T,

Due to the wartime scarcity of Radio Parts, we have found
it necessary to substitute a different model Power Truns-
former in our Power Supply Assembly, While electrically
the same as the original, a new modzl, identified by the
figures %1478", has a different arrangement of its numnered
lugs or terminals.

On the next page you will find diagrams illustrating the
changes of lug numbers and terminal connections that were
necessary to make in the power supplies taat use power irars~
former "1473" instead of the original power transformer.

Look underneath.and see which power transformer is used
in your supplys

le If your transformer is NOT numbered "1473" wvou nay go
ahead with your power supply experiment exactly as
indicated.

Re If your power transformer is "1473" it will bz necesw—
sary to nake the following chanpes in your experiment
sheets, as these instructions were written for the
original power transformer.

Change Original to New

Trans. Lug No. No.
1 b 10
R T 3
5 ——— 8
4 s e 1
5 e e 6
6 S 5
7 e — 4
S - 7
9 e e 2

10 e e 9 .
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In the assembly of the power supply meking use of the #1473
transformer, reversal of the leads to transformer terminals

#8 and #10 may exist. Also, connections to terminals #5 and

#9 or transformer terminals #1 and #3 might be reversed.
However, as these are a.c. circuits, reversal of vhe conrect~
lons will not affect the operation of the unit,

Except for qualifications given directly above, should your
power supply be wired differently, making use of the #1473
transformer, please mark the discrepancies on the rketcl below
and mail the diagram in to us with explanations.

Do nov send in any parts of your kit projects until you have
wrilbtten to us about the metter.

Wiring Diagram using transformer #1473 is shown below:
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NOTICE

PADDER ~ CONDENSER

B

1st TYPE &nd TYPE

Due to the scarcity of Radio Parts, either of the above
types of padder condenser my be included im your Homs
Laboratory Kite :

Electrically, both are the r~me and adjusted by the cene
tral screw, Both have two spring clip terminals to prow
vide the sams electrical circultss

Although the 1st type is shown in the Pictorial Diagrams,
it can be replaced by the &nd type provided the corres—
ponding wires are connected to each of its spking clip
terminals, @hd either clip may be denoted as Terminal kR
or Terminals "2W,
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The DeForestfs Training Home Laboratory has been designed %o
bring the advantages of class room and Laboratory work to

the Home Study Student: To overcome many of the difficulties
of learning by reading onlys To provide a means for practical
application of BElectrical =nd Electronic principles and to
give you a first hand, practical knowledge of the standard
components and circults which moke up mest of the ordinary
types of electronic apparetuss

The various parts and sub-assenblies, which are includsd in
the complete Home Laburatory, neve heen painstakingly selecte
ed to provide the widest pnssible variety of application and
permit the assembly, as wel). as the operstion, of most types
of Electronic equipment,

Lvery assembly project has heen carefully and completely work-
ed out here in our Laboratories and every precaution has been
talien to insure their prorer operation. The Experiments or
Jub Sheets, pertaining to each shipment of parts, have been
written from these properly wade units, and especial care has
been taken to make them complete in every detail. Therefore,
above &ll else,

FOLLOw_THE INSTRICTIONS CAREFULLY.

We know you are apxiovus to secure operation of the various
assemblies as quickly as possible and our step by step in~
structions have been written with that thought foremost in
minda

One wrong connection or one poor contact can make an entire
assembly linoperative and may damage some of the varte there-
fore, we are going to ask that you take nothing for grantedy
go slowly and meke sure that each and every piece of wirs,

not only attaches to the pruper spring terminal at both of

it ends but, mzkee proper elsctrical contact. Let us repeat,

DON'T HUBRY — RanD THE I ISTRUCTIONS FIRST

As you progress with your Leboralory experiments, you will
becume familiar with many of the comon circult connections
and will not require complete detailed instructions. Howe
ever, for the first few hook-ups at least, you will actually
save time and ilncrease your knowledge more quickly by follow-
ing each and every step, exactly as outlined, in the instruc—
tions cf each job.

The cowplete parts of your o' Laboratory will be scent in a
series of "Kits", each conteining a numbor of separate partss
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Included with each kit will be a list of the parts 1t contains
apd a series of "Jobs" winich aro o oe worked out. The in-
dividual parte will be recuired for future "Johs", in aadi-
tion to those inclnded with eaclhi kit, and thus we suggest you
imnediatlely arrange for a cartou, draver or other coavenlent
storage space, in which 11l of the marts can be kept without
danger of loss or darsge.

& working space, 30 inches long and 18 inches wide will be
needed for soue of the later "Jehsfand 1t will be well to
reke arrangements fuor Lt at uhis vime, hs the ordinary card
table has a 30 inch by 30 inch top, you should have little
trouble in arranging for srace to set up your Laboratory.

If at all possible, ve sugsect you make vse of some table
srace, roi used for other nurpoecs, so thag the various
assenblies need not be distr:bed, as long a~ you want to use
them,

If wou have & room of yonr own, the lop of a dresser, desk

or card table will provide ample .orking spsce. The parts

can he stured in a drai'er or carton, Jocated close to the
vorking space. Thle is convenilent becauce all of the parts
are not used in all of Lhe jebs and, in prder to check various
ecbivns, it 'rill ne naces<ary, <t oimes, to substitute one
rars for another of diflersnt value or pHUrpose,

POWER DULITY

Like practically all =lectronic units, scme outside sources
of electricity ls needed to operatec tlhe wubes and some rneans
must be provided to convert tho electrisal energy of this
vutside sourse Lo the proper values of volbtage and current.
This converter unibt i¢ included ia your Laveratory parts
under ite cowuronly vsed name o. a "Fower Supply".

Tnere ars tio comwon scnurces of electriccl enerzy, 6 Volt
Batteries, and 110-120 Volt 4ltcrmating Current (a-c),

lake sure that the Power Supnly unit of wuur baboratory is
designed for the kird snd voltage of eleclricity vou have
available. This prcezulich applies only to the Pover Surply
as tle exvorirentsl electronic circults depend entirely on
its output for their vroper operation.

LADORLYORY JOBS

fach Laboratory Job is macde up of throe rarts or cections.
First, the "Oubline" wl.icl conteins a list of ihe parts re-
cuired and a brief exnlanatiun of the purposc of “he job.
deteils are siven in wsespect to the nawe, purposs apd coh-
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struction of each of tht cemponcnt parts, the type of circuit
which is to be built and the comercinl units ~vhich it dupli-
cates or simulates,

Seeond, the "yiring Procedure’ which contains a complete and
detailed, step by step, explaration for the placement of each
piesce of connecting wire, In order that you may know not

only the physical location of each wire, but also its ele—
trical position in the circult, we have included two typecs

of diagrams. Onez, a "Pictorial" or "Layout" diagram is really
a Yplan view" picture of the assemply which shows the actual
shape of e-ch part, the location of =ach tcrmimzml ond the posi-
tion of each wire.

To aveoid confusion, thise aravings show 2 separstion beteen
the variouc parts but, in the actunl assembly, we suggest
that you follow the arrangement of the "Pictoriol" out move
the parts close togethere.

The other diagram, known as a YSchematic! is a sort of tech—
nical shorthand and indicates only the electrical featur-s

of the circuit. The various parts are indicated by WSymbols!
which, although simplified, are dr-wn to represcnt the actual
arrangement or construction of ths parte.

Practically all technical work is deone by mesns of "Scheratic!
diagrams ond ¢ weat you to carefully checik each onc of thom
against each accompanying Pictorial. D¢ sare and make this
comparison from en electrical standpoint becausc, at first
glance, they ray not look anything alike.

This particular arrangement is 2 very importsnt pwt of your
Laboratory work as it »ill teach you to read schematic dia~
grams, as drawn on paper, -nd resdily check them against the
actaal assembly of the parts. Every Elcctronic technician
must know how to read scnematic dingrams and this feature of
our IaboratoryTraining will enable you to gnin this ability
in the shortest possible timc.

Third - The ¥Opsroting Procedwre” which contains the details
for placing the particular ass.mbly in operation, for making
any needed adjustments, {or checking improper conditions as
well as any precautions which should be observed,

SCOPE (F LABCRATORY JOBS

Starting with elementary but all important subjects, the suc-
ceeding Jobs take up the construction, oper-tion, principles
and test procedures for the commonly used circuits of Radio
Reccivers, Radio Transmitters, Audic Anplifiers, Photo Elec—
triec Cells, etc,

-1
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Ag the entire purpose of DeForest's Home Laboratory is to
help train you in the study of Eleclronics, no abtteapl hus
been made to design the verious assemblies along commerical
lines. Instead, the use of cpring clip temminals, for all
connections on all paris, makes it rossible to chapge cir-
cults in the least arount of time.

Every effort has been rsde to desisn this Laboratory to pro-
vide maximum bencfi% in your studies., Whiile the arrangenent
of the cub-assemblies grectly reduces the time consuming
mechanical operations of wounting and raking permanent con-
nections, this part of your training has not been neglected
because the spesd at which you can construct circults, by
the vse of our metnod, guickly orovides vou with a familliar-
ity of the comvonents cufficlent to meke ihe mechanical vork
extremely simple.

In conclucion, let vs repeat —

1 —~ READ THE INGTRUCTIOIS FIRCT

2 —~ TAKE YOUR TI'E

3 — FOLLOJ THE DIRECTIONS EXACTLY

4 — UAUE 3URE OI' EVERY CONNECTIOM

5 — RECHECK ZVERY CIRCUIT REFORS YOU TUR O THE POWIR

6 - MAKE ALL ADJUST.ENTS SLOJLY

Plea<e note: There are no questions to be answered in conneci-
ien with the kit exreriments,
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POIER SUPPLY

As you will learn later in your Home Study Training Program
all ordinary types of Radio Tubes are essentially airect
current units and arrangements must be made to supply some
of their circuilts with D.C. of comparatively high voltage,
Other itubs circuits reynire a comparasively low voltage
which may be either D.C. or A.C.

The large assembly of this shipmen’ is designed to operate

on the comnon 110 volt, 60 cycle A.C. home lighting circults
and provide a high voltage D.C. as well as a low voltage A.Ca
for the operation of tne various tube circuits to be construc-
ted in the projects of this Home Laboratory progran. That

is why the unit is known as a "Power Supp.y”.

The various parts of the Power Supply Assembly, as well as
their principles of operation will be fully explained, as

you advance in your trainirg. Therefore, at this time, we
want to give you only a general idea, together 1iith a few
tests, in order ithat you may bLegin your laboratcry experiments
without further delay.

An examination of the assembly will show that all of the
various parts are mounied on a metal base or Ychassis!
which is made originally as shown in Figure 1 of the first
page of illustrations. After the larger components heve
been mounted, the underside of the base will appear as in
Figure 2,

Nons of the wiring is inst-lled but, as we ill explain
that later, we want you to look at Figure 3 which shows the
top of the unit. Here you see the main parts ireluding the
wafer socket, in whicn the rectifier tube is mounted.

Notice particularly ths four insuleted tsrminals, shown

at the right of Fipurs 3, because you will usz them for
making connections to all of your experincntal projecis.

To opercta these terminals, rrou simply press on the insulated
top moving it down a fraction of an inch. This movement
produces an opening, throvgh the body of the terminal end

the wvire, vhich is to be connecied, is pushzd through the
opening. The top is then released and a epring forgas it up
sufficiently to clamp the wir. secursly ir place,

The pictorial diagram, on the second pare of illustroiions,
is a bottom view, similar to Figure 2, but of sha comiets
assembly with all of the connecting wires in place. Notice
here, the position of the parts appears to pe opposite in
the Pictorial Diagram vhon compared o Figure 3. However,
if you will place the actual unit in the corresponding
positions, you will find the drawings arc corraect.
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Going back to the Pictorial Diagram, the large unit, shown
at the upper lef%, is the power tramsformer. Its function
is to convert the 110 volt, 60 cycle A.C. supply to both
higher and lower voltages as required for the operation of
the various tube circuits.

You will notice ten numbered terminal lugs on this unit,
nunbers 2 and 4 of which connect to the 110 volt supply
through the WOFF-ON¥ switch, shown at the top center, and
the two wire cord extending outside the base, Iugs 6 and
10 connect to power supply binding posts 2 and 1 respec-
tively, while lug 8 is not used.

Ings 1 and 3 connect te the tube socket terminals 4 and 1
respectively, as shown at the lower left, while lug 5 con-
nects to socket terminal 2 and lug 9 to socket terminal 3.

The four openings in the socket correspond, in size and po-
sition, to the 4 prongs on the base of the type 80 rectifier
tube., Notice carefully that ojenings 1 and 4 are larger than
2 and 3 and, when the tube is inserted in the socket from the
top, the prongs on its base must coincide with the openingse.

The large unit, shown at the bottom center, is the filter
choke and the cylindrical units on each side are the filter
condensers. The small cylindrical unit, shown on the right
filter condenser, is the VBleeder Resistance while the unit
of similar size, connected between transformer lugs 4 and 7,

. 1is.the line condenser.

The left hand filter condenser connects from socket terminal
4 to transformer lug 7, while the right hand filter conden-—
ser connects from binding post 4 to binding post 3. The
filter choke connects from socket terminal 4 to binding post
4, and the bleeder resistance from binding post 4 to binding
post 3 which, in turn, connects to transformer lug 7.

The transformer, rectifier, filter choke and condensers op-—
erate to provide a high voltage D.C. at binding posts 3 and 4
while binding posts 1 and 2, provide a low voltage A.C.

The schematic diagram shows all of the electrical circuits of
this Power Supply unit and, as the various parts are named

and numbered, exactly as in the pictorial diagram, we want you
t0 make a careful comparison of the two diagrams.

Remember, the Pictorial Diagram shows the bottom of the unit
and therefore, when in use, it will be turned with this side
down. The tube will be inserted from the top and connsc—
tions made to the insulated binding posts, 1, R, 3 and 4,
which project from the top.
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When the unit is turned over to its operating positicn, the
order of the numbered binding posts will be reversec. LooOk=
ing at the Pictorial Diagram, from the right margin of the
illustretion, Noe. 4 hinding post is at the left. Howsver,
turning the unit over, with the binding posts still toward
the right margin of the page, No. 4 binding post will be at
the right as shown in Figure 3.

To help you become familiar with this Power Suprly unid, your
first Laboratory Experiment will be to maks a series of vou
tine tests to determine if all of its circuits are operating
properly.
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POWER SUrPLY TEST
Material Required

L - Power Supply, Wired and Assembled
1 — Rectifier Tube
1 -~ Voltage Indicator

OUTLINE

The subject of testing electronic equipment is an extremely
large one and, while details will be explained later in your
training, at this time we have made provisions for e few
gimple tests which will indicate vhether or not zour power
supply is operating properlye

The tester, made under the trade name of "Tattelite", consists
of a small neon lamp, mounted in a Tenite socket which contains
a 200,000 ohm protective resistance. 4 red and a yollow

test lead extend from the socket and terminate in insulated
Test Tips.

When the tips are connected across a-c circuits of 60 volts

up to 500 volts, both electrodes of the lamp appear to glow
and, asg the intensity of the glow is proporticnal to the
voltage, the approximatc value of the voltage can be estimated.

When the tips are connected across d~c¢ circuits of 90 volts

to 500 volts, only the negative electrode glows and herc again,
the intensity of the glow is proportional to the voltage. Also,
as only the negative electrode glows, the test will instantly
indicate the polarity of a d-c circuit.

Other applications are given in the instructions attachod to
this tester but, as far as this Fowsr Supply unit is coneerned,
we arc interested mainly in the tests mentioned abovae

PROCEDURE

Your first test will be of the primery circuit and, as a start,
insert one of the Tost Tips of the Tattclite, into cach opening
of the house wiring outlet you are going to use to operatc the
power supply. Both electrodes of the neon lamp should glow,
indicating an a-¢ supply which is gorrect. Although you have
already sent us information regarding your Home Lighting
Circuits, a chock here will meake you doubly surc and also give
you a chance to "Test the Tester! and see it operato,

Caution —— Should but one clectrode of the Tester light up,
do not plug in the Power Supply Cord. —- lake surs you have
a 60 cycle a~c supply before plugging in.
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When you feel sure the supply is correct, nlug in the Power
Supply Line cord and then, being careful nnt to touch any
exposed terminals, place one Test Tip on transformer lug R
and the other on the toggle switch teminal soldered to the
line cord.

The test lamp should glow the same as when you inserted the
tips in the outlet of your house wiring system, and indicate
the line cord is in good shaps and properly connected.

To test the tnggle switch, place one test tip on transformer
lug & and the other test tip on transformer lug 4. If the
test lamp does not glow, snap the toggle switch lever and it
should light up. If the test lamp does glow, snap the toggle
switch lever and it should go out. While watching the test
lamp, turn the switch off and on a few times to make sure it
controls the primary circuit.

To test the high vultage winding of the transformer, turn the
toggle switch on and place one test tip on transformer ter—
minal 5§ and the other on terminal 7. The test lamp snould
glow but its irtensity should be brighter than when testing
the primary clrcuit.

Then, l=aving one test tip on transformer terpinal 7, move
the other test tip to teriinal 9. This will check the other
half of the winding and the intensity should be the sama as
when the test tips were on terminals 5 and 7.

For a final check, place one test tip on transformer terminal
5 and the other on terminal S. The test lemp should glow with
more intensity than for any of the previous tests.

To test the wiring of this high voltage circuit, place one
test tip on the lug of insulated terminal No. 3 and then
touch the other test tip first to socket terminal 2 end then
to socket terminal 3. Both electrodes of the test lamp
should glow in both of these positions.,

Suppose, for exemple, that with the test prods on transformer
terminals 5 and 7, the test lamp glows properly but, with the
test prods on socket terminal 2 and insuleted terminal 8, the
test lamp will not light.

This indicates trouble and to locate it, you can hold one
Test Tip on insulated terminal 3 znd move the other from
socket terminal % %o transformer lug 5. If this change causes
the test lamp to light, it indicates trouble in the eonnection
between these two pointsa.

R
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To check the connectinn hetwean trensfomer lug 7 and insula—
ted terminal 3, you cen hold one “est tip on transformer lug

5 and then move the other one from trensformer lug 7 to insul-
ated terminal 3.

Remember, the test lamp will not 1ight without a complete cir-
cuit so that, by keeping this fach in mind, it is pot difficult
to locate a bhreak.

The other transformer saccndaries do not deveilop sufficient
voltage to make the test lamp glow thersfore, io test this con-
dition, place one test tip on transformer terminal 1 and the
other on terminal Z. If the wiring is correct, the test lamp
will not light.,

In the same way, ou can test the other transformer secondery
by placing one test tip on transfornmer terminal 6 and the other
test tip on teminal 10. Hers again, t“e %est lamp should not
glow but, if it does, cneck the diagram against jour asserdli.

A rough check can be made on Lthace lov welbage —ipdings by
imply taking a short piece of hook-up +irc and helding one

end on one teruinal and then yuickly snarping Lhe ouher end

past the other terminzl so as %o nare a quick coantact. 4

spark, at the point of contazct; indicat.s the circult Iis zlive.

Rectifier Tube

After these tests have been completed, turn off the toggle
switch and turn the chassis bese right side up. If you have
not already done so, remove the rectifier tube from its preking.

Previously, we told ycu thet *wo of the socket holes were
larger than the others and now, you will see that two of the
prongs, on the base of the tube, are larger than the other two.

With the base dovin, hold the tube an inch or two above the
socket and then turn the tube until the two large prongs are
directly above the two large socket holes., Then, aolding the
tube in this position, move it down until the prongs engage
the holas of the socket. & pressure on the top of the tube
will forec it all the way into lhe socket which is its proper
operating positiun,

When the tube is properly seated, plug in the line cord, and
turn on the toggle switch. Lcok down into the “op of the
rectifier tube and wou will see the filaments heat up until
they glow a rather dull red.

You can nov turn the assembly on its side, power transfomer
down and continue your tesls with the voltage indicator. So
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far, all tests caused both lamp electrodes to glow and indi-
cated A.,C. Now, if the rectifier is operating properly, we
should find sume high voltage D.G.

You already tosted from insulated terminal 3 to socket ter—
minals 2 and 3 and found 4.Ce was indicated. UNow, with the
tube in place and in operation, place one test tip on insul-
ated terminal Noe. 3 and the other test tip on socket termin-
al Noe. 1. Pub one electrode of the test lamp should glow to
indicate the presence of D.C.

In the same way, with one tost tip on insulated terminal No.
% and the obther test tip on socket terminal No. 4, but one
electrode of the test lamp should glow. This indicates D.C.
at the rectifier end of the filter, therefore, as a final
test, place cne test tip on insulated terminal llo. 5 and the
other test tip on insulated “orminel No. 4. Here again, bub
one electrode of the test lamp should glow to indicate that
high voltage D.C. is available at these terminais.

Power Supply Oneration

With but a simple Yoff—on" type of toggle swiich as the only
control, the operation of this power supply can not be com-
plicated. Howover, there are several important points to
keep in mind. They are irportant because by following them,
the 1ife of the rectifier tube will be increased. The possi-
bility of transformer, or filter breakdown will be reduced.
The danger of receiving electrical shocks will be almost
eliminated and the operaiion of the future Home Laboratory
Projscts will be improved.

Perhaps the most imvortant of these points is to remember,
after these preliminary tests have been mads, to never turn
on the power supply unless you have some external circuit
connected across insulated terminals 5 and 4.

A8 we explained earlier, the bleeder resistance is permanently
connected in this position but an external circnit offsrs
added protection to high voltage and thus reduces the possi~-
bility of punctured insulation.

sfter the power supply has been in operation, before yuu touch
any exposed terminals of any of your projects, make sure the
torgle switch is off and then short across insulated terminals
% and 4 with your screw driver blade or a piecc or wirc to
make sure the filter cendensers are completely discharged.

Always operale the power supply in its proper position, that
is, with the tuhe vertical, and make sure that no pleces of
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wire or metal objects collect under the chassis base. We pur~
posely closed in all four sides of this chassis in order te
provecy both you and the unite Don't nullify this protecticn
by velng cereless.

4s this power supply operzted all of the other projects you
will build, its toggle switch beconas the "COIff-On' or control
ewibtch for them. Always use the switch and never pull off
sone external wire to stop eoreration.

3 components of this power supply are firet cuslity, standard
rbs and, wilh crdinary care, chould previde lasting scrvices

e voltages develnied ave sufficiently Lish to cause unpleasant
shook therefore, give this unib the resnmect it deserves ang it
will provide you with alnost unlinited possibilities for your
fubure experirents.
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HaRTLEY OGCILLATOR
Matorial Required

Power Supply (Complete)
~ Octal. Svcket (5-)
kntenna Coil (Su)
Padder ‘Condensecr (Ci)
- 6507 Tuhe

—~ Hook-up Wire

f

f

e R Rl =R R
I

OUTLINE

Starting with this project, you ave beginning your re—
gular series of Laboratory kxperinents, and, as most of
the following work will be built up on the same general
plan, we want to include many of the esseatial instruce
tional details at this timee

Turning to the first page ol illusirations, we sugsest

thet you fold it out so that you can checx our instric—
tions against the diagram ot any tiae withoub turning any
pages. AlL of the dlesramns are printed on a "folded" sheet
for your convenience and should he turned out while you
are asscabling, testing or cperaling the various units.

Looking at the Fictorial Diagram, on the uppsr part of
the page, you will find it contailns four main parts, ov
subassemblies.

1s The Power Supply which you tested four your former
project. wNotice corefully here that the insnleted ter-
minale of the power supply are numbered to colncide with
the former explanatiovns,

The Power Supply, shown in the scremetic diagram, is

the typo which operates from a 110 velt 60 cycle A.C,
lighting circuit. If youcr power supply is of this tlype,
you will find this schematlc is elestirically ths same
as that shown in your last instructional shect.

IT your power supply is of another type, the position
and numbering of its terminals coincide with there shoun
and yru can therefors follow all of these insiructilons
but need not pay any attentlon to the internal cnnnection
of the power supply as shown in the schematic diagram.

Re The Octal Sockeb which is mounted orn a base with a sepe

arate spring terminal clip for each of the 8 contactse If you are
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not familiar with tube sockets, we suggest that you compar e
this assembly with {the WTube Symbol" shown in the Schematic
diagram,

We have numbered the various terminals of the socket accord-
ing to the Radio Manufacturer's Association, (R.M.A.) stand=
ards and it may be of help for you to mark them on the base
as shown in the Pictorial diagram.

Looking at the Pictorial diagram, you will notice there ig a
keyway in the center opening of the socket and, starting with
Nos 1 for the terminal at the left of the key, our numbers
increase in an anti-clockwisc direction.

In the base diagram of the Schematic drawing, you will find
the numbers increagse as you go aromd in a clockwise dircction,

This is a good illugtrdtion of our former explanation of work-
ing from both the top and thc bottom, Our socket assembly is
numbered from the top whils the base diagram is numbercd from
the bottome By holding the Picborial diagram up to the light
and looking at it from the back, or "bottom", you will find
these numbers coincide with those of the Schematic diagram,

5e The Antenmna Coil, mounted inside a metal shield can which
in turn is mounted on a base. There are seven separate spring
terminal clips also mounted on the base and we.have numbered
them to simplify our explanations.

For the internal comnections of the actual windings of the
coil, we want you to look at the schematic diagram., Here yam
%ill find terminals 2 and 3 connect to one winding while tere
minals 4, 5 and 6 connect to a second winding, The ends of
this winding connect to terminals 4 and 6 while terminal 5
connects to a tap. .

Going back to the antenna coil assembly of the Pictorial dia-
gram, spring clip terminal No. 1 has no connections bub will

be used later merely as a support for some comecting wires.,

Terminals 2, 3, 4, 5 and 6 connect as shown in the schematic

diagram while terminal 7 connects to the coil shield and can

be used as a ground, :

4. The Padder is an adjustable type of condenser found in
many electronic applications in which a circuit must be tuned
but operates at only one frequency. Most "Trimmer" and "Fad-
der" condensers are of this same general type of construction
and their use will be brought out fully as you progress with
your training.

4
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There are bubt two terminals for the condenser, which, as shom
in the schematic diagram, connects across and tunes one of the
coil windings. For convenience, the terminals are numbered 1
and 2.

As you perhavs know, it requires a comparatively high frequency
voltage to transmit Radis signals through space and, at present,
the vacuum tube is the best known and most widely used high fre-
gquency generahor. '

Because the lovest Radio Frequercy is considered roughly as
10,000 cycles per second, wilh the higher values going up to
millions of eycles per second, a tube used to generate these
frequencies is commonly called an "Oscillator',

In order that you may learn Electronics as quickly as possible,
your Laboratory experiments will start with the generation of
Radio Frequencies and give you an idea of how they are pro--
duced and controlled.

You must remember here that all Radio signals on the air are
under the control of the Federal Communications Commissdon
(F.CeCa) and therefore none of these generating or oscillating
circuits can be connected legally to an outdoor antenna or
even to a long indoor antenna. By following our instructions
closely, you will not cause Radio interferencs and thus will
not be breaking any Radio rogulations.

The eircuit of this project is shown as a Hartley" type oscil—
lator and, in effect, it is really a miniature Badio Broadcast
Station. It is also the general type of circuit used in many
modern Superheterodync Receivers as well as most models of

R.F. test oscillators, therefore we want you 5o study its
operation closely.

WIRINC PROCEDURZ

You will find the viring of these experimental laboratory Pro-—
jects is extremely simple, once you have the idea and thus
we want you to go slowly on this first experiment.

After you have all of the various terminals of each of the
four sub-assemblies properly marked, or identified, arrange
them on your work table in approximatel; the position sl.own
by the Pictorial Diagram buf with less space in betweena For
clarity, we show all right angle bends in the connecting vrires
but, of course, this is not nscessary. However, ve sugrest
you allow a little extra length for each wire so that you will
be able to move the sub-assemblies somewhat, should you desire
to do sos In general, keep the sub-assemblies close together
and the connecting wires short.
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Push back hook=up wire is used to make a connection, You
push the insulation back until about 1 inch of the copper wire
is exposed, Then, push down on the upper part of the spring
clip terminal until the center closed loop projects through
the central slot. The bare wire is then pushed through so as
to pass over the“outer spring, under the central loop and
over the ouber spring on the other side., Then, when you re-
move your finger, the outer part will spring vp and hold the

wire securely.

After one end .is in place, you thread the wire over to the
terminal which is to be comnected, cut it off about 3 inch
too long snd then, following the method first explained; s~
cure this end in the spring clip, 4 careful study of the
pictoral diagram will show the prcper appsarance of these
spring clip connections with the connecting wires in places

Although the mechanical design is different, connections are
made to the insulated terminals of the power supply in the

same general way. hen their insulatcd top is depressed, there
is an opening all the way through the tcrminal body and the
bared end of the wire should bc nushed through., Then, when
the top is released, the snring will hold the wire tightly.

After you become more familiar with these circuits, you will
follow your wwn sequence of making connections but now,”we
will give a detailed, step Ly stcp procedure. Remember, cach
connecting wire must be bared at both ends and make a good
metallic contact with the clip or terminals

One wrong connection, onc omitted wire or onc poor contact”

can cause the entire project to bo‘imoperativeo Therefore,

we sugrest that you check-mark or draw a pencil line through
each of thec following connections immediately after you have
made them and bcfore you start another. Also, it will help

to check each connection against the diagranms.

WIRING CONNZCTIONS

1. From power supply terminal 1 to socket tcrminal 2,
2, From power supply terminal 2 to socket torminal 7
3, From power supply terminal 3 to socket torminal le
L. From prowcr supply terminal 4 to socket terminal &,
5. From socket terminal 1 to antenna coil tcrminal 6.
6, From socket terminal 3 Lo socket terminal €.
7. From socket terminal 4 to antemna coll terminal ke
8, From socket terminal 5 to antenna coll teorrinal 5.
9., From socket terminal 6 to socket terndnal 5.
10, From padder termiral 1 to antcnna coil terminal L,
11, From padder terminal 2 to antcnna coil terminal 6.
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These eleven connecting wires complete the circuit cornections
but, before going ahead, cleck them all over, at least ance,
to make sure they are all correct,

OPERATING FROCEDURE

When you feel sure the circuit is corrcctly wired, unpack the
63J7 tubc and plaee it in ihe octal socket, To do this pro-
perly, start the large central projaction on the tube base
into the central hole of the socket. Then without any down-
ward pressure, turn the tuhbe slowly until the key and keyway
come in linc and the tube drops until the metal prongs engage
the socket holes.

Never try and force the tube irto the socket until the key
and keyway are in line, Then, and then only is it c=afe to
push the tube down and seat it properly. Also, by foliowing
this plan, the prongs of the tubc will eazage the proper sot-
ket holes and thus provide the proper circuit conrcctionse

The high freguencies generaled by the occillator can nob be
heard by human ears but they are used tou carry signcls, which
can be heard, fron the transmitter to tle reccivere To chech
the operation of this agsently you will nced a radic receiver,
Any rcceiver which plcks up tne orcdinary Broadcast Progrars
will do.

If you do not have a Redio receiver, take your asserblcd osCile
lator to & friend or neighbor who has onc. 1t is not necossary
$o male any direct conncctions to the receiver, lhus our CX-
periments will not disturb or injurce it in any way. You will
use it only to pick up the cignals from your oscillator.

Experiment No. 1.

The ourpose of this cxperiment is to detect the presénce of a
Radio Carricr and show the interferconce it can cause.

To perform this experiment, cornect one end of a lensbh of
hook=11p vire in the antcnna coil spring clip torminal "o. Le
The obther end of the wire is twisted around the antenna lecad-
in wire of the Radio Recciver. Do not nake an actual metallic
contact herc but simply leave the wire insulation in place and
twist one insulated wire around the other,

Should the Radio Receiver bc of the type which has a self-con-
tained antenna, wiad a few turns ol hook=up wirc around your
hand to form a small coil or loop. Place this loop on the
back of the receiver cabinet,

R
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Turn on the Radio Receiver ard tune in a Broadcast station
near the low frequencv end of the dial, That is; a station
somewnere between 550 K,C. and 700 K.C.

Then, plug in the line cord of your oscillator and turn on
the togple switch of the power suprly. It will take a few
seconds for the tubes to Feat and while you are walting, take
your screw driver and turn the adjusting screw of the padder
condenser in an anti=clockwise direction until it begins to
tighten, Do not put much pressure on thls screw and do not
turn it any more tiaan necessary. It is used only to compress
or release the condenser plates and must be trected like the
delicate adjustment it is.

By this time, oscillator tube sheuld be warmed up, therc-
fore, turh the adjusting screw very slowly in a clnciowise
direction, As you reach a certain positicn, tac receiver
speaker will sbart to sgueal or howl ard, as’ynu continue
turning the adjustment in the same” direction, the squeal will
change in both pitelr and intensity, finally aying out entircly.

By turning the adjusting screw slowly in cn anti~clockwise
direction from this position, you cin again cause the squeal .
vhich will ruin the Broadcast Program the receiver is tuned to.

This is the action you will cause in all the Radio rcceivers
of your nclighborhood, if you connect your osciilavor to an’
outdoor or a long indoor antenna., After hearing the noisc,
you can understand why the F,C.C, is extremcly strlct and way
prosccute anyone who rudiates illegal sigaralse

If, for come reason or other, your oscillator fails to causc
this interfercnce, checl all the circuit coanections corefully,
Twist thc hook-up wire zround the Redio antenna lead-in o few
more times, If you are using the srall hand made loop, in-
crease its number of turns and try it in differunt pocitions
around the receliver,

Should none of these produce the dosired action, reverse the
coil conncetions so that socket terminel Wo. 4 coanects to coil
terminal Wo., 6 and socket terminal No. 1 connects to ccil
terminal. No, /e

Ixperiment No. 2.

The purpose of this exvcriment is to show that the adiusting
screw of the paddcr condenser contrcls the freguency of jour
oscillator,

To carry out this experiment, tune in another staticn on the
Badio Receiver, preferably at a higher fregquency than the

R
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station used in Experiment No. 1. Then, turn the adjust-
ing screw of the padder condenser until you obtain the same
interference as in the former experiment.,

Try a number of different Broadcast stations, at various
points on the dial of the Radio Receiver, and then slowly
turn the adjusting screw of the padder condenser to cauge
interference with each one.

You will find that you can tune the interference with the
padder adjusting screw much the same as you tune the sta-
tions on the Radio Receiver.

Perhaps you are wendering why it is necessary to tune in a
Broadcast station for these experiments but, as we hrave al-
ready told you, the high Radio frequencies can not te heard.
However, when the Radio frequency carrier of a Broadcast
station is tuned in and the high frequency of your oscilla=~
tor is tuned to about the same frequency a "Beat! note is
produced and its frequency is low enough to be heard.

Zxperiment No. 3

The purpose of this experiment is to show the presence of
your oscillator frequency on the "Tuning Eye! of a Radio
Receiver,

To perform this experiment, the Radio Receiver you are using
must have a "Tuning Eye tyse of indicator. The kind in which
the shadow angle reduces as the stations are tuned in.

To see this action, proceed as in Experiments 1 and 2 out,
adjust the Padder condenser only until you cause the inter—
ference. Then, detune the Radio Receiver slightly until the
shadow angle of the tuning eye opens.

Then turn the ad justing screw of the padder slowly about a
half turn both ways while you watch the tuning eye. You will
find one position of the adjusting screw will cause the eye
to close in exactly the same way as when a Broadcast station
is tuned in. This action can pe seen at any parl of the
Broadcast Band Dial.

Experiment No. 4.
The‘purpose of this experiment is to show the effect of a
Radio Frequency Carrier on a Radio Receiver with Autmmatic

Volume Control.

To perform this experiment, proceed as in Zxperiment No. 3
but, after the Broadcast station has been detuned, turn up
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the volume control of the Radio Recciver. This should cause
gquite a high level of noise or "sta 5ich in the speaker.

Then, turn the adjusting scraw of the padder slowly until you
find a point which causes a sharp and decided drop in the
noise level of the speakers.

This shows that your oscillator is tuned to the same frequency
as the Radio Receiver and that the cnergy of your carrier
frequency has caused tbe automatic volume control of the Recelver
to operate and reduce the sensitivitye

Go over these experiments carefully until you have no dif ficulty
in tuning your oscillator to any point on the receiver dial,
whether or not a Broadcast station is tuned in. This is
important because, for your next project, it will be necessary
to properly tune both the oscillator and the Radio receivers
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WIREIESS MICROPHONE
Material Required

1 - Hartley Oscillator
1 ~ Headphone

OUTLINE

In your experiments with the Hartley Oscillator, you proved
the presence of a high frequency Radio Carrier but could
actually hear it only by causing interference with another
carrier.

From a more practical standpoint, this high frequency carrier
can be used by itself, to carry signals or intelligence pro-
vided we can mix the signals with the carrier. This mixing
is known as "Modulation" and, in the common type of Broadcast
station, the signal controls the strength or amplitude of the
carrier,

For this project therefore, we have a simplified arrangement
by which your own voice can be used to modulate the high fre-—
quency of the oscillator and thus, in effect, give you a
‘miniature Broadcast station.

At this point in your work, all of these circuits are of the

simplest possible type but we want you to study them careful—
1y because the principles of operation are the same as those’
used in all amplitude modulation types of Broadcast stationse

Do not expect the power and quality of this miniature station
to compare favorably with a large commercial Broadcast station
but, if you follow the circuits carefully and operate them
properly, the results may surprise you.

WIRING PROCEDURE

Turning to the diagrams of this project, we want you to com-
pare them with those of the Hartley Oscillator. Checking
carefully, you will find but one change. The connecting wire
between socket terminals 5 and 6 has been removed. In its
place, one headphone cord tip is inserted in terminal No. 5
and the other in terminal No. 6.

Should you have found it necessary to change any connections
of the Hartley Oscillator, to obtaln proper operation, use the
corrected circuit for this project.

R
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As we explained for the power supply assembly, we want you to
compare the pictorial and schemdtic diagrans of every assembly
you wire.

Experiment No. 1

The purpose of this experiment is to transmit voice signals
from your oscillator to. a Radio Reeeiver.

¥ollowing the plan of the Hartley Oscillator experiments,
place the Radio receiver in operation, plug in your power
supply and turn it on so that the oscillator will also be
in operation.

First, tune the Radio receiver, preferably toward the low
frequency end of the dial, to a position at whig¢h no Broad-
east station signal can be heard, If the recelver has a
"Tuning Eye", the shadow angle should be in its widest posi~-
tion.

Shen, turn the adjusting screw of the oscillator padder eom—
denser until the oscillator freguency is the same as that
for which the receiver is tuned.

Next, hold the headphone close to your mouth and talk into
the central opening. Use a low tone of voice but talk cis—
tinctly. If you don't know what to say, you can use the old
reliable expression, "One, two, three, four, testing" and
repeat it as often as you wish.

While taiking into ihe phone, which is now acting as a micro~
phone, turn the padder adjusting screw slightly, first one
way and then the other, until your voice is loudest in the
speaker of the Radio receiver. You can then adjust the Radio
volume to produce the signal level you desire.

It is sometimes rather confusing to hear your voice both en—
tering the microphone and leaving the speaker therefore, if
possible, have someone else talk into the microphone while
you adjust the oscillater padder and Radio Volume.

Meke a note of the position of the Radio Tuning Dial at the
point your oscillator comes in because then, if you do not
change the padder adjusting screw, you will be able to tune
it in at any time, like any other Broadcast station.

Here then, you have all the elements of a Radio Communication
system. Your voice, entering the microphone, causes electri-
cal pulses which modulate _the high frequency generated by the
oscillator.
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Although the actual distance is small, this modulated high
freguency is radiated to your receiver antemna where it enters
the receiver, is amplified, demodulated and finally converted
back to sound in the speaker.

Experiment Jo. 2

The purpose of this experiment is to demonstrate the frequencies
generated by the oscillator actually radiate in space.

This experiment is really a continuation of Experiment No. 1
and, after both the oscillator and receiver have been carefully
tuned for best results, you can increase the distance between
them.

The wire, connected to antenna coil terminal No. 4 is really
the transmitting antenna and, for the first experiment, you
placed it ¢lose to the Receiver. Now, increase the distance
between this wire and the receiver antenna. If possible,

have some one talk into the microphone while you make the
changes hecause then, you will not lose the signal entirely
and can slightly retune the receiver for best results. It may
also be necessary to increase the receiver volume but, if your
receiver is sensitive and your oscillator has been assembled
according to instructions, you should be able to transmit
signals from one room to another.

In addition to the technical feavures of this experiment, it
also has good entertalnment value. With your oscillator in
another room and a confederate to tune the Radio Receiver,

you can cut it on regular Broadcast Programs to make personal
announcements or remarks about other persons who may be listen-
ing to the Radilo Program.
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ARMSTRONG OSCILLATOR
Material Required

Power Supply (Complete)
Octal Socket (S4)
Antenna Coil (S4)

— Padder Condenser (SA)
- 65J7 Tube

Beadphone

Hook-Up Wire

t 1

{

R e

OUTLINE

From 2 practical standpoint, this project has the same
application as the Hartley Oscillator experiments you have
just completed. From a technical standpoint however, this
circult differe greatly from those previously given and
therefore should have the same careful study.

The purpose of this Home Laboratory is to give you prac-
tical work and experience in the handling, wiring and
operation of Electronic units. Therefore, we suggest that
you completely disconnect this wireless microphone cire
cuit and start 2ll over again on this one.

As every terminal is provided with spring clip, it should
not take many minutes to disconnect all of the wires and
then reconnect the terminals according to the diagrams of
this projecta

We have tried both ways and know this plan is best and
actually takes less time than checking the dilagrams to
see which wires have been changed in position and then
moking 2ll of ihe changes correctly.

Looking at the schematic diagrams, you will find but one
winding of the antemna coil was used for the Hartley type
oscillator and the feedback action was obtained by conw
necting the cathode of the tubec to the tap at terminal 5,
so that part of the coil was in the plate circuit return.

Here, the tap i1s not used and the feedback action is ob-
tained by the inductive coupling betwcen the tuo coil
windings. Thc winding betwsen terminals 2 and 3 is in the
plote cireuit so that varintions of plate cur-ent will
induce voltages in the .other winding which connects to the
grid of the tube.

In the Hartley circuit, the headphone was connected be=
tweer. the screen grid and cathodec but here, it is between
the cathode and pl.te supply negative, or ground.

R
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These are the principal changes but we will assume ynu lLiBve
removed all of the wires I[rou tne svb-as.emblise and are

ready to start over,
WIRING PROCED RE

We till follow our forner plan by listinz ecch connectlon
separately and giving vhe termiusal at eacl end.

WIRING COMIIBCTICHS

to coclret terminal 2.

4

1. From power suprly termipal
. bl Sty )
L0 gocket terminal Y.

2. From povcr cvvoly terminal
%, From pover supply berrminel 3 Lo socket ferminal L.
4, From porer svpely temriacl Lo ertenna coil tecminal 2.
5. From cocket terninel 1 to anterna coil bterainal O.
6, From socket terwinal %o antenna coil terminal &,
7. Frum coclet terminal to ontoung coal terainal 4.
8. Yrom soclket terrinal 5 %o ope phune cord tip.
9., Trom sccket terrinal o0 wocrel terminal 5.
10, From socket terrinal .¢ socket terrinal 3. ‘
11, TFyom anterna coil terwinel 4 bo pcdder terinel 1.
122 From entenna coil terninal © to wedder lerminal Z.
15, Fron padder termiral 2 %o phone cord tip. Nole —- this
connection can be made by pushing the wirs insvlation bick
aboit one inch and then winding the bere wire tightl:;- around
the cord tip.

S N o

QD Dy U s A

OP#ER: TING PRCCADURE

Checl- all of the conpentions cavefullw azainst both dlagrams
as well as the list just given. If you are in doubt, crocs
each connectiun off the lict inmediatlsly after you Lave 1t
corpleted.

Here again, you have a Hirl Frequency osclillctor ard soae of
the following experinecios jarallcl those of vhe Hartley wyre
oscillator,

Fxperiment ioe. L

The purnose of Lhis cxreriment ic to detect the preserce of
a Radio Froguency carricr Ly ncars uf a Rudio Recelver tuned
to another carricr.

To preform this evperiment, you reguire the fadio Receiver
used in Lhe forumer experiscnbe ann &ge ' n Jor & Lrans.,itbting
antenna, attach a leugth of wire to an'en.a Sserminil ' Ge we
This wire is Hlaced close to ube anlenna or inrub circeiv of
the Radiv Recaivar.
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Turn on the Radio and tune in a Broadcast station near the
low frequency end of the dial. Then, turn on the Dower Sup=-
ply of jour oscillator and wait a few seconds for the tubes
to heat,

Next, tune your oscillator by slowly turning the adjusting
screw of the padder’and, when its frequency approaches that
of tuned in station, the receiver speaker will howl or squeal,
You will find the action here about the same as that of the
Hartley type oscillator,

Should the oscillator fail to operate, after you have careful-
1y checked the circuit, remove the wire from antenna coil ter-
minal 6 to padder terminal 2 and make a connection from padder
terminal 2 to socket terminal 6. Connect phons cord tip to
antenna coil terminal 6 instead of padder terminal No. 2

Experiment No. 2

The purpose of this experiment is to show the presence of
"Harmonic" freguencies which are equal to even multiples of
the carrier frequency.

If your receiver has a tuning eye, it can be used as the in=
dicator, and your first step is to tunc the receiver to a
fairly low frequency, about 600 K.C., cut at a point where
there is no station carrier and the eye is open.

Then, carefully tune the oscillator, by turning the adjusting
screw of the Padder, until the shadow angle of the tuning eye
closes, This will indicatc that the oscillator is tuned to
about the freauenc; indicated on the Rcceiver tuning Dhal.
T1ithout changing the oscillator adjustment, tunc the Radio
receiver to a frequenc: about twicc that for which the ocCil=~
lator was tuned and yoéu will find a second point at which the
tuning eye will close,

There may be a Broadcast statién carrier at thls sceond point
and, while the oscillator will cause wnterference we suggest
you alter the low frequency adjustment of both the Receiver
and Oscillator and try the high frequency position again.

For thc Broadcast Band, if the oscillator is adjusted to about
600 K.C, it should cause the Receiver tuning eye to close at
&0 K.C. and also at 1200 K.C, This latter value is known as
the "Second Harmonic! because it hes twice the value of the
"Fundamental! frequency to which the oscillator is tuned.
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Experiment No. 3

For Radio Receivers without a Tuning Eye, the presence of
Harmonics can be shown by tho interference they cause to
Broadcast station carrier frequcncies.

Cheek over the Carrier Fregquencies of the Broadcast sta-
tions your Receiver will pick up and then select two with
frequencies such that one is approximately twice that of
the other,

Then, tune in the station with the lower frequency and turn
the adjusting screw of the oscillator padder until there is
interference. HNext, without changing the oscillator adjuste—
ment, tune the Radio Receiver toward the high Frequency end

of the Dial and, when the second selected station is tuned in,
the oscillator should azain cause interference.

Experiment No. 4

The purpose of this experiment is to show the presence of
harmonics by changing the frequency generated by the oscil-
lator.

To perform this experiment, first turn the adjusting screw

of the oscillator padder condenser in a clockwise direction
until its head is flush with the barrel in which it is
mounteds Then, turn on the Radio Receiver and tune in a sta-
tion with a carrier frequency of about 1400 X.C.

Next, turn on the oscillater power supply and, after the
tubes have had time to warm up, turn the padder adjusting
screw slowly in an anti-cloclkwise direction until the oscile
lator causes interference in the receilver.

Continue to turn the adjusting screw slowly in an apti-clock-
wise direction and count how many positions cause interfer—
ence in the Radio receiver. Turning the adjusting screw anti-
clockwise or "out" reduces the fundamental frequency generated
by the oscillator therefore, interfurence in the Radio Rzcel-
ver which is tuned to about 1400 K.C. must be caused by Har-
monics of lower fundamental frequencies of the oscillator.

Experiment No. §

The purpose of this experiment is to show that the ensrgy,
fed back from the plate to the grid circuit of the oscillator
tube must be in proper phase relation to cause oscillatinns.

To work out this experiment, tune the Radio Raecelver to some
Broadcast station and then tune the oscillator until it causes
interference.

R
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Then, turn off the oscillator Power Supply and short zcross
terminals 3 and 4 of the Powor Supnly to make sure the filtor
condonsers arc discharged., Ve Lold you %the antenna coil
winding betwecn cerminclse 2 and 3 was in the platc circuit of
the tube and svpplied the foudhack energy. Therefore, to
change the phage of this encrgy, sinply reverse the connections
to this coil,

To do this, romove the wires from antonna coll terminals 2 ang
8 and then make the follouing cunncctlions,

l. From power supply terminal 4 to antcnna coil terminal 3.
Re From socket terminal 3 to antonna coil terminal 2.

While making the=e cha.ges, be carcful not to disturb the
tuning of cither the Radio hocelver or Oscillator and after
they are completed, turn un the oscillator Fower Svupuplye The
tubes will warm up but thore will be no interfersnce in the
Recoiver-becavse the tube is not oscillating and no high
fregquencies are being gencrubeda. ’

hgain, shut off{ thepower supply, short its terminals 3 and

4 and, withott changing any adjustnents, reverse the conpecti.ns
to antenna coll terminals 2 and 3. When you turn on the
oscillator now, the interference returns and shows the osclle
lator is in oparation egain.

Koup this action in mind as it will come up again in your later
projects.

EBxpcririent Nos 6

Although the headphone is in this circuit, it connects between
the cathode and negativo of the plate supply. In this position,

it dogs not act very efficiently es a modulator, a fact which
you can prove e2sily.

Tollowing the experiments of the Wireless wicrophone, tune
the receiver to a low frequency wnere no signa) is present
and then tune the oscillator to this same frequency.

After the tuning has becn carcfully dons, talk inte the
keadphone and you will find vhire is soue modulation effect
Lut the result is not satisfacuory.

¢

In casc you are curious, connected in this position, the

headphones act mainly as a resistance to produce a negative
tias voltage on tnu grid of tho tube,

R
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Your next shipment of equipment will include sufficient
additiopal parts to enable you to build 2nd operate two types
of Radio Receivers and additional types of oscillators. The
instructions for these projects are written on the assumption
thet you have completed and studied all the previous
experiments. Therefore, for your own bencfit and future
progress, meke sure of each circuit and experiment before
starting another.
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COLOR. CODES FOR CONDENSERS

Different typee of color codes have been used for molded
condensers., Amont the most popular are the following.

1946 Radio Manufacturer's sssociation Color Code

ﬁhite

1o >l
O ® 0

lIndicates Elec-—
trical charac-
teristics

Color Codes Previously Used

5 Dot System

- @ @ @

< Dot Systems

—
96 ®

5 Dot Systems

CCL

A black dot in place of the
white indicates an Army-Navy
unit, while a silver dot de-
notes Signal Corps and Army
Air Forces. (For some conden-
sers the second row appears

on the reverse side.)

Example
A = Brown = 1
B = Black = O
B = Brown = 10 (as 2 multi-

plier)
Capacity = 100 Micromicrofarads

{ind)

_ Plank
]\
- ®W ® O
Front
—] GD Ga L
Back
(Aind)

-1 ® ® -

Front

Back

N






COLCR CODES FOR CONDENSERS (comt.)
6 Dot System
Exanmple: A = Red B = Red
<:y\ C = Green D = Orange
. C> - B =0Gold F = Blue
® ® © Capacity = 225,000 puf £ 5%,
: 800 volts
CAPACITY TABLE (jupf [
Significant Decimal Capacitive | DS
Dot Figures Multiplier Tolerance Voltage
Color A B |C D E r
Black ololo - |+ or =) -
Brown 111 |1 10 1% 120
Red 2 2 2 100 2% 200
Orange 313 |3 1,000 3% 300
Yellow | 4 |4 | 4 10,000 4% 400
Green 51515 100,000 5% £00
Blue 6 |6 |6 1,000,000 6% 600
Violet 7177 10,000,000 7% 700
Gray 8 8 8 100,000,000 8% 800
White 919 |9 1,000, 000,000 9% 520
Gold - - - o1 5% 1,000
Silver S .- 0.0L 104 2,000
None - | - | = — 20% 500
Color Codes for Resistors
Dot (C) @D G?
| . .
T i oy
106 1 il 1ee®:;
-/ E &
nd Body é} é\
(B) (4)
Resistance Table (chms)
i Significant Decimal
Dot Fipure Multiplier Tolerance Dot
Color A B C D Color
Black 0 0 ~ | (None = Dlack
Brown 1 1 10 20%) Brown
Red 2 2 100 Red
Orange 3 3 1,000 Crange
Yellow 4 4 10,000 Yellnw
Green 5 5 100,000 Green
Blue 6 6 1,000,000 Blue
Violet 7 7 10,000,000 Viclet
Gray 8 8 - Grey
White , 9 9 = White
Gold - - .1 5% Gold
silver | - - .0l 10% S-iver

CC2
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SIMPLE RECEIVER

Material Recuired

t

Power Sunply (Complete)
Octal Socket (SA)
~ Antenna Coil (SA)
~ Tuning Conderser with Dial (SA4)
Potentiometer Control with Dial (SA)
- 100 MF. Condenscr (S4)
- ,0005 LF. Condenser (SA)
.1 MF, Condcnser (SA)
- 2,2 llegohm Resistor (SA)
1 ~ 470 M Resistor (SA)
1 ~ Hzadphone
1l - &J7 tube
-~ Hook~Up Wire

i

S S S A S
H

OUTLINE

At this time, we assuwe that ycu have completed all of the
experiments, listed for the Wireless lMicrorhore of your Home
Laboratory, and are familiar with the method by which tho
various sub-asscmblics erc comnected, Also, we trust that
you have studied the illustrations carcefully and are begin-
ning to read the schematic diagrams in addition to follow-
ing the Pictorial Diagranms,

To help you in this respeuct, we have enlarged the Diagrans
for this shipment, placing the Pictorials on one page and
the Scheratics on anothor, This has been done to help you
study the schematic diagrams which, as we have alrcady cxe
plained, are uscd almost entirely in technical works

Therefore, we’ suggest that you first wire up cach project
or experiment, making usc of both diagrams if nccessary,
Then,” after it operates properly remove all the connecting
wircs, fold in the Pictoricl Diagram and rewire the project
by following the Schematic Diagram only. It may scem a
little difficult at first but, after you have practicod on
a few different projects, you will find the Scheratics can
be Tollowed much easier tnan the Pictorials, That is viry
they are in gencral use in the industry.

Looking over the list of material for this project, you .iill
see that most parts of the Simple Receilver Shipnent are re-
quired in addition to all but the Padder Condonser of the
Wircless Microphone, Checking with the Pictorial Diagram
you will find a total of nine sub-assenblies, the power
supply and headphone,

The general method of assembly remains exactly the save as for the
projects of the Wircless Microphone Shipment but, of coursc, the
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gctual position of the connevding wires must conform exactly
to tle c.rcuit under construction.

Oy tlis time you see that, except for their length, the con-
necting wives are all alike and, as a mabbter of convepience,
e sug.onh vou provide a container, such as a cigar box, to
keep taem in orler. Whenevar you remove a connecting wire,
straight :n ib out and place it in this contaiper and then,
as ywu edvancs in this work, yon will have a supply of ready
cub wire.

Color Cot>s

At %he hobbtom conber of the Pistorial Diagrar ycu will see

a sub-assembly moriad "2.,9 Meg. Resistort and checking the
actuzl 1nit you will find it has cnlored bands or dots on it.
Due to van uce of large numpers of th's typs of rosistor and
the wide varicty of their values, the Hadio Manufacturers
pssocialion, (R.le.), have adoptad a2 standard color code

for the pur, osc of identification. These colors and thulr
correspo.diny numerical values arc as follows:

Bleeck « O Grcan = 5
Brown - 1 Blue -~ 6
Rad - & Vieplst - 7
Orarze — 3 Gray - 8
Yellow - 4 White =~ ©

For the older typs resistors, the body color was first, the
end color sccond and the "dol¥ or Yband" color third. Thus,
s resistor with a red body, grecn end and orange dot had a
value of

- Red ~ Green - Orange -
-~ & - 5 - 00C -

which is rcad as 25000 chms. Note here, the last color in-
dicates the numher of "geros® or "eiphers" which are to fol-
low the first two numbers.

On some of the later types of resisbors, all of the code colors
are in the Torm of hands and the valucs are read by starting
with tho colored band closest to the end of the body. Using
the colors mentioned above, for this method there would ve &
red band at one c¢nd, a Space, a groen band, a space and an
orange band. The actual reading rumains as already cxylained.

In addition, there is somelimes a fourth band to ropresent
the accuracy of the resistance value. When thore are only
th three colored hands the resistor hes a value within *+ or
- 20% of its rating. Vho.o a silver bLand follows the colored
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bands, the resistor has a value with + or - 10% of its rating.
When a gold band follows the colored bamds, the resistor has

a value -rithin + or - 5% of its rating. The 10% resistors are
perhaps in most common use.

As shown in the pictorial diagram, the left hand band of the
2.2 meg. resistor is closest to the-end therefore you read fram
left to right aad should find the colors Red, Red and Green.
This indicates 2%, #2¥ and ¥#5¥ which is read 2,R00,0C0 ohms
and dividing by 1,000,000 gives a value of 2.2 megohms.

Looking at the Pictorial viagram again, the sub-assembly direct-
ly above the 2.2 meg. resistor contains a "100 MMF." condenser.
Units of this type are sometimes stamped with the value of

their capscity which here would bhe ¥#100 ME." or ¥.0001L MF.¥ or -
may be color coded in much the same way as the resistors.

In the pictorial diagram, you will notice this condenser has
three dots, separated by arrowheads, which point from left to
#ight. The dots are colored according to the resistor code
and read in the indicated direction but the values are in
micro-microfarads.

Here, for a value of 100 MMF., the left hand dot is brown,
the center dot black and the right hand dot brown. Checking
with the color code, the numerical values are #iBrown - 1¥,
#Black - OF followed by "Brown - 1¥, which indicates the
nunber of zeros or ciphers.

In the upper right corner, the Pictorial Diagram shows a .1
VF., compdenser and to its left a 0005 MF. condenser. These
are of the "Tubular! type and, having waxed paper as the
dielectric, are also known as "Paper® condensers.

Here, you will fipd the specifications are printed on the
outer surface of the body and include the capacity, the maxi-~
mum working voltage, (W) and a distinctive mark at one end
marked YOutside Foil! or *Ground¥.

Unlees. otherwise shown, the capacity is given in microfarads,
(MF.) and the working volts in D.C. Remember here, that if
used on an A.C. circuit, the voltage should not exceed .7 of
the D.C. working volts because the maximum value of A.C. is
about 1.4 of the effective or commonly used value.

The end, marked ¥Outside Foill, connects to the outside sheet
of the assembly and, under certain conditions, will act as a
shield. Therefore, it is common practice to connect this side
of the condenser to the ground or low potential side of the
circuit in which it is installed.
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The tuning condenser consists of two separate sections, or
gangs, which have a common or “"ground" terminal, shown as a2y
in the pictorial diagram. For this project, but one of the
gangs ls used,

The potentiometer is a variable resistance with a total value
of 500,000 ohms, This value remains fixed, between the outer
terminals 1 and 3 of the pictorial diagram, but has a movable
eontact connected to terminal 2. Thus, by rotating the dial,
the actual resistance between terminals 1 and R or 2 and %
can be varied.

The circult shown here is a simple, single tube Radio Receiver,
the tube acting as a detector, and can be used to receive
signals or programs from local or hearby Broadcast stations,.

To avoid wiring errors, we suggest that you identify the various
sub-assemblies and then mark them plainly with their value.

This marking can bhe done with an ordinary pencil but keep the
pencil marks away from the unit, solder lugs and terminals.
Also, as suggested for the projects of the Wireless Microphone
Shipment, properly mark or identify all the terminals of all
the sub-assemblies.

When this has been done, arrange the parts in the approximate
position shown by the Pictorial Diagram but, to shorten the
connecting wires, move all the wood bases close together.
Here again, we show all the bends in the connecting wires as
right angles but, of course, this is not necessary. However
it 1s a good plan to allow a little extra length of wire to
avoid any strain or pull at the terminals.

You should have an assortment of connecting wires, used in
the last project and these can be used again. In fact, ws
suggest you use them wherever possible and cut new longths
only when necessary.

Just in case you have forgotten, to make a connection you
first push the wire insulation back until about 1/2" of the
bare copper wire is exposed. Then push down on the upper

part of the spring terminal until the central closed loop pro-
Jjects up through the central slot. The bare wire is then
pushed through so as to pass over the outer spring, under the
central loop and over the outer spring on the other side.

A1l this is done while the outer spring is held down but now,
when it is released, it will spring up and hold the wire secure-
ly. A&fter a time, this spring may lose some of its tension

but this can be remedied easily by bending up the spring before
inserting the wire.
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Once more, we want to repeat our former instructions and re-
mind you ibal one wrong connection, one omitted wire or one
poor conhtact can cause the entire project to be inoperative.
Thersforc, we urge you to take your time, follow the step by
stop procndure and check-mark or draw a line through each
connection imwediately after it has been made, You can check
the Pictorial Diagram, the Schematic Diagram or the following
list of connecting wires.

Because of their greater number, the ‘connecting wires are
separated into grouys, '"aM, "B, MCM, etc., each of which
centers around a sub-assembly ard, by making the connections
in this rocer, the chances of error will be greatly reduced.

WIRING CONNECTIONS

A — Power Supplv
l. Toridnal
Re Terainal
3w Torminel
4, Terminal

B «~ Octal Coclet
1. Jerminal
2. ‘loymalnal
3. Torminal
4, Terminal
5. Tarairal
6. Terminal
7. Lerminal

C ~ Anbtennz Coll
1o Torwinal
2. Torminal
Z. Lereinal

D ~ ¥iscellansous
1. Tuuing Condenser Terminal 3 to 100 MMF, Condenser

Towwinal 1
2. 120 12 F., Condenser Terminal 1 to 2.2 Megohms Resistor
Terwinal 1
. 2.2 uegohm Resistor Terminal & to 100 MF. Conden-
gur Lerwinal 8

4. Poisntioweter Terminal 1 to Socket Terminal ©

5. <l ¥, Cundenser Terninel 1 %o Phone Cord Tip

€. X05 MF. Condenser Terwinal 1 to Socket Terminal 5

7. J0U05 MF, Condenser terminal 1 to Phone Cord Tip

8, 470 . Resistor Terminal 2 Lo .C005 MF. Condenser

Terninal 2

9. L0005 M, Condsnscr Terminal 2 to .1 LiF. Cordenser
Torminal 2

10, 500 "I Potentiometer Terminal 2 to 470 IT Resistor .
Terminal 1

to Socket Tarminal &
to Sockel Terminal 7
to Sookzt Termiral 1
to Fotontiometer Terminal 3

s A DO

to Coil Terrinal 7

to Coll Terminal &

to Coll Terainal 2

to 100 W.F, Condenser Terminal 2
to Sockeb Terminal 3

to cochet Terminal 8

to 470 M. Recistor Terminal R

v O U CI

to Tuping Condecnser Terminal 3
to Tuning Condsnsar Terminal R
to Coil Terwinal 5

-3 O w>

&
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Cround Check

Power Supply Terminal Noe 3 should cornect to the following
terminals through one on more connecting wires.

No. 1 = Socket

No. 2 = Antanna Coil

Noe. 3 - Socket

No. 5 = Docked

No. 1 - 0005 [[F, Condenser
Nos 1 = 500 M. Fotentiometer
No, 7 - Antenna Coil

Nos 6 - Antenna Coil

Nos 2 - Tuning Condenser

One Phone Cord Tip

The purpose of this ground check can be seen mere readily by
referring to the Schematic Diagram where you can trace the
circuit from power supply terminsl No. % to each of the other
terminals listed abovee.

OPERATING PROCEDURE

When you feel sure the circult is completely and correchly
wired, connect the power supply to its socurce, make sure the
rectifier tube is in position and then insert the 65J7 tube
in the octal socket, Remember to turn this tube un%il the
key lines up with the socket keyway before pushing it downe

Experiment No., 1

Like any radio receiver, this project will require an antenna
to enalle it to pick up the Broadcast signals and because of
its simplicity, may need a more efficient antcnna than a
larger, more sensitive multi-tube type receivere It is diffie
cult for us to give you any exact antenna dimensions which
will be satisfactory in all locations therefore, the followe
ing suggestions are general and muct be adapted to your own
individual lccatilon.

If you live within 25 miles of a2 Broadeast Station of average
power, 25 to 50 feet of insulated wire, strung inside your
room should be sufficients If you live further-away or the
closest Broadcast Station operates.at low Power, an outdoor
antenna may be necessary,

This outdoor antenna should be of the "old fashioned" type
made up of a horigzontal wire strung between two supports with
the lead-in wire connected to one end. The length is not
critical but the greater the distance between the antenna and
surrounding objects, the more efficient it will bee
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If you obtain your power from a commercial electric lighting
circuit a "ground" connection may not be needed but bettar
results may be oblained by reversing the position of the
attachment plug in the outlet.

If you obtain your power from a storage battery a good ground
commection should improve the reception of Radio signals, An
acceptable ground can be made by driving a metal rod or pipe,
three or four reet into damp earth. Any sustem of underground
water pipine can ealso be used 8s a ground but, in every case,
it is essential to make a good, tight electrical coniact to
the pipe. Caution -- Never use a gas pipe for a grcund.

Assuming that you have prepared these connections, attach the
antenna wire to tcrminal 3 of the antemma coil and, if a ground
1s used, attach it to terminal 2 of the antemma coil or any
other terminal listed on the "ground check" of the wiri.g pro-
cedure,

Then, turn ON the power supply switch and wait a few seconds
for the tubes to warm up. Place the headphone .o your ear and,
1f the circuit has been properly wired, you should hear a sort
of hum like that when you remove a lelephone recciver and are
waiting {or the operator to answer.

Next, turn the potentiometer dial clock-wise for one half its
rotation and then turn the tuning condenser diasl very slowly
from the position in which the movable plates are fully meshed
to that in which they are completely unmeshed, Somewhere in
between these positions, you should hear one or morc Radio
Broadcast Statioas and their volume can be adjusted by moviag
the potentirmeter dial.

The condenser dial is set s~ thai the numbered divisions are

at the bottom and pass in frout of the wooden base, By making
& pencil mark on the base, directly below the conderser ghaft,
the divisions of the dial can be used to "log" the staticns.
Should it be necessary to re-set the dial, hold the outer part
which carries the scale and turn the inner part, or knob proper,
anti-clockwise. This part will screw off and cxpose a haxagon
nut which should be unscrewed a2 turn or two. The dial can then
be pulled forverd until it is loose on the shaft.

The movable condenser plates shouvld then be fully meshed wiih
the stationary plates and the dial turned until the end of its
scale is in line with the "logging" mark you placed on the
wood base, Make sure the divisions of thc scale will all pass
this mark when the dial is turned in a direciion to ummesh
the condenser plates. Should the dial scale move away from
the mark, turn the dial half way around and start from the
other end of the scale.
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When the dial and condenser plates are in their proper rela-
tive positions, tighten the hexagon nut, screw the knob back
on and the job is done.

Should you fail to receive any Radio Signals, shut off the

Power Supply and carefully checl all of the connections agzainst
the dlagrams. It is easy to make a mistake, all of us do at
times, so do nol feel discouraged if you find some wires in

the wrong position. While making this check, also meke sure
that every wire end is held firmly by the spring clip torminals.

After you feel doubly sure that the circuit is correct, turn
on the Power Supply and listen again. Should you still fail
to hear any signals turn the tuning condepser dial more s lowly
because it is very easy to pass over a weak signal.

As additional tests, feel of the metal tube because, under
normal operating conditions, it becomes quite warm. Then,
with the dial of the 500 M potentiomcter in its extreme clock—
wise position, use the voltage indicator and test acrogs the
following pairs of terminals, placing one test tip on each.

Power Supply Termminal 3 ~ Power Supply Terminal 4
Power Supply Terminal 3 — Tube Socket Terminal 8
Socket Terminal 8 - Socket Terminal 1
Socket Terminal 8 - Socket Terminal 3
Socket Terminal 8 ~ Socket Terminal S
Socket Terminal 6 -~ Socket Terminal S

One electrodo of the Test Lamp should glow in each of these
positions to indicate the presence of high voltage DeCs

As another check, you can moisten the tip of your Tinger and
then, one at a time, touch it to terminal 3 of the tunin? con-
denser and both términzls of the 100 !MF. condenser as woll

ag those of the 2.2 mege resistore. When these contacts are
made, a click in the receiver indlcates the circuit is in
operating condition bubt requires grcater input voltage. It
may then be necessary to increase the length or height ol the
antenna.

We montion these various possibilities, not because we antici-
pate you will have difficulty in making this assembly opcrate
but merely to emphasize the many possible causes of trouble
and suggest a method of test in case it is needed.

Experiment No. 2

In experiment No. 1, we mentioned the importance of an antenna
and want you to learn that the antenra coil is rcally an im-
portant part of the antenna circuit. Looking at the gchematic
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diagram, with the antenna attached to terminal 3, the coil
between terminals 2 and 3 is in series with the antenna and
all antenna current will be in it.

As this signal current is A.Ce there is a transformer action
in the complete antenna coily the winding between terminals

&3 operating as the primary while the winding between terw

minals 4 and 6 operates as the secondarys.

With more turns on the secondary there is a voltage step up
and, as the secondary is tuned by the varlable condenser,
voltages at the reeonant frequency are amplified. Checking
against your regular Lescons, you will see that the tube is
operating as a Grid Leak type of Detector and the tuned cire
cuit is across the grid ocircuite.

For this experiment, we want you to move the antenna connection
from terminal 3 to terminal 5 of the anteanna coil. Under these
conditions the winding between terminals 4 and 6 will opsrate
as an auto-transformer, the entire winding as the seconcary

and the part hetween terminals & and 6 as the primary. Here
again, there ies a voltage step up and we warb you to meke a
careful compprison botwcen signals reccived under these con-
ditions and those received for Expreriment Noe le

It may help you here to tune in a station and, while listening,
move the antenna wire from terminal 5 to terminal 3 and back
againe. You may find it necessary to move the tuning cundenser
dial slightly to obtain the best signals for each connectlone

-

Experiment No. 3

For this experiment, we want you to connect the antenna wire
to terminal 4 of the antenna coil which, in effect, places the
antenna and ground in parallel to the tuncd circuite.

Thinking along the lines of Erperimcnts 1 and 2, the winding
tetween terminals 4 and 6 uf the antenna coil now mercly act
as a sort of choke coil and the voltage drop acrogs it is
epplied to the grid circuit of the tube.

This experiment is important because, like many other prople,
you mey have an idea that maximum signals will be obtained

by connecting the antenna directly to the grid circuite Howe
every, you can now compare the signals, with the antenna cone
nected to terminal 4, against those when it is connected to
terminals 3 and 5.

When the connection is made to terminal 4, you will find that
not only is the signal level reduced but the tuning is broad-
ened, By this we mean that you must turn the tuning dial of
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diagram, with the antenna attached to terminal 3, the coil
between terminals 2 and 3 is in series with the antenna and
all antenna current will be in it.

As this signal current is 4.C, there is a transformer action
in the complete antenna coil; the winding between terminals

R~5 operating as the primary while the winding between terw

minals 4 and 6 operates as the secondary.

With more turns on the secondory there is a voltage step up
and, as the secondary is tuned by the variable condenser,
voltages at the re=onant frequency are amplified. Checking
against your regular Leseons, you will see that the tube is
‘operating as a Grid Leak type of Detector and the tuned cir—
cult 1s across the grid oircuite

For this experiment, we want you to move the antenna connection
from terminal & to terminal 5 of the antenna coil. Under these
conditions the winding between termirals 4 and 6 will opsrate
as an auto-transformer, the entirc winding as the suconaary

and the part between terminals 5 and 6 as the primary. Here
again, there is a voltage step up and we warbt you to mke a
careful comparison between signals reccived undar these con-
ditions and those received for Experiment Noo le

It may help you here to tune in a station and, while lisiening,
move the antenna wire fron terminal 5 to terminal 3 and back
again. You may find it nacessary to move the tuning coundenser
disl slightly to obtain the best signals for cach connectione

Experiment No. 3

For this experiment, we want you to connect the antenna wire
o terminal 4 of the antenna coil which, in effect, places the
antenna and ground in parallel to the tuned circuite.

Thinking along the lines of Evperimunts 1 and 2, the winding
between terminals 4 and 6 of the antenna coil now mervly act
as a sort of choke coil and the vollage drop across it is
applied to the grid circuit of the tubce '

This experiment is important because, like many other people,
Zou may have an idea that maximum signals will be obtained

Yy connecting the antenna directly to the grid circuite Howe
ever, you can now compare the signals, with the antenna con-
nected to terminal 4, against those when it is connected to
terminals 3 and 5.

When the connection is made to terminal 4, you will find that
not only is the signal level reduced but the tuning is broade
ened. By this we mean that you must turn the tuning dial of
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the condenser a grezter distance tv "tune oat" the signal.
Under this condition, it would be difficult to separate two
stations, which tune fairly close to euch other and thus this
experiment shows the direct cormection of the autenna reduces
the "Selectivity" of the circuilt.

Experiment No. 4

Referring to the regular Leesons agaln, the Schematic Diagram
here coincides Nithélhose vf a grid leak detuctor. The 100
MiF. condenser is the grid condepser while the 2.2 megohn
resistor i1s the grid lcak.

As shown in the diagrams, these two units arec conaccted in
parallel to each othcr and in series with the grid of the tube.
In circuits of this gencral type, sumetimcs you will find the
grid leak is connected from grid to grouad or ceathode and wo
want to chock this action,

To make this circuit change, remove the crnnecting wire vetwesn
terminal 1 of the 100 1IF. condenser and teeminal 1 of the 262
megohm resistor. Then run a connecting wire from terminal 1

of the R.2 mogohn resistor to terminal 2 of the tuaing condensers
Do not remove or changec any othur conncctiong and then operate
the recciver again and check the signals against thosu of the
former experimentse

Do not fecol disappointed in the operation of this simplc circuit.
If you can hear and undcrstand the <ignals in the headphune,

that is all you should expcct secause, for the next projuct we
are going to show you how, without adding any parts, the
performince capn be greatly improved.
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REGENERATIVE DETECTOR

Material Required

- Tower Supply (Complete)

- Octal Socket (SA)

- Antenna Coil (SA)

- Tuning Condenser with Dial (SA)
- Potentiometer with Dial (SA)
- 100 mmfd Condenser (SA)

- .0005 Mfd Condenser (SA)

- .1 Mfd Coadenser (SA)

- 2.2 Meg. Resistor (SA)

- 470 M Resistor (SA)

~ Headphone

- 6537 Tube

Hook=up Wire

T e e N

3

OUTLINE

Checking this list of material, you will find it corresyonds

exactly to that of the simple rcceiver arnd, although the tube
operates as a Regenerative Devestor, the assembly of the parts
makes up another form of one tube Radio receiver,

As we mentioned in the last project, vou are going to rowire
these same sub-assemblies in orcder to improve the sensitivity
and selectivity of the simple rcceiver, This imoproveme.t is
obtained by feeding back into the grid circuit of the t be
some of the signal energy which has been carricd over to the
plate circvit,

The action here can be followed more readily by referring to

the schematic diagram and, starting from the No. 4 term’nal

of the Power Supply, you can trace a circuil through the 500 M
Potentiometer, 470 M Resistor, thc winding betlween termwrinals

2 and 3 of the antenna coil and back to terminal 8 of tae
socket. As terminal 4 of the Power Supply is "B+" and verminal
8 of the socket connects to the plate of the tube, all of the
plate current must pass through one winding of the antenna coil,

To follow the action here, we will assume terminal 5 of the
anterma coil connects to an antenna while terminal 6 is
grounded and a Radio signal has been tuned in as expleined for
the Simple Receiver. Due to the action of the tube, th.se
signals will be amplified and appear in the plate circtit to
cause the operation of the headphone. Here however, they will
also appear in the winding between terminals 2 and 3 of the
antenna coil,
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Ve have already told you that Radio signals are A.C,, and that
the antenna coil can operste as a transformer, Under the cone
ditions mentioned above, the winding beuween terminals 2 and

3 will act as the primary ol a transfomrer and induce similar
voltages in the other winding which can be thonght of as the
secondary.

The fact that the original signal voltage appsared across this
same secondary winding does not alter the action explsired
above and it may help you to think of the antenna coil zs
having two primarier. One, between terminals 5 and 6, connect~
ed in series with the antcnna and carrying the original signal
currents The other, between terminals 2 and %, in series with
the plate circuit of the tube and carrying the plate cw. rent,
When the connections are made properly, these two primaviss
will aid each other to induce a highsr voltage across the
secondary,

This higher secundary voltage, impressed on the grid circult
of the tube will cause a greater signal in the plate circuit
and thus, acting through the winding of the antenna coil will
cause a still higher secondary voltage. This action can conw
tinue until the tube operstes as an oscillator and will not
permit the reception of the Radio signals, therefore, i%t is
neces<ary Lo provide some sori of a cuntrel which is doje here
by using the potentiometer to adjust the plate and screen grid
voltages,

We want you to check this ecircuit very carefully as it is not
only one of the cormon circuite of the early tvpes of Radio
recelvers but has many variations and applications in mrdern
equipment .

WIRING PROCEDURE

In this project, all of the sub-assemblies and some of the
connections are identical to those of the simple receiver but,
at this esrly point of y ur laboratory work, it will be quick= -
er and more catisfactory if you remove all of the connecting
wires from all of the sub-assemblies of the Simple Rece ver

and start anew, We have found it very easy to make misiakes,
when changing a nhumber of connectlons, because it is difficult
%o keep track of exactly whitch wires are to be changed ¢ nd
which ones have been %hangeds

Therefore, we will assume you have all the wires off all the
subuassemblles which you have arranged on the plan of tle
Pictorial Diagram and are ready to start wiring according to
the following list oY connectionse
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WIRING CONNECT IONS

A - Power Supply
1. Terminal 1 to Socket Terminal 2
2. Terminal 2 to gocket Terminal 7
3. Terminal 3 to Socket Terminal 1
Lo Terminal 4 to Pobentiometer Terminal 3
B - Cctal Socket
1, Termiral 1 to Antenna Coil Terminal 7
2, Terrinal 3 to Socliet Terminal 1
3, Terminal 4 to 102 11F. Coundenser Terminal 2
Le Term‘nal 5 to Socket Terrinel 3
5, Terminal 6 to ,0005 lF. Condenser Terninal 2
6. Terminal 8 to Socket Terminal 6
¢ - Antenna Coil
1, Terminal 2 to L70 M Resistor Ter:iinal 2
2, Terminal 3 to Socket Terminal 6
3, Torminal 4 to Tuning Condenser Terrinal 3
L, Terminal 6 to Tuning Condenser Terminal 2
5, Terminal 7 to Terminal 6
D « Cround Wires
1, Potentiometer Terminal 1 to Socket Terrinal 3
2, L0005 14, Coundenser Terminzl 1 to Sockot
Terminal 5
E - Miscellaneous
1., Tuning Condenser Terminal 3 to 100 I1TF. Con-
denser Terminal 1L
2. 100 i1F. Cordenser Terminal 1 to 2.2 leg.
Resistor Terminal 1
3., 100 }F, Condenser Terminal 2 to 2,2 lcg,.
Resistor Terminal 2
L. Potentiometer Terminal 2 to 470 If Resistor
Terminal 1
5. L70 M Resistor Terminal 2 to .1 !F. Condenser
" Terminal 2
6es o1 }MF. Condenser Terminal 1 to Fhone Cord Tip
7. Pione Cord Tip to .0005 MF. Condenser Werminal 1

OPERATING PROCEDURE

When all the wiring connections have bcen made, check them
over carefully to he sure all of them are correct. Then,
turn the tuning condenser until the movable plates are fully
neshed and turn the potentiometer dial, anti-clocikwisc as you
face it, as far as it will go.

Connecet your antenna to terminal 5 of the antenna coil and
your ground to coil terminals 6 or 7. Insert the tube in the
octal socket, connect the power supply to its source ard turn
it on, After the tubes have had time to heat up, listen in
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the headphone to make sure the circuit sounds alive. From
your experiments with the simple receiver, you should rcadily
recognize this sound. N

Experiment Noe 1

With the circuit in operating condition and the petenticmeter
dial about % turn from ifts extreme anti-clockwise position,

turn the tuning dial slowly until you hear a Broadcast ltation.
You will find the operation about the same as that of tle simple
recelver.

When the station is tuned in to its leudest point, turn the
potenticmeter dial slowly in a clockwiwe direction until the
volume of the signal starts to increase, This indlcates that
more signal onergy in the plate circult is feeding back into
the grid circuit,

From this point, turn the potentiometer dial further in the
same direction but moré slowly, and you will find the s /nal
continues to increases. then becumes distorted and finally
discppears but may be replaced by a loud squeal or howl,

When the signal diseppears in this way, due to an increese
feedback, it indicatss the 'tube is onscillating, a condition
which you, as the operator, vust not allow to continuse. In
this circuit, the oscillalion of the tube will radinte Irun
your antenpa and caure interference in neigliboring recelvess.

Therefore make ita hard and fast rule to turn up the regenera-
tion control cnly until the signal is cormfortubly loude In
case of a weak signal, turpn the control up until you begin

t0 hear distortion and then turn it down until the distortion
discppears.,

After you have properly adjusted the feadback or regeneration
for one station, turn the tuning condenser dial slowly, through
ite entire range, to see huw mny ocher Brosdcast scatirns you
can pick up. You mey find other stations ture in with & squeal
in the headphone making il necessery to adjust the pote tio-
meter dial as explained above., In fact, it cn be used much
like a volume control but, its action is not uniform for all

- positions of the tuning condenser and thersfore 1t must be ad=
Justed for every station.

With a little practice, you will find the feedback or rngenera—
tion control is not at all difficult to ovpsrste and can be
readily adjurted to provide maximum signal strength wit out
squeals or howls. Once more let us remind you not to o-erate
this receiver with sufficient feedback to cause the tube to
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pscillate., When this happens, you not only ruin the reception
of your own signals but also cause interfevence-for your
neighbors.

Experiment Ho. 2

To prove conclusively that regeneration is caused by the plate
current in one winding of the antenna cuil, we want you to
remove this winding from the circuite.

To make this change, first tune in some Broadcast Station which
gives fair volume and then shut off the Power Supply. Chort
across power supply terminals 3 and 4, with your screwdriver
blade, to meke sure the filter condensers are discharged,

Then, being careful not to change the setting of the tuning
ccndenser, remove the connecting wire from coll terminal 3 and
plate it in coil terminal { along with the wire which is already
there, -

Electrically, this change will merely remove the feedback or
"Tickler" winding from the circult and you can now turn on

the power supply. You should now be able to hear the statilon
tuned in before this change was made and a elight readjustment
of the tuning condsnser may be needed for best results.

Compare the former signals with the tickler coil in use against
those now available with the coil out of the circult.

Experiment No. 3

In our former explanation, we told you the tickler coil acted
as a sort of second primary winding to help increase the voltw
age across the detector grid circuit. However, in order to
provide a voltage increase, the "phase" of the voltage, induced.
by the plate current, must be correct.

To show this action you need only reverse the tickler coll
connections, which will reverse the action and cause a reduc-
tion, rather than an increase of signal strength.

For experiment 2, you placed 2 wires in antenna coil terminal
Nos 2. Now you can remove them both and reconnect as follows:

From Octal Socket Terminal 6 to antenna Coil Terminal R.
From 470 M Resistor Terminal 2 to Antenna Coil Terminal 3.

Before actually making these changes, shut off the power sup-
ply and, as already explained, short terminals 3 and 4 to
dlscharge the filter condensers.
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oscillate. When this happens, you not only ruin the recaeption
of your own signals but also cause interference-for your
neighbors.

Ixperiment Jo., 2

To prove conclusively that regeneration is caused by the plate
current in one winding of the antenna cuil, we want you to
remove this winding from the circuite.

To make this change, first tune in some Broadcast Station which
gives fair volume and then shub off the Power Supply. Cchort
across power supply terminals 3 and 4, with your screwdriver
blade, to make sure the filter condensers are discharged.

Then, being careful not o change the setting of the tuning
condenser, remove the connecting wire from coil terwminal & and
plate it in coil terminal 2 alomg with the wire which is already
there,

Electrically, this change will merely remove the feedback or
"Tickler" winding from the circuit and you can now turn on

the power supply. You should now be able to hear the station
tuned in before this change was made and a slicht readjustment
of the tuning condenser may be needed for best results,

Compare the former signals with the tickler coil in use against
those now available with the coll out of the circuit.

Experiment No. 3

In our former explanation, we told you the tickler coil acted
as a sort of second primary winding to help increase the voltw
age across the detector grid circult. However, in order to
provide a voltage increase, the !phase" of the voltage, induced
by the plate current, must be correct.

To show this -action you need only reverse the tickler coil
connections, which will reverse the actlon and cause a reduc—
tion, rather than an increase of signal strength.

For experiment 2, you placed 2 wires in antenna coll terminal
Nos 2. Now you can remove them both and reconnect as follows:

From Octal Socket Terminal 6 to Antenna Coil Terminal 2.
From 470 M Resistor Terminal 2 to Antenna Coil Terminal 3.

Before actually making these changes, shut off the power sup-

ply and, as already explained, short terminals 3 and 4 to
discharge the filter condenserse.
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Tie +the receiver until you hear the signals of one or more
Brosdeast suaitiens. Turn the potentiometar dial and note its
a5 00, . pere e resnlis with tnose cotzined in Experinents
1 1.4 2 of this project. ,

The actinn showm by this experiment is of ypreat inportance

and ws want you ko mar-mber it in conneciion with any circult,
such as an Jscillelor, which depends cn "eedback® for its
operatione. :
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EIECTRON COUPIED OSCILLATCR
Material keguired

— Power Supply (Complete)

~ Ocbal Socket (SA)

~ Antenna Coil (S4)

- Tuning Condenser with Dial (8A)
- Potentiometer with Dial (SA)
100 MMF. Condenser (S4)

- .0005 MF. Condenser (SA)

—~ .1 MF. Condenser {(SA)

- 2.2 Meg. Resistor (SA)

- Headphone

~ 65J7 i'ube

- Hook-Up Wire

N e = R RSN S
1

OUTLINE

You will find this list of material checks closely with that
of both ti.e Simple Receiver and Regenerative Detector but the
various stb-assembliss will be connected to provide another
type of circuit. Tharefors, from an electronic standpoint
this projcct is different from those which precede it.

In yowrecrlier experiments, you constructed and operated some
basic tynes of oscillators and now, we want you to become
familiar with another type known as an Electron Coupled Oscil-
lator, (E.C.0.)

By -a simplified definition, an Electron Coupled Oscillator is
one in which the output or load circuit is coupled to the con-
trol grid circuit only through the electron stream of the tube.
Because of this condition, the freguency of an E.C.0. is more
stable than that- of other ordinary self excibed typses and
therefore it finds a wide application in Electronic equipment.

In our earlier explanations, we told you it was- necessary “that
some of the energy in the output-circuit be fed back to the
input circuit in order to cause sustained-oscillation and re-—-
ferring to the sghematic diagram, we will explain the action
hera.

Starting at the No. 4, or high vaolbtage terminal of the Power
Supply, you can trace a circuit through a part of the poten-
tiometer resistance to terminal 6 of the tube. When the tube
is in operation, this path continmes from terminal 6 to the
screen grid, to the cathode and to terminal 5. From terminal
5, the circuit continues to terminal 5 of tha anterma coil
throngh a part of the winding to terminal & and thenm back to
terminal 3 of the vpower supply.
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The feedback action is obtained here by causing the cathode
current to pass through a part ot the coil connected across
ghe orid circuit. Dus to the auto-transformer action of the
coil, variations of cathode- current will cause variations of
grid voltage which, in turn, will cdbse further variations of
cathode current.

You will notice we have not mentioned the plate of the tube

as yat and therefore it may heip you to think of the screen
.grid as the plate of a triode tube oscillator. However, the
plat: is present in the tube and the screen grid is of open
cons truction.

By applying a positive voltage to the regular plate, it will
attract electrons and thus there will be plate current. As
the electrons which reach the plate must pass through the con-
trol and screen grids they will vary at the rate of the oscil-
lations whi.ch, in turn, are controlled by the inductance of
the coil &-d capacity of the tuning condenser in the control
grid circuit.

The oscillotor frequency will thus appear in the plate circuit
but, because of the clectron coupling, variations in the load
or plate circuit will have a conparatively slight effect on
the oscillutor frequency.

WIRING PROCZDURE
As before, we will assume you have the sub-assemblises arranged
on the plan of the pictorial diagram and are ready to make the
following connections.

WIRIIG COWNECTIONS

A ~ Power Supply

1, Terminal 1 to Socket Terninal 2

2. Terminal 2 to Socket Terminal 7 ,

%, Terminasl 2 to Socket Terminal 1

4. Terminel 4 to Potenticmeter Terminal 3

5. Terrdingl 4 tc Phone Cord Tin
B - Octal Secket

1. Teminal 1 %o Antenna Coil Terrminal 7

2. Terminal 3 to Antenni Coil Terminal &

3. Teminal 4 to 10C 12T. Condenser Terrinal 2

4, Terminal 5 to Socket Terminal 3

5, Tewrinal 6 to Pobentiometer Terminal 2

A. Temincl 8 tn Phone Ccrd Tip

7. Te.minal C t-» .COOC 1T. Condcnser Terminal R
- Arntenn. Coil

1. Te minal 4 {o Tuning Condenser Terminal 2

2., Terminal € %o Tvnirg Condenser Terminal 2

3. Termincl 7 to Coil Terminal 6
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D — Ground Wires
1. Potertiometer Terminal 1L to .1 MF. Condenser
Terminal 1
2s ol MF. Condenser Terminal 1 to Socket Terminal 1
E — lfiscellaneoua
l. Potentiometer Terminal 2 to .1 MF. Condenser
Terminal %
2e 100 11TF. Condenser Terminal 2 to 2.2 lleg. Re~
sistor Terminal R
3., 100 M\F, Gondenser Terminal 1 to 2.2 Meg. Re-
sistor Terminal 1
4, 100 nF, Condenser Terminal 1 to Tuning Con-
denser Terminal 3.

By this time you should bs able to go through theses connactions
quite rapidly, because some of the circuits are used in all of
the projects. However, do not make the mistake of beccring
over confident. Always rechack all of the conpections b.fore
turning on the Power Suprlyr.

Remember, it always seems nuch easier and certainly 1s more
satisfactory to make any currscticns before the unit is placed
in operation than to hunt for them after yuu find the clrcuit
will not operate properly or at all.

Experiment lio. 1

For this experiment we want yuu to crec the operation cf an
E.CW0., and as the cnil and turning condencer combinatlons
operate at Radio Frequencies, it will be necersary to raio

use of a Broadcast Radio Recceiver. The procecurs herc follows
closely that given for thee forrer experimant in the dartley
type oscillator.

Instead of repeating, we will give you the main points cf
the experimen’ and refer you to the former experiment fee full
details,

Connect one end of a length of hock-up wire to terminal lNo. 1
of the .0005 MF. Condenser, twisting the other end around the
antenna lead—-in wire of the Broadcast Radio necelvsr. If the
receiver has a self contained antenna, wind a fow turns of
the hook-up wire around your hand to form a small coil and
place it on the back of the Receiver Cabinet.

Turn on the Radio Receiver and tune in a Broadcast statione
Turn on the Power Supply switch of your oscillator. Then
turn the potentiometer dial anti-clockwise as far as 1t will

go, returning it about i of & turn in a cleckwise dirsction.
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By this time, the oscillator tube should be varmed up and ycur
next move is to turn the tunivz condenrer dicl slowly until
there is interference with thve signal in the Radio Recelvar
speal:er. The action here will be Llike that previously explain-
ed for other types of i,F. osclllators.

Experinent No. 2

To show that the oscillator frequency is coanbtrollsd by thre
tuning condenser, tune in another Broadcast station, at a
different poirt on the swedio Heceiver dial. Then, slowly

turn the oscillator tuning condenser dial until there is inter-
ferencs with ths Radio signal in the Radio heceiver.

Tune in a pumber of different Broadcast Staticns, at varlous
points cn the Radio Receiver dial, bub for each one, adjvst
the oscillatour tuning condenser until thers is interferci ce.
You will find the oscillatoer tuning is about the same as that
of the Radio Keceiver.

-

Experiment No. 5

Tu show that the screen grid of the tube is actually operating
as a rlats, to cause oscillation, tune the receiver and cscil-
lator until there is inierference in the form of a squeal or
hewl.

Then, turn the potertiometer dial, anti-~ or cownt=r—-clcc:-vise
until the howl stops. Tals moverent of the poitentiomet.r dial
reduces the screen grid volteo2 and tl.a disayrearince ol Lhe
howl proves the oscillator ir no lonoer in operahion.

“Experiment lo. 4

To show that the oscillator plate circui® has but a comparitive~
ly slight effect on the actiun, turn the potentlometer dl.l
clockwise until the interfererce recppears in the Radio i s-
ceiver speaker. Then, remove the phone courd tip from the No. 4
terminal of the Power Supply.

This will remcve the high voltage from the plate of the taibe
but the interference will continus to prove the occillatcr i
still in operetion.

'

Experiment Noa. 5

When a tube is oscillating there is grid current thersfors, a
grid lesk is used to provide the desired ¢rid bias. The action
here 1s about the same as that of a bias resistor connected in
the cathode circuit of a tube operating as an arplifier.
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Reconnect the phone tip in terminal 4 of the power supply
and tune both the Receiver and Oscillator, if necessary,
until the interfercnce is present. Then disconnect th2 wire
from either terminal of the 2,2 megohm grid leak resistore
This, will remove the bias voltage on the grid of the tube
and the interfzrence will stop to prove the opscillator is
not operating.

Experiment No, 8

You may have noticed a similarity between the action here
and that of the Rogenerative Detector therefore, for this
experiment we want you to orerats the unit as a Radio Receivor.

To provide the proper conditions %he following chanzes mmst
be made in the wiring.

l. Connect an Antenna to Antenna Cuil Termiral
No, 3

Re Connect antenna Coil Tcrminal 2 to Tuning
Condenser Termiral No. R

3. Connect the 0005 MF. Conderser Terminal No. 1
to the No. 1 Torminal of eithor tho .1 iF.
Condenser or the Potentioreter.,

The circuit will now operate like the Regencrative Detechor
of tha former project, the Potentiometer controllinz tle
feedback cr Regeneration.

Do not dismantle this circuit yet bscause, by making vne or
two simple changes, it will be used for experiments in the
following projecte
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MODULATED ReFs OSCILLATOR
Material Required

Power Supply (Complcete)

Octal Socket (54)

Antenna Coil (&)

Tuning Condenser with Dial (SA)
Potentiometer with Dial (S&)
100 MIF, Condenser (SA)

.0005 MF. Condonser (Sh)

.1 MP, Condenser (S4)

2.2 Meg. Resistor (Sa)
Headphone :
65J7 Tube

Hook—up Wire

.01l MF. Condenser {S4)

470,000 Ohm Resistor (SA)

t1 Tt

1

1

HH O OHRFFRPRPHRRERR
1

OUTLINE

Checking here, you will find we have added two items to the
list of material which appeared on the former projects of this
shipment but again, the connections are changed to provide a
different circuit.

A1l of the former oscillators which you constructed, generated
a high frequency which could be dotected and heard only by the
interference it causes when tuned to a frequency close to that
of a Broadcast Station Carrier.

The high frequency Broadeast Station carrier can be tuned in
directly because it is medulated by the signal. Thus, although
the carrier itself cannot be heard, the modulating signal can.
That is why the former oscillators you builtcan bo classed as
"Unmodulated" while the Broadcast Station carrier frequency

is modulated.

As you perhaps know, modulation means mixing a low or audio
frequency signal voltage with a high frequency carricr so that
the high frequency varies in accordance with the lower froquancy.
In the common amplitude type of Modulation, the signal voltage
varies the strength or "Amplitude" of the carrier while, in the
newer Froquency Modulation systems, the signal voltage varies

the frequency of the carrier,

As you will learn later, for voice and music, the signals are
picked up by a microphnne which converts them into glecgtrical
energy. This energy is amplified by means of vacuum tubes and
finally applied to tho carrier frequency to produce the desired
modulation,
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There are several methods by which this actlion can be shown,
without the use of elaborate equipment, and for one of them
we want to refer you back to the schematic diagram of the
electron coupled oscillator.

Checking over the connections there, you will find the 100 MIF.
condenser and 2.2 meg. resistor in parallel to each other and

in series with the grid of the tube. In order to sustain oscll-
lations, the feedback voltage usually drives the grid positive,
in respect to the cathode, and therefore there is current in

the grid circuit.

Due to the tube action, there can be current in cne direction
only and this pulsating curvent will cause a voltage drop
across the grid resistor. The direction of this current is
such that the voltage drop tends to make the grid negative

in respect to the cathode., The charge and discharge of the
condenser, connected across the grid resistor, tend io reduce
the changes of current in the resistor and thus produce a more
uniform voltage drop.

By selecting the proper values of capacity and resistance,
the voltage drop across the combination may become so high
that the negative grid voltags is sufficient to stop the
oscillations. This condition is but momentary because, as
the condenser discharges through the resistance, the voltage
drop reduces and the oscillations sbtart again. With the
proper values, this action may take place from three tr four
to several thousand times a seconde

Thus, by stopping and starting the oscillations at the rate
of an audio frequency, we have a form of medulation which can
be heard in a properly tuned radic receiver.

When an A.C. supply 1s available it cap be applied to the
oscillator grid circuit in such a way as to modulate the oscil~
lator frequency at the comparatively low. frequency of the
supply. ¥While the results are similar te those éxplained
above, electrically this latter arrangement reprssents a some—
what different form of moedulation.

The purpose of these circuiis is %o produce a meduiated caryier
frequency which can be tuned in and h=ard on an orédinary Radio
Receiver the same as the modulated carrier of a Broadcast
Station. We want you to go over the following expsriments
carefully because they will show you the principles of opera-
tion of the common types of moudulated R.F, Tast Osclllators.

Experiment No, 1

For thils experiment you will need the Electron Coupled Oscil~"
lator of the last experiment as well as the Radio Recelver.,
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Purn off the oscillator power supply, short across its torni-
nals 3 ad 4 to mke sure the filter condensers are discharged.
Then' remove the 100 MWF. grid condenser and replace it with
the .01l MF. condenser.

leke surs the circuit is not changed in any other way and,
with the exeeption of the cavacity of the condenser, remins
exaclly as shown for the Electron Coupled Oscillator,

From your former experiments, you should have a fairly good
idea as to about where the oscillator and Radio Receiver dials
operate at the same frequency. Turn on both the Radio Recei~
ver and the Oscillator bubt tunc the Radio to some frequency
at which no Bruadcast station signal can be heard.

Then, set the oscillator tupning condenser dial to about the
same frequency turning it slowly until some sound is heard
in the Radio speaker. Bven though the oscillator is not
modulated, by this time you should recognize the sound when
the oscillator is tuned through the frequency for which the
recelver is sot,

After both tho oscillator and Receiver are tuned to the same
frequency, turn the potentiometer dial slowly from one end to
the other, You will hear a low frequency note in the spoaker
and will find the froquenocy can be varied by torning the
Potentiometer dial,

The frequoncy of the note you hear is the rate at which the
condensar~raesistor combination in the grid circuit, is stopping
and starting the high freguency oscillations,

The potentiometer controls the screen grid voltage which, in
turn, aflechks the cathode current. The cathode current, in
part of the ooil, controls the foodback voltag: and thus, the
potentiometer dial can bo used to vary the vate at which the
osclllations stop and start.

Bxperimont No. 2

The time required to discharge a condenser depends meinly on
the resistance of the discharge path and ‘here, by reducing
the resistance acyoss the grid condenser, it shculd discharge
more rapidly and increasa the rate at which the oscillations
are stopped and siarted,

For this experiment therefore, remove the 2.2 megohm resistor
and replace it with the 470,000 ohm resistor. Here agaln, be
careful not to make any other changes in the circuit,
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After this has been done, you will hear a much higher frequen-
¢y in the Radlo speaker but, as befure, the position of the
pobentiometer dial has a notlceable effect on the. frequency

of the sound.

Although it produces but a single note, the cirecult you now
have is a miniature Broadcast station and its signal can be
recelved and heard on a Broadcast Receiver. Therefore, as a
Modulated Oscillator, it becomes a useful plece of test equip-
menk because it enables you to test a Radio receiver, at any
part of the Broddcast Band, independently of the Broadeast
stations. Also, its single note makes comparison of volumes
much easiler than when a regular program is heord.

Exveriment Nos 3

From your earller experiments, you know the oscillator tuning
condensers allow you to generate frequencies for the entire
Broadcast Band. However, to increase its use as a test in-
strument, the oscillator tuning dial should be "calibrated"
in terms of the frequency which 1ls produced.

A fairly accurate calibration can be mads by checking the
oscillator output against Broadcast stations whose freguency
is known. 'Any list of Broadcast stations shows thelr carrier
frequency and as they have tc¢ maintalin this freguency, within
R5 to 50 cycles, it is sufficiently accurate for mpst purposes.

To calibrate this Mecdulated oscillator, first make a list of
all the Breadcast stations which you can hear on your Recelver,
Also, for each of these stations list their carrier frequency
and the exact dial reading at which they are heard.

Then prepara a two coluwmn list, heading one column as "Dial
Reading®" and the other as "Frequency'. Starting at one end
of the Recelver Dial, tune in the first station and then, ad-
Just the oscillator tuning dial until the oscillator note can
be heard in addition to the station program. Disregard any
squeals and tune the oscillator until only ilts note is heard.

After this has been done, write the oscillator dial reading
in the first colum of your prepared list and directly opposite,
in the second column, the frequency of the Broadcast station,

Repeat this procedure for every Broadcast station you can hear,
Listing the oscillator dial reading and station carrier fre—
quency for each, TFrom this list you can read the oscillator
tuning dial in terms of frequency and, if you desire, can use
the values t6 mke a curve of Oscillator Frequency against

dial setiinge
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Experiment No. 4

This experiment can be performed only when 110 Volt L.Cs power
is available. If you are using a 6 volt supply, disregard the
following explanations.

For this experiment we are going to use the frequency of ths
supply to modulate the higher frequency of the oscillator by
means of the circuit shown in the following diagrams. You will
find the connections are quite similar to those of the Elsctron
Coupled Oscillator used for the last experiment therefore, we
will list only the necessary changes.

First of all, replace the present grid condenser and resistor
with the original ones having the values shown in the diagrams.
Meke sure all of the copnections are correct for the Electron
Coupled Osciliator and then change the connections as follows.

1. From Antenna Coil Terminal 5 to Socket Terminal 2
2. Add a wire from Socket Terminal 5 to Socket Terminal 7

Aftar these changes have been made, the oscillator can be
operated exactly as explained for the preceding experiments

of this project. In this case, the note in the Radio speaker
will have the same frequency as the power supply and while the
potentiometer dial can be adjusted to stop and start the vscil-
lations, it will have no effect on the frequency of the modu-
lation as heard in the Radio Speaker.

The nextshipment of your Laboratory Egquipment will include
parts to permit you to add anuther tube to the simple Radio
Receiver circuits of this shipment to provide amplification
of seither Radio or audio frequenciles.

WON'T YOU LET US KNOW —— TOO?

We are anxious to find out how you like the VHome Laboratory"
kitsa

Many students are writing letters, telling how much DeForest's
handy "Block System® helps them build new circuits guicker —-
how it speeds experiments —- and how it helps provide honest-
to-goodness, practical Radio experience at home.

Won't you write us a litile letter, too - telling in your
own words about the advantagoes of DeForest's "Home Laboratory"
kits? We will very much value and will sincerely appreciate
your comments.
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TWO TUBE RECEIVER
Material Reyuired

- Power Supply (Complete)

- hptenna Coil

Qctal Sockets

2 Cang Tuning Condenser with Dial
500,000 Ohm Potentiometer with Dial
470,01C Uhm Pesistors

- %R Megohm Resictor

~ 47000 Ohm Reslstor

- 100 1F, Condenser

- J0QD5 MF. Condenser

- 05 MF. Condenser

- o1 ¥F. Cordenser

Headphone

- €5J7 Tube

- (3Q7 Tude

~ Hanl-Tp Wire

1t i

1

4 e I 20 D

QUTLINE

Among the former projects, you constructed a simple Receiver
and .a Regenerative Detector, both of which operated as Broad-
cast Radio Receivers but, even at their best, you can under-
stand why receivers of this type would not be satisfactory for
general public use. When Radio first became popular, everyone
was content to listen in with a headphone but now, after hear-
ing the modern speakers of gocd fidelity, the headphone is not
acceptable except for special services.

With this thought in mind, your first need is for louder signals
which, from a technical standpoint, msans greater amplification.
There are a number of general methods by which this can be done

but all require the use of additional tubes.

For this project, therefore, we are going to use the circult

of the former Regenerative Detector and add a second tube to
increasc the amplitude or strength of the signals which origine
ally were heard in the headphone. Although the hcadphone will
still be used, you will have no trouble in hearing the increase
of volume due to the amplifying action of this second tube.

VWle want you to notice particularly that this_added tube merely
increases the amplitude of the signal, or audio, freqyuencies
and therefore can be classed generally as an "Audio Amplifier®,
We will have much more %to say about audio amplifiers a little
later but now want you to remember that, as far as the signal
is concerned, the amplifier follows the detector.
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Turning to tke schematic diagram of this project, compare the
circuits of the left hand, or 6SJ7 tube, with those of the
schematic diagran shown for the Regenevative Detector project
of the last snipment. Here, we do not show the power supply
terminals but you should know by now that No. 4 is "B+", No. 3
is "B-", while Nos. 1 and 2 are the low voltage heater supply.
Instead of drawing actual lines, we show a "ground" gyrbol for
"B and the sams symbol for 3ll cther wires which conrect to
it.

The arrangement used to transfer signal voltages from the
plate circuit of one tube to the grid circult of the followe
ing tube is known as "Coupling". Here, the coupling is
accomplishad by means of an .05 MF. condenser and a 470 i re-
sistor connected between the grid of the 65Q7 tube and ground.
Because of the parts used, this arrangocment is lnown as "“he-
sistance~Capacity" or more simply as "Resistance! coupling.

The .05 IF. Yeoupling" condenser prevents the D.C. potential

of the plate circuit from reaching the grid of tre fcllowing
tube but, by the acticn explained in youwr regular Lessons, will
“carry over" the signal voltages to the second resistor con-
nected from grid to ground.

The signal voltages appearing across tais grid resistor are
impressea on the grid circuit and, with the tube operating as
an amplifier, cause corresponding but larger changes of plate
current. The headphone, connected in this plate circuit,
carries the plate current and the larger changzss cause louder
signals.

In brief, to increase the amplitude of the signals, we have
added a stage of audio amplificaticn to the Regenerative De-—
tector of the former project.

WIRING PROCEDURE

Looking at the diagrams of this project, you will find there
are two octal sockets and two 470 M resistors. To ident:fy
these identical parts, the socket for the 63J7 tube, shown
near the left of the pictorial diagram, will be called the
detector (DET.) sccket while ths other, used for ths audio
frequency amplifier tube, will be the A.F. socket.

For the two resistors of like value, that in the plate circuit
of the detactor tube will be the "Plate! resistor while that
in grid ¢ircuit of the A.F. amplifier tube, will be the grid
resistor,
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Looking at the Power Supply of the "Pictorial Diagram® you
will notice the terminals are not numbered. However, you no
doubt remember they are referred to as terminals 1, 2, 3,

and 4 with terminal 1 at the left and terminal 4 at the right.

As this is your first multi-tube assembly, we suggest you
remove all connecting wires from all the sub-assemblies and
start the wiring from scratch. In the former wiring instruc=~
tions we have followed the sub-assembly terminals with no
regard for the circuits but here we will start the more tech-
nical method of wiring by circuits.

In the schematic diagram, you will notice the heater connece
tions are simply extended from the sockets and do not lead any-
where. This is quite common commercial practice, as the tube
types indicate a 6 volt heater supply and either end of each
heater can connect to either terminal of the supply.

Therefore wer will assume that with =211 connecting wires removed,
you have the sub-assemblies in ihe approximate positions of the
pictaorial diagram and are ready to make the following connectionse.

A ~ Heater Gircuits -~

1. Power Supply Terminal No. 1 to Det. Socket
Terminal No. 2.

2. Det. Socket Terminal No. 2 to A.F. Sockeb
Terminal No. 7.

$. Power Supply Terminal No. 2 to Det. Socket
Terminal No. 7.

4, Det. Socket Terminal No. 7 to AJF, Socket
Terminal No. 8.

B =~ Plate Circuits -

1. Power Supply Terminal No. 4 to 500 L Potentiometer
Terminal No., 3.

2+ 500 Kk Potentiometer Terminal No. 2 to 470 M
Plate Resistor No, 1.

%+ Plate Resistor Terminal No. 2 to .05 MF.
Condenser Terminal No. 2.

4. Plate Resistor Terminal No. 2 to 0005 MF.
Condenser Terminal No. 2,

5« »0005 MF. Condenser Terminal No. 2 to
dntenna Coil Terminal No. 2.

6. Antenna Coil Terminal No. 3 to Det. Socket

- Terminal No. 6,

7. Det. Socket Terminal No. 6 to Det. Socket
Terminal No. 8.

8. Potentiometer Terminal No. 3 to one Head-
phone Cord Tip,

8. Other Heaadphone Cord Tip to A.F. Socket
Terminal No. 8.
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0 ~ Control Grid Circuits
1. 4.F, Soclet Terninel No. 2 to Grid Resistor
* Terminal los 2,
2, Grid kecisbor Terminal Loe & to 405 .F,
Cundenser Termainal loe L. ‘
3, Dete Soclel Termirsl No., 4 to 100 iFe
Condenser Terminal Noe 2e
4o 100 MiFe Condelser Terminal No, 2 tu 268
Mege Resishor Terminal Lo. <.
5y 2.2 ‘g, Resistor Termital Mo, 1 to 100
* MIIFe Condenser Terminal No. le
Be 100 11.Fe Conderger Terminal Yo, 1 to Tuning
© Condenser Terminal. Hoe. 3
7. Tuning Cundenser Terninal Yo. & to Lnbenna
© Coil Terminal lo. 4.
8e Antenna Coil Terminal No. 6 to Tuning Cone
donser Terminal Noe Re
D - Grovnd Connechilons e
. 4ntanna Coil Termindl Noe 6 to sntenna
Coil Terninal ﬁDa 7.
2, Antenna Coil Teérminal llo. 7 to Dets Socket
Torminal Hos Le
3. Dote Oocket Torminal No, 1 vo Det, Socket
Terminal Noe 3e
4, Det. Socket Terminal No. 3 to Det. Socket
Terninal Yos Se ‘
5., Dete Sucket Terminal Ho, 5 1o ,0005 MF.
* Zondenser Terminal :To. le
6a 0005 1F, Condecnser Terminal T
* Power Supcly Terwinal lioe 3.
7+ 40005 T, Condenser Tarminal No, 1'%o
500 M Potentiometer Torminal Nos le
8o 500 M Fotentiometer Termiral No, 1 to
* Grid Resistor Tormyiral Mo, le '
9a Urid Resistor Terminal No 1 to Lol
* Socket Terminal Noas %a
104 86F. Sockel Terminal Noe 3 to 2 W.F,
Socket Terminal 1oe le
B —~ Antenna Circuld -
le Antenna Load~in to antenna Coil Torme
*inal Nos 5a
2o Lixternal Ground to antenna Coil Terme
inal Noe 6 or any of above grou; "“DY,

1

ve L to

There are many variztions to this general plan of wiving tut,
by following circuits and complcting cech circu’t befors
starting ancther, the possibilitics of error are roduccd. In
commercial wotk, the plan we gave for this essenily is ofien
varied hy completing each ¢ ircult to Zround or 1o the mretal
chassis base,
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OPERATING PROCIDURE

The operating rrocedure here is the sarme as that already ex-
plained for the Regenerative Detector but we will repeat the
main points.

After all the connections have been made ard carefully checked
at least once, place the tubes in thelr proper scckets. You
must be careful here beravse the internal comnections of the
tubes are entirely differcnt and, should they be rsversed in
position, the zssembly will not opsrate.

s a peneral guide, place the €5J7 tube in the socket next to
the antenna coil and the 63Q7 tube in the socket which has a
direct connectiom to tae headphone. Start each tube easily
in the central opening, bturn it-slowly until the key engages
the keyway, and then push cown.

Experiment No. 1

With all the -tubes—im” place, turn on the power supply end wait
a Tew seconds for the heabers to warm up. While you are walte
ing, turn the tuning condenser dial until the plates arse fully
meshed_and turn the Fotentiomuter dial clockwise for ebout
half its rotation.

Then, listen in the -headphone for the usual "livc! sound and
if it is present, turn the tuning condenser dial slowly urntil
a signal is heard. Idisten closely, as the sigral may be faint
but, when you hear it, stop turning the tuning condenser dlal
and start twning the potenticmeter dial slowly in a clockwise
direction.

This is the regeneration con%rol and will increase the volume
of the signal but the dial should be turned only until the
slgnal 1s ccmfortably loud withowt distortion. Renember here,
too much regeneration will cause the tube to oscillate anc not
only ruin the reception of your signals hut cause interfirence
in neighboring Receivers.

Cortinue turning the tuning condenser dial slowly and, whin-—
ever a signal is heard, stop the condensar dial and adjust the
Potentiometer dial for best results. Z2s *the tuning condenser
plates approach their urmeshed position you will find the
potentiometer dial requires a different scttirg to provide
raximum signals without oscillation.

Should this project fail to operate-as outlined ubove, shut
off the power supply, short across its terminals 2 and 4 to
discharge_the filter condensers and then make a canplete check
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of the wiring. Af%er this has been done, turn on the power
supply and make tne following tests with the voltage indicator.

For this check you want the indicator to show you exactly vhere
the high voltage is present, thercfore, in e ch case, one tost
tip is held on Power Supply Terminel !fo. 3, or some Wirc cone
nected cirectly to it while the otlier test clip is held on
Power Sup~ly Terminal Lo, 4 or som wire connected directly

to iJGo

For example, suppose for yvoar first check you pla ce one testh
tip on Power Supnly Terminal No, 3 and the other on Power
Supply Termincl Lo, 4 47 opne electrode of the test bulb
glows, it indicates the supply is corrcct.

Next, following the wires of the pictorial digderam, you pkee
one test tip on terminal MNoes 3 of the 500 M Potentiometer and
the other on terminal No, 1 of the 0005 MF. condensere The
tegt here should be the same as that ab the power supvly boe
cause thesc latter lwo terminals connect directly to the forme.

If the indicator bulb doe= nobt glow in this second position,
hold one test tip on terminal 3 of the 500 i Portentiometer and
muve the other test tip back to terminal Mo, 3 of the Fower
Supply. If the indicavor hulb glows now, it shows either a
hroken wice or poor conncction wetween Power Supvly Lurminal
Hoa 3 and (0005 :F. Condconser Terminal Ho, L.

The same Jeneral plan can be used for the entire circuit and,
by shifting one test tip froam oue end to ths obther of ech
conhacting wire, its ciccbricel conditlion can hc tesled.
Follow this plan for all bign voltage circuits and the brst
bulb should glow whop the lest tips are held on the following
pairs of torminalse Turn the Potentlometer dial all the way
clockwisce

Power Supply 3 - PoWwer Supnly 4

Plate Registor 1 -~ o,0005 MF, Condensecr 1
Poténtiometer 3 ~ Potentiomebtor 1

A.Fos Socket 6 ~ AT, Socket 1

B 4Fe Snclol 6 = A,F, Sockeb 3

Anta Coil 8 = Ante Coll 6

Ant, Coil 3 - &nt, Coil 6

Dot. Socket 8 — Dete Sockets 1, 3, &
Det. Socket 6 - Dot, Soclets 1, 3, 5
+0005 Cordm scr 1- 40005 k¥, Condcaseor 2

Should the test bulb fail to glow &t any of the above positiong,
move the test tips, one at a timc, to the other end of each
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connecting wire, always working back toward. Power Supply Term-
inals 3 and 4.

To check the low voltage circuits it is usually sufficient

to feel of the tube., If it is notliceably warm or hot, 1its

heater is in operation.

oxperiment No. R

To make a test of the action of this second tube we want you
to canpare the signals received with the Regenerative Detector
only against those received with the circuit of Experiment No.
1l above. To be of any value, this comparison of signals must
be made in a relatively short time, therefore you can change
the circuit as follows.

Shut off the Power Supply and remove the connecting wire be-
tween terminal 1 of the .05 HF. condencer and terminal 2 of
the 470 M grid resistor.

Remove the phone connections tron terminal 6 of the A.F. socket,
and terminal 3 of the 500 M potentiomster. Then reconnect the
phone tips between terminal No. 1 of the .05 1F. condenser

and terminal No. 1 of the .0CO5 MF. condunscr.

In effect, these changes will rectore the former circuit of
the Regenerative Detector and you can then turn on the Power
Supply and operate the unit. However, we suggest you tune
in some particuler broadcast station with a program which

is to continue for at least 30 minutes.

Listen carefully to the signal, adjust both the Tuning Condenser
and Potentiometer dials for best results and make a mental note
of the quality as well as the volume of the signals.

Then, shut off the Power Supply and, without disturbing either
of the dials, change the circuit back to its original form as
shown in the diagrams of this project. When this has been
done, turn on the Power Supply and, remembering the former
signals, listen tor the results now.

Ixperiment No. 3

As you perhaps know, to obtain proper results with resistance
coupling, the plate resistor must have a value in correct
ratio to the plate impedance of the tube. In general, and
within reasonable limits, the higher the value of the plate
resistor the greater the gain or amplification,
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For this experiment we want to .demonstrate this effect and
therefore, with the circuit connected as shown in the diagrams
of this project, want you to properly and carefully tune in
some Broadcast Station noting carefully the volume of the
signal in the headphone,

Then, without disturbing either of the dials, shut off the
Power Supply, short terminals 3 and 4 with your screwdriver
blade and remove the 470 M plate resister assembly from the
circuit. According to the Pictorial Diagram, there is one
wire in terminal 1 and two wires in terminal 2 of this assem-
bly. Keep these wires in their proper relative position and
connect them to the 47 M resistor which was included in this
shipment, Other than the.change in resistance value, the
circuit should remain as shown in the diagrams,

After this has been done, turn on the power supply and compare
the signals now with those received when the 470 M plate re-
sistor was in use,

Experiment No. L

This experiment is similar to Experiment No. 3 above but this
time we want you to hear the effect of reducing the value of
grid resistance in Resistance Coupling.

First, replace the original 470 M place resistor which you ra-
moved and properly tune in a Broadecast Station. Then, shut off
the power supply end, without disturbing the dials, replace the
470 M grid resistor with the 47 M resistor you took out of the
plate circuit,

When this has been done, turn on the Power Supply and listen
to the signals, comparing them with those received before the
change was made. To make sure the dials have not been moved,
ad just them slightly until the loudest possible signals are
heard. Of course, for a fair test, you must tune in the same
station for both circuit conditions,

Experiment No. 5

Checking the diagrams, you will find the headphone connects
directly to the high voltage supply and thus the phone is
"Hot". By that we mean it is a part of the high voltage cir-
cuit and touching any of its terminals may result in a shock,
Perhaps you have already found this out.

To remove the headphone frem the high voltage supply circuit
and yet allow the reception of signals, you can change its
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circuit to that shown within the broken lines at the right of
the diagrams.

To make the required changes, you will need the 47 M ohm re-—
sistor, used in Experiments 2 and 3, as well as a .1 MF'. con-
denser.

After you are sure the power supply switch is off, rerove one
phone connecticn from terminal 6 of the AJF. socket and the
other phonc tip from terminal 3 of the Potentiometer. Then
make the following connections, rnost of which are shown on
the small right hand diagram.

1. Terminal 6 of the A.F. Socket to Terminal
2 of the 47 Resistor.

R+ Terminal 2 of the 47 M Resistor to Term-—
inal 2 of the .1 M. Cordenser.

5. Terminal 1 of the 47 M Resistor to Term-
inal 3 of the Fotentiometer.

4, One Phone Gord Tip to Terminal 1 of the
.1 MF. Condenser.

S. One Phone Cord Tip to Terminal 1 of the
Potentiomcter.

As shown by the small schematic diagram, the plan herc is
similar to that used in the deteclor plate circuit.

The 47 I resistor acts as the plate load and carries the D.Ca
plate current. The .1 MF. condenser prevents the D.C. poten—
tial from reaching the phone but allows the A.C. signal volt~
ages to act on the phone circuit and produce audible signals,

The changes of this experiment have little effect on the
operation of the Receiver but we want you to carefully check
the signals which you hear as you tune to different Broadcast
Stations.

Before dismantling this circuit, turn to the following Project
on "Wave Traps'.
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TUNED RADIO FREQUENCY RECEIVER
Material Required

- Power Supply (Complete)
- Padder Condenser

- Anterma Coil

~ Qctal Sockets

~- R.,F. Coil

- Audio Transformer

- Potentiometer with Dial
2 Gang Tuning Condenser with Dial
- 470,000 Ohm Resistor

-~ 2,2 Meg. Resistor

- 100 MMF. Condenser

- ,0005 MF. Condenser

- .1 M, Condensers

- Headphone

Hook-Up Wire

R I e R N el e
1

t

QUTLINE

In the last project you added a stage of audio amplification
to the Regenerative Detector of a former project in order

to increase the output of signal level., While this arrange-
ment works satisfactorily, it will not increase the sensi-
tivity of the receiver because only those signals, originally
heard in the Regenerative Detector circuit, are carried over
to the audio amplifier,

For this project we are going to follow a different plan and
install an amplifier between the antemna and the Detector
because, with this arrangement, all signals in the antenna
circuit will be amplified before they reach the detector.
Thus, weak signals which could not operate the Regenerative
Detector alone, will now be amplified before reaching the
detector circuits,

This action will make the signals, heard with the detector
alone, sound louder but the main advantage is that signals,
formerly too weak to be heard at all, now can be picked up.

Operating in this position, the amplifier tube will have to
handle signals at their carrier frequency and therefore it
is called a Radio Frequency Amplifier. However, by tuning
circuits to resonance, much greater voltages can be obtained
therefore, as in the case of the simple receiver, we will
tune the amplifier grid circuit,

'éombining both of these actions, we have a "Tuned Radio Fre-
quency" Amplifier, commonly abbreviated "T.R.F." and often
applied to complete receivers which operate on this plan.
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We want to remind you here that commerclal types of receivers
wosually employ one or more stages of amplification betvesn
the antenna and detector as well as between the detectour and
headphone or speaker. At thie time, however; we will employ
but one TRF stage for the experiments of this projacta

Compared 1o the two tube Recaiver of the last project, here
wo empluy both gangs of the tuning condenser and requirs an
RoFe coil in addition to tihe antenna Coile Due 1o the RoF.
amplifilcation, a regenerative detector is nol neocessary and
we have the grid leal. type uscd in the former "Simple Rew
ceivart projecis

Briefly checking the schomrtic cireoult, you will find the
Padder Condenser conbected in series between the antenna and
terminal 5 of the antenna coil, Adjustment of this condehe
ser "tunes" ths antauna for best recepilon.

The winding, between terminals 4 and 6 of the antenna coil,
connects across vne gang of the tuning condenser and the
combination is connected agrors the control grid circuit of
tha R.JF, amplifier tubee

The potentiomster, operating as a rheostat, is connected
betwasn the cathode and ground as a variable bies resistors

In this position it acts as a gain control to vary the nagae
tive grid bilas which, in turn; alters the effective amplifica=
tion of the tube.

The primary winding of thé R.F. coil is connected in series
with the plate of the ReFy tube and thercfore carries ths
plate currente Varistions of plate currenl, caused by sig-
nal, volteges on bthe grid of the tube, induce voltapes in the
ReF. coil sccondary which is connected across the sccond
gang of the tuning cundensore

With the exception of the antenna connection, thls tuned cirm
cult is the same as that in the grid circuit of the RJFes tubes
Turning the ituning condonscr dis) will canse like chanpoes

in the capaclty of both condenser gengd and Ltherefore tho
tunad windings of the anbenms.sni R. Fo colls must have
similar valucs of inductance in ordor thal bhoth cireculis

tune alikes

The bolance of the dutector grid circuit is =bout the same
ags that of the siuplu Recelver explained in our sarlier
projoct thereforc we will nov repeat thoe detaild.

In the Two Tubo Recaeiver of the last project, you used a
resistor and condonser to courle tho hecdphone to the

plate circult of the output tubes Heru, the headphone ls
coupled by mewns of an audio trgnsformer, tho primary of
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which is in the pl te circult of the detsctor tube with the
headphone connecte? across the secondarys Doth ol these
ayrangements arc desirable s they prevent the high D.Ce
sunply voltage frow reaching tlie leadphone and thus re-
duce the possibility of shooke

In order that you may determine which is the secondary and®
which is the primary winding of the trensformer, the wires,
connecled tn the lugs of your snb-cssembly, have colored
insulations GCheck these carefully and remember, -the red wire
connects to one end of the primery and the yellow wire
connects to one end of the secondary.

To prevent any errors, number the terminals of your tronse
former sub-assembly to conform with the plctorial diagram
of this project, Ths red wire can be alther terminal Joe 3
or Nos 4 while the yellow wire can be either terminal Noo 1
or Nos Re

WIRING FROGEDURE

Compared to the Two Tube Redeiver of the former project,
there are so many changes in connections here that we
suggest you remove all conpecting wires, arrange the sube
essemblies according to the plan of the following Plow
torial Diagrem and start all overs

Assuming that this has been done, we will follow the gene
eral plan of the lest project and list the connections
aecording 1o circuitse Here however, with the exception
of the Hecter Circuits, we will complete each circult back
to ground or some point crnnected to terminal No, 3 of the
power supplys

A w Heatar Circuits -
le Power Supply Termincl Noe 1 to R.F. Socket
Terminal Noe Re ’
2. Power Supply Terminal Ne, 2 to R.F. Sccket
Termin2l No. 7s
34 R.F. Socket Torminal No., 2 to Dct,., Socket
Teruinal No. Ba

44 R.F, Socket Torminal No. 7 40 Dote Socket

Terminhal No. 7e
B =~ Plate Clrcuits -

1. Powsr Supply Torminal Nos 4 to Audio Trans-
formor Terminal Nos 3.

2. Audio Trensformer Torminzl No, 4 to Detector
Sockat Terminal Vo, e

3, Det, Socket Terminal Npoe 6 to 0005 LF.
Condernser Terminal Ho. R.

4, L0005 MF. Condenser Terminal Noe. 1 to
Tuning Condenser Terminal Noe. Re







Tuned

Radio Froquency Recelver Page 4

Tuning Condenser Terminel Noe 2 0 R.F.
Coll Terminal Loe 1.

R.F, Coll Texminal Nue L to Det. Snockeb
Lerminal Nos Je

Deto Sockel Torminal No, 3 to Det. Socket
Tarminal 1o, Le

Det, Socket Terminal Nos. )L to R,F. Coil
Terminal Nos 5» ’

R.F, Coll Terminnl Nosg & to Power Supply
Terminal Noe 2,

Auvdlo Transfoumer Torminal No, 5 to RJF.
Coil Terminal Moe 3.

ReFe Coil Terminal Nos 4 to R,F. Sockeh
Terminal Nog 8

R.Fe Sochet Terminal No, 5 to R.F. Socket
Termital No, 3.

RoF. tocket Terminal Noe 2 to o1 MF. Conw
denser Lerminal Nog Re

oL MFe Condenseor Terminal No. R to Potentio-
meter Terwminal Nos 3¢

Potentiometer Termital No, R to .1 WF.
Condehser Terminil Voo 1l

«L M7, Condenser Terminul No, 1 to Antenna
Coll Terminol Nog 6Ge

antenna Coll Teriinal Neo. 6 to antenna
Coil Termin.l Roe 74

Antenna Coil Terminil Noe 7 t0 R.Fa Socket
Terminal No, le

R.F. Socket Terminzl No, 1 to R.,F, Coil
Terminal Noo. 5.

C = Screen Grid Circuits o

le
Re

Sa

4,

RoF. Coll Terminal Noe B t0 500 M Resistor
Terminal No, 2¢

500 1 Resistor Terminal Noe 1 %o 'R.F.
Sucket Terawinal Noe 6B,

500 M Resistor Termindl Wos 1 H0 o1 3.
Condenser Terminal No, Qe

(lote = do not confuse this .1 MF. Condenser
with that already connected acruss the poton-
tiometer,)

+1 MF. Condenser Terminal No, 1 to Tuning
Condenser Terminal Noe R

D « Control Grid Circuits ~

Le
2e
Se

4.

Antenna Coll Terminal No, 4 to R.F, Socket
Terminal No, 4,

R.Fo Socket Terminal Nos 4 to Tuning Con-
denser Terminal Noe Le

R.F. Coil Terminsl Noo 2 to Tuning Condenser
Terminal No. 34

Tuning Condenser Terminel No. 3 10 2,2 Mege
Resistor Terminal Nos le
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5« Rol Megs Resistor Terminal Mo, 1 to 100 mmfd
Condenscr Termiral Nos le
6a 100 mmid Concdenser Terminal Noe. R to 2.2 lMeg,
Recistor Terminal lo. 2.
Te Rs2 Mogo Resistor Tcrminal No. R to Dete
Socket Tarminal Noue Re
E ~ Headphone Circuif -
le One Cord Tiv to Audio Trsnsformer Terminal Noe l.
Re Ona Cord Tip to Audio Transformer Terminal
Noo %o
S50 Audio Transformer T rminal No., 2 to Dete
Socket Terrinal Hos 3.
F - Antenra Circuit ——
le £ntenpa Lead—in to Padder Coundenscr Terninal
Nos. 26
Re Faduer Condensor Torminal Noe 1 1o Antenna
Coil Tovalnul e 5
Exberael Crovnd %o Antenpa Coil Turwminal Noe B
or oblir terrinsl cunicchted directly to ite

[
.

Following thie plan of wiring you will notice that each plate
circuit is completed throwgh the cabhode of the tube and back
to tho No. 3 or negative berminal of the plate supplye This
rart of tho pletc circuit, betvien the catliode and supply
negalive, is commonly a pari of the control grid circuit &lso.

Experimont “o. 1

After ell the cuinecctions heve been made, chack them over at
lrast onco. 1o by curv they are cerrcct, and then turn on the
Power Supplve Vaile waiting fur the tubes to heat, turn the
tuning cordenser dial so wthet the cundensor plates are fully
mesheds klco turn tle potuntiometer dial clockwiga, as far
as it will go, and then nove it back aboul 1/4 turn.

The condsnser tuning dial can nov be turned “10u1y, in a
direction to unmech the plates, until a Breadcast Station
signal is hezrd. Tunc in the eignal carefully end thon adjust
the potentiometer for beet results. You will £:nd this dial
can be movea far cnough, in either direction, to ccusc a loss
of signal strengthoe

On local or necrby stations, the signals sloold compare favor-
able with those hecard on the two tule receiwer of the last
project but, btune carefully for the full range of the tuning
condenser tu sce If you caun vick up svme otatior s which were
not heard befora,
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&Egriﬂ}ent NOQ 2

On one side of esach of the tuning condenser gangs you will
find a slotted screw extendinz through & flat plece of metale
This arrangement forms a small capacity adjustable condenser,
connected in parallel with the tuning cundenser gang, and
therefore called a "Trimmer".

The purpose of the trimmer is to compensate for variatilons

of capacity, due to connecting wires and other constructional
details, so that both gangs will tune their circuits alikes
Because the capacity of the trimmer i1s small, compared to that
of the main puning condenser, you can check its setting only
when the main condenser plates are unmeshed, which is the high
frequency end of the tuning range.

For this experiment, first tune in the Broadeast Stetion which
has the highest frequency carrierg In practice, this means

tu turn the condenser tuning dial, in a direction to unmesh the
condenser plates, and tune in the last statlon you can hear,

Then, keeping your hand on t»2 insulated handle of yonr screwe
driver, turn the priumer adiusting screws slowly until the
signal in the headpnone has maximum volume, It is sometimes
necessary to adjust the tuning cundenser dial slightly because,
for best results, the final setting of the trimmers should
leave them at about 1/2 of tacir maximum capacitye

When the trimmer condenser adjusting screws ar. turned oub
too far, thera is but little spring tension on them and they
will not hold. On the other hand, when they are screwed in
tight, you can adjust them in one direction onlye

Remember, the trimmers should be adjusted only when the mein
tuning condenser is set necar its position of minimum cavaclty
which means the platcs are unmeshed, Unless your wiring just
happens to provide the proper capacity, you will find an
adjustment of the trimmers will improve the reception of signals,

Should the headphone start to squeal, while the trimmers are
being adjusted, the r-f amplifier tube is oscillating and
the potentiometer dial must be turned only until the howl
stops« The howl indicates the reociver is close to its most
gsensitive adjustment.

Pay particular attention to the adjustment of these trimmer:
oondenscrs because you will find them in practically all
except the smallest types of commercial Radio receiverse




e
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Experiment Noes 3

We have already mentioned some of the advantages which re-
sult from the use of tuned circuits and, in many of the
modern Radio Receivers, especially the Midget types, the
antenna circult is tuneds One common plan is to make the in-
put coil, shown as the winding hetween Antenpa Coll Terminals
4 and 6 in the diagrams of this project, of comparatively
large dismeter and use 1t also as a loop antenna.

For this experiment, we want you to investigate the effect of
a tuned antenna and thersfore included the padder oondenser
ag a part of the antenna circuite By changing the capacity
of the padder, you alter the resonant frequency of the an-
tenna circuit and, as this value approaches that of the car-
rier frequency of the station to which the Receiver is tuned,
the effect should be qulte pronounced,

For a procedure hers, tune in a Broadcast Station, preferably
near one end of the tuning condenser range and then, slowly
turn the adjusting screw of lhe padder condenser. When the
signals sound the best, tune in another Broadcast {ilation

and repeat the padder adjustmente

The padder adjustment may vary for the different stations
but you should have 1little trovble in finding one adjustment
which will provide fairly wniform reception over the en-
tire tuning range.

Another method of obtaining uwniform response over the entira
tuning range is to use what is known as an "Aperiodich clr-
cuite This mecans the natural rcsonant frequency of the
circuit is so far roemoved from the tuning range that all
signals are recaived :qually well.

0f course, a stronger carrier will produce louder signals
in the headphone but, as far as the antenna circuit is cone
corned, all froquencles of the tuning range are amplified

agnakly,

Another advantage of the tuned antennz is to increcse the
selectivity of tha Recelver, You can prove this quite
readily by adjusting the padder to detune the antenna and
checking movement of the tuning condenser dial during which
some Broadcast Station can be heerde Then, tune the antenna
to this same station and check as before. The station should
be heard only during a smaller movement of the dial to show
the selectivity of the Receiver has been improveds













DICDE DETECTOR
Material Reguired

1 - Tuned Radio Frequency Receiver (Complste)
1 - 500 M. Resistor
1~ .05 ¥F. Condenser

OUTLINE

This project is really a continuation of the Tuned Radio Fre-
gquency Receiver but, due to the general use of icdes! as

detectors, we feel it is sufficiently importunt to be treated
separately. The circuits, covered by the following explar.a~

tions, will be found as Figure 3 in the diagrams included in
the "Wave Traps! project.

As you already know, the action of the electronic emission
inside a vacuun tube is such that current can pass in one
direction only. Thus, a simple tube containing but two
active elements, the Plate and Cathode (or filament) is call-
ed a diode and will operate as a rectifier. Tne rectifier
tube of your Power Supply operates on this odrinciple but
usually it has two separate plates and is really a "Dowble
Diode" %o provide full wave rectification.

The detectors of the Radio Receivers used in your former ex-—
periments caused a similar action to "Demodulate! the high
frequeney carrier and allow thé lower frequency signal to
appear in their plate circuits. Having more than two elements
they were arranged to provide some amplification in addition
to their detector action. Although it has no amplification
factor, the diode will act as a rectifier or detecter with

a minimun of distortion and therefore has come into gquite
common use. Operating as a detector, a diode handles but a
comparatively small amount of power and therefore its plates
can be made smell. :

Going back to the schematic diagram of the Tuned Radio Fre-
quency Receiver, you will find that terminals 4 and 5 of the
683Q7 tube sach connect a diode plate (DP) which, in addition
to the other elements, makes the complete tube a '"Double
Diode-Triode". This type of tube is commonly used as the
second detector and first audio amplifier of a superhetero—
dyne type of Radio Recsiver to provide amplification as well
as low distortion.

Referring to Figure 3 of the following illustrations, and
checking the schematic diagram, you can trace the diode de-
tector circuit and, starting at the left, there is the tuned
secondary of a radio frequency coil like that used in the
T.R.IFe receiver. '
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Here the circuit is through a 100 IMF. condenser, in parallel -
%0 a 500 M resistor, to both dicde plates of the tubs, Inside
‘the tube, the path continues to the cathode and from it back
to the other end of the tuned circult. The modulated R.F.

- voltage which appears across the tuned circuit will be impress-
ed on the balance of the cirenit but, due to the rectifying
action of the diode, the current in the 500 L resistor will be
in one direction only.

The charge and discharge action of the condenser, connected
across this resistor, will "smoolh out" the variations which
occur at the carrier frequeacy but have little effect upon
the variations which occur at the lower signal frequencies.
As a result, only the signal voltages appear across the re-
sistor.

To utilize these voltages, tne .05 IF. condenser and R.2 Mog.
resistor are connected in ssriss heross the circuit and there-
fore the signal voltage will be present across them also.

By connecting the control grid of the triode scction ol the
83Q7 tube to the junction between these units, the capacity
acts as a coupling condenser and the recistor acts as a grid
load.

In most commercial arrangemznts you will find the parallel
combination of condenser and rusistor is connected in the
cathode or ground side of the eircult but here, due to the
common connection of both tuniny condenser gangs, we used the
connections shown in Figure 3.

WIRING PROCEDURE

As you have the T.R.F. receiver assembled, it is not diffi-
cult to convert it to make use of the diode detector and AJF.
amplifier arrangement of the following Figure 3. In fact,
these circuits werc drawn to show only the changes which are
requirced.

Therefore, we will first llst the parts snd connectilons which
must be removed from the T.R.F. ruceiver circult and then, in
accordance with our former plan, give the connéctions which
have to be made Lo complete this later circuit.

Referring to the diagrams of the T.R.F. rcceiver —

1. Remove the 2.2 Meg. Resisior and all connecting
wires attached to both of its terminals.

This will remove one wire from Tuning Condenser Terminal No.
3, the wire from Detector Socket Terrinal No. R and lhe wire
from each of the 100 MMF. condenser terminals. This will
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leave the 100 MUF. condenser and 2.2 Yeg. résistor sub-assemblies
without any wires in their terminals and, ‘tegether with the .05
MF. condenser and 500 M resistor assemblies, arrange them all

on the general plan of the Pictorial Diagram in Figure 3.

It is not necessary that they be placed actually between the
R.F. coil and Detector Sockets but locate them close to the R.F.
¢oil, Det. Socket and Tuning Condenser to keep the connecting
wires short.

WIRING CONNDCTIONS

After these changes have been compleited make the following
connections in the usual way. '

1. From 100 M, Condenser Terminal No. 1 to 500 M
Resistor Terminal No. 1.

2. From 500 M Resistor Terminal No. 1 to R.F. Coil
Terminal ¥No. 2, .

3, From 100 MMF. Cordenser Terminal No., 2 to 500 IF
Resistor Terminal Wo. 2.

4, PFrom 500 ¥ Resistor Terminal No. R to Detector
Socket Terminal No. 4.

5., From Detector Socket Terminal Ho. 4 to Detsctor
Socket Terminal No. S.

6. From 500 ¥ Resistor Terminal No. 2 to L5 WF.
Condenser Terminal Mo. 1.

7. TFron .05 MF, Condensor Terminal No. & to Det.
Sockst Terminal No. 2. _

8, From .05 MF. Cordenser Terminal No. 2 to 2.2
Meg. Resistor Terminal No. 1.

9. From 2.2 Meg. Resistor Terminal No. 2 to Det.
Socket Terminal No. 3.

Cheek all of these connestions carefully and, for practice

we suggest you draw a schematic diagram of the campleted iy
cuit. For this, you can‘%opy the input and R.F. tube circults’
of the T.R.F. receiver, iricluding the primary of the R.F. coil.

Then insert the circuits of Figure 3 and complete the diagram
by using the output circuits of the T.R.F. receiver. This
type of work provides excellent drill both in circuits and
reading diagrams. It also has important practical applica-’
tions because, in your later coammereial work, you may be
called upon to make similar changes in existing circuits.

Experiment No. 1

After you have checked all the circuit comnections, turn on
the Power Supply and, following the plan already given for

the T.R.F. Receiver, tune in a number of Broadcast Station

signals.,
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A good way to make a check here is to move the tuning con-—
denser dial slowly over its entire range and count the number
of different statimns which can be heard. Then, if you desire,
you. can stop at each station and adjust the potentiometer dial
for best results.

Experiment No. 2

Due to the change in the circuit connections there may be a
change in the tuning of the R.F. coil secondary. To check
up here, tune in the Broadeast Station with the highest fre-

‘quency and adjust the trimmer condensers on the tuning con-

denser,

The general procedure here is ths same as that given for
Experiment, No. 2 of the T.R.F. Recelver.

Experiment No. 3

To determine the value of the AF. amplifier section of the
6397 tube, tune in some Broadeast Station which produces
fairly loud signals.

Then without touching either of the dials, disconnect the
phone cord tips from terminals 1 and { of the audio transe
former and hold one tip on cach of the 2.2 Meg. resigtor termiw
inals. You can make a rcgular comnection, if you desire,
placing the phone cord tips in the spring clips.

However, all we wanbt you to do i1s listen to the signal, if
any, which is heard when the headphone is connected across
the 2.2 Mzg, resistor. This is the signal voltagc applied
to the grid of the 65Q7 tube and the louder signals, heard
with the headphone connected according to the diagrams, are
due to thz amplification of the tricde sccbion of the tube.
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WeVE TRAPS
Material Requlred

— 2 Tube Heceiver (Complete)
R.F. Coil

Padder Condenser

Hovk-Up Vire

1

O
!

OUTLINE

A% the end of yoﬁr experiments with the Two Tube Recelver
we asked you to refer to this project before disconnecting
the circuit. Therefore, we will assume it is still complete

and in operating conditione.

Tn case you overlooked our suggestion, 1% will be necessary
for you to construct the Two Tube Recelver, given as the
first project of this shipment. The T.R.F. Receiver wiil not
do, as we are going to make use of the R.F. coil as a part of
a Wave Trap to be connected in the Antenna Circuit.

The purpcse of a Wave Trap ils to prevent some unwanted fre~
quency from entering or passing through a circuit and its action
is based on the properties of resonances. , ‘

In general, there are two main types of resonant circuits,

Series and Parallel., For the series circuit, as shown in

Figure 1 of the following diagrams, the impedance is minimum

at the resonant frequency, therefore it is known as an "Acceptor®
ocircuit.

From the parallel circuit, as shown in Figure 2 of the follow-
ing diagrams, the impedance is maximum at the resonant frequency,
therefore it is known as a "Rejector" circult,

This condition is true only at the resonant frequency of each
circuit and, at freguencies above and below resonance, the
impedance varies. For the series clrcuit, with minimum im-
pedance. 2t resonance, there will be an increase at other fre-
quencies and the greater the frequence differance the higher
the impedance. ’ :

For the parallel circuit, with maximum impedance at resonance,
there will be a decreasz at other freguenciss and the greater
the frequency difference the lower the impedance. -

In the schematic diagram of the following Figure 1, we show
a coil and variable condsnser connected in series to make up

2 series circuit which, by changing the capacity of the vari-

able condenser, can be tuned to resonance over a band of fre-.
quenciese
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To use a eircuit of this type as a wave trap, it is generally
connected in parallel with the regular circuit and tuned to
resonance at the frequency to be eliminated. With minimum
impedance at resonance, it acts as a partial shurt across the
regular circuit, reduces the total impedance and thus cuts
down the voltage drop at the unwanted freyquency.

For the schematic diagram of the following Figure 2, we show

a coil and variable condenser connected in parallels. Tais
makes up a parallel circuit, similar to those you have already
operated in your Receiver ixperiments, which, by changing the
capacity of the variable condenser, can he tuned to resonance
over a band of freguencies.

As a wave trap, a circuit of this type is usually connected
in series with the regular circuit and tuned to resonance at
the undesired frequency. #ith maximum im edance at resonance,
the voltage drop across the trap circuit is also at max Lmum
and causes a reduced voltage drop across other parts of the
clrcuit.

One quite common application of wave traps is in the antenna
circuit of Radio Receivers, especially thuse of the super-
heterodvne type. Usually, the Wave Trap is tuned to the
intermediate frequency to prevent signhals, on a carrier at

or near this frequency, from riding through the input stages,
regardless of their tuning, and appearing in the output circuit.

In general, the purpose of a wave trap is to attenuate or
eliminate some unwanted frequency and usually it is arranged
to tune over a band of frequencies.

FROCEDURE

For the following experiments, you are to connect both the
series and parallel types of Wave Trap in the antenna cir-
cuit of the two tube receiver of the former prvject. As you
my not be subject to interference, you can easily check the
actinn of the wave trap by tuning it at one end of the Re-
ceiver Tuning Range and then checking the reception over the
balance of the range.

Experiment No, }

For this experiment, you will require the R~F coil and
padder condenser sub-—assemblies which are to be wired, in
series, by meking the following connections.

1. From R-F Coil Terminal No. 1 to Padder
Condenser Terminal No. 2. '
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2. From Padder Condenser Terminal MNo. 1 to
Terminal No. 8 of the Antenna Coil of the
two tube receiver,

(Note — There is a typographical error in
Figure 1 and this wire connects to terminal
Wo. 6 instead of terminal No. 5 as shown.)

. Turn on the two tube receiver and tune in a station preferably

at the low frequency end of its range. As we have mentioned
before, at this end of the tuning range the tuning conderser
plates will be fully meshed.
Then, without touching any of the receiver adjustments, con-
nect terminal 2 of the R.F. coil to the antenna connéctiuon
which is terminal No. 5 of the Receciver Antonna Coil. 7Tlis

will cause a reduction of signal strength but twrn the adjust-
ing sorew of the padder condenser slowly, first one way and then
the other, until the signal in the receiver is at minimum.

This shows the trap circuit is tuned to resonance and its low-
jmpedance is partially shorting the regular antenna circuit.

‘Because of this "Shoriting" action, it may be necessary to

slightly rstune the receiver, while adjusting the padder. ic
find the setting for lowest minimum signal.

After this has been done, tune in another station at the

_ other end of the Receiver Tuning Renge and you will find the
- effect of the trap, while noticeable on all stations, is

much greater at the frequency for which it is tured.

Experiment No, 2

Repeat the steps of Experiment No. 1 but tune the wave trap
to the carrier frequency of a Broadcast Station which tunes
in near the high frequency end of the Receilver Tun;ng Range,

Experiment No. 3

Repeat the steps of Exveriment No. 1 but tune the wave trap
to the carrier frequency of a Broadcast Station which tunes
in near the high frequency end of the Receiver Tuning Range.

Experiment No., 3

For this experiment, you are 4o use the parallel type of
Wave Trap circuit and must make the following changes in
connections.

1. Remove the wire connected to Padler Condenser
Terminal No. 1 and Recelver Antenna Coil
Terminal No. B. .

2. Remove .the wire connected to R.F. Coil Terminal

- No. 2 and Receiver Antenna Coil Terminal No., 5.

3. Connect R.F. Coil Terminal No, 2 to Padder

Condenser Terminal No. 1.
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4. Comnect Padder Condenser Terminal No. 1 to B
Receiver Antenna Coil Terniinal No. 5.

5. Padder Condenser TerminaléNo. 2 and R.F.
Coil Terminal No. 1 should be connecteu the
same gs for the series type trap. '

When these changes have been made and checked, twne in a
station toward the low frequency end of the Rewelver Turing
Range. Then, remove the antenna lead-in wire from terminal
5 of the Rsceiver Antenna Coill and connect it to terminal
No. 1 of the R.F. couil.

Without touching any of the Recaiver controls adjust b
capacity of the Padder for minimum signal. In some cases,
the signal may disappear entirely.

Then, without changing the padder condenser adjustment, tmne
in other stations on the Radio Receiver and you will {ind

the trap has very little effzch, cspeciclly or tlose naer the
high frequency end of the Receiver Tuning rangCs.

Experiment No. 4

With all the adjustments set as for Experiment Fo. 3, tune
in a sbation near the high frequercy end of the Recelver
tuning range and without touching the Recsiver controls, ad-
just the padder for minimun signal.

Then, without touching the padder sdjustment, tune in other
Broadcast Station signals on the Receiver and you will find
they come in with about normal volume, gspecially those near
the low frequency end of the Receiver Tuning Range.

The experiments show you that, for this project, the
parallel or "Rejector" type of circult has better operating
characterisiics than the scries or "Acceptor" iype. However,
you will find both types used in various applications to toke
advantage of the actions you have heard in the expsrinasnts

of this project,.
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TUNED GRID ~ TUNED PLATE OSCILLATOR

Material Required

I

Power Supply (Complete)

Mntenna Coil

Octal Socket

Padder Condenser

R.F. Coil

2 Gang Tuning Condenser with Dial
.0005 MF, Tubular Condenser

50 M (47,000) Chm Resistor

I

t

[

M e
1

1

OUTLINE

In the earlier experiments, you have wired and operated
various types of Radio Frequency oscillators and therefore,
for this project we want you to construct a "Tuned Grid -
Tuned Plate Type of Oscillator*. This is considered as one
of the basic types and has many applications, especially in
Radio Transmitters.

Checking the schematic diagram here, you will find a coil

and condenser combination in the grid c¢ircuit. The arrange-
ment can be tuned, by means of the variable condenser, and is
often referred to as a "Tank" circuit.

A similar arrangement is shown in the plate circuit and, using
the term mentioned sbove, we have a "Plate Tank" as well as
a "Grid Tank" circuit.

In our former explanations we stressed the fact that, in

order to oscillate, some of the plate energy must be fed

back to the grid ecircuit of the tube but, looking at the
following diagrams, you will see no apparent means of coupling
the grid and plate circuits.

They are both separate and complete while the position and
shield cans of the coils will prevent any inductive coupling.
Therefore, the coupling between the plale and grid circuits
cccurs inside the tube by means of the "grid-plate! capacity
of these elements.

To explain the action briefly, we will assume the heater
circuit is in operation and the cathode is emitting electrons
but, there is no plate voltage and therefore no plate current.
However, when the plate power supply circuit is closed, there
will be an initial rush of plate current.

There are several methods of explaining the action which re-
sults but perhans the simplest is to think of the plate,
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of the sub-assemblies and have them arranged._on the general

plan of the following pictorial diagram.

Page 3

Although the connecting wires are few in number, we will

follow our former plan and list them according to their cir-

cuits.

A —~ Heater Circuit -

1.

Ra

Power Supyly Terminal 1 to Octal Socket
Terminal No. 8.
Power Supply Terminal 2 to Octal Socket
Terminal No. 7,

B ~ Plate Circuit -~

L.

Re

Se

4.

S

6.

Power Supply Terminal 4 to Padder Condenser
Terminal No. 2.

Padder Condenser Terminal No. 2 to R.F.
Coil Terminal No, 1.

R.F., Coil Tarminal No. 2 to Padder Condenser
Terminal No. 1.

Padder Condenscr Terminal No. 1 to Octal
Socket Terminal No. G.

Octal Socket Terminal No. 3 to Octal Socket
Terminal No. 1.

Octal Socket Terminal No. 1 to Power Supply
Terminal No. 3,

C - Grid Circuit -

1.
Ra
5.
4.
Se
Be

7.

Octal Socket Terminal No. 2 t» 0005 MF.
Condenser Terminal No. 2.

.0005 1F. Condenser Terminal Nos 2 to 50 I,
Resistor Terminal No. 2.

50 M. Resistor Terminal No. 1 to ,0005 NF,
Condenser Terminal No. 1.

.0005 MF. Condenscr Terminal Noe. 1 to
Tuning Condenser Terminal No. 3.

Tuning Condenser Terminal HNeo. 3 to Antenna
Coil Terminal No. 4.

Antenna Coil Terminal No. & to Tuning Con-
denser Terminal No. 2.

Tuning Condenser Terminal No. 2 to Octal
Socket Terminal No. 3«

This project will provide a good place to practice wiring
from a schematic diagram and on this basis, we offer the
following suggestions.

Referring to the schematic diagram only, the heater of the
63Q7 tube connects to terminals 7 and 8 which are thercfore

connected to a 6 volt supply.

By this time, you should lnow

that terminals 1 and 2 of your power supply provide 6 volts
for the tube heaters,
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The plate circuit connects to the supply "+", which is ter-
minal No. 4 of your supply, passes through the secondary of
the R.F. coil, connected in parallel to the padder condenser,
and on to the plate of the tube which connects to terminal 6
of the socket.. :

This circuit is completed to the supply negative, terminal
No., 3 of your power supply, through the cathode and terminal
No. 3 of the socket. The supply negative is considered as
"Ground" and therefore the shield of the tube, connected to
socket terminal No. 1, also connects to the supply ncgative.

The grid circuit is completed from socket terminal No. 2,
through the 50 M resistor and ,0005 MF. condenser in parallel,
through the secondary of the antenna coil and one gang of the
tuning condenser in parallel, to the cathode of the tubc,

OPERATING PROCEDURE

Because of the coil and condenser values, this circuit will
oscillate at frequencies in ihe Broadcast Band and therefore
its operation will be similar to the other R,F. oscillators
previously constructed, This means that an ordinary Broadcast
Radio Receiver is nheeded to check its operation.

To perform the following experiments, bring the Receiver con-
veniently close to the oscillator, connect it up and turn it
on. Then, check the oscillator connections carefully and

place the 65Q7 tube in the socket. Do mot turn on the Power
Supply yet as you still havée to provide some sort of a coupling
between the oscillator and Broadcast Radio Receiver.

Experiment No. 1

Take a picce of hook-up wire, long enough to reach from the
oscillator to the Radio Recciver and connect onc end of it

t0 terminal 4 of the antenna coil. The other end of this

wire can then be placed clos¢ to or wrapped around the antenna
lead~in wire of the Receiver. If the Receiver has a self
contained antenna, form the end of this wire into a coil of

a few turns and place it close to the back of the Recelver.

This connection is made to couple the oscillator output to

the Receiver input and should be arranged exactly as explained
for the Hartley, Armstrong and Electron Coupled Oscillators
which you have already coustructed and operated.

After the coupling has been made, turn on the oscillator Power
Supply and turn the tuning condenser dial until the plates are
about 3 meshed. Also, turn the Padder Condenser adjusting
serew, anti-clockwise, to the maximum capacity position.




"

=



Tuned Grid - Tuned Plate Oscillator - ) Page § } .

You can now tune in a station on the Radio Receiver, select-
ing one near the low frequency end of the tuning range, and
then slowly turn. the padder adjusting screw in a clockwise
direction until the oscillator causes interference with the
Radio signal. '

It may be necessary to readjust the position of the oscillator
tuning condenser to cause or increase the interference and,
for each setting you can readjust the padder condenser. TYou
should have no difficulty in finding the setting of both
oscillator condensers at which there is maximum interference
with the Radio signal tuned in on the Receiver.

As previously explained, this interference is caused by the
high freguency energy, generated by the oscillator, hetero-
dyning withsthe high frequency carrier of the Broadcast Radio
signal., The presence of the interference proves that the
circuit you have built is oscillating.

BExperiment No. 2

After you feel familiar with the method of tuning the oscil-
lator, change the setting of the Radio Receiver dial until a
different Broadcast Station is heard. Then adjust both the
. Tuning and Padder Condensers of the oscillator until there
is interference with the Radio Signal.

Yon should have noticed by now that both oscillator condansers
must be properly adjusted in order to cause oscillation and
we want you to check back against the explanations given in
the outline of this project. In this connection, your circuit
uses the padder condenser for tuning the plate tank circuilt
and the regular tuning condenser for tuning the grid tank
circuit.

By a proper adjustment of both of these, your oscillator can
be made to cause interference at about all points of the Broad-
cast Radlo Receiver tuning range.

Bxperiment No., 3

To prove definitely'thaﬁ this type of oscillator will novw
operate unless both the grid and plate tank circuits are ad-
Justed properly, tune both the Receiver and Oscillator until
‘there is a very definite and pronounced interference with
some Broadcast Radio signal.

_Then, without touching the oscillator tuning condenser, detune
the plate tank by turning the adjusting screw of the padder
cordenser. Unless the original setting was close to the mini-
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mum or maximum capacity position, a partial turn of the screw
should detune the plate circuit sufficiently to stop the
oscillations.

In much the same way you can first adjust the oscillator prop-
erly to cause maximun interfercnce in the Radio Receiver and
then, without changing the padder condenser adjustment, turn
the tuning condenser dial. Here again, unless the original
setting was close to maximum or minimum capacity, you can
detune the grid tank circuit sufficiently to stop the oscil-
lations.

Experiment No. 4

In the former exporiments, the Radio Recelver coupling wire
was attached to antenna coil terminal No. 4 which means the
oseillator eneray was taken directly from the grid tank cir-
cuit. However, your former experiments have shown that the
windings of the antenna c¢oil are inductively coupled and the
oscillator energy should be available from both.

For this experiment therefore we want you to move the Radio
Receiver coupling wire from terminal No. 4 to terminal No. 3
of the Antenna Coil. To complete the circuit, place a wire
between antenna coil terminal No. 2 and antenna coil terminal
No. 6.

Repeat the steps of Experiment No. 1 and compare the inter-
ference now with that obtained before.

Experiment No, 5

According to our explanations, the plate circuit should also
carry energy at the oscillator frequency and, to prove this,
vou can couple the Radio Receiver to the plate circuit.

You can make a direct connection by connecting the Radio
Receiver coupling wire to Terminal No. 2 of the R.F. coil

but that will connect it also to the high voltage plate supply
and make the wire "Hot",

A better plan is to follow the method of Experiment No. 4

and connect the Radio Receiver goupling wire to terminal 3

of the R.F, coil. To complete the circuil, terminal No. 4

of the R.F. coil should bc connected to terminal No. & of the
Power Supply. This arrangement will provide inductive coupling
and allow only the High Frequency Oscillator energy in the
coupling wire, '

After these connections have been made, repeat the steps of
Experiment No. 1 and compare the results with those obtained
formerly in Experiments No. 1 and No. 4.
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Your next shipment of Laboratory Equipmentwill include a
speaker end Powsr Output tube which will be used, in the
various projects, to hendle signals at loud speaker volumes
Practically all of the Experiments will vertzin to the amplie
fication »f Audio Froguencies so that, as vou advance still
furthor, you can combine the former projects to con=truct
more complete and commercial types of circuits.
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ONE STAGE AUDIO AMPLIFIER
Material Required

1 = Power Supply (Complete)
1l - P.Ma Spoaker with Transformer
1 -~ Octal Socket
1 - Audio Transformer
1 ~ Headphone
=~ HookeUp Wire
- 65Q7 Tube

OUTLINE

Then constructing the Two Tube Radio Recelver of a former
Project, you added a stage of audie amplification to a Detecto?
in order to increase the strength or volume of the Radio
signalse.  As you perhaps know, thers ars several important
branches of Electronics, such ag Public sddress Sysbems, ElecCe
tric Phonographs and Sound Pletures in which the entire sysiems
operate at the signal or audio frequenciese.

For work of this general type, nho R-F Amplifiers, Detectors

or Antennas arce needed because the original signal frequeneies

arc amplified and reproduced without change. Because these

. signals can be heard, all arrangementis of this general type
are classed as "Sound" gystems and consist mainly of Audio

Applifierse

In brief, all sound systems include an input device, which
converts the signal energy to electrical energy. The gleotw
trical energy is then amplified, by means of vaouwum tubes

and their circuits, until the desired level or amplitude is
obtaineds The amplified electrical energy opergbtes an oubtpub
device which converts the signal back to sound ehergy.

For this type of service, the tubes operate as voliage
amplifiers, to increase the amplitude, and as Power Amplifiers
to supply the energy to operate the oubpubt device, uswally a
speakers The circults are therefore designed to utilize the
amplifying action of the tubes withoub causmng any change in
the signal frequencicse

This last statement is important becesuse, unless all signal
frequencics are amplified properly, the roproduced signal
will not sound like the original and we say the signal is
distorteds In recent years, much progress has been made in
the reduction of distortion which, of coursec, improves the
i‘ideli’bya

Therc are four main methods of coupling the stages of an aud;o
amplifier and they can be listed as,
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l. Resistance-Capacity Coupling
R. Impedance~Capacity Coupling
3o Transformer Coupling

4, Direct Coupling

Numbers 1 and 3 above are in most commor use and, for the ex-—
periments of the Projects for this shipment of parts, we are
going to have you construct circuits for the first three,

Noe. 4, direct coupling, has certain d efinite advantages but
is inelined to be critical in operation and, therefore is

not in common use,

Experiment No, 1

————

Before going ahead with our usual wiring procedure, wo want
you to make this simple experiment as it wiil d emonstrate the
conversion of sound energy to electrical energy, a method of
coupling and the ¢onversion of electrical energy to sound
energy.

As you perhaps know, practically all ele¢trical generators
will operate as motors when supplied with electrical energy,
Normally they convert mechanical energy into electrical energy
but, when supplied with electrical energy, they convert it
into mechanical energy.

In Electronics, the microphones can be thought of as genera=
tors because they convert sound energy into electrical energy
while the speakers compare to the moitors becauscthey convert
electrical energy into sound energy. Here also, in many cases,
the action is reversible and a microphone, supplicd with elece~
trical energy, will produce sound while a speaker, supplied
with sound energy, will produce electrical energy. You have
already proven this action when, in an earlier experiment,

you use the headphone as a microphone.

For this experiment, therefore, we want you to follow the dia-
grams of Figure 1 and conmect the headphone cord tips in terw
minals 1 and 3 of the P.M. Speaker. This will provide the
circuit of the schematic diagram which shows clearly that the
spesker and headphone are coupled by a transformer.

To check the action herz, hold the headphone to your ear =nd
then strike the speaker cone, lightly but sharply, with your
finger. The sudden movement of the speaker cone and coil
will generate sufficient sleetrical energy to cause a slight
click in the hkeadphone.

This proves that the spealer can generate electrical energy
which is trangmitted by the transformer to the headphone whcre
it is converted to sound enargy.
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WIRING PROCEDURE

For the main part of this project you are going to comnect a
tube between the speaker and headphone so that the improvement
in action, over that obtained in Experiment No. 1, will be

due to the amplifying action of the tube. As the circuit and
connections are different from those of the preceding experi-
ments, remove all connecting wires from the Power Supply,

Octal Socket, Audio Transformer and P.M. Speaker. Then arrange
these sub-assemblies according to the plan of the Pictorial
Diagram in Figure 2.

WIRING CONNECTIONS

Although this is a very simple circuit, we will list the
connecting wires according to the circuit of which they are
a part.

A -~ Heater Circuit -
1. From Power Supply Terminal No. 1 to Octal Socket
Terminal No, 8.
2. From Power Supply Terminal No. 2 to Octal Socket
Terminal No, 7.
B - Plate Circuit =~
1. From Power Supply Terminal No. L to Audio Trans-
former Terminal No. L.
2. From Audio Transformer Terminal No. 3 to Octal
Socket Terminal No. 6.
3. From Octal Socket Terminal No. 3 to Octal Socket
Terminal No. 1.
L. From Octal Socket Terminal No., 1 to Power Supoly
Terminal No. 3.
C ~ Grid Circuit -
1. From Octal Socket Terminal No, 2 to Speaker Ter-
minal No. 1q
2. From Speaker Terminal No. 3 to Octal Socket Ter-
minal No. 3.
D -~ Headphone -
1. One Cord Tip to Audio Transformer Terminal No. 1.
2. One Cord Tip to Audio Transformer Terminal No, 2.

Like most of the former circuits, Power Supply Terminal No. 3
may be grounded as shown in the Schematic Diagram.

Experiment No., 2

After you are sure these connections have been made vroperly,
insert the 6SQ7 tube in the octal socket, plug in the power
supply cord and turn on the switch. Allow about 30 seconds
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for the tubes to heat and then repeat the steps of Experiment
No. 1, tapping the speaker cone with your finger while hold-
ing the headphone to your éar.

Notice how much loudef the headphone click is as compared to
that heard in Experiment No. 1.

Experiment No, 3

To check the action of the speaker as a microphone have some-
one stand close to the speaker and talk directly into the
cone, You will be able to hear them in the headphone bu$ had
better hold your other sar closed to shut off the direct sound
of the voice.

You can perform this experiment by yourself but will find it
quite difficult to talk into the speaker and, at the same
time, hear your own voice in the headphone.

As a variation of this experiment, you can install new connecte
ing wires, between the speaker and octal socket, up to a

length of a few féet, place the speaker outside and close ta
door of your room. Then, have someone talk directly into the
speaker cone and, because their voice can not be heard directly,
the sound in the headphone will be much more distinche

Experiment No. 4

In the former Experiments, we have emphasized the amplifving
action of the tube but now, want you to learn that the coupling
transformer also is imporitant.

Shut off the Power Supply, short acrossids terminals No. 3

and No. 4 to discharge the filter condensers and then remove
the comnecting wires from all the terminals of the audio transw
former. After this has been dons, turn the audio transformer
half way around and make the following connections.

le From Power Supply Terminal No. 4 to Audio
Transformer Terminal No. 2.

2. From pudio Transformer Terminal No. 1 to
Octal Socket Terminal No. 6,

3. One Phone Cord Tip in Audio Transformer
Terminal No. 3.

4. One Phone Cord Tip in Audio Transformer
Terminal No. 4.

These changes will reverse the primary and sccondary windings
of the transformer and alter the coupling betwecen the plate
circuit of the tube and the haadphone.
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Turn on the Power Supply switch and check the sighals in the
phone against those heard in Experiments 2 and 3 The volume
should be reduced but in case tho signals are louder nowy the
transformer was improperly connected for Experiments 2 and 3
and, to avoid fubure errors, we suggest you humber the terminals
to conform to the dlagrams of this projecte
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IMTEDANCE CCOUPILED AIIPLIFIER
raterial Required

— Power Supply (Complete)
~ Octal Sockets

-~ fudio Transformer

- P.i. Speagker

- 470 COhm Resislor

~ 47000 Ohm RHesistor
470,0C0 Chm Resistor

- 05 MF'. Condsnser

-~ 10 to 16 #F. Condenser
- Headphone

— 85Q7 Tube

~ BKEGT Tube

~ Hoox=Up VWire

Bk R 20
!

OUILINE

The experiments of this project are really a continuation of
those performed with the one stage amplifier because here, you
add a seccond tube designed to deliver power to the speakers

Following the general explanations of the last project, rou
will use the headphone as an input or microphone and conr.act
one tube to act as a voltage amplifier. The various experi~
ments will take up different methods of coupling this tube to
the following Power Output type of tube which will drive tre
speaker. In all of this work, our main object is to bring
out the important features of different basic circuits, tell
you how to place them in operation and then point out the
important points and actions. So far, we have made no attempd
to arrange the circuits to resemble commcrcial units because
we feel it far more important that you gain knowledge as well
as skill in the wiring and tracing of circuits.

It has been our experisnce that once a student is able to wire
a group »f sub-assemblies, quickly and properly, he has no
trouble in commercial work of a similar nature. In fact you
will frequently find it easier to wire the component parts

on a pre-drilled chassis than to wire similar parts mountud
on separate bases.

For the work of the following experiments, you are going to
make use of a transformer to couple the voltage amplifier

tube to the power output tube. This circuit will provide the
usual form of Transformer coupling which was onc of the earliest
methods employed in Audio Amplifiers. Although other methods
have become popular, transformer coupling is still one of the
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common forms snd in some applications, such as between the
output tube and spsaker, has no satisfactory substitute,.

Perhaps two of the main advantages of the transformer are,

1. For interstage coupling, the proper turn ratios
mnke it possible to obtuin some voltage gain in
the transformer iiself.

2, For the transfer of power, a proper selection of
turn ratios provides a simple method of matching
impedances .

Electrically, each winding of a trensformer contains resis-
tance, inductive reactance snd distributed capacity and there-
fore when placed in an A.C. or signal circuit it can be classed
as an impedance,

For impedance coupling, therefore, the primary and secondary
windings of the transformer are separated toremove tha in-
ductive coupling between them. Each wincding thus becomss an
impedance and, as such, can provide the proper elccirical con—
ditieng for its circuit.

Referring to Schematic Diagram (1) of the following illustra-
tions, you will find the primsry winding of the transformsr,
between terminals 3 and 4, is in series with the plate circuit
of the 63Q7 Voltage Mmplifier tube., The secondrry winding,
between terminals 1 and 2, is in the control grid circuit of
the BK&GT Power Output tube.

As both thesce windings are mounted on the same iron core, they
are inductivecly coupled and sipgnals in the platc circuilt of

the B3Q7 tube will induce voltages in the transformer secondw
ary. Because of the circuit connections, these secondary volte
ages are impressed on the control grid circuit of the outout
tube and thus control its plate current.

The output transformer, mounted on the speaker of your sub-
assembly, has its orimary connictad in the plate circuit of
the output tube while its szcondary connects across the voice
coll of the speaker.

The action here is like that of the interstage transfornier and
changes of plate current in the primary induce corrcesponding
voltages in the secondary. The sscondary voltages cauce vari-—
ations of spssker current which, in turn, cause the s.eaker
cone to move and set up sound waves,

For the interstsge transfcrmer, the secondary usually has
more turns than the primary so that the sscondary voltage will
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be greater than the voltage drop across the primary. For the
output transformer, conditions are entirely different because,
for proper operation, the primary requires a comparatively high
impedance while the speaker voice coil has a relatively low
impedance. The transformer therefore will not only couple the
speaker to the plate circuit of the tube but match the low
impedance of the speaker voice coil to the higher impedance
required for the plate circuit.

Without going into great detail we can tell you that the im-
pedance ratio of a iransformer is equal %o the square of the
turns ratio. For example, suppose the primary winding of
the output transformer of Schematic Diagram (1) rcquires an
impedance of 6400 ohms to provide the proper load for the
plate circuit but, the spcaker voice coil has an impedance
of 4 ohms.

These values represcnt an impedance ratio of 6400 + 4 = 1600
which, as siated above, is the square of the turns ratio.
Therefore we extraci the square root of 1600 and find the
turns ratio is 40 to> 1. That means roughly there will be 40
times as many turns in the primery as in the secondary.

Thinking only of signal voliages and currents, the secondary
circuiti will operate a® 1/L0 of the vollage and 40 times the
current of the primery., Thus, the transformer males if, pos-
sible for the low impedance voice coil of the speaker to act
as a comparatively high impedance load on the tube.

To let you actually try out various combinations of Impedance
Coupling, in the later experimentis of this project you will
wire up the circuit of Schematic Diagrems (2) and (3).

Comparing Schematic Diagram (2) with Diagram (1) you will find
a 470 M resistor is conncetad in the plate circuiv of the

63Q7 tube, iastcad of the transformcr primary. The transfor
mer secondary remains in cthe grid circuit of the 6K6GT tube
and an .05 mfd condcnser couplcs the plate and grid circuits.

An arrangement of this kind is often calied "Resistance Impe-
dance" coupling because the plate resistor and coupling con-
denser are connected as in resistance coupling but the trans-
former winding in the grid circull cperates as an immedance.

For the circuit of Diagram (%), the arrangement is rcversed
because the transformer primery acts as an impedance in the
plate circuit while the 470 M resistor is connected in the
grid circuit. The elcetrical poci*ion of the conpling con-
denger remains the same for both.
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WIRING PROCZDURE

For most of the former projects, we have suggesied that you
remove all comnecting wires from all sub-assemblies before
starting a new series of expcriments. Although a fev wires
may have to be replaced in their former positions, no time

is lost because you do not have to make a carcful check to
find out which they are. Therefore, we will again assume thLat
all the connecting wires have been renoved and that the sub-
assemblies are arranged on the general plan of the follouing
Pictorial Diagram.

The Pictorial Diagram coincides with Schematic Diagram (1)
only. Schematic Diagrams (2) and (3) are variations which
will be covered by differsnt experiments. For the first time,
there is no Pictorial Diagram for these schematics bacause ve
fecl you should be sufiiciently advanced in your work to make
the required changes by means of tae Schematic Diagrams onlye

WIRING CONNECTIONS

For this project, we will follow the circuit plan of wiring

and list the connections accordingly. Note - The diagrams

show one sub-assembly as a %10 to 16 MF. Condenser", This

does not mean the condenser has a variable capacity but that
the cireuit is not at all critical and any capacity, from 10 ITF,
to 16 MF, will provide satisfactory results, Therefore this
sub-assembly of your kit may be 10 MF., 12 1¥F., 16 1'., or cven
a higher value. The important point to watch here is the
polarity. Makc sure the negative or "-! terr.inal connecis to
Power Supply Terminal No. 3 or some other terminal connccied
direclly o it.

A — Heatber Circuits -
1. From Power Supply Terminal No. 1 to 63Q7 Socket
Terminal lio. 8.
2. From 65Q7 Socket Terminal No. 8 to BKEGT Socket
Terminal No. 2.
%3« From Powcr Supply Terminal No., 2 to 63Q7 Socket
Terminal Noe 7.
4, From 6507 Socket Terminal No. 7 to 6KEGT Socket
Terminal lHoes 7.
B« Plate Circuits -~
1+ From Powsr Supply Tcrminal No. 4 to Speaker
Terminal No. 3.
2« From Speaker Terminal No, 1 to €K6CT Socket
Terminal No, 3.
3« From 6KEGT Socket Terminal No. 8 to 470 Chnm
Resistor Terminal Nc. R.
4e From 470 Ohm Resistor Terminal No. 2 to 16 MF.
Condensar "+ Tarmiral.
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5. From 16 m-f Condenser "-" Terminal to 470 Ohm
Resistor Terminal No. 1.

6. From 470 Ohm Resistor Terminal No., 1 to Audio
Transformer Terminal No. 1,

7. From Audio Transformer Terminal No. 1 to 6K6GT
Socket Terminal No, 1,

8., From 6K6GT Socket Terminal No. 1 to Power Supply
Terminal No. 3.

9, From Speaker Terminal No. 3 to Audio Transformer
Terminal No. 4.

10. From Audio Transformer Terminal No. 3 to 6SQT
Socket Terminal No. 6.

11. From 6SQ7 Socket Terminal No. 3 teo 63Q7 Socket
Terminal No. 1.

12, From 6SQ7 Socket Terminal No. 3 to 47 M Resistor
Terminal No. 2.

1%. From 47 M Resistor Terminal No. 2 to 470 Ohm
Resistor Terminal No. 1,

C - Control Grid Circuits -

1. From 63Q7 Socket Terminal No, 2 to 47 M Resistor
Terminal No. 1.

2. One Phone Cord Tip to 47 M Resistor Terminal
No. 1.

3, One Phone Cord Tip to 47 M Resistor Terminal
No., 2,

4, From BKAGT Socket Terminal No, 5 to Audio Trans-
former Terminal No. 2,

D - Screen Grid Circuit -

1. From Speaker Terminal No. 3 to 6K&GT Socket

Terminal No. k4.

Note - Some phone cords are made up of a central conductor and
metallic shield which should connect to the "ground'. For any
project using the headphone as a microphone reverse the phone
cord tip connections and use the one with least noise.

Experiment No. 1

After all these connections have been made and checked, once
at least, insert the tubes in their proper sockets, turn on
the Power Supply and allow time for the tubes to heat up.

You can now repeat the experiments of the one stage audio
amplifier but will find a merked increase in the level of the
signal output. Here, by talking closely into the headphone,
you will have no difficulty in hearing your own voice in the
speaker,

As we suggested for the last project, by extending the wires
to either the speaker or the headphone, so that one of them
can be placed in an adjoining room, the action of the amplifier
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can be checked more readily. Of course, with an arrangem.nt
of this kind, it will be necessary to have another person to
talk into the phone or check tie speaker output.

Another method of making a test is to place the headphone in
front of the speaker of a Radio Receiver, which is in operation,
and chéck the signal heard in the speaker of this amplifier.

Fxperiment No. 2

After you feel familiar with the action and operation of this
circuit, we want you to compare the results with those of
Impedance Coupling.

For this experiment, therefore, we want you to connect a re-
sistance in the 65.7 plate circuit and install a condenser fa
coupling to the 6KE6GT grid circuit.

Shut off the Power Supply switch, short its terminals 3 and 4

to discharge the filter condenssrs, and then remove the connect~
ing wires from terminals 3 and 4 of the audio transformer. Do
not remove the wires éntirely but simple disconnect one end at
the audio transformer.

Move the 6527 socket and audio transformer sub-assemblies apart
enough to place the 470 M resistor between them, Then, connect
one resistor terminal to the 6SQ7 socket terminal No, 6, Con-

nect the other resistor termin-l to speaker termirnl Na. 3 with
the wire which formerly connected to the audin transformer ter-
minal No. 4. These changes will put the 470 I resistor in the

plate circuit of the 6537 tube in place of the transformer pri-

Mary.

To couple the plate and grid circuits, you will use the .05 MF,
condenser, by connecting ~ne of its terminals to audio transw
former terminal No. 2 and the other to 65Q7 socket terminal
No. 8. To muke sure of the circuit changes, check them agairst
Schematic Diagram (2). y

After you 2re sure the circuits are ccrrect, turn on the Pcwer
Supply and, after the tubes have warned up, repsat the various
tests of Experiment Ne., 1. Compare the results now itk those
obtained for BExperiment Noe 1.

Experiment No. 3

For this experiment we wnat you to reverse the unit by plicing
the transformer primary back in the plate circuit of the 8537
tube while the 470 M resistor is moved over to the 6KEGT grid
circuit as shown by Schematic Diagran (3).

At this time we suggest‘&ou make the changes using the schematic
diagrams only as a reference. However, should you run into
difficulty, you can check the following step by step procedure,
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First = Remove the 470 M resistor and «05 .F. condenser from
the circuit of Experiment No. £ and ccnnect the transformer
prirary back in as shown by the Picloriel Diagram and Schema-—
tic Dizgrom (1). This will restore the circuit of Experiment
No. 1 but, if you ere not sure, place the circuit in operation
and check its action,

Second ~ Shut off the Power Supply and remove the ends of the
connecting wires held in terminals 1 and 2 of the Audio Trans-
former, Notice here, thera are two wires in terminal No. 1
which must be kept together and separate from the wire removed
from terminal Noe 2.

Third « Separate the Audio Transformer and 6K6GT socket zsseme
blies sufficiently to place the 470 M resistor between then.
Then connect the two wires which were formerly in terminal

No., 1 of the audio transforrer to one 470 M resistor teraminal.
As a check, one of these wires connccts to 6KEGT socket ter-
minal No. 1 and the other tov terminal No. 1 of the 470 oam
resistor. The wire from 6K6GT socket terminal No. 5, connects
to the other terminal of the 470 i resistor.

Fourth - Connect one terminel of the .05 F. condenser to
audic transformer terminal Loe 3 and the other condenscr
terminal to €K6GT socket terminal. No. 5 or to the torminal
of the 470 ! resistor which is already connected theres

This will complete the circuits of Schemetic Diagrem 5 'ith
the transformer primary as the impedance loid in the plate
circuit, the .05 lIFy condenser &s the coupling unit and the
470 M resistor as the grid load,

After the circuit has been checked, turn on the power supply
and repeat the steps of Experiment 1 carefully comparing the
actlion now with that in the former experimentse.

Checking the Schematic Diagrams, (1) is Transformer Coupling,
(2) can be called Resistance~Impedance Coupling while (3) can
be thought of as Impedance~Resistance Coupling. In the sim-
ple clrcuits of this project, thcse variations of couplirg
may not cauce a pronounced difference of signal but the ex—
periments will prove they are all operative and the work will
give you a good drill in becoming familiar with the circuitse
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HEARING ATD AMPLIFIER
Material Required

- Power Supply (Complete)

~ Qctal Sockets

~ Audio Transformer

- P.M. Speaker with Transformer
- 500 M Potentiometer with Dial
- };70 Ohm Resistor

- 47 M Resistor

;70 M Resistors

- 2.2 Meg. Resistor

~ .1 mfd Condenser

- .01 mfd Condenser

~ 10 to 16 mfd Condenser

-~ Headphione

- 6537 Tube

- 63Q7 Tudbe

~ Hook-Up Wire
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OUTLINE

For the Impedance Coupled Amplifier Project, you constructed
a two stage audio amplifier made up of a Voltage Amplifier
and Power Amplifier stages. Its purpose was to amplifyr the
signals of the input circuit and supply them with sufficient
power to operate the speaker.

While there are an almost unlimited number of avplications
for an audio amplifier of thic general type, it is often
necessary to make certain changes to suit particular conii-
tions. As an example, for this project we are going to have
you construct a two stage audio amplifier of a type suited
for use as a hearing aid.

For this purpose, we desire a comparatively large amount of
amplification but not a great deal of power output because the
headphone will be used in the output circuit, To meet inese
conditions, the p-m speaker is connected as the input device,
or microphone, the 6SJ7 is used in the first stage, as a volt-
age amplifier and the triode section of the 6S37 is used as
the second stage.

The second, or output stage here is essentially the same as
the first or voltage amplifier stage of the impedance couvled
amplifier of the last project therefore, this entire circuit
can be classed as a voltage amplifier.

The difference between the voltage and power stapes of an
amplifier is dependent on the tyves of tubes used altnourbh the
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the output circuits of a power stage must be able to handle
the power which is produced. Here, the characterisitcs of

the tubes are such that they provide comparatively high gain
bt their consbruction is such that the power output is smalle

Looking at the schematic diagrem you will find the speaker,
acting as & microphohe, 1is transformer coupled to the grid
circuit of the 68J7 tube, The plate circult of the 65J7 tube
is resistance-capacity coupled to the grid circuit of the
65G7 tuhe, tbe plate circuit of which is transformer coupled
to the headphohe.

In commercial units of this type, the three’ main requircments
are srall size, light weight and ample gaine The circults

are similar to thet of this project, bub, to make the unit
coupletely self conteined, smzll battery operated types of
tubes are employed. However, the construstion of titls unit
with the standard cemponenls of your Home Lahoratory Equipment
will give you first hand information in respect to the results
which can he obtalned.

Should you have a relative or friend whose hearing is below
normal, we gus est you let thew listen in when the upit 1s in
operation. They .ay complain that the amplifier is noisy hut
that ic usually a good sign because it proves they are hearing
the many small background noises which normal hearing disre-
gards but which they have not heard for a long time.

WIRING PROCEDURE

Following our usual plan, we will assume that all the cunnect=
ing wires have been removed and the various sub-assemblies
are arranged on the general plan of the pictorial diagrame

Here again, we suggest you try to wire the circuit by followe
ing the schematic diagram only and, with this in mind there
are several points we want to mention.

To make our former exnlanations complete, we have nurbered
the terminals of all bthe various sub-assenblies. Hovever,

a careful check of the schematic diagram will show you that
any of the resistors could be reverscd, end for end, without
changing the circuite

Also, as the signals are 4.C., you could reverse terminal 1
and 3 of the speakor, torminals 3 and 4 or terminals 1 and &
of the audio transformer, without changing the circult.

For the condensers, conditions are different. The 10 to 18
MF, unit is of the clectrolytic type and its "+" terminal must
be connected toward the positive end of the circuit which, in
this case, is the cathode of the €5Q7 tube. The tubular types
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of paper condensers, should have their fouter foil" or Ygroundh
terminal connected toward or to the negative terminal of the
plate supply. Here, the ground end of the .1 MF. condeaser
gonnects directly to terminal 3 of the Power Supply while the
ground end of the .0l MF. coupling condenser connects to tere
minal 3 of the Power Supply through the 470 M resistore

WIRING CONNECTIONS

In order that you may check your wiring, we will list the
connecticns according to the circuits.

A ~ Heater Circuits -
1. From Power Supply Terminal No. 1 to 8SJ7 Socket
Terminal No. 2.
2. From 68J7 Socket Terminal No. 2 to SSQ'Y Socket
Terminal No. 7.
3. TFrom Power Supply Terminal No. 2 to 68J7 Socket
Terminal No. 7.
4, From 65J7 Socket Terminal MNo. 7 to 68%7 Socket
Temmal NO. 80
B «— Plate Circuits -
1. From-Power Supply Terminal No, 4 to Fudioc Trans—
former Terminal No. 3.
2. PFrom Audio Transformer Terminzl No. 4 to 635Q7
Socket Terminal No. G.
5. From 6SQ7 Socket Terminal No. 3 to 47C Ohm Re-
sistor Terminal No. 1.
4. From 470 Ohm Resistor Terminal No. 1 to 10-16 LEF.
Condenser "4t Terninal.
5. FPFrom 10-16 YF. Condenser #-! Terminal to 470 Chm
Resistor Terminal No. R.
6. From 10-16 MF. Condenser "-# Terminal to .1 MF.
Condenser Terminal No. 1.
7. From .1 MF. Condenser Terminal No. 1 to 63J7
Socket Terminal No. 5.
B. From 68J7 Socket Terminal No. 5 to 470 I Grid
Resistor Terminal No. 2.
9. From 470 ¥ Grid Resistor Terminal No. 2 to Power
Supply Terminal No. 3.
10. From Audio Transformer Terminal No. 3 to 2.2 l'eg.
Resistor ‘Terminal No. R.
11, From 2.2 Meg. Resistor Terminal No. 2 to 470 M
Plate Resistor Terminal No. 2.
12. From 470 M Plate Resistor Terminal Jo. 1 to 83J7
Sockat Terminal No. 8.
G —~Crid_Circuits - '
1. From 83J7 Socket Terminal No. 4 to 47 M Resistor
Terminal No. 1.
2+ Trom 47 M Resistor Terminal No. 1 to Spesker
Terminal No. 1.
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%3, From WM Resistor Terminal No. 2 1o Speaker
Terminal No. 3.

4, From 47 M Resistor Terminal No, 2 to 6SJ7
Socket Terminal No, 5

5, From Speaker Terminal No. 3 to 65J7 Socket
Terminal No. 3.

6., From 65J7 Socket Terminal No. 3 to 65J7
Socket Terminal No. 1.

7. From 63Q7 Socket Terminal No, 2 to 470 M
Grid Resistor Terminal No. 1.

8. TFrom 470 M Grid Resistor Terminal No. 1 to
.01 MF. Condenser Terminal No. 1.

9, From .01 MF, Condenser Terminal No. 2 to
470 M Plate Resistor Terminal No. 1.

D - Sereen Grid Circuilt -

1, From 2,2 Meg. Resistor Terminal No, 1 to
65J7 Socket Terminal No, 6.

2, From 2.2 Meg. Resistor Terminal No, 1 to
.1 MF. Condenser Terminal No. 2.

Note - 65Q7 socket terminal No. 1 may be commected to 65Q7
socket terminal No. 3, as shown in the pictorial diagram, or
to Power Supply terminal No, 3 as shown in the Schematie Dia-
gram, We suggest you make the connection as shown in the
Schematic Diagram and then during the experiments, change to.
the connection shown in the Pictorial Diagram and compare the
results.,

E - Headphone Circuit -
1. Comnect one Phone Cord Tip to Audio Trans-
former Terminal No, 1.
o, (onnect one Phone Cord to Audio Transformer
Terminal No. 2.

Experimenf No, 1

After all the connections have been made and checked, insert
the tubes in their sockets, turn on the Power Supply and,
after the tubes have had time to warm up, hold the headphone
to your ear. Remember, as a hearing aid, the sounds in the
headphone should be the same as those you would hear normally.

Perhaps one of the simplest test methods for work of this type
is to place an ordinary spring wound alarm clock near the
microphone. The tick of the clock will provide a steady uni-
form signal for test purposes.

Here for example, place the clock fairly close to the speaker
and listen to the tick. Then, hold the headphone closely to
one ear while you close the other ear with your finger, Com-
pare the clock ticks heard in the headphone with those heard
directly without the amplifier,
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%, From 47M Resistor Terminal No. 2 to Speaker
Terminal No. 3.

4, From 47 M Resistor Terminal No., 2 to 65J7
Socket Terminal No. 5

5. From Speaker Terminal No., 3 to 6537 Socket
Terminal No. 3.

6. From 63J7 Socket Terminal No. 3 to 65J7
Socket Terminal No, 1.

7. From 63Q7 Socket Terminal No. 2 to W70 M
Crid Resistor Terminal No, 1.

8. From 470 M Crid Resistor Terminal No., 1 to
.01 MF. Condenser Terminal No. 1.

9, From .01 MF, Condenser Terminal No. 2 to
470 M Plate Resistor Terminal No, 1,

Sereen Grid Circuit -

1., From 2.2 Meg. Resistor Terminal No. 1 to
63J7 Socket Terminal No. 6.

2, From 2.2 Meg. Resistor Terminal No. 1 to
.1 MF, Condenser Terminal No. 2.

Note - 65Q7 socket terminal No. 1 may be connected to 65Q7
socket terminal No. 3, as shown in the pictorial diagram, or
to Power Supply terminal No. 3 as shown in the Schematie Dia-
gram, We suggest you make the connection as shown in the
Schematic Diagram and then during the experiments, change to.
the connection shown in the Pictorial Diagram and compare the
results,

E - Headphone Circuit -
1. Connect one Phone Cord Tip to Audio Trans-
former Terminal No, 1,
2. Connecet one Phone Cord to Audio Transformer
Terminal No. 2.

Experiment No, 1

After all the connections have been made and checked, insert
the tubes in their sockets, turn on the Power Supply and,
after the tubes have had time to warm up, hold the headphone
to your ear. Remember, as a hearing aid, the sounds in the
headphone should be the same as those you would hear normally.

Perhaps one of the simplest test methods for work of thiz type
is to place an ordinary spring wound alarm clock near the
microphone. The tick of the clock will provide a steady uni-
form signal for test purposes.

Here for example, place the clock fairly close to the speaker
and listen to the tick, Then, hold the headphone closely to
one ear while you close the other ear with your finger., Com-
pare the clock ticks heard in the headphone with those heard
directly without the amplifier.
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Move the clock further away from the spsaker and compare the
ticks heard directly with those hzard in the headphone. Keep
on increasing the distance berween the clock and speaker until
you can no longer hear the ticks directly or elss they are no
longer heard in the phone. Check closely to see if the direct
or rhone sounds die out first.

As we mentioned before, if you know someone who is partially
deaf, let them wear the headphone and then talk to them, I%
should not be necessary for you to raise your voice nor talk
directly into the speaker, Instead, talk naturally, exsctly
the same as if the amplifier were not in use.

If several persons are available, face the speaker toward the
center of the room and, with the dezf person still wearing
the haadphone, start a general conversation. Notice if the
action of the amplifier does not allow the deaf person to
enter the conversation more than he would without it.

Experinent No. 2

In the diagram of this project, there is nomeans of conw
trolling the gain of the Learing aid amplifier because, for

the first cxperiment,we wanted you to operate it ~t maximum
sensitivity., However, a gain or volume control is a logicnl
and practical refinement found on nearly all commorcial models,

For this experiment, thers=fore, we want ycu to ~dd a control
bul, as a test of your circuit knowiedge, we have not drawn
a diagram. Instead, we are rfoing to tell you what to do.

In general, we want you to connect your 500 M potentiomster
acrnss speaker transformer winding with terminals 1 and 3 and
connect the grid cf the 68J7 tube to t e movable contact of
the control, With this arrang-ment, the potentiometer can be
ad justed to allow any portion of the speaksr signal voltage
to be applied to the grid circult of the tube,

To make these changes, shut off the power supply and then
remove the following wires,.

1. Between Speaker Terminal No. 1 and 47 M
Resistor Terminal No. 1

2« Between Speaker Termin-~1l No, 3 and 47M
Resistor Terminal No. 2

3. Between 47 M, Resistor Terminal No. 2 and
65J7 Socket Terminal No. 5

4, Between 47V Resistor Terminal No. 1 3nd
65J7 Socket Terminal No, 4
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After these wires have been removed, replace the 47 M reristor
with the 500 M potentiometer control assembly and then meke
the following conneotions,

le From Speaker Terminal No., 1 to 500 } Control
Terminal No. 1.

2« From 500 M Control Terminal No. 2 %o BSJY7
Sccket Terminal o, 4.

5. From Speaker Terminal Ho, 3 to 500 M Control
Terminal No, 5.

4. From 500 M Conirol Terminal Nt 3 to 65J7
Socket Terminal Noua 5.

After these wires have beecn pubt in place, turh on the Power
Supply and, while listening in the headphone, slowly turn the
500 M control dial. You will find there is a definite relation
between the position of the dial and the volume of sound in

the phone.

It is standard to arrange the control so that the volume of

the signal will increase when the control dial is turned clocke
wise as you face it., Should your control operate in the
opposite direction, reverse the connections to its terminals
Nos 1 and No. 3. )

With the cuntrol operating properly repeat the stops of
Experiment No, L. If some hard of hearing person is listening
to the phone, let him adjust the control for best resultc.

fou may be surprised to find he will nut require all of the
gvailable volume,

Bxpoeriment No, 3

-With the control in the grid circuit of the 65J7 tube, as

‘Uged in Bxperiment Mo, 2, any noise in the control itself will

be amplified equally with tho signal and may bo annoying.

For this experiment therefore, we went you Lo move the control
to the grid circuit of the 63Q7 tube so that any noises gener-
ated in it will not be amplifioed oqually with tho siznals.

For this arrangement, the total resistance of the control will

replaee the 470 M rasistor in the 65Q7 grid circuit while the

grid will connect to the moving eontact of the control,

To make these changes, first remove the control from the grid
?ircuit of the 65J7 tube and restore the circuit to that shown
in.the diagrams. Then, romove the following wires.

Ls Between 6SQ7 Socket Terminal No. 2 and 470 M
Grid Resistor Terminal No. 1.
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2. Between 470 M Grid Resistor Terminal No. 1 and
.01 MF Condenser Terminal No, 1,

3. Remove both wires from 470 M Grid Resistor Ter-
minal No. 2 but do not discomnect the other side
of these wires.

Replace the 470 M grid resistor assembly with the 500 M
control and make the following connections.

1. TFrom 63Q7 Socket Terminal No. 2 to 500 M Control
Terminal No, 2.

2, From .01 MF Condenser Terminal No. 1 to 500 M
Control Terminal No. 1.

3., Connect the two wire ends, removed from Terminal
No. 2 of the 470 M Grid Resistor, to Terminal
No. 3 of the 500 M Control.

Turn on the Power Supply and compare the action now with that
of Experiment No, 2, Also, repeat the various steps of Ex-
periments No. 1 and No. 2 to see if a control of this type is
not a worth while addition to a unit of this kind.
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OUTLINE

For the Impedance Coupled smplirier Project, you consbructed
a two stége audic amplifier mace up of a Voltaege Amplifier
and Power amplifier stages. Its purpose wes Lo amplify the
signals of the input circuit and supply them with sufficient
powar to operale the speakcr.

Thile there are an almost unlirited numher of applications
for an audio amplifier of this general type, it is often
necessary to make certain clanges to sult particular copdi-
tions. Ls an example, for this vroject we are going to have
you consiruct a two stage audio amplifier of a type suited
for use as a hearipg aid.

For this purpose, we desire a comparatively large amount of
amplificetion bub not a great deal of ptwer output because the
hezdphone will be used in the output clicuit. To meet these
conditions, the P.M, speaker ils conneeted as the input devioce,
or microphone, the 65J7 is uscd in the first stage, as a volt-
age amplifier and the triode section of the 6SQ7 is used as
the second stagse,

The second, or output stago here is essentially the sae as
the first or voltage amplifier stage of the impedanse coupled
amplifier of the last projsct thirefors, this entire circult
can be classed as a voltege amplifier. ‘

The difference between the voltage and power stages of an
amplifier is dependent on the types of tubes used although the
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Checking the Schematic Diagram here, against those nf the
former projects of this Shipment, you will find we are using
the headphone as a microvhone to feed the grid ¢circuit of the
65J7 voltage amplifiefr which resembles the first stage of the
Hearing Ald Amplifiere

This first stage is resistance~capacity coupled to the BK6GT
which operates as a pover stage similar to that used in ‘the
Tmpedance Coupled aAmplifier. This selection of tubes apnd
circuits will provide both the Voltags Amplification apd Power
Output required for an vutfit of this type. .

It my be well to mention here that most amplifiers of this
type, where the microphone is corparatively close to the
speaker are troubled by what is known as WAcoustical Fezdback".
With or without a signal in the microphone, a disturbance in
the speaker will set up a sound wave which travels back throush
the air and enters the microphone.

The sound is then treated like a signal, is awplified and
cauges a much gréater movement of the spcaker conhes This in
turn sets up a stronger sound wave which acts as a Llouder
signal in the microphone and, as such, causes a still greaber
movement of the speaker conce

This "build up" actien continues until ther:c is a steady howl
or squeal from the speakcr which ruins all the dcsired signals
and therefore must be avoidede Knowing the cause ui the
trouble simplifles the curse

‘Perhaps the most common remedy is to simply reduce the gajin
of the amplifier, by adjusting the volume control, uwntil the
howl stopse This is not a very efficient method however,
because, in order to stop the howl, the output level of The
signal is also reduceds

Another plan is to locate the microphone in line with the
edge of the spoaker cope so that any sound waves from the
speaker will strike the microphone edgewise and thus have a
winimum effects

Similar improvement cap be obtained by installing horn type
bafiles or trumpets on the speakers so that the sound waves
will be directed away from the microphone. In other instal-
lations, the microphones arc enclosed in sound proof containers
with a smll opening on one side only. This practically
eliminates all but the desired sound signals from reaching
the microphone.

This feedbzck howl does not indicate trouble but instead, is
a fairly reliable proof that the arplifier is operating
efficiently and is often used as a sensitivibty teste
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For the ordinary installation, the usual procedure is to locate
the speakers in a position which allows the minimum amount of
coupling and then operate the system with the gain control
well below the point of feedback howl. If the gain is set too
high, there may not be sufficient feedback to cause the howl
but there will be enough to distort the signals.

WIRING PROCEDURE

Following our usual plan, we will assume that all of the con~
necting wires have been removed from all of the sub-assemblies
which you have arranged on the general plan of the Pictorilal
Diagram. As you no doubt know by this time, the sub-assemblies
do not have to be arranged exactly as we show them however,

for this unit, we want you to keep the microphone at one end
and the speaker at the other.

In developing these different projects here in our laboratories,
we have spent considerable time in arranging the sub-assemblies
to require the smallest number and shortest lengths of connect-
ing wires. This is the plan {ollowed for commercial units of
similar types and is not only more economical, as far as wire

is concerned, but tends to improve the operation of the circnits.

Once again, we suggest that you wire uv the sub-assemblies by
following the schematic diagram only but, to provide a check,
we will list the connections according to their circuits.

WIRING CONNECTIONS

A - Heater Circuits -

1. From Power Supply Terminal No. 1 to 6SJ7 Socket
Terminal No. 2. ’

2. From 65J7 Socket Terminal No, 2 to 6K6GT Socket
Terminal No, 2

3. From Power Suppoly Terminal No. 2 to 6SJ7 Socket
Terminal No, 7.

L. TFrom 63J7 Socket Terminal No. 7 to 6K6GT Socket
Terminal No. 7.

B - Screen Grid Circuits -

1. From Power Supply Terminal No. L to 6K6GT Socket
Terminal No. L.

2. TFrom 6K6GT Socket Terminal No. 8 to 10-16 mfd
Condenser "-+" Terminal.

3. From 10-16 mfd Condenser "+" Terminal to L70
ohm Resistor Terminal No, 2

L. From L70 ohm Resistor Terminal No. 1 to 10~16
mfd Condenser "-" Terminal.

5. From 10-16 mfd Condenser "-!" Terminal to L70 M
Grid Resistor Terminal No, 1.

6. From L70 M Grid Resistor Terminal No. 1 to Power
Suoply Terminal No. 3,
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7.
8.
9.

104

11.

12.

13.
14.
15.

1s.
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From 6K6GT Socket Terminal No. 4 to 2.2 meg.
Resistor Terminal No. 2.

From 2.2 Meg. Resistor Terminal No. 1 to 6SJ7
Socket Terminal No. 6.

From 2.2 Meg. Resistor Terminal No. 1 to LM,
Condenser Terminal Ho. R.

From .1 ¥F. Condenser Terminal No, 1 to 470

Ohm Resistor Terminal No. 1.

Fran 68J7 Socket Terminal No. 5 to 63J7 Socket
Terminal No. 3. )

From 6SJ7 Socket Terminal No. 5 to .1 MF. Con=~
denser Terminal No. 2.

(Note — Do not confuse this .1 MF. condenser
with that already conrected to the screen grid

of this tube. This one connects to the cathode.)
From .l MF. Condenser Terminal No. 2 to 5 M
Resistor Terminal No. R.

From 5 M Resistor Terminal No. 1 to .1 MF. Cathode
Condenser Terminal No. 1.

From 5 M Resistor Terminal No. 1 to .1 MF. Screen
Grid Condenser Terminal No. 1.

From .1 MF. Cathode Condenser Terminal No. 1 to
68J7 Socket Terminal No. 1.

C - Plate Cirecuits-—

l.

From 6K6GT Socket Terminal No. 4 to Speaker
Terminal No. 3.

From Speaker Terminal No. 1 to 6K6GT Socket
Terminal No. 3.

From 2.2 Meg. Resistor Terminal No. 2 to

470 M Plate Resistor Terminal No. 2.

Fron 470 M Plate Resistor Terminal No. 1 to
68J7 Socket Terminal No. 8,

From 470 M Plate Resislor Terminal No. 1 to

.01 MF. Condenser Terminal No. 1.

Cirecuits -

From 638J7 Socket Terminal No. 4 to 500 M Poten~-
tiomster Terminal lio. 2.

From 500 M Potentiometer Terminal No. 1 to .1 MF.
Cathode Gordenser Terminal No. 1.

One Phone Cord Tip to 5C0 il Potentiometer Ter-
minal No. 1.

One Phons Cord Tip to 500 M Potentiometer Ter-
minal No. 3.

From 6KEG™ Socket Terminal No. 5 to 470 M Grid
Resistor Terminal No, 2.

From 470 M Grid Resistor Terminal No. 2 to .OL MF.
Condanser Terminal No. R.

From 6KEGT Socket Terminal No. 1 to 470 M Grid
Resistor Terminal No. L.
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Looking at the Schematic Diagram, you will see that all excepd
the heater circulls are connected back to B-, your Power Supply
Terminal Nos 3, which is shown as nGround”, For some installa<
tions, the operation of the amplifier will be improved by
actually meking a connection to an "earth" ground.

The improvement will consist of a reduction in noise and pick
up of mam-made static. However, most 110 volt lighting cir-
cuits are grounded and, whenever there is interference, we
guggest you reverse the position of the power cord plug in
the outlet. Try it in both positions and use the one which
provides the gquieter operation.

. Experiment Noe L

After the wiring is completed and checked, insert the tubes
in the proper sockets and turn on the Power Supplys. Also,
turn the Potentiometer Dial all the way anti-clockwise and
wait for the tubes to warm Uup.

Then, hold the headphones close to your lips and, with & low
voice, talk directly into it while vou slowly advance the
‘Potentiometer Dial in a clockwise direction until you can
hear your voice in the speakel.

As we mentioned before, it Ls not always satisfactory to
Tisten to your own voice because you hear it internally as
well as from the speaker, Fora substitute, you can place a
spring wound alarm clock near the headphone and use its ticks
as a signal, )

For. this unit, perhaps a better experiment ls to place a watch
on the headphone and then turp up the gain until its bHlcking
ean be heard in the speaker. Also you cah point the headphone

in different directions or hold it at an open window, listening
£0 the sounds which it picks wp and amplifies.

Experiment No, 2

Rarlier in our explanation we told you about acoustical faéd~
back and, for this experiment want you to hear it and see how
it can be prevented. '

First, place the headphone dircctly in front of the speaker
and then slowly turn the potentiometer dial in a clockwise
dirveotion. As soon as the howl begins, stop turning the dial
and listen to the volume of the sound build up.

Then, without changing the position of the phone or speakelr,
turn the potentiometer dial anti-clockwise vntil the howl







Public Address System Page 6

«tops. Turn the dial slowly, stopping and starting the howl
several times and check the position of the diale

You will f£ind the starting and stopping positions do not
coincide and, after the howlis present, the gain will be
reduced below the starting point in order to stop its

With the headphonc in front of the speaker, the feedback is
at maximum but, by carefully following the steps of this
experiment you will obtain a working knowledge of operating
the gain control to prevent feedback.

Experiment Noe 3

For this experiment we want you to seec and hear the affect of

the relative positions of the speaker and microphones Foll ovi~
ing the steps of Experiment No. 2, turn up the gain until the

feedback howl just starts.

Then, pick up the headphone by the cord and move it slowly all
around the speaker. At this %ime, do not allow the phone to
turn in order that its ovpening will always point in the same
direction.

As you move the phone toward the side of ihc spoaker, the howl
may stop and, when this happens, hold the headphone statlopary
and turn up the gain until the howl just starts. Then move
the phone further and see if you can find a pesition to stop
the howle

Following this plan systematically you will find certain
positions of the headphonc which will permit a higher setbing
of the potentiometer without feedback howls. Naturally, the
position which allows the highest gain without fecdback is the
most efficient and should be usede

Bxperiment No. 4

Many modern Pe4, amplifiers employ what is knom as "Inverse
Feedback" in order to improve the fidelity of their outpub
signals. This type of fecdback is ontircly electrical and
consists of fceding encrgy from the plate circuit back to the
grid circuit.

This is the same gencral action, explained for the carlicr
experiments with various types of oscillators but, there is
one big difference. For the oseill: tor, the feedback voltage
aids thc input voltage to produce "Regeneration" while here,
the feedback volta.c opposes the input voltage to produce
iDegencrationt.
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The degenerative feedback reduces the ocubput but makes it

more independent of variations in ontput and supply voltages
as well as redueing the distortion. To check this action you
need only to remove the 10-16 IF. condenser connected across
the 470 ohm bias resistor of the 6K6GT tube. You may remember
that the purpose of a condenser comnmecied across a blas rew
sistor is-to reduce changes of voltage drop caused by changes
of plate current. With the condenser ramoved, the voliage
drop across the bias resistor will vary with the cwrrent in ila

To follow the degenerative achtion you need remember only thai
an inerease of current in the bias resistor causes an inerease
of negative grid bias voltage. Thus, when a signal voliage
reduces the négative grid bias there will be an intrease of
plate current which, passing through the bias resistar, causes
an increamse of negative grid bias voltage.

For this experiment therefore simply remove the 10w16 I¥.
condenser and then operate the ampiifier. You will find a
noticeable decrease of ocutput but, repeat the steps of the
former experiments and compare the results.

Do not dismantle this cirvuit because, with a few changes you
will use it for the following project.

e N . - NI
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INTERCCMMUNICATING SYSTIM
Material Regquired

- Power Supply (Complete)

- Octal Sockets

- P-M Speaker with Tranaformer
- 500 M Potentiometer

-~ 470 Ohm Resistor

- 5000 Ohm, 5 Watt Resistor
- 470 M Resistors

2.2 Meg. Resistor

- .0l MFD Condenser

- .1 MFD Condenser

- 10 to 16 MFD Condenser

- Headphone

- 6837 Tube

- GK6GT Tube

- Audio Trangformer

- .05 MFD Condenser
Hook-up Wire

el = S S VI SR ST VI SIS S S S
H

OUTLINE

Checking this list of material you will find that, with the
exception of the last two items, it is the same as given for
the Public Address System of the former project. That is why
we asked you not to dismantle the Public Address System circult.

Going back to this circuit, you can readily see that, by
placing the microphone in one room and the speaker in another
you would have a convenient call system or sort of' a one way
telephone. Many systems of this tynwe are in commercial use
and are really nothing but a epecial application for a Public
Address Systen.

However, two such systems, operating in reverse directions
would make a two way conversation possible and double the
efficiency of the outfit. In general, such an <~rrangement is
¥known as an "Intercommunicating System'.

From your former experiments you know that both the spealker
and headphone will operate either as an inputbt cr outpu? device
therefore, by arranging the circuits so that these units may
be connected alternately across the innut and output circuits
of the amplifier, you will have &n intercommmicating systcm.

With an arrangement of this kind, an amplifier is medc to do
double duty, thereby reducing the cost of the eguipment and,
to prevent confusion, the usual commercial practice is to
designale vne microphonc-speaker as the "maiter"” and eguip
it with a "Talk-Iisten" switch.
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With the switch in the "Talk" position, the unit operates as

a microphone and the signals it receives are amplified and
reproduced in the other unit. With the switch in the "Listea!
position, the unit operates as & cpeaker and reproduces the
amplified signals picked up by the other unit.

There are many variations of this simple 1 Master - 1 Sub-
Station arrangement and, by suitable switching, a complete
system may consist of quite a number of Master Stations, Sub-
Stations or both. In all cases however, there can be a signal
in one direction only at any given instant.

For this project therefore, you arc going to use the Public
Address System of the former project and rearrange the cir-
cults so that, by changing a minimum number of wires, you

will be able to reverse the circuit positions of the headphons
and speaker.

WIRING PROCEDURE

If you followed the instruciions and experiments of the last
project you still have the Public Address Sustem set up come
plete with the exception of the 10-18 IF. condenser which was
removed from the circuit. Your first step now is to connect
this condenser back into the circuit.

If, for some reason, the Public Address System has been dis-
mantled, reassemble it completely as shown by the diagrams of
the former project because we are going to start our explana-—
tions here in the assumption that the circuit is compleie.

The changes to be made are shown in the diagrams of this pro-
Ject and consist mainly of replacing the spcaker transforner
primary by the audio transformer primary as a load for the
output tubes. An .05 MF. condenser is installed to couple the
output tube to the speaker and the four open ended wires,

Shown in the diagrams, are the connections which will be changed
to act as a "Talk-Listen" switch.

To use the headphone as a microphone and the speaker as a
speaker, the open end of the shone connects to the open end
of the 500 M Potentiometer and the open end of the spealer
transformer connects to the open end of the .05 iF. coupling
CONUEnser ,

To use the headphone as a speaker and the speaker as a micro-
phone, the open end of the speaker transformer connects to

the open end of the 500 M potentiometer while the open end of
the phone cord connects to the open end of the ,05 MF. coupling
condenser.
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Thus, from an operating standpoint, it 1s necessary to change
but two wires to reverse the direction of speech through the
system. With a little practice, you can make thesc changes

fast enough to permit a two way conversation with but little

delay.
WIRING CONNECTIONS

By this time, you should be able to make the changes and com-
Tlete the circuits by referring to the schematic diagrams only
but, in case you need a check, we will list the varicus con-
nections as shown by the pictorial diagrams.

Starting with the Diagram of the complete P.A. System,

1. Remove the wire between Speaker Terminal No, 3
and 6K6GT Socket Terminal No. L,

2. Remove the wire between Speaker Terminal No. 1
and 6K6GT Socket Terminal No, 3.

Place the Audio Transformer and .05 m-f condenser sub-assemblies
in the approximate positions shown in the Pictorial Diagrams
of this project and make the following connections.

1. From 6K6GT Socket Terminal No. 4 to Audio
Transformer Terminal No. k.

2. From 6XAGT Socket Terminal No. 3 to Audio
Transformer Terminal No. 3.

3. From Audio Transformer Terminal No., 3 to
.05 n-f Condenser Terminal No. 1.

If you are going to operate the speaker in another room or
other remote location, you will need two wires lorg enough to
extend from the speaker to the amnlifier. A duvplex cord, like
that used for the extension cord of the power suppl<, will be
suitable,

Connect.one of the wires to Speaker Terminal (lo, 3 and the
other to Speaker Terminal No. 1, place the speaker in the
desired location and carry the comnecting wires back so that
their other ends may be connected to the amplifier.

One of these wires can be permanently connected to €KEGt socket
terminal No. 1 and the other left so that it can be conrnected
to 500 M potentiometer terminal No, 3 or .05 m-f condenser
terminal No., 2,

To provide a similar flexibility for the phone connections,
remove both phone cord tips from the 500 M potentiometer ter-
minals, Then, take a piece of hook-up wire about 18 inches
long and comnecet one end to pobentiometer terminal Ne, 1,
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Push back the insulation for about 2 inches at the other end
and wrap the bare wire tightly around one of the phone cord
tipse This will allow the other phone tip to be readily
connected to potentiometer terminal No. 3 or .05 1F. condenser
terminagl No. R.

Experiment No. 1

After these changes are complete, connect the loose phone cord
tip to potentiometer terminal No. %3 and the loose spcaker Wire
£o 05 IF, condenscr terminal No. 2. Then turn on the povier
supply and the amplifier should operate about the same as in
the former experiments concerning it.

Tf the speaker is in some remote location, you may nced a
second person to check the operation but can use a spring
wound alarm clock as a signal source. Flace the clock near
the headphone, turn up the gain and then go and listen at the
speaker.

Experiment Mo, R

To reverse the dircction of the signal remove the gpeaker vire
from terminal 2 of the .05 MF. condenser and the phone cord
tip from terminal 3 of the potentiometers Then place the
rhone cord tip in .05 IF. condenser terminal Jo. 2 and. the
speaker wire in 500 Il potentiometer terminal Noas 3.

If you used an alarm clock for Experiment No. 1, placé it in
front of the speaker and then listen to the headphones, A4S
the phone is located at the amplifier you can adjust the
Potentiometer Dial to provide the desired signal levels

Experiment No. 3

Tor this experiment you will need a helper because we want
you to carry on a two way conversation. First, hovever, you
had better practice changing the connections a few times so
that you will be able to reverse the signal without delaye

With the circuit connected as for Experiment Ne. 2, have your
helper talk into the speaker while you adjust the gain %o
suite Then, when you are ready, reverse the speaker and rhone
connections, as previously explained, and talk back to him.

Although a double pole, double throw switch would change the
connections more rapidly, it should not take you long, with
but two wires to shift. Just imagine you are being very
polite and after the other part stops talking, you want a °
few seeconds to make sure he has finished before you answers

_During this pause of a few seconds, you will have ample time
to change the comnections.
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Packing Slip
SHORT WAVE RECEIVER (75)

DE FOREST'S TRAINING, INC.

This shipment of your home laboratory equipment should contain
the following items.

- Octal Socket

- 6 Prong Socket (SA)

- 100,000 Ohm Resistor (SA)

Coil Forms

- Roll #36 Enamel Wire

- Roll Hook-up Wire

B RO et
1

Please check the items in this shipment against the above list
and then answer the following questioms.

Did you receive all the items in the above list?

If not which were missing?

Did you receive any extra parts? Specify

Were all the items received in good condition?

If not, which were damaged?

What is the extent of the damage?

Which item(s) require replacement?

When you have examined your shipment and answered the questions,
please sign in the space provided below and then mail this sheet
to us. '

Student
Name No.
Street
City Zone State

IN CRDER TO PREVENT DELAY OF THE NEXT SHIFMENT OF YOUR HOME
LABORATORY EQUIPMENT, THIS SHEET, PROPERLY FILLED OUT, MUST BE
RETURNED TO US IMMEDIATELY.

(]
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COIL DESIGN A’ID WINDING
MATERTAL REQUIRED
Paper and Pencil |

OUTLINE

In all of the former projects, cdesigned to operate at Radio
¥requencies, you may heve noticed tha', in practically zvery
case, the high frequency circuits were tunede The main com-
ponents of these circults were ap inductance, in the feorm of
a coil, and a capacity, usually in the form of a vedinble
cundenser.,

The yurpoge of a tuned circuit is to %take advantage of the
cunditions which occur when the inductive and capacity re~
~ctances values are equal and the circuit is recwonansa.
Reviewing briefly, reaclance i: measured in chms and, for
induclive reactance, the general equation is

Xy, = 2oL
while for capacity reactance
= L
%o _nfC
when =~
X1 = Indactive Reactance in Chms
Xo = Capaciby feactance in Ohms
T = 53,1416
f = frequency in cycles yver second
L = Inductance in Henrvs
C = Capacity in Farads
+t resonance, X = X, and thus by substituting the formila

values for these quantitics we can write

ard clearing fractions,
(Ru{iL) Rwfc) = 1
“hile, collecting ter.as,

(2m)® £2 10 =1L
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The (2n) term is a constant but as we are interested in the
relationship between L, C and F, we solve the last equation
above for these terms and have,

2 - 1
(am)® Ic

and extracting the square root,

£= 2t (1)
2m/LC

which you may recognize as the common equation for the

resonant frequercy of a circuit. Notice, this equation shows
the relationship between the resonant frequency, the inductance
of the coil and the capacity of the condenser.

From a practical standpoint, it is customary to buy a variable
condenser with a known maximum value of capacity and to

figure roughly that the minimum capacity will be one tenth

of the maximum,

Also, the desired f requency or Wavelength is known and thus

it remains only to design a coil which will have the required
inductance. There are really two distinct steps here., First,
to calculate the proper value of inductance and second, to
wind a coil which will provide this value,

There are a number of methods which can be followed and many
short cuts are available in the form of "7Tinding Tables',
"LC" tables and so on. However, for this project we want to
give you a few simple equations so that, when necessary, you
can design a coil without any other information.

To simplify the work further we will assume all coils are
single layer solenoids, wound on a c¢ylindrical form without
any iron in the core. These are the type of coils commonly
wound by hand and used to "Plug-In" for different Bands of
Short and Lon; Wave receivers.

Inductance Regquired

The first step is to find the amount of inductance needed

and we use the maximum capacity value of the tuning condenser
with the lowest frequency of the band %o be covered. These
values can be substituted in equation (1) but there, f
represents cycles per second, L represents the inductance in
Henrys and C represents the capacity in Farads.

While these are the basic units, for the usual Radio circuits,
the frequencies are generally stated in Kiloycycles or llega-
eycles, the Inductance in Milli-Henrys or licrohenrys and the
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capacity in microfarads. With this in mind, we can adapt
equation (1) to make its use more convenient.

As we are interested in finding the value of "L" itransposing
the terms of equation (1) we have

1
L = 157276 (2)
when
L = inductance in henrys
C = capacitance in farads
f = frequency in cycles per second
= 3,14

The constant "3,14'" can be multiplied by 2 and squared to
give a value of 39,44 so that equation (2) will read

1
L= S5O &

To use more common units, we can reduce the inductance to
microhenrys, the capacitance to microfarads and increase the
frequency to megacycles., As the I, and C values are divided
by 1,000,000 while the frequency, which is squared in the
formula, is multiplied by 1,000,000, the changes cancel each
other and we can write

1
L =350 ¢ (e )? ()

when
L = inductance in microhenrys
C = capacitance in microfarads
Mc = frequency in megacycles

For example, the high frequency or "Short Wave' band of the
ordinary all wave Radio receiver tunes from about £.7 mc to
18 me and we will asuume it is necessary to wind a coil for
this band., Checking up, we will assume further that the

tuning condenser has a maximum capacity or rating of ,0C0lL
mfd and we want to find the required inductance of the coil.

Substituting these values in equation (i)

1
L =350 % .ooaik x (5.7F

™
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Here we first multiply 5.7 by itself, to square it, and find
a value of 32,49 to make the equation read

I = 1
T 39,44 x 00014 x 32.49

Then multiplying these three factors we have,

L = 1 = 1
L17939678% T 179k

and dividing 1 by .179%,
L = 5.56 microhenrys,

Inductance Formulas

To wind a coil which will provide a required value of induct-
ance, it is necessary to consider four principal factors.

. The diameter of the coil form
The length of the winding

The number of turns

The material of the core

R

At this time we are concerned only with high frequency coils,
using air as the core, therefore need consider only the first
three of the above factors. Also, thinking only of single
layer solenoid coils, the work is simplified further.

By making measurements on a large variety of coils, having
different lengths, diameters and numbers of turns, the follow-
ing equation was found to be accurate enough for most practi-
cal purposes.

2 g2
- —a” NZ_
. 9a + 10b (5)
when --
L = Inductance of coil in microhenrys
a = Radius or 1/2 the diameter of the
coil in inches
N = Number of turns
b = Length of the winding in inches

The equation (5) above is known as "Empirical! formula because
it has been worked out from actual measurements instead of
being derived mathematically like the former formulas of this
Lesson., The "9" and "10" have no special meaning except that
they are required to produce the proper answer.
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Following the general plan of this explanation, we already
know the required value of inductance but want to find the
number of turns of wire which will produce it.

Therefore the terms of equation (5) can be transposed to
read:-

N = "[L (93 + J.Ob) (6)

a
Here, the diameter and length of the winding will be deter-
mined by the size of the form availeable or the amount of
space reserved for the coil. One common type of plug-in
coil form is 1-1/4Y in dismeter with a maximum length or
winding space of 2%, Therefore we will assume one of these
forms is available to use for the coil which, from our for-
mer calculations, must have an inductance of 5.56 mierchenrys.

Looking at equations (5) and (6) we see that for a form, 1-1/4"
in diameter the radius 'a® will equal 1/2 of 1-1/% which is 5/8
of an Inch. Dividing the 5 by 8 you will find 5/8 of an inch
equals 0.625 inch.

For the length of the winding "b", we decide to use 1 inch
only as this will allow ample space on the form. Now we know,

L =5.56
a = ,625
b = 1.0

and substituting these values in equation (6) --

_v5.56 (9 x .625 + 10 x 1)
.625

N

Multiplying 9 by .625 and 10 by 1 we have --

_N¥5.56 (5.625 + 10)
.625

N

adding 5,625 and 10,

-_¥5.56 (15.625)
.65

N

Multiplying 5.56 by 15,625,

o < V5875
, 625




2 . . - o2 .
[ . . e oo
1 .
. f
5 g S -
o d i 5
- 7 g v
- '
. 3 " P
s
. '
. - .
.
- v
= 5 ~
4




Coil Design and Winding Page 6

Extracting the square root of 86.875,
9.32

N = &

625
and dividing 9.32 by .625,
N = 1%.9 or 15 Turns.

For the ordinary short wave coil, the size of the wire is not
eritical as usually, the turns must be spaced in order to
make up the proper length of winding. For lower freguency
coils, with a large number of turns, it is often necessary
to refer to a windmng table, like that given below, to find
the size wire which will allow the proper number of turns to
be wound in the required length.

WINDING TABLE

Approximate Turns per Inch

Feet

B and S Feet ner 1b.
Gauge Bare Enamel D.C.C. D.S.C. ©per ohm D.C.C.
14 16 1L 13 x 388 7
16 20 18 16 x ohly 119
18 25 23 20 Pl 154 188
20 51 29 2l x o7 298
o %9 36 29 x 61 460
2l 50 45 3L 38 33 45
26 63 57 40 b5 2k 1120
28 79 71 45 53 15 1760
30 100 88 51 67 9.5 253k
32 126 120 60 7 6 3137
34 158 140 68 99 3,75 5181

36 200 180

3

11k 2.36 7353
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Here, the left hand column- gives the B and S wire sizes and
the next four columns to the right give the approximate
turns for different insulations, which can be wound in a
length of 1 inch,

Reading across the third line from the bottom for example,
we find that #32 wire, when "bare" will wind 126 turns to
the inch., When insulated with a coating of enamel, it will
wind 120 turns to the inch. When double cotton covered,
(D.C.C.), #32 will wind but 60 turns to the inch but when
double silk covered, (D.S.C.), it will wind 77 turns to the
inch, All these values assume the turns are wound close to-
gether.

Suppose your calculations show a coil requires 96 turns in a
length of 1-1/4 inches. To convert this to turns per inch,
you reason that 1-1/4 is equal to 5/4 and thus each quarter
inch of winding will have 1/5 of 36 or a little over 19 turms.
Then, as 1 inch equals four-fourths, it will have 4 times 19
or 76 turns.

Using arithmetic, you change the length of winding 1-1/k in-
ches to the fraction 5/4 inches, invert to 4/5 and multiply
by 96, the total number of turns,

Working 1t out,

4 b x 96 _ 3L o
5x96- 5 =7 = 76-4/5

GENERAL, PROCEDURE

1. Determine lowest frequency of Band to be covered,

2 Determine maximum capacity of Tuniag Condenser.

Sle Calculste reguired inductance of coil,

L. Determine diameter and length of winding from coil form.
5. Caleulate reguired number of turns.

6. Select wire size and insulation from winding table.
Band Width

Quite often it is convenient to calculate also the highest
frequency to which scme given coil condenser combination
will tune and a fairly accurate approximation can be had by
assuming the minimum capacity of the condenser is 1% of the
maximum capacity.

For this work, we want to find the frequency and using the
values of owr former explanation,

™
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C = 10% of ,00C1L4 mfd = 000014

L = 5,56 .licrohenrys

i

Suhstituting these vaives in eyvasioa (1), the result will
be in megacycles as exrlained for equetion (4)e Thus we
can write

1

Me = ——=r——

2m/LC

and substituting the example values,

Mc = L —
64£8/5000014 X 5456

Multiplying the values under the sguare root sign

Me = ”"—“”l;*f::::j‘
64R 8/ «00007784

Extracting ihe square root,

= L
6428 x 0038
Multiplying the terrs of the denominator,

Yo = :—_l_‘-_
+055284

)

Me

and dividing 1 by the denominator,
e = 18,09

Thus, according to onr calculations 15 tuvrns of uire wound
in a length of one iach on a form 13" in diameter will be
an induciance of 5456 Microhenrys. Conhected in a tvuned
circuit with a 00014 mfd condenser, the resonant frequency

will be 5.7 megacycles.

As the cundensar is variable, its capacity can be reduced
to «000014 mfd at which point the circuit will be resonant
at a freguency of 18 megacycles. Thus, this coil-~condenser
combination will tune over the band from 5.7 — 18 lice

For this project, your experiments will be in the form of
design problems because, in the followlng wroject, you will
not only design but actually wind and operate a short vave
coila
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Experiment Noe 1

You have a coil form, 13" in diameter and want to wind a colly
1% inches long, which will tune the Broadcast Band 550 ke to
1600 ke when properly connected with a variable condenser
which has a maximum capacity of ,000365 mfd., The turns of the
coil are to be close wounds How many turns are required, what
size of wire and what kind of insulation will you use?

Following the steps of the.previous explanation, the coll must
have an inducdance of approximately R30 microhenries and ecan
be wound with 94 turns of #30 D.S.C. wire,

We have given you the answer only to let you check wour work.
The value of this project is inthe practice you obbtaln in
making the necegsary calculationss. Therefore, go ahead and
figure it out yuvurself but, for your own benefit, don't try
to work hackwards from the answers we have giveha

Experiment Nos 8

For this problem we want you Lo calconlate the inductance of
a coll which consists of a 00 turn winding, R inches long,
wound on a tube 3" in diameter.

Your answer here should be approximately 240 lficrohenrys.

Experiment Noe 3

The specifications df a variable condenser are given as
#000375 mfd maximum and 4000015 mfd minimume Assuming these
values gan be realized in a compluted circuit, what value of
inductance is needed to tune to 550 ke, the low frequency
end of the Broadcast Band? Whot band of frequenclos would
this coil~condenser combination cover?

Your answer here should be approximately 223 microhenrys for
the inductance of the cuile. Using the problem values the
tuning range would be from 550 ke to 2700 ke but using

10% of the meximum capacity as minimum, the range works out
to 550 ke ~ 1740 kc¢ and more nearly coincides with actual
performncas.
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SHORT WAVE RECEIVER
Material Required

- Power Supply (Complete)
~ Octal Sockets

- 6 Prong Socket

- 2 Gang Tuning Condenser with Dial
- 500 M Potentiometer with Dial
- Padder Condenser

~ Audio Transformer

- Headphone

- P-M Speaker

- 470 ohm Resistor

- 5000 ohm Resistor

-~ 47 M ohm Resistor

100 M ohm Resistor

- 470 M ohm Resistors

- 2.2 meg Resistor

- 100 mmfd Condenser

- ,0005 mfd Condenser

~ .05 mfd Condenser

-~ ,1 mfd Condenser

- 10-16 mfd Condenser

- 6 Prong Coil Form

- 6SJ7 Tube

- 63Q7 Tube

- 6K6GT Tube

- Hook-up Wire

e e S e e e S =l ol el e R = BN SR
t

OUTLINE

For the first mroject of this shipment, we gave you &n ex-
planation of & method by which coils can be designed and
wound so that, when connected with a variable condenser of
proper capacity, the circuit will tune to some desired band
of frequencies.

For this project, we want you to make use of this information
by actually winding a short wave coil and using it in a short
wave receiver., The receiver circuit will be similar to those
you have already constructed because the detector and audio
amplifier of all receivers are much alike.

The tuning range of any receiver depends on the values of
inductance and capacitance connected in the circuits tuned to
the carrier frequencies and, to simplify your experiments, we
will use a Regenerative Detector type of receiver which re-
quires but one tuned input circuit. Thus, it will be necessary
for you to design and wind but one coil for any particular

band over which you want the receiver to operate,

T
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Wavelengths

In the early days of Radio, all Radio Transmission was
measured in Wavelengths by Meters. However, as all Radio
Energy travels at the same speed and one complete wavelength
is equivalent to one electrical cycle, there is an exact
relationship between the Wsvelength and Frequency of Radio
Energy.

It is a generally accepted fact that Radio Energy travels
through space at the speed of light which is approximately
186,000 miles or 300,000,000 meters per second. While the
more exact values of 186,284 miles and 299,796,000 meters
per second are known, you will find the '"round numbers' in
more common use.

In the form of an equation this can be written as,

g i) - BB )

As radio frequencies are usually expressed in Kilocycles or
Megacycles, equation (1) can be reduced to read:

Wavelength (meters) = 29%3999 (2)
Wavelength (meters) = éﬁg (3)

Notice here, the arrangement of terms is such that the wave-
length will reduce as the frequency increases, Keep this in
mind because it is easy to became confused,

Going back to the equations, the terms can be transposed to
make them read:

300,000
L = Wavelength (meters) =
e 300 (3a)

~ Wavelength (meters)
FREQUENCY RANGES

As we are interested in short waves at this time, some of the
common services of this general class are as follows.
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1,750
5,500
7,000
14,000
28,000

6,000
9,500
11,700
15,100
17,750
21,450

2,900 ko -
4,100 k¢ -

er Page 3
AMATEUR

ke - 2,050 ke 160 Meter Band
ke - 4,000 ke 80 Meter Band
ke - 7,300 ke 40 Meter Band
ke - 14,400 ke 20 Meter Band
ke - 30,000 ke 10 M=ter Band
INTERNATIONATL BROADCAST
ke -~ 6,200 ke 50 Meter Band
ke - 9,700 ke 31 Meter Band

ke - 11,900 ke 25 Meter Band
ke - 15,350 ke 20 Meter Band
ke - 17,850 ke 17 Meter Band
ke =~ 21,650 ke 17 Meter Band

POLICE

1,610 ke - 1,712 ke

2,318 ke - 2,490 ke

5,135 ke - 5,140 ke

AVIATION
3,500 ke - Plane to Ground (Night)
6,600 k¢ - Plane to Ground (Day)

From these condensed lists you can see there is a great deal
of activity on the short waves and while we have listed
mainly those stations which transmit voice, you will find
many code stations operating in these bands.

Interested only in entertainment, the gemneral public does
not realize the large number of more important Radio services,

many of which operate on short waves.

The receiver we are

going to describe will allow you to listen in on these various
services and thus help you appreciate the imporiance of Radio.

The main purpose of this project is the actual winding of a
short wave coil of your own design but as it is much more
satisfactory to be able to try out a coil, as soon as it is
finished, we will first explain the construction of the

receiver.

Receiver Circuit

Looking at the schematic diagram of the following illustration
you will find a three *ube receiver made up of a regenerative
detector followed by two stages of audio amplification.
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The coil in the antenna cirecuit is the one you are to make
and you will see it consists of but one winding with a tap
near onc end. The general appearance of the completed coil,
wound on a plug=in type of form, is shown at the right of the
diagram.

Notice here, the bottom of the coil form is fitted with prongs,
gimilar to those of a tube base and, in this case, the six
prongs will fit the six prong coil socket shown in the
pictorial diagram. With this arrangement, the completed coil
can be plugged into the socket, thercfore the neme "Plug=In"
coil.

By winding a number of coils, each designed for a different
band of freguencies, this circuilt can be an YAll Wave'
receiver but it will be necessary to plug in the proper coil
for each band. In your assigned work for this and the follow=
ing project, you will wind two coils and therefore will be
able to operate the Receiver on two entirely different bands.

Your first job is to assemble and wire the receiver and then
wind the coil which you can plug in and try immediately.

WIRING FROCEDURE

Following the plan of our former explanations, we will assume
that all of the comnecting wires have been removed from all
of the sub-assemblies which have been arranged on the general
plan or the Pictorial Diagram. Here again, we urge you to
try and wire up the various component parts by following the
schematic diagram only because that is the method used in
practically all commercial work,

WIRING CONNECTIONS

To give you a means of checking the various connections, we
will list them according to the tube circuits.

A = Heater Circuits -

1. Power Supply Terminal No. 1 to €SJ7 Socket
Terminal No. 2.

2. 65J7 Socket Terminal No. 2 to 63Q7 Socket
Terminal No, 8

3. 63Q7 Socket Terminal No. 8 to AK6GT Socket
Terminal No. 7.

4, Power Supply Terminal No. 2 to Q7 Socket
Terminal 7.

5, 65Q7 Socket Terminal No. 7 to 63J7 Socket
Terminai No, 7.

6. 65Q7 Socket Terminal No. 7 to 6KEGT Socket
Terminal No. 2. '

[e
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B = Plate Circuits =

1.

2.

=

-3

10.

1

2hs

12.

15.

1k,

15.

1

1

6.
{5

18.

1

ol

20.

2
2
2

2

[

1.

2.

5:

L,

O\

Power Supply Terminal No. 4 to 47 M Resistor
Terminal No. 2.

47 M Resistor Terminal No. 1 to 65Q7 Socket
Terninal No. 6.

65Q7 Socket Terminal No. 3 to .1 mfd Condenser
Terminal No. 2.

.1 mfd Condenser Terminal No. 2 to 5 M Re=
sistor Terminal No. 2.

5 M Resistor Terminal No. 1 to.l mfd Condenscr
Terminal No. 1.

.1 mfd Condenser Tcrminal No. 1 to Audio Tranc=
former Terminal No, 2.

Audio Transformer Terminal No. 2 to 10=16 mfd
Condenser "~ Terminal,

10-16 nfd Condcnser =" Terminal to 100 M Re-
sistor Terminal No. 2,

100 M Resistor Terminal No. 2 to 63Q7 Socket
Terminal No. 1.

65Q7 Socket Terminal No. 1 to Power Supply Terminal
No. 3.

47 M Resistor Terminal No. 2 to Audio Transe
former Terminal No. k.

Audio Trensformer Terminal No. 3 to 6JEGT
Socket Terminal No. 3.

6KECT Socket Terminal No. 8 to 10=16 mfd Conden=-
ser "+ Terminal,

10-16 mfd Condenscr "+" Terminal to 470 Ohm
Resistor Terminal No, 2.

470 Ohm Resistor Terminal No. 1 to 10=16 mfd
.t Terminal.

Audio Transformer Terminal No. 4 to 500 M
Potentiometer Terminal Noe 3.

500 M Potentiometer Terminal No. 2 to 470 M
Plate Resistor Terminal No. 1.

470 M Plate Resistor Terminal No. 2 to .0005
mfd Condenser Terminal No. 2.

.0005 mfd Condenser Terminal No. 2 to 65J7
Socket Terminal No. 8.

6537 Socket Terminal No. 3 to €3J7 Socket
Terminal No. 5.

6577 Socket Terminal No. 5 to Coil Socket
Terminal No. 2.

Coil Socket Terminal No. 6 to Tuning Condenser
Terminal No, 2.

Tuning Condenser Terminal No., 2 to 500 M
Potentiometer Terminal No. 1,

500 M Potentiometer Terminal No., 1 to 5 M Re-
sistor Terminal No. 1.
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¢ = Sereen Grid Circuits =

l.

2.

6337 Socket Terminal No. 6 to 6SJ7 Socket
T¢rminal No. 8.

Audio Transformer Terminal No. 4 to EKEGT
Socket Terminal No. k.

D = Grid Circuits =

il

N

=
»

o N O

10.

1i.

12,

13.

1

L,

15.

Padder Condenser Terminal to Tuning Condenser

Terminal No. 3.

Note = The Pictorial Diagrem shows Tuning Con=
denser Terminals No. 1 and No. 3 connected to

the Padder Condenser but, for this project
connect Tuning Condenser No. 3 Terminal direct=-
1y to Padder Condenser Terminal No. 2. There
is no connection to Tuning Condenser Terminal
No. 1.

Tuning Condenscr Terminal No, 3 to Coil Socket

Terminal No. 1.

Coil Socket Terminal No. 1 to 2.2 Meg. Resistor

Terminal No. 1.

2.2 Meg. Resistor Terminal No. 1 to 100 mmfd
Condenser Terminal No. 1.

100 mmfd Condenser Terminal No. 2 to 2.2 Meg.

Resistor Terminal No. 2.

2.2 Meg Resistor Terminal No. 2 to 65J7

Socket Terminal No. k.

65Q7 Socket Terminal No. 2 to 470 M Grid Re=
sistor Terminal No. 1,

470 M Grid Resistor Terminal No. 1 to .05 mfd
Condenser Terminal No. 1.

.05 mfd Condenser Terminal No. 2 to 470 M Plate

Regsistor Terminal No. 2.

63Q7 Socket Terminal No. 1 to 470 M Grid Re=
sistor Tcrminal No. 2.

470 M Grid Resistor Terminal No. 2 to GSJ7

Socket Terminal No. 1,

65J7 Socket Terminal No. 1 to .0005 mfd Con=
denser Terminal No. 1.

FKEQT Socket Terminal No. 5 to 100 M Resistor

Terminal No. 1.

100 M Resistor Terminal No. 1 to .01 mfd Con~

dcnser Terminal No. 2.

.01 mfd Condenser Terminal No. 1 to 47 M Re=

sistor Terminal No. 1.

E = Miscellaneocus =

™

157

2.

3.
L,

One Headphone Cord Tip to Audio Transformer
Terminal No. 1.

One Headphone Cord Tip to Audio Transformer
Terminal No. 2.

Antenna to Unused Padder Condenscr Terminal.
Ground Connection to Power Supply Tcrminal No.
3 or other Terminal Commected Directly to it.

Page 6
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E - Miscellaneous -
5. 6K6GT socket terminal No. 1 to 100 M ohm
resistor terminal No. 2.

Check these connections over carefully, make sure they are
all correct and then place the tubes in their proper sockets.
Do not turn on the power supply yet because, without the
plug-in coil in place, the circuits are not complete,

Coil Design

Following the explanations of the former project on Coil
Design, you can wind a coil which will tune to any of the
frequencies listed in this project. However, your condenser
has a relatively large capacity which means the inductance
will be small and tuning difficult at the higher frequencies.

Therefore, we will assume you have chosen 7000 ke as the
lowest frequency because, starting at this value, the coil
should cdover the 40 meter Amateur Band, as well as the 31
meter and 25 meter International Broadeast BRands, You should
find plenty of radio signals in this part of the radio
gpecirum.

Your tuning condenser has a maximum capacity of .000%65 mmfd

per gang but, as only one gang is comnected in the receiver
eircult you just wired, this is your capacity value, Also,
as 7000 ke is egual to 7 me, this is your frequency value.

Substituting these values in Equation (4) of the last project,

1
= 394 x .000%65 x (7)°

L

Squaring 7 gives you 49 and multiplying this value by the
other factors of the dencminator,

I = e
. 70538

and dividing 1 by this decimal

L = 1.41 microhenrys
Your coil form is 1-1/4" in diameter which means a radius {a)
of 1-1/4" = 2 or 5/8" which is .625", For the length of the

winding (b), you decide on 1 inch to simplify the calcylations
and leave an ample margin on the form.

™
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Equation (6) of the former project states:

NTL(9a + 10b)

a

N =

and from the above, for your coil,

L = 1.41
a = 625
b =10

Substituting these values in the equation,

=\/1.41(9 x .625 + 10 x 1)
.625

N

Multiplying 9 by .625 and 10 x 1,

_N1.41(5.625 + 10)
- .625

N

Adding the terms inside the parentheses,
N1.41(15.625)

N =
.625

Multiplying 1.41 by 15.625,

N = N22,0%

.625

Extracting the square root of 22.03,

N = kel

. 625

and dividing 4.7 x .625,
N = 7.5 turns

As shown by this result, your calculations frequently come
out with fractional turns but it is well to remember that
the conmnecting wires will add some capacity to the condenser
circuit and usually it is safe to reduce the turns slightly.

This particular coil is shown in the illustration at the
right of the pictorial diagram and, counting from start to
finish you will find we have a little more than 7 turns but
less than 7.5 turns.

™
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Remember also, that even with careful calculations, it is
frequently necessary to add or remove turns in order to make
the coilcircuit tune exactly to the desired band.

Size and Leongth of Wire

From the Winding Table, you can see that any of the listed
siges will wind more than 7 turns to the inch, therefore the
turns of your coil will have to be scparated from each other
or what is known as "space wound!". This is an advantage for
coils of this kind as it reduces the distributed cavacity.

While the size of the wire is not extremely critical, the
larger sizes havc less high frequency resistance and therefore
are preferred., For your Jjob, the ordinary push back hook=up
wire will work out nicely but, because of thc space winding,
the lmsulation is not needed and must be removed.

To find the length of wire required, you nced remcmber only

that the circumference of a circle is 3.1h4t times the diameter.
Here with a diameter of 1 1/4 inches the length of each turn of
wire will be 1 1/% x 3,14 = 3,92 or approximately 4 inches. With
7 1/2 turns, the total length of wire will be 7 1/2 x 4 = 30
inches.

However, the commections to the winding are made through the
hollow prongs in the base and allowing 2 inches for each of
3 connections, the total length of wire is 36 inches.

Looking at the illustration of the coil, you will see three
pairs of holes marked "Start!, "Tap' and "Finish". The wire
of the winding is threaded through these holes so that it may
be brought down, inside the coil form, &nd threaded through
the proper base prong to make the circuit conncetions. Notice
here, the "Finish" holes are dircctly sbove prong No. 6, the
"Tap" holes directly above prong No. 2 and the "Start" holes
directly above prong No. 1.

To actually wind the coil, first take a piece of push=back
hook-up wire, at least 36 inches long, bare the wire at one
end and fasten it to a convenient hook or nail. If you happen
to have a work bench with a vise, clamp the end in the vise,

The main idea here is %o keep the wire straight, without bends
or kinks, while removing the insulation and winding so that
the turns of the finished coil will be uniform.

To remove the insulation, pull straight away from the fastened
end, sliding your fingers along the insulation. You will find
it pulls back readily for a few inches but, unless you move

it along the wire, it will soon tighten.

[
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A pull here and there along the entire length of wire loosens
all the insulation and makes its removal easy., Remember,
always pull away from the fastened end then, no matter how hard
you pull, the wire will not kink.

With the wire still fastened at one end, thread the open end
through one of the small holes directly above prong No. 6 of
the illustration, This is marked finish but, for convenience
we will start at this end.

Insert your long nose pliers inside the coil form, grasp the
end of the wire and pull it up and out for 2 or 3 inches.
Then, bend the end down toward the prongs inside the coil
form, Grasp the wire again, with the ends of the long nose
pliers about one inch from the outer end, and thread it down
through the hollow center of prong 6 until it projects out of
the bottom. Usually it is a good plan to pull the end out of
the bottom of the prong until all the kinks inside the coil
form are removed and the wire runs practically straight from
the hole in the form down through the prong.

Cut off the open end of the wire, about 1/2" from the lewer
end of the prong and then bend the remaining end close along-
side the prong. This will form an anchor and hold this end
while you are winding.

Now, hold the coil form at right angles to the wire and move
it back, away from the fastened end, until the entire length
of wire is straight and tight. Then, holding the wire tight,
turn the coil form slowly and sort of wind yourself up toward
the fastened end, While turning the coil form you can move it
sidewise slightly so that the turns will wind on in & spiral
similar to that shown in the illustration,

By following this method, the wire is kept tight and straight
so that the finished coil will have a professional appearance.
Never hold the coil form stationary and try to wind the wire
around it because, by this plan, it is almost impossible to
prevent the wire from kinking.

After you have 7 and a fraction turns wound on the form, you
can see where the end will pass through the small holes
drilled directly above prong No. 1. Stop turning the coil
form but do not let the wire become slack, Making this last
connection is perhaps the hardest part of the entire job
because, once the tension is lost, the entire winding becomes
slack and the coil looks "sloppy'.

[
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Holding the tension by grasping the coll form in one hand use
the long nose pliers and kink the wire slightly at a point
about 2 1/2 inches beyond the hole in the form, This is where
you will cut it off,

Before doing that however, unwind the wire a fraction of a
turn and make a second kink in it just a little short of the
holes. This is where the wire will be bent to pass through
the hole to the inside of the coil form.

Then, place your thumb firmly on the wire, about one half

turn from this secord kink. Hold the form and the wire tight-
1y in one hand. Then, quickly cut the wire at the first kink
and make a right angle bend, toward the coil form, at the second
kink,

The eul end of the wire can then be threaded through the hole
and pulled from the inside of the form until thc right angle
bend is at the Liole., For safety, you can then bend the end
back, to fcrm a sort of "U" at the hole, to prevent the wire
from slipping.

The end is then threaded down through prong No. 1 and, pulled
out thc bottom until any kinks, inside the coil form, have
been rcmoved as explained for proug No. 6.

To make the tap, which should be a 1little over two turns from
the No. 6 prong end of the winding, cut off 4¥ or 5" of the
remaining picce of bared hook=up wirc and make a right angle
bend about 1/2¥ from one end. Holding the‘wire in your plicrs,
thread the other end down throvgh prong Nos 2 and taread the
bent end through one of the tap holes. Makxe surc there are
three coil wires below this tap wire. It may be ncecssary

to shift the turns somewhat but if they arc s~aced equally,
this condition will exist. Then, make a "U" bend in the end

of this wire and thread it back through the other small "Tap"
hole in the coil form, Reach inside the coil form with your oliers
and close the "U" bend to lock the wire in the form. Then,
pull the other end down through prong 2 as explained for prongs
1 and 6.

You are now ready to solder the comnections and, for ithis job,
will necd a hot iron. To solderthe wires to the prongs, yet
prevent solder from timming the outside, you follow a little
different plan.

First cut off the wires close to the lower end of thc prongs
so that they do not extend more than %é“. With the soldering
iron in a stand, or vise, lower one of the prong ends onto
onc of the faces of the soldering tip at right angles to it.

™
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Then, feed a little rosin core wire solder into the spaces bc=
tween the prong and iron tip. If the iron is hot enough the
golder will melt immediately but adhere to the tip of the prong
and some of it will work up inside, betwecn the wire and the
prong.

Feed a 1little more solder as before and then, 1ift the coil
form straight up., If you have followed directioms properly,
the end of the prong will be covered with a smooth bead of
solder, the wire will be firmly attached and there will be
no solder on the outer surface of the prong. Follow the same
plan for prongs No; 1 and No. 2.

To finish the tap, move the turns until, at a point between
two and three turns from the prong No.6 end of the winding,
the outside of the loop, threaded through the tap'" holes, is
in contact with the wire of the coil. This point of contact
can then be soldered in the usual way. Do not use much solder
herc but be sure you have a good joint.

Your coll is now finished but you had better check over the
turns, shifting them slightly until 41 are spaced about the
same and the winding has the general appearance of our illus=
tration. Also, examine the prongs as somc of the rosin flux
from the solder may have been deposited on them. If so, scrape
themrongs bright with a ¥nife or sandpaper.

Fxperiment No. 1

Assuming you have completely wired the receiver circuits,
explained earlier in the project, plug the completed coil into
the 6 prong socket, exactly the same as a tube. Check herc
and make sure that the prongs to which the coil is connected
coincide with those of the soacket to which wires are connected.

Turn on the power supply and, while the tubes are warming up,
turn the potentiometer dial all the way anti~clockwise and
the tuning condenscr dial until the plates are fully meshed.

Then listen to the headphone and turn the potentiometer slowly,
in a clockwise direction until you hear the usual "plop" which
indicates the detcctor is oscillating. Due to the large ratio
of condenscr capacity to the inductance of the coil, it will
be necessary to tune this receiver very carefully,

A small movement of the condenser dial will make a comparative=
ly large change in the resonant frequency of the tuned input
cireuit therefore the condenser tuning dial must be tuned

very slowly.

[P
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You will find it a good idea to grasp the outer rim of the
dial instead of the central knob when tuning.

Following this plan, turn the condenser dial, as slowly as

you can, until you hear a squeal or note in the phones, If

the note is intermittent, you are receiving signals from a

code station. If the note is steady, tune carefully for loud-
est signal and then slowly turn the potentiometer dial until
the steady note stops. At this time, you should hear an audio
signal but you may have to retune the condenser slightly to
bring it in properly. Except for the more eritical tuning,

the action here is like that of the Regenerative Detector built
as a former project.

Moving the dial as slowly as possible, turn the condenser
plates all the way from maximum to minimum capacity and back
to maximum again. Repeat this movement several times, stop-
ping to listen to any signals you may hear.

Experiment No, 2

It is a well-established fact that a tuned antenna circuit
greatly increases the signal input voltage and regardless of
your results with Experiment No. 1, a change in the antemna
circuit should improve your reception.

To make this change, remove both connecting wires from the
padder condenser and with their insulation in place, twist
the wires together for two or three turns.

If your antenna lead-in wire has no insulation, connect a
piece of insulated hook-up wire to its inner end and then
twist this insulated wire around the insulated wire connected
to terminal No., 3 of the tuning condenser.

When twisted together this way, two insulated wires form a
smsll capacitance which, in effect, will shorten your antenna
and bring its resonant frequency closer to carrier frequencies
you are tuning.

After this change has been made, repeat the steps of Experiment
No. 1 but, as the receiver should now be morc selective it
will reguire even more careful tuning.

Experiment No. 3

While performing Experiments No. 1 and No. 2 you should find
a number of fairly loud signals. For this experiment there-

(&
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fore, we want you to replace the headphone with your speaker
to allow more comfortable reception.

To make the change, shut off the power supply and remove all
the connecting wires attached to the audio transformcr. In
the Pictorial Diagram, you will find 3 wires to terminal No, &
and 2 wires, in addition to one phone cord tip, in terminal
No. 2. Bec sure and keep these groups of wire separate.

Replace the audio transformer with the speaker and conncet to
its terminal No. 1 the three wires which formerly comnected
to audio transformer terminal No, 4. The wire which was
connected to audio transformer terminal No. 3 connects now to
gpeaker terminal No, 3.

The two wires which formerly connected to audio transformer
terminal No. 2 are a part of the "ground" comnection to pover
supply terminal No. 3. To keep this circuit complete, replace
thesc two wires with a single wire from &SQ7 cathode .1 mfd
condenser terminal No. 1 to the 10-16 mfd condenser negative
terminal. You can now rcpeat the steps of Experiments NO, 1
and No. 2 but the signals will be heard in the speaker instead
of the headphone.

Do not dismantle this circuit because, for the next project,
you are going to wind a "Long Wave! coil and use it again,

™
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LONG WAVE RECEIVER
Material Required
- Short Wave Recciver (Complete)

- 6 Prong Coil Form
- Roll #36 Enamel Wire

P b

OUTLINE

As we mentioned in the Outline of the Short Wave Receiver
Project, the frequency range of any Receiver depends on the
circults tuned to the carrier frequency of the signal. In
the receiver which you constructed, there was but one tuned
circuit therefore its tuning range was controlled by the in-
ductance of the plug=in coil

In checking over the "Long Wave" or "Low Frequency" alloca=
tions, you will find the 200 ke = 400 ke band covers sever=
al important Aviation scrvices. The Government Weather

and Radio Range Signals as well as the Airport Traffic Con-
trol signals are in this band and thercfore, a Receiver which
covers this range should provide signals of interest.

For this project, we want you to design and wind a coll for
the 200 ke = 400 kc band so that the Short Wave Rcceiver

of the lasgt project can be opecrated as a Long Wave, Avietion
Band Receiver.

When working with these lower frequencies, their valucs are
usually given in terms of Kilocycles while all our previous
explanations were given in berms of cycles or mcgacycles.
To avoid confusion here, you nced rcmember only that one
kilocycle is equal to 1000 cycles or one, onc~thovsandth of
a megacycle., In the form of a Conversion Table.

ke x 1000
Megaeyeles x 1000

Cycles
ke

o

Notice here, the factor '"1000" is used to change from cycles
to Kiloeycles and also from Kilocycles to Megacycles, Think=
ing of decimals, this means the decimal point is shiftted
three places to the right when you multiply and thrce places
to the left when you divide.

For example:=

2000 cycles = 2 ke = ,002 me
LOO eyeles = 4 ke = ,0004 me
10,000,000 cycles = 10,000 ke = 10 mc

>
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Reading each line from left to right you will find, for each
1=t gign, the decimal point has bheen moved three places to
the left. Reading from right to leli, the decimal point has
been moved three places to the right.

Keeping this simple rule in mind, you should have no diffi-
culty in converting from one unit of measure to another. of
course, to convert cycles directly to Megacyeles, the dec ma’
point must be moved six places,

Coil Design
Following the steps of the Short Wave Coil and substituting

in Bquation (&) of the Coil Design Project, for a frequency
of 200 ke, which is equal to .2 mec,

L= L .
39.Lh x 000365 x (.2)°

squaring (.2) gives you .Ok and multiplying this by the other
factors of tre denominavcr,

= 1

= = 1776 Microhenrys
.00057582k

As this is o comparatively large value, a large number of
turns would be needed and windirg “he coil would be difficult.
To help out here, you can connect both iuning condenser gangs
in parellel to double bthe maximum canacity of ihe unit. Then,
instead of .000%63 mfd, vour maximum capacity will bc

.000365 x 2 = .000730 mfa.

Substituting this value in the equaticn above, you will find
L = 863 Microhenrys

Thus, for the same resonant frequency, by doubling the capa=
city the inductance is rediced to 3 of its former value.

Ag the coil form has the same dimensions as that used for
the Shert Wave Coil, the radiuc (a) equals .627 inch and the
length of winding (b) is one irch.

Substituting these values in Tquatlion (C) of the Coll Design
Project,

N = VL!Q& -t 10_}2_)_
a

>
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N = ¥868(9 x .625 x 10 x 1)
.625

Multiplying the factors and adding the terms in the parentarses,

[86E(15.625)

N =.

.(25
Multiplying the factors under the square root sign,
N = N13562
.625
Extracting the square root,
625

Dividing by .625
N = 186 turns.

Looking at the Windiny Table of the Coil Design Froject,
vou will find #36 enamel wire winds approximately 180

turns to the inch and should therefore be satisfactory. As
we have already explained, the added capacity of the wiring
usually compensates for a small reduction of inductance,

It is interesting to note, from an examination of the
Turns' equation above that an increase in the length of
winding (b), will requirc a large tolal number of turns
in the winding, but fewer turns per inch,

If you care to figure it cut you will find a L, winding
requires 206 turns or 165 turns per inch whilec a l%” winding
requires 214 turns or 142 turns per inch,

Here however, to kecep the dimensions of your coils uniform

and reduce your winding 1o the minimum number of lurns,

we are sending a suprly of #%6 cnamel wire. From thc cal-
culations, you can see that the turns must be close 1o cach
other but, the enamel is an insulation thercfore the turns can
actually touch without czusing a shortu.

WIRING PROCEDURE
Beforc starting to wind the coil, we want you to prepare

the Receiver so that, when the coil is comvleted, it may be
tried oul at once. The wiring changes are very simnle and
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when completed, the circuit should conform to that shown in
the Pictorial and Schematic Diagrams of the Short Wave
Recelver,

Assuming your receiver is connected as explained for
Experiment No. 3 of the Short Wave Receiver Froject, make
the followirg Coanections,

1. Tuning Condenser Terminal No. 1 to Tuning Con=
denser Terminal No. 3.

2. One padder Condenscr Terminal To Tuning Con-
censer Terminal No. 1 or No. 3.

3, Antenna to Unused Padder Condenser Terminal.

Deponding on your personal nreference, you can keep the
speaker in the circuilt or replace tne headphone according
to the Diagrams.

Winding the Coil

You will find the #%6 wire is quite small in comparison to
the hook=up wire used for the Short Wave Coil, and there~
fore it must be handled differently.

First, procurc a small piecc of fine sandpaper, about 1

inch square and fold it once with the sand side in. Then,
holding the paper between your thumb and forefirnger, place
the wire inside the fold, allowing aboub 2 inchcs to project
from one side. '

Squeeze the paper together gently and pull the wire out.
Allow the {old to open and repeat the process ceveral times
until all of the enamel is removed and the cnd of the wire
is clean and bright.

Better practice this a fow times because, if you squeeze
too tightly, the wire will break when you pull it but, if
you don'lb squeeze tight enough, the enomecl will not be
removed.

Vnen the work i3 done properly, about 2 inches cf the end
of the wire should be free of all signs of the enamel in-
sulation. This same plan is followed for all the smallcy
sizes of enamel wire because you can not solder to the
snamel and unless il is removed, you can not make a satis-
factory electrical connection.

Practice this work now becauce, if the wire breaks you

will losc only a few inches of it. Should it break later
on, you may have to rcwind the entire cnil.

(g
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When you feel satisficd you know how to do this job, remove
the insulation for about 2 inches from the end of the roll
of #36 wire and thread it from the outeide in, through onc
of the snall holes drilled closesgt to the prong end of the
coil form, in line with prong No. 6.

Then, with your plicrs, reach down inside the form, pull the
wire until the insulaticn just shows inside the form and
thread the end, from thc ingide out, throagh the other of
the two small holes.

Pull the end out, until there is no slack inside the form
and then thread it back, from the outzide in, throngh the
hole where you started. Thris will give you a short loopn

of wire, around the space betweer thiz pair of holes and

form an anchor for this end of the coil,

To complete this part of the work, the end of the wire;
which is now inside the coil form, is threaded dcvn

through the hollow center of prong #6. Wren it is through,
pull it out the bottom of the prong until there is no slack
ingide the coil form. Any excess wire can be wrapped around
the ovtside of the prong.

In the top view of the coil illustration, we have bro¥en
away the side wall of the coil form to show you ihe path
of the wire when insialled according to the explanations
given above.

You are now ready to actually wind the coil bul, due to the
small size of the wire, can nol follow the "Wind Un" nian
explained for the Short Wave Coil. Instead, place the
supply of #56 wire in a positlon which will allow it to unroll
freely and then, veing both hands, turn the coil form.

To maintain the proper tension here, you can use eirher a
thumb or forefinger, but must hold it constanily on the
wire approximaiely at the point it conlacis the coil form.
Then, as you turn the coil form, the pressurc of your
finger vill cause a "drag" on the wire puiling It Jigatly
around the form. Aleco, thic same finger cen be vsed to
guide the wire and cause each succeeding Lurn to be closc
to the preceding turn.

After winding 4 or 5 turns, therc may be small spaces
between them but this can be remedied by pusiing tne wire
sidewisce until the turns arc close together ard parallel to
the top snd bottom of the coil form. However, always Lecp
the tension finger on the wire to keep the turns tight.

(e
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Following this plan, at about 35 to S0 turns, the winding
will start to cover the two small "tap" holes, located
directly above prong #2.

Continue winding until the holes are half covered and then,
5t111 holding the wire tight against the coil form, cut it
off about 3 inches beyond the hole and thread the end
through the nearest hole from the outside in. Pick up the
end of the wire, still on the roll, and thrcad it through the
other tap hole, from the outside in. This will give you two
wires inside the coil form and they must be pulled up until
they extend above the top. Pull the second wire through
until the ends of both are even and then twist them together
until the twist extends down to the holes,

This will anchor the turns alrcady wound and you can now
untwist the ends only, down to the top of the form and
remove the unsulation from each with sandpaper as pre=
vicusly explained.

After the enamel insulation has been removed, twist the
cnds together again and thread them down through the
hollow center of prong No. 2 following the plan explained
for prong No. 6,

Continue the winding, going ahead in the same dirceticn

as if the tap connection had not been made. Keep the turns
close together and, outsidc of the small gap between the
two "Tap" holes, the cntire winding will appear to be
continuous.

Continue winding, by the plan already explained, until the
turns cover one inch of the coll form and rcach the two
small holes marked Y"Start" in the illustration. As cx~-
plained for the tap, continue winding until the holes are
covered for at least one half of their diameter and then
cut the wire about 3 inches beyond.

This end is handled like that at the begimning but here,
you must hold the tension on the winding while threading
the wire in and out of the two small holes.

After thce loop has been made and pulled tight, it will hold
the wire in place and allow you to use both hands to remove
the enamel from the end and thread it through the hollow
center of prong No., 1.

The connections are completed by soldering as explained
for the Short Wave Coil, First pull the wires out the
ends of the prongs until therc is no slack inside the coil
form and then cut them off about F=" below the ends of the
Prongs.
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The soldering is done by placing the timmed face of the
iron in a horizontal position, the prong is moved down
until its end rests in about the center of the face.

Rosin core wire solder is then fed around the bottom of
the prong and, by capillary action, the melted solder will
be drown up inside, tinning the wire and prong to make a
good joint.

Remember, keep the solder at the bottom of the prong and
then 1ift the coil form straight up to prevent excess
solder from collecting on the outer surfacc of the prongs.

Experiment No. 1.

When the coil is complete, plug it in the coil socket of
the Receiver, checking carefully to see if the scldered
prongs coincide with the proper socket terminals.

Turn on the power supply and, after the tubes warm up,
follow the general plan explained for the Short Wave
Receiver. Rotate the turning condenser dial slowly and

ad just the potentiometer when necessary to keep the detector
tube oscillating. Code stations can be heard under these
conditions but, when a sustained note occurs in the hcad-
phone or speaker, thc potentiometer should be adjusted

until the note disappears and the audio signcl is heard.

Although the tuning with this coil is not as critical as
that of the Short Wave Band, it will be nccessary to tune
carefully to locate the various stations you can pick up.

Experiment No. 2

As previously explained, a tuned antenna cireuit increases
the sensitivity of a Receiver and hecre, the Padder Condenser
can be used as an Antenna Tuner. For the lower frequencies
of this 200-400 ke band, a fairly long antenna should be
employed but, by tuning it properly, its efficiency can be
increased.

To perform this experiment, we want you to tune in some
station and then adjust the padder condenser until the
signal strength is at meximum. For best all arcund results,
this should be done at several points in the tuning range
to provide the best average reception. However, should

you decide to listen to some particular station only, then
make your adjustment for best reception at its carrier
frcquency.
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You may find the adjustment of the Padder has a very defi-
nite effect on the Tuning Range of the Receciver. Should
you tune in some station 2t the extreme Maximum or Minimum
setting of the tuning condenser, an adjustment of the Padder
will make it poscible to tune it in more readily.

Experiment No. 3

To prove that the Radio Frequencies in the platc circuilt
of an occillating detector must be separated from the
signal or audio frequecucics, we want you to make a change
in the circuit,.

Looking at the diagrams, you will find a .0005 mfd con=
denscr connected from the (3J7 detector vlate to ground
of Power Supply terminal No., 3. At z00 ke the reactance
of this condenser is about 1500 ohms and at 400 ke it
drops to about 800 ohms.

Thus, there arc really two paths in Lhe plate cireuit,

one through the condecncer and one through the 470,000 platc
resistor. From the values given above, you can sce thov,
at the higher frecquencies, the condenser partially shorts
the plate resistor and little or no r=f voltages appear
across it.

To check this action, simply disconnect this condenser,
prefcrably at the c¢lip which has but one wire in it, and
then opcrate the receiver. You will find it difficult
to make the detector tube oscillate over all the band
and that the control bccomes very unstable.

Keep this in mind becausce most detectors, Regencrative or
not, have a similar condenser in their plate circuit.

™
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BEAT FREQUENCY OSCILLATOR
Material Required

- Power Supply (Complete)
- Antenna Coil

- R~F Coil

- 2 Gang Tuning Condenser
- Audio Transformer

- P-M Speaker

- Octal Sockets

- Padder Condenser

100 mmfd Condenser

- .0l mfd Condenser

- 10 to 16 mfd Condenser
- 5 M Resistor

- 470 Ohm Resistor

- 65Q7 Tube

- 63J7 Tube

- GKEGT Tube

BB b b b et e e et f s e
]

OUTLINE

In a number of the former Projects, you constructed Vacuum

Tube Oscillators, all of which operated at Radioc Frequencies.
While oscillators of this general type have meny arplications

in Radio both for operation and testing, there dre many cases

in which it is desirable to generate lower, or audic frequencies.

Checking back on the Coil Design Project, you will find that
comparatively large values of inductance and cepacity will
be required for rescnance at low frequencies. Wnile these
values can be obtained for any particular frequency, it has
been found impractical to construct variable units which
would allow a low, or audio frequency oscillator 1o generate
frequencies covering the entire audio band.

One common method of overcoming this difficulty is to build
two Radio Frequency Oscillators, one operating at a fixed
frequency and the other made variable. These two high fre-
quenclies are then combined or "Heterodyned" to produce a
lower frequency equal to their difference. Because of this
mixing action, in which one frequency "Beats! against another,
units of this type are known as "Beat Freguency Oscillators'.

For example, suppose we want an oscillator which will generate
frequencies from about 30 cyecles to 15000 cycles. Using a
single oscillator, the frequency change is 15000 + 30 = 500
times or 50,000%. On the other hand, if we design one fixed
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cscillator to operate at 100 ke or 100,000 cycles, and a
variable oscillator to operate from 100,000 cycles to
115,000 cycles, the frequency difference will vary from O
cycles to 15,000 cycles.

Here the frequency change is from 100,000 cycles to 115,00
cycles, an increase of but 15% which is readily obtained by
the ordinary tuning condenser operating in a circuit resonant
at these values.

Because of these conditions, the beat frequency oscillator

is commonly used for audio work although it has the dis-
advantages of more tubes and circuits as well as the tendency
for both oscillators to pull exactly in step with each other
when their frequency difference is small. However, by proper-
ly isolating the oscillator circuits, this latter disadvantage
can be largely overcome although commercial types of these
units are seldom accurate at extremely low frequencies,

In order that you may build and operate an oscillator of
this general type, with the parts of your Home Laboratory,
we have found it necessary to alter the conventional cir-
cuits somewhat. Your antemna and r-f coils, designed to
operate at Broadcast Frequencies, require such a small per-
centage of change to cover the audio band that tuning by
the usual methods becomes extremely critical. From the
example given above you can gee that a change of 15,000
cycles, or 15 kc, in the frequency of the variable oscil-
lator will cover the entire audio band.

Thinking back to the Radio receivers you constructed, you
may remember that but a small movement of the condenser
tuning dial is required to change the resocnant frequency by
15 kec. Following this same plan of tuning, the entire audio
range of 15,000 cycles would be covered by the same small
movement of the dial.

Also, to keep the number of parts at a minimum, the oseil-
lator circuits are not completely isclated and will pull in
step at the lower frequencies. However, the arrangement

we are going to describe will not only demonstrate the
principles of aperation but has sufficient frequency range
to make it ugeful.

Oscillators of this type are used for most audio work in
connection with the various tyves of Sound Systems which
include the Audio Amplifiers of Radio, Television and F-M
Receivers, P-A Systems, Electric Phonographs, Sound Plctures
ete.
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WIRING FROCEDURE

As the follewing circuit is entirely different from the others
of this project, we will follow our usual plan of assuming

that all of the connecting wires have been removed from all

of the sub-assemblies and the required parts have been arranged
on the general plan of the following Pictorial Diegram,

Once more, we urge you to follow the schematic diagram while
connecting the various parts but, to give you a check, we
will 1list the connections by the usual circuit plan.

WIRING CONNECTIONS

A - Heater Circuits -
1. Power Suppiy Terminal No, 1 to 6507 Socket
Terminal No. 8.
2, 63Q7 Socket Terminal No. 8 to €SJ7 Socket
terminal No. 7.
3, 6SJ7 Socket Terminal No. 7 to 6K6GT Seocket
Terminal No. 2.
4., Power Supply Terminal No. 2 to 6SQ7 Socket
Terminal No. 7.
5. 65Q7 Socket Terminal No. 7 to 65J7 Socket
Terminal No, 2.
6. 63J7 Socket Terminal No. 2 to 6KO6GT Secket
Terminal No. 7.
B - Plate Circuits - .
1. Power Supply Terminal No. 4 to Audio Trans-
former Terminal No. k.

2. Audio Transformer Terminal No. 3 to 65Q7
Socket Terminal No. 6.

3. 65Q7 Socket Terminal No. 6 to .01 mfd Con-
denser Terminal No., 2.

L4, 63Q7 Socket Terminal No. 3 to 5 M Resistor
Terminal No, 2.

5. 5 M Resistor Terminal No, 2 to Tuning Con-

denser Terminal No. 3.
6. Tuning Condenser Terminal No. 3 to Tuning
Condenser Terminal No. 1.
7. Tuning Condenser Terminal No, 2 to 5 M
Resistor Terminal No6. 1.
8. 5 M Resistor Terminal No, 1 to Antemma Coil
Terminal No, 5.
9. Antemna Coil Terminal No. 6 to Antemna Coil
Terminal No. 7.
10. Antenna Coil Terminal MNo. 7 to 100 mmfd Cen-
denser Terminal No, 2,
11, 100 mmfd Condenser Terminal No. 2 to .01 mfd
" Condenser Terminal No. 1.
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12,
13.
1k,
15.
16.
17.
18.

13.
20.
21,
22,
23,
2k,
25.
26,
27,
23,

29.
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.01 mfd condenser terminal No, 1 %o r-f coil
terminal o, 1.

R-F coil terminal No. 1 to r-f coil terminal
No. 5.

R-F coil terminal No. 5 to 10-16 mfd condenser
negative terminal.

10-16 mfd condenser negative termiral to audio
transformer terminal No. 1.

Audio transformer terminal No. 1 to power supply
terminal No. 3.

Audio transformer terminal No. 3 to r-f coil
terminal No, &4,

R-f coil terminal No. 3 to 65J7 socket ter-
minal No. 3.

Note - The schematic diagram shows r-f coil
terminals No. 3 and No. 4 reversed., If the
6SJ7 tube does not oscillate, reverse these

two connections.

65J7 socket terminmal No. 3 to A3J7 socket
terminal No. 8.

63J7 socket terminal No. 5 to 6SJ7 socket
terminal No, 6,
6SJ7 socket terminal No. 6 to SK6GT socket
terminal No. 1.

6K6GT socket terminal No. 1 to 63J7 socket
terminal No. 1.

63J7 socket terminal No. 1 to Audio transformer
terminal No. 1.

Audio transformer terminal No. 4 to speaker ter-
minal No. 3.

Speager terminal No. 3 to 6K6GT socket terminal
No, 4.

Speaker terminal No, 1 to 6K6GT socket terminal
No. 3.

6K6GT socket terminal No., 8 to 470 ohm resistor
terminal No, 2,

470 ohm resistor terminal No. 2 to 10-16 mfd
condenser positive terminal,

470 ohm resistor terminal Wo. 1, to 10-16 mfd
condenser negative terminal.

C - Grid Circuits -

(P

ASQ7 socket terminal No. 2 to 100 mmfd con-
denser terminal No. 1.

100 mmfd condenser terminal No. 1 to antenna
coil terminal No. 4,

100 mmfd condenser terminal No. 2 to 6SQ7
socket terminal No. 1.

6SJ7 socket terminal No. 4 to r-f coil ter-
minal No. 2,

R-F coll terminal No. 2 ito padder condenser
terminal No., 1.
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6. Padder Condenser Terminal No. 2 to r~f Coil
Terminal No. 1.

7. OKEGT Socket Terminal No. 5 to Audio Trans-
former Terminal No, 2.

Check all of the comnections carefully and when you are satis-
fied they are correct, inserl the tubes in their proper sockets.

Experiment No, 1

Turn on the power supply and, while the tubes are warming up,
turn tuning condenser dial until the plates are meshed about
half way. Then, adjust the padder condenser slowly until a
note is heard in the speaker. As soon as the note is heard,
do not adjust the padder further but turn the tuning condenser
dial slowly and note the change in pitch or frequency of the
note.

Should a note be heard in the speaker, with the condenser at
gither maximum or minimum capacity position, adjust the padder
condenser slightly until the note disappears. Then, turn the
tuning condenser dial and the note should reappear and be heard
over most of the tuning range,

Should you hear nothing after readjusting the padder, you
have turned its adjusting screw the wrong way and had better
start the experiment all over again,

You will find the adjustment of the padder condenser causes
the same change in the frequency of the speaker mnote as a
change in capacity of the tuning condenser. However, we
consider the padder condenser as controlling the frequency
of the fixed oscillator and it should be set so that the
note is heard over the greatest possible movement of the
tuning condenser dial.

Note carefully if the pitch of the note goes up or down

as the capacity of the tuning condenser is increased.

From your former work you know that increasing the capacity
in a tuned circuit lowers the frequency. Therefore, if the
frequency of the speaker note increases as the frequency

of the variable oscillator decreases it shows the frequency
of the fixed oscillator is higher than that of the variable
oscillator,

Remember, the frequency of the speaker note is equal to
the difference of the oscillator frequencies therefore, if
a reduction of the variable oscillator frequency causes

an increase of this difference, the fixed oscillator is
operating at a higher frequency.
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Experiment No, 2

In commercial oscillators of this type, the tuning condenser
dial is usually calibrated directly in terms of the audio
frequency and you may be called upon to adjust one of them
so that the dial will read correctly instead of backwards.

For this experiment therefore we want you to reverse the
action of the tuning condenser, If your oscillator now
operates so that an inerease of tuning condenser capacity
causeg a decrease of speaker note frequency we want you
to reverse it. Should your oscillator operate the other
way, we still want you to reverse it,

To cause this reversal of condenser action, set the tuning
condenser about midway in its tuning range and then slowly
turn the padder adjusting screw in one direction as the
speaker note changes in pitch and finally disappears. Then,
continue turning the padder adjusting screw, in the same
direction, until the note reappears and is at about the same
piteh as when you started.

Should the speaker note fail to reappear almost immediately
after it disappears, you are turn’ng the padder condenser
ad justing screw the wrong way. Turn the screw the other
way while the speaker note reappears., passes through its
entire frequency range, dicappears and then appears again.,

Repeat the steps of Experiment No, 1 and you will find now
that the tuning condenser operates in the opposite direction
as far as the frequency of the speaker note is concerned.

For a practical apuvlication of this condition, adjust your
oscillator so that, according to the markings on your tuning
condenser dial, an increase of the numbered idal reading
will cause a higher pitch or increased frequency of the
speaker note,

Experiment No. 3

The beat frequency oscillator of this project generates an
audio note and therefore is typical of the principles used
for Electronic music.

After you have completed Experiment No. 2, manipulate the
tuning condenser dial to produce the eight notes of a

musical scale in the speaker, Some of your notes may sound

a little "sour" at first, but with a little practice, you
should be able to produce a scale with all notes of good tone,




i . f
-
o
¢ .
‘. 1
. '
;
'
.
'
%
& va
- -
,
3
- A G - . 0
H
N Y
e E ; -
A

» Y
D o

o0
o

. -
, 5
I .
wel .
- . 5
. o - N
& g ’
A - i
vt '
7
f
B >
I -
: G t
. G o
o
= > N
’ : - -
N



Beat Frequency Oscillator Page 7

If you care to go further, you can practice the playing of
simple tunes but remember your instrument resembles a slide
trombone or violin in that there are no definite stops Tor
each note. You can slide from one note to the next without
any jumps or breaks. '

Your next shipment will include parts to enable you to
build several types of frequency generators, the first of
which is an audio oscillator of simple design to produce

a single frequency. Therefore, we want you to pay par—
ticular attention to the beat frequency oscillator of this
project so that you can make a close comparison with the
simple audio oscillator of the next.
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In order to securc the full henefit from the Film Section of
your Eloctronic Training, you must have good piotures, a good
projector to show them and most important, know how to operate
for best results.

Ve have spent a great deal of time sad mensy 1n preparing your
Filrm Lessons, have rade arrangerents to send you the best nro-
jector we could find, and expect that you will do your part in
studying the following instruct®ons very carefully.

Not only do we expect you to study these instructions, but
feel sure you will follow them exactly, thus being able %o
secure perfect pictures right from the start,

UNPACKI™G THE PROJECTOR

Taen you receive the projector package, do not be in too big
a hurrv to unpack it, bub first clear off a table. Then open
the packags and lift the parts out, one at a time, placing
them on the tablc.

We want you to be careful because, ewen though the DeVry pro-
Sechor is substantially and sturdily built, it is an expensive
piece of machinery and should be treated accordingly. Remove
a)l packing raterial from the large, or main part of the pro-
jector, as shown in Figure 1, which contains the lamp housing,
gears and other mechanism for showing the films, and turn it
so that the lamp housing is toward you.

he other main part, or Reel Bracket, of Figure 1, is made up
with 2 snhaft and pulley at each end and a thumb screw in the

center. Check this over and make sure that both shafts turn

freely.

ATTACHING REEL BRACKET

To fasten the reel bracket to the projector, hold it ever the

two guide pine oh the smooth plate in the position of Figure 1
with the pulleys on the lamp house side. As soon as the pins

enter the holes in the plate of the bracket, insert the thuumb

screw in the central hole and turn it, to the right, until the
bracket is tight.

Then you will notice a spring belt around the Drive pulley-of
Figure 1, Make sure it is in the pulley groove and then pull
1t back gently and slip it over the lower pulley omthe reel
bracket. '
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Be careful here not to stretch the belt any more than neces-
gsary because it ls the tension of this spring that keeps the
£ilm properly wound while you are running the projector,

If you have followed directions, there are two reels on the
tahle; one empty and the other containing the film. Notice
that the centers have a star shaped hole on one side and a
round one on the other as in Figure 2, A and B. At C we
have a glde view showing the slot in the hub.

In some makes of reels, you will find the central hole of
different shapes and perhaps of the same shape on both sides.
Regardless of these details, make sure that each of the
reels fits all the way on the shaft as shown in Figure 3-B,

PUT'TING ON REELS

At Figure 3-4 we show the lower reel shaft with the pulley
on one side of the brackete Notice the pin at the inner end
and the lock at the outer end of the shaft, The pin fits
into one of the points of the star hole in the reel, and
thus allows 1t to be driven,

Take the empty reely slip it on the shaft, star hole first,
and turn it slightly until ths pin engages and the reel is
flugh with the collar. Then snap the lock over to hold it
in place as in Figure 3-B,

The leaded reel, or the one with the film wound on it, is
placed on the upper shaft in exactly the same way and you
ara ready ‘to thread the £ilm.

THREADING

As the film tears quite easily, before trying to thread it,
study Figure 4 until you know the location and action of the
various parts. A little time spent here will save trouble
later on.

Turn the projector so that the lamp house side is away from
you, and then check it up with Figure 4. At about the center
you will find the sprocket, the teeth of which fit the holes,
or perforations, in the film and drive it through the machine.
Above and below the sprocket are the "Idlers" that hold the
film in place.

In the center of the sprocket you will find a threaded hole
for the hand crank. To attach this crank, start its threaded
end in the hole and turn it to the right, "clockwise", until
the threads are out of sight and the sprocket turns.
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In Figuré 4, we show the upper idler raised away from the

sprocket, while the lower one is in the operating position,
Both of the idlers have to be moved away from the sprocket
to thread the film, so we want you to learn how it is done,

At the outer end of each idler, you will find a small button
and by pressing this in toward the projector, the idler lock
is released, Hold the projector with your left hamd, place
gour right thumb or forefinger on the button of the upper
idler and push it in and up.

Of course, you must first push the button in far enough to .
release the lock before you try to push the idler up, but
try it a time or two and you will be able to do it in an
instant. The lower idler works in exactly the same way,

but is pushed down to move it away from the sprocket. Prac-
tice the opening and locking of these idlers a few times
until you, can handle them quickly and surely.

A% the right of Figure 4, we show thé film gate open but,
on your projector, it will be closed, At this time, you
can complete the assembly by inserting the lens, knurled
end out, into the lensibarrel. Push the lens into the
barrel for about half of its length but not as far as shown
in Figure 4.

After the lens is in place, the Film CGate can be opened,
to the position shown in Figure 4, by pressing the spring,
shown at the top of gate, away from you and pulling for—
ward and down on the Lens Barrel.

The action here is about the same as that of idlers, so prac-
tice a few times until you can open and close the Film Gate
without any trouble.

Remember all of those locks and parts work quite easily so
don't try and force them. Follow these cirections and you
will have no troible.

THREADING THE FILM

Now you are ready to thread the film and first pull out about-

13 feet from the upper loaded reel. Then, following Figure
5, you raise the upper idler, lay the film over the sprocket
so that the teeth come through the holes and then push the
idlers back in place. You should hear a snap &8 the idler
locks.

It ig important that the film be properly placed, so to make
sure, take hold of it pn both sides of the sprocket and give
a light pull back and forth. It should move slightly on
%he sprocket teeth, but if fot, it is pinched and you will
have to raise the idler and try again.
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Then open the film gate and run the film through from top to
bobtom leaving the upper loop long enough so that you can see
the lamp house screw head inside it.

Make sure that the film is straight and smooth for the entire
length and i in the chamnel, then close the gate. Here again-
you must wateh to see the film is nob pinched.

Then, drop the lewer idler and, leaving the lower loop aboub
the same 'size as the upper loop, bring the film back under the
sprocket, making sure that the tecth are in the holes. You
next lock the lower idler and check up exactly the same as

for the upper one. If you have done this properly, the lepgth
of the loops, from upper to lower will be about five inches
and you will st?ll have quite a long end of film.

This is brought around under the lower empty reel and the end
placed in the slot of the reel hub. Then you give the reel
a turn or two forward in the direction of the arrow until all
the slack, between it and the lower idler, is taken up.:

To check your work, give the hand crank a turn or two. If

the loops of film remain the same, you have threaded properlye.
Should either loop shorten, it shows the film is pinched some~
where and you will have to re-thread it.

Tt has taken us quite a while to explain all these actions
but they are really very simple, just four things to do.
First - place film under top idler.
Second — put £ilm in through gate.
Third --— place film under bobttom idler.
* Fourth - put film around lower reel.

Take plenty of time at first and you will-'soon be able to
thread the film while you count, one, two, three, four.

PROJECTION

The size of the pictures will depend on how far the projector
is away from the screen. For your studles, any distance from
4 to 12 feet will work out nicely. You do not need any special
screen, but will get the best pictures on a blank white wall.

A light colored window shade also makes a good curbaln.

While you will have to make your own arrangements, we suggest
that you place the projector on your study table and show the
pictures on the wall, or window shade, at the opposite side
of the room.
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After you have all this arranged, plug the line cord into
your electrical supply, but make sure thet the cord does nob
touch or interfere with the lower reel,

You will now see the light in the lamp housing and can turn
the crank slightly until there is a spot of light on your
screen, or turn the hand crank a few times until the title of
the Film shows on the screen. The letters of the title ey
be all blurred or quite clear but, in either case, turn the
lens slowly to the right or left until they are clear and
distincte This we call Focusing. If you have difficulty in
obtaining a c¢lear plcture, move the projector closer to the
screens

If you want to raise the picture on the screen, place a book
or magazine under the front of the base.

As soon as the picture is properly focused and placed, you
are ready to run and simply turn the hand crank., You can run
the picture fast or slow but, if you turn too slowly, there
will be a flicker that is hard to watch, The correckt gpeed
is ftwo turns per second, but be sure and turn at a wiiform
speead,

Occasionally, the picture on the screen my bhe cut off, at

the top or bottom, with the remainder appearing below or
aboves When this happens we say the pleture is "Out of Frame!
but i% can be brought in frame by means of the WFramer! lever,

To make this adjustment, move the framer lever, up or down,
while you are turning the crapk, until only one complete
pilcture shows on the screens

Should you want to study any particular part of the Film,
Just stop turning and move the crank either way until the
plcture is bright and clears By following this plan you can
go through any part, or the entire reel, picture by picture,
and take all the time you want for the study of each, .

REWINDING

After the pleture has been run thruugh the projector, keop on
turning the crank wntil the film pagses through the sprocket
and lower idler, and the end is hangirg frec. This brings

all the film on the lower reel and %o view it again, it nust
be rewound.

As shown by the broken line of Figure 8, to rewind, the end of
film from the lower reel is brought gtraight up, without any
twist, around the front of the hub of the upper recl, and
pladed in the slot as explained for threading the lower reel.
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To make use of the crank for rewinding, lift the belt off the
lower pulley, give the looped end a half turn and then place
it on the upper pulley. As shown in Figure 6, this will form
a "Crossed Belt" and drive the upper reel in the proper direc~
tion although the ecrank is turned in the same direction as
when the film wes projected. Continue to turn the crank until
all of the film is back on the upper reel.
Before you start to rewind make sure that the f£ilm passes
from the lower to the upper reel, on the front side of both,
as shown by the dotted line of Figure 6,

Note:- When you are through with.a reel and ready to return
it, do not relind. After you have run it the last time, simply
remove the lower reel and send it back to us.

OILING

Like any picce of machinery, the projector needs oiling oc=

casionally, but you must be careful as too much oil may dam=
age the film,

As a general rule, three drops of oil for each thousand feet
of film will be correct. Your film Lessons are one hundred

feet long so use the oil can only after you have run the
Lesson through ten times.,

You will find an oil hole at each end of the reel bracket,
above the upper and lower shafts., A hole in the top of the
frame takes care of the main shafts and each should be given
three drops of oil for each thousand feet of film. When you
oil these shafts it is a good plan to put a drop or two of
0il on both ends of the claw,

Remember=-= too much oil may damage the film.
CLEANING

Dust and dirt are the main causes of poor pictures, therefore,
you must keep the projector clean,

Before running the film, teke a mateh or tooth pick, wrap a
piece of soft cotton cloth around the end and carefully wipe
out the film gate, taking special care toc c¢clean the edges

of the square openings on both sides. Never use any metel
tools here as any scratches will ruin the film.

The lens can be pulled out of the lens harrel and both ends
wWiped clean. Use a soft cloth and do not rub hard as a slight
scrateh on the lens will be greatly magnified in the picture
on the screen. If possible, secure some lens tigsue for this
work.
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Do not try to take the Lens apatt as it is sealed at-the fac-
tory and no dust can get inside. Never put your fingers on’
the lens as you will leave marks that are hard to clean off.

REPLACING LAMP , |
Like all other incandescent bulbs, the projector’ lamp will be-
come blackened in time or the filament may break. In either
case, it must be replaced and can be easily reached by removing
the lamp house.

As shown in Figure 4, the “Lamp House Screw" is located on top
of the body of the projector, and should be unscrewed only un-
t41 the Lamp House is free and can be rocked back and forth.
Still rocking it slightly, the housing can be pulled up until
it 1ifts off.

The lamp will then be exposed and can be removed by first
pressing it down in its socket and then turning it to the
left. This releases the "Bayonet" pins and allowx the bulb
to be lifted out., Be sure and replace the lamp only with
one of tho same type and voltage rating.

FLAN OF STUDY

Like the rest of your studies, you should follow some definite
plan for viewing the films and our suggestion 1s as follows:

First - Study the Real Lesson carefully, and-if any of the
ideas or actions are not clear, go back and-review your regu-
lar Lessons.

Second ~— Run the entire Film Lesson through the projector,
stopping only to read the titles.

Third - Go through the Film and Reel Lesson together checking
pver each action, diagram or scene until you nnderstand it
perfectly. '

Fourth ‘= When you are ready to return the film do not rewlind
but after viewing it for the last time, remove the lower reel
and mail it to us, '
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