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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 tolerance of +20%.

CODE

COLOR st DIGIT 2no DIGIT MULTIPLIER

_COLO 2w DG

BLACK — 0 0 |
BROWN 1 1 10
ORANGE : H 1890

0

YELLOW 4 4 m'gog
GREEN 5 s 100,000
BLUE e ¢ 000,000
VIOLET 7 7 000,
GRAY 8 8 —1- 100,000,000
WHITE ° 9 —1 1000,000.000
GoLD - - A
SILVER - - .0l

GOLD 28
SILVER %10 %
NO BAND 2077

The physical size of a composition resistor is related to it.
wattage rating, Size increases progressively as the wattage
rating is increased, The ‘diametérs of 1/2 watt, 1 watt and
2 watt resistors are approximately 1/8", 1/4" and 5/16",
respectively, . C

The . color code chart and examples which follow provide the
information required to identify color coded resistors.

>
EXAMPLES
YELLOW-4 ————
47 x 1000
VIOLET-7
l RANGE-LOOO—} (orR 47KNO)

SILVER = TOLERANCE

+ 109,
R%%EEE 22 x 100,000
GREEN-100,000 )(OR 2.2 MEG.)

r\tm BAND = TOLERANCE
+20%

CAPACITORS

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

MICA
DE/ EXAMPLE
COLOR ar DIGIT IT MULTIPLIER TOLER. 2 7 x 00
CR- - O o ] 220 \ \ )
SROWN = S Y = RED VIOL RED
pm— 4 = § gl 13 | e
SECLow 4 4 10000 | —
fay- gl H % =1 &3
yioLer—4— 7 = = -
WHITE s s = .
OLD p— - - —— -—
SILVER — - - — o) 210 Y
" CHARACTERISTIC
RvE T
DIRECTION OF . 2r00uuf :5%
AR OR .0027 ufd
o¢”
B 50 CHARACTERISTIC— y 12 o F
IND! s :
R L0

(vALve i upf—sez noTe 3 BELOW)

shown below apply to practically all of the mica and tubular

ceramic capacitors that are in common use. These codes com-
ply with EIA (Electronics Industries Association) Standards.

-TUBULAR CERAMIC
Place the group of rings or dots to the left and read from left
to right.

" EXAMPLE
R T

5 -
r-¥3

‘J

IHHrHI:
g

oeNeRAYN-O

T

L L2 YT P g

IRRRARLLRE

0*6 ORE SLK GRM
" 5

TEMPERATURE 1 a8
TEMPERATURE SpErriciEND= P R
COEPFICIENT: BELO! 33uuf 25%

SEE NOTE 2
BLLOW.

(VALUE 1N spf—SEE NOTE 3 BELOW)

NOTES: .

1. The characteristic of a mica capacitor is the temper-
ature coefficient, drift capacitance and insulation resistance.
This information is not usually needed to identify a capacitor
but, if desired, it can be obtained by referring to EIA Stand-
‘ard, RS-153 (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

USING A PLASTIC

A plastic nut starter offers a convenient method 6-32
of 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
shape 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,

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

8, The farad is the basic unit of capacitance, however cap-
acitor values are generally expressed in terms of ufd (micro-
farad, .000001 farad) and puf (micro-micro-farad, ,000001
ufd); therefore, 1,000 puf = ,001 pfd, 1,000,000 puf = 1lufd,
The designation pf is sometimes used for uuf.

NUT STARTER

—
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INTRODUCTION

Understanding radio communication today is just another part of under-
standing the modern world around us, The time is long past when elec-
tronics and radio could be put aside as a very specialized field of know-
ledge affecting only a very fewpeople, Radio communication has become
such a dominant element in our daily lives that some understanding of
its fundamentals is almost essential. Just as most of us understand the
basic principles involved in the operation of an automobile engine, so it
is important that we have the same understanding about radio. We still
take our automobiles to a mechanic when repairs and adjustments are
needed, since knowing the fundamentals of what goes on under the hood
does not necessarily make us all mechanics. By the same token, having
a basic understanding of electronics and radio does not necessarily
mean that all of us will be our own radio and TV repairmen,

Knowledge of the principles involved in the phenomenon of radio trans-
mission is a great asset for anyone to have, and the EK-2A and EK-2B
Kits are designed to give you just this kind of understanding and back-
ground,

The fact that this manual is now in your possession is an indication of
genuine interest on your part in the "why" of electronics and radio, and
you are to be congratulated for pursuing this interest as far as you have
already. Your curiosity will be rewarded by the delight and satisfaction
of actually assembling and operating various types of radio circuits, and
learning how and why such circuits operate,

The basic principles underlying broadcast radio communication also
apply to television, FM, radar, military communication, etc., 80 that
familiarity with these principles will open the door for you to the
broader field of electronics in general,

Each lesson in your manual will explain in simple terms the "how it
works" information you need to understand an experiment, Then you
will actually build circuits to demonstrate these principles, and prove
theoretical points by experimenting,

You are due for an exciting, learn-by-doing experience, so set a re-
laxed pace for yourself and take the time necessary to think through
each point as you work with this material, It's more fun that way too!
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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 cover 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
1 unless otherwise stated in the Parts List,

olerances on capacitors are generally even
greater, Limits of +100% and -20% are common
for electrolytic capacitors.

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 capaci-
tors 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.

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

1, Lay out all parts so that they are readily
available, Take special care not to lose or
mislay experiment parts while studying the
text portions of the lessons,

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,
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PART PARTS
No, Per Kit

PARTS LIST

Use the pictures on the opposite page to help

you identify parts,

DESCRIPTION

Resistors

1-27 1
1-35 1
1-38 1
1B-15 1

1B-22 ((E}

Wz

Capacitors
21-9
21-11
21-24
21-217
21-32
21-71
25-T7

26-9 1

Terminal St

S S

150 K ohm 1/2 watt
(brown-green-yellow)
1 megohm 1/2 watt
(brown-black-green)
3.3 megohm 1/2 watt
(orange-orange-green)
1000 ohm 2 watt
(brown-black-red)

12 K ohm 2 watt
(brown-red-orange)

100 puf ceramic
150 puf ceramic
800 puf ceramic
.005 pfd ceramic

47 puf ceramic
.001 pfd ceramic

40 + 20 pfd, 300 volt
electrolytic

2-gang variable

s-Connectors-Sockets

431-1
431-12
431-6

434.37

434-83 A

434-85

Hardware
250-49
250-89 1
252-1
252-3 1
252-4
252-7 (
252-39
253-21 .
254-1 i1
254-2
254-5 ’
254-14 ’
255-2

8
5
8
2
4
2
1
6
3
3
1
1
3

2.
1
i,
434-2 }f
1

"T'" type terminal strip
4_-lug terminal strip

2-lug Screw type connector

Octal socket

Tube socket, 7-lug
Lamp socket

Lamp socket, with wire

3-48 x 1/4" screw
6-32 x 3/8" screw
3-48 nut

6-32 nut

8-32 nut

Control nut

1/4" control nut
Flat washer

#6 lockwasher

#8 lockwasher
Control lockwasher
1/4" control lockwasher
#6 x 3/16" spacer

PART PARTS
No, Per Kit

DESCRIPTION

Hardware (Cont'd,)

259-1 2
259-2 1\
259-10 1T
Miscellaneous
10-107
19-27 ffl
40-303 1
T
45-3

54-97 "
56-26 ¢
71-6

73-4

73-6
75-24
89-1 4
200-M250
205-M261 !
207-31
340-10

Y
3
T

1
1

+

DO bt

o H@(

344-59
344-21

ot

b,

346-1
390-93

i

)

L

o

1401-36
411-3
411-4
412-1
436-16
438-26
462-18
462-112
481-2
331-6
595-310

4

- @ H}H"et—i\l\i}k“:

#6 solder lug
#8 solder lug
Control solder lug

Linear control, 200 ohm
Audio control, 1 megohm
w/SPST switch

Coil, broadcast regenerative
detector

RF choke, 1 mh

Power transformer

Crystal diode

Porcelain insulator

5/16" rubber grommet
7/16" soft rubber grommet
Strain relief insulator

Line cord

Chassis

End plate

Ground clamp

Length bare copper antenna
wire (antenna)

Length hookup wire

Length red wire; pretinned
(lead-in)

Length sleeving

Label sheet (GND, ANT.)
(Phones)

Crystal earphone, single unit
5Y3GT tube

6C4 tube

#47 pilot lamp

Miniature phone jack
Miniature phone plug

Knob, gray

Knob, white

Capacitor mounting wafer
Solder

Manual

Two standard size '"C"' flashlight batteries should
be purchased at this time to be available when

needed,
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PARTS PICTORIAL
l'.'!'!""'"?
1/2 WATT RESISTOR ﬁ
2 WATT RESISTOR = CONTROL SOLDER LUG
#434.83  LAMP SOCKET

CERAMIC CAPACITOR

L__F

ELECTROLYTIC CAPACITOR

UUWJUWW

431_1 #1 12

n "

4-LUG
TERMINAL STRIP TERMINAL STRIP

a0

# 431-

# 434-37 TUBE SOCKET. 7 PRONG

<

=
&=
@
®
®

©
©
@

v//,a/lz
[q

6-32 x 3/8" BHMS

3-48 x 1/4" BHMS # 19-21

AUDIO CONTROL
W/SPST SWITCH

3-48 NUT
—J
6-32 NUT
# 40-303 DETECTOR COIL
8-32 NUT . f "')-c
A .\\\#
CONTROL NUT # 45-3 RF CHOKE
iy
R

#56-26 CRYSTAL DIODE
1/4" CONTROL NUT

FLAT WASHER,

9/16" OD # 13-6

7/16" RUBBER GROMMET

#6 LOCKWASHER

#8 LOCKWASHER

1/4" CONTROL
LOCKWASHER

# 436-16
MINIATURE PHONE JACK

==

# 438-26
MINIATURE PHONE PLUG

CONTROL LOCKWASHER

#6 x 3/16" SPACER

#6 SOLDER LUG

# 481-2
CAPACITOR MOUNTING WAFER

#8 SOLDER LUG
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PROPER SOLDERING TECHNIQUES

Only a small percentage of HEATHKIT equip-
ment purchasers find it necessary to return an
instrument for factory service. Of these instru-
ments, by far the largest portion of malfunctions
are due to poor or improper soldering.

If terminals are brightand cleanand free of wax,
frayed insulation and other foreign substances,
no difficulty will be experienced in soldering.
Correctly soldered connections are essential if
the performance engineered into a kit is to be
fully realized. If you have notalready completed
kit EK-1 in Basic Electricity, and had the sol-
dering experience it provides, a half hour's
practice with some odd lengths of wire may be a
worthwhile investment.

For most wiring, a 25 to 100 watt iron or its
equivalent in a soldering gun is very satisfactory.
A lower wattage iron than this may not heat the
connection enough to flow the solder smoothly
over the joint, Keep the iron tip clean and bright
by wiping it from time to time with a cloth,

CHASSIS WIRING AND SOLDERING

1. SOLDER ALL CONNECTIONS in the ex-
periments of this manual. You will find that the
step-by-step instructions provided for each ex-
periment do not tell you when to solder each
connection, because the steps are used merely
as a check on your work. For instructional pur-
poses, the various experiments should be wired
from the schematic and pictorial diagrams if
possible. The time to solder each connection
then depends on which wires are installed first.
Even where you might solder a connection pre-
maturely, however, itisquite easy toaddanother
wire to the terminal if you use temporary sol-
dering techniques.

Instead of hooking and crimping each wire before
soldering, simply leave the wire straight and
thread it throughthe hole inthe terminal, or lay
it across the face of the terminal, and make a
temporary ''lap" joint. Typical temporary lap
joints are shown in the figure below.

This type of connectionis easy to unsolder later
without damaging the part or clipping the wires.

1t is notas strong mechanically as a hooked and
crimped connection, but it is completely satis-
factory from an electrical standpoint, and will
simplify the soldering and unsoldering job for
you.

2. Unlessotherwise indicated, all wire used is
the type with colored insulation (hookup wire); the
size of the conductor is the same for all colors
of hookup wire furnished with this kit. Inprepar-
ing a length of hookup wire, 1/4" of insulation
should be removed from each end unless directed
otherwise in the construction step.

3. To avoid breaking internal connections when
stripping insulation from the leads of transform-
ers or similar components, care should be taken
not to pulldirectly on the lead. Instead, holdthe
lead with pliers while it is being stripped.

4, Wherever there is apossibility of bare leads
shorting to other parts or to the chassis, the
leads should be covered with insulating sleeving.
Where the use of sleeving is specifically intended,
the phrase "use sleeving" is usually included in
the associated construction step. In any case
where thereis the possibility of an unintentional
short circuit, sleeving should be used. Extra
sleeving is provided for this purpose.

5. Positionthe work, if possible, sothat gravity
will help to keep the solder where you want it.

6. Place a flat side of the soldering iron tip
against the joint to be soldered until it is heated
sufficiently to melt the solder.

7. Thenplacethe solder against the heated ter-
minaland it will immediately flow over the joint;
use only enough solder to thoroughly wet the
junction. Itis usually not necessary tofill the en-
tire hole in the terminal with solder.

8. Remove the solder andthen the iron from the
completed junction. Use care not to move the
leads until the solder is solidified.

A poor or cold solder joint will usually look cry-
stalline and have a grainy texture, or the solder
will stand up in a blob and will not have adhered to
the joint. Suchjoints should be reheated until the
solder flows smoothly over the entire junction.
In some cases, it may be necessary to add a
little more solder to achieve a smooth bright
appearance.

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- LEAD CONTENT) RADIO TYPE SOLDER.




HMEATHIKIT

Page 1

LESSON |
HOW DO VOICE AND MUSIC GET FROM A BROADCAST STUDIO TO YOUR HOME?

I TRANSMITTER

/\/\é\‘\%—& RECEIVER

Figure 1-1

An announcer picks up his script, speaks into a
microphone, and almost instantly his voice is
heard coming from the loudspeaker of thous-
ands of radio receivers, frequently many miles
from the studio in which this action takes place,
Or, a studio orchestra in front of a microphone
strikes up, and in the same way, the melodious
tones created are heard in thousands of homes
within a radius of many miles, These are amaz-
ing occurrences, when you stop to think about
them, even though such happenings are takenfor
granted every day, Butsimplybeing''amazed" at
this occurrence is not enough...when to satisfy

genuine curiosity it is more logical to find out

what happens between the time he speaks and the
time his voice is heard in your living room!

TRANSMISSION

When an announcer speaks into a microphone
in a broadcast radio studio (Figure 1-1), the
sound waves created by his voice are picked up
by the microphone and converted from mechan-
ical vibrations of the air into electrical vibra-
tions within a wire, The microphone creates
what is commonly referred to as an "audio sig-
nal,” Actually, an audio signal is what may be
thought of as ''sound in electrical form," The
pulsations of electricity produced follow the
same pattern as the pulsations of air createdby
his voice.

This audio signal is fed into the broadcast trans-
mitter. The transmitter "amplifies" this signal
to make it stronger, and then transforms it into
an electrical form that can be fedtoa broadcast
antenna, and radiated through space. The details
of various functions that occur in the trans-
mitter itself will be left to a later discussion,
but it is important that you note at this time

two facts about the transmitter, It provides the
power to feed the antenna and radiate the signal
info space, and it transforms the audio signal
into a form suitable for broadcasting, The power
of a broadcast station is specified in watts, and
this unit of measure indicates the strength of the
signal being sent out from the antenna, Broadcast
stations in the United States vary in power from
about 250 watts up to a maximum of 50,000 watts.
In general, the greater the power being radiated
from the transmitter antenna, the greater the
distance over which the broadcast signal maybe
received,

RADIATION

Figure 1-1 shows the steps involved incarrying
the announcer's voice from the studio to your
home, and you will note that the signal is radi-
ated from the transmitting antenna to the re-
ceiving antenna through space. This radiation
takes place at a speed of 186,000 miles per
second (the speed of light), so the time between
transmission and reception is practically in-
stantaneous. A broadcast signal is sent out at
one particular radio frequency. The broadcast
band consists of all the frequencies between about
550 k¢ and 1600 ke, Since ke is an abbreviation
for thousands of cycles per second, the broadcast
band is between 550,000 cycles and 1,600,000
cycles, per second, The fact that eachbroadcast
station operates on a different frequency within
the broadcast band accounts for your ability to
select one station or another with your receiver,

The distance over which the broadcast signal will
carry depends on a number of factors. Geogra-
phy will have an effect, since mountains and
other large masses protruding up from the
earth's surface tend to block and absorb signals,
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TRANSMITTER

K everything else is equal, a broadcast signal
will carry further in flat country than in
mountainous terrain, Of course, the power of
the transmitter, the height of the transmitting
antenna, and the time of day or night will also
affect the distance over which the signal can be
received. This last fact deserves further expla-
nation,

During the daylight hours, radiation from a
transmitting antenna to a receiving antenna
normally takes place in a horizontal fashion
(see Figure 1-2). In other words, a signal is
radiated from the transmitting antenna, and a
portion of this signal travels along horizontally
through the earth's atmosphere until it is picked
up on the receiving antenna, I the receiver is
too far away, the signal fades out before it
reaches the receiver and the station cannot be
heard, The portion of this same signal that is
radiated upward, away from the earth, travels
out into space and serves no useful purpose.

After sundown, however, an electrical layer
high above the earth changes in such a way
that it will refract (bend) radio signals at
an angle that returns them to earth, When
this occurs, the signal radiated upwards from
a transmitting antenna strikes this layer, called
the ionosphere, and is bent back to earth at a
greater distance than the signal could have

GROUND WAVE IS
ABSORBED AND DISSIPATED
OVER LONG DISTANCES

Figure 1-2

(&&= avrcir ]

IONOSPHERE REFRACTS SIGNALS
i AFTER SUNDOWN

RECEIVER

covered in a horizontal direction., This phen-
omenon is sometimes referred to as '"'skip",and
it accounts for the fact that many more stations
are heard on the broadcast band, andfor greater
distances, during the evening hours after the
sun has set, Tuning across your home broad-
cast receiver during the daylight hours will give
you a good idea of your local and semi-local
radio situation. You will hear broadcasts within
a range of, perhaps, one hundred miles or more.
In the evening hours, however, the broadcast
band usually becomes crowded with signals, and
these stations may be located several hundreds of
miles away, and are reaching your receiver
purely by way of the "'skip" effect involving the
ionosphere, Figure 1-2 also illustrates how the
skip signal operates,

The radiation pattern of a transmitting antenna
is usually equal in all directions, Figure 1-3 is
a birds-eye view of a non-directional trans-
mitting antenna showing how the circles of
radiated signal go out from the tower in all
directions, In some cases, antennas or groups of
antennas are arranged so that abroadcast station
will send out a directional pattern, sending sig-
nals into beams in one or more directions for
special coverage, However, most broadcast
stations send out an equal signalin all directions
around the antenna tower,
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I I
BROADCASTING
ANTENNA

CONCENTRIC RADIATION PATTERN EQUAL
IN ALL DIRECTIONS.

Figure 1-3
RECEPTION

When a radio signalreaches areceiving antenna,
either by way of the ground wave or a sky wave,
this signal is rather weak., Radio signals, as a
receiving antenna picks them up, amount to
very small quantities of energy, and except for
very close local stations, these signals are too
weak to operate an earphone or speaker, Neither
is the signal in the proper electrical form to
create sound, Several important functions must
be performed on the signal by the receiving set.

A receiver must be able to separate one station
from another by tuning, for example, A radio
without tuned circuits would pick up many stations
at once, But, by employing tuned circuits, a radio
can select one station and rejectall others, even
when these stations are close together on the dial.,
This quality in areceiver is called "selectivity,"

Also, since the radio signals picked up by the re-
ceiving antenna are very weak, the receiver must
be able to amplify or build up the signals to
stronger levels, Vacuum tube amplifiers are
normally used to do this, Very weak radio sig-
nals are amplified in special receiver circuits
to a level great enough to operate loudspeakers,
earphones, etc, This quality in areceiving setis
commonly called "sensitivity."

Finally, the receiver must be able to transform
the radio signal back into an audio signal (sound
in electricalform). This transformationis called
"detection,'" and is very necessary if the audio
signal developed by the microphone at the broad-
cast studio, and transformed for broadcast
through space, is to be changed back into its
original audio signal form again, so that it can
operate a loudspeaker or an earphone.

The speaker itself does exactly the opposite job
from the microphone, Whereas the microphone
changed sound vibrations into electrical vi-
brations, the speaker changes electrical vibra-
tions back into sound vibrations again, so that
the announcer's voice at the studio can beheard
in the living room of your home,

HOW TO PLOT YOUR BROADCAST STATION ENVIRONMENT

PURPOSE

TO LISTEN TO A STANDARD BROADCAST
RADIO RECEIVER AND, FROM THE INFOR-
MATION OBTAINED, COMPLETE A BROAD-
CAST RADIO INVENTORY CHART SHOWING
ALL THE IMPORTANT INFORMATION ABOUT
YOUR LOCAL BROADCAST STATION SITUA-
TION. An inventory chart is shown in Figure
1-4, with two sample entries. This information
will have a bearing on how you will place the
broadcast receiving antenna which you erect in
the next lesson,

BROADCAST RADIO INVENTORY

DISTANCE STRENGTH

LOCATION | FREQUENCY| POWI DIRECTION
(IN MILES) | (RATED 1 TO 5}

CALL ER
LETTERS ITOWN] {IN KC) {(IN WATTS) | {IN DEGREES)
WSTH | S+ TJeseph | 1400 250 45 2 2
WHFB [Bexton Harbor) 1060 1,000 q0 2.6 1

Figure 1-4



BROADCAST RADIO INVENTORY
CALL LOCATION | FREQUENCY| POWER DIRECTION DISTANCE STRENGTH
LETTERS | (TOWN) (IN KC} (IN WATTS) | (IN DEGREES) (IN MILES) | (RATED 1 TO 5)
Figure 1-5

RADIO INVENTORY CHART

You will notice that the chart shown in Figure
1-4 provides space to record the call letters
of any stations that can be received in your
area, the locations of these stations, their
frequencies, power, direction from your re-
ceiving point, distance from your receiving
point, and relative signal strength as compared
to each other, Two sample entries have been
made on the chart to show the kind of informa-
tion desired, and the way in which it should be
recorded, A blank chart is provided in Figure
1-5 for you to fill in with the information about
your particular broadcast radio signal situation,
A standard radio should be used for this
purpose and the experiment should be performed
during daylight hours!

CALL LETTERS

In tuning across the broadcast band of a re-
ceiver, from 550 kc to 1600 ke, you should re-
ceive a number of local and semi-local broad-
cast signals, The call letters of these stations
should be recorded in the call letter column of
your broadcast inventory, Most stations identify
themselves every fifteen minutes, or at least
every half hour, so you should have nodifficulty
obtaining the call letters. Limit your radio
inventory to those stations that can be heard
during daylight hours, as mentioned earlier,

since after sundown the number of stations re-
ceived will be tremendously increased, and will
merely complicate the chart withalarge number
of stations that cannot be received consistently
at all hours, After sundown, stations will be
picked up over longdistances, but such reception
is frequently unreliable and is subject tofading,
interference, fluctuation in signal strength, etc,

LOCATION

The town where each station you receive is lo-
cated should be noted in the second column of
the inventory chart. In most cases, the trans-
mitting tower of each station will be located
close enough to the center of the town involved
that the town itself maybe considered the source
of the signals being radiated. It is only with sta-
tions in your own city or town that the exact
location of the transmitting antenna needs to be
considered as the source of the signals, Often
the tower may be in.a suburb, rather than in
the downtown section,

FREQUENCY

The frequency of each station received should
be recorded in the third column of your radio
inventory chart. The approximate frequency can
be determined from the dial of the radio on which
the station is being received. However, most

radio dials are difficult to read accurately, and
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the exact frequency of the broadcast station
should be determined from the station identifi-
cation announcement in which frequencyisgiven
in kilocycles (kc), or from station program
schedules which are often published in daily
newspapers,

POWER

The power of broadcast stations is measured in
watts, or kilowatts (one thousand watts). This
information may be a little more difficult to
obtain, although most stations announce their
power rating at sign-on time in the morning or
sign-off time in the evening, If necessary, a
phone call to your local station will put you in
touch with someone who can give you the power
rating of the station, and perhaps even the power
rating of other stations in the vicinity. In either
case, the power rating in watts should be re-
corded in the fourth column of the inventory.
Keep in mind that one kilowatt equals one
thousand watts,

DIRECTION

To find out the direction of various broadcast
stations from your particular location, you will
need a map of your area, The Chamber of
Commerce or a local filling station can pro-
vide you with such a map, and you can mark
your own location on the map, Then, with a
ruler, draw a line out to the locations of the
various stations being received, This will let
you find the direction of each station from your
home,

The most convenient method of showing this di-
rection in the chart would be in degrees, Figure
1-6 will help you to find the angle of the stations
from your home. Note that the points of the com-
pass in Figure 1-6 have been divided into de-
grees, beginning with zero at north, and running
around to 360 degrees back at north again,
Northeast becomes 45 degrees, east is 90 de-
grees, southeast is 135 degrees, south is 180
degrees, southwest is 225 degrees, west is 270
degrees, northwest is 315 degrees, andnorthis,
again, either 360 degrees or zero degrees, The
5-degree marks falling between these main divi-
sions are shown so you can locate, within five
degrees or so, the direction of all the stations
being picked up by your home receiver, Place
this angle indicator over or under your map to
estimate the degree of angle in each case,

DISTANCE

Finding the distance of any broadcast station
from your home can be done rather easily by,
again, using the map of your area., Almost all
maps have a scale shown, so you can simply
measure the distance between your home and the
station with a ruler, and then read this distance
on the scale provided on the map, It is, of
course, the straight-line distance in which you
are interested, not the highway distance,

SIGNAL STRENGTH

Rating signal strength is a simple matter of judg-
ing the loudness of each station by ear, and re-
cording which stations are strongest in your
location of all the stations you can hear across
the broadcast band without changing the volume
control, An important fact to keep in mind here
is that most all receivers such as you will
be using for these listening tests use some
sort of built-in antenna that has directional
characteristics, In other words, the built-in
antenna will receive better from one direction
than another, Therefore, in comparing signal
strength, the sets having a built-in antenna
should be rotated for maximum loudness on
each station before a comparison is made,
It is assumed you will be using some type
of table-model radio which is light enough that
it can be picked up and turned to 'peak the
station being received, Assign the number "1"
to the strongest station that can be picked up at
your location, the number "2' to the second
strongest station, etc, There is no need to go
beyond five in your signal strength ratings,
since you will not be concerned with the stations

Q

360

YOUR LOCATION

~o

-

8

o

Figure 1-6
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with less than a number five rating in future
experiments,

When you have the broadcast radio inventory
chart (Figure 1-5) completely filled in for all
the stations you can pick up in your area, you
have a written record of your broadcast radio

environment, You should find it interesting to

note the effects that distance, power, and
geography have on the final signal strength
rating of each station,

Now the Broadcast Radio Inventory Chart is
ready for future reference and you are pre-
pared for Lesson II.

LESSON 1
QUESTIONS
NOTE: Answers to the questions below will be 5. Broadcast stations in the United States
found on Page 84 in the back of your manual, vary in power from about A{ to
2 watts,
1, What function is performed by/the studio
microphone? » 6. The effectthatcauseslong-distance stations
to be heard at night that cannot be heard
2. What two main functions are performed by

the transmitte
concerned?

. The standard Broadcast band is between

the frequencies of 47 kcand /¢ ¢ ke. w

” ¥ be,spmmed up in what three words?
Lf""y‘v igf ?
8. t function is performed by the loud-

The abbreviation 'kc," standing for kilo-
cycles, is used to mean _/y“2 cycles
per second,

g

as far agf the, sigpal ,is
e ;«Aﬂw A AR

/

/

Xw/;;{ L M/‘?W 5

in the daylight hours is commonly referred
toas " _ég’_."

A
The three things a receiver must do to
signals coming in on an antenna before

they are ready to operate a speaker may

/
7.

speaker?

d

1/

,W?iwé U, A,

1t
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LESSON II
WHAT IS A BROADCAST RADIO SIGNAL?

You have already learned some of the character-
istics of broadcast radio signals, You know that
these signals can exist in a wire, or can be
radiated through space from a transmitting
antenna to a receiving antenna, The details of
what is meant by '"frequency,” ''cycle," and
"amplitude,” still need some explaining, how-
ever, and this lesson will attempt to make it
completely clear to you what a radio signal is,
so that later you will be in a position to under-
stand the various functions that a receiver must
perform on a broadcast radio signal before you
can hear sound coming from the radio set in
your home,

Since radio signals are merely a special form
of the current discussed in the lessons of kit
EK-1, it would be advisable at this time to re-
view some information about the various forms
that electric current can take, as a basis for
describing the special form of electric current
that is a radio signal,

UNDERSTANDING DC, AC, and PDC CURRENT

The electric current in a wire or the nature of a
radio-wave in Space is not easy to visualize,
There is just no way to ''see' the current be-
cause, of course, it is invisible, Yet these cur-
rents can be understood better if theyare some-
how translated into a form that can be put down
on paper and analyzed., This may be done by the
use of a graph. Here are some things to keep
in mind so that the following graphs of DC, AC,
and PDC current will be most meaningful to you,

___> +

5 WIRE ¥
—_— ——
Figure 2-1

1. Current will be called plus when it flows
in one direction within a wire, Current will
be called minus when it flows in the oppo-
site direction within a wire. (Refer to Figure
2-1.) Plus and minus currents are equal in
energy, and are assigned these plus and
minus symbols merely as a way of telling
one direction of current flow from another,

2, The zero-current line (Figure 2-2) is used
as a base line for the following graphs, So
far as these graphs are concerned, current
flow in a plus direction will be shown above

- v

ZERO CURRENT

— —

DIRECTION OF CURRENT FLOW IS SHOWN BY PUdI-
TION ABOVE OR BELOW ZERO-CURRENT LINE.

Figure 2-2
the zero-current line, and current flow ina
minus direction will be shown below the
zero-current line,

4
3 — A

+ 4
1 p—
ZERO CURRENT =/
1 - B
— 2 o
3
4

DISTANCE ABOVE OR BELOW ZERO-CUR-
RENT LINE SHOWS AMOUNT OF CURRENT.

Figure 2-3
3. The amount of current flowing in the wire
(Figure 2-3) will be shown by the dis-
tance above or below the zero-currentline,
For example, plus 2 amperes is at point A
in Figure 2-3; minus 2 amperes is at point
B; zero current is at point C.

—

+

-

ZERO CURRENT

— ~
TIME

—4

TIME 1S SHOWN BY DISTANCE ALONG THE
ZERO-CURRENT LINE.

Figure 2-4
4, Time elapsed (Figure 2-4) is shown by the
distance along the zero-current line, Any
convenient time value can be assigned to
this distance, depending on how rapidly the
current alternates and what the graph is
designed to show,

5. When current reverses its direction of flow
(as alternating current does) this alternation
usually takes place at a very rapid rate,
Because of this fact, you may view a graph
as being an ultra-slow-motion-picture of
what is taking place,
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DC CURRENT
DC CURRENT

+

ZERO CURRENT

Figure 2-5 GRAPH OF DC CURRENT

DC, ordirect current, flows in only one direction,
DC current maintains a steady value (constant
amplitude), and shows up on a graphasa simple
straight line, (See Figure 2-5,) The DC current
line could have been graphed below the zero-
current line (note dotted line) if it flowed in
the opposite (minus) direction,

AC CURRENT
A
e
_/\/B o]
ZERO CURRENT
Py
Figure 2-6 GRAPH OF AC CURRENT

AC, or alternating current, flows first in one
direction and then in the other, while at the
same time rising from zero up to a peak value
and then returning to zero again, Following the
graphed curve in Figure 2-6 will help you see
how the current starts from zero and rises
rather steeply to a peak amount of current flow
in the plus direction at A, and then decreases
back to zero again at B, This much of the current
flow has been in one direction only, since this
action all took place ontheplus side of the zero-
current line, Then the current reverses and
starts to flow in the opposite (minus) direction,
From point B (zero) the current builds up to a
peak at point C, and thenfallsbackto zero again
at point D, Notice that this latter rise and fall all
took place on the minus side of the zero-current
line, AC current, then, is doing twothings at the
same time, It is constantly changing in its
direction of flow, and each time it changes
direction, the amount of current builds up to a
peak and falls back again, One complete cycle
of this action is shown in Figure 2-6, Notice
that one cycle consists of a rise and fall of
current in one direction, then a rise and fall of
current in the other direction, returning to zero.

PDC CURRENT

+

ZERO CURRENT

Figure 2-7
CYCLE OF PULSATING DC CURRENT

PDC or pulsating direct current, as its name
suggests, is the same as direct current except
that it pulsates, (See Figure 2-7.) To put it
another way, PDC always flows in the same
direction, just like DC current, but is chang-
ing in amount, just like AC current, PDC
operates in cycles, and has a frequency, but
this frequency refers only to how often the
current changes in amount, and has nothing to
do with any change in the direction of current
flow, Notice that although the PDC current of
Figure 2-7 rises and declines in amount, it
stays above the zero-current line, showing that
the current always flows in only one direction,

- PULSATING
+ ] » DC 4
ZERO CURRENT B 4 "
— \ / Y ’
- \\ y \ K
—_— N / it / *_—/

7
PORTIONS OF AC ELIMINATED BY

Fi 2-8
gure RECTIFIER

The most common example of PDC current looks
somewhat different than that shown in the graph
of Figure 2-7, This is because the PDC normally
encountered in electronics is the one-way cur-
rent left after AC current has been rectified,
Rectification is the process of passing current
through a device that will conduct current in only
one direction, You will learn more about this
process later, Itis enough at this time to say that
if a two-way current (AC) is fed to a one-way
current device, half of the current will be
blocked, The PDC that remains after recti-
fying an AC current is graphed in Figure 2-8,
A rectifier will pass current in only one di-
rection, so one half, or the other (plus or minus)
of the AC current is blocked, and a pulsating
DC current remains, When more cycles are
involved the result would appear as in Figure
2-9.
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|

-+

ZERO CURRENT

NNNATL

PDC CURRENT FROM RECTIFIED AC
CURRENT

Figure 2-9
FREQUENCY

The three basic forms that electric current can
take have now been covered under the headings of
DC current, AC current, and pulsating DC
current, Since AC current occurs in ''cycles,"
and has '"frequency," a further discussion of
these subjects is in order to see howthis alter-
nating and pulsating current is relatedtoaradio
signal,

2ERO CURRENT \//\
| |
] |
I
-1 |

1
| T
|
he—1 CYCLE—>=—1 CYCLE—»|

MORE THAN 1 CYCLE OF AC CURRENT
Figure 2-10
Since a plus swing followed by a minus swing,
constitutes one cycle of AC current (see Figure
2-10), the frequency of an AC current is de-
termined by the number of cycles that take
place in one second. Your 60 cycle AC house
current, for example, completes 60 full cycles
of direction change combined with amount change,
every second! Since 60 cycles take place every
second, the time required for one cycle would be
1/60 of a second, and this may be seen on the
graph in Figure 2-11, where the time line has
been given a definite value, This graph shows
one cycle of 60 cps (cycles per second) house

. 7

4 . Y

— /

ZERO CURRENT—

va

//_....

7
_

fe——— g5 SECOND————=

1 CYCLE OF 60 CPS AC CURRENT
Figure 2-11

current, AC current at a frequency of 60 cps
is usually used for house current in the United
States.

AC current that ranges in frequency from about
20 cps to 20,000 cps may be heard when con-
nected to a speaker or earphone, and therefore is
considered as "'sound in electrical form.'" Elec-
tric current with frequency in this range is
called audio, The term audio simply refers to
the fact that these electrical impulses could
be heard if connected to a sound reproducing
device, even thoughnot everyone'shearing range
extends to these extreme limits, Below 20 cps
or above 20,000 cps, the human ear would not
detect the sound, even if it were fed to a sound
reproducing device that was able to move the
air in vibrations at these frequencies.

AC current with frequency higher than the audio
range will cause radiation through space over
long distances, if provided in sufficient power
and connected to an antenna tower or other
radiating device, Because of this fact, the range
of frequencies above the audio limit are refer-
red to as radio frequency currents, The broad-
cast band, for example, takes infrequenciesbe-
tween approximately 550 ke and 1600 ke (550,000
cps to 1,600,000 cps). The only difference then,
between ordinary AC power line current, audio
current, and radio current, is the frequency of the
AC alternations and amplitude changes, As the
frequency gets higher and higher, the behavior
of the current changes.

While it would be impossible to graph accurately
so many cycles taking place in one second, you
can still draw radio waves in graph form by
merely showing a great number of cycles
occurring along the graph in a very shortperiod
of time. A radio frequency AC current is shown
in Figure 2-12, Again note that the only dif-
ference between this radio frequency AC cur-
rent and your AC house currentis inthe greater
number of cycles taking place in a short length
of time,

ZERO CURRENT

le—— MINUTE FRACTION ——e-|
OF SECOND

RADIO FREQUENCY AC CURRENT
Figure 2-12
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AUDIO SIGNAL

RADIO SIGNAL
SOURCE

MIXER

(MIXES RADIO SIGNALS
AND AUDIO SIGNALS

MODULATED
RADIO SIGNAL

SOURCE

VANYANYAN
VARYAR YRS

Figure 2-13

SIMPLIFIED DIAGRAM OF HOW A BROADCAST SIGNAL IS CREATED,

SIGNALS

The word signal is used to describe current
when the current contains some kind of in-
telligence, In the case of a broadcast signal,
this word suggests that intelligence is carried
by this AC current (the voice or music conveyed
from the studio to your home). In many cases,
therefore, the terms ""AC current,' and "'signal,"
will mean the same thing, even though DC cur-
rent could be a ''signal' under some circum-
stances,

An audio signal isan AC current up to 20,000 cps
that carries sound in electrical form,

A radio signal is an AC current above 20,000 cps
that contains intelligence, either in the form of
code (as the signal is turned onandoff in such a
way that dots and dashes are formed), or con-
tains intelligence in the form of its modulation,
This last word requires some explaining,

Figure 2-13 is a much-simplified diagram of a
broadcast station transmitter. One section of the
transmitter produces a radio frequency signal
at, say 1200 kc (1,200,000 cps).

A second section of the transmitter, fed by the
microphone, produces an audio signal at, say
1000 cps, as the announcer speaks into the
microphone, In reality, of course, the human
voice produces a complicated mixture of many
audio frequencies in the microphone, A single
1000 cps signal is used merely to simplify
this illustration of what happens in a trans-
mitter,

A third section of the transmitter is fed both
of these signals and mixes them together in
such a way that the resulting modulated radio
broadcast signal being fed to the antenna car-
ries in it the signal produced by the announcer's
voice in the studio,

The effect that modulation has on the radio signal
is shown in Figure 2-13 to be a change in the

amplitude of the radio frequency signal (the a-

mount of current). Instead of a 1200 kc radio
signal with amplitude that remains steady, the
modulation process has produced a 1200 kc
signal with uneven amplitude, The radio signal
current comes in ''swells' in which there is
first very little energy and then a lot of energy.
These swells were caused by the 1000 cps audio
signal,

Notice that modulation has not changed the fre-
quency of the radio signal, but has merely
changed its amplitude, The modulation takes
place in such a way that the audig signal coming
from the microphone is able to control the
instantaneous amounts of radio signal going to
the antenna, In effect, then, the audio signal is
being conveyed through space from the trans-
mitter to the receiver eventhough audio signals,
as such, will not radiate from this antenna.
The audio signal exists in the way the radio
signal changes in amplitude, and some restoring
will have to be done at the receiving end of the
communications system to convert these varia-
tions in radio frequency energy back into an
audio signal again,
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Figure 2-14 is an enlarged view of modulated
radio signal in which you can see more clearly
the variations in amplitude caused by modula-
tion of the radio signal by an audio signal, This,
then, is a broadcast radio signal, as it would
be graphed to show its make-up. Understanding
the nature of a broadcast radio signal is im-
portant because all of the functions of a re-
ceiver are designed to convert this signal
back into usable sound again, and this funda-
mental idea is essential in understanding the
functions of a receiver,

+

ZERO CURRENT —

MODULATED RADIO FREQUENCY AC
CURRENT (BROADCAST RADIO SIGNAL).

Figure 2-14

HOW TO PUT UP A BROADCAST RECEIVING ANTENNA

PURPOSE

TO PLAN AND CONSTRUCT A LONG-WIRE
BROADCAST RECEIVING ANTENNA SUITED
TO YOUR PARTICULAR BROADCAST RADIO
SITUATION.

MATERIAL REQUIRED

1 75 ft, length of stranded bare antenna wire

1 30 ft, length of insulated wire for antenna
lead-in and ground wires

2  Porcelain insulators

1  Ground clamp

STEP 1-CONSIDER ALL THE FACTORS

There are a number of things you should take
into consideration as you think about an ideal
location for your receiving antenna, Antenna
location is quite important since it will affect
the results you get with the various receiver
circuits built up later. You will want to plan
its location carefully by considering the following
antenna requirements:

1. A long-wire antenna, such as you will be
erecting, receives best off of its sides
(broadside) and poorest off of its ends (at
frequencies below 10 megacycles). Ideally,
your number-one broadcast station (from
the inventory chart in Lesson I) should be
located off one side of your antenna, If this
is not possible, the antenna should be ar-
ranged to favor the number-two broadcast
station from the chart,

2. The lead-in wire to your work area must be
connected to one end of the antenna, You
must also provide a ground lead from a
cold water pipe to your work area. This
means that the selection of a work area

in your home will be affected by the antenna
location you select, and the availability of
a cold water pipe or equivalent grounded
object from which to run a ground wire,

3. Two tall objects are required (buildings,
trees, poles, etc.) for hanging the antenna,

4, The antenna should be kept away from power
lines, rain gutters, metal buildings or
other large metal objects that might tendto
block, shield, or absorb signals (or cause
interference).

5. You have about 75 ft, of stranded wire to use
for the antenna and support wires, and 30
ft. of solid insulated wire for use as antenna
lead-in and ground wire.

All of the factors listed above willhave an effect
on the selection of your antenna location, work
area, etc,

STEP 2 - PLANNING THE ANTENNA BEST
FOR YOU

From the number of factors listed in Step 1 it
is easy to see that you must compromise in
locating the antenna, depending on your par-
ticular situation, You may not have antenna
supports that are exactly in the right places,
or the work area that is most convenient for
your antenna lead-in may not be ideal for your
ground wire, etc. It is up to you to find the
compromise that best meets the five important'
antenna requirements listed, This will require
some thought and planning, and a map of your
situation will prove quite helpful.
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STRONGEST STATION

RECEPTION PATTERN

/

ANTENNA

Figure 2-15

A BIRDS-EYE DRAWING HELPS PLAN YOUR BEST ANTENNA LOCATION AND DIRECTION.

Make a birds-eye drawing of your lot, similar
to Figure 2-15, On your map show trees, poles,
your home, outbuildings, or any other objects
to which the antenna might be attached. Also
show the location (direction) of your number-
one and number-two radio broadcast stations
from the inventory chart in Lesson L This plan
drawing need not be a work of art, but it should

—~TT
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WIRES

ANTENNA

INSULATORS

LEAD-IN

Figure 2-16

SUPPORT

follow the actual physical situation of your lo-
cation close enough that the directions and dis-
tances are approximately to scale, From this
drawing, you should be able to decide ona long-
wire antenna location to meet your needs. Note
that the antenna should be broadside to the
station to be received best, The higher you can
put your antenna, the better,

ANTENNA LEAD-IN WIRE IS BROUGHT THROUGH A WINDOW OPENING INTO THE WORK AREA.
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STEP_3 - INSTALLING THE ANTENNA AND
THE GROUND WIRE

Read all the way through this section before
starting work in your antenna!

Ideally, one end of your antenna should be sup-
ported at your house to minimize the amount
of lead-in wire required to reach up to one end
of the antenna from your work area, The other
end of the antenna should be pointed (as near
as possible) 90 degrees away from your number-
one or number-two broadcast station, A typical
installation might turn out to look like Figure
2-16, Notice that the antenna lead-in wire is
brought into the work area under a window,
A ground wire must also be provided in the
work area,

GROUND WIRE TO
WORK AREA

SCRAPE CLEAN
CLAMP

COLD WATER

Figure 2-17

GROUND WIRE CONNECTS TO COLD

WATER PIPE.
A ground connection is established by attaching
one end of a length of wire from the work area,
to a cold water pipe with the ground clamp pro-
vided. If this is not possible or practical, the
connection may be made to any metal object
that is eventually connected through to the
cold water pipe (for example, a radiator, or
pipes in a hot water heating system, etc.). A
good electrical connection will be assured if
you scrape the object to bare metal under the
clamp. Figure 2-17 shows how the ground clamp
attaches to the pipe,

ANTENNA WIRE

SUPPORT WIRE

INSULATORS SEPARATE ANTENNA WIRE

Figure 2-18  £rom sUPPORT WIRE (OR ROPE).

To construct the antenna itself, antenna and
support wires are connected through the holes
in the insulators and securely twisted as shown
in Figure 2-18,

ANTENNA
WIRE

SUPPORT
WIRE

LEAD IN INSULATOR

LEAD-IN WIRE IS SOLDERED TO ONE END
OF ANTENNA.

Figure 2-19

Lead-in wire must be attached and soldered at
the end of the antenna nearest your work area,
This is illustrated in Figure 2-19. Knotting
the lead-in wire will keep it from pulling back
through the insulator hole, and will take strain
off of the soldered connection,

ANTENNA WIRE

LENGTH

OF HOSE INSULATOR

USE PROTECTION OVER WIRE AND LEAVE
SOME SLACK WHEN TYING TO A TREE.

Figure 2-20

When a tree is used as a support for the antenna,
the antenna support wire should be tied in
such a way that the tree is not injured, A length
of rubber hose will serve as a pad, Leave e-
nough slack in the antenna to allow the tree to
sway without breaking the wire, Heavy water-
proof cord, or rope, may be substituted for the
support wire at the ends of the antenna if de-
sired., This would have the advantage of con-
serving wire for use in the antenna itself, and
would let you put up a longer antenna,

SUPPORT WIRE
ANTENNA WIRE

SCREW-EYE OR
SCREW-HOOK

USE SCREW-EYE OR SCREW-HOOK WHEN
TYING TO BUILDINGS.

Figure 2-21
When attaching the antenna to a building, a heavy
screw-eye or screw-hook will dothe job, This is
shown in Figure 2-21,
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When you have considered all the factors, made
your drawing and your plan, and have de-
cided exactly where your antenna should be,
where your work area will be located, and how
the lead-in and ground wires will be run to the

work area,..you will then be ready to install
your broadcast antenna system, complete with
ground circuit, Now go right ahead and erect
the antenna-ground system in preparation for
the experiments to come,

LESSON 1l

QUESTIONS

NOTE: The answers to the questionsfor Lesson
II willbe found in the back of the book on Page 84.

1, AC current is doing two things at the same
time, It is changing in , while
at the same time changing in é

2. PDC is like AC in that it changes in amount,
It is like DC in that the current is always
flowing

3. Audio frequencies range from about
cps to cps.

4, Radio frequencies range upwards from
c¢ps, which can be written kc.

5. Radio signals convey intelligence either in
the form of or by audio .

6, With a modulated radio signal, the fre-
quency remains constant, and intelligence
is conveyed by changesin

7. Station A is located in a direction broad-
side to your long-wire antenna, while station
B is located in a direction in line with the
end of your antenna. K the stations are of
equal power, and equal distance, which
normally would be picked up stronger on
your antenna?
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LESSON Il
WHAT THREE THINGS MUST A RADIO RECEIVER DO?

In your previous lesson the nature and charac-
teristics of a broadcast radio signal were dis-
cussed. (See Figure 3-1,) You found out that a
broadcast signal was an AC current alternating at
a very high frequency (1200 kc was used as an
example) and that the amplitude (amount) of
energy in this signal changed up and down in
time with the audio signal with which it was
modulated (1000 cps was used as an example).
The announcer's voice, or the sound of the
orchestra playing in the studio, was found to be
contained in the broadcast signal in the form of
these changes in amvplitude.

Figure 3-1

Yet, if a loudspeaker were connected to a re-
ceiving antenna circuit, no sound would be heard.
There are several interesting reasons why a
loudspeaker could not produce sound from a radio
signal as it is picked up from the antenna,

First, the form of modulated broadcast signal,
as sent out by the transmitter, is not such that
it will operate a loudspeaker or an earphone,
It needs to be '"decoded," so to speak, to re-
cover the audio signal that originated in the
studio. Remember, only an audio signal can
operate a loudspeaker or earphone,

Secondly, the signal on the antenna is so small
and weak that it could not operate a speaker,
and would be faint in an earphone, even if it
were in the proper condition to perform this
function,

And finally, since no means of selection is pro-
vided, there would notbe just one signkl involved,
but many signals being picked up by the antenna, -
Even if the signals were strong enough, and
were of the proper form to operate a speaker, all
stations in the area would be heard at the same
time, and would interfere with each other,

This discussion of the deficiencies of a signal
when it reaches the antenna must suggest toyou
the three main functions that a broadcast re-
ceiver must perform, It must first select the
desired signal, then it must amplify the signal
so that its strength is built up, and then it must
detect the signal, or in other words, transform
modulated radiofrequency signal into its original
audio signal form, Knowing that these are the
three main functions a receiver must perform
before the signal is ready to operate a speaker,
will help you to understand how a broadcast
receiver operates,

RECEIVER CIRCUIT

A much-simplified block diagram of a broad-
cast receiver with speaker is shown in Figure
3-2. You will notice that the receiver divides
roughly into three sections: the radio frequency
section, the detector section, and the audio
frequency section,

The radio-frequency section (RF section) picks
up the signal from the antenna and performs
two functions., First it 'tunes' the signal, In
other words, it selects one signal and rejects
all others, so the radio does not pick up more
than one station at a time, In addition, the
radio- frequency section also amplifies the
modulated radio-frequency signal in what are
called RF amplifiers, This builds up the signal
strength in preparation for sending it on to the
next receiver section,

) BLOCK DIAGRAM OF BROADCAST RADIO RECEIVER.

MODULATED)
RADIO

SIGNALS 4 1200 KC 1000 CPS \
RADIO FREQUENCY | DETECTOR | AUDIO FREQUENCY g \SOL}ID
(RF) SECTION SECTION (AF) SECTION §
ANTENNA SPEAKER

Figure 3-2
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The dectector section (still referring to Figure
3-2) restoresthe audio signalfrom the modulated
RF signal. This section is sometimes called the
"demodulator" section. An important point to
remember about the detector is that while it
is fed a modulated radio frequency signal, its
output is an audio frequency signal. The de-
tector is the receiver section where the audio
signal (sound in electrical form) from the an-
nouncer's voice or the orchestra, is restored
to its original form,

Following the detector section is the audio
frequency section, The mainfunction this section
of the set performs is to amplify the audio
signal in strength and power to a level where
it is strong enough to operate an earphone or a
loudspeaker. Loudspeakers, of course, require
more power for operation than earphones. The
speaker, then, converts the electrical audio sig-
nal back into sound again by vibrating its cone,

TUNING

Figure 3-3 shows the things taking place in the
three sections of the receiver in a little more
detail,

The RF (radio frequency) section of the average
receiver will very likely consist of about three
tube circuits, and each circuit, in turn, ampli-
fies and tunes the signal. The tuned circuit at
the input of the first radio frequency amplifier,
and the tuned circuits at the inputs of the two
following amplifiers, are each capable of tuning
signals in the broadcast range, and when all three
tuned circuits are operating together, the result

=

is sharp signal selection, The more tuned circuits
the signal passes through, the sharper the tuning
becomes, Each circuit in the RF section mustbe
tuned, since the 1200 kc broadcast signal (the
example used earlier) must pass through all
three circuits before reaching the detector.
Eliminating any one of these three tuned circuits
would broaden the tuning of the set,

The broadcast signal, when it reaches the de-
tector, is exactly the same as when it was picked
up on the antenna, except that it is now much
stronger, and is the only signal reaching the
detector because of the rejection accomplished
by the tuned circuits, The functions of selection
and amplification, have therefore been accomp-
lished by the circuits in the RF section, so far
as the incoming signal is concerned.

AMPLIFICATION

After the detector circuit converts the incoming
gignal back to an audio frequency again (Figure
3-3), this audio signal is still rather small, and
is not strong enough to operate a loudspeaker,
Therefore, two audio amplification circuits are
added to build the signal up to a higher level
so it will have the strength to drive the speaker
cone and vibrate the air to produce sound, One
of the differences between these audiofrequency
amplifiers and the radio frequency amplifiers is
that no tuning is involved in the audio circuits.
The signal has already been tuned, and hasbeen
converted from a radio frequency down to an
audio frequency, by the detector, and these audio
amplifiers will pass most frequencies in the
audio range,

FUNCTIONAL BLOCK DIAGRAM OF BROADCAST RADIO RECEIVER.

) :

RADIO FREQUENCY SECTION
4 Yo

DETECTOR SECTION

AUDIO FREQUENCY SECTION

\ |RADIoJ RADIO]

FREQ. FREQ.
- -l anape i ‘Q’M AMPLI- W
| |r| ER | FIER |

~———

ANTENMA

A
- \
| AUDIO- AUDIO:
il FREQ. FREQ
fililloeTecTOR -
1 AMPLI- AMPLI- Y
FIER FIER

SPEAKER
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DETECTION

Detection is, again, the ""decoding' kind of oper-
ation that must be performed on the incoming
gignal if it is to be restored to its original
audio signal form. The detector in a receiver
may be thought of as the point in the radio
circuit where the signal is transformed from
modulated RF (radio frequency) to audio, and it
is always located between the RF section and the
audio section,

Rectification, which was mentioned earlier in

connection with the various graphs, is an im-
portant part of the detection process. In fact,
the experiment that follows lets you demonstrate
rectification with a crystal diode. A more de-
tailed explanation of the process of detection
will be provided in Lesson IV, following the
experiment in rectification.

The important thing to remember at this point
is that in order to detect the signal, the signal
must be rectified. On this note, your attention
should be directed to the experiment that
follows,

HOW TO RECTIFY CURRENT AND VOLTAGE WITH A CRYSTAL DIODE

PURPOSE

TO SHOW THAT A RECTIFIER PASSES CUR-
RENT (OR VOLTAGE) IN ONE DIRECTION AND
BLOCKS CURRENT (OR VOLTAGE) IN THE
OPPOSITE DIRECTION.,

MATERIALS REQUIRED

1 12,000 ohm (12 K ohm) resistor

Crystal diode

2  "C" cells with battery holders*
Hookup wire
EK-1 Test Set (or equivalent)*

*The items marked with an asterisk in the list
of materials required are available to you
if you completed the EK-1 Kit, Undoubtedly you
did follow this procedure so these materials
may be used to conduct this experiment, How-
ever, since completion of the EK-1 in Basic
Electricity is not a prerequisite to kit EK-2A,
a few customers may not have these items,
Should this be your case, the "C" cells can
simply be soldered together with wires instead
of using the battery holders to make up the
circuits, Any test set that will measure re-
sistance and DC voltage may be used in place
of the EK-1 Test Set in this experiment,

STEP 1 - BECOMING FAMILIAR WITH THE
PARTS

GLASS INSULATION
///////////////////////////////////////////I///y

GERMANIUM CRYSTALJ %

CONNECTING LEAD, [/ CONNECTING LEAD

[

-—————
CURRENT FLOWS ONLY
FROM CRYSTAL TO CONTACT

CURRENT FLOW

FUNCTIONAL DIAGRAM OF CRYSTAL DIODE
SHOWING DIRECTION OF CURRENT FLOW.

Figure 3-4

The crystal diode required in this experimentis
a rectifier, and is actually a modern version of
the old ''cats whisker'" arrangement used in
crystal radios back in the very early days of
radio, Figure 3-4 shows the physical con-
struction inside a crystal diode. Inside the
glass envelope, which serves as insulation, is
a small crystal of germanium material, with a
hair-like metal whisker in contact with it, The
unusual feature of this small metal point in
combination with the crystal, is that current
will flow from the crystal into the contact and
out through the wire, but will not flow in the
reverse direction, from the contact back into
the crystal, The physical properties of the
crystal material that make this possible arenot
especially important to you at this time, How-
ever, it is important that you understand (and
demonstrate) that current can only flow from
crystal to contact, and will be blocked if it
attempts to flow from contact to crystal,



COLORED BA o
oRLLETTER !‘,135 ohmmeter circuit of the tester you are using
is reversed to that of the EK-1. The "one-way"
characteristic of the diode is still quite appar-
ACTUAL ent even if your readings are reversed,
< DIRECTION OF CURRENT FLow  { ° 2.0
oHMMETER | ‘B ':w- G
SCHEMATIC
SYMBOL @@@°®ﬁﬁ

CONTACT CRYSTAL
ONE-WAY CURRENT FLOW IN A CRYSTAL
DIODE - ACTUAL, AND SCHEMATIC SYMBOL.
Figure 3-5

Figure 3-5 shows the external physical appear-
ance of the crystal diode, and also the symbol
normally used to represent a crystal diode in
a schematic circuit. The bands on the outside
of the glass diode housing are always at the
same end as the crystal, Therefore, current can
flow into the banded end of the crystal and out
the other end, but will not flow in the reverse
direction, The arrow in the schematic symbol
for a crystal diode symbolizes the contact
whisker, and the block, at the point of the
arrow, symbolizes the crystal itself, There-
fore, the current can flow only in a direction
opposite to the arrow in the schematic symbol
(Figure 3-5).

There are many different types of rectifiers,
Some are designed for light-duty work (as is
your crystal diode rectifier) while others are
designed to rectify heavy currents and voltages
in power circuits, Some are crystal types,
some are vacuum tube types, others are chemical
and mechanical in their operation, However, the
effect of rectification remains the same. They
are all "one-way'' current devices,

STEP 2 - TESTING THE ONE-WAY EFFECT
WITH YOUR OHMMETER

( ) Use your EK-1 Test Set (or equivalent)
as anohmmeter and connect the crystal diode
rectifier to the leads as shownin Figure 3-6
to measure its resistance, Note that the red
test lead should connect to the banded end
of the rectifier, and the black test lead
should connect to the other end.

SPECIAL NOTE: If you are using an ohmmeter
other than the EK-1 Test Set, you may find that
your results are just the opposite of those
given below, This would merely show that the

Figure 3-6 BANDS
( '4 Set the range knob to "ohms'" and press the
"LO" ohms button of the EK-1 Test Set,
Observe the resistance reading obtained,
It will probably be near 200 ohms, This is
the forward resistance the rectifier,

OHMMETER

=
Figure 3-7 SANER

() ) Now reverse the connections to the recti-
fier as shown in Figure 3-7, so the black
lead is connected to the banded end of the
rectifier, and the red lead to the opposite

i end,

}\/) Again, observe the resistance reading.
You should find that it is a very high re-
sistance value, probably beyond the range
of your ohmmeter, This is the backward
resistance of the rectifier,
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STEP 3 - MEASURING VOLTAGE THROUGH A

RE'QI IFIER
( Connect two flashlight cells in series,

(see Figure 3-8A) using the batteryholders
from the EK-1 kit, or solder the hookup
wire directly to the cells,

VOLTMETEFR

Figure 3-8A

DIODE 12K OHM

RESISTOR

+ o
:‘

i1y
prosestytnision;

ittt

S =iy
= Y

CAUTION: Excessive heat can damage the crystal
diode rectifier,..so hold the diode lead with
long-nosed pliers when soldering so as to con-
duct heat away from the body of the part. This
procedure should be followed whenever crystal
diode leads are soldered in any of the experi-
ments,

() Connect the unmarked lead of the crystal
rectifier to the plus battery lead, (See Fig-
ure 3-8A.)

() Connect a 12 K ohm (12,000 ohm) resistor
from the banded end of the crystal recti-
fier to the minus battery lead, as shown
in Figure 3-8A.

( ()/Adjust the EK-1 Test Set for voltage meas-
urements on the 5 V range and connect the
black lead to the minus battery lead and the
red voltmeter lead to the crystal recti-
fier lead as shown in Figure 3-8A., A
schematic of this circuit is shown in Fig-
ure 3-8B.

Figure 3-8B

1.9

(/{ Note the voltage indicated by the meter,
This is the reading you get when measur-
ing voltage across the 12 K resistor (in
series with the crystal rectifier) with the
rectifier connected properly topass current
through the resistor.

(1/5 Reversge the connection of the crystalrecti-
fier in the circuit as shown in Figure 3-9A,

12K OHM
RESISTOR

N e L
| ety 20

Figure 3-9A

A schematic of this circuit is shown in
Figure 3-9B.

()&4 Again, connect the test leads as shown
and observe the meter. This is the result
you get when attempting to measure voltage
across the 12 K series resistor with the
rectifier connected to block current through
the resistor,

Figure 3-9B

(’\«)/ You may now disassemble this circuit since
this completes the experiments in this les-
son,
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DISCUSSION

The experiments just conducted prove quite
clearly that a crystal rectifier is a ""one-way"
device,

Measuring the resistance of the rectifier in one
direction shows a forward resistance of only
about 200 ohms, This low resistance value canbe
ignored in most circuits in which a rectifier
of this type would be used, and the rectifier
can be considered as a fairly good conductor.

Measuring the resistance of the rectifier in the
opposite direction shows a very high resistance
reading, practically equivalent to an open circuit,
A crystal diode, therefore, acts like a con-
ductor when current flows in one direction, and
like an open circuit when current attempts to
flow in the opposite direction, This is what
makes it a "rectifier."

In the voltage part of the experiment, your
results show that (with the crystal rectifier

s

connected one way) the crystal passes current
through the series circuit, causing voltage to
appear across the 12 K resistor due to the
current flow through it., But when the crystal
rectifier is reversed (so it blocks current) no
voltage appears across the resistor because no
current flows in the circuit.

A crystal rectifier is clearly a one-way device
for current, and this characteristic of the
part is quite important in electronic circuits,
An AC current, for example, in which current
flows first in one direction and then in the
other, can be passed through a rectifier and
one direction of current flow will be blocked,
eliminating half of the waveform. Detection
in a radio receiver depends on rectification
to eliminate one half of the AC signal being
fed to the detector stage, from the RF section
of the set,

You are now ready to proceed with the next
lesson and find out more details about detection
and detector circuits,

LESSON 1il

QUESTIONS

NOTE: The answers to the questions on Lesson
Il will be found in the back of the book on
Page 84.

1. What are the three thmgs a receiver must

dw5°i°dﬁiﬁé} )

What are the three main sections of a
radio receiver? ;

A’; Dc3 1

/

3. What two main things does the RF section

Celeet Awmplify

4, What one main thing dOES the detector do?

5. What one main thing does the audio section
do?
¥ (]

6. Current will flow through your crystal
diode rectifier from:

Contact to crystal?
Crystal to contact?

7. Draw the schematic symbol for a crystal
diode rectifier.

B

8. The banded end of your crystal diode recti-
fier is the end gonnected to the:
Crystal?
Whisker contact?

9, AC current that hasbeenrectifiedbecomes:

PDC? '/

DC?
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LESSON IV
WHAT IS A DETECTOR CIRCUIT?

You have learned many facts so far about the
composition of a radio broadcast signal, includ-
ing the way the radio frequency is modulated by
the audio frequency. You have seen how a radio
receiver must tune and amplify this signal to
build up its strength, and then how (after
detection) the audio signal is amplified again, to
operate the speaker, You learned that the de-
tector is the part of the set that translates the
incoming broadcast signal back into an audio
signal again, and in this lesson you will find out
more about how a detector operates., As the
experiment for this lesson you will actually build
a detector circuit and connect it to your antenna
to pick up local broadcast stations.

DETECTION

+

ZERO CURRENT

MODULATED BROADCAST SIGNAL.
Figure 4-1
You should recall the graph of a modulated
broadcast radio signal from an earlier lesson
(Figure 4-1). The current contained inthe signal
is at an RF frequency within the broadcast
band (say 1200 kc) and the amplitude or amount
of signal comes in "'swells.' These swells occur
at a frequency in the audiorange (say about 1000
cycles per second). The signal you want to hear
is represented in the '"swells," and the problem

is to extract, somehow, this audio signal from the
modulated broadcast signal,

+

ZERO CURRENT

CHANGES IN AMPLITUDE OF RADIO SIGNAL
.PRODUCE THE SHAPE OF AUDIO SIGNAL.

Figure 4-2

The changes in amplitude that constitute the
1000 cps audio signal in the received broadcast

signal, increase inboth the positive and the nega-
tive direction at the same time, K this signal
were to be strengthened and fed to an ear-
phone or speaker, the reproducing device would
not respond to the individual 1200 kc RF pulsa-
tions because the mechanism of an earphone or
speaker could not operate that fast, Neither,
however, could the speaker or earphone respond
to the audio frequency change in signal ampli-
tude, because the changes cancel themselves
out. This can be seen if dashed lines are
drawn to follow the peaks of the RF pulses in
the modulated signal (see Figure 4-2). Notice
that as the signal swells in the positive direction,
it also swells in the negative direction, and these
two opposing swells cancel each other because
they are exactly equal and opposite,

[

— — ~

’ / /

+ A g £ N /
\ / \ / \ /

ZERO CURRENT s o A

-\ / \ 7 \ / \

—] ~7

AMPLITUDE CHANGES IN THE SIGNAL ARE
DUPLICATED, PLUS AND MINUS, RESULTING
IN CANCELLATION.

Figure 4-3

In Figure 4-3 the individual radio frequency
cycles have been left out to show more clearly
the fact thatthe changes in amplitude (represent-
ing the audio signal) are actually duplicated on
the negative side of the graph as well as the
positive side, so that effectively there is no
audio signal so far as a speaker or an ear-
phone is concerned, because of cancellation,

RECTIFICATION

The main step in extracting the audio signal
from a modulated broadcast signal is to rectify
the signal by passing it through a one-way cur-
rent device, A crystal diode, like the one
described and demonstrated in your lastlesson,
has the effect of eliminating either the plus or
the minus half of the modulated broadcast radio
signal, (See Figure 4-4,) The rectifier will
permit current to flow in only one direction,
and the waveform that results from this pro-
cess is shown in Figure 4-4, Notice that
rectification eliminates one direction of current
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+ ]

ZERO CURRENT —

RECTIFYING BROADCAST SIGNAL ELIMI-
NATES EITHER PLUS OR MINUS HALF OF
RADIO FREQUENCY SIGNAL.

Figure 4-4

flow in the signal, The '"half signal" remaining
has all the characteristics of the original
broadcast signal, including the changes in ampli-
tude that represent the audio signal, The cancel-
lation observed in the whole signal is not present
in the remaining half signal, (Figure 4-4.)

+

ZERO CURRENT

AMPLITUDE CHANGES REPRESENTING THE
AUDIO SIGNAL ARE ALL IN ONE DIRECTION
AFTER RECTIFICATION.

Figure 4-5

Figure 4-5 shows the rectified half signal with
dotted lines tracing out the audio shape of the
changes in amplitude, Since all these changes
in amplitude of a rectified signal are inthe same
direction, an earphone or a speaker canrespond
to these changes by following them up and down,
There is now no matching change inthe opposite
direction to cancel the audio signal, As mentioned
before, the earphone or loudspeaker cannot vi-
brate at 1200 kc (the RF frequency), so it will
follow the amplitude changes, which are much
slower, and are within the audio frequency range,
The earphone and loudspeaker ignore the radio
frequency pulsations and respond only to the
changes in amplitude, This audio signal causes
the speaker or earphone to vibrate air and
create sound. In effect, therefore, the signal to
which the earphone or loudspeaker responds
has the shape of the signal shown in Figure 4-6.
(The rectified signal with the radio frequency
pulsations eliminated,)

ZERO CURRENT

EARPHONE OR SPEAKER RESPONDS ONLY TO

SLOWER AUDIO FREQUENCY, EFFECTIVELY

ELIMINATING THE RADIO FREQUENCY PULSES.
Figure 4-6

FILTERING

This effect, of the earphone or speaker slurring
over from one RF peak to another to round off
the quick little radio frequency pulses, is
a kind of mechanical filtering, The speaker
or earphone has the effect of filtering and
"filling-in'" the spaces between the quick pulsa-
tions, to follow the slower changes in amount
of signal, This happens because its mechanism
just cannot move fast enough to followthe radio
frequency pulsations,

The two functions involved in detection, there-
fore, are rectification andfiltering, Ina very sim-
ple circuit where an earphone is operateddirectly
from a detector, the detector needs only to
perform the operation of rectification, Filtering
is taken care of automatically by the response
of the earphone or speaker to only the audio
signal,

In a more elaborate circuit, however, where an
audio amplifier may appear between the detector
and the loudspeaker, a capacitor-resistor combi-
nation may be added to the circuit to perform this
filtering electrically. Filtering helps complete
the transformation from a modulated RF signal
to an audio frequency signal, by eliminating any
RF signal remaining in the detector circuit,

A typical detector circuit schematic is shown in
Figure 4-7, along with waveforms showing the
detecting process, Notice that the input signal
from the RF section, developed across the input
resistor, is a modulated RF signal.

The rectified RF_signal shows up beyond the
crystal rectifier in the circuit,..and the audio
signal shows up at the output, beyond the re-
sistor-capacitor filter circuit,
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THE DETECTOR CIRCUIT RECTIFIES AND FILTERS THE MODULATED RF SIGNAL AND

PRODUCES AN AUDIO SIGNAL.

Figure 4-7

Now that you have seenhow detection takes place
in a radio circuit, by the process of rectifi-
cation, and then filtering, you can proceed with
the experimental section of Lesson IV, to

build a simple crystal detector and connect it
to your antenna to hear local stations with the
earphone,

HOW TO BUILD A RADIO SIGNAL DETECTOR

PURPOSE

TO ASSEMBLE AND OPERATE A SIMPLE
RADIO RECEIVER CONSISTING OF ACRYSTAL
DETECTOR CIRCUIT, AN EARPHONE, AND
THE LONG-WIRE ANTENNA CONSTRUCTED IN
LESSON IL

MATERIALS REQUIRED

3.3 megohm resistor

"T'" type terminal strip
Earphone

Earphone jack

Earphone plug

2-lug, screw-type connector
#6 solder lug

#6 screws, lockwashers and nuts
Chassis

Chassis end plates

Label sheet

DD b e et b ek ek e e

STEP 1 - BECOMING FAMILIAR WITH THE
PARTS

The earphone required in this experimentisnew
to you, and this would be an appropriate time to
learn something more about sound reproducers.
It is already quite apparent from the discus-
sions that have gone before that when a sound

reproducer (speaker, earphone, etc,) is fed an
audio signal (sound in electrical form) it is
capable of converting this signal into vibra-
tions of the air, or actual sound. Some repro-
ducers accomplish this by magnetic and electro-
magnetic means, wherein the signal acts in a
coil of wire, causing the coil to become an
electro-magnet, Since the coil of wire is in the
field of a permanent magnet, it will move back
and forth (moving the cone of the speaker) in
step with the signal applied to it. Other means
are employed to achieve this effect also; and
the earphone used in your experiments is of
the crystal type.

Certain kinds of mineral crystals, both natural
and artifically grown, when cut to the proper
shape and size, will vibrate when an audio
signal is connected to them, The vibrations
that result follow very closely the amplitude
variations (size changes) of the audio signal being
fed to the reproducer, This is how your ear-
phone makes sound.

As you can see in Figure 4-8, the crystal in
your earphone is tied mechanically to a dia-
phram designed to vibrate the air reaching
your ear, in step with the crystal vibrations,
The crystal itself is the element that changes
electrical vibrations into mechanical vibrations,
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DIAPHRAM
VIBRATES AIR

CRYSTAL
VIBRATES
DIAPHRAM

CRYSTAL
VIBRATES

SIGNAL IS FED
IN HERE

INTERNAL CONSTRUCTION OF THE CRYSTAL-
TYPE EARPHONE.

Figure 4-8

so that the earphone can convert an audio signal
into sound. This type of earphone is commonly
referred to as a '"crystal earphone.” Its sche-
matic symbol is shown in Figure 4-9, The sche-
matic symbol for the antemna-ground circuit
is shown in Figure 4-10. The schematic circuit
diagram for the crystal circuit you are about to
build is shown in Figure 4-11,

STEP 2 - MOUNTING THE PARTS

3 s
6-32 x 5 SCREW 2 NUT

AN

oLl F

D)

%6 SOLDER
LUG

(o

@@
0 s

#6 LOCKWASHER

/@/ 6-32 NUT
-

S —

SCHEMATIC SYMBOL FOR EARPHONE.
Figure 4-9

<«+——ANTENNA 14"—""GR0UND LEAD

«+——LEAD-IN

——@4— GROUND

- CONNECTION

SCHEMATIC SYMBOL FOR ANTENNA-GROUND
CIRCUIT.

N

Figure 4-10

CRYSTAL DIODE

LOAD
RESISTOR EARPHONE

SCHEMATIC DIAGRAM OF CRYSTAL DETECTOR
—L_ CIRCUIT.

Figure 4-11

L
— CONTROL

LOCKWASHER

Figure 4-12



] ount the 2-lug, screw-type antenna-ground
~ connector and the phone jack as shown in
Figure 4-12, The various hardware used,
including the #6 solder lug, is clearly
identified in the illustration., Be sure to
position the phone jack so the terminals

e as shown in Figure 4-12,
(Aount a "T" type tie strip, using a 6-32

x 3/8" screw, lockwasher, and nut, as
shown in Figure 4-12,

”
g
SS9

Figure 4-13

o

(‘/) Cut the "GND. ANT." label from the label
sheet, Remove the backing from the label
and press it in place above the antenna-
ground connector as shown in Figure 4-13,

& J Also place the "PHONES" label as shownin
Figure 4-13,

6-32 NUT ‘

*6 LOCKWASHER

€-32x3" screw

Figure 4-14

( ) Mount the metal end plates on each end of
the chassis using 6-32 screws, lockwashers,
and nuts, (See Figure 4-14,)

CONNECT EARPHONE LEADS TO PHONE PLUG.
Figure 4-15
STEP 3 - WIRING THE CIRCUIT

(’9*')/ Connect the earphone wires to the phone
plug by first unscrewing the plug cover
from the plug, and sliding this over the
earphone wires. Then solder either wire
to the center terminal of the plug, and
the other wire to the outside terminal, (See
Figure 4-15.)

PICTORIAL VIEW OF CRYSTAL DETECTOR.
Figure 4-16

The circuit of this experiment should be wired
by following the pictorial diagram in Figure 4-16,
and the schematic diagram of the circuitin Fig-
ure 4-17, In addition, step-by-step instructions
are provided to suggest the order of assembling
the components, You will profit most from the
experience of wiring the circuit if you check
your work not only against the pictorial dia-
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CRYSTAL DIODE

3.3 EARPHONE
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RESISTOR
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ANTENNA-GROUND CURRENT THROUGH 3.3
MEGOHM RESISTOR DEVEL OPS SIGNAL
VOLTAGE FOR DETECTOR

Figure 4-17
gram, but also against the schematic, so that
the relationship between the schematic drawing
and the actual wiring under the chassis will be
appreciated, The step-by-step instructions are
merely to assist you in remembering to put in
every part and wire, Actually, you can wire
directly from the pictorial and the schematic, and
merely use the step-by-step instructions as
a check on your work, after the wiring has been

completed.

(/) Connect a short length of bare wire between
the "GND.,''terminal of the 2-lug antenna-
ground connector, and the ground lug ad-
jacent to it, (See Figure 4-16.)

(Y Connect a 3.3 megohm resistor (orange-
orange-green) between the ""GND.'" and
"ANT." terminals of the screw-type con-
nector, Resistor color code is explained on
the inside cover of your manual,

i

&)"Connect one end of a wire to the "ANT,"
terminal of this same connector, and the
other end of the wire to términal T2 of
the "T" tie-strip. (See Figure 4-16.)

( ) Connect the crystal diode between terminal
T-1 of the "T" tie-strip and terminal 1 of
the earphone receptacle, as shown, CAU-
TION: The crystal diode leads should not
be shortened when it is connected into the
circuit. The banded end of the diode con-
nects to T-1. Do not overheat the diode
when soldering,

This completes the wiring of the circuit.

You will observe that one portion of the circuit
is completed through the chassis itself, The
schematic shows a connection between one side
of the earphone and the ground lug of the antenna-
ground connector strip. Yet no wire is provided
between these two points because the con-
struction of the earphone receptacle is such
that the shaft of the earphone plug is in contact
with- the bushing, and this bushing, in turn, con-
nects to the chassis. The ground lug of the
terminal strip is also connected to the chassis
through an adjacent solder lug, so that chassis
takes the place of a wire between these two
points, Compare the schematic to the pictorial
diagram and to the actual wiring to clear this
up in your mind, The schematic has been re-
drawn in Figure 4-18 to show how the ground
connection effectively completes the circuit,

CRYSTAL DIODE
ANT. «

33 EARPHONE
MEG

RESISTOR

GND. $€—————————————————

CIRCUIT COMPLETED THROUGH CHASSIS
AS SHOWN BY DASHED LINE.

Figure 4-18
STEP 4 - USING THE CRYSTAL DETECTOR

To operate the crystal detector you have con-
structed, it is necessary only to plug in the
earphone, and connect the antenna and ground
leads under the appropriate screws of the
antenna-ground connector on the chassis,

If your local broadcast situation is suchthat you
are picking up a strong signal on your antenna,
you should be able to hear the station in the
earphone. If the signals in your area are weak,
you may not hear a station in this experiment,
On the other hand, if you have several very
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strong signals in your locality, you may hear
several stations at the same time when listening
through the earphone, Disconnect the antenna and
ground leads and remove the earphone plug after
you have completed these listening tests.

DISCUSSION

Only fair performance should be expected from
the circuit just completed because, after all,
it represents merely the detector section of a
receiver., It provides no tuning, no RF amplifi-
cation, and no audio amplification, It could only
be considered satisfactory as a radio if your
location were such that there were a single
strong station that could be picked up without
interference from other stations., Even then,
listening would be limited to one person at a
time by the earphone.

This experiment does serve to demonstrate,
however, that an antenna, a detector, and an
earphone, can function as a very limited kind
of 'radio,” without tubes, batteries, coils,

power line voltage, or any of the more compli-
cated electronic components normally associa~
ted with a radio set.

A quick review of the principles of operation
involved would show that the modulated broad-
cast radio signal is picked up by the antenna, and
causes alternating radio frequency current to
move back and forth from the antenna to
ground, through the 3,3 megohm resistor con-
nected between the antenna and ground, (See
Figure 4-18,) This alternating signal current
through the resistor causes the signal voltage to
appear across the resistor, and this voltage can
be considered as the modulated RF broadcast
signal. The signal is then rectified inthe crystal
diode, and is heard as audio in the earphone
since "mechanical" filtering is accomplished by
the earphone itself in a circuit of this type.

In the experiment of Lesson V you will modify
this circuit to improve its performance and
extend its functions closer to those of a con-
ventional radio receiver,

LESSON IV

QUESTIONS

NOTE: The answers to the questions on Lesson
IV will be found in the back of the book on Page 84.

1. What main function in the detection m
/(

is performed by the crystal diode?

2. What“other function usually must be per-

formed by aresistor-capaeitpr combination
in a detector circuit? M\ \
‘ -y

3. Draw the schematic symbolfor an earphone,

4, Draw the schematic symbols for the antenna-
ground circuit, V ,

Draw the schematic symbol for a resistor,

w
B

lo el

6. Draw the schematic symbol for a crystal

diode and show the direction in which cur-
rent will flow (by drawing an arrow be-

side it). w

7. Without referring back to text illustrations,
draw the complete schematic diagram of
the circuit constructed in this experiment,

8. This experiment shows that, of the three
main sections of a radio receive imple
receiver can consist of justthe

section, plus an antenna and earphone.
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LESSON V
WHAT IS A TUNED CIRCUIT?

Your earlier lessons have attempted to show
that ''selectivity" is desirable and necessary in
a radio receiver. Some means is required, in
any receiver, to tune one particular station while
others are rejected. The usual "tuned circuit"
consists of a coil and a capacitor connected to-
gether in such a way that they are '"resonant"
at a certain frequency., Under these conditions,
the circuit will accept a broadcast radio signal
at the "resonant'" frequency, but will reduce the
level of all other signals,

The idea of ""resonance,'’ and the characteristics
of capacitors and coils that make tuned circuits
possible, need some further explaining. You
should be familiar with these ideas before
constructing the tuned circuit and adding it tothe
detector circuit built up in the previous lesson,

CAPACITORS AND CAPACITY
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A SIMPLE CAPACITOR CONSISTING OF TWO
METAL PLATES FACING EACH OTHER BUT
NOT TOUCHING.

Figure 5-1

A very simple capacitor can consist of two
closely-spaced (but not touching) metal plates,
as shown in Figure 5-1, Since the wires con-
nected to these metal plates are not connected
to any source of electrical energy, it may be
assumed that the plates are '"in balance' as far
as electrical charge is concerned., Both metal
plates contain normal numbers of electrons
(symbolized by the minus signs next to each
plate). Air acts as the insulation between the
two plates,
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ELECTRICAL PRESSURE FROM BATTERY
"CHARGES" CAPACITOR.

Figure 5-2

One of the unusual things about a capacitor is
that when a source of electrical energy is con-
nected to its plates (for example, the battery in
Figure 5-2), the electrical pressure in the bat-
tery causes electrons to pile up on one plate, and
move away from the other plate, The two plates
are not in contact with each other, sothe circuit
is actually '"open' as far as the battery is con-
cerned,.. yet current does flow in the circuit for
a short instant, as the electrical pressure inthe
battery attempts to force the current around
the circuit in the direction indicated by the
arrows, This short impulse of current ""charges"'
the capacitor in the sense that extra electrons
are accumulated on one plate and drawn away
from the other plate, This ""'unbalanced' condition
is shown in Figure 5-2 by the minus signs
symbolizing negative charge.

As soon as the battery has exerted all the
pressure it can in the circuit, and has moved
as many electrons onto one capacitor plate and
away from the other plate as it can, the
"charged'" condition is reached, and no further
current flows,

If the battery is then removed from the circuit
(Figure 5-3), the charge remains on the ca-
pacitor even though the source of energy has
been taken away. The charge of the capacitor
will remain (barring some leakage through the
air) until a circuit is provided to connect the
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A CAPACITOR HOLDS THE "CHARGE" PUT ON
ITS PLATES.
Figure 5-3

plates together and equalize them again, The
capacitor will remain charged, in other words,
until a circuit is provided through which cur-
rent can flow to discharge it, In a sense, a
charged capacitor is like a miniature battery
since it has energy of its own which it will
dispense very quickly as soon as a circuit is
provided through which it can discharge.
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[ONONONON ONONONO)

\._/$+/‘

A CAPACITOR DISCHARGES AND NEUTRA-
LIZES ITS PLATES AS SOON AS A CIRCUIT
1S PROVIDED.

Figure 5-4

Figure 5-4 shows what happens when a discharge
circuit is provided so the capacitor plates may
return to '"balance' again, with equal amounts of
electrons, A meter, connected to complete the
circuit from one capacitor plate to the other,
would provide a path for the two plates to
equalize their charge, Current would flow from
the plate with an excess of electrons, around
to the plate with a deficiency of electrons (in-
dicated by the arrows) and the meter would
actually register a pulse of current as this
discharge action took place, The direction of
discharge current flow (arrows in Figure 5-4)is
just the opposite from the direction of current
flow that took place in charging the capacitor
(Figure 5-2).

A capacitor, therefore, reacts tocircuit current
by becoming charged, and then has the capacity
to provide current of its own in the process of
discharging back through the circuit, If a series
of pulses were fed to a capacitor, (and the
circuit were closed between pulses to provide a
path for the capacitor to discharge), the ca-
pacitor would "answer" current pulses by re-
turning "kick-back'' pulses of its own,

To put it another way, a quick surge of current
applied to a capacitor causes electrons to pile
up on one plate and move away from the other
plate. The capacitor is thereby charged. When
the surge of current stops, the capacitor can
send its own surge of current back around the
circuit to equalize its plates again, You should
keep this important characteristic of capacitors
in mind, since the action of a capacitor in a
tuned circuit is related to its ability to answer
current pulses with pulse reactions of its own,
The schematic symbol for a fixed capacitor is
shown in Figure 5-5.

T~

SCHEMATIC SYMBOL FOR FIXED CAPACITOR,

Figure 5-5
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LEAD WIRE

METAL FOIL
INSULATION PAPER

LEAD WIRE —

Figure 5-6

ACTUAL CAPACITORS ARE FREQUENTLY
MADE OF METAL FOIL AND INSULATING
PAPER, WOUND TOGETHER IN A ROLL.

Figure 5-6 shows how the effect of large ca-
pacitor plates spaced closely together, but not
touching, is achieved in some actual capacitors.
A sandwich made of two sheets of metal foil,
separated by insulating paper, is wound into a
roll to give a large plate area, This keeps the
physical size of the capacitor to manageable

dimensions. sSTATOR ROTOR

N\

SCHEMATIC SYMBOL FOR VARIABLE
CAPACITOR.

Figure 5-7
The schematic symbol for a variable capacitor
is shown in Figure 5-7. You will observe a
diagonal arrow across the plates, This symbol-
jzes the fact that the size of the capacitor
may be varied,

The physical construction of a common type of
variable capacitor is shown in Figure 5-8, Most
variable capacitors of this type use air as the
insulator between the two plates, and one plate

CAPACITY
CHANGED BY
ROTATING SHAFT

Figure 5-8

VARIABLE TUNING CAPACITOR.

is so arranged that it can be moved in and out
of the space between the two opposing plates.

Capacitors are rated in farads, which is a meas-
ure of the capacitor's ability to take a charge. The
main factors in determining a capacitor's elec-
trical size are the amount of effective plate
area, and the distance between the two plates,
The closer the plates are together (without
touching), and the larger the plate area, the
higher the capacity,

The actual capacitors used in electronics are
only small fractions of a farad in size, so the
terms microfarad (one millionth of afarad), and
micromicrofarad (one millionth of a millionth of
a farad) are commonly used, As an example of
this relationship, note that 1000 micromicro-
farads is equal to ,001 microfarad, which is
equal to .000,000,001 farads, Microfarad is
abbreviated mfd, pf or ufd, and micromicro-
farad is abbreviated mmf, mmifd, or puf,

COILS AND INDUCTANCE

When a length of wire is spiralled into a series
of circular loops or turns it is referredto as a
""coil," Coils have different electrical values
depending upon the size of wire, the diameter
of the turns, the number of turns, the nature of
the material used in the core of the coil, etc.
The simplest kind of coil would consist of several
turns of wire wound ina circular shape as shown
in Figure 5-9,

I T . : ) Iy



Page 31

I—IEATI—IKIT"

__COIL OF WIRE collapses, I a complete circuit exists, the
magnetic field in the process of collapsing,
causes a current to flow through the coil and
the rest of the circuit for an instant,

) (@
Figure 5-9

If a battery is connected to a coil to cause cur-
rent flow through it, as in Figure 5-10, a mag-
netic field springs up through and around the
coil, as shown in the illustration, This is the
principle put to use in electromagnets, relays,
solenoids, etc. The magnetic field surrounding
a coil is frequently made to perform work,

Figure 5-10

The important point to observe here, however,
is that so long as the battery is connected to
the coil leads, a magnetic field exists through
the center of the coil winding, and around the
outside of the coil, much like the magnetic
field surrounding the north and south poles of
a bar magnet,

When the battery is removed from the circuit,
the magnetic field around and through the coil

&

Figure 5-11

If a meter could be inserted in the coil circuit
at the same instant that the battery was re-
moved (see Figure 5-11), it would measure a
"kick-back' current in the circuit, caused by
the collapsing magnetic field. For an instant,
the coil itself acts as a source of current and
shoots a pulse of its own through the circuit
as the magnetic field collapses. K a series of
pulses were fed to this coil, instead of the steady
DC battery current, you could see that coils have
the ability to answer current pulses with pulse
reactions of their own, Although the effecttakes
place for different reasons, coils are similar
to capacitors in that they have the same ability
to "answer'' current pulses with pulse reactions
of their own. This principle should be kept in
mind as the theory of tuned circuits is examined
further,

The electrical characteristic of a coil that in-
fluences this kick-back action is called induc-
tance, The inductance of a coil depends on the
nature of the core on which it is wound, the
number of turns, the way the turns are wound,
the diameter of the turns, etc, Inductance is
measured in 'henrys,"” and most radio fre-
quency coils found in radio circuits are of a
size that is measured in millihenrys (thous-
andths of henrys) or microhenrys (millionths
of henrys). Note that 1000 microhenrys (uh)
= 1 millihenry (mh) = .001 henry (h).
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SCHEMATIC SYMBOL FOR FIXED-INDUCTANCE
COIL.

Figure 5-12

The schematic symbol for a fixed-inductance
coil is shown in Figure 5-12, and the physical
appearance of a typical radio-frequency coil
is shown in Figure 5-13,

colL

COlu
FORM

SIMPLE RADIO FREQUENCY COIL.
Figure 5-13
A variable-inductance coil is shown schematic-
ally in Figure 5-14, The arrow drawn through
the coil shows that its inductance canbe changed,
This may be accomplished in a number of ways,
but a method frequently used in radio circuits
is to vary the core material by moving a
powdered iron core in and out of the coii wind-
ing. Such a coil, with a variable core, is shown
on Figure 5-15, Notice that a screwdriver ad-
justment is provided to move the core in and
out of the coil and thereby change its inductance.

SCHEMATIC SYMBOL FOR VARIABLE-
INDUCTANCE COIL.

CQIL FORM
Figure 5-14
SCREW MOVES
POWDERED IRON
CORE IN AND OUT

i)E

VARIABLE-INDUCTANCE RADIO FREQUENCY

COoIL.
Figure 5-15

The ability of both coils and capacitors to
"'kick-back" a pulse, in response to a pulse
applied to them, is an important point to re-
member from this discussion of coil and ca-
pacitor characteristics, You will find that this
kick-back action is what makes a tuned cir-
cuit work, when a coil and a capacitor are con-
nected together,

TUNING

\L

L
colL r~ CAPACITOR

PARALLEL TUNED CIRCUIT.
Figure 5-16

When the "kick-back' action of a capacitor
is combined properly with the 'kick-back' of
a coil, a tuned circuit results, A parallel tuned
circuit (the type employed in the experiment
to follow), consists of a coil and a capacitor
connected in parallel (see Figure 5-16). The
size of the capacitor and coil (capacitance of
capacitor and inductance of coil), in a tuned
circuit must be such that, at a certain fre-
quency, the capacitor kick-back, the coil kick-
back, and the frequency being fed to the circuit,
are all three synchronized, The result is an
""oscillating” action within the tuned circuit,
stimulated by pulses from the incoming fre-
quency, which enables the circuit to "tune"
this one frequency and reduce its response to
all others, This synchronized action occurs only
at the resonant frequency of the tuned circuit,

The resonant frequency of a tuned circuit de-
pends on the value of the coil and capacitor
used. Changing the value of either part (the
capacity of the capacitor or the inductance of
the coil) changes the resonant frequency Jf the
circuit, Most circuits of this type are tuned
with a variable capacitor. In the circuit you
will build, the shaft of a variable capacitor is
rotated to change its value,

An example of physical resonance (involving a
tank of water), might help you to understand
even more clearly what electrical resonance
means in a tuned circuit,

RESONANCE

Water moving in a trough (Figure 5-17), is like
a tuned circuit in some ways, and you can
investigate its action tohelp visualize resonance
in a tuned circuit,
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WAVE ACTION IN TANK OF WATER HELPS
YOU UNDERSTAND TUNED CIRCUITS.

Figure 5-17

If a paddle gave the imaginary water in a tank
a push to the left as shown in Figure 5-17, and
was then removed, you would see a wave travel
to the left end of the tank, pile up for a moment
there, travel back to the other end of the tank,
pile up for a moment, and move back to the left
gide of the tank again, etc. Each time the wave
travels back and forth, it decreases in size
because of the resistance it meets in trying to
flow back and forth, However, assistance from
the paddle, if it were synchronized, could keep
this wave action moving back and forth in-
definitely.

to keep the wave motion going continuously, A
paddle motion in time with tank resonance would
require slight exertion, whereas much greater
effort would be needed to push a wave motion
that was either faster or slower thanthe natural
resonant frequency of the tank, Shortening the
tank would increase its resonant frequency, or
lengthening the tank would decrease its reson-
ant frequency!

An electrical tuned circuit is much like the
tank of water, The coil on one side and ca-
pacitor on the other side (like the ends of the
tank), act to answer each others pulses, and
cause circulating current at the resonant fre-
quency of the circuit, The resonant frequency
is determined by the electrical size of the coil
and capacitor, Only little stimulation from an
outside circuit (equivalent to the paddle) is
necessary to keep this circulating current going
at the resonant frequency.

If either the coil, or the capacitor, is made
larger, the resonant frequency of the circuit
decreases, while if either part is made smaller,
the resonant frequency increases, Tuning is
accomplished by changing the value of either
part, but the capacitor is usually the element
changed to tune the circuit to various resonant
frequencies.

CURRENT CIRCULATES OR "OSCILLATES"
BACK AND FORTH FROM CAPACITOR TO
COIL AND COIL TO CAPACITOR, AT
RESONANCE.

Figire 5-18

Figure 5-18 shows how the circulating currents
move back and forth from capacitor to coil, and
coil to capacitor again, This circulating current
dies out if not stimulated by current from out-
side the parallel tuned circuit.
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LOW SIGNAL CURRENT
‘A/ FROM ANTENNA.

N

HIGH CIRCULATING CURRENT
IN TUNED CIRCUIT.

INCOMING SIGNAL STIMULATES CIRCULATING

CURRENT IN TUNED CIRCUIT WHEN SIGNAL

AND CIRCUIT ARE IN RESONANCE.

Figure 5-19

Figure 5-19 shows a tuned circuit connected into
the antenna-ground circuit so that the incoming
signal stimulates circulating current when the
tuned circuit is exactly resonated to the fre-
quency of the incoming signal, Notice that
the current flowing up and down the antenna-
ground circuit, caused by an incoming signal,
acts on the tuned circuit to keep it oscillating,
Only a small amount of incoming signal, there-
fore, can stimulate a relatively strong circu-
lating current in the tuned circuit at its natural
frequency, thereby adding to signal strength,

(&g === avrxi7]

and 'favoring" the tuned signal over signals
at other frequencies not matching the resonant
frequency of the circuit, The idea of a capacitor
and a coil operating together as a tuned circuit
is a very fundamental one in electronics, There
are many types of tuned circuits, used in prac-
tically all equipment designed to handle radio
frequency signals., The fundamental principles
of tuned circuit operation remain the same even
though different frequencies may be involved,
or the physical appearance of the coils or ca-
pacitors may not be the same.

As the capacitor of your tuned circuit is changed,
the resonant frequency of the circuit changes
and sweeps across the broadcast band to select
first one, and then another of the stations being
picked up on the antenna, When the resonant
frequency of the tuned circuit is matched to the
frequency of the incoming signal, the signal will
be passed on to the rest of the circuit, and other
signals will be reduced in amplitude, This effect
will be demonstrated in the experiment thatfol-
lows. You will add a tuned circuit to the detector
circuit built in the previous lesson, so that your
basic '"'radio'" will have some degree of ''selec-
tivity,"

HOW TO BUILD A TUNED CIRCUIT FOR RADIO SIGNALS

PURPOSE

TO ADD A TUNED CIRCUIT TO THE CRYSTAL
DETECTOR SET AND INCREASE ITS SELEC-
TIVITY

PREPARING THE CHASSIS FOR THISEXPERI-
MENT

Remove the 3.3 megohm resistor, the crystal
rectifier, and the hookup wire between T-2
and the antenna post. The chassis is now pre-
pared for construction of this experiment,

MATERIALS REQUIRED

47 mmf ceramic capacitor
Regenerative detector coil
Two-gang tuning capacitor

Rubber grommets, 7/16" diameter
Rubber grommets, 5/16" diameter
#6 solder lug

#6 flat washers

#6-32 screws

Knob, (gray)

Spacers

Length insulating sleeving

Crystal diode rectifier, from previous
experiment

Pk ey bk QO OD P R GO e e
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BASIC ELEMENTS OF A TUNED CIRCUIT

ACTUAL

SYMBOL
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Figure 5-20

STEP 1 - BECOMING FAMILIAR WITH THE

PARTS

The components that are new in this experiment
are the two-gang tuning capacitor (two variable
capacitors tied together mechanically), and the
regenerative detector coil.

The characteristics of coils and capacitors have
been covered rather thoroughly already in this
lesson, However, the physical characteristics of
this particular capacitor and coil combination
can be further explained if you will refer to
Figure 5-20, which shows the two parts as
compared to their schematic symbols.

Handle the tuning capacitor with care so that the
stator or rotor plates are not bent or damaged.
These plates must be insulated from each other.
Keeping the capacitor plates closed when you
are handling it and constructing the various
circuits will help to prevent damage,

Locate the tuning capacitor and look it over
carefully., You will note that the rotor plates
turn with the rotating shaft and are electrically
connected to the capacitor frame through the
shaft bearing, In most circuits, the frame of
the tuning capacitor is fastened directly to the
chassis, thus electrically grounding the rotor
plates. This particular tuning capacitor will be
mounted on rubber grommets to isolate it me-~
chanically from the chassis, but electrical con-
tact with the chassis will be made by a wire
connected to one mounting bolt,

The stator plates are insulated from the ca-
pacitor frame, and electrical connections to
these plates are made by way of terminal lugs
for each section of the plates,

For practice, you can use your EK-1 Test Set,
or any other test set with an ohmmeter circuit,
to check the variable capacitor for short cir-
cuits between rotor and stator plates. Rotate
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ROTATE SHAFT SLOWLY
AND OBSERVE OHMMETER

Figure 5-22

the capacitor shaft while observing the ohm-
meter reading with the instrument connected to
measure the resistance between each of the
stator terminals and the capacitor frame (see
Figure 5-22), The ohmmeter should show an
""open' circuit in each case if the capacitor is
in good operating condition,

TICKLER
WINDING

,‘m.‘mh"’;lu‘"'ulmw '?’—.
it
!"‘,'{,1.n"m.‘mm'.'w;
St Vi S

SOLDER LUGS

PRIMARY SECONDARY
WINDING WINDING
Figure 5-23

Locate your regenerative detector coil (given
this name because of its later use) and compare
it to Figure 5-23 in which the various windings
are identified, Notice that the terminals on the
coil are color-coded so you can tell one winding
from another. The schematic diagram in Figure
5-24 shows how the windings are connected to
the colored terminals, and gives the name of
each winding for future reference,

GREEN

TICKLER WINDING

YELLOW
RED
BROWN
v
PRIMARY S e
WINDING
BLUE ORANGE

Figure 5-24

= st
Again, you can use an ohmmeter to check the
continuity of the coil windings, to be sure that

each winding is continuous, and that no two
windings are shorted together,

WARNING: The screw adjusfment of this coil
is preset to a particular inductance value, Dg
not adjust the screwdriver-slotted shaft at this
time!

STEP 2 - MOUNT THE PARTS

IOUNTING THE REGENERATIVE DETECTOR
col.

Figure 5-25

( Mount the regenerative detector coil inhole
"C" (see Figure 5-28). Be sure to observe
the locating tab and the keyway in mounting
the coil as shown in Figure 5-25, Push the
coil against the chassis hole until you hear

J it snap in place,
V)

Insert the three 7/16' soft rubber grommets
in the capacitor mounting holes (D, E, and

f, in Figure 5-28).
( Mount the tuning capacitor as illustrated

in Figure 5-26. Use 6-32 x 3/8" BHMS
screws, large flat washers, and lockwash-
ers, at holes E and D. Use a solder lug in
place of a lockwasher athole F, Position the
solder lug as shown in Figure 5-28, Note
that 3/16" spacers are used on all three

/ screws as shown in Figure 5-26,

(

) Place the gray knob on the shaft of the
variable capacitor and tightenthe setscrew,

("‘\) Mount the four 5/16" rubber grommets in
the chassis holes shown in Figure 5-28,
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ANT.

% 2 SPACER

LARGE FLAT GND. A=
WASHER

#6 LOCKWASHER
6-32x3
SCREW

GROUND.~"
WG F

MOUNTING THE TUNING CAPACITOR.
Figure 5-26

CRYSTAL
DIODE

STEP 3 - WIRING THE CIRCUIT

NOTE: While the regenerative detector coil
actually has three separate coil windings, only

the secondary winding (the red and orange

terminals) will be used in this experiment,

The circuit of this experiment should be wired by
following the pictorial diagram in Figure 5-28,
and the schematic diagram in Figure 5-29, Step-
by-step instructions are provided to remind you
of the various parts and wires to be installed,
but it will be upto youto check each step against
the pictorial to make sure that the parts and
wires are being positioned properly, etc, It is
also a good idea to followthe schematic diagram
as the wiring is installed. This will help you to
understand the relationship between the sche-
matic and the actual wiring in a circuit,

ANTENNA
47 MMF
FIXED CAPACITOR
CRYSTAL DIODE
EARPHONE
SECONDARY TUNING
WINDING CAPACITOR

IGROUND

SCHEMATIC DIAGRAM OF CIRCUIT WIRING.
Figure 5-29

. oA s
& G —

PICTORIAL DIAGRAM OF CIRCUIT WIRING.
‘ Figure 5-28
) Connect a wire between ground lug F and the
ground lug of the antenna strip.

("4?’5 Connect a short bare wire from ground lug
F to the red terminal of the coil.

( v{ Connect a wire from the orange terminal of
the coil, through the chassis hole next to
the orange terminal, to the stator terminal
of the tuning capacitor,

(/ Connect the 47 mmf capacitor between the
orange terminal of the coil, and the "ANT."
lug. Use insulating sleeving on both leads
of the capacitor. Lengthen the capacitor lead

ith a piece of wire, if necessary, to reach
/l::tween these two points,

() Connect the banded end of the crystal recti-
fier to the orange terminal of the coil, and
connect the other end to T-2 by adding a
length of wire to extend the crystal recti-

/ier wire as shown,

( .Y Connect a wire from T-2 to the phone jack,
using terminal 1, as shown,

This should complete the wiring of your circuit,
Check your work carefully against the schematic
and the pictorial diagrams.
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STEP 4 - USING THE TUNED CIRCUIT AND

s

DISCUSSION

CRYSTAL DETECTOR

Once the wiring is completed, your crystal
detector circuit with a tuned circuit can be
put into operation by simply connecting the
antenna and the ground leads to the appropriate
screw terminals, and by inserting the earphone
plug.

Slowly rotate the tuning knob on the variable
capacitor while listening in the earphone, If
you received stations with the circuit of Lesson
IV, you should receive the same stations now,
except that the tuned circuit should give you
some degree of selectivity in tuning in one
station and tuning out another,

Notice that the higher frequencies in the broad-
cast band are tuned when the variable capacitor
plates are almost all the way unmeshed, showing
that as the capacity in the tuned circuit is made
smaller, the resonant frequency is higher, Con-
versely, stations at the lower end of the broad-
cast band will be tuned when the plates are
almost all the way meshed, indicating that as
the capacity of the tunedcircuitis increased, the
resonant frequency is lower,

Signal strength of the stations picked up with
this circuit should be slightly greater than for
the circuit of Lesson IV because the highcircu-
lating current in the tuned circuit tends to feed
a slightly stronger signal to the crystal diode
and earphone,

Should you find that there are no strong sta-
tions in your locality and that no signals are
picked up with this circuit, or the circuit of
Lesson IV, you might try listening during the
evening hours, when a strong signal may be
picked up by way of "'skip'" action, Intermittent
fading might be experienced with such a long-
distance signal, but at least it would be strong
enough at times to demonstrate that your
"tuned" detector circuit functions properly,

You may disconnect the antenna and ground
leads, and remove the earphone plug when you
have completed these listening and tuning tests,
However, the circuit can be left assembled until
you are ready to start Lesson VI, in case you
want to come back and listen to stations picked
up by this '"radio" in the meantime,

The performance of this circuit will be only
slightly better than that experiencedin Lesson
IV. It must be remembered that you are still
dealing with only the detector circuit of a re-
ceiver, to which you have added a tuned circuit
to select incoming signals, The addition of a
tuned circuit should clearly improve the se-
lectivity of the circuit, by allowing you to
""peak" the desired signal as compared to other
signals being picked up by the antenna. Also,
the tuned circuit should increase the signal
strength slightly, because of the higher circu-
lating current in the tuned circuit as mentioned
previously, Still, the performance of the circuit
will not compare to that of a complete radio
receiver, such as you will build later,

Referring to the schematic diagram in Figure
5-29 again, you will observe that there is a 47
mmf fixed capacitor in the circuit that does not
fit in with any of the information presented so
far, and apparently has no logical reason for
being in the circuit. Your attention should be
focused on this part, for the moment, to learn
its actual function in the circuit,

The 47-mumf fixed capacitor is not a functional
part of either the tuning or the detection cir-
cuits explained earlier, except that it has been
placed in the circuit to prevent the antenna itself
from interfering with normal circuitaction, This
capacitor is connectedin series with the capacity
of the antenna itself, to minimize the effect of the
antenna capacity on the tuned circuit
Figure 5-3V

U ANTENNA

CAPACITY BETWEEN

|
: ANTENNA AND
I

EARTH

Figure 5-30 shows how capacity develops be-
tween your antenna (acting as one capacitor
plate) and the earth (acting as the other ca-
pacitor plate). The capacity developed in this
fashion is a very real electrical quantity, even
though no ''capacitor' in the usual sense of the
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ANTENNA CAPACITY ADDS TO VARIABLE
CAPACITOR AND DISTURBS CIRCUIT TUNING.

Figure 5-31

word appears in the circuit, The effect of this
extra capacity which appears across the tuned
circuit (Figure 5-31), is that it changes the tuned
circuit, The antenna %agﬁig’; adds to the varia-
ble capacitor valu€ 1t_1€ss effective as
a tuning device. If this condition were left to
prevail, the tuning capacitor would not tune the
broadcast band properly, but would tune a more
restricted range of frequencies because the

antenna capacity would change the resonant
frequency range of the tuned circuit,

However, connecting a very small capacitor
(47 mmf) in series with the antenna (and there-
by in series with the antenna capacity), reduces
the effect of the antenna capacity to a small
enough value that the tuned circuit is not
appreciably disturbed. (See Figure 5-32,) When
two registors .are connected in parallel, the
combined resistance of the pair is smaller than

/

47 MMF  FIXED
«—— CAPACITOR

SMALL CAPACITOR IN SERIES WITH ANTENNA
CAPACITY MINIMIZES EFFECT ON TUNED

CIRCUIT.
Figure 5-32

the resistance of the smaller resistor. In the
realm of capacitors, this same rule holds true,
except th?tﬁies in a series circuit, In
other words, when two capacitors are connected
in series, the total capacity of the pair is smaller
than the capacity of the smaller capacitor, This
principle makes it possible to minimize the
effect of antenna capacity by connecting the small
capacitor in series with it, I it helps to clarify
your understanding, you may think of the 47
mmf capacitor as part of the antenna circuit,
rather than an extra part added to the tuned
circuit or the detector circuit. You may find it
less confusing that way,

This concludes the discussion of this experiment,
In Lesson VI, you will substitute a vacuum-tube
rectifier for the crystal rectifier in this circuit
to demonstrate how a vacuum tube diode functions
in a detector circuit,

LESSON V
QUESTIONS

NOTE: The answers to the questions on Lesson
V will be found in the back of the book on Page
85.

The basic unit of measurement for capacity
is the vacl .

5.

6 The basic unit of measurement for induc-

1. The two components used to make a tuped . .
circuit are a ('gjz and aS&Z;nrwf tance is the ‘M%Z-
2. Draw the schematic symbol for a fixed- 7. Tuning in a 1200 kc ‘broadcast signal would
value coil, require a tuned circuit with a resonant
frequency of Q g0 ke, _
: 8. If the capacity is decreased in a tuned
3. Draw ':he schematic symbol for a variable circuit, the resonant frequency sr—ttcow sy~
capacitor. '
o 9, I the inductance of a coil is increased in ;
f a tuned circuit, the resonant frequency !
/ M&% !
4, Draw the schematic of a parallel tuned / e ——— #

circuit using a fixed coil and a variable
capacitor.  \pr
ol R

.~10,” Capacity between the antenna and earth, that '
might disturb tuned circuit action, is mini-
mized by connecting a #*i.,~wygin series
with the antenna,
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LESSON VI
HOW DO DIODE VACUUM TUBES WORK ?

You have already seen how current is rectified
in a crystal diode, and how rectification is put
to use in a detector circuit, As mentioned ear-
lier, there are other types of rectifiers besides
the crystal type, and the most commonly used
of these is the vacuum tube rectifier, This is a
one-way current device, just as a crystal diode
is a one-way current device, While the principle
of operation in a diode vacuum tube is different,
the total effect is essentially the same, A further
investigation of vacuum tubes and their princi-
ples of operation will help clarify this for
you,

THE DIODE TUBE

CATHODE

l¢—PLATE

THE TWO MAIN ELEMENTS OF A DIODE TUBE
ARE THE CATHODE AND THE PLATE.
Figure 6-1

The term "diode" when applied to a vacuum
tube means that the tube has just two elements;
a cathode, and a plate, The ''cathode" is a
small-diameter metal tube located in the center
of a larger-diameter metal tube called the
"plate,"” The cathode and plate elements of a
diode vacuum tube are shown in Figure 6-1,
Both metal cylinders are open at each end,
and are positioned in the tube so they do not
touch each other at any point.

If a battery were connected between the plate
and the cathode (Figure 6-2), no current would
flow (ignoring a small amount of capacity be-
tween the two elements) because the circuit is
"open' between the two metal cylinders.

b

[+—NO CURRENT
FLOWS IN CIRCUIT

[e—PLATE

CIRCUIT OPEN SINCE CATHODE AND
PLATE ARE NOT IN ELECTRICAL CONTACT

NO CURRENT WILL FLOW BETWEEN THESE
ELEMENTS (BECAUSE THEY DO NOT TOUCH)
UNLESS CERTAIN CONDITIONS ARE MET.

Figure 6-2

Two additional conditions must be met before
current can flow in the circuit,

First, the cathode must be heated to avery high
temperature so it will '"boil off" electrons into
the space surrounding it. This is done by insert-
ing a heater into the hollow cathode cylinder to
raise its temperature, This heater is much like
the filament in a light bulb, except that it is
designed primarily to produce heat, rather than
light, The heater will cause the cathode cylinder
to become red-hot and boil off free electrons into
the space surrounding it, Heating the cathode,
therefore, is one important condition that must
be met for vacuum tube operation, (See Figure
6-3).

The other condition required is that the cathode,
the plate, and the heater must be enclosed in
a vacuum, Placing these elements in a glass
envelope, pumped free of air, accomplishes this.
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BATTERY

HEATER POWER CONNECTS HERE

CURRENT FLOWS IN THE CIRCUIT WHEN:

1. CATHODE IS HEATED.
2. BOTH ELEMENTS ARE ENCLOSED IN A
VACUUM.,

Figure 6-3

Now, with the plate and the cathode enclosed in
a vacuum, and the cathode raised to an ex-
tremely high temperature, electrons will travel
around the circuit as shown in Figure -6-3,
Current from the negative side of the battery
moves around the circuit to the cathode where
electrons are boiled off and travel to the plate,
so that the current can continue from the plate on
around the circuit to the positive terminal of the
battery, This effect can occur only when the
cathode is hot and when the plate and the cathode
are enclosed in a vacuum, I air were to enter
the tube envelope, or if the voltage supplying the
heater were cut off, all circuit current would stop.
The current from the battery to the cathode,
across to the plate and back to the other battery
terminal, is an independent circuit, entirely

separate from the heater circuit which merely
heats up the cathode, Heater wires are insulated
and do not come into electrical contact with the
cathode cylinder, so the heater circuit, and the
cathode-to-plate circuit, are isolated from each
other. The cathode-to-plate circuit is the im-
portant one so far as electronics is concerned,
and the heater circuit is just anecessary means
to this end,

BATTERY
| l
o ®
i CATHODE (HOT) T

ISJ~PLATE (cOLD)

HEATER

SCHEMATIC OF DIODE TUBE IN A BATTERY
CIRCUIT SHOWING HEATER.

Figure 6-4

The schematic symbol for a diode tube is shown
in Figure 6-4, Notice that the heater or "filament"
is a separate circuit. Figure 6-5 shows how the
heater circuit may be left out of the tube sche-
matic symbol in order to place emphasis on the
circuit connected to the main tube elements,
You will frequently find that the heater circuit
is not shown in tube diagrams, and is merely
taken for granted. The heater seldom has any
connection with the vacuum tube circuit except to
raise the temperature of the cathode to a high
enough level that emission of electrons from
the cathode can take place.

Sic

CATHODE PLATE

SIMPLIFIED SCHEMATIC OF DIODE TUBE IN
BATTERY CIRCUIT IN WHICH HEATER IS
TAKEN FOR GRANTED AND LEFT OUT OF
DIAGRAM FOR CLARITY,

Figure 6-5
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RECTIFICATION

Referring again to Figure 6-5, it may be seen
that electrons pass from the hot metal cathode
to the cold metal plate in a vacuum tube as the
extremely high heat frees electrons to boil off
the surface of the cathode, The battery plays
an important part in this action, also, since the
electrical pressure from the battery (having an
excess of electrons at its negative terminal,
and a deficiency of electrons at its positive
terminal), forces electrons around the circuit
and off of the hot cathode. The cold plate, con-
nected to the positive battery terminal, attracts
these electrons being emitted from the cathode,
The cathode must be negative, and the plate
must be positive to cause current flow around
the circuit,

=il

®

CELL CURRENT FLOWS AROUND CIRCUIT
BECAUSE ELECTRONS EMITTED FROM HOT
CATHODE (-) ARE ATTRACTED TO COLD
PLATE (+).

Figure 6-6

The enlarged tube schematic symbol in Figure
6-6 uses arrows to show how the cathode must
be negative (have an excess of electrons), and
the plate must be positive (have a deficiency of
electrons), in order for the electrons to move
from cathode to plate, The battery in the circuit
provides this difference of polarity, and the
electrical pressure necessary, to cause current
to flow in the circuit,

When the battery is reversed, as shown in Fig-
ure 6-7, the cathode becomes positive and the
plate becomes negative. The electrical pres-

©

REVERSE CURRENT WILL NOT FLOW BE-
CAUSE ELLECTRONS WILL NOT MOVE FROM
COLD PLATE (-) TO HOT CATHODE (+).

Figure 6-7

sure of the battery is such that it is attempting
to force electrons off of the plate and onto the
cathode, as indicated by the direction of the
arrows in the circuit. Under such conditions,
the diode vacuum tube acts like an "open' cir-
cuit because only the cathode canemit electrons
to be attracted to the plate; the_cold plate

it electrons, nor can the hot cathode
attract them, In effect, then, the vacuum tube
diode is acting just like the crystal diode in
your earlier lesson. When it is placed in a
circuit, it will pass electrons flowing from the
cathode to the plate, but will block electrons
attempting to flow from the plate to the cathode,
It, too, is a ''one-way" current device, You
will be able to demonstrate this in the experi-
ment to follow,

Smaller vacuum tubes, with low current ratings,
do a rectifying job comparable to that performed
by the crystal rectifier, However, while the
crystal rectifier is limited to light duty, large
vacuum tube rectifiers can handle heavy cur-
rent in high-power circuits. The large "power
tube' in your home radio or television set is a

rectifier tube in the power supply circuit,

Of course, a vacuum-tube rectifier does re-
quire heater voltage for operation, whereas a
crystal rectifier needs no external source of
power to perform its rectification function,
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HOW TO BUILD A VACUUM TUBE SIGNAL DETECTOR

PURPOSE

TO MEASURE THE ONE-WAY CURRENT EF-
FECT OF A VACUUM TUBE RECTIFIER WITH
AN OHMMETER; AND TO CONNECT THE
VACUUM TUBE DIODE IN PLACE OF THE
CRYSTAL DIODE IN THE TUNED DETECTOR
CIRCUIT FROM LESSON IV.

MATERIALS REQUIRED

Power transformer

T-prong wafer sockets

Strain relief insulator

Line cord

150 K ohm (brown-green-yellow) resistor
.001 mfd ceramic capacitors

#4'7 lamp

4-lug terminal strip

Lamp socket with lead

3-48 x 1/4" screws and nuts

8-32 nuts

#8 lockwashers

#8 solder lug

6C4 radio tube

1 megohm control (with switch)

Knob, white

The circuit already wired from Lesson V

bt e e GO WS 0D Pt et DD b e

PREPARING THE CHASSIS FOR THIS EXPERI-
MENT (See Figure 5-28 on Page 37,)

( 4/ Remove the short length of wire between T-2
and the crystal rectifier lead, leaving the
rectifier lead free for a future experiment,

(' ) Remove the wire between ground lug F and
the ground terminal of the GND.-ANT.
strip.

Leave the other parts mounted and in place,
since the same components will be used in
this circuit,

STEP 1 - BECOMING FAMILIAR WITH THE
PARTS

The internal construction of the type 6C4 tube to
be used in this experiment is shown in Figure
6-8. You should have no trouble identifying the
heater, the cathode, and the plate inside the glass
tube envelope, although you will find an extra
element in the tube not mentioned in the previous
discussion of diodes, This element is a spiral of
wire positioned between the cathode and the plate
within the tube, and it is called the grid,’A
further d1scussmn of the grid and its funm in
a vacuum tube will be covered in your next
lesson, For the present, it is sufficient for you
to understand that a type 6C4 tube is a triode
(three elements), and not a diode, However, the
tube will be used as a diode in this exper1ment
by connectmg the grld to the plate, to make
the grid ineffective.

=——ENVELOPE
PLATE
HEATER
CATHODE
GRID

PHYSICAL CONSTRUCTION OF 6C4 TUBE.

Figure 6-8
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6C4 (ACTUAL)

6C4 (GRID CONNECTED TO PLATE)

6C4 (EFFECTIVE)

6C4 TRIODE TUBE ACTS AS DIODE WHEN GRID 1S CONNECTED TO PLATE.
Figure 6-9 2 4

Figure 6-9A shows the schematic symbol for a
triode tube, having a cathode, a grid, and a plate,

Figure 6-9B shows how the grid of the 6C4 is
connected to the plate, making the grid inef-
fective as a third element, so that it acts as
part of the plate,

Figure 6-9C shows the schematic symbol for a
diode tube, which can be applied tothe 6C4 tube,
when its grid is connected to its plate.

ELEMENT PIN NUMBERS FCOR 6C4.
Figure 6-10

Figure 6-10 is a true schematic diagram of the
6C4 showing the terminal numbers of each
element. The pins of the tube are numbered
from 1 to 7 in a clockwise direction, starting
at the wide space on the tube base, Viewing
the tube from the bottom, the terminals are
numbered as indicated in Figure 6-11, and the

BOTTOM VIEW OF TUBE SHOWS CLOCKWISE
PIN NUMBERING STARTING AT WIDE SPACE
BETWEEN 1 AND 7.

Figure 6-11

elements within the tube are connected to the
pins indicated by the numbers in Figure 6-10,

CENTER
SHIELD

GRID

THE TUBE SOCKET IS ALSO NUMBERED
CL OCKWISE FROM THE BOTTOM.

Figure 6-12
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Figure 6-12 is a bottom view of the tube socket,
showing how the tube elements are connected to
the socket terminal lugs, The tube is plugged
into the socket by observing the wide space be-
tween pins 1 and 7. The center shield of the tube
socket is grounded by being in contact with one of
the tube socket mounting screws, making elec-
trical contact with the chassis, The center shield
nravides a convenient ground for circuit wiring,

Figure 6-13

The 1 megohm control is another of the new
parts introduced in this experiment, However,
only the "ON-QOFF" switch on this control will be
used at this time. Figure 6-13A shows the con-
trol, Note that the three top terminals will not
be used, Only the two terminals at the rear
of the switch will be employed in this circuit.
A schematic diagram of a switch is shown in
Figure 6-13B.

Since the 6C4 vacuum tube will be used in this
experiment, and vacuum tubes require heater
voltage, the power transformer also will be
used in this experiment to supply the 6C4
heater. The details of how a power trans-
former operates will be covered in a later
lesson, It is sufficient, at this time, to simply
say that the power transformer is a device for
stepping up or stepping down your 117 volt AC
power line to produce more (or less) voltage,
for use in a circuit, One winding of a power
transformer (the primary) will be connected to
your power line by means of the line cord and
plug. Another winding of the transformer, with

an output of 6,3 volts AC, will be connected to
power the heater in the 6C4 tube, The other
transformer windings will not be used at this
time, Your assembly instructions will explain
how to identify the leads from the transformer
so these connections can be made properly, A

pilot lamp will be connected in series with the

6C4 tube heater to reduce the heater voltage.
down to about three volts, for best performance
of the tube when it i§ connected to operate as
a diode.

BLACK [

PRIMARY (l15V)

BLACK
RED GRN

HEATERS (6.3V)

GRN

SCHEMATIC SYMBOL FOR POWER TRANS-
FORMER.

Figure 6-14
The schematic symbol for your power trans-
former is shown in Figure 6-14, Only the
two windings you will use are drawn in solid,
The windings drawn as dashed lines will not be
used until a later experiment,

Although only one T7-lug wafer socket is re-
quired in this experiment, all four 7-lug sockets
will be mounted and the heater circuits wired,
at this time,

Unused leads from the power transformer will
be bent back and taped until required in a later
experiment,
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T

STEP 2 - MOUNTING THE PARTS

6-32x3" sCREW

BEND UNUSED o
LEADS BACK AND "4
PR S ERRRATELY

MOUNTING THE POWER TRANSFORMER.

(¥ Mount the power transformer in the large

rectangular chassis hole, using 8-32 lock-

washers and nuts, and one #8 solder lug,

as shown in Figure 6-15.

Bend back and separately tape each of the

two yellow leads, each of the two red leads,

and the red-yellow lead, as shown in Figure

6-15. This keeps the leads from shorting

together or shortingtothe chassis, and also

protects you from the high voltage.

( ) Mount the 4-lugterminal strip using a 6-32
screw, lockwasher, and nut, as shown in
Figure 6-15.

NOTE: When mounting wafer tube sockets, be
sure tomount each socket from the bottom of the
chassis. If, by mistake, the sockets are mounted
so the lugs pass through the chassis, they will
short tothe chassis where they passthrough the
mounting hole.

(,) Mount the four 7-lug miniature tube sockets
using 3-48 screws and nuts. Be sure to po-
sition each socket as shown in Figure 6-16
on Page 48.

( ¥ To be sure of good ground connections,

- solder the center post of each tube socket
to its ground strap, as shown in the inset
illustrationon Figure 6-16. Use only a small
amount of solder.

CAUTION:

In the next step you will install the line cord.

Once this is done, the potential danger of elec-

trical shock is present if the line cordis plugged

into the wall socket. Do not plug in the line cord
until instructed to do so!

—~
~

It is important to remember that work should be

performed under the chassis only with the plug

removed from the wall socket. Do not touch any
under-chassis terminals or parts while the line
cord is plugged in, even if the switch is "OFF."

Instructions are providedto remind you when to

insert or remove the line cord plug, for your

own,gafety in conducting the experiments.

( Install the line cord through the chassis
apron hole near the power transformer. Use
the strain-relief insulator as shown in Fig-
ures 6-16 and 6-17, Leave approximately
2-1/2" of wire extending inside the chassis.

OUTSIDE OF
CHASSIS

ALLING THE LINE CORD. Figure 6-17
Install the 1 megohm control as shown
in Figure 6-16, using a control lockwasher
inside the chassis and a control nut on the
outside of the chassis, Install a white knob
on the control shaft,

( ) ‘Insert the pilot lamp in its socket and clip
the socket to the chassis as shown;Figure
6-16,

STEP 3 - WIRING THE CIRCUIT

Follow the pictorial diagram in Figure 6-16, the
schematic diagram in Figure 6-18, and the
following wiring steps, in wiring the circuit for
this experiment. Notice that the circuit sche-
matic in Figure 6-18 shows the heater and
power transformer wiring separately, sinceitis
easier to follow the circuit if the heater wiring
is apart from the signal wiring, As discussed
previously, this can be done logically, because
the heater circuit merely serves to raise the
temperature of the cathode in the 6C4 tube,
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Figure 6-18 (' J Connect a short length of bare wire from
Y the center post to lug 3 on the first and
6c4 fourth tube sockets,

SWITCH ON

CTTTITTTI T T T Teca

' HEATER

P a 4

<EBAS <eATE SRAQS o o7
' 1 '

] [} |
! ! ! GREEN BLACK

SCHEMATIC DIAGRAM (SHOWING HEATER
CIRCUIT SEPARATELY),
When instructions call for wiring from one of the
tube socket terminals to the center shield of the
socket, use bare wire for this purpose, Bare wire
is obtained by merely stripping the insulation
from regular hookup wire,

The heater circuit, from the power transformer
to the heater terminals of each tube socket, is
wired first,

As mentioned earlier, all connections should be
soldered asthe circuit is wired, unless otherwise
specified, Wires can be added to a terminal
rather easily at any time if temporary-type
lap joints are used,

( ) Connect one green transformer lead to the
#8 ground lug next to the transformer,
and the other green lead to lug4of the first
tybe socket closest to the transformer, See

igure 6-16,

Connect a length of hookup wire from lug
4 of this same tube socket to lug 3 of the
second socket,

,)/ Connect another length of hookup wire
from\lug 3 of the second tube socket to
lug 3™-of the third tube socket (follow
Figure 6-16 for this wiring from socket to

socket).

( yComnect a length of hookup wire from lug 3
of the third socket, over tolug 4 of the fourth
tube socket,

(L,‘)/Connect a short length of bare wire from
the center post of the second tube socket
to lug 4 on this socket. (See Figure 6-16,)

1 MEG. CONTROL

(U') Connect a length of wire from the center
post of the fourth tube socket to ground
lug F,

(V) The third tube socket (which is the 6C4
socket at the moment) does not use a
ground jumper wire at this time, Connect
the long lead from the pilot lamp to lug 4
of the 6C4 socket by passing it through the
chassis hole next to this terminal, (See
Figure 6-186.)

({/},Connect a bare jumper wire between lugs
5 and 6 of the 6C4 (3rd) socket.

(P Connect a wire from the orange solder lug of
the regenerative detector coil over to lug
}7 of the 6C4 tube socket,

'{ Connect a wire that is long enough to reach
T-2, to lug 5 of the 6C4 socket, Do not
connect this wire to the "T" terminal strip
at this time, since it must be disconnected
later for a test.

(L)/Twist two 7" lengths of hookup wire together
and run them between the two switch
terminals on the back of the 1 megohm
control, and L-3 and L-4 of the 4-lug
terminal strip near the power transformer,

(/Connect the two .001 mfd ceramic capacitors
between L-1, L-2 and L-3 of the 4-lug
strip as shown in Figure 6-16,

(U~Connect the black and red-black trans-
former leads to L-1 and L-3 of the 4-lug
terminal strip as shown.,

(L)/Split the line cord leads and connect one
to L-1 and the other to L-4 of the 4-lug
strip as shown.

g
( )fcémect the 150 K ohm (brown-green-yel-
low) resistor across terminals 1 and 2 of
the earphone socket as shown in Figure 6-16,

This completes the wiring of this experiment,
All connections should be soldered except the
free lead from lug 5 of the 6C4 socket and the
free crystal diode lead.
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STEP 4 - CHECKING HEATER CIRCUIT

You will now check the circuit you have just
constructed by applying power to it with the
6C4 tube in each of the 7-pin sockets to be sure
the filament circuit is wired properly.

CAUTION: The power transformer in this cir-
cuit will operate on105-125 volts AC power only,
It will not function on DC power or on AC
power of a frequency other than 50 or 60 cps,
K there is any question in your mind about the
suitability of the power available in your home,
check with your local power company before
plugging in the set, Practically all homes in
the United States are supplied with 117 volt
AC power at 60 cps.

A reminder....do _not work under the chassis
with the line cord plugged in!

( ’)/Plug in your line plug, and rotate the 1
megohm control shaft to snap the switch
"ON." This applies your power line voltage
to the primary winding of the transformer
and thereby should apply heater voltage to

ach of the tube sockets.

(‘/Zlug the 6C4 tube into each of the four tube
sockets, to be sure that it lights up in each
socket indicating that heater voltage is
reaching the tube. You can observe, after
about a 20-second warmup period, if the
tube is lighting or not, The red glow will
not be as bright at the 6C4 tube socket as
it is at the others, since the pilot lamp is
connected in series with this particular
heater circuit to reduce the heater voltage
temporarily for this experiment. You will
notice, however, that the pilot lamp lights
when the tube is inserted in the 6C4 tube
socket, showing that current is beingdrawn
through it. Should you encounter any diffi-
culty in checking the heater circuit, goback
and compare your wiring to the pictorial
diagram, Figure 6-16, to be sure all the
wires are connected properly.

Leave the 6C4 tube plugged into the 6C4 socket
and turn the switch "OFF." Remove the line
cord plug from the power socket.

STEP 5 - MEASURING THE ONE-WAYEFFECT

OF A DIODE TUBE WITH AN OHMMETER

MEASURING FORWARD RESISTANCE OF
DIODE TUBE.

Figure 6-19

(Y Connect the red test lead of the EK-1
Test Set to lug 7 of the 6C4 socket, and the
black test lead to lug 5, lug 1, or lug 6 of
the socket. These three lugs are all con-
nected to the plate, Figure 6-19 shows
how these connections are made. A sche-
matic diagram of this test is shown in Fig-
ure 6-20, Plug in the line cord, set the
tester to measure resistance, and turn the
circuit switch "ON" and allow 20 seconds
for the 6C4 tube to warm up. Push the lo-
ohms button on the EK-1 Test Set and you
should get a low resistance reading showing
that the diode tube is definitely a conductor
when electrons are flowing from cathode to
plate, Turn the circuit off and remove the

power plug, 6C4

OHMMETER MEASURES RESISTANCE FROM
CATHODE TO PLATE

SCHEMATIC OF FORWARD OHMMETER TEST.
Figure 6-20
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MEASURING BACKWARD RESISTANCE OF
DIODE TUBE.

Figure 6-21 .

( ) Now, reverse the red and black test leads
(as shown in Figure 6-21) to measure the
backward resistance of the diode rectifier,
This test is shown schematically in Figure
6-22. Plug in the line cord, turn the circuit
switch "ON," allowing the tube to warm up,
and you should get ahigh resistance reading
indicating that the diode rectifier is "open"
as far as DC current is concerned when the
current is in the reverse direction, Current
does not flow from plate to cathode, Now
remove the line cord plug and turn the cir-
cuit "OFF."

6C4

o8

OHMMETER MEASURES RESISTANCE
FROM PLATE TO CATHODE.

SCHEMATIC OF BACKWARD OHMMETER TEST.
Figure 6-22

S

( ) Unclip the test leads, and connect the lead
from lug 5 of the 6C4 tube socket to T-2
of the "T" type terminal strip, and solder it,

STEP 6 - USING A VACUUM TUBE DIODE IN

THE TUNED DETECTOR CIRCUIT

This circuit is nowreadyfor operation as a radio
signal detector. Connect the antenna and ground
leads to the appropriate screw terminals and
insert the earphone plug, Now plug in the line
cord, rotate the power switch to the "ON" posi-
tion, and tune for reception of your local stations,
as you did with this circuitpreviously, This cir-
cuit is performing the same function as it did
in the last experiment (Lesson V) except that
you are using a vacuum tube diode to perform
rectification in the detector circuit, instead of a
crystal diode, You should find little difference
in the performance of the circuit, since the
vacuum tube and the crystal diode do approxi-
mately the same kind of rectifying job, Take
another look at the schematic diagram in Figure
6-18 to refresh your mind on the circuit to
which you are listening,

DISCUSSION

In this experiment, you have been able to
demonstrate the one-way effect of a diode vacuum
tube with an ohmmeter, and you have substi-
tuted such a diode in the detector circuit to
show that it performs the same function in the
circuit as the crystal diode. The fact that vac-
uum tubes require heater voltage to raise the
cathode temperature high enough for operation
has been made clear, In fact, you should notice
how the signal being received will fade away
when the power is turned "OFF," showing that
diode current diminishes as the cathode cools
off,

This circuit is identical with that of Lesson V
except for the addition of a 150 K ohm resistor
to increase the current flow through the diode
and improve its performance, In your next
lesson, you will learn more about vacuum
tubes and amplification,
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LESSON VI
QUESTIONS
NOTE: The answers to the questionsfor Lesson 5. Mark the lug number in the circle next to
VI will be found in the back of the book on Page85, each terminal on this 7-lug tube socket,

1. Draw the schematic symboj for adiode tube
(showing heater).

2. What condition mustfbe met (in addition to
having a vacuum) before electrons from a

bajtery canflowthrough a diode vacuum tube?
o X

6. From memory (and omitting the heater
. . L circuit) draw a schematic of the tuned-
3. Electrons can flow in only one dlrecélzn Ea detector circuit with vacuum tube diode.

diode: tuE_, and that is from

4, To comnect a diode vacuum tube into a
battery circuit so current will flow, the
cathode is connected to the ~—o
battery terminal, and the plate is con-

nected to the —-__-t battery terminal,

by MMT A
_
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LESSON Vi
WHAT DOES THE GRID IN A VACUUM TUBE DO?

The effect of the grid in a vacuum tube is an
extremely important fundamental concept in the
field of electronics, and the operation of prac-
tically all vacuum tube circuits is based on this
grid-circuit, plate-circuit, relationship. This
lesson will help you to understand how vacuum
tube amplifiers work, through an examination
of grid action in a triode tube,

Figure 7-1

Figure 7-1 will refresh your memory on diode
tube operation, in a battery circuit. Notice that
the circuit is completed from the negative
battery terminal tothe positive batteryterminal,
through the diode tube, and that electrons move
from the cathode to the plate, permitting cur-
rent flow around the entire circuit, Observe
too, that the cathode is always negative and the
plate is always positive, The electrons are
pushed off of the negative cathode and attracted
to the positive plate by the electrical pressure
of the battery,

While the circuit of Figure 7-1 was quite helpful
as a means of explaining diode vacuum tube
theory, it is not a very practical circuit, The

battery would be shorted by the tube, because

the tube connects directly across the battery
leads. This circuit has been redrawn in Figure
7-2 to add a resistor in series with the vacuum
tube and the battery, This resistor acts as a
"load" in the circuit, and limits the current so
that the vacuum tube is not shorting the battery
when it conducts, Arrows have also been added
to the diagram to show how current flows around
the series circuit, When current flows througha

~

— 4_]
VOLTAGE

l
+(e—d

Figure 7-2
resistor, voltage is developed across it, This
voltage is measured across the resistor as shown
in the illustration,

THE TRIODE TUBE

f j N ENVELOPE
b
PLATE 4?
HEATER
CATHODE
GRID

PHYSICAL CONSTRUCTION OF 6C4 TUBE
Figure 7-3

A triode tube has three elements, as contrasted

to the diode tube with only two. Take another
look at the internal construction of the 6C4
triode tube in Figure 7-3, Note that the third
element (grid) is a spiral of wire positioned
between the cathode and the plate, so elec-
trons moving from cathode to plate must pass
through it, The schematic symbol for a triode
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PLATE

SCHEMATIC SYMBOL OF A TRIODE TUBE.
Figure 7-4
tube in Figure 7-4 also shows the grid posi-
tioned between the cathode and the plate, so
that electrons moving through the vacuum tube
must pass through the grid to reach the plate,

(mm L

PLUS

FULL VOLTAGE

-1}
'l
POSITIVE GRID AIDS ELECTRON MOVEMENT

FROM CATHODE TO PLATE.
Figure 7-5

If a triode tube were substituted for the diode
tube in the simple circuit of Figure 7-2, the
circuit would appear as in Figure 7-5., If the
triode grid is then connected to a positive
voltage, it will act to assist the plate in pulling
electrons across the vacuum in the tube, and
the circuit will function as it did when a simple
diode was used, Current flows from the negative
terminal of the battery, through the tube from
cathode to plate, through the resistor, and back
to the positive terminal of the battery, In the
process of helping the plate attract the elec-
trons away from the cathode, the positive grid
also accumulates some of the electrons on its
spiral wires. However, this effect will be
ignored for the present since the grid's limited
surface area accumulates a much smaller num-
ber of electrons than the plate, and because this
particular action is not essential to the basic
idea of grid control to be discussed in this les-
son,

GRID CONTROL OF CATHODE-TO-PLATE
CIRCUIT

MINUS
(LARGE) NO

VOLTAGE
il sl

e
d

VERY NEGATIVE GRID STOPS ELECTRON MOVE-
MENT FROM CATHODE TO PLATE.
Figure 7-6

If the grid in a vacuum tube is connected to a
highly negative voltage, this voltage will ac-
tually block the flow of electrons from cathode
to plate, High negative grid voltage repels
electrons and forces them back to the cathode.
This keeps electrons from passing through the
grid to reach the plate (see Figure 7-6). Under
this condition, the grid, with a high negative
voltage, is actually causing the cathode-to-grid
circuit to become ''open" so far as the battery
is concerned, No current can then flow from the
battery around the circuit, because it is blocked
at the vacuum tube, Neither is any voltage
developed across the resistor in the circuit
because no current flows through it,

It seems quite clear that the grid in the vacuum
tube can, in effect, turn the cathode-to-plate
circuit off or on, depending on the voltage
applied to the grid, When the grid is positive,
it aids and accelerates the movement of elec-
trons from the cathode to plate (Figure 7-5),
while when it is highly negative, it can actually
block the movement of electrons from cathode
to plate (Figure 7-6). In a sense, the grid
acts as a "'switch" in these two extreme condi-
tions, The grid has been given the name control
grid for this reason,

Between the condition where the control grid is
highly negative and stops all current flow, and
the condition where it is positive and assists
current flow, there is a range of grid voltage
that cuts down on the movement of electrons
from cathode to plate but does not stop this
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e

-
MINUS
(MEDIUM)

VOLTAGE

MODERATELY NEGATIVE GRID CONTROLS

THE AMOUNT OF ELECTRON MOVEMENT

FROM CATHODE TO PLATE.

Figure 7-7

movement entirely, This might be called the
"usable range' of grid voltage so far as vacuum
tube amplificationis concerned, and is illustrated
in Figure 7-7. Notice that the grid does hold
back many electrons in the cathode-to-plate
circuit, but allows enough electrons to get
through so that the circuit can still function,
Electrical pressure from the battery causes
current to flow in this circuit, but the current
is less than maximum and, therefore, the yoliage
appearing-across. the resistor in the circuit is
lower than full battery voltage, It is by this
means tha tage-controls the voltage
across the load ;ﬁgg;g’gor inthe plate circuit,

Vi

i

ne

i
CHANGES IN GRID VOLTAGE CAUSE CHANGES
IN VOLTAGE ACROSS PLATE RESISTOR.

Figure 7-8

To pursue this idea further, refer to Figure 7-8,
The arrows at the control grid symbolize in-
creases and decreases in grid voltage, while
the arrows next to the resistor in the cathode-
to-plate circuit (you may call this the plate
resistor) symbolize increases and decreases in
the voltage appearing across this resistor,

L

¢

4 \‘( JCHANGES FROM [
g s wililil

If the control grid is made slightly negative, the
voltage across the plate resistor will decrease
slightly, as the control grid limits the number of
electrons reaching the plate, If the grid is made
even more negative, the voltage appearing across
the plate resistor will be reduced even more.
If the control grid is made verynegative, it may
shut off all electron movement so that the
voltage across the plate resistor drops to zero.
On the other hand, if the control grid is very
negative and is made less negative, the voltage
across the plate resistor will increase, etc, As
the voltage on the control grid changes up and
down, the voltage across the plate resistor also
changes up and down, in step.

AMPLIFICATION

To illustrate the idea of amplification more
dramatically, the simple circuit being used for
discussion purposes has been changed slightly
(see Figure 7-9). First, the single cell that was
shown as a source of electrical energy hasbeen
replaced by a 100-volt battery. This may be
called the "B battery" since this is the name
that has traditionally been used to describe the
battery supplying the cathode-to-plate circuit,
Second, the cathode has been connected to ground
(chassis), which in no way affects the basic
operation of the simple circuit, but which merely
follows convention in grounding the negative side
of the power source (B-) to the chassis,

[ 1

75V. TO

e B- | 100-voLT |B+
8" BATTERY

=

4 VOLT CHANGE IN GRID VOLTAGE CAUSES
40 VOLT CHANGE ACROSS PLATE RESISTOR.

Figure 7-9

Notice that all circuit relationships are still
the same. The battery, the vacuum tube, and
the resistor, are still connected in series, and
the grid is between the cathode and the plate
to control electron movement between these
two tube elements,

CHANGES FROM
3sv,
(40 VOLT CHAN )
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As the control grid voltage is changed, say,
from minus 1 volt, to minus 5 volts, the voltage
appearing across the plate resistor might change
from 75 volts down to 35 volts, It could then be
said that a 4-volt change in grid voltage caused
a 40-volt change (the difference between 35
volts and 75 volts) across the plate resistor,
This is the basic concept of amplification, A
small change in grid voltage can cause a large
change in the cathode-to-plate current and,
therefore, a large change in voltage across the
plate resistor. The large-size battery in the
cathode-to-plate circuit supplies the extra volt-
age necessary for this dramatic 40-volt swing,
yet this large amount of voltage may be con-
trolled by a small change in grid voltage, This
is the real advantage of a vacuum tube, and the
characteristic of vacuum tubes that practically
revolutionized our modern world by opening up
possibilities of electronic control, amplification
and long-range communication, that were vir-
tually impossible before the device was dis-
covered.

As changing grid voltage causes a larger changing
voltage across the plate resistor, so it is also
true that a very small signal voltage applied to
the grid of the vacuum tube can produce a much
larger signal voltage in the cathode-to-plate
circuit (across the plate resistor) that follows
the same pattern of change, See Figure T-10,
An audio signal, for example, can be applied to
the grid of an amplifier and it will appear across
the plate resistor in the amplifier in much
larger form, but in the same shape and pattern,
so that the intelligence contained by the signal
has not been altered.

N, -
- N
B- [ 100-voT |B+
‘8" BATTERY
GRID SIGNAL APPEARS ACROSS PLATE
RESISTOR IN ENLARGED FORM.
Figure 7-10

GRID BIAS

As mentioned earlier in this discussion, the
ideal operating range for the grid voltage is
somewhere between the two extremes of its

control. The grid should-not_ be so negative
that it cuts off electron movement from cathode
to plate entirely...but on the other hand, it shauld
not be positive either, since this causes the grid
16 a aﬁract some of the electrons away from the

_glate, ‘because the grid is positive also, This

"in-between' range, where the grid does the
best job of controlling the cathode-to-plate cur-
rent, requires.that the grid be made slightly
negatwe to start with, This is so a signal can
be applied to the grid without causing the grid
to become positive, even though the signal is
swinging up and down in voltage, Placing an
initial . negatwe voltage on the control grid is
call jaging the tube, A biasing circuit

is shown in Figure 7-11. Notice that the circuit

Figure T-11

O

INPUT
SIGNAL
FED

IN
HERE

*C’ BATTERY

FOR BIAS
I +

. SE——
OUTPUT

SIGNAL
TAKEN
OFF

+ 4 HERE

*B"BAT TERY

100-VOLT

B+

BIAS BATTERY ("C" BATTERY) KEEPS GRID OPERATING IN OPTIMUM VOLTAGE RANGE.



Page 56

is the same as in previous illustrations, except
that a battery has been connected between the
cathode and the grid, with the positive end of
the battery connected to the cathode, and the
negative end connected to the grid, through a
resistor, The resistor can be ignored for the

moment, and you may consider that the battery
is effectively connected directly from the grid
to the cathode. This makes the grid negative as
compared to the cathode, keeping grid operation
in the range where it will have the most effect-
ive control over plate resistor voltage. Most
radios in the early days used "C' batteries to
provide bias for amplifier circuits, although
different means are used in today's modern
sets, A small signal fed into the circuit of
Figure 7-11, would be amplified and would
appear in larger form across the plate re-
sistor, There would be a minimum amount of
"distortion," since the tube is biased to prevent
the control grid from going positive, JIdeally,
the output s1gna1 of an amplifier should be
identical to the jnpuf signal, exceépt in_size,
ﬁlsfo"f_'ﬁﬁr 1 occurs when the signal is changed
or dlstorted by the circuit that is amplifying it.

The resistor shown in series with the "C" bat-
tery performs no function so far as biasis con-
cerned, but is inserted in the circuit to prevent
sho _j,ing the incoming signal. Without. this re-
sistor, the signal would be shorted through the
battery itself, and would not reach the grid.
"B batteries were mentioned as the supply for
the cathode-to-plate circuit, '"C" batteries have
been identified as the source of bias for the
grid circuit in old-style radios...so ""A" batteries
should be mentioned too. @"A 'battery supplies
power for the tube filaments'in a battery-oper-
ated radio. Even modern vacuum tube portable
radios still use "A" and "B" batteries, although
the need for separate '"C" batteries has declined
over the years,

SELF-BIAS

Providing an extra battery merely to bias the
tubes in a radio was not a very convenient
arrangement, and some means was desirable
to eliminate the ""C' battery if possible. Such an
answer was developed, and the technique of
"gelf-bias' eventually replaced the "'C' batteryin
radios, Figure 7-12 shows how self-bias oper-
ates,

! »
OUTPUT
PLATE SIGNAL
LOAD TAKEN
RESISTOR OFF
HERE
4 -

B—| loo-vou B+
“B" BATTERY

"SELF-BIAS" WITH A CATHODE BIAS RE-
SISTOR REPLACES THE "C" BATTERY.

INPUT
SIGNAL
FED

IN
HERE

Figure T-12

Instead of using a separate "C'' battery to make
the grid negative as compared to the cathode,
to keep the tube operating in the correct range
of the grid voltage, a resistor was inserted in the
cathode circuit to accomplish ‘this same pur-
pose, The direction of current flow in the ""B"
battery circuit (from the negative battery termi-
nal up through the cathode resistor, acrossfrom
the cathode to plate, down through the plate re-
sistor, and back to the positive battery ter-
minal) is such that the small voltage developed
across the cathode resistor (which is a smaller
resistor value than the plate resistor) has the
polarity shown in Figure 7-12, Notice that the
top end of the resistor (connected to the cathode)
is positive, while the bottom end of the resistor
is negative. Note, also, that the negative end of
the resistor connects around to the control grid.
The resistor from the control gridto ground can
be ignored in the same sense as the grid re-
sistor in the previous circuit was ignored.: It‘
is _installed at this point merely to convey the
negative voltagé 1o the grid,and”to prevent
the incoming s1gna1 from being shorted. So far
7as this explanation is concerned, you can think of
the control grid as being at exactly the same
voltage potential as the bottom end of the
cathode resistor,

The unusual thing about this "self-bias' idea is
that to make the grid more negative than the
cathode, the cathode was merely made more
posmve The relationship between the cathode
and grid is then the same as if the grid had
been made more negative, You may have to
think about this for a few moments, but when
you consider that the objective to be achieved
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is to make the grid more negative than the
cathode, this can be done just as easily by
making the cathode more positive as it can by
making the grid more negative, It is not a
very obvious idea, just off hand, and perhaps
that is why it was not used originally in the
early radio sets, but was to be discovered later,

The circuit of Figure 7-12 functions just like
the simplified examples given previously, A
small incoming signal is amplified inthe circuit
and appears as a much larger signal, having
the same shape, across the plate resistor,

PRACTICAL CIRCUITS

]
RESISTOR gl%m'r
TAKEN
OFF
HERE

POWER SUPPLY
POWER SUPPLY REPLACES "B" BATTERY.
Figure 7-13

If you were to look at the schematic diagram of
a modern radio receiver, and locate one of the
amplifier stages, you would probably see some-
thing that looks like Figure 7-13. The main
difference between this circuit and the one just
discussed in Figure 7-12, is that a power supply
has beenused instead of a'"B'" battery. Of course,
portable radios still use batteries...but most
home radios are designed to operate from the
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power line, and a power supply circuit substi-
tutes for the battery in providing the electrical
pressure for the cathode-to-plate circuit. You
can still trace out the circuit functions in Figure
7-13 by observing how electrical pressure
causes the current to flow from the negative
side of the power supply (called B minus) up
through the cathode resistor, across from
cathode-to-plate through the grid, down through
the plate resistor, to the positive (B plus)
terminal of the power supply again, The in-
coming signal is applied across the grid re-
sistor and causes the control grid to regulate
the amount of voltage across the plate load re-

sistor, v

This discussion of vacuum tubes and amplifi-
cation is probably the biggest step you have
taken in the lessons of your EK-2A kit so far,
Since much of this material is new to you, a
thorough rereading of this section of the manual
might be in order. Do not hesitate to take the
time necessary to study this lesson again, be-
fore going ahead with the experiment, because
basic vacuum tube operation is quite important
to all the lessons that follow, and is a concept
you will want to have firmly fixed in your mind.
You might allow several days to elapse before
coming back to reread this section, and youmay
be surprised at how some ideas that may seem
slightly "'vague' to you at the moment will clear
up with several readings.

When you have done this, you are ready to con-
duct the experiment of this lesson, in which you
actually build a vacuum tube amplifier and use
it to listen to the local stations being picked up
on your crystal detector.

HOW TO BUILD A VACUUM TUBE AMPLIFIER

PURPOSE

TO BUILD A TRIODE VACUUM TUBE AMPLI-
FIER AND DEMONSTRATE GRID CONTROL
OVER THE CATHODE-TO-PLATE CIRCUIT,;
AND TO CONNECT THISCIRCUIT TO AMPLIFY
THE OUTPUT OF THE CRYSTAL DETECTOR,.

MATERIALS REQUIRED

1 1000 ohm 2 watt resistor
1 1 megohm 1/2 watt resistor
1 3.3 megohm resistor

1 .005 mfd ceramic capacitor

1 40 and 20 mfd, 300 volt electrolytic ca-
pacitor

5Y3 rectifier tube

#47 pilot lamp

Pilot lamp socket

Octal tube socket

Capacitor mounting wafer

#6 screws, lockwashers and nuts

12,000 ohm 2 watt resistors

EK-1 or equivalent,

Assembled experiment from Lesson VI,

R N e e e
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PREPARING THE CHASSIS FOR THISEXPERI-
MENT (See Figure 6-16 on Page 48.)

(“) Remove the line cord plug from the wall
socket,

( ¥) Disconnect the antenna and the ground leads
from the screw terminals at the back of the
chassis,

( 0/ Remove the wire between lug 7 of the 6C4
tube socket and the orange terminal of the
regenerative detector coil.

(\'Remove the jumper wire between lugs 5 and
) 6 of the 6C4 socket.
(\/) Remove the 150 Kohmresistor fromacross
lugs 1 and 2 of the phone jack,

( )Jiemove the lead from between phone jack
i lug 1 and T-1,

( ) Disconnect the wire from T-2 and leave it
| hang free temporarily,

( ‘ Disconnect the pilot lamp lead from lug 4
of the 6C4 tube socket,

(. ) Leave the other parts mounted and inplace,
since the same components will be used in
this circuit.

STEP 1 - BECOMING FAMILIAR WITH THE
PARTS

You have undoubtedly noticed already that the re-
sistors you have used so far are the same size
physically, even though they vary in resistance
value, In this experiment you will use 21000 ohm
resistor and two 12,000 ohm resistors that are
larger than usual, While the physical size of a
resistor has no bearing on its resistance value,
it does relate to its power rating (the amount of
current it is capable of handling at any given
voltage). The larger the resistor, the higher the
power rating. Power is measured in watts, and
is the product of multiplying the cyrrenpt through
the resistor by the yoltage across it, or multi-
plying the square of the current times the re-
sistance. The resistors you have been using up
to now have been rated at 1/2 watt, while the
three resistors mentioned inthis experiment are
rated at two watts,

Several other parts that are new to youare used
in this experiment, including the 40-20 mfd
electrolytic capacitors, the 5X3 tube, etc, These
components are used in the power supply which
you build up as a preliminary step in constructing
this circuit. The main objective of the experi-
ment is not to go into the "how and why" of
power supplies at this time, A full explanation
of these new parts will be postponed to a later
experiment when the subject of power supplies
is covered in depth, For the moment, go
right ahead and use these parts as specified in
the manual even though you are not fully acquaint-
ed with their function in the circuit or the part
they play in power supply operation,

The power supply is a circuit designed to operate
from your AC power line and produce DC power
comparable to that obtained from a battery, The
power supply is, ina sense, abattery eliminator,
and it will be used inthe circuit you are about to
build to provide higher DC voltage withoutusing
a large battery as a source of power,

The 5Y3 is an octal type tube, and employs a
larger tube socket, with more terminals, than
the sockets you have already installed, The
lugs of the octal socket are numbered in a
clockwise direction as viewed from the bottom,
beginning at the 'keyway' in the center hole of
the socket, Figure 7-14 illustrates the socket
terminal identification for wiring purposes,
as viewed from the bottom,

W

OCTAL SOCKETS ARE NUMBERED CLOCKWISE
WHEN VIEWED FROM THE BOTTOM, START-
ING AT THE KEYWAY.

Figure 7-14

The other parts employed inthis experiment are
resistors and capacitors similar to those you
have already used, so no special explanation
is required.
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e-32 \UT(8)
-
"6 LOCKWASHER

Figure 7-15

6-32 NUT
g [ OCKWASHER

LAMP SOCKET

TRANSFORMER

é 6-32 x%—"scnzw

MOUNTING THE CAPACITOR, TUBE SOCKET, AND LAMP SOCKET.
STEP 2 - MOUNTING THE PARTS

Follow the pictorial diagram in Figure 7-15 in
mounting the octal socket, the capacitor, and
the pilot lamp under the chassis, as specified
belpw,

(/) Install the capacitor mounting wafer first,

(

as shown in the pictorial diagram, using 6-32
screws, lockwashers and nuts, Position the
wafer and remount the "T'" type terminal
strip as shown, Note the position of the slots
in the wafer,

Mount the electrolytic capacitor itself, from
the top of the chassis through the slots in
the mounting wafer, Make sure the terminals
of the capacitor are positioned as shown in
Figure 7-15, and hold the capacitor tight
against the wafer while twisting the mounting

tabs (not more than 1/4 turn) as shown
in Figure 7-15. Solder one mounting tab to
the wafer as shown.

APPROX. 85°
5
PREPARING THE LAMP SOCKET FOR MOUNTING.
Figure 7-16
Bend the bracket on the pilot lamp socket as
shown in Figure 7-16 and then mount it while
mounting the octal tube socket, as shown
in Figure 7-15. Note the position of the

keyway when mounting the octal socket. Use
6-32 screws, lockwashers and nuts,
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STEP 3 - WIRING THE POWER SUPPLY CIRCUIT ( &Twi

POWER SUPPLY TAKES THE PLACE OF BATTERY, SUPPLYING B+ AND B-.
Figure 7-17

the two yellow transformer leads
logéely together and connect one to lug 2

The schematic diagram of the power supply in d the other to lug 8 of the 5Y3 socket,

Figure 7-17 and the pictorial diagram in Figure

7-18 should be followed in wiring this section (™7 Connect the red-yellow transformer leadto
of the circuit, Position the wires as close as the terminal of the pilot lamp mounted be-
possible to the locations shown in the illustration, side the 5Y3 socket.

You are not expected to understand the function of

the power supply circuit at this time, so the (
schematic diagram is purely for informational

Install the pilot lamp in its socket,

i

purposes, Notice that the power supply consists (V) Connect a length of hookup wire from lug 2 ’
of the power transformer (which was already of the octal socket to the 4 temminal of tire
mounted in a previous experiment), a type 5Y3 filter capacitor. It is important at this time
rectifier tube, a two-section electrolytic ca- that you look closely at the two terminals
pacitor, and a 1000 ohm 2-watt filter resistor, of the electrolytic capacitor. You will notice
alo with a pair of 12,000 ohm resistors, two cutouts in the fiber insulation, one next
Zg to the base of each terminal; one forms a
(/) Twist the two redtransformer leads loosely triangle (a) and the other a square (m) .
together and connect one to lug 4 and the These cutouts identify the terminals, and

other to lug 6 of the 5Y3 tube socket. will be referred to in the text,
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N

RED

‘ PICTORIAL VIEW OF POWER SUPPLY WIRING.

Figure 7-18

(1 ) Connect the 1000 ohm (brown-black-red)
2 watt resistor between the a andmtermi-
nals of the filter capacitor.

C) Connect a 12 K ohm (brown-red-orange)
2 watt resistor from the s capacitor termi-
nal to T-2.

((--))Connect the other 12 K ohm (brown-red-
orange) 2 watt resistor from T-1 to the
capacitor ground lug (see Figure 7-18).

These steps complete the wiring of the power
supply section of the circuit. The power supply
can be viewed, at this point, strictly as a substi-
tute for a battery. The negative terminal of this
"battery" (B-) is the chassis itself, and the plus
terminal of the battery (B+) is T-1 or T-2, You
will want to keep this in mind as you perform
the experiment,
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SCHEMATIC OF AMPLIFIER CIRCUIT.

Figure 7-i9/
STEP 4 - WIRING THE AMPLIFIER CIRCUIT (¥) Connect the 1 megohm resistor (brown-

The wiring for this section of the experiment
can be performed while following the schematic
diagram of the amplifier circuit in Figure7-19,
and the pictorial diagram in Figure 7-20,

& ) Connect a jumper wire at the 6C4 tube

socket, from the center ground post over

to lug 7, and from the center ground post
over to lug 4.

( onnect a 150 KQ (brown-green-yellow)
resistor between lug 5 of the 6C4 socket
and T-2,

((,VConnect the .005 mfd capacitor between lug 1
of the phone socket and the free end of the
wire still connected to lug 5 of the 6C4
socket, as in Figure 7-20.

black-green) across lugs 1 and 2 of the
phone socket, (See Figure 7-20,)

({¥Connect the lead from the pilot lamp above
the chassis to lug 3 of the 6C4 tube socket,
after passing it through the chassis hole
as in the last experiment, The pilot lamp,
this time, will be operating as a warning
light to let you know when the power
supply is turned "‘on,"

A X Connect one end of the 3,3 megohm resistor

(orange-orange-green) to lug 6 of the 6C4
tube socket, solder a 12" length of hookup
wire to the other resistor lead, and leave
this hookup wire hanging free,

(V) Install the 5Y3 tube in the octal socket.

This completes the wiring for the amplifier
section of this experiment,
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Figure 7-20

PICTORIAL OF AMPLIFIER CIRCUIT (AND POWER SUPPLY]),
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CAUTION

The wiring you have just completed includes a
power supply capable of producing voltages
higher than your power line voltage, Anydanger
to your person from electrical shock can be
minimized, however, if you will follow a few
simple procedures in handling the circuit,
In addition to pulling the line plug between
actual demonstrations, asinstructedpreviously:

1,

Do not touch any terminals below the
chassis when the switch is in the "ON"
position,

Watch the pilot lamp on top of the chassis
as a warning of when the high voltage is on,
This precaution includes any measurements
you might make with the EK-1 Test Set. You
can hold the insulated part of the red test
probe to make a measurement, but you should
not touch the metal part of the probe,
nor should you touch the alligator clip on
the black test lead, unless you first turn
the switch "OFF."

Any time you make a measurement, or
change something under the chassis, -
form these operations with the switch '@;‘
and then turn the circuit "ON" aga or
your test,

STEP 5 - DEMONSTRATING GRID CONTROL

OF THE PLATE CIRCUIT

CELLS PROVIDE TWO-STEP GRID VOLTAGE.

Figure 7-21B

12 HOOKUP WIRE

3.3 MEG

UG & OF
8C4 SOCKET

GROUND LUG NEXT TO
POWER TRANSFORMER

G

Figure 7-21A

Flashlight cells will be used in this experiment
to change grid voltage. Your EK-1 Test Set (or
its equivalent) will be used to measure the
change in voltage across the plate resistor.
Figure 7-21A is a pictorial diagram of how two
flashlight cells are connected in series between
ground (the chassis) and the free end of the 12"
length of hookup wire connected to the 3.3 meg-
ohm resistor, This arrangement in the grid
circuit is shown schematically in Figure 7-21B,
Your ground connection to the chassis can be
made conveniently by using another 12" length
of hookup wire connected to the ground lug
next to the power transformer,

LUG 5 OF
8C4 SOCKET

“T” TYPE Il
TERMINAL STRIP §
J

MEASURING VOLTAGE ACROSS PLATE
RESISTOR.

Figure 7-22

With the hookup wire connected to the bat-
teries, as shown in Figure 7-21A, and the EK-1
Test Set connected to measure voltage across
the plate resistor (Figure 7-22), switch the
EK-1 selector switch to the 100 volt range and
turn the entire circuit '""on'" by plugging in the
line cord and rotating the EK-2A control switch,
Record your reading in the ''lst TEST" box of
the chart in Figure 7-23, This is the plate re-
sistor voltage reading for -3 volts bias (both
batteries connected in series to the grid).
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PLATE RESISTOR
GRID VOLTAGE L THGE
-3 3 3_,'@ 18T TEST
-1 4;— ‘ ﬁ) 7,0 2 ND TEST
1 d
1L 2 3 DIFFERENCE
2 3 4,0

RECORDING PLATE RESISTOR VOLTAGE
MEASUREMENTS AS GRID VOLTAGE IS
CHANGED.

Figure 7-23

Now turn off the power, pull the line plug, leave
the EK-1 Test Set as it is, and remove the
length of hookup wire from its connection at
the negative battery terminal and connect it to
the junction between the two batteries, so that
only one battery is in the grid circuit. Now plug
in the line plug and turn on the power again,
Read the EK-1 meter after the circuit warms
up, Record this result in the '""2nd TEST" box
of the chart in Figure 7-23, The "DIFFERENCE"
box in the chart of Figure 7-23 will not be filled
in at this time,

The reading you have just made is the plate
resistor voltage when the grid voltage is reduced
from -3 volts toonly -1-1/2 volts (for a change of
1-1/2 volts at the grid. You will see the sig-
nificance of these tests later in the "dis-
cussion,”" Now turn the circuit "off," and pull
the line plug.

STEP 6 - AMPLIFYING THE QUTPUT OF THE
CRYSTAL DETECTOR

(ij/Connect the 12" length of hookup wire (con-
nected to the 3.3 megohm resistor), backto
the negative terminal of the second cell
again, 8o you have a full -3 volts of bias on
the 6C4 tube,

(7) Now, connect the free end of the crystal
diode to pin 6 of the 6C4 tube socket, This
connects the output of your crystal detector
circuit to the input of the amplifier youhave
just constructed, instead of directly to the
earphone as it was connected before, This
can be seen schematically in Figure 7-24,

( ) With the circuit still "off," connect the
antenna and ground leads to the appropriate
screw terminals on the back of the chassis
and plug in the earphone, Now plug in the
line plug and turn the entire circuit "on,"
You should be able tohear the same stations
you have listened to in previous listening
tests, but with greater volume because of
the amplification provided by the ampli-
fier circuit you have constructed. You
may even find that you can hear a station or
two that you were unable to pick up before
because the volume was too low, Turn "off"
the circuit and pull the line plug,

I |
| |
i I
| 47 MMF ] |
| 1< Her—y,
| | :
4z ok §| o3
l 7T i I
| | |
[ ! |
! ! I
| ! . |
| = |

| =
| ' !

<—|LI”T“ TYPE TERMINAL |
| Br I STRIP
| POWER SUPPLY | | :
| —— = ==

OUTPUT

| BETECTOR ! CIRCUIT

SCHEMATIC OF DETECTOR AND AMPLIFIER CIRCUITS COMBINED.
Figure 7-24



Page 66

DISCUSSION

Going back to the readings you recorded in
Step 5, when you were demonstrating grid control
of the plate resistor voltage, you can now take
the difference between the two readings to re-
cord the "difference’ voltage in the chart of
Figure 7-23, The difference voltage already
provided in the left column is 1-1/2 volts, and
this represents the amount of voltage change that
took place on the grid. The difference voltage
in the right-hand column is found by subtracting
the reading in the 1st TEST from the reading
in the 2nd TEST, Record the difference voltage
in the chart, This represents the amount of
voltage change that took place across the plate
resistor,

You should find that the change in plate resistor
voltage is in the neighborhood of 10 to 20 volts.
This is a considerably greater change than the
1-1/2 volt change in grid voltage that caused it,
It may be seen that the triode tube truly ampli-
fies changing voltage, since a grid change of
only 1-1/2 volts, produced a plate resistor
voltage change of approximately 15 volts.

In Step 6 of this experiment, the output of the
crystal detector circuit was fed to the ampli-
fier to build up its size so that the signal could
be heard louder in the earphone., Referring to
Figure T-24, you can see that the basic circuit
functions remain the same as in previous
experiments, in that the tuned circuit selects the
signal, the crystal diode detects the signal and
produces an audio signal from the modulated RF
signal fed into it, and then this audio signal is
amplified in the 6C4 triode circuit. The signal
s then Ted to the earphone through a coupling
capacitor. You have constructed an audio am-
plifier, since this is the use to which the added
6C4 circuit is being put.

TS

The function of the ,005 mfd coupling capacitor
is to prevent the high DC voltage in the plate
circuit from getting‘_g\miﬁ'fhe earphone, A ca-
pacitor, as you have seen previously, will not
pass DC current and, therefore, it acts as a
block as far as plate current is concerned,
A capacitor will have the effect of passing AC
signals, however, through its charge and dis-
charge action, and this unique property of the
part is put to use in this circuit,

There should be a noticeable difference in the
volume of the stations picked up by the antenna,
as heard through this improved, one-tube,
"radio" circuit,

The function of the pilot lamp on top of the
chassis is to act as a warning device to let
you know when the circuit is "'on," The lamp
under the chassis is functioning as a fuse, It
is connected in series with the high voltage
supply and will burn out if the high voltage
is accidentally shorted. This protects other
components in the power supply from damage.

In your next experiment you will see howa triode
vacuum tube can be connected so that itnot only
amplifies an incoming signal but performs the

detection function as well!

Your present circuit can be left assembled for
listening enjoyment and for demonstration to
your friends and family, until you are ready to
start the next experiment, Always be sure to
turn the switch "off' when the circuit is not in
use, and be very careful about the high voltage
under the chassis.

g /(; ‘,gv\ P "‘:;.;., S
. M"‘/"I \ b,
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LESSON Vi
QUESTIONS
NOTE: The answers to the questions for Lesson 6. If a "B'" battery supplies power to the
VII will be found at the back of the book on Page cathode-to-plate circuit, and a '"'C" battery
85, supplies bias to the grid ciycuit, what does
an "A" battery do? ;g c { ) 6
1. Draw the schematic symbolfor atriode tube "
(with heater).

7. Self-bias in an amplifier circuit [4s ac-
complished by putting a 14 , é; . in
the cathode circuit to make the grid more
negative than the cathode (or the cathode)
more positive than the grid). o,

Iy
J’/c.
2. What function does the control grid in a 5. ﬁﬁ::trhiﬁgli;ﬁ,:s Wieplace Of——ﬁ-—-:—{ o
vacuum tube perform? ,_ . 5 : v
9, Identify the terminal numbers on this octal

“O;C/[A’/{ . '/n!’ éﬁ: (.cw"

3. When the grid in a triode tube is made more
negative, the electron flow from cathode to

plate (increases or decreases)?
s ch.\LC—-—\
"}

4., When a tube circuit is amplifying, the volt-
age change across the plate resistor is:
than - smaller than)

the voltage change at the grid,

5. Grid bias in a vacuum tube circuit makes
the grid more_______ (negative - positive)
than the cathode.

socket,
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LESSON Vil
CAN ONE VACUUM TUBE DO TWO THINGS AT ONCE?

The 6C4 tube in your last experiment was oper-
ated as an audio amplifier to build up the signal
volume in the earphone, The signal was detected
in the circuit employing the crystal detector,
although this same function could have been
accomplished with another vacuum tube in the
circuit, In either case, however, you would be
requiring two tubes, or a tube and a crystal
diode, to detect and amplify the signal,

Actually, both detection and amplification canbe
performed by one triode tube under certaincir-
cumstances, This lesson will explain how a single
triode tube can detect a modulated broadcast
signal, and amplify the remaining audio signal,
both at the same time,

MINUS AND PLUS GRID VOLTAGE

+75V T
NO CURRENT FLOWS
IN GRID CIRCUIT

;

N -1V

ZERO I

NO GRID CURRENT FLOWS AS LONG AS THE
GRID IS MORE NEGATIVE THAN THE CATHCDE.

Figure 8-1

Figure 8-1 illustrates the relationship between
the three elements in the triode tube when an
alternating (plus and minus) signal is applied to
the control grid. This diagram shows the condi-
tion for the first half-cycle of an alternating
voltage, when the voltage is swinging in a nega-
tive direction.

If you use the cathode asa'zerovoltage' refer-
ence, it may be said that the controlgrid of this
tube is at a potential of -1 volt due to the signal
applied to it., The plate voltage may be said to
be +75 volts, as compared to the cathode (zero),
because it is connected to the plus terminal of
a B battery through the plate resistor.

As in the examples givenbefore, the control grid
(being more negative than the cathode), tends to
repel electrons and limit the electron flowfrom
cathode to plate, No current flows in the grid
circuit itself, however, since it is repelling
electrons, not attracting them. These are the
tube conditions for the first half-cycle of an
alternating signal applied to the grid.

CURRENT FLOWS T
IN GRID CIRCUIT

ZERO T

GRID DRAWS CURRENT WHEN IT IS MORE
POSITIVE THAN THE CATHODE.

Figure 8-2

Figure 8-2 shows the relationship between the
triode tube elements when the grid signal swings
positive, making the control grid voltage +1
volt. The control grid is now more positive than
the cathode, although it is still not as positive as
the plate, What is significant about this condition
is that, as soon as the grid becomes positive,
even to a small degree, it begins to accumulate
some of the electrons flowing from the cathode,
and current then begins to flow out from
the grid lead. When the grid becomes more
positive than the cathode, as it is onthe positive
half-signal, itbeginsto attract electrons, instead

of repelling them.

So long as the control grid of a triode tube is
negative, no grid current flows, As soon as the
control grid becomes positive, however, grid
current flows, and the consequences of current
flow in the grid circuit are considerable, and
may be considered either "good" or ''bad," de-
pending on what the tube circuitis intended to do.
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In a conventional amplifier circuit, for ex-
ample, grid current is undesirable, and bias
voltage is used in a deliberate attempt to pre-
vent the control grid from ever becoming posi-
tive when an alternating (plus and minus) signal
is applied to it. Grid current causes distortion
in a conventional audio amplifier circuit,

BIAS VOLTAGE KEEPS GRID NEGATIVE
!

e/

ouTPUT

PLATE
RESISTOR

GRI ZERO
RESISTOR

BIAS
BATTERY

il
N
8- B+

4 P -
BV =

NEGATIVE SIGNAL VOLTAGE ADDS TO
NEGATIVE BIAS VOLTAGE FOR MINUS
2-1/2 VOLTS ON GRID.

Figure 8-3

Figures 8-3 and 8-4 show how a conventional
amplifier (with bias) operates on each half-
cycle of an incoming signal,and illustrate the
fact that the grid never becomes positive, and
therefore no grid current flows in a conventional
amplifier circuit.

The circuit of Figure 8-3 follows the example of
triode circuits used in previous lessons, and you
can see that a 1-1/2 voltbattery is used between
the grid and the cathode to apply aninitial nega-
tive voltage to the grid. As the incoming signal
swings to -1 volt on its first half cycle, this -1
volt adds to the -1-1/2 volt bias already on the
grid, resulting in a total grid voltage of -2-1/2
volts. This negative grid voltage reduces the
electron flow from cathode toplate, and the volt-
age drop across the plate load resistor is re-
duced, to follow the shape of the incoming signal.

f

BIAS
BATTERY

‘H
4 B- B+
12V =

POSITIVE SIGNAL VOLTAGE SUBTRACTS
FROM NEGATIVE BIAS VOLTAGE FOR
MINUS 1/2 VOLT ON GRID.

Figure 8-4

On the positive swing of the incoming signal (+1
volt) shown in Figure 8-4, the +1 volt voltage
cancels part of the -1-1/2 volt bias, so that the
resultant grid voltage is minus 1/2 volt, While
the control grid is not as negative as it was for
the first half of the signal, it stillhas not become
positive, and therefore there is still no grid
current flowing, The -1/2 volt remaining on the
grid still reduces electron flow from cathode to
plate, but not as much as in the previous condi-
tion, so the voltage drop across the plate load
resistor increases, as indicated by the half
signal shown in the plate circuit of Figure 8-4.

Even though the signal applied to a vacuum tube
amplifier swings plus and minus, the grid re-
mains negative because of the negative bias volt-
age applied to it with a battery. This explanation
also makes it clear that the amount of bias
voltage applied to a vacuum tube grid should
always be at least half as much as the value
of the incoming signal, or the alternating sig-
nal could exceed the bias and still cause the
grid to become positive,

t

g ik

AMPLIFIER WITHQUT BIAS HANDLES
NEGATIVE SIGNAL VOLTAGE OKAY.

Figure 8-5
LACK OF BIAS CAUSES RECTIFICATION

When bias voltage is removed from an ampli-
fier circuit (as in Figure 8-5) it can no longer
be said that the grid is always negative with
respect to the cathode, or that no grid current
ever flows in the circuit,

On the negative half cycle of the incoming signal,
the grid will be negative, and the relationship
between the grid circuit and the cathode-to-plate
circuit will be normal as described in theprev-
ious examples, The negative swing of the signal
applied to the grid will be reproduced in larger
form across the resistor, However, onthe posi-
tive half-cycle, where the grid actually startsto
become positive with respect to the cathode, an
entirely different situation exists,
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2ERO

B- B+

m

AMPLIFIER WITHOUT BIAS DOES NOT
AMPLIFY POSITIVE SIGNAL VOLTAGE.

Figure 8-6

Figure 8-6 shows what happens on the positive
half-cycle of the grid signal in a triode vacuum
tube circuit without bias voltage. As soon as the
incoming signal begins to cause the controlgrid
to swing positive with respect to the cathode, the
control grid starts attracting electrons that
would normally move on to the plate, This
causes current to flow out of the grid, down
through the very large grid resistor, and around
to the cathode, where the electrons originated,
When current flows through the grid resistor,
a voltage is developed across it. The voltage
has the polarity indicated in Figure 8-6, so that
the voltage developed across the grid resistor
puts a negative potential on the grid, which stops
any increase in electron flow from cathode to
plate, This condition exists so long asthe signal
is trying to make the grid positive, A positive
signal pulse on the grid causes grid current, and
grid current means a negative voltage will be
developed across the grid resistor as current
flows through it, canceling the positive signal
voltage on the grid,

The net effect of this phenomenon (still refer-

ring to Figure 8-6), is that very little change
occurs in the voltage across the plate resistor
while the positive half-cycle of signal isapplied
to the grid. The negative voltage developed
across the grid resistor just about cancels the
positive swing of the signal, and the total effect
in the amplifier circuit isthat the voltage across
the plate resistor hardly changes at all. The
amplifier, therefore, is not amplifying and re-
producing the signal on the positive half-cycle,
but only on the negative half-cycle of the in-
coming signal,

This means that, while an alternating (plus and
minus swinging) signal may be applied to the
grid of an unbiased amplifier circuit, only the
negative half-cycle of this signal will appear
in the plate circuit, The positive half-cycle
is cancelled out by the grid current flow that
occurs when a grid is made more positive than
the cathode, When half of a signal has been
eliminated, the signal has been rectified, The
amplifier circuit has then become a "one-way"
device very much like a diode tube or a crystal
rectifier,

The rectification that occurs in this way is not
"perfect,” in that the positive half-cycle is not
eliminated entirelz. There is still a slight rise
above the zeéro line (Figure 8-6) at the plate
resistor as the grid attempts to swing positive,
However, enough of the positive part of the
signal has been eliminated that the negative
half signal becomes predominant, and the signal
is essentially "rectified,"

The negative half-cycle passes through this
circuit and is amplified faithfully, since it does
not cause the grid to become positive,

Figure 8-7

MODULATED BROADCAST SIGNAL 1S AMPLIFIED AND RECTIFIED IN UNBIASED

AMPLIFIER CIRCUIT.
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THE DETECTOR-AMPLIFIER

Figure 8-7 shows the total effect of what hap-
pens in an amplifier without bias, or a de-
tector-amplifier (sometimes called grid leak
detector). Notice that a modulated RF voltage
is applied to the grid of this triode amplifier.
Its output, from the plate load resistor, con-
sists of just one-half of the signal that was fed
in, This half signal is larger than it was on the
grid, however, so it is being amplified, The
other half signal has been eliminated almost
entirely, so the signal is also detected to the
extent that it is ready to operate an earphone,

The obvious advantage of this type of detector-
amplifier is its amplification. It not only de-
tects the signal, but it builds up the strength
of the signal at the same time. This kind of
circuit is quite useful in some receivers where
amplification cannot be conveniently obtained
any other way,

The disadvantage of such a circuit is that the
detection job it does is not quite as good as that
achieved in a diode tube. As mentioned prev-
iously, it does not eliminate all of the positive
half-cycle, and this introduces a degree of dis-
tortion in the resulting audio signal., In acircuit
where the fidelity of the detected signal is
extremely important, a detector-amplifier would
not be ideal, Better results would be obtain-
ed with a separate diode detector circuit,
and then a conventional amplifier (with bias) to
reproduce faithfully the signal fed to it, The
detector-amplifier is, however, a fine circuit
for many ordinary applications,

As the experiment in this lesson you will modify
the amplifier built in Lesson VI to make it
a detector-amplifier, thus eliminating the need
for the crystal rectifier in the circuit,

HOW TO BUILD A DETECTOR-AMPLIFIER

PURPOSE

TO CONVERT THE SEPARATE DETECTOR AND
AMPLIFIER CIRCUITS OF LESSON VI TO A
COMBINATION DETECTOR-AMPLIFIER CIR-
CUIT.

MATERIALS REQUIRED

1 100 mmf capacitor
The assembled circuit from Lesson VII

PREPARING THE CHASSIS FOR THIS EXPERI-
MENT (See Figure 7-20 on Page 63.)

( \)/ Remove the line cord from the wall socket
f disconnect the GND.-ANT, wires,
( ¥ Remove the crystal rectifier from the cir-
cuit entirely, Put it in a safe place for use
:in the future,

Disconnect the 12" length of hookup wire
from one end of the 3.3 megohm resistor,

(\/ Disconnect the 12" length of hookup wire
from the ground lug nexttothe power trans-
former. The batteries will not be used in
this experiment,

MODIFYING THE CIRCUIT

(\/)/Connect the free end of the 3.3 megohmre-
sistor to terminal 4 of the 6C4 tube socket,
The resistor will now be between terminals

4 ,and 6 of the 6C4 tube,
(%::nect the 100 mmf capacitor where the

crystal was connected previously (between
the orange terminal of the regenerative de-
tector coil and terminal 6 of the 6C4 tube
socket, Use insulating sleeving.

These simple changes complete the wiring of the
circuit for this experiment, The circuit hasbeen
converted to a detector-amplifier by merely
removing the battery bias from the circuit, and
by replacing the crystal rectifier with a coupling
capacitor. No pictorial diagram is required for
these minor changes, buta schematic diagramis
shown in Figure 8-8, The differences canbe seen
readily by comparing the circuit to the schematic
of Lesson VII.

This circuit may now be operated to listen to
your local broadcast stations by reconnecting the
antenna and ground leads, inserting the power
plug in the wall socket, plugging in the earphone,
and turning the switch on,
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100 MMF CAPACITOR IN PLACE OF CRYSTAL RECTIFIER.

Figure 8-8

DISCUSSION

You should find that the operation of this de-
tector-amplifier is very similar to that of the
separate detector and amplifier circuits of
Lesson VII. The importance of the experiment
is that you have proved that the unbiased
amplifier circuit is detecting the signal while
it is also amplifying it. The crystal rectifier

has been removed from the circuit, yet the cir-
cuit still functions satisfactorily,

This completes the experiment of Lesson VIIL
In Lesson IX you will modify this circuit further
to increase the amplification of the signal even
more, and bring up the volume of stations as
heard in the earphone,

LESSON VI
QUESTIONS

NOTE: The answers to the questions for Lesson
VI will be found at the back of the book on Page
86.

1. What grid condition is the bias in a con-
veqtlonal amplifier designed to prevent?
f/ 5
2. How much (at least) negative bxas would be
desirable in an amplifier designedtohandle
a signal that swings 2 volts negative and

2 volts positive? L//

3. As long as the grid remains negative as
compared to the cathode, grid current

(does - does not) flow in a conventional
amplifier circuit,

4, In the circuit of Figure 8-6, the negative
half of the signalis amplified satisfactorily,
and the positive half of the signal
(doubles - is cancelled out).

5. Give one advantage of the detectoramplifier
as compared to a diode detector. e
P'ara)
6. Give one advantage of a separate diode
detector and separate amplifier over the
combination detector-amplifier,
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LESSON IX
HOW IS FEEDBACK USED FOR EXTRA AMPLIFICATION?

While the detector-amplifier constructed in
Lesson VIII does arather good jobfor a one-tube
circuit, its performance can still be improved,
and its amplification increased, by making the
circuit regenerative. "Regeneration' is the tech-
nique of increasing the amplification of a circuit
by causing it to "reamplify" signals, The term
"feedback’ is very descriptive of this process,
since regeneration does consist of feeding part of
a circuit's output back to its input, sothe signal
is amplified more than once in the same ampli-
fier circuit, Such a feedback arrangement can be
added to the detector-amplifier you built in the
last experiment, and it will reamplify the in-
coming signal to build up its strength even be-
yond that achieved as a straight detector-ampli-
fier,

Regeneration is another of those qualities in an
electronic circuit that can be either ''good" or
"bad," depending on what the circuitis supposed
to do, The irritating whistle and scream of a
public address system with the volume turned
up too high is an excellent example of unde-
sirable regeneration, With excessive volume,
sound coming from the PA speakers is picked
up by the microphone ... and this feedback of
the output sound to the input mike causes the
entire system to oscillate, Oscillation is the
natural consequence in a highly regenerative
circuit, but is undesirable in a PA system,

On the other hand, if a circuit were designed
for some other purpose...if the objective wereto
design a code practice oscillator, or an audio
tone generator, then this oscillation would be
desirable,

The objective in adding feedback to your de-
tector-amplifier circuit is to increase the am-
plification of the circuit through regeneration,
but not to cause oscillation, It is for this
reason that a regeneration control is added to
the circuit, so the amount of feedback can be
controlled to give additional amplification, but
to fall short of making the circuit oscillate,

A transformer will be used as a device for
feeding back the signal in your circuit, Trans-
formers will be explained in more detail in your
next experiment (Kit EK-2B), Just one funda-
mental concept needs explaining right now, and

T —— S
Y AT I
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TWO COILS WOUND CLOSE TOGETHER MAKE
A TRANSFORMER DUE TO THE MAGNETIC
COUPLING.

Figure 9-1

that is the effect of two coils wound on the same
coil form and positioned closely together, Fig-
ure 9-1 shows this situation schematically and
pictorially,

As you learned in previous lessons, when cur-
rent passes through a coil of wire there is a
magnetic field set up around the coil and
through its core, K another coil is positioned
so that it is in the magnetic field of the first
coil, current will be induced in the second coil
by the first coil, and energy can be trans-
ferred from one coil to the other, even though
there is no electrical contact between the two
coils of wire. Coil A in Figure 9-1, for ex-
ample, can cause current to flow in coil B,
purely through the fact that the coils are po-
sitioned closely together, and coil B is in the
magnetic field of coil A, A changing signal
voltage (AC) applied to coil A willappear across
the terminals of coil B, although a steady
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FEEDBACK FROM CQUTPUT TO INPUT CAUSES CIRCUIT TO "REAMPLIFY" SIGNALS.

Figure 9-2

DC current through coil A will not appear
across coil B, It is only as the magnetic
field is changing that it induces current into
coil B. A signal causes the magnetic field
to build up and collapse very rapidly, and each
fluctuation of the field induces current in coil
B. A steady DC current does not cause the
field to fluctuate, so no effect is evident across
coil B. It is for this reason that a trans-
former has the effect of blocking DC, and
passing AC. i i e o
This idea may become clearer as you refer
to a schematic diagram of a simplified circuit
employing feedback (see Figure 9-2)., Notice
that one coil (A) is connected into the plate
circuit of the amplifier to pick up the output
of the circuit, This coil is closely coupled to
a second coil (B) so that the two coils together
make a transformer, The signal currentflowing
through coil A feeds some of the output signal
back into the input of the amplifier circuit through
coil B. The high DC plate voltage, however,
does not pass through from coil A to coil B of
the transformer, The high DC plate voltage is
kept out of the input circuit by the transformer,
so the high voltage cannot upset signal and bias
conditions,

The overall effect of this kind of circuit is
that the signal is amplified and reamplified to
build up its strength far beyond what would be
possible with normal amplification, The trick
is to keep the circuit operating just below
the point of oscillation, If the feedback be-
comes too great, the circuit simply oscillates
and produces its own signal, while if the feed-
back is controlled in some way, and is kept
just below the point of oscillation, this ''re-
amplification' effect is achieved and the circuit
becomes very efficient,

FILTER
RFC

<

{

FEED BACK CONTROL

AN
7T

il

FEEDBACK CONTROL AND RADIO FREQUENCY
FILTER ARE ADDED TO IMPROVE CIRCUIT
OPERATION.

Figure 9-3
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COMPLETE SCHEMATIC OF REGENERATIVE DETECTCR YOU BUILD.

Figure 9-4

Figure 9-3 shows a more realistic regenerative
detector circuit, You will notice two main
changes between this circuit and the one in
Figure 9-2,

First, a variable resistor has been installed
across the feedback coil so that the amount of
feedback can be controlled, I the control is
adjusted all the way in one direction it actually
shorts out the feedback coil, while in the other
extreme position the variable resistor places a
high resistance across the coil so that the coil can
still function as a feedback device. Various de-
grees of feedback are then possible by adjusting
this variable resistor.

You will also notice that another coil and two
capacitors have been added in the plate circuit
of the amplifier tube. This is a filter circuit
designed to eliminate any remaining radio fre-
quency signal before the audio signal reaches the
earphone. You may recall from an earlier dis-
cussion of detection, that the process of detection
consists of two main functions. The modulated
RF signal picked up by the antenna must be
rectified, and it also must be filtered. The
function of filtering can often be ignored when
only a small amount of RF is involved, since an
earphone or a speaker has atendencytorespond
only to the audio component of the signal and
such a sound reproducing device will ignore the
RF pulsations, In a circuit of this type, however,

B- B+
where the signal amplitude is being built up
excessively by feedback, a considerable amount
of RF signal is generated, and this must be
filtered out and blocked from the earphone, The
coil (called a radio frequency choke) and the two
capacitors, make up a filter circuit that blocks
RF current from passing through the plate circuit
to the earphone, This shorts the RF signals to
ground without affecting the audio signal,

Figure 9-4 shows the actual circuit you will
construct in the experiment of this lesson, The
values of the various parts are given, and the coil
terminals are identified by color code, Note
that a third winding on the regenerative detector
coil (shown with dashed lines) is disabled for
this particular experiment by connecting a wire
across it to short it out,

You should note, too, that this is exactly the same
circuit as you were using in the previous lesson,
except for the addition of the feedback circuit,
(using another winding of the regenerative de-
tector coil) and except for the addition of the
filter in the plate circuit to block excessive
radio frequency signal from getting to the
earphone,

You will probably be surprised at the extra
amplification this circuit provides in the ex-
periment of this lesson,
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HOW TO BUILD A REGENERATIVE DETECTOR-AMPLIFIER

PURPOSE

TO DEMONSTRATE IMPROVED CIRCUIT PER-
FORMANCE WHEN THE DETECTOR-AMPLI-
FIER IS MADE REGENERATIVE, AND TO
DEMONSTRATE FURTHER IMPROVEMENT
WHEN THE PLATE SUPPLY VOLTAGE IS
DOUBLED.

MATERIALS REQUIRED

200 ohm control (variable resistor)
Knob, white

150 mmf ceramic capacitor

800 mmf ceramic capacitor

Radio frequency choke coil

Control ground lug

"T" type terminal strip

Circuit from Lesson VIII

EK-1 Test Set or equivalent

e Y Sy S

PREPARING THE CHASSIS FOR THIS
EXPERIMENT

( ) Remove the power plug from the wall
socket and then remove the antenna and
ground connections,

( ) Disconnect the 150 K ohm resistor lead and
the hookup wire from lug 5 of the 6C4 tube
socket, This should leave lug 5 with no
connections.

The chassis is now ready for the changes neces-
sary to convert the detector-amplifier of Les-
son VII to the regenerative detector-amplifier
of Lesson IX.

STEP 1 - BECOMING FAMILIAR WITH THE

PARTS

The regenerative detector coil is not one of the
new parts introduced in this experiment, How-
ever, in the previous experiments youhave used
only one winding of this coil, and all three wind-
ings will have connections made to them in this
experiment,

Figure 9-5A, B, and C will provide you with
more information on the regenerative detector
coil. Figure 9-5A is a schematic of the three
windings on the coil form, giving the name for
each winding, and the color termination of the
winding connections, Figure 9-5B is a pictorial
diagram locating the colored terminals on the
coil, as viewed from under the chassis as the
coil is now mounted. Figure 9-5C identifies the
three coils as they are located on the coil form.

A new part introduced in this experiment is the
200 ohm control, This component is actually a
variable resistor, The size of the resistor can
be changed smoothly from zero ohms to 200 ohms
by rotating the shaft of the control, Figure 9-6A
will give you some idea of the physical construc-
tion of this part, The resistance element itself
is horse-shoe shaped, and a sliding ''wiper"
contact moves around the resistor as the shaft
is turned, thereby controlling the amount of re-
sistance between the center terminal of the con-
trol and either outside terminal. Figure 9-6B
shows the schematic symbol for the variable
resistor.
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IDENTIFICATICN OF REGENERATIVE
DETECTOR COIL WINDINGS.

INTERNAL CONSTRUCTIGON AND SCHEMATIC
SYMBOL FOR VARIABLE RESISTCR (SOME-
TIMES CALLED POTENTICMETER).

Figure 9-6

The radio frequency choke coil is merely a coil
wound in such a way that it will offer maximum
opposition to the flow of radio frequency signals,
Such a coil tends to "block' the passage of RF
signals in a circuit, if an alternate path (through
a capacitor to ground) is provided to dispose of
the unwanted RF signal. The schematic symbol
for a radio frequency choke is the same as for
a gsingle winding coil, except that the letters
RFC usually appear to identify the function of
the part.

The balance of the parts used inthis experiment
are either the same onesusedpreviously, or are
of the same general type, so that no special
explanation is necessary.
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STEP 2 - MOUNTING THE PARTS

(‘/) Install the 200 ohm control in the appro-
priate chassis hole as shown in Figure
9-7, using a large control ground lug
instead of a lockwasher inside, and a
control nut outside, Position the control
terminals and the ground lug as shown,

(l/( Install the white knob on the control shaft,

() Mount another "T" type terminal strip in
the appropriate chassis hole "G" using a
6-32 screw, lockwasher and nut as shown
in Figure 9-7, Position the terminal strip
as shown,

This completes the mounting of the parts for
this experiment,

STEP 3 - WIRING THE CIRCUIT

This experimental circuit can be wired by fol-
lowing the schematic diagram of Figure 9-4 and
the pictorial diagram of Figure 9-7, At this
stage in your educational progress you shouldbe
quite familiar with schematic diagrams and their
interpretation, You might find it challenging and
instructive to wire the changes in this final
experimental circuit in Kit EK-2A by following
only the schematic diagram, This will test your
understanding of schematics and the wiring
pattern they illustrate, You can use thepictorial
diagram in Figure 9-7merelyasa checkon your
work, after the wiring has been completed.

By the same token, although a step-by-step wir-
ing procedurefollows, it is suggested that youuse
this step-by-step outline merely as a check
on your work, after you have completed the wir-
ing from the schematic,

( Connect a wire from the yellow terminal of
the regenerative detector coil to the center
terminal (2) of the 200 chm control,

(‘/)yéonnect a wire from the green terminal of
the regenerative detector coil to the terminal
of the 200 ohm control closest to the chas-
sis (terminal 1),

( k)/(onnect another wire from the green termi-
nal of the coil tolug 5 of the 6C4 tube socket,

( \)/ Connect the length of hookup wire (the other
end of which is connected to the ,005 mfd
capacitor) to T-3 of the "T" terminal oppo-
site the 200 ohm control,

( YConnect the free end of the 150 K ohm re-
sistor to T-3,

( l'/Connect the RF choke coil from T-4, over
to the center terminal (2) of the 200 ohm
control,

(V(Cormect the 800 mmf capacitor between the
control ground lug, and the center terminal
(2) of the 200 ohm control, See Figure 9-7,

( ()/(fonnect the 150 mmf capacitor between T-4
and the ground solder lug,

Connect a short length of wire between the
brown and blue terminals of the regenerative
detector coil to short out the winding not
used in this experiment,

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 ontherear
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,

This completes the wiring of the regenerative
detector-amplifier,
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STEP 4 - USING THE CIRCUIT

Reconnect the antenna and ground leads, in-
sert the wall plug, and plug in the earphone,
to prepare this experiment for operation,

The 200 ohm regeneration control is connected
so that the regeneration in the circuit is in-
creased when the control is turned in a clock-
wise direction, and decreased when the control
is turned in a counterclockwise direction, For
now, set the regeneration control at its full
counterclockwise position,

Now turn the circuit "on'" and tune in one of the
stations picked up by your antenna, Then slowly
rotate the regeneration control in a clockwise
direction to increase regeneration inthe circuit,
You should find that the signal increases in
strength as the control is rotated,

When the regeneration control has been in-
creased too far, the detector-amplifier circuit
will go into "oscillation." This will be recog-
nized by a whistling or hissing sound in the
earphone, The loudest and clearest signal will
be received just before the set breaks into
oscillation, Back off on the regeneration control
until oscillation just stops. At this point, slight
retuning of the station may be necessary, and
you will find stations should be retuned each
time the setting of the regeneration control is
changed. After some practice you will become
very familiar with handling the tuning and re-
generation controls to bring in the best signal
quickly,

A warning is in order concerning operation of
the regenerative detector-amplifier. Whenever
this circuit is in oscillation it is acting as a
transmitter, and is actually radiating a radio
frequency signal from your receiving antenna,

This kind of radiation can cause considerable
interference to other receivers in the neighbor-
hood, so it is simply good courtesy to keep the
operation of the regenerative receiver justbelow
the point of oscillation,

You will find the performance of this circuit to
be considerably improved over the previous
circuits, dramatically demonstrating the ad-
vantage of regeneration in a detector circuit.

STEP 5 - INCREASING THE PLATE VOLTAGE

The experiment thus far has demonstrated that
the performance of the detector-amplifier is
improved with regeneration, The performance of
this circuit can be improved even further by
increasing the plate voltage applied to the 6C4
tube, The plate voltage is now obtained from T-2
through the 150 K ohm resistor., The voltage
at this point represents half of the output of
the power supply. (See Figure 9-8A.) By mov-
ing the connection of the 150 K ohm resistor
to secure the full output of the power supply,
the plate voltage will be doubled and the over-
all performance of the circuit will be improved,

FULL B+ . 1K

AR

Figure 9-8A

150K

SCHEMATIC AND PICTCRIAL DIAGRAMS OF CHANGE
IN CONNECTION OF 150 K RESISTOR TO DCUBL E
B+ VOL TAGE.

Figure 9-8B

Since the change involves handling the high
voltage circuit, make sure that the line plug is
removed and the switch is turned "off," Dis-
connect one lead of the 150 Kohmresistor from
T-2 and solder the lead to the junction point
of the 1000 ohm resistor and 12,000 ohm
resistor at terminal = of the filter capac-
itor, (See Figure 9-8B.)
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The EK-1 Test Set may be used to measure
this change in supply voltage and confirm the
increase in plate circuit supply voltage from
the power supply.

With the circuit still "off" and the power plug
removed, connect the red test lead of the EK-1
Test Set to the junction point of the two 12,000
ohm resistors (T-2). Set the test set to its
500 V range, and connect the black test lead
to the chassis, The test set should be arranged
to measure DC voltage, the power plug should
be reinstalled, and the circuit turned 'on,"
The reading you get for this test represents
1/2 of the full supply voltage (the amount of
voltage you have been using to supply the cath-
ode-to-plate circuit in all the experiments so
far). It should be in the neighborhood of 110
volts DC.

Turn the circuit "off" again, pull the plug, and
move the red test lead to the m terminal of
the electrolytic capacitor. Again turn '"on'" the
power and plug in the power line (with the EK-1
Test Set on the 500 V range) and you will
measure the full output of the power supply
that will now be used to power the regenerative
detector-amplifier., This reading should be in
the neighborhood of 220 volts DC. Turn off the
power, pull the line plug, and remove both test
leads from the circuit, Now reinsert the line
cord, turn the circuit "on," and you should find
a great improvement in performance,

This demonstration makes it rather clear that (up
to a certain point, at least) increasing the plate
voltage supplied to a vacuum tube increase the
amplification in the tube stage,

This completes the experiment of Lesson IX,

DISCUSSION

A complete schematic diagram of the power
supply and regenerative detector-amplifier cir-
cuits is provided in Figure 9-9, Thisis the final
circuit set-up of your EK-2A kit, and willbe the
"radio" you will be using until you move on to
the EK-2B Kit,

The one tube (plus rectifier) circuit of this ex-
periment is one of the most efficient one-tube
receiver circuits possible, It has been improved
by regeneration, and by increased plate voltage,
over the regular detector-amplifier...and the
detector-amplifier was a big improvement over
the straight diode detector, so you are getting a
great deal of performance from a single vacuum
tube operating as a receiver on the broadcast
band. You should have a lot of fun with this re-
ceiving set, and it should be of considerable
satisfaction to you, torealize that youunderstand
the basic fundamentals of operation in the circuit,

You are to be congratulated for the effort you
have expended in arriving at this final experi-
ment in the EK-2A Kit,
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LESSON IX

QUESTIONS

NOTE: The answers to the questions for Lesson
IX will be found at the back of the book on Page 86,

1. The basic ifdea of regeneration is tofeed part
of the f acircuitbacktothe

2. Draw the schematic symbol of a feedback
transformer (as isused in your experiment),

3. Draw the schenLﬁitic symbol of a radio fre-
quency choke coil,

LA T

4, For best operation, the regeneration control
of your experiment should be set:
(just above the point of oscillation)
/(just Below the point of oscillatiom);
(just at The point of oscillation)

5. Increasing the supply voltage tothe cathode-
to-plate circuit of your regeneration de-
tector-amplifier caused the earphone vol-
ume to: decrease@

WHERE DO YOU GO FROM HERE?

Basic Radio, Part I (Kit EK-2B), picks up where
this kit leaves off, The interesting experiments
in the next kit let you actually build a complete
two-band superheterodyne receiver with a speak-
er!

The basic explanation of various radio circuits
will continue in the same pattern as has been
developed in this kit, and the following are
typical of the questions that will be answeredfor
you in Kit EK-2B: What are transformers and
how are they used? What does a receiver power
supply do? How do amplifiers use operating
voltages? What does areceiver audio sectiondo?
What does the receiver detector section do? What
does the receiver RF section do?Whatis a local
oscillator and how does it work? What is a mixer
circuit for ? What does alignment mean? What are
short wave and CW signals? Etc.

Basic Radio, Part II, will help you learn how to
step-up or step-down voltage with atransformer,

how to build various kinds of power supplies, how
to measure operating voltages with the EK-1
Test Set, and howto build and test audio, RF, and
mixer circuits. The principle of superheterodyne
operation will be explained, as will receiver
alignment, and short-wave operation,

Practically all of the parts of the EK-2A Kit
will be used again in the EK-2B Kit, but the new
kit will consist of many additional parts, including
the speaker, vacuum tubes, IF transformers, a
tuning dial, etc. As the final experiment in the
EK-2B Kit, you will construct a complete 5-tube
(plus rectifier) 2-band superheterodyne receiver
with AVC (automatic volume control) and speaker
or earphone output. Keep this manual and allthe
EK-2A parts for use in all later experiments.

Basic Radio, Part I, is the next logical step in
your pursuit of knowledge in the Electronics
Field, Order your EK-2B kit now, while the
material covered in this manual is still fresh
in your mind!
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ANSWERS FOR LESSON |

1. Converts sound vibrations into electrical
vibrations,

2. Provides thepower for the signal, and trans-
forms the signal into anelectrical formthat
will radiate from an antenna,

3. Between 550 ke and 1600 kec.

4, 1000 cycles per second,

5. 250 watts to 50,000 watts,
6. "Skip."

7. Select (or tune), amplify (or build up), and
detect (or transform back to audio).

8., Converts electrical vibrations into sound
vibrations, (Just the opposite of microphone!)

ANSWERS FOR LESSON 1I

1. Changing indirection, while at the same time
changing in amount,

2. Flowing in the same direction,

3. 20 cps to 20,000 cps.

4, 20,000 cps, which can be written 20 ke,
5. The form of code or by audio modulation,

6. Amplitude or amount.

7. Station A,

ANSWERS FOR LESSON il

1. Select (or tune), amplify (or build up), detect
(or demodulate).

2. RF (radio frequency) section, detector sec-
tion, audio section,

3. Tunes (or selects) and amplifies radio sig-
nals,

4, Change modulated RF signalto audio signal.

5. Amplify audio signal,

6. From crystal to contact,

. —f—

8. Crystal.

9, PDC (pulsating dirgct current),

ANSWERS FOR LESSON IV

1. Rectification,

2, RF filtering,

3. — O
.
L

6.——@@'*‘

<

8. Just the detector section, plus an antenna
and earphone.
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ANSWERS FOR LESSON V
1. Coil and a capacitor. 5. Farad,
2. 6. Henry,
7. 1200 ke.
8. Increases,
3.

4,

9,

AN

PLATE 5.

CATHODE HEATER

Cathode must be heated. 6. |

From cathode to plate.

Cathode is connected to the minus battery
terminal and plate is connected to the plus
battery terminal,

."

Decreases,

10. Small capacitor.
; ’
ANSWERS FOR LESSON VI

ANSWERS FOR LESSON VII

PLATE
1.
GRI
8.
CATHODE HEATER
9.

Regulates or controls the electron movement
from cathode to plate.

Decreases,
Greater than the voltage change at the grid.
More negative than the cathode,

Supplies power to the heater circuit,

Resistor.

Batteries,
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ANSWERS FOR LESSON Vil

1. To prevent the grid from becoming positive
and drawing current,

2. At least minus 2 volts,

3. Does not,

4, Is cancelled out,

5. It amplifies the signal, whereas the diode
detector does not.

6. Better detection, less distortion, higher
fidelity.

ANSWERS FOR LESSON IX

1. To feed part of the output of a circuit back

to the input.

T

3. RFC
Y

4, Just below the point of oscillation,

5, Increase.

SERVICE INFORMATION

SERVICE

In event continued operational difficulties of the
completed experimental equipment is experi-
enced, the facilities of the Heath Company
Service Department are at your disposal, or you
may contact our Technical Consultation Depart-
ment by mail, Local Service is available in some
areas through authorized HEATHKIT Dealers,
Due to the simplicity of this kit, no minimum
service fee has been fixed; the charges will be
determined by the amount of time needed to
service the instrument and the price of any
additional material that may be required. THESE
SERVICE POLICIES APPLY ONLY TO THE
COMPLETED CIRCUIT OF LESSON IX, CON-
STRUCTED IN ACCORDANCE WITH THE IN-
STRUCTIONS AS STATED IN THE MANUAL.
Experiments that are not entirely completed
or that are modified in design will not be
accepted for repair, Experiments showing evi-
dence of acid core solder or paste fluxes will be
returned NOT repaired,

REPLACEMENTS

Material supplied with HEATHKIT products has
been carefully selected to meet design re-
quirements and ordinarily will fulfill its func-
tion without difficulty. Occasionally improper
instrument operation can be traced to a faulty
component, Should inspection reveal the neces-
sity for replacement, write to the Heath Company
and supply all of the following information:

A, Thoroughly identify the part in question by
using the part number and description found
in the manual Parts List.

B, Identify the kit Model Number and Series
Number,

C. Mention date of purchase,

D. Describe the nature of defect or reason for
requesting replacement,
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The Heath Company will promptly supply the
necessary replacement, Please do not return
the original component until specifically re-
quested to do so, Do not dismantel the compo-
nent in question as this will void the guarantee,
This replacement policy does not cover thefree
replacement of parts that may have beenbroken
or damaged through carelessness on the part of
the kit builder.

SHIPPING INSTRUCTIONS

In the event that your completed kit must be
returned for service, these instructions should
be carefully followed.

ATTACH A TAG TO THE CHASSIS BEARING
YOUR NAME, COMPLETE ADDRESS, INVOICE
NUMBER ON WHICH THE KIT WAS PUR-
CHASED, AND A BRIEF DESCRIPTION OF THE
DIFFICULTY ENCOUNTERED. Wrap the chassis
in heavy paper, exercising care to prevent
damage. Place the wrapped chassis in a stout
carton of such size that at least three inches
of shredded paper, excelsior, or other resil-
ient packing material can be placed between all
sides of the chassis and the carton, Close and

seal the carton with gummed paper tape, or
alternately, tie securely with stout cord. Clear-
ly print the address on the carton as follows:

To: HEATH COMPANY
Benton Harbor, Mich, 49022

Include your name and return address on the
outside of the carton. Preferably affix one or
more ''Fragile'" or '"Handle With Care' labels
to the carton,*or otherwise so mark with a
crayon of bright color. Ship by insured parcel
postor prepaid express; note thata carrier can-
not be held responsible for damage in transit,
if in HIS OPINION, the article is inadequately
packed for shipment. Your chassis will be re-
turned by express collect.

SPECIFICATION CHANGES

All prices are subject to change without notice,
The Heath Company reserves the right to dis-
continue instruments and to change specifica-
tions at any time without incurring any obliga-
tion to incorporate new features in instruments
previously sold.






This chart is a guide to commonly used types of elec-
tronic components, The symbols and related illustra-

TYPICAL COMPONENT TYPES

tions should prove helpful in identifying most parts and
reading the schematic diagrams,
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