cycle repeats
itself once again, The audio signal increases
and decreases the currents flowing through re-
sistor R5 and from the Emitter to the Base of

transistor Q2, This controls the larger current
that flows from the Emitter to the Collector
of transistor Q2, and the audio signal is en-
larged a second time, just as it was in tran-
sistor Q1. The signal from the Collector of
transistor Q2 is connected to the speaker, and
the original signal from the microphone is
changed back into a sound signal again, but
greatly amplified in size, An amplifier such as
this could be used for a public address ampli-
fier,

The purpose of resistor R6 is to provide the
correct DC operating voltage at the Emitter
of transistor Q2. The purpose of these oper-
ating voltages will be explained in greater de-
tail in Lesson VI, The purpose of capacitor C3
is to pass the AC signals around resistor R6
so they will not disturb the steady DC voltage
that is appearing across it,

SUMMARY

DC current flows through a circuit in only one
direction at all times. AC current flows through
a circuit first in one direction and then in the
other, alternating back and forth at a regular
rate,

One complete positive and negative excursion
of AC voltage is called a cycle. One cycle, if it
could be seen, would be increasing from 0 to a
positive voltage, thenbackthrough Otoanegative
voltage, and then back to 0 again, The wave-
form thus created is called a sine wave, During
the positive part of a sine wave cycle, current
flows one way in a circuit, and during the
negative part of the cycle, the current flows
the other way,
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An "audio" signal is sound in electrical form.
The larger the audio signal is, (the greater the
number of volts) the louder the signal will sound
in a speaker, The "frequency'" of the signal
means how many times the sine wave repeats
itself during one second, Frequency is usually
expressed in cycles per second, or just plain
"eycles." A low note, or low tones, are a fewer
number of cycles per second, and higher notes,
or higher tones, are caused by agreater number
of cycles per second,

A '"capacitor" is used in a circuit to pass AC
currents but to block DC currents from passing
through it. A speaker converts electrical signals
into sounds,

In a one-transistor amplifier the sound signal
from a microphone is amplified or made much
larger by the transistor and then applied to the
speaker where it is changed back into sound,

In a two-transistor amplifier the electrical
sound signal from the microphone is amplified
two different times. Transistor Q1 amplifies
this audio signal the first time and transistor
Q2 amplifies the signal a second time, As an
example, if each of these transistors ampli-
fied the signal ten times, then the signal coming
from transistor Q2 would be one hundred times
larger than the signal that was going into tran-
sistor Q1!

HOW SIGNALS ARE ENLARGED

Demonstrating amplification in a transistor

amplifier,

PARTS REQUIRED

1 EK-1 voltmeter (or equivalent)

1 Experimental chassis, wiredfor
Experiment 4

1 Remote front panel (this is the other right-

half front panel)

Left end panel

Right end panel

Remote bottom plate

Remote back plate

Speaker

Felt feet

10 Q resistor (brown-black-black)

270 Q resistor (red-violet-brown)

8200 © resistor (gray-red-red)

68 KQ resistor (blue-gray-orange)

100 KQ resistor (brown-black-yellow)

10 pfd electrolytic capacitor

100 ufd electrolytic capacitor

100 K ohm control

6-32 x 1/4" screw

4-40 x 1/4" screw

6-32 nut

4-40 nut

4-40 speednut

#4 lockwasher

#6 lockwasher

#6 solder lug

50 foot length (approximately) of hookup wire

p—-wbbﬂ»&«h:h»—nmuu»—u—u—n—npuu»ﬂ-&»—a

WIRING THE REMOTE SPEAKER

Refer to Figure 5Q for the following steps.

( ) Fasten the right and left end panels on
the remote bottom plate as shown, Use 4-40
screws, #4 lockwashers, and 4-40 nuts,

( ) Install the seven 4-40 speednuts at the lo-
cations shown, Make sure the flat side of
each speednut is facing outward,

\\/
&4 - 40X /4" SCREW

&

4-40x1/4" SCREW
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Figure 5R

( ) Install the remote back plate in position ( ) Insert one end of each wire through the
with three 4-40 screws, round hole in the remote back plate, Solder
each wire to one of the speaker lugs,

Refer to Figure 5R for the following steps.
( ) Place the front panel over the end panels

( ) Fasten the speaker on the remote front as shown in the inset of Figure 5R and
panel as shown, using 6-32 screws, #6 lock- fasten it in place with a 4-40 screw in each
washers and 6-32 nuts, corner.

( ) Cut the 50 foot length of hookup wire into ( ) Pull one of the gummed felt feet from its
two equal (25 foot) lengths, backing paper and stick it to one of the
corners of the remote bottom plate.
( ) Strip 1/4" insulation from both ends of the
two 25 foot lengths of hookup wire, and twist ( ) In the same way stick a gummed felt foot
the two wires together loosely. in each of the other three corners,
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EXPERIMENT 1

To show by means of a graph how signal is
amplified in the transistor.

Refer to Figure 58 for the following steps.

( ) Disconnect the 1000 Q resistor lead from
lug 2 of the ON-OFF switch and connect it
instead to lug 1 of terminal strip B (NS).

( ) Connect a length of hookup wire from lug 2
of the ON-OFF switch (S) to lug 1 of
terminal strip B (NS).

( ) Connect a length of hookup wire from lug 4
of terminal strip A (S) to lug 6 of terminal
strip B (S).

Connect an 8200 © resistor from lug 3 of
terminal strip A (NS) to lug 3 of terminal
strip B (S).

(

~

()

()

(

~

(

~

()

Connect a 270 © resistor from lug 6 of
terminal strip A (NS) to lug 1 of terminal
strip B (S).

Connect a length of hookup wire from lug 1
of terminal strip A (S) to lug 2 of the 2-
way switch (S).

Connect a length of hookup wire from lug 6
of terminal strip A (S) to lug 3 of the 2-way
switch (S).

Connect a length of hookup wire from lug 3
of terminal strip A (S) to lug 5 of the 2-way
switch (S).

Connect a length of hookup wire from lug 2
of terminal strip A (S) to lug 4 of the 2-way
switch (S).
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The circuit on your experimental chassis is now
connected as shown by the Schematic Diagram
in Figure 5T.

Refer to Figure 5T for the following steps.

The following steps will show you by means of
graphs how a signal is amplified in the tran-
sistor, A sine wave has been simulated by
using three different DC current measure-
ments (at X, Y, and Z), and placing them on the

graphs as they might appear at the center, at A
the positive and at the negative peaks of a sine 19Ma
wave, The amplification occurring in transistor 18 MA
Q2 will be shown by first measuring the small
current flowing in the base of transistor Q2, LA
and then measuring the large current flowing in 16 Ma
the collector of transistor Q2. i
Graph #1 shows the amounts of Base current 14 Ma
for points X, Y, and Z which you will adjust to —
flow from transistor Q2 by turning the poten-
tiometer, Graph #2 shows a typical example of 12MA
some current readings you might obtain for i ¥k
Collector current measurements X, Y, and Z.
10 MA
9 MA
Xa___ MA 8 Mab— 4o LAY
GRAPH #1 Y*__MA 7 MA / \
SIMULATED INPUT WAVEFORM Z=____MA
1 MA 6 MA . ,,,AR ‘/
.9 MA
4 MA 5 MA . \
.7 MA \
.6 MA. S e B B
5 MA ENLARGED VIEW 3MAf - z
.4 MA -
3 MA X OF \"—
2 WA X THIS AREA
.1 MA
2z S————

e ey

Measurement Y represents the zero line of
the sine wave and for this reason it is shown
three times in each graph,

GRAPH #2
SIMULATED OUTPUT WAVEFORM

INPUT CURRENT
(GRAPH #1}

N \/";’//
5o

1MA
SCALE

QUTPUT CURRENT
(GRAPH #2)

\\\\\I'////
T =
© 9
10 MA
SCALE

Figure 5T
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Note that a slightly different type of circuit
(no capacitors) was used for the experiment
so that the smaller Base current would become
large enough to be easily read on your meter,

The 2-way switch has been connected so that in
one position (LISTEN) it will open the con-
nection to the base of the transistor so that your
milliammeter can be connected to measure the
Emitter-Base current, In the other (TALK)
position, the wire to the Collector is discon-
nected so that your milliammeter can be con-
nected to measure the Emitter-Collector cur-
rent,

( ) Switch your meter to read current on the
1 milliampere range; connect the negative
lead to lug 3 and connect the positive lead
to lug 2 of terminal strip A,

—
~

Put the 2-way switch in the LISTEN posi-
tion,

—_~
~—

Turn the ON-OFF switch ON and adjust
the potentiometer so that your meter reads
.1 milliampere, You have now adjusted the
circuit for the current flowing at point Z
in Graph #1, Turn the switch OFF,

—_
~

Disconnect your meter leads from the cir-
cuit and switch your meter to read current
on the 10 milliampere scale,

—~
~

Connect the negative lead of your meter to
lug 6 and connect the positive lead to lug 1
of terminal strip A,

—_
~—

Put the 2-way switch in the TALK posi-
tion, Turn the ON-OFF switch ON and
read the amount of current on the meter.
Mark this current down in the blank for
Z milliamperes at Graph #2. Turn the
switch OFF.

—_
~—

Disconnect your meter leads, and put the
2-way switch in the LISTEN position,

Switch the meter to read current on the
1 milliampere scale, Connect the negative
lead to lug 3 and connect the positive lead
to lug 2 of terminal strip A.

( ) Turn the ON-OFF switch ON and adjust
the potentiometer so that the meter indi-
cates .2 milliampere, The circuit is now
adjusted for current Y on Graph #1, Turn
the switch OFF.

—~
~—

(

) Disconnect the meter leads from the cir-
cuit, and switch the meter to read current
on the 10 milliampere range.

) Turn the 2-way switch to the TALK posi-
tion. Connect the negative meter lead to
lug 6 and connect the positive meter lead
to lug 1 of terminal strip A.

) Turn the ON-OFF switch ON and read cur-
rent Y for your circuit which is now indi-
cated on the meter. Mark this current down
in the blank for current Y at Graph #2.
Turn the switch OFF and disconnect the
meter leads.

~—

Switch the meter to read current on the 1
milliampere scale and connect the meter
leads as before to lugs 2 and 3 of terminal
strip A. Turn the 2-way switch to the
LISTEN position,

~

Turn the ON-OFF switch ON and adjust
the potentiometer so that the meter indi-
cates .3 milliamperes. The circuit is now
adjusted to indicate the current for point X
in Graph #1. Turn the switch OFF and dis-
connect the meter leads,

~

Switch your meter to read current on the
10 milliampere scale, Connect the meter
leads as before to lugs 1 and 6 of terminal
strip A. Turn the 2-way switch tothe TALK
position,

~

Turn the ON-OFF switch ON and note the
current indication on the meter., Mark this
indication down in the blank for current X
at Graph #2,

Turn the switch OFF, Disconnect the meter
leads from the experimental chassis.

~

~

Use a pen or a pencil and markdown points
X, Y and Z, for your circuit on Graph #2.
Mark your indication for current Y down
in three places as point Y is now shown on
Graph #2,

~

Now connect these points together tocreate
the simulated AC wave for your circuit,

) Notice how much larger your output wave-
form is than the input waveform shown in
Graph #1,
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EXPERIMENT 2

To give a listening test to show how a signal

is amplified,

Refer to Figure 5U for the following steps.

( ) Disconnect and remove the four resistors
and all wiresfrom the experimental chassis,
The 8200 © and 22 KQ resistors will be
used again in this experiment,
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Remove the knob from the shaft of the 5000
Q control, and then remove the control
from the front panel.

Install the 100 K control on the front
panel in place of the 5000 © control and
install the knob on its shaft.

Remove the screw, lockwasher, and nut
from the top right-hand corner of the
speaker, as viewed from the rear. Replace
the lockwasher with a solder lug, and in-
stall as shown,

Connect a length of hookup wire from lug 3
of terminal strip A (NS) to the solder lug
near the speaker (NS).

Connect a length of hookup wire from lug 2
of the speaker (S) to the solder lug near
the speaker (S).

Connect a length of hookup wire from lug 1
of the remote terminal strip (S) to lug 1 of
the ON-OFF switch (NS).

Connect a length of hookup wire from lug 2 of
the remote terminal strip (S) to lug 1 of the
100 KQ potentiometer (S).

Connect a length of hookup wire from lug 1
of terminal strip A (S) to lug 4 of the 2-
way switch (S).

Connect a length of hookup wire from lug 1
of the speaker (S) to lug 5 of the 2-way
switch (S).

Connect a length of hookup wire from lug 1
on the ON-OFF switch (S) to lug 3 of the
100 KQ potentiometer (NS).

Connect a length of hookup wire from lug 3
of the 100 KQ potentiometer (S) to lug 6 of
terminal strip B (NS).

Connect a length of hookup wire from lug 6
of the 2-way switch (S) to lug 3 of terminal
strip B (NS).

Connect the positive (+) lead of a 100 pfd
electrolytic capacitor to lug 2 of the 100
KQ potentiometer (S). Connect the nega-
tive (-) lead of this capacitor to lug 5 of
terminal strip B (NS).

NOTE: Make sure the leads of the resistorsand
the capacitors in this experiment do not touch
either the metal of the chassis or any other lead
that is not connected to the same terminal they

are,

If the bare wire touches a place it is not

supposed to touch, it will cause a short and the
circuit will not operate properly.

()

—
~—

—_
~

—_
~—

—~
~

—_
~—

—~
'

Connect the positive (+) lead of a 10 ufd
electrolytic capacitor to lug 2 of terminal
strip A (NS). Connect the negative (-) lead
of this capacitor to lug 3 of terminal strip
B (NS).

Connect a 1500 Q resistor from lug 3 (S)
to lug 4 (NS) of terminal strip B.

Connect a 100 KQ resistor from lug 4 (S)
to lug 5 (NS) of terminal strip B.

Connect a 10 @ resistor from lug 4 of
terminal strip A (NS) to lug 6 of terminal
strip B (NS). Be careful not to confuse
this 10 @ resistor with the 10 KQ resistor,

Connect a 68 KR resistor from lug 5 (S) to
lug 6 (NS) of terminal strip B.

Connect a 22 KQ resistor from lug 2 (NS)
to lug 3 (NS) of terminal strip A.

Connect an 8200 Q resistor from lug 2 of
terminal strip A (S) to lug 6 of terminal
strip B (NS).

Connect the positive (+) lead of a 100 ufd
capacitor to lug 6 of terminal strip B (S).
Connect the negative (-) lead of this ca-
pacitor to lug 4 of terminal strip A (S).

Connect a length of hookup wire from the
+6 volt solder lug (S) to lug 2 of the ON-
OFF switch (S).

Connect a length of hookup wire from the -6
volt solder lug (S) to lug 3 of terminal
strip A (S).

The circuit shown in the schematic for
Figure 5U is now connected on your ex-
perimental chassis, The 2-way switch is
connected so that in one position (marked
LISTEN) you will have a one-transistor
amplifier, and in the other position (marked

TALK) you will have a two-transistor
amplifier,
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( ) Connect the 25 foot wires from the remote
speaker underneath the screws of the remote
terminal strip.

The remote speaker cannowbe usedas a micro-
phone to send an electrical signal to your ampli-
fier, Although speakers can be used in this
manner, backwards, since they are not made
for this purpose they will perform less ef-
ficiently than a crystal microphone.

( ) Place the remote speaker in front of the
speaker of a radio, or some other source
of sound, Tune a station in on the radio,

( ) Turn the amplifier on and adjust the volume
control to the right level, Switch the 2-way
switch back and forth from one position to
the other and notice the difference in loud-
ness (or amplitude) between the one-tran-
sistor and two-transistor amplifiers. The
difference you hear between the two switch

positions represents the amount of addi-
tional amplification that the signal gains
in transistor Q2.

DISCUSSION

The experiments of this lesson showed you in two
different ways how a signal is amplified in the
transistor. In Experiment 1 you took measure-
ments in a circuit which you plotted on the graph.
Carefully observing the amount of change between
Graph #1 and Graph #2 should have shown you
that a signal would be about 25 times (or more)
larger after it had passed through transistor

Q2.

In Experiment 2 you wired a two-transistor
amplifier on your experimental chassis, By
switching the output speaker from the output of
Q2 to the output of Q1 and back again, you were
able to hear how much transistor Q2 was act-
ually amplifying the signal,
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HEATHKIT
LESSON V
QUESTIONS
1. What is an audio signal? 7. The two main characteristics of an audio
signal are its and
its P
8. How isloudn tained in an audio signal?
2. Are audio signals made up of AC or DC S R L S
currents?
3. The current that flowsfirst one way and then
the other way is (DC current, AC current).
9, A capacitor passes currents
4, What type of current is generally supplied but will not pass currents,
by power companies?
10. The size of a capacitor is usually marked
in either or .
. 11, The speaker is a device which converts
5. What is the name given to the normal pure electrical signals into sounds, What is the
AC waveform? force that pushes the cone of the speaker?
6. What does "frequency' mean? 12, Why are amplifiers necessary?
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LESSON VI
HOW TRANSISTORS USE OPERATING VOLTAGES

Lesson IV showed you how a small Emitter-to-
Base current controls a large Emitter-to-Col-
lector current in a transistor, Lesson V showed
you how a small signal current at the Base also
controls the large Emitter-to-Collector current
in a transistor amplifier stage, Since the small
signal current controls the increases and de-
creases of the Emitter-to-Collector current, the
larger current leaves the transistor with the
same shape as the original signal, only much
larger,

This lesson will show howthe DC operating volt-
ages at the Emitter, Base, and Collector, control
how faithfully the signals are reproduced, after
they are amplified by the transistor, Remember,
since PNP transistors are being used, these
circuits will be explained in terms of hole cur-
rent, which flows from plus (+) to minus (-).

TRANSISTOR CURRENTS AND BIAS VOLTAGE

When the proper voltages are connected to the
Emitter, Base, and Collector of a transistor,
current begins to flow, Because the base region
of a transistor is very thin, most of the current
flows from the Emitter tothe Collector, and only
a very small current flows from the Emitter to
the Base,

The small Base current controls the larger Col-
lector current of the transistor, This is shown in
Figure 6A, If battery #2 is made larger, causing
a larger Base current toflow, then the amount of
Collector current will increase, If battery #2 is
made smaller, causing a smaller Base current
to flow, then the amount of Collector current
will become smaller,

(R0
BATTERY #1

2

1
&
T

(of

BATTERY #2 %

E

LARGER E-B CURRENT = LARGER E-C

CURRENT. CURRENT.

Figure 6A

SMALLER E-B CURRENT = SMALLER E-C

Since the large Collector currents are often 100
times as large as the smaller Base currents it
is almost as if the small Base current were
opening and closing a valve between the Emitter
and Collector, A larger Base current would
compare to opening the valve wider, and letting
a larger Collector current flow through the
transistor. A smaller Base current would com-
pare to closing the valve, causing a smaller
amount of Collector current to flow through the
transistor,

Figure 6B shows how a transistor with a
normal Base circuit is likely to be connected,
In place of battery #2, which was connected be-
tween the Emitter and the Base, you now find a
resistor, This resistor is part of a voltage di-
vider, consisting of R1 and R2, The voltage de-
veloped across resistor R2 keeps a voltage
applied between the Emitter and the Base just
as battery #2 did,

o
~
«n
<
m

4 : o

THIS wnmem e m e ac o= cme= = me == TAKES PLACE OF THIS

Figure 6B

The voltage developed across resistor R2 is
called the 'bias voltage,' and resistors R1 and
R2 are called the bias resistors. The bias volt-
age controls the current that flows from the
Emitter to the Base of the transistor (the Base
current). This Base current controls the much
larger Collector current of the transistor,

If the values of bias resistors R1 and R2 are
selected so that a larger voltage appears
across R2, the Base current becomes larger
causing a larger Collector current to flow,
Conversely, if the values of R1 and R2 are
selected to make the voltage across R2 smaller,
the Base current becomes smaller and a smaller
amount of Collector current flows, Thus, youcan
consider that the voltage across resistor R2
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acts as if it were opening and closing a gate
between the Emitter and Collector, as men-
tioned in previous paragraphs.

BIAS VOLTAGES AND AC SIGNALS

Figure 6C shows what happens when a signal
is applied to the input of a transistor. The
first half of Figure 6C shows the voltages and
currents at resistor R2 when the peak voltage
of the positive half of a sine wave is applied,
The bias voltage across resistor R2 is -1.,5
volts and the divider current, which produces the
bias voltage, is flowing up through the resistor,

The signal voltage at this same instant is +1
volt, and the signal current is trying to flow
down through resistor R2, As a result of the
two currents opposing each other 2/3 of the
divider current is kept from flowing, causing
part of the 1,5 volt bias voltage to be cancelled
out, At this instant, only the resulting -.5 volt
appears as the voltage between the Emitter and
Base of the transistor.

This causes less Base current to flow which in
turn causes less Collector current to flow
through the transistor.

The second part of Figure 6C shows what
happens in the circuit when the negative half-
cycle of the input waveform is applied to the
input of the transistor. The same 1.5 volts bias
is appearing across resistor R2 and the divider
current is flowing up through resistor R2 as
before. The -1 volt now applied by the signal
causes additional current to flow up throughre-
sistor R2, As a result, the two currents add and
cause a total of 2.5 volts to appear across re-
sistor R2 (Ohm's Law). This causes an increase
of Base current to flow inthe transistor, and the

increase in Base current causes an increase

in the Collector current,

The bias voltage, therefore, setsaDC reference
voltage that the signal voltage will be able to add
to or subtract from, The sum of these two volt-
ages (the bias voltage andthe signal voltage) will
control the amount of Base current that flows.
The Base current, inturn, controls the Collector
current of a transistor,

2ND (NEGATIVE) HALF-CYCLE

THIS VOL TAGE

Figure 6C Part 2
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SELECTING THE CORRECT BIAS

The amount of bias voltage to be developed
across resistor R2 must be carefully selected,
I this bias voltage is either too large or too
small, any signal amplified by the transistor
will become distorted and will not sound as it
should in the speaker, Figures 6D and 6E, along
with the following paragraphs, describe what
happens to signals when too large or too small
a bias voltage is developed across resistor R2.

EFFECTS OF TOO MUCH BIAS CURRENT

CURRENT SATURATION
POINT WHERE NO MORE COLLECTOR
s
d

@ CURRENT [CAN FLOW)
(©) L
L ourpuT

'
v
\

_J {__ DIVIDER
4+ CURRENT,

TOO MUCH ~ TOO MUCH BIAS

= = N
BIAS VOLTAGE CURRENT CURRENT SATURAT{OI

Figure 6D

For any given battery voltage, there is acertain
point at which the Emitter-to-Collector resis-
tance of a transistor cannot become any smaller,
When this point is reached, a maximum amount
of Collector current flows in the transistor; fur-
ther increases in Base current donot cause fur-
ther increases of Collector current beyond this
point. When a transistor reaches this condition,
where no more current can flow, it is said to be
at "saturation,” This condition is illustrated in
Figure 6D,

If too much bias voltage appears across resistor
R2, the Collector current flowing through the
transistor goes into the saturation region during
a certain part of the input AC waveform.
During the negative half-cycle of the input wave-
form the signal current adds to the biascurrent
through resistor R2, This increases the bias
voltage across R2 from 2.5 volts to 3.5 volts
or more, which increases the Base current of
the transistor,

Lyring the time when the input signal voltage
changes from 0 volts to -1 volt in Figure 6D,
the output waveform changes in anormal fashion
from 0 to point "X." As the input voltage be-
comes still more negative from -1 volt to -2

volts, the bias current increases still further,
Since point X was the point where saturation
occurred in the transistor, the current through
the transistor cannot increase any further,
Therefore, no further change in voltage appears
at the output until point Y occurs., Point Y would
be the place where the input waveform once
more drops below -1 volt,

As shown by Figure 6D, therefore, too much
bias causes the pure sine wave applied at the
input to have one side flattened at the output
of the transistor. This would cause the sound to
be distorted when it is heard in the speaker,

The opposite problem, too little bias voltage,
is demonstrated in Figure 6E, Just as there is
a point of maximum Collector current in atran-
sistor, there is also a point of minimum Collector
current, This is the point where the resistance
of the transistor will not become any larger, no
matter what changes the input waveform makes
in the bias current,

EFFECTS OF NOT ENOUGH BIAS
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INPUT

CURRENT FLOWS
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Figure 6E shows the circuit condition where the
bias voltage across resistor R2 is cancelled out.
The bias current flows up through resistor R2
as it did before, During the positive half-cycle of
the input waveform, the signal current attempts
to flow down through resistor R2 with the result
that it bucks up against the bias current and can-
cels some of it,

The output waveform increases normally as the
input signal voltage increases from O volt to +
.5 V. When the input voltage reaches + ,5 V, the
resistance of the transistor can become no
larger, so from this point on the current
flowing through the transistor and resistor R3

QUTPUT

POINT WHERE NQ COLLECTOR
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(Collector current) can decrease no further.
This point is shown at X on the output wave-
form,

As the input waveform changes from + ,5 to + 2
and back to+,5 volt, the output waveform does not
change, Only when the input waveform again
reaches +,5 V will a change again beginto occur
at the output, This point (where the change
begins to occur again) is shown at point Y on
the output waveform. You can see then, by the
input and output waveforms, that the sine wave
has been distorted as it passed through the
transistor, and will not sound as it should if
applied to a speaker,

The correct amount of bias voltage for a tran-
sistor would be the voltage at the center point
between these two extreme conditions. The cor-
rect values for bias resistors R1 and R2 are
selected when the circuit is designed, in order to
assure proper operation,

THE EMITTER CIRCUIT

Transistors will draw more current when they
are hot than they will when they are cold, and a
transistor will become gverheated when too much
current flows through it, Too much current would
cause more heat, and more heat in turn causes
more current flow, Thus, a transistor that gets
too hot during operation would conduct more
current than it was designed to conduct. This
chain of events would cause the transistor to
distort the signals by going into the saturation
region, and could easily result in a burned-out
transistor.

CURRENT LIMITING RESISTOR
(EMITTER STABILIZATION RESISTOR)

Figure 6F

A small resistor, called an "Emitter stabilizing
resistor," or a "current limiting resistor," is
often connected to the Emitter of a transistor,

EMITTER
BY-PASS
/ CAPACITOR

Figure 6G

This resistor stabilizes the currents flowing
through the transistor and prevents the tran-
sistor from running away with itself and causing
distortion by overheating,

The stabilizing voltage that appears across the
stabilizing resistor must be steady DC voltage
to be efficient, In order to insure that this stabil-
izing voltage stays a steady DC voltage, a ca-
pacitor, called a '"bypass capacitor," is con-
nected across the resistor, This bypass ca-
pacitor allows all the AC signal currents to
pass around the stabilizing resistor without
disturbing the DC voltage across it.

SUMMARY

The small voltage connected between the Emitter
and Base of atransistor is called the bias voltage.
This voltage, which is normally supplied by a
resistive voltage divider, controlsthe Base cur-
rent thatflows in a transistor. This small current
is called the bias current.

When an AC signal voltage is appliedtothe input
of a transistor, it instantaneously either addsto
or subtracts from the biasvoltage. This changes
the bias current, which in turn changes the large
Collector current flowing in the transistor,

The bias voltage for a transistor must be care-
fully determined, If the bias voltage is toolarge,
it causes distortion because more currentflows
through the transistor than it can handle, This
point, beyond which too much current flows, is
called "saturation,"

X too little bias is applied to the transistor, the
input signal is distorted because of the opposite
condition, The point is reached where the input
signal cannot decrease the Collector current of
the transistor any further. The correct bias
voltage is centered between these two extremes.



DEMONSTRATING THE EFFECTS OF CHANGING THE BIAS IN A TRANSISTOR AMPLIFIER

To show that improper bias causes distortion.

PARTS REQUIRED

1 Experimental chassis-wired for Lesson V
1  Solder lug
1 1000 9 resistor (brown-black-red)

EXPERIMENT_ 1

To show that altering the bias voltages on the
2-transistor amplifier has a large effect on the
sound from the speaker.

( ) Disconnect and remove the wire that con-
nects from lug 6 of the 2-way switch to
lug 3 of terminal strip B.

( ) Disconnect and remove the wire that con-
nects from lug 1 of the speaker to lug 5 of
the 2-way switch,

( ) Disconnect the wire from lug 4 of the 2-way
switch and connect it instead to lug 1 of the
speaker,

The circuit on your experimental chassis isnow
connected as shown by the Schematic of Fig-
ure 6H.

( ) Leave the remote speaker connected to the
terminals but take it into the next room from
where you are working, Set the remote
speaker in front of the speaker of a radio.
Turn the radio onbut turn it down low so you
cannot hear it back at the experimental
chassis, If possible, close a door between
the two rooms.

( ) Turn the ON-OFF switch ON. You should
hear the radio from the speaker of your
amplifier. Now, in the next few steps you
will adjust the bias resistors so improper
bias is temporarily applied to the tran-
sistors. Turn the ON-OFF switch OFF,

( ) Disconnect and remove the 22 KQ re-
sistor connected from lug 2 to lug 3 of
terminal strip A,

( ) Replace this resistor with a 1000 © re-
sistor, Connect the 1000 Q resistor from

lug 2 (S) to lug 3 (S) of terminal strip A,

( ) Turn the ON-OFF switch ON and turn up
the volume. Notice that the sound is now
badly distorted due to the bias change in
transistor Q2, Turn the ON-OFF switch
OFF.

( ) Remove the 1000 © resistor and replace
the original 22 KQ resistor from lug 2
(S) to lug 3 (S) of terminal strip A,

( ) Now use the same 1000  resistor to
alter the bias of transistor stage Q1, Con-
nect the 1000 © resistor from lug 4 (S)
to lug 5 (S) of terminal strip B. The 1000
resistor is now connected in parallel with
the 100 K@ resistor connected to the base
of transistor Ql. This has changed the
resistance of the two parallel resistors
to slightly less than 1000 Q, altering the
bias voltage drastically,

REMOTE SPEAKER ¢
(MICROPHONE)

100K
POTENTIOMETER

22K

(_+__.
IOUFD

Figure 6H
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() Turn the ON-OFF switch ON and notice the ( ) Turn the ON-OFF switch OFF, Remove the
sound has once again become drastically 1000 @ resistor from lug 4 and lug 5 of
changed (usually the sound will be com- terminal strip B.

pletely cut off in this case).
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DISCUSSION

The experiments for Lesson VI gave you listen-
ing tests to show you what effect faulty bias
or faulty operating voltages can have on the
operation of a transistor amplifier, Faulty oper-
ating voltages will generally result in a dis-
torted signal in almost any type of transistor
circuit, including the circuits you will study in
the remaining lessons,

Experiment 1 changed the bias first on one
transistor and then on the other transistor, In
one case the sound was badly distorted, and in

the other case it was completely cut off, In
both of these cases the bias resistors were
altered so that too much bias voltage appeared
across the lower resistor, The result as was
pointed out in the theory section of this lesson,
was current saturation in the transistor,

In the amplifier circuit of Experiment 1 no
Emitter stabilizing resistor is used for tran-
sistor Q1, This resistor can be eliminated here
because the 1500 ohm resistor in the Collector
circuit stabilizes the operation of Q1 as well
as performing its regular function,

LESSON VI

QUESTIONS

1. In a normal circuit, is a battery usually
connected between the Emitter and Base to
supply bias voltage?

2, How is bias voltage for a transistor usually
developed?

3. AC signals either add to, or subtract from,
the bias voltage, (True, False.)

4, Too much bias can result in .

5. Insufficient bias can cause an input signal
to become distorted because the transistor
will operate in the region where its resist-
ance cannot become any (larger, smaller).

6. What does a current limiting resistor do?

7. What does the Emitter bypass capacitor do?
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HOW DOES A TRANSISTOR RADIO WORK?
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Previous lessons showed you the general theory
of transistors, They also showed what audio (or
sound) signals are and how they are amplified,

This lesson will show you how transistors are
used in a simple transistor radio. You will find
that the basic principles of how the transistors
operate are the same, but new effects are ob-
tained by connecting the circuit parts in different
ways,

For more detailed explanations of the theory of
the radio circuits involved in this lesson, refer
to the HEATHKIT Basic Radio Course.

RADIO SIGNALS

It is impractical tobroadcast a pure audio signal,
thus the signal sent out by the transmitter and
received by the antenna of your radio is of a
much higher frequency than those studied in
previous lessons. Thesehigher frequency signals
(called "radio frequency signals" or just "RF
signals"') are AC signals above 20,000 cycles
per second,

This RF signal must somehow contain intelli-
gence and transport it from the radio station

to your receiver, One way it can contain in-
telligence is by turning the signal on and off
in such a way that dots and dashes are formed.
This is generally the way Morse code is trans-
mitted and received. Another way that an RF
signal can contain intelligence is by arranging
it so that the intelligence from an audio signal
is contained in the RF signal itself, This last
method of carrying information is called "mod-
ulation,” and a signal of this type is called a
""modulated RF signal."

Figure 7B shows what a graph of a modulated
RF signal would look like. Notice that the
modulation process first increased and then
decreased the amplitude of the RF signal in

+ w
| |
ZERO A AMPLITUDE OF
CURRENT ' THE SIGNAL

. " Hbl l

MODULATED RADIO FREQUENCY ( RF ) SIGNAL
( BROADCAST RADIO SIGNAL)

Figure 7B
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the form of swells of energy. The audio infor-
mation is contained in these swells of RF signal;
first there is very little energy, and then there
is a lot of energy. To put it another way, the
audio information exists in the way the RF sig-
nal changes in amplitude.

RADIO RECEIVERS

Your radio receiver must do three things to
remove the audio information from the modu-
lated RF signal., These three functions can be
seen in Figure TA,

First, the receiver must select the desired
signal and reject the signals from all other
stations. This function of selecting the de-
sired frequency and rejecting all others is
called "tuning.,"

Second, the receiver must separate the audio
information from the modulated RF signal, This
is called "detecting" a signal. The circuit in
which this is done is called the 'detector."

The third thing the receiver must do is to
amplify the signal until it is large enough to
drive the speaker or earphone, In most re-
ceivers, the RF signal is amplified before it
gets to the detector, and then the audio signal
is amplified after it leaves the detector circuit.

The following paragraphs will explain how tun-
ing and detecting takes place,
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SIGNAL THAT IS TUNED
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A capacitor and a coil connected in parallel
are called a '"tuned circuit," and this "tuned
circuit'"” has a unique property. At a certain
frequency (which depends on their electrical
sizes), the coil and capacitor act like a very
large resistor. At all other frequencies they
act like a short circuit, as if a piece of wire
were shorted across the two parts,

A tuned circuit is shown in Figure 7C, It is a
tuned circuit such as this which tunes in the
desired signal on all radio receivers, Usually,
either the coil or capacitor is made so its
electrical size can be adjusted. Adjusting the
size of one of these components changes the
frequency tuned by the circuit (the frequency at
which it appears like a large resistor). By care-
fully selecting the correct values for these two
parts, the circuit will tune all of the fre-
quencies between 1650 kc and 550 kc, the top
and bottom limits of the broadcast band,

A regular home receiver will generally have
a number of these tuned circuits in the RF
sections of the receiver. This makes the re-
ceiver tune much more sharply, so that close
together stations are easier to separate,

HOW THE SIGNAL IS DETECTED

To ""detect" a signal means to remove the audio
information from the modulated RF signal,

@
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Figure 7C
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This is generally done in two steps by the de-
tector circuit; the first step is to rectify the
signal, and the second step is to filter the RF
from the signal,

RECTIFICATION: Figure 7D shows the changes
in amplitude (swells of energy) that represent
the audio signal in the modulated broadcast sig-
nal, In Part 2, the individual cycles of RF
have been left out so that these swells may be
seen more clearly. A careful examination shows
that as the signal increases in a positive direc-
tion, it also increases the same amount in a
negative direction at the same time, These two
opposing increases, if they were converted into
audio signals and applied directly to an audio
amplifier in this form, would cause equal and
opposite currents to flow, The equal and oppo-
site currents would cancel each other out, with
the result that no signal at all would emerge from
the circuit.

Rectifying removes one-half of the signal, thus
preventing the positive and negative swells from
cancelling each other out,
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Figure 7D

A signal is rectified by passing it through a
crystal diode as shown in Figure TE. As stated
in Lesson I, current will flow in only one
direction through a diode., During the positive
portion of each cycle of RF, current flows up
througn the resistor and through the diode
(Part 1 of TE), During the negative portion of
each cycle, no current flows (Part 2 of TE), The
result, as shown in Part 3 of Figure 7TE, is
rectification, which has removed one-half of the
input signal,

RESULTING OUTPUT WAVEFORM

+

JIE V'

ON THIS HALF OF THE INPUT SIGNAL _ . _ = . oo o - - - - ELECTRON CURRENT
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3
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Figure TE
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FILTERING: Figure TF shows an overall pic-
ture of the signal into and out of the detector
circuit, Part 1 shows the signal received from
the tuning circuits of the receiver, Part 3 shows
the signal with the audio completely restored and
the RF filtered from it.

Figure 7G shows what an actual filter circuit
might look like, The action of the capacitor
smooths out the spaces in between the peaks of
the RF waveform and shorts out the RF wave-
form itself to ground. The audio signal is de-
veloped across the resistor and from there is
coupled to the audio amplifier section.

A TWO-TRANSISTOR RADIO CIRCUIT

Figure TH shows the circuit of a two-transistor
radio, The modulated RF signals are received
by the antenna and connected to the tuned cir-
cuit, The small arrow alongside the coil means
that the electrical size of this coil is adjustable,

‘IIH Ml

MODULATED RF BROADCAST SIGNAL

RECTIFIED RF SIGNAL

4+ 5+

T

+ 4+ 4+ 4+
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Only one of the RF signals (the one at the fre-
quency at which the tuned circuit acts like a
large resistor), causes a voltage to appear
across the tuned circuit, This causes signal
currents to flow from the tuned circuit through
the Emitter and Base of transistor Q1,

Notice that there are no bias resistors to supply
bias voltage to the base of transistor Q1. This
causes the Emitter and Base to react like a
crystal diode (see Lesson I) to the signal
currents applied across them, Thus, signal
currents can flow in only one direction; from
the Emitter to the Base of the transistor, If a
bias current were present, both halves of the
signal could pass through the transistor, since
the bias voltage would give the signal voltage
something to add to or subtract from,

Transistor Q1 then is actually turned on and off

by the input signal. For one half of the input sig-
nal, base current flows and the signal is im-

¥

RECTIFIED AND FILTERED SIGNAL

INPUT FROM  —p
TUNING SECTION

l OUTPUT TO
-
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Figure 7G
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pressed on the Collector current in the normal
manner, In the other half-cycle, nobase current
flows, thus no Collector current flows, As are-
sult, the input signal is rectified, The filtering
of this signal, which takes place in the earphone
in this circuit, will be explained in a few mo-
ments,

The rectified signal from transistor Q1 passes
through the capacitor to the potentiometer. Part
of the signal is selected at the arm of the po-
tentiometer and coupled through the capacitor
to the Base of amplifier Q2, Resistors R3 and
R4 supply bias for transistor Q2,

The large Collector current of transistor Q2
causes the signal current to create a voltage
drop across resistor R5, The signal voltage
across R5 operates the earphone, which is con-
nected in parallel, and the earphone changes the
signal back into sound,

The EARPHONE: The earphone shown in Fig-
ure 7J works on exactly the same principle
as a crystal microphone, except that it is
used in the reverse direction. The audio signal
causes the crystal to vibrate at the same fre-
quency as the original sound. The vibrating
crystal is connected mechanically to a diaphragm,
When the crystal moves the diaphragm, the
diaphragm moves a column of air, and these
vibrations of air are heard in your ear as
sounds,

The earphone also acts as a mechanical filter
to separate the RF from the audio signal, The
earphone has the effect of filling in the spaces
between the quick little cycles of radiofrequency

energy. This happens because its mechanism just
cannot move fast enough to follow the radiofre-
quency pulsations, so it follows the "average"
amplitude at a slower rate (this is the audio rate).

PLASTIC
CASE

CRYSTAL [

EARPIECE

AND TRANSMITS THEM CAUSING SOUND

TO THE DIAPHRAGM

THIS BAR PICKS UP DIAPHRAGI
VIBRATIONS OF CRYSTAL AIR IN EARPIECE

SCHEMATIC
SYMBOL

Figure 7J
SUMMARY

Modulated RF signals broadcast from the radio
station are picked up by the antenna of your re-
ceiver. The audio information from the radio
station is contained in the swells of energyfound
on these modulated RF waveforms. The modu-
lated RF signal consists of AC sine waves of
a much higher frequency than audio signals,
This type of signal is tuned between 550 kc
and 1650 kc on the broadcast band of your re-
ceiver,

The first thing a receiver does to the signals
it receives is to '"tune" only one of the signals
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from the antenna and reject all of the others.
The desired signal is selected by applying all
of the signals across a 'tuned circuit.'" The
tuned circuit which consists of a coil and ca-
pacitor connected in parallel, acts like a large
resistor at the desired signal frequency, and
acts like a short circuit at all other signal fre-
quencies. The frequency which the tuned circuit
selects is changed by adjusting the electrical
size of either the coil or the capacitor.

e )

After the desired signal is selected, the audio
information must be extracted from the mod-
ulated RF waveform by the '"'detector' circuit,
First the signal is "rectified," which means that
either the top half or the bottom half of the
signal is removed, After the signal is recti-
fied, it is "filtered" which means that the re-
maining RF is removed from the audio signal,
The audio signal is then coupled to the ampli-
fier where it is amplified and applied to the
speaker or earphone,

HOW TO BUILD A SIMPLE TRANSISTOR RADIO

PARTS REQUIRED

Experimental chassis - wiredfor Lesson VI
RF tuning coil

180 puf silver mica capacitor

.05 pfd disc capacitor

Earphone

Coil mounting bracket

#6 x 3/8'" sheet metal screw

1000 § resistor (brown-black-red)

10 KQ resistor (brown-black-orange)

47 KQ resistor (yellow-violet-orange)

1 megohm resistor (brown-black-green)

il e e - g S W

BECOMING FAMILIAR WITH THE NEW PARTS

The RF TUNING COIL, When a tuning coiland a
capacitor are connected in parallel, a tuned
circuit is formed, The construction of a tuning
coil is shown in Figure 7K, By turning the screw,
the adjustable powdered iron core moves up and
down inside the coil. As the adjustable core is
moved, it changes the electrical size of the coil,
and changing the size of the coil changes the
frequency to which the circuit tunes,
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Figure 7K
EXPERIMENT 1

To build a simple transistor radio,

Refer to Figure TL for the following steps.

( ) Make sure the ON-OFF switch is turned
OFF and then remove all resistors and
capacitors from the experimental chassis.
Place the 10 ufd and 100 pfd capacitors, and
the 8200 © resistor with the Parts Re-
quired for this experiment,

Remove the following wires from the experi-
mental chassis,

( ) Disconnect the remote speaker wires from
the remote terminal strip.

( ) The wire from the #6 solder lug to lug 2 of
the speaker,

( ) The wire from lug 1 of the remote terminal
strip to lug 1 of the ON-OFF switch,

(

~

The wire from lug 2 of the remote terminal
strip to lug 1 of the 100 K potentiometer,

( ) Disconnect the wirefrom lug 1 of the speaker
and connect it instead to lug 1 of the remote
terminal strip,

( ) Connect a length of hookup wire from lug 2
of the 100 KQ potentiometer (S) to lug 5
of terminal strip B (S).

( ) Connect a length of hookup wire from lug 2
of the remote terminal strip (S) to the #6
solder lug (NS).

() Mount the coil mounting bracket in position
between terminal strips A and B as it is
shown in Figure 7L, Install two #6 x 3/8"
sheet metal screws into the bracket from
below the chassis to hold it in place,
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( ) Mount the RF tuning coil in the bracket by
pressing it into position from the rear of
the bracket. Rock the coil back and forth
slightly until the two tabs snap into place,

( ) Connect the green lead of the RF tuning coil
to lug 1 of terminal strip B (NS).

( ) Connect the red lead of the RF tuning coil
to lug 5 of terminal strip A (NS).

( ) Connect the black lead of the tuning coil to
lug 6 of terminal strip A (NS).

—
~

Connect a .05 pfd disc capacitor fromlugl
of the 100 KR potentiometer (S) to lug 1
of terminal strip B (S).

—
~

Connect a 10 K resistor from lug 3
(NS) to lug 4 (S) of terminal strip B.

—_
~

Connect a 47 KQ resistor from lug 1 (S)
to lug 3 (NS) of terminal strip A,

o~
~

Connect a 1 megohm resistor from lug 2
(NS) to lug 3 (S) of terminal strip A,

—_
~

Connect a length of hookup wire from lug 6 of
terminal strip B (S) to lug 5 of terminal
strip A (NS).

( ) Connect a 1000 £ resistor from lug 4 of
terminal strip A (NS) to lug 5 of terminal
strip A (NS).

—
~

Connect the minus (-) lead of a 10 pfd 10
volt electrolytic capacitor to lug 3 of
terminal strip B (S). Connect the positive
(+) lead of this capacitor to lug 2 of terminal
strip A (NS).

( ) Connect the positive (+) lead of a 100 pfd
10 volt electrolytic capacitor to lug 5
of terminal strip A (NS). Connect the
negative (-) lead of this capacitor to lug
4 of terminal strip A (S).

( ) Connect an 8200 Q resistor from lug 2 (8S)
to lug 5 (NS) of terminal strip A.

( ) Connect a 180 puf silver mica capacitor
from lug 5 (NS) to lug 6 (NS) of terminal
strip A,

( ) Connect the earphone wires under the
screws of the remote terminal strip.

( ) Unsolder the two 25 foot wires from the
remote speaker, they will be used for the
antenna of your radio, You can use either
one of these wires as a 25 foot antenna
or both of them soldered together as a 50
foot antenna, Start with one of the wires,
and then later, if you wish, you can add the
other wire to the end of the first one to see
if you can receive additional stations,

( ) Connect one end of a 25 foot (antenna) wire
to lug 6 of terminal strip A (S). Route the
other end of the wire as high aspossible a-
round inside the house, or preferably, out
through a window to a nearby tree, If you
live near strong stations, running the wire
around inside the house will no doubt be
sufficient, If all the stations youreceive are
weak or far distant, an outside antenna will
be necessary, Often connecting a wire to a
bedspring, metal lamp base or one of the
wires of a TV antenna will work very well,

( ) Make a "ground'" connection by connecting
a wire from lug 5 of terminal strip A (S)
to the closest available ground connection,
A ground connection is one that connects to
the earth around your home. It can be made
by connecting the ground wire to a metal
stake driven into the earth or by connecting
the wire to an unpainted place on aradiator
or water pipe (all water pipes eventually
connect to the ground outside the house).
NOTE: Often, if a local station is too
strong, your receiver may work better
without a ground connection, In this case
the sound becomes quieter, and you would
be able to tune in more stations. Experi-
menting will often show you how to get the
best results,

Turn the ON-OFF switch ON and turn the
VOLUME level up to maximum, Listen in
the earphone, turn the screw of the RF
tuning coil to tune in a station, The slug
of the RF tuning coil may be tuned best
by using a small screwdriver,

—_
~—

If your location is close to any powerful radio
broadcasting stations you may notice the follow-
ing interesting effect, Even when the ON-OFF
switch is turned Off - you can still hear the
radio station weakly in the earphone, This hap-
pens because the signal received by your antenna
has enough power to send a small signal current
through the circuit, This small signal current
is detected by passing through the transistors,
and then it is filtered by the earphone,
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DISCUSSION

In the experiment for this lesson youassembled
and wired the two-transistor radio shown in the
schematic of Figure 7L on your experimental
chassis. The input signal was received by your
antenna, and from there it went tothe tuned cir-
cuit, The stations that you tuned in were con-
nected from a wire part way down the coil,
through the .05 pfd cepacitor, tothe volume con-
trol. From the volume control the signal was

applied to detector transistor Q1.

The rectified RF signal (1/2 of the original
signal received from the tuned circuit) was
coupled from the Collector of transistor Ql,
through the 10 pfd capacitor, to the Base of
transistor Q2. Transistor Q2 amplified the
signal and applied it to the earphone. The ear-
phone changed the signal back into sound, and
also served as a mechanical filter to eliminate
the RF portion of the signal,
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LESSON VII

QUESTIONS

1. It is (common practice, impractical) to
broadcast pure audio signals from radio
stations.

2. What do you call the type of signal that is
received onthe broadcast band of your radio?

3. Where is the audio information contained
in this signal?

4, What are the three things your radio must
do to allow you to hear the audio informa-
tion contained in the modulated RF signal?

5, A radio is tuned by means of a tuned
circuit, How does this tuned circuit act
with respect to the signal you are tuned to?

6. What does it mean to detect a signal?

7. What two things must the detector circuit do
to the signal it receives?

8. Transistor Q1 in Figure TH is actually
turned on and off by the input signal,
(True, False)

9. The earphone, like a crystal microphone,
also contains a and a »
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LESSON VI
WHAT MAKES A TRANSISTOR OSCILLATOR WORK?
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Figure 8B

An "oscillator" is a circuit used to create AC
signals. These AC signals may be either audio
signals or RF signals, The RF signals used by
radio stations in their modulated broadcast sig-
nals are created by RF oscillator circuits, Os-
cillators are also widely used in all types of
radio transmitters, television, and many other
types of electronic equipment,

Figure 8A shows a commercial "audio fre-
quency oscillator' such as might be found in an
electronics laboratory or repair shop. The
audio signal that this oscillator creates is used
to test audio circuits, The meter shows how
large the oscillator's signal is, and the knobs
adjust the frequency and amplitude (or size) of
the output signal, The purpose of this lesson is
to show you what an oscillation is, and how an
oscillator such as this one creates a signal,

By definition, to oscillate means to swing back
and forth, A common example of this wouldbe a
child on a swing as shown in Figure 8B, The
graph in the center of Figure 8B, shows how many
seconds it takes the swing to move in each part
of the cycle, and how far it moves in feet,

Four seconds of time are shown on the clocks
horizontally, Ten feet, five feet each side of
center, are shown vertically on the graph,

The swing starts at the center position, position
Y, 0 feet. At the end of one second, it has moved
back five feet to position X. At the end of two
seconds, it moves through the Y position (or 0),
At the end of three seconds, the swing moves
to position Z, 5 feet on the other side of the 0
position, At the end of four seconds, the swing
returns again to position Y, where the cycle be-
gins all over again,

AUDIO
FREQUENCY OSCILLATOR

10 CYCLES—100,000" (100 KC)

Figure 8A

Notice, that when the motion of the swing is
drawn in this manner, it takes the formof a sine
wave, This is a mechanical oscillator. In an
electrical oscillator circuit, the current must
be made to oscillate back and forth in this same
manner; the current must flow first in one di-
rection and then in the other direction,
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You would have to give the boy a small push
during each cycle, if you wanted to keep him
swinging back and forth without gradually less-
ening the 10 foot distance, The same thing
would be true in an electrical circuit, a little
extra current (or push) would have to be added
to the circuit from the power supply during
each cycle, to sustain the osciliation at the
same level (or voltage).

To generate an AC waveform, then, something
is needed that will cause the current to reverse
itself at a regular rate; first it must go one way
and then it must go the other way, just like the
motion of the swing, The circuits that generate
these AC waveforms are '"oscillator' circuits,
AC waveforms may also be generated by using
a large motor-generator, such as the one at the
electric power station, when large amounts of
power are desired, An example of a signal of
this type is the AC current received in homes
and factories from the power stations.

WHAT CIRCUITS NEED TO OSCILLATE
When some of the output signal of an anipli-

fier is connected back to its own input in such
a way that it adds more voltage to its own input

signal, the amplifier begins to oscillate, As the
output signal begins to add to its own input
signal, the currents in the amplifier begin to
run away with themselves, and the circuit keeps
on oscillating, even without an input signal,
The circuit will keep on oscillating until the
connection that sends the signal from the output
to the input is removed, A common example of
this type of an oscillation is shown in Figure 8C,
When the volume of a public address amplifier
is turned wup too high, the signal from the
speakers (output) begins to be carried back to
the microphone (input) through the air, and an
oscillation in the form of a loud squeal is heard.

The name "feedback' is given to that part of the
output signal that is connected back to the input
of an amplifier. This name can easily be re-
membered by thinking of its meaning, that
some of the output is fed back to the input of
an amplifier,

An oscillator circuit must be connected so that
the feedback will ADD to its own signal at the
input, How this feedback could either add or
subtract from its own signal at the input is
shown in Figure 8D and Figure 8E.
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One of the inherent properties of an amplifier
is that signals or sine waves are inverted each
time they pass through each transistor of an
amplifier, This is shown in Figure 8D, Note
that the output signal is turnedover, or inverted,
from the way it was at the input, The first half
cycle was increasing at the input, and at the out-
put of the amplifier it is shown decreasing., The
second half-cycle is shown decreasing at the
input and it is increasing at the output of the
amplifier, I some of this output signal were
connected back to the input by a capacitor, as
shown, the two signals would be going in oppo-
site directions., The output signal would try to
cancel out, or decrease, some of the input sig-
nal,

The amplifier of Figure 8E contains two ampli-
fier stages, Q1 and Q2, In this case, the signal
from the input of the amplifier has been in-
verted in transistor Q1 just as it was in the
previous circuit, The inverted signal from
transistor Q1 is inverted once again in tran-

FEEDBACK

sistor Q2. Now, when the signal at the input of
the amplifier increases, the signal at the output
of the amplifier also increases the same way
at the same time, When the signal at the input
of the amplifier goes in the negative direction,
the signal at the output of the amplifier also
goes in a negative direction.

Now, when the output of the two stage amplifier
is fed back to the input, it adds to the input
signal instead of subtracting from it. This
causes an oscillation to occur, and once this
oscillation has been started, no input signal
is needed, The circuit oscillates back and forth
just like the swing did and only a little additional
push from the power supply is needed to keep
the oscillator going,

In actual circuits, just turning on the ON-
OFF switch starts current increasing through
the oscillator circuit, and this action, all by
itself, starts the oscillator oscillating,

Qi

Figure 8E
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Figure 8F

A COMMON AUDIO OSCILLATOR CIRCUIT

Figure 8F shows the circuit diagram for a
standard type of audio frequency oscillator,
The name for this type of oscillator is the
""wien bridge' oscillator, Notice that the oscil-
lator contains a two stage amplifier just like
the oscillator of Figure 8E. Capacitor C3
feeds a portion of the output signal back to
the input of the amplifier,

Some additional parts shown in the shaded
areas have been added to the input of the
amplifier to adjust the frequency and regulate
the amplitude of the oscillation. Changing the
values of Cl1, C2, Rl and R2, shown in the
shaded part at the left, changes the frequency
of the AC signal, Resistors R3 and R4 in the
other shaded area are used to stabilize the out-
put amplitude of the AC signal,

SUMMARY

An oscillator is the circuit that is used to

create an AC signal, This AC signal may be
either at an audio rate or an RF rate.

A musical instrument, such as a violin, would
be one kind of mechanical oscillator., By mov-
ing the bow across the strings, the wooden box
of the violin would vibrate (or "oscillate"), The
oscillations of the wooden box vibrate the air
around the box, and these vibrations of air are
heard by your ears as sounds.

To oscillate, some of the output signal from an
amplifier must be connected back to the input.
This signal that is connected back is called
"feedback,”” and it must be connected in such a
way that it will add more signal to the input
signal, This causes the current in the ampli-
fier to increase as far as it will go in one
direction, The swinging back and forth of the
current, first in one direction and then in the
other direction, at a regular rate, is called an
oscillation,
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HEATHKIT

HOW TO BUILD A TRANSISTOR AUDIO OSCILLATOR

PARTS REQUIRED

1 EK-3 Experimental chassis - wired for
Lesson VII

.005 pfd capacitor

.01 ufd capacitor

22 KQ resistor (red-red-orange)

100 KQ resistor (brown-black-yellow)

EXPERIMENT 1

To build an audio oscillator,

s

Refer to Figure 8G
for the following steps.

(fold-out from Page 74)

( ) Disconnect and remove all resistors and
capacitors from the chassis, Place the 8200
Q, 10 K@, and 1 megohm resistors with
the Parts Required for this experiment.

( ) Disconnect the red, black, and green wires
of the coil from the lugs of terminal strips
A and B. Now remove the coil and bracket
from the chassis by removing the two sheet
metal screws from below the chassis,

Remove the following wires from the chassis.

( ) The wire between lug 1 of the ON-
OFF switch and lug 3 of the poten-
tiometer,

( ) The wire between lug 1 of the remote
terminal strip and lug 1 of terminal
strip A,

( ) The wire between lug 6 of terminal
strip B and lug 3 of the potentiometer,

( ) The wire between lug 5 of terminal
strip B and lug 2 of the potentiometer.

( ) Connect a length of hookup wire from lug
1 of the remote terminal strip (S) to lug 1
of terminal strip B (NS).

( ) Connect a length of hookup wire from lug 3 of
terminal strip A (NS) to the #6 solder lug
(S).

~

~

~

~

~—

~

~—

~

( ) Disconnect the end of the wire from lug 5

of terminal strip A (this is the wire that
comes from lug 6 of terminal strip B). Con-
nect this wire to lug 4 of terminal strip A

).

Connect a hookup wire from lug 2 of the
potentiometer (S) to lug 2 of terminal strip
B (NS).

Connect a hookup wire from lug 1 of the po-
tentiometer (S) to lug 2 of terminal strip
A (NS).

Connect a length of hookup wire from lug
1 of the ON-OFF switch (NS) to lug 6 of
terminal strip B (S).

Connect a 1 megohm resistor from lug 2
(NS) to lug 3 (NS) of terminal strip A.

Connect a 100 K9 resistor from lug 1
(NS) to lug 3 (S) of terminal strip A,

Connect a ,005 ufd capacitor from lug 1
(S8) to lug 3 (NS) of terminal strip B.

Connect a 10 KQ resistor from lug 2
of terminal strip B (S) to lug 1 of the
ON-OFF switch (S).

Connect the 8200 Q resistor from lug 3
(NS) to lug 4 (S) of terminal strip B,

Connect a .01 pufd capacitor from lug 2
of terminal strip A (S) to lug 3 of terminal
strip B (S).

Connect a 22 KQ resistor from lug 1 of
terminal strip A (S) to lug 5 of terminal
strip B (S).

If they are not already connected, connect
the wires of the earphone under the screws
of the remote terminal strip.

Turn the ON-OFF switch ON and listen to
the sound in the earphone, Since the circuit
is now connected as shown by the Schematic
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of Figure 8G, the sound you hear in the
earphone is the oscillation coming from this
audio oscillator.

NOTE: The ground ( == ) symbol, used in Sche-
matic 8G, means thatall parts connected to these
points (to the negative battery voltage wires)
are also connected to the metal of the chassis.
Often, the metal of the chassis can be used in
place of wires to connect from one point to an-
other, This is done in this experiment where the
metal of the chassis is used for aminus voltage
connection between lug 3 of terminal strip A
and lug 4 of terminal strip B,

( ) Turn the 100 K control back and forth
and notice that this changes the tone of the
oscillator,

Turn the ON-OFF switch OFF.

—~ o~
~

Unsolder and remove the .01 ufd and .005
pfd capacitors.

—
~

Connect the .01 pfd capacitor from lug 1
(S) to lug 3 (NS) of terminal strip B.

—
~

Connect the ,005 pfd capacitor from lug 2
of terminal strip A (S) to lug 3 of terminal
strip B (S). You have now connected the .005
ufd capacitor in the circuit in place of the
.01 pfd feedback capacitor.

Turn the ON-OFF switch on and listen to
the sound in the earphone, Notice that the
tone is much higher than it was previously.

—_
~

This is because the electrical size of the
feedback capacitor (which helps determine
the frequency) has been made smaller, Turn
the 100 K control and note the change in
tone (frequency).

() Turn the ON-OFF switch OFF,
DISCUSSION

In the Experiment of Lesson VIII you wired an
audio oscillator on your experimental chassis,
Notice that this audio oscillator circuit contains
the requirements that were termed necessary
for oscillation in the theory section of this
lesson; the two-stage audio amplifier, and the
means to feed back some of the output signal
of the amplifier back to its input.

The output signal from transistor Q2 connects
back to the input of transistor Q1 through the
feedback capacitor, The output signal adds to
the input signal at Ql, resulting in oscillation.

The frequency at which the circuit oscillates is
determined by the value of the feedback capacitor
and by the amount of resistance inthe 100 K ochm
potentiometer.

In the second part of the experiment, when the
.005 pfd capacitor was used in place of the .01
pfd feedback capacitor, the frequency changed
quite noticeably. The frequency also varied quite
widely by changing the size of the 100 K ohm
potentiometer,

LESSON Vil
QUESTIONS

1, What is an oscillator circuit?

2. What isthe definition of the word "oscillate ?"

3. The AC power that is sent to your home from
the power company is generated by a large
oscillator circuit at the power station.
(True, False)

4, What is the cause of the loud squeal you so
often hear in a public address system?

5. What is "feedback?"

6. An oscillator circuit must be connected so
that the feedback will (add to, subtract
from) its own signal at the input of the ampli-
fier,

7. Each time a signal passes through an ampli-
fier stage, it is inverted (turned over).
(True, False)

8. In actual circuits, just turning on the
ON-OFF switch starts the circuit oscillating,
(True, False)
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LESSON IX

WHAT MAKES A TRANSISTOR BROADCASTER WORK?

OSCILLATOR

RF ] AMPLIFIER
OSCILLATOR
SIGNAL AND

MODUL ATOR

ALDIO  SIGNAL

CIRCUITS

N

Figure 9A

Lesson VIII explained how an AC signal was
generated by an oscillator circuit, The basic
principles of all oscillator circuits were also
explained, with the emphasis on oscillators that
generated audio (AF) signals. This lesson will
explain how a typical Radio Frequency (RF)
oscillator operates; although the principles are
the same as for audio oscillators, the circuits
are somewhat different.

After the RF oscillators have been introduced,
you will be shown how audio information is im-
pressed on the RF oscillation, to create a
"modulated RF signal," The modulated RF signal
can then be transmitted from a broadcaster
through the air to your radio receiver, (A
"broadcaster' is also called a radio trans-
mitter,
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Figure 9B

AN RF OSCILLATOR

RF oscillators have the same requirements as
audio oscillators; an amplifier, feedback, and a
frequency determining circuit. In the RF oscil-
lator circuit of Figure 9Bthese requirements are
shown intheir three separate (shaded) areas, The
amplifier area includes transistor Q1 and bias
resistors R1 and R2, Thefrequencydetermining
circuit of the oscillator consists of capacitor
C1l and the coil. The electrical size of the coil
can be adjusted. Capacitor C3 at the lower
part of the schematic provides a path to apply
feedback to the input of amplifier transistor Q1.

The amplifier , In this oscillator, like most RF
oscillators, a way has been found so that a 1-
transistor amplifier can be used instead of a
two-transistor amplifier, The input signal at
the Base of the amplifier is inverted only one
time in the amplifier instead of twice as in the
previous (audio) circuits. The signal is inverted
the second time in the tuned circuit because of
the way the feedback capacitor and capacitor C2
are connected to it,

Resistors R1 and R2 are a voltage divider which
supply proper operating bias for the Base of the
transistor. The output signal from the Collector
of the amplifier is applied to the tuned circuit
instead of to a resistor as it has been in the
other circuits you have studied,

Feedback. To provide feedback, some of the
output signal from the tuned circuit is connected
back through capacitor C3 to the input of the

amplifier, Since this feedback signal has been
inverted twice (once in the transistor and once
in the tuned circuit), it adds to the signal at the
input of the amplifier and the circuit begins to
oscillate,

Actually, since no external input signal is con-
nected to the oscillator, the oscillation starts
all by itself when the ON-OFF switch is turned
ON. Turning the switch ON causes the current
in the circuit to start to flow, When the current
starts to flow, it appears just like the first
part of a signal to the circuit, causing an oscil-
lation to start. From this point on, no external
input signal is needed,

The tuned circuit., It is a property of a tuned
circuit to contain electrical energy. In it, a cur-
rent circulates back and forth, first one way
and then the other way between the coil and ca-
pacitor. The current circulating back and forth
in the tuned circuit is just like the swing of the
previous lesson, The swing contains mechanical
energy as it moves back and forth, and the
current in a tuned circuit contains electrical
energy as it moves back and forth,

The current will circulate back and forth in the
tuned circuit at only one frequency, and this
frequency depends on the electrical size of the
coil and capacitor. This frequency is called the
"resonant frequency."

If the swing of the previous lesson did not get
pushed during each cycle, it would gradually
swing less and less, until it stopped. To keep
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it swinging back and forth for the same dis-
tance, it would have to have a small amount of
push at one part of each cycle. The circulating
currents in the tuned circuit act in the same
manner; they also must have a small amount of
push at one part of eachcycle tokeep them from
gradually becoming smaller and smaller, It is
the purpose of the amplifier part of the circuit
along with the feedback circuit to supply this
"push" to the tuned circuit,

When the electrical size of the coil or ca-
pacitor is changed, it causes the current to
circulate back and forth either faster or slower,
This changes the frequency of the RF oscillation
in the tuned circuit, therefore 1t changes the
operating frequency for the whole oscillator
circuit,

MODULATING THE RF OSCILLATOR

Figure 9C shows a simple RF oscillator circuit
with a simple modulator circuit connected to
it. (The "modulator" circuit puts the audio in-
formation on the "modulated RF signal.') Notice
that modulator transistor Q2 is in series with
the battery that supplies the power to the RF
oscillator. The modulator transistor acts like
a variable resistor connected in series with
the battery voltage and the RF oscillator circuit,
The negative side of the battery connects directly

to the RF oscillator circuit, and the positive

side of the battery connects to the RF oscillator

circuit through the resistance of transistor Q2.

The oscillator circuit itself is much like the
oscillator circuit of Figure 9B; it contains the
three necessary ingredients of an oscillator,
the tuned circuit, the amplifier, and feedback.
Resistor R1 is used to supply the correct bias
voltage for the Base of transistor Q1.

The amount of voltage supplied to the RF oscil-
lator circuit is increased or decreased by tran-
sistor Q2, and transistor Q2 increases or de-
creases its resistance according tothe sound sig-
nal from the microphone. The actual change in
resistance in Q2 is caused by the small audio
signal current that flows through the Base of
transistor Q2 from the microphone, (No bias
resistors are shown for transistor Q2 so this
circuit will be easier to understand).

When the audio signal causes the resistance of
Q2 to become larger, more battery voltage is
dropped across it, leaving less battery voltage
to be supplied to the RF oscillator circuit. Less
voltage applied to the RF oscillator circuit
causes a smaller amount of oscillation to occur
in the RF oscillator, In the modulated RF signal
this would be the smaller amount of RF signal
(or the valleys) between the swells,

When the audio signal causes the resistance of
Q2 to become smaller, less battery voltage is
dropped across it, causing mgre battery voltage
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to be supplied to the RF oscillator circuit, More
voltage applied to the oscillator circuitcausesa
larger amount of oscillation to occur in the RF
oscillator. In the modulated RF signal this would
be the swells of RF energy.

Figure 9D shows the complete circuit for a
simplified radio broadcaster (or transmitter)
of Figure 9C. Actually, the drawing of Figure
9C was drawn in an oversimplified fashion in
order to better explain how the modulation takes
place.

The modulator circuit of Figure 9D actually
works in exactly the same manner as the modu-
lator of Figure 9C. The resistance of transistor
Q2 is increased or decreased by the audio sig-
nal from the microphone, andthese increases or

decreases change the amount of supply voltage
to the RF oscillator circuit, Transistor Q2 and
the battery are still in series as they were be-
fore, only their relative positions in the circuit
have been changed slightly, Modulator stage Q2
allows the audio signal to control the amount of
RF signal that is being produced by the oscil-
lator.

Resistors R2, R3, and R4 supply bias voltage
to the Base of transistor Q2. Potentiometer re-
sistor R3 makes the bias for transistor Q2 ad-
justable in order to make sure that transistor
Q2 does not distort the audio signal. Capacitor
C2 bypasses the RF signal from the oscillator
around transistor Q2 so that the RF signal itself
does not upset the lower frequency (audio)
changes taking place in transistor Q2.
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Figure 9E

Figure 9E shows the modulated RF signal and
points out the connection between the swells
and valleys in this signal and the modulator
circuit at the transmitter, The valleys between
the swells were caused when only a small
amount of supply voltage was supplied to the
RF oscillator circuit, The swells themselves
were caused when a large amount of supply
voltage was allowed to reach the RF oscillator,

The antenna. The complete signal is broadcast
from the antenna, since the antenna is con-
nected directly to the tuned circuit, From the
antenna the signal is broadcast through the air
to the receiver,

SUMMARY

An RF oscillator has three basic requirements.
It must have an amplifier, it must supply the
right type of feedback from the output back to
the input of the oscillator, and it must have a
frequency determining circuit.

The amplifier in an RF oscillator usually con-
tains only one transistor. Nevertheless the sig-
nal is still inverted twice before it is fed back
to the input of the amplifier, The transistor
inverts the signal the first time, and it is in-
verted the second time in the tuned circuit by
the manner in which connections are made toit,

In a tuned circuit, current circulates back and
forth between the coil and capacitor. The size
of the coil and capacitor determine the fre-
quency at which this circulating current, or
oscillation, will occur, The amplifier supplies
a small amount of push tokeep the current circu-
lating,

The modulator circuit allows the audio signalto
control the amount of RF signal that willflow in
the RF oscillator., In the modulator circuits of
this lesson, the modulating transistor acts as
a series resistance and varies the amount of
supply voltage for the RF oscillator circuit at
an audio rate,
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HOW TO BUILD A SIMPLE TRANSISTOR BROADCASTER

PARTS REQUIRED

1  Experimental chassis - wired for Lesson
VIII

1000 Q resistor (brown-black-red)

1500  resistor (brown-green-red)

180 puf capacitor

Coil assembly

#6 sheet metal screw

DO

EXPERIMENT 1

Refer to Figure 9F for the following steps.

( ) Disconnect the earphone from the experi-
mental chassis.

( ) Disconnect and remove all resistors and ca-
pacitors from the experimental chassis,
Place the ,01 pfd and the ,005 ufd capac-
itors, and the 22 K ohm and the 1 megohm
resistors, with the Parts Required for this
experiment,

Unsolder and remove each of the following wires
from the circuit:

( ) The wire from lug 4 of terminal strip A
to lug 6 of terminal strip B,

( ) The wire from lug 1 of the ON-OFF
switch to lug 6 of terminal strip B.

( ) The wirefrom lug 2 of the potentiometer
to lug 2 of terminal strip B.

( ) The wire from lug 1 of the remote
terminal strip to lug 1 of terminal
strip B.

( ) Connect a length of wire from lug 1 of the
speaker (S) to lug 5 of terminal strip A
(NS).

( ) Connect a wire from lug 2 of the speaker
(S) to lug 4 of terminal strip A (NS).

( ) Connect a wire from lug 1 of the ON-OFF
switch (S) to lug 4 of terminal strip A (NS).

( ) Connect a wire from lug 1 of the remote
terminal strip (S) to lug 3 of terminal strip
B (NS).

( ) Mount the coil and coil mounting bracket
in position on the experimental chassis
with two #6 sheet metal screws from below
the chassis.

( ) Connect a wire from lug 1 of terminal strip
A (NS) to lug 6 of terminal strip B (S).

( ) Connect the red wire from the coil to lug 3
of terminal strip B (NS).

( ) Connect the black wire of the coil to lug 2
of terminal strip B (NS).

( ) Connect the green wire of the coil to lug 4
of terminal strip B (NS).

NOTE: There are quite a few resistors and ca-
pacitors to be mounted for this experiment, Since
this is the case, make sure that wires from
different lugs or different parts do not touch
each other when they should not, or that bare
wires from the parts do not touch the metal
case of the transistors or the chassis,

( ) Install a ,005 ufd capacitor from lug 1 (S)
to lug 4 (NS) of terminal strip A,

( ) Connect a 1000 Q resistor from lug 2
(NS) to lug 4 (S) of terminal strip A.

( ) Connect a 1500 Q resistor from lug 2 (S)
to lug 5 (S) of terminal strip A,

( ) Connect a 22 KQ resistor from lug 2 of
the potentiometer (S) to lug 4 of terminal
strip B (NS).

() Connect a 1 megohm resistor from lug4 (S)
to lug 5 (NS) of terminal strip B,

( ) Connect a .01 pfd capacitor from lug 2 (NS)
to lug 5 (S) of terminal strip B.

( ) Connect a 180 puf capacitor from lug 2
(S) to lug 3 (S) of terminal strip B.

You have now connected the circuit of the tran-
sistor broadcaster as it is shown in the Sche-
matic of Figure 9F,
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Figure 9F

( ) Comnect a wire (less than 10 feet long)
underneath the screw for lug 1 of the re-
mote terminal strip, This wire will act as
the antenna for the broadcaster. Tie the
other end of this wire to some nearby object,
fairly high up in a room in which you are
working (a curtain rod, a floor lamp, etc,)

NOTE: According to law, no more than a 10 foot
length of antenna wire can be used with this
transmitter, If this wire is connected to some
metal object, such as a floor lamp, then the total
length of the wire and the metal object should
not be more than 10 feet,
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TO TUNE THE TRANSMITTER

() Turn the potentiometer to the full clockwise
position and turn the transmitter on with the
ON-OFF switch,

() Tune your radio into a place where there is
no station near the high end of the dial,
preferably between 1200 and 1600 ke.
Usually you will tune in fewer stations dur-
ing the day than at night,

—_
~

Place the speaker of your broadcaster up
close to the speaker of your radio and turn
the screw of the coil all the way in and out
until youhear aloud squealing in the speaker.
This loud squealing, which is feedback be-
tween the radio and the transmitter, indi-
cates that the coil is tuned to approximately
the right place for this setting of the dial
on your radio,

( ) Move your transmitter away a short dis-
tance from the radio and speak into the
speaker, Carefully adjust the coil to where
your voice sounds loudest in the radio,

( ) Now adjust the potentiometer to where your
voice is loudest and clearest in the radio.
This completes the adjustment, Turn the
broadcaster off when you are through,

DISCUSSION

Study the Schematic of Figure 9F carefully to
determine the functions of the various parts of
the circuit, The upper part of the schematic,
which is the RF oscillator, includes transistor
Q1, the tuned circuit, the 1 megohm resistor,
and the .01 ufd capacitor.

The lower part of the schematic contains the
battery, the ON-OFF switch, and the modulator
section, You should recall from the theory part
of this lesson that the sound of your voice
created an audio signal in the speaker, and that
this audio signal controlled the resistance of
transistor Q2. As the audio signal increased and
decreased the resistance of transistor Q2, it
allowed more or less supply voltagetoreachthe
RF oscillator circuit, The overall result was
increases and decreases in the amount of RF
energy produced by the RF oscillator, These
increases and decreases of RF signal appeared
as swells and valleys (or narrow spots) in the
modulated RF signal,

LESSON IX

QUESTIONS

1. What are the three parts of an RF oscillator ?

2. The input signal at the Base of the ampli-
fier of an RF oscillator, is inverted twice
in the amplifier, (True, False)

3. What causes the RF oscillator to start
oscillating?

4, Current circulates back and forth in a
tuned circuit at (many, only one) frequency
(or frequencies).

5. What are two ways of adjusting the fre-
quency of an RF oscillator?

6. In the simple modulated RF oscillator cir-
cuit, the modulator transistor is connected
in (series, parallel) with the battery voltage.

7. In the modulated RF oscillator, the audio
signal from the microphone increases and
decreases the resistance of the modulator
transistor, (True, False)

8. The audio signal controls the amount of
RF signal that will flow in the RF oscillator,
(True, False)



HEA’I‘HKIT' Page 89
LESSON X
WHAT MAKES A TRANSISTOR INTERCOM WORK?
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Figure 10A

An intercom is something like a small tele-
phone system. It is an extremely handy way of
having instant communications between points
at home, on the farm, or in places of business.
This lesson will show you how the transistor
intercom operates, how to build it, and how to
install it,

GENERAL CIRCUIT FUNCTIONS

Figure 10A shows a block diagram of a typical
intercom unit., A block diagram is one that con-
tains the general units, but not each of the indi-
vidual parts of an electronic circuit, By using a
block diagram the general nature of how an
electronic device works can be explained with
out getting bogged down with too many details,

An intercomn is actually just an amplifier in
which the input and output connections can be
switched back and forth; the switching is done
in such a way that any of the speakers con-
nected to the amplifier can act either as a
speaker, or be used backwards, as a micro-

phone, The main parts of any intercom are: the
amplifier, the switching section and the speakers
(two or more). This kit uses two speakers, the
master speaker, which is located at the ampli-
fier, and the remote speaker, which is located
some distance away from the amplifier in a sep-
arate cabinet,

The purpose of the speakers is to convert the
sounds into audio signals (used as a micro-
phone) or to convert the audio signals into
sounds (used as a normal speaker). The purpose
of the amplifier is to increase the size of the
small audio signal that it receives from the
switching section. The switching section selects
one of the speakers (see Figure 10A) for the
input of the amplifier, and another speaker for
the output,

Figure 10B shows a complete circuit diagram
for the intercom of Figure 10A, This isthe cir-
cuit for the intercom that you will build as a
permanent unit in the experiment part of this
lesson. In this intercom, as in most intercoms,
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the controlling station (or master station) con-
tains the amplifier, the master speaker, andthe
switch, The remote station (or remote speaker)
shown at the right hand edge of the schematic,
would be located at the distant location at the end
of the long wires,

The switch in Figure 10B is shown in the TALK
position, This means that a person talking intothe
speaker at the master station, will be heard at
the remote speaker, The audio signal from the
speaker of the master station passes through lugs
1 and 2 of the switch, and then is connected
through capacitor Cl1 to the Base of transistor
Q1. Capacitor C1 keeps the DC bias voltages
of Q1 from being applied to the speaker.

The audio signal is amplified in transistor Q1,
and from there it is coupled through capacitor
C3 to VOLUME control R5. A larger or smaller
part of the signal is taken from the arm of
VOLUME control R5 and connected through ca-
pacitor C4 to the Base of transistor Q2.

The audio signal is amplified a second time in
transistor Q2, and from the Collector of Q2 it
goes back to the switch again, The signal from
the Collector of Q2 passes through lug 5 to lug
4 of the switch, From lug 4 of the switch the
signal goes out through the long wire to the
remote speaker where it is changed back into
sounds again,

If the switch in Figure 10B were in the LISTEN
position, lugs 2 and 3 would be connected to-
gether and lugs 5 and 6 would be connected to-
gether, An audio signal from the remote station
would pass from lug 3 to lug 2 of the switch,
From lug 2 of the switch, the signal would go
through capacitor C1 to the input of the ampli-
fier, The output signal of the amplifier would
go from the Collector of transistor Q2 through
lug 5 to lug 6 of the switch. From lug 6 of the
switch, the signal would pass through the wire
to lug 1 of the switch, and from there it would
go to the master speaker where it would be
changed back into sounds,
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THE FUNCTION OF EACH OF THE CIRCUIT

Resistor R3. The large Collector current of the

PARTS (A REVIEW)

The transistor intercom does not contain any
new parts or concepts that you have not studied
in previous lessons, The following paragraphs,
which review the function of each of these parts,
are presented to give you a more thorough
understanding of the circuit, Stop after youread
the name of the part in the heading for each
paragraph, and before you read the explana-
‘tion, try to explain to yourself what the purpose
of this part is in the circuit, By reviewing
your knowledge of each of these parts before

transistor flows through resistor R3. Since the
Collector current has taken the shape of the
audio signal, a large signal voltage now appears
across resistor R3,

Resistor R5, Resistor R5 is a variable resistor
connected in the circuit as a potentiometer,
or variable voltage divider, Either a larger or
a smaller portion of the signal voltage applied
across it is connected by the arm of the poten-
tiometer through capacitor C4 to transistor Q2.

Capacitors C3 and C4. Capacitors C3 and C4

reading, you will test yourself on how much
knowledge you have retained from previous
lessons, This will also help you to learn more
from the lessons since repetition is one of the
keys to learning.

Resistors R1 and R2, Resistors R1 and R2form
a voltage divider which supplies the correct bias
voltage between the Emitter and Base of the
transistor. The correct bias voltage prevents
the audio signals from being distorted when they
pass through the transistor,

Capacitor C1, Capacitor C1 is called a coupling
capacitor, It allows the AC audio signal from
the speakers to pass through it to the Base of
transistor Q1, but it blocks the bias voltage on
the Base of Q1 from being connected to the
speaker,

Transistor Q1, The small current flowing inthe
Base of transistor Q1 controls the resistance
of the transistor, therefore it controls the large
current flowing through the transistor from the
Emitter tothe Collector, The small sound signals
that flow to the Base of the transistor are there-
fore duplicated in the large current that flows
to the Collector of the transistor,

both have the same function, They allow the AC
signal to pass through them, but they block DC
voltages from transistors Q1 and Q2 from ap-
pearing across the potentiometer,

Resistor R4 and Capacitor C2. Resistor R4
stabilizes the currents flowing through the tran-

sistor, thus preventingthe transistor from "run-
ning away with itself' and causing distortion or
burning out by overheating, Capacitor C2 by-
passes the AC signal currents around resistor
R4 so that the DC voltage across R4 will not be
disturbed,

Since the individual parts for amplifier stage
Q2 operate in the same manner as the parts for
stage Q1 they will not be explained since to
explain them would just repeat the previous
paragraphs.

Capacitor C6. Capacitor C8 is a stabilizing ca-
pacitor which helps to keep undesirable oscil-
lations from occurring in the circuit,

The ground symbol. The ground symbol indicates
that all connections on this wire are connected
to the metal on the chassis either directly or
through a piece of wire.
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Figure 10C

TRACING THE SIGNALS

The LISTEN-TALK switch is in a different
position in each of the following two Sche-
matics, Figures 10C and 10D. To make your
understanding of the circuit more thorough, use
a colored pencil or a crayon to trace the path
of the signal through each of the complete

LISTEN
AR (REMOTE TALK)
I

circuits. Start with whichever speaker it origi-
nates from, and trace the signals path through
the switch and amplifier to the other speaker.
After you have finished, correct your own work
by re-reading the previous paragraphs in this
lesson where the signal paths have been de-
scribed,

REMOTE STATION

; i3
"
g g%
MASTER
(CONTROLLING) ]sm
STATION

SPKR

).

mxé WP‘%_

L

Figure 10D
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HOW TO BUILD YOUR COMPLETE TRANSISTOR INTERCOM

PARTS REQUIRED ( ) Unsolder and remove all hookup wires from

10 Q resistor (brown-black-black)
270 Q resistor (red-violet-brown)
47 KQ resistor (yellow-violet-orange)

100 pfd electrolytic capacitor

10 pfd electrolytic capacitor

4-40 x 1/4" screw

6-32 x 5/8'" screw

4-40 nut ()
6-32 nut

#4 lockwasher

#6 lockwasher

spacer
Right end panel
Left end panel

the experimental chassis, front panel, and
battery retaining bracket,

68 KQ resistor (blue-gray-orange) ( ) Disassemble the battery bracket from the

master bottom plate, Remove and save the
hardware on each end of the battery bracket,

Disassemble the experimental chassisfrom
the front panel and master bottom plate,

#4 speednut ( ) Remove the remaining parts from the ex-

perimental chassis and set them aside
to be used later in the following steps,

Chassis plate Chassis Plate Assembly

Master back plate

Pl e GO 0 W O W00 DN e

EK-3 experimental chassis
wired for Lesson IX

Felt feet Refer to Figure 10E for the following steps.

( ) Mount the two transistor sockets at Q1 and

ASSEMBLING AND WIRING THE INTERCOM

Disassembly of experimental chassis.

Q2 of the chassis plate exactly ag shown, Use
2-56 x 3/8" screws and 2-56 nuts,

( ) Unsolder and remove all resistors and ca- ( ) Mount the two 6-lug terminal strips at A

pacitors from the experimental chassis,
Save these components,

2-56 x 3/8" SCREW

6-32 NUT

Figure 10E

and B exactly as shown. Use 6-32 x 1/4"
screws, #6 lockwashers, and 6-32 nuts,
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CHASSIS PLATE
Figure 10F

Refer to Figures 10E and 10F for the following
steps.

NOTE: All of the connections in this lesson are
permanent connections as described in the
Soldering Techniques, When resistors or ca-
pacitors are mounted, cut their leads to the
proper length so they will be wired neatly be-
tween the terminal lugs as they are shown,

( ) Cut six 1-3/4" lengths of hookup wire for
the following six steps.

( ) Connect a 1-3/4" wire from lug 3 of tran-
sistor Q2 (S), through hole C, to the lower
hole in lug 1 of terminal strip A (S).

( ) Insert one end of a 1-3/4'" wire through
lug 2 (S) to lug 4 (S) of transistor Q2,
Insert the other end of this wire through
hole B and connect it to the lower hole in
lug 2 of terminal strip A (S),

( ) Connect a 1-3/4" wire from lug 1 of tran-
sistor Q2 (S), through hole A, to the lower
hole in lug 4 of terminal strip A (S).

( ) Connect a 1-3/4" wire from lug 1 of tran-
sistor Q1 (S), through hole X, to the lower
hole in lug 6 of terminal strip B (S).

( ) Insert one end ofal-3/4" wire throughlug 2
(S) to lug 4 (S) of transistor Q1, Insert the
other end of this wire through hole Y and
connect it to the lower hole in lug 5 of
terminal strip B (S),

( ) Connect the last 1-3/4" wire from lug 3 of
transistor Q1 (S) throughhole Z, to the lower
hole in lug 3 of terminal strip B (S),

Refer to Figure 10G for the following steps.

( ) Mount the chassis plate to the master
bottom plate as shown with 6-32 x 5/8"
screws, Fasten the screws and spacers
to the bottom plate first with three 6-32
nuts, Next, fasten the chassis plate with #6
lockwashers, and three 6-32 nuts,

( ) Install four 4-40 speednuts on the front of
the master bottom plate with the flat side
facing toward the outside of plate as shown,
Set the chassis plate assembly aside,

Prewiring Front Panel

Refer to Figure 10H for the following steps.
Route each of the following hookup wires as shown,

( ) Remove the volume control knob from the
shaft and remove the 100 K volume control
from the front panel. Save the hardware,
Install the 5000 2 volume control and posi-
tion it as the 100 K control was, See
Figure 10H. Reinstall the volume control
knob,

( ) Connect a 6" wire from lug 1 of the remote
terminal strip (S) to lug 3 of the LISTEN-
TALK switch (NS).

( ) Connect a 2-3/4" wire from lug 3 (S) to
lug 4 (S) of the LISTEN-TALK switch,

( ) Connect a 1" wire from lug 6 (S) to lug
1 (NS) of the LISTEN-TALK switch, Bend
the lugs of this switch outward slightly, if
necessary, to keep this wire from touching
other wires or lugs,

( ) Connect a 5" wire from lug 1 of the
LISTEN-TALK switch (S) to lug 1 of the
speaker (S).

( ) Connect a 1" wire from lug 2 of the remote
terminal strip (S) to lug 2 of the speaker
(N8S).

( ) Connect a 1-1/2" wire from lug 2 of the
speaker (S) to the #6 solder lug (NS).

( ) Connect one end of a 6-1/2" wire to the
solder lug (S). Leave the other end free.

( ) Connect a 2-1/2" wire from lug 3 of the
VOLUME control (S) to lug 1 of the ON-
OFF switch (NS).
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( ) Connect one end of a 7-1/2" wire to lug 1
of the ON-OFF switch (S). Leave the other
end free.

( ) Connect one end of a 6-1/4" wire to lug 5
of the LISTEN-TALK switch (S). Leave the
other end free,

() Connect one end of an 8" wire to lug 2 of
the ON-OFF switch (S). Leave the other end
free,

( ) Connect one end of a 2-1/2" wire to lug 1
of the VOLUME control (S). Leave the other
end free,

() Connect one end of a 3' wire to lug 2 of the
VOLUME control (S). Leave the other end
free, Set the panel aside,
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Figure 10J

Chagsis Plate Wiring ()

Refer to Figure 10J for the following steps.
Position each component as shown, Cut off any
excess lead length,

() Connect the lead on the positive (+) endof a
100 pfd electrolytic capacitor to lug 6 ()
(NS) and the other lead to lug 4 (NS) of
terminal strip A,

( ) Connect a 10 @ (brown-black-black) re-
sistor between lugs 4 (S) and 5 (NS) of
terminal strip A. ()

( ) Connect a 22 K@ (red-red-orange) resistor
between lugs 2 (NS) and 3 (NS) of terminal
strip A,

( ) Connect an 8200 Q (gray-red-red) resistor ()
between lug 2 (NS) and 6 (NS) of terminal
strip A,

Connect the lead on the positive (+) end of
a 10 ufd electrolytic capacitor to lug 2 of
terminal strip B (NS). Connect the other
lead to lug 2 of terminal strip A (S).

Connect the lead on the positive (+) end of
a 10 pfd electrolytic capacitor to lug 1
(NS) and the other lead to lug 3 (NS) of
terminal strip B,

Connect a 1000 Q (brown-black-red) re-
sistor between lugs 3 (S) and 4 (NS) of
terminal strip B.

Connect a 68 KQ (blue-gray-orange) re-
sistor between lugs 4 (NS) and 5 (NS) of
terminal strip B,
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RIGHT END PANEL -
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4-40 x 1/4" SCREWS

Figure 10K

( ) Insert the lead on the positive (+) end of a
100 pfd electrolytic capacitor through lug
5 (NS) to lug 6 (NS) of terminal strip A,
Connect the other lead to lug 4 of terminal
strip B (NS).

( ) Connect a 47 KQ (yellow-violet-orange) re-
sistor from lug 5 of terminal strip A (S)
to lug 5 of terminal strip B (NS).

( ) Connect a 270§ (red-violet-brown) resistor
from lug 6 of terminal strip A (NS) to lug
6 of terminal strip B (NS).

Connect the lead on the positive (+) endof a
10 ufd electrolytic capacitor to lug 6 of
terminal strip B (S). Connect the other
lead to lug 4 of terminal strip B (S).

(

'

( ) Connect the lead on the positive (+) endof a
10 ufd electrolytic capacitor to lug 5 of
terminal strip B (S). Leave the other lead
free for later connection and do not cut
either of the leads,

Side Panel Assembly

Refer to Figure 10K for the following steps,

( ) Install the battery contact spring, and a
#6 solder lug on the right end panel as
shown using a 6-32 x 1/4" screw, and a
6-32 nut,

(

~—

Install a 6-32 x 1/4" screw, #6 solder lug,
fiber shoulder washer, fiber flat washer, and
6-32 nut to the left end panel as shown.

(

~

Remove the two 4-40 speednuts from each
end of the master bottom plate. (Located
where the batteries are to be positioned,)

( ) Mount the left and right end panels to the
master bottom plate as shown, using 4-40x
1/4" screws, #4lockwashers, and 4-40 nuts,

( ) Install four 4-40 speednuts on the left and
right end panels as shown with flat side
facing toward the outside of panels,
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Final Wiring

Refer to Figure 10L for the following steps.
Place the front panel and chassis plate assembly
together as shown and make the following wire
connections,

( ) Connect the wire coming from lug 2 of the
ON-OFF switch to the solder lug of the left
end panel (S).

REMOTE
TERMINAL
STRIP

=
( ) Connect the wire coming from lug 1 of the

ON-OFF switch to lug 6 of terminal strip
A (S).

(.) Connect the wire coming from lug 2 of the
VOLUME control to lug 2 of terminal strip
B (S).

( ) Connect the wire coming from lug 1 of the
VOLUME control to lug 1 of terminal strip
B (S).

74
%

e |

—

*
\\‘ (\# 6 ES[G_DER

LISTEN-TALK
SWITCH

ON-OFF SWITCH

Figure 10L
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( ) Connect the wire coming from lug 5 of the
LISTEN-TALK switch to lug 1 of terminal
strip A (S).

( ) Connect the wire coming from the #6 solder
lug on the front panel to lug 3 of terminal
strip A (NS).

() Connect a 4-1/4" wire from lug 3 of termi-
nal strip A (S) to the solder lug of the right
end panel (S).

( ) Install the two transistors in their sockets
Q1 and Q2.

EXPERIMENT 1

Except for the free lead of the 10 ufd capacitor
and the connecting wires between the two sta-
tions, the wiring of the intercom is now complete,
Refer back to Figures 10B, 10C, or 10D and trace
the signal paths back and forth on the wired
assembly from the remote terminal strip (where
the remote speaker will connect) to the speaker
of the master station. Trace out the connections
to each of the other parts also. This will help you
to associate the schematic diagram more closely
with the actual circuit,

4-40X /4" SCREWS (6)

Figure 10M

Final Assembly

Refer to Figures 10M and 10N for the following
steps.

( ) Carefully place the front panel on the two
end panels as shown, Check the wiring tosee
that there is no possibility for a short
circuit to occur. Tighten the front panel to

the master bottom plate and the two end pan-
els using 4-40 x 1/4" screws as shown.

( ) Cut the free lead of the 10 ufd capacitor to
the proper length and connect it to lug 2
of the LISTEN-TALK switch (S).

Make sure the ON-OFF switch is in the OFF
position before performing the following step.
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( ) Install the four batteries as shown in
Figure 10N, Now install the back plate to
the two end panels and master bottom plate
as shown, using three 4-40 x 1/4" screws,

( ) Remove the four felt feet from the plastic
strip and install them in each corner of
the master bottom plate as shown,

This completes the assembly of your tran-
sistor intercom,

EXPERIMENT 2

To demonstrate an oscillation due to audio
feedback,

( ) Connect the remote station to the master
station as shown in Figure 10P with two
short lengths of wire,

( ) Turn the ON-OFF switch ON and the
LISTEN-TALK switch tothe TALK position,

( ) Turn the VOLUME control to its maximum
position.

( ) Move the remote station speaker toward the
master station speaker until a loud squeal
is heard, This is the type of oscillation
that was shown in Figure 8C, where the signal
from the speakers was connected back (feed-
back) through the air to the microphone,
and then reamplified,

REMOTE
STATION

Figure 10P

MASTER
STATION

:

(<]
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As described in Lesson VIII, some of the
output of the (intercom) amplifier was con-
nected from the output speaker back to the
input (microphone) speaker - resulting in the
oscillation, Note that this oscillation contin-
ues in both positions of the LISTEN-TALK
switch,

Turn the ON-OFF switch OFF. Remove the
short wires between the two stations,

NOTE: The blue and white identification label
shows the Model Number and Production Series
Number of your kit., Refer to these numbers in
any communications with the Heath Company;
this assures you that you will receive the most
complete and up-to-date information in return,

(

~

( ) Install the identification label in the follow-
ing manner:

1, Select a location for the label where it
can easily be seen when needed, but
will not show when the unit is in oper-
ation, This location might be onthe rear
panel or the top of the chassis, or on the
rear or bottom of the cabinet,

2, Carefully peel away the backing paper,
Then press the label into position,

Ingtalling The Intercom

( ) Select the positions where you wish your
Master station and Remote station to be
permanently located, This intercom can
easily be used over distances of 50 feet to
150 feet, or even further.

( ) Twist two wires together so the twisted
length will reach between the two stations.
If you wish to cover a greater distance be-
tween the units than can be reached with the
wire supplied with the kit, additional lengths
of 2-conductor twisted wire may be obtained

IN CASE OF

Finding the cause of the trouble in a particular
circuit is like a detective trying to solve a crime,
the trouble most often can be found by the clues
you find in the circuit, For this reason it is a
very good idea to review how the circuit oper-
ates before trying to find the trouble,

Finding your difficulty can be divided into two
general parts. The first part (Steps 1, 2, and
3) are general checks where you try to find
the trouble by looking for visible errors or
difficulties, In the second part (Step 4) you
try to locate the trouble by finding the clues

from your local radio store or department
store, or from a mail-order electronic
supply house, Twenty-two gauge wire, or
larger (lower gauge number), should be
used,

( ) Route the twisted wires between the two
locations, At one end, connect the wires
under the screws of the remote terminal
strip of the master unit, At the other end
of the wires solder one wire to each of the
speaker lugs of the remote station's speaker.

The following method is one of the ways of
routing the twisted wires between the two units
when they are in separate rooms of a home,
Carefully, so as not to break it, remove the
quarter-round molding (also called the shoe-
molding), from where it is nailed in place
where the wall meets the floor. Do this near
where you wish to install each unit.

Next drill a small (1/4" is fine) hole through the
floor at each location, as close to the wall as
possible, Route the wire down through one hole,
across the ceiling of the basement, and up through
the other hole, A small notch can be cut where
the wires will come up behind the shoe-moldings;
the moldings can then be replaced,

NOTE: If possible, always keep the intercom
wires away from the 60 cycle power wires in
your home (or other installation areas as well).
This will tend to keep bothersome 60 cycle hum
from being heard in the speaker,

When using the intercom - always speak directly
into the speaker for the best sound quality. Do
not talk into the units from the sides, Do not get
too close to the unit, since this will also cause
distortion, Usually, distortion occurs when you
get any closer than about 3 inches from the
speaker,

DIFFICULTY

with your meter. First you locate the area
(or stage) the trouble is in, and then you track
down the offending part itself.

1. Recheck your wiring against the wiring
shown in the Figures and the wiring given
in the step-by-step instructions, Often if
someone else looks at the unit they will
notice something that you have consistently
overlooked, Check to see that no two wires
are shorting, or touching each other or the
chassis, Check to make sure that you have
the proper part values in the proper places.
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2. Check the solder connections, Poor solder
connections are responsible for a great
many difficulties., Often troubles can be
eliminated by reheating all questionable con-
nections, Clean off excess solder from
any lugs where it might be causing a short
circuit or a poor connection.

3. Check for bits of solder or pieces of wire
which may be lodged in the wiring,

4, Try to locate the trouble by checking the
voltages in the circuit, Normal voltages
will vary plus or minus 10% from the volt-
age shown on the schematic, I the trouble
seems to be narrowed down to a certain
area, turn off the power and then check the
resistors and the capacitors in that area to
make sure that they have not opened up or
shorted out,

SERVICE INFORMATION

SERVICE

K continued operational difficulties are experi-
enced with the completed Intercom Unit, the
facilities of the Heath Company Service De-
partment are at your disposal, or you may con-
tact our Technical Consultation Department by
mail, Local Service is available in some areas
through authorized HEATHKIT Service Centers,
Should you choose to return the unit to the Heath
Company for inspection, repair, and adjustment,
you will be charged a minimal service fee, plus
the price of any additional parts or.material re-
quired, However, if the completed kit is re-
turned within the Warranty period, parts charges
will be governed by the terms of the Warranty,
State the date of purchase, if possible, THIS
SERVICE POLICY APPLIES ONLY TO THE
COMPLETED CIRCUIT OF LESSON X, CON-
STRUCTED IN ACCORDANCE WITH THE IN-
STRUCTIONS AS STATED IN THIS MANUAL.
Kits that are not entirely completed or that
are modified in design will not be accepted for
repair. Kits showing evidence of acid core solder
or paste fluxes will be returned N