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LESSON NO. 41

OHM'S LAW FOR A.C. CIRCU/TS
° QESONA NCE O

Printed in U. S. A.

IN THIS LESSON, WE ARE GOING TO CONTINUE OUR INVESTIGATION OF THE

PHYSICS ASSOCIATED WITH A.G. CIRCUITS BY STUDYING FIRST THE RELATION BE-

TWEEN PARTIAL VOLTAGES AND THE COMBINED VOLTAGE OF CIRCUITS INVOLVING IM-

PEDANCE.

THIS NEXT POINT WHICH WE SHALL CONSIDER IS A MOST IMPORTANT ONE AND

SO YOU WANT TO BE SURE TO GET IT STRAIGHT. IN FIG. I,FOR EXAMPLE, WE HAVE

A CIRCUIT CONTAINING THREE RESISTORS WHICH ARE CONNECTED IN SERIES IN AN

A.G. CIRCUIT. AN AMMETER IN THIS CIRCUIT INDICATES A CURRENT FLOW OF 6

AMPERES, AND SUCH A READING)OF COURSE,WILL INDICATE THE EFFECTIVE CURRENT

FLOW IN THE CIRCUIT.

SINCE THIS SAME 6 AMPEFES MUST FLOW THROUGH ALL OF THESE RESISTORS,

WE FIND ACCORDING TO OHM'S LAW THAT THE VOLTAGE DROP ACROSS THE 4 OHM

RESISTOR IS EQUAL TO 4 X 6 OR 24 VOLTS (E = I X R). THE DROP ACROSS THE

9 OHM RESISTOR IS 6 X 9 OR 54 VOLTS AND THE DROP ACROSS THE 6 OHM RESIS-

TOR IS 6 x 6 OR 36 VOLTS.THE TOTAL VOLTAGE, WHICH IS IMPRESSED ACROSS THE

ENTIRE GROUP OF RESISTORS THUS BECOMES EQUAL TO 24 + 4 + 36 OR 114 VOLTS.,'

THESE VOLTAGES UNDER CONSIDERATION ARE THE EFFECTIVE VOLTAGES OF THE A.G. I's

41.3%CIRCUIT.

FIG 1.
Voltage Disbribt., tiort In a Pure ,Qe -

sisance Circuit.

WITH THIS POINT FIRMLY
IN MIND, LET US NEXT CON-
SIDER FIG. 2. HERE WE HAVE
ANOTHER A.G. CIRCUIT BUT

THIS TIME,A RESISTOR,A CON-
DENSER AND AN INDUCTANCE
ARE CONNECTED IN SERIES.

OHM'S LAW CAN BE APPLIED

EQUALLY WELL TO CONDENSERS
AND INDUCTANCES JUST AS IT

CAN TO PESISTORS7ONLY THAT

IN THE CASE OF CONDEN-

--w0000losvoc.obriors.
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SERS AND INDUCTANCES THE REACTANCE TAKES THE PLACE OF THE RESISTANCE. WE
THUS FIND IN FIG. 2 THAT THE VOLT-DROP ACROSS THE 4 OHM RESISTOR IS EQUAL
TO 4 X 6 OR 24 VOLTS. THE VOLT DROP ACROSS THE CONDENSER WILL BE EQUAL
TO THE CURRENT IN AMPERES TIMES THE CAPACITIVE REACTANCE OF THIS CONDEN.
SER AT THE FREQUENCY BEING HANDLED. IN OTHER WORDS,THE VOLTAGE DROP ACROSS
THIS CONDENSER WILL BE 9 X 6 OR 54 VOLTS. THEN IN LIKE MANNER,THE VOLTAGE
DROP ACROSS THE INDUCTANCE WILL BE EQUAL TO THE CURRENT TIMES THE INDUC-
TIVE REACTANCE OF THIS COIL AT THE FREQUENCY OF THE EXISTING CURRENT FLOW.
THAT IS, THE VOLTAGE DROP ACROSS THIS INDUCTANCE IS 6 X 6 OR 36 VOLTS.

NOW THEN, HERE IS THE MOST IMPORTANT THING FOR YOU TO REMEMBER. THE
VOLTAGE ACROSS THIS ENT IRE

SERIES GROUP OF FIG. 2 WI LL
NOT BE 24+ 54 +36 oR 114

VOLTS BECAUSE IN THE CASE
OF FIG. 2, WE HAVE IMPEDANCE
TO CONSIDER. THE IMPEDANCE OF
THIS CIRCUIT OF Flo.2 IS NOT

44- 9 +6 OR 19 OHMS AS IN THE
CASE OF A PURE RESISTANCE
CIRCUIT. BUT TO FIND THE IM
PEDANCE OF THE CIRCUIT IN

F (G. 2, WE MUST USE THE FORM
ULA Z X2 WHERE R == THE
4 OHMS OF RESISTANCE AND "X"
THE NET REACTANCE OF THE C13
CU I T. IN THE CASE OF F i Go 2,

THE NET REACTANCE OF THE C is
CU IT IS 9 -6 OR 3 OHMS. THAT

IS. THE CAPACITIVE REACTANCE MINUS THE INDUCTIVE REACTANCE. THE IMPEDANCE
WOULD THUS BECOME EQUAL TO 1142+- 32 == 16+ 9 == \f' 25 OR 5 OHMS.

FIG.2
Voltage Distribution in a Combinabion

IT THUS FOLLOWS THAT THE EFFECTIVE VOLT DROP ACROSS THE SERIES COM-
BINATION IN FIG. 2 IS EQUAL TO THE CURRENT FLOW TIMES THE IMPEDANCE OR
6 X 5=30 VOLTS. SO YOU SEE, THIS VOLT DROP IS LESS THAN ONE MIGHT SUPP-
OSE UPON FIRST THOUGHT.

OHM'S LAW FOR A.C. CIRCUITS

REMEMBER NOW THAT THE OHM'S LAW RELATION ALSO HOLDS GOOD IN A.C.
CIRCUITS JUST AS MUCH AS IT DOES IN THE D.C. CIRCUITS, ONLY THAT IN THE
CASE OF A.C.,EFFECTIVE VOLTS=EFFECTIVE CURRENT X IMPEDANCE. IMPEDANCE=
EFFECTIVE VOLTS OR EFFECTIVE CURRENT__ EFFECTIVEVOLTS
EFFECTIVE CURRENT, IMPEDANCE

IN ALL CASES, THE EFFECTIVE VALUES,ARE THOSE AS INDICATED BY AN A.C.
TYPE METER AND OF COURSE THE EFFECTIVE CURRENT MUST BE EXPRESSED IN AMPER
ES AND NOT IN MILLIAMPERES ETC.

To BE SURE THAT YOU UNDERSTAND THE APPLICATION OF OHM'S LAW TO A.C.
CIRCUITS, LET US WORK OUT A FEW SIMPLE PRACTICAL PROBLEMS. LET US ASSUME,
FOR EXAMPLE, THAT WE HAVE A 30 HENRY CHOKE, CONNECTED IN SERIES WITH A
1000 OHM RESISTOR. HOW MUCH VOLTAGE WOULD BE REQUIRED TO FORCE 10 MILLIA
PERES THROUGH THIS CIRCUIT?
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TO FIGURE THIS PROBLEM, WE COULD PICTURE IT AS SHOWN YOU IN FIG. 3.
THE INDUCTIVE REACTANCE OF THIS CHOKE TO THE 120 CYCLE CURRENT IS FOUND
WITH THE FORMULA X14:= 6.28 f L = 6.28 X 120 X 3022,608 OHMS. THE IM-

PEDANCE OF THIS CIRCUIT TO 120 CYCLES IS FOUND WITH THE FORMULA AS FOLL-

UWS: Z=VR-2:4- V100014-226081= A/512, 121,664=22E30 OHMS. THEN ACCORD-

ING TO CHAOS LAW, THE EFFECTIVE VOLTAGE REQUIRED TC FORCE 10 MILLIAMPERES

THROUGH THE IMPEDANCE OF 22630 OHMS, WILL
BE OBTAINED BY MULTIPLYING THE IMPEDANCE
BY THE EFFECTIVE CURRENT. HENCE 22630 X

.010=226.3 VOLTS, WHICH IS THE EFFECTIVE
VOLTAGE REQUIRED.

FOR THIS SAME CIRCUIT OF FIG. 3, IF

THE IMPEDANCE IS KNOWN TO BE 22630 OHMS

AND 300 VOLTS IS APPLIED ACROSS THE CHOKE,
THEN THE CURRENT WHICH WILL FLOW CAN BE

CALCULATED BY DIVIDING THE EFFECTIVEVOLTS
(300) BY THE IMPEDANCE. HENCE 300 .013

22630

AMPERES OR 13 MILLIAMPERES.

30henheS 100o n

r1G.3

Fig urir79 Foliage.

THEN AGAIN IN THE CASE OF FIG. 3, IF THE EFFECTIVE VOLTAGE APPLIED
ACROSS THE ENDS OF THE CIRCUIT IS KNOWN TO BE 200 VOLTS AND THE MILLIAM-
METER REGISTERS A CURRENT FLOW OF 15 MILLIAMPERESJHEN THE IMPEDANCE OF

THE CHOKE CAN BE FOUND BY DIVIDING THE VOLTMETER READING BY THE MILLIAM-
METER READING. THAT IS, THE IMPEDANCE _200

.015--13333
oHMs.

YOU WOULD HANDLE ANY OTHER CIRCUIT IN LIKE MANNER WHETHER IT BE

MADE UP OF A CAPACITY AND RESISTANCE, CAPACITY AND INDUCTANCE OR ALL

THREE OF THESE CHARACTERISTICS. IN ALL CASES, YOU MUST CONSIDER THE IM-

PEDANCE OF THE CIRCUIT WHEN APPLYING OHMS LAW TO THE COMBINED CIRCUIT.

RESONANCE

IN

YOU HAVE ALREADY BEEN MADE FAMILIAR WITH THE CONDITION OF RESONANCE
RECEIVER CIRCUITS. AT THIS TIME, HOWEVER, YOU ARE GOING TO OBTAIN A

STILL BETTER UNDERSTANDING OF THIS

n.

hL =
11-80 fl

1180 CL

P1G.4
Series k'esonance.

IMPORTANT RADIO PRINCIPLE.

A LITTLE EARLIER IN THIS LESSON,
YOU WERE TOLD THAT THE IMPEDANCE OF

A CIRCUIT CONTAINING RESISTANCE, IN-
DUCTANCE AND CAPACITY COULD BE CAL-

CULATED WITH THE FORMULA AS FOLLOWS:
Z -2'+ X IN WHICH "X" IS THE NET

THE CIRCUIT OR THEARIThREACTANCE OF
METICAL DIFFERENCE BETWEEN THE CAP-

ACITIVE REACTANCE AND INDUCTIVE REA-

CTANCE OF THE CIRCUIT. CONSEQUENTLY, THIS SAME FORMULA COULD BE WRITTEN

AS Z140"4-(Xc ... XL )1'. Now BY LOOKING AT THIS LATTER FORMULA, ITS IS PEE

FECTLY OBVIOUS THAT IF THE CIRCUIT CONDITIONS ARE SUCH THAT THE INDUO-

TIVE REACTANCE AT SOME GIVEN FREQUENCY 16 EXACTLY EQUAL TO THE CAPACITIVE
REACTANCE AT THIS SAME FREQUENCY, THEN THE ARITHMETICAL DIFFERENCE BE-

TWEEN THEM OR THE NET REACTANCE, IN OTHER WORDS, WOULD BE EQUAL TO ZERO

(0).
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THIS BEING THE CASE, IT IS CLEAR THAT THE IMPEDANCE OF THE CIRCUIT
UNDER THESE CONDITIONS WOULD BE EQUAL TO ITS D.C. RESISTANCE. THIS WOULD
BE THE LEAST POSSIBLE OPPOSITION, WHICH A CIRCUIT COULD OFFER AN A.C.
CURRENT FLOW AND THIS IS THE CONDITION OF RESONANCE. THAT IS TO SAY, AT
RESONANCE, THE TOTAL OPPOSITION TO THE CURRENT FLOW IS SIMPLY EQUAL TO
THE CIRCUITS D.C. RESISTANCE, OR OHMIC RESISTANCE, AND THEREFORE, THE
MAXIMUM CURRENT CAN FLOW THROUGH

SO THAT YOU WILL GAIN A STILL CLEARER UNDERSTANDING OF THE RESONANCE
CONDITION, LET US LOOK CAREFULLY AT FIG. 4. HERE WE HAVE A COIL AND CON-
DENSER CONNECTED IN SERIES ACROSS AN A.C. SOURCE OF E.M.F. AND WE SHALL
CONSIDER THIS CIRCUIT AS HAVING A RESISTANCE OF i OHM,WHICH WE HAVE PIC-
TURED SEPARATELY IN FIG. 4. Now THEN, NOTE CAREFULLY THAT THE INDUCTIVE
REACTANCE OF THE COIL TOWARD THE FREQUENCY BEING HANDLED IS 1280 OHMS
AND THE CONDENSER OFFERS A CAPACITIVE REACTANCE OF 1280 OHMS. THE IMPED-
ANCE OF

WI LL BE

THE CIRCUIT AT THIS TIME IS Z =:11FR 1-- ( X =
1z-=1 OHM

THUS YOU WILL SEE
THAT AT RESONANCE,
THE ONLY OPPOSI-
TION OFFERED THE
CURRENT FLOW IS

THE OHMIC RESIS-
TANCE OF THE CM'
CUIT. NATURALLY,
THIS CIRCUIT IS

NOW EQUIVALENT TO
Fli.5 A PURE RESISTAN-

CE CIRCUIT AND
THEREFORE,THERE

NO PHASE DIFFERENCE BETWEEN THE VOLTAGE AND CURRENT WHICH ARE

Example of a Series ZeSalance CYrCUik.

PRESENT IN THE CIRCUIT AT THIS TIME.

SHOULD THE FREQUENCY OF THE CURRENT FLOW THROUGH THIS CIRCUIT RE-
MAIN CONSTANT, THEN YOU WOULD FIND THAT IF EITHER THE INDUCTIVE OR CAP-
ACITIVE VALUES SHOULD BE CHANGED, THEN THESE OPPOSITE REACTANCES WOULD
NO LONGER NEUTRALIZE EACHOTHER TO GIVE A NET REACTANCE VALUE OF ZERO AND
THEREFORE, THE CIRCUIT WOULD NO LONGER BE RESONANT TO THE GIVEN/FREQUENCY.
THIS, OF COURSE, IS THE WHOLE PRINCIPLE OF TUNING, FOR IN RADIO RECEIV-
ERS, WE GENERALLY VARY THE CAPACITY OF THE TUNING CONDENSER AND WHENEVER
THIS CONDENSER IS ADJUSTED TO THE POSITION WHERE ITS CAPACITY CAUSES ITS
CAPACITIVE REACTANCE TO BE EQUAL TO THE INDUCTIVE REACTANCE OF THE COIL
FOR A GIVEN FREQUENCY, THEN THE CIRCUIT WILL BE TUNED OR RESONANT TO
THAT SAME FREQUENCY.

CALCULATING THE RESONANT FREQUENCY

THE THING WHICH YOU HAVE NO DOUBT BEEN WONDERING ABOUT FOR SOMETIME
IS TO WHAT FREQUENCY A GIVEN CONDENSER AND INDUCTANCE COMBINATION WILL
RESONATE. THIS PROBLEM IS QUITE SIMPLE, HOWEVER, BECAUSE A HANDY FORMULA
AGAIN COMES TO OUR ASSISTANCE. THIS FORMULA IS AS FOLLOWS:f-----WHERE:

2.1r IraJ = FREQUENCY IN CYCLES PER SECOND AT RESONANCE
==THE CONSTANT 3.1416

L = INDUCTANCE IN HENRIES AT RESONANCE
C = CAPACITY IN FARADS AT RESONANCE.
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IN CASE THE PROBLEM, WHICH YOU ARE SOLVING, HAS THE INDUCTANCE EX-

PRESSED IN MICHROHENRIES AND THE CAPACITY IN MICROFARADS,THEN YOU CAN

USE THE FOLLOWING FORMULAS 158,000 WHERE:

vL C

JC=2FREQUENCY IN CYCLES PER SECOND AT RESONANCE
L = INDUCTANCE IN MICROHENRIES AT RESONANCE
C =CAPACITY IN MICROFARADS AT RESONANCE

TO ILLUSTRATE THE USE OF THIS LATTER FORMULA, LET US SUPPOSE THAT

WE WISH TO KNOW TO WHAT FREQUENCY A CAPACITY OF .00035 MFD. AND A 300

MICROHENRY INDUCTANCE WILL RESONATE.

THE FORMULA W.000
1/76-

THIS FORMULA, WE HAVE 159.000

V300 X .00035

AND SUBSTITUTING OUR VALUES INTO

WHENCE f --

CYCLES (APPROXIMATELY). THAT IS, 500 KC.

NOW LET US SEE HOW THE FORMULA3r-
217 Lc

159,000 -- 500,000
.324

CAN BE USED. TO ILLUS-

TRATE THIS, LET US SUPPOSE THAT A 30 HENRY CHOKE COIL IS CONNECTED IN

SERIES WITH A 2 MED. CONDENSER SO AS TO FORM A RESONANT CIRCUITIN THIS

CASE, THE VALUE 2 MFD.WILL HAVE TO BE CHANGED TO FARADS, THUS BECOMING

.000002 FARADS. WE THEN HAVEl- 1 WHENCE ..)4 =

6.28 V 30 X .000002

---20.6 CYCLES. FREQUENTLY YOU WILL FIND THE GREEK LETTER

OMEGA (W) USED TO INDICATE THE VALUE OF 27fIN THIS FORMULA.

IN DESIGN WORK, YOU WILL FIND THESE CALCULATIONS TO BE STILLSIMPLER
BECAUSE VARIOUS TABLES ARE AVAILABLE SO AS TO REDUCE THE AMOUNT OF RE...

WIRED COMPUTATION. YOU WILL FIND THESE HANDY TABLES IN FOLLOWING LESSONS.

6.28 X .0077

A SERIES RESONANT CIRCUIT

FIG. 5 SHOWS YOU A PRACTICAL EXAMPLE OF A SERIES RESONANT CIRCUIT AS
USED IN THE TUNED R.F. STAGE OF A RADIO RECEIVER. THE ACTUAL RECEIVER CI

CUIT IS SHOWN AT THE LEFT OF THIS ILLUSTRATION WHILE THAT AT THE RIGHT

IS ITS ELECTRICAL EQUIVALENT FOR EXPLANATORY PURPOSES.

A GREAT MANY PEOPLE CONSIDER THIS TYPE OF A TUNED CIRCUIT AS BEING

A PARALLEL RESONANT CIRCUIT BECAUSE THE TUNING CONDENSER IS CONNECTED IN
PARALLEL OR SHUNTED ACROSS THE ENDS OF THE COIL. THUS IT IS TRUE THAT AS
FAR AS THESE TWO INDIVIDUAL PARTS OF THE CIRCUIT ARE CONCERNED,THEY ARE

ACTUALLY CONNECTED IN PARALLEL WITH RESPECT TO EACHOTHER BUT THERE IS

STILL ANOTHER PART WHICH EXISTS IN THIS CIRCUIT WHICH IS OVERLOOKED BY

MANY PEOPLE AND THAT IS THAT WITH SIGNAL VOLTAGES IMPRESSED UPON THE CIE
CUIT, WE HAVE THE EFFECT OF A SMALL HIGH FREQUENCY OR R.F. GENERATOR,

WHICH IS CONNECTED IN THIS TUNED CIRCUIT AS ILLUSTRATED IN THE DIAGRAM

AT THE RIGHT OF FIG. 5. ALTHOUGH THIS GENERATOR IS NOT PRESENT IN THIS

CIRCUIT IN A PHYSICAL SENSE, YET ITS EFFECTS ARE NEVERTHELESS PRESENT

DUE TO THE FACT THAT THESE HIGH FREQUENCY CURRENTS ARE INDUCED INTO THE
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TUNED CIRCUIT BY MEANS OF THE TRANSFORMER ACTION BETWEEN THE ANTENNA CIECUIT AND THE TUNED CIRCUIT.

WHENEVER, AN E.M.F. IS INDUCED IN A CIRCUIT AS IN THIS CASE,THESOURCE OF E.M.F. CAN BE CONSIDERED AS BEING CONNECTED IN SERIES WITH THETUNED CIRCUIT AS ILLUSTRATED AT THE RIGHT OF FIG. 5. THUS YOU SEE, THATHERE WE HAVE A SERIES RESONANT CIRCUIT BECAUSE THE SECONDARY WINDING OFTHE R.F. TRANSFORMER, THE TUNING CONDENSER AND THE SOURCE OF E.M.F. AREALL CONNECTED IN SERIES WITH ONE ANOTHER.

WITH
IF THE TUNED CIRCUIT AT THE RIGHT OF FIG. 5 IS TUNED TO RESONANCELET US SAY A SIGNAL FREQUENCY OF 600 KCotTHEN THE IMPEDANCE OF THIS

CIRCUIT BECOMES EQUAL TO THE OHMIC RE-

Parallel
resonant
circuit

Gen.

PIG. 6
The Parallel Qesonant

SISTANCE OF THIS CIRCUIT,WHICH WE WILL
ASSUME TO BE 10 OHMS. IF THE SIGNAL vol
TAGE INDUCED INTO THE SECONDARY WINDING
OF THE FIRST R.F. TRANSFORMER Is 2
MILLIVOLTS (0002 VOLTS) THEN THE CURRENT
CAUSED TO FLOW THROUGH THE RESONANT GIB
CUIT WILL BEI= E/ = .002 .0002 AM..

10
PERES OR .2 MILLIAMPERE. IF THE CONDEJSER AT THIS FREQUENCY SETTING HAS A RE-
ACTANCE OF 1326.2 OHMSITHtN THE VOLTAGE
DEVELOPED ACROSS ITS PLATES BY THE CUR-
RENT FLOW OF .0002 AMPS. THROUGH IT
W ILL BE E. I X R=.0002 X 1326.2 = .265
VOLTS. THIS WILL BE THE VOLTAGE "EG" IN
THE ILLUSTRATION AT THE RIGHT OF FIG.5,
WHICH IS APPLIED ACROSS THE GRID CIR-
CUIT OF THE FIRST R.F. TUBE. THUS YOU
CAN NOW SEE JUST EXACTLY HOW THEVOLTAGE
IS PRODUCED, IN ORDER TO OPERATE THE
GRID OF A RADIO TUBE. ALSO NOTE THE VOL,
TAGE INCREASE FOR GRID APPLICATION AS
MADE POSSIBLE BY THIS TUNED CIRCUIT.

SINCE AT RESONANCE, THE IMPEDANCE OF THIS SERIES RESONANT CIRCUITBECOMES EQUAL TO ITS OHMIC RESISTANCE, IT IS OBVIOUS THAT IN ORDER TOHAVE A SENSITIVE CIRCUIT,
IT IS NECESSARY TO KEEP THIS OHMIC RESISTANCEDOWN TO AS LOW A VALUE AS PRACTICAL, HERE IS WHERE CAREFUL COIL DESIGNBECOMES SUCH AN IMPORTANT ITEM IN SCIENTIFIC RADIO CONSTRUCTION, FOR ITIS QUITE A PROBLEM TO HAVE INDUCTANCE WITH LITTLE RESISTANCE BECAUSE THERESISTANCE INCREASES AS MORE TURNS ARE ADDED TO INCREASE A GIVEN COWSINDUCTANCE.

CALCULATING THE RESONANT WAVELENGTH

BESIDES THE FORMULA EXPRESSING THE RELATION BETWEEN THE INDUCTANCEAND CAPACITY OF A CIRCUIT FOR A GIVEN FREQUENCY, WE HAVE ANOTHER HANDYFORMULA BY MEANS OF WHICH WE CAN READILY CALCULATE THE WAVELENGTH IN ME-TERS TO WHICH A GIVEN INDUCTANCE AND CAPACITY COMBINATION WILL RESONATE.THIS FORMULA IS AS FOLLOWS:
WAVELENGTH IN METERS = I 885 /INDUCTANCE IN MI CROHENRI ES X CAPACITY IN MFD.
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GENERALLY YOU WI LL FIND THIS FORMULA WRITTEN AS:k_l 885 Ar[5,WHEREP THE

GREEK LETTER "LAMBDA) IS THE SYMBOL FOR WAVELENGTH,"L",THE SYMBOL FOR IN-
DUCTANCE AND "C" THE SYMBOL FOR CAPACITY.

TO ILLUSTRATE THE USE OF THIS FORMULA, LET US SUPPOSE THAT WE WISH TO

KNOW TO WHAT WAVELENGTH A 300 MICROHENRY INDUCTANCE AND A .00035 MFD.G011

DENSER WILL TUNE. SUBSTITUTING THESE VALUES INTO OUR FORMULA,WE HAVE :

k-=-1685 1/300 X .00035 WHENCE = 1885 V.1050 ; i=1885 X .324 = 6 o METERS.

PARALLEL RESONANT CIRCUITS

Now LET US COMPARE A PARALLEL RESONANT CIRCUIT WITH A SERIES RESONANT
CIRCUIT AND NOTE THE DIFFERENCES BETWEEN THEM. A PARAL-EL RESONANT CIR-

CUIT IS ILLUSTRATED FOR YOU IN FIG. 6. IN THE UPPER IL_USTRATION, YOU

WILL SEE THE PARALLEL RESONANT CIRCUIT APPLIED AS A WAVE -TRAP IN THE AN-
TENNA CIRCUIT OF A RECEIVER. OBSERVE THAT THE CONDENSER IN THIS CASE IS

ALSO SHUNTED ACROSS THE ENDS OF THE COIL, THE SAME AS IN THE SERIES RESONANT
CIRCUIT, WHICH WE CONSIDERED A FEW MOMENTS AGO. THE BIG DIFFERENCE, HOW-

EVER, IS THAT IN FIG. 6, THE SIGNAL VOLTAGE IS APPLIED ACROSS THE TUNED

CIRCUIT. IN OTHER WORDS, YOU CAN CONSIDER THIS CIRCUIT AS PICTURED IN THE
LOWER PORTION OF FIG. 6, WHERE THE SOURCE OF E.M.E. OR SIGNAL ENERGY CAN
BE THOUGHT OF AS A SMALL R.F. GENERATOR, WHICH IS CONNECTED ACROSS THE

CIRCUIT AS ILLUSTRATED.

IN THE CASE OF A PARALLEL RESONANT CIRCUIT SUCH AS THIS, WE HAVE AN

ACTION ALTOGETHER DIFFERENT FROM THAT EXPERIENCED WITH THE SERIES RESON-
ANT CIRCUIT, FOR WHEN THE PARALLEL RESONANT CIRCUIT IS TUNED TO RESONANCE
WITH SOME GIVEN FREQUENCY, THE IMPEDANCE OF THE CIRCUIT TOWARDS THIS FRE
QUENCY BECOMES MAXIMUM. IN OTHER WORDS, THIS TYPE OF RESONANT CIRCUIT
TENDS TO REJECT THE RESONANT FREQUENCY AND FOR THIS REASON IT CAN BE US-
ED SUCCESSFULLY AS A WAVE OR FREQUENCY TRAP.

SINCE THE CHARACTERISTICS OF A PARALLEL RESONANT CIRCUIT ARE SUCHTHAT
ITS IMPEDANCE IS MAXIMUM OR GREATEST AT RESONANCE, IT IS NO MORE BUT NAI

URAL THAT THE LEAST POSSIBLE CURRENT FLOWS THROUGH THE PARALLEL RESONANT
CIRCUIT AT THE RESONANCE FREQUENCY.

IT IS INTERESTING TO NOTE, HOWEVER, THAT OUR SAME TWO RESONANCE FORE
ULA APPLY EQUALLY WELL TO BOTH SERIES AND PARALLEL RESONANT CIRCUITS PR2
VIDED THAT THE OHMIC RESISTANCE OF THE CIRCUIT IS QUITE LOW. THIS, OF

COURSE, IS THE GENERAL CASE IN CIRCUITS WHERE SUCH CONNECTIONS ARE USED.

THUS FOR PARALLEL RESONANT CIRCUITS, WE ALSO HAVE THAT"...

6.28 V-L7C

THAT..1_ 159,000 AND THATA=1885

1/1- IN MICROHENRIES X C IN MFD.

POWER IN A.C. CIRCUITS

NOW LET US CONSIDER THE POWER IN A.C. CIRCUITS. FROM YOUR EARLIERI4a
SONS, YOU WILL RECALL THAT IN ORDER TO CALCULATE THE FOWER CONSUMED BY A
CIRCUIT THROUGH WHICH A DIRECT CURRENT FLOWED, IT WAS ONLY NECESSARY FOR
US TO MULTIPLY THE APPLIED VOLTAGE BY THE CURRENT FLOW IN THE CIRCUIT AND
THE RESULT WAS THE POWER IN WATTS. IN THE CASE OF AN A.C. CIRCUITCONTAUL
ING RESISTANCE ONLY AND NO INDUCTANCE OR CAPACITY, WE CAN FIGURE THE POW
ER CONSUMED BY THE CIRCUIT IN THE SAME WAY. THAT IS, ALL THAT WE HAVE TO
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DO IS TO MULTIPLY THE EFFECTIVE VOLTAGE BY THE EFFECTIVE CURRENT AND THE
RESULT WILL BE THE POWER IN WATTS. THIS POWER CONSUMED BY THIS PURE RE-
SISTIVE CIRCUIT WILL BE DISSIPATED IN THE FORM OF HEAT.

IN A.C. CIRCUITS CONTAINING INDUCTANCE OR CAPACITY OR BOTH,WE HAVE AN
ENTIRELY DIFFERENT CONDITION TO FACE. FOR EXAMPLE, WHEN A.C. IS PASSED
THROUGH AN INDUCTANCE, SOME POWER IS EXPENDED IN ORDER TO ESTABLISH A MA
NETIC FIELD BUT AS THIS FIELD COLLAPSES AGAIN, POWER IS RETURNED TO THE
CIRCUIT. WE HAVE A SIMILAR CONDITION IN THE CASE WHERE A CONDENSER ALTER-
NATELY CHARGES AND DISCHARGES AS AN ALTERNATING CURRENT IS PASSED THROUGH
IT. THE ONLY POWER ACTUALLY USED UP BY EITHER OF THESE TWO DEVICES IS THAT
WHICH IS DISSIPATED AS HEAT BY THE OHMIC RESISTANCE WHICH THEY CONTAIN.

SINCE THE OHMIC RESISTANCE IS GENERALLY VERY SMALL AS COMPARED TO THE
REACTANCE OF SUCH CIRCUITS, WE FIND THAT MUCH MORE POWER IS RETURNED TO
THE CIRCUIT THAN IS DISSIPATED AS HEAT. BECAUSE OF THIS CONDITION, IT IS
CLEAR THAT IN SUCH CIRCUITS, WE CANNOT MULTIPLY THE EFFECTIVE VOLTAGE BY
THE EFFECTIVE CURRENT AND OBTAIN THE TRUE POWER VALUE. THIS CALCULATION
GIVES US WHAT IS KNOWN AS THE "APPARENT POWER" OR AS IT IS SOMETIMES EX-
PRESSED "VOLT-AMPERES". THAT IS, IF WE SHOULD CONNECT A VOLTMETER AND AM-
METER TO SUCH A CIRCUIT AND FIND THE VOLTMETER READING TO BE 100 VOLTS AND
THE AMMETER READING 3 AMPERES, THE "APPARENT POWER" WOULD BE 300 VOLT-AM-
PERES AND NOT 300 WATTS.

THE "POWER FACTOR"

To FIND THE TRUE POWER OF SUCH A CIRCUIT, WE HAVE TO MULTIPLY THE AP-
PARENTPOWER BY A NUMBER WHICH WE CALL THE "POWER FACTOR." THIS POWER
FACTOR IS DEPENDENT UPON THE ANGLE OF LEAD OR LAG BETWEEN THE VOLTAGE AND
CURRENT OF THE CIRCUIT. THUS THE TRUE POWER OR WATTS="VOLT...AMPERES" X PO
WER FACTOR AND IT IS EQUALLY TRUE THAT THE POWER FACTOR= WATTS

IIVOLT...AMPERES".

IN OTHER WORDS, IF THE POWER IN THE CIRCUIT IS MEASURED BY MEANS OF A
SPECIAL WATTMETER AND THE APPARENT POWER IS CALCULATED BY MULTIPLYING TO-
GETHER A VOLTMETER AND AMMETER READING OF THE CIRCUIT,THEN THE POWER FAC-
TOR WILL BE EQUAL TO THE WATTMETER READING DIVIDED BY THE VOLT-AMPERE PR2
DUCT.

FOR GENERAL RADIO USE, YOU WILL ALSO FIND THAT THE POWER FACTOR OF
A CIRCUIT IS EQUAL TO THE OHMIC RESISTANCE OF THE CIRCUIT DIVIDED BY THE
IMPEDANCE IN OHMS. THAT IS, POWER FACTOR- RESISTANCE IN OHMS  THUSIF

IMPEDANCE IN OHMS
IF THE RESISTANCE OF THE CIRCUIT IS 10 OHMS AND THE CIRCUITS IMPEDANCE IS
25 OHMS, THEN THE POWER FACTOR OF THE CIRCUIT WILL BE EQUAL TO _IS1 = *4

25

THE POWER FACTOR OF A PURE RESISTANCE CIRCUIT IS I AND FOR ANY A.O.
CIRCUIT CONTAINING INDUCTANCE, CAPACITY OR BOTH IN ADDITION TO SOME RE-
BISTANCE, THE POWER FACTOR WILL BE LESS THAN I. THAT IS, SOMEWHERES BE-
TWEEN 0 AND I AND THE GENERAL PRACTICE IS TO EXPRESS IT AS A DECIMAL,SUCH
AS .4 ; .7 ; .8 ETC. THEREFORE, SINCE THE APPARENT POWER MUST BEMULTIPLIED
BY SOME FACTOR LESS THAN IN ORDER TO GIVE THE TRUE POWER, IT IS OBVIOUS
THAT THE TRUE POWER OR POWER ACTUALLY USED BY THE CIRCUIT WILL BE LESS
THAN THE APPARENT POWER.

SINCE YOU HAVE LEARNED THAT THE IMPEDANCE OF A RESONANT CIRCUIT BE...
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COMES EQUAL TO ITS OHMIC RESISTANCE AT THE RESONANT FREQUENCY,YOU WILL

ALSO READILY BE AWARE OF THE FACT THAT THE POWER FACTOR OF SUCH A CIRCUIT
AT RESONANCE IS ALSO I.

RESONANCE CURVES

IN TECHNICAL LITERATURE PERTAINING TO RADIO, YOU WILL COME ACROSS

VARIOUS TYPES OF CURVES WHICH ARE USED TO ILLUSTRATE THE PERFORMANCE OF

DIFFERENT RADIO UNITS AND AS YOU PROCEED WITH YOUR STUDIES, YOU WILL BE-

COME ACQUAINTED WITH ALL OF THEM. AT THE PRESENT TIME, WE ARE GOING TO

CONSIDER THE RESONANCE CURVES FOR SERIES TUNED CIRCUITS AND YOU WILL FIND
THEM TO POINT OUT MANY IMPORTANT FACTS.

LET US SUPPOSE, FOR EXAMPLE,
TAGE ACROSS A SERIES TUNED CIR-
CUIT AND AT THE SAME TIME MEAS-
URE THE CURRENT FLOW THROUGH
THIS CIRCUIT* WE WOULD FIND THAT
WITH THE SIGNAL VOLTAGE VALUE
BEING CONSTANT AND ITS FREQUENCY
VARIED IN BOTH DIRECTIONS FROM

THE FREQUENCY TO WHICH THIS PAR
TICULAR CIRCUIT IS TUNED, THE

CURRENT FLOW THROUGH THE TUNED
CIRCUIT WOULD BE MAXIMUM AT THE
RESONANT FREQUENCY AND THEN DROF
OFF QUITE RAPIDLY BOTH SIDES OF
THE RESONANT FREQUENCY*

FOR INSTANCE LET US ASSUME
THAT THE RESONANT FREQUENCY IS

600 Kc. AND THAT WITH A GIVEN
SIGNAL VOLTAGE AT 600 Kc., ACUB
RENT OF I MA. FLOWS THROUGH THE
CIRCUIT. WE SHALL FURTHER ASSUME
THAT THE CURRENT WITH THE DIFF-
ERENT FREQUENCIES ABOVE RESO-

NANCE IS AS FOLLOWS: .95 mA.AT
650 Kc; .7 MA AT 700 Kc; .15 MA.

FIG. 7

The Pesonahce Curve,

THAT WE APPLY A SIGNAL OF GIVEN VOL....

1.0

.9

.6

.5

Resonance Resonance
curve point

A

.7

.1

0
45o 55o I 650 I 150

400 500 500 700 800

FZ.ECtuE..ici 11.4 Kc.

WHEREAS

BELOW THE RESONANT FREQUENCY, THE CURRENT VALUES ARE: .95 MA. AT 550 Kc;

.7 MA. AT 500 Kc; .15 MA. AT 450 Kc., AND .05 MA. AT 400 Kc.

Now THEN, PLOTTING THESE VALUES ON A PIECE OF GRAPH PAPER ( PAPER

MARKED OFF IN SQUARES) AND THEN DRAWING A CONTINUOUS LINE THROUGH THESE

POINTS, WE WOULD OBTAIN A CURVE LIKE THAT ILLUSTRATED IN FIG. 7. WE CALL
THIS A RESONANCE CURVE.

AT 750 Kc.; .05 MA. AT 800 Kc.,

BY STUDYING FIG 7, YOU WILL OBSERVE THAT THE RESONANCE CURVE REA-
CHES ITS MAXIMUM HEIGHT AT THE RESONANT FREQUENCY AND THEN DROPS OFF

RAPIDLY TOWARD EACH SIDE OF THE RESONANT FREQUENCY* HOWEVER, AS WE GET

FARTHER AWAY FROM RESONANCE, THE SLOPE OF THE CURVE BECOMES MORE GRADUAL
AND IT COMMENCES TO FLARE OR BROADEN OUT CONSIDERABLY*

FOR RECEIVERS WHICH ARE VERY SELECTIVE, THIS RESONANCE CURVE IS
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QUITE NARROW AND ITS SIDES DROP OFF ABRUPTLY TOWARDS EACH SIDE OF THE
RESONANT FREQUENCY. THE CURVE THUS SHOWS THE CURRENT TO BE MAXIMUM AT
RESONANCE WHILE AT THE SAME TIME BEING REDUCED MATERIALLY AT FREQUENCIES
ONLY SLIGHTLY REMOVED FROM THE RESONANT FREQUENCY. IT IS THIS FACT WHICH
DETERMINES THE SHARPNESS OF TUNING FOR ANY PARTICULAR CIRCUIT.

ANOTHER IMPORTANT THING TO REMEMBER REGARDING RESONANCE CURVES IS
THAT THE D.C. RESISTANCE OF THE TUNED CIRCUIT IN A LARGE MEASURE DETER-
MINES THE BROADNESS OF THE RESONANCE CURVE. FOR INSTANCE, IN FIG. 8, WE
HAVE THREE INDIVIDUAL CURVES, EACH FOR A TUNED CIRCUIT OF DIFFERENT D.C.

RESISTANCE AND ALL DRAWN ON
THE SAME GRAPH.

G. 8

Effect of Resistance Upon

NOTICE ESPECIALLY IN FIG*
8 THAT THE CURRENT AT THE RES-
ONANT FREQUENCY OF 600 Kc. IS

GREATEST FOR THE TUNED CIRCUIT'
HAVING THE LEAST D.C. RESIS-
TANCE. ALSO OBSERVE THAT THE
SIDES OR SLOPE OF THE CURVE IS
STEEPER WHEN THE D*0*RESISTAN
CE OF THE TUNED CIRCUIT ISLESS
AND THAT THE GREATER THE D.C.
RESISTANCE OF THE TUNED CIR-
CUIT, THE BROADER WILL BE THE
RESONANCE CURVE.

BY CAREFULLY STUDYING
THESE COMPARISONS IN FIG. 8,
YOU WILL QUICKLY REALIZE THAT
TO HAVE A SHARP TUNING AND SEj
SITIVE cIRcuIT,ITs D.C. RESIS-
TANCE MUST BE KEPT DOWN TO AS
LOW A VALUE AS POSSIBLE.

CHOICE OF BYPASS CONDENSERS

THE CONDENSER CAPACITY RATING TO USE FOR BYPASSING PURPOSES IS DE-
TERMINED BY THE LOWEST FREQUENCY ENCOUNTERED IN THAT THE CAPACITIVE REA&
TANCE OF THE CONDENSER DECREASES AS THE FREQUENCY INCREASES. THIS NATUR-
ALLY MEANS THAT A CONDENSER CAPACITY WHICH IS SATISFACTORY FOR THE LOW-
EST FREQUENCY BEING HANDLED WILL BE EVEN MORE EFFECTIVE WHEN SUBJECTEDTO
HIGHER FREQUENCIES.

IN PRACTICE, IT IS GENERALLY THE CUSTOM TO CHOOSE R.F. BYPASS CON-
DENSERS WHICH HAVE A CAPACITY RATING OF SUCH VALUE THAT ITS CAPACITIVE
REACTANCE AT THE LOWEST FREQUENCY BEING HANDLED (500 KC. IN THE CASE OF
BROADCAST RECEIVERS) IS LESS THAN FROM ONDONEHUNDREDTKTO ONE -ONE THOU
ANDTH THAT OF THE RESISTOR ACROSS WHICH IT IS CONNECTED. FOR INSTANCE,
IF A CONDENSER IS TO BE USED TO BYPASS R.F. ENERGY AROUND A 2000 OHM
RESISTOR IN A BROADCAST RECEIVER AS ILLUSTRATED IN FIG. 9, THEN IN ORDER
THAT THIS PARTICULAR BYPASS CONDENSER MAY HAVE A CAPACITIVE REACTANCE E-
QUAL TO APPROXIMATELY ONE -ONE THOUSANDTH THAT OF THE 2000 OHM RESISTOR,
ITS CAPACITIVE REACTANCE AT 500 KC. MUST BE 2000 OHMS.

1000
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A .25 MFD. CONDENSER WILL HAVE A CAPACITIVE REACTANCE OF 1.28 OHMS

AT 500 Kc., WHILE A .1 MFD. CONDENSER WILL HAVE A CAPACITIVE REACTANCE OF
3.2 OHMS AT THIS SAME FREQUENCY. THE .25 WO. CONDENSER WOULD THEREFORE

BE THE PREFERABLE OF THESE TWO STANDARD SIZES WHICH COME CLOSEST TO OUR

DESIRE VALUE.

IN THE CASE OF BI
PASS CONDENSERS WHICH
ARE EXPECTED TO HANDLE
AUDIO FREQUENCIES, THE
GENERAL PRACTICE IS TO

CHOOSE A CONDENSER WHOSE
CAPACITY VALUE IS SUCH
THAT ITS CAPACITIVE RE-
ACTANCE AT THE LOWEST
FREQUENCY BEING HANDLED
IS ABOUT 1/10 THE RE-

SISTANCE VALUE OF THE
RESISTOR WHICH IT BY-

PASSES. THAT IS, IF A

RESISTOR OF 2000 OHMS IN
AN A.F. AMPLIFIER IS TO
BE BYPASSED BY A CONDEA
SER AND THE LOWEST FREQUENCY

FIG  9

Calculating the By-pass Condenser -Value.

BEING HANDLED IS 50 CYCLES,THEN THE CAPACI-

TIVE REACTANCE OF THIS CONDENSER AT 50 CYCLES SHOULD EE ABOUT 2000 OR

200 OHMS. THIS WOULD THEREFORE CALL FOR A CONDENSER HAVING A CAPACITY RA-

TING OF ABOUT 16 MFD.

TABLET_ OFFERS YOU A HANDY MEANS WHEREBY YOU CAN EASILY DETERMINE

THE CAPACITIVE REACTANCE OF MOST POPULAR CONDENSER. SIZES TO THE FREQUENCY
LIMITS REQUIRED OF BYPASS CONDENSERS IN BOTH THE R.F. AND A.F. STAGES.

SINCE THE REACTANCE OF A CONDENSER IS INVERSELY PROPORTIONAL TO THE

TABLE I

CAP.
IN

MFDS

FREQUENCY IN CYCLES PER SECOND
Broadcast Radio

I Audio FrequenciesFrequencies ,

Power Supply Frequencies

500,000 1,500,000 50 10,000 25 60 120

CAPACITIVE REACTANCE IN OHMS
.00005
.0001
.00025
.0005
.001
.005
.01
.015
.02
.05
.1
.25
.5

1.0.
2.0
4.0
6.0
8.0

10.0
15.0

6,369.4
3,184.7
1,273.8

636.9
318.5

63.7
31.8
21.2
15.9

6.4
3.2
1.28
.64
.32
.16
.08

, ;06
.04
.03
.02

2,123.1
1,061.6

424.6
212.3
106.2
21.2
10.6

7.1
5.3
2.1
1.1

.42

.21

.11

.05

.03

.02

.01

.01

.01

63,694.267
31,847,133
12,738,863

6,369.426
3,184,713

636,943
318,471
212,314
159,235
63,694
31,847
12,739

6,369
3,184
1,592

769
531
398
318
212

318,471
159,235
63,694
31,847
15,924

L185
1,592
1,061

796
318
159
64
32
15.9
7.9
3.9
2.6
2.0
1.6
1.1

127,388,534
63,694,267
25,477,706
12,738,853
6,369,427
1,273,885

636,943
424,629
318,471
127,389

63,694
25,478
12,739

6,369
3,184
1,592
1,062

796
637
425

53,078,503
26,539,252
10,615,600

5,307,850
2,653,925

530,785
265,393
173,929
132,697
53,078
25,539
10,616

5,308
2,654
1,327

664
442
332
265
177

26,539,252
13,269,626
5,307,850
2,653,925
1,326,963

265,393
132,696

88,464

26, 39
13, 70
5,308
2,654
1,327

663
332
221
166
133
88

Reactances of Condensers of Standard Capacity
aE Common/y Used Frequencies.
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FREQUENCY AND CAPACITY, DOUBLING THE CAPACITY OF THE CONDENSER WILL RE-
DUCE THE REACTANCE BY ONE-HALF. THIS BEING TRUE, IT IS A SIMPLE MATTER TO
CALCULATE MENTALLY THE REACTANCE OF ANY CONDENSER NOT GIVEN IN TABLE1 AND
AT PRACTICALLY ANY FREQUENCY,SIMPLY BY BASING ONE'S CALCULATIONS UPON THE
INFORMATION GIVEN IN TABLE I.

THESE PAST FEW LESSONS ON THE "ESSENTIALS OF A.C. CIRCUITS" HAVE PRO-
VIDED YOU WITH A GREAT DEAL MORE VALUABLE RADIO INFORMATION.EVEN IF THESE
LESSONS APPEAR SOMEWHAT DIFFICULT TO YOU, REMEMBER THAT THEY ARE IM-
PORTANT AND THAT IT IS NOT NECESSARY FOR YOU TO MEMORIZE THESE VARIOUS
FORMULAE. THE MAIN THING IS TO KNOW HOW TO USE THEM AND WHERE TO FIND
THEM WHEN YOU HAVE NEED FOR THEM AT SOME FUTURE TIME.

YOU WILL SOON REALIZE THAT YOU ARE LEARNING FAR MORE THAN THE AVERAGE
RADIO MAN KNOWS AND CONSEQUENTLY, YOU WILL BE FORTIFIED WITH THAT KNOW-
LEDGE, WHICH WILL WIN FOR YOU A HIGH POSITION IN THIS MARVELOUS RADIO IN-
DUSTRY.

EXAMINATION QUESTIONS
LESSON NO. 41

I. - IF A CONDENSER OF 8 MFD, AN INDUCTANCE OF 30 HENRIES
AND A RESISTANCE OF 1000 OHMS ARE ALL CONNECTED IN SER-
IES, WHAT WILL BE THE IMPEDANCE WHICH THIS CIRCUIT WILL
OFFER TOWARDS A 6o CYCLE CURRENT?

2. - How MUCH CURRENT WILL FLOW THROUGH THE CIRCUIT DESCRIB-
ED IN QUESTION #1? THE APPLIED VOLTAGE IS 100 VOLTS.

3. - WHAT WILL BE THE VOLTAGE DROP ACROSS THE CONDENSER,IN-
DUCTANCE AND RESISTOR INDIVIDUALLY OF THIS SAME SERIES
CIRCUIT?

4. - EXPLAIN THE CONDITION OF RESONANCE IN A TUNED CIRCUIT
IN TERMS OF INDUCTIVE REACTANCE, CAPACITIVE REACTANCE
AND RESISTANCE.

5. - IF A CONDENSER OF .00025 MFD. IS CONNECTED IN SERIES
WITH AN INDUCTANCE OF 250 MICROHENRIES,TO WHAT FREQUEN-
CY WILL THIS CIRCUIT RESONATE?

6. - EXPLAIN THE DIFFERENCE BETWEEN A SERIES RESONANT CIR-
CUIT AND A PARALLEL RESONANT CIRCUIT?

7. - IF A CONDENSER OF 140 MMFD. AND AN INDUCTANCE OF 100
MICROHENRIES ARE CONNECTED IN SERIES,TO WHAT WAVELENGTH
WILL THIS CIRCUIT RESONATE?

8. - WHAT IS MEANT BY THE TERM POWER FACTOR?

9. - DESCRIBE A RESONANCE CURVE FOR A SERIES TUNED CIRCUIT.

10.- How DOES THE D.C. RESISTANCE OF A SERIES TUNED CIRCUIT
AFFECT THE RESONANCE CURVE AND SELECTIVITY OF THE RE-
CEIVER?
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YOU HAVE HEARD A GREAT DEAL ABOUT R.F. AMPLIFIERS SO FAR IN YOUR

STUDIES AND NO DOUBT YOU ARE BY THIS TIME BEGINNING TO REALIZE WHAT A

TREMENDOUS STUDY THIS RADIO SUBJECT ALONE REQUIRES. THE R.F. AMPLIFIER IS
AN EXCEEDINGLY IMPORTANT PART OF THE RADIO RECEIVER, FOR THE RECEIVER'S
OPERATING QUALITY DEPENDS GREATLY UPON THE PROPER FUNCTIONING OF THIS POR
TION OF THE CIRCUIT.

ONLY A FEW YEARS AGO, THE CONSTRUCTION OF THIS SECTION OF THERECEU
ER WAS VERY CRUDE, PRIMARILY SO BECAUSE COMPARATIVELY LITTLE WAS KNOWN A-

BOUT RADIO FREQUENCIES. OUR PRESENT R.F. STAGES, HOWEVER, ARE BUILT WITH

UTMOST CARE AND IT HAS ONLY BEEN THROUGH THE CONSTANT EXPERIMENTS
DIOUS RADIO MEN THAT THIS PORTION OF THE RECEIVER HAS REACHED ITS
STATE OF DEVELOPMENT. STILL, THERE IS ROOM FOR IMPROVEMENT AND AS
PASSES, MORE AND MORE OF THE PRESENT PROS
LEMS WILL BE SUCCESSFULLY SOLVED, SO THAT
IT IS REALLY DIFFICULT TO PROPHESY JUST
WHAT REMARKABLE ACHIEVEMENTS WILL BE WIT-
NESSED IN THE NEAR FUTURE. You SHOULD BE

MIGHTY HAPPY THAT YOU HAVE ENTERED THE
FIELD OF RADIO AT THIS TIME, DURING WHICH
SUCH TREMENDOUS PROGRESS IS BEING MADE.

IN PREPARING YOU TO BECOME ATRAINED
RADIO MAN, IT IS OUR EARNEST DESIRE THAT
YOU LEARN JUST EXACTLY HOW AND WHY CERTAIN
RADIO JOBS MUST BE DONE IN A CERTAIN WAY.
THEREFORE, IN OUR PRESENT DISCUSSION OF
R.F. AMPLIFIER DESIGN, YOU WILL FIND THAT
INSTEAD OF JUST GIVING YOU A LIST OF SPE.Q.
IFICATIONS TO FOLLOW FOR CONSTRUCTING VAR-
IOUS COILS ETC., WE ARE GOING TO SHOW YOU
JUST EXACTLY WHY THESE DIFFERENT SPECIFI-
CATIONS ARE SUITABLE. ALL OF THIS INFOR-
MATION IS GOING TO BE OF GREAT VALUE TO

YOU BECAUSE IT WILL ENABLE YOU TO INTELLom

FIG. 1

OF STU
PRESENT

TIME

Mounting the ie. F Tra1751G -in e r.
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IGENTLY LAY OUT WORK THROUGH YOUR OWN THOUGHTS AND EFFORTS INSTEAD OF RE-
LYING SOLELY UPON THE WORK LAID OUT BY OTHERS.

THE R.F. TRANSFORMER

FIRST OF ALL, LET US CONSIDER THE R.F. TRANSFORMER. ALTHOUGH THESE
NITS CAN BE BOUGHT READY MADE AT A PRICE WHICH IS QUITE REASONABLE, YET
THERE ARE TIMES WHEN YOU WILL WISH TO CONSTRUCT THEM ACCORDING TO YOUR
OWN IDEAS. FURTHERMORE, IT IS PART OF YOUR TRAINING TO LEARN HOW SUCH
COIL DESIGNS ARE WORKED OUT.

AS YOU ALREADY KNOW, THE SECONDARY WINDING OF THE R.F. TRANSFORMER
IS GENERALLY CONNECTED ACROSS A TUNING CONDENSER AS SHOWN IN FIG02AND THE
FREQUENCY TO WHICH THIS TUNED CIRCUIT WILL RESONATE, IS DEPENDENT UPON
THE INDUCTANCE OF THIS WINDING AND THE CAPACITY OF THE CONDENSER WITH
WHICH IT IS USED.

FIG.
Th¢ 72.1 e d C

IN ORDER TO ENABLE THIS CIR-
CUIT TO TUNE OVER A GIVEN RANGE OR
BAND OF FREQUENCIESOT IS OFCOURSE
NECESSARY TO EITHER VARY THE INDU.2
TIVE, CAPACITIVE OR BOTH VALUES BUT
THE MOST COMMON PRACTICE IS TO USE
A FIXED INDUCTANCE AND TO VARY THE
CAPACITY WITH THE AID OF A VARI-
ABLE CONDENSER.

ALTHOUGH WE HAVE TOLD YOU COB,
SIDERABLE ABOUT INDUCTANCE AND ITS
VARIOUS EFFECTS AND ACTIDNS,YET WE
HAVE AS YET NOT TOLD YOU JUST EX-
ACTLY HOW TO GO ABOUT THE TASK OF

CALCULATING INDUCTANCE. IN OUR PRESENT DISCUSSION OF R.F. TRANSFORMERS,
YOU WILL HAVE NEED FOR THIS INFORMATION AND SO WITHOUT FURTHER DELAY, WE
SHALL INVESTIGATE THIS MATTER THOROUGHLY.

CALCULATING THE INDUCTANCE OF SOLENOID TYPE WINDINGS

AT THE PRESENT TIME, TUNING INDUCTANCES OF THE CYLINDRICAL SHAPE SHQ
WN IN FIG. 2 ARE MOST EXTENSIVELY USED. THE REASON FOR THIS BEING THAT IT
HAS BEEN PROVEN TO BE THE MOST EFFICIENT, AS WELL AS THE SIMPLEST TO CON-
STRUCT. WE CALL SUCH TUBULAR SHAPED COILS, "SOLENOID COILS OR WINDINGS."

A VERY HANDY FORMULA IS AT OUR DISPOSAL FOR CALCULATING THE INDUC-
TANCE OF THIS TYPE OF WINDING AND THIS FORMULA IS AS FOLLOWS:

L= 0.0251 D2 N N K.

THE LETTER "L" IN THIS FORMULA STANDS FOR THE INDUCTANCE EXPR'SSED
IN MICROHENRIES; THE NUMBER 0.0251 IS A CONSTANT; "D" STANDS FOR THE DIA-
METER OF THE COIL IN INCHES; "N" SIGNIFIES THE TOTAL NUMBER OF TURNS;"N0"
IS THE NUMBER OF TURNS PER INCH ON THE WINDING AND "K" IS THE "CORRECTION
FACTOR" FOR THE PARTICULAR COIL IN QUESTION. BY ALL MEANS, DONIT BECOME
ALARMED WHEN CONFRONTED BY A FORMULA AS THIS BECAUSE IT IS HANDLED EASIER
THAN ONE MIGHT AT FIRST SUPPOSE. THIS WILL BE EVIDENT FROM THE EXPLANATION
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WHICH IS TO FOLLOW.

FINDING' THE CORRECTION OR SHAPE FACTOR

THE COIL DIMENSIONS AS USED IN THIS FORMULA WILL PRESENT NO DIFFIC-

ULTY BUT NO DOUBT YOU ARE ALREADY WONDERING WHAT IS MEANT BY THE EXPRESS

ION "CORRECTION -FACTOR", WHICH IS REPRESENTED BY THE LETTER "K" IN THE

FORMULA. THIS CORRECTION FACTOR IS OBTAINED FROM A TABLE, WHICH WE ARE

GIVING YOU IN TABLE IAND THE VALUE OF K IS DIFFERENT FOR DIFFERENT SOLEN-

OID COIL SHAPES. THIS VALUE IS ALSO SPOKEN OF AS THE COILS "SHAPE... FACTOR"

BECAUSE IT IS DEPENDENT UPON THE RATIO OF THE COIL'S DIAMETER TO ITS LENS

AT H.

THE VALUE OF "K" TO CHOOSE FROM TABLEI IS DETERMINED AS FOLLOWS: FOR

------

TABLE I
VALUES OF "K" FOR INDUCTANCE FORMULA

DIAMETER
K

DIAMETER
K

DIAMETER
K

LENGTH LENGTH LENGTH

0.00 1.000 1.90 0.53.8 6.40 0.274

.05 .979 1.95 .532 6.60 .269

.10 .959 6.80 .263

.15 .939 2.00 .526

.20 .920 2.10 .518 7.00 .258

2.20 .503 7.20 .254

.25 .902 2.30 .492 7.40 .249

.30 .884 2.40 .482 7.60 .245

.35 .867 7.80 .241

.40 .850 2.50 .472

.45 .834 2.60 .463 8.00 .237

2.70 .454 8.50 .227

.50 .818 2.80 .445 9.00 .219

.55 .803 2.90 .437 9.50 .211

.60 .789 10.00 .203

.65 .775 3.00 .429

.70 .761 3.10 .422 11.0 .190

3.20 .415 12.0 .179

.75 .748 3.30 .408 13.0 .169

.80 .735 3.40 .401 14.0 .161

.85 .723 15.0 .153

.90 .711 3.50 .394

.95 .700 3.60 .388 16.0 .146

3 70 .382 17.0 .139

1.00 .688 3 80 .376 18.0 .134

1.05 .678 3 90 .371 19.0 .128

1.10 .667 20.0 .124

1.15 .657 4.00 .365

1.20 .648 4.10 .360 22.0 .115

4.20 .355 24.0 .108

1.25 .638 4.30 .350 26.0 .102

1.30 .629 4.40 .346 28.0 .096

1.35 .620 30.0 .091

1.40 .612 4.50 .341

1.45 .603 4.60 .336 35.0 .081

4.70 .332 40.0 .073

1.50 .595 4.80 .328 45.0 .066

1.55 .587 4.90 .324 50.0 .061

1.60 .580
1.65 .572 5.00 .320 60.0 053

1.70 5.20 .312 70 0 .047
.565

5.40 .305 80.0 .042

1.75 .558 5.60 .298 90 0 .03F,

1.80 .551 5.80 .292 100 0 .035

1.85 .544
6.00 .285
6.20 .280
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EXAMPLE, IN FIG. 3, WE HAVE A COIL OR INDUCTANCE WHICH IS 1.5" IN DIA-
METER AND 3" LONG. BY DIVIDING ITS DIAMETER BY ITS LENGTH,WE HAVE 1,,,E _.5

3
LOOKING FOR THIS NUMBER UNDER THE COLUMNS HEADED (21.A.K,_ IN TABLE I, WE

LENGTH
SEE THAT .5 CORRESPONDS TO A SHAPE OR CORRECTION FACTOR OF .818. HENCE
THE CORRECTION FACTOR OR VALUE OF K FOR A COIL HAVING THE DIMENSIONS AS
INDICATED IN FIG. 3 WILL BEMIS.

TRUE MEANING OF "LENGTH OF WINDING" AND "TURNS PER INCH"

WHEN REFERRING TO WINDINGS ON SUCH COILS, WE FREQUENTLY SPEAK OF THE
COIL AS BEING WOUND WITH A CERTAIN NUMBER OF TURNS TO THE INCH. BY THIS
EXPRESSION, WE MEAN THE NUMBER OF TURNS OF THE WINDING THAT ARE CONTAINED

IN ONE INCH OF THEWINDINGIS

LENGTH.TNIs IS IMPORTANT BE-
CAUSE QUITE OFTEN,A SPACE IS

ALLOWED BETWEEN ADJACENT TURNS
OF A WINDING AND THIS HAS
A PRONOUNCED EFFECT UPON
THE WINDING'S INDUCTANCE.
THEN IT IS ALSO APPARENT
THAT IN SUCH CASES, WHERE
ADJACENT TURNS ARE WOUND
SIDE BY SIDE WITHOUT ANY
SEPARATIONS, ONE WILL BE

ABLE TO WIND MORE TURNS PER
INCH WHEN SMALLER WIRE OR
WIRE OF THINNER INSULATION
IS USED. TABLE Tr, TELLS YOU

HOW MANY TURNS PER INCH CAN BE WOUND WITH STANDARD SIZES AND TYPES OF
COPPER WIRE AS USED IN THE CONSTRUCTION OF R.F. TRANSFORMERS. NOTE, THAT
IN THE CASE OF THIS TABLE, THE TURNS ARE CONSIDERED WOUND SIDE BY SIDE
IN A SINGLE LAYER AND NO SPACE IS ALLOWED BETWEEN ADJACENT TURNS. ALSO
BEAR IN MIND THAT THE LENGTH OF THE TUBING,UPON WHICH THE COIL IS WOUND,
HAS NOTHING TO DO WITH THE LENGTH OF THE WINDING AND WE ONLY CONSIDER THE
SPACE ACTUALLY OCCUPIED BY THE WIRE AS CONSTITUTING THE LENGTH OF THE
WINDING. THIS IS ILLUSTRATED CLEARLY IN FIG. 3.

Calcula Ling inolucLance.

YOU CAN CHECK UP ON YOURSELF AS TO YOUR UNDERSTANDING OF TABLE II BY
MEANS OF FIG. 3. NOTICE IN THIS ILLUSTRATION, THAT THE COIL IS WOUND WITH
150 TURNS OF #26 DOUBLE SILK COVERED WIRE, WITH THE TURNS WOUND SIDE BY
SIDE AND UPON REFERRING TO TABLEIr, YOU WILL OBSERVE THAT #26 B&S DOUBLE
SILK COVERED WIRE CAN BE WOUND 50 TURNS TO THE INCH AND THIS CHECKS WITH
FIG. 3, AS HERE THERE ARE 150 TURNS OF THIS WIRE IN A 3" WINDING LENGTH.

CALCULATING THE INDUCTANCE

NOW LET US PROCEED TO CALCULATE THE INDUCTANCE OF THE COIL WHICH IS
ILLUSTRATED IN FIG. 3. FOR THIS, WE WILL USE OUR FORMULA:

L=0.025I D2 N No K. THE VALUE rOR "D" ACCORDING TO FIG. 3 WILL BE
1.5", THE VALUE FOR "N" WILL BE 150 TURNS, "N c," WILL BE 50 TURNS PER INCH
AND "K" WE HAVE ALREADY FOUND TO BEO.818.

SUBSTITUTING THESE VALUES IN OUR FORMULA WE HAVE:
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L=0.025I X 1.52 X 150 X 50 X .818, WHENCE L=346.47. THAT IS, THE

INDUCTANCE OF THE COIL, WHICH IS SHOWN IN FIG. 3, IS APPROXIMATELY 346.47

MICROHENRIES AS DETERMINED BY CALCULATION.

BEAR IN MIND, THAT THIS INDUCTANCE FORMULA
WHICH WAS JUST GIVEN YOU,

ONLY APPLIES TO SOLENOID TYPE (,AIR CORE) COILS, HAVING A SINGLE LAYER WIN

DING. FOR BANKED COILS, THAT IS, SOLENOID COILS CONSISTING OF SEVERAL LAY

ERS OF WINDING, YOU CAN USE THE FORMULA L=0.025I D2 N N No K WITH CONSIC

ERABLE ACCURANCY AND IN THIS CASE, "N" SIGNIFIES THE NUMBER OF LAYERS MAE,

ING UP THE WINDING. ALSO REMEMBER, THAT THIS LATTER FORMULA IS ONLY CON-

SISTENT IN SUCH CASES WHERE THE DEPTH OF THE WINDING IS NOT TOO GREAT AS

COMPARED WITH ITS DIAMETER.

IN VARIOUS MAGAZINES OR BOOKS, WHICH YOU MAY READ FROM TIME TO TIME,

YOU WILL FIND STILL OTHER FORMULAS FOR CALCULATING THE INDUCTANCE OF spL.

WIRE
SIZE

TABLE II

TURNS PER INCH WOUND SIDE BY SIDE WITH

WIRE HAVING FOLLOWING INSULATION

GAUGE BARE ENAMELLED
SINGLE SILK DOUBLE SINGLE COTTON DOUBLE

B & S WIRE SILK ENAM. SILK COTTON ENAM. COTTON

# 16 20 19 18 18 17 17 16 16

18 25 23 23 22 22 21 20 19

20 32 29 29 27 27 26 25 23

22 40 37 36 34 33 33 31 29

24 50 46 44 42 41 40 38 34

26 63 57 54 51 50 48 46 41

28 79 74 67 63 60 59 55 47

30 100 90 82 76 71 70 65 54

32 126 112 99 92 83 82 77 60

34 159 141 119 110 97 95 89 67

36 200 178 140 131 III 108 102 74

40 317 270 200 195 140 139 139 102

ENOID TYPE WINDINGS BUT YOU WILL FIND THAT THE ONE WHICH WE HAVE JUST GI-

VEN YOU IS USED EXTENSIVELY IN RADIO MANUFACTURING CONCERNS BY FOREMOST

ENGINEERS.

THE INDUCTANCE AND CAPACITY RELATION FOR TUNING

NOW THAT YOU ARE FAMILIAR WITH THE MANNER IN WHICH P.P. INDUCTANCES

OF THIS TYPE ARE CALCULATED, THE NEXT STEP WILL BE TO SEE WHAT VALUE OF

INDUCTANCE TO USE WITH A GIVEN TUNING CONDENSER IN ORDER FOR THE ARRANGE-

MENT TO TUNE OVER A CERTAIN BAND OF FREQUENCIES.

BY LOOKING AT THE FAMILIAR FORMULA/ =159,000 YOU WILL NOTE THAT

SINCE THE NUMBER 159,000 IS A CONSTANT IN THIS FORMULA, THE RESONANT FRE-

QUENCY IN THIS FORMULA WILL BE GOVERNED BY THE VALUES L AND C. THAT IS,

ACCORDING TO THE INDUCTANCE AND THE CAPACITY. WE GENERALLY REFER TO THIS

RELATION BETWEEN L AND C AS THE "LC" FACTOR AND FOR ANY GIVEN FREQUENCY,

WE WILL HAVE A DEFINITE "LC" FACTOR. FOR YOUR CONVENIENCE, WE ARE GIVING

YOU A COMPLETE TABLE OF LC FACTORS FOR THE ENTIRE WAVELENGTH RANGEBETWEEN

I AND 1000 METERS OR BETWEEN 300,000 TO 300 Kc. THIS HANDY TABLE IS HEAD...
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ED TACt-E III IN THIS LESSON. LET US NOW SEE HOW THIS TABLE CAN BE USED.FOR
Olin FIRST EXAMPLE, LET US ASSUME THAT WE HAVE THE INDUCTANCE OF 346.47 Mj
CROHENR I ES, WHICH WAS ALREADY SHOWN YOU IN FIG. 3. IF THIS INDUCTANCE IS
USED TOGETHER WITH A TUNING CONDENSER, HAVING A MAXIMUM CAPACITY OF
.00035 MFD, THEN TO WHAT FREQUENCY WILL THIS COMBINATION RESONATE? THE
1.a.0 FACTOR FOR THIS ARRANGEMENT WILL BE THE INDUCTANCE IN MI CROHENRI ES MCI
LT I FLIED BY THE CAPACITY IN MICROFARADS OR 346.47 X .0003517:J212645 OR
APPROXIMATELY 0.1213. Now BY LOOKING FOR THE NUMBER O.1213 UNDER THE LXC
COLUMNS OF TABLE III ,WE FIND THAT IT LIES BETWEEN THE VALUES OF 0.1208 AND
0.1226. THUS ACCORDING TO TABLE III I YOU ARE SHOWN THAT THIS LXC FACTOR Wi LL

TABLE III
WAVELENGTH IN METERS -- FREQUENCY IN KC. -- INDUCTANCE IN MICROHENRIZS

CAPACITY IN MICROFARADS

METERS'

FREQ.
IN KC. LXC METERS

FREQ.
IN Kc LXC METERS

FREQ.

IN KC. LXC

1 300,000 0.0000003 450 667 0.0570 740 405 0.1541
2 150,000 0.0000111 460 652 0.0596 745 403 0.1562
3 100,000 0.0000018 470 639 0.0622 750 400 0.15834 75,000 0.0000045 480 625 0.0649 755 397 0.1604
5 60,000 0.0000057 490 612 0.0676 760 395 0.1626
6 50,000 0.0000101 500 600 0.0704 765 392 0.1647
7 42,900 0.0000138 50§ 594 0.0718 770 390 0.1669
8 37,500 0.0000180 510 588 0.0732 775 387 0.1690
9 33,333 0.0000228 515 583 0.0747 780 385 0.1712

10 30,000 0.0000282 520 577 0.0761 785 382 0.173420 15,000 0.0001129 525 572 0.0776 790 380 0.175630 10,000 0.0002530 530 566 0.0791 795 377 0.177940 7,600 0.0004500 535 561 0.0806 800 375 0.180150 6.000 0.0007040 540 556 0.0821 805 373 0.182460 5,000 0.0010140 545 551 0.0836 810 370 0.184770 4,290 0.0013780 550 546 0.0852 815 368 0.187080 3,750 0.0018010 555 541 0.0867 820 366 0.189390 3,333 0.0022800 560 536 0.0883, 825 364 0.1916100 3,000 0.00282 565 531 0.0899 830 361 0.1939110 2,727 0.00341 570 527 0.0915 835 359 0.1962120 2,500 0.00405 575 522 0.0931 840 357 0.1986130 2,308 0.0G476 580 517 0.0947 845 355 0.201140 2,143 0.00562 585 513 0.0963 850 353 0.203150 2,000 0.00633 590 509 0.0980 855 351 0.206160 1,875 0.00721 595 504 0.0996 860 349 0.208170 1,764 0.00813 600 500 0.1013 865 347 0.211180 1,667 0.00912 605 496 0.1030 870 345 0.213190 1,579 0.01015 610 492 0.1047 875 343 0.216200 1,500 0.01126 615 488 0.1065 880 341 0.218210 1,429 0.01241 620 484 0.1082 885 339 0.220220 1,364 0.01362 625 480 0.1100 890 337 0.223230 1,304 0.01489 630 476 0.1117 895 335 0.225240 1,250 0.01621 635 472 0.1135 900 333 0.228250 1,200 0.01759 640 469 0.1153 905 331 0.231260 1.154 0.01903 645 465 0.1171 910 330 0.233270 1,111 0.0205 650 462 0.1189 915 328 0.236280 1,071 0.0221 655 458 0.1208 920 326 0.238290 1,034 0.0237 660 455 0.1226 925 324 0.241
300 1,000 0.0253 665 451 0.1245 930 323 0.243
310 968 0.0270 670 448 0.1264 935 321 0.246320 938 0.0288 675 444 0.1283 940 319 0.249
330 909 0.0306 680 441 0.1302 945 317 0.251
340 883 0.0325 685 438 0.1321 950 316 0.254
350 857 0.0345 690 435 0.1340 955 314 0.257
360 834 0.0365 695 432 0.1360 960 313 0.259
370 811 0.0385 700 429 0.1379 965 311 0.262
380 790 0.0406 705 426 0.1399 970 309 0.265
390 769 0.0428 710 423 0.1419 975 308 0.268
400 750 0.0450 715 420 0.1439 980 306 0.270
410 732 0.0473 720 417 0.1459 985 305 0.273
420 715 0.0496 725 414 0.1479 990 303 0.276
430 698 0.0520 730 411 0.1500 995 302 0.279
440 682 0.0545 735 408 0.1521 1000 300 0.282
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TUNE THE CIRCUIT TO A FREQUENCY OF ABOUT 457 KC. NOTE HOW SIMPLE THAT

THIS WORK BECOMES THROUGH THE AID OF TABLE AND THAT HARDLY ANY CALCU

LATION IS NECESSARY.

NOW LET US SUPPOSE THAT WE HAVE A TUNING CONDENSER WITH A CAPACITY

RATING OF .00035 MFD. THIS RATING, AS GIVEN BY THE MANUFACTURER, IS THE

MAXIMUM CAPACITY OF THE CONDENSER. SO WITH THIS CONDENSER AT HAND, LET

US ASSUME THAT WE ARE REQUIRED TO CONSTRUCT AN R.F. TRANSFORMER, WHOSE

SECONDARY WINDING WILL TUNE WITH THIS GIVEN VARIABLE CONDENSER OVER A

FREQUENCY RANGE OF APPROXIMATELY 541 KC TO 1500 KC.

THE FIRST THING THAT WE WILL HAVE TO DO IN THIS CASE IS TO DETER-

MINE THE INDUCTANCE, WHICH IS REQUIRED FOR THE SECONDARY WINDING OF THIS

TRANSFORMER. THE MAXIMUM INDUCTANCE WHICH IS REQUIRED IN THIS INSTANCE

IS WHEN THE TUNING CONDENSER PLATES ARE ALL THE WAY IN MESH, SO THAT THE
CIRCUIT IS TUNED TO THE LOWEST FREQUENCY LIMIT, THAT IS, TO 541 KC. SO

WE BEGIN BY LOOKING UP THE "L x C" FACTOR FOR 541 KC IN TABLE AND WE

FIND IT TO BE 0.0867.

SINCE THE VALUE OF "C" IN THIS PROBLEM IS KNOWN TO BE .00035 MFD;

THE LX C FACTOR 0.0867;AND SINCE L xC = 0.0867,THEN IT S ALSO TRUE THAT

THE REQUIRED INDUCTANCE"L" 
0.0867

OR L - 7.0867 = 247.71--w-- MICROHENRIES.
00U35

SO THE SECONDARY WINDING OF THE TRANSFORMER WHICH WE ARE TO CONSTRUCT

MUST HAVE AN INDUCTANCE OF 247.71 MICROHENRIES.

NOW THAT WE HAVE DETERMINED THE INDUCTANCE VALUE, SO THAT THE CIR

CUIT WILL RESONATE TO THE LOWEST FREQUENCY LIMIT REQUIRED,OUR NEXT STEP

WILL BE TO FIND OUT IF THESE CIRCUIT CONSTANTS WILL ALSO PERMIT THE

CUIT TO BE TUNED TO THE HIGHEST FREQUENCY LIMIT, OR 1500 KC. SINCE THE

VALUE OF THE INDUCTANCE REMAINS FIXED, IT IS CLEAR THAT THE RESPONSE OF

THE CIRCUIT TO THE HIGHEST FREQUENCY WILL BE DETERMINED ENTIRELY BY THE
MINIMUM CAPACITY WHICH THE GIVEN TUNING CONDENSER OFFERS.

IF THE CONDENSER MANUFACTURER SPECIFIES THAT HIS .00035 MFD CON-

DENSER HAS A MINIMUM CAPACITY OF .000038 MFD, THEN ALL THAT YOU HAVE TO

DO IS TO MULTIPLY THIS MINIMUM CAPACITIVE VALUE BY THE INDUCTANCE OF

YOUR COIL INORDER TO FIND THE L x C FACTOR FOR THE HIGHEST FREQUENCY LIM

IT. THAT IS,IN OUR PARTICULAR EXAMPLE,THE L x C FACTOR FOR 1500 KC WILL

BE AS FOLLOWS:
247.71 X .000038 = 0.00941298, OR APPROXIMATELY 0.00941.

THUS, BY LOOKING UP THIS L x C FACTOR IN TABLE m, WE FIND THAT THIS VALUE

CORRESPONDS TO A FREQUENCY SOMEWHERE BETWEEN 1579 AND 1667 KC. HENCE

THIS INDUCTANCE AND VARIABLE CONDENSER COMBINATION WILL COVER THE RANGE

OF FREQUENCIES BETWEEN 541 AND 1500 SATISFACTORILY WITH A LITTLE TO SPARE.

THE MINIMUM CAPACITY OF AVERAGE -TYPE TUNING CONDENSERS

WHENEVER THE EXACT MINIMUM CAPACITY OF A TUNING CONDENSER IS NOT

KNOWN, THEN IT IS GENERAL PRACTICE TO ASSUME THE MINIMUM CAPACITY TO BE

10% OR 1/10 THAT OF THE CONDENSER'S RATED OR MAXIMUM CAPACITY. IN OTHER

WORDS, WE WOULD CONSIDER A .00035 MFD TUNING CONDENSER AS HAVING A MINI-

MUM CAPACITY OF .000035 MFD. BY WORKING ON THIS BASIS, WE FIND THAT THE

L x C FACTOR FOR THE HIGHEST FREQUENCY LIMIT IN OUR PARTICULAR PROBLEM

WOULD BE 1/10 OF THE L xC FACTOR FOR THE LOWEST FREQUENCY LIMIT. THAT IS,

THE L xC FACTOR FOR THE 541 KCFREQUENCY AS PER TABLE na IS 0.0867 AND 1/10
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OF THIS VALUE IS 0.00867. HENCE BY LOOKING UP THE LXC FACTOR OF 0.00867
IN TABLE 111,wr FIND THAT IT CORRESPONDS TO A FREQUENCY BETWEEN 1667 AND

1764 KC. AND FROM THIS, WE AGAIN SEE THAT THE 247.71 MICROHENRYINDUCTANCE
WILL TUNE SATISFACTORILY WITH THE .00035 MFD. CONDENSER OVER THE
5411500 KC. RANGE. TABLEIII ALSO SHOWS YOU THAT THIS PARTICULAR INDUCTANCE -
CONDENSER COMBINATION TUNES OVER A WAVELENGTH RANGE OF FROM APPROXIMATELY
185 METERS TO 555 METERS, THUS COVERING A LITTLE MORE THAN THE BROADCAST

BAND.

CALCULATING THE TURNS REQUIRED

NOW THAT WE HAVE DETERMINED THE REQUIRED VALUE FOR THE INDUCTANCE OF
THE SECONDARY WINDING OF THE R.F. TRANSFORMER,THE NEXT THING WILL BE TO

DECIDE UPON THE NUMBER OF TURNS,WIRE SIZE ETC. TO USE IN ORDER TO WIND THE
COIL SO THAT WHEN FINISHED, IT WILL HAVE THE INDUCTANCE VALUE WHICH WE
WANT. IT IS OF COURSE IMPOSSIBLE TO CALCULATE THE EXACT NUMBER OF TURNS
BUT BY MEANS OF A LITTLE MATHEMATICS, WE CAN DETERMINE THE APPROXIMATE NUM
BER OF TURNS AND AFTER THE COIL IS CONSTRUCTED, ADJUSTMENT CAN BE MADE ON
THE WINDING SO AS TO OBTAIN THE EXACT VALUE.

A SIMPLE FORMULA FOR DETERMINING THE APPROXIMATE NUMBER OF TURNS TO
USE IS AS FOLLOWS: N.1 -1L (3 040B) WHERE N=THE NUMBER OF TURNS, L -THE

0.2 Da -

COILS INDUCTANCE IN MICROHENRIES, B=LENGTH OF THE WINDING IN INCHES, D=
DIAMETER OF THE WINDING IN INCHES.

OUR FIRST CHOICE WILL BE TO DECIDE UPON THE DIAMETER OF THE COIL
AND THIS WILL DEPEND LARGELY UPON THE CHASSIS SPACE AVAILABLE FOR THE
COILS AND THEIR SHIELDS. THE MODERN PRACTICE IS TO KEEP THE COIL DIAMETER
QUITE SMALL, SO AS TO ALLOW AMPLE SPACE BETWEEN THE COIL AND ITS SHIELD
CAN, WITHOUT REQUIRING A CAN OF TOO GREAT SIZE. COIL DIAMETERS OF ABOUT

In ARE QUITE POPULAR FOR THIS VERY REASON BUT OF COURSE,YOU ARE NOT LIMI-
TED TO THIS DIMENSION BUT MAY CHOOSE A. DIAMETER OF 114 OR 13Ygn OR ANYOTHER
VALUE TO SUIT YOURSELF,PROVIDED THAT YOU STAY WITHIN REASONABLE LIMITS.

FOR OUR PRESENT EXAMPLE, LET US CHOOSE A COIL DIAMETER OF In.

NOW THAT WE HAVE DECIDED UPON THE COIOS DIAMETERITHE NEXT THING WILL
BE TO CHOOSE A PROPER LENGTH FOR THE WINDING AND FOR THIS,WE ALSO HAVE A

HANDY RULE. IT SO HAPPENS THAT IF A SOLENOID WINDING IS MADE 2.46 OR APPRa
XIMATELY 2.5 TIMES AS LONG AS ITS DIAMETER, IT WILL BE MOST EFFICIENT, IN

THAT IT PROVIDES A GIVEN INDUCTANCE WITH THE LEAST WIRE AND THIS MEANS LESS
RESISTANCE, WHICH IN TURN PERMITS SHARPER TUNING. BECAUSE OF THIS CONDIT-
ION, IT IS ALSO APPARENT WHY R.F. COILS WITH LARGE DIAMETERS ARE NOT DES.,

IRABLE BECAUSE INCREASING THE COILS! DIAMETER WOULD CALL FOR A STILL GREAVI
ER INCREASE IN ITS CORRESPONDING LENGTH, THUS RESULTING IN A LARGE AND CUM
BERSOME COIL.

SINCE WE HAVE CHOSEN A COIL DIAMETER OF I" AND DESIRE UTMOST EFFIC-

IENCY, WE WILL MAKE OUR WINDING 2.5 TIMES AS LONG AS ITS DIAMETER. THAT IS,
WE WILL MAKE THE WINDING 2.5 INCHES LONG. THE COIL IS TO BE WOUND WITH THE
ADJACENT TURNS SIDE BY SIDE, THAT IS, NO SPACING IS ALLOWED BETWEEN TURNS.
NOW RETURNING TO OUR FORMULA OF Nr.s L(3 1341-90 WE HAVE SO FAR THAT

0.2
L=247.7I MICROHENRIES; DT=111 AND ne =2.5". SUBSTITUTING THESE VALUES IN
THE ABOVE FORMULA, WE HAVE AS FOLLOWS:
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247.71 1(3 X I) ±(9 X 2. 5)) 247* 71 ((3 +22.5)) 247.71 X 25.5 -
0.2 X I2 0.2 0.2

8316.605 =31583.02 . THEREFORE N=131583.02 =177.7 OR APPROXIMAT

0.2
ELY 178 TURNS.

DETERMINING THE WIRE SIZE TO USE

KNOWING THAT ABOUT 178 TURNS WILL HAVE TO BE WOUNC IN A SPACE 2.5"

LONG, WE CAN CALCULATE THE TURNS PER INCH BY DIVIDING 178 BY 2.5". THATIS,
178 2.5 =71 2TURNS PER INCH. THE NEXT STEP IS TO FIND OUT WHAT KIND OF

WIRE CAN DE WOUND AT APPROXIMATELY 71 TURNS PER INCH AND FOR THIS INFOR-

MATION, WE REFER TO TABLEILOF THIS LESSON. HERE YOU WILL FIND THAT #30 B&S
DOUIJLE SILK COVERED WIRE FILLS THE BILL EXACTLY. IT WOULD ALSO BE ALRIGHT

TO USE #30 SINGLE COTTON COVERED WIRE.

SO FROM ALL THIS INFORMATION WHICH WE HAVE GA7HERED,WE WOULD WIND

THIS PARTICULAR R.F. COIL WITH 178 TURNS OF #30 D.S.C. WIRE, MAKING THE

COIL I" IN DIAMETER. IN PRACTICE, YOU WILL FIND THAT BY MEANS OF THIS ME-
THOD OF CALCULATION, YOU WILL HAVE A FEW MORE TURNS OF WIRE ON THE COIL

THAN YOU ACTUALLY NEED. THIS, HOWEVER, IS PERFECTLY ALRIGHT BECAUSE WHEN

YOU TEST THE INDUCTANCE VALUE AS WILL BE SHOWN YOU LATER, YOU CAN UNWIND

A FEW TURNS IN ORDER TO BRING THE COIL'S INDUCTANCE DOWN TO THE EXACT VAL
UE. NEVERTHELESS, BY CALCULATING THE APPROXIMATE REQUIRED NUMBER OF TURNS
FIRST, YOU HAVE A GOOD IDEA OF THE NUMBER OF TURNS NEEDED, SO THAT YOU

WILL NOT BE WORKING IN TW7 DARK SO TO SPEAK AND SIMPLY GUESSING AS TO HOW
MANY TURNS TO PUT ON THE COIL.

WITH RESPECT TO THE CALCULATED COIL VALUES, ONE MUST ALSO CONSIDER
THE FACT THAT THE R.F. TRANSFORMER SHIELD CANS HAVE A TENDENCY TO INCREASE
THE "EFFECTIVE INDUCTANCE" OF THE TRANSFORMER WINDINGS DUE TO THE ADDIT-

IONAL CAPACITY EFFECT WHICH THE SHIELD CANS OFFER.THISMEANS THAT WHEN TEST-
INGTHE FINISHED TRANSFORMERS WITHTHEsHIELD CANS IN PLACE, ONE Wr_l_ FIND

IT NECESSARY To REMOVE A FEW TURNS FROM THE SECONDARY WINDINGS IN ORDER

TO COMPENSATE FOR THE ADDITIONAL CAPACITY INTRODUCED BY THE SHIELD CANS.

THE ABOVE CONDITION CAN BE READILY DETERMINED BY NOTING HOW THE FIN
ISHED TRANSFORMER PERMITS THE TUNING CONDENSER TO COVER THE DESI1ED RANGE
WITH THE SHIELD CANS IN POSITION. IF UNDER THESE CIRCUmSTANCES, IT IS

FOUND THAT THE BROADCAST STATION OF LOWEST FREQUENCY CAN BE TUNED IN WITH
OUT THE TUNING CONDENSER PLATES BEING COMPLETELY MESHED, WHILE AT THE
SAME TIME THE STATIONS OCCUPYING THE HIGHER FREQUENCY RANGES IN THE BAND
CANNOT BE OBTAINED WITH THE CONDENSER PLATES ALL THE WAY OUT OF MESH,THEN
THE TEST INDICATES THAT THE INDUCTANCE OF -HE R.F. TRANSFORMER SECONDARY

WINDINGS IS TOO GREAT AND THEREFORE, IT BECOMES NECESSARY TO REMOVE SECON
DARY TURNS UNTIL THE DESIRED BAND OF FREQUENCIES CAN BE PROPERLY COVERED.

SIMPLIFIED COIL FORMULAS

A SIMPLE FORMULA FOR DETERMINING THE INDUCTANCE OF A PLAIN SINGLE -

LAYER SOLENOID TYPE COIL AND WHICH CAN BE APPLIED VERY EASILY IS AS

FOLLOWS: L- AZ N WHERE L is THE INDUCTANCE EXPRESSED IN MICROHENRIES,
9a + 108

N THE TOTAL NUMBER OF TURNS,"B" THE WINDING LENGTH IN INCHES AND "A"BEING
1 THE COIL DIAMETER EXPRESSED IN INCHES. THESE DIMENSIONS ARE ALL INDIC-
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ATED IN FIG. 4 SO THAT THERE WILL BE NO DOUBT IN YOUR MIND CONCERNING
THEM.

FIG. 4
The Plain Solenoid

FOR INSTANCE, IF THE COIL IN
FIG. 4 CONSISTS OF 60 TURNS OF WIRE
AND THE DIMENSIONS "A" AND "B" ARE
I" AND 3" RESPECTIVELY, THEN BY SUB
STITUTING THESE VALUES IN THE PRE-
CEDING FORMULA, WE HAVE AS FOLLOWS:

12 x 602 3600
L - (9

3600

39

SHOULD THE WINDING IN QUESTION
BE OF THE MULTI -LAYER TYPE AND HAVE
A CROSS-SECTION AS ILLUSTRATED IN
FIG. 5, SUCH AS MIGHT BE USED IN
THE INTERMEDIATE -FREQUENCY TRANS..

1) + (10 x 3) - 9 + 30

92.3 MICROHENRIES.

FORMER OF A SUPERHETERODYNE RECEIVER, THEN YOU CAN gALCyLATE ITS INDUC-
40A 2N

0
TANCE BY EMPLOYING THE FOLLOWING FORMULA: L = E , WHERE L =

A + 9B + 10C"

THE INDUCTANCE IN MICROHENRIES, N THE TOTAL NUMBER OF TURNS AND "A", "B"
AND "C" THE DIMENSIONS AS SPECIFIED IN FIG. 5, EACH OF WHICH IS EXPRESS-
ED IN INCHES.

ASSUMING, FOR INSTANCES THAT SUCH A COIL CONSISTS, OF 800 TURNS, "A"
BEING .5"; "c", .5"; AND"B"s.4". SUBSTITUTING THESE VALUES IN OUR FORMULA,

WE HAVE L -
.8 X .52 X 8002 .8 x .25 x 640000 128,000

(6 x.5) + (9 x.4) 4. (10 x.5) 3 + 3.6 + 5 11.6

11,034.4 MICROHENRIES, APPROXell MILLIHENRIES.

FINALLY, IF THE COIL IS IN THE FORM OF A
HELICAL OR SPIRAL WINDING SUCH AS FREQUENTLY
USED FOR A PRIMARY WINDING OF AN R.F. TRANS-
FORMER, AS AN ANTENNA COUPLINGS ETC.,THE CROSS
SECTION OF WHICH APPEARS IN FIG. 6, THEN YOU

A 2N2
CAN USE THE FORMULA L -

BA + IIC
IN WHICH CASE

L IS AGAIN THE INDUCTANCE IN MICROHENRIES, N
THE TOTAL NUMBER OF TURNS IN THE WINDING AND
"C" AND "A"THE DIMENSIONS DESIGNATED IN FIG. 6
AND EXPRESSED IN INCHES.

IN THIS CASES IF 300 TURNS ARE USED AND
DIMENSIONS "A" AND "C" ARE ill AND .1", RESPEC

TIVELY,THEN L
.52 X 300 .25 x 90000

(8 x.5)+(II x.1) - 4 4 1.1
22500 = 4411jimicRoHENRIEs OR 4.41 MI LLIHENRIES
5.1

FIG.5

The Alulii-Layer Winding.

DESIGNING SINGLE -LAYER SOLENOID COILS BY MEANS OF GRAPHS

THE TASK OF DESIGNING SINGLE -LAYER SOLENOID COILS, WHICH ARE THE
MOST EXTENSIVELY USED TYPE OF TUNED WINDING FOR R.F.TRANSFORMERS, CAN BE
STILL FURTHER SIMPLIFIED THROUGH THE USE OF CHARTS AND GRAPHS. WITH
THIS METHODS CALCULATION IS ELIMINATED ENTIRELY.
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IN TABLE 1Y, FOR EXAMPLE, YOU ARE GIVEN A CHART WHEREBY YOU CAN

DETERMINE TO WHAT FREQUENCY ANY GIVEN CONDENSER AND COIL COMBINATION WILL
RESONATE IN A MOST SIMPLE MANNER.

THE VERTICAL LINE AT THE LEFT OF TABLETTIS CALIBRATED FOR CAPACITY
EXPRESSED IN MICRO.-.MICROFARADS, THE VERTICAL LINE AT THE CENTER FOR FRE-
QUENCY IN KILOCYCLES AND THE VERTICAL LINE AT THE RIGHT FOR INDUCTANCE IN
MICROHENRIES. Now THEN, YOU CAN DETERMINE ANY ONE OF THESE THREE VALUES

IN TERMS OF THE OTHER TWO, SIMPLY BY CONNECTING THE TWO KNOWN VALUES TO-
GETHER WITH A STRAIGHT EDGE OR RULER AND NOTING THE POINT AT WHICH IT

CROSSES THE THIRD VERTICAL LINE FOR THE VALUE BEING SOUGHT.

FOR INSTANCE, IF YOU WANT TO KNOW TO WHAT
CONDENSER AND A 240 MICROHENRY COIL WILLRES-.
ONATE, SIMPLY LAY A STRAIGHT EDGE ACROSS
TABLETVso THAT IT CUTS THROUGH THE CAPACITY
LINE AT THE 350 MARK (.00035 MFD=350 MMFDS.)
AND THE INDUCTANCE LINE AT THE 240 MARK.THIS
POSITION OF THE STRAIGHT EDGE IS INDICATED BY
THE DOTTED LINE IN TABLE N. As YOU WILL OB-
SERVE, THE STRAIGHT EDGE WILL CUT THE FRE-
QUENCY LINE AT THE 550 MARK,WHICH MEANS THAT
THIS PARTICULAR CONDENSER AND COIL COMBINA-
TICN WILL RESONATE AT 550 Kc.

YOU CAN ALSO USE THIS CHART IN STILL
OTHER WAYS. FOR EXAMPLE, IF YOU HAVEA .00035
MFD. TUNING CONDENSER AND WANT TO KNOW HOW

MUCH INDUCTANCE TO USE TO CONSTRUCT A CIR-

CUIT WHICH WILL RESONATE AT 550 KC.ITHEN LAY
THE STRAIGHT EDGE THROUGH THE 350 MMFD. AND
THE 550 Kc. MARKS ANC) NOTE WHERE IT PASSES THROUGH THE INDUCTANCE LINE.
THIS POINT ON THE INDUCTANCE LINE TELLS YOU THE INDUCTANCE EXPRESSED IN

MICROHENRIES 240 MICROHENRIES IN THIS PARTICULAR CASE.

FREQUENCY A .00035 MFD.

FI G.6

Tie Winding

HAVING THUS ESTABLISHED THE CORRECT RELATION BETWEEN CAPACITY,

INDUCTANCE AND FREQUENCY, YOU CAN DETERMINE THE REST OF THE COIL DESIGN

CONSTANTS WITH THE CHART IN TABLE V f AIDED BY THE INFORMATION OBTAINED

FROM TABLE II .

TO BETTER EXPLAIN THE USE OF TABLE V, LET US EMPLOY A SPECIFIC PRO
BLEM, NAMELY TO DETERMINE THE DESIGN DATA FOR THE 240 MICROHENRY WINDING
WHICH WE HAVE JUST BEEN DEALING WITH. WE SHALL ASSUME THAT THIS COIL IS

TC BE WOUND WITH #28 B&S ENAMELED WIRE AND ON A FORM 2" IN DIAMETER.

BY FIRST REFERRING TO TABLE II, YOU WILL NOTICE THAT THIS PARTIC-

ULAR WIRE CAN BE WOUND AT APPROXIMATELY 74 TURNS PER INCH.

THE NEXT STEP IS TO LAY A STRAIGHT EDGE UPON THE CHART OF TABLE Y
SO THAT IT WILL PASS THROUGH THE 240 MARK ON THE INDUCTANCE LINE AND

THROUGH THE FORM DIAMETER LINE AT THE POINT MARKED "2". THE POSITION OF

THE STRAIGHT EDGE AT THIS TIME IS INDICATED BY THE DOTTED LINE #1. WITH
THE STRAIGHT EDGE IN THIS POSITION,CAREFULLY NOTE THE POINT OF INTERSEC-TIONftON THE "TURNING SCALE .
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TABLE IV

RELATION BETWEEN FREQUENCY, INDUCTANCE AND CAPACITY

CAPACITY
MICRO -MICRO FARADS

1000
950
900
850

800
750

700
650

600
550

FREQUENCY
KILOCYCLES

150

200

250

300
500

450 350

400 400

450

500
300 .. ......

-55D

600
250 650

700
150

200 800
190 850
180 900
no 950
460 1000
150

1100
140

130
1200

120

110
4500

100 1600
95 1100
90 11300

85 1900

80 2000
15

70
65

60
55

1300

4400

2500

3000

INDUCTANCE
MICROHENRIES

1000
950

900
850

800
150

700
650

600
550

500

450

400

350 -

300

50

200

450

100
95
90
85

80
15

10
65

60

ss

50 50

45

40

35

30

25

.3500

4000

4500

5000

5500

6000
6500

7000
7500

8000
8500
9000
9500
10.000

45.000

45

40

35

30

25

20

II -

40-
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TABLE -V

THE DESIGN OF SINGLE -LAYER SOLENOID COILS

DIAM.
INCHES

2a
5

4,5

FORM
FACTOR

B
10

9

8 -H-7-

A
6

5.5

LENGTH
INCHES

13

.5-

TURNING
SCALE

0

TURNS
PER

A
3

INCH
m

B
300

250

NUMBER
OF TURNS

n

150

140

130
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NOW PASS YOUR STRAIGHT EDGE THROUGH THIS SAME POINT ON THE TURN-
ING SCALE AS WELL AS THROUGH THE 74MARK ON THE "A" SCALE OF THE °TURNS
PER INCH" LINE. THE POSITION OF THE STRAIGHT EDGE WILL NOW BE AS INDIO..
ATEC BY THE DOTTED LINE #2. NOTICE CAREFULLY AT THIS INSTANT,WHERE THE
STRAIGHT EDGE INTERSECTS THE "A" SCALE OF THE "FORM FACTOR LINE YOU
WILL FIND IT TO BE 2.25 FOR OUR PRESENT EXAMPLE.

THE NEXT STEP IS TO PASS THE STRAIGHT EDGE THROUGH THE 2 MARK OF
THE DIAMETER LINE AND THROUGH THE 2.25 MARK ON THE "B" SCALE OF THE
FORM FACTOR LINE" AS SHOWN BY THE DOTTED LINE #3. OBSERVE WHERE IT IN-

TERSECTS THE "LENGTH" LINE THIS YOU WILL FIND TO BE THE .875 MARK.
THIS MEANS THAT THE LENGTH OF THIS WINDING IS .875" OR APPROXIMATELY 7/8i

THE FINAL STEP IS TO LAY THE STRAIGHT EDGE THROUGH THE .875 MARK
OF THE"LENGTH" LINE AND THE 74 MARK ON THE "B" SCALE OF THE TURNS PER
INCH LINE AS SHOWN BY DOTTED LINE #4. NOW OBSERVE WHERE THE STRAIGHT EQ
GE INTERSECTS THE "NUMBER OF TURNS" LINE AND YOU WILL FIND IT TO BE AT
THE 65 MARK. IN OTHER WORDS, FOR THE PARTICULAR COIL UNDER OUR IMMEDIATE
ATTENTION, WE WOULD EMPLOY 65 TURNS OF #28 B&S ENAMELED WIRE WOUND ON
A FORM 2" IN DIAMETER AND TO A WINDING LENGTH OF 7/8".

YOU CAN WORK OUT ANY SIMILAR PROBLEM BY MEANS OF THESE CHARTS IN

THE SAME MANNER AS JUST EXPLAINED. THEORETICALLY, THE MOST EFFICIENT
COIL HAS A FORM FACTOR OF 2.46. HOWEVER, SINCE THE EFFICIENCY DOES NOT
FALL OFF VERY RAPIDLY ON BOTH SIDES OF THIS VALUE, WE CAN ACCEPT AS THE
BEST RANGE FOR THE FORM -FACTOR FROM 1.5 TO 4.

IF YOU WISH TO DESIGN YOUR COILS STARTING WITH A DEFINITE FORM...

FACTOR, YOU CAN STILL DO SO WITH THE SAME CHART IN TABLE V. FOR EXAMPLE,
IF WE SHOULD SET THE FORM -FACTOR TO A VALUE OF 2.25 RATHER THAN START-
ING WITH THE WIRE SIZE, THEN FOR THE SECOND POSITION OF THE STRAIGHT
EDGE, WE WOULD RUN IT THROUGH THE 2.25 MARK ONTHE"A" SCALE OF THE FORM
FACTOR LINE AND THRU THE PREV I DUSLY DETERMINED POINT ON THE "TURNING SCALE"
AND NOTE THE POINT AT WHICH IT INTERSECTS THE "A" SCALE OF THE TURNS
PER INCH" LINE. BY THUS FINDING THE TURNS PER INCH TO BE 74,WE FIND BY
REFERENCE TO TABLE TT--THAT WE CAN USE EITHER #28 B&S ENAMELED WIRE OR A
#36 B&S DOUBLE COTTON COVERED WIRE. ALL OTHER OPERATIONS WILL REMAIN THE
SAME AS ALREADY DESCRIBED.

ANOTHER FORM OF COIL DESIGN GRAPH

RADIO CONCERNS, WHO ENGAGE IN THE MANUFACTURE OF R.F. TRANSFORM-
ERS, HAVE GAINED A GREAT DEAL OF KNOWLEDGE AND DATA WHICH THEY ACCUMU..

LAT:0 OVER A PERIOD OF YEARS. FROM THE INFORMATION OBTAINED FROM THESE
PREVIOUS EXPERIENCES, MOST OF THEM PLOT ItCOI1- DESIGN GRAPHS FOR FUTURE
USE. AN EXAMPLE OF SUCH A GRAPH IS SHOWN YOU IN FIG. 7 AND THIS GRAPH
APPLIES ONLY TO A SINGLE LAYER SOLENOID TYPE COIL 2.75° IN DIAMETER.

THIS GRAPH, AS YOU WILL NOTE, CONSISTS OF CROSS -RULED PAPER, WHICH
IS ALSO KNOWN AS "GRAPH -PAPER". THE NUMBER OF TURNS REQUIRED FOR VARIOUS
INDUCTANCES ARE MARKED ALONG THE BOTTOM OF THE GRAPH, STARTING WITH "0"

AT THE FAR LEFT. EACH OF THE HEAVIER VERTICAL LINES ARE THM4SUCCESSIVELY
MARKED 10...20'...30 ETC. TOWARD THE RIGHT. YOU WILL FIND THAT THERE ARE 10

THINNER VERTICAL LINES BETWEEN EACH PAIR OF THE NUMBERED VERTICAL LINES

AND EACH OF THESE THIN VERTICAL LINES STANDS FOR 1 TURN OF WIRE. THUS THE
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VERTICAL LINE HALF WAY BETWEEN THE NUMBER 30 AND 40 WILL SlaNIFY
TURNS ETC.

35

THE REQUIRED INDUCTANCES OF THE COILS ARE MARKED ALONG THE RIGHT

EDGE OF THE GRAPH AS 100 MICROHENRIES, 200 MICROHENRIES ETC., FROM THE

BOTTOM TOWARD THE TOP. IN THIS CASE, THE INDUCTANCE INCREASES BY 5

MICROHENRIES AS WE MOVE UPWARD I HORIZONTAL LINE AT A TIME. HENCE THE

HEAVY HORIZONTAL LINE BETWEEN THE VALUES OF 200 AND 300 MICROHENRIES
WILL REPRESENT 250 MICROHENRIES.

NOW LET US SEE HOW
SUCH A COIL DESIGN GRAPH
IS USED. SUPPOSE, FOR

EXAMPLE, THAT WE WISH
TO CONSTRUCT A SINGLE
LAYER,CLOSgLY WOUND
(TURNS PLACED SIDE BY

SIDE WITH NO SPACING)
COIL 2.75IIIN DIAMETER
WITH AN INDUCTANCE OF
300 MICROHENRIES BY hiqg
NS OF THIS GRAPH. To

DO THIS,WE BEGIN BY LOOTS
ING ALONG THE RIGHT HAND
EDGE OF THIS GRAPH UNI.

TV- WE COME TO THE HOR-
IZONTAL LINE WHICH IS

MARKED 300.

Now THEN,YOU WILL
SEE THAT FIVE CURVED
LINES, WHICH ARERESPEC
TIVELY MARKED #20, #22,
#24,#26 ANO #28, CROSS
THIS GRAPH IN A DIAGON-
AL FASHION. IF WE WISH

TO WIND THIS 300 MICRO
HENRY COIL WITH #20WIRE,
WE NOTE THE POINT AT

WHICH THE CURVED LINE
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FIG.7
Example ora Coil Design Graph.

MARKED #20 CROSSES THE 1/300" HORIZONTAL LINE. FOR YOUR CONVENIENCE, WE

ARE INDICATING THIS POINT IN FIG. 7 WITH AN ARROW. Now IF YOU WILL MOVE

YOUR PENCIL POINT STRAIGHT DOWN FROM THIS POINT, YOU WILL FINDACCORDING

TO THE 'NUMBERS ALONG THE BOTTOM OF THE GRAPH THAT APPROXIMATELY 841

TURNS OF #20 WIRE ARE REQUIRED TO WIND A COIL OF THIS SIZE SO AS TO

HAVE AN INDUCTANCE OF 300 MICROHENRIES.

SHOULD YOU WISH TO USE #22 WIRE TO CONSTRUCT THIS 300 MICROHENRY
COIL OF 2.75" DIAMETER, THEN NOTE WHERE TI -E CURVED LINE LABELED #22

CROSSES THE 11300" HORIZONTAL LINE. You WILL FIND THAT THE #22 LINE

CROSSES THE "300" LINE ON A VERTICAL LINE OF THE GRAPH WHICH CORRESPONDS
TO 76 TURNS. THUS ONLY 76 TURNS OF #22 WIRE IS REQUIRED. THIS GRAPH HAS

BEEN WORKED OUT FOR DOUBLE SILK -COVERED WIRE OF THE DESIGNATED SIZES

ONLY.

FOR COILS OF A DIFFERENT DIAMETER, OR FOR WIRE OF A DIFFERENT TYPE
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OF INSULATION, ANOTHER GRAPH IS REQUIRED. THUS IT IS OBVIOUS THAT COIL
MANUFACTURERS HAVE MANY OF SUCH COIL DESIGN GRAPHS IN THEIR FILES TO
WHICH THEY CAN REFER. BY MEANS OF SUCH GRAPHS, IT IS CLEAR THAT COILS CAN
BE DESIGNED RAPIDLY WITHOUT THE NEED OF LENGTHY CALCULATIONS,THEREBY RE-
SULTING IN A GREAT SAVING OF TIME. OTHER GRAPHING METHODS HAVE ALSO BEEN
WORKED OUT AND THEIR USE WILL BE APPARENT UPON INSPECTION.

IN THIS LESSON,WE HAVE DISCUSSED BOTH THE CALCULATION ANC GRAPH Mg
THDDS OF DESIGNING R.F. TRANSFORMER SECONDARY WINDINGS, SO THAT YOU WILL
HAVE A KNOWLEDGE OF BOTH OF THESE METHODS. THUS IF YOU ARE PROVIDED WITH
DATA FOR EITHER OF THESE TWO METHODS AT SOME FUTURE TIME, YOU WILL HAVE
NO DIF'FICULTY IN EFFECTING A SOLUTION BECAUSE YOUR KNOWLEDGE OF THE SUB-
JECT IS NOW QUITE THOROUGH,

rTh

examination Ouctions

I. - WHAT IS MEANT BY THE EXPRESSION "SOLENOID TYPE WINDING"?
2. - IF A CERTAIN R.F. TRANSFORMER SECONDARY WINDING IS 4"

LONG AND HAS A DIAMETER OF 2", WHAT IS ITS "SHAPE FAC-
TO R"?

3. - IF YOU ARE GOING TO WIND A COIL WITH #30 B&S ENAMELED
WIRE WITHOUT ANY SPACING BETWEEN ADJACENT TURNS,THENHOW
MANY TURNS OF THIS WIRE WILL YOU BE ABLE TO WIND PER INCH
OF THE WINDING LENGTH?

4. IF A CIRCUIT IS TO BE TUNED TO BOO KC. WHAT WILL BE ITS
"L C" FACTOR OR CONSTANT?

5. - IF A VARIABLE CONDENSER IS SPECIFIED AS HAVING A .0005
MFD. CAPACITY RATING,WHAT WILL BE ITS APPROXIMATE MINI-
MUM CAPACITY?

6. - IF FROM THE COIL DESIGN GRAPH OF FIG. 7, YOU WANTED TO

CONSTRUCT A COIL 2.75" IN DIAMETER AND HAVING AN INDUCT-
ANCE OF 400 MICROHENRIES, HOW MANY TURNS OF #22 B&S SILK
COVERED WIRE WOULD YOU USE?

7. - IS THE LENGTH OF A SOLENOID TYPE COIL ASSUMED TO BE THE
SAME AS THE LENGTH OF THE FORM UPON WHICH IT IS WOUND?

8. - IF YOU SHOULD WISH TO CONSTRUCT AN R.F. TRANSFORMER TO
COVER THE BROADCAST BAND WHEN USED WITH A STANDARD TUN-
ING CONDENSER OF .00035 MFD. RATING,WHAT INDUCTANCE VAS
UE SHOULD THE SECONDARY WINDING OF THIS R.F. TRANSFORM-
ER HAVE?

9. - IF A CERTAIN SOLENOID WINDING IS I" IN DIAMETER AND IS

WOUND WITH 180 TURNS OF WIRE AT 90 TURNS PER INCH, WHAT
WILL BE THE APPROXIMATE INDUCTANCE VALUE OF THIS WIND-
ING?

M.+ ASSUME THAT A TUNING CONDENSER OF .00035 MFD. IS AVAIL
ABLE,TOGETHER WITH A COIL FORM OF It" DIAMETER. THE WIRE
TO BE USED FOR THE TUNED WINDING IS #30 B&S ENAMEL COAT-
ED. How MANY TURNS OF THIS WIRE WILL BE REQUIRED SO THAT
THIS COIL AND CONDENSER COMBINATION WILL COVER THE BROAD
CAST BAND WITH 550 Kc. BEING THE LOWEST FREQUENCY?
(WORK OUT THIS PROBLEM WITH THE AID OF TABLEBNIANDY
AS GIVEN IN THIS LESSON,)
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LESSON N O. 43

BAND PASS FILTER CIRCUITS

SUPERHETERODYNE DESIGN

Printed in U. S. A.

YOU HAVE ALREADY HAD AN INTRODUCTION TO BAND-PASS FILTER CIRCUITS
AND SUPERHETERODYNE RECEIVERS EARLIER IN YOUR STUDIES BUT NOW THAT

YOU HAVE A MORE THOROUGH UNDERSTANDING OF RADIO PRINCIPLES IN GENERAL,

YOU ARE READY TO BEGIN A MORE INTENSIVE STUDY OF THESE TWO FASCINAT-

ING SUBJECTS WHICH ARE OF SUCH GREAT IMPORTANCE IN MODERN RADIO PRAC-

TICE.

WE SHALL CONSIDER THE CONSTRUCTION AND OPERATING CHARACTERISTICS

OF THE BAND PASS FILTER CIRCUITS FIRST,AND AS YOU WILL REMEMBER FROM

YOUR EARLIER INVESTIGATION OF THIS SUBJECT, THE CHIEF ADVANTAGE OF A

CIRCUIT OF THIS TYPE, WHEN USED IN AN R.F. AMPLIFIER, IS THAT IT OF-

FERS SHARP TUNING WITHOUT LOSING THE HIGH AUDIO FREQUENCIES.

IN ORDER THAT YOU MAY GAIN A PER-

FECT UNDERSTANDING REGARDING THE PRINCI-
PLES UPON WHICH THIS TYPE OF CIRCUIT OPER-
ATES, WE WILL BEGIN THE STUDY OF THIS SYS-
TEM WITH THE BASIC FACTS AFFECTING THE

CIRCUIT, GRADUALLY DEVELOPING THE FUNDA-
MENTAL PRINCIPLES SO THAT THE COMPLETE CIR
CUIT WILL BECOME A CLEAR PICTURE IN YOUR

MIND.

THE SIMPLE TUNED CIRCUIT

To BEGIN WITH, LET JS LOOK AT FIG.2.
IN THE UPPER PORTION OF THIS ILLUSTRATION,
WE HAVE A SINGLE TUNED CIRCUIT OF THE CON-

VENTIONAL TYPE COUPLED TO AN R.F. TUBE.

ALTHOUGH THIS CIRCUIT WILL TUNE AFTER A

FASHION OVER THE RANGE PERMITTED BY THE

VARIABLE CONCENSER, YET IT WILL NOT TUNE

FIG. I
SHARP.

A MODERN SUPERHETERODYNE
RECEIVER A SELECTIVITY CURVE PLOTTED FOR A
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RECEIVER WITH BUT A SINGLE TUNED CIRCUIT AS THIS WOULD LOOK SOMETHING
LIKE THAT PICTURED IN THE LOWER PORTION or FIG. 2. WERE THE ENCLOSURE
OF THE CURVE HAS BEEN SHADED, IN ORDER TO ACCENTUATE ITS SHAPE.

IN THIS GRAPH OF FIG. 2, THE
VERTICAL LINE MARKED ZERO IM01-
CATES THE RESONANT FREQUENCV.EACH
VERTICAL LINE TOWARD THE RIGHT OF
ZERO INDICATES AN INCREASE OF 5Kc.
ABOVE RESONANCE AND EACH VERTICAL
LINE TOWARD THE LEFT OF ZERO IN-

DICATES AN INCREASE OF 5Kc. BELOW
THE RESONANT FREQUENCY.

DUE TO THE BROADNESS OF THIS
SELECTIVITY CURVE, IT EXTENDS CON
SIDERABLY OVER THE FREQUENCIES TO
WARD EITHER SIDE OF RESONANCE.
SINCE BROADCAST STATIONS ARE ASS-
IGNED TO A FREQUENCY CHANNELICPb.
IN WIDTH, IT CAN READILY BE SEEN
THAT A RECEIVER WITH SUCH A BROAD
SELECTIVITY CURVE AS THAT IN FIG.
2 WILL BE BOTHERED CONSIDERABLY BY
INTERFERENCE BETWEEN STATIONS. IN

OTHER WORDS, THE TUNED CIRCUIT OF
FIG. 2 WOULD BE CLASSIFIED AS
"BROAD TUNING".

MULTIPLE TUNED CIRCUITS

252.015 10 5 0 5 10

Selectivity
Curve

5 Zo

K.C. below K.C. C,,ove

resonance resonance

Resonance

FIG, Z

Tuning Qesponse of a Single
Tuned Circuit'.

BY PASSING A BROADCAST SIGNAL

OF GIVEN FREQUENCY THROUGH SEVERAL OF SUCH TUNED CIRCUITS AS IS DONE
IN THE CONVENTIONAL TYPES OF TUNED R.F. CIRCUITS, SUCH AS PICTURED IN

THE UPPER PARTOFFIG
3, EACH OF THE SUCC-
ESSIVE TUNED CIRCUITS
WILL TEND TOINCREASE
THE SELECTIVITY OF THE
RECEIVER.

TErwkwfw

20 ,5 io
4

Kc. below
resonance

5 0

Sefechvii:y

Curves

5 io 5 20

K.C.above
resonance

Resonance

(5 io 5 o 5 0 5

K.C.below 1C,C, above
resonance resonance

Resonance

FiG.3
Tuning Qesponse of Multiple - Tuned Circuris.

SEVERAL TUNED
CIRCUITS WORKING TO-
GETHER IN THIS WAY
MAY INCREASE THE SHARE
NESS OF TUNING T, SUCH
A DEGREE THAT THE
SELECTIVITY CURVE WILL
BE NARROWED TO THE
EXTENT SOMEWHAT AS
ILLUSTRATED IN THE
GRAPH AT THE LErrna.
3. IN FACT,IF FOUR
OR MORE SUCH TUNED
CIRCUITS ARE USED IN

SUCCESSIVE STAGES,
THE SELECTIVITY CURVE
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WILL BECOME TOO NARROW IF CARE IS NOT TAKEN IN THEIR DESIGN. UNDER THESE
CONDITIONS, SOME POINTS ALONG THE SIDES OF THE CURVE WILL NOT EVE1MREACH
OUT TO 5 Kc. EACH SIDE OF THE RESONANT FREQUENCY. THIS IN TURN MEANS
THAT THE TUNED CIRCUITS DON'T EVEN PASS A BAND OF FREQUENCIES 10 KC IN

WIDTH WHEN TUNED TO ANY ONE STATION AND THE RESULT IS THAT THE HIGHER
AUDIO FREQUENCIES ARE NOT AMPLIFIED AND THE SOUNDS AT THE SPEAKER THEN

BECOMES "ROOMY" (UNATURALLY LOW-PITCHED).

THE IDEAL SELECTIVITY CURVE

SO FAR, WE HAVE CONSIDERED THE TOO EXTREME CONDITIONS, NAMELY TOO
BROAD TUNING AS OFFERED BY AN ORDINARY SINGLE TUNED CIRCUIT AND TOO

SHARP TUNING AS OFFERED BY TOO MANY TUNED STAGES OF GOOD SELECTIVITY.
Now THE IDEAL CONDITION WOULD BE AN R.F. AMPLIFIER WHOSE TUNING CHARAC-
TERISTICS ARE SUCH THAT A SELECTIVITY CURVE PLOTTED FROM TESTS WOULD

LOOK LIKE THE ONE AT THE LOWER RIGHT OF FIG. 3. THIS CURVE, YOU WILL

NOTE, HAS PERPENDICULAR SIDES AND THE CURVE IS PRACTICALLY IOKc. WIDE

(5 KC EACH SIDE. OF THE RESONANT FREQUENCY) THROUGHOUT ITS ENTIRE LENGTH.

THIS IDEAL SELECTIVITY CURVE SHOWS THAT WITH THE RECEIVER TUNED TO

RESONANCE WITH ANY GIVEN FREQUENCY,

FIG.4
Inciaclively Coupled Tuned Circuits.

NONE OF THE HIGHER AUDIO FREQUENCIES
ARE LOST AND YET AT THE SAME TIME,
THERE IS NO POSSIBILITY FOR STATION
INTERFERENCE. A RECEIVER CAPABLE

OF OFFERING SUCH IDEAL TUNING PER-

FORMANCE WOULD BE SPOKEN OF AS

OFFERING "10Kc. SEPARATION."

UP UNTIL THE PRESENT TIME,NO
COMMERCIAL TUNED R.F. CIRCUITS HAVE
BEEN CONSTRUCTED WHICH WILL OFFER
THE IDEAL SELECTIVITY CURVE AS THAT
AT THE LOWER RIGHT OF Fio. 3 BUT
MANY OF THE LEADING RECEIVER MANU-

FACTURERS HAVE DEVELOPED RECEIVERS OFFERING VERY NEARLY SELECTIVITY OF

THIS NATURE. THE TUNING CHARACTERISTICS OF THE BAND-PASS FILTER CIRCUITS
AS USED IN R.F. AMPLIFIERS, MOST NEARLY MEET THE DEMANDS OF THE IDEAL

SELECTIVE CURVE AND IT IS BROUGHT ABOUT IN A MOST INGENIOUS MANNER AS

THE FOLLOWING EXPLANATION WILL SHOW.

REACTION OF INDUCTIVELY COUPLED TUNED CIRCUITS

NOW UPON LOOKING AT FIG. 4, YOU WILL SEE TWO CONVENTIONAL TUNING
CIRCUITS ORIENTED TO EACHOTHER IN SUCH A MANNER THAT THERE IS ELECTRO-

MAGNETIC COUPLING BETWEEN THEM. THAT IS, THE LINES OF FORCE GENERATED

AROUND ONE OF THE COILS INTERLINK WITH THE WINDINGS OF THE COIL INCLUDED
IN THE SECOND TUNED CIRCUIT IN ORDER TO GENERATE CORRESPONDING SIGNAL

VOLTAGES IN THIS SECOND CIRCUIT.

IF THE TWO TUNED CIRCUITS OF FIG. 4 WERE EXACTLY ALIKE IN THEIR

TUNING CHARACTERISTICS, THEN THEY WOULD PROVIDE IDENTICAL SELECTIVITY

CURVES, PROVIDED THAT THERE IS NO MAGNETIC COUPLING BETWEEN THEM. How -

EVER, IF MAGNETIC COUPLING IS PROVIDED BETWEEN THESE TWO CIRCUITS, THEN
THE TUNING CHARACTERISTICS OF THE TWO CIRCUITS REACT UPON EACHOTHER IN

SUCH A MANNER AS TO ALTERTHEIRCOMBINED TUNING CHARACTERISTICS. THE RE-

SULT IS, THAT THE SELECTIVITY CURVES OF THE TWO CIRCUITS DIFFER SLIGHTLY
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BUT THEY OVERLAP IN ORDER TO PRODUCE THE TYPE OF CURVE ILLUSTRATED AT
THE RIGHT OF FIG. 4. THIS CURVE, YOU WILL NOTE, HAS TWO RESONANCE PEAKS,

ONE FOR EACH OF THE TWO TUNED CIRCUITS.

THIS CURVE OF FIG. 4 Is THE TYPICAL TYPE OF SELECTIVITY CURVE AS
REALIZED WHEN EMPLOYING BAND-PASS PRINCIPLES. OBSERVE IN THIS ILLUS-
TRATION THE DEGREE OF "STEEPNESS" OF THE SIDES OF THE CURVE, WHICH PRE-
VENTS INTERFERENCE BETWEEN STATIONS AND THAT THE CURVE MAINTAINSA FAIR
LY UNIFORM WIDTH THROUGHOUT ITS LENGTH.

\Vic] e select; vi Ey
curve

i5 10 5 0 5 10 5

K.C. below reso- It.cabove
mance gas onanaresonanresonance

FIG.5
Close. Coupling Widens Curve,

ABSOLUTE RESONANT FREQUENCY AND THIS IS A NATURAL

LOOKING AT THE
VERY TOP OF THE CURVE
IN FIG. 4, YOU WILL
OBSERVE THAT AT THE
ABSOLUTE RESONANT
FREQUENCY OF THE COM
BINED TUNED CIRCUITS
(CORRESPONDING TO THE
VERTICAL LINE MARKED
"0") THE CURVE IS

SLIGHTLY LOWER THEN
THAN AT THE PEAKS
TOWARD EITHER SIDE OF
THIS FREQUENCY. THIS
INDICATES THAT THERE
IS A SLIGHT LOSS AS
FAR AS AMPLIFICATION
IS CONCERNED,AT THE

CHARACTERISTIC OF ALL
BAND-PASS FILTER CIRCUITS AS USED IN R.F. AMPLIFIERS. NEVERTHELESS, BY
DESIGNING HIGH GAIN CIRCUITS THROUGHOUT THE BALANCE OF THE RECEIVERITHIS
LOSS CAN BE COMPENSATED FOR AND THE IMPROVEMENT IN COMBINED SELECTIVITY
AND TONE QUALITY WARRANTS THE SLIGHT LOSS IN AMPLIFICATION.

HOW COUPLING AFFECTS TUNING

CONTINUING OUR INVESTIGATION OF THE "BAND-PASS EFFECT", WE
COME TO THE MATTER CONCERNING THE
WIDTH OF THE SELECTIVITY CURVE
OFFERED BY DIFFERENT DESIGNS.

IN FIG. 5, WE SEE WHAT HAPP
ENS WHEN THE TUNED CIRCUITS OF A

BAND PASS CIRCUIT ARE CLOSELY COUP
LEO. AS YOU WILL OBSERVE, THIS
CONDITION CAUSES THE SELECTIVITY
CURVE TO BE WIDENED AND THIS OF
COURSE MEANS THAT WHEN THE CIR-

CUITS ARE TOGETHER TUNED TO A

GIVEN FREQUENCY, A WIDE CHANNEL OF
FREQUENCIES WILL BE PASSED THROUGH
THE SYSTEM. THAT ISITHE SYSTEM IS
BROAD TUNING WITH A SHARP " CUT--
OFF" AT BOTH SIDES OF THE RESONANT
FREQUENCY.

NEXT

F I G . 6

Loose coupling Narrows Curve.
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NOW UPON INSPECTING FIG. 6 VERY CAREFULLY, YOU WILL SEE WHAT
TAKES PLACE IN THE SYSTEM UPON DECREASING THE DEGREE OF COUPLING BETWEEN

THE TUNED CIRCUITS. UNDER THESE CONDITIONS, THE SELECTIVITY IS INCREAS

ED AND THE SELECTIVITY CURVE IS CORRESPONDINGLY NARROWED, SHOWING THAT

EVEN WITH BAND-PASS CIRCUITS IMPROPERLY DESIGNED, IT IS POSSIBLE TO GET

SIDE -BAND SUPPRESSION WITH A CORRESPONDING LOSS OF THE HIGHER AUDI) FRE

QUENCIES. AT THE SAME TIME, A DECIDED LOSS IN AMPLIFICATION IS ENCOUNT

ED BY TOO LOOSE COUPLING.

FIG. 7

Band- Pass Circuil. Used in a Tuned k. F. Peceiver
HOW THESE PRINCIPLES ARE MOST EFFECTIVELY APPLIED TO

OF P.P. AMPLIFIERS.

APPLICATION

HAVING BY
THIS TIME FA-

MILIARIZED YOUR
SELF WITH THE

BASIC PRINCI-

PLES GOVERNING
BAND PASS AC-
TION, LET US

NOW PROCEED BY
INVESTIGATING
THE MATTER OF

USE IN THE DESIGN

OUR FIRST EXAMPLE IS LAID OUT FOR US IN FIG. 7. HERE YOU WILL

SEE HOW THE TYPE OF BAND SELECTOR JUST DESCRIBED CAN BE APPLIED TO A

SIMPLE TUNED R.F. RECEIVER CIRCUIT. IT IS UNDERSTOOD, OF COURSE, THAT

ONLY THAT PORTION OF THE RECEIVER CIRCUIT IS ILLUSTRATED HERE WHICH HAS

A DIRECT BEARING UPON OUR PRESENT DISCUSSION OF BAND PASS FILTER CIR..

CUITS THE REMAINDER OF THE CIRCUITS ARE CONVEN

TIONAL.

FIG. 7 DEMONSTRATES THE CONVENTIONAL MANN
ER OF ILLUSTRATING THIS PARTICULAR FORM OF BAND
PASS CIRCUIT IN A CIRCUIT DIAGRAM. THE LONG

CURVED ARROW INTERLINKING THE TWO COILS INDICATES
THAT IN THE ACTUAL RECEIVER, THESE TWO COILS ARE
SO ORIENTED OR PLACED IN RESPECT TO EACHOTHER
THAT THERE IS ELECTROMAGNETIC COUPLING BETWEEN
THEM. AS YOU WILL ALSO OBSERVE IN FIG. 7, THIS
SYSTEM PROVIDES TWO TUNED CIRCUITS PRECEDING
THE 1ST R.F. TUBE. THE TUNING CONDENSERS ARE

ALL CONTROLLED BY A SINGLE SHAFT AS INDICATED ON

THIS DIAGRAM. FIG 8

A TYPICAL BAND-PASS COIL ASSEMBLY
Band -Pass Coil Assembly.

IN FIG. 8 YOU WILL SEE HOW THE TYPE OF BAND PASS COIL ASSEMBLY OF

FIG. 7 18 ACTUALLY CONSTRUCTED. AS YOU WILL OBSERVE IN FIG. 8,THE TWO

COILS FOR THE TUNED CIRCUITS AND WHICH ARE LABELED AS THEUSECONDARY WIND

iNots" IN FIG. 8 ARE BOTH WOUND ON THE SAME COIL FORM. THE SPACE ALIr

OWED BETWEEN THESE TWO SECONDARY OR TUNING WINDING'S IS SUCH THAT THE

DEGREE OF ELECTROMAGNETIC COUPLING BETWEEN THEM WILL BE JUSTEXACTLY

RIGHT IN ORDER TO GIVE THE DESIRED BAND-PASS CHARACTERISTIC. THE PRI..

MARYWINDING IN FIG. 8 IS CONNECTED BETWEEN THE ANTENNA AND GROUND IN
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THE CUSTOMARY MANNER AND AS ILLUSTRATED IN FIG. 7.

IF THE GANGED TUNING CONDENSERS, USED IN CONJUNCTION WITH THE TUNING COILS, ARE RATED AT A CAPACITY OF .00035 MFD. PER SECTION, THEN THETPNIN.1 COILS WILL EACH HAVE TO BE DESIGNED TO MATCH THE CONDENSER OFTHIS CAPACITY IN THE SAME MANNER AS THOUGH THEY WERE SECONDARIES OF ACONVENTIONAL R.F. TRANSFORMER.

THE TRANSFORMER EMPLOY-
ED BETWEEN THE IST AND 2ND
R.F. TUBES IN THE CIRCUIT OF
FIG. 7 IS A CONVENTIONALR.F.
TRANSFORMER,

A BAND-PASS CIRCUIT WITH
COUPLING COIL

BESIDES THE TYPE OF
BAND-PASS CIRCUIT SHOWN YOU
SO FAR IN THIS LESSON, THERE
ARE A NUMBER OF OTHERS AND
THESE WILL BE DESCRIBED TO
YOU IN THE FOLLOWING PAGES.

FIG. 9
A Band -Pass Circuit W;ill

Coupling Coil.
ONE OF THESE OTHER TYPES, WHICH IS VERY POPULAR AMONG RECEIVER MANUFACTURERS, IS SHOWN YOU IN FIG. 9. HERE YOU WILL SEE THAT THE PRIMARYwimoiro "P" OF AN R.F. TRANSFORMER IS CONNECTED BETWEEN THE ANTENNA ANDGROUND. THE SECONDARY WINDING "S" OF THIS SAME TRANSFORMER HAS ONE OFITS EXTREMETIES CONNECTED TO THE INSULATED SICE OF THE FIRST SECTION OFTHE GANGED TUNING CONDENSER, WHILE ITS OTHER EXTREMETY IS CONNECTED'DI..

RECTLY TO THE LOWER END OF ANOTHER COIL
S. THE UPPER END OF COIL St I.E CONNEC
TED BOTH TO THE CONTROL GRIC OF THE IST
R.F. TUBE AND THE INSULATED SICE OF THE
SECOND SECTION OF THE GANGED TUNING CON
DENSER. THE LOWER EXTREMETIES OF BOTH
COILS S AND Sz ARE THEN GROUNDED THROUGH
THE SMALL COIL L.

F1G.10

Employing a Coupling Coil

EACH OF THE TUNING CONDENSERS IS
SHUNTED BY THE CUSTOMARY TRIMMER OR COM
PENSATING CONDENSER. COIL S IS IDEN-
TICAL TO COIL SSL, HAVING THE SAME NUM-
BER OF TURNS BUT NO PRIMARY WINDING IS

USED IN CONJUNCTION WITH S7... IN ADD
ITION, S2 IS ENCLOSED IN A SEPARATE
SH1ELC CAN, WHILE COILS P AND S,CONSTI-
TUTE A CONVENTIONAL R.F. TRANSFORMER,CON
TAINED WITHIN AN INDIVIDUAL SHIELD CAN.

THIS IS A POPULAR TYPE OF MODERN BAND-PASS CIRCUIT PRECEDING THE1ST R.F. TUBE IN MANY COMMERCIAL RECEIVERS AND SO IT IS IMPORTANT THATYOU FAMILIARIZE YOURSELF WITH IT THOROUGHLY.

IN ORDER TO ACQUAINT YOU WITH THE OPERATING RQJNCIFLE OF THE BANDPASS CIRCUIT OF FIG. 9,YOUR ATTENTION IS GOING TO BE CALLED FIRST TO THE
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TWO TUNED CIRCUITS IN THE UPPER PORTION OF FIG. 10. BY STUDYING THEIR
CIRCUITS CAREFULLY, YOU WILL NOTE THAT EACH OF THEM CONSISTS OF A TUNING
COIL "A" CONNECTED IN SERIES WITH A VARIABLE CONDENSER AND A SMALL INDUC
TANCE COIL "L".

THE EFFECT OF THE COUPLING COIL UPON THE CIRCUIT

NOW IF WE SHOULD COUPLE THESE TWO TUNED CIRCUITS TOGETHER, SO THAT
A SINGLE COIL "L" WILL BE IN SERIES WITH BOTH OF THE TUNED CIRCUITS, WE
WILL OBTAIN A CIRCUIT ARRANGEMENT AS PICTURED IN THE LOWER ILLUSTRATION
OF FIG. 10. HERE YOU WILL OBSERVE THAT THE SMALL COUPLING COIL OR INDUC
TANCE "L" is SIMULTANEOUSLY CONNECTED IN SERIES WITH BOTH TUNED CIRCUITS.

FROM AN ELECTRICAL STANDPOINT, THE CIRCUIT ARRANGEMENT IN THE LOW-
ER PART OF FIG. 10 IS EQUAL TO THE BAND-PASS CIRCUIT OF FIG. 9, ONLY THAT
DIRECT WIRING IS SHOWN IN F13. 10 IN PLACE OF THE COMMON GROUND CONNEC-
TIONS.

IN THE CONSTRUCTION OF THIS TYPE OF BAND-PASS, OR "SELECTOR CIR-

CUIT," THE TWO TUNING CONDENSERS ARE SECTIONS OF THE SAME GANGED TUNING
CONDENSER AND CONSEQUENTLY ARE OPERATED BY THE SAME CONTROL. TUNING

COILS "A" ARE WOUND ON SEPARATE FORMS AND THE NUMBER OF TURNS AND WIRE
SIZE USED IN THESE TWO COILS IS SUCH AS TO MATCH THE TUNING CONDENSER CA
PACITY. IN OTHER WORDS, IF THE TUNING CONDENSERS ARE RATED AT .00035
MFD. CAPACITY, THEN COILS "A" ARE WOUND TO MATCH THIS CAPACITY THE SAME

AS FOR THE CONVENTIONAL TYPE OF R.F. TRANSFORMER.

SINCE COILS "A" ARE PLACE WITHIN SEPARATE SHIELD CANS, THERE IS NO
ELECTROMAGNETIC COUPLING BETWEEN THEM. THE ONLY COUPLING BETWEEN THESE
TWO TUNED CIRCUITS IS ACCOMPLISHED THROUGH THE SMALL COUPLING COIL "L",

THEREFORE THE DEGREE OF COUPLING IN THIS CASE, DEPENDS ENTIRELY UPON THE
INDUCTANCE VALUE OF COIL "L". THAT IS TO SAY, THE GREATER THE INDUCTANCE
VALUE OF COIL "L", THE CLOSER WILL BE THE COUPLING,AND THIS WILL IN TURN
BROADEN TUNING.

BY DECREASING THE INDUCTANCE OF COIL "L", THE BAND PASS CIRCUIT

PASSES A NARROWER BAND OF FREQUENCIES THROUGH THE SYSTEM. THAT IS, THE
SYSTEM WILL TUNE SHARPER AND THE SELECTIVITY CURVE WILL BECOME NARROWER.

BY CHOOSING A CORRECT INDUCTANCE VALUE FOR COIL "L", IT WILL BE POSSIBLE
TO ADJUST THE BAND SELECTOR CIRCUIT TO PASS THE DESIRED 10 KC. FREQUENCY
RANGE THROUGH IT.

DATA FOR CONSTRUCTION OF "COMMON INDUCTANCE"
BAND-PASS CIRCUIT

As A PRACTICAL EXAMPLE OF THE CONSTRUCTION OF SUCH A BAND SELECTOR
OF Frio 91 THE FOLLOWING DATA COULD BE USED, ASSUMING THAT THE TUNING CON
DENSERS HAVE A CAPACITY RATING OF .00035 MFD: IF THE TUNING COILSS AND
S-2. OF F134 19 ARE WOUND ON TUBULAR COIL FORMS OF 1" DIAMETER, THEN USE

130 TURNS OF #30 B & S ENAMELED WIRE FOR BOTH OF THESE WINDINGS. THE

PRIMARY FOR THE WINDING S CAN BE ANY OF THE CONVENTIONAL TYPES SPECIFIED
FOR CONVENTIONAL R.F. TRANSFORMERS IN YOUR PREVIOUS LESSONS.

THE SMALL COUPLING COIL "L" SHOULD BE WOUND ON AN INDIVIDUAL FORM,
TO BE PLACED AT SOME CONVENIENT POINT IN THE CIRCUIT BUT ISOLATED FROM

BOTH COILS S AND Sz AS FAR AS ELECTROMAGNETIC COUPLING IS CONCERNED. IF
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THIS COIL IS TO BE WOUND ON A I" DIAMETER FORM,THEN USE FROM 2TO STURM;
OF #30 B & S ENAMELED WIRE. NATURALLY, THE EXACT NUMBER OF TURNS 70
USE FOR THIS COUPLING COIL WILL HAVE TO BE DETERMINED BY EXPERIMENT AND
THE THING TO DO IN THIS CASE IS SIMPLY TO USE THE NUMBER OF TURNS RE-
QUIRED IN ORDER TO OBTAIN THE SHARPNESS OF TUNING DESIRED.

ANY OTHER TUNING CONDENSER SECTIONS LOCATED IN SUCCEEDING TUNED
CIRCUITS CAN BE OPERATED TOGETHER WITH THE BAND SELECTOR SECTIONS BY
MEANS OF A SINGLE CONTROL, PROVIDED THAT ALL TUNING COILS ARE PROPERLY
MATCHED TO THE SAME TUNING CONDENSER CAPACITY.

ANOTHER SELECTOR CIRCUIT

STILL ANOTHER FORM OF SE
LECTOR CIRCUIT 13 SHOWN YOU IN
PIS. II. IN THIS CASE, A CON-
VENTIONAL R.F. TRANSFORMER IS

USED IN THE ANTENNA INPUT CIR-
CUIT BUT THE SECONDARY WINDING
OF THIS TRANSFORMER COMPLETES
ITS CIRCUIT TO GROUND BY WAY
OF A SMALL COUPLING COIL,WHICH
IS LOCATED IN AN INDUCTIVE RE-
LATIONSHIP TO THE TUNING COIL
OF THE SECOND TUNED CIRCUIT.

FIG.II
THIS COUPLINI1 COIL MAY

CONSIST OF 2 TO 6 TURNS OF MAG
NET WIRE WOUND OVER THE SAME FORM WITH THE SECOND TUNING COIL. THE NUM
BER OF TURNS AND CLOSENESS OF THIS COIL TO THE SECOND TUNING COIL DE-
TERMINES THE SHARPNESS OF TUNING. SO THIS CAN BE ADJUSTED BY EXPERIMENT
IN ORDER TO OBTAIN THE DESIRED TUNING CHARACTERISTICS. THE DOTTED LINES
SURROUNDING THE COILS IN PIO. II SHOW WHICH OF THE COILS ARE ENCLOSEDTO
GETHER IN THE SAME SHIELD CAN.

Another Type of Selector

THE OPERATING PRINCIPLES OF THIS TYPE OF CIRCUIT ARE QUITE EASY TO
UNDERSTAND. To BEGIN WITH, ENERGY COLLECTED BY THE ANTENNA CIRCUIT IS

TRANSFERRED BY THE PRIMARY WINDING TO THE SECONDARY WINDING 3Y MEANS OF
ELECTROMAGNETIC INDUCTION. THEN SINCE THE COUPLING COIL IS ACTUALLY A

FIG.I2
Band -Pass System wilh Turned Plate and Grid Circuits.
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PART OF THE FIRST TUNING COIL, IT SERVES TO TRANSFER THE SIGNAL ENERGY
THE THE SECOND TUNING COIL ALSO THROUGH THE MEDIUM OF ELECTROMAGNETIC
INDUCTION AND THUS THE SIGNAL VOLTAGE CHANGES ARE PASSED ON TO THE GRID
OF THE FIRST TUBE.

MULTIPLE BAND-PASS CIRCUITS

A BAND SELECTOR OF STIL- DIFFERENT CONSTRUCTION IS ILLUSTRATED FOR
YOU IN FIG. 12. IN THIS SYSTEM, A CONVENTIONAL TUNED CIRCUIT IS USED
FOR THE INPUT INTO THE FIRST TUBE.

IN THE FOLLOWING STAGES, THE TRANSFORMERS HAVE PRIMARY AND SECON-
DARY WINDINGS WHICH ARE IDENTICAL, THAT IS THEY ARE COMPOSED OF THE
SAME NUMBER OF TURNS AND EACH TUNED WITH A VARIABLE CONDENSER.

THE FIRST TUNING CONDENSER IS CONTROLLED INDIVIDUALLY BUT THEFOLL
OWING FOUR TUNING CONDENSER ARE ALL SECTIONS OF A FOUR GANG TUNING CON
DENSER AND ARE THUS ALL OPERATED BY A SINGLE CONTROL. SINCE THE ROTOR
PLATES OF THE GANGED TUNER ARE ALL MUTUALLY GROUNDED, IT IS NECESSARY
TO USE THE.5 MFD. COUPLING CONDENSER BETWEEN THE PLATE CIRCUIT COILS
AND THEIR RESPECTIVE TUNING CONDENSERS IN ORDER TO COMPLETE THE PLATE

TUNING CIRCUIT WITHOUT GROUNDING OUT THE RESPECTIVE PLATE CIRCUITS.

TUNED
CUITS

DUE TO THE NECESSITY OF THESE .5 MFD. COUPLING CONDENSER IN THE
PLATE CIRCUITS, THEY MUST ALSO BE USED IN THE GRID TUNING CIR..

SO THAT THE TUNING CHARACTERISTIC OF THESE CIRCUITS WILL BE BAL-
ANCED WITH THE PLATE TUNED CIRCUITS.

FIG, 13

Capacitive Coupling .

SINCE THE PLATE CIRCUIT COILS ARECOUPLED
TO THE GRID CIRCUIT COILS OF THIS BAND-PASS ARR
ANGEMENT THROUGH THE MEDIUM 07 ELECTROMAGNETIC
INDUCTION, WE FIND THAT THE DEGREE OF SELECTI4...
ITN' IS GOVERENED BY THE EXTENT OF COUPLING BE-

TWEEN THESE TUNED COILS. THEREFORE, THE DIS-
TANCE BETWEEN THE TUNED COILS 13 VARIED UNTIL
THE DESIRED TUNING CHARACTERISTICS ARE OBTAINED.

CAPACITY COUPLED BAND-PASS CIRCUIT

ANOTHER TYPE OF BAND-PASS CIRCUIT IS BAS
ED UPON THE PRINCIPLES ILLUSTRATED IN FIG. 13.

AT THE TOP OF THIS ILLUSTRATION YOU WILL SEE
TWO TUNED CIRCUITS, EACH CONSISTING OF AN IN-

DUCTANCE, A TUNING CONDENSER AND A FIXED CONDENSER ALL CONNECTED IN

SERIES. IF THE VALUES CHOSEN FOR THE COMPONENT PARTS OF EACH OF THESE
TWO CIRCUITS ARE ALIKE, THEN THE TUNING CHARACTERISTICS OF THE TWO CIR
CUITS WILL SE IDENTICAL.

NOW I.-7 WE WILL COUPLE THESE TWO TUNED CIRCUITS TOGETHER IN SUCH A
WAY THAT THE CONDENSERS "C" ARE REPLACED BY A SINGLE CONDENSER IlosUn

WHICH IS COMMON FOR BOTH CIRCUITS, THEN WE WILL ARRIVE AT THE CIRCUIT
ARRANGEMENT ILLUSTRATED IN THE LOWER PORTION OF FIG. 13. SINCE THIS
COUPLING CONDENSER IS COMMON TO BOTH CIRCUITS, THE CIRCUITS WILL REACT
UPON EACHOTHER AND RESONATE AT TWO DIFFERENT FREQUENCIES, SEPARATED BUT
ONLY SLIGHTLY FROM EACHOTHER. THESE SELECTIVITY CURVES WILL OVERLAP,
NEVERTHELESS, SO THAT THE RESULTING SELECTIVITY CURVE OF THE COMBINA
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TION CIRCUIT WILL BE A TYPICAL BAND-PASS TYPE SELECTIVITY CURVEWITHTWIN
RESONANCE PEAKS*

THE VALUE OF THE COMMON CAPACITY OR COUPLING CAPACITY "C" OF THE
LOWER ILLUSTRATION IN PIG* 13 DETERMINES THE SHARPNESS OF TUNING OFFERED
BY THE BAND-PASS CIRCUIT* THE GREATER THE CAPACITY OF CONDENSER "C",

THE CLOSER WILL BE THE COUPLING EFFECT BETWEEN THE TWO TUNED CIRCUITS
AND THE BROADER THE TUNING* THE SMALLER THAT THE CAPACITIVE VALUE OF
"C" IS MADE, THE LOOSER WILL BE THE COUPLING BETWEEN THE CIRCUITS AND
THE SHARPER THE TUNING CHARACTERISTICS OF THE CIRCUIT.

-
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FIG. 14

Application of Band Pass circuit IVith

FIG 14 SHOWS YOU HO'''

HCW THE CAPACITIVE COUPLED
BAND-PASS CIRCUIT IS APP-
LIED TO ACTUAL RECEIVER
CONSTRUCTION*ALTHOUCHTHE
CIRCUIT OF FIG. 14 MAY AT
FIRST GLANCE APPEAR AS
DIFFERING CONSIDERABLE

FROM THE FUNDAMENTAL CIR-
CUIT OF PIC* 13, YET YOU
WILL NOTE AFTER CLOSER IN
SPECTION THAT THE BAND
PASS CIRCUITS OF FIG. 13

AND 14 ARE ALIKE* THEONLY
Capacity CoGplit7g .

DIFFERENCE IS THAT THE
GROUND RETURN SYSTEM OF

WIRING COMPLETES ONE SICE OF THE CIRCUIT IN FIG. 14. IN ADDITION, PIC*
14 ALSO ILLUSTRATES THE COMPENSATOR CONDENSERS AS SHUNTED ACROSS THE
TUNING CONDENSERS.

THE INPUT TRANSFORMER
WHICH COUPLES THE ANTENNA
CIRCUIT TO THE TUNED CIR-
CUITS, CONSISTS OF A CON-
VENTICNAL R.F. TRANSFORMER
WITH THE PRIMARY WINCING P
AND THE SECONDARY WINDINGS.
THIS TRANSFORMER IS HOUSED
IN AN INDIVIDUAL SHIELD CAN.

COIL Si. CONSISTS OF A
TUNING WINDING ONLY, WOUND
ON AN INDIVIDUAL FORM AND
THE NUMBER OF TURNS USED
ON COIL. S2_ IS THE SAME AS

THE NUMBER OF TURNS USED
ON COIL S THE DIAMETER

FIG. 15

Applying Bias Voltage to the System.

OF THE FORM, OF COURSE, MUST ALSO BE THE SAME
FOR THE R.F. TRANSFORMER AND COIL Sz. COILS S AND S1LARE BOTH WOUNDTC
MATCH THE CAPACITY OF THE TUNING CONDENSERS BEING USED AND Sz IS HOUSED
IN AN INDIVIDUAL SHIELD CAN, AS ILLUSTRATED BY THE DOTTED ENCLOSURE IN

FIG. 14.

THE COUPLING CONDENSER "C" CAN BE LOCATED AT ANY CONVENIENT POINT IN
THE CIRCUIT. BY EXPERIMENT, THE VALUE FOR CONDENSER "C" CAN BE SELECTED
IN ORDER TO GIVE THE CIRCUIT THE DESIRED TUNING CHARACTERISTIC. A CAPA
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WILL BE POSSIBLE TO PERMIT THE BIAS VOLTAGE,
THE CONVENTIONAL BIAS RESISTOR, TO BE
APPLIED TO THE GRID OF THE R.F. TUBE
BY WAY OF THE 20,000 OHM RESISTOR.

SINGLE CONTROL SUPERHETERODYNES

NOW THAT WE HAVE INVESTIGATED
BAND-PASS CIRCUITS QUITE THOROUGHLY,
LET US CONTINUE BY GOING INTO A MORE
DETAILED STUDY CONCERNING ADDITIONAL
DESIGN FEATURES OF SINGLE CONTROL SUP
ERHETERODYNE RECEIVERS.

FROM YOUR PAST STUDIES OFSUPER
HETERODYNE RECEIVER PRINCIPLES, YOU
HAVE LEARNED THAT IT IS A COMMON PRA
CTICE IN THE CONSTRUCTION OF THIS

CITY OF .015 MFD. IS A GOOD AVERAGE VALUE FOR "C" WHEN USING TUNING CON
DENSERS WITH A RATED CAPACITY OF .00035 MFD.

SINCE THE CIRCUIT OF FIG. 14 CONNECTS THE GRID OF THE 1ST R.F.TUBE
TO GROUND THROUGH THE CONDENSER "C", IT WOULD BE IMPOSSIBLE TO IMPRESSA
BIAS VOLTAGE UPON THIS GRID IN THE CONVENTIONAL WAY BECAUSE THE D.C. 91
AS POTENTIAL COULD NOT BE MADE EFFECTIVE THROUGH THE CONDENSER "C".

TO OVERCOME THIS DIFFICULTY, THE COUPLING CONDENSER "C" CAN BE SHUN
TED BY A 20,000 OHM FIXED RESISTOR AS SHOWN IN FIG. 15. IN THIS WAY,IT

WHICH IS DEVELOPED ACROSS

FIG, 16

Superheterodyne input and
Mixing Circuit.

TYPE OF RECEIVER TO EMPLOY ONE TUNED R.F. STAGE PRECEDING THE MIXER TUBE
OR FIRST DETECTOR. THIS IS ILLUSTRATED FOR YOU IN FIG. 16 AND AS FAR AS
THIS INPUT R.F. STAGE IS CONCERNED, YOU WOULD DESIGN IT ACCORDING TO THE
SAME GENERAL PRINCIPLES AS ALREADY GIVEN YOU RELATIVE TO THE CONVEN-

TIONAL TYPE OF TUNED R.F. AMPLIFIER. THAT IS, THE INDUCTANCE OF THE
SECONDARY OF THE INPUT R.F. TRANS-.

FIG.17
Superheterodyne Mixer Circui IV - Ill

Band Pass Pre -selector Stage.
CONTROL AS INDICATED BY THE DOTTED

FORMER WOULD HAVE TO BE SUCH
SO THAT THIS TUNED CIRCUIT WILL COVER
ALL OF THE BROADCAST FREQUENCIES WHEN
USED WITH A GIVEN TUNING CONDENSER.
SO IN THIS RESPECT, YOU HAVE NOTHING
RADICALLY NEW TO LEARN.

IN THE CIRCUIT DESIGN ILLUS-
TRATED IN FIG. 16, A THREE -GANG TUN-
ING CONDENSER WOULC BE EMPLOYED. ONE
SECTION BEING USED FOR THE 1ST P.C.
OR PRESELECTOR STAGE, ONE FOR THEIST
DETECTOR OR "MIXER STAGE" AND THE
THIRD FOR THE OSCILLATOR. ALL THREE
SECTIONS ARE OPERATED WITH A SINGLE
LINES.

NOW IN FIG, 17 YOU WILL SEE AN EFFECTIVE WAY IN WHICH A BAND PASS
FILTER CIRCUIT CAN BE EMPLOYED IN THE 1ST R.F. OR PRESELECTOR STAGE OF
A SUPERHETERODYNE RECEIVER. IN THIS CASE, A FOUR GANG TUNING CONDENSER
IS EMPLOYED, ALL SECTIONS BEING CONTROLLED BY THE SAME SHAFT AS INDICA-
TED BY THE DOTTED LINES.
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WHEN USING A CIRCUIT AS THAT OF FIG. 17, THE TUNING CHARACTER
ISTICS OF THE PRE-SELECTOR CIRCUITS AND THE TUNING CIRCUIT OF THE 1ST

DETECTOR ARE MATCHED TO EACHOTHER AS ALREADY DESCRIBED FOR SIMPLE TUNED
R.F. RECEIVERS EMPLOYING A BAND-PASS FILTER CIRCUIT.

HOWEVER, WHEN IT COMES TO THE MIXING CIRCUIT, WHERE THE OSCILLA-
TIONS GENERATED BY THE RECEIVERIS OSCILLATOR COMBINE WITH THE BROADCAST
FREQUENCY, IN ORDER TO PRODUCE THE DESIRED INTERMEDIATE FREQUENCY, THEN
WE HAVE AN ENTIRELY DIFFERENT CONDITION TO CONTEND WITH AND IT IS THIS
OSCILLATOR AND MIXING TUBE CIRCUIT UPON WHICH WE ARE GOING TO CENTER OUR
ATTENTION AT THE PRESENT TIME.

YOU HAVE ALREADY LEARNED THAT IN SUPERHETERODYNE RECEIVERS, WE USE
THE FREQUENCY DIFFERENCE BETWEEN THE SIGNAL AND OSCILLATOR FREQUENCIES
AS THE INTERMEDIATE FREQUENCY FOR FURTHER AMPLIFICATION AND IN MOST

-VODERN SUPERHETERODYNES, AN INTERMEDIATE FREQUENCY OF 175 Kc IS BEING
USED. THIS MEANS THAT IF A BROADCAST SIGNAL AT 1000 KC. IS TO BE RE-
CEIVED, THE OSCILLATOR WILL HAVE TO BE ADJUSTED TO GENERATE A FREQUENCY
OF 1175 Kc. IN ORDER TO GIVE US A BEAT FREQUENCY OF 1175 MINUS 1000 OR
175 Kc. FOR THE INTERMEDIATE FREQUENCY AMPLIFIER,

THE OSCILLATOR

IT THUS ALSO FOLLOWS THAT IN ORDER TO
RECEIVE BROADCAST SIGNALS IN THE RANGE OF
FROM 550 Kc. TO 1500 Kc. WILL REQUIRE THE
USE OF A LOCAL OSCILLATOR, WHICH CAN BE
TUNED OVER THE FREQUENCY BAND EXTENDING
FROM 725 Kc. TO 1675 Kc. FURTHERMORE, IT

IS CLEAR THAT IN ORDER TO HAVE A SINGLE DI
AL TUNING CONTROL, IT IS NECESSARY THAT
REGARDLESS OF WHICH FREQUENCY TO WHICH THE
INPUT R.F. AND MIXER TUBE CIRCUITS ARE TUN
ED, THE OSCILLATOR CIRCUIT MUST AT THIS
SAME INSTANT BE TUNED EXACTLY TO A FRE-
QUENCY JUST 175 Kc. GREATER OR HIGHERTHAN
THE FREQUENCY OF THE INCOMING SIGNAL. IT

THUS ALSO FOLLOWS IN LOGICAL ORDER THAT
TO OBTAIN SATISFACTORY ONE DIAL TUNING,
THE OSCILLATOR MUST CONSTANTLY MAINTAIN A
175 Kc. SEPARATION FROM THE FREQUENCY TO WHICH THE R.F. AND MIXER TUBE
CIRCUITS ARE TUNED AS THE SINGLE TUNING CONTROL IS OPERATED FROM ITS
ONE EXTREME POSITION TO THE OTHER. WHEN THIS IMPORTANT CONDITION IS

FULFILLED, WE SAY THAT THE OSCILLATOR TUNING CONDENSER TRACKS WITH THE
TUNING CONDENSERS OF THE R.F. PRE-SELECTOR AND MIXER TUBE STAQES.

FIG. I8

A Typical Oscillator 8 1-- Detec-
tor Circuit of a SuperheLerodyne

eeceiver.

THE MODERN PRACTICE TO PROVIDE THE PROPER TRACKING OF THE OSCILLA-
TOR TUNING CONDENSER WITH THE OTHER TUNED CIRCUITS 13 TO USE AN ARRANG-
EMENT SIMILAR TO THAT PICTURED IN FIG. 18. IN THIS CASE, THE OSCILLATOR
TUNING CONDENSER (Cs) HAS A FIXED CONDENSER (C2. ) CONNECTED IN SERIES
WITH IT AND EACH OF THESE CONDENSERS IS SHUNTED B.! A SMALL TRIMMER CON-
DENSER (03) AND (C4). YOU HAVE ALREADY BEEN INTRODUCED TO THISMETHOD
IN AN EARLIER LESSON BUT NOW WE ARE GOING TO GO A STEP FURTHER AND DE-
TERMINE JUST WHAT VALUES FOR THE VARIUS PARTS ARE SUITABLE IN ORDER TO
BRING ABOUT THE DESIRED RESULTS.
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THE DESIGN FOR THE CIRCUITS OF FIG. 18 ARE WORKED OUT IN THE FOLL

OWING MANNER. FIRST OF ALL, CONDENSERS C AND CI EACH HAVE THE SAME CA-
PACITIVE VALUE --IN FACT, EACH OF THEM IS A SECTION OF A GANGED TUNING

CONDENSE40 FOR THE PRESENT, WE WILL ASSUME CONDENSER C AND CI AS EACH
HAVING A MAXIMUM CAPACITY OF .00035 MFD. AND BOTH BEING CONTROLLED BY

THE SAME ROTOR SHAFT. CONDENSERS C4 IN BOTH CASES ARE THE CONVENTION

AL TRIMMER CONDENSERS AS PROVIDED ON GANGED TUNING CONDENSERS.

ALL OF THE COILS OF BOTH THE OSCILLATOR AND 1ST DETECTOR,WHICHARE
ENCLOSED IN THE BRACKET, INDICATING THAT THEY ARE INDUCTIVELY COUPLED,
ARE WOUND ON THE SAME TUBULAR WINDING FORM, YES, EVEN -HE INPUT COIL IS

WOUND ON THE SAME FORM SO AS TO PRODUCE THE PROPER COUPLING WITH COIL L1.

NOW THEN, THE NUMBER OF TURNS USED FOR COIL L1 MUST BE SUCH THAT

THE INDUCTANCE OF THIS WINDING WILL TUNE WITH CONDENSER C OVER THE BROAD
CAST RANGE THE SAME AS THOUGH IT WERE USED IN ANY ORDINARY TUNED R.F.AMP
LIFIER CIRCUIT. HENCE FOR A GIVEN DIAMETER OF WINDING FORM, COIL LrOULD
BE CALCULATED AS EXPLAINED IN THE PREVIOUS LESSONS AND FOR THE SAKE OF

EXPLANATION, WE WILL SAY THAT COIL LI HAS AN INDUCTANCE OF 245 MICRO..

HENRIES.

DESIGNING THE OSCILLATOR COIL

THE NEXT STEP WILL BE TO DETERMINE THE REQUIRED INDUCTANCE OF COIL
L3 AND IN THIS RESPECT, WE HAVE A VERY HANDY RULE WHICH WAS WORKED OUT BY
MANY EXPERIMENTS. THIS RULE IS AS FOLLOWS: IF CONDENSERS C AND CI OF

FIG. 18 ARE EXACTLY ALIKE AND THE VALUE OF CONDENSER Cz 16 EQUAL TO TWICE
THE MAXIMUM CAPACITIVE VALUE OF CONDENSER C OR CI , THEN IF THE INDUC....

TANCE OF COIL LI IS MADE 22% LESS THAN THE INDUCTANCE OF COIL L; , THE

OSCILLATOR CIRCUIT WILL TRACK aROPERLY WITH THE TUNED CIRCUIT OF THE 1ST
DETECTOR SO THAT THE 175 KC. SEPARATION WILL BE MAINTAINED OVER THE EN-

TIRE BROADCAST RANGE.

THIS RULE MAY SEEM A LITTLE COMPLICATED AT FIRST GLANCE BUT WITH A
LITTLE FURTHER EXPLANATION YOU WILL FIND IT TO BE GREATLY SIMPLIFIED. IN

PRACTICE, WE USE THIS RULE AS FOLLOWS: FIRST OF ALL, WE WOULD CHOSE A

VALUE FOR CONDENSER Cz EQUAL TO TWICE .00035 MM. WHICH IS .0007 MFD.

THEN WE WILL CONSTRUCT COIL L3 so THAT ITS INDUCTANCE IS 22% LESS THAN
THAT OF COIL L1 . IN OTHER WORDS, IF L, HAS AN INDUCTANCE OF 245 MICRO....

HENRIES, AS STATED PREVIOUSLY, THE INDUCTANCE OF COIL L3SHOULD BE 245

MINUS 245X.22 OR 245 MINUS 53.9 WHICH IS EQUAL TO 191.1 MICROHENRIES.THUS
KNOWING THAT COIL Ll MUST HAVE AN INDUCTANCE OF 191.1 MICROHENRIES, WE

WOULD CALCULATE THE NUMBER OF TURNS REQUIRED AS DESCRIBED IN THE PREVIOUS
LESSONS.

CONDENSER C. IN FIG. 18 IS ALSO THE CONVENTIONAL TYPE OF TUNING CON

DENSER TRIMMER, THE SAME AS C4v. THESE CAN BE PURCHASED AS A SEPARATE

UNIT AND CAN THEN BE CONNECTED ACROSS THE CIRCUIT AS DESIRED.

NOW AS TO THE MATTER OF COILS LzAND 1-4. FOR THESE, THE LEAST

NUMBER OF TURNS SHOULD BE USED, WHICH WILL PERMIT GOOD OSCILLATING AC-

TION OVER THE ENTIRE TUNING RANGE. IF TOO MANY TURNS ARE USED FOR THESE

TWO WINDINGS, THE INTENSITY OF THE LOCALLY GENERATED OSCILLATIONS MAY

BECOME SO GREAT AS TO OVERLOAD THE 1ST DETECTOR TUBE AND OF COURSE THIS
IS UNDESIRABLE. EXPERIMENTS CONDUCTED AFTER THE RECEIVER HAS BEEN CON..
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STRUCTED WILL ENABLE ONE TO DETERMINE THE MOST SATISFACTOPN NUMBER OF
TURNS TO USE ON THESE WINDINGS. IF COILS L./ AND L4 ARE COUPLED CLOSELY
TO COIL L3 , THAT IS, WITH COIL Lz_WOUND RIGHT OVER THE TOP OF THE UPP
ER END OF COIL L3 WITH A PIECE OF PAPER OFFERING THE SEPARATION AND
COIL L4 IS COUPLES IN LIKE MANNER TO THE LOWER END OF COIL L3, THEN 25
TURNS WILL BE FOUND ABOUT RIGHT FOR COILS Lz AND Lei. COIL LI CAN BE
SEPARATED FROM Lz BY ABOUT 1/8" TO i"0

ALIGNING THE TUNING CIRCUITS

BY MEANS OF THE OSCILLATOR TRIMMER CONDENSER C4, THE ALIGNMENT
OF THE OSCILLATOR AT THE HIGH FREQUENCIES CAN BE ADJUSTED AND TRIMMER
CONDENSER C3 IS USED TO ALIGN THIS OSCILLATOR CIRCUIT AT THE LOWER FRS
QUENCIES. THESE CIRCUITS ARE ALL ALIGNED AFTER THE RECEIVER IS CON-
STRUCTED. AT THAT TIME, THE GENERAL PRACTICE IS TO FIRST ALIGN THEO&
TERMEDIATE FREQUENCY STAGES WITH THE AID OF A MODULATED TEST OSCILLA-
TOR ADJUSTED TO A FREQUENCY OF 175 Kc. AFTER THIS, THE TRIMMER CON -
CENSERS OF THE PRE -SELECTOR R.F. 1ST DETECTOR AND OSCILLATOR ARE AD-
JUSTED FOR MAXIMUM RECEIVER RESPONSE WHEN THE SET IS TUNED TO RESO-
NANCE WITH A MODULATED TEST OSCILLATOR GENERATING FIRST A LOW BROAD-

CAST FREQUENCY, THEN A MEDIUM AND FIN-
ALLY A HIGH BROADCAST FREQUENCY-- THE
TRIMMERS BEING ADJUSTED TO THE BEST AV-
ERAGE SETTING FOR THE ENTIRE RANGE,

FIG. 19

Cons£ru iron of the' 1.1. Transformer:

OF COURSE, THERE ARE VARIOUS TYPES
OF OSCILLATOR CIRCUITS WHICH CAN BE US-
ED IN THE CONSTRUCTION OF SUPERHETERO-
DYNE RECEIVERS BUT IN ANY CASE, THE IN-
FORMATION JUST GIVEN RELATIVE TO THE
DESIGN OF ITS TUNED CIRCUIT WILL APPLY
EQUALLY WELL TO ALL TYPES OF OSCILLA-
TORS EMPLOYING PADDING CONDENSERS OF
THIS FORM IN ORDER TO PROVIDE TRACKING.

NOW THAT YOU ARE FAMILIAR WITH A

GOOD PRACTICAL SYSTEM OF DESIGNING THE
OSCILLATOR AND FIRST DETECTOR CIRCUITS
FOR SINGLE -CONTROL OPERATION, THE NEXT

PORTION OF THE SUPERHETERODYNE RECEIVER, WHOSE CONSTRUCTION WE SHALL
CONSIDER, IS THE INTERMEDIATE FREQUENCY AMPLIFIER.

I.F. TRANSFORMER CONSTRUCTION

FIG 19 ILLUSTRATES THE CONSTRUCTIONAL FEATURES OF AN I.F. TRANS
FORMER, WHICH CAN BE READILY CONSTRUCTED IN THE HOME WORK SHOP* THIS
PARTICULAR UNIT IS ADAPTABLE TO OPERATING EFFICIENTLY WITHIN THE RANGE
OF 160 TO 200 KC. AND CAN THUS BE ADJUSTED TO OPERATE AT THE POPULAR
INTERMEDIATE FREQUENCY OF 175 Kc. WITH MAXIMUM EFFICIENCY',

THE SPOOLS OR FORMS FOR THE WINDINGS MAY BE LATHE -TURNED WOOD OR
BAKELITE, OR ELSE BUILT UP WITH INSULATING WASHERS AND RODS. AT ANY
RATE, THE DIMENSIONS OF THE FORMS SHOULD BE AS INDICATED IN THE DRAWING
OF FIG. 19. THE SUPPORTS MAY BE MADE OF BRASS STRIPS BENT TO THE RE-
QUIRED SHAPE AND THE 1/8" DIAMETER MOUNTING ROD MAY BE BAKELITE OR
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WOOD, BAKELITE BEING PREFERABLE.

THE COILS "L" (PRIMARY AND SECONDARY) SHOULD BOTH CONSIST OF 800TURNEI
OF #36 B&S. SINGLE COTTON COVERED WIRE, "SCRAMBLE -WOUND". THIS SAME TRAN
SFORMER IS DIAGRAMATICALLY ILLUSTRATED IN THE LOWER PORTION OF F13. 19,
IN ORDER TO GIVE YOU A STILL CLEARER UNDERSTANDING OF THE UNIT.

THE CONDENSERS "C" IN THIS CASE SHOULD BE VARIABLE CONDENSERS OF
THE TRIMMER TYPE, EACH WITH A CAPACITY RATING OF 140 MMFO., ONE OF THESE

CONDENSERS IS CONNECTED ACROSS THE PRIMARY COIL AND THE OTHER ACROSS THE SEC
ONDARY COIL AS ILLUSTRATED IN THE DIAGRAM OF FI2o 19 AND FOR GREATER SE-
LECTIVITY, A GROUNDED COPPER PLATE CAN BE PLACED BETWEEN THE TWO col_sor
THE 1ST I.F. TRANSFORMER IN THE RECEIVER AS ALSO PICTURED FOR YOU IN F13.
19. FOR THE SECOND AND THIRD I.F.TRANSFORMER OF ANY RECEIVER, HOWEVER,
THE COPPER PLATE SHOULD BE ELIMINATED.

THE SELECTIVITY AND VOLUME ARE CONTROLLED BY THE SPACING BETWEEN
THE COILS "L" ON EACH TRANSFORMER. THE GREATER THE DISTANCE BETWEENTHEM)
THE BETTER WILL BE THE SELECTIVITY BUT THE AMPLIFICATION WILL BE LESS.IN
SUPERHETERODYNE RECEIVERS EMPLOYING THREE I.F. TRANSFORMERS0IT IS GENER....
ALLY THE PRACTICE TO MAKE THE 1ST I.F. TRANSFORMER QUITE SELECTIVE BY
SEPARATING THE TWO COILS CONSIDERABLY AND USING THE COPPER DISC BETWEEN
THEM. THE SECOND AND THIRD I.F. TRANSFORMERS IN THIS CASE HAVE THE TWO
COILS MORE CLOSELY COUPLED AND NO COPPER DISC BEING USED. THIS PERMITS
GREATER AMPLIFICATION IN THE LAST TWO I.F. TRANSFORMERS.

EACH OF THE I.F. TRANSFORMERS SHOULD BE PLACED IN AN INDIVIDUAL
GROUNDED METAL SHIELD CAN AND BY MEANS OF A TEST OSCILLATOR ADJUSTED TO
175 Kc., THE CONDENSERS "C" OF THE 1.F. TRANSFORMERS CAN ALL BE USED TO
ADJUST ALL OF THE I.F. TRANSFORMER COILS TO RESONATE AT EXACTLY 175 KC.

HAVING CONCLUDED THIS LESSON, YOU SHOULD NOW HAVE A CLEAR UNDER-
STANDING OF THE DESIGN FEATURES AS USED IN R.F. BAND-PASS FILTER CIRCUITS
AND THE SUPERHETERODYNE TYPE OF TUNING CIRCUIT. SO WITH THIS INFORMATION
FRESH IN YOUR MIND, ANSWER THE EXAMINATION QUESTIONS AND WE WILL THEN
CONTINUE OUR STUDY OF R.F. AMPLI.?IERS IN THE FOLLOWING LESSON BY INVEST-
IGATING THE DESIGN FACTORS OF ALL -WAVE RECEIVERS ETC.



EXAMINATION QUESTIONS

LESSON NO. 43

"Being ignorant is not so much
a shame, as being unwilling to learn."

I. - WHAT IS THE CHIEF ADVANTAGE OF USING A BAND-PASS FILTER CIR-
CUIT IN THE R.F. AMPLIFIER?

2. - How DOES THE INCREASE AND DECREASE OF COUPLING BETWEEN TWO
TUNED CIRCUITS AFFECT THE SELECTIVITY OF THE COMBINATION?

3. - WHY IS IT THAT THE SELECTIVITY CURVE, AS PLOTTED FOR A BAND-
PASS FILTER CIRCUIT, HAS TWO RESONANCE PEAKS?

4. - IN THE CASE OF A BAND-PASS CIRCUIT,AS ILLUSTRATED IN FIG. 7
OF THIS LESSON, HOW CAN THE BROADNESS OF TUNING BE ADJUSTED

IN ORDER TO BRING ABOUT THE DESIRED RESULTS?

5. - HOW CAN THE BROADNESS OF TUNING BE ADJUSTED TO THE DESIR-
ED POINT IN A BAND-PASS ARRANGEMENT'OF THE TYPE ILLUSTRATED

IN FIG. 9 OF THIS LESSON?

6. - ABOUT HOW MANY TURNS OF WIRE WOULD YOU EMPLOY FOR THE COUP-
LING COIL IN FIG. II OF THIS LESSON?

7. - WHY ARE THE .5 MFD BY-PASS CONDENSERS EMPLOYED IN THE VARI-
OUS CIRCUITS OF FIG. 12 OF THIS LESSON?

8. - DESCRIBE HOW YOU WOULD CONSTRUCT A BAND-PASS CIRCUIT US-

ING A COUPLING CONDENSER.

9. - DESCRIBE IN WHAT MANNER THAT YOU WOULD DESIGN AN OSCILLATOR
COIL FOR A SUPERHETERODYNE RECEIVER, SO THAT THE OSCILLATOR

CONDENSER MAY BE ONE SECTION OF A GANGED TUNING CONDENSER,
HAVING THE SAME CAPACITY RATING AS THE OTHER TUNING CONDEN-

SER SECTIONS USED FOR THE FIRST DETECTOR AND PRE -SELECTOR

CIRCUITS.

10.- DESCRIBE BRIEFLY HOW AN INTERMEDIATE FREQUENCY TRANSFORMER

OF THE 175 KC. TYPE MAY BE CONSTRUCTED.
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LESSON NO. 44

WINDING R. F. COILS

MEASUQING INDUCTANCE AND CAPACITY

You ARE MAKING RAPID PROGRESS WITH YOUR STUDIES OF R.F.AMPLIFIERS,
SO THAT YOU WILL SHORTLY BE QUALIFIED TO DESIGN AND CONSTRUCT REALLY EF
FICIENT AMPLIFIERS OF THIS TYPE.

Now WE ARE READY TO GO ABOUT THE TASK OF ACTUALLY WINDING
TRANSFORMERS AND THE FIRST COIL TYPE, WHICH WE SHALL CONSIDER IS
POPULAR SOLENOID TYPE.

WINDING A SOLENOIC TYPE COIL

MANY COIL WINDERS, OF COURSE,HAVE
FAVORITE TRICKS OF THEIR OWN WHICH ARE
GAINED FROM EXPERIENCE IN THIS KIND OF
WORK AND AFTER YOU HAVE WOUND A NUMBER
OF COILS, YOU WILL ALSO NO DOUBT, DEVE1
OPE WINDING IDEAS OF YOUR OWN.NEVERTHE....
LESS, WE WILL GIVE YOU SOME SUGGESTIONS
AT THE PRESENT TIME RELATIVE TO THIS

WORK.

FIRST, LET US CENTER OUR ATTENTION
UPON FIG. 2. HERE WE HAVE A TUBULAR
WINDING FORM MADE OF SOME SUCH MATERIAL
AS A RIGID CARDBOARD TUBE OR BAKELITE.
WE BEGIN BY CHOOSING A SUITABLE POINT

R.F.

THE

FIG.1

Sat -Up for WirTclin5 Q. F. Therisfo'rmer:

ON THIS TUBE FORM AT WHICH WE WISH TO START THE WINDING AND IN THIS RE-
SPECT, IT IS TIMELY TO ADVISE YOU NEVER TO START WINDING TOO NEAR THE

END OF THE WINDING FORM.

AT THIS POINT, WHERE THE WINDING IS TO START, MAKE TWO SMALL HOLES
THROUGH THE COIL FORM AS SHOWN IN FIG. 2. THESE HOLES NEED ONLY BE

LARGE ENOUGH TO PERMIT THE COIL WIRE TO BE THREADED THROUGH THEM AND

THEY MAY BE MADE APPROXIMATELY 1/16" APART.
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COIL WIRE IS GENERALLY BOUGHT ON SPOOLS, SO TAKE HOLD OF THE FREE
END OF THIS SPOOL OF WIRE AND THREAD IT ABOUT TWICE THROUGH THESE TWO
FIRST HOLES OF YOUR WINDING FORM. THIS LOOP WILL SERVE AS THE ANCHORING
POINT FOR THE BEGINNING OF YOUR WINDING, SO DRAW IT TIGHT, BEING CAREFUL,
HOWEVER, THAT THE WIRE IS NOT BROKEN IN THE CASE VERY SMALL SIZE WIRE
IS BEING USED. ALSO PROVIDE A SUFFICIENTLY LONG FREE END OF THE WINDING
SO THAT YOU CAN MAKE THE PROPER ELECTRICAL CONNECTIONS TO IT LATER ON.

WHEN WINDING THE COIL BY HAND AND YOU ARE RIGHT HANDED, THEN HOLD
THE COIL FORM IN YOUR LEFT HAND AT THE STARTING END AND WIND THE WIRE ON
THE FORM IN THE DIRECTION INDICATED. DRAW WIRE FROM THE SPOOL AS IT IS

NEEDED, BEING VERY CAREFUL THAT IT DOES NOT KINK AND DRAW THE TURNS UP
TIGHT SO THAT THEY WON'T SLIP ON THE WINDING FORM. ALSO BE SURE THAT THE
TURNS ARE ALL WOUND RIGHT NEXT TO EACHOTHER WITHOUT ANY SPACING BETWEEN
THEM IN SUCH CASES WHERE THE COIL DESIGN CALLS FOR COILS OF THE NON-SPACE
WOUND TYPE.

riG 2
A Example of win ding _

COUNT THE NUMBER OF TURNS AS YOU
WIND,USING YOUR STARTING HOLES AS
YOUR REFERENCE POINT.FINALLY, WHEN
YOU HAVE APPLIED THE NUMBER OF
TURNS CALLED FOR,MAKE ANOTHER SMALL
HOLE IN THE WINDING FORM DIRECTLY
AT THE POINT WHERE THE WINDING FIN
ISHES. HOLD DOWN THE LAST TURN FIRM
LY WITH THE THUMB OF YOUR LEFT
HAND, SO THAT NO SLACK WILL DEVEL-
OPE IN THE COIL AND THEN CUT THE
WIRE FROM THE SPOOL,LEAVING A SUF-
FICIENT SURPLUS LENGTH FOR MAKING
CONNECTIONS.

Now PASS THE FINISHING END OF
THE WIRE THROUGH THIS LAST HOLE, DRAWING IT TIGHT AND PULL IT DOWNWARDS
ALONG THE INNER WALL OF THE COIL FORM. AT THE LOWER END OF THIS COIL
FORM MAKE TWO MORE SMALL HOLES AND THREAD THE WIRE THROUGH THEM TIGHTLY-
APPROXIMATELY TWICE. THUS THE FINISHING END OF THIS WINDING IS ALSO NOW
ANCHORED AND YOU WILL HAVE A TIGHT, NEAT LOOKING WINDING.

LOCATING COIL TERMINALS

LET US CONSIDER FOR A MOMENT, THE MOST ADVANTAGEOUS POINTSAT WHICH
SUCH WINDINGS SHOULD BE TERMINATED ON THE COIL FORM. THIS CAN PROBABLY BE
ILLUSTRATED BEST BY MEANS OF THE ILLUSTRATION SHOWN YOU IN FIG. 3 WHERE
WE HAVE A SHIELDED R.F. TRANSFORMER ASSEmaLy AS GENERALLY USED IN AMP-
LIFIERS EMPLOYING SCREEN-GRID CIRCUITS. IN THIS CASE, THE SHIELD CAN HAS
BEEN PARTIALLY CUT-AWAY, SO THAT YOU CAN SEE THE ARRANGEMENT INSIDE.

NATURALLY, THE TYPE OF COIL MOUNTING To BE USED ETC. SHOULD BE DE-
CIDED UPON BEFORE WINDING THE COILS SO THAT THE COIL TERMINALS CAN BE LO
CATED TO BEST SUIT THE PARTICULAR TYPE OF INSTALLATION. IN THE POPULAR
METHOD OF FIG. 3, FOR EXAMPLE, WHERE THE CONTROL-GRID LEAD EMERGES FROM
THE TOP OF THE SHIELD, IT IS LOGICAL THAT THE GRID END OF THE SECONDARY
WINDING SHOULD TERMINATE AT THE UPPER END OF THE COIL FORM. TO FACILITATE
WIRING, IT IS ADVISABLE TO MOUNT TERMINAL LUGS ON THE WINDING FORM AND
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TO SOLDER, THE ENDS OF THE WINDING TO THESE. THUS THE PROPER CIRCUIT WIRE
CAN THEN LATER BE SOLDERED TO TAIS SAME LUG VERY EASILY. IT IS ALSO AD-
VISABLE TO WRAP THE COIL WIRE AROUND THE LUG SEVERAL TIMES BEFORE SOLD-
ERING IT TO THE LUG, FOR THIS WILL PREVENT THIS LEAD FROM BECOMING DE-
TACHED WHEN MELTING THE SOLDER, AT THE TIME THE CIRCUIT WIRE IS SOLDERED
TC THE LUG LATER ON. THIS IS JUST A MATTER OF CONVENIENCE.

IF SUB-PANEL WIRING IS USED FOR THE WIRING OF THE RECEIVER, AS IS

GENERALLY THE CASE, THEN THE PRIMARY WINDING SHOULD TERMINATE AT THE
LOWER END OF THE WINDING FORM AS ILLUSTRATED, AS SHOULD ALSO THE GROUND,
FILAMENT OR CATHODE END OF THE SECONDARY. HERE TOO, SOLDERING LUGS WILL
BE FOUND CONVENIENT. SO KEEP ALL OF THESE POINTS IN MIND WHEN CONSTRUCT-
ING R.F. TRANSFORMERS AND YOU WILL DO A BETTER JOB.

A COIL WINDING MACHINE

IF YOU DO NOT HAVE OCCASS-
ION TO WIND A GREAT NUMBER OF
R.F. TRANSFORMERS,THEN THE HAND
METHOD OF WINDINGIAS JUST DES-
CRIBED, WILL BE FOUND SATISFACT-
ORY ENOUGH BUT WINDING MANY COILS
AT A TIME IN THIS WAY BECOMES R6
THER TIRESOME. TO SPEED UP THIS
WORK,A SIMPLE COIL WINDING MA-
CHINE, AS ILLUSTRATED IN Flo. 4,
WILL BE FOUND VERY HANDY.BY STUB
PING FIG.4 IN CONJUNCTION WITH
FIG. 5, YOU SHOULD OBTAIN A GOOD
IDEA OF THE CONSTRUCTIONAL FEA-
TURES OF THIS SIMPLE MACHINE, SO
THAT YOU CAN READILY BUILD ONE
FOR YOURSELF SHOULD YOU CHOOSE TO
DO SO.

THIS APPARATUS CONSISTS EA
SENTIALLY OF TWO BLOCKS OF WOOD
SERVING AS BASES. TO THESE TWO
BASES, YOU CAN FASTEN A PAIR OF
STEEL STRAPSISLIGHTLY SEPARATED
FROM EACHOTHER SO AS TO FORM TWO
RAILS. THE TWO UPRIGHTS CAN BE
MADE FROM THIS SAME STEEL STOCK,
BENDING THEM INTO RIGHT ANGLES,
DRILLING A HOLE AT THEIR UPPER END TO RECEIVE THE
AT THE LOWER END TO RECEIVE THE HOLD-DOWN BOLTS.

Coif
sLield `-

Secondary

PrTmarij

Primary
Term -a

-4(

To the, plate
of R. F. Tube

Cap__

Grid *Term,

Grow -1J Term.

Ground
Con mecEori

Shield base

Locating
FIG. 3

Coil Terminals fir Screen
°riot Circuits.
SHAFT AND ANOTHER HOLE

THE CONE-SHAPED WEDGES CAN BE MADE FROM WOOD1BEING TURNED DOWN TO
A CONICAL SHAPE IN A LATHE. A HOLE, LARGE ENOUGH TO PERMIT THESE WEDGES
TO SLIP FREELY UPON THE SHAFTS IS DRILLED THROUGH THEIR CEN7ER. A CRANK IS
FASTENED ON ONE END OF THE SHAFT.

To USE THE APPARATUS, ILLUSTRATED IN FIG. 5,LOOSEN THE RIGHT HOLD-
DOWN BOLT AND THE SET SCREW OF THE COLLAR, WHICH IS MOUNTED ON THE RIGHT
END OF THE SHAFT. Now SLIDE THE RIGHT UPRIGHT TOWARD THE RIGHT AND SLIP
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THE RIGHT COLLAR AND WEDGE OFF THE SHAFT. THIS DONE,PLACE

IN THE POSITION ILLUSTRATED IN FIG. 5 AND REPLACE

AND COLLAR. SLIDE THE RIGHT HAND WEDGE TOWARD THE
SURFACE LOCKS TO THE HOLE IN THE

RIGHT HAND COLLAR. THE RIGHT
THAT ITS CONICAL
IN POSITION WITH THE
BE MOVED UP AGAINST THE COLLAR AND ITS

A Pr-actical
FIG. 4

Cod Winding Machine
Ordinary Use.

WING NUT
WINDING FORM IS THUS CENTRALLY

WEDGED BETWEEN THE TWO CONES,

SO THAT IT WILL ROTATE WHEN THE

CRANK IS TURNED AS ILLUSTRATED IN
FIG. 4 AND IF YOU WISH,YOU CAN

MOUNT A VERTICAL STUD ON THE BASE
OPPOSITE THE CRANK END OVER WHICH
TO SLIP THE SPOOL OF WIRE SO THAT
IT WONIT BE ROLLING ALL OVER THE
WORK BENCH WHILE YOU ARE WINDING.
WHEN THE WINDING HAS BEEN COM.-.

PLETED,THE COIL FORM CAN READILY
BE REMOVED FROM THE WINDING mAcli

INE.

THE COIL FORM

THE RIGHT HAND WEDGE
LEFT FAR ENOUGH SO

COIL FORM AND LOCK IT

HAND UPRIGHT CAN THEN
TIGHTENED. THE COIL OR

You WILL FIND A WINDING

MACHINE BUILT UPON THIS PRINCIP-

LE TO SATISFACTORILY HANDLE A

VARIETY OF COIL SIZES AND OF

COURSE, YOU CAN CHANGE ANY OF

ITS CONSTRUCTIONAL FEATURES TO
SUIT YOURSELF.

NATURALLY, IN FACTORIES

WHERE COILS ARE WOUND IN PRODUCTION LOTS,YOU WILL FIND THAT THE COILS

ARE WOUND ON ELECTRICALLY OPERATED WINDING MACHINES WHICH OPERATE ON THE

PRINCIPLE OF OUR MODERN LATHES.

AFTER THE COILS ARE WOUNDS IT IS A COMMON PRACTICE TO COAT THEM

WITH HIGH GRADE CLEAR VARNISH OR SHELLAC, SO AS TO PROTECT THEM AGAINST

MOISTURE ABSORPTION. SPECIAL PREPARATIONS ARE ALSO AVAILABLE FOR THIS

PURPOSE AND WHEN DRYITHE COIL IS NOT
ONLY OFFERED THIS PROTECTIVE COAT-

ING BUT ITS GENERAL STRUCTURE IS

MADE MORE RIGID AS WELL. IN ALL CA

ES, HOWEVER, YOU DO NOT FIND COILS

DOPED IN THIS WAY.

THE "BASKET -WEAVE" COIL

YOU WILL PROBABLY ALSO BE IN-
TERESTED IN BECOMING FAMILIAR WITH

THE CONSTRUCTION OF COILS OTHER THAN
THE PLAIN SOLENOID TYPE. SO LET US

NEXT CONSIDER THE "BASKET;WEAVE"

THE SET-UP FOR WINDING A SASE

ET -WEAVE COIL IS ILLUSTRATED IN FIG.

6. IN THIS CASE, WE USE A DISC...SHAP-.

Fl G. 5

Ca175b"1./CLOIla/ Dotal' ofCoil Winder.
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ED PIECE OF WOOD ABOUT 3/4" THICK. HOLES ARE DRILLED AROUND THE FACE OF

THIS DISC CLOSE TO THE OUTER EDGE AND INTO THESE HOLES WE INSERT WOODEN

PEGS WHICH ARE ABOUT II" LONG AND APPROXIMATELY 1/8" IN DIAMETER. THESE

PEGS SHOULD FIT INTO THE HOLES RATHER TIGHT. THE GENERAL PRACTICE IS TO

USE 13, OR 15 OF THESE PEGS FOR COILS WHOSE DIAMETER ACROSS OPPOSITE PEG
CENTERS MEASURES RESPECTIVELY

21-" AND 21.

WITH A SAW/WE CUT NOTCHES
AROUND THE RIM OF THE WOODEN
DISC NEXT TO EACH PEG AND BY

MEANS OF A THREE -CORNERED FILE
OR A KNIFE/THE ENTRANCE OF THE
NOTCH CAN BE WIDENED SOMEWHAT.
THESE NOTCHES SHOULD EXTEND ALL
THE WAY TO THE HOLES IN WHICH
THE PEGS ARE INSERTED.

THUS WITH THE WINDING
FORM COMPLETED/ IT CAN BE FAST-

ENED TO SOME SORT OF A SUPPORT
AS PICTURED IN FIG.5 IN SUCH A

WAY THAT THE WINDING FORM CAN BE
ROTATED ABOUT ITS CENTER.

To START, ONE END OF THE
WIRE CAN BE TEMPORARILY ANCHORED
TO ONE OF THE PEGS.THE WINDING
FORM IS THEN SLOWLY ROTATED AS THE FIRST TURN IS WOUND. NOTE THAT WE

FIRST WIND OVER ONE PEG/ THEN UNDER THE NEXT/ OVER THE FOLLOWING PEG ETC.

THEN DURING THE SECOND REVOLUTION OF THE WINDING FORM/THE SECOND TURN,

IN OTHER WORDS/WE WILL WIND UNDER THE PEGS WHERE OUR PREVIOUS TJRN WENT

OVER THEM AND VICE VERSA. WE CONTINUE IN THIS WAY UNTIL THE REQUIRED NUM
BER OF TURNS HAVE BEEN WOUND AND WE TEMPORARILY FASTEN THE END OF THE

WINDING TO A PEG.

FIG. G

Winding /he gaskek- Weave Col/.

THE NEXT STEP IS TO REMOVE THE PEGS BUT WE DO THIS CAREFULLY BY

ONE OF THE PEGS TO WHICH NEITHER OF THE ENDS OF THE WIND.
ARE FASTENED. AS SOON AS THIS PEG IS WITHDRAWN/WE TAKE A FLEXIBLE

NEEDLE AND STRONG THREAD, INSERT THE NEED-
LE THROUGH THE OPENING IN THE WINDING FROM
WHICH THE PEG WAS REMOVED/THUS PULLING THE
THREAD THROUGH. THIS IS ILLUSTRATED IN

FIG. 7 AND IT IS FOR THE EASE IN THREAD-

ING THAT THE SLOTS ARE PROVIDED AROUND

THE RIM OF THE FORM.

Fl G.7

Binding the Basket -Weave Coil

THUS WITH THE THREAD DRAWN THROUGH
THIS WINDING OPENING/WE TIE A LOOP/ DRAW-
ING IT TIGHT AND KNOTTING IT/AND IN THIS
WAY1THE TURNS ARE FIRMLY FASTENED TOGETHER
AT THIS POINT. WE REMOVE ONEPEG ATA TIME,
IMMEDIATELY BINDING THE TURNS AT THAT

POINT AS JUST DESCRIBED UNTIL ALL PEGS

HAVE BEEN REMOVED.
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A SATISFACTORY NEEDLE FOR THIS THREADING PURPOSE CAN BE MADE QUITE
READILY BY TAKING A PIECE OF #20 B&S BARE OR ENAMELED COPPER WIRE, BENT
DOUBLE SO AS TO FORM A LOOP AT ONE END. THE OTHER ENDS CAN BE CONNECTED
TOGETHER WITH A DROP OF SOLDER, WHICH CAN BE DRESSED DOWN WITH EMERY
CLOTH SO AS NOT TO PRODUCE ANY OBSTRUCTION WHEN THREADING WITH IT. A

NEEDLE OF THIS TYPE IS QUITE FLEXIBLE AND THEREFORE LENDS ITSELF WELL TO
WORKING IN AND AROUND ABRUPT CORNERS.

THE PEGS AT WHICH THE WINDING'S ENDS ARE FASTENED ARE REMOVED LAST.
THUS THE COIL IS REMOVED FROM ITS FORM AND IT CAN THEN BE DOPED WITH AN
INSULATIVE COMPOUND AS DESCRIBED RELATIVE TO SOLENOID WINDINGS AND WHEN
DRY, THE COIL WILL BE RIGID SO THAT WHEN HANDLED WITH CONSIDERATION,
THERE WILL BE LITTLE CHANCE OF ITS LOOSING ITS SHAPE.

The Spider -Web C011 and

its Winding Form.

THE NUMBER OF TURNS PLACED

FOR A BASKET -WEAVE TYPE COIL, HAVING
A DIAMETER OF 21" TO 2 5/WAND 13 OR 15

PEGS AS MENTIONED PREVIOUSLY IN THISDIS
CUSSIDN,APPROXIMATELY 80 TURNS WILL BE

NEEDED FOR THE SECONDARY TO TUNEOVER THE
BROADCAST BAND WHEN USED WITH A .00035
MFD. CONDENSER AND ABOUT 65 TURNS,WHEN
USED WITH A .0005 MFD. TUNING CONDENSER.
IN BOTH CASES, #24 B&S DOUBLE SIUKCOVER-.
ED WIRE CAN BE USED.

THE PRIMARY IS WOUND IN THE SAME
MANNER AS THE SECONDARY,BEING WOUND NEXT
TO THE SECONDARY ON THE SAME WINDING FORM
BEFORE THE PEGS ARE REMOVED AND IT IS

TIED TO THE SECONDARY BY MEANS OF THE
SAME PIECE OF THREAD PREVIOUSLY DESCRIB-
ED. THE NUMBER OF TURNS TO USE ON THE
PRIMARY SHOULD BE APPROXIMATELY 1/3 OF

IN THE SECONDARY WINDING. IF A TENDENCYTOWARD
OSCILLATION IS NOTICED, WHEN THE RECEIVER IS TESTED WITH THESE COILS,
PEEL OFF SOME PRIMARY TURNS, PROBABLY SIX TURNS OR SO UNTIL OSCILLATION
CEASES.

WINDING A "SPIDER WEB" COIL

THE SPIDER WEB COIL AND ITS WINDING FORM ARE SHOWN YOU IN FIG. 8.
IN THIS CASE, WE AGAIN MAKE A DISC -SHAPED FORM WITH A MOUNTING HOLE AT
ITS CENTER BUT THE PEGS, HOWEVER, ARE ALL INSERTED IN HOLES1WHICH ARE
DRILLED AROUND THE RIM OF THE DISC. THE NOTCHES ARE CUT SO THAT THEY RA-
DIATE FROM THE VARIOUS PEGS TOWARD THE CENTER.

THE COIL IS WOUND AROUND THE RIM OF THIS FORM IN MUCH THE SAME
MANNER AS DESCRIBED RELATIVE TO THE BASKET WEAVE. THAT IS, WE WIND OVER
ONE PEG, UNDER THE NEXT ETC. AND WHEN COMPLETE, THE COIL WILL BE "FLAT-
SHAPED" AS SHOWN AT THE BOTTOM OF FIG. 8. HERE TOO, ONE PEG AT A TIME
IS EXTRACTED FROM THE FORM AND THE TURNS ARE TIED TOGETHER WITH THREAD.
THE FINISHED COIL IS THEN DOPED AS ALREADY PREVIOUSLY DESCRIBED.

TABLE I GIVES YOU WINDING SPECIFICATIONS FOR SPIDER WEB COILS TO
BE USED WITH A .0005 MFD CONDENSER OVER THE BROADCAST BAND. THE NUMBER
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OF SECONDARY TURNS IN THIS TABLE ARE ONLY APPROXIMATE BUT IF IT IS FOUND
AFTER COMPLETION THAT THE COIL CAN BE TUNED TO FREQUENCIES BELOW THE
BROADCAST BAND BUT NOT TO THE HIGHER FREQUENCY LIMIT OF THE BROADCAST BAND
THEN I SECONDARY TURN AT A TIME CAN BE REMOVED, UNTIL THE DESIRED RESULTS
ARE OBTAINED.

TABLE I

WINDING DATA FOR SPIDER WEB COILS FOR BROADCAST BAND

WIRE SIZE
INSIDE

DIAMETER
NUMBER
OFPEGS

No. OF TURNS
WITH .0005
MFD.CONDENSER

No. OF TURNS
WITH .00035
MFD.CONDENSER

#24 D.S.C. 1 15 52 82

"20 D.C.C. 2" 17 46 77

#24 D.C.C. 'in 11 50 80

THE NUMBER OF PRIMARY TURNS TO USE ON THE SPIDER WEB COIL SHOULD ALj
SO BE APPROXIMATELY 1/3 THE NUMBER OF TURNS AS ON THE SECONDARYITHE SAME

AS DESCRIBED RELATIVE TO THE BASKET-WEAVE TYPE COIL.

THE HONEYCOMB COIL

FINALLY, IN FIG. 9, WE SEE THE HONEYCOMB COIL AND IN THIS CASE,THE
COIL CONSISTS OF A WINDING MADE UP OF SEVERAL LAYERS,WITH EACH LAYER WOUND
APPROXIMATELY AT RIGHT ANGLES TO THE LAYER BELOW IT. THIS TYPE OF COIL IS
USED WHERE CONSIDERABLE INDUCTANCE IS DESIRED IN THE FORM OF A SMALL COM,,.
PACT WINDING. IN MODERN RADIO PRACTICE, THE HONEYCOMB COIL IS COMMONLY Qa
ED FOR THE PRIMARY WINDING OF R.F. TRANSFORMER, FOR I.P. TRANSFORMER WIND
INGS ETC.

ALTHOUGH WE HAVE DISCUSSED SEVERAL DIFFERENT TYPES OF SECONDARY
WINDINGS FOR R.F. TRANSFORMERS IN THIS LESSON, REMEMBER THAT THE SIMPLE
SOLENOID
ARE

TYPE IS THE MOST EFFICIENT OF ALL AND FOR GENERAL PURPOSES, YOU

ADVISED TO USE THIS TYPE IN PREFERENCE TO THE OTHER MORE COMPLICATED
WINDINGS WHICH WERE DESCRIBED.

ALSO REMEMBER THAT WHEN CALCULATING SUCH

SOLENOIC WINDINGS TO MAKE USE OF THE DESIGNING
DATA WHICH WAS FURNISHED YOU IN THE PREVIOUS
LESSON. IN ADDITION,FOR QUICK REFERENCE, YOU

CAN ALSO MAKE USE OF TABLES I AND II OF LESEON

#11 FOR CONSTRUCTING COILS TO COVER THE BROAD-

CAST BAND WITH EITHER A .00035 MFD. OR A .0005
MFD. TUNING CONDENSER.

FIG. 9

The Noney comb Coil.

SUGGESTIONS FOR PRIMARY WINDINGS

ALL OF OUR ATTENTION SO FAR HAS BEEN DI-
RECTED TOWARD THE DESIGN OF THE SECONDARY WIND..
ING OF THE TRANSFORMER BUT FOR GOOD RESULTS, IT

IS ALSO ESSENTIAL THAT THE PRIMARY WINDING OF

THIS TRANSFORMER BE PROPERLY DESIGNED.

THE PRIMARY WINDING, OF COURSE, IS NOT GENERALLY INTENDED FOR TUNING

PURPOSES AS IS THE SECONDARY. THE ESSENTIAL PURPOSE OF THE PRIMARY IS TO

TRANSFER THE SIGNAL ENERGY FROM THE ANTENNA OR PLATE CIRCUIT OF ONE TUBE
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TO THE SIR CIRCUIT OF THE SUCCEEDING TUBE BUT IN ORDER TO DO THIS EFFI-

CIENTLy, r IS NECESSARY THAT THE PROPER NUMBER OF TURNS OF WIRE ALSO BE
Ot E P,:/MARY WINDING.

FROM YOUR EARLY STUDIES OF TRANSFORMERS, YOU WILL RECALL THAT A

GREATER VOLTAGE STEP-UP IS OBTAINED WHEN THE NUMBER OF SECONDARY TURNS IS
LARGE IN COMPARISON TO THE NUMBER OF PRIMARY TURNS. ACCORDING TO THIS FACT
ONE WOULD NATURALLY ASSUME THAT WE SHOULD USE THE LEAST NUMBER OF TURNS
POSSIBLE ON THE PRIMARY.

ALTHOUGH THIS RULE APPLIES QUITE WELL WITH IRON -CORE TRANSFORMERS,
YET IT FALLS SHORT IN THE CASE OF AIR -CORE TRANSFORMERS DUE TO THE GREAT

MAGNETIC LEAKAGE WHICH EX-
ISTS BETWEEN THE PRIMARY
AND SECONDARY WINDINGS OF
THE AIR -CORE TRANSFORMER.
FURTHERMORE,THE CHARACTER-
ISTICS OF THE CIRCUIT IN

WHICH THE PRIMARY WINDING
IS CONNECTED ALSO HAS A

PRONOUNCED EFFECT UPON THE
DESIGN OF THE PRIMARY WIND
ING.

FIG, IC

Primary Winding as Load is Tube Plate CirculL

THE PRIMARY WINDING,
AS ILLUSTRATED IN FIG. 10,
SERVES AS THE LOAD IN THE
PLATE CIRCUIT OF THE R.F.
AMPLIFIER TUBE. THE GREAT-

ERTHE IMPEDANCE OFFERED BY THIS LOAC,THE GREATER WILL BE THE SIGNAL VOL-
TAGE DEVELOPED ACROSS ITS EXTREMETIES AND IN PRACTICE IT WORKS OUT THAT IN
ORDER TO REALIZE 7570 OF THE TUBE IS AMPLI F ICAT ION FACTOR, THE LOAD IN THE TUBE'S
PLATE CIRCUIT(PRIMARY WINDINGIN THIS CASE) SHOULD OFFER AN IMPEDANCE EQUAL
TO AFRROXINATELY 3 TIMES THAT OF THE TUBES PLATE RESISTANCE. (THE PLATE
RESISTANCE OF A TUBE IS THE RESISTANCE WHICH THE PLATE CURRENT ENCOUNTERS
WITHIN THE TUBE,BETWEEN THE PLATE AND CATHODE OR FILAMENT,AND IN LATER LE2
SONS YOU WILL RECEIVE MORE DETAILED INFORMATION REGARDING THIS TUBE CON-
STANT AS WELL AS OTHER VALUABLE TUBE CONSTANTS). SO CCNSICERING CONDITIONS
FROM THIS LATTER ANGLE,WE WANT A PRIMARY WINDING OF MANY TURNS SO AS TO IN
CREASE ITS INDUCTANCE AND LIKEWISE ITS IMPEDANCE.

FROM THE FOREGOING EXPLANATION, YOU WILL SEE THAT THE NET RESULT IS
THAT ON ONE HAND, WE WANT MANY TURNS OF PRIMARY WINDING WHEREAS CONSIDER-
ING CONDITIONS FROM THE OTHER POINT OF VIEW, WE WANT ONLY A FEW TURNS OF
PRIMARY WINDING. HENCE THE ONLY THING TO DO IN THIS CASE IS TO COMPROMISE
AND USE A MORE OR LESS AVERAGE NUMBER OF PRIMARY TURNS SO AS TO ATTAIN
MAXIMUM AMPLIFICATION WITHOUT THE POSSIBILITY OF CIRCUIT OSCILLATION. FOR
SCREEN GRID TUBES, IN WHICH THE PLATE RESISTANCE IS VERY HIGH,YOU WILL
FIND THAT IT HAS BECOME THE GENERAL PRACTICE AMONG MANUFACTURERS TO CON-
STRUCT THEIR PRIMARY R.F. TRANSFORMER WINDINGS WITH 40 OR MORE TURNS. FOR
TUBES OF THE NONE SCREEN -GRID TYPE, WHEN USED AS AN R.F. AMPLIFIER, THEN
BETWEEN 8 AND 15 TURNS OF PRIMARY ARE GENERALLY USED. THE REASON BEING
THAT TUBES OF THIS LATTER TYPE HAVE A COMPARATIVELY LOWER PLATE RESISTANCE
THAN DO THE SCREEN -GRID R.F. AMPLIFIER TUBES.
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Now THERE IS STILL
OF THE PRIMARY WINDING OF
COUPLING. IN OTHER WORDS,
PRIMARY WINDING TO THE
SECONDARY OF THE R.F.
TRANSFORMER, AS THIS
POINT HAS A PRONOUNCED
EFFECT UPON THE PERFORM
ANCE OF THE TRANSFORM-
ER.

Two TYPES OF
COUPLING ARE ILLUSTRAT
ED IN FIG. II. AT THE
LEFT, THE PRIMARY WIND
ING IS SPACED AT SOME
DISTANCE FROM THE SEC-
ONDARY AND WE WOULD CLASSIFY
BEING nLOOSE COUPLING".

THE EFFECTS OF COUPLING

ANOTHER IMPORTANT POINT RELATIVE TO THE DESIGN
THE R.F. TRANSFORMER AND THAT IS THE MATTER OF
ONE MUST DECIDE AS TO HOW CLOSE TO PLACE THE

FIG. 11

Example of Loose and C/Ose C0c-pling.
THIS RELATION BETWEEN THE TWO WINDINGS AS

IT IS OBVIOUS THAT THE FARTHER WE PLACE THE PRIMARY FROM THE SEC-
ONDARY, THE LOOSER WILL BE
LESS NUMBER OF THE PRIMARY
ARY WINDING AND BECAUSE OF
BETWEEN THESE TWO WINDINGS

THE COUPLING. THIS IN TURN WILL MEAN THAT A

WINDING'S LINES OF FORCE WILL LINK THE SECOND
THIS FACT, THERE WILL BE LESS ENERGY TRANSFER
AND THEREFORE THE AMPLIFICATION WILL DECREASE

AS THE COUPLING IS MADE LOOSER. REMEMBER THIS.

Now BESIDES AMPLIFICATION, THERE IS ALSO ANOTii -1PORTANT RECEIV
ER QUALITY, WHICH IS AFFECTED BY THE COUPLING OF THE WINNINGS ON THE .L -c."7.
TRANSFORMER AND THAT IS SELECTIVITY. IT SO HAPPENS THAT THE LOOSER THE
COUPLING BETWEEN THE PRIMARY AND SECONDARy WINDINGS, THE '/ RE SELECTIVE
WILL BE THE CIRCUIT. THIS OF COURSE MEANS THAT IF YOU WANT THE RECEIV-
ER TO TUNE SHARP, THEN YOU SHOULD USE LOOSE COUPLING ON THE P.F. TRANS-
FORMERS.

SO YOU SEE, HERE AGAIN WE HAVE TWO CONDITIONS WHICH WORK OPPOSITE
TO EACHOTHER BECAUSE IF WE LOOSEN THE COUPLING SO AS TO INCREASE SELECT-
IVITY, WE ARE AT THE SAME TIME REDUCING THE AVAILABLE AMPLIFICATION AND
VICE VERSA. HENCE, IN THIS CASE IT IS ALSO NECESSARY TO COMPROMISE AND

TO USE A TYPE OF COUPLING.
WHICH WILL GIVE SATIS
FACTORY AMPLIFICATIONANO
SUFFICIENTLY SHARP TUN-
ING.

Fl G. 12
interacilon 8eiveen Primary t Secondary Windings.

IN THIS RESPECT ONE
SHOULD ALSO CONSIDER THE
FACT THAT IT IS POSSICLE
TO COUPLE THE TRANSFORM-
ER WINDINGS TOO LOOSE,
WITH THE RESULT THAT THE
RECEIVER WILL BECOME "OV
ER-CELECTIvs, THEREBY
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PREVENTING RECEPTION OF THE HIGHER AUDIO FREQUENCIES. THIS WILLSERIOUSLY
AFFECT THE RECEIVER'S TONE QUALITY AND SHOULD THEREFORE,BE GUARDED AGAIN
ST. EXPERIMENT WILL SHOW WHAT EXTENT OF COUPLING GIVES BEST ALL AROUND
PERFORMANCE FOR THIS PARTICULAR RECEIVER WHICH IS BEING DESIGNED AND CON
ST RU CT ED.

ANOTHER INTERESTING FEATURE RELATIVE TO COUPLING IS THAT THE AMP-
LIFICATION ONLY INCREASES UP TO A CERTAIN "CRITICAL VALUE" AS THE PRIM..

ARY WINDING IS BROUGHT CLOSER TO THE SECONDARY. THIS IS DUE TO THE "IN-
TERACTION" BETWEEN THESE TWO WINDINGS AS ILLUSTRATED IN FIG. 12.THAT IS,

A MAGNETIC FIELD IS ALSO ESTABLISHED AROUND THE SECONDARY WINDING BY THE
SIGNAL CURRENT FLOWING THROUGH IT AND THIS CURRENT WILL BE MAXIMUM AT RE
SONANCE THIS RESULTING MAGNETIC FIELD TENDS TO OPPOSE THAT ESTABLISHED
BY THE PRIMARY WINDING AND IF THE COUPLING IS TOO CLOSE, THEY REACT UPON
EACHOTHER SO AS TO REDUCE THE EFFECTIVE FIELD AND THUS BRING ABOUT A

REDUCTION IN AMPLIFICATION. AN EXAMPLE OF CLOSE COUPLING IS SHOWN AT THE
RIGHT OF FIG, II, WHERE THE PRIMARY IS WOUND DIRECTLY OVER THE SECONDARY
WITH A PAPER OR OTHER INSULATION BETWEEN THEM.

THE MAIN OBJECT OF THE PRECEDING DISCUSSION ON COUPLING IS TO

WARN YOU, SO THAT YOU WILL USE DISCRETION IN THIS RESPECT WHEN CONSTRUCT
ING R.F.TRANSFORMERS. IF YOU DIDN'T KNOW ANYTHING ABOUT THESE IMPORTANT
EFFECTS OF COUPLING, IT IS OBVIOUS THAT YOU WOULDN'T BE QUALIFIED TO CON
STRUCT A REALLY EFFICIENT UNIT.

HIGH-GAIN TRANSFORMERS

YOU WILL ALSO REMEMBER THAT BESIDES THE CONVENTIONAL TYPE OF R.F.
TRANSFORMERS, WE ALSO HAVE WHAT ARE KNOWN AS HIGH-GAIN OR CONSTANT-GAIN
TYPE COILS AND WHICH WERE ALREADY DESCRIBED TO YOU IN LESSON #26. IN

THIS CASE, THE INDUCTANCE VALUE OF THE PRIMARY WINDING IS QUITE HIGH SO
THAT THE PRIMARY CIRCUIT RESONATES SLIGHTLY BELOW THE BROADCAST BAND SO
THAT MAXIMUM GAIN THROUGH THE COIL CAN BE OBTAINED IN THE LOWER PORTION
OF THE BROADCAST BAND. IN ADDITION, A CAPACITIVE COUPLING IS INTRODUCED
BETWEEN THE PRIMARY AND SECONDARY WINDINGS SO THAT APPROXIMATELY THE SAME
GAIN IS MAINTAINED AT THE HIGHER BROADCAST FREQUENCIES.

THERE IS NO NEED FOR GOING INTO FURTHER DETAILS AT THE PRESENT
TIME REGARDING THESE COILS AS YOU ARE ALREADY ACQUAINTED WITH THEIR GEN-
ERAL CONSTRUCTION.

THE "WHEATSTONE BRIDGE"

Now THAT YOU HAVE LEARNED HOW TO DETERMINE THE INDUCTIVE VALUE OF
THE POPULAR SOLENOID TYPE COILS BY CALCULATION, AS WELL AS THE METHODS
FOR WINDING VARIOUS COIL TYPES, YOU WILL AT THIS TIME NO DOUBT BE GREAT..
LY INTERESTED IN THE MANNER BY WHICH INDUCTANCE CAN BE MEASURED WITH TEST
ING DEVICES. THE SIMPLEST METHOD OF MEASURING INDUCTANCE, WHERE THE EX-

PENSE OF ELABORATE TESTING EQUIPMENT IS PROHIBITIVE, IS BY USING A TEST-
ING DEVICE KNOWN AS A "SLIDE-WIRE" WHEATSTONE BRIDGE. THIS SAME DEVICE
CAN ALSO BE USED TO MEASURE RESISTANCE, INDUCTANCE OR CAPACITY AND THE
CONSTRUCTION OF THIS APPARATUS IS CLEARLY ILLUSTRATED IN FIG. 13.

A WHEATSTONE BRIDGE OF THIS TYPE CAN BE CONSTRUCTED AT HOME VERY
EASILY BY FOLLOWING FIG. 13 AND THE FOLLOWING SUGGESTIONS: THE BASE MAY
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CONSIST OF A BOARD 45" LONG, 8" WIDE AND ABOUT 1" THICK. MOUNT A METER
STICK FIRMLY UPON THE UPPER FACE OF THE BASEBOARD AS SHOWN IN THE ILLUS
TRATION AND THEN ARRANGE FIVE BRASS STRAPS, EACH 1" WIDE AND 1- THICK,

IN THE FORM AS ALSO ILLUSTRATED AND FASTEN THEM FIRMLY TO THE FACE OF

THE BASEBOARD WITH WOOD SCREWS.

STRAPS #1 AND #5 CAN BE 6" LONG, STRAPS #2 AND #4 CAN BE 10" LONG
AND STRAP #3 CAN BE 15" LONG. MOUNT TERMINALS AT POINTS A,B,C,D,E,F, G
AND H. CONNECT TERMINAL "A" TO THE BRASS STRAPS #4 AND #5 THROUGH A
SINGLE POLE SWITCH, RUNNING THE CONNECTING WIRE ALONG THE UNDERSIDE OF

THE BASE IN ORDER TO ADD TO THE APPEARANCE OF THE FACE. CONNECT TERMINAL
"F" TO STRAPS #1 AND #2, ALSO RUNNING THIS CONNECTING WIRE ALONG THE

UNDERSIDE OF THE BASE.

TERMINAL "H"
IS CONNECTED TO

STRAP #3 IN LIKE
MANNER AND TERM-
!NAL "G" IS CONN-
ECTED TO A SLIDER
BY MEANS OF A LONG
FLEXIBLE INSULATED
WIRE. THE SLIDER OR
ftSTYLUS",AS

IT IS

SOMETIMES CALLED,
MAY BE MADE FROM A
PIECE OF 1/8"BRASS
ROD ABOUT 3" LONG
PROVIDED WITH A

BAKELITE OR HARD
RUBBER HANDLE. THE
EDGE".

FIG. 13

The WheaEsone Bridge.

POINT OF THIS STYLUS SHOULD BE GROUND TO A ItKNIFE

THE FINAL STEP IN THE CONSTRUCTION OF THIS APPARATUS IS TO STRE-
TCH A PIECE OF RESISTANCE WIRE ACROSS THE LENGTH OF THE METER STICK.
THIS WIRE MAY BE ANY HIGH-CRADE RESISTANCE ALLOY AND ALTHOUGH MANGANIN
IS PREFERABLE, NICHROME OR ANY OTHER SUITABLE RESISTANCE ALLOY MAY BE

SUBSTITUTED SATISFACTORILY. A #24 OR #28 B&S GAUGE WILL BE FOUND MOST

CONVENIENT FOR THIS USE.

IT IS IMPORTANT THAT THIS RESISTANCE WIRE BE STRETCHED TAUT DI-
RECTLY ABOVE THE FACE OF THE METRIC SCALE, BEING MOUNTED SO THAT IT IS

ELEVATED APPROXIMATELY 1/16" ABOVE THE METER SCALE.

HAVING CONSIDERED THE CONSTRUCTION OF THE "SLICE-WIREMHEATSTONE
BRIDGE, LET US NOW CONTINUE WITH THE EXPLANATION REGARDING ITS USE. WE
SHALL BEGIN THIS EXPLANATION WITH THE APPLICATION OF THIS APPARATUS IN

THE MEASUREMENT OF RESISTANCE AND THEN IN TURN FOR MEASURING INDUCTANCE
AND CAPACITY.

MEASURING RESISTANCE

Now THEN, FIG. 13 CLEARLY ILLUSTRATES THE "SET UP" FOR A RESIS-
TANCE MEASUREMENT AND FOR THIS WORK, THE RESISTANCE TO BE MEASURED IS

CONNECTED ACROSS TERMINALS B AND C AND WE REFER TO THIS UNKNOWN RESIS..
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TANCE VALUE AS "X". THE NEXT STEP IS TO CONNECT A STANDARD RESIST:ACE"P"
ACROSS THE TERMINALS D AND E.

THE EXACT OHMIC VALUE OF THIS STANDARD RESISTANCE "R" MUST BEKNOWN
BEFOREHAND. PRECISION TYPE NON -INDUCTIVE RESISTORS, WHICH ARE GUARANTEED
TO BE ACCURATE TO WITHIN I% OF THEIR RATED VALUE, CAN BE PURCHASED AND

USED TO SERVE AS THE STANDARD RESISTANCE "R". SUCH RESISTORS ARE AVAIL-

ABLE IN A VAST NUMBER OF DIFFERENT VALUES AND FOR ANY "BRIDGE TEST," ONE

SHOULD USE A RESISTANCE VALUE FOR R, WHICH IS ESTIMATED AS BEING ASEQUAL
AS POSSIBLE TO THE VALUE OF THE UNKNOWN RESISTOR X.

BALANCING 1HE BRIDGE

PROCEED BY CONNECTING A PAIR OF HEADPHONES OR A GALVANOMETER ACROSS
TERMINALS G AND H AND A BATTERY ACROSS TERMINALS A AND F. CLOSE THE

SWITCH AND BRING THE SLIDER OR STYLUS INTO FIRM CONTACT AT VARIOUS POINTS
ALONG THE TAUT RESISTANCE WIRE. IF USING THE GALVANOMETER, THIS INSTRU-

MENT WILL OFFER DIFFERENT READINGS AS THE STYLUS IS BROUGHT IN CONTACT

WITH VARIOUS POINTS ALONG THE RESISTANCE WIRE, SO CONTINUE TESTING ALONG
THIS RESISTANCE WIRE UNTIL YOU HAVE FINALLY LOCATED A POINT ON THIS WIRE
WITH YOUR STYLUS AT WHICH THE GALVANOMETER READS ZERO. THE WHEATSTONE

BRIDGE IS NOW SAID TO BE IN A STATE OF BALANCE,so NOTE CAREFULLY AT

WHICH MARK OF THE METER STICK AT WHICH THE STYLUS MAKES CONTACT WITH THE
RESISTANCE WIRE IN ORDER TO CAUSE THE GALVANOMETER TO READ ZERO.

IF USING HEADPHONES INSTEAD OF THE GALVONOMETER, HEAR

CLICKS OF VARYING INTENSITY AS THE STYLUS IS BROUGHT IN CONTACT WITH
VARIOUS POINTS ALONG THE MET ER SCALE. IN THIS CASE, CONT I NUE CONTACT I NG THE STY

LUs AT o I FFERENT POINTS ALONG THE METER SCALE UNT I L YOU LOCATE THE POINT AT

WHICH NO CLICK 1 S HEARD IN THE HEADPHONES UPON MAKING CONTACT. THE WHEATSTONE
BR I DGE W I LL NOW BE IN A STATE OF BALANCE, SO CAREFULLY TAKE NOTE OF THE STYLUS

POSITION AT TH7I S INSTANT WITH RESPECT TO THE METRIC SCALE

LET US ASSUME THAT UNDER THE CONDITIONS OF AN ACTUAL TEST, THE

WHEATSTONE BRIDGE IS BA:ANCED UNDER THE CIRCUMSTANCES ILLUSTRATED IN FIG.
14. HERE THE STANDARD RESISTOR "R" HAS A VALUE OF 10 OHMS AND THE BRIDGE
IS BROUGHT TO A STATE OF BALANCE WITH THE STYLUS OR SLIDER CONTACTING
POINT "A" ON THE RESISTANCE WIRE.

CALCULATING RESISTANCE

NOW THEN, TO CALCULATE THE VALUE OF THE UNKNOWN RESISTOR "X", WE

EMPLOY THE FOLLOWING MATHEMATICAL RELATION, R S_ . PUTTING THIS MATH-

EMATICAL FORMULA IN WORDS, IT HAS THE FOLLOWING MEANING: TO FIND THE

VALUE IN OHMS OF THE UNKNOWN RESISTOR "X", MULTIPLY THE OHMIC VALUE OF

THE STANDARD RESISTOR "R" BY LENGTH "S" OF THE RESISTANCE WIRE ( S IS

EQUAL TO THE DISTANCE FROM THE ZERO POINT ON THE METRIC SCALE TO THE

POINT "A" AT WHICH THE STYLUS TOUCHES THE WIRE IN ORDER TO BALANCE THE

SYSTEM); DIVIDE THIS PRODUCT BY "I" (THE DISTANCE FROM POINT "A" IN FIG.
14 TO THE OTHER EXTREMETY OF THE METRIC SCALE).

AS A PRACTICAL EXAMPLE, LET US SUPPOSE THAT THE STANDARD RESISTOR

"R" IN FIG. 14 HAS A VALUE OF 10 OHMS, DISTANCE "SU IS EQUAL TO 40 CM.

AND DISTANCE "T" TO 60 CM., WITH THE SYSTEM IN A STATE OF BALANCE.APPLY-
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ING OUR FORMULA XtrjR S TO THIS PARTICULAR EXAMPLES WE HAVE: X- 10 X 40_
60

400=6.66 OHMS.
60

THE SIZE BATT-
ERY TO USE FOR THIS

TEST WILL BEGOVERNEO
BY THE RESISTANCEVA1
UES IN THE SYSTEM.

THE PRACTICAL THING
TO DO IS TO USE A

BATTERY VOLTAGE WHICH
WILL GIVE A LEGIBLE
READING ON THE GAL-

VANOMETER AND A DIS-
TINCT CLICK IN THE

HEADPHONES WHEN THE

SYSTEM IS NOT BALAN....

CEO. ORDINARILY, A

411- VOLT "C" BATTERY
2
WILL SERVE THE PUR-
POSE.

40 cm-
14-- 5 T

G.o cm.

)1

411 11 1461

Meter stick O
Galvanometer

4, indicates '''Rero"

'iMWAIMWOLAMMIZIWAW/1

AVNINA, I

°
6a+l-cry

FIG. 14

Data for Ca/cu/a.7,-i9 Razisiance.

MEASURING INDUCTANCE

FIG. 15 SHOWS YOU HOW TO SET UP THE BRIDGE FOR MEASURING INDUCTANCE.

IN THIS CASE, THE UNKNOWN INDUCTANCE "Lx" IS CONNECTED ACROSS THE SAME

TERMINALS ACROSS WHICH THE UNKNOWN RESISTANCE WAS rORMERLY CONNECTED FOR

THE RESISTANCE MEASUREMENT AND A STANDARD INDUCTANCE OF KNOWN INDUCTIVE

VALUE "L 0 IS CONNECTED TO THE BRIDGE AS ALSO PICTURED IN FIG. 15.

NEED

NOW INSTEAD OF CONNECTING A BATTERY DIRECTLY ACROSS THE BRIDGE, WE

A SOURCE OF A.G., HAVING APPROXIMATELY A 1000 CYCLE FREQUENCY. THI7,

A.C. SUPPLY CAN BE OB-
TAINED BY CONNECTING
AN ORDINARY BUZZER IN

SERIES WITH TWO SERIES
CONNECTED NO.6 DRY

CELLS AND IN TURN CON-
NECTING THIS COMBINA-

TION ACROSS THE PRI-

MARY WINDING OF A TRAN

SFORMER. THIS TRANS-

FORMER MAY BE AN OR-

DINARY TELEPHONE TRANS
FORMER OR ELSE IT CAN

BE CONSTRUCTED BY WINE

ING A PRIMARY OF 100

TURNS AND A SECONDARY

OF 1000 TURNS AROUND

AN IRON CORE. THE WIRE

SIZE IS NOT CRITICAL.

THE SECONDARY WINDING

OF THIS TRANSFORMER IS
THEN CONNECTED ACROSS

5
0

14¢..adphones

Lx

=4.E.IMMI

5.7 h

MeLar stick

/ PIM/ ///, MMW/V/Wil/WWW4

1000 Turns

Ls
111

(6-0-0o05-01
100 Turns

Buzzer ba4ery

Flex. 15

Measuring/,-/ ch-1 ctance
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THE BRIDGE CIRCUIT AS SHOWN AND IN THIS WAY AN A.D. SUPPLY OFAPPROXIMAT.=
ELY 1000 CYCLES IS APPLIED ACROSS THE BRIDGE CIRCUIT.

WITH THE SET-UP AS ILLUSTRATED IN FIG. 15, A DECIDED BUZZING SOUND
WILL BE HEARD IN THE HEADPHONES AS THE SLIDER MAKES CONTACT WITH VARIOUS
POINTS ON THE RESISTANCE WIRE. LOCATE THE POSITION ON THIS WIRE WHERE
THE MINIMUM BUZZING SOUND IS DETECTED IN THE HEADPHONES. THIS INDICATES
THAT THE BRIDGE IS BALANCED, SO CAREFULLY TAKE NOTE OF THE SLIDERS POS-
ITION OVER THE METRIC SCALE AT THIS INSTANT.

THE INDUCTIVE VALUE OF L X IN FIG. 15 CAN NOW BE
THE FOLLOWING FORMULA: Lx=S X Ls IN WORDS, THIS

T

Head phones
-40
.47Af/./7/4117/A6'

l000 Turns
4 ---- CS

-Q.O.OSLQJ

Meter

ill I
Too Turn s

Buzzer -- Baftery

rIG.IG

Measuring Capaciey of a Variable Condenser;

DISTANCE "S" THUS BECOMES 60 CM. AND "T" IS
THE FORMULA LX=S X Ls, WE HAVE

T

HENCE COIL Lx HAS AN INDUCTANCE

Lac = 6Q X

40
OF 195 MICROHENRIES.

40

DETERMINED BY USING
MEANS THAT TO FIND

THE VALUE OF THE IN..*

DUCTANCE,DIVIDELENGTH
"Sit OF FIG. 15 BY
LENGTH T AND MULTIPLY
THIS QUOTIENT BY THE
INDUCTIVE VALUE OF THE
KNOWN INDUCTANCE "Ls".
THE ANSWER WILL BE Ea
PRESSED IN THE SAME
INDUCTANCE UNITS AS
USED FOR LS.

As A PRACTICAL
EXAMPLES LET US ASSUME
THE STANDARD INDUC-
TANCE LS IN FIG. 15

AS HAVING A VALUE OF
130 MICROHENRIES AND
THE BRIDGE BEING IN A
STATE OF BALANCE WITH
THE SLIDER CONTACTING
THE RESISTANCE WIRE
OVER THE 60 CM. MARK.

CM. THENCE BY APPLYING
130.= I.5X130 =195 miCROHENRIES

THE MOST CONVENIENT INDUCTANCE STANDARD, LS IN FIG. 15,Is GENERALLY
A WELL CONSTRUCTED VARIOMETER. THIS MAY BE MOUNTED WITH A VERNIER DIAL
(GEARED DIAL MOVEMENT), THE UNIT BEING PREVIOUSLY CALIBRATED WITH ACURVE
PLOTTED BY SOME TESTING LABORATORY AND SHOWING THE INDUCTANCE FOR ANY
DIAL SETTING. THIS FORM OF STANDARD INDUCTANCE WILL SERVE WELL FOR MOST
INDUCTIVE MEASUREMENTS CONCERNING R.F. COILS.

MEASURING CONDENSER CAPACITY

THE BRIDGE ASSEMBLY CAN ALSO BE USED FOR MEASURING THE CAPACITY OF
UNKNOWN CONDENSERS. FOR THIS WOW, WE USE THE SAME SET UP AS WHEN MEAS-
URING INDUCTANCE AND AS ILLUSTRATED IN FIG. 15, ONLY THAT THE UNKNOWN
CONDENSER AND A CALIBRATED STANDARD CONDENSER ARE CONNECTED INTO THE CLa
CUIT AS SHOWN YOU IN FIG. 164.
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IN THIS CASE, THE STANDARD CONDENSER CAN BE A GOOD VARIABLE AIR

CONDENSER OF LOW DIELECTRIC LOSS AND EQUIPPED WITH A VERNIER DIAL FOR

WHICH A GRAPH HAS BEEN PLOTTED IN ORDER TD SHOW THE EXACT CAPACITY OF

THE STANDARD CONDENSER CORRESPONDING TO ANY DIAL SETTING.

THE BRIDGE IS BALANCED BY ADJUSTING THE SLIDER TO THE POINT WHERE
THE LEAST BUZZING SOUND IS HEARD IN THE HEADPHONES. THE CAPACITY OF THE

UNKNOWN CONDENSER IS THEN FOUND BY USING THE FORMULA cx_cs T AS APPLIED
S

TO FIG. 16.

LET US SUPPOSE, FOR EXAMPLE, THAT THE STANDARD CONDENSER IN FIG. 16

IS ADJUSTED TO A CAPACITY OF .00025 MFD. AND THAT THE BRIDGE IS BALANCED
WITH THE SLIDER CONTACTING THE RESISTANCE WIRE AT THE 65 CM. MARK OF THE
METRIC SCALE. THIS MEANS THAT DISTANCE S=65 CM. AND T==35 CM. APPLYING

THE CONDENSER FORMULA, WE HAVE CX .00025 X 35=2_00875 ,_.000I3 APPROX-

65

IMATELY. THUS, THE UNKNOWN CONDENSER IS FOUND TO HAVE A CAPACITY OF

ABOUT .00013 MFD.

WE HAVE NOW CONSIDERED R.F. TRANSFORMER DESIGN AND THE APPLICATIOw;
OF THE WHEATSTONE BRIDGE QUITE THOROUGHLY,SO WITH THIS INFORMATION ADD17:
TO YOUR GROWING RADIO KNOWLEDGE, WE SHALL CONCLUDE THIS LESSON.

ALTHOUGH WE HAVE BY NO MEANS COMPLETED ALL OF OUR STUDIESPETAINING
TO R.F. AMPLIFIERS, YET WE SHALL LEAVE THIS SUBJECT FOR A LITTLE WHILEAND
GO INTO A.F. AMPLIFIERS MORE THOROUGHLY. ey THUS HAVING A CHANGE OF SUB...

JFXT FOR AWHILE, WE CAN PREVENT YOUR STUDIES FROM OECOMING TIRESOME AND

MONOTENOUS1 WHILE AT THE SAME TIME ENABLING YOU TC ADVANCE THROUGH THE

ENTIRE RADIO FIELD AS A WHOLE MORE RAPICLY AND IN EASY, L(7):11CAL STEPS.

C
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There is only one royal road to suc-
cess -- thorough, practical training.
It is foolish to depend upon luck,or
chance. The wise man plans ahead def
initely,then, come what may, he fol-
lows his plans without deviating.

I DESCRIBE IN DETAIL HOW YOU WOULD GO ABOUT THE TASK OF
WINDING A SOLENOID TYPE R.F. COIL?

2. WHAT IMPORTANT POINTS SHOULD BE TAKEN INTO CONSIDERATION
AS REGARDS PLACEMENT OF THE TERMINAL LUGS ON AN R.F.TRAN
SFORMER?

3. - DESCRIBE HOW A BASKET -WEAVE COIL MAY BE WOUND?

4. - WHAT ARE SOME OF THE MORE IMPORTANT POINTS TO BE CONSID-
ERED RELATIVE TO THE PRIMARY WINDING OF R.F TRANSFORM-
ERS OF THE SOLENOID TYPE?

BB DESCRIBE THE CONSTRUCTION OF A WHEATSTONE BRIDGE.

6. - EXPLAIN HOW THE VALUE OF AN UNKNOWN RESISTOR MAY BE
MEASURED BY MEANS OF A WHEATSTONE BRIDGE.

7. - NOW CAN THE INDUCTANCE OF A WINDING BE MEASURED WITH A
WHEATSTONE BRIDGE?

8. - EXPLAIN HOW THE VALUE OF AN UNKNOWN CONDENSER MAY BE
MEASURED BY MEANS OF A WHEATSTONE BRIDGE.

9. DESCRIBE A SIMPLE COIL WINDING MACHINE.

WHAT TYPE OF R.F. TRANSFORMER SECONDARY WINDING IS MOST
EFFICIENT?
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YOU HAVE BEEN ASSOCIATED WITH AUDIO FREQUENCY AMPLIFIERS A GREAT

DEAL THROUGHOUT YOUR RADIO STUDIES UP TO THIS TIME BUT STILL THERE ARE

MANY IMPORTANT THINGS WHICH WE HAVE AS YET NOT CONSIDERED IN GREAT DETAIL

REGARDING THIS MOST VALUABLE MEMBER OF THE RADIO FAMILY. SO MUCH DEPENDS

UPON THE A.F. AMPLIFIER IN PUBLIC ADDRESS INSTALLATIONS, AS WELL AS IN

RADIO RECEIVERS, THAT IT IS ABSOLUTELY NECESSARY FOR YOU TO BECOME* THOR-

OUGHLY FAMILIAR WITH THIS UNIT.

IN ORDER TO FULLY MASTER THIS SUBJECT, YOU SHOULD BECOME ACQUAINTED

WITH THE MORE IMPORTANT DESIGNING FACTORS INVOLVED IN THE CONSTRUCTION OF

AUDIO FREQUENCY AMPLIFIERS, IN ADDITION TO THE CORRECT PROCEDURES OF SER-

VICING THEM. WE HAVE CONSIDERED THE OPERATION AND SERVICING OF AUDIO AMP-

LIFIERS QUITE THOROUGHLY AND SO NOW WE WANT
FINER POINTS CONCERNING THEM ... THINGS WITH
ARE FAMILIAR. WE ASSURE YOU THAT YOU ARE

GOING TO FIND THIS STUDY EXCEPTIONALLY IN
TERESTING, AS WELL AS EXCEEDINGLY BENE-

FICIAL.

TUBE "PLATE RESISTANCE"

Now THENITHE FIRST POINT,WHICH WE
ARE GOING TO DISCUSS WITH YOU,WILL BESOME
ADDITIONAL VACUUM TUBE CHARAOTERISTICS
THE FIRST OF THESE IS THE TUBE CHARACTER-
ISTIC KNOWN AS THE "PLATE RESISTANCE" AND
ALTHOUGH YOU HAVE ALREADY BEEN INTRODUCED
TO THIS TUBE CONSTANT, WE ARE NOW GOING
TO CONSIDER IT IN GREATER DETAIL.

THE OPPOSITION OFFERED TO THE FLOW

OF A DIRECT CURRENT BY THE SPACE BETWEEN
THE PLATE OF A TUBE AND THE ELECTRON EM1I
TOR, WHICH MAY BE EITHER THE FILAMENT OR

TO TELL YOU ABOUT MANY OF THE

WHICH ONLY THE EXPERT RADIOMEN

F 1 G . 1

At Switch Board of a Centra1/4ed
Public Address Insta /kit ion.



PAGE 2 PRACTICAL RADIO

CATHODE, IS KNOWN AS THE TUBEls PLATE RESISTANCE" OR BETTER STILL, ITS

"D.C. PLATE RESISTANCE". IT IS OF COURSE UNDERSTOOD THAT THE ELECTRON
STREAM BETWEEN THE PLATE AND FILAMENT OR CATHODE "BRIDGES" THE SPACE BE-
TWEEN THESE TWO ELEMENTS SO THAT A DIRECT CURRENT CAN ACTUALLY PASS BE-

TWEEN THEM.

OHmIS LAW CAN QUITE EASILY BE APPLIED TO DETERMINE THE D.C. PLATE RR
SISTANCE OF ANY TUBE. IT CAN BE APPLIED IN THE FORM OF R...E2 WHERE "EP"

I P

IS THE D.C. VOLTAGE APPLIED TO THE PLATE AND "IP" THE CURRENT FLOWING

THROUGH THE PLATE CIRCUIT.

Tube ---"'

D.C. Voltmeter
indicates -Fla-
n-tent voltage?

D.c. Voltmeter
indicates Bias

voltage

Potentiometer

D.C. Milliarnmeter
indicates Plata

current

Rheostat
*A" switel

1111111P-----/
D.C. Voltmete

s( indicates plate
voltage.

12heostat

Ba*.

51G. 2

CircuiE For Deerminirly Tube Characeerisiics,

THIS IS THE CONDITION WHICH ACTUALLY EXISTS IN AN

TUBE "PLATE< IMPEDANCE"

Now UNDER ACT-
UAL RECEIVER OPERA-
TION, THE SO CALLED
D.C. PLATE CURRENT IS
CONSTANTLY CHANGING
IN VALUE DUE TO THE
A.C. SIGNALS WHICH
ARE IMPRESSED UPON
THE TUBE'S GRID,

THEREFORE WE HAVE
ANOTHER TUBE CHARAC-
TERISTIC TO CONSIDER,
NAMELY THAT KNOWN
AS THE TUBEls "PLATE
IMPEDANCE" oR A.C.
RESISTANCE. THIsoHAB
ACTERISTIC IS EVEN
MORE IMPORTANT THAN
A TUBE'S D.C. PLATE
RESISTANCE BECAUSE

OPERATING RECEIVER.

IN OTHER WORDS, A TUBEts PLATE RESISTANCE GOVERNS THE STEADY PLATE
CURRENT FLOW WHEN NO SIGNAL VOLTAGE IS BEING APPLIED TO THE GRID, THAT
IS, WHEN THE GRID VOLTAGE IS STEADY. THE TUBE'S PLATE IMPEDANCE, ON THE
OTHER HAND, GOVERNS THE VARYING PLATE CURRENT FLOW WHEN A VARYING SIGNAL
VOLTAGE IS APPLIED TO THE GRID. THEREFORE, SINCE THE LATTER CONDITION
EXISTS UNDER ACTUAL OPERATION, IT IS PERFECTLY CLEAR THAT THIS CHARACTER
1ST IC IS THE MORE IMPORTANT OF THE TWO. UNFORTUNATELY, IT HAS BECOME A

COMMON PRACTICE TO REFER TO A TUBE'S "PLATE IMPEDANCE" AS ITS"PLATE RE-
SISTANCE", WHICH IS REALLY INCORRECT BUT WE WANT YOU TO BE ABLE TO DIS-
TINGUISH CLEARLY THE MEANING BETWEEN THESE TWO UNLIKE TERMS.

THE FORMULA FOR DETERMING A TUBE'S PLATE IMPEDANCE IS:
RP_CHANGE IN PLATE VOLTAGE , WHERE "RP" SIGNIFIES THE PLATE

CHANGE PRODUCED IN PLATE CURRENT.
IMPEDANCE OF A TUBE.

IN FIG. 2 YOU WILL SEE A CIRCUIT ARRANGEMENT BY MEANS OF WHICH THE
PLATE IMPEDANCE OF A TUBE CAN BE DETERMINED. FOR EXAMPLE, LET US SUPPOSE
THAT THE TUBE BEING TESTED IN FIG. 2 BE A TYPE -0IA AND THAT WE ADJUST
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THE VOLTAGES TO THE VALUES RECOMMENDED TO ENABLE THIS TUBE TO OPERATE
AS AN EFFICIENT AMPLIFIER. ACCORDING TO THE TUBE SPECIFICATIONS GIVEN
YOU IN EARLIER LESSONS, THIS PARTICULAR TYPE OF TUBE WILL OPERATE BEST

AS AN AMPLIFIER WITH A PLATE VOLTAGE OF 135 VOLTS, A GRID BIAS OF -9
VOLTS AND A FILAMENT VOLTAGE OF 5 VOLTS.

WITH THE VALUES OF FIG. 2 THUS ADJUSTED, LET US ASSUME THAT THE
MILLIAMMETERINTHEPLATE CIRCUIT REGISTERS 3 MILLIAMPERES. Now WE WILL
READJUST THE PLATE CIRCUIT RHEOSTAT UNTIL THE PLATE VOLTAGE DROPS TO

125 VOLTS. LET US FURTHER SUPPOSE THAT THE MILLIAMMETER AT THIS TIME
INDICATES A PLATE CURRENT OF 2 MILLIAMPERES.

FROM THIS DATA, WE
CAN VERY READILY DETER-.

MINE THE TUBE'S PLATE IM-
PEDANCE BY SUBSTITUTING
THE VALUES WHICH WE HAVE
JUST FOUND INTO THE FORM-
ULA WHICH WAS GIVEN YOU
A FEW MOMENTS AGO. THE
CHANGE IN PLATE VOLTAGE IN
THIS CASE WILL BE 135

VOLTS MINUS 125 VOLTS OR
10 VOLTS, WHILE THE RESULT
ING CHANGE IN PLATE CURR-
ENT WILL BECOME 3 mILLIAm
PERES MINUS 2 MILLIAMPER-
ES OR EXACTLY 1 MILLIAMP-
ERE. WHEN USING THISPLATE
CURRENT CHANGE IN THE
FORMULA, IT SHOULD BE

A TypicalCONVERTED TO AMPERES. WE

to

9

8
to

=1.-

. _

2 6

5

o.1 4

tv

0
- ZO -lb -14 -14 -12 -10 -a -é -4 -2 - 0

Negat've Gr d Potential

THEREFORE HAVE RP- 10 VOLTS == 10,000
.001 AMPERE

THIS PARTICULAR TUBE.

G
Tube Cliaracierisbic Curve.
OHMS AS THE PLATE IMPEDANCE FOR

"MUTUAL CONDUCTANCE" OF TUBES

THE NEXT TUBE CHARACTERISTIC WHICH WE WANT TO DISCUSS WITH YOU IS
THAT KNOWN AS THE TUBE'S "MUTUAL CONDUCTANCE". THIS CHARACTERISTIC IS A
VERY IMPORTANT ONE IN DETERMINING THE MERIT OF A TUBE TO OPERATE AS AN

AMPLIFIER. THIS QUALITY OF A TUBE DEPENDS UPON HOW MUCH PLATE CURRENT
CHANGE IS PRODUCED BY A GIVEN GRID VOLTAGE CHANGE. THE MUTUAL CONDUCTAa
CE OF A TUBE IS MEASURED BY THE UNIT "MHO", WHICH YOU WILL IMMEDIATELY
RECOGNIZE AS BEING THE WORD "OHM" SPELLED BACKWARDS. THE TERM "MHO" IS

ALSO EMPLOYED AS THE UNIT REFERING TO CONDUCTANCE OF RESISTANCES AND IN
THIS CASE IS SIMPLY EQUAL TO THE NUMBER I DIVIDED BY THE RESISTANCE VAL
UE. FOR EXAMPLE, IF A CERTAIN ELECTRICAL CONDUCTOR HAS A RESISTANCEOF
a) OHMS, THEN ITS CONDUCTANCE WILL BE 1 OR .05 MHO. ETC.

20
RETURNING TO TUBES, THE MUTUAL CONDUCTANCE OF THE TUBE le FOUND BY

USING THE FORMULA:
GM __CHANGE IN PLATE CURRENT PRODUCED (EXPRESSED IN AMPERES)

CHANGE IN GRID POTENTIAL PRODUCING THIS PLATE CURRENT CHANGE
(NOTE THAT THE EXPRESSION "MUTUAL CONDUCTANCE" IS GENERALLY SIMPLY IN -

1
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DICATED BY THE TERM "GM")

PRACTICAL RADIO

THE DATA REQUIRED TO COMPLETE THIS CALCULATION CAN ALSO BE OBTAINED
FROM THE TESTING APPARATUS OUTLINED IN FIG. 2. FOR EXAMPLE, IF THE PART-
ICULAR TUBE IS TO BE OPERATED AT A PLATE VOLTAGE OF 180 VOLTS, A FILAMENT
VOLTAGE OF 5 VOLTS AND A GRID BIAS VOLTAGE OF -13.5 VOLTS, THEN INSERT
THE TUBE IN THE CIRCUIT OF FIG. 2, ADJUST THE FILAMENT VOLTAGE TO THE RE-
QUIRED VALUE, ADJUST THE PLATE CIRCUIT RHEOSTAT SO THAT THE PLATE VOLTAGE
WILL BE EXACTLY I 80 voLTs.CoNT INUE BY ADJUSTING THE GR ID CIRCUIT POTENT I DMETSR

SO THAT A BIAS VOLTAGE OF -13 VOLTS WILL BE IMPRESSED UPON THE TUBEISGRID
AND NOTE THE PLATE CURRENT INDICATED BY THE MILLIAMMETER. LET US SUPPOSE
THAT THE MILLIAMMETER INDICATES 5.5 MILLIAMPERES AT THIS TIME.

NOW ADJUST THE GRID BIAS VOLTAGE TO -14 VOLTS AND AGAIN NOTE THE
READING OF THE mILLIAMmETER,MICH WE WILL ASSUME TO BE 4.5 MILLIAMPERES.
FROM THIS TEST, WE HAVE FOUND THAT A GRID VOLTAGE CHANGE OF 1 VOLT ( 14

MINUS 13) HAS PRODUCED A PLATE CURRENT CHANGE OF I MILLIAMPERE (5.5 MINUS
4.5) OR .001 AMPERE.

SUBSTITUTING THESE VALUES IN OUR FCPMLLA WE HAvEi
GM= .001 .001 MHOS OR 1,000 MICHROMHOS. (I MHO IS EQUAL TO

1,000,000 MICROMHOS).

CHARACTERISTIC CURVES OF TUBES

IT IS A COMMON PRACTICE TO ILLUSTRATE TUBE CHARACTERISTICSSy MEANS
OF A GRAPH AS THE ONE SHOWN YOU IN FIG. 3. THE LINE WHICH IS DRAWN THRU
THE VARIOUS POINTS ON THIS CROSS-RULED PAPER IS KNOWN AS THE GRID POTEN-
TIAL - PLATE CURRENT CURVE" AND IT 16 PLOTTED FROM DATA OBTAINED IN THE
FOLLOWING MANNER:

THE TUBE TO BE TESTED IS INSERTED IN THE TEST CIRCUIT OF FIG.2. THE
PLATE VOLTAGE AND FILAMENT VOLTAGE ARE THEN ADJUSTED TO THE VALUEAT WHICH
THE TUBE IS INTENDED TO BE OPERATED. VARIOUS NEGATIVE GRID POTENTIALS ARE
THEN APPLIED AND THE CORRESPONDING PLATE CURRENT NOTED. LET US ASSUME THAT
THE DATA THUS FOUND IS AS TABULATED IN TABE I.

TABLE 1

NEGATIVE
GRID POTENTIAL

CORRESPONDING
PLATE CURRENT

-18 VOLTS 0 MA.

-17 VOLTS .25 MA
-16 VOLTS .5 MA.

-15 VOLTS .75 MA.

-14 VOLTS 1.25 MA.

-13 VOLTS 1.75 MA.

-12 VOLTS 3.00 MA.

-11 VOLTS 4.5 MA.

-10 VOLTS 5.75 MA.

-9 VOLTS 7.00 MA.

-8 VOLTS 8.00 MA.

HAVING OBTAINED THIS DATAIWE
WOULD PROCEED BY PLOTTING THESEVAL
UES ON OUR GRAPH. THE NEGATIVE GRID
POTENTIALS,YOU WILL NOTE IN FIG. 3
ARE SCALED HORIZONTALLY FROM RIGHT
TO LEFT ALONG THE BOTTOM OF THE
GRAPH,WHILE THE PLATE CURRENT VAL-
UES ARE SCALED ALONG THE LEFT EDGE
FROM THE BOTTOM TOWARDS THE TOP OF
THE GRAPH.

SINCE WE FOUND FROM OUR EX-
PERIMENT THAT NO PLATE CURRENT
FLOWS WHEN A NEGATIVE POTENTIAL OF
-18 VOLTS IS APPLIED TO THE TUBE'S
GRID, WE MARK OUR FIRST POINT ON

THE HORIZONTAL "On PLATE CURRENT
LINE WHERE THE -18 VOLTS VERTICAL
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LINE CROSSES IT. ALL OTHER POINTS ARE LOCATED ON THIS GRAPH IN A SIMILAR
MANNER AND ARE THEN CONNECTED TOGETHER WITH A LINE? THEREBY RESULTING IN
THE CHARACTERISTIC CURVE.

AS YOU WILL OBSERVE IN FIG. 3, THE CURVE FOR THIS TUBE, WHEN OPERAT

ING AT THE PLATE VOLTAGE USED FOR THE TEST,SLOPES QUITE GRADUALLY AT THE
HIGHER NEGATIVE GRID VOLTAGES BUT THEN SUDDENLY COMMENCES A STEEP UPWARD
CLIMB IN THE FORM OF A STRAIGHT LINE AS THE NEGATIVE GRID POTENTIAL IS

REDUCED AND THEN COMMENCES TO BEND AGAIN AT ITS UPPER END.

THE GRAPH, WHICH

HAS BEEN PREPARED
FOR YOU IN FIG. 4,

SHOWS YOU HOW A STU
DY OF A TUBE'S GRID
POTENT IAL-PLATE CUR
RENT CHARACTERISTIC
CURVE ENABLES ONE TO
ANALYZE A TUBE'S
BEHAVIOR AS AN AMP-
LIFIER. HERE FOR
EXAMPLE, THE CHARAC-
TERISTIC CURVE WAS
PLOTTED FOR THE
TUBE WHILE OPERAT-
ING AT A PLATE VOL-
TAGE OF 135 VOLTS
AND WITH A BIAS
VOLTAGE OF -9 VOLTS
APPLIED TO THE GRID.

Now IF AN

A.C. SIGNAL VOLTAGE
OF 7 VOLTS MAXIMUM
INTENSITY SHOULD BE
IMPRESSED UPON THE
GRID OF THIS TUBE,
THE GRID WOULD BE

THE TUBE OPERATING AS AN AMPLIFIER

Pos. peak value,r of plate current
Plata current- Grid Voltage - k_
characterisbic curve
of. eimpliFier tube ------. alii1- o

0, AI A Signal repro-. All ducbon in4
44 A

m,
am plabe ci rcui t.

1
-.:1 li

11111L2111111111111, All= III IF I_

'7

MA Normal
AMA

,FAL
Er of plate

value
cur -

0 MIK WM rent.
IM1111, Ell 1111

,MWANIIIMLINIINIFII 1

.
IIPP N ecl. PPTat vcauluii-eenotf

'
1 -I Si nal vole

alp lied to grtd =7V.

F-
7-yLr

,
v. , ,

, i .
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--r --1-----t r '

I

I

-14 -to -6 -
-Kw -11 -8

-410
ris

42 46 4 0 14
-44 4.8 4o. 4i4

G.

Graphic RepresenEation ofa Tube Operating as ArnpliFier.

SWUNG BETWEEN THE LIMITS OF -9 VOLTS AND -16 VOLTS OR 7 VOLTS EACH WAY

FROM THE FIXED BIAS VOLTAGE OF -9 VOLTS. THIS A.C. SIGNAL'VOLTAGE OF 7

VOLTS, AS APPLIED TO THE GRID OF THIS TUBE, IS CLEARLY ILLUSTRATED FOR

YOU IN FIG. 4. ALSO OBSERVE IN THIS GRAPHIC ILLUSTRATION THAT THE BIAS

VOLTAGE IS SUFFICIENTLY GREAT TO PREVENT THE MAXIMUM SIGNAL VOLTAGE FROM
EVER ACTUALLY CAUSING THE GRID TO ASSUME A POSITIVE POTENTIAL. THIS IS

AN IMPORTANT POINT BECAUSE IF THE GRID IS EVER PERMITTED TO TAKE ON A

POSITIVE POTENTIAL, GRID CURRENTS WILL FLOW AND THE SOUNDS AS REPRODUCED
BY THE SPEAKER WILL BECOME DISTORTED.

Now THEN BY PROJECTING THE PEAK VALUES OF THE A.C. GRIDCIRCUITSU
NAL UP TO THE TUBE'S CHARACTERISTIC CURVE AS DONE BY THE DOTTED VERTICAL
LINES IN FIG. 4, WE FIND THAT THIS PROJECTION FALLS ON THE "STRAIGHT LINE
PORTION" OF THE CURVE. FURTHERMOREIBY PROJECTING HORIZONTAL LINES FROM

THESE POINTS OF INTERSECTION ON THE TUBE CURVE AND PLOTTING PLATE CURR-

ENT VALUES CORRESPONDING TO THE SIGNAL VOLTAGE CHANGES,WE FIND THAT THE
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PLATE CURRENT CURVE (CHANGES OF PLATE CURRENT ABOVE AND BELOW ITS NORMAL
VALUE AS CAUSED BY THE A.G. SIGNAL VOLTAGES BEING APPLED TO THE TUBE1S
GRID) WILL BE AN EXACT DUPLICATION OF THE A.C. SIGNAL VOLTAGE CURVE ONLY
GREATER IN MAGNITUDE. NOTE THE CLOSE RESEMBLANCE BETWEEN THESE TWO CURVES
IN FIG. 4. WHENEVER A TUBE IS CORRECTLY FUNCTIONING AS AN AMPLIFIER,FREE
FROM DISTORTION, THE PLATE CURRENT CURVE WILL ALWAYS BE A MAGNIFIED BUT
EXACT REPRODUCTION OF THE GRID CIRCUIT SIGNAL VOLTAGE CURVE.

QUITE OFTEN, ENGINEERS SPEAK OF THE CONDITION ILLUSTRATED IN FIG.4
BY SAYING THAT "As AN AMPLIFIER, THE TUBE OPERATES ON THE STRAIGHT POR-
TION OF ITS CHARACTERISTIC CURVE." REMEMBER THIS BECAUSE YOU WILL HEAR
THIS EXPRESSION USED QUITE OFTEN.

Qla
vol'
Cu

F

/
Le current -grid i

tharateristic:age
,ve of the

tube_
Amp-"

Ier
Signal reproduction

n plate circuiE.

'

'

Pos. peak value of platecur
c.4

' in 1.ri r Tr -I
44 Normal value of plate current

4-1

s ir Neq,peak value o plate current- ----. -7 -
-14 -20 -4 -1 -0 -

,

Signal ye tage app ied to grid

11111
(Cl

ll
1 I 1/Z.o volt bias9rid

I IlillitIli[1111

ent.

FIG, 5
Dthi-ortion Produced by Ampliii.ek--

TUDE THAN THE NEGATIVE HALF OF THIS SAME CURVE AND THIS
DISTORTION IN THE SOUNDS PRODUCED BY THE SPEAKER.

TUBE DISTORTION

IN ORDER
TO GIVE YOUSOME
WHAT OF AN IDEA
AS TO WHAT TAKES
PLACE WHEN THE
AMPLIFIER TUBE
IS OPERATED AT

THE CURVED POR-
TION OR "KNEE"
OF THE CURVEIWE
HAVE PREPARED
THE GRAPH OF
FIG.5 FOR YOU.
HERE YOU WILL
SEE THAT THE
PLATE CURRENT
CURVE IS NOT AN
EXACT REPRODUC-
TION OF THE
GRID CIRCUIT .

A.C. SIGNAL. To
BE EXACT, THE
POS ITIVEHALF OF
THE PLATE CURR-
ENT CURVE IS OF
GREATER MAGNI.
IS WHAT CAUSES

YOU SEE, WHAT REALLY IS HAPPENING IN THE GRAPH OF FIG. 5 IS THAT
UPON PROJECTING THE HORIZONTAL PLATE CURRENT LIMITING LINES FROM THE
TUBE'S CURVE, THESE LINES DO NOT REMAIN EQUALLY DISTANT APART0THE REASON
IS OBVIOUS, SIMPLY BECAUSE OF THE CONSTANTLY CHANGING SLOPE OF THE TUBES
CURVE AT THE "KNEE 

THUS, YOU SEE, THAT AS AN AMPLIFIER, THE TUBE SHOULD NEVER BE PER-
MITTED TO OPPERATE AT THE CURVED PORTION OF ITS GRID POTENTIAL -PLATE CUR
RENT CURVE. TO PREVENT SUCH A POSSIBILITY, IS A SIMPLE MATTER, FOR BY

CHOOSING THE PROPER VALUES FOR THE GRID BIAS AND PLATE VOLTAGEB,THIS IS

IMPOSSIBLE. THE PLATE AND GRID VOLTAGE VALUES SPECIFIED IN TUBE TABLES,
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FOR OPERATING THE VARIOUS TYPES OF TUBES AS AMPLIFIERS,HAVE ALLCAREFULLY
BEEN DETERMINED BY THE MANY TUBE MANUFACTURERS SO THAT THESE SPECIFIC
TUBES WILL OPERATE AT MAXIMUM EFFICIENCY AND ON THE STRAIGHT PORTION OF

THEIR GRID POTENTIAL -PLATE CURRENT CHARACTERISTIC CURVE. SO ALL THAT YOU
HAVE TO DO IS TO OPERATE THE AMPLIFIER TUBES AT THE VOLTAGE SPECIFIED IN
THESE TABLES.

ALTHOUGH YOU DO NOT NECESSARILY REQUIRE A KNOWLEDGE OF AMPLIFIER
TUBE CHARACTERISTIC CURVES IN ORDINARY SERVICE WORK, YET YOU WILL FRE-

QUENTLY COME ACROSS THEM IN RADIO ENGINEERING LITERATURE* SO BY NOW

HAVING LEARNED SOMETHING ABOUT THEM, YOU WILL BE BETTER ABLE TO FULLY

UNDERSTAND ANY LITERATURE WHERE REFERENCE IS MADE TC SUCH CURVES OR TO

TERMS ASSOCIATED WITH THEM.

RESISTANCE -CAPACITY COUPLED AMPLIFIERS

Now LET US CONTINUE BY
CONSIDERING THE DESIGNING
FACTORS INVOLVED IN RESIS-
TANCE -CAPACITY COUPLED AMP-
LIFIERS. A TYPICAL CIRCUIT
OF THIS FORM IS LAID OUT FOR
YOU IN FIG. 6.

VOLTAGE AMPLIFICATION

THE FIRST POINT IN
WHICH WE ARE INTERESTED REL-
ATIVE TO THIS CIRCUIT IS THE
VOLTAGE AMPLIFICATION, WHICH CAN BE REALIZED FROM A CIRCUIT OF THIS TYPE.
To DETERMINE THIS VALUE WE USE THE FORMULA:

FIG. 6

Resisance-Capacity

LOAD RESISTANCE X EFFECTIVE AMPLIFICATION
VOLTAGE AMPLIFICATION-- FACTOR OF THE TUBE

LOAD RESISTANCE + PLATE IMPEDANCE OF THE
TUBE.

EXPRESSED IN WORDS, THIS FORMULA TELLS US THAT IN ORDER TO DETER-
MINE THE VOLTAGE AMPLIFICATION OBTAINED FROM A RESISTANCE -CAPACITY COUP-
LED STAGE, WE MULTIPLY THE LOAD RESISTANCE (RESISTANCE IN THE TUBE'S EX-

TERNAL PLATE CIRCUIT) BY THE EFFECTIVE AMPLIFICATION FACTOR OF THE TUBE
AND THEN IN TURN DIVIDE THE PRODUCT THUS OBTAINED BY THE SUM OF THE LOAD
RESISTANCE AND THE TUBE'S PLATE IMPEDANCE.

FOR GENERAL CALCULATIONS, THE LOAD RESISTANCE OF THE TUBE CAN BE

CONSIDERED AS THE OHMIC RESISTANCE OF THE PLATE RESISTOR, WHICH IN THE

CASE OF FIG. 6 Is 250,000 OHMS.

THE RATED AMPLIFICATION FACTOR OF A TUBE IS NOT FULLY REALIZED UNDER
ACTUAL OPERATING CONDITIONS. THIS IS TAKEN INTO ACCOUNT IN THE FORMULA,
WHERE YOU WILL NOTE THAT THE TUBE'S EFFECTIVE AMPLIFICATION FACTOR IS

SPECIFIED. IT HAS BECOME THE GENERAL PRACTICE TO CONSIDER THE EFFECTIVE
AMPLIFICATION FACTOR AS BEING EQUAL TO APPROXIMATELY 90% OF THE RATING AS
GIVEN BY THE TUBE MANUFACTURER. IN OTHER WORDS, THE TYPE -27 TUBE IS RAI
ED AS HAVING AN AMPLIFICATION FACTOR OF 9. ITS EFFECTIVE AMPLIFICATION
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FACTOR WOULD THEREFORE BE CONSIDERED AS BEING .9 X 9 OR APPROXIMATELY 8.

WITH THIS MATTER TAKEN CARE OF, LET US PROCEED BY CALCULATING THE
VOLTAGE AMPLIFICATION WHICH IS OFFERED BY THE STAGE OF FI30 6. FOR THIS

PROBLEM, THE LOAD RESISTANCE WILL BE 250,000 OHMS: THE EFFECTIVE AMPLI-
FICATION FACTOR WILL BE 8 AND THE PLATE IMPEDANCE (URESISTANCE") AS FOUND
IN A TABLE OF TUBE CONSTANTS WILL BE 9,000 OHMS,WHEN OPERATING THE TUBE
AT A PLATE VOLTAGE OF 135 VOLTS AND A GRID BIAS OF VOLTS.

SUBSTITUTING THESE VALUES IN OUR FORMULA WE HAVE:

VOLTAGE AMPLIFICATION _.250,000 X 8 -- 7.7 THIS MEANS THAT THE
250,000+9000

SIGNAL_VOLTAGE OBTAINED ACROSS THE
BE

OUTPUT OF THIS PARTICULAR STAGE WILL
7.7 TIMES OR SLIGHTLY MORE THAN 71- TIMES THE SIGNAL VOLTAGE IMPRESSED

ACROSS THE GRID CIRCUIT
OF THIS SAME TUBE. THAT

IS TO SAY,IF A SIGNAL
VOLTAGE OF .5 VOLT BE A-

PPLIED ACROSS THE GRID
CIRCUIT OF THE TUBE, THE
SIGNAL VOLTAGE AVAILABLE
ACROSS THE PLATE RESISTOR
OF TKIS SAME TUBE WILL
BE APPROXIMATELY 3.85

VOLTS (7.7 X .5)

Volt age

THE PLATE CIRCUIT RESISTOR

Now LET US CONSID
ER THE VALUE OF THE PLATE

in Circuit. RESISTOR IN GREATER DE-

TAIL. TO BEGIN WITH, THE
GREATER THE VALUE OF THIS RESISTOR, THE GREATER WILL BE THE AMPLIFICA-
TION REALIZED FROM THE TUBE IN WHOSE CIRCUITED IT IS INSERTED. HOWEVER,

SINCE THE PLATE CURRENT MUST FLOW THROUGH THIS LOAD RESISTOR, CONSIDER-
ABLE OF THE "B" VOLTAGE WILL BE DISSIPATED ACROSS THIS RESISTOR AND
WILLI\JTHISWAY REDUCE THE VOLTAGE EFFECTIVE AT THE PLATE OF THE TUBE.

F 1G. 7

Distribution

To MAKE THIS IMPORTANT POINT STILL CLEARER, LET US RESORT TO A

PRACTICAL EXAMPLE. FOR INSTANCE, IN FIG. 7, A TYPE -27 TUBE IS BEING OP-
ERATED AS A POWER DETECTOR AND FOR THE PARTICULAR RECEIVER IN WHICH THIS
CIRCUIT IS BEING USED, TH PLATE VOLTAGE REQUIRED AT THE TUBE IS APPROX-
IMATELY 150 VOLTS, WITH A GRID BIAS OF -20 VOLTS.

BEAR IN MIND THAT THIS TUBE IN FIG. 7 IS BEING OPERATED AS A POWER
DETECTOR AND AS SUCH, THE TUBE'S PLATE IMPEDANCE BECOMES MUCH GREATER
THAN WHEN USING THIS SAME TUBE AS AN AMPLIFIER OR GRID CONDENSER AND LEAK
TYPE DETECTOR AND BECAUSE OF THIS, THE PLATE CURRENT PASSED BY THE TUBE,
WILL BE MUCH LESS THAN THAT SPECIFIED IN TUBE TABLES WHEN THE PARTICU-
LAR TUBE IS CONSIDERED AS OPERATING UNDER AMPLIFIER CONDITIONS.

IN THE PARTICULAR CIRCUIT OF FIG. 7, THE PLATE CURRENT FLOWING
THROUGH THE DETECTOR TUBE WILL ONLY BE ABOUT .8 MILLIAMPERE. THIS .8 MA.
WILL THEREFORE FLOW THROUGH THE 100,000 OHM PLATE RESISTOR AND AS A
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SULT, 80 VOLTS WILL BE DISSIPATED OR LOST ACROSS THIS RESISTOR (E2=1 X R
==.0008 AMPERE X 100,000 OHMS=80 VOLTS). HENCE IF THE AVAILABLE "B" VOL-
TAGE IS 250 VOLTS, ONLY 250 MINUS 80 OR 170 VOLTS WILL REACH THE PLATE OF
THE DETECTOR TUBE. THEN SINCE THIS SAME .8 MA. WILL ALSO FLOW THROUGH THE
25,000 OHM BIAS RESISTORON ADDITIONAL 20 VOLTS WILL BE DISSIPATED HERE
SO THAT THE ACTUAL EFFECTIVE PLATE VOLTAGE (ACROSS PLATE AND CATHODE)
WILL BE 170 MINUS 20 OR 150 VOLTS. So YOU SEE, BY USING THE VALUES HERE

SPECIFIED, EVERYTHING WORKS OUT SATISFACTORILY FOR THIS PROBLEM. NEVER-

THELESS, ALL VALUES WOULD BE UPSET BY USING A PLATE RESISTOR OF A DIFFER
ENT OHMIC VALUE.

FREQUENCY CHARACTERISTIC OF RESISTANCE -CAPACITY COUPLING

Now LET US CONSIDER THE FREQUENCY CHARACTERISTIC OF SUCH AN AMPLI-
FIER STAGE AS ILLUSTRATED IN FIG. 7. THIS DEPENDS PRIMARILY UPON TWO

THINGS, NAMELY THE CAPACITIVE VALUE OF THE COUPLING CONDENSER AND THE

RESISTANCE VALUE OF THE LEAK RESISTOR,WHICH IS CONNECTED ACROSS THE GRID
CIRCUIT OF THE FOLLOWING TUBE.

IN ORDER THAT SUCH A RESISTANCE -CAPACITY COUPLED AMPLIFIER STAGE MAY
HANDLE THE LOWER AUDIO FREQUENCIES SATISFACTORILY, A DEFINITE RELATION
MUST EXIST BETWEEN THE COUPLING CONDENSER AND THE GRID LEAK RESISTOR. WE
CALL THIS IMPORTANT RELATION THE "TIME CONSTANT" AND IT IS FOUND BY MUL-
TIPLYING THE COUPLING CONDENSER CAPACITY EXPRESSED IN '7ARADS BY THE GRID
LEAK RESISTOR EXPRESSED IN OHMS. To ENABLE THIS 1.1"E OF COUPLING TO HAND
LE AUDIO FREQUENCIES DOWN TO 50 CYCLES, THE TIME CONSTANT SHOULD NOT BE

GREATER THAN 0.0065.

IT IS EASY TO SEE THAT THE GREATER THE VALUE OF THE COUPLING CONDEN
SERA THE EASIER WILL IT BE FOR THE LOWER AUDIO FREQUENCIES TO PASS THRU
IT AND THEREBY ACT UPON THE GRID OF THE FOLLOWING TUBE. HOWEVER,BY CHOOS
ING TOO GREAT A VALUE FOR THE COUPLING CONDENSER,THERE IS DANGER OF MOT-
OR -BOATING TO OCCUR ,THAT IS, A "PUTT -PUTT" SOUND LIKE THAT OF A MOTOR
BOAT EXHAUST COMING FROM THE SPEAKER. WHILE ON THE OTHER HAND, TOO SMALL
A CAPACITIVE VALUE FOR THE COUPLING CONDENSER WILL PREVENT THE LOWER AU2
10 FREQUENCIES TO BE APPLIED TO THE GRID OF THE FOLLOWING TUBE FOR FUR-
THER AMPLIFICATION.

THE GREATER THE VALUE OF THE GRID LEAK, THE LESS WILL BE THE SIGNAL
VOLTAGE LOST THROUGH IT AND THE BETTER WILL BE THE AMPLIFICATION OF THE
LOWER FREQUENCIES. HOWEVER, HERE AGAIN AN EXCESSIVELY HIGH VALUE FOR THE
LEAK RESISTOR IS APT TO CAUSE BLOCKING OF THE TUBE IN WHOSE CIRCUIT IT IS
CONNECTED. THAT IS, IF THE LEAK RESISTOR HAS TOO MUCH RESISTANCE, ELEC-

TRONS WILL NOT BE ABLE TO DRAIN OFF THE GRID AND WOULD FINALLY ACCUMULATE
TO SUCH AN EXTENT AS TO STOP THE ELECTRON STREAM THROUGH THE TUBE ALTO-
GETHER, THEREBY PREVENTING ITS CONTINUED OPERATION AND AT WHICH TIME, WE
WOULD SPEAK OF THE TUBE AS BEING BLOCKED.

YOU WILL FIND TABLE TI HANDY, IN THAT BY REFERRIN3 TO IT, YOU CAN

QUICKLY DETERMINE WHAT COUPLING CONDENSER AND GRID LEAK COMBINATION WILL
OFFER GOOD RESULTS. THIS TABLE, YOU WILL NOTEI,IS BASED ON THE RULE WHICH
WAS JUST GIVEN YOU IN REGARDS TO THE TIME CONSTANT NOT EXCEEDING A VALUE
OF .0065 IN ORDER THAT FREQUENCIES AS LOW AS 50 CYCLES MAY BE AMPLIFIED.

OF COURSE, IT IS UNDERSTOOD THAT YOU WILL FIND CONDENSER AND LEAK
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RESISTOR VALUES USED IN MANY COMMERCIAL CIRCUITS WHERE THE TIME CONSTANT
IS CONSIDERABLY LESS THAN .0065 AND IN SUCH CASES, THE DESIGNERS HAVE
CHOSEN SUCH VALUES IN ORDER TO OBTAIN STILL GREATER EMPHASIS OF THE LOWER
NOTES. IT IS THUS UNDERSTOOD THAT IN DESIGN WORK OF THIS NATURE,THE DE-

SIGNER SHOULD USE HIS OWN DISCRETION IN CHOOSING THE CIRCUIT VALUES TO

OBTAIN THE DESIRED FREQUENCY CHARACTERISTIC.

TABLE II

COUPLING CONDENSER AND LEAK RESISTOR RELATIONS
TO AMPLIFY DOWN To 50 CYCLES

GRID LEAK RESISTANCE CORRESPONDING COUPLING COND.

1 MEGOHM OR 1,000,000 OHMS
3/4 MEGOHM OR 750,000 OHMS
iMEGOHM OR 500,000 OHMS
MEGOHM OR 250,000 OHMS

,'0MEGOHM OR 100,000 OHMS

[

..-,..- 0.0065 MFD.
0.0087 MFD.
0.013 MFD.

0.026 MFD.

0.065 MFD.

TUBE MANUFACTURERS GENERALLY SPECIFY WHAT GRID RESISTOR IS MOST
DESIRABLE FOR THEIR PARTICULAR TUBE FOR BEST PERFORMANCE. WITH THIS VAL-
UE KNOWN, THE COUPLING CONDENSER VALUE CAN BE CHOSEN ACCORDING TO THE
METHOD JUST DESCRIBED.

PREVENTING MOTORBOATING

IN FIG. 8 YOU ARE SHOWN A METHOD WHICH IS FREQUENTLY EMPLOYED TO

PREVENT MOTORBOATING IN RESISTANCE-CAPACITY COUPLED A.F.AMPLIFIERS HERE
YOU WILL OBSERVE, THAT A SEPARATE RESISTOR R2 IS CONNECTED IN SERIES WITH
THE PLATE LOAD RESISTOR RI AND Bi". BYPASS CONDENSERS C1 AND C.I.ARE THEN
CONNECTED BETWEEN GROUND AND EACH END OF RI. . THIS RESISTOR=CONDENSEROOM
BINATION ...C.I_SERVES AS A FILTER SO AS TO REDUCE UNDESIRED COUPLING
BETWEEN THIS A.F. STAGE AND OTHER PARTS OF THE CIRCUIT WHICH MAY BE LIKE
LY TO CAUSE A LOW FREQUENCY OSCILLATION.

THE VALUES FOR CI AND Cl_MAY BE FROM 1 TO 2 MFD.
FROM ABOUT 25,000 OHMS TO 100,000 OHMS OR EVEN MORE.

WHILE RI_ MAY BE

A PRACTICAL A.F. AMPLIFIER DESIGN PROBLEM

HAVING CONSIDERED THE VARIOUS SECTIONS OF THE A.F. AMPLIFIER INDI-
VIDUALLY, LET US NOW GO A STEP FARTHER BY INVESTIGATING THE METHOD OF

DESIGNING AN A.F. AMPLIFIER IN ITS COMPLETE FORM. THIS AMPLIFIER IS TO BE
A.C. OPERATED.

POWER OUTPUT REQUIREMENTS

OUR FIRST PROBLEM IN THIS RESPECT WILL BE TO DETERMINE THE AMOUNT OF
POWER REQUIRED FROM THE AMPLIFIERS FINAL OR POWER STAGE AND WHICH IS TO

BE UTILIZED FOR LOUD SPEAKER OPERATION. THE AMOUNT OF THIS POWER OUTPUT
WILL OF COURSE DEPEND UPON THE EFFICIENCY OF THE LOUD SPEAKER AND THE A-
MOUNT OF ACOUSTICAL (SOUND) ENERGY THAT THE SPEAKER MUST CREATE IN THE
ROOM IN WHICH IT IS BEING OPERATED.
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You WILL NO DOUBT GAIN SOMEWHAT OF AN IDEA AS TO THE REQUIRED
SPEAKER ENERGY BY COMPARING IT WITH THE ENERGY EXPENDED BY THE HUMAN
VOICE WHILE SPEAKING. THE AVERAGE POWER OF NORMAL SPEECH HAS BEEN ESTI*
MATEC TO BE EQUIVALENT TO A POWER ELECTRICALLY EXPRESSED AS IOMICROWATTS
(0.000010 WATTS).

NOW THE MOST TRYING TEST IS GIVEN A LOUD SPEAKER DURING THE TIME
THAT IT IS CALLED UPON TO REPRODUCE FAITHFULLY THE SOUNDS AS EMITTED BYA
COMPLETE ORCHESTRA, FOR HERE THE RANGE IN VOLUME IS VERY GREAT
INC FROM PIANISSIMO PASSAGES WHICH ARE HARDLY AUDIBLE, TO FORTISSIMO
PASSAGES WHICH ARE VERY LOUD. BASED UPON SUCH CONSIDERATIONS, ONE CAN

ASSUME THAT THE MINUMUM POWER REQUIRED FROM THE LOUD SPEAKER WHILE RE-

PRODUCING THE VERY SOFT TONES WILL BE ABOUT 3 MICROWATTS, WHEREAS THE
POWER REQUIRED FOR THE REPRODUCTION OF THE LOUDEST ORCHESTRAL TONES WILL
BE APPROXIMATELY 10,000 TIMES
AS GREAT OR 30,000 MICROWATTS
(0.03 WATTS).

UNDER SUCH AVERAGE CON
DITIONS,NOT ONLY WILL THE LOUD
SPEAKER BE CALLED UPON TO DE-
LIVER A POWER ENERGY EQUIVA-
LENT TO 0.03 WATTS BUT MUST
Do so WITHOUT DISTORTION. IN

OTHER woRos,"OVERLOADING" OF

THE SPEAKER CANNOT BE TOLERA-
TED, SO TO BE ON THE SAFE SIDE
IT IS ADVISABLE TO ASSUME THE
REQUIRED POWER TO BE TWICE AS
GREAT AS ACTUALLY NEEDED.THIS
MEANS THAT WE WILL CONSIDER
THE LOUDSPEAKER AS HAVING TO

DELIVER 0.06 WATTS OF ENERGY.
PIG. 8

MotorboaL

OUR PRESENT DAY LOUDSPEAKERS,ALTHOUGH CAPABLE OF OFFERING FINE
TONE QUALITY, ARE NEVERTHELESS STILL QUITE INEFFECIENT AS REGARDS POWER
LOSSES IN THEIR MOVEMENT ETC. ASSUMING THE PARTICULAR SPEAKER' WHICH WE
ARE TO USE AS HAVING A RATED EFFICIENCY OF 2%, WE CAN READILY CALCULATE
THE NECESSARY POWER TO BE DELIVERED TO THE SPEAKER BY USING THE FORMULA:

POWER INTO SPEAKER ....OUTPUT POWER
EFFICIENCY

HERE WE HAVE ALREADY DETERMINED THE OUTPUT POWER AS BEING 0.06
WATTS AND THE EFFICIENCY IS KNOWN TO BE 2%. EXPRESSED AS A DECIMAL FRAC-
TION, 2% 18 EQUIVALENT TO 0.02. SUBSTITUTING THESE VALUES INTO THE FORM-
ULA, WHICH WAS JUST GIVEN YOU, WE HAVE:

POWER INTO SPEAKER=0.06-3 WATTS
0.02

THUS, WE HAVE DETERMINED THAT THE AMPLIFIER FOR THIS PARTICULAR
JOB MUST HAVE AN UNDISTORTED OUTPUT OF 3 WATTS TO BE DELIVERED TO THE

SPEAKER. REMEMBER THAT THIS UNDISTORTED OUTPUT POWER RATING -MEANS THAT
THIS AMOUNT OF POWER IS TO BE HANDLED WITH EASE --AN ADEQUATE MARGIN OF
SAFETY BEING ALLOWED AS ALREADY SPECIFIED, SO THAT THERE WILL BE NO POS-
SIBILITY OF DISTORTION BEING CAUSED BY OVERLOADING.

IN PRACTICE, YOU WILL FIND MOST ELECTRODYNAMIC SPEAKERS CAPABLE OF
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SATISFACTORILY HANDLING AN AMPLIFIER OUTPUT OF 3 WATTS, WHILE SOME OF THE
LARGER UNITS CAN STAND 5 WATTS AND OVER. THIS MEANS THAT TWO 3 -WATT SPENIS,
ERS CONNECTED IN PARALLEL FOR PUBLIC ADDRESS WORK WILL REQUIRE 6 WATTS,
THREE SUCH SPEAKERS 9 WATTS ETC.

ONE SET OF HEADPHONES WILL HANDLE FROM 0.004 TO 0.006 WATTS OF AMC
LIFIER OUTPUT, WHILE THE AVERAGE MAGNETIC SPEAKER WILL TAKE FROM 150 TO
300 MILLIWATTS.

THE CHOICE OF POWER TUBES

HAVING NOW DETERMINED THE OUTPUT POWER REQUIRED FROM OUR AMPLIFIER,
THE NEXT STEP WILL BE TO CHOOSE A TYPE OF COMMERCIAL POWER TUBE WHICH WILL
DELIVER THIS OUTPUT OF 3 WATTS WITHOUT DISTORTION. BY REFERRING TO PREV-
IOUS LESSONS CONTAINING INFORMATION ON A.O. TUBE CHARACTERISTICS YOU WILL
FIND THAT A TYPE AS WELL AS SEVERAL OTHER TYPES OF POWER TUBES ARE

CAPABLE OF FULFILLING THIS
REQUIREMENT*

FIG. 9
The Power- Shag e,

PUSH-PULL POWER STAGE.

BY STILL FURTHER STUB
YING THESE TUBE CONSTANTS,
YOU WILL FIND THAT A TYPE
-45 POWER TUBE WILL FURNISH
AN UNDISTORTED OUTPUT OF
1.6 WATTS. TWO TUBES OF THIS
TYPE WHEN CONNECTED IN A

PUSH-PULL ARRANGEMENT WILL
HANDLE SLIGHTLY MORE THAN
TWICE THIS POWER OR AT LEAST
3.2 WATTS,WHICH ALSO MEETS
OUR REQUIREMENTS SATISFACT-
ORILY. FOR THE SAKE OF A

DEFINITE PROBLEM LET US

SUPPOSE THAT WE DECIDE TO
USE A PAIR OF .4515 IN A

AS WAS ALREADY TOLD YOU PREVIOUSLY ..-- IN ORDER TO AVOID THE POSSI-
BILITY OF DISTORTION DUE TO TUBE OVERLOADING, THE SIGNAL PEAK VOLTAGE AS
APPLIED TO THE TUBE'S GRID SHOULD NOT EXCEED THIS SAME TUBE'S GRID BIAS
VOLTAGE. MANUFACTURER'S, YOU WILL REMEMBER, SPECIFY A GRID BIAS VOLTAGE
OF MINUS 50 VOLTS FOR THE -45 TUBE AND THEREFORE THE A.C. SIGNAL VOLTAGE
AS APPLIED TO THIS TUBE'S GRID SHOULD NOT EXCEED A 50 VOLT PEAK VALUE.
HOWEVER, WHEN CONNECTING THESE TUBES IN PUSH-PULL,THE ALLOWABLE SIGNAL
VOLTAGE FROM GRID TO GRID IS 100 PEAK VOLTS (50 VOLTS FROM EACH GRID TO
THE CENTER TAP OF THE INPUT PUSH-PULL TRANSFORMER'S SECONDARY WINDING).

BY REFERRING TO FIG. 9, YOU WILL BE ABLE TO MORE CLEARLY VISUALIZE
THE CONDITIONS AS THEY REALLY ARE. NOTICE HERE THAT WITH THE 3 WATTSAVALL,
ABLE ACROSS THE OUTPUT, A SIGNAL OF 100 VOLTS A.C. PEAK VALUE IS APPLIED
ACROSS THE ENTIRE GRID CIRCUIT OF THIS STAGE.

HAVING DETERMINED THE DESIRED OUTPUT POWER FOR THE AMPLIFIER, WE
MUST NEXT CONSIDER THE INPUT VOLTAGE AVAILABLE SO THAT THE OVERALL -GAIN'
OF THE AMPLIFIER CAN BE CALCULATED* AS A GENERAL RULE, YOU CAN CONSIDER A
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SIGNAL VOLTAGE OF 0.1 TO 0.5 VOLTS AS BEING AVAILABLE AT THE OUTPUT OF A

DETECTOR; 0.01 TO 0.05 VOLTS FROM A DOUBLE BUTTON CARBON MICROPHONE AND
0.5 TO 1.0 VOLT FROM A PHONOGRAPH PICK-UP. THESE ARE OF COURSE ONLY AVER-
AGE VALUES AND WILL DIFFER AMONG UNITS OF DIFFERENT DESIGN.

LET US ASSUME THAT CONDITIONS ARE SUCH THAT A SIGNAL VOLTAGE OF
.37 VOLTS A.C. PEAK VALUE IS AVAILABLE AT THE INPUT OF THE PARTICULAR AMP
LIFIER FOR WHICH WE ARE WORKING OUT THE DESIGN.

GAIN PER STAGE

OUR NEXT STEP WILL BE TO DETERMINE THE AMOUNT OF GAIN REQUIRED AND
WHICH IS ALSO AVAILABLE FROM THE VARIOUS STAGES PRECEDING THE POWER STAGE.
SINCE THE POWER STAGE IS TO BE OF THE PUSH-PULL TYPE, WE WILL HAVE A PUSH
PULL TRANSFORMER FEEDING THIS CIRCUIT AND THE PARTICULAR TRANSFORMER A-
VAILABLE, WE WILL ASSUME, HAS A STEP-UP RATIO OF 4.5 TO 1.

BY USING SUCH A TRANSFORMER, THE SIGNAL VOLTAGE DEVELOPED ACROSS
ITS SECONDARY WILL BE 4.5 TIMES AS GREAT AS THAT IMPRESSED ACROSS ITS PRI
MARY WINDING, DUE TO THE FACT THAT THE SECONDARY CONSISTS OF APPROXIMATELY
41-2 TIMES AS MANY TURNS OF WIRE AS THE PRIMARY.

THE TURNS RATIO OF THIS TRANSFORMER BEING 4.5 TO 1, IT IS CLEAR
THAT IN ORDER FOR THE SECONDARY PEAK VOLTAGE TO BE 100 VOLTS, THE SIGNAL
VOLTAGE BEING DEVELOPED ACROSAS. THE PRIMARY WINDING MUST 3E 100 OR 22.2
PEAK VOLTS. 4.5

THIS
TAGE

BY USING A TYPE -27 TUBE PRECEDING THE INPUT PUSH-PULL TRANSFORMER,
TUBE WILL GIVE US A GAIN OF ABOUT 8, WHICH MEANS THAT THE SIGNAL VO1
APPLIED ACROSS ITS GRID CIRCUIT MUST BE 22.2-- 2.7 PEAK VOLTS.

8

NOW THEN, BY FIGURING AHEAD A LITTLE, WE CAN FORESEE THAT IN ORDER
TO INCREASE THE SIGNAL INPUT OF .36 VOLTS TO 2.7 WE STILL REQUIRE A VOL-
TAGE AMPLIFICATION OF ail OR 7.3. AN ADDITIONAL RESISTANCE CAPACITY

.37
COUPLED STAGE EMPLOYING A TYPE -27 TUBE WILL TAKE CARE OF THIS REQUIRED
GAIN OF 7.3 QUITE NICELY.

FOR EXAMPLE, IF THE LOAD RESISTOR FOR THIS ADDITIONAL RESISTANCE -

CAPACITY COUPLED STAGE IS TO BE 100,000 OHMS, THEN BY USING OUR FORMLA
LOAD RESISTANCE X EFFECTIVE AMPLIFICATION FACTOROF

VOLTAGE A;v1PL I F I T I ON THE TUBE.
LOAD RESISTANCE'VPLATE IMPEDANCE OF THE TUBE

WE HAVE VOLTAGE AMPLIFICATION, 100,000 X 8 ..8002000,,7.3
100,000+9000 109000

OUR BASIC CIRCUIT FOR THE AMPLIFIER TAUS TAKES THE FORM AS ILLUS-
TRATED IN FIG. 10. THE GAIN FOR THE CIRCUIT NOW BECOMES APPROXIMATELY 270,
SC THAT WE ARE ABLE TO AMPLIFY THE .37 VOLT SIGNAL INPUT TO VERY NEARLY
100 VOLTS.

SIGNAL VOLTAGE GAIN

FIG. 10 ALSO SHOWS YOU HOW THE SIGNAL VOLTAGE IS GRADUALLYINCREAS-.
ED AS IT IS SUCCESSIVELY PASSED ON THROUGH THE AMPLIFYING, SYSTEM.FOR
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AMPLE, THE FIRST STAGE AMPLIFIES THE SIGNAL ABOUT 7.3 TIMES, SO THAT APE
ROXIMATELY .37 TIMES 7.3 OP 2.7 A.C. PEAK VOLTS ARE AVAILABLE AS ASIGNAL
ACROSS THIS SAME TUBES PLATE RESISTOR.

NO GAIN IS REALIZED BY THE RESISTANCE-CAPACITY COUPLING, SO THAT

VERY NEARLY THIS SAME VOLTAGE IS AVAILABLE ACROSS THE GRID CIRCUIT OFTHE
SECOND -27 TUBE. THIS TUBE, HAVING AN EFFECTIVE AMPLIFICATION FACTOR OF H,
BOOSTS THE SIGNAL UP 8 TIMES MORE, THEREBY DELIVERING 8 TIMES 2.7 OR A

SIGNAL OF PRACTICALLY 22 VOLTS A.C. PEAK VALUE ACROSS THE PRIMARY WINDING
OF THE INPUT PUSH-PULL TRANSFORMER. THIS TRANSFORMER, DUE TO ITS 4.5 TO

i RATIO, INCREASES THE SIGNAL VOLTAGE 42 TIMES AND THEREFORE DELIVERS 4.5

TIMES 22=99 OR VERY NEARLY 100 A.C. PEAK VOLTS TO THE GRID CIRCUIT OF
THE POWER STAGE.

TUBE VOLTAGE

THAT
USE A PLATE
VOLTS. THIS

POWER TUBES
COURSES ARE

BE OPERATED

WITH 250 VOLTS PLATE POTENTIAL AND A GRID BIAS OF -50 VOLTS.

REFERRING TO A TABLE OF A.C. TYPE TUBE CHARACTERISTICS, WE FIND

IN ORDER TO REALIZE THE FULL AMPLIFICATION OF THE TUBE, WE CAN

VOLTAGE OF 135 VOLTS, IN CONJUNCTION WITH A GRID BIAS OF
BIAS VOLTAGE, YOU WILL NOTE, IS SUFFICIENTLY GREAT SO AS TO

OFFER AN AMPLE
MARGIN OF SAFE
TY IN PREVENT
ING THE SIGNAL
VOLTAGES IN THE
GRID CIRCUIT OF
EITHER OF THE
-27 TUBES OF
OUR AMPLIFIER
EVER EXCEEDING
THE BIAS VOL-
TAGE EVEN AT
MAXIMUM VOLUME.
THE TYPE -45

OF
TO

F1G.i0
"Lay -out" for Me Complete Armiol

IN PREVIOUS LESSONS, YOU HAVE ALREADY LEARNED THE EXACT METHOD OF

CALCULATING THE VALUE FOR BIAS RESISTORS AND CONDENSERS FOR ALL TYPES OF
CIRCUITS, THEREFORE THERE IS NO NEED TO DISCUSS THIS MATTER ANY FURTHER

AT THIS TIME.

THE NEXT STEP WILL BE TO CHOOSE A VALUE FOR THE COUPLING CONDENSER
AND GRID LEAK OF THE RESISTANCE-CAPACITY COUPLING IN ORDER TO OBTAIN

THE DESIRED FREQUENCY CHARACTERISTIC FOR THIS STAGE. To DO THIS, SIMPLY
APPLY THE INFORMATION REGARDING THIS PROBLEM WHICH WAS ALREADY GIVEN YOU
EARLIER IN THIS LESSON.

SO ALTOGETHER, WE HAVE ALREADY WORKED OUT THE BASIC DESIGN FOR AN

A.F. AMPLIFIER WHICH WILL UTILIZE A SIGNAL INPUT OF .37 A.C. PEAK VALUE

AND DELIVER A POWER OF 3 WATTS TO THE LOUD SPEAKER. THE BALANCE OF THE

DESIGN CONSISTS SOLELY OF CONNECTING THESE FUNDAMENTAL CIRCUITS TOGETHER
CORRECTLY, WORKING OUT A POWER PACK AND VOLTAGE DISTRIBUTION ETC.
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PERMISSIBLE OVERLOAD

SOMETIMES ENGINEERS CONSIDER THE TUBES IN A PUSH-PULL AMPLIFIEROU
CUIT AS CAPABLE OF SATISFACTORILY HANDLING 2.5 TIMES THE POWER OUTPUT RAT
ING OF A SINGLE TUBE RATHER THAN JUST TWICE AS MUCH AS WE HAVECONSIDERED
IT IN WORKING OUT OUR AMPLIFIER DESIGN. IF THIS ASSUMPTION IS MADE, THEN
THE TOTAL OUTPUT DERIVED FROM TWO TYPE -45 TUBES IN PUSH-PULL WILL BE
1.6 X 2.5 OR 4 WATTS BUT UNDER THIS CONDITION,THE SIGNAL VOLTAGE REQUIRED
ACROSS THE GRID CIRCUIT OF THE POWER STAGE WOULD HAVE TO BE PROPORTIONAT
ELY GREATER OR ABOUT 125 A.C. PEAK VOLTS. ALTHOUGH THIS SIGNAL VOLTAGE
VALUE IS GREATER THAN ORDINARILY ALLOWED BY THE GRID BIAS OF THE POWER
STAGE, YET THE PUSH-PULL THEORY AUTOMATICALLY KEEPS DISTORTION DOWN TO

A MINIMUM IN SPITE OF A SLIGHT OVER-LOAD. As A GENERAL RULE, HOWEVER, IT

IS BETTER TO FIGURE CONSERVATIVELY AS WE HAVE IN WORKING OUT OUR SAMPLE
PROBLEM AND IN THIS WAY AVOID ALL POSSIBILITY OF DISTORTION.

ALSO BEAR IN MIND THAT ALTHOUGH IN THIS PARTICULAR PROBLEM, WE COB
SIDERED THE INPUT PUSH-PULL TRANSFORMER AS HAVING A 4.5 TO I STEP-UP RA-
TIO, YET THIS DOES NOT APPLY TO ALL CASES. IT IS COMMON TO USE INPUT
PUSH-PULL TRANSFORMERS IN RECEIVERS HAVING A I TO I RATIO OR EVENA SLI-
GHT STEP-DOWN RATIO. THE PROBLEM, HOWEVER, WOULD STILL BE HANDLEDACCORD..
ING TO THE SAME METHOD AS OUTLINED IN THIS LESSON, USING THE VALUES AS
REQUIRED.

THEN TOO, REMEMBER THAT THE OVERALL GAIN OF THE A.F. AMPLIFIER IS

ALSO GREATLY AFFECTED BY THE INPUT SIGNAL VOLTAGES WHICH ARE DELIVERED TO
IT BY THE DETECTOR OR OTHER SOURCE, AS WELL AS THE OUTPUT REQUIREMENTSOF
THE A.F. AMPLIFIER.

YOU WILL NO DOUBT AGREE THAT IN THIS LESSON, YOU HAVE LEARNED MANY
NEW THINGS ABOUT A.P. AMPLIFIERS AND YOU MAY REST ASSURED THAT YOU WILL
FIND ALL OF THIS ADVANCED STUDY OF GREAT VALUE, ESPECIALLY SO IF YOU IN-
TEND TO GO INTO THE CONSTRUCTION WORK OF THIS EQUIPMENT IN ADDITION TO

SERVICING IT.

AFTER YOU ARE SATISFIED THAT YOU UNDERSTAND EVERYTHING WHICH HAS

BEEN OFFERED YOU IN THIS LESSON, ANSWER THE EXAMINATION QUESTIONS AND
THEN CONTINUE YOUR STUDIES WITH THE NEXT LESSON , WHERE YOU WILL FIND

ADDITIONAL VALUABLE INFORMATION REGARDING A.F. AMPLIFIERS, SUCH AS "PUSH
-PUSH AMPLIFICATION", THE LATEST TYPE AUDIO AMPLIFIER CIRCUITS ETC.
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\ A - SHOULD AN AMPLIFIER TUBE OPERATE ON THE STRAIGHT OR cuRy
ED PORTION OF ITS "GRID POTENTIAL -- PLATE CURRENT" CHAR
ACTERISTIC CURVE?

2

C:canlinaticul Quotiono

LESSON NO. 45

"No life is ever measured in terms of
years. He is young who welcomes a new
thought, a new purpose, a new ambition.
He is old and ready for the grave whose
mind is locked against the impact of new

dreams."

WHAT IS THE DIFFERENCE BETWEEN A VACUUM TUBERS
SISTANCE" AND ITS "PLATE IMPEDANCE"?

- WHAT IS MEANT BY A TUBES "MUTUAL CONDUCTANCE"?

"PLATE RE

3. - DESCRIBE A METHOD WHEREBY YOU CAN DETERMINE THE PLATE
IMPEDANCE OF A TUBE.

- IF A TUBE IS BEING USED BY ITSELF IN AN AMPLIFIER STAGE
AND IS PROVIDED WITH A GRID BIAS OF -6 VOLTS,THEN WHAT IS
THE MAXIMUM SIGNAL VOLTAGE EXPRESSED IN A.C. PEAK VOLTS,
WHICH CAN BE APPLIED ACROSS THIS TUBERS GRID CIRCUIT SO
AS TO AVOID DISTORTION?

6. - How CAN YOU DETERMINE THE VOLTAGE AMPLIFICATION OR "GAIN"
OFFERED BY AN AMPLIFIER STAGE WITH RESISTANCE -CAPACITY
COUPLING?

7. - WHAT "TIME CONSTANT" IS DESIRABLE FOR RESISTANCE -CAPACITY
COUPLING SO THAT THIS TYPE OF COUPLING WILL SATISFACTORILY
HANDLE AUDIO FREQUENCIES AS LOW AS 50 CYCLES PER SECOND?

- WHAT DETERMINES THE CHOICE OF THE POWER TUBES USED IN AN
A.F. AMPLIFIER?

9. - IF A CERTAIN TUBE HAS AN EFFECTIVE AMPLIFICATION FACTOR
OF 3 AND A TRANSFORMER HAVING A 3 TO I RATIO IS CONNECTED
IN ITS PLATE CIRCUIT, THEN WHAT WILL BE THE "GAIN" OBTAIN
ED FROM THIS AMPLIFIER STAGE?

10.- How DO YOU DETERMINE THE "OVERALL GAIN" WHICH IS REQUIRED
FROM A GIVEN A.F. AMPLIFIER?
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NOW LET US CONTINUE OUR ADVANCED STUDY OF A.F. AMPLIFIERS BY CON

SIDERING FIRST, THE TYPE -46 POWER TUBE AND ITS APPLICATION TO MODERN

CIRCUITS. THIS TUBE IS OF QUITE RECENT DESIGN BUT IN A VERY SHORT

TIME HAS FOUND EXTENSIVE USE IN THE RADIO INDUSTRY, BOTH IN COMMERCIAL

BROADCAST RECEIVERS AS WELL AS IN PUBLIC ADDRESS AMPLIFIERS.

A PHOTOGRAPH OF THE -46 TUBE APPEARS IN FIG. 2 AND AS YOU WILL

NO DOUBT IMMEDIATELY NOTICE, IT IS EQUIPPED WITH FIVE BASE PRONGS, THE

SAME AS THE TYPE -47 PENTODE. THE ARRANGEMENT OF THE ELEMENTS WITHIN

THE GLASS BULB OF THE -46, HOWEVER, IS QUITE DIFFERENT AS CAN READILY

BE SEEN BY STUDYING THE SYMBOL FOR 'THIS TUBE, WHICH IS ILLUSTRATED FOR

YOU IN THE UPPER SECTION OF F. 3.

NOTICE ESPECIALLY IN FIG. 3 THAT THE ELEMENTS OF THE -46 CONSIST

OF A FILAMENT, TWO GRIDS AND A PLATE. EACH OF THE TWO GRIDS HAS ITS

INDIVIDUAL BASE PRONG, THE PLATE IS CONNECTED TO THE THIRD PRONG AND

THE FILAMENT ENDS TO THE FOURTH AND FIFTH PRONGS. THE ILLUSTRATION IN

HOW THE SOCKET CONNECTIONS ARETHE LOWER SECTION OF Flo. 3 SHOWS YOU
ARRANGED FOR THIS SAME TUBE. IN THIS

CASE, YOU ARE LOOKIN1 DOWN UPON THE

SOCKET FROM ABOVE.

THIS TUBE CAN BE EMPLOYED IN

TWO DIFFERENT WAYS, NAMELY FOR CLASS
"A" AMPLIFICATION AND FOR CLASS "B"

AMPLIFICATION. FOR CLASS "Au AMPLI-
FICATION, THE SCREEN GRID (THE ONE

NEAREST THE PLATE) IS CONNECTED Dim.

RECTLY TO THE PLATE AND THE TUBE IS

THUS USED IN A CIRCUIT IN THE MANNER
ILLUSTRATED IN FIG. 4. UNDER SUCH

CONDITIONS, THE TUBE'S AMPLIFICATION
FACTOR IS LOWERED.

CLASS "A" AMPLIFICATION

BY DEFINITION, CLASS "A" AUDIO

PI C. 1

A Modern /4 1Val- PA. Amplifier.
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AMPLIFICATION IS CONSIDERED AS A CONDITION WHERE THE FIXED NEGATIVE GRID
BIAS OF THE TUBE 13 SO SET THAT THE SIGNAL VOLTAGES VARY THE GRID POSI-
TIVE AND NEGATIVE BETWEEN THE LIMITS SET BY THE STRAIGHT PORTION OF THE
TUBE'S GRID VOLTAGE--PLATE CURRENT CHARACTERISTIC CURVE. IN OTHER WORDS,

CLASS "A" AMPLIFICATION IS THE TYPE WE GENERALLY EM
PLOY IN THE INTERMEDIATE STAGES OF AN AeFeAMPLIFIERe

F1G.1

The Type- 4 6
Amplifier Tube .

ALTHOUGH A PUSH-PULL POWER STAGE IS CONSIDER-
ED BY SOME AS BEING OFTHEOLASS "A"TYPE,YET STRICTLY
SPEAKING, THIS 13 NOT GENERALLY THE CASE BECAUSE AS
A RULE, THE PUSH-PULL STAGES UP TO THE PRESENT TIME
HAVE THEIR FIXED GRID BIAS SET AT A POINT SUBSTAN..
TUALLY MIDWAY BETWEEN ZERO BIAS AND THE BEND AT THE
NEGATIVE END OF THE GRID VOLTAGE-PLATE CURRENT CURVE.

As A CLASS "A" AMPLI.11ER, THE CHARACTERISTICS
FOR THE -46 TUBE ARE AS FOLLOWS:

FILAMENT VOLTS
It  7b AMPS.

PLATE VOLTAGE.... ----- -250-300 VOLTS
" CURRENT -22 MA.

GRID BIAS VOLTAGE-....33 VOLTS NEGATIVE
AMPLIFICATION FACTOR......55.6

MUTUAL CONDUCTANCE ----2350 MICHROMHOS
PLATE RESISTANCE 2380 OHMS
UNDISTORTED WATTS.

FIG. 5 SHOWS YOU HOW TO CONNECT TWO -46 TUBES IN A PUSH-PULL CIR-
CUIT. IN THIS CASE, OBSERVE THAT THE SCREEN GRID IS ALSO CONNECTED TO
THE PLATE. OTHER THAN THIS, THE CIRCUIT REMAINS CONVENTIONAL.

A DOUBLE PUSH-PULL CIRCUIT

HAVING SO FAR SEEN HOW THE TYPE -46 TUBE
CAN BE USED AS A STRAIGHT AMPLIFIER OR PUSH..
PULL AMPLIFIER, LET US NEXT STUDY A STILLDIFF
ERENT ARRANGEMENT OF THESE TUBES, CONSISTING
OF A DOUBLE OR PARALLEL PUSH-PULL CIRCUIT.THis

CIRCUIT 13 LAID OUT FOR YOU IN FIG. 6.

OBSERVE CLOSELY IN FIG. 6 THAT THE SCREEN
GRIDS ARE ALL CONNECTED TO THE PLATES OFTHEIR
RESPECTIVE TUBES AND THAT THE CONTROL GRIDS
AND PLATES OF EACH PAIR OF TUBES ARE CONNECTED
IN PARALLEL. THIS ARRANGEMENT WILL PROVIDE AN
OUTPUT OF ABOUT 5.5 WATTS.

CLASS "B" AMPLIFICATION

THE TYPE -46 TUBE IS BEST ADAPTED TO
CLASS "B" AMPLIFICATION AND AT PRESENT IS FIND
ING ITSELF MOST USED IN CIRCUITS OF THIS CLASSIFICATION. OLASS"B" AUDIO
FREQUENCY AMPLIFIERS ARE ALSO SOMETIMES SPOKEN OF AS "PUSH -PUSH" AMPLI-
FIERS. IN THIS CASE, THE TUBE IS OPERATED UNDER SUCH CONDITIONS SO THAT
WITH NO INPUT SIGNAL, THE PLATE CURRENT IS REDUCED TO ZERO.

FIG.3
Symbol and Socket Connec-

Lions for 14e -46 Tube.
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UPON FIRST GLANCE, A PUSH -PUSH OR CLASS "B" POWER AMPLIFIER STAGE

APPEARS QUITE SIMILAR TO THE CONVENTIONAL PUSH -.FULL AMPLIFIER STAGE BUT

UPON CLOSER INSPECTION, YOU WILL NOTE A DISTINCT DIFFERENCE BETWEENTHEM.

FOR EXAMPLE, A CIRCUIT WITH TWO TYPE -46 TUBES IN PUSH -PUSH IS ILLUSTRA-

TED FOR YOU FIG. 7. FIRST YOU WILL NOTICE IN THIS CIRCUIT THAT THE

SCREEN GRICS OF THE TWO TUBES ARE CONNECTED TO THZ CONTROL GRID OF THE

SAME TUBE, WHILE THE GRID RETURN OF THE CIRCUIT (CENTER TAP OF INPUT

TRANSFORMER) IS CONNECTED TO THE "ELECTRICAL CENTER" OF THE FILAMENT

TRANSFORMER BIAS RESIS-

TOR BEING EMPLOYED. IN ADD-

ITION, THE PLATE VOLTAGE IS

BOOSTED UP TO A VALUE BETWEEN

300 AND 400 VOLTS.

Coupling

Leak
resistor

Condenser TransFormer

Filament
winding of
power transf

_L

'
B+ 300",

Bias Resistor
1500 a

WITH THESE MINOR CIR-

CUIT CHANGES MADE, THE AMPLI
FICATIDN FACTOR OF THE TUBES

IS INCREASED MATERIALLY AND

THE MAXIMUM OUTPUT APPROACH-
ES A VALUE OF APPROXIMATELY
20 WATTS. BESIDES THIS, THE
OPERATING PRINCIPLES OF THIS
CLASS "B" DR PUSH -PUSH CIR-

FIG. 4 CUIT BECOMES RADICALLY DIFF

The - 46 Tube Used as a ERENT FROM THAT ENCOUNTERED

Class A* Artip,/iicer. IN PUSH-PULL ARRANGEMENTS.
THIS DIFFERENCE CAN BEST BE

POINTED OUT BY FIRST GIVING YOU A BRIEF DESCRIPTION OF PUSH-PULL THEORY

SC THAT YOU YOURSELF CAN COMPARE THE TWO SYSTEMS.

OPERATING PRINCIPLES OF "PUSH-PULL" AMPLIFICATION

Now THEN, IN THE CASE OF A PUSH-PULL AMPLIFIER CIRCUIT, BOTH OF

THE TUBES ARE IN OPERATION AT ALL TIMES BUT WITH THEIR. GRID EXITATION

IN "PHASE OPPOSITION". TO ILLUSTRATE
WHERE WE HAVE TWO TUBESIOP"'
ERATING A8 A PUSH-PULL AMP
LIFIER AT THE TIME NO SIG

NAL VOLTAGE IS IMPRESSED
UPON THE GRID OF EITHER OF
THE TUBES, THE PLATE CUR

RENT, AS FURNISHED BY THE
"B" SUPPLY, WILL DIVIDE ER
UALLY BETWEEN THEM -HALF
OF THE TOTAL FLOWING THR-

OUGH EACH TUBE. IN DOING
SO, NOTICE CAREFULLY IN

FIG. 8 THAT FROM THE CENTER
TAP OF THE OUTPUT TRANS-
FORMER'S PRIMARY WINDING,
THE PLATE CURRENT FOR THE

TWO TUBES IS FLOWING OUT-
WARD OR TOWARD THE TWO EX-
TREMETIES OF THIS WINDING
AS INDICATED BY THE ARROWS.

TH1S POINT, LET US REFER TO FIG. 8,

Input Push-pull
- b

OuEpuE Push -Pa
TransF

11

Filament
winding of
power t.ransf:

4'41.40%4

Dias resister
/SO St

To
Speaieer

FIG. 5
Type -46 Tubes if7 a Push -Pull Circuit-.
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IN OTHER WORDS, WITH THE CENTER TAP OF THIS WINDING AS A STARTING
POINT, THE PLATE CURRENT IS FLOWING IN OPPOSITE DIRECTIONS THROUGH THE
WINDING. THEN SINCE BOTH HALVES OF THIS WINDING CONSIST OF AN EQUAL NUM
BER OF TURNS AND THE CURRENT THROUGH EACH HALF IS ALSO THE SAME, IT BE-
COMES QUITE OBVIOUS THAT THE MAGNETIC FIELDS CREATED ABOUT THE TWO HAL-
VES OF THE WINDING
WILL BE OF OPPOSITE PO
LARITY AND THEREBY NEU
TRALIZE ONE -ANOTHER.

THE EFFECT OF THISOPP
OSING REACTION IS SUCH
THAT NO EFFECTIVE MAG
NETIC FIELD ISPRESENT
AT THIS TIME.

Now LET US SUPP
OSE THAT A SIGNAL VOL
TAGE IS INDUCED INTO
THE SECONDARY WINDING
OF THE INPUT TRANSFOR
MER OF FIG. 9,CAUSING
THE UPPER END OF THIS
WINDING TO ASSUME A

POSITIVE POTENTIALAND

Input Push- Pull
Tra 11 sf7?

Filament
winding of
power ransf.

Output Push -Pull TraTrIsf7

ias Pesistor
375 o -

To
peaker

THE LOWER END A NEGA-
TIVE POTENTIAL. THE

F G 6
A Double Push -Pull Power Stage,RESULT OF THIS WILL BE

TO MAKE THE GRID OF TUBE #1 OF THIS ILLUSTRATION LESS NEGATIVE AND THE
GRID OF TUBE #2 MORE NEGATIVE AND THIS IN TURN CAUSES AN INCREASE IN THE
PLATE CURRENT FLOW THROUGH TUBE #I AND A CORRESPONDING DECREASE IN THE
PLATE CURRENT FLOW THROUGH TUBE #2.

THIS CHANGE OF PLATE. CURRENT THROUGH THESE TWO TUBES AND THEIRCORR
ESPONDING HALVES OF THE OUTPUT
TRANSFORMER'S PRIMARY WINDING,ACTS
THE SAME AS THOUGH THE CURRENT WERE
FLOWING TOWARDS THE PLATE OF
#1 AND AWAY FROM TUBE #2.
TWO RESULTING CURRENTS IN
WAY ADDING THEIR EFFECTS TOGETHER
AND THEREBY HELPING TO INCREASE
THE VOLTAGE CHANGES INDUCED OVER
INTO THE SECONDARY WINDING OF THE
OUTPUT TRANSFORMER. IT IS ON
ACCOUNT OF THIS LAST MENTIONED
FACT CONCERNING THE BEHAVIOR OF
THE CURRENT IN THE PRIMARY WINDING
OF THE OUTPUT TRANSFORMER THAT
THE SUITABLE TERM "PUSH-PULL" HAS
BECOME ASSOCIATED WITH THISSYSTEM
OF AMPLIFICATION.

Input Output
TransFormer Tran sr

IT

3
Secondary
2.5 V- p1:1111r 8+

300 a 40o v_

To
Speaker

=I&

Two
F16. 7

-46 Tubes Connected
in Pugh- Pu344,

NOTICE ESPECIALLY THAT WHEN
EMPLOYING PUSH-PULL AMPLIFICATION
AT NO TIME WILL THERE BE A STEADY
SATURATION OF THE OUTPUT TRANS-
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FORMER'S CORE, DUE TO THE NEUTRALIZING EFFECT PRODUCED BY THE STEADYFLOW
OF PLATE CURRENT WHEN NO SIGNALS ARE APPLIED TO THE GRID OF THE TUBES. --
ONLY THE SIGNALS ARE CAPABLE OF PRODUCING AN EFFECTIVE MAGNETIC FIELD IN

THIS TRANSFORMER.

OPERATING PRINCIPLES OF "PUSH-FUSW AMPLIFICATION

WITH THIS PRINCIPLE OF PUSH -.PULL OPERATION FRESH IN MIND, LET US

NEXT INVESTIGATE THE "PUSH -.PUSH" SYSTEM MORE THOROUGHLY. IN FIG. 10 YOU

ARE SHOWN THE FUNDAMENTAL CIRCUIT FOR PUSH-PUSH AMPLIFICATION EMPLOYING

A PAIR OF TRIODES.

NOW THEN, REMEMBER THAT THE "B" (PLATE) AND "C" (GRID BIAS) VOLTAG

ES ARE SO ADJUSTED THAT NO CURRENT FLOWS THROUGH EITHER OF THE TWO TUBES
AT THE TIME THAT NO SIGNAL VOLTAGE IS APPLIED TO THEIR. GRIDS. LET US

NEXT SUPPOSE THAT A SIGNAL VOLTAGE IS INDUCED INTO THE INPUT TRANSFORMER'S

SECONDARY WINDING SO THAT THE UPPER END OF THIS WINDING BECOMES POSITIVE
WHILE ITS LOWER EXTREMITY TAKES ON A NEGATIVE POTENTIAL.

Oukput, Transformer
Input
TransF

FIG. 8

push -Pull Operaiion.

PIG. 9

Plate Current Variation_

THIS CAUSES THE GRID OF TUBE #I TO BECOME POSITIVELY CHARGED,THERE
BY PERMITTING A SURGE OF PLATE CURRENT TO PASS THROUGH THIS TUBE AS IN-

DICATED BY THE ARROWS. THE GRID OF TUBE f2, HOWEVER, IS AT THIS TIME

BEING CHARGED STILL MORE NEGATIVELY, 80 THAT IT PREVENTS -A PASSAGEGF OF
PLATE CURRENT THROUGH THE LOWER TUBE STILL MORE SO THAN WITH THE BIAS

VOLTAGE ALONE APPLIED TO THIS TUBE'S GRID.

THUS YOU WILL READILY SEE THAT DURING THIS INSTANTONLY TUBE
OF FIG. 10 IS OPERATING WHILE TUBE #2 IS COMPLETELY INOPERAT IVE

#1

AS THE INPUT SIGNAL VOLTAGE REVERSES ITS POLARITY, SO THAT THE LOW
ER END OF THE INPUT TRANSFORMER'S SECONDARY BECOMES POSITIVE AND ITS UPP
ER EXTREMETY NEGATIVE, A SURGE OF PLATE CURRENT WILL PASS THROUGH TUBE#2

WHILE TUBE #I REMAINS, INOPERATIVE, NOTICE THAT THE TWO TUBES TAKE TURNS

ABOUT IN "PASSING-ON" THE SIGNAL-EACH ONE WAITING ITS TURN TO "PUSH THE

SIGNAL THROUGH", SO TO SPEAK AND THEREBY DERIVING THE FITTING NAME OF A

PUSH. -.PUSH AMPLIFIER."
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THE CHIEF ADVANTAGE GAINED FROM EMPLOYING PUSH-PUSH OR CLASS "B"
AMPLIFICATION IS THAT A PAIR OF TUBES, WHEN OPERATED IN THIS MANNERPILL
DELIVER AN UNDISTORTED OUTPUT OF FROM FIVE TO TEN TIMES THAT OBTAINABLE
WITHTHE SAME PAIR OF TUBES IN CLASS "A" OPERATION WITH THE SAME PLATE VOLTAGE.

EVEN THOUGH THE GRICS OF THE TUBES OPERATING IN PUSH-PUSH ACTUALLY
DO SWING TO A POSITIVE POTENTIAL AND THEREFORE DRAW A CERTAIN AMOUNT OF
GRID CURRENT, YET THE SLIGHT AMOUNT OF DISTORTION CAUSED BY THIS OTHER-
WISE UNFAVORABLE CONDITION DOES NOT EXCEED THE 5% LIMIT WHICH IS CON-
SIDERED AS BEING PERMISSABLE WITHOUT BEING NOTICEABLE TO THE LISTENER*

THE ONLY RADICAL CIRCUIT CHANGES NECESSARY FOR PUSH-PUSH AMPLIFICA
TION OVER PUSH-PULL AMPLIFICATION ARE: (I) THE INPUT TRANSFORMER MUST BE
OF LOW RATIO, SINCE THE GRID (SECONDARY) WINDING MUST BE OF LOW EFFECTIVE
IMPEDANCE DURING THE TIME THAT THE INDIVIDUAL TUBE IS DRIVEN POSITIVE IN
ORDER THAT THE GRID CURRENT FLOWING WILL NOT DISTURB THE CONSTANTS OF
THE CIRCUIT; (2) THE INPuTskg
NAL VOLTAGE OR "GRID SWING"
MUST BE SEVERAL TIMES THE
AMPLITUDE OF THAT REQUIRED FOR
NORMAL OPERATION. (3) THE OUT
PUT TRANSFORMER MUST BE CAP-
ABLE OF HANDLING THE HEAVY
D.C. PULSATIONS RESULTING FROM
THIS FORM OF OPERATION (4)
THE POWER SUPPLY MUST BE CAP-
ABLE OF OFFERING A HIGH DE-
GREE OF REGULATION OR CON-
STANCY OF VOLTAGE UNDER VARY-
ING LOADS AND (5) THE GRID
BIAS MUST BE OBTAINED IN SUCH
A MANNER THAT IT WILL NOT BE
DEPENDENT FOR ITS VALUE UPON
THE PLATE CURRENT FLOWING
THROUGH THE TUBES.

L

to

a

FIG. 10
The PUS h - Push Principle.

CHARACTERISTICS OF THE -46 TUBE OPERATED
AS A "CLASS B" AMPLIFIER

NOW TO RETURN TO THE -46 TUBE, CONSIDERING ITS USE AS A CLASS NV'
AMPLIFIER. OPERATING UNDER THESE CONDITIONS, THE CHARACTERISTICS OF
THIS TUBE ARE AS FOLLOWS:

PLATE VOLTAGE
" CURRENT

GRID BIAS

300 TO 400 VOLTS
150 TO 200 MA (PEAK VALUES)

(GRIDS TIED TOGETHER)
MAXIMUM SIGNAL VOLTAGE HANDLED -40 TO 41 VOLTS
MAXIMUM ooNTimuousPowER OUTPUT -IS TO 20 WATTS.

(Two TUBES)
LOAD RESISTANCE PER TUBE..,......1300 TO 1450 OHMS.

THE FILAMENT VOLTAGE AND CURRENT, OF COURSE, REMAIN THE SAME AS
ALREADY SPECIFIED, IRRESPECTIVE OF USE.

IN FIG.. Its YOU ARE GIVEN A DIAGRAM OF AN A.F. AMPLIFIER EMPLOY,..
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INA TWO TYPE -46 TUBES IN THE FINAL STAGE, ARRANGED FOR PUSH -PUSH OPER
ATION AND THEREBY AFFORDING CLASS "8" AMPLIFICATION. NOTICE THAT THIS

POWER STAGE IS BEING DRIVEN BY A SINGLE TYPE -46 TUBE USED AS A CLASS

"A" AMPLIFIER, WHILE A TYPE "24A" TUBE IS EMPLOYED IN THE INPUT CIR-

CUITS. (THE -24A TUBE IS AN IMPROVED TYPE -24 TUBE AND THE TWO TUBES

CAN BE INTERCHANGED IN ANY CIRCUIT DESIGNED FOR THE USE OF EITHER OF

THE TWO).

THIS PARTICULAR AMPLIFIER HAS AN OUTPUT RATING OF 13 -WATTS AND
SPECIFICATIONS FOR THE CIRCUIT1B CONSTRUCTION ARE AS FOLLOWS:

RI 750 OHMS (1WATT)

R2 10,000 " (2 " )

R3- 20,000 " (2 " )

R4- 25,000 " " )

R5- -0.26 MEGIOHM (I " )

R6- 1500 OHMS (I " )

R7 --O TO 0.5 MEGOHM POTENTIOMETER
CI --------10 MFD. (25 D.C. VOLT RATING)

C2--------- I MFD. (200 D.C.
C3- .02mFo. (300 D.C.
C4 -05-C6-- 8 MFD. (500 D.C. "

C7 --------I0 MFD. (50 D.C. "

TI --100 HENRY A.P. CHOKE COIL (4 MA. RATING)
T2 ....SPECIAL PUSH -PUSH INPUT TRANSFORMER.

T3 -- " " " OUTPUT
P.T.--POWER TRANSFORMER (HIGH VOLTAGE SECONDARY CAP-

ABLE OF CARRYING 200 MA. &

FOR TYPE82 MERCURY RECTI

TUBE.
CHI-CH2--15 HENRY FILTER CHOKE (120 M.A. RATING)
CH3-CH4--30 11

" ( 65 M.A. " )

THE SECONDARY WINDING OF THE OUTPUT TRANSFORMER FOR THIS AMPLI-
FIER IS TAPPED, OFFERING CONNECTIONS FOR SPEAKER SYSTEMS OF VARIOUS

IMPEDANCE RATINGS.

FIG. H

A AS ,4tnpli5er 15.77*opying Cass .84 AtripilRcaLiot7 With -46 Tubes.
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CONSTRUCTION OF CLASS "B" INPUT TRANSFORMER

WHILE WE ARE ON THE SUBJECT OF "CLASS eu AMPLIFIERS,
LET US CONSID

ER THE CONSTRUCTION OF TRANSFORMERS SUITABLE FOR THIS PURPOSE, BEGINNING

WITH THE INPUT TRANSFORMER.

Consb--uckzon Details 4-2,)- Class

-5" Input Transformer,

IN Flo.12, YOU ARE SHOWN THE

CONSTRUCTIONAL
DETAILS FOR THE INPUT

PUSH -PUSH TRANSFORMER.
THE CORE CON-

STRUCTION IS SHOWN IN SECTION "A" OF

THIS ILLUSTRATION
WHILE THE ARRANGE-

MENTS OF THE WINDINGS FOR THIS SAME

TRANSFORMER ARE SHOWN IN SECTIONS "B"

AND "C" OF FIG. 12.

SINCE A GREAT DEAL DEPENDS UPON

THIS TRANSFORMER AS REGARDS THE QUAL-

ITY OF THE SOUNDS
REPRODUCED BY THE

SPEAKER, THE NECESSITY FOR CONSTRUCT-

ING THIS UNIT WITH UTMOST CARE CANNOT

BE OVER EMPHASIZED.

THE CORE MATERIAL CONSISTS OF

#29 GAUGE LAMINATION
IRON OF THE TYPE SPECIALLY

ADAPTABLE FOR USE IN A.F.

TRANSFORMER CONSTRUCTION.
FROM THIS MATERIAL SUFFICIENT LAMINATIONS ARE

CUT SO THAT THEY CAN BE INTERLEAVED AND STACKED UP TO A PILE WHICH IS In

HIGH AND SO THAT THE VARIOUS
SECTIONS OF THE CORE WILL HAVE THE DIAEN....

SIONS SPECIFIED IN "A" OF FIG. 12. NOTE IN "A" OF FIG. 12 THAT THE CEN-

TER LEG OF THE CORE IS I" WIDE, WHILE ALL OF THE END MATERIAL IS OF BUT

2 WIDTH.

THE PRIMARY WINDING CONSISTS

OF 5,200 TURNS OF #29 B&S ENAMELED

WIRE, THE LATTER BEING WOUND

DIRECTLY OVER THE CORE AS SHOWN

AT "B" OF FIG. 12. THE SECONDARY

WINDING IS WOUND IN TWO SECTIONS

OF 2100 TURNS EACHITHUS AFFORDING

THE CENTER -TAP.

EACH LAYER OF WIRE IN ALL

WINDINGS IS INSULATED FROM THEADJ-.

AGENT LAYER BY GLASSINE PAPER,

WHILE "EMPIRE CLOTH" 16 INSERTED

BETWEEN THE VARIOUS WINDINGS.

As YOU WILL NOTE FROM THESE

SPECIFICATIONS, THIS TRANSFORMER IS

OF THE STEP-DOWN TYPE, DUE TO THE FACT THAT THE SECONDARY WINDING CON-

SISTS OF A LESS NUMBER OF TURNS THAN THE PRIMARY. THIS IS NECESSARY SO

THAT THE LOAD OF THE TUBE WILL BE ACCURATELY
MATCHED TO THE "CLASS "B"

GRID CIRCUIT.

FIG. 13

The Input Push- Push Transfo"riner

IT IS GENERALLY THE PRACTICE TO WIND THE TRANSFORMER COILS ONA WOOD

EN FORM, WHOSE DEMENSIONS CORRESPOND
WITH THAT OF THE CORE MATERIAL'S CEN-
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TER -LEG, SO THAT UPON REMOVING THE FINISHED COILS AS A UNIT FROM THE FORM,
THE CORE LAMINATIONS CAN BE STACKED UP ABOUT IT, WITH THE CENTER LEG OF

THE CORE SECTION PASSING THROUGH THE HOLE PROVIDED AT THE CENTER OF THE

WINDINGS AND THE BALANCE OF THE METAL FORMING AN ENCLOSURE ALL AROUND THE

COIL. THE FINISHED TRANSFORMER WILL THEN APPEAR SOMEWHAT AS ILLUSTRATED

IN FIG. 13. (YOU WILL RECEIVE MORE DETAILS REGARDING THE "MECHANICAL PRO
CESS" OF CONSTRUCTING TRANSFORMERS IN A LATER LESSON.)

CONSTRUCTION OF CLASS "B" OUTPUT TRANSFORMER

13

yi

0 44'//,60

14-2W
-A-

lAe.WELIY/
41(111Mu,

t.4W

MINIM
EMMEMEM
444 ,.:4W
namicam

mammy,
-a-

FIG.14
Construction Del -ail i'or A Class

"B" Output Transformer,

MARY IS WOUND FIRST AND IT CONSISTS
WOUND WITH #29 B&S ENAMELED WIRE.

IN FIG. 14 YOU WILL SEE THE

THE CONSTRUCTIONAL DETAILS ILLUS-

TRATED FOR THE OUTPUT PUSH -PUSH
TRANSFORMER. BY INSPECTING THE

CORE ARRANGEMENT IN ILLUSTRATION

"A" OF FIG. 14, YOU WILL OBSERVE

THAT IT 18 SIMILAR TO THAT OF THE

INPUT TRANSFORMER WITH THE EXCEP-

TION OF THE DIMENSIONS. THE OUT-
PUT TRANSFORMER IS OF LARGER OVER-
ALL DIMENSIONS, BUT #29 GAUGE LAM-
INATION IRON IS ALSO USED FOR ITS

CONSTRUCTION. THESE LAMINATIONS OR
SHEETS ARE TO SE STACKED -UP IN THIS

CASE SO AS TO FORM A PILE IPTHICK.

THIS

OF TWO

As REGARDS THE WINDINGS FOR

OUTPUT TRANSFORMER, THE PRI

SECTIONS OF 2,250 TURNS EACH

SECONDARY WINDING #1 CONSISTS OF 1400 TURNS OF #26 B & S ENAMELLED
WIRE AND OFFERS AN OUTPUT IMPEDANCE OF 500 OHMS. SECONDARY WINDING #2
IS WOUND ON TOP OF SECONDARY #1, AND CONSISTS OF 240 TURNS OF #18 B&S EN
AMELLED WIRE. THIS SECONDARY WINDING OFFERS AN IMPEDANCE OF APPROXIMA-
TELY 15 OHMS.

FOR GENERAL
AMPLIFIER PURPOSES,
THESE TWO OUTPUT,
IMPEDANCE RATINGS
SERVE A VARIED NUM:
BER OF USES AS RE.
GARDS COUPLING THE
SYSTEM TO MISCILL..
ANEOUS SPEAKER CIR
CUIT COMBINATION IN
MULTIPLE SPEAKER Ifj
STALLATIONS.

IN THE CON
STRUCTION OF THIS
OUTPUT TRANSFORMER,
IT IS ALSO NECESS-
ARY TO PLACE ALAS"

Primary impedance =3500 ft.
Speaker coupling trans

-45

A.C. Plate resisence

of tube mon.

Zatio
I to so'

Speaker

Secondary
impedance = 9n.

Voice Coil
hrpedance

Coil

I NE PAPER BETWEEN Speaker Impedance
ADJACENT LAYERS OF

FIG. 15

Matching With Single Dower Tube.
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ALL WINDINGS AND "EMPIRE CLOTH" BETWEEN ADJACENT COILS

REQUIRED TURNS-RATIO OF OUTPUT TRANSFORMERS

Now LET US INVESTIGATE THE MATTER OF SPEAKER IMPEDANCE MATCHING A
LITTLE MORE THOROUGHLY. THAT IS, THE RELATION EXISTING BETWEEN THE PRI.-
MARY AND SECONDARY TURNS OF AN IMPEDANCE MATCHING TRANSFORMER. As AN EX-
AMPLE, LET US SUPPOSE THAT AN ELECTRODYNANIC SPEAKER, WHOSE VOICE COIL HAS
A RATED IMPEDANCE OF 9 OHMS, IS TO BE CONNECTED TO THE OUTPUT AS FURNISHED
BY A TYPE -45 POWER TUBE. THE PROBLEM IS TO DETERMINE THE WINDING RATIO OF
THIS TRANSFORMER.

THE FORMULA FOR A PROBLEM OF THIS TYPE IS:

TURNS RATIO OF SPEAKER IMPEDANCE OF SECONDARY WINDING
COUPLING TRANSFORMER v IMPEDANCE OF PRIMARY WINDING

BY REFERING TO A TABLE OF VACUUM TUBE CHARACTERISTICS, WE FIND THE
PLATE RESISTANCE OF THE TYPE -45 TUBE SPECIFIED AS 1750 OHMS. IN ORDER
THAT THE MAXIMUM UNDISTORTED POWER OUTPUT OF THE -45 TUBE MAY BE OBTAINED
FOR ANY GIVEN SIGNAL VOLTAGE, THE LOAD IMPEDANCE FOR THIS TUBE SHOULD BE
EQUAL TO APPROXIMATELY TWICE THE TUBE'S A.C. PLATE RESISTANCE. THAT IS,
FOR THE PARTICULAR PROBLEM UNDER OUR IMMEDIATE ATTENTION, THE IMPEDANCE OF
THIS COUPLING TRANSFORMER'S PRIMARY W.JNDING SHOULD BE ABOUT 2XI750 OR
3500 OHMS.

IN ORDER THAT THE MAXIMUM AMOUNT or POWER BE TRANSFERRED FROM THE
SECONDARY WINDING OF THE SPEAKER COUPLING TRANSFORMER TO THE SPEAKER'S
VOICE COIL, THE IMPEDANCE OF THE SECONDARY WINDING SHOULD BE EQUAL TO THE
IMPEDANCE OF THE SPEAKER VOICE COIL. IN OTHER WORDS, THE IMPEDANCE OF
THE SECONDARY WINDING FOR OUR PARTICULAR TRANSFORMER IS TO BE 9 OHMS.

HAVING SO FAR DETERMINED THE PRIMARY IMPEDANCE OF OUR TRANSFORMER
A$ BEING 3500 OHMS AND ITS SECONDARY IMPEDANCE AS 9 OHMS, WE CAN SUBSTI-
TUTE THESE VALUES IN OUR FORMULA--OUR PROBLEM THUS TAKING THE FOLLOWING
FORM: \FT 3
TURNS RATIO OF TRANSFORMER-= 3500 59.1 19.1

THE RATIO THUS FIGURES OUT AS I TO 19.1. RESULTS WILL BE SUFFIC-
IENTLY ACCURATE FOR PRACTICAL PURPOSES BY CONSIDERING THIS RATIO IN"ROUND
NUMBERS" AS SIMPLY I TO 20. THIS WILL THEN MEAN THAT FOR EACH 20 TURNSOF
PRIMARY WINDING THERE WILL BE I TURN OF SECONDARY WINDING OR THAT ALTO-
GETHER, THERE WILL BE 20 TIMES AS MANY TURNS OF PRIMARY WINDING ON THIS
TRANSFORMER AS THERE ARE SECONDARY TURNS.

THE EXACT NUMBER OF PRIMARY TURNS WILL DEPEND UPON THE RELATION EX-
ISTING BETWEEN THE RESISTANCE AND INDUCTANCE OF THE PRIMARY WINDING, SO
THAT ITS IMPEDANCE WILL BECOME 3500 OHMS. THE EXACT NUMBER OF SECONDARY
TURNS WILL THEN BE PROPORTIONAL TO THE PRIMARY TURNS, IN ACCORD WITH THE
I TO 20 RATIO WHICH WE HAVE ALREADY DETERMINED. THE SPECIFICATIONS WILL
THEN BE AS ILLUSTRATED IN FIG. 15.

WHEN MATCHING A PAIR OF PUSH-PULL CONNECTED POWER TUBES TO THE VOICE COI L
OF A DYNAMIC BPEAKER,THE NATURE OF THE PROBLEM BECOMES DIFFERENT. IN THIS
CASE, EACH HALF OF THE PUSH-PULL PRIMARY WINDING MUST MATCH THE PLATE !Mr
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PEDANCE RATING OF ONE OF THE POWER TUBES.

IN OTHER WORDS, THE PLATE IMPEDANCE OF EACH -45 TUBE IS 1750
OHMS. THEREFORE, IN ORDER THAT THE IMPEDANCE OF THE PRIMARY WINDING OF
THE OUTPUT PUSH-PULL TRANSFORMER WILL AFFORD MAXIMUM UNDISTORTED POWER
OUTPUT WITH A GIVEN SIGNAL VOLTAGE, EACH HALF OF THE PRIMARY WINDING
SHOULD PROVIDE AN IMPEDANCE OF 2 X 1750 OR 3500 OHMS. THE TOTAL IMPE-
DANCE OF BOTH HALVES OF THIS WINDING WILL OF COURSE BE 2 X 3500 OR 7000
OHMS.

ACCORDING TO OUR IMPEDANCE MATCHING TRANSFORMER FORMULA,THETURNS
RATIO WILL THEN FIGURE OUT AS FOLLOWS:

SECONDARY WINDING IMPEDANCE = 9 OHMS
PRIMARY WINDING IMPEDANCE s 7000 OHMS

TURNS RATIO
7000 83.6 27.86 OR APPROXIMATELY I TO 28. IT IS OF COURSE

UNDERSTOOD THAT DURING THE WINDING PROCESSITHE PRIMARY WINDING IS TO BE
CENTER TAPPED.

DUAL SPEAKERS FOR BETTER TONE QUALITY

Total Primary Impedance = 700o1l
Secondary impedance

-45 = go

Voice Coil Impedance

A .C. Plate
resistance
of each tube

riso

-45

Out put. Push -Pull
Transformer

(ZA-Tto = I TO 2 St)

FIG. 16
Speaker Impedance Matching W1 17 Push -Pull

Power Tubes.

IN ORDER TO Irvi

PROVE TONE QUALITY, A
NUMBER OF RECEIVER MAN
UFACTJRERS ARE USING
TWO ELECTRODYNAMIC
SPEAKERS WITHIN A SING
LE CABINET. EACH OF
THESE SPEAKERS HAS ITS
INDIVIDUAL REPRODUC-
ING CHARACTERISTICS --
ONE BEING PITCHED LOW
AND THE OTHER HIGH.
THIS FEATURE IS ACC-
OMPLISHED IN THE ORI3
INAL DESIGN OF THE
TWO MATCHED SPEAKERS.

IN THIS WAY,

ONE C0-.7 THE SPEAKERS IS

MOST EFFICIENT IN RE-
PRODUCING THE LOWER
AUDIO FREQUENCIES,

WHILE THE OTHER SPEAKER IS MOST EFFICIENT IN REPRODUCING THE HIGHER AUDIO
FREQUENCIES. THE FREQUENCY CHARACTERISTICS OF THESE TWO SPEAKERS ARE SO

BALANCED IN RELATION TO EACHOTHER THAT THEY WILL TOGETHER PRODUCE TONES
COVERING THE GREATER PORTION OF THE ENTIRE AUDIO FREQUENCY RANGE, THEREBY
OFFERING RICH AND NATURAL TONE QUALITY.

IN FIG. 17 A POPULAR METHOD OF CONNECTING THE VOICE COILS AND FIELDS
OF THE TWO SPEAKERS IN THE STANDARD TYPE RECEIVER CIRCUIT 13 I LLUSTRATED
As YOU WILL OBSERVE FROM THIS DIAGRAM, THE VOICE COILS OF THE TWO SPEAKERS
ARE CONNECTED IN PARALLEL ACROSS THE SECONDARY WINDING OF ;HE OUTPUT TRANS
FORMER, WHEREAS THE FIELDS OF THE TWO SPEAKERS ARE CONNECTED IN SERIES.

ALTHOUGH SOME MANUFACTURES VARY THESE SPEAKERS CIRCUITS SOMEWHATAS
REGARDS THE DISTRIBUTION OF THE D.C. CURRENT THROUGH THE FIELD COILS, Yr.-
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THEY ARE FUNDAMENTALLY ALL THE SAME AND ARE SIMPLE ENOUGH TO UNDERSTAND
UPON OBSERVATION OF THE CIRCUIT ITSELF.

CONSTRUCTION DATA OF SOME GOOD A.F. AMPLIFIERS

CONSTANT DEVELOPMENT IS BEING MADE IN THE DESIGN AND CONSTRUCTIONOF AUDIO AMPLIFIERS AS TIME GOES ON AND 80 IN THE PAGES IMMEDIATELY TO
FOLLOW, MANY OF THESE LATER CIRCUITS ARE GOING TO BE DESCRIBED TO YOU.

THE CIRCUIT WHICH IS SHOWN YOU IN FIG. 18 IS THAT OF A GOOD AMP-
LIFIER FOR GENERAL PUBLIC ADDRESS WORK AND WHICH CAN BE CONSTRUCTED ATA
MODERATE COST. As YOU WILL OBSERVE, IT EXPLOYS A TYPE -24 TUBE IN THE
FIRST STAGE, A TYPE -45 IN THE FOLLOWING STAGE A PAIR OF TYPE-5OTUBE8 IN
THE POWER STAGE AND TWO PARALLEL CONNECTED TYPE -8I TUBES IN THE RECTI-
FYING SYSTEM.

THE INPUT CIRCUIT IS ESPECIALLY ADAPTABLE FOR A PHONOGRAPH PICK-
UP, A SINGLE -BUTTON CARBON MICHROPHONE OR A DOUB*7-BUTTON CARBON MICRO-
PHONE. THE VOLUME FOR THE MICROPHONE INPUT IS CONTROLLED BY A 400 OHM
POTENTIOMETER WHILE THE VOLUME CONTROL FORTHEPHONGRAPHPICKUPISMOUNTED
DIRECTLY UPON THIS LATTER UNIT AND IS THEREFORE NOT SHOWN IN THIS CIR-

CUIT DIAGRAM.

To power
oul.put stage

Amplifl-
ca[ion.

Output TransFormer

L

3o si

a.,.

1

Spea42ers

Field coil Field coil

1.41:1 Al

4 mfd. T e mid.

Cc-~ RecEi Fier tubePower Transformer

MER

FtG.17
Dual Speaker- Connection fir Pecelvers,

SO THAT THEY WON'T HAVE A CHANCE TO BE INDUCED INTO
CIRCUITS.

DUE TO THE HIGH "B" VOLTAGE OFFERED
CONDENSERS MUST BE CAPABLE OF WITHSTANDING
CONDENSERS OF SUCH HIGH VOLTAGE ARE RATHER
IN THE FILTER CIRCUIT FOR THIS PARTICULAR
CONSISTING OF TWO SERIES CONNECTED 8 MFD.
USED. THIS ARRANGEMENT DOUBLES THE D.C.
EACH CONDENSER GROUP AND AT THE SAME TIME

THE ENTIRE

INPUT CIRCUIT IS
CONNECTED TO OR
REMOVED FROM THE
AMPLIFIER PROPER
BY MEANS OF THE
PLUG AND SOCKET
WHICH IS SHOWN
IN THIS DIAGRAM.
THE 2 MFD. CON-
DENSER BETWEEN
THE PRIMARY WINO
ING OF THE POWER

TRANSFORMER AND
GROUND SERVES TO
BY-PASS TO GROUND
ALL LINE NOISES
REACHING THE
POWER TRANSFOR-

THE AMPLIFIER

BY THE -81 TUBES, THE FILTER
THIS VOLTAGE. SINCE FILTER
COSTLY, YOU WILL OBSERVE THAT

AMPLIFIERtTHREE GROUPS, EACH
ELECTROLYTIC CONDENSERS ARE
WORKING VOLTAGE RATING FOR
REDUCES THE EFFECTIVE CAPACITY

OF EACH CROUP TO 4 MFD. (ONE-HALF OF THE CAPACITIVE VALUE OF EACH CONDEN
SER).
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THE PLATE CIRCUIT OF THE -45 TUBE CONSISTS OF A COMBINATION RESISTANCE--
CAPACITY --INDUCTANCE ARRANGEMENT. THIS SYSTEM OFFERS A GOOD LOAD FOR THE

TUBE, THEREBY AIDING IN OBTAINING HIGH AMPLIFICATION, WHILE STILL AT
THE SAME TIME OFFERING GOCD TONAL QUALITY.

THE OUTPUT
TAPPED SECON-
DARY WINDING,
THEREBY PROVI-
DING A GREAT
VARIETY OF SEC
ONDARY IMPE-
DANCES TO MATCH
A VARIED NUM-
BER OF SPEAKER
ARRANGEMENTS.

UNIVERSAL
AMPLIFIER

Now IN

FIG. I 9 YOUVILL

SEE A DIAGRAM
FOR A UNIVERSAL
TYPE A.F. AMP-
LIFIER FOR GEN
ERAL PUBLIC ADDRESS

TRANSFORMER IS OF THE "UNIVERSAL TYPE" HAVING A MULTI -

PIG. 18

4 Good Amplifier for Public. 4 ("dress War -

WORK. THIS UNIT CAN BE OPERATED FROM EITHER THE 110
VOLT A.C. LIGHTING CIRCUIT OR FROM A 6 VOLT STORAGE BATTERY ( NO "B" BAT
TERIES REQUIRED). IT IS THUS ADAPTABLE FOR A GREAT VARIETY OF USES,SUCH
AS FOR A PUBLIC ADDRESS AMPLIFIER WHERE A 110 VOLT A.C. SUPPLY AVAILABLE,
FOR INSTALLATION IN A SOUND TRUCK OR BOAT, IN LOCALITIES WHERE NO A.C.
SUPPLY 18 AVAILABLE ETC. THIS AMPLIFIER HAS A RATED OUTPUT OF 15 WATTS

AND CAN THUS FURNISH SOUND FOR
AN AUDITORIUM HAVING A SEATING
CAPACITY OF ABOUT 2,500PERSONS.
OBVIOUSLY WITH REDUCED VOLUME,
IT CAN BE USED IN SMALL DANCE
HALLSCHURCHES ETC.

FIG. 19

4 Universal public A ddress- ZbnplifJer,

AS YOU WILL OBSERVE IN

FIG. 19, THE INPUT STAGE CON-
SISTS OF TWO TYPE -37 TUBES IN

PUSH-PULL WHICH IN TURN OPERATE
INTO A PARALLEL PUSH-PULL CIR-
CUIT EMPLOYING FOUR TYPE--- 42
TUBES. THE TYPE -37 TUBE IS A

NEW AUTOMOTIVE TUBE DESIGNED
FOR DETECTOR AND AMPLIFYINGPUR
POSES IN AUTOMOTIVE RECEIVERS.
1T8 OPERATING CHARACTERISTICS
ARE AS FOLLOWS: HEATER VOLTAGE
6.3V; HEATER CURRENT .3 AMP.
AND ITS FILAMENT SUPPLY MAY
BE EITHER A.C. OR D.C.; IT CAN
BE OPERATED WITH A PLATE VOL-
TAGE OF 90 VCLTS AND GRID
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BIAS OF -6.0 VOLTS OR A PLATE VOLTAGE OF 135 VOLTS WITH A GRID BIAS OF
-9.0 VOLTS. WITH 90 VOLTS APPLIED TO ITS PLATE, IT DRAWS 2.6 MA;WHERE
AS WITH 135 VOLTS APPLIED TO ITS PLATE, IT DRAWS 4.3 MA; ITS ACPLATE
RESISTANCE IS 10,000 OHMS; MUTUAL CONDUCTANCE900-- MICROMHOS; AMPLIFICA
TION FACTOR 9.; OUTPUT POWER 80 MILLIWATTS.

THE CHARACTERISTICS OF THE -42 PENTODE AMPLIFIER TUBE ARE; HEATER
VOLTAGE 6.3 VOLTS A.C. OR D.C.

FIG. 20

HEATER

Complele Universal Amplifier,

CURRENT .65 AMP.; PLATE VOLTAGE
250: SCREEN -GRID VOLTAGE
250; GRID BIAS -16.5 VOLTS',"

PLATE CURRENT 34 MA.; A.C.
PLATE RESISTANCE 100,000
OHMS. MUTUAL CONDUCTANCE
2200 MICROMHOS; AMPLIFICA--
TION FACTOR 220;POWER OUT-
PUT 3 WATTS.

THE VALUES FOR ALL
PARTS OF THE CIRCUIT ARE
CLEARLY MARKED IN FIG. 19.

THE VOLUME CONTROL CONSISTS
OF A DOUBLE -SECTION .5 MEG.

POTENTIOMETER SINGLE CON-
TROL OPERATED UNITTHE COM-
PLETED AMPLIFIER IS SHOWN
YOU IN FIG. 20.

To OPERATE THIS AMP-
LIFIER FROM THE 110 VOLTA.C.
CIRCUIT, INSERT THE LINE

PLUG INTO A 110 VOLT A.C. LIGHTING CIRCUIT OUTLET, CLOSE SWITCH #I,OPEN
SWITCH #2, CLOSE SWITCH #3 TO THE RIGHT AND CLOSE SWITCH #4 TO THE PO-
SITION REQUIRED FOR THE TYPE OF INPUT BEING USED. THE SPEAKER PLUG IS

OF COURSE INSERTED IN ITS SOCKET AND THE SECONDARY TERMINALS ARE CHOSEN
ACCORDING TO THE IMPEDANCE VALUE DESIRED.

TO OPERATE THE AMPLIFIER FROM A 6 VOLT STORAGE BATTERY,THE POWER
TRANSFORMER'S LINE PLUG IS COUPLED TO THE SPECIAL POWER SUPPLY UNIT FOR
AUTO OPERATION WHICH IS SHOWN YOU IN FIG. 21. CLOSE SWITCH #IAND SWITCH
#2 AND CLOSE SWITCH #3 TO THE LEFT.
THE FILAMENT SUPPLY FOR THE TUBES
WILL THEN BE TAKEN DIRECTLY FROM
THE 6 VOLT "A" STORAGE BATTERY OR
THE CAR BATTERY IF INSTALLED IN

AN AUTO.

THE DETAILS FOR THE AUTO POW
ER SUPPLY ARE ILLUSTRATED FOR YOU
IN FIG. 22. THIS UNIT CONSISTS
OF A SPECIAL ROTATING ARMATURE
EQUIPPED WITH A COMMUTATOR AND
COLLECTOR RINGS, IN ADDITION TO
THREE BRUSHES. THIS SPECIAL ARM-
ATURE SERVES AS A CHOPPER, ALTER-
NATELY COMPLETING AND INTERRUPT

Trans former
Chopper

Power
FIG. 21

Supply for Auto Operation.
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ING THE FLCW OF BATTERY CURRENT THROUGH THE PRIMARY WINDING OF A SPECIAL
TRANSFORMER, WHICH IS ALSO CONTAINED WITHIN THIS POWER UNIT. IN THIS WAY,
A 110 VOLT A.C. SUPPLY IS INDUCED INTO THE SECONDARY WINDING OF THIS
TRANSFORMER AND IS IN TURN DEL3VERED TO THE PRIMARY WINDING OF THE AMPLI
FIER'S POWER TRANSFORMER, THEREBY FURNISH
ING THE "B" SUPPLY IN THE CUSTOMARY MANN-
ER.

YOU SHOULD NOW HAVE A GOOD PRACTICAL
KNOWLEDGE OF A.F. AMPLIFIERS, WHICH YOU
CAN USE TO YOUR ADVANTAGE. You SHOULD AL
SO NOW FEEL CONFIDENT OF YOUR ABILITY TO

CORRECTLY PLAN AND CONSTRUCT EQUIPMENT OF
THIS TYPE WHICH IS ADAPTABLE TO A LARGE
VARBETY OF USES. WORK OF THIS NATURE IS

INTERESTING AS WELL AS EXCEPTIONALLY PRO-
FITABLE--IN ADDITION, THERE IS A GREAT DE
MAND FOR IT. TAKE ADVANTAGE OF THESE OPP
ORTUNITIES ANDHCASH.-.IN" ON YOUR SHARE OF THE PROFITS.

FIG. 77

Circuit of the Power
Supply LiniL

IN THE NEXT LESSON, WE ARE GOING TO STUDY AN ENTIRELY DIFFERENT
SUBJECT, NAMELY SHORT-WAVE ADAPTERS AN CONVERTERS. THESE UNITS MAKE IT
POSSIBLE TO OBTAIN SHORT-WAVE RECEPTION THROUGH STRAIGHT BROADCAST RE-
CEIVERS AND WITHOUT A DOUBT, YOU ARE GOING TO FIND THIS STUDY ESPECIALLY
INTERESTING.

"Work-good, hard, honest work, will
achieve almost any material thing in this
world, and work may be delightful, noble,
exhilarating, fascinating.

"Work may be full of excitement, of satis-
faction, of joy and happiness."
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"It's good to have money and the
things that money can buy, but it's
good,too,to check up once in a while
and mak.e sure you haven't lost the
things that money can't buy.

I. DESCRIBE HOW THE ELEMENTS OF A TYPE TUBE SHOULD BE CONNECTED
TOGETHER FOR 'CLASS A" AMPLIFICATION.

2. - DESCRIBE HOW THE ELEMENTS OF A TYPE -46 TUBE SHOULD BE CONNECTED
TOGETHER FOR "CLASS B" AMPLIFICATION.

3. - DESCRIBE BRIEFLY, THE OPERATING PRINCIPLES OF A "PUSH....PUI-L" AMP-
LIFIER CIRCUIT.

4. - DESCRIBE BRIEFLY, THE OPERATING PRINCIPLES OF A "PUSH -PUSH" AMP-
LIFIER CIRCUIT.

5. - WHAT IS THE CHIEF ADVANTAGE OF USING "'PUSH -PUSH" OR "CLASS "B"
AMPLIFICATION?

6. - IF IN A CERTAIN OUTPUT OR SPEAKER COUPLING TRANSFORMER, THE
PRIMARY WINDING OF THE TRANSFORMER HAS A RATED IMPEDANCE OF
3600 OHMS AND THE SECONDARY WINDING OF THIS SAME TRANSFORMER
IS TO MATCH A SPEAKER VOICE COIL WHOSE IMPEDANCE IS RATED AT
9 OHMS, THEN WHAT SHOULD BE THE CORRECT TURNS RATIO FOR THE
WINDINGS OF THI3 TRANSFORMER?

7. - *HAT 13 THE CHIEF ADVANTAGE OBTAINED THROUGH THE USE OF DUAL
SPEAKERS IN MODERN RECEIVER DESIGNS?

8. - WHAT 13 MEANT BY THE EXPRESSION "A UNIVERSAL TYPE AMPLIFIER"?

PRINTED IN U.S.A.
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LESSON NO. 47

SHORT-WAVE ADAPTERS AND CONVERTERS

SPEC/AL SHORT-WAVE CIRCUITS.

ALL OF THE SHORT-WAVE RECEIVER CIRCUITS, WHICH WE DISCUSSED SO FAR,
REQUIRED THE USE OF A SPECIAL RECEIVER, WHICH IS NOT ADAPTED FOR USE AT

BROADCAST FREQUENCIES. RADIO LISTENERS IN GENERAL DON'T ALWAYS CARE TO

HAVE ONE SEPARATE RECEIVER FOR SHORTWAVE WORK AND ANOTHER FOR
LISTENING. THEY WOULD MUCH RATHER BE ABLE TO
EITHER SHORT-WAVE OR BROADCAST RECEPTION AND THIS

FIG. 1

A Typical Short- ware A dzipZ- e r".

BROADCAST

USE A SINGLE RECEIVER FOR

DESIRE PUT THE ENGIN-

EERS TO EARNEST WORK
AND FINALLY THEY DE-
VELOPED THE SHORT-WAVE
ADAPTER.

THE SHORT-WAVE A
DAPTER IS A SHORT-WAVE
TUNER AND DETECTOR,
CONTAINED WITHINA SEP-
ARATE CABINET AND ITS

CIRCUITS CAN BE QUICKLY
PLUGGED INTO THE CIR-
CUITS OF THE REGULAR
BROADCAST RECEIVER, SO
THAT SHORT WAVE RECEP-
TION CAN COME THROUGH
THE LOUD SPEAKER OFTHE
REGULAR BROADCAST RE-

CEIVER.

IN FIG. I, YOU
WILL SEE A PHOTOGRAPH
OF ONE SUCH FACTORY
BUILT SHORT-WAVE ADAPT
ER. IN THIS CASE, THE
PARTS, SUCH AS CONDEN-
SERS ETC. ARE ALLHOUS-
ED WITHIN A HOLLOW AL-
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UMINUM CASTING,WHICH SERVES BOTH AS A SHIELD, AS WELL AS A NEAT LOOKING
CABINET.

A TUBE SOCKET IS MOUNTED ON THE ADAPTER CABINET, IN WHICH THE TUBE
FOR THE SHORT WAVE DETECTOR CAN BE INSERTED. FOUR PLUG-IN COILS ARE PRO-
VIDED, SO THAT THE ENTIRE BAND FROM 15 TO 550 METERS CAN BE COVERED.

THE CIRCUIT DIAGRAM OF THE ADAPTER IS SHOWN IN FIG. 2 AND AS YOU
WILL OBSERVE, IT IS NOTHING MORE THAN A REGULAR REGENERATIVE TYPE SHORT-
WAVE DETECTOR. AN ADAPTER PLUG IS PROVIDED, WHICH IS CONNECTED TO BOTH SIDES
OF THE FILAMENT OF THE ADAPTER TUBE, AS WELL AS TO ITS PLATE CIRCUIT.THIS
ACCOUNTS FOR THREE PRONGS IN THE ADAPTER PLUG, LEAVING THE REMAINING GRID
PRONG AS A "DUMMY".

DONE
To CONNECT THIS ADAPTER TO THE BROADCAST RECEIVER, ALL THAT MUST BE
IS TO REMOVE THE DETECTOR TUBE FROM THE BROADCAST RECEIVER AND TO

INSERT THE ADAPTER PLUG IN ITS

PLACE THE DETECTOR TUBE CAN THEN
BE INSERTED IN THE SOCKET OF THE
SHORT-WAVE ADAPTER, PROVIDED OF
COURSETHAT THE TUBE IS OF THE
PROPER TYPE.

Short -Ware
PIG. 'I_

Adaioe,

THE ANTENNA LEAD-IN WIRE IS

THEN DISCONNECTED FROM THE ANTENNA
TERMINAL OF THE BROADCAST RECEIVER
AND IS CONNECTED TO EITHER TERMIN-
ALS 8, 5 OR 7 OF THE ADAPTER,WHIDU
EVER APPEARS TO GIVE THE BEST RE-

SULTS. FOR EXAMPLE, BY CONNECTING
THE ANTENNA LEAD-IN DIRECTLY TO

TERMINAL #7, THE PRIMARY AND SECONDARY OF THE SHORT-WAVE COIL WILL BOTH BE
USED BUT WITHOUT THE ANTENNA CONDENSER.

BESIDES THIS CONNECTION, IT IS ALSO POSSIBLE TO CONNECT TERMINAL #6
TO EITHER TERMINAL #5 OR #7 AND THEN CONNECTING THE ANTENNA LEAD-IN WIRE
TO TERMINAL #8. IN THIS WAY, THE SECONDARY CAN BE USED EITHER ALONE OR
WITH ITS PRIMARY, AT THE SAME TIME HAVING THE ANTENNA CONDENSER CONNECTED
IN SERIES WITH THE ANTENNA AND THE RECEIVER'S TUNED CIRCUITS,S0 THAT THE
NATURAL OSCILLATING FREQUENCY OF THE ANTENNA CIRCUIT CAN BE STILL FURTHER
CONTROLLED. EXPERIMENT WILL DETERMINE WHICH CONNECTIONS ARE MOST SUITABLE
FOR "BRINGING-IN" A CERTAIN RANGE OF FREQUENCIES.

NOTICE ESPECIALLY FROM THIS EXPLANATION THAT WHEN USING THIS TYPE OF
SHORT-WAVE ADAPTER, THE R.F. STAGES OF THE BROADCAST RECEIVER ARE NOT IN

USE. WHAT THE SYSTEM REALLY AMOUNTS TO AT THIS TIME IS THAT WE HAVE A
REGULAR REGENERATIVE SHORT-WAVE DETECTOR CIRCUIT WORKING INTO THE A.F.
PORTION OF THE BROADCAST RECEIVER SO THAT THE SIGNALS MAY BE REPRODUCED BY
THE SPEAKER OF THE BROADCAST RECEIVER.

ANOTHER SHORT-WAVE ADAPTER IS SHOWN YOU IN FIG. 3. IN THIS PARTICU-
LAR CASE, A TYPE -27 TUBE IS USED IN THE REGENERATIVE DETECTOR STAGE AS-
SUMING THAT THE DETECTOR TUBE OF THE BROADCAST RECEIVER IS OF THE -27
TYPE, IT IS ONLY NECESSARY TO REMOVE THIS TUBE FROM ITS SOCKET AND INSERT
IT IN THE SOCKET OF THE ADAPTER. THE ADAPTER PLUG CAN THEN BE INSERTED IN
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THE DETECTOR TUBE SOCKET OF THE BROADCAST RECEIVER AND THE ANTENNA AND

GROUND WIRES CONNECTED TO THE CORRESPONDING TERMINALS OF THE ADAPTER.

PLUG-IN COILS CAN BE USED IN THE ADAPTER SO AS TO COVER THE ENTIRE

SHORT-WAVE BAND. THE SAME WINDING DATA HOLDS GOOD FOR THESE COILS AS AL-

READY GIVEN YOU IN LESSON #36 FOR SHORT-

WAVE COILS IN GENERAL.

SHORT-WAVE CONVERTERS

THE NEXT STEP WHICH WAS TAKEN IN THE

DEVELOPMENT OF SHORT-WAVE ADAPTERS WAS TO
CONSTRUCT THESE UNITS IN SUCH A MANNER SO

THAT THE ENTIRE BROADCAST RECEIVER R.F.

STAGES AND ALL) COULD BE UTILIZED DURING

THE RECEPTION OF SHORT-WAVE PROGRAMS. U-

NITS AS THIS ARE GENERALLY CLASSIFIED AS

SHORT-WAVE CONVERTERS.

THIS PRINCIPLE IS ILLUSTRATED IN

FIG. 4 WHERE YOU WILL SEE HOW THE SHORT

WAVE CONVERTER 18 CONNECTED TO THE BROAD-
CAST RECEIVER. THIS SHORTWAVE CONVERTER

FIG.3
Short- Wave Adapi-er With

a -27 7 -Ube.

CONSISTS OF AN OSCILLATOR AND FIRST DETECTOR OR MIXER TUBE, THE SAME AS

USED IN A SUPERHETERODYNE RECEIVER. THE ARRANGEMENT THEN WORKS AS FOLLOWS:

THE SHORT-WAVE SIGNALS AFTER BEING PICKED UP BY THE ANTENNA ARE

PRESSED UPON THE GRID CIRCUIT OF THE CONVERTER'S FIRST DETECTOR OR MIXER

TUBE WHICH IS TUNED TO THE FREQUENCY BEING RECEIVED. AT THE SAME TIMEtTHE

CONVERTER'S OSCILLATOR IS GENERATING A DIFFERENT FREQUENCY WHICH IS COM-

BINED WITH THE SIGNAL FREQUENCY SO AS TO PROCUCE A THIRD, RESULTING OR

BEAT FREQUENCY.

THIS BEAT OR INTERMEDIATE FREQUENCY IS THEN FED INTO THE FIRST R.F.

STAGE OF THE BROADCAST RECEIVER, WHICH IS TUNED EXACTLY TO RESONATE WITH

THIS. BEAT FREQUENCY, SO THAT THE R.F. AMPLIFIER OF THE BRCADCAST RECEIVER

NOW BECOMES THE I.F. AMPLIFIER OF A SUPERHETERODYNE TYPE SHORT-WAVE RE-

CEIVER. TO MAKE THIS POSSIBLE, IT

1$ OF COURSE NECESSARY THAT THIS

INTERMEDIATE FREQUENCY FALL WITH-

IN THE TUNING RANGE OF THE BROAD-

CAST RECEIVER'S R.F. AMPLIFIER.

FIG.4
The Short -Wave Converter,

THE A.F. SIGNALS ARE THEN PASSED

AFTER BEING AMPLIFIED BY THE

BROADCAST RECEIVER'S R.F.AMPLIFIER,

THE BEAT FREQUENCY IS DETECTED OR

DEMODULATED BY THE DETECTOR OF THE

BROADCAST RECEIVER WHICH NOW BE-

COMES THE SECOND DETECTOR OF A
SHORT-WAVE SUPERHETERODYNERECEIVER.

THROUGH THE A.F. AMPLIFIER AND SPEAKER OF

THE BROADCAST RECEIVER IN THE USUAL WAY.

THE CIRCUIT DIAGRAM OF ONE SUCH CONVERTER IS SHOWN IN FIG. 5, TOGETt

ER WITH THE VALUES OF THE VARIOUS PARTS. A TYPE TUBE IS USED FOR THE
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FIG.5
Circuit Diagram of 5-uperAeierody,7e

Short -Wave 4 dap ten

THE 1ST. DETECTOR AND A -30 FOR
THE OSCILLATOR IN THIS PARTICULAR
CASE. THESE ARE DRY CELL TUBES AND
THE NECESSARY BATTERIES FOR THECOA
VERTER REQUIRE LITTLE SPACE SOTHAT
THEY CAN BE HOUSED IN THE CABINET
CONVENIENTLY.BVHAVINGTHISTVPE- OF
INDIVIDUALPOWER SUPPLY FOR THE CON-
VERTER,ITMAKES ITPOSSIBLETO USE
THE CONVERTER WITH EITHER AN A. C. OR

BATTERY OPERATED BROADCAST RECEIVER.
ALSO NOTICE THAT THE OSCILLATOR TRA,
WIPERS ITS OSCILLATIONSTOTHEDETq2
TOR TUBE BY MEANS OF THE COUPLING
COIL L4, WHICH IS INSTALLED IN THE
THE PLATE CIRCU ITOF THE DETECTOR.
THIS COUPLING COILCONSISTS OF PRI-
MARY AND SECONDARY WINDING, EACH CON-

TAINING 3TURN8 OFWIRE WOUNDON A3/4"
TUBULAR FORM AND WITH THE TWO COILS

WOUND SIDE BY SICE, ALLOWING A 1/41 SEPARATION BETWEEN THEM.

FOUR OSCILLATOR AND FOUR ANTENNA COILS ARE REQUIRED TO COVER THEBAN°
FROM 15 TO 115 METERS AND FIG. 6 SHOWS YOU THE DETAILS OF CONSTRUCTION FOR
BOTH THE ANTENNA AND OSCILLATOR COILS AS WELL AS GIVING YOU THE SPECIFIC-
ATIONS FOR THEIR WINDINGS. ALL OF THESE COILS ARE WOUND WITH #16 BM EN-
AMEL COVERED WIRE.

To USE THE CONVERTER,THE BROADCAST RECEIVER AND CONVERTER ARE CONNEC-
TED TOGETHER AS SHOWN IN FIG. 4. THE VOLUME CONTROL OF THE BROADCAST RE-
CEIVER IS THEN TURNED ALL THE WAY ON AND THEN THE TUNING CONTROL OF THE
BROADCAST RECEIVER IS TURNED TO SOME SETTING WHERE NO BROADCAST SIGNALS
ARE HEARD IN THE LOUD SPEAKER.

THIS WILL NOW BE
DONE, DON'T DISTURB
THIS SETTING. Now
TUNE YOUR SHORT WAVE
CONVERTER BY SLOWLY
TURNING THE DETECTOR
AND OSCILLATOR TUNING
CONTROLS SIMULTAN-
EOUSLY UNTIL. THE DE-
SIRED SHORT WAVE SIG-
NAL COMES IN. EXPERI-
MENT WILL SHOW YOU
WHICH INTERMEDIATE
FREQUENCY SETTING OF
THE BROADCAST TUNER IS
MOST SATISFACTORY AND
HAVING DETERM INEDTH I 8,

NOTE THE DIAL SETTING
OF THE BROADCAST RE-
CEIVER, SO THAT AT
ANY LATER TIME, YOU

THE INTERMEDIATE FREQUENCY SETTING AND WITH THIS

A nua ,a Coil

34"

Oscillator Coil

; 2

COIL ANT. OSCILLATOR COIL
No. COIL TOP BOTTOM

#1 5 TURNS 3 TURNS 2 TURNS
#2 7 TURNS 4 TURNS 3 TURNS
#3 13 TURNS 7 TURNS 6 TURNS

#4 25 TURNS 13 TURNS 12 TURNS

Plate

BAND
COVERED

15 TO 25 MET.
24 TO 40 MET.
37 To 65 MET.
64 TO I 15MET.

F I G. 6

Coil Sibecificaloris.
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CAN ALWAYS BET THE INTERMEDIATE
VERY QUICKLY. THE SHORT-WAVE
TUNERS ARE THEN SET TO THE
MAXIMUM VOLUME POSITION AND
THE VOLUME CONTROL OF THE
BROADCAST RECEIVER IS ADJUSTED
SO AS TO GIVE THE DESIRED
SPEAKER VOLUME.

A.C. SHORT-WAVE CONVERTER

IN FIG.7 YOU ARE SHOWN
THE CIRCUIT DIAGRAM OF AN A.C,
SHORT-WAVE CONVERTER WHICH HAS
ITS OWN POWER PACK.

THIS PARTICULAR CIRCUIT
CONSISTS OF AN UNTUNED R.F.
INPUT STAGE FOLLOWED BY A

FIRST DETECTOR STAGE -- TYPE
24 TUBES BEING USED IN BOTH
THESE STAGES. A TYPE -27 TUBE
IS USED IN THE OSCILLATORCIR-
CUIT AND AN -80 RECTIFIER IN

THE POWER PACK.

INSTEAD OF USINGPLUGIN
COILS TO' COVER THE VARIOUS
SHORT-WAVE BANDS,SPECIALCOILS
TOGETHER WITH A SWITCHING
ARRANGEMENT ARE USED TOACCOME

FREQUENCY TO THE BEST OPERATING POSITION

Short- Wave
FIG. -1

Converter With Power Pack,

LISH THIS FEATURE. IN THIS WAY, IT IS ONLY NECESSARY TO SET THE
SWITCHES SHOWN ON THIS DIAGRAM TO WHICHEVER OF THE THREE POSSIBLE

THREE
POSI-

TICNS REQUIRED IN ORDER TO INCLUDE THE WINDING Or THE NECESSARY NUMBER OF
TURNS IN THE TUNED CIRCUIT SO AS TO TUNE THROUGH THE DESIRED WAVE BAND.

THE CONSTRUCTION OF THE R.F. COILS LL AND L2 , AS USED IN THIS CON-
VERTER, ARE ILLUSTRATED IN FIG. 8,TOGETHER WITH ALL SPECIFICATIONS RELA-
TIVE TO THE WINDINGS. THE DATA FOR THE CONSTRUCTION OF THE OSCILLATOR

COILS L3 AND L4 , AS WELL AS FOR THE
TICKLER OR PLATE FEED-BACK COILS ARE
ALL GIVEN YOU IN FIG. 9.

TYri I #24
13,S Silk coy.
5pacc wound,

Plate. of R.P. "rube

14 Turn.

2

To suJitc.k

Terminals

( L2-
8 Turns 41 2.4
B5 Silk coy.
Space wound.

FIG.

Construction of the P.P.
Coils.

THE VOLTAGE DISTRIBUTION MAYBE
ACCOMPLISHED BY CONNECTING A 25,000
OHM ADJUSTABLE VOLTAGE DHVIDERACROSS
THE OUTPUT OF THE POWER PACK AND
ADJUSTING THE VOLTAGES TO THE DIFFER
ENT VALUES REQUIRED FOR HE PARTICU-
LAR TYPES OF TUBES USED ',N THE CIR-
CUIT DIAGRAM OF FIG. 7.

THE R.F. CHOKE, WHICH IS CONN-
ECTED IN SERIES WITH THE ANTENNA AND
GROUND IN THE INPUT CIRCUIT,MAY BE

CONSTRUCTED BY WINDING 120 TURNS OF
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#36 DOUBLE COTTON COVERED WIRE ON A 1'1 DIAMETER FORM. THESE TURNS SHOULD
BE BUNCH..WOUND.

8 Tunas #24 15a5
Silk covertA, 5pace wound

3 Terminals

34 Inns 2

424114i
Cakkode

-17140 Turn ...---

CatAocle
i I in! I i

4._,1
1

Silk coy.

T. of
Sw:unacci.

of -11
/ 4

S "Turns *36 -27
3, enamelled

lq Turns ;late ' Tufaran

bo*om134 $45 All +tams t62
enamelled same. direc-tion."

F IG. 9
Construction of the Oscii/aior Coils

To OPERATE THIS
CONVERTER,ALL THAT NEED
BE DONE IS TO CONNECT
THE ANTENNA LEAD-INWIRE
TO THE TERMINAL MARKED
"ANTENNA" AT THE INPUT

OF THE CONVERTER. CONN-
ECT THE GROUND TERMINAL
OF THE CONVERTER TO THE
GROUND TERMINAL OF THE
BROADCAST RECEIVER AND
THE ANTENNA OUTPUT TERM-
INAL OF THE CONVERTER
TO THE ANTENNA TERMINAL
OF THE BROADCAST RECEIV
ER.

ADJUST THE BROADCAST RECEIVER TO SOME SUITABLE BROADCAST FREQUENCY
WHICH IS FREE FROM INTERFERENCE AND TUNE IN THE SHORT WAVE PROGRAMS WITH
THE CONVERTER'S TUNING CONDENSER IN THE NORMAL MANNER.

WITH THIS SYSTEM, THE BROADCAST RECEIVER UTILIZER ITS OWN POWER
SUPPLY AND THE CONVERTER HAS ITS INDIVIDUAL POWER SUPPLY.

A ONE -TUBE SHORT-WAVE CONVERTER

FIG. 10 SHOWS YOU THE CIRCUIT DIAGRAM OF A SHORT-WAVE CONVERTER IN

WHICH A SINGLE -27 OR -56 TUBE SERVES BOTH AS AN OSCILLATOR AND 1ST. DE..
TECTOR.

SINCE THIS PARTIC-
ULAR CONVERTER DOESN'T
HAVE ITS OWN POWER PACK,
IT WILL HAVE TO OBTAIN
ITS VOLTAGE SOURCES FROM
THE BROADCAST RECEIVER.
IN OTHER WORDS, THE HEAD
ER TERMINALS OF THE COli
VERTER'S TUBE WILL HAVE
TO BE WIRED TO THE HEAI
ER CIRCUIT OFCORRESPON2
ING VOLTAGE IN THEBROA2
CAST RECEIVER;THE 8+
TERMINAL OF THE CONVER-
TER CAN BE CONNECTED TO
THE PLATE TERMINAL OF
THE BROADCAST RECEIVER'S
POWER TUBE AND THE B -

TERMINAL OF THE CONVER-
TER TO THE GROUND TERM-
INAL OF THE BROADCAST
RECEIVER. AN ADAPTER

FIG. 10

The One Tube Cow veri-en
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PLUG COULD BE USED TO SIMPLIFY THESE CONNECTIONS BETWEEN IHE SHORT... WAVE
CONVERTER AND THE BROADCAST RECEIVER IF 80 DESIRED.

THREE PLUG-IN COILS CAN BE
USED WITH THIS CONVERTER TO

COVER THE SHORT-WAVE BAND FROM
20 to 200 METERS. NOTICE IN FIG.
10 THAT COILS Lg. AND I-3 ARE
REALLY A CONTINUOUS WINDING
WITH A TAP WHILE 1-4, IS A SEP-
ARATE PRIMARY WINDING WOUND

ON THE SAME FORM.

WHEN USING STANDARD SIX..
PRONG SHORT-WAVE PLUG-IN COIL FORMS OF liN DIAMETER,THE WINDING DATA AS

GIVEN IN FIG. I I WILL APPLY. FOR COILS LS AND LI YOU CAN USE #24 B&8 EN6

MELEO WIRE SPACE WOUND MAKING THE TOTAL WINDING LENGTH AND #30 BEGS

ENAMELED WIRE FOR Ll WITH 1/8" SEPARATION BETWEEN Li AND THE TUNED WIND-
INGS. WIND Ll WITH ADJACENT TURNS SIDE BY SIDE.

THIS CONVERTER CAN BE HOUSED IN AN ATTRACTIVE AND COMPACT CABINET,
WHICH CAN BE PLACED EITHER ON TOP OR NEXT TO THE BROADCAST RECEIVER. FOR

SHORT-WAVE RECEPTIONS CONNECT THE ANTENNA LEAD-IN AND GROUND WIRE TO THE
EXTROMETIES OF THE CONVERTER'S COIL LI, AS INDICATED IN FIG. 100 BE SURE

THAT THE TERMINAL OF THE CONVERTER 16 CONNECTED TO THE GROUND TERMINAL
OF THE RECEIVER AND CONNECT THE ANTENNA TERMINAL OF.THE BROADCASTRECEIV....
ER TO 7HIE CONVERTER TERMINAL 80 LABELED IN FIG. 1041 TUNE THE BROADCAST

RECEIVER TO A FREQUENCY OF ABOUT 900 TO IMO KC.. WHERE NO BROADCAST SIG-
NAL, COMES THROUGH AND THEN TUNE THE SHORT-WAVE CONVERTER TO BRING MIME
DESIRED SIGNALS. USE THE VOLUME CONTROL OF THE BROADCAST RECEIVER TO COli

'TROL THE VOLUME AS USUAL.

WAVE BAND NUMBER OF TURNS
L 1 L , L 3

80 - 200 METERS 8 27 8

40 -. 80 METERS 5 10 5

20 - 40 METERS 3 7 3

G, ii

Coil Data One -robe
converter

ANT

GRID
COIL

ANT
COIL

_L GNO

TICKLER

78 OR.
58,

MMF

300
OHMS

GRID
COIL

PRI 1

ol-
MP

(EACH)

20.000
OHMS

OR
77

140

MMF

25 -

MEG

2 FACGS

:0, --IF-
MF -1r

RFC

.01-

MF.

2.000
OHMS

37oR
56,

Fu.
al-MEG. r -P.

+180 TO Ev FOR AUTO TUBES
250V. 25V FOR A.C.TUBES

V.A7VVVVIA-0+22.5 TO 45V.
R, 50.000 OHMS _-,

PHONES

FIG.

The Three --T be /eecei-ver.

FOR BEST
RESULTS WITHANY
SHORT-WAVE CON...

VERTER,THEBROA2
CAST RECEIVER
SHOULD HAVE AT

LEAST THREESTA...

GES OF R.F. AmE
LIFICATION EMP..

LOVING SCREEN...

GRID TUBES.

IF THE

BROADCAST RE-

CEIVER IS OF

THE SUPERHETER-
ODYNE TYPE,THEN
WHEN USING THE

SHORT-WAVE COW.
VERTER,THE COM-

D;iNED ARRANGE-
MENT WILL BE

FUNCTIONING AS
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A DOUBLE...SUPERHETERODYNEN,HAVING ONE INTERMEDIATE FREQUENCY IN THEBROA2
CAST CHANNEL BEING AMPLIFIED BY THE R.F. STAGES OF THE BROADCAST RECEIV-
ER IN ADDITION TO THE REGULAR INTERMEDIATE FREQUENCY OF THE BROADCAST RgCEIVER

NOW THAT YOU ARE FAMILIAR WITH SHORT-WAVE ADAPTERS AND CONVERTERS,
LET US LOOK AT SOME MORE STRAIGHT SHORT-WAVE RECEIVER CIRCUITS WHICH ARE
A LITTLE MORE ELABORATE THAN THE ONES ALREADY SHOWN YOU.

THE

A THREE -TUBE SHORT-WAVE RECEIVER

CIRCUIT DIAGRAM OF A THREE -TUBE SHORT-WAVE RECEIVER IS SHOWN YOU

GRID
COIL

GND.

78 OR
58 )

2?OHM

TICKLER

GA
Co

MEG.

DEC.

Q.1 01-F.

SPEAKER L

3708 .01-
24556

GV FOR ALPO TUBES

ON MS
R, 50 0001

2.5 V. FOR A C. TUBES
8-4 22.5 V TO 45V 6+ 15010250v

FIG. 13
The Four -Tube )eece l'yer

IN FIG.12. As
YOU WILLOBSERVE,
IT EMPLOYS A
TUNED R.F.STAGE,
FOLLOWED BY A

REGENERATIVE qg
TECTOR AND A Rg
SISTANCE CAPA-
CITY COUPLED
A.F. STAGE.

THIS CIR-
CUIT IS PRIM-
ARILY DESIGNED
FOR HEADPHONE
RECEPTION AND
CAN BE OPERATED
WITH AN NCPOW

ER SUPPLY BY USING A TYPE 56,57 AND 58 TUBE AND WITH 250 VOLTS OF "B"
SUPPLY*

IT IS ALSO POSSIBLE TO USE 37,77 AND 78 AUTOMOTIVE TYPE TUBES
THIS SAME CIRCUIT BY USING A 6 VOLT HEATER SUPPLY,TOGETHER WITH A
VOLT "B" SOURCE.

IN

180

THE VOLUME IS CONTROLLED BY REGULATING THE GRID BIAS VOLTAGE OF THER.F. TUBE WITH THE AID OF THE 20,000 OHM VOLUME CONTROL. REGENERATION IS
CONTROLLED BY MEANS OF THE 50,000 OHM POTENTIOMETER WHICH PERMITS REGU-
LATING THE SCREEN -GRID VOLTAGEOF THE
DETECTOR TUBE. THE ADDITIONAL 140
MMFD VARIABLE CONDENSER IN THE PLATE
CIRCUIT OF THE DETECTOR TUBE ALSO ACTS
AS A REGENERATION CONTROL.

ALL NECESSARY SPECIFICATIONS FOR
CONSTRUCTING THIS RECEIVER ARE GIVEN
IN THE DIAGRAM AND THE COMPLETE DATA
FOR CONSTRUCTING THE PLUG-IN R.F.T116
NSFORMERS ARE FURNISHED IN LESSON
#36.

A FOUR -TUBE SHORT-WAVE RECEIVER

IN FIG. 13 YOU WILL SEE THESAME

Fl G. 14

Band- Spread Wall Two
Conclo_nse.rs.
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RECEIVER CIRCUIT ONLY THAT A POWER STAGE EMPLOYING A 2A5 TUBE HAS BEEN

ADDED SO THAT SATISFACTORY LOUD SPEAKER PERFORMANCE MAY BE OBTAINED.

BAND -SPREAD FEATURES

THE 40 AND 80 METER AMATEUR
BANDS ARE ESPECIALLY CONGESTED
SO THAT WITH ONLY A FEW DEGREES
MOVEMENT OF THE TUNING DIAL, A

GREAT MANY DIFFERENT STATIONS CAN
BE TUNED IN AND OUT. THIS NATUR-
ALLY ADDS DIFFICULTY TO TUNING
IN THAT THE CONDENSER SETTING FOR
BRINGING IN ONE PARTICULAR SIG-

NAL IS VERY CRITICAL.

To SIMPLIFY TUNING BY SEPAR
ATING THE STATIONS MORE ON THE
TUNING DIAL BAND -SPREAD SYSTEMS 10  15

ARE NOW BEING USED CONSIDERABLY. SpreadCapacit9 Across Portion
of Coils.

THE SIMPLEST METHOD OF ACCOMPLISHING THIS FEATURE IS ILLUSTRATED IN

FIG. 14. IN THIS CASE, ANOTHER VARIABLE CONDENSER IS SHUNTED ACROSS OR

CONNECTED IN PARALLEL WITH THE MAIN CONDENSER. THIS ADDITICNAL CONDENSER
IS OF SMALLER CAPACITY RATING THAN THE MAIN CONDENSER AND NOW BECOMES THE
MAIN TUNING CONTROL OR "SPREAD CAPACITY" WHILE THE LARGER CONDENSER BE-

COMES THE "TANK" CAPACITY WHICH IS ADJUSTED SO THAT THE BAND SPREADER
COVERS A FREQUENCY BAND CONTAINING THE DESIRED STATIONS.

THE OBJECTION TO THIS SIMPLE METHOD IS THAT IF THE SPREAD CAPACITY

IS SMALL ENOUGH TO PROVIDE SUFFICIENT SEPARATION WHEN USING THE SMALLEST
COIL, THE VARIATION WHEN USING THE LARGEST COIL WILL BE SO SMALL THAT IT
WILL BE HARDLY SUFFICIENT TO TUNE A STATION IN AND OUT WITH A COMPLETE 92
TATION OF THE DIAL. ON THE OTHER HAND, IF THE SPREAD CAPACITY IS MADE

LARGE ENOUGH FOR PROPER SEPARATION WITH THE LARGEST COIL, THE TUNING WILL
BE SO CONGESTED WITH THE SMALLEST COIL THAT THE PURPOSE OF THE BAND
SPREAD WILL BE ENTIRELY DEFEATED.

FIG - 16
C roldII 7C 0 Constant Bon

Spre ad

THERE ARE SEVERAL ME-

THODS OF OVERCOMING THIS DI*
FFICULTY,THE MOST COMMON
PRACTICE BEING TO MAKE THE
SPREAD CAPACITY LARGE ENOUGH
TO PROVIDE SUFFICIENT BAND

SPREAD WITH THE LARGEST COIL,
WHILE ITS EFFECTIVE MAXIMUM
CAPACITY IS DECREASED TO THE
DESIRED VALUES FOR THE SMALL
ER COIL RANGES BY CONNECTING
IT ACROSS ONLY A PORTION OF

THE INDUCTANCE AS SHOWN IN

FIG, 15.

ALTHOUGH THIS METHODOF
BAND SPREADING 18 USED CON*
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SIDERABLY, YET IF OFFERS A DISADVANTAGE IN THAT IT FURNISHES AN UNEQUAL
BAND-SPREAD OVER THE RANGE OF THE TANK CONDENSER.

EVEN THIS DIFFICULTY CAN BE OVERCOME, HOWEVER BY USING THE SYSTEM

Spread
Cond.'
(Single

immR)

10-70
rn mfa

.30

40

Two c3a ng
140 mrrifel

.0oosr,fd.

o ool mfd.

ark

tvf"41,,,

II

eadOtovves

-33

(tb O

Ismfa

5000.

50,000n_ 1+135Y
+22.-11 30ri

swiw,
3,b.q

FIG.17
Peceiver Diagram With Conseant Banc/ .5,oreerci.

CONTROL DIAL. THE PURPOSE OF CONDENSER C1 IS TO
SPREAD AS THE TANK CAPACITY IS VARIED.

WHICH IS ILLUSTRATED
IN FIG. 16. WITHTHIS
SYSTEM,SUBSTANTIALLY
CONSTANT BAND -SPREAD
IS OBTAINED REGARD-
LESS OF THE COIL EME
LOVED OR THE SETTING
OF THE TANK CONDEN
SER.

IN THE CIRCUIT
OF FIG16 A TWO -GANG
CONDENSER IS USED
FOR THE TANK CONDEN-
SER AND CONDENSER Cti
BOTH SECTIONS HAVING
THE SAME CAPACITIVE
VALUE OF COURSE. THE
SPREAD CONDENSER IS

A SEPARATE CONDENSER
WHOSE CAPACITY ISRES1
ULATED BY A SEPARATE

MAINTAIN A UNIFORM BAND

IN FIG. 17 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF A SHORT-WAVE RE-

CEIVER WHICH EMPLOYS THIS SYSTEM OF CONSTANT BAND SPREAD IN WHICH THE
VALUES ARE SO CHOSEN AS TO MAINTAIN THE BAND SPREAD AT 500 KC. AS THE
TANK CAPACITY IS VARIED.

FIG. 18 SHOWS YOU HOW THESE COILS ARE WOUND AND THE CONNECTIONS
MADE TO THE BASE PRONGS OF THE WINDING FORMS. THESE PRONGS AND CONNE0..

TIONS ARE HERE NUMBERED TO CORRESPOND WITH THE NUMBERED COIL TERMINALS
IN FIG. 17.

NOTICE THAT TWO
SETS OF CONNECTIONS
ARE ILLUSTRATED IN

FIG. 18. CODE #1 CORE
ESPONDS TO THE TWO
COILS WHICH COVER THE
10-20 MC. AND THE
5-10 MC. BANDS, WHILE
CODE #2 CORRESPONDS TO
THE TWO COILS WHICH
COVER THE 2.5-5 MC.
AND THE 1  5-2mc BANDS
THE DETAILED SPECIF-
ICATIONS FOR THESE
COILS ARE GIVEN IN

FIG. 19.

FIG. 18

The Coil Connec4ion 5.
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NOTICE THAT THE ABREVIATION "MC." DESIGNATES MEGACYCLES. ONE MEG-

ACYCLE IS EQUAL TO ONE -MILLION CYCLES PER SECOND.

WHEN TUNING THIS RECEIVER, THE ACTUAL TUNING PROCESS IS ACCOMPLISH
ED BY THE SPREAD CONDENSER.

THE DUAL OR TWO -GANG CONDENSER IS INITIALLY ADJUSTED SO THAT THE

TUNED WINDING TICKLER
WINDING

FREQUENCY

RANGE

COIL

No.

CODE

NO.

NOOF

TURNS

W4RE

SIZE

TURNS
PER
INCH

TAP AT
TURN
NO.

No.
OF
TURNS

WIRE

SIZE

10-20 Mc.

5-10 Mc.
2.5- 5 Mc.
I.5-2.5Mc.

I

2

3

4

I

I

2

2

7.3
14

27

54.5

#22 EN.
#22 EN.
#22 EN.
#24 Dec,

5

10

10

NO SPACE

3

9

25.5

33

5

7

5

10

#30 DSC.

#30 DSC.
#30 DSC.
#30 DSC.

Winding Data For
FIG.19

Coils c,t- /7.

SPREAD CONDENSER COVERS THE DESIRED 500 Kc. BAND.

IN THE FOLLOWING LESSON, WE ARE GOING TO INVESTIGATE A RATHER NEW

TYPE OF RECEIVER WHICH IS RAPIDLY GAINIIIG POPULARITY WITH RADIC LISTEN..

ERS NAMELY, THE MODERN ALL -WAVE RECEIVERS WHICH FURNISH BDTH BROADCAST
AND SHORT-WAVE RECEPTION WITHOUT THE USE OF ACCESSORY EQUIPMENT.

DON'T OVERLOOK THE FACT, HOWEVER, THAT ALTHOUGH ALL -WAVE RECEIVERS

ARE BEING SOLD, THERE IS ALSO A DEMAND FOR SHORT-WAVE CONVERTERS. MANY

SET OWNERS HAVE A GOOD HIGH-PRICED STANDARD BROADCAST RECEIVER AND DESIRE

THE ADDED FEATURES OF SHORT-WAVE RECEPTION WITHOUT HAVING TO PURCHASE A

COMPLETELY NEW RECEIVER. THE SHORT-WAVE CONVERTER IS A SOLUTION TO THEIR

PROBLEM AND FOR THIS REASON, UNITS OF THIS TYPE ARE BEING BUILT BY QUITE

A NUMBER OF RADIO MANUFACTURING CONCERNS.

IT 18 THEREFORE ESSENTIAL THAT YOU BE WELL ACQUAINTED WITH SHORT-

WAVE CONVERTERS. IN FACT, IN LATER LESSONS WHERE YOU WILL BE INTRODUCED

TO SOME NEWER TUBES, YOU WILL ALSO RECEIVE THE NECESSARY INFORMATION FOR

USING THEM IN THE MORE RECENT SHORT-WAVE CONVERTER CIRCUITS.
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Work is for the worker. Love is for
the lover. Art is for the artists. The men
ial is a man who is disloyal to his work.
All useful service is raised to the plane
of art when love for the task - loyalty -

is fused with the effort.

I. DESCRIBE A TYPICAL SHORT-WAVE ADAPTER WHICH IS TO BE
PLUGGED INTO THE DETECTOR CIRCUIT OF A BROADCAST RECEIV-
ER IN ORDER TO OBTAIN SHORT-WAVE RECEPTION.

2. - EXPLAIN HOW A SHORT-WAVE CONVERTER PERMITS THE ENTIRE
BROADCAST RECEIVER TO BE USED FOR SHORT-WAVE RECEPTION.

3. - DRAW A CIRCUIT DIAGRAM OF AN A.C. OPERATED SHORT-WAVE
CONVERTER.

4. - DRAW A CIRCUIT DIAGRAM OF A SHORT-WAVE CONVERTER IN
WHICH ONLY A SINGLE TUBE 16 EMPLOYED AND YET PERMITS
USE OF THE ENTIRE BROADCAST RECEIVER FOR SHORT-WAVE
RECEPTION.

5. - EXPLAIN IN DETAIL HOW A SHORT-WAVE CONVERTER PERMITS AN
ENTIRE SUPERHETERODYNE BROADCAST RECEIVER TO BE USED FOR
SHORT-WAVE RECEPTION.

6. - WHAT DO WE MEAN BY THE EXPRESSION "BAND -SPREAD" AS APP-
LIED TO SHORT WAVE RECEIVERS?

7. - How MAY THE BAND -SPREAD FEATURE Eir: ACCOMPLISHED IN A RE-
CEIVER CIRCUIT?

8. - DRAW A COMPLETE CIRCUIT DIAGRAM OF A SHORT-WAVE RECEIVER
EMPLOYING SAND -SPREAD PRINCIPLES.

9. - DESCRIBE A METHOD WHEREBY THE TUNING RANGE OF A SHORT-
WAVE RECEIVER OR CONVERTER CAN BE CHANGED FROM ONE WAVE-
BAND TO ANOTHER WITHOUT USING PLUG-IN COILS.

10.- CAN SATISFACTORY RESULTS BE OBTAINED FROM A SHORT-WAVE
CONVERTER WHEN USED WITH ANY TYPE OF BROADCAST RECEIVER?
EXPLAIN YOUR ANSWER TO THIS QUESTION.
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LESSON NO. 4 8

ALL- WAVE RECE/V.,e,S

Printed in t:. S. A.

You ARE BY THIS TIME THOROUGHLY FAMILIAR WITH BROADCAST RECEIVERS,
SHORT-WAVE RECEIVERS AND SHORT-WAVE CONVERTERS. SOON AFTER SHORT-WAVE
CONVERTERS BECAME POPULAR,THE RADIO INDUSTRY WENT ANOTHER BIG STEP AHEAD
BY OFFERING RECEIVERS OF STILL NEWER DESIGN WHICH MADE BOTH BROADCAST
AND SHORT-WAVE RECEPTION POSSIBLE WITH A SINGLE RECEIVER AND WITHOUT THE
NEED FOR ACCESSORY EQUIPMENT SUCH AS
AN ADAPTER OR CONVERTER. THIS NEW
TYPE OF RECEIVER IS KNOWN AS THE ALL
WAVE RECEIVER,AND IN THIS LESSON YOU
ARE GOING TO LEARN ABOUT ITS PRINCI-
PLES OF CONSTRUCTION AND OPERATION.

ONE OF THE MOST MODERN ALL -
WAVE RECEIVERS IS SHOWN YOU IN

WHILE AN EARLIER MODEL ALL -WAVE RE-

CEIVER APPEARS IN FIG.2. THE RECEIV-
ER OF FIG. 2, YOU WILL OBSERVE, HAS
TWO SETS OF CONTROLS, ONE SET FOR
BROADCAST RECEPTION AND ONE SET FOR
SHORT-WAVE RECEPTION,WHEREAS THE MOD
ERN RECEIVER IN FIG. I HAS ONLY A

SINGLE SET OF CONTROLS WHICH SERVES
FOR BOTH BROADCAST AND SHORT-WAVE RE
CEPT ION.

THE LOGICAL WAY TO BEGIN THIS
STUDY OF ALL -WAVE RECEIVERS IS TO
BEGIN WITH THE OLDER MODELS AND THEN
GRADUALLY WORK ON THROUGH THE MORE

RECENT DESIGNS SO THAT YOU CAN 08
TAIN A GOOD GENERAL KNOWLEDGE OF

THIS FIELD.

FtG.1
.4 Modern 41/ -Wave Peceiver:

IN FIG. 3 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF THE SAME RECEIVER
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WHOSE PHOTOGRAPH APPEARS IN FIG.2. FROM A GENERAL INSPECTION OF FIG. 3,YOU WILL IMMEDIATELY RECOGNIZE THIS RECEIVER AS BEING OF THE SUPERHETER-
ODYNE TYPE.

FIG.2

Early Mfoa42/ .I// -Wave'

Zacei ver.

OPERATION OF CIRCUIT FOR BROADCAST RECEPTION

IN ORDER TO SIMPLIFY THE EXPLANATION OF THE
OPERATING PRINCIPLES OF THIS CIRCUIT AS MUCH AS
POSSIBLE, LET US FIRST CONSIDER THE MANNER IN
WHICH IT RECEIVES BROADCAST PROGRAMS.

FOR BROADCAST RECEPTION,SWITCH SWop IS CLOSED
TOWARD THE RIGHT. THIS SERVES TO CONNECT THE AN-
TENNA TO THE PRIMARY WINDING OF COIL LI, SO THAT
SIGNALS AS PICKED UP BY THE ANTENNA CAN BE TRANS-
FERRED TO THE IST STAGE CONTAINING THE TYPE -35
VARIABLE MU TUBE.THIS IS THE PRE -SELECTOR OR R.F.
AMPLIFIER STAGE AND IT IS TUNED BY CONDENSER CI.
NOTICE CAREFULLY THAT THIS CONDENSER CI,CONDENSER
Ca OF THE iST DETECTOR STAGE AND CONDENSER C 3 OF
THE BROADCAST OSCILLATOR ARE ALL CONTROLLED BY A
COMMON SHAFT.

AT THE SAME TIME THAT SWITCH SW* IS CLOSED TOWARD THE RIGHT,SWITCHSWc WILL BE AUTOMATICALLY OPENED BECAUSE THESE TWC SWITCHES ARE MECHANI-
CALLY INTER -CONNECTED AND THEREFORE OPERATE AS ONE.

TWO STAGES OF INTERMEDIATE FREQUENCY AMPLIFICATION FOLLOW THE 1ST
DETECTOR,AND TYPE -35 TUBES ARE USED IN ALL OF THESE INTERMEDIATE STAGES.THE OPERATING FREQUENCY FOR THIS INTERMEDIATE FREQUENCY AMPLIFIER 1s175KC. AND IT WORKS INTO A SECOND DETECTOR IN WHICH A TYPE -27 TUBE IS EM
PLOYE D.

AFTER DETECTION, THE AUDIO FREQUENCIES ARE AMPLIFIED BY THE POWER
STAGE, WHICH CONSISTS OF TWO TYPE -47 PENTODE TUBES IN PUSH-PULL. SOYOU SEE, FOR RECEPTION AT THE BROADCAST FREQUENCIES, WE HAVE CUSTOMARY
SUPERHETERODYNE ACTION.

Circ 4/ 4 Diagram of a Si/vet-- /Karsii a # A ve 'Pe ceiver:
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OPERATION OF CIRCUIT FOR SHORT-WAVE RECEPTION

NOW THEN, FOR THE RECEPTION OF SHORT-WAVE PROGRAMS,SWITCH SWA IS

CLOSED TOWARD THE LEFT AND THE BROADCAST TUNING DIAL,WHICH CONTROLS CON-
DENSERS C1 Cl..AND C3 IS SET AT 650 Kc. BY THE LISTENER. AT THE SAME

TIME, THAT SWITCH SWA IS CLOSED TOWARD THE LEFTISWITCH SWC WILL SIMULTA,
EOUSLY MAKE CONTACT WITH THE UPPER END OF COIL U.

TUBE SA WILL NOW BE USED AS THE MIXER TUBE FOR SHORT WAVE RECEPTION
AND TUBE SB AS THE SHORT WAVE OSCILLATOR. A SINGLE KNOB CONTROLS pWITCHES
SWB, SND AND SWE AND BY MEANS OF THIS CONTROL KNOBIONE CAN CONNECT THE

PROPER SET OF COILS INTO THE CIRCUIT SO THAT THIS SHORT-WAVE TUNER WILL

OPERATE OVER THE DESIRED PORTION OF THE SHORT WAVE BAND.

CONDENSER CB AND CD OF THE SHORT WAVE TUNER ARE OPERATED BY ASINGLE
CONTROL DIAL SEPARATE FROM THAT USED FOR BROADCAST RECEPTION. BY TUNING

FIG. 4

A Superhelerodyr7e -or 7,411 -Wave' on.QacePtii

IN A STATION WITH THIS SHORT WAVE OIAL, AN INTERMEDIATE FREQUENCY OF 650

KC. WILL BE GENERATED BY THE HETERODYNE INTERACTION BETWEEN THE SHORT

WAVE MIXER CIRCUIT CONTAINING TUBE SA AND THE, SHORT WAVE OSCILLATOR CIR-
CUIT CONTAINING TUBE SB.

SINCE THE CIRCUITS OF THE BROADCAST PRE -SELECTOR STAGE AND THEBROA
CAST 1ST DETECTOR STAGE HAVE ALREADY BEEN TUNED TO A 650 Kc. FREQUENCY,
IT IS OBVIOUS THAT THEY WILL AMPLIFY THE 650 KC. BEAT FREQUENCY AS PRO-

VIDED BY THE SHORT WAVE INPUT CIRCUIT.

THE TUNING CONDENSER OF THE BROADCAST OSCILLATOR (C3 IN F10.3) WILL
AT THIS TIME BE AUTOMATICALLY TUNED TO A FREQUENCY 175 Kc ABOVE 650 Kc.

OR TO 825 KC. AND SO THE FREQUENCY GENERATED BY THE BROADCAST OSCILLATOR
WILL HETERODYNE WITH THE 650 KC. FREQUENCY WHICH IS NOW PRESENT IN THE

BROADCAST PRE -SELECTOR AND 1ST DETECTOR STAGES, IN ORDER TO PRODUCE AN-

OTHER BEAT FREQUENCY OF 175 Kc. THIS YOU WILL NOTE IS EQUAL TO THE ARi
THMETICAL DIFFERENCE BETWEEN THE 825 Kc. BROADCAST OSCILLATOR FREQUENCY
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AND THE 650 Kc. BEAT FREQUENCY EXISTING IN THE PRE -SELECTOR AND 1ST DETE&
TOR STAGE OF THE BROADCAST PORTION OF THE RECEIVER.

THIS 175 Kc. BEAT FREQUENCY WILL BE SUCCESSIVELY AMPLIFIED BY THE

I.F. STAGES AND CUSTOMARY DETECTION THEN TAKES PLACE AT THE SECOND DETEC-
TOR. FROM HERE TO THE SPEAKER,THE AUDIBLE SIGNALS,WHICH HAVE BEEN EXTRACT
ED FROM THE SHORT WAVE CARRIER FREQUENCYIARE HANDLED IN EXACTLY THE SAME

MANNER AS ARE THE SIGNALS RECEIVED FROM BROADCAST STATIONS..

THE ENTIRE APPARATUS, WHICH IS ILLUSTRATED BY THE CIRCUIT DIAGRAM
OF FIG. 3 IS ALL CONTAINED IN ONE CHASSIS ASSEMBLY. THE CONDENSER CA IS
ADJUSTED TO THE POSITION MOST SUITED TO THE ANTENNA AT THE TIME THE RE-

CEIVER IS INSTALLED AND IS NOT INTENDED TO BE USED BY THE SET OWNER. THE
CONTROLS SUPPLIED FOR THE USE OF THE OWNER
CONSIST ONLY OF AN "OFF -ON" SWITCH,A SHORT
WAVE TUNING CONTROL, TONE CONTROL, VOLUME COQ
TROL, BROADCAST TUNING CONTROL, THE SHORT
WAVE RANGE SELECTOR (SWB IN FIG.3), AND A

SELECTOR SWITCH TO CHANGE FROM BROADCAST TO

SHORT-WAVE RECEPTION (SWA IN FIG.3).TWO TUN-
ING DIALS ARE PROVIDED ONE FOR BROADCAST
RECEPTION AND THE OTHER FOR SHORT WAVE REcqe
TioN.

riG.6

All -Wave Coll CeasZrucZiori,

ING WITH THE SHORT-WAVE

ALL OF THE OPERATING PRINCIPLES USED IN
THIS RECEIVER ARE FAMILIAR TO YOU. IN FACT,

THE UNIT CONSISTS OF NOTHING MORE THAN ASIAN
DARD BROADCAST TYPE SUPERHETERODYNE WITH A

SUPERHETERODYNE TYPE SHORT WAVE CONVERTER ADD
ED TO THE INPUT OF THE BROADCAST PRESELECT...,
OR STAGE. THEN INSTEAD OF USING PLUG-IN TYPE
SHORT WAVE TUNING COILS,THE REQUIRED COILS
ARE ALL PERMANENTLY MOUNTED ON THE RECEIVER
CHASSIS AND THE PROPER COMBINATION FOR TUN -

CONDENSERS OVER A GIVEN RANGE IS OBTAINED BY THE
THREE COMMONLY CONNECTED SELECTOR SWITCHES.

ANOTHER TYPE OF SUPERHETERODYNE ALL -WAVE RECEIVER

As WE CONTINUE OUR INVESTIGATION OF ALL -WAVE RECEIVERS, LET US NEXT
STUDY THE CIRCUIT ARRANGEMENT WHICH IS ILLUSTRATED IN FIG. 4. IN THIS
CASE, A SYSTEM HAS BEEN WORKED OUT WHEREBY IT IS POSSIBLE FOR A SUPERHEI
ERODYNE RECEIVER TO COVER A 15 TO 550 METER RANGE. THIS RECEIVER CONSISTS
OF A MIXER CIRCUIT OR 1ST DETECTOR DIRECTLY AT THE INPUT OF THE ANTENNA
AND THE OSCILLATOR CAN BE SEEN LOCATED DIRECTLY BELOW IT. TYPE -24 TUBES
ARE USED IN BOTH OF THESE CIRCUITS.

THE MIXER CIRCUIT IS FOLLOWED BY THE CUSTOMARY I.F. STAGES, WHICH
ARE TUNED TO 175 KC. AND IN WHICH VARIABLE MU TUBES ARE USED. A TYPE -24
TUBE IS USED AS A POWER DETECTOR AND IT WORKS INTO A TYPE -47 PENTODE
POWER TUBE THROUGH RESISTANCE CAPACITY COUPLING.

Now AS FAR AS THE I.F.,2ND DETECTOR AND POWER STAGES ARE CONCERNED,
YOU HAVE NOTHING NEW TO LEARN,AS THESE ARE CONVENTIONAL. SO WE SHALL COB,
FINE OUR ATTENTION SOLELY TO THE MIXER AND OSCILLATOR CIRCUITS AROUND



ANOTHER COIL FORM IN THE SAME MANNER AS
#2 AND #3 IN FIG. 5. COILS #71#8 AND
#9 WOULD BE WOUND TOGETHER ON A THIRD
FORM AND COILS #10,#11, AND #12 ON A

FOURTH FORA. SO ALTOGETHER,THEREWOULD
BE FOUR OF THESE SEPARATE COIL FORMS,

WITH THREE WINDINGS ON EACH.

PROVIDED THAT THE TWO TUNINGCON
DENSERS HAVE A CAPACITY RATING OF

.00035 MFD., THEN IN ORDER FOR THE

RECEIVER TO COVER BOTH THE SHORT AND

BROADCAST WAVELENGTHS THE COILS SHOULD
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WHICH THE ALL -WAVE FEATURES OF THE RECEIVER ARE REALLY CENTERED.

As YOU WILL OBSERVE IN F. 4, THE TUNING CIRCUIT OF THE MIXER OR

1ST DETECTOR IS PROVIDED WITH 4 SEPARATE TUNING COILS AND A SWITCH.THESE
4 COILS ARE SHUNTED BY A TUNING CONDENSER HAVING A CAPACITY OF .00035

MFD.

THE SET OF 4 COILS WHICH ARE SHOWN DIRECTLY BELOW THE UPPER GROUP

IN r,(1. 4 ARE THE TUNING COILS FOR THE OSCILLATOR AND IN THIS CASE, THE

OSCILLATOR CONDENSER ALSO HAS A CAPACITY RATING OF .00035 MFD. A SWITCH

IS ALSO PROVIDED SO THAT THE DESIRED OSCILLATOR COIL CAN BE SELECTED.

THE GROUP OF COILS DIRECTLY BELOW THE OSCILLATOR TUNING COILS ARE

THE FEED -BACK, PLATE, OR TICKLER COILS, WHICHEVER YOU CHOOSE TO CALLTHEM.

COIL CONSTRUCTION FOR ALL -WAVE RECEIVER

THE CONSTRUCTION OF THE COIL GROUP FOR THIS SAME ALL -WAVE RECEIVER

IS ILLUSTRATED FOR YOU IN FIG. 5. OBSERVE CAREFULLY THAT THERE ARE THREE

SEPARATE WINDINGS ON A SINGLE COIL FORM. THAT IS TO SAY,COILS #1, #2 AND

#3 OF FIG. 4ARE ALL WOUND ON THE SAME FORM AS SHOWN IN FIG. 5,ONLY THAT
THE PLATE COIL IN THE ACTUAL CONSTRUCTION IS PLACED BETWEEN THE 1ST DE-

TECTOR AND OSCILLATOR COILS. (COILS #1 - #2 AND #3 OF FIG. 5 CORRESPOND

TO THE COILS WHICH ARE NUMBERED IN LIKE MANNER IN THE CIRCUIT DIAGRAM OF

FIG. 4.) COILS #4, #5 AND #6 OF FIG. 4 WOULD THEN BE WOUND TOGETHER ON

ILLUSTRATED RELATIVE TO COILS #1,

F SG. 6
A Typical Wave -sand

Cany,,79,

CONSIST OF THE FOLLOWING NUMBER OF TURNS WOUND ON TUBULAR FORMS 1" IN

DIAMETER: COIL #1/1.127 TURNS; COIL #2:7-114 TURNS; COIL #3=.40 TURNS. COIL

#1 SHOULD BE WOUND AT ONE END OF THE COIL FORM AS SHOWN IN FIG. 5; COIL

#3 SHOULD BE WOUND AT A DISTANCE OF 1U BELOW COIL #1 AND COIL #2 A DIS-

TANCE OF 1/8" BELOW COIL #3. WITH ALL THREE SWITCHES OF FIG. 3 RESPECT-

IVELY CLOSING THE CIRCUITS FOR COILS #1, #2 AND #31BROADCAST RECEPTION

WILL BE AVAILABLE.

COIL #4=45 TURNS; COIL #5=45 TURNS AND COIL #6=20 TURNS. COIL

44 SHOULD BE WOUND AT ONE END OF THE COIL FORM AND COIL #6 SHOULD BE

WOUND AT A DISTANCE OF 121 BELOW COIL #4 AND COIL #5 A DISTANCE OF 1/81

BELOW COIL #6. WITH ALL THREE SWITCHES RESPECTIVELY CLOSING THE CIRCUITS

FOR COILS #4, #5 AND #6, THE FIRST SHORT WAVE BAND WILL BE COVERED.

COIL #7 =18 TURNS; COIL #87.7-18 TURNS AND COIL #9=9 TURNS. COIL #7

SHOULD BE WOUND AT ONE END OF THE COIL FORM AND COIL #9 SHOULD BE WOUND

AT A DISTANCE OF 2" BELOW COIL #7 AND COIL #8 AT A DISTANCE OF 1/8WBELOW
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COIL #9. WITH ALL THREE SWITCHES RESPECTIVELY CLOSING THE CIRCUITS FORCOILS #7, #8, AND #9, THE SECOND SHORTWAVE BAND WILL BE COVERED.

COIL #I0 =7.5 TURNS; COIL #11=7.5 TURNS AND COIL #12=4 TURNS.COIL #I0 SHOULD BE WOUND AT ONE END OF THE COIL FORM AND COIL #12 SHOULDBE WOUND AT A DISTANCE OF 21" BELOW COIL #10 AND COIL #11 AT A DISTANCEOF 1/8" BELOW COIL #I2. WITH ALL THREE SWITCHES RESPECTIVELY CLOSING THECIRCUITS FOR COILS #101#11 AND #I2, THE THIRD SHORT-WAVE BAND WILL BECOVERED.

ALL COILS FOR THIS PARTICULAR RECEIVER SHOULD BE WOUND WITH #30.12aENAMELED WIRE. ALSO NOTE THAT FOR THE SPECIFICATIONS GIVEN,TNE OSCILLAT-OR CONDENSER HAS ITS INDIVIDUAL TUNING DIAL, SO THAT THE RECEIVER IS E-QUIPPED WITH TWO TUNING DIALS.

THE WAVE -BAND CHANGING SWITCH

Kt10117117ft\l-
'12112

,liole'-- III IIMosall

F IG. 7
Cornp/ei-e Coil A sTem ,6/y

Jr/IA Sw/I-eh.
FACILITATING THE WIRING BETWEEN THE

IN FIG. 6 YOU WILL SEE A TYP....

!CAL SWITCH AS USED IN ALL -WAVE RE-
CEIVERS FOR CHANGING FROM ONE WAVE
BAND TO ANOTHER. HERE YOU CAN SEE
CLEARLY HOW THE THREE SWITCH BLADES
ARE ALL OPERATED SIMULTANEOUSLY BY A
SINGLE CONTROL SHAFT.

IT IS FREQUENTLY THE PRACTICE
TO MOUNT THE VARIOUS COIL FORMS WITH
THEIR RESPECTIVE WINDINGS INTO A
GROUPED ARRANGEMENT AS SHOWN YOU IN
FIG. 7. THE SWITCH ASSEMBLY CAN BE
SEEN MOUNTED HORIZONTALY THROUGH THE
CENTER OF THE COIL MOUNTING, THEREBY
SWITCHES AND THE COIL WINDINGS.

ALL -WAVE TUNED R.F. RECEIVER

NOW IN FIG. 8 YOU ARE LOOKING AT AN ALL -WAVE TUNED R.F. RECEIVER,IN WHICH CASE A SHORT-WAVE CONVERTER IS INCORPORATED IN ITS CIRCUITS.AL-THOUGH A RECEIVER OF THIS TYPE WILL NOT GIVE SUCH HIGH QUALITY SHORTWAVEPERFORMANCE AS WILL THE MORE ELABORATE DESIGNS SHOWN YOU PREVIOUSLY INTHIS LESSON, YET IT OFFERS AN ECONOMICAL METHOD OF CONSTRUCTING AN ALL...WAVE RECEIVER WHICH WILL OFFER FAIR PERFORMANCE. IN FACT, THE SAME PRIN-CIPLES AS WORKED OUT IN THE CIRCUIT OF FIG. 8 CAN ALSO BE INCORPORATEDINTO ANY EXISTING TUNED R.F. RECEIVER, WHICH HAS AT LEAST THREE TUNINGCIRCUITS,USING SCREEN-GRID TUBES.

REFERRING TO FIG. 8, THE TWO SWITCHES SW' AND ViVz. ARE BOTH SECTIONSOF A REGULAR WAVE -BAND CHANGING SWITCH AND ARE THEREFORE BOTH OPERATED BYA SINGLE CONTROL.

FOR BROADCAST RECEPTION, SWITCHES SW1 AND SW1_ARE BOTH CLOSED TOPOSITION #4. THE ENERGY PICKED UP BY THE ANTENNA IS NOW PASSED INTO THETUNING CIRCUIT OF THE FIRST TUBE THROUGH THE ANTENNA SERIES CONDENSER,WHICH MAY BE A TRIMMER CONDENSER ADJUSTABLE BETWEEN THE LIMITS OF ^PPM%IMATELY 20 - 100 AIMED.
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THE TUNING CIRCUIT OF THIS FIRST TUBE WILL AT THIS TIME CONSIST OF
THE .00035 MFD. VARIABLE CONDENSER AND THE TUNING INDUCTANCE L50 THISCQU

DENSER IS A SINGLE UNIT AND NOT A SECTION OF A GANGED CONDENSER.THE TUN-

ING CONDENSERS OF THE FOLLOWING THREE STAGES,HOWEVER, ARE ALL SECTIONSOF
A THREE GANG CONDENSER UNIT OF ANY STANDARD CAPACITY RATING1SUCH AS.00035

MFD.

THE TUNING INDUCTANCE L5 IS A SECONDARY OR TUNING WINDING OF THE

REGULAR BROADCAST TYPE,MATCHED TO THE CONDENSER TO COVER THE BROADCAST

WAVE BAND. THIS INDUCTANCE IS CONTAINED WITHIN AN INDIVIDUAL SHIELD CAN

WHICH IS GROUNDED.

DUE TO THE FACT THAT THE LOWER END OF COIL L5 IS MUTUALLY GROUNDED
WITH THE ROTOR PLATES OF ITS TUNING CONDENSER, THE SAME NEGATIVE BIAS

VOLTAGE WILL BE IMPRESSED UPON THE CONTROL GRID OF THIS FIRST TUBE AS U-
PON THE OTHER VARIABLE -MU TUBES. THEREFORE, THE FIRST TUBE WILL NOW FUN-
CTION AS AN R.F. AMPLIFIER.

FIG 8
4 "Tuned 12.F. Receiver 14/1ii ConYeri-er--

WITH SWITCH SWz ALSO CLOSED TO POSITION +4 AT THIS TIME,THE REGEN-
ERATION COIL L1 WILL BE SHORT CIRCUITED AND CAN THEREFORE NOT OFFER ANY

REGENERATIVE CHARACTERISTICS. THE FOLLOWING STAGES ARE CONVENTIONAL AND

80 THE RECEIVER 18 NOW OPERATING AS A STANDARD BROADCAST RECEIVER,CONSta
TING OF 3-R.F., I-DETECTOR,AND ONE POWER STAGE.

"AUTODYNE ACTION" FOR SHORT-WAVE RECEPTION

NOW THEN, IN ORDER TO COVER THE FIRST SECTION OF HE SHORT WAVE

BAND DIRECTLY BELOW THE BROADCAST CHANNELS,BOTH SWITCHES ARE CLOSED TO

POSITION #3. AT THIS TIME, COIL LzWILL BE CONNECTED ACROSS THE TUNING

CONDENSER OF THE INPUT STAGE. THE LOWER END OF COIL Le, HOWEVER, IS CON-

NECTED DIRECTLY TO THE CATHODE OF THE FIRST TUBE AND CONSEQUENTLY, THE

FIRST TUBE 18 OPERATED AT ZERO GRID BIAS. THE RESULT IS THAT THE OPERAT-
ING CHARACTERISTIC OF THE FIRST TUBE ARE NOW CHANGED, SO THAT THE TUBE

ACTS AS .% MODULATOR.

SWITCH SW.L IS ALSO NOW CLOSED TO POSITION #3 AND SO A CERTAIN PEB
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CENTAGE OF THE R.F. ENERGY CAN BE IMPRESSED UPON THE TUNING COIL LT IN

ORDER TO PRODUCE OSCILLATION. THE COMBINED RESULTS OF MODULATION AND 08Q
ILLATION, WHICH THIS FIRST TUBE NOW UNDERGOES,MAKE THIS TUBE SERVE A

DUAL PURPOSE, FOR WHICH REASON IT IS REFERRED TO AS AN OSCILLATING -MOD-
ULATOR. IN OTHER WORDS, IT IS THE 1ST DETECTOR OF A SUPERHETERODYNE AND
OSCILLATOR COMBINED AND SUCH A COMBINATION IS KNOWN AS THE "AUTODYNE SYS
TEM. THIS TUBE IN ITSELF IS IN THIS CASE QUITE OFTEN SPOKEN OF AS BEING
AN "AUTODYNE OSCILLATOR."

SO FROM NOW ON, WHENEVER YOU HEAR OF A SUPERHETERODYNE RECEIVER
ING OF AN "AUTODYNE TYPE", YOU WILL IMMEDIATELY KNDW THAT IN THIS PART'S.
ULAR SUPERHETERODYNE RECEIVER, A SINGLE TUBE SERVES BOTH AS THE FIRST

DETECTOR AND OSCILLATOR.

P16.9
Short -Wave Coil Assembly
for Circuit of" ;g. 8

NOW THEN, TO RECEIVE SHORT WAVE RECEP-
TION WITH THE CIRCUIT OF FIG.S,THE GANGED
TUNING CONDENSERS CAN BE SET TO TUNE THEIR
CIRCUITS TO SOME CONVENIENT BROADCAST FRE-

QUENCY SUCH AS 550 KC.,FOR EXAMPLE. THIS
WOULD MEAN THAT ALL OF THE ROTOR PLATES OF
THE GANGED CONDENSER WILL BE PRACTICALLY EN-

TIRELY IN MESH WITH THEIR RESPECTIVE STATOR
PLATES. HENCE BY TUNING THE CIRCUIT OF
FIRST TUBE TO A FREQUENCY 550 Kc. ABOVE
FREQUENCY OF THE SHORT WAVE SIGNAL BEING
CEIVED, A BEAT FREQUENCY OF 550 Kc. WILL
PRODUCED IN THE OUTPUT OF THIS TUBEITO
AMPLIFIED BY THE SUCCEEDING STAGES WHICH
TUNED TO THIS BEAT FREQUENCY.

THE
THE
RE -

BE
BE

ARE

IN ORDER TO ENABLE THE INPUT CIRCUIT TO
COVER THE NECESSARY OSCILLATOR FREQUENCIESRL

QUIRED FOR THE RECEPTION OF ALL OF THE SHORT WAVE STATIONS, THE THREE
COILS LT L3 AND L4 ARE PROVIDED WITH DIFFERENT INDUCTIVE VALUES THE
SAME AS ALREADY DESCRIBED RELATIVE TO THE PREVIOUS ALL -WAVE RECEIVER CIR
CUITS IN THIS LESSON.

THE FIXED CONDENSER EzIS EMPLOYED TO BY-PASS THE HIGH FREQUENCY
ERGY IN THE OUTPUT OF THE FIRST TUBE,IN ORDER TO PREVENT IT FROM CAUSING
TROUBLE IN THE OTHER STAGES. THIS CONDENSER MAY BE OF THE SAME TYPE AND
CAPACITY RATING AS THE ANTENNA SERIES CONDENSER El.

COIL CONSTRUCTION FOR THE CIRCUIT OF FIG.8

COILS L1,LV L AND L4MAY ALL BE WOUND ON A SINGLE TUBE FORMWITH
A.00035 MFDTUNING CONDENSER,AND A COIL FORM I"IN DIAMETER,COIL L1 MAY
CONSIST OF 15 TURNS;COIL I -29F 45 TURNS; COIL L3 OF 18 TURNS;AND COIL L4
OF 7.5 TURNS. ALL OF THESE COILS CAN BE WOUND WITH #30 B&S ENAMELED WIRE.

FIG. 9 SHOWS YOU HOW THESE FOUR COILS SHOULD BE WOUND ON THE FORM.
THE SEPARATION BETWEEN COIL L1 AND COIL LtSHOULD BE I/S" AND THE SEPEW.
ATION BETWEEN COILS Ls AND L-5 AS WELL AS THE SEPARATION BETWEEN COILS
L-5 AND L4 SHOULD BE pl. COIL L5 MAY CONSIST OF 127 TURNS OF THE SAMEW1RG
WOUND ON AN INDIVIDUAL TUBE FORM OF I" DIAMETER AND PLACED IN THE SHIELD
CAN AS SHOWN IN THE CIRCUIT DIAGRAM OF FIG. 8.,
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A TABLE MODEL ALL -WAVE RECEIVER

NOT ONLY ARE MODERN ALL -WAVE RECEIVERS
CONSOLE CABINETS BUT INTO TABLE MODEL CAB-
INETS AS WELL. IN FIG. 10 YOU ARE SHOWN AN
EXAMPLE OF A NEW TABLE MODEL ALL -WAVE RE-

CEIVER.

IN THIS PARTICULAR RECEIVER,THE BAND
SWITCHING ARRANGEMENT IS MECHANICALLY CON-
NECTED TO AND CONTROLS THE MULTI -TUNING
SCALE. THIS SCALE ARRANGEMENT CONSISTS OF

FOUR ACCURATELY CALIBRATED SCALES MARKED

OFF IN MEGACYCLES.

EACH SCALE HAS A DIFFERENT COLOR AND
APPEARS BEHIND THE SCALE WINDOW AS THE

BAND -SWITCHING CONTROL IS ADJUSTED. THAT IS,
IF YOU SET THE BAND -SELECTING SWITCH, A

SCALE CALIBRATED FOR THE TUNING RANGE OF

THAT BAND AUTOMATICALLY APPEARS BEHIND THE
WINDOW. THE 20 TO 8 MEGACYCLE SCALE IS

GREEN,THE 9 TO 3 MEGACYCLE SCALE IS REDITHE 4 TO 1.6 MEGACYCLE SCALE IS

YELLOW AND THE 1.5 TO .55 MEGACYCLE SCALE IS BLACK. IN OTHER WORDS, THE

BLACK SCALE IS FOR THE REGULAR BROADCAST BAND AND THE OTHER THREE SCALES

ARE FOR THE VARIOUS SHORT-WAVE BANDS.

BEING BUILT INTO THE LARGER

Table
FIG. 10

Model 'All- Wave"
keceiver-.

THE CIRCUIT DIAGRAM FOR THIS SAME RECEIVER APPEARS IN FIG. I I. By

STUDYING THIS DIAGRAM,YOU WILL IMMEDIATELY NOTE THAT THIS RECEIVER IS BY

NO MEANS A "MIDGET" BUT USES SEVEN TUBES, ONE OF WHICH SERVES A THREE-

FOLD PURPOSE.

A BAND-PASS CIRCUIT FEEDS INTO THE 58 FIRST DETECTOR SO THAT AMPLE
PRE -SELECTION IS OBTAINED ON ALL FOUR WAVE -BANDS. A 56 TUBE IS USED IN

THE OSCILLATOR AND A SWITCHING ARRANGEMENT IS ALSO PROVIDED IN THIS CIR-

F I G .

CircLiii Diagram of the Table Made/ k'eceiver-.
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CUIT SO THAT FOUR SETS OF OSCILLATOR COILS ARE AVAILABLE TO COVER THE
FOUR WAVE BANDS TOGETHER WITH THE COIL ASSEMBLIES OF THE PRE....SELECTORCIB

NOTIC,E CAREFULLY THAT THIS ALL -WAVE COIL SET DOES NOT CONSIST OF
TAPPED WINDINGS TO PERMIT VARIATIONS IN THE INDUCTANCE VALUE BUT RATHER
INDIVIDUAL COILS. IN OTHER WORDS, WHEN CHANGING FROM ONE WAVE BAND TO

ANOTHER, AN ENTIRELY DIFFERENT SET OF THREE COILS IS BEING USED. EACH

OSCILLATOR COIL HAS ITS INDIV-

F1G,12
The Col/ Arran gem en

!DUAL TUNED WINDING,FEED... BACK

COIL AND COUPLING COIL FOR THE
FIRST DETECTOR. IN LIKE MANNER,
EACH OF THE INPUT COIL ASSEM-
BLIES HAS ITS INDIVIDUAL TUNED
WINDING TOGETHER WITH ITS CORR
ESPONDING PRIMARY ETC.

THERE ARE TWO STAGES OF
I.F. AMPLIFICATION AND THEY WORK
INTO A 2A6 TUBE WHICH FUNCTIONS
SIMULTANEOUSLY AS A DIODE DE-

TECTOR, AUTOMATIC VOLUME CON-
TROL TUBE AND A TRIODE A.F.AM
LIFIER. A 2A5 IS USED IN THE
FINAL POWER STAGE AND THESPEN6
ER FIELD SERVES AS THE FILTER
CHOKE FOR THE "B" SUPPLY OF
THE ENTIRE RECEIVER. ATONE CON
TROL,CONSISTING OF A I0,0000HM
VARIABLE RESISTANCE UNIT IN

SERIES WITH A .05 MFD. CONDEN-
SER, IS CONNECTED BETWEEN

GROUND AND THE PLATE TERMINAL
OF THE 2A5 POWER TUBE.

FIG. 12 SHOWS YOU A BOTTOM VIEW OF A PORTION OF THIS SAME RECEIV
ERIS CHASSIS SO THAT YOU CAN SEE HOW THE SELECTOR SWITCH AND THE VARIOUS
COILS ARE ALL MOUNTED.

SPECIAL ALL -WAVE ANTENNAS

AS YOU WILL RECALL FROM YOUR STUDIES OF SHORT-WAVE RECEIVERS,SPEQ
IAL ANTENNA SYSTEMS WITH DUAL TRANSPOSED LEAD-IN WIRES ARE PREFERABLE FOR
SHORT WAVE RECEPTION. THIS ALSO APPLIES TO SHORT-WAVE RECEPTION WHEN US-
ING AN ALL -WAVE RECEIVER.

SOME FANS USE TWO INDEPENDENT ANTENNA SYSTEMS WITH THEIR ALL -WAVE
RECEIVERS, A STANDARD INVERTED "L" TYPE FOR BROADCAST RECEPTION AND THE
SPECIAL SHORT-WAVE OR DOUBLET TYPE ANTENNA FOR SHORT WAVE RECEPTION.

SEVERAL MANUFACTURING CONCERNS ARE NOW OFFERING SPECIALLY DESIGNED
ANTENNAS IN KIT FORM WHICH WILL OFFER MAXIMUM PERFORMANCE ON BOTH THE
BROADCAST AND SHORT-WAVE BANDS WITH A SINGLE ANTENNA SYSTEM. IN ANOTHER
PORTION OF YOUR COURSE YOU ARE GIVEN MORE DETAILED INSTRUCTION REGARDING
THESE NEWER ANTENNA SYSTEMS. YOU WILL ALSO RECEIVE ADDITIONAL INSTRUCTION
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REGARDING ALL -WAVE RECEIVERS IN LATER LESSONS.

You WILL FIND CONSIDERABLE VARIATIONS IN THE DESIGN OF MODERN COM-

MERCIAL ALL -WAVE RECEIVERS. SOME,FOR INSTANCE, USE AN ARRANGEMENT AS THAT

ILLUSTRATED IN FIG. II, WHERE A SINGLE OSCILLATOR TUBE, TOGETHER WITH THE

FIRST DETECTOR, COVER THE BROADCAST, AS WELL AS ALL SHORT-WAVE BANDS. ON

THE OTHER HAND, SOME OF THE MODERN ALL -WAVE RECEIVERS EMPLOY THE "DOUBLE -

SUPERHETERODYNE" PRINCIPLE SIMILAR TO THAT DESCRIBED WITH RESPECT TO FIG.

3 OF THIS LESSON, ONLY THAT A MORE MODERN SET-UP WITH LATER TYPE TUBES IS

USED.REGARDLESS OF THE SYSTEM EMPLOYED,YOU WILL FIND THE BASIC PRINCIPLES

OF OPERATION TO BE COVERED IN THIS LESSON.

FOR A LONG TIME, ONLY THOSE WHO WERE INTERESTED IN RADIO FROM A

TECHNICAL STANDPOINT, SUCH AS ENGINEERS, EXPERIMENTERS, AMATEURS,ETC,EN-

JOYED THE THRILL OF SHORT-WAVE RECEPTION. THIS COMPARATIVELY NEW FIELD OF

RADIO ENTERTAINMENT WAS NOT AT THAT TIME BROUGHT TO THE ATTENTION OF THE

GENERAL RADIO LISTENERS FORCEFULLY ENOUGH TO CAPTURE THEIR INTEREST.

CONTINUALLY RADIO RECEIVER MANUFACTURERS ARE INCORPORATING NEW FEAT-

URES IN THEIR LATEST MODELS SO AS TO STIMULATE SALES.THIS HAS BEEN ACCOM-

PLISHED WITH SUCH THINGS AS NEWER TUBE TYPES, AUTOMATIC VOLUME CONTROL,

TONE CONTROL,VISUAL TUNING,ETC.,AND FINALLY SHORT-WAVE RECEPTION, TOGETH-

ER WITH STANDARD BROADCAST RECEPTION.

WITH THE INTRODUCTION OF THE ALL -WAVE RECEIVER TO THE RADIO MARKET,

A NEW INTEREST WAS CREATED IN SHORT-WAVE AND THE ARMY OF LONG-DISTANCE LI

STENERS VIA SHORT-WAVE HAS INCREASED BY THE THOUSANDS,AND WITH THE COMING

YEARS AND STILL NEWER DEVELOPMENTS, SHORT-WAVE RECEPTION WILL WITHOUT A

DOUBT BECOME TREMENDOUSLY POPULAR.

CONDITIONS BEING SUCH, YOU CAN READILY SEE THAT THE MODERN RADIO

TECHNICIAN MUST BE THOROUGHLY INFORMED OF THE TECHNICALITIES CONCERNING

SHORT-WAVE COMMUNICATION AND IT IS FOR THIS REASON THAT NATIONAL INCLUDES

SUCH COMPLETE INSTRUCTIONS IN THIS PARTICULAR FIELD. WE FEEL CERTAIN THAT

YOU APPRECIATE NATIONAL'S EFFORT IN OFFERING OUR STUDENTS THE MOST COM-

PLETE AND MODERN INSTRUCTION POSSIBLE -- SO THAT THEIR SUCCESS IN THE IN-

DUSTRY MAY BE ASSURED.

FOR THE PRESENT, WE ARE GOING TO LEAVE THE SUBJECT OF RECEIVERS FOR

A WHILE AND IN THE FOLLOWING FEW LESSONS DIRECT YOUR ATTENTION TO THE CON

STRUCTION AND DESIGN OF VARIOUS TYPES OF RADIO TESTING EQUIPMENT, SUCH AS

MULTI -RANGE VOLTMETERS,MILLIAMMETERS, ANALYZERS, TUBE CHECKERS, OHMMETERS,

ETC. You ARE GOING TO FIND THIS INFORMATION OF GREAT VALUE AND ESPECIALLY

INTERESTING.
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I. - IS IT POSSIBLE FOR SHORT-WAVE,AS WELL AS STANDARD BROAD-
CAST RECEPTION,TO BE OBTAINED WITH A RECEIVER OPERATING
UPON THE STRAIGHT T.R.F. PRINCIPLE?

2. - WHAT PROVISIONS ARE GENERALLY MADE SO THAT THE ALL -WAVE
RECEIVER IS ENABLED TO COVER VARIOUS FREQUENCY BANDS?

3. - DESCRIBE A TYPICAL BAND -SELECTOR SWITCH AS USED IN ALL -
WAVE RECEIVERS.

4. - DESCRIBE THE OPERATION OF THE RECEIVER,WHOSE CIRCUIT DIA
GRAM APPEARS IN FIG. 3 OF THIS LESSON, FOR BROADCAST RE-
CEPTION ONLY.

5. - DESCRIBE THE OPERATION OF THIS SAME RECEIVER FOR SHORT-
WAVE RECEPTION.

6. - IF THE RECEIVER OF FIG. 3 IS RECEIVING A SHORT-WAVE PRO-
GRAM FROM A TRANSMITTER OPERATING AT A FREQUENCY OF
20,000 KC.,AND THE FIRST DETECTOR CIRCUIT IS TUNED TO A
FREQUENCY OF 65o KC., THEN TO WHAT FREQUENCY WILL THE
SHCRT-WAVE OSCILLATOR OF THIS RECEIVER BE TUNED?

7. - UNDER THE SAME CONDITIONS AS OUTLINED IN QUESTION #6 OF
THIS EXAMINATION, TO WHAT FREQUENCY WILL THE BROADCAST
OSCILLATOR BE TUNED WHILE LISTENING TO THIS SHORT-WAVE
STATION WHICH IS TRANSMITTING AT 20,000 Kc.?

8. - WHAT IS AN "AUTODYNE OSCILLATOR"?

9. - DESCRIBE A MODERN ALL -WAVE RECEIVER CIRCUIT WHICH DOES
NOT OPERATE UPON THE SHORT-WAVE CONVERTER PRINCIPLE DUR-
ING SHORT-WAVE RECEPTION?

10.- IS THE ORDINARY TYPE OF ANTENNA CONSIDERED AS BEING EN-
TIRELY SATISFACTORY FOR AN ALL -WAVE RECEIVER?
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METERS AS USED IN 124010 0

WE HAVE MADE USE OF VARIOUS TYPES OF METERS AND OTHER ELECTR:CAL
TESTING EQUIPMENT SO FAR IN THE COURSE AND YOU HAVE NC DOUBT BY THIS TIME
BECOME IMPRESSED WITH THE FACT THAT TESTING INSTRUMENTS PLAY A VERY IM-

PORTANT ROLE IN MODERN RADIO PRACTICE. YOUR ONLY CONTACT WITH METERS ETC*
UP TO THIS TIME HOWEVER, HAS BEEN CHIEFLY RELATIVE TO THEIR USE RATHER
THAN WITH THEIR INTERNAL CONSTRUCTION AND OPERATING PRINCIPLES. IN THIS

LESSON, WE ARE GOING TO GO INTO GREATER DETAIL CONCERNING SUCH TESTING
APPARATUS.

No DOUBT, THE SIMPLEST WAY TO DEMONSTRATE THE FUNDAMENTAL PRINCIPLE
OF METER OPERATION IS BY MEANS OF A RATHER CRUDE GALVANOMETER,WHICH CAN

BE BUILT BY YOURSELF FOR EXPERIMENTAL PURPOSE.

THE SIMPLE GALVANOMETER

THIS HOMEMADE GALVANOMETER IS SHOWN IN FIG*2
ERAL TURNS OF SMALL SIZE WIRE ARE WRAPPED A-

ROUND A POCKET COMPASS. Now THE COMPASS NEEDLE
HAS A NATURAL TENDENCY TO POINT IN A NORTH AND
SOUTH DIRECTION,DUE TO THE EFFECT OF THEEARTkS
MAGNETIC LINES OF FORCE UPON IT. SHOULD WE CON
NECT THE WINDING OF THIS SIMPLE GALVANOMETER
IN SERIES WITH A RHEOSTAT AND A BATTERY AS
SHOWN IN FIG*2, THEN A CERTAIN AMOUNT OF BATT-
ERY CURRENT WILL FLOW THROUGH THE WINDING.

THIS FLOW OF BATTERY CURRENT THROUGH THE
WINDING WILL PRODUCE A MAGNETIC FIELD AROUND
THE COMPASS,WHICH WILL EXERT ITS INFLUENCE U-
PON THE NEEDLE IN SUCH A WAY,SO AS TO CAUSE THE
NEEDLE TO ALTER ITS POSITION. THEN BY REGULAT-
ING THE AMOUNT OF RESISTANCE IN THIS CIRCUIT,
THE CURRENT FLOW WILL RESPOND ACCORDINGLY AND
WILL THUS VARY THE AMOUNT OF OF THE MAGNET-
IZED NEEDLE. SHOULD THE BATTERY CONNECTIONS NOW

ANC IN THIS CASE,SEV.

F I G . 1

,4ccurat-e Te5i.ing !s
Essenbial in Radio.
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BE REVERSED, SO THAT THE CURRENT WILL FLOW THROUGH THE WINDING IN AN OPE
OSITE DIRECTION, THEN THE MAGNETIC LINES OF FORCE SET UP AROUND THE COIL
WILL ALSO BE REVERSED, THEREBY CAUSING THE NEEDLE TO SWING IN THE OPP-
OSITE DIRECTION.

Fla. 2
A Simple 6alvanome4en

WHEN WINDING THE COIL FOR SUCH A GALVAN...
OMETER,IT IS ADVISABLE TO WIND THE COIL PARA-
LLEL TO THE MAGNETIZED NEEDLE,WHEN THE NEEDLE
IS AT REST AND IN ITS NORMAL POSITION.IN THIS
WAY,THE MAGNETIC FIELD,PRODUCED BY THE CURRENT
FLOW THROUGH THE WINDING,WILL ACT AT RIGHT ANG-
LES TO THE EARTH'S MAGNETIC FIELD AND THUSPRO..
VIDE A BETTER POISED INSTRUMENT, THEN TOO, BY

INCREASING THE NUMBER OF TURNS ON THE WINDING,
THE ARRANGEMENT WILL BE MADE MORE SENSITIVE.

SO YOU SEE,EVEN A SIMPLE GALVANOMETER AS
THIS WILL INDICATE THE PRESENCE OF AN ELECTRIC
CURRENT AND NOT ONLY THIS,BUT IT WILL ALSO IN-
DICATE THE DIRECTION IN WHICH THE CURRENT IS

FLOWING. WITH THIS BASIC PRINCIPLE
LET US NOW CONTINUE WITH A STUDY OF METERS, SUCH AS ARE USED
RADIO AND ELECTRICAL PRACTICE.

FIG.

THE "PLUNGER -TYPE" AMMETER

IN MIND,
IN EVERYDAY

THE INTERNAL CONSTRUCTION OF A "PLUNGER...TYPE" AMMETER IS SHOWN IN
3. IN THIS CASE, AN INDICATING NEEDLE IS PIVOTED AT ITS UPPER END,

SO THAT ITS LOWER END IS FREE TO SWING ACROSS A CALIBRATED DIAL OR SCALE.
A SOFT IRON PLUNGER OR ARM IS FASTENED TO THE INDICATING NEEDLE AND
END OF THIS PLUNGER IS SURROUNDED BY A COIL OF WIRE,WHOSE DIAMETER
LARGE ENOUGH TO PERMIT THE PLUNGER TO PASS UP THROUGH THE CENTER OF
COIL WITHOUT TOUCHING IT.

ONE
IS

THE

THE INSTRUMENT IS SO BALANCED THAT THE INDICATING NEEDLE NORMALLY
RESTS OVER THE ZERO MARK OF THE SCALE. Now IF THE METER TERMINALS ARE
CONNECTED IN SERIES WITH A CIRCUIT,WHICH IS CARRYING A DIRECT CURRENT,
THEN THIS CURRENT WILL FLOW INTO ONE METER TERMINAL,THROUGH THE METER
COIL AND THENCE TO THE OTHER METER TERMINAL AND BACK
SAME CURRENT,WHILE FLOWING THROUGH THE METER
COIL,WILL CAUSE A MAGNETIC FIELD TO BUILD UP
AROUND THE COIL,WHICH WILL PULL THE IRON PLUM
GER UP INTO THE CENTER OF THE COIL. WE. CALL
THIS,"SOLENOID ACTION" AND THE METER COIL AND
IRON PLUNGER IN THIS CASE CONSTITUTE A SOLE...
NOID.

SINCE THE PLUNGER IN FIG. 3 IS NOW BEING
PULLED TOWARD THE RIGHT, IT PULLS THE PIVOTED
NEEDLE WITH IT,THUS CAUSING THE INDICATOR TO

SWING ACROSS THE SCALE. THE GREATER THE CURR-
ENT FLOW THROUGH THE METER COIL,THE GREATER
WILL SE THE DEFLECTION OF THE INDICATING NEED
LE AND SINCE THE MOVEMENT OF THE NEEDLE VAR-
IES WITH THE CURRENT FLOW, IT IS OBVIOUS THAT

TO THE CIRCUIT.THIS

Pivot _

Coi I -.
.000.°

1.1egoile weight

Termir

0 Tr
SCALE

lilMainnunno
A111110

The "Plunger Type"
Ammeter.
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BY PROPERLY CALIBRATING THE SCALE,A MEANS IS PROVIDED WHEREBY THE CURR-

ENT FLOW THROUGH THE METER COIL CAN BE MEASURED.

THE SMALL WEIGHT WHICH IS CONNECTED TO THE INDICATING NEEDLE ACTS

AS A COUNTERWEIGHT AND IN THIS WAY AIDS IN CON-

TROLLING THE ACTION OF THE PLUNGER.

THE "MAGNETIC VANE" TYPE METER

IN FIG. 4,you WILL SEE AN AMMETER OF THE

"MAGNETIC VANE TYPE'WHICH IS ALSO KNOWN AS THE
"POLARIZED VANE" TYPE. METERS AS THIS ARE QUITE
COMMC:N AN.: THEY ARE GEN:RALLY USED rCR rorTARL7.

PURPOSES,WHERE LABORATORY ACCURACY IS NOT RE-

QUIRED. THIS IS THE SAME TYPE METER,WHICH IS

MOUNTED ON THE INSTRUMENT PANEL OF MOST AUTO-

MOBILES AND IT IS AN INEXPENSIVE TYPE METER. FICA
The Magneilc Vane

THE INTERNAL CONSTRUCTION OF THEMAGNETIC
-7-;,7e 4 /77,77ei-er:

VANE TYPE AMMETER IS SHOWN IN FIG. 5. HERE A PIECE OF SOFT IRON (THE

VANE) IS MOUNTED ON A PIVOT BETWEEN THE POLES OF A HORSESHOE MAGNET,

WHICH IS A PERMANENT MAGNET. THE VANE TENDS TO REST IN A HORIZONTAL POS-

ITION OR TO STAY IN LINE WITH THE POLES OF THE PERMANENT MAGNET'S° AS TO

ACT AS A PATH FOR THE LINES OF FORCE GOING FROM THE NORTH POLE OVER TO

THE SOUTH POLE. THE NEEDLE AT THIS TIME POINTS TO ZERO ON THE SCALE.

A COIL OF HEAVY COPPER WIRE SURROUNDS THE METER NEEDLE AT A POINT

SLIGHTLY ABOVE THE VANE. THIS COIL IS QUITE LARGE IN DIAMETER SO AS NOT

TO INTERFERE WITH THE MOTION OF THE NEEDLE. THE METER TERMINALS ARE CON-

NECTED TO THE ENDS OF THIS COIL AND BY CONNECTING THESE METER TERMINALS

IN SERIES WITH A D.C. CIRCUIT, CURRENT WILL FLOW THROUGH THE METER COIL.

LET US ASSUME THAT THE DIRECTION OF CURRENT FLOW THROUGH THE MET-

ER COIL IS SUCH AS TO PRODUCE A NORTH POLE AT THE LOWER END OF THE COIL.

THIS BEING THE CASE,THE TOTAL
WILL NO LONGER BE STRAIGHT TO THE

F I G . 5

Con±rucUon of fhe Vane Type
A mrnez.Ler-.

NORTH POLE EFFECT WILL THEN BE DIVIDED AND

RIGHT OF THE VANE BUT SLIGHTLY ABOVE IT.
['HIS SLIGHT UPWARD SHIFT IN THE T.2

TAL OR EFFECTIVE NORTH POLE WILL

CAUSE THE 4/VOTEO'VANE TO TURN COUNTER

CLOCKWISE BY A DEFINITE AMOUNT BE-

CAUSE IT ALWA"S TENDS TO ALIGN IT...

SEi.F BETWEEN THE NORTH AND SOUTH

POLES. THIS CHANGE IN THE VANE1S

POSITION WILL CAUSE THE INDICATING
NEEDLE TU SWING ACROSS THE DIAL TO

WARD THE LEFTORDDISCHARGE" SIDE OF

THE SCALE. THE GREATER THE CURRENT

FLOW THROUGH THE COIL,THE GREATER

WILL BE THE EFFECT UPON THE MAGNET

IC FIELD AND THE GREATER WILL BE

THE DEFLECTION OF THE NEEDLE.

SHOULD THE CURRENT BE SENT

THROUGH THE COIL OF FIG.5 IN THE

OPPOSITE DIRECTION,THEN THE LOWER
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END OF THE COIL WILL BECOME A SOUTH POLE,THEREBY CAUSING THE TOTAL OR
EFFECTIVE SOUTH POLE TO SHIFT SLIGHTLY TOWARD THE UPPER LEFT OF THE VANE
AND THIS WILL SWING THEWANE ABOUT ITS PIVOT IN A CLOCKWISE DIR
ECT1ON, SO THAT THE METER NEEDLE WILL NOW REGISTER ON THE CHARGE SIDE

OF THE SCALE. THIS METER
IS ONLY SUITABLE FOR USE
WHEN TESTING IN A D.C.CI3
CUIT.

FIG. 6

The Moving Coil Type

METER IS REALLY NOTHING MORE

THE "MOVING -COIL"
TYPE METER

A MOVING COIL OR
DIARSONVAL TYPE D.C. VOLT
METER IS SHOWN YOU IN FIG.
6,WITH ITS COVER REMOVED,
80 THAT YOU MAY CLEARLY
SEE ITS INTERNAL WORKING
PARTS. METERS OF THE MOV-
ING COIL TYPE ARE THE MOST
ACCURATE OF ALL THOSE
SHOWN YOU SO FAR AND IT

16 THE TYPE USED IN MAKING
PRECISE MEASUREMENTS. IN

FIG. ;YOU WILL SEE THE
PRINCIPLES OFCONSTRUCTION
OF THIS TYPE OF METER.THIS

THAN A SMALL ELECTRIC MOTOR,ONLY THAT ITR

Meter:

ARMATURE IS PREVENTED FROM COMPLETING A FULL REVOLUTION.

NOTICE IN FIG. 7 THAT WE HAVE A PERMANENT MAGNET OF THE HORSESHOE
TYPE AND THAT A COIL OF WIRE
INGS SO THAT IT IS FREE TO
TURN BETWEEN THE POLE PIECES
OF THE MAGNET -THE WINDING
ASSEMBLY THUS BECOMING A
SMALL MOTOR ARMATURE. THE
LOWER ENO OF THE INDICATING
NEEDLE IS FASTENED TO THE
ARMATURE AND A LIGHT SPRING
AT EACH END OF THE ARMATURE
NORMALLY HOLDS THE ARMATURE
IN THE POSITION AT WHICH THE
NEEDLE POINTS TO ZERO ON THE
SCALE.VERY OFTEN,THESE SPRI-
NGS SERVE AS ELECTRICAL CON-
DUCTORS BETWEEN THE METER
TERMINALS AND THE METER COIL.

THE OPERATING PRINCI-
PLE OF THIS EXTENSIVELY USED
METER 1S ILLUSTRATED SOME-
WHAT CLEARER IN FIGS. 8 AND
9.

IN FIG. 8 THE INSTRU-

IS MECHANICALLY SUPPORTED IN JEWELLED BEAR..

RIG.7

Construction of EAc Moving
Coil
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MENT IS SHOWN AT REST AND AT WHICH TIME NO CURRENT IS FLOWING THROUGH ITS
WINDING. CONDITIONS BEING SUCH,THE MAGNETIC FIELD, AS ESTABLISHED BY THE
PERMANENT MAGNET,WILL FLOW HORIZONTALY FROM
WILL HOLD THE ARMATURE COIL IN THE POSI-
TION AS HERE ILLUSTRATED'S° THAT THE IN-
DICATING NEEDLE WILL POINT TO THE ZERO
MARX OF.THE SCALE.

NOW THEN, IF THE TERMINALS OF THIS
METER ARE CONNECTED TO AN ELECTRICAL CIR-
CUIT SO THAT CURRENT THEREFROM FLOWS IN
ON SIDE "B" OF TmE ARMAWRE
OUT ON SIDE "A" OF THIS SAME WINDING, WE
FIND THAT LINES OF FORCE WILL BE ESTAB-
LISHED AROUND THIS WINDING. THESE LINES
OF FORCE WILL ENCIRCLE SIDE "A" IN A COLIN

TER-CLOCKWISE DIRECTION AND SIDE "B" IN
A CLOCKWISE DIRECTION.

THESE ENCIRCLING FIELDS WILL REACT
WITH THE MAIN MAGNETIC FIELD IN SUCH A
MANNER THAT THE LINES OF FORCE OF THE EN-
CIRCLING FIELD WILL OPPOSE THOSE OF THE
MAIN FIELD AT THE REGION BELOW SIDE "B" The Meter a eesL
OF THE ARMATURE,RESULTING IN A WEAKENING
OrTHE COMBINED FIELD AT THIS POINT. AT THE SAME TIME, WE FIND THAT AT
THE UPPER SIDE OF "B",THE ENCIRCLING LINES OF FORCE ACT IN THE SAME DI-
RECTION WITH THOSE OF THE MAIN FIELD AND THEREFORE CAUSE A STRENGTHENING
OF THE COMBINED FIELD AT THIS POINT. THIS IS ILLUSTRATED IN FIG. 9.

LEFT TO RIGHT AND THESPRINGS

Permanent magma-)

FIG.8

IN LIKE MANNER,THE COMBINED FIELD AT THE UPPER. REGION OF SIDE "A"
IS WEAKENED WHILE THE LOWER REGION OF SIDE "A" IS STRENGTHENED. THERE IS
A NATURAL TENDENCY FOR THE WINDING TO BE FORCED FROM THE STRONGER REGIONS
OF THE MAGNETIC FIELD INTO THE WEAKER REGIONS AND FCR THIS REASON, THE
ARMATURE ROTATES ABOUT ITS AXIS IN A CLOCKWISE DIRECTION AS SHOWN IN FIG.

FIG.q

Full- scale DeFecion.

9.

THIS MOTION OF THE METER COIL WILL
CAUSE THE INDICATING NEEDLE TO SWING ACROSS
THE SCALE TOWARDS THE RIGHT AND THISNEEDLE
DEFLECTICN WILL BE PROPORTIONAL TO THE A-
MOUNT OF MOVEMENT OF THE COIL,WHICH IN

TURN DEPENDS UPON THE QUANTITY OF CURRENT
FLOWING THROUGH IT OR TO THE VOLTAGE IM-

PRESSED ACROSS IT. THE INSTANT THAT CURRENT
FLOW THROUGH THE COIL IS INTERRUPTED, THE
SRINGS WILL RESTORE THE NEEDLE TO ITS ZERO
READING. THIS TYPE OF METER IS ONLY SUIT*
ABLE FOR USE ON D.C. CIRCUITS.

THE MOVING COILITOGETHER WITH ITS

SPRINGS AND INDICATING NEEDLE,ARE SHOWNYOU
IN FIG. 10* IN THIS SAME ILLUSTRATION YOU
ARE SHOWN ANOTHER POINT OF INTEREST,NAMELY
THE USE OF A SOFT IRON CORE WHICH IS CEN-
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TRALLY LOCATED BETWEEN THE POLE PIECES OF THE PERMANENT MAGNET AND A-

ROUND WHICH THE MOVING COIL OSCILLATES.

THE OBJECT FOR USING THIS IRON CORE IS TO PROVIDE AN EASY PATH FOR
THE PERMANENT MAGNET'S LINES OF FORCE BETWEEN THE POLE PIECES AND WHICH
AT THE SAME TIME AIDS TO PREVENT LOSS OF MAGNETISM.

WITH THE CORE CENTRALLY LOCATED AS PICTURED AT THE LOWER LEFT OF

FIG. Ms ONLY A SMALL AIR GAP IS ALLOWED BETWEEN THE CORE AND THE POLE

PIECES AND THROUGH WHICH THE COIL IS FREE TO MOVE WITHOUT TOUCHING EI-

THER THE CORE OR THE POLE PIECES.

THE DIFFERENCE BETWEEN A VOLTMETER AND AN AMMETER

NO DOUBTiYOU ARE NOW BEGINNING TO WONDER AS TO WHAT THE DIFFERENCE
REALLY IS BETWEEN A VOLTMETER AND AN AMMETER. THE OPERATING PRINCIPLES

OF BOTH THESE INSTRUMENTS ARE FUNDAMENTALLY THE SAME AND IF YOU ARE FAM
ILIAR WITH THE OPER-

ATION OF ONE,YOU ARE

ALSO FAMILIAR WITH

THE OPERATION OF THE

OTHER. THE MAIN DIFF..
ZRENCE BETWEEN A VOLT
METER AND AN AMMETER
IS THAT THE WINDING
WITHIN THE AMMETER IS
OF LOW RESISTANCE.
THAT IS,THE WIRE USED
-OR THIS PURPOSE IS

LARGE IN SIZE AND CON
SISTS OF BUT A FEW

TURNS,THEREBY PERMITT
ING THE PASSAGE OF

OONSICERABLE CURRENT.
IN THIS WAY, THE AMM-

ETER OFFERS COMPARAT-

IVELY LOW RESISTANCE TO THE CIRCUIT WITH WHICH IT IS CONNECTED IN SERIES

WHILE TAKING A READING.

I G. 10

Consiruci-ional DeLails of The Roving Col/.

THE VOLTMETER, ON THE OTHER HAND, HAS A HIGH INTERNAL RESISTANCE
BECAUSE ITS WINDING IS MADE UP OF A GREAT MANY TURNS OF VERY SMALL WIRE.
THIS BEING THE CASE, IT IS OBVIOUS THAT WHEN A VOLTVETER IS CONNECTED

ACROSS A CIRCUIT FOR MEASURING PURPOSES,IT DRAWS BUT VERY LITTLE CURRENT
FROM THE CIRCUIT, IN ORDER TO ACTUATE THE NEEDLE. IN FACT,THE HIGHER THE

INTERNAL RESISTANCE OF THE VOLTMETER,THE GREATER WILL BE ITS DEGREE OF

ACCURRACY AND HIGH GRADE D.C. VOLTMETERS FOR RADIO PURPOSES GENERALLY

HAVE AN INTERNAL RESISTANCE OF ABOUT 1000 OHMS PER VOLT,WHICH MEANS THAT
A METER WITH A 250 VOLT SCALE HAS AN INTERNAL RESISTANCE OF 250,000 OHMS.

THE OTHER BIG DIFFERENCE BETWEEN A VOLTMETER AND AN AMMETER IS OF

COURSE THE FACT THAT THE SCALE OF THE VOLTMETER HAS BEEN CALIBRATED TO

READ VOLTAGE,WHILE THE SCALE OF THE AMMETER HAS BEEN CALIBRATED TO READ

THE AMPERAGE.

IT IS NOW THE PRACTICE TO CONSTRUCT THE MOVEMENT OF HIGH GRADE D.C.
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VOLTMETERS EXACTLY THE SAME AS USED IN MILL1AMMETERSTHAT IS, TP: MOVING
COIL IN BOTH CASES ACTUALLY CONTAINS ONLY A FEW OHMS OF. RESISTANCE AND

IS SO SENSITIVE THAT A CURRENT FLOW OF ONE MILLIAMPERE OR LESS FLOWING

THROUGH IT IS SUFFICIENT TO CAUSE THE INDICATING NEEDLE TC SWING ACROSS

THE ENTIRE SCALE. THEN TO USE THIS INSTRUMENT
AS A VOLTMETER, IT IS ONLY NECESSARY TO ADD

SUFFICIENT RESISTANCE IN SERIES WITH THE my
INC COIL SO THAT ONLY A SMALL CURRENT WILL
FLOW THROUGH THE COIL EVEN WHEN THE METER
TERMINALS ARE CONNECTED ACROSS A SOURCE OF

HIGH VOLTAGE. SUCH RESISTANCE UNITS ARE MOUNT
ED INSIDE OF THE WI -ER CASE.

IN LIKE MANNER,MANY AMMETERS ARE IN

REALLITY MILLIAMMETEREICALIBRATFO IN "AMPERES"
BUT THE MOVING COIL RECEIVES ONLY A SMALL
FRACTION OF THE CURRENT BEING MEASURED. THIS
IS ACCOMPLISHED THROUGH BYPASSING A DEFINITE
PORTION OF THE TOTAL CURRENT AROUND THE MOV-
ING COIL THROUGH A SHUNT.

SCALE

r -

Hot wire

I 3. 11.
Princi/Die or the Not -wire

Ammeter:

ALL OF THESE DETAILS WILL APPEAR CLEARER TO YOU AS YOU CONTINUE

WITH THIS LESSON. HOWEVER, BEFORE GOING INTO THIS WORK LET US FIRST STUDY
THE HOT-WIRE TYPE METERS.

THE "HOT-WIRE" METER

WHEN DEALING WITH ALTERNATING CURRENTS, WHOSE FREQUENCY IS VERY HIGH,
SUCH AS THE ELECTRICALOSCILLATIONS OCCURRING AT RADIO FREQUENCIES,THENWE
MUST DEPART FROM THE MAGNETIC PRINCIPLES IN METER CONSTRUCTION. THAT IS,
FOR TAKING MEASUREMENTS IN HIGH FREQUENCY CIRCUITS, IT IS BETTER TO USE

SOME METER OPERATING PRINCIPLE WHICH DOES NOT DEPEND UPON MAGNETIC ACTION
TO ACTUATE THE NEEDLE. MOST METERS FOR HIGH FREQUENCY USE THEREFORE DE-

PEND UPON THE HEATING EFFECT OF AN ELECTRIC CURRENT FLOWING THROUGH A

CONDUCTOR AND WE GENERALLY CLASSIFY METERS AS THIS AS BEING OF THE"THERMO"

TYPE.

IN FIG. II YOU ARE

The A. C.

SHOWN THE BASIC CONSTRUCTIONAL FEATURES OF AN

AMMETER,WHICH CAN BE USED FOR TAKING MEASURE-

MENTS IN CIRCUITS OPERATING AT RADIO FREQUEN-

CIES. THE METER HERE SHOWN CAN ALSO BE CLASSI-

FIED AS A "HOT WIRE" AMMETER. IN THIS CASE, A

SPECIAL WIRE, WHICH IS MADE OF NON -OXIDIZABLE
METAL,HAVING A LOW TEMPERATURE COEFFICIENT, IS

CONNECTED ACROSS THE TWO METER TERMINALS INSIDE
OF THE METER BODY. THE TENSION OF THIS HEATING

WIRE AND THE TENSION OF THE SPRING ARE SO BAL-

ANCED WITH EACHOTHER THAT THE METER NEEDLE NOR-
MALLY LINES UP WITI-( THE ZERO MARK ON THE SCALE*

Now IF THE TERMINALS OF THIS AMMETER ARE
PROPERLY CONNECTED INTO A CIRCUIT CARRYING HIGH
FREQUENCY CURRENTS,THE HEATING WIRE WILL BE CON
NECTED IN SERIES WITH THIS CIRCUIT'S° THAT ALL

OF THESE HIGH FREQUENCY CURRENTS MUST FLOW THRU
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CURRENTS
IS BEING

IT. IT IS A WELL KNOWN FACT THAT CURRENT FLOW THROUGH A CONDUCTOR PRODU-
CES HEAT AND THIS HEATING EFFECT IS PROPORTIONAL TO THE SQUARE OF THE

CURRENT AND TO THE RESISTANCE OFFERED BY THE CONDUCTOR.

THE HEAT PRODUCED BY THE FLOW OF THE HIGH FREQUENCY CURRENTS THRU

THE HEATING WIRE,CAUSES THE WIRE TO EXPAND OR BECOME LONGER AND IN DOING
SO, ADDITIONAL SLACK IS INTRODUCED INTO IT AND THIS WILL PERMIT THE
SPRING TO PULL THE INDICATING NEEDLE TOWARD THE RIGHT,THUS INDICATING

THIS CURRENT FLOW ON A PROPERLY CALIBRATED SCALE. THIS DEFLECTION OF THE
NEEDLE WILL INCREASE WITH AN INCREASE IN CURRENT FLOW,DUE TO THE ADDIT-

IONAL SLACK, WHICH IS INTRODUCED INTO THE HEATING WIRE.

MOVABLE -IRON A.C. METERS

FOR TAKING MEASUREMENTS IN RADIO CIRCUITS THROUGH WHICH ALTERNATING
OF A 50 OR 60 CYCLE FREQUENCY FLOW,THE MOVABLE -IRON TYPE METER

MOST USED. THE INTERNAL CONSTRUCTION OF SUCH A METER IS ILLUS-

TRATED IN FIG. 12.

FIG. 13

Mil/,ammeter Qeading'F,ill-scaiefi,

WHICH REMAINS STATIONARY.

AS YOU WILL OBSERVE, A COIL OF
INSULATED WIRE IS LOCATED WITHIN THE
HOUSING OF THIS INSTRUMENT AND THE

ENDS OF THIS COIL ARE CONNECTED TO

THE TERMINALS OF THE METER.

THE INDICATING NEEDLE IS FAST-
ENED TO A SHAFT OR AXIS WHICH IS SUE
PORTED IN SAPHIRE JEWEL BEARINGS. A

SMALL CURVED PIECE OF IRON,(THE ARM-

ATURE) IS ALSO FASTENED TO THECENTER
SHAFT THROUGH AN ARM AND THIS ARMA-

TURE RESTS DIRECTLY IN FRONT OF AN-

OTHER SIMILARLY SHAPED PIECE OF IRON
WHICH IS ATTACHED TO THE COIL AND

UPON PASSING CURRENT THROUGH THE COIL,THE TWO PIECES OF IRON BECOME
MAGNETIZED, BUT SINCE BOTH PIECES OF IRON ARE LOCATED ON THE SAME SIDE

OF THE COIL, THEY WILL HAVE THE SAME POLARITY. THIS MEANS THAT THEREWILL
BE A REPELLING FORCE BETWEEN THEM BECAUSE LIKE MAGNETIC POLES REPEL.

THE COIL AND ITS IRON MEMBER ARE FIXED AND THEREFORE THE ARMATURE
WILL BE REPELLED AND THEREBY CAUSE THE INDICATING NEEDLE TO ROTATE cLogli

WISE ON ITS AX IS AND THUS SWING THE INDICATINGNEEDLE TOWARDS THE RIGHT ACFt0813
ITS SCALE. As SOON AS THE CURRENT FLOW STOPS, A SPRING RETURNS THE MOVE-
MENT TO ITS NORMAL POSITION SO THAT THE NEEDLE COINCIDES WITH THE ZERO

MARK OF THE SCALE.

IT REQUIRES BUT LITTLE CURRENT TO OPERATE THIS MECHANISM AND FOR

MEASURING HIGHER VOLTAGES IT IS THE PRACTICE TO INCLUDE A RESISTOR IN

SERIES WITH THE METER WINDING IN ORDER TO LIMIT THE CURRENT FLOW.

A SMALL AND VERY LIGHT VANE IS ALSO ATTACHED TO THE MOVING PART OF
THE INSTRUMENT. THIS VANE MOVES BACK AND FORTH IN A SEALED AIR CHAMBER

WHENEVER THE INDICATOR MOVES AND IN THIS WAY OFFERS A CERTAIN AMOUNT OF
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RESISTANCE OR DAMPING EFFECT TOWARDS THE MOVEMENT. THIS PERMITS THE NEE2
LE TO COME TO A STATIONARY POSITION IMMEDIATELY AFTER ITS INITIAL DEFLU
TION.

THIS MOVING -IRON PRINCIPLE CAN BE APPLIED TO EITHER AN AMMETER OR

VOLTMETER. OF THE A.C. TYPE.

STILL OTHER TYPES OF METERS ARE AVAILABLE TO THE ELECTRICAL INDUST
RY BUT THOSE SHOWN YOU WILL FAMILIARIZE YOU WITH THE OPERATING PRINCIPLES
OF THE MOST POPULAR TYPES OF METERS,SUCH AS YOU ARE CALLED UPON TO USE IN
YOUR RADIO WORK. THE NEXT STEP THEN, \WILL BE TO SHOW YOU THE MANY DIFF-
ERENT WAYS IN WHICH YOU CAN USE METERS. OF COURSE,YOU HAVE BEEN SHOWN

TIME AFTER TIME HOW TO CONNECT AMMETERS
IN SERIES WITH THE CIRCUIT UNDER TEST
AND VOLTMETERS ACROSS THE CIRCUIT UN-

DER TEST. WE ARE THEREFORE TAKING IT

FOR GRANTED THAT YOU HAVE A PERFECT UN-
DERSTANDING OF THIS SUBJECT AND FOR
THIS REASON WILL NOT SPEND THE PRESENT
TIME IN REVIEWING PREVIOUS SUBJECT MAT-
TER. IF, HOWEVER, YOU HAVE FORGOTTEN
SOME OF THESE IMPORTANT POINTS, IT IS

MOST ADVISABLE THAT YOU GLANCE OVER THE
EARLIER LESSONS REGARDING METER CONNEC-
TIONS, BEFORE CONTINUING WITH THE STUDY
TO FOLLOW.

CONDITIONS FREQUENTLY ARISE WHERE
THE RADIO EXPERT FINDS IT NECESSARY TO

CHANGE THE SCALE OF HIS VOLTMETERS AND

Needle indicates
1mla. lo ma.

9 ma.
pass Ehru
Shun,

ResIstarize pf circuii.)

VOAAAAAA

Curren
4:_kru circu;t

10 ma.

R Cell

Fl . 14
Measuririg 10 Ma. With a Meter

of only 1 *la. eange.

AMMETERS, THEREBY MAKING THEM SUITABLE FOR TESTS ON VARIOUS DIFFERENTCIB
CUITS. BY PROPERLY ARRANGING THINGS, IT IS POSSIBLE TO USE A SINGLE METER

AS A UNIVERSAL METER, THEREBY DOING AWAY WITH THE NEED FOR A WHOLE STRING

OF EXPENSIVE METERS.

THE USE OF AMMETER SHUNTS

IN FIG. 13,FOR EXAMPLE, WEHAVE AMILLIAMMETER, WITH A FULLSCALE REA2

ING OF I M1LLIAMPERE,CONNECTED IN A CIRCUIT IN WHICH JUST EXACTLY !MILL:.

!AMPERE IS FLOWING. UNDER THESE CONDITIONS,IT IS OBVIOUS THAT I MILLIAM-

PERE WILL FLOW THROUGH THE METER WINDING BECAUSE IT IS CONNECTED IN SER-

IES WITH THE CIRCUIT AND SINCE THE METER HAS ORIGINALLY BEEN CALIBRATED

BY THE MANUFACTURER TO READ I MILLIAMPERE WHEN I MILLIAMPERE IS FLOWING

THROUGH ITS COIL1WE WILL FIND THE METER READING FULL SCALE AT THIS TIME.

THAT IS, THE NEEDLE IS AT ITS MAXIMUM POSITION,READING I MILLIAMPERE.

SHOULD WE WISH TO USE THIS SAME METER TO MEASURE THE CURRENT FLOW

THROUGH A CIRCUIT,WHICH WE KNOW BEFORE -HAND AS CARRYING MORE THAN I MIL1

IAMPERE,THEN WE MUST USE A SHUNT WITH THE METER. IN FIG, 14,FOR EXAMPLE

WE HAVE A CIRCUIT,THROUGH WHICH 10 MA. ARE FLOWING, AND IF WE SHOULD SIB
PLY CONNECT THE ORIGINAL METER IN SERIES WI -H THIS CIRCUIT,THE METER

WOULD BE INJURED BECAUSE ITS MAXIMUM RANGE 18 ONLY ONE. -TENTH OF THAT RE-

QUIRED FOR THIS CIRCUIT.

IT IS, HOWEVER, POSSIBLE TO USE THIS SAME METER IN THE CIRCUIT OF
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FIG. 14,PROVIDED THAT WE ONLY PERMIT
I MILLIAMPERE TO FLOW THROUGH THE

METER COIL AND BY...PAS:-, THE BALANCE AROUND THE METER BY MEANS OF A SUIT-
ABLE SHUNT. IF 10 MA. ARE FLOWING THROUGH THE CIRCUIT OF FIG. 14 AND WE
ARE ONLY ALLOWED TO PASS ONE MA. THROUGH THE METER COIL,THEN IT IS APPAR
ENT THAT 9 MA. MUST BE PASSED BY THE METER SHUNT. THE QUESTION NOW ARISES
AS TO THE RESISTANCE VALUE OF THE SHUNT,WHICH SHOULD BE USED IN THIS CASE.

LET US ASSUME THAT THIS METER HAS AN INTERNAL RESISTANCE OF27OHMS
SINCE THE SAME POTENTIAL EXISTS ACROSS THE METER AND SHUNT AND THE SHUNT
HAS TO CARRY 9 TIMES AS MUCH CURRENT AS THE METER,THEN IT IS PERFECTLY
LOGICAL THAT THE RESISTANCE VALUE OF THE SHUNT MUST BE JUST 1/9 OF THE
METER'S INTERNAL RESISTANCE OR 3 OHMS (1/9 X 27 OHMS =:-.3 ()HMO.

BY CONNECTING A SHUNT OF THIS SIZE ACROSS THE METER TERMINALS, THE
RANGE OF THE METER HAS BEEN INCREASED TO 10 TIMES ITS FORMER VALUE AND
THE NEEDLE WILL REGISTER

I MILLIAMPERE WHEN THERE ARE ACTUALLY 10 MILL-
IAMPERES FLOWING THROUGH THE CIRCUIT. THIS MEANS THAT ALL THAT IS NEC-
ESSARY IS TO MULTIPLY THE METER READING BY 10, IN ORDER TO DETERMINE THE

CORRECT VALUE. THAT IS, IF THE METER NOW READS
.5 MILLIAMPERES,THERE ARE ACTUALLY 5 MILLIAM-
PERES FLOWING, A READING OF25 MA. WOULD NOW
BE INTERPRETED AS 2.5 MA. ETC.

Ft G. 15

Making .1-7e. Shunt.

FOR THE SHUNT,YOU MAY USE ANY KIND OF
WIRE,WHOSE RESISTANCE PER UNIT LENGTH IS KNOWN
AND WHICH WILL CARRY THE REQUIRED CURRENT WITH
OUT HEATING SUFFICIENTLY TO MATERIALLY INCREASE
ITS RESISTANCE. MANGANIN AND GERMAN SILVER ARE
FREQUENTLY USED FOR THIS PURPOSE AND IT IS AD-
VISABLE TO WIND THE WIRE SHUNT ON A PORCELAIN
TUBE OR SOME OTHER SUITABLE SUBSTANCE.

THE EXPLANATION,AS JUST GIVEN,WILLENABLE
YOU TO CLEARLY SEE JUST EXACTLY HOW A SHUNT

WORKS WITH THE METER,IN ORDER TO BRING ABOUT THE REQUIRED RESULTS BUT IN
PRACTICE IT IS NOT EVEN NECESSARY TO DO ANY CALCULATING,IN ORDER TO
CHANGE THE SCALE OF SUCH A MILLIAMMETER OR EVEN AN AMMETER FOR THAT MAT-
TER.

DETERMINING THE SIZE OF SHUNT IN PRACTICE

THE EASIEST WAY TO CHANGE THE SCALE OF AN AMMETER OR MILLIAMMETER BY
PlEANS OF SHUNTS IS TO USE THE "CUT AND TRY" METHOD. TO CHANGE THE RANGE
OF A MILLIAMMETER FROM

1 MA. TO 10 MA. BY THIS METHOD,YOU WOULD CONNECT
THE METER IN SERIES WITH A CELL AND HIGH RESISTANCE RHEOSTAT AS SHOWN IN
FIG. 15 AND THEN ADJUST THE RHEOSTAT SO THAT THE ORIGINAL METER READS
FULL SCALE OR 1 MILLIAMPERE. THIS DONE, CONNECT A PIECE OF SHUNT WIRE A-
CROSS THE METER TERMINALS AND ADJUST ITS LENGTH UNTIL THE METER READING
IS REDUCED TO 01MA. THIS THENIS THESIZE SHUNT REQU I RED TO INCREASE THE RANGE
OF THE METER TO TEN TIMES ITS ORIGINAL VALUE. To DOUBLE THE RANGE, ADD
ENOUGH SHUNT WIRE TO MAKE THE METER READ HALF OF THE FULL SCALE AND MUL-
TIPLY THE READINGS BY TWO ETC.

YOU CAN TAKE ANY SIZE AMMETER YOU CHOOSE ANC BY THIS MEANS INCREASE
ITS RANGE TO ANY REASONABLE EXTENT. THE METER,WHICH WE HAVE USED AS THE
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EXAMPLE IN OUR DISCUSSION,CAN HAVE ITS RANGE INCREASED EVEN TO 100 AND

500 MILLIAMPERES,SIMPLY BY REDUCING THE RESISTANCE OF THE SHUNT TO THE

PROPER VALUE. WHEN USING THE 100 MILLIAMPERE SCALE,THE READINGS WILL HAVE

TO BE MULTIPLIED BY 100 AND WHEN USING THE 500 MILLIAMPERE SCALE,THE READ

INGS WILL HAVE TO BE MULTIPLIED BY 500.

BUILatNG A MILLIAMMETER WITH 4 RANGES

THE EASIEST WAY TO DETERMINE THE SHUNT
FOR THE HIGHER SCALES IS BY MEANS OF THE 8Y1

TEM ILLUSTRATED IN FIG. 16. FOR EXAMPLE, TO

PROVIDE A 10-100 AND 500 MILLIAMPERE SCALE ON

THE AMMETER,WHOSE MAXIMUM RANGE IS 1 MILLIA.M

PERE,YOU WOULD FIRST DETERMINE THE SIZESHUNT
TO USE FOR THE 10 MILLIAMPERE SCALE AS AL-

READY DESCRIBED. THIS SAME SHUNT FOR THE 10

MILLIAMPERE SCALE CAN ALSO BE USED FOR THE

100 AND 500 MILLIAMPERE SCALES BY TAKING OFF
TAPS AT THE PROPER POINTS.

TO DETERMINE THE LOCATION OF THESE TAPS,

CONNECT THE SHUNT FOR THE 10 MILLIAMPERE SCALE /1

CROSS THE 0 TO I
MA. METER, AS SHOWN IN F IG16. THEN PROV DE YOURS ELFW I TH A M I LL

I AMMETER, WH ICH IS ALREADY CALIBRATED TO TAKE READINGS UP T0500 MILLIAMPERES,

AND USE TH I S AS YOUR "STANDARD METER." TO LOCATE THE 500 MILLIAMPERE TAP ON THE

10 MA. SHUNT, CONNECT THE STANDARD METER IN SERIES WITH A CELL AND RHEOSTAT,

WITH CONTACT POINT "A" TOUCHING THE (+) SIDE OF THE STANDARD METER.

Fi G.16

CalibreL'ng fhe 171gher-
Alilliaer,rp,ei-er scales.

Now ADJUST THE RHEOSTAT UNTIL THE STANDARD METER READS JUST EXACTLY

500 MILLIAMPERES. THEN GRADUALLY MOVE CONTACT "A" TOWARDS THE RIGHT A-

LONG THE 10 MA. SHUNT UNTIL YOU LOCATE THE POINT AT WHICH THE METER TO

BE CALIBRATED READS EXACTLY FULL SCALE OR I
MILLIAMPERE. THE TAP ON THE

SHUNT FOR THE 500 MILLIAMPERE SCALE IS TO BE MADE AT THE POINT NOW OCCUP

IED BY CONTACT "A".

WITH THE TAP MADE AT THIS POINT,PUT CONTACT "A" BACK ON THE (4)TERM

INAL OF YOUR STANDARD METER AND ADJUST THE RHEOSTAT UNTIL THE STANDARD

METER READS 100 MILLIAMPERES. AGAIN MOVE YOUR CONTACT POINT ALONG THE

MA. SHUNT TOWARDS THE RIGHT UNTIL THE METER TO BE CALIBRATED READS

EXACTLY FULL SCALE.
WHERE

YOUR CONTACT POINT WILL NOW BE AT "B" AND THIS

THE TAP MUST BE MADE SO THAT YOUR METER WILL READ PROPERLY UP

TO IOC MILLIAMPERES. THE FINISHED METER

ITS CONNECTIONS FOR THE DIFFERENT SCALES

MADE IS SHOWN IN FIG. 17.

MtIliammeter
With 0 to 1
Pla scale

FIG. 17

A Milliammeier
Four ,Ranges.

10

JUST
IS

TO

WITH
THUS

BY USING THE (..) AND 1
MA. TERMINALS OF

THE METER IN FIG. 17, THE METER WILL READ ON

ITS OWN SCALE UP TO A MAXIMUM OF I MA. BY US-

ING THE (-) AND 10 MA. TERMINAL,THE READINGS

MUST BE MULTIPLIED BY 10 AND THE MAXIMUM REA2

ING IN THIS CASE WILL BE' 10 MA. THE 100 MA.

SCALE IS USED WHEN THE METER CONNECTIONS ARE

MADE AT THE AND 100 MA. TERMINALS AND

THE READINGS WILL HAVE TO BE MULTIPLIED BY

100 ETC. THIS METER CAN BE MOUNTED ON A SMALL

PANEL AND A BOX,WITH THE VARIOUS TERMINALS AND

THUS BE MADE TO SERVE VARIOUS PURPOSES.
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THE USE OF MULTIPLIERS

THE RANGE OF VOLTMETERS CAN ALSO BE INCREASED AND FOR THIS WE USE
MULTIPLIERS. WHILE THE AMMETER SHUNT BY-PASSED THE BULK OF THE CURRENT SO
AS TO PREVENT IT FROM FLOWING THROUGH THE METER,THE MULTIPLIER, ON THE
OTHER HAND, SERVES AS AN ADDITIONAL RESISTANCE IN SERIES WITH THE CIRCUIT
SO AS TO PREVENT TOO MUCH CURRENT FROM FLOWING THROUGH ITS WINDING.

IN Fm. 18, FOR EXAMPLE, WE HAVE DOUBLED THE RANGE OF A VOLTMETER,
SO THAT THIS 0 TO 250 VOLT METER CAN READ VOLTAGES UP TO 500 VOLTS. To
DOUBLE THE RANGE OF A VOLTMETER,WE MUST USE A MULTIPLIER, WHOSE RESISTANCE
IS THE SAME AS THAT OF THE RESISTANCE WITHIN THE METER. THAT IS, IF THE
METER IS RATED AS HAVING AN INTERNAL RESISTANCE OF 1000 OHMS PER VOLT,
THEN IF ITS MAXIMUM RANGE IS 250 VOLTS, ITS INTERNAL RESISTANCE WILL BE

250,000 OHMS.

PIG. la
Using a 4/4//6-ipiier-.

By DOUBLING THE RANGE OF
THE VOLTMETER IN THIS WAY, THE
NEEDLE WILL JUST READ EXACTLY
ONE-HALF THE ACTUAL OR TRUE
VALUE. To PUT IT ANOTHER WAY -
WHEN USING THE 250,000 OHM mul
TIPLIER IN THIS CASE,WE MUST
MULTIPLY THE INDICATED READING
BY 2, IN ORDER TO DETERMINETHE
ACTUAL OR TRUE VALUE.

SHOULD WE CARE TO IN-
CPEAsE THE RANGE OF THE VOLT-
METER IN FIG. 18 UP TO 750
VOLTS,THEN WE MUST USE A MULT-
IPLIER HAVING A RESISTANCE OF
500,000 OHMS AND TO INCREASE

THE RANGE OF THIS SAME METER UP TO 1000 VOLTS,THE MULTIPLIER TO BE USED
MUST HAVE A RESISTANCE OF 750,000 OHMS. THESE MULTIPLIER VALUES ARE FOUND
IN THE FOLLOWING WAY: To DOUBLE THE RANGE OF A VOLTMETER,THE METER RESIA
TANCE MUST BE DOUBLED. THAT IS, IF THE METER HAS AN INTERNAL RESISTANCE OF
250,000 OHMS, THIS MUST BE INCREASED TO 500,000 OHMS BUT SINCE 250,0000HMS
IS ALREADY PROVIDED INSIDE OF THE METER,AN ADDITIONAL RESISTANCE OF ONLY
250,000 OHMS MUST BE ADDED IN THE FORM OF A MULTIPLIER,SO AS TO BRING THE
TOTAL METER RESISTANCE UP TO 500,000 OHMS.

To TRIPLE THE RANGE OF A VOLTMETER,THE METER RESISTANCE MUST ALSO
BE TRIPLED. MEANING THAT IF THE INTERNAL RESISTANCE OF THE METER IS
250,000 OHMS. THIS MUST BE INCREASED TO 3 TIMES THIS AMOUNT OR TO 750,000
OHMS. SINCE 250,000 OHMS OF THIS AMOUNT IS ALREADY INCLUDED WITHIN THE
METER, THE MULTIPLIER MUST HAVE A RESISTANCE OF ONLY 750,000 OHMS MINUS
250,000 OR 500,000 OHMS. THE METER CAN NOW BE USED UP TO 750 VOLTS BUT
THE READINGS INDICATED BY THE NEEDLE AT THIS TIME MUST ALL BE MULTIPLIED
BY 3, IN ORDER TO DETERMNNE THE TRUE VALUE.

YOU CAN FIGURE OUT ALL KINDS OF MULTIPLIER VALUES IN THIS WAY.
MOST VOLT METERS HAVE THEIR "OHMS PER VOLTA RATING PRINTED ON THEIR DIAL
OR ELSE THIS RATING IS SUPPLIED WITH THE LITERATURE FURNISHED BY THE MAN-
UFACTURER AT THE TIME THE METER IS BOUGHT.
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"LAYING -OUT" A 3 RANGE VOLTMETER

GENERALLY, IT IS CONVENIENT TO MOUNT A VOLTMETER INA BOX,HAVING ITS

FACE FLUSH WITH A NEAT PANEL. VARIOUS MULTIPLIERS CAN BE CONNECTED UP

INS ICE THE BOX AND THEN ATTACHED TO DIFFERENT TERMINALS ON THE METER

BOX. IN THIS WAY, A SINGLE -SCALE VOLT METER CAN BE TRANSFORMED INTO ONE

HAVING TWO, THREE OR FOUR RANGES ETC FIG IS SHOWS YOU HOW THIS CAN BE

DONE

IN FIG. 19, WE HAVE A VOLTMETER, WHOSE MAXIMUM RANGE IS 50 VOLTS BUT
WE HAVE MOUNTED IT IN A BOX AND INCREASED ITS RANGE UP TO 250 AND 500
VOLTS THROUGH THE USE OF MULTIPLIERS,THUS CONVERTING IT INTO A THREE -RANGE
INSTRUMENT* TO DO THIS, WE MOUNT FOUR TERMINALS IN A ROW ALONG THE PANEL,

MARKING THEM AS WI (500), (250) AND (50)*

THEN INSIDE OF THE BOX, WE CONNECT ONE
(...) TERMINAL DIRECTLY TO THE TERMINAL
OF THE METER BY MEANS OF A PIECE OF INSUL-
ATED COPPER WIRE* THE "50" TERMINAL IS CON-
NECTED DIRECTLY TO THE (4) TERMINAL OF THE
METER INSIDE THE BOX AND BY USING THE (-)
AND "50" TERMINALS FOR OUR CIRCUIT TESTS,
WE WILL BE USING THE METER IN ITS ORIGINAL
FORM. THAT IS, ITS RANGE WILL NOW BE 50

VOLTS AND WE READ THE SCALE JUST AS IT IS.

THE 250 VOLT RANGE IS PROVIDED BY COIF
NECTING THE RESISTOR (MULTIPLIER) R2, IN SO
IES WITH THE "250" TERMINAL AND THE ft) ME
TER TERMINAL AND THE 500 VOLT RANGE IS PRO-
VIDED BY CONNECTING THE MULTIPLIER R1 IN SERIES WITH THE "500" TERMINAL

AND THE (+) METER TERMINAL. THE VALUES FOR THESE MULTIPLIERS ARE CALCULAI
ED IN EXACTLY THE SAME WAY AS ALREADY DESCRIBED. YOU NOW HAVE A NEAT MUL-
TI -RANGE VOLTMETER,WITH ALL WIRING, MULTIPLIERS ETC. CONCEALED WITHIN THE
BOX.

FIG.19

A MuW-ran9e Volimeter

To USE THE 250 VOLT SCALE IN FIG. IS, THE INDICATED READINGS WILL

HAVE TO BE MULTIPLIED BY 5 AND WHEN THE 500 VOLT RANGE IS USED,THEY WILL

HAVE TO BE MULTIPLIED BY 10, IN ORDER TO DETERMINE THE TRUE VALUE.

CONVERTING A MI LL I AMMETER TO A VOLTMETER

ANOTHER FAVORITE TRICK OF THE RADIO INDUSTRY IS TO CONVERT A MILLI -

AMMETER INTO A VOLTMETER, SO THAT IT CAN BE USED FOR 30TH PURPOSES.THIS
IS ALSO DONE QUITE EASILY AND WE ACCOMPLISH THIS BY CONNECTING A RESIST-

OR IN SERIES WITH THE MILLIAMMETER.

I

THE VALUE FOR THIS SERIES RESISTOR IS DETERMINED IN THE FOLLOWING
WAY: DIVIDE THE NUMBER REPRESENTING THE DESIRED VOLTAGE RANGE BY THE

CURRENT RATING OF THE METER EXPRESSED IN AMPERES AND THE RESULT WILL BE

THE OHM -RATING OF THE SERIES RESISTOR REQUIRED FOR THIS VOLTAGE RANGE.FOR
EXAMPLE, LET US SUPPOSE THAT YOU HAVE A MILLIAMMETER WITH A SCALE READING
OF 0 TO I MILLIAMPERES. IN ORDER TO CONVERT THIS INSTRUMENT INTO A VOLT-
METER, HAVING A RANGE OF 0 TO 10 VOLTS, WE DIVIDE 10 Ert .001 AMPERE (IMU.
LIAMPERE), WHICH GIVES US AN ANSWER OF 10,000 OHMS(Rm,E ) AS THE VALUE FOR
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THE REQUIRED RESISTOR.

SO BY CONNECTING A 10,000 OHM RESISTOR IN SERIES WITH THIS MILLIAW.
METER,WE CAN USE IT AS A VOLTMETER WITH A RANGE OF 0 TO 10 VOLTS AND EACH
MILLIAMPERE DIVISION ON THE SCALE WILL BE READ AS I VOLT.

TO CONVERT THIS SAME MILLIAMMETER INTO A VOLTMETER WITH A RANGE OF
0 TO 100 VOLTS, WE DIVIDE 100 VOLTS BY .00I AMPERE,WHICH GIVES US 100,000
OHMS AS THE VALUE FOR THE SERIES RESISTOR AND EACH MILLIAMPERE DIVISION
ON THE SCALE WOULD NOW BE INTERPRETED AS

--
goo N.A.

-

/00 ...x! A.

/0
et -A. + /0, 000 A. /O.V.

100, 000 11. /00
--JVVVVV.,10' -/ NA 100,000 n. 2op v.- -"AA/AMA^ --

G . '7_0

Com bi &jot? Milha m meter- Voli-rne&er-.

VERTING IT TO A VOLTMETER. FOR THE HIGHER

10 VOLTS. To INCREASE THE RANGE
UP TO 200 VOLTS 'A 200,000 OHM
RESISTOR SHOULD BE USED (R_

200 -200,000 OHMS) AND EACH

.001

DIVISION ON THE SCALE WILL BE

INTERPRETED AS 20 VOLTS.

As YOU WILL NO DOUBT HAVE
NOTICED FROM THI8 EXPLANATION,WE
ARE NOT TAKING INTO ACCOUNT THE
INTERNAL RESISTANCE OF THE MILL
IAMMETERIS MOVING COIL WHEN CAL
CULATING THE VALUE OF THESERIES
RESISTOR WHICH IS USED WHEN CON
VOLTMETER RANGES,THIS WILL NOT

AFFECT THE ACCURACY OF THE INSTRUMENT TO ANY MARKED DEGREE BECAUSE THE
SERIES RESISTOR VALUE IS SO VERY GREAT COMPARED TO THE METERIS INTERNAL
RESISTANCE.

SHOULD THE INTENDED VOLTMETER RANGE BE LESS THAN IC VOLTS,THEN THE
RESISTOR VALUE THUS CALCULATED SHOULD BE CONSIDERED AS BEING THE INTERNAL
RESISTANCE OF THE MILLIAMMETER ITSELF PLUS THE "VOLTAGE SERIES RESISTOR
VALUE. THE TRUE VALUE FOR THE "VOLTAGE" SERIES RESISTOR WILL THEN BE THE
RESISTANCE VALUE THUS OBTAINED MINUS THE METERIS INTERNAL RESISTANCE.

A COMBINATION MILLIAMMETER-VOLTMETER

IN FIG. 20, YOU WILL SEE HOW A MILLIAMMETER WITH A RANGE OF 0 TO I

MA. CAN BE MOUNTED IN A NEAT BOX AND USED BOTH AS A VOLTMETER AND A MILLI
AMMETERS IN ADDITION TO HAVING A MILLIAMMETER RANGE OF 1-10100, AND 200
MILLIAMPERES AND A VOLTMETER RANGE OF 10-100 AND 200 VOLTS. THE VOLTMETER
TERMINALS ARE PLACED ALONG THE RIGHT EDGE OF THE BOX AND THE MILLIAMMETER
TERMINALS ALONG THE LEFT EDGE.

VARIOUS SIMILAR ARRANGEMENTS CAN BE WORKED OUT AND THE RESISTANCES
CALCULATED FOR THE PARTICULAR METER USED IN THE MANNER ALREADY SHOWN YOU
IN THIS LESSON.

RESISTANCE RATING OF VOLTMETERS

As YOU ALREADY KNOW,VOLTMETERS IN ADDITION TO BEING RATED ACCORDING
TO THEIR VOLTAGE RANGE,ARE ALSO RATED AS TO THEIR INTERNAL RESISTANCE.
THIS INTERNAL RESISTANCE IS EXPRESSED AS BEING A CERTAIN NUMBER OF OHMS
FOR EACH VOLT REPRESENTED ON ITS DIAL SCALE. FOR INSTANCE,YOU WILL FIND
VOLTMETERS HAVING A RESISTANCE RATING OF 300 OHMS PER VOLT,500 OHMS PER
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VOLT, WOO OHMS PER VOLT ETC. FURTHERMORE,THE HIGHER THE OHMS PER VOLT
RATING OF THE METER, THE GREATER WILL BE ITS DEGREE OF ACCURRACY BECAUSE
IT WILL DRAW LESS CURRENT FROM THE CIRCUIT ACROSS WHICH A MEASUREMENT IS

BEING TAKEN.

NOW THEN, SINCE A VOLTMETER HAVING A HIGH INTERNAL RESISTANCETAKES
VERY LITTLE CURRENT FROM THE LINE, IT STANDS TO REASON THAT THE METER IT-
SELF MUST BE VERY SENSITIVE,THAT IS, IT MUST REQUIRE VERY LITTLE CURRENT
IN ORDER TO MOVE ITS COIL AND INDICATING NEEDLE OVER ITS DIAL FOR A FULL-
SCALE DEFLECTION. THIS MEANS THAT EITHER THE PERMANENT MAGNET MUST BE
STRONGER THAN IN THE USUAL METER OR ELSE MORE TURNS OF WIRE MUST BE WOUND
ON THE MOVING COIL IN ORDER TO OBTAIN THE SAME AMPERE -TURN EFFECT AT A

SMALLER VALUE OF AMPERES. THE LATTER METHOD IS USED IN THE CONSTRUCTION OF
HIGH RESISTANCE VOLTMETERS AS EMPLOYED IN RADIO WORK. IN THIS CASE, THE
MOVING COIL CONSISTS OF SEVERAL LAYERS OF VERY THIN COPPER WIRE IN ORDER
TO PRODUCE THE NECESSARY FIELD STRENGTH.

THIS LEADS US UP TO ANOTHER POINT AND THAT IS THAT IT IS NOT POEIS

IBLE TO MAKE A HIGH RESISTANCE VOLTMETER OF THE SAME RANGE FROM AN ORDIN-
ARY OR CHEAP LOW RESISTANCE VOLTMETER BY SIMPLY CONNECTING ADDITIONAL RE-
SISTANCE IN SERIES WITH ITS COIL. THE REASON FOR THIS IS OBVIOUS WHEN WE
CONSIDER THE FACT THAT A LOW RESISTANCE METER REQUIRES CONSIDERABLE CURR-
ENT IN ORDER TO OBTAIN A FULL SCALE DEFLECTION AND THIS MEANS THAT IF AD-
DITIONAL RESISTANCE IS USED, THE CURRENT THROUGH THE METER WILL BE REDUCED
AND THIS IN TURN WILL REDUCE THE SCALE DEFLECTION. SO REMEMBER NOW THAT
HIGH RESISTANCE VOLTMETERS ARE BUILT ESPECIALLY FOR THE PURPOSE,MORE SEN-
SITIVE THAN THE LOW RESISTANCE TYPE AND THAT IT ISN'T PRACTICAL TO BUY
CHEAP LOW RESISTANCE VOLTMETERS WITH THE EXPECTATION OF "RE -VAMPING THEM
INTO ACCURATE HIGH RESISTANCE UNITS BY MEANS OF SERIES RESISTORS.

IN THE FOLLOWING LESSON, YOU ARE GOING TO CONTINUE YOUR STUDY OF

RADIO TESTING EQUIPMENT BY LEARNING ABOUT THERMOCOUPLE METERS, COPPER -

OXIDE METERS AND OHMMETERS. ALL OF THESE INSTRUMENTS ARE EXTENSIVELY USED
IN RADIO PRACTICE AND SO IT IS IMPORTANT THAT YOU BECOME THOROUGHLYFAMIL-
IAR WITH THEM.

FENt
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Success hinges on loyalty. Be true
to your art,your business,your employ
erlyoux "house." Loyalty is for the
one who is loyal. It is a qualitywo-
ven through the very fabric of one's
being, and never a thing apart.

I. DESCRIBE THE MOVING COIL TYPE METER MOVEMENT.

2. - DESCRIBE THE "HOT-WIRE" METER.

3. - DESCRIBE THE MOVABLE-IRON TYPE A.C. METER.

4. - WHAT ARE THE ESSENTIAL DIFFERENCES BETWEEN A D.C. AMM-
ETER AND A D.C. VOLTMETER?

S. - EXPLAIN WHY SHUNTS ARE SOMETIMES USED IN CONJUNCTION
WITH AMMETERS OR MILLIAMMETERS.

6. IF YOU SHOULD HAVE A VOLTMETER WITH A MAXIMUM RANGE OF
300 VOLTS AND AN INTERNAL RESISTANCE DF 1000 OHMS PER
VOLT,WHAT VALUE OF MULTIPLIER RESISTOR WOULD YOU USE
TO INCREASE THE RANGE OF THIS METER UP TO 900 VOLTS?
HOW WOULD YOU READ THIS METER AFTER INCREASING ITS
RANGE IN THIS WAY?

7. IF YOU SHOULD HAVE A D.C. MILLIAMMETER WITH AN INTER-
NAL RESISTANCE OF 27 OHMS, AND WISHED TO CONVERT THIS
INSTRUMENT INTO A D.C. VOLTMETER WITH A MAXIMUM RANGE
OF 500 VOLTS, HOW WOULD YOU GO ABOUT THIS TASK?

8. - How WOULD YOU INCREASE THE RANGE OF A MILLIAMMETER HAY
INC A FULL SCALE READING OF

I MA SO THAT READINGS UP
TO 10 MA. MAY BE TAKEN?

9. - EXPLAIN HOW YOU COULD INCREASE THE RANGE OF A MILLIAM-
METER WITHOUT RESORTING TO CALCULATION.

10. DRAW A COMPLETE CIRCUIT DIAGRAM OF A COMBINATION MULTI""
RANGE D.C. MILLIAMMETER AND D.C. VOLTMETER.
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IN THIS LESSON,YOU ARE GOING TO CONTINUE YOUR STUDY OF RADIO SER-

VICE EQUIPMENT BY LEARNING ABOUT THERMO-COUPLE INS1RUMENTS, RECTIFIER

TYPE METERS, AND OHMMETERS.

UPON COMPLETING THIS SERIES OF LESSONS, YOJ WI' -1- FIND YOURSELF IN

THE POSSESSION OF -A THOROUGH UNDERSTANDING OF ALL TYPES OF TESTING EQUIP

MENT USED IN THE MODERN RADIC LABORATORY AND SERVICE SHOP. FURTHERMORE,

YOU CAN IF YOU WISH, USE THE INFORMATION SUPPLIED IN THIS GROUP OF LES-

SONS TO ASSIST IN CONSTRUCTING EQUIPMENT OF THIS TYPE FOR YOUR OWN USE.

THERMOCOUPLE INSTRUMENTS

THERMOCOUPLE INSTRUMENTS,AS
ECTS OF HEAT TO ACTUATE THEIR
MOVERENT, ONLY THAT THIS IS

ACCOMPLISHED IN A DIFFERENT
MANNER THAN IN THE SO-CALLED
"HOT-WIRE" INSTRUMENTS.

THE CONSTRUCTIONAL FEAT
URES OF THE THERMOCOUPLE IN-
STRUMENT ARE ILLUSTRATED FOR

YOU IN FIG. 2. HERE YOU WILL
OBSERVE THAT THE METER MECH-
ANISM ITSELF IS OF THE MOVING
COIL TYPE WITH WHICH YOU ARE

ALREADY FAMILIAR. THE ESSENTIAL

COUPLE UNIT, WHICH CONSISTS OF

THEIR NAME INDICATES,ALSO USE THE EFF-

FIG. 1
A Well- Equipped Service
DIFFERENCE, HOWEVER,LIES IN

TWO WIRES OF DISSIMILAR METALS

CALLY WELDED TOGETHER AT THEIR CENTER.

Benck
THE THERMO

ELECTRI-

NOW THEN,THE BASIC PRINCIPLE UPON WHICH THIS THERMO-COUPLE OPERAT-

ES IS THAT WHENEVER THE JUNCTION POINT OF TWO DISSIMILAR METALS IS HEAT-

ED,A VOLTAGE IS GENERATED.THIS VOLTAGE IS PROPORTIONAL TO THE DIFFERENCE

IN TEMPERATURE BETWEEN THE HEATED JUNCTION AND THE OTHER ENDS OF THE TWO
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PIECES OF DISSIMILAR METALS,

LET US ASSUME THAT A MEASUREMENT OF THE CURRENT FLOW IS TO BETAKEN
WITH THE INSTRUMENT OF FIG2 IN A CIRCUIT CARRYING RADIO FREQUENCY CURR-
ENT. THE TERMINALS OF THE METER WILL THEN BE CONNECTED IN THE CIRCUIT AS
SHOWN IN FIG. 2 AND THE R.F. CURRENT AT ANY ONE INSTANT WILL FLOW IN AT

ONE TERMINAL,PASSING INTO ONE WIRE OF THE THERMDCOUPLE,THROUGH THE WELD
ED JOINT AT THE JUNCTION POINT AND BY WAY OF THE OTHER THERMOCOUPLEWIRE
TO THE OTHER METER TERMINAL AND BACK TO THE CIRCUIT.

PERMANENT
MAGNET

we -CALIBRATING
D. C PATH

-4--L_THERMO-
COUPLE

2.F. PATH
METER TERMINALS

F1 G.'1
The 777arrno couple

THIS FLOW OF RADIO FREQUENCY CUR
RENT WILL HEAT THE JUNCTION POINT, AS

WELL AS THE WIRES OF THE THERMO-COUPLE.

THIS HEATING EFFECT OF THE RADIO
FREQUENCY CURRENT PASSING THROUGH THE
JUNCTION POINT OF THE TWO DISSIMILAR
METALS CAUSES A DIRECT CURRENT E.M.F.
TO BE GENERATED WHICH IN TURN RESULTS
IN A FLOW OF DIRECT CURRENT THROUGH THE
METER'S CALIBRATING RESISTOR AND MOV-

ING COIL WHICH ARE TOGETHER CONNECTED
ACROSS THE ENDS OF THE THERMOCOUPLE
WIRES. THIS RESULTING FLOW OF DIRECT
CURRENT THROUGH THE MOVING COIL OF THE
METER CAUSES THE MOVING COIL TO ROTATE
ABOUT ITS AXIS AND THEREBY SWING THE
INDICATING NEEDLE ACROSS ITS SCALE.

THE HEATING EFFECT IS PROPORTION
AL TO THE SQUARE OF THE RADIO FREQUENCY
CURRENT BEING MEASURED,WHEREAS THE VOL
TAGE WHICH IS GENERATED ACROSS THE

JUNCTION, IS PROPORTIONAL TO THE TEMPER
ATURE. FOR THIS REASON,THE MOVEMENT OF
THE INDICATING NEEDLE ACROSS ITS SCALE
WILL INCREASE APPROXIMATELY PROPORTION
ALLY TO THE SQUARE OF THE RADIO FRE-
QUENCY CURRENT WHICH PASSES THRU THE
THERMOCOUPLE. IT IS DUE TO THIS CON-

DITION THAT THE MARKINGS ON THE SCALE OF SUCH INSTRUMENTS ARE CROWDED TO
GETHER AT THE LOWER END AND MORE WIDELY SPACED AT THE HIGHER END OF THE
SCALE.

SINCE THE ACTION OF THE THERMOCOUPLE INSTRUMENT DEPENDS UPON A

HEATING EFFECT AND IS NOT INFLUENCED BY THE FREQUENCY OF THE CURRENT BE-
ING MEASURED,THIS TYPE OF INSTRUMENT IS SUITABLE FOR TAKING MEASUREMENTS
IN RADIO FREQUENCY CIRCUITS,AS WELL AS IN CIRCUITS CARRYING ALTERNATING
CURRENTS OF ANY FREQUENCY OR EVEN IN D.C. CIRCUITS. IT IS MOST EXTENSIV-
ELY USED, HOWEVER, FOR TAKING MEASUREMENTS IN R.F. CIRCUITS.

THE TWO DISSIMILAR METALS WHICH ARE FREQUENTLY USED IN THE CONSTRUE
TION OF THE THERMOCOUPLE ARE COPPER AND CONSTANTAN THE MOST GENERAL TRa
UBLE WHICH DEVELOPES IN THIS TYPE OF INSTRUMENT IS THE BURNING UP OF
THE THERMOCOUPLE CAUSED BY A CURRENT OVERLOAD. AS A RULE, THIS DOES NO
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HARM TO THE MOVEMENT OF THE INSTRUMENT SINCE THE CURRENT FROM THE CIR-

CUIT DOES NOT FLOW THROUGH ITS WINDINGS, CONSEQUENTLY TO REMEDY THE CON-

DITION, IT IS ONLY NECESSARY TO REPLACE THE THERMOCOUPLE UN IT WITH A NEW

ONE AND TO ADJUST THE CALIBRATING RESISTOR TO SUIT THE THERMOCOUPLE.

THE MAJORITY OF THE THERMOCOUPLE INSTRUMENTS ARE DES I GNED 80

D.C. VOLTAGE ACROSS THE MOVING COIL FOR FUL1r8CALE DEFLECTION IS FROM

TO 25 MILLIVOLTS. THE SMALL CALIBRATING RE-
SISTOR WHICH IS CONNECTED IN SERIES WITH THE
MOV I NG COIL OF THE INSTRUMENT AND THE THERMO

COUPLE BEING SO ADJUSTED AS TO AFFECT THE DE-
SIRED CALIBRATION OF THE INSTRUMENT

THE PRINCIPLE OF CONSTRUCTION AS

ILLUSTRATED IN Fts.2 IS ONLY USED IN SUCH
CASES WHERE THE CURRENT TO BE MEASURED
DOES NOT EXCEED ONE-HALF AMPERE.

INSTRUMENTS WHICH ARE CAPABLE OF
HANDLING GREATER LOAD CURRENTS THAN THIS

ARE CONSTRUCTED SOMEWHAT AS ILLUSTRATED
IN FIG. 3. HERE YOU WILL SEE THAT THE TWO
DISSIMILAR METALS OF THE THERMOCOUPLE ARE
CONNECTED IN PARALLEL WITH RESPECT TO THE
R.F. PATH OR EXTERNAL CIRCUIT BUT IN SER-
IES WITH RESPECT TO THE D.C. CURRENT WHICH
18 GENERATED BY THE THERMAL...ELECTRIC EFF-
ECT AT THE THERMO-COUPLE.

By LOOKING AT FIG3 A LITTLE CLOSER
YOU WILL SEE ONE OF THE METALS OF THE
THERMOCOUPLE METALS DRAWN IN BOLD BLACK
WHILE THE OTHER 18 NOT SHADED. THE METALS
FREQUENTLY USED IN THIS CASE ARE MANGANIN
AND "ADVANCE" WIRE. ALSO NOTICE IN FIG. 3
THAT WITH RESPECT TO THE D.C. PATH, THE

VOLTAGE AS PRODUCED AT THE JUNCTION X OF
THE THERMO-COUPLE IS IN THE SAME DIRECTION
AS THE VOLTAGE PRODUCED AT JUNCTION Y AND
THAT THESE VOLTAGES WILL ADD TOGETHER SO THAT THE OVERALL THERMAIr ELEC-

TRIC VOLTAGE WILL BE HIGHER. AT THE SAME TIME, THE LOAD CARRYING CAPACITY
ALSO BEING GREATER.

THAT THE

ABOUT 15

FIG.1

Compound Therrnocou/o/e
.1.7,5&LEren,

RECTIFIER-TYPE METERS

A.C. METERS IN GENERAL ARE MORE SLUGGISH THAN D.C. METERS AND "AB
SORBn A GREAT DEAL MORE POWER FROM THE CIRCUIT IN WHICH THE MEASUREMENT IS
BEING MADE IN ORDER TO ENERGIZE THE INSTRUMENT. WHEN MAKING RADIO MEAS..

UREMENTS,TH1S IS A SERIOUS CONDITION BECAUSE QUITE OFTEN,MORE POWER 18 RE
QUIRED TO SWING THE METER'S NEEDLE THAN IS AVAILABLE IN THE CIRCUIT UNDER
TEST.

THE ADVANTAGES OF THE LOW CURRENT DRAIN OF BENSITiVE D.C. INSTRU-
MENTS CAN BE RETAINED FOR MEASURING LOW A.C. VOLTAGES AND CURRENTS BY ga

ING A SUITABLE SENSITIVE D'ARSONVAL (MOVING COIL) TYPE D.C. INSTRUMENT IN

CONJUNCTION WITH A RECTIFIER. IN OTHER WORDS,THE A.C. VOLTAGE TO SEMEAS-
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URED, WOULD UNDER THESE CONDITIONS BE RECTIFIED AND THEN APPLIED TO THE
D.C. INSTRUMENT.

THERE ARE SEVERAL METHODS WHEREBY WE CAN
CURRENT TO BE MEASURED.

MENT

THE FIRST IS BY USE OF
RECTIFY THE ALTERNATING
A CRYSTAL RECTIFIER AS

ILLUSTRATED IN FIG. 4. THE CRYSTAL,
HOWEVER,IS GENERALLY TOO UNSTABLE IN

OPERATION AND NEEDS TO BE ADJUSTED
QUITE OFTEN IN ADDITION TO BEING SUB-
JECT TO BURNOUTS AT COMPARATIVELY LOW
CURRENT VALUES.

THE SECOND METHOD TO OBTAIN RECI
IFICATION FOR THE USE OF THIS INSTRU-
MENT IS TO EMPLOY A VACUUM TUBE RECT
I=IER AS SHOWN IN FIGS. THE ORDINARY
DESIGN OF SUCH A DEVICE GENERALLY LIM
ITS ITS APPLICATION BECAUSE IT IS SUB
JECT TO TUBE FAILURE,AND EVERYTIMETHE
TUBE NEEDS TO BE REPLACED,THE INSTRU-

MUST BE RECALIBRATED. THE SAME INSTRUMENT IS SOMETIMES USED AS AN

F1 G. 4

The Cryskal EecLLier-.

OUTPUT METER WHEN THE INDICATIONS ARE FOR COMPARISON ONLY.

THE THIRD AND MOST DESIRABLE METHOD OF RECTIFICATION FOR THIS PUR-
POSE IS TO USE A COPPER OXIDE RECTIFIER AS ILLUSTRATED IN FIG.6. THIS
TYPE IS SATISFACTORY FROM THE STANDPOINT OF RUGGEDNESS, SENSITIVITY AND
CONSTANCY AND AT THE PRESENT TIME IS BEING MOST EXTENSIVELY USED FORTH'S
PURPOSE.

ITS MAIN DISADVANTAGE IS THAT THE METER INDICATES "AVERAGE" VALUES
INSTEAD OF EFFECTIVE VALUES. THIS INTRODUCES AN INACCURACY IN READINGS
WHICH BECOMES APPARENT WHEN THE VOLTAGE TO BE MEASURED HAS A DISTORTED
WAVE FORM. HOWEVER, SINCE THE WAVE FORM OF MOST VOLTAGES ENCOUNTERED IN

A RADIO RECEIVER CLOSELY APPROXIMATE SINE WAVES, WE FIND THAT FOR PRACT-
ICAL PURPOSES,THE DISTORTION AND ITS CONSEQUENT ERROR DUE TO THE RECTI-
FIER WILL BE NEGLIGIBLE.

RECTIFIER TYPE INSTRUMENTS HAVE A LARGE CAPACITANCE DUE TO THE
TIFIER,WHICH CAUSES A CHANGE IN SCALE DEFLECTION AS THE FREQUENCY OF
APPLIED VOLTAGE TO BE MEASURED IS VAR-
IED. THE EFFECT OF THIS CAPACITY IS NOT
GREAT AT LOW FREQUENCIES BUT ABOVE A-
BOUT THREE THOUSAND CYCLES,THE ERROR
IS MORE PRONOUNCED BY THE INCREASE IN

FREQUENCY. THIS IS NOT AS SERIOUS AN
OBJECTION AS IT APPEARS AT FIRST GLANCE
BECAUSE THE SERVICE MAN SELDOM REQUIRES
ABSOLUTE ACCURACY ABOVE THE STANDARD
COMMERCIAL FREQUENCIES.

MOMENTARY OVERLOADS OF THREE TO
TEN TIMES THE NORMAL VOLTAGE RATING DO
NOT DAMAGE THE RECTIFIER,THUS REDUCING
TO A MINIMUM THE DANGER OF DESTRUCTION
OF THE UNIT DUE TO OVERLOAD.

Rqg

THE

FIG. 5

The Vacuum Tube ieecif7er--;
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A UNIVERSAL METER

METERS ARE NOW BEING MANUFACTURED WITH A SELF-CONTAINED COPPER.'.

OXIDE RECTIFIER SO THAT THEY CAN BE USED TO TAKE MEASUREMENTS IN BOTH A.C.
AND D.C. CIRCUITS. INSTRUMENTS OF THIS TYPE ARE GENERALLY CLASSIFIED AS
UNIVERSAL METERS,

THE WESTON MODEL 301 UNIVERSAL METER, FOR INSTANZ.E, IS DESIGNED FOR
USE WITH EXTERNAL SHUNTS AND EXTERNAL RESISTANCES FOR MEASURING
TALES AND CURRENTS AND A.O. VOLTAGES. THIS INSTRUMENT IS OF THEPERMANENT
MAGNET MOVING COIL TYPE WITH A SELF-CONTAINED COPPER OXIDE RECTIFIER FOR
THE A.C. MEASUREMENTS. IT IS SELF-CONTAINED FOR 5 VOLTS AND I MILLIAMPERE
A.C. AND 50 MILLIVOLTS AND I MILLIAMPERE D.C. IT IS PROVIDED WITH TWO
SCALES,ONE FOR THE A.C. MEASUREMENTS AND ONE FOR THE D.C. MEASUREMENTS.

FIG. 7 SHOWS YOU HOW
THIS WESTON MODEL 301 UN-
IVERSAL METER CAN BE USED
IN CONJUNCTION WITH A
GROUP OF SHUNTS ANDMULTI
PLIERS SO THAT IT CAN BE
USED FOR MEASURING EITHER
A.C. OR D.C. VOLTAGES FROM
5 UP TO 1000 VOLTS AND D.0
MILLIAMMETER RANGES EX-
TENDING FROM 'MILLIAMPERE
TO 100 MILLIAMPERES.

TO READ VOLTAGES WITH
THIS INSTRUMENT,SETSWITCH
"S" TO THE I MA. POSITION.

THEN CLOSE THE DOUBLE-POLE SWITCH UPWARD TO THE "D.C. POSITION"IF D.C.
VOLTAGES ARE TO BE READ AND DOWNWARD TO THE SAX. POSITION" IF A.O. VOLT
TAGES ARE TO BE READ.

FIG.6
The Copper -oxide

FOR D.C. REAOINGS,CONNECT THE -D.C. TERMINAL TO THE NEGATIVE SIDE
OF THE CIRCUIT AND CONNECT THE+D.C. VOLTAGE TERMINAL FOR THE DESIRED
RANGE TO THE POSITIVE SIDE OF THE CIRCUIT BEING TESTED.

WHEN TAKING A.C. VOLTAGE READINGS,THE4I'A.C. TERMINAL CAN BE CONNECT
ED TO EITHER SIDE OF THE CIRCUIT UNDER TEST AND THE OTHER VOLTMETER TERM
INAL OF THE DESIRED RANGE IS TO BE CONNECTED TO THE OTHER SIDE OF THEA.C.
CIRCUIT UNDER TEST.

A SET OF THREE SHUNTS IS PROVIDED TO INCREASE THE D.C.MILLIAMMETER
RANGE, THE POLARITY OF THE "MILLIAMPERE TERMINALS" BEING AS DESIGNATED
IN FIG. 7.

IF THE MAXIMUM RANGE DESIRED IS I MA., THEN TURN SWITCH nn TO THE
I MA. POSITION. TO INCREASE THE RANGE TO 2.5 MA., TURN SWITCH SS" TO THE
112.5 MA. POSITIONS ETC. THE D.C. MILLIAMMETER RANGES THUS OFFERED ARE
0-I ; ; 0-25 AND 0-100 MA.

THE VOLTMETER AMMETER METHOD OF MEASURING RESISTANCE

YOU WERE ALREADY SHOWN HOW RESISTANCE CAN BE MEASURED BY MEANS OF
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THE WHEATSTONE BRIDGE BUT NOW LET US SEE HOW METERS CAN BE USED FOR THIS
PURPOSE.

THE SIMPLEST WAY TO MEASURE A RESISTANCE VALUE IS ILLUSTRATED FOR YOU
IN FIG. 8. HERE YOU WILL OBSERVE THAT THE RESISTANCE TO BE MEASURED IS

(1000 'V. 0

tr) 750 V. 0

500 V 0

250 V, o

c 100 V. 0

50 V. 0
"K

10 V. 0

5 V

250,0001i

250,000 cl

250,000

125000 Ai

4, 50,000

.---4c,000

-.-5,aoo

--D.C. 0

4-A.C. 0

re
D.C.0

TA.C..

WES TO /V 30/
LINivE25,4L. METER

.2.5rna. 0-
S ma.

too rna Ma.

A Single Mel-er Serving as a D.C.-
A.C. 1/o//meter anal D.C. Milliaminei-er",

CONNECTED IN SERIES WITH A SWITCH, BATTERY AND AN AMMETER ORMILLIAMMETER.

UPON CLOSING THE SWITCH,BATTERY CURRENT WILL FLOW THROUGH THE CIR-

CUIT AND ITS VALUE WILL BE INDICATED BY THE AMMETER. THEN IF A D.O.VOLT....

METER IS CONNECTED ACROSS THE ENDS OF THIS RESISTANCE, IT WILL INDICATE

THE VOLTAGE DROP ACROSS THE RESISTOR. WE CAN THEREFORE APPLY OHM'S LAW

WHERE R=THE RESISTANCE VALUE TO BE DETERMINED; 116,THEIN THE FORM R_E
-

CURRENT FLOWING THROUGH IT AND E=THE

FIG. 8

The Arrimz&er - Voltmeter AleMod,

VOLTAGE DROP ACROSS IT. FOR EXAMPLE,
IF THE AMMETER READS .5 AMPERE
AND THE VOLTMETER 100 VOLTS, THEN
THE VALUE OF THE RESISTANCE BEING
MEASURED BECOMES 200 OHMS (R=E

1

100=200 oHms).
.5

THE VALUE OF THE APPLIED
E.M.F. (BATTERY VOLTAGE OR ANYOTg
ER CONSTANT D.C. VOLTAGE SOURCE)

SHOULD BE CHOSEN 80 THAT THE RE-

SISTANCE DOES NOT BECOME HOT AS

THE CURRENT FLOWS THROUGH IT.

SINCE THE VOLTMETER ITSELF
WILL DRAW A CERTAIN AMOUNT OF CUB
RENT WITH WHICH TO ENERGIZE ITS

MOVEMENT,THIS WILL. INTRODUCE AN

ERROR INTO THE COMPUTATION OF THE-
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RESISTANCE VALUE. HOWEVER, FOR MEASURING COMPARATIVELY LOW RESISTANCE

VALUES,THIS METHOD IS FAIRLY SATISFACTORY FOR UNDER THESE CONDITIONS,THE

CURRENT FLOW THROUGH THE RESISTANCE WILL BE RELATIVELY LARGE SO THAT EVEN

IF A FEW MILLIAMPERES OF VOLT-
METER CURRENT ARE ADDED TO THE
AMMETER READING,THIS WILL NOT

CAUSE AN APPRECIABLE ERROR.

TO MEASURE A HIGH RESIS-

TANCE VALUE,THIS METHOD WOULD
NOT BE SUITABLE,FOR IN THIS
CASE,THE CURRENT FLOW THROUGH
THE RESISTANCE WOULD BE VERY
SMALL SO THAT THE VOLTMETER CU3
RENT MAY BE JUST AS GREAT AS

THAT FLOWING THROUGH THE RES12
TOR. THEN SINCE THE MILLIAMMET
ER READS THE COMBINED CURRENT
OF THAT FLOWING THRU THERESIS-
TANCE AND THE VOLTMETER, WE
WOULD BE INFLUENCED BY AN APP-
RECIABLE ERROR. IN OTHER WORDS,

THE SMALLER THE PROPORTION OF

THE TOTAL CURRENT FLOWING THRU
THE VOLTMETER TO THAT FLOWING Measuring
THROUGH THE RESISTANCE, THE

HIGHER WILL BE THE DEGREE OF ACCURACY.

PIG.

Pesisance Values.

FOR MEASURING HIGH RESISTANCE VALUES WHERE THE CURRENT VALUE IS VERY

SMALLOT IS PREFERABLE TO MEASURE THE VOLTAGE DROP ACROSS BOTH THEAMMET

ER OR MILLIAMMETER AND THE RESISTANCE BEING MEASURED, AS ILLUSTRATED IN

'FIG. 9. ALTHOUGH IT IS TRUE THAT THE VOLTMETER NOW ACTUALLY MEASURES THE
VOLTAGE DROP ACROSS BOTH THE AMMETER AND THE RESISTANCE,YET THE RESIS-

TANCE OF THE AMMETER WINDING IS SO VERY SMALL AS COMPARED TO THE RESIS-

TANCE BEING MEASURED THAT THE PERCENTAGE OF ERROR WILL BE APPRECIABLY

SMALL.

1 G . 10
Voli-rne&er Mehoc.-1 of Measuring

Qesis&ance,

THE VOLTMETER METHOD OF
MEASURING RESISTANCE

FIG. 10 SHOWS YOU HOW IT
IS POSSIBLE TO MEASURE RE-

SISTANCE WITH A VOLTMETER A-

LONE. To DO THIS,CONNECT THE

RESISTANCE TO BE MEASURED IN

SERIES WITH THE VOLTMETER AND

THE D.C. VOLTAGE SOURCE AND

CONNECT A SHORT-CIRCUITING SW1
TCH ACROSS THE ENDS OF THE RE-
SISTANCE.

THE FIRST STEP IS TO

CLOSE THE SHORT-CIRCUITING SW1
TCH. THIS WILL CONNECT THE

VOLTMETER DIRECTLY ACROSS THE
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BATTERY OR OTHER D.C. VOLTAGE SOURCE SO THAT THE SOURCE OF E.M.F.CAN BE
ACCURATELY MEASURED BY THE VOLTMETER. THIS IS GENERALLY CALLED THE "LINE
READING".

AFTER THIS READING HAS BEEN CAREFULLY NOTED,OPEN THE SHORT CIRCUIT-
ING SWITCH. THE RESISTANCE WILL NOW BE CONNECTED IN SERIES WITH THE VOLT
METER AND THE VOLTAGE SOURCE. THE VOLTMETER READING WILL NOW BE LESS THAN
FORMERLY AND WE CALL THIS THE "DROP READING". TO DETERMINE THE VALUE OF
THE RESISTANCE IN QUESTION USE THE FOLLOWING FORMULA:

UNKNOWN RESISTANCE _LINE READING -DROP READING
X A RESISTANCE OF THE VOLTMETER

DROP READING

TO ILLUSTRATE THE USE OF THIS FORMULA,LET US WORK OUT A PRACTICAL
PROBLEM. WE SHALL ASSUME THAT UPON CLOSING THE SHORT-CIRCUITING SWITCH,
THE VOLTMETER READS 180 VOLTS. THIS IS THE "LINE READING".

UNKNOWN

The 2e513or Tesler-.

Now LET US SUPPOSE
THAT THE VOLTMETER READS 40
VOLTS WHEN THE SWITCH IS

OPENED. THIS CORRESPONDS TO
THE "DROP READING".

THE VOLTMETER BEING
USED HAS A FULL SCALE RANGE
OF 250 VOLTS AND AN INTERN-
AL RESISTANCE OF 1000 OHMS
PER VOLT. ITS TOTAL RESIS-
TANCE WILL THEREFORE BE 250
TIMES 1000 OR 250;000 OHMS.
SO SUBSTITUTING INTO THE
FORMULA,THE DATA WHICH WE
HAVE SO FAR ACQUIRED WEHAVC

RESISTANCE -180
40
- 40 X250, 000 X250,000=3.5X250,000=875,000oHms.

-- 40

THIS METHOD IS ONLY SUITABLE FOR MEASURING RESISTANCES OF HIGH VAL-
UE FOR IF THE RESISTANCE IN QUESTION IS OF LOW VALUEITHERE WILL BE SO
LITTLE DIFFERENCE IN THE VOLTMETER READING WHEN THE VOLTMETER IS CONNECTED
DIRECTLY ACROSS THE SOURCE OF E.M.F. OR IN SERIES WITH THE UNKNOWN RESIS-
TANCE.

A SELF-CONTAINED RESISTOR TESTER

IN FIG.II YOU ARE SHOWN A MORE ELABORATE TESTING OUTFIT WHICH WILL EN
ABLE ONE TO MEASURE RESISTANCE VALUES UP TO 100,000 OHMS. HERE ALL OF THE
NECESSARY EQUIPMENT IS HOUSED IN A COMPACT CASE WHICH MAY BE MADE OFSHEET
ALUMINUM,WOOD WITH A BAKELITE PANEL OR ANY OTHER DESIRABLE MATERIALS.

THE CIRCUIT DIAGRAM FOR THIS SAME TESTER APPEARS IN Fio.I2.

BY REFERRING TO FIG. 12,YOU WILL OBSERVE THAT A MILLIAMMETER WITH A
RANGE OF 0 TO I MA, A 0 TO 10 VOLTMETER,A 400 OHM POTENTIOMETER,A 10MILL-
1AmPERE SHUNTI2SWITCHESANDTHREE4P. "C" BATTERIES ARE USED IN THIS CIE
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CUIT.

TO MEASURE ANY RESISTANCE UP TO 10,000 OHMS,THE UNKNOWN RESISTOR IS
CONNECTED ACROSS THE TERMINALS "X" AND "Y" WITH THE MILLIAMMETER SHUNT

SWITCH OPEN AND THE MASTER SWITCH CLOSED. THE POTENTIOMETER IS THEN AD-

JUSTED UNTIL THE MILLIAMMETER READS FULL SCALE,THAT IS, 1 MA. OR .001

AMPERE. WITH THIS SETTING,THE VOLTMETER READING IS NOTED. ACCORDING TO

OHM'S LAW, THE RESISTANCE VALUE OF THE UNKNOWN RESISTOR ACROSS X AND Y IS
EQUAL TO THE VOLTAGE AS GIVEN BY THE VOLTMETER DIVIDED BY THE CURRENT IN

AMPERES AS READ ON THE MILLIAMMETER. FOR EXAMPLE,SHOULD THE VOLTMETER READ
IS 2 DIVIDED BY.001AMPERE2 VOLTS, THEN THE VALUE OF THE UNKNOWN RESISTOR

OR 2000 OHMS. THE VALUE IN OHMS CAN BE DE-
TERMINED AT A GLANCE BECAUSE DIVIDING A NUM
BER BY .001 IS THE SAME AS MULTIPLYING IT

BY 1000 AND FOR THIS REASON IT IS ONLY NEC-
ESSARY TO POINT OFF THREE DECIMAL PLACES TO
THE RIGHT OF THE VOLTMETER READING,IN ORDER
TO CONVERT THIS READING TO OHMS. THAT IS, A

READING OF 3.5 VOLTS IN THIS CASE WOULD BE
INTERPRETED AS 3500 OHMS ETC.

IN ORDER TO MEASURE RESISTANCES UP TO
100,000 OHMS,THE UNKNOWN RESISTOR IS" CONN-
ECTED TO THE TESTER IN THE SAME MANNER BUT
NOW INSTEAD OF ADJUSTING THE POTENTIOMETER
UNTIL A MILLIAMMETER READING OF 1 M.A.'S OB
TAINED,IT IS SET TO THE POSITION AT WHICH
THIS METER READS .1 M.A. OR .0001 AMP. THE
VOLTMETER READING IS THEN MULTIPLIED BY 10,000

X

0-10 V 

400 01-im
FQ

-ceci-1
4

W/ reH

0

RESTS

AAAAAAM-4

1111111111

t-8A77-ERY

FI Ca. 12Connecion 5for the k'esistorresZ-er

INSTEAD OF 1000 AND THE RE
SULT IS THE VALUE OF THE UNKNOWN RESISTOR IN OHMS.

rHE SWITCH FOR THE 10 M.A. SHUNT IS ONLY USED WHEN MEASURING RESIS-
TANCES BETWEEN 0 AND 1000 OHMS. IN THIS CASE, THE SHUNT SWITCH IS CLOSED
AND THIS WILL INCREASE THE RANGE OF THE MILLIAMMETER UP TO 10 MA. OR .01

AMPERE. THE POTENTIOMETER IS NOW ADJUSTED UNTIL THE METER READS FULLSCALE,
WHICH NOW WILL BE .01 AMPERE AND THE RESULTING VOLTMETER READING WILLTHEN

BE MULTIPLIED BY 100. THIS WILL BE THE
VALUE OF THE UNKNOWN RESISTOR IN OHMS AND
THIS LAST METHOD MAKES THE METER SCALE
MORE READABLE FOR RESISTANCES BETWEEN 50
AND 1000 OHMS.

FIG.13

A Volk-Ohmm e&r:

IT IS ALSO ADVISABLE TO REMIND YOU
AT THIS TIME,THAT THE RESISTORS,WHICH ARE
USED IN CONJUNCTION WITH ANY KIND OF TEST
ING DEVICES AT ALL,MUST BE OF THE PRECIS-
ION TYPE WHICH ARE GUARANTEED TO BE ACC-
URATE WITHIN I% OF THEIR RATED VALUE.
CHEAP RESISTORS MEAN INACURRATE RESULTS
AND THIS HOLDS GOOD FOR ALL MULTIPLIERS
ETC. THEN TOO,OF COURSE,THE HIGHER THE
QUALITY OF METERS USED,THE MORE ACCURATE
WILL BE THE RESULTS.

OHMMETERS

INSTRUMENTS ARE NOW AVAILABLE WHICH
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ENABLE ONE TO READ THE RESISTANCE VALUE OF ANY RESISTOR UPON A METER
SCALE WHICH IS CALIBRATED DIRECTLY IN OHMS. WE CALL THESE INSTRUMENTS
OHMMETERS AND IT IS A COMMON PRACTICE AMONG METER. MANUFACTURERS TO IN-
CORPORATE THESE UNITS INTO A SINGLE CASE A MANNER THAT THE DEVICE

BOTH AS A D.C.VOLTMETER
OHMMETER. YOU ARE SHOWN

F 1 G. 14

The Ohrritne-er- Principle,
INDICATE THE RESISTANCE VALUE DIRECTLY
FORE REQUIRED.

IN SUCH
SERVES
AND AN
ONE OF THESE VOLT- OHMMETERS,
AS THEY ARE CALLED, IN FIG. 13.

THE OHMMETER PRINCIPLE IS
ILLUSTRATED FOR YOU IN FIG*14*
AS YOU WILL OBSERVE,THEINSTRU
MENT CONSISTS OF A MOVING COIL
TYPE MILLIAMMETER WHOSE SCALE
IS CALIBRATED IN OHMS. THIS NIL
TER IS CONNECTED IN SERIES WITH
A SMALL 42 VOLT DRY BATTERY,
CALIBRATING RESISTANCE AND A

PAIR OF TERMINALS.

TO USE THIS OHMMETER,THE
RESISTANCE TO BE MEASURED IS

CONNECTED ACROSS THE TWO TERM-
INALS WHICH ARE POINTED OUT IN
FIG. 14 AND THE METER WILLTHEN

IN OHMS. NO CALCULATIONS ARETHERL

WHAT REALLY TAKES PLACE IN THIS CASE IS THAT WHEN CONNECTING AN UN-
KNOWN RESISTOR ACROSS THE TERMINALS, THE METER DEFLECTION WILL BE PROPOR
TIONAL TO THE CURRENT FLOW AND SINCE THE SCALE IS ALREADY CALIBRATED IN

OHMS,THE RESISTANCE VALUE IS QUICKLY AND EASILY DETERMINED.

TO COMPENSATE FOR THE REDUCTION IN BA3
TERY VOLTAGE AS THE BATTERY BECOMES AGED,
THE EFFECTIVE VALUE OF THE CALIBRATING RE....

SISTANCE WILL HAVE TO BE CHANGED. TO ACCOMP
LI SH THIS, IT IS ONLY NECESSARY TO TEMPORAR...
ILY SHORT CIRCUIT THE OHMMETER TERMINALSAND
BY MEANS OF A SCREW -DRIVER ADJUST THE POTENT
IOMETER ADJUSTING SCREW SO THAT THE METER
NEEDLE COMES TO REST AT THE ZERO MARK.

WHEN THE BATTERY IS NO LONGER FITTED
FOR USE, IT CAN BE REMOVED FROM THE CASE OF
THE INSTRUMENT AND REPLACED WITH A NEW ONE.
THE INSTRUMENT SHOULD THEN BE RE -CALIBRATED
FOR ITS ZERO SETTING AS JUST DESCRIBED.

THE PARTICULAR METER ILLUSTRATED IN

FIG. 13 HAS VOLTAGE RANGES OF 3-30-300 AND
600 VOLTS THE ROW OF TERMINALS ALONG IS

UPPER EDGED BEING USED AS THE VOLTMETER TER
MINALS IN THE CUSTOMARY MANNER. THE READING
IS OBTAINED FROM THE VOLTAGE SCALE.
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To USE THIS INSTRUMENT AS IN OHMMETER,THE TOGGLE SWITCH AT THE LEFT
IS SNAPPED TO THE "OHMS" POSITION AND FOR MEASURING RESISTANCE VALUES UP
TO 100,000 OHMS, THE RIGHT TOGGLE SWITCH 1S SNAPPED TC THE "R" POSITION
AND FOR MEASURING RESISTANCE VALUES UP TO 10,000 OHMS, THIS SAME SWITCH IS
SNAPPED TO THE "R" POSITION.
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THE RESISTANCE TO BE MEASURED IS THEN CONNECTED ACROSS THE TWO LOW-
ER TERMINALS AND ITS RESISTANCE IN OHMS READ DIRECTLY ON THE OHM SCALE.

COMBINATION METERS

FROM YOUR STUDIES SO FAR,YOU HAVE SEEN HOW FLEXIBLE THAT A GOOD

MILLIAMMETER REALLY IS IN THAT IT CAN BE USED IN CONJUNCTION WITH SHUNTS,
MULTIPLIERS ETC. SO AS TO SERVE AS A MILLIAMMETER OF VARIOUS RANGES, A

MULTI -RANGE VOLTMETER, OHMMETER ETC.

IN F1G.15 YOU ARE SHOWN A CIRCUIT DIAGRAM OF THE WESTON 663 WHICH
IS A COMPACT INSTRUMENT OFFERING RESISTANCE MEASURING RANGES OF 0-200;
0-1000; 0-10,000; 0-100,000; 0-1,000,000; AND 0-10,000,000 OHMS IN ADDI-
TION TO VOLTAGE RANGES OF 0-2.5; 0-10; 0-100; 0-250; 0-500 AND 0-1000 VOL
TS WITH A SENSITIVITY OF1000 OHMS PER VOLT AND MILLIAMMETER RANGES OF

0-1; 0-5; 0-25 AND 0-100.

IN THIS INSTRUMENT1A MODEL 600 WESTON MICROAMME7ER HAVING A FULL-

SCALE SENSITIVITY OF 50 MICROAMPERES IS USED AS THE HEART OF THE TESTER.
THE ENTIRE TESTER IS HOUSED IN A COMPACT PORTABLE CARRYING CASE AND

WEIGHS BUT SIX POUNDS.

A SWITCHING DEVICE WHICH OPERATES THROUGH EIGHT POSITIONS OFFERS

SEVEN OHMMETER RANGES AND ONE POSITION FOR BOTH VOLTS AND MILLIAMPERES.

No DOUBT, YOU ARE FINDING THESE LESSONS ON TESTING EQUIPMENT OF

SPECIAL INTEREST IN THAT THEY CONTAIN A GREAT DEAL OF VALUABLE INFORMA-
TION WHICH YOU CAN APPLY TO THE ACTUAL CONSTRUCTION FOR EQUIPMENT OFTHIS
TYPE. IT IS INSTRUCTION OF THIS NATURE WHICH MAKES NA -ZONAL TRAININGPRA-
CTICAL AND YET SCIENTIFIC IN ALL BRANCHES OF THE RADIO INDUSTRY.

IN YOUR NEXT LESSON, YOU ARE GOING TO FIND A GREAT DEAL MOREINFOR
MAT ION CONCERNING WAVEAAETER AND SERVICE OSCILLATORS.



EXAMINATION QUESTIONS

LESSON NO. 5 0

I. - DESCRIBE THE THERMOCOUPLE TYPE METER.

2. - WHAT ARE SOME OF THE DISADVANTAGES OF THE ORDINARY TYPE
A.G. METERS?

3. - DESCRIBE IN DETAIL THE CONSTRUCTIONAL FEATURES OF THE
COPPER -OXIDE METER.

4. - DESCRIBE THE VOLTMETER -AMMETER METHOD OF MEASURING RE-
SISTANCE.

5. - How MAY RESISTANCE BE MEASURED BY MEANS OF THE VOLTMETER
METHOD?

6. - DESCRIBE AN OHMMETER AND EXPLAIN HOW IT IS USED.

7. - DRAW A CIRCUIT DIAGRAM OF A METER WHICH CAN BE USED TO
MEASURE BOTH A.C. AND D.C.VOLTAGES, AS WELL AS D.C. CUR-
RENTS. INDICATE THE TYPE OF INSTRUMENT BEING USED,THE MUL
TIPLIERS, SHUNTS ETC.

8. - WE SHALL ASSUME THAT YOU ARE MEASURING A RESISTOR BY THE
VOLTMETER METHOD. THE VOLTMETER BEING USED HAS A RANGE
OF 500 VOLTS AND THE INTERNAL RESISTANCE OF THE METER
AMOUNTS TO 1000 OHMS PER VOLT. WHILE TAKING THE MEASURE-
MENT, THE "LINE READING"IS FOUND TO BE 200 VOLTS AND THE
"DROP READING "50 VOLTS. WHAT IS THE OHMIC VALUE OF THE
RESISTANCE BEING MEASURED?

9. - CAN THE ORDINARY TYPE OF RADIO RECEIVER RESISTORS BE US-
ED WITH GOOD RESULTS AS MULTIPLIERS FOR A D.C.VOLTMETER?

10.- EXPLAIN HOW THE VOLT -OHMMETER, ILLUSTRATED IN FIG. 13 OF
THIS LESSON) IS USED IN PRACTICE.


