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LESSON NO. 4]

OHM'S LAW FOR A.C CIRCUITS
e RESONANCE o

IN THIS LESSON, WE ARE GOING TO CONTINUE OUR INVESTIGATION OF THE
PHYSICS ASSOCIATED WITH A.C. 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 1S A MOST IMPORTANT ONE AND
SO YOU WANT TO BE SURE TO GET IT STRAIGHT. IN Fia. |,FOR EXAMPLE, WE HAVE
A CIRCUIT CONTAINING THREE RESISTORS WHICH ARE CONNECTED IN SERIES IN AN
A.C. 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 AMPERES MUST FLOW THROUGH ALL OF THESE RESISTORS,

WE FIND ACCORDING TO OHM'S LAW THAT THE VOLTAGE OROP ACROSS THE 4 ommM
RESISTOR IS EQUAL To U4 X 6 or 24 voLts (E = I X R). THE DROP ACROSS THE
oHM RESISTOR 1S 6 X 9 OR 54 VOLTS AND THE DROP ACROSS THE 6 OHM RESIS-
TorR 15 6 X 6 OR 36 vOLTS.THE TOTAL VOLTAGE, WHICH 1S IMPRESSED ACROSS THE

ENTIRE GROUP OF RESISTORS THUS BECOMES EQUAL To 24 + 54 + 36 or 11k vouTs.

THESE VOLTAGES UNDER CONS IDERATION ARE THE EFFECTIVE voLTAGes oF THE A.C.

) CIRCUIT,
435y
A
""“szr V) WITH THIS POINT FIRMLY
40 an bo IN MIND, LET US NEXT CON-
F-(:)-- sIDER F1a, 2. HERE WE HAVE
24y %6V ANOTHER A.C, cIRCUIT BUT
THIS TIME,A RESISTOR,A CON-
DENSER AND AN INDUCTANCE
ARE CONNECTED IN SERIES,
A.C. OHM'S LAW CAN BE APPLIED
Do EQUALLY WELL TO CONDENSERS
-, . AEe ND INDUCTANCES JUST AS T
Vottage ODrstribuytion /[ Pur e- A
g we n a Pure R CAN TO RESISTORS,ONLY THAT

sistance Circuit. IN THE CASE OF CONDEN-

\
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SERS AND [INDUCTANCES THE REACTANCE TAKES THE PLACE OF THE RESISTANCE. Wg
THUS FIND IN F1G, 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 TH{S CONDENe
SER AT THE FREQUENCY BEING HANDLED. |N OTHER WORDS,THE VOLTAGE DROP ACROSS
THIS CONDENSER WiILL 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 [NDUC-
TIVE REACTANCE OF THIS COIL AT THE FREQUENCY OF THE EXJSTING CURRENT FLOW,
THAT 18, THE VOLTAGE DROP ACROSS THIS JNDUCTANCE 1s 8 X 6 or 36 VOLTS.

Now THEN, HERE IS THE MOST |MPORTANT THING FOR YOU TO REMEMBER. THE
VOLTAGE ACROSS THIs ENTIRE

30‘//-\ SERIES GROUP OF Fia, 2 wiLL

w : NOT BE 24454 +36 oR 114

Ammeter VOLTS BECAUSE IN THE CASE
(/] ofF Fig. 2, we Have IMPEDANCE
R=4a  Xc=9n X;=ba TO CONSIDER. THE IMPEOANCE OF

A
r®— THIS CIRCUIT OF Fra.2 31sNOT

4+ S +6 or |9 oHMS AS INTHE
24v 54v 36 X
" v CASE OF A PURE RES|ISTANCE
CIRCUIT. BUT TOo FIND THE 1M
PEDANCE OF THE CIRCUIT IN

Fiae 2,WE MUST USE THE FORM
@ uta Z=YR*+X?* wHere R = THE
Ac” 4 oHMs OF RESISTANCE AND"XH

THE NET REACTANCE OF THECIR

FlG, 2 cuITe. IN THE case oF Fie.2,

Yoltage Distribution in a Combination Crreuik, THE NET REACTANCE OF THECIR

: CUIT I8 9 =6 OR 3 OHMS.THAT

1S; THE CAPACITIVE REACTANCE MINUS THE JNOUCTIVE REACTANCE. THE IMPEDANCE
WOULD THUS BECOME EQUAL TO [[4*+ 3% =\16+9 =\25 oRrR 5 oHus.

IT THUS FOLLOWS THAT THE EFFECTIVE VOLT DROP ACROSS THE SERIES COM-
BINATION IN F1a. 2 1S EQUAL TO THE CURRENT FLOW T|MES THE IMPEDANCE OR
6 X 5=30 voLTs. S0 YOU SEE, THIS VOLT DROP IS LESS THAN ONE MIGHT SUPP-
OSE UPON FIRST THOUGHT.

OHM!S LAW FOR A.C. CIRCUITS
RemMeEMBER NOW THAT THE Onm'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. |MPEDANCE=

EFFECTJVE VOLTS ¢R EFFecTIvVE CURRENT_ EFFECT [VE VOLTS &
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 anp NOT N 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 W{TH A
1000 oHm RES1STOR. HOW MUCH VOLTAGE WOULD BE REQUIRED TO FORCE |0 MILLIAM
PERES THROUGH THiS CIRrRCUIT?
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To FIGURE THIS PROBLEM, WE COULD PICTURE IT AS S8HOWN You IN Fre. 3.
THE INDUCTIVE REACTANCE OF THIS CHOKE TO THE 120 CYCLE CURRENT 18 FOUND
WITH THE FORMULA X.,=6.28 fL = 6.28 X 120 X 30=22,608 owms. THE M-
PEDANCE OF THIS CIRCUIT To |20 CYCLES 1S FOUND WITH THE FORMULA AS FOLL~
ows: Z=VYR%E X =V1000422608*= V512, 121,664 =22630 oHms. THEN ACCORD-
ING To Ovm's Law, THE EFFECTIVE VOLTAGE REQUIRED TG FORCE |0 MILLIAMPERES
THROUGH THE [IMPEDANCE OF 22630 OHMS, WILL
BE OBTAINED BY MULTIPLYING THE [IMPEDANCE Choke DC. Resistance
BY THE EFFECTIVE CURRENT., Hence 22630 X .
«0l0= 226,3 voLTS, WHICH I8 THE EFFECTIVE
VOLTAGE REQUJRED,

Zohenries 1000 Q
Milllammeter @

For THI8 SAME circUIT OF Fige 3, IF

THE IMPEDANCE 18 KNOWN TO BE 22630 oHms

AND 300 vOLTS 18 APPLIED ACROSS THE CHOKE,

THEN THE CURRENT WHICH WILL FLOW CAN  BE

CALCULATED BY DIVIDING THE EFFECTIVEVOLTS F1G.3

(300) BY THE IMPEDANCE. HENCE E%?L:.ou
30

120 cycles

F/'q uring Yo/ tage.

AMPERES OR |3 MILLIAMPERES,

THEN AGAIN IN THE CASE OF Fi1Ge 3, IF THE EFFECTIVE VOLTAGE APPLIED
ACROSE THE ENDS OF THE CIRCUIT 18 KNOWN TO BE 200 VOLTS AND THE MILLJAM=
METER REGISTERS A CURRENT FLOW OF |5 MILLIAMPERES,THEN THE IMPEDANCE OF
THE CHOKE CAN BE FOUND BY DIVIDING THE VOLTMETER READING BY THE MILLIAM=
METER READINGs T s —

EADING. [HAT IS, THE |upsoAth-:_2QQ____|3333 AV

.015
You WOULD HANDLE ANY OTHER CIRCUIT IN LIKE MANNER WHETHER T BE
MADE UP OF A CAPACITY AND RESISTANCE, CAPACITY AND INDUCTANCE OR ALL

THREE OF THESE CHARACTERISTICS. IN ALL CASES, YOU MUST CONSIDER THE (M-
PEDANCE OF THE CIRCUIT WHEN APPLYING Onm's Law To THE COMBINED CIRCUIT,

RESONANCE

You HAVE ALREADY BEEN MADE FAM|LJAR WITH THE CONDITION OF RESONANCE
{N RECEJVER CIRCUITSe AT THIS TIME, HOWEVER, YOU ARE GOING TO OBTAIN A
STILL BETTER UNDERSTANDING OF THIS
(WoR IMPORTANT RAD{10 PRINCIPLE.

A LITTLE EARLIER IN THIS LESSON,
Xy = Xe= YOU weERE TOLD THAT THE IMPEDANCE OF
130 O A CIRCUIT CONTAINING RESISTANCE, [N=
DUCTANCE AND CAPACITY COULD BE CAL~
CULATED WITH THE FORMULA AS FOLLOWS3?

A.C;
Z=R* X%, IN wHicH "X" 18 THE NET
F1G6.4 REACTANCE OF THE CIRCUIT OR THEARITH
Series Resonance. MET ICAL DIFFERENCE BETWEEN THE CAP=

ACITIVE REACTANCE AND INDUCTIVE REA~
CTANCE OF THE CJRCU|T, CONSEQUENTLY, THIS8 S8AME FORMULA COULD BE WRITTEN
AS.Z=‘VR:+IXC - X §E. Now BY LOOKING AT THI8 LATTER FORMULA, IT3S IS PER
FECTLY OBVIOUS THAT IF THE CIRCUIT CONDITIONS ARE SUCH THAT THE  INDUC-
TIVE REACTANCE AT SOME GIVEN FREQUENCY 18 EXACTLY EQUAL TO THECAPACITIVE

REACTANCE AT THIS BAME FREQUENCY, THEN THE ARITHMET)CAL DIFFERENCE BE=
TWEEN THEM OR THE NET REACTANGCE, IN OTHER WORDS, WOULD BE EQUAL TO ZERO

(0)
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THIS BEING THE CASE, IT 1S CLEAR THAT THE IMPEDANCE OF THE CJRCUIT
UNDER THESE CONDITIONS WoULD BE EQUAL To 1Ts D,C. REsSISTANCE. THIS WOULD
BE THE LEAST POSSIBLE OPPOSITION, WHICH A CIRCUIT COULD OFFER AN A.C,
CURRENT FLOW AND THI8 IS THE CONDITION oF RESONANCE, THAT 1s To say, AT
RESONANCE, THE TOTAL OPPOSITION TO THE CURRENT FLOW IS SIMPLY EQUAL TO

THE circusT's D.C, RESISTANCE, OR OHMIC RESISTANCE, AND THEREFORE, THE
MAX IMUM CURRENT CAN FLOW THROUGH IT.

80 THAT YOU WILL GAIN A STILL CLEARER UNDERSTANDING OF THE RESONANGCE
CONDITION, LET US LOOK CAREFULLY AT Fla. 4, HERE WE HAVE A COJL AND CON=
DENSER CONNECTED IN SERJIES ACROSS AN A,C, source ofF E.M.F, AND WE SHALL
CONSIDER THIS CIRCUIT AS HAVING A RESISTANCE OF | OHM,WHICH WE HAVE P|C~
TURED SEPARATELY IN FiG. 4, Now THEN, NOTE CAREFULLY THAT THE INDUCTIVE

REACTANCE OF THE COIL TOWARD THE FREQUENCY BEJNG HANDLED fs 1280 O HMS
AND THE CONDENSER OFFERS A CAPACITIVE REACTANCE OF 1280 oHMSes THE IMPED=
ANCE OF THE CIRCUIT AT THIs TIME 18 Z=UR*+ (X, = X )*=VR™+(0)*=YR* =
' =1 oHwm,

Antenna _— ., THUS You WiLL SEE

L % THAT AT RESONANCE,

R.E. R.F. THE ONLY OPPOS |-

T TION OFFERED THE

4 L CURRENT FLOW IS

é 7 " THE OHMIC RESIS-

‘ o TANCE OF THE CIR

1T RF Generator cuiT. NATURALLY,

= T T = THIS CIRCUIT 18

NOW EQUIVALENT TO

FI1G.5S A PURE RESISTAN=

Example of a Series Resonsnce Circuit. CE GIRCUIT  AND
THEREFORE, THERE

WlLL BE NO PHASE DIFFERENCE BETWEEN THE VOLTAGE AND CURRENT WHJICH ARE

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.
THI8, OF COURSE, I8 THE WHOLE PRINCIPLE OF TUNING, FOR IN RADIO RECE|V=
ERS8, WE GENERALLY VARY THE CAPACITY OF THE TUNING CONDENSER AND WHENEVER
THIS CONDENSER IS ADJUSTED TO THE POSITION WHERE |TS 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 SOME T{ME
18 TO WHAT FREQUENCY A GIVEN CONDENSER AND JNDUCTANCE COMBINATION wWiLL
RESONATE, THIS PROBLEM IS QUITE SIMPLE, HOWEVER, BECAUSE A HANDY FORMULA
AGAIN COMES TO OUR ASSISTANCE. THIS FORMULA IS AS FOLL0W83JG=EE%E%WHER53

F = FREQUENCY IN CYCLES PER SECOND AT RESONANCE
T = 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 M]CHROHENRIES AND THE CAPACITY IN MICROFARADS, THEN YOU CAN
USE THE FOLLOWING FORMULA!f= 159,000 WHERES

VL ¢

f== FREQUENCY IN CYCLES PER SECOND AT RESONANCE
L = INDUCTANCE IN MJCROHENRIES AT RESONANCE
C = CAPACITY IN MICROFARADS AT RESONANCE

To ILLUSTRATE THE USE OF THIS LATTER FORMULA, LET US S8UPPOSE  THAT
WE WISH TO KNOW TO WHAT FREQUENCY A CAPACITY OF ,00035 MFD. AND A 300
MJCROHENRY |NDUCTANCE WILL RESONATE.

THE FORMULA ls:f__- !ES,OOQ AND SUBSTITUTING OUR VALUES (INTO

THIS FORMULA, WE HAvsf=_Lim_ WHENCE f‘—‘- 59,000 _ 500, 000
V300 X .00035 - 324

cvcLes (apPROXIMATELY). THAT 18, 500 Kc.

Now LET us SEE HOW THE FORMULAf— | CAN BE USEDe JO JLLUS=
2T Ve
TRATE THIS, LET US sUPPOSE THAT A 30 HENRY CHOKE COIL 18 CONNECTED IN

SERIES WITH A 2 MFD. CONDENSER SO AS TO FORM A RESONANT CIRCUITsIN THIS
CASE, THE VALUE 2 MFD.WILL HAVE TO BE CHANGED TO FARADS, THUS  BECOMING
+000002 FARADS. WE THEN HAVE {_ I wHENCE =

6.28 V30 X .000002

= 20,8 CYCLES. FREQUENTLY YOU WILL FIND THE GrREEK LETTER
Omeca (W) UsSED TO INDICATE THE VALUE UF 21rf|N TH1S FORMULA,

i
6.28 X ,0077

IN DESIGN WORK, YOU WiLL FIND THESE CALCULATJONS TO BE STILLSIMPLER
BECAUSE VARIOUS TABLES ARE AVAILABLE 80 AS TO REDUCE THE AMOUNT OF RE=
QUIRED COMPUTATJON, You WILL FIND THESE HANDY TABLES IN FOLLOWING LESSONS,

A SER|ES RESONANT CIRCUIT

Fige 5 SHOWS YOU A PRACTICAL EXAMPLE OF A SERIES RESONANT CIRCUITAS
USED IN THE TUNED R.F. STAGE OF A RADIO RECEIVER. THE ACTUAL RECEIVERCIR
CUIT IS SHOWN AT THE LEFT OF THIS ILLUSTRATION WHILE THAT AT THE  RIGHT
I8 1TS 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 CONDEMSER 18 CONNECTED IN
PARALLEL OR SHUNTED ACR0O8S THE ENDS OF THE COlLe THUs 1T 1S TRUE THAT AS
FAR AS THESE TWO INDIVIDUAL PARTS OF THE CIRCUIT ARE CONCERNED, THEY ARE
ACTUALLY CONNECTED IN PARALLEL WJTH RESPECT TO EACHOTHER BUT THERE IS
STILL ANOTHER PART WHICH EX{ISTS IN THIS CIRCUIT WHICH 18 OVERLOOKED BY
MANY PEOPLE AND THAT 18 THAT WITH S8IGNAL VOLTAGES IMPRESSED UPON THE CIR
CUIT, WE HAVE THE EFFECT OF A SMALL HIGH FREQUENCY or R,F. GENERATOR,
WHICH 1S CONNECTED IN THIS TUNED CIRCUIT AS JLLUSTRATED IN THE DI AGRAM
AT THE RIGHT OF Fl1Gge 5o ALTHOUGH THIS GENERATOR IS NOT PRESENT [N 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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WHENEVER, AN E.M,F, IS INDUCED IN A CIRCUIT AS IN THIS CASE, THE
S8OURCE oF E,M,F, can BE CONSIDERED AS BEING CONNECTED IN SERIES WITH THE
TUNED CIRCUIT AS ILLUSTRATED AT THE RIGHT oF Fia. 5. THus vou SEE, THAT
HERE WE HAVE A SERIES RESONANT CIRCUIT BECAUSE THE SECONDARY WINDING oF
THE R,F, 'TRANSFORMER, THE TUNING CONDENSER AND THE SOURCE oF E.M,F, agrg
ALL CONNECTED IN SERJES WITH ONE ANOTHER,

IF THE TUNED circUIT AT THE RiGHT oF Fig. 5 18 TUNED TO RESONANCE
WITH LET Us sAY A sjenaL FREQUENCY OF 600 Kceo THEN THE IMPEDANCE OF THisS
~ CIRCUIT BECOMES EQUAL To THE oHM}C RE=

D000

QV/AM‘“""E SISTANCE OF THJsS CIRCUIT,WHICH WE wjLL
ASSUME To BE [0 omms, IF THE SIGNAL VoL
TAGE INDUCED INTO THE SECONDARY WINDING
OF THE FIRST R.F. TRANSFORMER jg 2
% MitLivorts (002 VOLTS) THEN THE CURRENT
f CAUSED TO FLOW THROUGH THE RESONANT CIR
S CUIT WiLL BE ] — E/Q= 2002 _ .0002 Am-
10

(‘/ PERES OR ¢2 MILLIAMPERE, |F THE CONDE}N
Paralle| SER AT THIS FREQUENCY SETTING HAS A RE=
resonsnt "= L -I ] ACTANCE oF |326,2 OHMS, THEN THE VOLTAGE
Circuit DEVELOPED ACROSS ITS PLATES BY THE CUR=-
% RENT FLOW OF ,0002 AMPS. THROUGH T
R.F. WILL ee E=T X R=.0002 X 1326,2 = . 265
c voLTse THIS wiLL BE THE voLTAGE "Eg" N
5 THE ILLUSTRATION AT THE R{|GHT oF Fie.5,
WHICH I8 APPLIED ACROSS THE GRID CIR-
CUIT OF THE FIRST R.F, TuBE, THUS  vou
CAN NOW SEE JUST EXACTLY How THEVOLTAGE

IS PRODUCED, IN ORDER TO OPERATE THE
FilGg. e GRID OF A RADIO TUBE. ALSO NOTE THE voL
The Paralle/ Resonant TAGE INCREASE FOR GQRID APPLJCATION AS
Circust, MADE POSSIBLE BY THIS TUNED CIRCUIT,

Since AT RESONANCE, THE IMPEDANCE OF THjs SERIES RESONANT CIRCUJT
BECOMES EQUAL TO ITS omvic RESISTANCE, IT 18 0BVIOUS THAT N ORDER To
HAVE A SENSIT|VE CIRCUIT, 37 s NECESSARY To KEEP THIS oMwmjC RES ISTANCE
DOWN TO AS LOW A VALUE as PRACTICAL. HERE IS WHERE CAREFUL CoIL DEsjieN
BECOMES SUCH AN IMPORTANT ITEM IN SCIENTIFIC RADIO CONSTRUCTION, FOR T

Besibes THE FormuLA EXPRESS ING THE RELAT|ON BETWEEN THE |NDUCTANCE
AND CAPACITY OF A CIRCUIT FoR A QIVEN FREQUENCY, WE HAVE ANOTHER HANDY
FORMULA BY MEANS OF WHICH we CAN READILY CALCULATE THE WAVELENGTH IN ME.
TERS 710 wHicH A GIVEN INDUCTANCE AND CAPAC|TY COMBINATION WILL RESONATE,
THIS FORMULA 8 AS FOLLOWSS

WAVE LENGTH INMETERS = 1885 '\[iNoucrANce INMICROHENR | ES X CapaciTy In MrFo,
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GENERALLY YOU WILL FIND THIS FORMULA WRITTEN A8? (=] 885 VLC,WHEREJ( ( The
GREEK LETTER "LAMBDA) 1S THE SYMBOL FOR WAVELENGTH, "L",THE syMBOL FOR IN=
DUCTANCE AND "C" THE sYMBOL FOR CAPACITY,

To JLLUSTRATE THE USE OF THIS FORMULA, LET US SUPPOSE THAT WE W]SHTO
KNOW TO WHAT WAVELENGTH A 300 MICROHENRY INDUCTANCE AND A +00035 mMFD.cCON
13

DENSER WJILL TUNE. SUBSTITUTING THESE VALUES INTO OUR FORMULA,WE HAVE ¢
A=18851300 X .00035 wHencE A = 1885 V. 1050 ; A=1885 X 324 =610 METERS.

PARALLEL RESONANT CIRCUITS

Now LET us coMPARE A PARALLEL RESONANT CiRCUIT WITH A SER|ES RESONANT
CIRCUIT AND NOTE THE DIFFERENCES BETWEEN THEM. A PARALLEL RESONANT CIR=-
CUIT IS JLLUSTRATED FOR YOU IN F1Ge 6+ IN THE UPPER ILLUSTRATION, You
WILL SEE THE PARALLEL RESONANT CIRCUIT APPLIED AS A WAVE=TRAP IN THE AN=
TENNA CIRCUIT OF A RECEIVER. UBSERVE THAT THE CONDENSER IN THI8 CASE I8
ALSO SHUNTED ACRO88 THE ENDS OF THE COIL, THE SAME AS IN THE SERIES RESONANT
CIRCUIT, WHICH WE CONSIDERED A FEW MOMENTS AGOe THE BJG DIFFERENCE, HOW-
EVER, 18 THAT IN F1Gs 6, THE SIGNAL VOLTAQE 1§ APPLJED ACROSS THE TUNED
CIRCUIT. IN OTHER WORDS, YOU CAN CONSIDER THIS CIRCUIT AS PICTURED INTHE
LOWER PORTION OF Fig. 6, WHERE THE SOURCE OoF E,M,F. OR S1GNAL ENERGY CAN
BE THOUGHT OF AS A smALL R,F., GENERATOR, WHICH §S CONNECTED ACROSS  THE
CIRCUIT AS ILLUSTRATEDs

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 18 TUNED TO RESONANCE
WITH SOME GIVEN FREQUENCY, THE IMPEDANCE OF THE CIRCUIT TOWARDS THIS FRE
QUENCY BeEcomes 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 CHARACTERJISTICS OF A PARALLEL RESONANT CIRCUIT ARE SUCHTHAT
ITS IMPEDANCE |8 MAXIMUM OR GREATEST AT RESONANCE, IT 18 NO MORE BUT NAT
URAL THAT THE LEAST POSSIBLE CURRENT FLOWS THROUGH THE PARALLEL RESONANT
CIRCUIT AT THE RESONANCE FREQUENCY.

IT 1S INTERESTING TO NOTE, HOWEVER, THAT OUR SAME TWO RESONANCE FORM
ULA APPLY EQUALLY WELL TO BOTH SERJES AND PARALLEL RESONANT CIRCUITE PRQ
VIDED THAT THE OHM|C RESISTANCE OF THE CIRCUIT (8 QUITE LOW, THIS, OF
COURSE, I8 THE GENERAL CASE IN CJRCUITS WHERE SUCH CONNECTIONS ARE USED.
THUS FOR PARALLEL RESONANT CIRCUITS, WE ALSO0 HAVE THAT £_ 1 H

6.28 V Lc
THATJ[= 159, 000 AND THATJC:'SSS V Le.

VL in microHenries X C IN MFD.

POWER IN A.C. CIRCUITS

Now LET us consiDer THE POWER jn A.C. circuiTs. From YOUR EARLIERLEg
S8ONS, YOU WILL RECALL THAT IN ORDER TO CALCULATE THE FOWER CONSUMED BY A
CIRCUIT THROUGH WHICH A DIRECT CURRENT FLOWED, §T 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. CIRCUIT CONTAIN
ING RESISTANCE ONLY AND NO INDUCTANCE OR CAPACITY, WE CAN FIGURE THE POW
ER CONSUMED BY THE CIRCUIT IN THE SAME WAY. THAT 18, ALL THAT WE HAVE TO
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DO 1S TO MULTIPLY THE EFFECTIVE VOLTAGE BY THE EFFECTIVE CURRENT AND THE
RESULT WILL BE TNE POWER IN WATTS. TH§S POWER CONSUMED BY THIS PURE RE=
S8ISTIVE 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 FACEe FOrR ExamPLE, WHEN A.C, |8 PASSED
THROUGH AN INDUCTANCE, SOME POWER IS EXPENDED IN ORDER TO ESTABLISH A MAG
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 §8 PASSED THROUGH
1Te THE ONLY POWER ACTUALLY USED UP BY EITHER OF THESE TWO DEVICES 18 THAT
WHICH 1S DISSIPATED AS HEAT BY THE OHM|C RESISTANCE wHICH THEY CONTAIN.

SINCE THE OHMIC RESISTANCE 18 GENERALLY VERY SMALL AS COMPARED TO THE
REACTANCE OF SUCH CIRCUITS, WE FIND THAT MUCH MORE POWER |8 RETURNED TO
THE CIRCUIT THAN IS DISSIPATED AS HEAT. BECAUSE OF THIS CONDITION, IT 18
CLEAR THAT IN SUCH CIRCUITS, WE CANNOT MULTIPLY THE EFFECTIVE VOLTAGE B8Y
THE EFFECTIVE CURRENT AND OBTAIN THE TRUE POWER VALUE. THis CALCULAT 1ON
GIVES Us WHAT IS &NOWN AS THE "APPARENT POWER" OR AS IT IS SOMETIMES EX=
PRESSED "VOLT-AMPERES". THAT 1S, IF WE SHOULD CONNECT A VOLTMETER AND AM=
METER TO SUCH A CJRCUIT AND FIND THE VOLTMETER READING TO BE 100 voLTs ano

YHE AMMETER READING 3 AMPERES, THE "APPARENT POWER" wourLp BE 300 VOLT-AM-
PERES ano NOT 300 WATTs.

THE "POWER FACTOR"

To Fino THE TRUE POWER ofF sucH a CIRCUIT, WE HAVE TO MULTIPLY THE AP=-
PARENT POWER BY A NUMBER WH{CH WE CALL THE "POWER FACTOR." THss 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 PQ

WER FACTOR AND IT |8 EQUALLY TRUE THAT THE POWER FACTOR_ WaTtTs
voLT-AMPERES",
IN OTHER WORDS, IF THE POWER IN THE CIRCUIT 1S MEASURED BY MEANS OF A

SPECIAL WATTMETER AND THE APPARENT POWER §S CALCULATED BY MULTIPLY NG TO-
GETHER A VOLTMETER AND AMMETER READING OF THE CIRCUITy THEN THE POWER FAC=

TOR WILL BE EQUAL TO THE WATTMETER READING DJIVIDED BY THE VOLT=AMPERE PRQ
DUCT,

FOR GENERAL RADIO USE, YOU WILL ALSO FIND THAT THE POWER FACTOR OF
A CIRCUIT 18 EQUAL TO THE OHMIC RESISTANCE OF THE CIRCUIT DIVIDED BY THE
IMPEDANCE IN  OHMSe THAT IS, POWER FACTOR — RESISTANCE IN OHMS o THUS IF

IMPEDANCE IN OHMS
IF THE RESISTANCE OF THE CIRCUIT 18 |0 OHMS AND THE CIRCUITS IMPEDANCE 18
25 OHMS, THEN THE POWER .FACTOR OF THE CIRCUIT WILL BE EQUAL To 10 _ .4

THE POWER FACTOR OF A PURE RESISTANCE CIRCUIT 1s | AND FOR anNY A.C.
CIRCUIT CONTAINING INDUCTANCE, CAPACITY OR BOTH IN ADDITJON TO SOME RE=-
BISTANCE, THE POWER FACTOR WiLL BE LESS THan |, THaT 1Sy SOMEWHERES BE-
TWEEN O AND | AND THE GENERAL PRACTICE 1S TO EXPRESS T AS A DECIMAL, SUCH
AS o4 3 o7 ; +8 ETC. THEREFORE, SINCE THE APPARENT POWER MUST BEMULT IPL|ED
BY SBOME FACTOR LESS THAN |, IN ORDER TO GIVE THE TRUE POWER, IT 18 OBYIOUS
THAT THE TRUE POWER OR POWER ACTUALLY USED BY THE CIRCUIT WILL BE LESS
THAN THE APPARENT POWER.

SINCE You HAVE LEARNED THAT THE |MPEDANCE OF A RESONANT CIRCUIT BE=



LESSON NO.4/| PAGE 9

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 ACIRCUIT
AT RESONANCE IS ALsO |,

RESONANCE CURVES

IN TECHNICAL LITERATURE PERTAINING TO RADIO, YOU WiLL COME ACROSS
VARIOUS TYPES OF CURVES WHICH ARE USED TO |LLUSTRATE THE PERFORMANCE OF
DIFFERENT RADIO UNITS AND AS YOU PROCEED W|TH YOUR STUDIES, YOU WILL BE=
COME ACQUAINTED WITH ALL OF THEM. AT THE PRESENT TIME, WE ARE GOING TO
conS IDER THE RESONANCE CURVES FOR SERIES TUNED CIRCUITS AND YOUWILL FIND
THEM TO POINT OUT MANY IMPORTANT FACTS.

LeT us sUPPOSE, FOR EXAMPLE, THAT WE APPLY A SIGNAL OF GIVEN VOL~
TAGE ACROSS A SERIES TUNED CIR=-
CUIT AND AT THE SAME TIME MEAS= Resonance e e
URE THE CURRENT FLOW THROUGH curve N\ ;//- point
THIS CIRCUIT, WE WOULD FINDTHAT 1.
WITH THE SIGNAL VOLTAGE VALUE < X
BEING CONSTANT AND [TSFREQUENCY / \
VARIED IN BOTH DIRECTIONS FROM
THE FREQUENCY TO WHICH THIS PAR
TICULAR CIRCUIT 1S 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,

o o

IN Ma.

OGNS ¢ )
-"""'--..._

CURRENT
—

\

\
\
\

FOR INSTANCE LET US ASSUME \
THAT THE RESONANT FREQUENCY IS / \
600 Kc. AND THAT WITH A GIVEN 4// \‘h
S1GNAL VOLTAGE AT 600 Kc., ACUR 450 550 650 750
RENT OF | MA. FLOWS THROUGH THE G 50 bosEEToOR B Ce

) FREQUENCY IN Kc.

CircUIT, WE SHALL FURTHERASSUME
THAT THE CURRENT WITH THE O FF= Fi1Gg.7
ERENT FREQUENCIES ABOVE RESO- The Resonarrce Curve.
NANCE 18 AS FOLLOWS? oS5 MALAT
650 Kcy «7 Ma AT TOO Kc; 15 ma. AT 750 Kco; 05 ma. AT 800 Kc., WHEREAS
BELOW THE RESONANT FREQUENCY, THE CURRENT VALUES ARE:! .95 ma., AT 550 Kes
o7 MAe AT 500 Kc; 15 ma. AT 450 Kc., AND .05  ma, AT 400 Kc.

oW

(o)

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 Fia. 7. We caLL
THis A RESONANCE CURVE,

By sTubYING Fi1Ge 7, YOU WILL OBSERVE THAT THE RESONANCE CURVE REA-~
CHES JTS MAXIMUM HEIGHT AT THE RESONANT FREQUENCY AND THEN DROPS OFF
RAP IDLY 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 18

,a—”””””‘
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QUITE NARROW AND ITS SIDES DROP OFF ABRUPTLY TOWARDS EACH S}DE 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 FREQUENCYe [T 1S THIS FACT WHICH
DETERMINES THE SHARPNESS OF TUNING FOR ANY PARTICULAR CIRCUIT,

ANOTHER IMPORTANT THING TO REMEMBER REGARDING RESONANGE CURVES I8
THAT THE D.C. RESISTANCE OF THE TUNED CIRCUIT IN A LARGE MEASURE DETER=
MINES THE BROADNESS OF THE RESONANCE CURVE., FOR INSTANCE, IN Fja. 8, WwE
HAVE THREE INDIVIDUAL CURVES, EACH FOR A TUNED CIRCUIT OF DJFFERENT D.C,
RES ISTANCE AND ALL DRAWN ON
21 - “Zip;_ 5 Ohms THE SAME GRAPH,.

NoTice especiaLLY IN Fig.
8 THAT THE CURRENT AT THE RES~
ONANT FREQUENCY OF 600 Kce. 1Is
GREATEST FOR THE TUNED CJRCUIT
20 Ohms HAVING THE LeEasT 0,C, RES 1S~
TANCE. ALSO OBSERVE THAT THE
SIDES OR SLOPE OF THE CURVE |§
STEEPER WHEN THE D.C.RESISTAN-
CE OF THE TUNED CIRCUJT IS LESS
// \\f R= 50 Ohms AND THAT THE GREATER THE D.C.
A% S\
/ N

o

\\
D

RESISTANCE OF THE TUNED CJR~
// \\ CUIT, THE BROADER WILL BE THE

A RESONANCE CURVE,
B AN
Z-

e

CURRENT UNITS

H N W Hh oo 9w 0w

By careruLLY STUDY ING
450 550 050 750 THESE COMPARISONS IN Fie. 8,
400 soo 000 700 800 YOU WILL QUICKLY REALIZE THAT
FREQUENCY IN Kc. TO HAVE A SHARP TUNING AND SEN
SITIVE CIRCUIT, I1Ts D.C, rRESIS~
F1G.8 TANCE MUST BE KEPT DOWN TO AS
Effect of Resistance Upon Tuning. LOW A VALUE AS POSS |BLE.

I/

o

CHO iCE OF BYPASS CONDENSERS

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

IN PRACTICE, IT IS GENERALLY THE CUSTOM TO CHOOSE R.F. BYPASS CONe
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 ONE=ONE HUNDREDTHTO ONE=ONE THoug
ANDTH THAT OF THE RESISTOR ACROSS WHICH IT IS CONNECTEDs. FOR  INSTANCE,
IF A CONDENSER IS TO BE USED TO BYPASS R.F, ENERGY AROUND A 2000 OHM
RESISTOR IN A BROADCAST RECEJVER AS JLLUSTRATED IN Fia. 9, THEN IN ORDER
THAT THIS PARTICULAR BYPASS CONDENSER MAY HAVE A CAPACITIVE REACTANCE E=
QUAL- TO APPROXIMATELY ONE=OME THOUSANDTH THAT OF THE 2000 oHMm RESISTOR,
ITS CAPACITIVE REACTANCE AT 500 Kce musT BE 2000 —5 ouums.

1000
\\\
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A .25 MFD. CONDENSER WILL HAVE A CAPACITIVE REACTANCE OF |.28 oOHMS
AT 500 Kce, WHILE A o] MFD. CONDENSER WILL HAVE A CAPAZITIVE REACTANCE OF
3,2 OHMS AT THIS SAME FREQUENCY. THE .25 MFD. CONDENSER WOULD  THEREFORE
BE THE PREFERABLE OF THESE TWC STANDARD 81ZES WHICH COME CLOSEST TO OUR
DESIRE VALUE,

IN THE CASE OF BY R.F Tube
PASS CONDENSERS WHICH
ARE EXPECTED TO HANDLE
AUDIO FREQUENCIES, THE
GENERAL PRACTICE 18 TO
CHOOSE A CONDENSERWHOSE B+
CAPACITY VALUE IS SUCH
THAT ITS CAPACITIVE RE= Cond. value

ACTANCE AT THE  LOWEST /d i;o be g
FREQUENCY BE{NG HANDLED % 2000, ecegnins

2000

i1s asout /10 THE RE- A I

SISTANCE VALUE OF  THE L
RESISTOR WHICH IT BY- B+ i

PASSES. THAT IS, IF A

RESISTOR OF 2000 OHMS IN FiG.9

AN A.F. AMPLIFIER 1S TO Caleu/zting the By-pass Condenser Value.

BE BYPASSED BY A CONDEN

SER AND THE LOWEST FREQUENCY BEING HANDLED 1S 50 CYCLES,THEN THE CAPACI]-

TIVE REACTANCE OF THIS CONDENSER AT 50 CvcLES sHouLp BE ABouT 2000 OR
10

200 oHms. THiS WOULD THEREFORE CALL FOR A CONDENSER HAVING A CAPACITY RA-

TING OF ABoUT |6 MFD.

TABLE 1 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 [N BOTH THE R.F. anD A.F. sTAGES,

SINCE THE REACTANCE OF A CONDENSER §S INVERSELY PROPORTIONAL TO THE

TABLE X
FREQUENCY IN CYCLES PER SECOND
|| Broadcast Radio . R
i 3 requencies
CAP. | Frequencies Audio Frequencies Power Supply Freq
IN - - r
MFDS | 500,008 1,500,000 50 10,000 25 69 120
1
CAPACITIVE REACTANCE IN OHMS
.00005 6,369.4 2,123.1 63,694.267 318,471 127,388,534 53,078,503 | 26,539,252
L0001 | 3,184.7 1,061.6 31,847,133 159,235 63,694,267 26,539,262 | 13,269,626
00025 1,273,8 424.6 12,738,863 63,694 25,471,706 10,615,600 5,307,850
0005 | 636.9 212.3 6,369.426 91,847 12,738,853 5,307,850 2,653,925
.001 318.5 106.2 3,184,713 16,924 6,369,427 2,653,925 1,326,963
005 63.7 21.2 636,943 , 185 1,273,885 530,785 265,393
.01 | 31.8 10.6 318,471 ,592 636,943 265,393 132,696
015 | 21.2 7.1 212,314 1,068 424,629 175,929 88,464
.02 15.9 5.3 159,235 79 3%8.471 132,697 66,348
.05 6.4 2.1 63,694 318 127,389 653,078 26,939
.1 3.2 1.1 31,847 159 63,694 28,639 13,270
.25 | 1.28 .42 12,739 64 25,478 10,618 | 308
B | .64 21 6,369 32 12,739 5,808 2,664
1.0. I .32 11 3,184 15.9 6,3 2,664 1,327
g0 |l 16 05 1592 '3 31184 1,327 663
4.0 .08 03 769 3.9 1,692 664 332
6.0 M 05 02 521 26 | 1,062 442 221
8.0 | .04 01 398 2.0 796 332 166
10.0 | .03 01 318 1.6 637 265 133
15.0 .02 01 212 1.1 425 177 88

Reactances of Condensers of Standard Capscity
8t Commonly Used Frequencies,
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FREQUENCY AND CAPACITY, DOUBLING THE CAPACITY OF THE CONDENSER WIilLL RE-
DUCE THE REACTANCE BY ONE-HALF. THiIS BE ING TRUE, IT IS A SIMPLE MATTER TO
CALCULATE MENTALLY THE REACTANCE OF ANY CONDENSER NOT GIVEN IN TABLEI AND

AT PRACTICALLY ANY FREQUENCY,SIMPLY BY BASING ONE'S CALCULATI1ONS 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 INFORMAT ION.EVEN IF THESE
LESSONS APPEAR SOMEWHAT DIFFICULT TO YOU, REMEMBER THAT THEY ARE IM-
PORTANT AND THAT IT 1S NOT NECESSARY FOR YoUu 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
RAD!1O 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. LI

l. = IF A CONDENSER OF 8 MFD, AN INDUCTANCE OF 30 HENRIES
AND A RESISTANCE OF 1000 OHMS ARE ALL CONNECTED N SER-
IES, WHAT WILL BE THE IMPEDANCE WHICH THIS CIRCUIT WILL
OFFER TOWARDS A 60 CYCLE CURRENT?

2. - HOWw MUCH CURRENT WILL FLOW THROUGH THE CIiRCUIT DESCRIB-
ED IN QUESTION #I1? THE APPLIED VOLTAGE 1S 100 voLTs.

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

h. - 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. 1S 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 conpeNserR oF |40 MMFD. AND AN INDUCTANCE oF 100
MICROHENRIES ARE CONNECTED IN SERIES,TO WHAT WAVELENGTH
WILL THIS CIRCUIT RESONATE?

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

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

10.~- How poES THE D.C. RESISTANCE OF A SERIES TUNED CIRCUIT
AFFECT THE RESONANCE CURVE AND SELECTIVITY OF THE RE-~-

CEIVER?
\\
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LESSON NO. 42

e R.F. COIL DESIGN -

You HAVE HEARD A GREAT DEAL ABouT R.F., AMPLIFIERS BO FAR IN YOUR
STUDJES AND NO DOUBT YDU ARE BY THIS TIME BEGINNING TO REALIZE WHAT A
TREMENDOUS STUDY THIS RADIO SUBJECT ALONE REQUIRES. THE R.F. AMPLIFIER 18
AN EXCEEDINGLY IMPORTANT PART OF THE RADIO RECEIVER, FOR THE RECEIVER'S
OPERAT ING QUALITY DEPENDS GREATLY UPON THE PROPER FUNCTIONING OF THIS POR
TION OF THE CIRCUIT,

ONLY A FEW YEARS AGO, THE CONSTRUCTIOM OF THIS SECTION OF THERECEIY
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 1T HAS ONLY BEEN THROUGH THE CONSTANT EXPERIVENTS OF STUu-
DIOUS RADIO MEN THAT THIS PORTION OF THE RECEIVER HAS REACHED ITS PRESENT
STATE OF DEVELOPMENT. STILL, THERE 1S ROOM FOR IMPROVEMENT AND AS T IME
PASSES, MORE AND MORE OF THE PRESENT PROS
LEMS W) LL BE SUCCESSFULLY SOLVED, SO THAT
IT 1S REALLY DIFFICULT TO PROPHESY  JUST
WHAT REMARKABLE ACHIEVEMENTS WILL BE W|T=-
NESSED IN THE NEAR FUTURE. YOU SHOULD BE
MIQHTY HAPPY THAT YOU HAVE ENTERED THE
Fi1zLbp oF Rapio AT THIS TIME, DURING WHICH
SUCH TREMENDOUS PROGRESS 18 BEING  MADE.

IN PREPARING YOU TO BECOME ATRAINED
Rapio MaN, IT 1S 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 SPEGC
IFICATIONS TO FOLLOW FOR CONSTRUCTING VAR-
tOUS COILS ETC., WE ARE GOING TO SHOW YOU

JUST ExacTLY WHY THESE DIFFERENT SPECIFI~ FlG.1
CATIONS ARE SUITABLE. ALL OF THIS JNFOR=- p ) o
MATION 1S GOING TO BE OF GREAT VALUE TO ounting the R.F Transformer.

YOU BECAUSE IT WILL ENABLE YOU TO INTELL=
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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 Y
NIT3S CAN BE BOUGHT READY MADE AT A PRICE WHICH IS QUITE REASONABLE,  YET
THERE ARZ TIMES WHEN YOU WILL WiSH TO CONSTRUCT THEM ACCORDING TO YOUR
OWN ICEASe 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 ReFe  TRANSFORMER
IS GENERALLY CONNECTED ACROSS A TUNING CONDENSER AS SHOWN N Fic.2anD THE
FREQUENCY TO WHICH THIS TUNED CIRCUIT WILL RESONATE, IS DEPENDENT UPON
THE INDUCTANCE OF THIS WINDING AND THE CAPACITY OF THE CONDENSER W]TH
WHICH |T IS USED.

IN ORDER TO ENABLE THIS CIR=
CUIT TO TUNE OVER A GIVEN RANGE OR
BAND OF FREQUENCIES,IT IS OF COURSE
NECESSARY TO EITHER VARY THE INDUC
TIVE, CAPACITIVE OR BOTH VALUES BUT
THE MOST COMMON PRACTICE I8 TO USE
A FIXED INDUCTANCE AND TO VARY THE
CAPACITY WITH THE AID OF A VAR|-

A
) ABLE cONDENSER.
Vanable— J fnductarﬁce

Condenser
ALTHOUGH WE HAVE TOLD YOU coy
Fia. 2 S IDERABLE ABOUT INDUCTANCE AND ITS
The Tuned Crreuit. VARIOUS EFFECTS AND ACT[ONS,YET WE

HAVE AS YET NOT TOLD YOU JUST EX-

ACTLY HOW TO GO ABOUT THE TASK OF
CALCULAT ING INDUCTANCE. IN OUR PRESENT oiscuss ton 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 Fie. 2 ARE MOST EXTENSIVELY USED. THE REASON FOR THIS BEING THAT IT
HAS BEEN PROVEN TO BE THE MOST EFFICIENT, AS WELL AS THE SIVPLEST TO CON=-
STRUCT., WE CALL SUCH TUBULAR SHAPED coiLs, "SOLENOID COILS or winDINGSe"

A verv HANDY FORMULA I8 AT OUR DISPOSAL FOR CALCULATING THE INDUC=
TANCE OF THIS TYPE OF WINDING AND THIS FORMULA IS AS FOLLOWS?

L=0.0251 o* N n. K.

o

THE LETTER "L" N THIS FORMULA STANDS FOR THE INDUCTANCE  EXPRESSED
IN MICROHENRIES; THE NUMBER 0.025! Is A consTANT; "O" STANDS FOR THE DjA=
METER OF THE COIL IN INCHES; "N" S|GNIFIES THE TOTAL NUMBER OF TURNS; "N "
IS THE NUMBER OF TURNS PER INCH ON THE WINDING AND "K" s THE "CORRECT}ON
FACTOR" FOR THE PARTICULAR COIL N QUESTION. By ALL MEANS, DON'T BECOME
ALARMED WHEN CONFRONTED BY A FORMULA AS THIS BECAUSE IT IS HANDLED EAS|ER
THAN ONE MIGHT AT FIRST SUPPOSE. THIS WILL BE EVIDENT FROM THE EXPLANAT | ON

\\\,
S

X L
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WHICH IS TC FOLLOW.

"FINDING THE CORRECTJON OR SHAPE FACTOR

THE COIL DIVENSIONS AS USED IN THIS FORMULA WILL PRESENT NO DIiFFIC-
ULTY BUT NO DOUBT YOU ARE ALREADY WONDERING WHAT 18 MEANT BY THE EXPRESS=
10N "CORRECT 1ON=FACTOR", WHICH 1S REPRESENTED BY THE LETTER BKM N THE
FORMULA. THIS CORRECTION FACTOR IS OBTAINED FROM A TABLE, WHICH WE ARE
GIVING YOoU IN TasLe [ AND THE VALUE oF K 8 DIFFERENT FOR DIFFERENT SOLEN=
NID COIL SHAPES. THIS VALUE I3 ALSO SPOKEN OF AS THE COILS "SHAPE= FACTOR'
BECAUSE 1T 1S DEPENDENT UPON THE RAT10 OF THE cOlL'S DIAMETER TO 1TS LEN=-
ATHe

THE VALUE oF "K" TocHoose FRoOM TABLE ] 18 DETERMINED AS FOLLOWS? For

TABLE T
Varues OF "K" For INpucTaNce Formuta
DyavETER K DjaMETER K DjaMETER
LenagTH LengTH LenGgTH K
0.00 1.000 1.90 ©.538 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 .502 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 1.9 .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 16.9 146
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
1.15 857 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 .345 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 60.0 033
1.70 .565 5.20 312 70 0 .047
5.40 .305 80.0 042
1.75 .558 5.60 .288 90 0 038
1.80 .551 5.80 .292 100.0 .035
1.85 .544
6.00 .285
6.20 .280
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EXAMPLE, IN F16. 3, WE HAVE A COIL OR INDUCTANCE WHICH 18 |.5" IN DjA=
METER AND 3" LonG. BY DIVIDING 1TS DIAMETER BY ITS LENGTH,WE HAVE |,5_.5
3
LookING FOR THIS NUMBER UNDER THE COLUMNS HEADED Djam,. N TaBLeI, we
LenaTH
SEE THAT 5 CORRESPONDS TO A SHAPE OR CORRECT |ON FACTOR OF 818, Hence
THE CORRECTION FACTOR OR VALUE OF K FOR A COIL HAVING THE DIMENSIONS AS
INDICATED IN Figs 3 wiLL BEQ.8I8.

TRUE MEANING OF "LENGTH OF WINDING"™ AND "TURNS PER [NCH"

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 ARECONTA INED
in. ONE INCH OF THEWINDING!'S

LENGTH,THIS 18 IMPORTANT BE=-
c
150 Turns AUSE QUITE OFTEN,A S8PACE 18
PO ALLOWED BETWEEN ADJACENT TURNS
) OF A WINDING AND THIS8  HAS
D.s.C . wire A PRONOUNCED EFFECT UPON
wound 50 THE WINDING'S INDUCTANCE,
turns to THEN 1T 18 ALSO APPARENT
the inch THAT IN SUCH CASES, WHERE
¢ inchy ADJACENT TURNS ARE WOUND
SIDE BY SIDE W[THOUT ANY
SEPARATIONS, ONE W|LL BE
FlG. 3 ABLE TO WIND MORE TURNS PER

INCH WHEN SMALLER WJRE OR
WIRE OF THINNER INSULATION
ts uszpe TaBLE IT, TELLS You
HOW MANY TURNS PER INCH CAN BE WOUND WITH STANDARD S1ZES 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 CONS |DERED WOUND SIDE 8Y S|DE
IN A SINGLE LAYER AND NO SPACE [|S 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 CONS |DER THE
SPACE ACTUALLY OCCUPIED BY THE WIRE AS CONSTJTUTING THE LENGTH OF THE
WINDING. THIS IS ILLUSTRATED CLEARLY IN Fia. 3.

Calculating: Inductance.

YOou CAN CHECK UP ON YOURSELF AS TO YOUR UNDERSTANDING ofF TasLe II By
MEANS OF Fige 3. NoTiICE IN THIS ILLUSTRAT ION, THAT THE COIL IS WOUNDWI(TH
150 TuRNs OF #26 DOUBLE SilLk COVERED WIRE, WITH THE TURNS WOUND SIDE BY
SIDE AND UPON REFERRING To TaBLE II, vYou wiLL OBSERVE THAT #26 B&S pousLE
SILK COVERED WIRE CAN BE WOUND 50 TURNS TO THE INCH AND THIS CHECKS WITH
Fiece 3, A8 HERE THERE ARE |50 TURNS OF THIS WIRE IN A 3" WINDING LENGTH,

CALCULATING THE INDUCTANCE

Now LET uS PROCEED TO CALCULATE THE INDUCTANCE OF THE COIL WHICH I8
ILLUSTRATED IN Fic. 3. FOR THIS, WE WILL USE OUR FORMULA:

L=0.0251 0™ N N, Ko THE vaLUE FOR "o" Accoroing To Fige 3 wWiLL =~ BE
5", THE vaLuE For "N" wiLL BE 150 Turns, "N WiLiL BE 50 TURNS PER INCH
AND "K" we HAVE ALREADY Founo To 8E0.818,

SussTITUTING THESE VALUES IN OUR FORMULA WE HAVE!?
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L=0.0251 X 1.5% X 150 X 50 X .818, WHENCE L=3246.4T7. THAT 1S, THE
INDUGTANGE OF THE COIL, WHICH IS sHOwN IN Flae 3, IS APPROXIMATELY 346,47
M| CROHENRIES AS DETERMINED BY CALCULATION.

BEAR IN MIND, THAT THIS INDUCTANCE FORMULA WHICH WAE JUST GIVEN YOU,
oNLY APPLIES To SOLENOID TYPE (air CORE) COILS, HAVING A SINGLE LAYER WiIN
DING. FOR BANKED COILS, THAT IS, SOLENOID COILS CONSISTING OF SEVERAL LAY
ERS OF WINDING, YOU CAN USE THE FORMULA L=0,0251 o* N N N, K WITH CONSIC
ERABLE ACCURANCY AND IN TH1S CASE, "N" S1GNIFIES THE NUMBER OF LAVERS MAK
ING UP THE WINDING. ALSO REMEMBER, THAT THIS LATTER FORMULA IS ONLY CON=
SISTENT IN SUCH CASES WHERE THE DEPTH OF THE WINDING IS MNOT TCO GREAT AS
COMPARED WITH [TS 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 SOL=

TABLE II

Wire Turns Per IncH Vouno Sioe By Sioe WiTH

Sy1zE Wire Having FOLLOWING INSULATION

Gauge | Bare SingLE | SiLk DousLE | SineLE | CotTon | DousLE

B&S | Wire S SiLk ENAM. | Sk CotTon | ENAM. CoTToN

# 16 20 19 18 18 17 17 16 16
18 25 23 23 22 22 2l 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 4] 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 1t 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 R.F. INDUCTANCES
OF THIS TYPE ARE CALCULATED, THE NEXT STEP WILL BE TO SEE WHAT VALUE  OF
JNDUCTANCE 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
Ve
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 ano Co TwHaT 18,
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
| anp 1000 METERS OR BETWEEN 300,000 To 300 Kc. THIS HANDY TABLE |S HEAD=
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Ep Taste III IN THiS LESSON. LET US NOW SEE HOW THIS TABLE CAN BE USED.FOR
OUR FIRST EXAMPLE, LET US ASSUME THAT WE HAVE THE INDUCTANCE OF 348.47 my
CROHENRIES, WHICH WAS ALREADY SHOWN You IN Fig. 3. |F THIS INDUCTANCE 18
USED TOGETHER WITH A TUNING CONDENSER, HAV{NG A MAXIMUM CAPACITY OF

.00035 MFD, THEN TO WHAT FREQUENCY WILL THIS COMBINATION RESONATE? THE
LAC FACTOR FOR THIS ARRANGEMENT WILL BE THE INDUCTANCE IN M|CROHENRIES My
LTIPLIED BY THE CAPACITY IN MICROFARADS OR 346.47 X ,00035=.1212645 OR

APPROXIMATELY 0 1213, Now BY LCOKING FOR THE NUMBERO, 1213 UNDER THE LXC
coLuMns oF TasLe TIL,WE FIND THAT IT LIES BETWEEN THE VALUES OF O.|208 anD
0.1226. THus accorping To TasLE DIl ,vou ARE sHown THAT THIs LXC FacTorRWiLL

TABLE TII1
WAVELENGTH [n METERS == FreueEncy IN Kce -~ lnDucTAncE In MICROHENRI =S
CapaciTy IN MicROFARADS
Freq. FREQ.J FREQ.

MeTeRS [IN Ke. LXC METERS | IN Ked Lwxc MeTERs |INKC. LXC
1 | 300,000 | 0.0000003 450 667 | 0.0570 740 405 | 0.1541
2 i 150,000 | 0.0000111 460 652 | 0.0596 745 403 | 0.1562
3| 100,000 | 0.0000018 470 639 | 0.0622 750 400 | 0.1583
4 | 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 1 42,900 | 0.0000138 505 | 594 0.0718 770 390 | 0.1669
8 ’ 317,600 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 5717 0.0761 785 382 | 0.1734
20 . 15,000 l 0.0001129 525 572 0.0776 790 380 | 0.1756
30 10,000 | 0.0002530 530 566 0.0791 795 377 1 0.1779
40 | 17,500 | 0.0004500 535 561 0.0806 800 375 | 0.1801
50 . 6.000 | 0.0007040 540 556 0.0821 805 373 | 0.1821
60 5,000 | 0.0010140 545 551 0.0836 810 370 | 0.1847
70 ¢ 4,290 | 0.0013780 550 546 0.0852 815 | 368 | 0.1870
80 J 3,750 | 0.0018010 555 541 0.0867 820 366 | 0.1893
90 | 3,333 | 0.0022800 560 536 0.0883 825 364 | 0.1916
100 - 3,000 | 0.00282 565 531 0.0899" 830 361 0.1939
110 | 2,727 | 0.00341 570 527 | 0.0915 835 359 | 0.1962
120 ' 2,500 | 0.00405 575 522 0.0931 840 357 | 0.1986
130 | 2,308 | 0.06476 580 517 0.0947 845 355 | 0.201
140 . 2143 | 0.00552 585 513 0.0963 850 353 | 0.203
150 | 2,000 | 0.00633 590 509 | 0.0980 855 351 | 0.206
160 | 1,875 | 0.00721 595 504 | 0.0996 860 349 | 0.208
170 1,764 | 0.00813 600 | 500 0.1013 865 347 | 0.211
180 1,667 | 0.00912 605 496 0.1030 870 345 | 0.213
190 1,579 | 0.01015 610 | 492 | 01047 875 343 | 0.216

200 1.500 | 0.01126 615 : 488 | 0.1065 880 341 | 0.218 .
210 1,429 | 0.01241 620 | 484 0.1082 885 339 | 0.220
220 1,364 | 0.01362 625 480 0.1100 890 337 | 0.223
230 1,304 | 0.01489 630 476 | 0.1117 895 335 | 0.225
240 1,250 | 0.01621 635 472 | 0.1135 900 333 | 0.228
250 1,200 | 0.01759 640 469 0.1153 905 331 | 0.231
260 1,154 | 0.01903 645 465 | 0.1171 910 330 | 0.233
270 1,111 | 0.0205 650 462 0.1189 915 328 | 0.236
280 1,071 | 0.0221 655 458 0.1208 920 326 | 0.238
290 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 & 0.246
320 938 i 0.0288 675 444 | 0.1283 940 319 | 0.249
330 909 | 0.0306 680 441 0.1302 945 317 | 0.251
310 883 | 0.0325 685 438 | 0.1321 950 316 | 0.254
350 857 | 0.0345 690 435 | 0.1340 955 314 1 0.257
360 834 | 0.0265 695 432 | 0.1360 960 313 | 0.259
370 811 | 0.0285 700 429 0.1379- 965 311 | 0.262
380 790 | 0.0406 705 425 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 1 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 ITI 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, 1S THE
MAX IMUM 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 APPROX IMATELY 54| xc 1o 1500 Kkc.

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 1S, TO 541 kc. So
WE BEGIN BY LOOKING UP THE "L x C" FACTOR FOrR 54| kc N TasLe TTT anND weE
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 = 0.086géTHEN IT IS ALSO TRUE THAT
0.0867 0.0867
- orR L = 2 2U7.7| MICROHENRIES.
C .00635 1.7
SO THE SECONDARY WINDING OF THE TRANSFORMER WHICH WE ARE TO CONSTRUCT
MUST HAVE AN INDUCTANCE OF 247.7! MICROHENRIES.

THE REQUIRED INDUCTANCE"L"

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 CIR=
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 MED, THEN ALL THAT YOU HAVE TO
DO 1S 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 1S,IN OUR PARTICULAR EXAMPLE,THE L x C FACTOR FOR 1500 kc wiLL

BE AS FOLLOWS: 537,71 x .000038 = 0.00941298, OR APPROX IMATELY 0.00941.

THUS, BY LOOKING UP THISL XCFACTOR IN Taste ITI,wE FIND THAT THIS VALUE
_CORRESPONDS TO A FREQUENCY SOMEWHERE BETWEEN [579 AND I667 kc. HeENCE
THIS +NDUCTANCE AND VARIABLE CONDENSER COMBINATION WilLL 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 1S GENERAL PRACTICE TO ASSUME THE MINIMUM CAPACITY TO BE
10% or |/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 QUR PARTICULAR PROBLEM
‘wouLp BE I/10 oF THE L xC FACTOR FOR THE LOWEST FREQUENCY LIMIT. THAT s,
THE L x C-FACTOR FOR THE 54| kc FREQUENCY AS PER TaBLE ITI 1s 0.0867 anp I/10
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OF THIS VALUE 18 0.00887. HeENCE BY LoOKkING up THE LXC racTor oF 0.00867

IN TasLe TIT ,WE FIND THAT IT CORRESPONDS TO A FREQUENCY BETWEEN I667 AND

1764 Kc., AND FROM THIS, WE AGAIN SEE THAT THE 247,71 MICROHENRY INDUCTANCE

WJLL TUNE SATISFACTORILY WITH THE o,00035 MFD. CONDENSER OVER THE

541=1500 Kce rRANGE., TaBLETIl ALSO SHOWS YOU THAT THIS PARTICULAR INDUCTANCE-
CONDENSER COMBINAT|ON 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 JNDUCTANCE OF
THE SECONDARY WINDING OF THE R.F. TRANSFORMER, THE NEXT THING WILL BE TO
DECIDE UPON THE NUMBER OF TURNS,WIRE SIZE ETCe TO USE IN ORDER TO WIND THE
COIL SO THAT WHEN FINISHED, IT WILL HAVE THE INDUCTANCE VALUE WHICH wEgE
WANT. IT IS OF COURSE IMPOSSIBLE TO CALCULATE THE EXACT NUMBER OF TURNS
BUT BY MEANS OF A LITTLE MATHEMATICS, WE CAN DETERMINE THE APPROX|MATENuM
BER OF TURNS AND AFTER THE COIL 13 CONSTRUCTED, ADJUSTMENT CAN BE MADE ON
THE WINDING SO AS TO OBTAIN THE EXACT VALUE,

A SIMPLE FORMULA FOR DETERMINING THE APPROX IMATE NUMBER OF TURNS TO

USE 1s As FoLLows: NI L (3 p49s) WHERE N = THE NUMBER OF TURNS, L=THE
0.2 o™

COILS INDUCTANCE IN MJCROHENRIES, 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 colL
AND THIS WILL DEPEND LARGELY UPON THE CHASSIS SPACE AVAILABLE FOR THE
COILS AND THEIR SHIELDS. THE MODERN PRACTICE IS TO KEEP THE COIL DJAMETER
QUITE SMALL, SO AS TO ALLOW AMPLE SPACE BETWEEN THE COIL AND ITS  SHIELD
CAN, W]ITHOUT REQUIRING A CAN OF TOO GREAT S1ZE. COlL DIAMETERS OF  ABOUT
I"™ ARE QUITE POPULAR FOR THIS VERY REASON BUT OF COURSE, YOU ARE NOT LIM|=
TED TO THIS DIMENSION BUT MAY CHOOSE A, DIAMETER OF 13" or 17, " OR ANYOTHER
VALUE TO SUIT YOURSELF,PROVIDED THAT YOU STAY WITHIN REASONABLE LIVITS,
FOR OUR PRESENT EXAMPLE, LET US CHOOSE A COIL DIAMETER oF I,

Now THAT WE HAVE DECIDED UPON THE COIL'S DIAMETER,THE NEXT THING WILL
BE TO CHOOSE A PROPER LENGTH FOR THE WINDING AND FOR THIS,WE ALSO HAVE A
HANDY RULE. |T SO HAPPENS THAT |F A SOLENOID WINDING 13 MADE 2,46 OR APPRQ
XIMATELY 2.5 TIMES AS LONG AS ITS DIAMETER, |T 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 TH!S CONDIT~
10N, IT IS ALSO APPARENT WHY R.F. COILS WITH LARGE DJAMETERS ARE NOT DES=~
1RABLE BECAUSE INCREASING THE COILS! DIAMETER WOULD CALL FOR A STILL GREAT
ER INCREASE IN ITS CORRESPONDING LENGTH, THUS RESULTING IN A LARGE AND CUM
BERSOME CO|lLe

SINCE WE HAVE CHOSEN A COIL D IAMETER OF |" AND DESIRE UTMOST EFF|C=
IENCY, WE WILL MAKE OUR WINDING 2.5 TIMES AS LONG AS ITS DIAMETERe THAT IS,
WE WILL MAKE THE WINDING 2.5 INCHES LONG. THE CO{L IS TO BE WOUND WITH THE
ADJACENT TURNS SIDE BY SIDE, THAT 1S, NO SPACING 1S ALLOWED BETWEEN TURNS.
Now RETURNING TO OUR FORMULA OF N; L(3 oA-Se) WE HAVE SO FAR THAT

0.2 (o d
L=247,7! MicROHENRIES: D=1" AND Mgt =2.5", SUBSTITUTING THESE VALUES 1IN
THE ABOVE FORMULA, WE HAVE AS FOLLOWS:
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— 247.71 [( X 1) +(9x 2.5)] 247,71 [g;iz 5)! 247,71 | x 2545 —
02X |7
8316,605 -31583,02 . THereFore N= ¢3I583. 2=I177.7 or APPROXIMAT
0.2

eLY |78 TURNS.
DETERMINING THE WJRE S|ZE TO USE

KNOWING THAT ABOUT |78 TURNS WILL HAVE TO BE WOUND IN A SPACE 2.5"
LONG, WE CAN CALCULATE THE TURNS PER INCH BY DIVIDING 178 BY 2.5". THAT 18,
{78 =+ 2.5 =T|.2TURNS PER INCHs THE NEXT STEP IS TO FIND OUT WHAT KIND OF
WJRE CAN BE WOUND AT APPROXIMATELY 7] TURNS PER INCH AND FOR THIS INFOR=
MAT ION, WE REFER TO TASLEILOF THIS LESSON. HERE YOU WILL FIND THAT #30 B&S
DOUBLE S1lK COVERED WIRE FILLS THE BJLL EXACTLY., |T WOULD ALSO BE ALRIGHT
TO USE #30 SINGLE COTTON COVERED WIRE,

So FROM ALL THIS INFORMAT|ON WHICH WE HAVE GATHERED,WE WOULD  WIND
THIS PARTICULAR R.F. coiL wiTH |78 Turns oF #30 D.8.C. WiRE, MAKING  THE
coit I" IN DIAMETER. |N 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, 1S 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 DOWM 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 THE DARK SO TO SPEAK AND SIMPLY QUESSING AS TO HOW
MANY TURNS TO PUT ON THE COlLe

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.TH|SMEANS THAT WHEN TEST-
ING THE FINISHED TRANSFORMERS WITH THESHIELD CANS IN PLACE, ONE WILL FIND
iT NECESSARY TO REMOVE A FEW TURNS FROM THE SECONDARY WINDINGS [N ORDER
TO COMPENSATE FOR THE ADDITJONAL CAPACITY (NTRODUCED BY THE SHIELD CANS,

THE ABOVE CONDITION CAN BE READILY DETERMINED BY NOTING HOW THE FIN
{SHED TRANSFORMER PERMITS THE TUNING CONDENSER TO COVER THE DESIRED RANGE
WITH THE SH{ELD CANS IN POSITIONe |F UNDER THESE CIRCUMSTANCES, IT 18
FOUND THAT THE BROADCAST STATION OF LOWEST FREQUENCY CAN BE TUNED [N WITH
OUT THE TUNJING 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 THE R.Fe TRANSFORMER SECONDARY
WI{NDINGS 1S TOO GREAT AND THEREFORE, |T BECOMES NECESSARY TO REMOVE SECON
DARY TURNS UNTIL THE DESIRED BAND OF FREQUENCIES CAN BE PROPERLY COVEREDe.

SIMPLIFIED COIL FORMULAS

A SIMPLE FORMULA FOR DETERMINING THE {NDUCTANCE OF A PLAIN SINGLE=

LAYER SOLENOID TYPE COIL AND WHICH CAN BE APPLIED VERY EASILY IS AS
FoLLows: L_ A" N WHERE L 15 THE INDUCTANCE EXPRESSED IN MICROHENRIES,
9a + 108

N THE TOTAL NUMBER OF TURNS,"B" THE WINDING LENGTH IN INCHEs AND "asEING
% THE COIL DIAMETER EXPRESSED IN INCHES. THESE DIMENSIONS ARE ALL [INDIC=-
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ATED IN Fia. 4 so THAT THERE WILL BE NO DOUBT IN YOUR MIND CONCERNING
THEM.

F or INSTANCE, IF THE COIL IN
b | Fia. h CONS|ISTS OF 60 TURNS OF WIRE
L‘———‘ > "ot

AND THE DIMENSIONS "A" anD "B" aARe

I" AND 3" RESPECTIVELY, THEN BY SUB
STITUTING THESE VALUES IN THE PRE-
CEDING FORMULA, WE HAVE AS FOLLOWS:

1> x 60 _ 3600
L= x 1) +(10x3) "9 +3% *
3600

35 = 92.3 MICROHENRIES.

(\V0ﬁ1dinq SHOULD THE WINDING IN QUESTION
BE OF THE MULTI-LAYER TYPE AND HAVE

Fla. 4 A CROSS-SECTION AS ILLUSTRATED IN

The Plajn Solernoid Fig. 5, SUCH AS MIGHT BE USED IN

THE INTERMEDIATE~FREQUENCY TRANS=

FORMER OF A SUPERHETERODYNE RECEIVER, THEN YOU CAN.gifﬁyLATE ITS INDUC=

TANCE BY EMPLOYING THE FOLLOWING FORMULA: L = BA + 98 + 10C’ WHERE L =

THE INDUCTANCE IN MICROHENRIES, N THE TOTAL NUMBER OF TURNS AND "a", "g"

AND "c" THE DIMENSIONS AS SPECIFIED IN Fi1G. 5, EACH OF WHICH IS EXPRESS=

ED IN INCHES.

ASSUMING, FOR INSTANCE, THAT SUCH A COIL CONSISTS, oF 800 TurNs,"a"

BEING .5"; "c", .5"; anp"B", 4", SUBSTITUTING THESE VALUES IN OUR FORMULA

.8 x .5% x 800% _ 8 x .25 x 640000 _ 128,000 _

(6 x.5) « (9 x.4) « (10 x.5) ~ 3 + 3.0 + 5 T T1T1.6 0 T
11,03%.4 MiCROHENRIES, APPROX. || MILLIHENRIES.

WE HAVE L =

FINALLY, IF THE COIL IS IN THE FORM OF A Fk—ka—a1
HELICAL OR SPIRAL WINDING SUCH AS FREQUENTLY
USED FOR A PRIMARY WINDING OF AN R.F. TRANS= ?¢W%g
FORMER, AS AN ANTENNA COUPLING, ETC.,THE CROSS iV'*/éé C—%
'SECTION OF WHICH APPEARS JNZFIG- 6, THEN You g i,
CAN USE THE FORMULA L = pA N IN WHiCH CASE 9 ‘\

Ba + Ilc _
L IS AGAIN THE INDUCTANCE IN MICROHENRIES, N
THE TOTAL NUMBER OF TURNS IN THE WINDING AND
"c¢" AND "A"THE DIMENSIONS DESIGNATED IN Fi1G. 6 277/’/
AND EXPRESSED IN INCHES. //4;‘//
L

IN THJS“CASE,"IE 300 TU5NS ARE"USED AND Vandth

DIMENSIONS "A AND C, ARE .; AND .|, RESPEC »
.5% x 300 .25 x 90000 _

TIVEL,THEN L = o s T 1) =~ B e T Fla.s
-225—0|O = 44117 MIcrROHENRIES OR 4.4l MILLIHENRIES The Multi-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
THI!S METHOD, CALCULATION IS ELIMINATED ENTIRELY.,



LESSON NO.42 PAGE ||

IN TABLE TY, FOR EXAMPLE, YOU ARE GIVEN A CHART WHEREBY YOU  CAN
DETERMINE TO WHAT FREQUENCY ANY GIVEN CONDENSER AND COIL COMBINATIONWILL
RESONATE IN A MOST SIMPLE MANNER.

THE VERTICAL LINE AT THE LEFT OF TASLEIV IS CALIBRATED FORCAPACITY
EXPRESSED [N MICRO=M|CROFARADS, THE VERTICAL LINE AT THE CENTER FOR FRE=
QUENCY N KILOCYCLES AND THE VERTICAL LINE AT THE RIGHT FOR [INDUCTANCE IN
MJCROHENRES., Now THEN, YOU CAN DETERMINE ANY ONE OF THESE THREE VALUES
IN TERMS OF THE OTHER TWO, S}MPLY BY CONNECTING THE TWO KNOWN VALUES TO=-
GETHER WIJTH A STéAIGHT EDGE OR RULER AND NOTING THE POINT AT WHICH 1T
CROSSES THE TH|RD VERTJCAL LINE FOR THE VALUE BEJNG SOUGHT.

For INSTANCE, IF YOU WANT TO KNOW TO WHAT FREQUENCY A 00035 mFD.
CONDENSER AND A 240 MICROHENRY CO|L WILL RES~
ONATE, SIMPLY LAY A STRAIGHT EDGE ACROSS : f\mﬁnd;ng
TABLE W s0 THAT IT CUTS THROUGH THE CAPACITY I

c
{

LINE AT THE 350 Mark (,00035 mMFD =350 MMFDS.)
AND THE INDUCTANCE LINE AT THE 240 MARK.THIsS
POSITION OF THE STRAIGHT EDGE §S IND|CATED BY
THE DOTTED LINE IN TABLEIVe AS vou WiLL OB=
SERVE, THE STRAIGHT EDGE WILL CUT THE FRE=-
QUENCY LINE AT THE 550 MARK,WHICH MEANS THAT
THIE PARTICULAR CONDENSER AND COJL COMBINA=—
TION WiLL RESONATE AT 550 Kc.

Y]

==

You CAN ALSO USE THIS CHART IN STILL Winding
OTHER WAYS, FOR EXAMPLE, IF YOU HAVEA 00035 raea
MFDes TUNING CONDENSER AND WANT TO KNOW  HOW
Fla. 6

MUCH JNDUCTANCE TO USE TO CONSTRUCT A CIR=
CUIT WHICH WILL RESONATE AT 550 KC.,THEN LAY The Helical Winding
THE STRAIGHT EDGE THROUGH THE 350 MMFDs AND

THE 550 Kce MARKS AND NOTE WHERE IT PASSES THROUGH THE INDUCTANCE L{INE.
THIS POINT ON THE INDUCTANCE LINE TELLS YOU THE INDUCTANCE EXPRESSED IN
MICROHENRIES —= 240 MICROHENRIES IN THIS PARTICULAR CASE.

HAVING THUS ESTABLISHED THE CORRECT RELATION BETWEEN CAPACITY,
INDUCTANCE AND FREQUENCY, YOU CAN DETERMINE THE REST OF THE COIL DESIGN
CONSTANTS WITH THE CHART N TABLE'YT, AJDED BY THE [INFORMATION OBTAINED
FroM TABLE II »

To BETTER EXPLAIN THE USE ofF TABLE V, LET us EMPLOY A SPECIFICPRQ
BLEM, NAMELY TO DETERMINE THE DESIGN DATA FOR THE 240 MICROHENRY WINDING
WHICH WE HAVE JUST BEEN DEALING WITHe WE SHALL ASSUME THAT THIS COIL IS
TC BE WOUND WITH #28 B&S ENAMELED WIFE AMD ON A FORM 2" IN DIAMETER.

By FiIrsT REFERRING TO TABLEII, vou 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 DJAMETER LINE AT THE POINT MARKED "2", THE POSITION OF
THE STRAIGHT EDGE AT THIS TIME IS INDICATED BY THE DOTTED LINE #l. WiTH
THE STRAIGHT EDGE N THIS POSITION, CAREFULLY NOTE THE POINT OF INTERSEC=
TION ON THE "TURNING scaLE"™,
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TABLE TV
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TABLE YV

THE DESIGN OF SINGLE-LAYER SOLENOID COILS
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Now PASS YOUR STRAIGHT ECGE THROUGH THIS SAME POINT ON THE TURNe
ING SCALE AS WELL AS THROUGH THE 74" MARK ON THE "A" gcaLE oF THE “TURnS
PER IMCH" LINE. THE POSITION OF THE STRAIGHT EDGE WILL NOW BE AS IND[C~
ATEC BY THE DOTTED LINE #2. NOTICE CAREFULLY AT THIS INSTANT,WHERE THE
STRAIGHT EDGE INTERSECTS THE "AM" scaLE oF THE "FORM FACTOR LINE" = vou
WILL FIND IT TO BE 2.25 FOR OUR PRESENT EXAMPLE,

THE NEXT STEP 1S TC PASS THE STRAIGHT EDGE THROUGH THE 2 MARK OF
THE DIAMETER LINE AND THROUGH THE 2,25 MARK ON THE "B" gscaALE OF THE
"FORM FACTOR LINE" AS SHOWN BY THE DOTTED LINE #3. OBSERVE WHERE |T (N~
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 7/8Y

THE FINAL STEP IS TO LAY THE STRAIGHT EDGE THROUGH THE 875 MARK
ofF TRE"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 PARTJCULAR COIL UNDER OUR IMMED IATE
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",

YOou CAN WORK OUT ANY SIMJLAR PROBLEM BY MEANS OF THESE CHARTS IN
THE SAME MANNER AS JUST EXPLAINED. THEORETICALLY, THE MOST EFFICIENT
CCiL HAS A FORM FACTOR OF 2,46, HOWEVER, SINCE THE EFFICIENCY DOES NOT
FALL OFF VERY RAP|CLY ON BOTH SIDES OF THIS VALUE, WE CAN ACCEPT A8 THE
BEST RANGE FOR THE FORM=FACTOR FROM |.5 TO 4,

IF YOU WISH TO DESIGN YOUR COJLS STARTING WITH A DEFINITE  FORM=
FACTOR, YOU CAN STILL DO SO WITH THE SAME CHART IN TABLEY, For ExampPLE,
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 STRAJGHT
EDGE; WE WOULD RUN IT THROUGH THE 2, 25 MARK ON THE"A" SCALE OF THE FORM
FACTOR LINE ANU THRU THE PREVIJUSLY' DETERMINED POINT ON THE "TURNINGSCALE"
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 T4,WE FIND BY
REFERENCE To TABLE II THAT WE cAN UsE E1THER #28 B&S ENAMELED WIRE OR A
#36 B&S DOUBLE COTTCN COVERED WIRE., ALL OTHER OPERAT IONS WILL REMA{N THE
SAME AS ALREADY DESCRIEED.

ANOTHER FORM OF COIL DESIGN GRAPH

RADIO CONCERNS, WHO ENGAGE IN THE MANUFACTURE OF R.F, TRANSFORM=
FERS, HAVE GAINED A GREAT DEAL OF KNOWLEDGE AND DATA WHICH THEY  ACCUMU- *
LATED OVER A PERIOD OF YEARSe FROM THE INFORMATION OBTAINED FROM THESE
PREVIOUS EXPER{ENCES, MOST OF THEW PLOT "coiL DES!GN GRAPHS" FOR FUTURE
USEe. AN EXAMPLE OF SUCH A GRAPH 5 SHOWN YOU IN FiGe. 7 AND THIS GRAPH
APPLIES ONLY TO A SEINGLE LAYER SOLENOID TYPE cOtL 2.75" IN DIAMETSR.

THIS GRAPH, AS YOU WiLL NOTE, CONSI3TS OF CROSS=RULED PAPER, WHICH
13 ALso known AS "grAPH=PAPER". THE NUMBER OF TURNS REQUIRED FOR VAR(IDJUS
INDUCTANCES ARE-MARKED ALONG THE BOTTOM OF THE GRAPH, STARTING WITH Mol
AT THE FAR LEFT, EACH OF THE HEAVIER VERTICAL LINES ARE THEN SUCCESS|VELY
MARKED |0=20=30 ETCe TOWARD THE RIGHT. YOU W{iLL FIND THAT THERE ARE |0
THINNER VERTICAL LINES BETWEEN EACH PAIR OF THE NUMBERED VERT ICAL LINES
AND EACH OF THESE THIN VERTICAL LINES STANDS FOR | TURN OF WIRE, THUS THE
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VERTICAL LINE HALF WAY BETWEEN THE NUMBER 30 AND 40 WILL SIGNIFY 35
TURNS ETC.

THE REQUIRED INDUCTANCES OF THE COJLS ARE MARKED ALONG THE RIGHT
EDGE OF THE GRAPH A8 100 MICROHENRIES, 200 M)CROHENRIES ETCs, FROM THE
BOTTOM TOWARD THE TOP. IN THIS CASE, THE INDUCTANCE INCREASES BY 5
MICROHENRIES AS WE MOVE UPWARD | HORIZONTAL LINE AT A TIME. HENCE  THE
HEAVY HORJZONTAL LINE BETWEEN THE VALUES OF 200 anp 300 MICROHENRI|ES
wiLL REPRESENT 250 MICROHENRIES.

Now LET us SEEMHOW td - ////////"*‘;
SUCH A COIL DES IGN GRAPH nductance in N -

IS USED. SUPPOSE,  FOR Microhenries
EXAMPLE, THAT WE WISH
TO CONSTRUCT A  SINGLE
LAYER, CLOSELY WOUND
(TurRNs PLACED siDE  BY
SIDE WITH NO SPACING)
coll 2.75"IN  DIAMETER
WITH AN INDUCTANCE OF
300 MICROHENRIES BY MEA
NS OF THIS8 GRAPH, To
DO THIS,WE BEGIN BY LOOK
ING ALONG THE RIGHT HAND

EDGE OF THIS GRAPH UN=

Tl WE COME TO THE HOR= Number
1ZONTAL LINE WHICH 18 .
MARKED 300, of ,“r”S

Now THEN,YOU WILL
SEE THAT FIVE CURVED /
LINES, WHICH ARERESPEC~ |-
TIVELY MARKED #20, #22, // i
#24,426 ano #28, cross Ll
THIS GRAPH IN A DIAGON- i e fii HEn
AL FASHION., |F WE WISH g

e

EH

aaaads:
iaaaais:

70 winD THI8 300 micro=
HENRY COIL WITH #20WIRE, Fia.7
WE NOTE THE POINT AT Example of’a Coil Design Graph.

WHICH THE CURVED  LINE

MARKED #20 CROSSES THE "300" HOR1ZONTAL LINE., FOR YOUR CONVENIENCE, WE
ARE INDICATING THIS POINT IN Fi1g. 7 WiITH AN ARROW. NOW |F YOU WILL MOVE
YOUR PENCIL PO INT STRAIGHT DOWN FROM THIS POINT, YOU WILL FINDACCORDING
TO THE NUMBERS ALONG THE BOTTOM OF THE GRAPH THAT APPROXIMATELY 84%
TURNS OF #20 WJRE ARE REQUIRED TO WIND A COIL OF THIS SIZE SO A8 TO
HAVE AN INDYCTANCE OF 300 MICROHENRIES.

SHOULD YOU WISH TO USE #22 WIRE TO CONSTRUCT THis 300 MICROHENRY
coiL oF 2,75% DIAMETER, THEN NOTE WHERE THE CURVED LINE LABELED #o2
CROSSES THE "300" HORIZONTAL LINE. YOU WILL FIND THAT THE #22 LINE
crosseEs THE "300" LINE ON A VERTICAL LINE OF THE GRAPH WH|CHCORRESPONDS
To 76 TURNS. THUS ONLY 76 TURNS OF #22 WIRE 18 REQUIREDs THIS GRAPH HAS
BEEN WORKED OUT FOR DOUBLE SILK=COVERED WIRE OF THE DESIGNATED S1ZES
ONLY,

For cotLs oF A DIFFERENT DIAMETER, OR FOR WIRE OF A DIFFERENT TYPE
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OF INSULATION, ANOTHER GRAPH 1s ReEQUIRED. THUS IT IS 0BVIOUS 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 [NSPECTION.

IN THIS LESSON,WE HAVE DISCUSSED BOTH THE CALCULATION AND GRAPH ME
THODS OF DESIGNING R.F, TRANSFORMER SECONDARY WINDINGS, S0 THAT YOUW(LL
HAVE A KNOWLEDGE OF BOTH OF THESE METHODS. 1HUS IF YOU ARE PROV IDED WJTH
DATA FOR EITHER OF THESE TWO METHODS AT SOME FUTURE TIME, YOU WILL HAVE
NO DIFFICULTY IN EFFECTING A SOLUTION BECAUSE YOUR KNOWLEDGE OF THE SUB-~
JECT 1S NOW QUITE THOROUGH.

= | Rl

Examination Questions

le = WHAT $3 MEANT BY THE EXPRESS ION "SOLENOID TYPE WINDiNGQ™?

2o = IF A CERTAIN R.,F, TRANSFORMER SECONDARY WINDING I8 4%

: LONG AND HAS A DIAMETER OF 2%, WHAT 18 1TS "SHAPE Fao-
TORM?

3. = IF YOU ARE GOING TO WIND A COIL WITH $#30 B& ENAMELED
WIRE WITHOUT ANY SPACING BETWEEN ADJACENT TURNS, THEN HOW
MANY TURNS OF THiS WIRE WJLL YOU BE ABLE TO WIND PER JNCH
OF THE WINDING LENGTH?

4, = IF A CIRCUIT 1S TO BE TUNED To 600 Kc. WHAT WiLL BE ITS
"L C" FACTOR OR CONSTANT?

5. = |F A VARIABLE CONDENSER 1S SPECIFIED AS HAVING A 0005
MFDe CAPACITY RATING,WHAT WILL BE ITS APPROXIMATE M|N|=
MUM CAPACITY?

6. = |F FROM THE COIL DESIGN GRAPH OF F1Gs 7, YOU WANTED TO
CONSTRUCT A COIL 2,75" IN DIAMETER AND HAVING AN [NDUCT-
ANCE OF 400 MICROHENRIES, HOW MANY TURNS oF #22 B&S siwx
COVERED WIRE WouLD You usetg?

7« = |8 THE LENGTH OF A SOLENOID TYPE COIL ASSUMED TO BE THE
SAME AS THE LENGTH OF THE FORM UPON WHICH IT I8 wouno?

8e = |F YOU SHOULD WISH TO CONSTRUCT AN R.F. TRANSFORMER TO
COVER THE BROADCAST BAND WHEN USED WITH A STANDARD TUN=-
ING CONDENSER OF o00035 MFD. RATING,WHAT INDUCTANCE VAL
UE SHOULD THE SECONDARY WINDING OF THIS R.F. TRANSFORM~
€r HAVE?

9¢ = IF A CERTAIN SOLENOID WINDING IS |" IN DIAMETER AND IS
WOUND WITH |80 TURNS OF WIRE AT 80 TURNS PER INCH, WHAT
WILL BE THE APPROXIMATE INDUCTANCE VALUE OF THIS WIND~
INGg?

10e~ ASSUME THAT A TUNING CONDENSER OF +00035 MFD. 1S AVAIL~-
ABLE, TOGETHER WITH A cOIL FORM OF I3" DIAMETER., THE wiRE
TO BE USED FOR THE TUNED WINDING 18 #30 B&S ENAMEL COAT-
€D, HOW MANY TURNS OF THIS WIRE WJLL BE REQUIRED SO THAT
THIS COIL AND CONDENSER COMBINAT{ON WILL COVER THE BROAD
CAST BAND WITH 550 KC. BEING THE LOWEST FREQUENCY?

(Work OUT THIS PROBLEM WITH THE A1D ofF TasLesIY,ano Y
AS GIVEN (N THIS LESSON,)
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LESSON NO, U3

BAND PASS FILTER CIRCUITS
SUPERHETERODYNE DESIGN

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. - 4

WE SHALL CONSIDER THE CONSTRUCTION AND OPERATING CHARACTERISTICS
OF THE BAND PASS FILTER CIRCUITS ?IRST,AND AS YOU WILL REMEMBER FROM )
YOUR EARLIER INVESTIGATION OF THIS SUBJECT, THE CHIEF ADVANTAGE OF A 3
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- 1
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 YOUE
MIND.

THE SIMPLE TUNED CIRCUIT i

To BEGIN WITH, LET us 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, TusBE.
ALTHOUGH THIS CIRCUIT WILL TUNE AFTER A
FASHION OVER THE RANGE PERMITTED BY THE
VAR IABLE CONDENSER, YET IT wiLL NOT TUNE
Fig. | 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 OF Fia. 2. HERE THE ENCLOSURE

OF THE CURVE HAS BEEN SHADED,

IN THIS GRAPH OF FiG., 2, THE
VERTICAL LINE MARKED ZERO INDI~-
CATES THE RESONANT FREQUENCY.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 bBKc. BELOW
THE RESONANT FREQUENCY,

DUE To THE BROADNESS OF THIS
SELECTIVITY CURVE, IT EXTEZNDS CON
8 IDERABLY OVER THE FREQUENCIZS TO
WARD EITHER SIDE OF RESONANCE.
SINCE BROADCAST STATIONS ARE ASS=
IGNED TO A FREQUENGCY CHANMNEL |OKc,
IN WIDTH, §T CAN READILY BE SEEN
THAT A RECEIVER WITH SUCH A BROAD
SELECTIVITY CURVE AS THAT IN Fla.
2 WILL BE BOTHERED CONS|DJERABLY BY
INTERFERENCE BETWEEN STATIONS. IN
OTHER WORDS, THE TUNED CIRCUIT OF
Filc. 2 wouLD BE CLASSIFIED AS
"eroAD TUNING',

MULT IPLE TUNED CIRCUITS

BY PASSING A BROADCAST 8JaNAL

OF GIVEN FREQUENCY THROUGH SEVERAL OF SUCH TUNED CIRCUITS AS I8

IN ORDER TO ACCENTUATE ITS SHAPE,

R.F.
Tube
Selectivikg
Curve

2521510 5 0 510 IS5 720 25
———— e

KC below

resonance

_—_+
KC ziove
resonance

QCSOHEHCQ

FiGg, 2

Tuning Response of 7 Single

Tuned Crreurt.

DONE

IN THE CONVENTIONAL TYPES OF TUNED R.F, CIRCUITS, SUCH AS PICTURED IN

N

T

)
-1~ .. A //
Selectivity / //
Curves é%
77
.
205105 O 5 10 15 Zo 5 105 © 5 10 48
—~— —_— —-— —_—_—
KC. below K.Cabove . KC. below K.C, above
resonance resonance resonance resonance
Resonance Resonance
Fl1G.»

Tuning Response of Mul tiple - Tuned Circuits.

THE UPPER PARTOF Fia.
3, EACH OF THE SUCC=-

ESSIVE TUNED CIRCUITS

WILL TEND TO JINCREASE

THE SELECTIVITY OF THE
RECEIVER.

SEVERAL TUNED
CIRCUITS WORKING TO=
GETHER IN THIS  WAY
MAY INCREASE THE SHARP
NESS OF TUNING T7 SUCH
A DEGREE THAT THE
SELECTIVITY CURVEW]LL

BE NARROWED TO THE
EXTENT SOMEWHAT AS
JLLUSTRATED IN THE

GRAPH AT THE LEFTFIQ,.
3. IN FACT,IF  FOUR
OR MORE SUCH TUNED
CIRCUITS ARE USED 1IN
SUCCESSIVE STAGES,

THE SELECTIVITY CURVE
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witL Become TOO NARROW .IF CARE 13 NOT TAKEN IN THEIR DESI@N, UNDERTHESE
CONDITIONS, S8OME POINTS ALONG THE S8IDES OF THE CURVE WILL NOT EVEN REACH
OUT TO § Kc. EACH SIDE OF THE RESONANT FREQUENCY. THIS IN TURN  MEANS
THAT THE TUNED CIRCUITS DON!T EVEN PASS A BAND OF FREQUENCIES [0 Kc N
WIDTH WHEN TUNED TO ANY ONE STATION AND THE RESULT 18 THAT THE HIGHER
AUDIO FREQUENCIES ARE NOT AMPLIFIED AND THE SOUNDS AT THE SPEAKER THEN
BECOMES "BooMmY" (UNATURALLY LOW=PJTCHED).

THE IDEAL SELECTIVITY CURVE

80 FAR, WE HAVE CONSIDERED THE TOO EXTREME CONDITIONS, NAMELY TO0O
BROAD TUNINQ A8 OFFERED BY AN ORDINARY SINGLE TUNED CIRCUIT ANO 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 WwOuLD
LOOK LIKE THE ONE AT THE LOWER RIGHT OF Fig. 3. THIS8 CURVE, YOU WILL
NOTE, HAS PERPENDICULAR SIDES AND THE CURVE I8 PRAcCTicaLLy [OKc. WIDE
(5 Kc EACH SIDE. OF THE RESONANT FREQUENGY) THROUGHOUT ITS ENTIRE LENGTH.

THIS IDEAL SELECTIVITY CURVE SHOWS THAT WITH THE RECEIVER TUNEDTO
RESONANCE WITH ANY GIVEN FREQUENCY, NONE OF THE HIGHER AUDIO FREQUENCIES
ARE LOST AND YET AT THE SAME TIME,
e Ek?ﬁ?ﬁ:in,/‘f‘ THERE 1S NO POSSI3ILITY FORSTATION

INTERFERENCE. A RECEIVER CAPABLE

OF OFFERING BUCH IDEAL TUNING PER=
FORMANCE WOULD BE SPOKEN OF AS
OFFERING "IOKc. SEPARATION,"

Up UNTIL THE PRESENT TIME,NO

NRHHis

A ..

\ 1| 4%, 1
: 15105 061015 COMMERCIAL TUNED R.F. CIRCUITS HAVE
BEEN CONSTRUCTED WHICH WILL OFFER
Fi1G. 4 THE IDEAL SELECTIVITY CURVE AS THAT

Inductively Coupled Tuned Crrcuits. AT THE LoweR RIGHT oF Fia. 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 FILTERCIRCUITS

AS USED IN R.F. AMPLIFIERS, MOST NEARLY MEET THE DEMANDS OF THE  JOEAL

SELECTIVE CURVE AND IT IS BROUGHT ABOUT IN A MOST INGENIOUS MANNER  AS
THE FOLLOWING EXPLANATION WiLL SHOW.

REACTION OF INDUCT IVELY 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 18, THE LINES OF FORCE GENERATED
AROUND ONE OF THE COILS INTERLINK WITH THE WINDINGS OF THE COIL INCLUDED
IN THE S8ECOND TUNED CIRCUIT IN ORDER TO QENERATE CORRESPONDING  SIGNAL
VOLTAGES §N THIS S8ECOND CIRCUIT.

IF THE TWO TUNED CIRCUITS OF FlGe 4 WERE EXACTLY ALIKE IN  THEIR
TUNING CHARACTERISTICS, THEN THEY WOULD PROVIDE IDENTICAL S8ELECTIVITY
cURvES, PROVIDED THAT THERE 18 NO MAGNETIC COUPLING BETWEEN THEM. Hovie
EVER, IF MAGNETIC COUPLING 18 PROVIDED BETWEEN THESE TWO CIRCUITS, THEN
THE TUNING CHARACTERISTICS OF THE TWO CIRCUITS REACT UPON EACHOTHER IN
SUCH A MANNER A8 TO ALTER THEIR COMBINED TUNING CHARACTERISTICS., THE RE~
SULT I8, THAT THE SELECTIVITY CURVES OF THE TWO CIRCUITS DIFFERSLIGHTLY
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BUT THEY OVERLAP IN ORDER TO PRODUCE THE TYPE OF CURVE ILLUSTRATED AT
THE RIGHT oF Fla., 4., THIS CURVE, YOU WILL NOTE, HAs TWO RESONANCE PEAKS,
ONE FOR EACH OF THE TWO TUNED CIRCUITS,

THIS CURVE OF FlGe 4 IS THE TYPICAL TYPE OF SELECTIVITY CURVE AS
REALIZED WHEN EMPLOYING BAND=PASS PRINCIPLES. OBSERVE IN THIS ILLus=-
TRATION THE OEGREE OF "sTEEPNESS" OF THE SIDES OF THE CURVE, WMICH PRE-
VENT8 INTERFERENCE BETWEEN STATIONS AND THAT THE CURVE MAINTAINS A FAIR
LY UNIFORM WIDTH THROUGHOUT ITS LENGTH.

Wide selectivity LookiNg AT THE
curve VERY TOP OF THE CURVE

1 IN Fig. 4, You w.LL
OBSERVE THAT AT THE
ABSOLUTE RESONANT

FREQUENCY OF THE COM
BINED TUNED CIRCUITS
( CORRESPONDING TO THE
VERTICAL LINE MARKED

"0") THE CURVE s

SLIGHTLY LOWER THEN

SR THAN AT THE PEAKS

« " TOWARD EITHER S1DEOF

"'C'bﬁ';’,‘;'cg“" mnm‘ﬁgjgﬁzg THIS FREQUENCY. THIS

INDICATES THAT THERE

Fla.5 IS A SLIGHT LOSS AS

Close Coupling Widens Curve, FAR AS AMPLIFICATION

IS CONCERNED,AT THE
ABSOLUTE RESONANT FREQUENCY AND THIS IS A NATURAL CHARACTERISTIC OF ALL
BAND-PASS FILTER CIRCUITS As USED IN R.F, AMPLIFIERS. NEVERTHELESS, BY
DESIGNING HIGH GAIN CIRCUITS THROUGHOUT THE BALANCE OF THE RECEIVER,THIS
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  NEXT
COME TO THE MATTER CONCERNING THE
WIDTH OF THE SELECTIVITY CURVE
OFFERED BY DIFFERENT DES IGNS,

Narrow selectivity

curve ‘—3

IN Fig. 5, WE SEE WHAT HAPP
ENS WHEN THE TUNED CIRCUITS OF A
BAND PASs CIRcUIT arRe CLOSELY COUP
LED., 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 WIiDE CHANNELOF
FREQUENCIES WILL BE PASSED THROUGH
THE 8YSTEM. THAT I8, THE SYSTEM IS o 5105 051015
BROAD TUNING WITH A SHARP " CUT--

OFF" AT BOTH S1DES OF THE RESONANT _FlG.6
FREQUENCY. Loose coupling Narrows Curve.
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Now uPon INsPECTING Fi@. 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 1S CORRESPONDINGLY NARROWED, SHOWING THAT
EVEN WITH BAND=PASS CIRCUITS IMPROPERLY DESIGNED, IT 1S POSSIBLE TO GET
SIDE=~BAND SUPPRESSION WITH A CORRESPONDING LOSS OF THE HIGHER AUDID FRE
QUENCIES, AT THE SAME TIME, A DECIDED LOSS IN AMPLIFICATION 1S ENCOUNT
ED BY TOO LOOSE COUPLING.

Electromagnetically coupled APPLICATION

L‘\/COHS\‘
/ 7 7 HAVING BY
ot / 2rdpE
///’—hjﬁ\\ g M5 / R% THIS TIME FA-

é r @1 Z MILJIARIZED YOUR
7 r SELF WITH THE
. BASIC PRINC!~-

PLES GOVERNING

BAND PASS AC=-

2 L - TION, LET US
Flo. 7 NOW PROCEED BY

i INVESTIGATING

Band-Pass Circuit Used in a Tuned R.F.Peceiver THE MATTER OF

HOW THESE PRINCIPLES ARE MOST EFFECTIVELY APPLIED TO USE IN THE DESIGN
oF R.Fe AMPLIFIERS,

OUR FIRST EXAMPLE IS LAID OUT FOR US IN Fiae. 7. HERE vou wiLL
SEE HOW THE TVYPE OF BAND SELECTOR JUST DESCRIBED CAN BE APPLIED TO A
S IMPLE TUNED R.F. RECEIVER CIRCUIT. |T I8 UNDERSTOOD, OF COURSE, THAT
ONLY THAT PORTION OF THE RECEIVER CIRCUIT IS JLLUSTRATED HERE WHICH HAS
A DIRECT BEARING UPON OUR PRESENT DISCUSSION OF BAND PASS FILTER CiR=
culTs. THE REMAINDER OF THE CIRCUITS ARE CONVEN

TIONAL,

Fia. 7 DEMONSTRATES THE CONVENT JONAL MANHN Secondary
ER OF ILLUSTRATING THI3S PARTICULAR FORM OF BAND windings
PASS CIRCUIT IN A CIRCUIT DIAGRAMs THE LONG
CURVED ARROW INTERLINKING THE TWO COILS INDICATES
THAT IN THE ACTUAL RECEIVER, THESE TWO COILS ARE Primary
S0 ORIENTED OR PLACED IN RESPECT TO EACHOTHER ~ winding

THAT THERE IS ELECTROMAGNETIC COUPLING BETWEEN
THEM. AS YOU WILL ALSO OBSERVE IN Fia. 7, THIS
SYSTEM PROVIDES TWO TUNED CIRCUITS PRECEDING
THE IsT R.F. TUBE. THE TUNING CONDENSERS  ARE
ALL CONTROLLED BY A SINGLE SHAFT AS INDICATEDON
THIS DJAGRAM, FI1G.8

Band-Pass Coil Assembly.

A TYPICAL BAND-PASS COIL ASSEMBLY

IN FIG. 8 YOU WILL SEE HOW THE TYPE OF BAND PASS COJL ASSEMBLYOF

Fige 7 18 ACTUALLY CONSTRUCTEDe AS YOU WILL OBSERVE IN FliGe 8,THE Two
COILS FOR THE TUNED CIRCUITS AND WHICH ARE LABELED AS THE'SECONDARYWIND
ING's" IN Fi1@e 8 ARE BOTH WOUND ON THE SAME COJL FORM. THE SPACE ALL~
OWED BETWEEN THESE TWO SECONDARY OR TUNING WINDING'S 18 SUCH THAT  THE
DEQREE oF ELECTROMAGNETIC COUPLING BETWEEN THEM WILL BE JUSTEXACTLY
RIGHT 1IN ORDER TO QIVE THE DESIRED BAND=PASS CHARACTERISTIC. THE PRI~
'MARY WINDING IN F1Ge 8 15 CONNECTED BETWEEN THE ANTENNA AND GROUND IN
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THE CUSTOMARY MANNER AND AS PLLUSTRATED IN Filge 7.

IF THE GANGED TUNING CONDENSERS, USED IN CONJUNCTION WITH THE TUN
ING cOlLs, ARE RATED AT A CAPACITY OF 00035 MFD. PER SECTION, THEN THE
TUNING COILS WILL EACH HAVE TO BE DESIGNED TO MATCH THE CONDENSER OF
THIS CAPACITY IN THE SAME MANNER AS THOUGH THEY WERE SECONDARIES OF A

CONVENTIONAL R.F, TRANSFORMER.

THE TRANSFORMER EMPLO Y= 75 Antennd
ED BETWEEN THE |sT AND  2ND /’;—_; Cora [t
-_ r P Y k...
ReF. TUBES IN THE cIRCUIT oF Y / °mpc el oy
Fia. 7 1s a CONVENT IONAL RGF, : : Z( ) / | :
TRANSFORMER, . . i ) ' !
: 1 | | 1
| ! ! !
A BAND-PASS CIRCUIT WITH = T = i i
- COUPLING cOIL
S8eEsipEs THE TYPE oF = t
BAND=PASS CIRCUIT SHOWN YOU X
SO FAR IN THIS LESSON, THERE
ARE A NUMBER OF OTHERS AND FIGg. ©
THESE WILL BE DESCRIBED TO A Band -Pass Circuit With

YOU IN THE FOLLOWING PAGES. Cbup/hvg Coil.

ONE OF THESE OTHER TYPES, WHICH IS VERY POPULAR AMONG RECE I VER MAN
UFACTURERS, 18 SHOWN YOU IN FiGg. 9. HeRre YOU WILL SEZE THAT THE PRIMARY
winpire "PY oF an R.F. TRANSFORMER IS CONNECTED BETWEEN THE ANTENNA AND
GROUND. THE SECONDARY WINDING "S" oF THIS SAME TRANSFORMER HAS ONE OF
ITE EXTREMETIES CONNECTED TO THE INSULATED SICE OF THE FIRST SECTION OF
THE GANGED TUNING CONDENSER, WHILE Ts OTHER EXTREMETY IS CONNECTED 'Dj-
RECTLY TO THE LOWER END OF ANOTHER COIL

A A 8¢+ THE UPPER END OF coIL S 2 ts conneg
TED BOTH TO THE CONTROL GRIC OF THE |&T
ReFe TUBE AND THE INSULATED SICE OF THE
SECOND SECTION OF THE GANGED TUNING coN
“T\f’ DENSER. THE LOWER EXTREMETIES OF BOTH
L coliLs § AaNnD Sz ARE THEN GROUNDED THROUGH
THE sMALL coiL L.
A A

_Z 1 EAcCH OF THE TUNING CONDENSERS s
T T SHUNTED BY THE CUSTCMARY TRIMMER OR coMm
PENSATING CONDENSER. CoiL 8 1e )DEN=

%15 TICAL TC COIL Sg, HAVING THE SAME NUM=

BER OF TURNS BUT NO PRIMARY WINDING I€&
USED IN CONJUNCTION WITH S, o INn ADD
ITION, 8z IS ENCLOSED IN A SEPARATE
SHIELD CAN, WHILE colLs P AND S, coNsTI-
TUTE A CONVENTIONAL R.F, TRANSFORMER, CON
TAINED WITHIN AN INDIVIDUAL SHIELEC CAN.

Fi1Gg.10
Employing a Coupling Coil
This 1€ A POPULAR TYPE OF MODERN BAND=PASS CIRCUIT PRECEDING THE

IsT R.F. TusE IN MANY COMMERCIJAL RECEIVERS AND SO IT 1Ig IMPORTANT THAT
YOU FAMILIARIZE YOURSELF WITH IT THOROUGHLY,

IN ORDER TO ACQUAINT voOU WITH THE OPERATING RRINCIFLE OF THE BAND
PASE CIRCUIT OF FIGs 9,YOUR ATTENTION IS GOING To BE CALLED FIRST TO THE
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TWO TUNED CIRCUITS IN THE UPPER PORTION OF Fta, 10. By sTuDYING THEIR
CIRCUITS CAREFULLY, YOU WILL NOTE THAT EACH OF THEY CONSISTS OF A TUNING
colL "A" CONNECTED IN SERIZIS WITH A VARJIABLE CONDENSER AND A SMALL INDUC
TANCE coltL "L",

THE EFFECT OF THE COUPLING COIL UPON THE CIRCUIT

Now 1F WE SHOULD COUPLE THESE TWO TUMED CIRCUITS TOGETHER, SO THAT
A SINGLE cotL "L" wiLL BE IN sERIES WiITH BOTH OF THE TUNED CIRCUITS, WE
WILL OBTAIN A CIXCUIT ARRANGEMENT A3 PICTURED IN THE LOWER I LLUSTRATION
ofF Fi1a. 10 HERE YOU WILL OBSERVE THAT THE SMALL COUPLING COlL OR INDUC
TANCE "L" 1S SIMULTANEOUSLY CONNECTED IN SERIZS WITH BOTH TUNED CIRCUITS.

FROM AN ELECTRICAL STANDPOINT, THE CIRCUIT ARRANGEMENT IN THE LOW-
ER PART OF Fi1a, |0 IS EQUAL TO THE BAND=PASS CIRCUIT OF FiIG, 9, ONLY THAT
DIRECT WIRING 13 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
cotis "A" ArRe wounD oN SEPARATE FORMS AND THE NUMBER OF TURNS AND  WIRE
S1ZE USED IN THESE TWO COILS 135 SUCH AS TO MATCH THE TUNING CONDENSER CA
PACtTYs |IN OTHER WORDS, IF THE TUNING CONDENSERS ARE RATED AT .00035
MFDe. CAPACITY, THEN colLg "A" ARE WOUND TO MATCH THIS CAPACITY THE SAME
AS FOR THE CONVENTIONAL TYPE OF R.F. TRANSFORMER,

SINCE cotLs "A" ARE PLACE WITHIN SEPARATE SHIELD CANS, THERE I3 NO
ELECTROMAGNETIC COUPLING BETWEEN THEM. THE ONLY COUPLING BETWEEN THESE
TWO TUNED CIRCUITS 1S ACCOMPLI3HED THROUGH THE SMALL COUPLING colL "L",
THEREFORE THE DEGREE OF COUPLING IN THIS CASE, DEPENDS ENTIRELY UPON THE
INDUCTANCE VALUE OF colL "L", THAT 1S3 TO SAY, THE GREATER THE INDUCTANCE
VALUE OF colL "L", THE CLOSER wilL BE THE COUPLING AND THIS WILL INTURN
BROADEN TUN NG,

By DECREASING THE INDUCTANCE OF coilL "L", THE BAND PASS CIRCUIT
PASSES A NARROWER BAND OF FREQUENCIES THROUGH THE SYSTEM. THAT 13, THE
SYSTEM WILL TUNE SHARPER AND THE SELECTIVITY CURVE WILL BECOME NARROWER.
By cHOOSING A CORRECT INDUCTANCE VALUE FOR colL "L", IT wiLL BE POSSIBLE
T3 ADJUST THE BAND SELECTOR CIRCUIT TO PASS THE DESIRED |0 Kc. FREQUENCY
RANGE THROUGH 1T,

DATA FOR CONSTRUCTION OF "COWMMON INOUCTANCE"
BAND-PASS CIRCUIT

As A PRACTICAL EXAMPLE OF THE CONSTRUCTION OF SUCH A BAND SELECTOR
OF F13. 9, THE FOLLOWING DATA COULD BE USED, ASSUMING THAT THE TUNING CON
DENSERS HAVE A CAPACITY RATING OF 00035 mrFp: |F THE TUNING COILSES AND
S2 oF Fise |9 ARE WOUND ON TUBULAR colL FoRMs OF |" DIAMETER, THEN USE
130 Turns oF #30 B & S ENAMELED WIRE FOR BOTH OF THESE WINDINGS. THe
PRIINARY FOR THE WINDING S CAN BE ANY OF THE CONVENTIONAL TYPES SPECIFIED
FOR CONVENTIONAL R.F. TRANSFORMERS IN YOUR PREVIOUS LESSONS.

THE sMALL COUPLING cOlL "L" SHOULD BE WOUND ON AN INDIVIDUAL FORM,
TO BE PLACED AT SOME CONVENJIENT POINT IN THE CIRCUIT BUT ISOLATED  FROM
BOTH COliLs S AND Sz AS FAR AS ELECTROMAGNETIC COUPLING 13 CONCERNED. IF
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THIS COIL 13 To BE WOUND ON A |¥ DIAMETER FORM, THEN USE FROM 2 T0 6 TURNS
oF #30 B & S ENAMELED WIRE. NATURALLY, THE EXACT NUMBER OF TURNS TO
USE FOR THIS COUPLING COIL WILL HAVE TO BE DETERMINED BY EXPERIMVENT AND
THE THING TO DO N THIS CASE I8 SIMPLY TO USE THE NUMBER OF TURNS RE-
QUIRED IN ORDER TO OBTAIN THE SHARPNESS OF TUNING DESIRED.

ANY OTHER TUNING CONDENSER S8ECTIONS LOCATED IN SUCCEEDING TUNED
CIRCUITS CAN BE OPERATED TOGETHER WITH THE BAND SELECTOR SECTIONS 8y
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 /“““‘“‘
Fia. Il. IN THIS cAase, A con- - ,r_

VENTIONAL R.F. TRANSFORMER 15 | | ] 7
|88, |
! |
} i 1
! | !

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

l

FIG.II
THIs CourLiNg COIL  maY Another Type of Selector Circuit.

CONSIST OF 2 TO 6 TURNS OF MAG

NET WIRE WOUND OVER THE SAME FORM WITH THE SECOND TUNING COlLe THE NUM
BER OF TURNS AND CLOSENESS OF THIS COIL TO THE SECOND TUNING COIL  DE=
TERMINES THE SHARPNESS OF TUNINGe. SO THIS CAN BE ADJUSTED BY EXPERIMENT
IN ORDER TO OBTAIN THE DESIRED TUNING CHARACTERISTICS. THE DOTTED LINES
SURROUNDING THE colILs IN Fig. || sHOw wWHICH OF THE COILS ARE ENCLOSEDTQ
QETHER IN THE SAME SHIELD CAN.

THE OPERATING PRINCIPLES OF THIS TYPE OF CIRCUIT ARE QUITE EASY TO
UNDERSTAND. TO BEGIN WITH, ENERGY COLLECTED BY THE ANTENNA CIRCUIT 13
TRANSFERRED BY THE PRIMARY WINDING TO THE SECONDARY WINDING 8Y MEANS OF
ELECTROMAGNETIC INDUCTIONs, THEN SINCE THE COUPLING COIL IS8 ACTUALLY A

53& .5 mfd. d| Smfd
L f o mf,

FI6. 12
Band-Dass System with Tuned Dlate and Grid Crreuits.
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PART OF THE FIRST TUNING COIL, IT SERVES TO TRANSFER THE S813NAL ENERGY
THE THE S8ECOND TUNING COIL ALSO THROUGH THE MEDIUM OF ELECTROMAGNETIC
INDUCTION AND THUS THE 81GQNAL VOLTAGE CHANGES ARE PASSED ON TO THE QRID
OF THE FIRST TUBE.

MULTIPLE BAND-PASS CIRCUITS

A BAND SELECTOR OF STILL DIFFERENT CONSTRUCTION 18 ILLUSTRATED FOR
vou IN Fia. 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 I1DENTICAL, THAT (S THEY ARE COMPOSED OF THE
SAME NUMBER OF TURNS AND EACH TUNED WITH A VARIABLE CONDENSER.

THE FIRST TUNING CONDENSER 1S CONTROLLED INDIVICUALLY BUT THE FOLL
OWING FOUR TUNING CONDENSER ARE ALL SECTIONS OF A FOUR QANG TUNING CON
DENSER AND ARE THUS ALL OPERATED BY A SINGLE CONTROLe. SINCE THE ROTOR
PLATES OF THE GANGED TUNER ARE ALL MUTUALLY GROUNDED, IT 18 NECESSARY
TO USE THE.,B MFD. COUPLING CONDENSER BETWEEN THE PLATE CIRCUIT colLs
AND THEIR RESPECTIVE TUNING CONDENSERS IN ORDER TO COMPLETE THE PLATE
TUNING CIRCUIT WITHOUT GROUNDING OUT THE RESPECTIVE PLATE CIRCUITS,.

DUE TO THE NECESS8ITY OF THESE «5 MFDe COUPLING CONDENSER IN THE
TUNED PLATE CIRCUITS, THEY MUST ALSO BE USED IN THE GRID TUNING CliR=
CUITS 80 THAT THE TUNING CHARACTERISTIC OF THESE CIRCUITS WILL BE BAL=
ANCED WITH THE PLATE TUNED CIRCUITS.

SINCE THE PLATE CIRCUIT COILS ARE COUPLED
TO THE GRID CIRCUIT COILS OF THIS BAND=PASS ARR
. ANGEMENT THROUGH THE MEDIUM OF ELECTROMAGNETIC
=T . INDUCTION, WE FIND THAT THE DEGREE OF SELECTIV=
) JTY 1S GOVERENED BY THE EXTENT OF COUPLING BE=
' TWEEN THESE TUNED COILSe THEREFORE, THE DI3-
TANCE BETWEEN THE TUNED COILS 13 VARIED UNTIL
THE DESIRED TUNING CHARACTERISTICS AREOBTAINED

CAPACITY COUPLED BAND-PASS CIRCUIT

ANOTHER TYPE OF BAND-PASS CIRCUIT I8 BAS
FlG. 13 ED UPON THE PRINCIPLES ILLUSTRATED IN Fia. 3.
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
S8ERIESs |F 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 BE IDENTICAL,

Capacitive Coupling .

NOW 1F WE WILL COUPLE THESE TWO TUNED CIRCUITS TOGETHER IN SUCH A
WAY THAT THE CONDENSERS "C" ARE REPLACED BY A SINGLE CONDENSER ucn,
WHICH 13 commoN FOR BOTH ctimrculTs, THEN WE WILL ARRIVE AT THE CIRCUIT
ARRANGEMENT ILLUSTRATED IN THE LOWER PORTION OF F1a. 13. SINCE THIsS
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 OVERwLAP,
NEVERTHELESS, S0 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 FiG,
8Y THE BAND=PASS CIRCUIT,

AND THE BROADER THE TUNING.
iC" 13 maDE,
THE SHARPER THE TUNING CHARACTERISTICS

THE SMALLER THAT THE CAPACITIVE VALUE
THE LOOSER WILL BE THE COUPLING BETWEEN THE CIRCUITS
OF THE CIRCUIT,

STt {: ————— 5
,/Compensa ors ,’r’tw et p ¥
I 7 | ]
7 | g: $
i : I
1 {
s I
p
FiG. 14

Application of Band Pass circuit With
Capacity Coupling.

ViIRING COMPLETES ONE SICE OF THE CIRCUIT IN FlG.
14 ALSO ILLUSTRATES THE COMPENSATOR CONDEMSERS AS SHUNTED ACROSS

TUNING CONDENSERS.

THE INPUT TRANSFORMER

|3 DETERMINES THE SHARPNESS OF TUNINGOFFERED
THE GREATER THE CAPACITY OF CONDENSER
THE CLOSER WILL BE THE COUPLING EFFECT BETWEEN THE TWO TUNED

nen,
CIRCUITS

oF
AND

Fice 14 sHows Yyou HO'™
HCW THE CAPACIATIVE COUPLED
BAND-=PASS CIRCUIT IS8 APP-
LIED TO ACTUAL RECEIVER
CAONSTRUCT 10N, ALTHOUGH THE
CIRCUIT OF FiGg. |4 mMAY AT
FIR3T GLANCE APPEAR AS
DIFFERING CONS ICERABLE
FROM THE FUNDAMENTAL CIR=-
culT ofF Fiec. 13, YET vou
WILL NOTE AFTER CLOSER IN
SPECTION THAT THE BAND
PASS CIRCUITS oF Fle. |3
AND 14 ARE ALIKE. THEONLY

DIFFERENCE 18 THAT THE
GROUND RETURN SYSTEM OF
14, IN ADDITION, FiGe.
THE

WHICH COUPLES THE ANTENNA
CIRCUIT TC THE TUNED CIlF—
CUITS, CONSISTS OF A CON-
VENT ECNAL RoF. TRANSFORMER
VWITH THE PRIMARY WINCING P

AND THE SECONDARY WINCINGS.

THiIE TRANSFORMER 1€ HOUSED
IN AN INDIVIDUAL SHIELD CAN,

CoiL. S2 CONSISTS OF A
TUNING WINDING ONLY, WOUND

- ON AN INDIVIDUAL FORM AND
THE NUMBER OF TURNS USED

ernd”J* 2 Q
~ E; Q:EEW Bias
I reois‘co,'
Fta. 15

ON COlL S, 1S THE SAME AS
THE NUMBER OF TURNS USED
ON coiL §

Fic. 14,

AS

Lpplying Bias Voltage to the System.

THE DIAMETER OF THE FORM, OF COURSE, MUST ALSO BE THE SAME
FOR THE R.F. TRANSFORMER AND COJL S22 ,
MATCH THE CAFACITY OF THE TUNING CONDENSERS BEING USED AND S I8
IN AN INDIVICUAL SHIELD CAN,

CoiLs S AND Sz ARE BOTH WOUND TC
HOUSED
ILLUSTRATED BY THE DOTTED ENCLOSURE  IN

THE COUPLING CONDENSER "CY CAN BE LOCATED AT ANY CONVENIENT POINT IN

THE CIRCUIT,

By EXPERIMENT, THE VALUE FOR CONDENSER "C" cAN BE SELECTED
IN ORDER TGO GIVE THE CIRCUIT THE DESIFED TUNING CHARACTERISTIC.

A cara=-
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CITY OF 0I5 MFD. 1S A GOOD AVERAGE VALUE FOR "C'" WHEN USING TUNING CON
DENSERS WITH A RATED CAPACITY OF 00035 mrD.

SINCE THE CIRCUIT OF Fic. |4 CONNECTS THE GRID OF THE IsT R.F.Tuse
TO GROUND THROUGH THE CONDENSER "C", 1T wouLD BE IMPOSSIBLE TO IMPRESS A
BIAS VOLTAGE UPON THIS GRIC IN THE CONVENTIONAL WaY BECAUSE THE D.C. B1
AS POTENTJAL 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 Fi1Ge. |5 IN THIS wav,IT
WILL BE POSSIBLE TO PERMIT THE BIAS VOLTAGE, WHICH l& DEVELOPED ACROSS
THE CONVENTIONAL BIlAS RESISTOR, TOBE
APPLIED TO THE GRID OF THE R.F. TUBE

By wAY oF THE 20,000 oHM RESI1STOR. I8t~ 71?-
/ RF. et.

’

SINGLE CONTROL SUPERHETERODYNES

Now THAT WE HAVE INVESTIGATED
BAND=PASS CIRCUITS QUITE THOROQUQGHLY,
LET US CONTINUE BY GOING INTO A MORE
DETAJILED STUDY CONCERNING ADDITIONAL
DESIGN FEATURES OF SINGLE CONTROL SUP
ERHETERODYNE RECEJVERS,

FROM YOUR PAST STUDIES OFSUPER=- FIG. 16
HETERODYNE RECEJVER PRINCIPLES, YOU Shperheterodyne [ﬂpué o]
HAVE LEARNED THAT IT IS A COMMON PRA e R .
CTICE IN THE CONSTRUCTION OF THIS Mixing Circuit.

TYPE OF RECEIVER TO EMPLOY ONE TUNED R.Fe STAGE PRECEDING THE MIXER TUBE
OR FIRST DETECTOR. THIS IS ILLUSTRATED FOR YOU IN FiG. I8 AND AS FARAS
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. TRANE-

ettt £ 1 FORMER WOULD HAVE TO BE sSUCH
N RF. /Pt | S0 THAT THIS TUNED CIRCUIT WILL COVER

ALL OF THE BROADCAST FREQUENCIES WHEN
“n USED WITH A GIVEN TUNING CONDENSER,
S0 IN THIS RESPECT, YOU HAVE NOTHING
RADICALLY NEW TO LEARN.

IN THE CIRCUIT DESIGN . ILLUS=
TRATED IN FiGg. 168, A THREE=GANG TUN=-
ING CONDENSER WOULC BE EMPLOYED. ONE

B+ SECTION BEING USED FOR THE IsT R.F,

OR PRESELECTOR STAGE, ONE FOR THE IS8T

F'G"7 .. DETECTOR OR '"MIXER STAGE" AND THE
Superheterodyne Mixer Circuit With THIRD FOR THE OSCILLATORs ALL THREE
Band Pass Preselector Stage. SECTIONS ARE OPERATED WITH A SINGLE

CONTROL AS INDICATED BY THE DOTTED LINES,

Now In FiGe |7 YOU WILL SEE AN EFFECTIVE WAY IN WHICH A BAND PASS
FILTER CIRCUIT CAN BE EMPLOYED IN THE IsT 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 ofF FiGc. |7, THE TUNING CHARACTER
ISTICS OF THE PRE~BELECTOR CIRCUITS AND THE TUNING CIRCUIT OF THE IsT
DETECTOR ARE MATCHED TO EACHOTHER AS ALREADY DESCRIBED FOR SIMPLE TUNED
ReF. RECEIVERS EMPLOYING A BAND=PASS FILTER CIRCUIT.

HOWEVER, WHEN IT COMES TO THE MIXING CFRCUIT, WHERE THE osCliLLA~
TIONS GENERATED BY THE RECEIVER'S 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 §8 THIS
OSCILLATOR AND MIXING TUBE CIRCUIT UPON WHICH WE ARE GOING TO CENTEROUR
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 N MOST
ODERN SUPERHETERODYNES, AN INTERMEDIATE FREQUENCY OF I75 Kc 1s  BEING
USED. THIS MEANS THAT IF A BROADCAST SIGNAL AT 1000 Kce 1S TO BE RE-
CEIVED, THE OSCILLATOR WILL HAVE TO BE ADJUSTED TO GENERATE A FREQUENCY
oF 175 Kc. IN ORDER TO GIVE US A BEAT FREQUENCY oF |175 miInus 1000 oR
175 Kc. FOR THE INTERMEDIATE FREQUENCY AMPLIF |ERe

THE OSCILLATOR e T Det

I _c K
3 T8
IT THUS ALSO FOLLOWS THAT IN ORDERTO I | # %ﬂ J— - ke
' : I
RECEIVE BROADCAST SIGNALS [N THE RANGE OF E' ] LY
[
l

FROM 550 Kc. To 1500 KC. WILL REQUIRE THE !
USE OF A LOCAL OSCILLATOR, WHICH CAN BE . ssb ﬁooKQ

TUNED OVER THE FREQUENCY BAND EXTENDING \_‘15'b75KC- Osc.
FrRoM 725 Kc. To |675 Kc. FURTHERMORE, IT EEJ 27
IS CLEAR THAT IN ORDER TO HAVE A SINGLE D} =
AL TUNING CONTROL, IT IS NECESSARY  THAT
REGARDLESS OF WHICH FREQUENCY TO WHICH THE
INPUT R.F. AND MIXER TUBE CIRCUITS ARE TUN
EDy, THE OSCILLATOR CIRCUIT MUST AT  THIs
S8AME INSTANT BE TuNeEDp EXACTLY To A  FRE-
QUENCY JUsT |75 Kce GREATER OR HIGHER THAN FiG.

THE FREQUENCY OF THE INCOMING siaNALe T A Typical/ Oscillator & 15t Detec-
THUS ALSO FOLLOWS IN LOGICAL ORDER THAT tor Circuit ofa 5uper/7e£erao’7//e
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 15 OPERATED FRCM 1718
ONE EXTREME POS{TION TO THE OTHER. WHEN THIS IMPORTANT CONDITION is
FULFILLED, WE SAY THAT THE OSCILLATOR TUNING CONDENSER TRACKS wWITH THE
TUNING CONDENSERS OF THE R.F. PRE=SELECTOR AND MIXER TUBE STAGES.

Input Cail

B+

lnductively
Coupled

Receiver.

THE MODERN PRACTICE TO PROVIDE THE PROPER TRACKING OF THE OSCILLA-
TOR TUNING CONDENSER WITH THE OTHER TUNED CIRCUITS IS TO USE AN ARRANG~
EMENT SIMILAR TO THAY PICTURED IN FiG. |18, |IN THIS CASE, THEOSCILLATOR
TUNING CONDENSER (C ) ‘HAS A FIXED CONDENSER (Cz2 ) CONNECTED IN  SERIES
WITH IT AND EACH or THESE CONDENSERS 13 SHUNTED 8Y A SMALL TRIMMER CON=
DENSER (C3) AND (C4 ). YOU HAVE ALREADY BEEN INTRODUCED TO TH1SMETHOD
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 RESULTSe
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THE DESIGN FOR THE CIRCUITS OF Fig. |8 ARE WORKED OUT IN THE FOLL
OWING MANNER. FIRST OF ALL, CONDENSERS C AND C, EACH HAVE THE SAME CA-
PACITIVE VALUE==IN FACT, EACH OF THEM IS A SECTION OF A GANGED TUNING
CONDENSERe FOR THE PRESENT, WE WILL ASSUME CONDENSER C AND C, AS EACH
HAVING A MAXIMUM CAPACITY OF (00035 MFD. AND BOTH BEING CONTROLLED  BY
THE SAME ROTOR B8HAFT., CONDENSERS Cq IN BOTH CASES ARE THE  CONVENTION
AL TRIMMER CONDENSERS AS PROVIDED ON GANGED TUNING CONDENSERS.

ALL OF THE COILS OF BOTH THE OSCILLATOR AND |8T DETECTOR,WHICHARE
ENCLOSED IN THE BRACKET, INDICATING THAT THEY ARE JNOUCTIVELY COUPLED,
ARE WOUND ON THE SAME TUBULAR WINDING FORM, YES, EVEN THE INPUT COIL I8
WOUND ON THE SAME FORM SO AS TO PRODUCE THE PROPER COUPLING WITH coilL L,.

Now THEN, THE NUMBER OF TURNS USED FOR COIL L 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, cCOIlL LyOULo
BE CALCULATED AS EXPLAINED IN THE PREVIOUS LESSONS AND FOR THE SAKE  OF
EXPLANATION , WE WILL SAY THAT colL L, HAS AN INDUCTANCE OF 245 MICRO-
HENRIES. .

DESIGNING THE OSCILLATOR COIL

THE NEXT STEP WHLL BE TO DETERMINE THE REQUIRED INDUCTANCE OF COIL
L3 AND IN THI3 RESPECT, WE HAVE A VERY HANDY RULE WHICH WAS WORKED OUT BY
MANY EXPERIMENTS. THIS RULE Is As FoLLows: |F conDeEnserRs C ano C, oOF
Fig. 18 ARE EXACTLY ALIKE AND THE VALUE OF CONDENSER C, I8 EQUAL To TWICE
THE MAXIMUM CAPACITIVE VALUE OF CONDENSER C OoR C,; , THEN IF THE  INDUC-
TANCE OF colL Ly 13 MADE 22% LESs THAN THE INDUCTANCE OF colL Ly ,  THE
OSCILLATOR CIRCUIT WILL TRACK PROPERLY WITH THE TUNED CIRCUIT OF THE IsT
‘DETECTOR 80 THAT THE |75 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 Cg EQUAL TO TWICE 00035 MFD. WHICH Is .0007 MFDe
THEN WE WILL CONSTRUCT COIL L4 SO THAT ITS INDUCTANCE I8 20% LESS THAN
THAT OF colL L, « |IN OTHER WORDS, IF L, HAS AN INDUCTANCE OF 245 MICRO-
HENRIES, AS STATED PREVIOUSLY, THE INDUCTANCE OF colL L3 sHouLo Be 245
MINUS 245X.22 or 245 MINUs 53.9 wHICH Is EquUAL TO |91.] MICROHENRIES.THUS
KNOWING THAT colIL L3 MUST HAVE AN INDUCTANCE OF 191¢ 1 MICROHENRIES, WE
WOULD CALCULATE THE NUMBER OF TURNS REQUIRED AS DESCRIBED IN THE PREVIOUS
LESSONS.

CoNDENSER Cy IN Fi1ae 18 18 ALSO THE CONVENTIONAL TYPE OF TUNINGCON
DENSER TRIMMER, THE SAME AS C 4« 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 LganD Lg o FOR THESE, THE LEAST
NUMBER OF TURNS BHOULD BE USED, WHICH WILL PERMIT GOOD OSCILLATING  AC-
TION OVER THE ENTIRE TUNING RANGE. |F TOO MANY TURNS ARE USED FOR THESE
‘TWO WINDINGS, THE INTENSITY OF THE LOCALLY GENERATED OSCILLATIONS MAY
BECOME SO GREAT AS TO OVERLOAD THE |8T DETECTOR TUBE AND OF COURSE THIS
18 UNDESIRABLE. EXPERIMENTS CONDUCTED AFTER THE RECEIVER HAS BEEN CONe
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STRUCTED WILL ENABLE ONE TO DETERMINE THE MOST SAT ISFAGCTORN NUMBER OF
TURNS TO USE ON THESE WINDINGS. |F colLs L, AND L4 ARE COUPLED GLOSELY
To colL L3 , THAT 1S, WITH cOIL L, WOUND RIGHT OVER THE TOP OF THE uep
ER END OF COIL L3 WITH A PIECE OF PAPER OFFERING THE SEPARATION AND
COIL L4 18 COUPLES IN LIKE MANNER TO THE LOWER END OF COIL Ly, THENSE
TURNS WILL BE FOUND ABOUT RIGHT FOR CoiLs L, ano L4 . ColL L, can 8E
SEPARATED FroM L, By aBout 1/8% To %",

ALIGNING THE TUNING CIRCUITS

~ BY MEANS OF THE OSCILLATOR TRIMMER CONDENSER Cq s THE ALIGNMENT
OF THE OSCILLATOR AT THE HIGH FREQUENCIES CAN BE ADJUSTED AND TRIMMER
CONDENSER C3 1S USED TO ALIGN THIS OSCILLATOR CIRCUIT AT THE LOWER FRE
QUENCIES., THESE CIRCUITS ARE ALL ALIGNED AFTER THE RECEIVER 1§ CONe
STRUCTED. AT THAT TIME, THE GENERAL PRACTICE 1€ TO FIRST ALIGN THE IN
TERMEDIATE FREQUENCY STAGES WITH THE AID OF A MODULATED TEST 08C| LLA=
TOR ADJUSTED TO A FREQUENCY OF |75 Kc. AFTER THIS, THE TRIMMER CON=
DENSERS OF THE PRE~SELECTOR R.F., |ST 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 FINe

Bakelite shaft ALLY A HIGH BROADCAST FREQUENCY==  THE
© ~ TRIMMERS BEING ADJUSTED TO THE BEST AV~
' ERAGE SETTING FOR THE ENTIRE RANGE.

Ya DA

OF COURSE, THERE ARE VARIOUS TYPES

X ¥
- e s OF OSCILLATOR CIRCUITS WHICH CAN BE US=
. row ED IN THE CONSTRUCTION OF SUPERHETERO~
1 DYNE RECEIVERS BUT IN ANY CASE, THE INe
" FORMAT ION JUST GIVEN RELATIVE TO THE
\ Copper _ DESIGN OF ITS TUNED CIRCUIT WILL APPLY
7w L Plake Lt~ - EQUALLY WELL TO ALL TYPES OF 0SCILLA=
Support f @ TORS EMPLOYING PADDING CONDENSERS oF
E _L @ THIS FORM IN ORDER TO PROVIDE TRACKING.

160 Yo ZooK.C.

NOw THAT YOU ARE FAMILIAR WITH A

FI1G. 19 . GOOD PRACTICAL SYSTEM OF DESIGNING THE

Construction of the LF. Transformer. 08CILLATOR AND FIRST DETECTOR CIRCUITS

FOR SINGLE=CONTROL OPERATION, THE NEXT

PORTION OF THE SUPERHETERODYNE RECEIVER, WHOSE CONSTRUCTION WE  SHALL
CONSIDER, 18 THE INTERMEDIATE FREQUENCY AMPLIFIER,

l.F. TRANSFORMER CONSTRUCT ION

F1e. 19 ILLUSTRATES THE CONSTRUCTIONAL FEATURES OF AN |.F. TRang
FORMER, WHICH CAN BE READILY CONSTRUCTED IN THE HOME WORK 8HOP. THIS
PARTICULAR UNIT 1S ADAPTABLE TO OPERATING EFFICIENTLY WITHIN THE RANGE
oF |60 To 200 KC. AND CAN THUS BE ADJUSTED TO OPERATE AT THE POPULAR
INTERMEDIATE FREQUENCY OF |75 Ko, WITH MAXIMUM EFFICIENCY.

THE SPOOLS OR FORMS FOR THE WINDINGS MAY BE LATHE=-TURNED WOOD OR
BAKELITE, OR ELSE BUILT UP WITH INSULATING WASHERE AND RODS. AT  ANY
RATE, THE DIMENSIONS OF THE FORMS SHOULD BE AS INDICATED IN THE DRAWING
ofF Fla. |9, THE SUPPORTS MAY BE MADE OF BRASS STRIPS BENT TO THE RE-
QUIRED S8HAPE AND THE |/8" DIAMETER MOUNTING ROD MAY BE BAKELITE "OR
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W00D, BAKELITE BEING PREFERABLE,

THE coiLs "L" (PRIMARY AND SECONDARY) SBHOULD BOTH CONS IST OF 800 TURNS
oF $36 B&S. SINGLE COTTON COVERED WIRE, "SCRAMBLE~WOUND", THIS SAME TRAN
SFORMER IS DIAGRAMATICALLY ILLUSTRATED IN THE LOWER PORTION OF Fi3. |3,
I4 ORDER TD GIVE YOU A STILL CLEARER UNDERSTANDING OF THE UNIT.

THE CONDENSERS "C" IN THI3 CASE SHOULD BE VARIABLE CONDENSERS oF
THE TRIMMER TYPE, EACH WITH A CAPACITY RATING OF |40 MMFD. ONE OF THEZE

CONDENBERS I3 CONNECTED ACROSS THE PRIMARY COIL AND THE OTHER ACROSS THE SEC
ONDARY COJL A8 IL_LUSTRATED IN THE DIAGRAM OF F13, |9 AND FOR GREATER SE=
LECTIVITY, A GROUNDED COPPER PLATE CAN BE PLACED BETWEEN THE TWO CO1LSOF
THE |8T l.Fs TRANSFORMER IN THE RECEIVER AS ALSO PICTURED FOR YOU InF13.
9. FOR THE SECOND AND THIRD |+F. TRANSFORMER OF ANY RECEIVER, HOWEVER,

THE COPPER PLATE SHOULD BE ELIMINATED,

THE SELECTIVITY AND VOLUME ARE CONTROLLED BY THE SFACING BETWEEN
THE colts ML" on EACH TRANSFORMER., THE GREATER THEDISTANCE BETWEEN THEM
THE BETTER WILL BE THE SELECTIVITY BUT THE AMPLIFICATION WILL BE LESS.IN
SUPERHETERODYNE RECEIVERS EMPLOYING THREE |.F. TRANSFORMERS, IT 1S GENER=
ALLY THE PRACTICE TO MAKE THE IsT |.F, TRANSFORMER QUITE SELECTIVE BY
SEPARATING THE TWO COILS CONSIDERABLY AND USING THE COPPER DI3C BETWEEN
THEM. THE SECOND AND THIRD |.F. TRANSFORMERS IN THI3 CASE HAVE THE TWO
COILS MORE CLOSELY COUPLED AND NO COPPER DISC BEING USED. THI3 PERMITS
GREATER AMPLIFICATION IN THE LAST TWO |.F, TRANBFORMERS.

EacH oF THE 1.5, TRANSFORMERS SHOULD BE PLAGCED IN AN IND IV IDUAL
GROUNDED METAL SHIELD CAN AND BY MEANS OF A TEST OSCILLATOR ADJUSTED TO
175 Kce, THE cONDENSERS "C" OF THE |.F. TRANSFORMERS CAN ALL BE USED T9
ADJUST ALL OF THE |.F. TRANSFORMER COILS TO RESONATE AT EXACTLY |75 Kc.

HAVING CONCLUDED THIS LESSON, YOU SHOULD NOW HAVE A CLEAR UNDER-
STANDING OF THE DESIAN FEATURES AS USED IN R.F. BAND~PASS FILTERCIRCUITS
AND THE SUPERHETERODYNE TYPE OF TUNING CIRCUIT. SO WITH THIS INFORMAT 19N
FRESH IN YOUR MIND, ANSWER THE EXAMINATION QUESTIONS AND WE WILL THEN
CONTINUE OUR STUDY OF R.F. AMPLITIZRS IN THE FOLILOWING LESSON BY JNVEST=
V3ATING THE DESIGN FACTORS OF ALL=WAVE RECEIVERS ETZ.
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LESSON NO. 43

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

-

WHAT 1S THE CHIEF ADVANTAGE OF USING A BAND-PASS FILTER CIR-
CUIT IN THE R,F., AMPLIFIER?

How DOES THE INCREASE‘ AND DECREASE OF COUPLING BETWEEN TWwO
TUNED CIRCUITS AFFECT THE SELECTIVITY OF THE COMBINATION?

WHY 1S IT THAT THE SELECTIVITY CURVE, AS PLOTTED FOR A BAND-
PASS FILTER CIRCUIT, HAS TWO RESONANCE PEAKS?

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?

How CAN THE BROADNESS OF TUNING BE ADJUSTED TO THE DESIR-
ED POINT IN A BAND-PASS ARRANGEMENT "OF THE TYPE ILLUSTRATED
IN Ftc., 9 OF THIS LESSON?

* N
ABOUT HOW MANY TURNS OF WIRE WOULD YOU EMPLOY FOR THE COUP-
LiNG CcOIL IN Fig. |l OF THiIS LESSON?

WHY ARE THE .5 MFD BY-PASS CONDENSERS EMPLOYED IN THE VARI-
oUs CIRCUITS OF Fi1G. |2 OF THIS LESSON?

DESCRIBE HOW YOU WOULD CONSTRUCT A BAND-PASS CIRCUIT US-
ING A COUPLING CONDENSER., o

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 SECT:IONS USED FOR THE FIRST DETECTOR AND PRE-SELECTOR
CIRCUITS,

DESCRIBE BRIEFLY HOW AN INTERMEDIATE FREQUENCY TRANSFORMER
oF THE |75 Kc, TYPE MAY BE CONSTRUCTED.
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LESSON NO. 44

WINDING R.F. COILS
MEASURING INDUCTANCE AND CAPACITY

You ARE MAKING RAP|D PROGRESS WITH YOUR STUDIES OF R.F. AMPLIFIERS,
80 THAT YOU WILL SHORTLY BE QUALIFIED TO DESIGN AND CONSTRUCT REALLY EE
FICIENT AMPLIFIERS OF THiS TYPE.

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

WINDING A SOLENOIC TYPE COIL

Many coiL WINDERS, OF COURSE, HAVE
FAVORITE TRICKS OF THEIR OWN WHICH ARE
GAINED FROM EXPERIENCE IN THI8S KIND OF
WORK AND AFTER YOU HAVE WOUND A NUMBER
OF CcOoiLs, YOU WiLL ALSO NO DOUBT, DEVEL
OPE WINDING I1DEAS OF YOUR OWN.NEVERTHE=
LESS, WE WlLL GIVE YOU SOME SUGGESTIONS
AT THE PRESENT T{IME RELATIVE TO THIS
WORK,

FIRST, LET USs CENTER OURATTENT|ON
uPoN Fia. 2. HERE WE HAVE A TUBULAR
WINDING FORM MADE OF SOME SUCH MATERJAL F1G.1
AS A RIGID CARDBOARD TUBE OR BAKELITEs Sot-Up for Winding R. E Transformer
We BEaiN BY CHOOSING A SUITABLE  POINT
ON THIS TUBE FORM AT WHICH WE WI3H TO START THE WINDING AND IN THIS RE=-
SPECT, IT I8 TIMELY TO ADVISE YOU NEVER TO START WINDING TOO NEAR THE
END OF THE WINDING FORM,

AT THIS POINT, WHERE THE WINDING 1S TO START, MAKE TWO SMALLHOLES
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 |/16" aPART.

Printed in U. S. A.
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CoiL WIRE 1S GENERALLY BOUGHT ON sPOOLS, 80 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
PO INT FOR THE BEGINNING OF YOUR WINDING, SO DRAW T TIGHT, BEING CAREFUL,
HOWEVER, THAT THE WIRE 1S NOT BROKEN IN THE CASE VERY SMALL 81ZE WIRE
IS BEING USED. ALSO PROVIDE A SUFFICIENTLY LONG FREE END OF THE WINDING
SO THAT YOU CAN MAKE THE PROPER ELECTR{ICAL CONNECTIONS TO IT LATER ON.

WHEN WINDING THE COIL BY HAND AND YOU ARE RIGHT HANDED, THEN HOLD
THE COIL FORM [N YOUR LEFT HAND AT THE STARTING END AND WIND THE W]RE ON
THE FORM N THE DJRECTION INDICATED. DRAW WIRE FROM THE SPOOL AS IT 18
NEEDEDy, BEING VERY CAREFUL THAT IT DOES NOT KINK AND DRAW THE TURNS UP
TIGHT 80 THAT THEY WON!T sSLIP ON THE WINDING FORM. ALSQ 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 COILE OF THE NON=SPACE
WOUND TYPE,

COUNT THE NUMBER OF TURNS AS YOU
WINDyUSING YOUR STARTING HOLES AS
YOUR REFERENCE POINT.FINALLY, WHEN
YOU HAVE APPLIED THE NUMBER OF
TURNS CALLED FORyMAKE ANOTHERSMALL
HOLE IN THE WINDING FORM DIRECTLY
AT THE POINT WHERE THE WINDING FIN
ISHESs HOLD DOWM THE LAST TURN FIRM
LY WITH THE THUMB OF YOUR LEFT

HAND, SO THAT NO SLACK WILL DEVEL=

Coil form End of w&ndfr\q
)5

(s amy

Small holes
(Bzgin winding hq.re)

/Sm:ll holes

l;iﬁ"d of winding CPE IN THE COIL AND THEN CUT  THE
\ WIRE FROM THE SPOOL,LEAVING A SUF=

FICIENT SURPLUS LENGTH FOR MAK ING
Fig.2 CONNECT IONS

An Example of Winding.
Now PASS THE FINISHING ENDOF
THE WIRE THROUGH THIS LAST HOLE, DRAWING {T 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=
AFPROX IMATELY TWICE. THUS THE FINISHING END OF THIS WINDING [S ALSO NOW
ANCHORED AND YOU WILL HAVE A TIGHT, NEAT LOOKING WINDINGe

LOCATING COIL TERMINALS

LET us CONSICER FOR A MOMENT, THE MOST ADVANTAGEOUS PO {NTSAT WHICH
SUCH WINDINGS SHOULD BE TERMINATED ON THE COIL FORM. TRIS CAN PROBABLY BE
ILLUSTRATED BEST BY MEANS OF THE [LLUSTRATION SHOWN YOU IN Fi1Ge 3 WHERE
WE HAVE A SHIELDED R.F. TRANSFORMER ASSEMBLY 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 INS}DE.

NATURALLY, THE TYPE OF COIL MOUNTING TC 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 [NSTALLATION. IN THE POPULAR
- METHOD OF F1G. 3, FOR EXAMPLE, WHERE THE CONTROL~GR{D LEAD EMERGES FROM
THE TOP OF THE BHI1ELD, IT IS LOGICAL THAT THE GRID END OF THE SECONDARY
WINDING SHOULD TERMINATE AT THE UPPER END OF THE COIL FORMe TOFACILITATE
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 CIRCUITWIRE
CAN THEN LATER BE SOLDERED TO THIS SAME LUG VERY EASILY. |T 1S ALSO AD-
VISABLE TO WRAP THE COIL WIRE AROUND THE LUG SEVERAL TIMES BEFORE SOLD=
ERING IT TO THE LUG, FOR TH|S8 WILL PREVENT THIS LEAD FROM BECOMING DE=
TACHED WHEN MELTING THE SOLDER, AT THE TIME THE CIRCUIT WIRE (S SOLDERED
TC THE LUG LATER ONe. THIS IS JUST A MATTER OF CONVEN | ENCE,

IF SUB=PANEL WIRING IS USED FOR THE WIRING OF THE RECEIVER, AS S
GENERALLY THE CASE, THEN THE PRIMARY WINDING SHOULD TERMINATE AT THE
LOWER END OF THE WINDING FORM AS |LLUSTRATED, AS SHOULD ALSO THE GROUND,
FILAMENT OR CATHODE END OF THE SECONDARY. HERE T0OO, SOLDERING LUGS W|LL
BE FOUND CONVENIENT, SO KEEP ALL OF THESE POINTS IN MIND WHEN CONSTRUCT=
IN@ R.F, TRANSFORMERS AND YOU WILL DO A BETTER JOBe

A COiIL WINDING MACHINE

IF You DO NOT HAVE oCcAsS-

ION TO WIND A GREAT NUMBER oF Coil

R.Fs TRANSFORMERS, THEN THE HAND shield —

METHOD OF WINDING,A8 JUST DES=-

CRIBED, WILL BE FOUND SATISFACT= /Z Capfl__,y
ORY ENOUGH BUT WINDING MANYCOILE -

AT A TIME IN THIS WAY BECOMES RA Z //// %///}

THER TIRESOME., TO SPEED UP THIS o ! .
WORK,A SIMPLE COIL WINDING MA= 5¢<°"da\"9 Grid Term,

CHINE, AS ILLUSTRATED IN Fi6. 4, <

WILL BE FOUND VERY HANDY.Bvy sTup . : S =

Fia.4 Primar s =
YING F1Ge4 IN CONJUNCTION WITH y s =
Fice 5, YOou sHOULD 0BTAIN A GOOD N i

W= —=

IDEA OF THE CONSTRUCTIONAL FEA= 3 %_E = Ground Term.
TURES OF THIS SIMPLE MACHINE, SO |primary 3 i |
THAT YOU CAN READILY BUILD ONE [Term. 1 l;
FOR YOURSELF SHOULD YOU CHOOSE TO ) N Ground
DO so. e, T 1 Connmection

THIS APPARATUS CONSISTS E NI . 1 (i -
2 ~ Shield base

SENTIALLY OF TWO BLOCKS OF WOOD
SERVING AS BASES, TO THESE TWO To the plate
BASES, YOU CAN FASTEN A PAIR OF of R.F. Tube B+
STEEL STRAPS,SLIGHTLY SEPARATED
FROM EACHOTHER SO AS TO FORM TWO
RAILS. THE TWO UPRIGHTS CAN BE Locat/ng Coil Terminals f-Zr Screen
MADE FROM THIS SAME STEEL STOCK, Orid Cirewits.

BENDING THEM INTO RIGHT ANGLES,

DRILLING A HOLE AT THEIR UPPER END TO RECEIVE THE SHAFT AND ANOTHER HOLE
AT THE LOWER END TO RECEIVE THE HOLD=-DOWN SOLTS.

Fla. 3

THE CONE=SHAPED WEDGES CAN BE MADE FROM WOOD,BEING TURNED DOWN TO
A CONICAL SHAPE IN A LATHE. A HOLE, LARGE ENOUGH TO PERMIT THESE WEDGES
TO SLIP FREELY UPON THE SHAFT, 1S DRILLED THROUGH THE|R CENTERe A CRANK IS
FASTENED ON ONE END OF THE SHAFT.

To use THE aPPARATUS, ILLUSTRATED IN Fia. 5y LOOSEN THE RIGHT HOLD-
DOWN BOLT AND THE SET SCREW OF THE COLLAR, WHICH |8 MOUNTED ON THE RIGHT
END OF THE 8HAFT. 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 THE COIL FORM
IN THE POSITION ILLUSTRATED IN FiG. 5 AND REPLACE THE RIGHT HAND  WEDGE
AND COLLAR. SLIDE THE RIGHT HAND WEDGE TOWARD THE LEFT FAR ENOUGH s0
THAT 1TS COMICAL SURFACE LOCKS TO THE HOLE IN THE COIL FORM AND LOCK IT
IN POSITION WITH THE RIGHT HAND COLLARe THE RIGHT HAND UPRIGHT CAN THEN
BE MOVED UP AGAINST THE COLLAR AND I1TS WING NUT TIGHTENEDs. THE COIL  OR
WINDING FORM IS THUS  CENTRALLY
WEDGED BETWEEN THE TWO CONES,
80 THAT IT WILL ROTATE WHEN THE
CRANK 1S TURNED AS [ILLUSTRATED IN
Fi1g. 4 AND IF YOU WISH,YOU  CAN
MOUNT A VERTICAL STUD ON THE BASE
OPPOS ITE THE CRANK END OVERWH|CH
TO0 SL{P THE SPOOL OF WIRE SO THAT
IT WON'!T BE ROLLING ALL OVER THE
WORK BENCH WHILE YOU ARE WINDINGs
WHEN THE WINDING HAS BEEN COM=
PLETED, THE COIL FORM CAN READILY
BE REMOVED FROM THE WINDING MACH
INEe

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

Fia. 4 ITS CONSTRUCT IONAL FEATURES TC
A Bactical Coil Winding Machine ft;r‘ SUIT YOURSELFe
Ordinary Use.

NATURALLY, IN FACTORIES
WHERE COILS ARE WOUND IN PRODUCTION LOTS,YOU WILL FIND THAT THE colLs
ARE WOUND ON ELECTRICALLY OPERATED WINDING MACHINES WHICH OPERATE ON THE
PRINCIPLE OF OUR MCDERN LATHES.

AFTER THE COILS ARE WOUND, 1T IS A COMMON PRACTICE TO COAT THEM
WITH HIGH GRADE CLEAR VARNISH OR SHELLAC, 80 AS TO PROTECT THEMAGAINST
MO 1 STURE ABSORPTIONe SPECIAL PREPARATIONS ARE ALSO AVAILABLE FOR THIS
PURPOSE AND WHEN DRY,THE COiL 1S NOT
ONLY OFFERED THIS PROTECTIVE COAT- Conars
ING BUT ITS GENERAL STRUCTURE 18 (/— w@dq¢5
MADE MORE RIGID AS WELLe IN ALL CAS 6

ES, HOWEVER, YOU DO NOT FIND COILS {
BhopeDd™ IN THIS WAY, == =

THE “BASKET-WEAVE" COIL

You WiLL PROBABLY ALSO BE IN-
TERESTED IN BECOMING FAMILJAR WITH
THE CONSTRUCTION OF COILSOTHER THAN
THE PLAIN SOLENOID TYPEe SO LET US
NEXT CONSIDER THE MBASKET-WEAVE" “—Hold- down bolts—"
COf Lo

Base Base

THE SET-UP FOR WINDING A BASK
ET~-WEAVE COIL 1S ILLUSTRATED IN F1Ge
B. IN THIS GASE, WE USE A DISCmaHAR- Constructional Datail of Coil Winder.

FiGg.5
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ED PIECE OF wWoOD 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 I4" LonG AND APprOXIMATELY |/8" iv otameTsr, THESZ
PEGS SHOULD FIT INTO THE HOLES RATHER TIGHT. THE GENERAL PRACTICE 1S TO
use |3, or |5 OF THESE PEGS FOR COILS WHOSE DIAMETER ACROSS OPPOSITS PEG
CENTERS MEASURES RESPECT IVELY
ol¥ ano 23",

WiTH A SAW,WE CUT NOTCHES
AROUND THE RIMV OF THE WOODEN
D1SC NEXT TO EACH PEG AND BY
MEANS OF A THREE=-CORNERED FILE
OR A KNJFE,THE ENTRANCE OF THE
NOTCH CAN BE WIDENED SOMEWHAT,
THESE NOTCHES SHOULD EXTEND ALL
THE WAY TO THE HOLES IN WHICH
THZ PEGS ARE INSERTED,

THUS WITH THE WINDING
FORM COMPLETEZD, IT CAN BE FAST-
ENED TO SOME SORT OF A SUPPORT
AS PICTURED IN F13.5 §N sucH A
WAY THAT THE WINDING FORM CAN BE
ROTATED ABOUT TS CENTER.

To S8TART, ONE END OF THE FiIG., 6
WIRE CAN BE TEMPORARILYANCHORED Winding the Basket- Weave Goil.
TO ONE OF THE PEGSeTHE WINDING
FORM 18 THEN SLOWLY ROTATED AS THE FIRST TURN 15 WOoUNDe NOTE THAT WE

FIRST winD OVER oNE PEG, THEN UNDER THE NEXT, OVER THE FCLLOWING PEGETZe
THEN DURSNG THE SECOND REVOLUTION OF THE WINDING FORW, THE SECDHD  TURN,
IN OTHER WORDS,WE WiLL wWINDO UNDER THE PEGS WHERE OUR PREVIOUS TURN WENT
OVER THEM AND VICE VERSA. WE CONTINUE IN THIS WAY UNTIL THE REQUIRED NUM
BER OF TURNS HAVE BEEN WOUND AND WE TEMPORARI.Y FASTEN THE END OF THE
WINDING TO A PEGe

THE NEXT STEP 1S TO REMOVE THE PEGS BUT WE DO THiS CAREFULLY 8Y
REMOV NG FIRST ONE OF THE PEGS TO WHICH NEJTHER OF THE ENDS OF THE WIND=
I{NG ARE FASTZINED. AS SOOMN AS THIS PEG 1S WITHDRAWN,WE TAKE A FLEXI3LE
NEEDLE AND STRONG THREAD, INSERT THE NEED=—
LE THROUGH THE OPENING IN THEWINDING FROM
WHICH THE PEG WAS REMOVED, THUS PULLING THE

THREAD THROUGH. THIS 1S I1LLUSTRATED IN
F13e 7 AND IT 1S FOR THE EASE IN THREAD=
ING THAT THE SLOTS ARE PROVIDED ARDUND

TYE RIiM OF THE FORMe

THUS WITH THE THREAD DRAWN THROUGH

THIS WINDING OPENING,WE TIE A LOOP, DRAW=-

ING IT TIGHT AND KNOTTING I1T,AND IN THIS
WAY, THE TURNS ARE FIRMLY FASTENED TOGETHER |

AT THIS POINT. WE REMOVE ONEPEG ATA TIVE,

FlG.T IMMEDJATELY BINDING THE TURNS AT THAT

Binding the Basket- weave Col. POINT AS JUST DESCRI3BED UNTIL ALL PEGS

HAVE BEEN REMOVED.
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A SATISFACTORY NEEDLE FOR THIS THREADING PURPOSE CAN BE MADEQUITE
READILY BY TAKING A PIZCE 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 SDLDER, WHICH CAN BE DRESSED DOWN WITH EMERY
CLOTH 80 AS NOT TO PRODUCE ANY OBSTRUCTION WHEN THREADING WITH IT. A
NEEDLE OF THIS TYPE S QUITE FLEXJBLE AND THEREFORE LENDS ITSELF WELL TO
WORK ING IN AND AROUND ABRUPT CORNERS.

THE PEGS AT WHICH THE WINDING'S ENDS ARE FASTENED ARE REMOVED LAST,
THus THE coilL IS REMOVED FROM ITS FORM AND IT CAN THEN BE DOPED W|{TH AN
INSULATIVE COMPOUND AS DESCRIBED RELATIVE TO SOLENOID WINDINGS AND WHEN
DRY, THE COIL WILL BE RIGID SO THAT WHEN HANDLED WITH CONS IDERAT ION,
THERE WILL BE LITTLE CHANCE OF TS LODOSING ITS SHAPE.

FOR A BASKET=WEAVE TYPE COIL, HAVING
A DIAMETER OF 25" 1o 2 78'anp 13 oR 15
PEGS AS MENTIONED PREVJOUSLY [N THISDIS=
CUSS 1IN, APPROX IMATELY 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 +0C05 MFD. TUNING CONDENSER.
INn BOTH cases, #24 B&S DOUBLE SiilK COVER=
ED WIRE CAN BE USED.

THE PRIMARY IS WOUND IN THE SAME
MANNER AS THE SECONDARY, BE{NG WOUND NEXT
TO THE SECONDARY ON THE SAME WIND{NG FORM

BEFORE THE PEGS ARE REMOVED AND IT Is
Fla. 8 TIED TO THE SECONDARY BY MEANS OF THE

The Spider-#web Coil and SAME PIECE OF THREAD PREVIOUSLY DESCRI|B~

iks Winding Form. £0. THE NUMBER OF TURNS TO USE ON THE

* PRIMARY SHOULD BE APPROXIMATELY 1/3  oF
THE NUMBER OF TURNS PLACED IN THE SECONDARY WINDING. |F A TENDENCY TOWARD
OSCILLATION IS NOTICED, WHEN THE RECEIVER IS TESTED WITH THESE coiis,

PEEL OFF SOME PRIMARY TURNS, PROBABLY S8iX TURNS OR SO UNTIL OSCILLATION
CEASES,

WINDING A "SP|DER WEB" COIL

THE sPIDER WEB COIL AND TS WINDING FORM ARE SHOWN YOU IN Fi1G. 8,
IN THIS CASE, WE AGAIN MAKE A DISC=SHAPED FORM WJTH A MOUNTING HOLE AT
ITS CENTER BUT THE PEGS, HOWEVER, ARE ALL INSERTED IN HOLES,WH|CH ARE
DRILILED AROUND THE RIM oF THE DiIsce THE NOTCHES ARE CUT SO THAT THEY RA=
DIATE FROM THE VAR[OUS PEGS TOWARD THE CENTER,

THe COIL 1S WOUND AROUND THE RIM OF THIS FORM IN MUCH THE SAME
MANNER AS DESCRIBED RELATJVE TO THE BASKET WEAVEe. THAT 18, WE WIND OVER
ONE PEG, UNDER THE NEXT ETCe AND WHEN COMPLETE, THE COIL WILL BE “FLAT-
SHAPED" AS SHOWN AT THE BOTTOM OF F1G. 8. HERE T0O, ONE PEG AT A T IME
IS EXTRACTED FROM THE FORM AND THE TURNS ARE TIED TOGETHER WITH THREAD,
THE FINISHED COIL 3 THEN DOPED AS ALREADY PREVIOUSLY DESCRI|BED.

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 COIJL CAN BE TUNED TO FREQUENCIES BELOW THE
BROADCAST BAND BUT NOT TO THE HIGHER FREQUENCY LIMIT OF THE BROADCAST BAND
THEN | SECONDARY TURN AT A TIME CAN BE REMOVED, UNTIL THE DES|IRED RESULTS
ARE OBTAINED.

TABLE I

Winoine Data For Spiper - Wes CoiLs For BroapcasT Bano
Instoe |[Numser | No. orF Turns |Noe. oF Turns
Wire Size |Diamerer |oFPeas {wiTH  .0005 |[wiTH 00035
mMFo.CoNDENSER| MFD,CONDENSER

#24 D.S.Ce ] 15 52 82
20 DecCecCe 21 17 45 T7
#24 p.c.c. 13" " 50 80

THE NUMBER OF PRIMARY TURNS TO USE ON THE SPIDER WEB COJL SHOULD AL,
SO BE APPROXIMATELY l/3 THE NUMBER OF TURNB AS ON THE SECONDARY, THE SAME
AS DESCRIBED RELATIVE TO THE BASKET=WEAVE TYPE COlL,

THE HONEYCOMB COIL

FinaLLy, IN FiGe 9, WE SEE THE HONEYCOMB COIL AND IN THIS CASE, THE
COfL CONSISTS OF A WINDING MADE UP OF SEVERAL LAYERS,WITH EACH LAYERWOUND
APPROXIMATELY AT RIGHT ANGLES TO THE LAYER BELOW 1T. THIS TYPE OF COIL 18
USED WHERE CONSIDERABLE INDUCTANCE 13 DESIRED IN THE FORM OF A SMALL COM=
PACT WINDING. IN MODERN RADIO PRACTICE, THE HONEYCOMB CO{L IS COMMONLY US
ED FOR THE PRIMARY WINDING OF R,F, TRANSFORMER, FOR l|.Fs TRANSFORMER WIND
INGS ETCo,

ALTHOUGH WE HAVE D1SCUSSED BEVERAL DIFFERENT TYPES OF SECONDARY
WINDINGS FOR R.F, TRANSFORMERS [N TH|S LESSON, REMEMBER THAT THE SIMPLE .
SOLENOJD TYPE 1S THE MOST EFFICIENT OF ALL AND FOR GENERAL PURPOSES, YOU
ARE ADVISED TO USE TH!3 TYPE IN PREFERENCE TO THE OTHER MORE COMPLICATED
WINDINGS WHICH WERE DESCRIBED.,

ALSO REMEMBER THAT WHEM CALCULATING SUCH
SOLENOIC WINDINGS TO MAKE USE OF THE DESIGNING
DATA WHICH WAS FURMISHED YOU IN THE PREV {OUS
LESSON. [N ADDITION,FOR QUICK REFERENCE, You
CAN ALSO MAKE Ust ofF TasLes I ano TI oF LEsson
#11 FOR CONSTRUCTING COILS TO COVER THE BROAD=
CAST BAND WITH EITHER A 00035 mFD. OR A 0005
MFDs TUNING CONDENSER.

SUGGEST IONS FOR PRIMARY WINDINGS

ALL OF OUR ATTENTION SO FAR HAS BEEN Dl=

Fle. 9 RECTED TOWARD THE DESIGN OF THE SECONDARY WIND=
The Honey comb Coil. ING OF THE TRANSFORMER BUT FOR GOOD RESULTS, IT
IS ALS8O EBSENTIAL THAT THE PRIMARY WINDING oF
THIS T RANSFORMER BE PROPERLY DESIGNED,

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

PURPOSES AS |3 THE SECONDARY. THE ESSENTIAL PURPOSE OF THE PRIMARY S TO
TRANSFER THE S1GMAL ENERGY FROM THE ANTENNA OR PLATE CIRCUIT OF ONE TUBE




PAGE 8 PRACTICAL RADID

YO THE @RD CIRCUIT OF THE SUCCEEDING TUBE BUT IN ORDER TO DO THI3 EFF(-
CYENFLY, 7T 135 NECESSARY THAT THE PROPER NUMBER OF TURNS OF WIRE ALSO BE
USED Oy THE PRIMARY WINDINGe

FrROM YOUR EARLY STUDIES OF TRANSFORMERS, YOU WJLL RECALL THAT A
GREATER VOLTAGE STEP-UP |3 OBTAINED WHEN THE NUMBER OF SECONDARY TURNS |S
LARGE IN COMPAR{SON 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 WJTH IRON=CORE TRANSFORMERS,
YET T FALLS SHORT IN THE CASE OF AIR-CORE TRANSFORMERS DUE TO THE GREAT
MAGNETIC LEAKAGE WH|ICH EX=
1STS BETWEEN THE PRIMARY

R.F Tube AND SECONDARY WINDINGS OF
= = THE AJR=CORE TRANSFORMER,
Ve FURTHERMORE, THE CHARACTER-
£ Prim. ISTICS OF THE CIRCUIT IN
s WHICH THE PRIMARY WINDING
\\\ IS CONNECTED ALSO HAS A
. 2\ PRONOUNCED EFFECT UPON THE
-
) _ R.F Transf DESI3N OF THE PRIMARY WIND
Signal voltage de- ING
L]
veloped gcross load
rnished by pri-
fu mary. P B+ THE PRIMARY WINDING,
AS ILLUSTRATED IN Fia, 10,
ARCPR]e SERVES AS THE LOAD n THE

Primary Winding as Load ja Tube Plate Circuit. PLATE CIRCUIT OF THE R.F.

AMPLIFIER TUBE, THE GREAT=
ERTHE IMPEDANCE OFFERED BY THIS LOAD, THE GREATER WILL BE THE SIGNAL VOL=~
TAGE DEVELOPED ACROSS ITS EXTREMET IES AND IN PRACTICE |T WORKS OUT THAT IN
ORDERTO REAL1ZE 75% OF THE TUBE'S AMPLIF {CAT 10N FACTOR, THE LOAD INTHE TUBE'S
PLATE CIRCUIT(PRIMARY WINDING IN THIS CASE) SHOULD OFFER AN IMPEDANCE EQUAL
TO APPROXINMATELY 3 TIMES THAT OF THE TUBES PLATE RESISTANCE. (THE  PLATE
RESISTANCE OF A TUBE |S THE RESISTANCE WHICH THE PLATE CURRENT ENCOUNTERS
WITHIN THE TUBE,BETWEEN THE PLATE AND CATHODE OR FILAMENT,AND [N LATERLES
SONS YOU WiLL RECEJVE MORE DETAILED INFORMATJON REGARDING TH|S TUBE CONe
STANT AS WELL AS OTHER VALUABLE TUBE CONSTANTS). SO GONSICERING CONDITJONS
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 I8
THAT ON ONE HAND, WE WANT MANY TURNS OF PRIMARY WINDING WHEREAS CONS [DER=
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 COMPROM|SE

AND USE A MORE OR LESS AVERAGE NUMBER OF PRIMARY TURNS SO AS TO ATTAIN
MAX1MUM AMPLIFICATION WITHOUT THE POSSIBILITY OF CJRCUIT OSCILLATION, FOR
SCREEN GRID TUBES, IN WHICH THE PLATE RESISTANCE 1S VERY HI1GH, YOU WiLL

FIND THAT IT HA8 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 |5 TURNS OF PRIMARY ARE GENERALLY USEDs THE REASON BEING
THAT TUSES OF THIS LATTER TYPE HAVE A COMPARATIVELY LOWER PLATE RES ISTANCE
THAN DO THE SCREEN=GRID R.F. AMPLIFIER TUBES.
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THE EFFECTS OF COUPLING

Now THERE IS STILL ANOTHER IMPORTANT POINT RELATIVE TO THE DES{ 3N
OF THE PRIMARY WINDING OF THE R.F. TRANSFORMER AND THAT IS THE MATTER OF
COUPLING. In OTHER WORDS, ONE MUST DECIDE As TO How CLOSE To pLACE  THE
PRIMARY WINDING TO THE '
SECONDARY OF THE R.F, Secondary Secondary—~_
TRANSFORMER, AS THIS ! ' '
POINT HAS A PRONOUNCED ( e - Ui X\QPrhnar --
EFFECT UPON THE PERFORM /| /| )\ ¥ ’
ANCE OF THE TRANSFORM—
ER.

Two TYPES OF
COUPLING ARE |LLUSTRAT
ED IN F1ae. 11, AT THE
LEFT, THE PRIMARY WIND
ING IS SPACED AT SOME File. 11
DISTANGE FROM THE §ECe Example of Loose arnd Close Coupling.
ONDARY AND WE WOULD CLASS{FY TH|S RELATION BETWEEN THE TWO W{NDINGS  AS
BEING "LoOSE couPLing",

IT 13 0BVIOUS THAT THE FARTHER WE PLACE THE PRIMARY FROM THE SEC-
ONDARY, THE LOOSER WiLL BE THE COUPL{NG. THIS [N TURN WILL MEAN THAT A
LESS NUMBER OF THE PRIMARY WINDING'S LINES OF FORCE WILL LINK THE SECOND
ARY WINDING AND BECAUSE OF THIS FACT, THERE WiLL BE LESS ENERGY TRANSFER
BETWEEN THESE TWO WINDINGS AND THEREFORE THE AMPLIFICATION WILL DECREASE
AS THE COUPLING IS MADE LOOSER, REMEMBER THIS.

Now BESIDES AMPLIFICATION, THERE IS ALSO ANOTHL !'IPORTANT RECE]
ER QUALITY, WHICH IS AFFECTEO BY THE COUPLING OF THE WiNUINGS ON THE R,
TRANSFORMER AND THAT 1s SELECTIVITY, IT SO HAPPENS THAT THE LOOSER  THE
COUPLING BETWEEN THE PRIMARY AND SECONDARY WINDINGS, THE !ORE scuscTive
WILL BE THE CIRCUIT. THIS OF COURSE MEANS THAT IF YOU WANT THE  RECE}V~
ER TOo TUNE SHARP, THEN YOU SHOULD USE LOOSE COUPLING ON THE R.F, TRAM3=
FORMERS ., :

Y
F

»

So vou 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 AVAILASLE AMPLIFICATION AND
VICE VERSA,. HENCE, IN THIS CASE IT 1S ALSO NECESSARY TO COMPROMISE AND
TO USE A TYPE OFCOUPLING
WHICH WILL GIVE SATY Giem
FACTORY AMPLIFICATIONAND
SUFFICIENTLY SHARP TUNe
INGe

R.E Tube R.F. Tube

IN THiIS RESPECT ONE
SHOULD ALSC CONSICER THE
FACT THAT IT 1S POSSICLE
TO COUPLE THE TRANSFORM=
ER WINDINGS TOO LCOSE,
WiTH THE RESULT THAT THE

PG, 375 o RECEJVER WILL BECOME "oy
Interaction Between Primary & Secondary Windings. ER-SELECTIVE",  THEREBY
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PREVENTING RECEPT|ION OF THE HIGHER AUDIO FREQUENCIES. THIS WILLSERIOUSLY
AFFECT THE RECEIVER'S TONE QUALITY AND SHOULD THEREFORE,BE GUARDED AGAIN
STe EXPERIMENT WILL SHOW WHAT EXTENT OF COUPLING GIVES BEST ALL AROUND
PERFORMANCE FOR THIS PARTJCULAR RECEIVER WHICH 1S BEING DESIGNED AND CON
STRUCTED,

ANOTHER INTERESTING FEATURE RELATIVE TC COUPLING IS THAT THE AMP-
LIFICATION ONLY INCREASES UP TO A CERTAIN "CRITICAL VALUE" AS THE PRiN=
ARY WINDING IS BROUGHT CLOSER TO THE SECONDARYe THIS IS DUE TO THE "in-
TERACTION" BETWEEN THESE TWO WINDINGS AS ILLUSTRATED IN Fice 12.THAT 15,
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
S8ONANCE. THIS RESULTING MAGNETIC FIELD TENDS TO OPPOSE THAT ESTABLJISHED
BY THE PRIMARY WINDING AND IF THE COUPLING 1S TOO CLOSE, THEY REACT UPON
EACHOTHER SO AS TO REDUCE THE EFFECTIVE FIELD AND THUS BRING ABOUT A
REDUCTION IN AMPLIFJCATION, AN EXAMPLE OF CLOSE COUPLING IS SHOWN AT THE
RIGHT OF F1a. |l, WHERE THE PRIMARY 1S WOUND DIRECTLY OVER THE SECONDARY
WITH A PAPER OR OTHER INSULATION BETWEEN THEM,

THE MAIN OBJECT OF THE PRECEDING DISCUSSION ON COUPLING }S TO
WARN YOU, SO THAT YOU WILL USE DISCRETION IN THIS RESPECT WHEN CONSTRUCT
ING R.F. TRANSFORMERS. |F 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,

H1GH=GA IN TRANSFORMERS

YOou WiLL ALSO REMEMBER THAT BESIDES THE CONVENTIONAL TYPE OF R,.F,
TRANSFORMERS, WE ALSO HAVE WHAT ARE KNOWN AS HIGH=CAIN OR CONSTANT=GAIN
TYPE COILS AND WHICH WERE ALREADY DESCRIBED TO You IN LESSON #26. In
THIE CASE, THE INDUCTANCE VALUE OF THE PRIMARY WINDING IS QUITE HIGH 80
THAT THE PRIMARY CIRCUIT RESONATES SLIGHTLY BELOW THE BROADCAST BAND SO
THAT MAXIMUM GAIN THROUGH THE COlL CAN BE OBTAINED JN THE LOWER PORTION
OF THE BROADCAST BAND., IN ADDJITION, A CAPACITIVE COUPLING IS INTRODUCED
BETWEEN THE PRIMARY AND SECONDARY WINDINGS SO THAT APPROXIMATELY THE SAME
GAIN IS MAINTAINED AT THE HIGCHER BROADCAST FREQUENCIES.

THERE 1S NO NEED FOR GOING INTC FURTHER DETAILS AT THE PRESENT
TIME REGARDING THESE COILS AS YOU ARE ALREADY ACQUAINTED WITH THEJR 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 W]THTESI
ING DEVICES. THE SIMPLEST METHOD OF MEASURING [NDUCTANCE, WHERE THE EX=
PENSE OF ELABORATE TESTING EQUIPMENT IS PROHIBITIVE, IS BY USING A TEST=
ING DEVICE KNOWN AS A "sLipe~wIRe" WHEATSTONE BRIDGE. THis SAME  DEVICE
CAN ALSO BE USED TO MEASURE RESISTANCE, INDUCTANCE OR CAPACITY AND  THE
CONSTRUCTION OF THIS APPARATUS 1S CLEARLY ILLUSTRATED IN Fig. 13.

A WHEATSTONE BRIDGE OF THIS TYPE CAN BE CONSTRUCTED AT HOME VERY
EASILY BY FOLLOWING F1G. |3 AND THE FOLLOWING SUGGESTIONS? THE BASE MAY
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CONSIST OF A BOARD 45" LoNG, 8" WiDE AND ABOUT 3" 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 3" WIDE anD 3" THICK,
IN THE FORM AS ALSO ILLUSTRATED AND FASTEN THEM FIRMLY TO THE FACE  OF

THE BASEBOARD W]TH WOOD SCREWSe

Straps #| anp #5 can BE 6" Long, sTRaps #2 anp #4 can se 10" LonG
AND STRAP #3 can BE I5" Long. MOUNT TErRMiINALS 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. CONMECT TERMINAL
"F" To sTrRAPs #| AND #2, ALSO RUNNING THIS CONNECTING WIRE ALONG THE
UNDERS |DE OF THE BASE.

TermynaL "HM Headphones — ,<-GaWanom¢ter_
IS CONNECTED TO Switch o, ,(i 1 Stylus Re;n_srtfncz
STRAP #3 IN  LIKE < R p >
MANNER AND  TERMw 2 —7 = = )

tNAL "G" 15 conne D= S= e
ECTED TO A - SLIDER
BY MEANS OF A LONG
FLEXJBLE INSULATED

wire. THE SLIDEROR A [V LA s Ic F
o
R

"sTyLus",as IT 1Is X

Battery
SOMETIMES CALLED,
ﬂ' 1=
MAY BE MADE. FROM A 14t
PIECE oF |/8"BRAsS
ROD aBouUT 3" Long Fia, 1%
PROV IDED WITH A The Wheatstone Bridge.
BAKELITE OR  HARD ~
RUBBER HANDLE. THE POINT OF THIS STYLUS SHOULD BE GROUND TO A "wniFE
epGce".

THE FINAL STEP IN THE CONSTRUCTION OF THIS APPARATUS 1S TO STRE=
TCH A PJECE OF RESISTANCE WIRE ACROSS THE LENGTH OF THE METER STICK.
THIS WIRE MAY BE ANY HIGH=CRADE RESISTANCE ALLOY AND ALTHOUGH MANGAN IN
18 PREFERABLE, N]CHROME OR ANY OTHER SUITABLE RESISTANCE ALLOY MAY BE
SUBSTITUTED SATISFACTORILY. A #24 or #28 B&S GAUGE WiLL BE FOUND MOST
CONVEN IENT FOR THIS USE,.

IT 1S IMPORTANT THAT THIS RESISTANCE WIRE BE STRETCHED TAUT Di=-
RECTLY ABOVE THE FACE OF THE METRIC SCALE, BEING MOUNTED SO THAT IT 1S
ELEVATED APPROXIMATELY |/16" ABOVE THE METER SCALE.

HAV ING CONS IDERED THE CONSTRUCTION OF THE "sLiceE-w|RE™HEATETONE
BRIDGE, LET US NOW CONTINUE WiTH THE EXPLANATION REGARDING ITS USEe. WE
SHALL BEGIN TH1S EXPLANATION WITH THE APPLICATIOM OF THIS APPARATUS IN
THE MEASUREMENT OF RESISTANCE AND THEN IN TURM FOR MEASURING INDUCTANCE
AND CAPACITY.

MEASURING RESISTANCE

Now THEN, FiGe |3 CLEARLY 1LLUSTRATES THE "stT uP' FOR A REsSIS=
TANCE MEASUREMENT AND FOR THIS WORK, THE RES|ISTANCE TO BE MEASURED Is
CONNECTED ACROSS TERMINALS B anD C AND WE REFER TO THIS UNKNOWN RES[S=
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TANCE VALUE As "X", THE NEXT STEP IS TO CONNECT A STANDARD RES{ST..NcE "R"
ACROSS THE TermiNaLs D anp E,

THE EXACT OHMIC VALUE OF THIS STANDARD REs1STANCE "R" musT seknown
BEFCREHAND, PRECISION TYPE NON=INDUCTIVE RESISTORS, WHICH ARE GUARANTEED
TO BE ACCURATE TO WITHIN |% OF THEIR RATED VALUE, CAN BE PURCHASED  AND
UEED TO SERVE AS THE STANDARD RESISTANCE "R", SucH RESISTORS ARE AVAIL-
ABLE IN A VAST NUMBER OF DIFFERENT VALUES AND FOR ANY "Bricae TEsT," ONE
SHOULD USE A RESISTANCE VALUE FOR R, WHICH 18 ESTIMATED AS BEING AS EQUAL
AS POSSIBLE TO THE VALUE OF THE UNKNOWN RESISTOR X,

BALANC ING THE BRIDGE

PROCEED BY CONNECTING A PAIFR OF HEADPHONES OR A GALVANOMETERACROSS
TeERMINALS @ AND H AND A BATTERY ACROss TERMINALS A ano F, Crose THE
SWITCH AND BRING THE SLIDER OR STYLUS {NTO FIRM CONTACT AT VAR|OUSPOINTS
ALONG THE TAUT RESISTANCE WIRE. |F USING THE GALVANOMETER, THIS INSTRU-
MENT WILL OFFER DIFFERENT READINGS AS THE STYLUS (S BROUGHT IN  CONTACT
WITH VARIOUS POINTS ALONG THE RESISTANCE WIRE, SO CONT INUE TESTING ALONG
THIS RESISTANCE W{RE UNTIL YOU HAVE FINALLY LOCATED A POINT ON THIS WIRE
WITH YOUR STYLUS AT WHICH THE GALVANOMETER ReEADs ZERO, THwe  WHEATSTONE
BRIDGE 1S NOW SAID TO BE IN A STATE ofF BALANCE,so NOTE CAREFULLY AT
WHICH MARK OF THE METER STICK AT WHICH THE STYLUS MAKES CONTACT WITH THE
RES (STANCE W{RE IN ORDER TO CAUSE THE GALVANOMETER TO READ ZERO.

|F USING HEADPHONES INSTEAD OF THE GALVONOMETER, YOU WILL HEAR
CLICKS OF VARY ING INTENSITY AS THE STYLUS 1S BROUGHT N CONTACT WITH
VARIOUS POINTS ALONG THE METERSCALE, IN THIS CAS £, CONT INUE CONTACT ING THE STY
LUS AT DIFFERENT POINTE ALONG THE METER SCALE UNT{L YOU LOCATE THE POINT AT
WHICHNO CLICK IS HEARD IN THE HEADPHONES UPON MAK ING CCNTACT-THEWHEATSTONE
BRIDGEWILL NOW BE INA STATE OF BALANCE, SO CAREFULLY TAKE NOTE OF THE STYLUS
POSITION AT TH{S INSTANT WITH RESPECT TC THE METRIC SCALE,

LET US ASSUME THAT UNDER THE CONDITIONS OF AN ACTUAL TEST, THE
WHEATSTONE BRIDGE IS BA_ANCED UMDER THE CIRCUMSTANCES [LLUSTRATED IN Fta.
14, HERE THE STANDARD RESISTOR "R" Has A vaLue oF |0 oHmMs AND THE BRIDGE
IS BROUGHT TO A STATE OF BALANCE WjTH THE STYLUS OR SLIDER CONTACTING
POINT A" ON THE RESISTANCE WiRE,

CALCULATING RESISTANCE

Mow THEN, TO CALCULATE THE VALUE OF THE UNKNOWN RESISTOR "X", — we
EMPLOY THE FOLLOWING MATHEMATICAL RELATION, X=R S o PUTTING THIS MATH-

EMATICAL FORMULA IN WORDS, IT HAS THE FOLLOWING MEANING: To FIND THE
VALUE 1N OHMS OF THE UNKNOWN RESISTOR "X¥, MULTIPLY THE OHMIC VALUE  OF
THE STANDARD RESISTOR "R" By LENGTH "S" oF THE REsIsTANCE WIRE ( 8 is
EQUAL TO THE DISTANCE FROM THE ZERO POINT ON THE METRIC SCALE TO THE

PO INT PA" AT WHICH THE STYLUS TOUCHES THE WIRE IN ORDER TO BALANCE  THE
SYSTEM): DIVIDE THIs ProoucT By "T® (THE DisTANCE FrRom POINT "A"™ N Fia.
{4 TO THE OTHER EXTREMETY OF THE METRIC SCALE).

AsS A PRACTICAL EXAMPLE, LET US SUPPOSE THAT THE STANDARD RESISTOR
"R" yN Fig. 14 HAs a vaLue oF 10 Oums, opistance ST 3 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 X
T
400 ~ 6.66 OHms.

60

THE 81ZE BATT=
ERY TO USE FOR THIS
TEST WILL BEGOVERNED

—— & ———e——

R S To THIS PARTICULAR EXAMPLE, WE Have: X— 10 X 40
60
40 cm. A 60 cm.
T —

BY THE RESISTANCEVAL

. + T

Meter ‘shick’

1

UES IN THE SYSTEM.
THE PRACTICAL THING
TO DO 18 TO USE A
BATTERY VOLTAGE WHICH
WILL GIVE A LEGIBLE
READING ON THE GAL~-
VANOMETER AND A D(S-

Galvanemeter
¢ indicates "’gtro"

Batery

TINCT CLICK IN THE
HEADPHONES WHEN THE

1]

SYSTEM 1S NOT BALAN=
cepe. ORDINARILY, A
4% voLT "C" BATTERY
WILL SERVE THE PUR=
POSEe

Flg. 14

Dats for Calculating Resistance.

MEASUR ING INDUCTANCE

Fia.

IN THIS CASE, THE UNKNOWN INDUCTANCE "Lx™"

|15 SHOWS YOU HOW TO SET UP THE BRIDGE FOR MEASURING INDUCTANCE,

1S CONNECTED ACROSS THE SAME

TERMINALS ACROSS WH|CH THE UNKNOWN RESJSTANCE WAS [ORMERLY CONNECTED FOR

THE RES}JSTANCE MEASUR

VALUE "L 8" |s CONNECTED TO THE BRIDGE AS ALSO PICTURED IN

NoOw INSTEAD OF CONNECTING A B

NEED A SOURCE OF A,C., HAVING APPROXIMATELY A

EMENT AND A STANDARD INDUCTANCE OF KNOWN

INDUCTIVE

Fig. 15

ATTERY DIRECTLY ACROSS THE BRIDGE, WE

1000 CYCLE FREQUENCYe THI3
A.C. SUPPLY CAN BE 0B=

{ooo Turns

TAINED BY CONNECTING

AN ORDINARY BUZZER IN
SERJES WITH TWO SERIES
CONMNECTED N0W6 DRY
CELLS AND IN TURN CON=
NECTING THIS COM3INA=
TION ACROSS THE  PRIJ=
MARY WINDING OF A TRAN
SFORMER, THIS  TRANS=
FORMER MAY BE AN  OR=—
D INARY TELEPHONE TRANS
FORMER OR ELSE IT CAN
BE CONSTRUCTED BY WIND

100 Torns ING A PRIMARY OF 100
. TURNS AND A SECONDARY
— | FPIF"’- ofF 1000 TURNS  AROUND
Buzzer v Batery AN IRON CORE. THE WIRE
S1ZE 1S NOT CRITICAL.
THE SECONDARY WINDING
Fia. IR

Measuring /nductance.

OF THIS TRANSFORMER IS
THEN CONNECTED ACROSS
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THE BRIDGE CIRCUIT AS SHOWN AND IN THIS way AN A.C. SUPPLY OF APPROX |MAT=
Ly |000 CYCLES 1S APPLIED ACROSS THE BRIDGE CIRCUIT.

WITH THE SET=UP AS ILLUSTRATED IN FiGe 15, A DECIDED BUZZING BOUND
WILL BE HEARD IN THE HEADPHONES AS THE SLIDER MAKES CONTACT W|TH 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 1S BALANCED, SO CAREFULLY TAKE NOTE OF THE SLIDER'S POS-
ITION OVER THE METRIC SCALE AT TH1S INSTANT.

THE INDUCTIVE vALUE oF L x IN Fig. 15 CAN NOW BE DETERMINED BY USING
THE FOLLOWING FORMULA! |Xx_8 y Le [N WORDS, THIS MEANS THAT TO FIND

T

THE VALUE OF THE IN=
DUCTANCE, DIV IDE LENGTH
e S T —— "S" oF Fig. I5 BY

e : LENGTH T AND MULTIPLY
THIS QUOTIENT BY THE
INDUCTIVE VALUE OF THE
KNOWN INDUCTANCE "Ls",
THE ANSWER WILL BE EX
PRESSED IN THE  SAME
INDUCTANCE UNITS  AS
Cx 1000 Turns 5 USED FOR Ls.

_ As A PRACTICAL
/?ﬂyGU]r\, EXAMPLE, LET US ASSUME

(750 Turns THE STANDARD INDUC~
TanNce Ls N Fiee |5

| n“———‘4||4*—“—-' AS HAVING A VALUE OF

T =

i Meter skick

AN |

CALZ 77772

Buzzer o | Battery 130 MICROHENRIES AND

THE BRIDGE BEING IN A

STATE OF BALANCE WITH

E1G. 16 THE SLIDER CONTACTING

Measuring Capacity of a Variable Conderser: THE RESISTANCE = WIRE

OVER THE 60 CcM, MARK.

Distance "S" THus BECOMES 60 cMe aND "T" ;s 40 cm., THENCE BY APPLY ING

THE FORMULA Lx-S8 X Ls, we HAVE Lx=60 X 130 = 1.5X130 =195 M|CROHENRIES.
T 40

HENCE coiL Lx HAS AN INDUCTANCE OF 195 MICROHENRIES.

THE MOST CONVENIENT INDUCTANCE STANDARD, Ls In Fia. 15,18 GENERALLY
A WELL CONSTRUCTED VARIOMETER. THIS MAY BE MOUNTED WITH A VERNIER DIJAL
(cEARED DIAL MOVEMENT), THE UNIT BEING PREVJOUSLY CALIBRATED WITH A CURVE
PLOTTED BY SOME TESTING LABORATORY AND SHOW{NG THE JNDUCTANCE FOR ANY
DIAL SETTINGs 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 WORK, WE USE THE SAME SET UP AS WHEN MEAS—
URING INDUCTANCE AND AS JLLUSTRATED IN Fiae |5, ONLY THAT THE UNKNOWN

CONDENSER AND A CALIBRATED STANDARD CONDENSER ARE CONNECTED INTO THE CIR
.CUIT AS sHOWN You IN Fia. 16,
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INn THIS CASE, THE STANDARD CONDENSER CAN BE A GOOD VARIJABLE ALIR
CONDENSER OF LOW DJELECTRIC LOSS AND EQUIPPED WITH A VERNIER DIAL FOR
WHICH A GRAPHY HAS BEEN PLOTTED IN ORDER TO SHOW THE EXACT CAPACITY oF

THE STANDARD CONDENSER CORRESPONDING TO ANY DIAL SETTING,

THE BRIDGE 1S BALANCED BY ADJUSTING THE SLIDER TO THE POINT WHERE
THE LEAST BUZZING SOUND |8 HEARD IN THE HEADPHONES, THE GAPACITY OF THE
UNKNOWN CONDENSER IS THEN FOUND BY USING THE FORMULA Cx_—Cs T as apPLiED
S

T0 Fig. 16,

LET Us SUPPOSE, FOR EXAMPLE, THAT THE STANDARD CONDENSER IV Fig. 16
tS ADJUSTED TO A CAPACITY OF 00025 MFD. AND THAT THE BRIDGE 1S BALANCED
WITH THE SLIDER CONTACTING THE RESISTANCE WIRE AT THE 85 CMs MARK OF THE
METRIC SCALE. THIS MEANS THAT DISTANCE S=65 cM. AND T=235 cM, APPLYING
THE CONDENSER FORMULA, WE HAVE Cx_ ,00025 X 35_ ,00875 —.00013  AerROX~

65 65
IMATELY. THUS, THE UNKNOWN CONDENSER 1S FOUND TO HAVE A CAPACITY oF
ABOUT 00013 mFo.

We HAvE now cONSIDERED R.F. TRANSFORMER DESIGN AND THE APPLICAT JONS
oF THE WHEATSTONE BriDGE QUITE THOROUGHLY,S0 WITH THIS INFORMAT]ON ADDET
TC YOUR GROWING RADIO KNOWLEDGE, WE SHALL CCMCLUDE THIS LESSON. »

ALTHOUGH WE HAVE BY NO MEANS COMPLETED ALL OF OUR STUDIES PERTAINING
To R.F, AMPLIFIERS, YET WE SHALL LEAVE THIS SUBJECT FOR A LITTLE WHILE AND
6o InNTO AF. AMPLIFIERS MORE THOROUGHLY, BY THUS HAVING A CHANGE OF SUB=
JECT FOR AWHILE, WE CAN PREVENT YOUR STUDJIES FROM SECOMING TIRESOME  AND
MONOTENOUS, WHILE AT THE SAME T{ME ENABLING ¥YOU TO ADVANCE THROUGH THE
ENTJRE RADIC FIELD AS A WHOLE MORE RAPICLY AND IN EASY, LOGICAL STERG,
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Examination Questions

LESSON NO. 44

There is only one royal road to suce
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,

DESCRIBE IN DETAIL HOW YOU WOULD GO ABOUT THE TASK OF
WINDING A SOLENOID TYPe R.F, cogL?

WHAT IMPORTANT POINTS SHOULD BE TAKEN INTO CONS|CERATON
AS REGARDS PLACEMENT OF THE TERMINAL LUGS ON AN R.F.TRAN
sFORMERT

DESCRIBE HOW A BASKET-WEAVE COIL MAY BE WOUND?T

WHAT ARE SOME OF THE MORE IMPORTANT POINTS TO BE CONS|D=
ERED RELATIVE TO THE PRIMARY WINDING CF R.Fe TRANSFORM~
ERS OF THE SOLENOID TYPET

DESCRIBE THE CONSTRUCTION OF A WHEATSTONE BRIDGE.

EXPLAIN HOW THE VALUE OF AN UNKNOWN RES|ISTOR MAY BE
MEASURED BY MEANS OF A WHEATSTONE BriDGE.

How CAN THE INDUCTANCE OF A WINDING BE MEASURED W[TH A
WHeaTsTOoNE BriDGE?

EXPLAIN HOW THE VALUE OF AN UNKNOWN CONDENSER MAY BE
MEASURED BY MEANS OF A WHEATsTONE BRriDGE.

DESCRIBE A SIMPLE COIL WINDING MACHINE.

WHAT TvPE OF R,F. TRANSFORMER SECONDARY WINDING S MOST
EFFICIENTT

T\

—f
7
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LESSON NO. 45

s A.F AMPLIFIER DESIGN/NG FACTORS -

You HAVE BEEN ASSOCIATED WITH AUDIO FREQUENCY AMPLIFIERS A GREAT
DEAL THROUGHOUT YOUR RADJO STUDIES UP TO THIS TIME 8BUT STILL THERE ARE
MANY |MPORTANT THINGS WHICH WE HAVE AS YET NOT CONSIDERED IN GREAT DETAIL
REGARDING THIS MDST VALUABLE MEMBER OF THE RADIO FAMILY, So MmucH DEPENDS

UPON THE A.Fe AMPLIFIER IN PUBLIC ADDRESS INSTALLATIONS, AS WELL A8 IN
RAD{O RECEIVERS, THAT IT 1S ABSOLUTELY NECESSARY FOR YOu TO BECOME- THORT
OUGHLY FAMILIAR WITH THIS UNIT. -

v

IN ORDER TO FULLY MASTER THIS SUBJECT, YOU SHOULD BECOME ACQUAINTED
WITH THE MORE [MPORTANT 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 THORQUGHLY AND SO NOW WE WANT TO TELL YOU ABOUT MANY OF THE
FINER POINTS CONCERNING THEM == THINGS WITH WHICH ONLY THE EXPERT rRAaDIOMEN
ARE FAMILIAR. WE ASSURE YOU THAT YOU ARE
GOING TO FIND THIS STUDY EXCEPT|ONALLY IN
TEREST ING, AS WELL AS EXCEEDINGLY BENE=
FICIAL,

TUBE "PLATE RESISTANCE"

Now THEN, THE FIRST POINT,WHICH WE
ARE GOING TO DISCUSS WITH YOU,W]LL BESOME
ADDITIONAL VACUUM TUBE — CHARAOTERISTICS.
THE FIRST OF THESE 1S THE TUBE CHARACTER-
1ST1c kKNown As THE "PLATE RESISTANCE" ano
ALTHOUGH YOU HAVE ALREADY BEEN INTRODUCED
TO THIS TUBE CONSTANT, WE ARE NOW  GOING
TO CONSIDER T IN GREATER DETAlIL.

THE OPPOSITION OFFERED TO THE FLOW FlG.1
OF A DIRECT CURRENT BY THE SPACE BETWEEN . ) :
THE PLATE OF A TUBE AND THE ELECTRON EMIT At Switch Board of a Centralized
TOR, WHICH MAY BE EITHER THE FILAMENT OR Public Address Instalkstion.
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CATHODE, 1S KNOWN AS THE TUBE's "PLATE RESISTANCE" OR BETTER 8TILL, [T8
"D.C. PLATE RESISTANCE", IT IS OF COURSE UNDERSTOOD THAT THE ELECTRON
STREAM BETWEEN THE PLATE AND FI1LAMENT OR CATHODE "BRIDGES" THE SPACE BE-
TWEEN THESE TWO ELEMENTS SO THAT A DIRECT CURRENT CAN ACTUALLY PASS BE=-
TWEEN THEM, '

Orm's LAW CAN QUITE EASILY BE APPLIED To DETERMINE THE D.C. PLATERE
SISTANCE OF ANY TUBE. |T CAN BE APPLIED IN THE Form OF R_ Ep wHere "Ep"
e
1s THE D.C. VOLTAGE APPLIED TO THE PLATE AND "IP" THE CURRENT FLOW ING
THROUGH THE PLATE CIRCUIT.

TUBE "PLATE IMPEDANCE®

D.C.Milliammeter Now UNDER ACT=-
indicates plate UAL RECEIVER OPERA=
current TION, THE 80 GALLED
s R D.C. PLATE CURRENT IS

Tube — >

D.C. Voltmeter
indicates fila-

ment voltage, | CONSTANTLY CHANGING
D.C. Voltmeter IN VALUE pue To THE
ificicakes 10125 Rheostat A.C. SIGNALS WHICH
voltage
P *A" Swikch ARE IMPRESSED UPON
_;,M.M:L/ THE Tuee's GRID,
0.C. Yeltmeter THEREFORE WE HAVE
Pabionbomobar 4 indi ey eP“1t¢ ANOTHER TUBE CHARAC-
PIF (C TERISTIC TO CONS IDER,
|' ! SO NAMELY THAT KNOWN
qyé? __4| --_-.l|FJwN*fi___ As THE Tuse's "PLATE
Batt. N IMPEDANCE® or A.C.
Baas. ~ RESISTANCE. TH1s CHAR
Sl 7 ACTERISTIC 18 EVEN

MORE IMPORTANT THAN
A Ttuse's D.,C. PLATE
RES ISTANCE BECAUSE

THIS IS8 THE CONDITION WHICH ACTUALLY EXISTS IN AN OPERATING RECE1VER.

Circuit For Determining Tibe Characteristics.

IN OTHER woRDS, A Tuse's PLATE RESISTANCE GOVERNS THE STEADY PLATE
CURRENT FLOW WHEN NO S8|GNAL VOLTAGE IS BEING APPLIED TO THE GRIDy  THAT
1S, WHEN THE GRID VOLTAGE 1S STEADY. THE Tuse's PLATE IMPEDANCE, on THE
OTHER HAND, GOVERNS THE VARYING PLATE CURRENT rrLow wHEN A VARYING SIGNAL
VOLTAGE 13 APPLIED TO THE GRID. THEREFORE, SINCE THE LATTER CONDITION
EX1STS UNDER ACTUAL OPERATION, IT IS PERFECTLY CLEAR THAT THIS CHARACTER
ISTIC 18 THE MORE I|MPORTANT OF THE TWO, UNFORTUNATELY, IT HAS BECOME A
COMMON PRACTICE TO REFER TO A TUBE'S "PLATE IMPEDANCE" As 1TSV'PLATE RE~
SISTANCE"™, WHICH 18 REALLY INCORRECT BUT WE WANT YOU TO BE ABLE TO DS~
TINGUISH CLEARLY THE MEANING BETWEEN THESE TWO UNLIKE TERMS.

THE FORMULA FOR DETERMING A TUBE'S PLATE IMPEDANCE 183
RP__ CHANGE IN PLATE VOLTAGE , WHERE "RP" SJGNIFIES THEPLATE
T CHANGE PRODUCED IN PLATE CURRENT.
IMPEDANCE OF A TUBE.

IN Fiae 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 Fla. 2 Be A TYPE =0lA 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 |35 vOoLTS, A GRID BIAS OF -9
VOLTS AND A FILAMENT VOLTAGE OF 5 voLTS,

WiTH THE VALUES OF F1Ge 2 THUS ADJUSTED, LET US ASSUME THAT THE
MILLIAMMETER N THE PLATE CIRCUIT REGISTERS 3 MILLIAMPERES. NOw WE wjlLL
READJUST THE PLATE CIRCUIT RHEOSTAT UNTIL THE PLATE VOLTAGE DROPS TO
125 voLTs. LET Us FURTHER SUPPOSE THAT THE MILLJIAMMETER AT THIS TIME
INDICATES A PLATE CURRENT OF 2 MJLLIAMPERES.

FroM THIS DATA, WE
CAN VERY READILY DETER=-

154

voLTs minus 125 voLTs OR
10 voLTs, WHILE THERESULT
ING CHANGE IN PLATE CURR-

/

ENT WJLL BECOME 3 MILLIAM

N

v yi
MINE THE TUBE'S PLATE IV vo9 7
PEDANCE BY SUBSTITUT NG 2 8 'A
THE VALUES WHICH WE HAVE E
JUST FOUND INTO THE FORM= = 1 /
ULA WHICH WAS GIVEN  YOU S b
A FEW MOMENTS AGO. THE ~/ [
CHANGE IN PLATE VOLTAGE IN 0 /
THIS CASE WILL BE 135 S a4

=

2 3%

e

i

fo N

| Wa
PERES MINUS 2 MILLJAMPER- e
ES OR EXACTLY | MiLLIAMP= B e e 4 -2 Sio B B 4 —4 -0
ERE. WHEN USING THISPLATE Negative Grid Potential
CURRENT CHANGE N THE =T
FORMULA, §T SHOULD BE . | : o N
CONVERTED TO AMPERES. We A4 Typical Tube Characteristic Curve.

THEREFORE HAVE Rep_ 10 VoiL1s — 10,000 oHms as THE PLATE |[MPEDANCE ror
<00l AwmPErE
THIS PARTICULAR TUBE.

"MUTUAL CONDUCTANCE®™ OF TUBES

THE NEXT TUBE CHARACTERISTIC WHICH WE WANT TO DISCUSS WITH YOU 1S
THAT kKNOwN As THE Tuse's "™MUTUAL CONDUCTANCE", THEsS CHARACTERISTIC IS A
VERY |MPORTANT 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 CONDUCTAN
CE OF A TUBE IS MEASURED BY THE UNIT "MHOM™, wHicH vou wiLL IMMEDIATELY
RECOGNJZE AS BEING THE WORD "oHm" SPELLED BACKWARCS. THE TERM "mro" s
ALSO EMPLOYED AS THE UNIT REFERING TO CONDUCTANCE OF RESISTANCES AND IN
THIS CASE 1S SIMPLY EQUAL TO THE NUMBER | DIVIDED 8Y THE RESISTANCE VAL

UE. FOrR ExampPLE, IF A CERTAIN ELECTRICAL CONDUCTOR HAS A RESISTANCEOF
20 OHMS, THEN ITS CONDUCTANCE WILL BE _|  OR .05 MHo. ETC.
20

RETURNING TO TUBES, THE MUTUAL CONDUCTANCE OF THE TUBE 19 FOUND BY
USING THE FORMULA:
GM_ CHANGE IN PLATE CURRENT PRODUCED (EXPRESSED [N AMPERES)
CHANGE [N GRID POTENTIAL PRODUCING THIS PLATE CURRENT CHANGE
(NOTE THAT THE EXPRESSION "MUTUAL CONDUCTANCE" 1S GENERALLY SIMPLY {N=
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DICATED BY THE TERM "Gm")

THE DATA REQUIRED TO COMPLETE THIS CALCULATION CAN ALSO BE OBTAINED
FROM THE TESTING APPARATUS OUTLINED IN Fla, 2, FOR EXAMPLE, IF THE PART=
ICULAR TUBE I8 TO BE OPERATED AT A PLATE VOLTAGE OF |80 voLTS, A FILAMENT
VOLTAGE OF 5 VOLTS ‘AND A GRID B|AS VOLTAGE OF =|3.,5 vOLTS, THEN INSERT
THE TUBE IN THE CIRCUIT OF Fia, 2, ADJUST THE FILAMENT VOLTAGE TO THE RE=
QUIRED VALUE, ADJUST THE PLATE CIRCUIT RHEOSTAT SO THAT THE PLATE VOLTAGE
WILLBE EXACTLY |80 voLTS.CONTINUE BY ADJUST ING THE GRID CIRCUIT POTENT | IMETER
SO THAT A BIAS VOLTAGE OF =|3 VOLTS WILL BE IMPRESSED UPON THE TUBE'SGRID
AND NOTE THE PLATE CURRENT [INDJCATED 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,WHICH WE WilLL ASSUME TO BE 4.5 MI|LLIAMPERES,
FROM THIS TEST, WE HAVE FOUND THAT A GRID VOLTAGE CHANGE oF | voiTt ( 14
MINUS |3) HAS PRODUCED A PLATE CURRENT CHANGE OF | MILLIAMPERE (5.5 miInus
4,5) orR .00l AMPERE.

SUBSTITUTING THESE VALUES (N OUR FCRMULA WE HAVE!
GM= 200l _ .00l Muos or |,000 micHromHos. (1 MHO IS EQUAL TO

1,000,000 MiCROMHOS) «
CHARACTERISTIC CURVES OF TUBES

IT 1S A COMMON PRACTICE TO [LLUSTRATE TUBE CHARACTERISTICS 8Y MEANS
OF A GRAPH AS THE ONE SHOWN YoU IN Fi1Ge 3. THE LINE WHICH IS ORAWN THRU
THE VARIOUS POINTS ON THIS CROSS=RULED PAPER 1S KNOWN AS THE "GRID POTEN-
TIAL = PLATE CURRENT CURVE"™ AND IT (8 PLOTTED FROM OATA OBTAINED N THE
FOLLOWING MANNER?

THE TUBE TO BE TESTED IS INSERTED IN THE TEST CIRCUIT OF Fi1G.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. LE."I' US ASSUME THAT
THE DATA THUS FOUND IS AS TABULATED IN TABE l.

TABLE I HAvING OBTAINED THIS DATA,WE
NEGATIVE CORRESPONDING WOULD PROCEED BY PLOTTING THESEVAL
CEOD s AL PLATE CURRENT UES ON OUR GRAPH. THE NEGATIVEGRID
POTENT J|ALS, YOU WILL NOTE IN Filae 3
-18 VoLTs 0 Ma. ARE SCALED HOR|ZONTALLY FROM RIGHT
17 VoLTs .25 Ma. TO LEFT ALONG THE BOTTOM OF THE
 [6 Nt ai B GRAPH, WHILE THE PLATE CURRENT VAL~-
=15 VoLrs .75 Ma. UES ARE SCALED ALONG THE LEFT EDGE
w4 Vovre 1.25 Ma. FROM THE BOTTOM TOWARDS THE TOP OF
=13 Vours 1.75 Ma. THE GRAPH.
::? 32::2 z:go m:: SINCE WE FOUND FROM OUR EX=
10 V5iTs 5.75 Ma. PERIMENT THAT NO PLATE CURRENT
-9 Voira 7.00 Ma. FLOWS WHEN A NEGATIVE POTENTIALOf
-8 VoLTs 8.00 Ma. ~18 voLTS Is APPLIED TO THE TuBE's
GR1Dy, WE MARK OUR FIRST POINT OoN
THE HORIZONTAL "O" PLATE  CURRENT

LINE WHERE THE ~=!8 VOLTS VERTICAL
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LINE CROSSES [Te ALL OTHER POINTS ARE LOCATED ON THIS GRAPH IN A SIMILAR
MANNER AND ARE THEN CONNECTED TOGETHER WITH A LINE, THEREBY RESULTING IN
THE CHARACTER}STIC CURVE.

As vyou wiLL OBSERVE IN Fi1G. 3, THE CURVE FOR THIS TUBE,WHEN OPERAT
ING AT THE PLATE VOLTAGE USED FOR THE TEST,SLOPES QUITE GRADUALLY AT THE
HIGHER NEGAT IVE 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 TUBE OPERATING AS AN AMPLIF IER

THE GRAPH,WHICH , Pos. p‘e.zk value .
0 ate ¢ re
HAS BEEN PREPARED Plakte current- Grid Yolkage —[~{ -OF 1 +ur_:
FOR vou IN Fia. 4, charackeristic curve / 7N
SHOWS YOU HOW A STY of amplifier tube .4 ] 7 L,\
DY OF A TUBE's GRID 4_ jfj' [ jf“: [%H
POTENT JAL=PLATE CUR St H- Signal repro-
RENT CHARACTERISTIC Q f duction in
w { B [ plate circuit.
CURVE ENABLES ONETO 2/ [
ANALYZE A TuBg's gllr it TTTT
1 | | |
BEHAVIOR AS AN AMP= & :[(f B
LIFIER. HERE FOR & YT\ 1T Normal value
A ‘ | - of plate cur-
EXAMPLE, THE CHARAC= 11w : ’ AL L B
TERISTIC CURVE WAS . ]; ¢ J{L-4—! , }
PLOTTED FOR THE W, ol \ qu peak value of
TUBE WHILE OPERAT= ‘--‘ s 7 4 Dlke suent
! |
ING AT A PLATE VOL~ + Tt e
A Al si r\al vo\ta e
TAGE oF 135 voLTs . ¥\ apalicd gﬁ?;7v'
AND WITH A _BIAS i / 1-4h i .
VOLTAGE OF =9 voLTS “7 VI ivV) T
APPLIED TO THEGRID. 4 ot T 9 voit q,,d g
|1 lz‘ s e,
K '-‘ ’ i T i
Now IF AN 7 : 7 I T ]
A.C. SIGNAL VOLTAGE r el B [1 [ I
ERL +
OF 7 VOLTS MAXIMUM 4 0 W e e
INTENSITY SHOULD BE b=
IMPRESSED UPON THE Fla. 4
GRID OF THIS TUBE, Graphic Répresentation of a Tube Operating as Amplifier.

THE GRID WOULD BE

SWUNG BETWEEN THE L[MITS OF =2 VOLTS AND =!5 vOLTS OrR 7 VOLTS EACH  WAY
FROM THE FIXED BIAS VOLTAGE OF =9 voLTse THIS A.C. SIGNAL  VOLTAGE OF 7

VOLTS, AS APPLIED TO THE GRID OF THIS TUBE, IS CLEARLY JLLUSTRATED  FOR
vyou N Fi1G. 4, ALSO OBSERVE [N THIS GRAPHIC JLLUSTRATION THAT THE BIAS
VOLTAGE §S SUFFICIENTLY GREAT TO PREVENT THE MAX[MUM 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 W|LL FLOW AND THE SOUNDS AS REPRODUCED
BY THE SPEAKER WILL BECOME DISTORTED.

Now THEN BY PROJECTING THE PEAK VALUEs OF THE A.C. GRIDCIRCUIT SIg
NAL UP TO THE TuBE'S CHARACTERISTIC CURVE AS DONE BY THE DOTTED VERTICAL
LINES IN F1a. 4, WE FIND THAT THIS PROJECTION FALLS oN THE "STRAIGHTLINE
PORT ION" of THE CURVE, FURTHERMORE, BY 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 |TS NORMAL
VALUE AS CAUSED BY THE A.C. SIGNAL VOLTAGES BEING APPLIED TO THE Tuse's
GRID) WILL BE AN EXACT DUPLICATION OF THE A.C. S1GNAL VOLTAGE CURVE ONLY
GREATER IN MAGNITUDE., NOTE THE CLOSE RESEMBLANCE BETWEEN THESE TWO CURVES
in Frge 4, WHENEVER A TUBE 1S CORRECTLY FUNCTIONING AS AN AMPLIF | ER, 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 Fi1G.4
BY SAYING THAT "Ag an AMPLIFIER, THE Tuse oPeEraTEs on THE STRA|IGHT . POR-
TION OF ITS CHARACTERISTIC CURVE." REMEMBER THIS BECAUSE YOU WILL HEAR
THIS EXPRESSION USED QUITE OFTEN.

TUBEDISTORT ION

IN ORDER
il | _ | TO GIVE YOU SOME

-2 o 1 [T

PLATE CURRENT
CURVE 1S NOT AN
EXACT REPRODUC=-
TION OF THE
| | GRID CIRCUIT .
L] A.C. sienAL. To
BE EXACT, THE
Eila, 5 POSITIVEHALF OF
. P s THE PLATE CURR=~
Distortion Produced by Amplifier Tube, e G T8 O
GREATER MAGN =
TUDE THAN THE NEGATIVE HALF OF THIS SAME CURVE AND THIS IS WHAT CAUSES
DISTORTION IN THE SOUNDS PRODUCED BY THE SPEAKER.

| B ' ! WHAT OF AN [DEA
Diat . Yéi & l | | AS TOWHAT TAKES
ate current—~gri .
voltage charateristic i : FECIE LI U=
curve of the Amp-"+—4 1 | 1 AMPLIFIER TUBE
lifier tube. = . : : 1S OPERATED AT
| T 7FT T Signal rcP"CdeC?i_O” THE CURVED POR-
I [/ [0 plate circuit. TION OR "KNEE"
' ‘P_ / i /. T Pos. paak value of plate cuvvent OF THE CURVE,WE
&N T ™ T T T HAVE  PREPARED
4_(\0,0‘ AR Normal value of plate cuvrent THE GRAPH OF
ol I e . e o A 0 Fi1cg.5 FOR YOU,
s N Neg. peak value of Plate current
pai | =TT = - HeErRe vou  wiLL
~34) [-qo (-6 |-z -B-4 [ @[ | | i SEE THAT THE
| \ T L o |
!

a1 Siqna\— _\;a'fggq; applied ‘tz‘:_g_r-id
) Y (TN [ | TOR ] | | N

PN et )
z , 20 volk qr‘ld biasr 1

You SEE, WHAT REALLY 1S HAPPENING IN THE GRAPH OF F1g. 5 1S  THAT
UPON PROJECTING THE HORIZONTAL PLATE CURRENT LIMITING LINES FROM THE
TuBE's CURVE, THESE LINES 00 NOT REMAIN EQUALLY DISTANT APART.THE REASON
1S 0BVIOUS, SIMPLY BECAUSE OF THE CONSTANTLY CHANGING SLOPE of THE TuBES
CURVE AT THE "knee',

THuUs, 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, .18 A SIMPLE MATTER, FOR BY
CHOOSING THE PROPER VALUES FOR THE GRID BIAS AND PLATE VOLFAGES,THIS IS
IMPOSS1BLE. THE PLATE AND GRID VOLTAGE VALUES SPECIFIED IN TUBE TABLES,
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FOR OPERAT ING THE VARIOUS TYPES OF TUBES AS AMPLIFIERS,HAVE ALL CAREFULLY
BEEN DETERMINED BY THE MANY TUBE MANUFACTURERS SO THAT THESE SPECIFIC
TUBES WILL OPERATE AT MAXIMUM FFFICIENCY AND ON THE STRAIGHT PORTION OF
THEIR GRJIO POTENTJ)AL=PLATE CURRENT CHARACTERISTIC CURVE, So” ALL THAT vou
HAYE TO DO IS TO OPERATE THE AMPLIFIER TUBES AT THE VOLTAGE SPECIFIED IN
THESE TABLES.

ALTHOUGH YOU DO NOT NECESSARILY REQUIRE A KNOWLEDGE OF AMPLIFJER
TUBE CHARACTERISTIC CURVES IN ORDINARY SERVJCE WORK, YET YOU WILL FRE=
QUENTLY COME ACROSS THEM [N RADIO ENGINEERING LITERATURE., So BY NOW
HAV ING LEARNED SOMETHING ABOUT THEM, YOU WILL BE BETTER ABLE TO FULLY
UNDERSTAND ANY LITERATURE WHERE REFERENCE 1S MADE TC SUCH CURVES OR TO
TERMS ASSOCIATED WITH THEM,

RES ISTANCE-CAPACITY COUPLED AMPLIFIERS

Now LET us CONTINUE BY . Cond

Coupling Cond.

CONSIDERING THE DES I GN ING 27 P, -27
FACTORS [NVOLVED IN RES|S~ i ‘

TANCE=CAPACITY COUPLED AMP=

LIFIERS: A TYPICAL CIRCUIT
OF THIS FORM IS LAID OUT FOR <f4

6B+

A

vyou IN Fige. 6.

>

Pl a_i:c ¥ Grid
VOLTAGE AMPLIFI|CATION Resiskance Resistance
250,000 {1
THE FIRST POINT IN Fla. 6
WHICH WE ARE INTERESTED REL= Resi'sbance -Capacity Coupling.

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:

Loap ResiSTANCE X EFFECTIVE AMPLIFICATION

VOLTAGE AMPLIFIGATION = FACTOR OF THE TUBE
Loab RESISTANCE +4 PLATE IMPEDANCE OF THE
TUBE,

EXPRESSED IN WORDS, THIS FORMULA TELLS US THAT IN ORDER TO DETER=
MINE THE VOLTAGE AMPLIFJCATION 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
RES1STANCE AND THE TUBE'S PLATE IMPEDANCE,

. FOR GENERAL CALCULAT|ONS, THE LOAD RESISTANCE OF THE TUBE CAN BE
CONSIDERED AS THE OHMIC RESISTANCE OF THE PLATE RESISTOR, WHICH IN  THE
cAst oF Fig. 6 18 250,000 oOHMmS.

THE RATED AMPLIFICATION FACTOR OF A TUBE IS NOT FULLY REAL)ZED UNDER
ACTUAL OPERATING CONDITIONS. THIS IS TAKEN INTO ACCOUNT IN THE FORMULA,
WHERE YOU WILL NOTE THAT THE TusBe's EFFECTIVE AMPLIFICATION FACTOR s
SPECIFIED, |T HAS BECOME THE GENERAL PRACTICE TO CONSIDER THE EFFECTIVE
AMPLIF|CATION FACTOR AS BEING EQUAL TO APPROXIMATELY 90% OF THE RATINGAS
GIVEN BY THE TUBE MANUFACTURERe |N OTHER WORDS, THE TYPE =27 TUuBE IS RAT
ED AS HAVING AN AMPLIFICATION FACTOR OF 9, ITts EFFECTIVE ampPLIFICATION
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FACTOR WOULD THEREFORE BE CONSIDERED AS BEING .9 X 9 OrR APPROXIMATELY 8.

WiTH THIS MATTER TAKEN CARE OF, LET US PROCEED BY CALCULATING THE
VOLTAGE AMPLIFICATION WHICH IS OFFERED BY THE STAGE oF FiGe 6., FOR THIS
PROBLEM, THME LOAD RES}STANCE WiLL BE 250,000 oHMS; THE EFFECTIVE AMPLI=
FICATION FACTOR WILL BE 8 AND THE PLATE IMPEDANCE ("RESISTANCE") AS FOUND
IN A TABLE OF TUBE CONSTANTS WiLL BE 9,000 OHMs,WHEN OPERATING THE TUBE
AT A PLATE VOLTAGE OF |35 VOLTS AND A GRID BIAS OF =9 VOLTS,

SUBSTITUTING THESE VALUES IN OUR FORMULA WE HAVES

VoLTAGE AMPLIFICATION =250,000 X 8 = 7.7 THIS MEANS THAT THE

250, 000+9000
S1GNAL _VOLTAGE OBTAINED ACROSS THE OUTPUT OF THIS PARTICULAR STAGE WILL
BE 7.7 TIMES OR SLIGHTLY MORE THAN T3 TIMES THE S1GNAL VOLTAGE IMPRESSED
ACROSS THE GRID CIRCUIT

Coupling Condenser OF THIS SAME TUBE. THAT

1S TO SAY,§F A S1GNAL

Detector Amsplifier VOLTAGE OF o5 VOLT BE A=

i 1l -27 PPLIED ACROSS THE  GRID
1

CIRCUIT OF THE TUBE, THE

- w
g? E S1GNAL VOLTAGE AVAIJILABLE
d .ﬁ é ACROSS THE PLATERESISTOR
8 ‘0 § OF THIS SAME TUBE wiLL
he _g BE APPROXIMATELY 3.85
d e s voLts (7.7 X 5)
$ o
T 3= ; T THEPLATE CIRCUIT RESISTOR
+rso Now LET uUs CONSID-
Fla. 7 ER THE VALUE OF THEPLATE
Voltage Distribution in Circuik. RESISTOR IN GREATER DE-

TAlL. TO BEGIN WITH, THE
GREATER THE VALUE OF THIS RES|STOR, THE GREATER WILL BE THE AMPLIFICA=
TION REALIZED FROM THE TUBE IN WHOSE CIRCUITED IT IS INSERTEDs HOWEVER,
SINCE THE PLATE CURRENT MUST FLOW THROUGH THIS LOAD RESISTOR, CONS|DER=
ABLE OF THE "B®™ VOLTAGE WILL BE DI3SIPATED ACROSS THIS RESISTOR AND
WILL IN THIS WAY REDUCE THE VOLTAGE EFFECTIVE AT THE PLATE OF THE TUBE,.

To MAKE THIS IMPORTANT POINT STILL CLEARER, LET US RESORT TO A
PRACTICAL EXAMPLE. FOR INSTANCE, IN Fila. 7, A TYPE =27 TUBE IS BEING OP=
ERATED AS A POWER DETECTOR AND FOR THE PART[CULAR RECEJVER IN WHICH THIS
CIRCUIT 18 BEING USED, THE PLATE VOLTAGE REQUIRED AT THE TUBE IS APPROX=
IMATELY |50 voLTs, WITH A GRID BJA8 OF =20 VOLTS,

BEAR IN MIND THAT THIS TuBE IN F1G. 7 18 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 PART}CU~
LAR TUBE IS CONSIDERED AS OPERATING UNDER AMPL{IFIER CONDITJONS.

IN THE PARTICULAR CIRCUIT OF F1G, 7, THE PLATE CURRENT FLOWING
THROUGH THE DETECTOR TUBE WILL ONLY BE ABOUT +8 MILLIAMPERE. THIS 8 MaA.
WiLL THEREFORE FLOW THROUGH THE |00,000 oHM PLATE RESISTOR AND AS A RE=
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SULT, 80 VOLTS WILL BE DISSIPATED OR LOST ACROSS THI8 REsisTor (E=1 X R
=,0008 ampere X 100,000 orms=80 VoLTs). HENCE IF THE AvVAILABLE "B" voL-
TAGE 18 250 voLTs, onLy 250 mINus 80 or 170 vOLTS WILL REACH THE PLATEOF
THE DETECTOR TUBE, THEN SINCE THIS SAME .8 MA., WILL ALSO FLOW THROUGH THE
25,000 oHm BIAS RESISTOR,AN ADDITIONAL 20 VOLTS WILL BE DISSIPATED HERE
SO THAT THE ACTUAL EFFECTIVE PLATE VOLTAGE (ACROS8S PLATE AND CATHODE)
wiLL Be |70 minus 20 or |50 voLTs. So You SEE, BY USING THE VALUES HERE
SPECIF|ED, 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 uUs 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 RESJISTOR,WHICH IS CONNECTED ACROSS THE GRID
CIRCUIT OF THE FOLLOWING TUBE.

IN ORDER THAT SUCH A RESISTANCE~CAPACITY COUPLED AMPLIFJER STAGE MAY
HANDLE THE LOWER AUDIO FREQUENCIES SATISFACTORILY, A DEFINITE RELATION
MUST EX13T BETWEEN THE COUPLING CONDENSER AND THE GRID LEAK RES1STOR. WE
CALL THIS IMPORTANT RELATION THE "TIME CONSTANT® AND IT 1S FOUND BY MUL=
TIPLYING THE COUPLING CONDENSER CAPACITY EXPRESSED IN FARADS BY THE GRID
LEAK RESISTOR EXPRESSED IN OHMS, TO ENABLE THIS TYPE OF COUPLING TO HAND
LE AUDIO FREQUENCIES DOWN TO 50 CYCLES, THE TIME CONSTANT SHOULD NOT BE
QREATER THAN 0.0065,

IT 1S EASY TO SEE THAT THE GREATER THE VALUE OF THE COUPLING CONDEN
S8ER, 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 CONDENSERy THERE 18 DANGER OF MOT-
OR=BOATING TO OCCUR ,THAT 18, 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 AUD
10 FREQUENCIES TO BE APPLIED TO THE GRID OF THE FOLLOWING TUBE FOR FUR=
THER AMPL{F1CATION,

THE GREATER THE VALUE OF THE GRID LEAK, THE LESS W]LL BE THE SIGNAL
VOLTAGE LOST THROUGH IT AND THE BETTER WILL BE THE AMPLIFJCATION Ot THE
LOWER FREQUENCIES, HOWEVER, HERE AGAIN AN EXCESSIVELY HIGH VALUE FOR THE
LEAK RESISTOR 1S APT TO CAUSE BLOCKING OF THE TUBE IN WHOSE CIRCUIT IT 18
CONNECTED. THAT 18, IF THE LEAK RESISTOR HAS TOO MUCH RESISTANCE, ELEC=
TRONS WILL NOT BE ABLE TO DRAIN OFF THE GRID AND WOULD FINALLYACCUMULATE
TO S8UCH AN EXTENT A8 TO STOP THE ELECTRON STREAM THROUGH THE TUBE ALTO-
GETHER, THEREBY PREVENTING TS CONT INUED OPERATION AND AT WHICH TIME, WE
WOULD SPEAK OF THE TUBE AS BEING BLOCKED.

You witL Fino TABLE TI HaNDY, IN THAT BY REFERRING TO 1T, YOU CAN
QUICKLY DETERMINE WHAT COUPLING CONDENSER AND GRID LEAK COMBINATION WiLL
OFFER Q00D RESULTS. THIS TABLE, YOU WiLL NOTE,18 BASED ON THE RULE WHICH
WAS JUST GQIVEN YOU IN REGARDS TO THE TIME CONSTANT NOT EXCEEDING A VALUE
OF 0065 IN ORDER THAT FREQUENCIES AS LOW AS 50 CYCLES MAY BE AMPL{FJED.

OrF COURSE, IT 1S UNDERSTOOD THAT YOU WILL FIND CONDENSER AND LEAK
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RESISTOR VALUES USED [N MANY COMMERCIAL CIRCUITS WHERE THE TIME CONSTANT
1S CONSIDERABLY LESS THAN 0065 AND IN SUCH CASES, THE DESIGNERS HAVE
CHOSEN SUCH VALUES [N ORDER TO OBTAIN STILL GREATER EMPHASIS OF THE LOWER
NOTES. |T 1S THUS UNDERSTOOD THAT IN DESIGN WORK OF THIS NATURE, THE DE-
SIGNER SHOULD USE HIS OWN DISCRETJON [N CHOOSING THE CIRCUIT VALUES TO
OBTAIN THE DESI|RED FREQUENCY CHARACTERISTIC.

TABLE II

CoupLing Conpenser Anp Leak ResisTOorR ReLaTiONS
To AmpPLiFy Down To 50 CycLes

Grip LeEak ResisTaNCE CorresronDiInG CoupLing Conp.

| Megonm or |,000,000 OHMS | e eemmee 0.0065 mFO,
% MegoHm OR 750,000 OHMS | ccemeeean 0.0087 mFD.
i MegoHm OR 500,000 OHMS | cccceeeeaea 0,013 wFD.

MegoHm or 250,000 OHMS | mememmeeee 0,026 wMFD,
Y¥oMecoHm or 100,000 OHMS | cmmemeeee 0.065 wMFD.

TuBE MANUFACTURERS GENERALLY SPECIFY WHAT GRID RESISTOR 1S MOST
DESJRABLE 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.
PREVENT ING MOTORBOAT ING

IN Fi1Ge 8 YOU ARE SHOWN A METHOD WHICH 1S FREQUENTLY EMPLOYED TO
PREVENT MOTORBOATING IN RESISTANCE=CAPACITY COUPLED A.F.AMPLIFIERS. HERE
YOU WILL OBSERVE, THAT A SEPARATE RESISTOR R2 18 CONNECTED IN SERIESWITH
THE PLATE LOAD RESISTOR R; AND B+, Bypass conpensers C, aND C ARE THEN
CONNECTED BETWEEN GROUND AND EACH END OF Rg o TH1S RESISTOR~-CONDENSER COM
BINATION Ry «C, ~C ; SERVES AS A FILTER SO AS TO REDUCE UNDES}RED COUPLING
BETWEEN THIS A.F, STAGE AND OTHER PARTS OF THE CIRCU!T WHICH MAY BE LIKE
LY TO CAUSE A LOW FREQUENCY OSCILLAT{ON,

THE vaLues For C, aND C, MAY BE FRoM | To 2 MFD. wHILE R, may BE
FROM ABouT 25,000 ovms To 100,000 oHMS OR EVEN MORE,

A PRACTICAL A.F. AMPLIFIER DES|GN PROBLEM

HAVING CONSIDERED THE VARIOUS SECTIONS OF THE A.Fe AMPLIFIER IND{~
VIDUALLY, LET US NOW GO A STEP FARTHER BY INVEST|GATING THE METHOD OF

DESIGNING AN A,F, AMPLIFIER IN ITS COMPLETE FORM, THIS AMPLIFIER [S TOBE
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 IS8 TO
BE UTILIZED FOR LOUD SPEAKER OPERATIONe 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 N WHICH IT 1S BEING OPERATED.
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You WILL NO DOUBT GAIN SOMEWHAT OF AN IDEA A8 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 EST{=-

MATED TO BE EQUIVALENT TO A POWER ELECTRICALLY EXPRESSED AS IOMICROWATTS
(0.000010 waTTS).

Now THE MOST TRYING TEST 1S GIVEN A LOUD SPEAKER DURING THE TIME
THAT T 18 CALLED UPON TO REPRODUCE FAITHFULLY THE SOUNDS AS EMITTED BYA
COMPLETE ORCHESTRA, FOR HERE THE RANGE IN VOLUME [|S VERY GREAT == RANG=

ING FROM PIANISSIMO PASSAGES WHICH ARE HARDLY AUDIBLE, TO FORTISS IMO
PASSAGES WHICH ARE VERY LOUD. BASED uPON sSucH CONS |CERAT JONS, ONE CAN
ASSUME THAT THE MINUMUM POWER REQUIRED FROM THE LOUD SPEAKER WHILE REw
PRODUCING THE VERY SOFT TONES WILL BE ABOUT 3 MICROWATTS, WHEREAS THE

POWER REQUIRED FOR THE REPRODUCTION OF THE LOUDEST ORCHESTRAL TONES WILL
BE APPROX IMATELY 10,000 TiMEeS
AS GREAT OR 30,000 MICROWATTS
(0.03 warrs).

1L
n

UNDER SUCH AVERAGE CON
DITIONS,NOT ONLY WILL THE LOUD R
SPEAKER BE CALLED UPON TO DE-
LIVER A POWER ENERGY EQUIVA~
LENT TO 0,03 WATTS BUT  MUST
po so WITHOUT DISTORTION, In =]
OTHER WORDs, "OVERLOADING"™ oF _l_ R,
THE SPEAKER CANNOT BE TOLERA- =
TED, SO TO BE ON THE SAFESIDE
IT IS ADVISABLE TO ASSUME THE ° By
REQUIRED POWER To BE TWICE as
GREAT AS ACTUALLY NEEDED.THIS
MEANS THAT WE WILL CONSIDER
THE LOUDSPEAKER AS HAVING TO FlG. 8
DELIVER 0,06 WATTS OF ENERGY, Anti— Motorbozt Crrcult.

A

OUR PRESENT DAY LOUDSPEAKERS,ALTHOUGH CAPABLE OF OFFERING FINE
TONE QUALITY, ARE NEVERTHELESS BTILL 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 26, WE CAN READILY CALCULATE
THE NECESSARY POWER TO BE DELIVERED TO THE SPEAKER BY USING THE FORMULAZ
Power INTO SPEAKER - OUTPUT POWER
EFFiciencY
HERE WE HAVE ALREADY DETERMINED THE OUTPUT POWER A3 BEING 0.06
WATTS AND THE EFFICIENCY 1S 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 S8PEAKER 0,06 3 WATTS

0.02
THUS, WE HAVE DETERMINED THAT THE AMPLIFIER FOR THIS PART I CULAR
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 S TO BE HANDLED WITH EASE~=AN ADEQUATE MARGIN OF
SAFETY BEING ALLOWED AS ALREADY SPECIFIED, SO THAT THERE WlLL BE NO POS~
SIBILITY OF DISTORTION BEING CAUSED BY OVER=LOADING,.

lN'PRACTlCE, YOU WILL FIND MOST ELECTRODYNAM|C SPEAKERS8 CAPABLEOF
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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 SPEAK
ERS CONNECTED IN PARALLEL FOR PUBLIC ADDRESS WORK WILL REQUIRE 8 WATTS,
THREE SUCH SPEAKERS 3 WATTS ETC.

ONE SET OF HEADPHONES WILL HANDLE FROM 0,004 To 0.008 WATTS OF AMP

LIFIER OUTPUT, WHILE THE AVERAGE MAGNETIC SPEAKER WiLL TAKE FRom [50 To
300 MILLIWATTS.

THE CHOICE OF POWER TUBES

HAV'NG 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 PREVe
1OUS LESSONS CONTAINING INFORMATION ON AOCO TUBE CHARACTERISTICS YOU WlLL
FIND THAT A TYPE -50, AS WELL AS SEVERAL OTHER TYPES OF POWER TUBES ARE
CAPAGLE OF FULFILLING THIS
Input REQU | REMENT,
Puzh—pul( — -45

Transf &

By sTILL FURTHER STUR

YING THESE TUBE CONSTANTS,
YOU WILL FIND THAT A  TYPE
~45 POWER TUBE W|LL FURNISH
AN UNDISTORTED OUTPUT oF
l1e6 WATTS. TWO TUBES OF THIS
TYPE WHEN CONNECTED IN A
PUSH=-PULL ARRANGEMENT WIJLL
HANDLE SLIGHTLY MORE  THAN
TWICE THIS POWER orR AT LEAST
3e2 WATTS,WHICH ALSO MEETS
OUR REQUIREMENTS SATISFACT=-
ORILY. FOR THE SAKE OF A
F1G. 9 DEFINITE PROBLEM , LET us
The Power 55—396_ SUPFPOSE THAT WE DECIDE TO
USE A PAJR OF =45%gs N A

A.C—»

5ov.
D.C.

—— 100 V.

PUSH=PULL POWER STAGE.

As WAS ALREADY TOLD YOU PREVIOUSLY =— [N ORDER TO AVOID THE POSS|=
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 B1AS VOLTAGE
OF MINUS 50 vOLTS FOR THE =45 TUBE AND THEREFORE THE A.Ce SIGNAL VOLTAGE
AS AFPLIED TO THIS TusBE's GRJD SHOULD NOT EXCEED A 50 VOLT PEAK VALUE,
HOWEVER, WHEN CONNECTING THESE TUBES IN PUSH=PULL,THE ALLOWABLE S1GNAL
VOLTAGE FROM GRID TO GRID 18 100 PEAk voLTs (50 vOLTS FROM EACH GRID TO
THE CENTER TAP OF THE INPUT PUSH-PULL TRANSFORMER'S SECONDARY WINDING).

By ReFERRING TO F1G. 9, YOU WILL BE ABLE TO MORE CLEARLY VISUALI|ZE
THE CONDITIONS AS THEY REALLY ARE., NOTICE HERE THAT WITH THE 3 WATTSAVAIL
ABLE ACROSS THE OUTPUT, A SIGNAL OF 100 voLTts 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 CONS|DER 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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8IGNAL vOLTAGE OF Os | To 0.5 VOLTS AS BEING AVAILABLE AT THE OUTPUT OF A
DETECTOR; 0,0l To 0,05 VOLTS FROM A DOUSLE BUTTON CARBOM M[CROPHONE  AND
0.5 70 |.0 VOLT FROM A PHONOGRAPH PJCK=UP, THESE ARE OF COURSE ONLY AVER=-
AGE VALUES AND WILL DIFFER AMONG UNITS OF DIFFERENT DES|GNe

LET Us ASSUME THAT CONDITIONS ARE SUCH THAT A S1GNAL VOLTAGE OoF
«37 voLTs A,C. PEAK VALUE IS AVAILABLE AT THE INPUT OF THE PART |CULAR AMP
LIFIER FOR WHICH WE ARE WORKING OUT THE DESIGN.

GAIN PER STAGE

OUR NEXT BTEP WILL BE TO DETERMINE THE AMOUNT OF GAIN REQUIRED AND
WHICH 18 ALSO AVAILABLE FROM THE VARIOUS STAGES PRECEDING THE POWER STAGE.
SINCE THE POWER STAGE 1S TO BE OF THE PUSH=PULL TYPE, WE WILL HAVE A PUSH
PULL TRANSFORMER FEEDING THIS CIRCUIT AND THE PART |CULAR TRANSFORMER A=
VAILABLE, WE W|LL ASSUME, HAS A STEP=UP RATI0 OF 4,5 10 |,

By USING SUCH A TRANSFORMER, THE SIGMAL VOLTAGE DEVELOPED ACROSS
ITS SECONDARY WILL B8E 4,5 TIMES AS GREAT AS THAT IMPRESSED ACROSS ITS PRL
MARY WINDING, DUE TO THE FACT THAT THE SECONDARY CONSISTS OF APPROXIMATELY
4% TIMES AS MANY TURNS OF WIRE AS THE PRIMARYe

THE TURNS RATIO OF THIS TRANSFORMER BEING 445 To |, IT IS CLEAR
THAT IN ORDER FOR THE SECONDARY PEAK VOLTAGE TO BE |00 voLTS, THE 8IGNAL
VOLTAGE BEING DEVELOPED ACROSS THE PRIMARY WINDING MUST BE OO oR 22.2
PEAK VOLTS. 4,5

By usiNG A TYPE =27 TUBE PRECEDING THE INPUT PUSH=PULL TRANSFORMER,
THIS TUBE WILL GIVE US A GAIN OF ABOUT 8, WHICH MEANS THAT THE S|GNAL VOL
TAGE APPLJED ACROSS I1T8 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 BIGNAL INPUT OF 36 VOLTS TO 2.7 WE STILL REQUIRE A VOL=
TAGE AMPLIFICATION OF 2,7 OR 7.3, AN ADDITIONAL RES}STANCE ==  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 15 To BE 100,000 OHMS, THEN BY USING OUR FORMULA §
LoAD RESISTANCE X EFFECTIVE AMPLIFICATION FACTOROF

VOLTAGE AMPLIFICATION = THE TUBE,
LoAaD RESISTANCE #PLATE IMPEDANCE OF THE TUBE
WE HAVE VOLTAGE AMPLIFICATION, 100,000 X 8 __ 800,000 7.3

100,000+43000 109000

OUR BASIC CIRCUIT FOR THE AMPLIFIER THUS TAKES THE FORM AS (LLUS=
TRATED IN Fig. 10, THE GAIN FOR THE CIRCUIT NOW BECOMES APPROXIMATELY 270,
8C THAT WE ARE ABLE TO AMPLIFY THE 37 VOLT 51GNAL INPUT TO VERY  NEARLY
100 voLTs,.

S IGNAL VOLTAGE GAIN

F1es 10 ALSO SHOWS YOU HOW THE SIGNAL VOLTAGE IS GRADUALLY INCREAS=
ED AS IT IS SUCCESSIVELY PASSED ON THROUGH THE AMPLIFYING SYSTEM.FOR Ex=
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AMPLE, THE FIRST STAGE AMPLIF|ES THE SIGNAL ABOUT 7.3 TIMES, SO THAT APP
ROX IMATELY 37 TIMES 7.3 orR 2.7 A.C. PEAK VOLTS ARE AVAILABLE AS ASIGNAL
ACROSS THIS SAME TUBE'S PLATE RESISTOR.

No GAIN IS REALIZED BY THE RESJSTANCE=CAPACITY COUPLING, SO  THAT
VERY NEARLY THIS SAME VOLTAGE IS AVAILABLE ACROSS THE GRID CIRCUIT OF THE
SECOND =27 TuBE. THIS TUBE, HAVING AN EFFECTIVE AMPLIF|CATION FACTOR OF 8,
BOOSTS THE SI1GNAL UP 8 TIMES MORE, THEREBY DELIVERING 8 TIMES 2.7 OR A
SIGNAL OF PRACTICALLY 22 voLTs A,C. PEAK VALUE ACROSS THE PRIMARYWINDING
OF THE INPUT PUSH-PULL TRANSFORMER., THIS TRANSFORMER, DUE TO ITS 4.5 To
| RAT10, INCREASES THE SIGNAL VOLTAGE 43 TIMES AND THEREFORE DELIVERS4.5
TimMes 22 =93 orR VERY NEARLY 100 A,C. PEAK VOLTS TO THE GRID CIRCUIT OF
THE POWER STAGE,

TUBE VOLTAGE

REFERRING TO A TABLE oF A.C. TYPE TUBE CHARACTERISTICS, WE FIND
THAT IN ORDER TO REALIZE THE FULL AMPLIFICATION OF THE =27 TUBE, WE CAN
USE A PLATE VOLTAGE OF |35 VOLTS, IN CONJUNCTION WITH A GRID BIAS OF =9
voLTS. THiS B1AS VOLTAGE, YOU WILL NOTE, 18 SUFFICIENTLY GREAT S0 AS TO
OFFER AN AMPLE
MARGIN OF SAFE
TY IN PREVENT-
ING THE 81GNAL
VOLTAGES INTHE

Amplificaktion = 7.3 Amplification = 37

A

~27 GRID CIRCUIT OF
036 V. EITHER OF THE
A.c =27 TUBES OF

Peak OUR AMPLIFIER
EVER EXCEED{NG
THE BIAS VOL=-
TAGE EVEN AT
MAX {MUM VO LUME,
The TYPE =45
POWER TUBES OF
COURSE, ARE TO
BE OPERATED
wiTH 250 VOLTS PLATE POTENTIAL AND A GRID BIAS OF =50 voLTs,

Fi1G. 10
“Lag— out” for the Complete Amplifier

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 1S NO NEED TO DJSCUSS 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 oo THISy SIMPLY
APPLY THE INFORMATION REGARDING THIS PROBLEM WHICH WAS ALREADY GIVEN YOU
EARLIER N THIS LESSON.

SO ALTOGETHER, WE HAVE ALREADY WORKED OUT THE BASIC DESJIGN FOR AN
A,Fe AMPLIFIZR 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 CONS1STS SOLELY OF CONNECTING THESE FUNDAMENTAL CIRCUITS TOGETHER
CORRECTLY, WORK ING OUT A POWER PACK AND VOLTAGE DISTRIBUTION ETCe
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PERMISSIBLE OVERLOAD

SOMETIMES ENGINEERS CONSIDER THE TUBES IN A PUSH=PULL AMPLIF|ERCIR
CUIT AS CAPABLE OF SATISFACTORILY HANDLING 2.5 TIMES THE POWER OUTPUT RAT
ING OF A SINGLE TUBE RATHER THAN JUST TWICE A8 MUCH A8 WE HAVE CONS |DERED
IT IN WORKING OUT OUR AMPLIFIER DESIGNe |F THIS ASSUMPTION IS MADE, THEN
THE TOTAL OUTPUT DERIVED FROM TWO TYPE =45 TUBES IN PUSH=PULL WILL BE
166 X 2,5 OR 4 WATTS BUT UNDER THIS CONDITION, THE 8)GNAL VOLTAGE REQUIRED
ACROSS THE QRID CIRCUIT OF THE POWER STAGE WOULD HAVE TO BE PROPORTIONAL
ELY GREATER OR ABOUT 125 A.C. PEAK VOLTS. ALTHOUGH THIS SIGNAL VOLTAGE
VALUE |8 GREATER THAN ORDINARILY ALLOWED BY THE GRID BIAS OF THE POWER
STAGE, YET THE PUSH=PULL THEORY AUTOMATCALLY KEEPS D|STORTION DOWN TO
A MINIMUM IN SPITE OF A SLIGHT OVER-LOAD. AS A GENERAL RULE, HOWEVER, 1Y
IS BETTER TO FIQURE CONSERVATIVELY AS WE HAVE IN WORKING OUT OUR SAMPLE
PROSBLEM AND IN THI8 WAY AVOID ALL POSSIBILITY OF DISTORTION,

ALSO BEAR IN MING THAT ALTHOUGH IN THIS PART |CULAR PROBLEM, WE CON
SIDERED THE INPUT PUSH=PULL TRANSFORMER A8 HAVING A 4.5 To | STEP=UP RA-
T10, YET TH18 DOES NOT APPLY TO ALL CABES. IT IS COMMON TO USE INPUT
PUSH=PULL TRANSFORMERS IN RECEIVERS HAVING A | TO | RAT10 OR EVENA SLI=-
GHT STEP=DOWN RATIO. THE PROBLEM, HOWEVER, WOULD STILL BE HANDLED ACCORD=
ING TO THE SAME METHOD AS OUTLINED IN THIS LESSON, USING THE VALUES A8
REQU IRED,

THEN TOO, REMEMBER THAT THE OVERALL GAIN OF THE A.F, AMPLIFIER I8
ALSO GREATLY AFFECTED BY THE INPUT 8IGNAL VOLTAGES WH)CH ARE DELIVERED TO
IT BY THE DETECTOR OR OTHER SOURCE, A8 WELL AS THE OUTPUT REQUJREMENTSOF
THE A.F, AMPLIFIER.

You WiLL NO DOUBT AGREE THAT IN THIS LESSON, YQU HAVE LEARNED MANY
NEW THINGS ABOUT A.F. AMPLIFIERS AND YOU MAY REST ASSURED THAT YOU WjLL
FIND ALL OF TH{IS ADVANCED STUDY OF GREAT VALUE, ESRECIALLY 80 IF YOU |Ne~
TEND TO @O0 INTO THE CONSTRUCT |ON WORK OF TH1S EQUIPMENT IN ADDITION TO0

SERVICING 1T,

AFTER YOU ARE SATISFIED THAT YOU UNDERSTAND EVERYTHING WHICH HAS
BEEN OFFERED YOU IN THIS LES8SON, ANSWER THE EXAMINAT ION QUESTIONS AND
THEN CONTINUE YOUR STUDIES WITH THE NEXT LESSON , WHERE YOU WILL FIND
ADDITIONAL VALUABLE INFORMATION REGARDING A.F, AMPLIFIERS, SUCH AS "pugH
=pPUSH AMPLIF]CATION", THE LATEST TYPE AUDIO AMPLIFJER CIRCUITS ETC.
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Examination Questions

LESSON NO. 45

I "Wo life is ever measured in terms of
I 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 1s locked against the impact of new
dreams,"

WHAT 18 THE DIFFERENCE BETWEEN A vacuum Tuse's "PLATE RE
SISTANCE" ano 171s "PLATE IMPEDANCE"?

WHaT IS MEANT BY A TUBEb "MUTUAL CONDUCTANCE"?

DESCRIBE A METHOD WHEREBY YOU CAN DETERMINE THE PLATE
IMPEDANCE OF A TUBE,
SHOULD AN AMPLIFIER TUBE OPERATE ON THE STRAIGHT OR CURY

ED PORTION OF ITS "GRID POTENTIAL == PLATE CURRENT® CHAR
ACTERISTIC CURVET

IF A TUBE IS BEING USED BY ITSELF IN AN AMPLIFIER STAGE
AND 1S PROVIDED WITH A GRID BlAS OF =8 VOLTS, THEN WHAT {8
THE MAXIMUM SIGNAL VOLTAGE EXPRESSED IN A,C, PEAK VOLTS,
WHICH CAN BE APPLIED ACROSS THIS TUBE's GRID CIRCUIT 80O
AS TO AVO!D DISTORTION?

How caN yvou peTerminE THE VOLTAGE AMPLIF ICATION or MGAIN"
OFFERED BY AN AMPLIFIER STAGE WITH RESISTANCE=CAPACITY
couPLINGT

WHAT "TymeE 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.Fe amMpPLIFIER?

IF A CERTAIN TUBE HAS AN EFFECTIVE AMPLIFICATION FACTOR
OF 8 AND A TRANSFORMER HAVING A 3 TO | RATIO 18 CONNECTED
IN ITS PLATE CIRCUIT, THEN WHAT WiLL 3€ THE "gaIn" o0BTAIN
ED FROM THIS AMPLIFIER STAGE? ;‘7

How po vou DETERMINE THE "OVERALL GAIN" WHICH IS REQUIRED
FROM A GIVEN A.Fe amMPLIFIER?

L

-
[
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LESSON NO. 48

CLASS ‘8 AMPLIFICATION
SPEAKER MATCHING

NOW LET US CONTINUE OUR ADVANGED STUDY OF A.F. AMPLIFIERS BY CON
SIDERING FIRST, THE TYPE-48 POWER TUBE AND I1TS APPLICATION TO  MODERN
CIRCUITS, THIS TUBE 18 OF QUITE RECENT DESIGN 8UT 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 Fl1G. 2 AND AS YOU  WILL
NO DOUBT IMMEDIATELY NOTICE, T 18 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 S8YMBOL FOR THI8 TUBE, WHICH IS ILLUSTRATED FOR
YoU IN THE UPPER SBECTION OF FlGgs 3o

NOTICE ESPECIALLY IN F1@s 3 THAT THE ELEMENTS OF THE =46 GCONSIST
OF A FILAMENT, TWO GRIDS AND A PLATE., EACH OF THE Two GRIDS HAS 1Ts
INDIVIDUAL BASE PRONG, THE PLATE IS CONNECTED TO THE THIRD PRONG AND
THE FILAMENT ENDS TO THE FOURTH AND FIFTH PRONGSe THE JLLUSTRATION IN
THE LOWER SECTION OF F1Gs 3 SHOWS YOU HOW THE BOCKET CONNECTIONS ARE
ARRANGED FOR THIS8 SAME TUBE. [N THIS
:gziéTvou an:g:glenq DOWN UPGN THE Type —50 Tubes
® 83 Rectifier

THIS TUBE CAN BE EMPLOYED IN
TWO DIFFERENT WAYS, NAMELY FOR CLass
YAY" AMPLIFICATION AND FOR CLass "B"
AMPLIFICATION. FOR cLass "AW ampPLI=-
FICATION, THE SCREEN GRID (THE ONE
NEAREST THE PLATE) 18 CONNECTED Oi=
RECTLY TO THE PLATE END THE TUBE 18
THUS USED IN A CIRGUIT IN THE MANNER 2
1LLUSTRATED IN Fi1@. 4. UNDER  8UCH Terminals -56 Tube
CONDITIONS, THE TUBE'S AMPLIFICATION

FACTOR I8 LOWERED.
- FiG.1

WAR
CES L AT e A Modern 14 Watt RA. Amplifier.
By DEFINITION, CLass ®A¥ aupio
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AMPLIFICATION IS CONSIDERED AS A CONDITION WHERE THE FIXED NEGATIVE GRID
BIAS OF THE TUBE IS 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 0THER WORDS,
cLass "AY AMPLITIZATION 18 THE TYPE WE GENERALLY EM
PLOY IN THE INTERMEDIATE STAGES OF AN A.F, AMPLIFIER,

ALTHOUGH A PUSH=PULL.POWER STAGE IS CONS | ER=
ED BY SOME As BEING OF THECLASS "A® TYPE,YET STRICTLY
SPEAKING, THI3 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 Crass "A" AMPLITIER, THE CHARACTERISTICS
FOR THE =46 TUBE ARE AS FOLLOWS!

FILAMENT VOLTAQE=e====2,5 VOLTS
" CURRENT=—===| .75 AMPS,
PLATE VOLTAGE~=======250-300 VoLTS

T CURRENT=~==——mm— 22 Ma,
FiG.Z GRID Bias VoLTAGE=—~=33 VoLTs NEGATIVE
' AMPLIFICATION FACTOR=~5.6
The 7ype-4b MUTUAL CONDUCTANCE=~~~=2350 MICHROMHOS
Amp/ff/'er Tube . PLATE RESISTANCE~m==m=2380 OHMS
UNDI3STORTED OUTPUT==~=1.25 WATTS.

Fia. 5 sHows vou How TO CONNECT TWO-46 TUBES IN A PUSH=PULL CiR~
CUIT, IN THIS CASE, OBSERVE THAT THE SCREEN GRID (S ALSO CONNECTED TO
THE PLATE, OTHER THAN THIS, THE CIRCU!T REMAINS CONVENT IONAL.

A DOUBLE PUSH-PULL CIRCUIT

Control Screen
sd /“) s ~d
HAVING SO FAR SEEN HOW THE TYPE-~48 TUBE grs Lj gri
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.THIsS
CIRCUIT §3 LAID OUT FOR YOU IN Fig. B. -
Control grid

OBSERVE CLOSELY IN F1G. 6 THAT THE SCREEN Screen
GRIDS ARE ALL CONNECTED TO THE PLATES OF THEIR grid—-
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. Filament
SS "B" AMPLIFICATION FIG.3
oL Symbol and Socket Connec -
THE TYPE=46 TUBE IS BEST ADAPTED TO Lions for the -46 Tube.

CLass "B" AMPLIFICATION AND AT PRESENT I8 FIND

ING ITSELF MOST USED IN CIRCUITS OF THIS CLASSIFICATION. CLASs"B" AUD IO
FREQUENCY AMPLIFIERS ARE ALSO SOMETIMES SPOKEN OF AS "PugH=Pusw" AMPL { =
FIERS. |IN THIS CASE, THE TUBE I§ OPERATED UNDER SUCH CONDITIONS SO THAT
WITH NO INPUT SIGNAL, THE PLATE CURRENT 1S REDUCED TQ ZERO.
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UPON FIRST QLANCE, A PUSH=FUSH OR CLASS "B!" POWER AMPLIFIER STAGE
APPEARS QUITE SIMILAR TO THE CONVENT IONAL PUSH=~PULL AMPLIFIER STAGE BUT
UFON GCLOSER INSPECTION, YOU WILL NOTE A CISTINCT DIFFERENCE BETWEEN THEM.
FOR EXAMPLE, A CIRCUIT WITH Two TYPE=46 TUBES IN PUSH=PUSH 1€ ILLUSTRA=

TED FOR YoU F1G. Te FIRST YOU WILL NOTICE IN THIS CIRCUIT THAT THE
SCREEN GRIDS OF THE TWO TUBES ARE CONNECTEO TO THE CONTROL GRIC OF THE
SAME TUBE, WHILE THE GRIO RETURN OF THE CIRCUIT (CENTERTAP OF INPUT
TRANSFORMER) 1€ CONNECTED TO THE "ELECTRICAL CENTER" OF THE F 1 LAMENT
TRANSFORMER ==NO BIAS RESIS=

Coupling Condenser TJransformer TOR BEING EMPLOYED. |IN ADD-
) —40 - ITION, THE PLATE VOLTAGE I8
ﬂ > BOOSTED UP TO A VALUE BETWEEN

300 ano 400 voLTS.
Leak

resiskor ' ! WITH THESE MINOR CIR=
\. 3 CUIT CHANGES MADE, THE AMPL1

.t FICATION FACTOR OF THE TUBES

) 18 INCREASED MATERIALLY AND

Filament S B4 S0OV. THE MAXIMUM OUTPUT APPROACH=
winding of i R ES A VALUE OF APPROXIMATELY
power transf. 5 Bias Resistor 20 WATTS. BESIDES THIS, THE
:[ 150015 OPERATING PRINCIFLES OF THIS

i CLass "B" DR PUSH=PUSH CIR=

FIG. 4 CUIT BECOMES RADICALLY DIFF=-

The - 46 Tube Used as a ERENT FROM THAT ENCOUNTERED

Class A Amplifier. IN PUSH=PULL ARRANGEMENTS.

THiS DIFFERENCE CAN BEST BE
POINTED OUT BY FIRST GIVING YOU A BRIEF DESCRIPTION OF PUSH=PULL THEORY
80 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 BuUT WITH THEIR GRID EXITATION
IN "pHASE OPPOSITION". TO ILLUSTRATE THIS POINT, LET Us REFER TOFla. 8,
WHERE WE HAVE TWO TUBES,OP-,

ERATING A8’ A PUSH-PULF ANE Input Push- Pull OuLpuEDuﬂhPuH
LIFIERs AT THE TIMENO 818 | Transf. -46 Transf.
NAL VOLTAGE I8 IMPRESSED C:N /

UPON THE GRID OF EITHER OF

THE TUBES, THE PLATE CUR-

-27 ;
RENT, A8 FURNISHED 8Y THE |
"B" gupPLY, WILL DIVIDE EQ
UALLY BETWEEN THEM—==—HALF
OF THE TOTAL FLOWING THR- :
OUGH EACH TUBE. IN DOING ! To
B+

80, NOTICE CAREFULLY [T -46 >— Speaker
F1G. 8 THAT FROM THE CENTER

.TAP OF THE OUTPUT TRANS- | Filament 7 LB+
FORMER'S PRIMARY  WINDING, | winding of ’ Boov

THE PLATE CURRENT FOR THE | Ppower transf “~ Bias resister

TWO TUBES 18 FLOWING OUT= 150 o

WARD OR TOWARD THE TWO EX-—
TREMETIES OF THIS WINDING FIG. B
AS INDICATED BY THE ARROWSe Type -<46 Tubes in a Push-Pull Circurt.




Page 4 Lesson No. 48

IN OTHER WORDS, WITH THE CENTER TA® 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 18 ALSO THE SAME, IT BE-
COMES QUITE OBVIOUS THAT THE MAGNETIC FIELDS CREATED ABOUT THE TWO HAL-
VES OF THE WINDING
WiLL BE OF oPPosITEPRY | Input Push- Pull Output Push-Pull Transf’
LARITY AND THEREBY NEY Transf?

TRALIZE ONE-ANOTHER,

THE EFFECT OF THISOPP ‘
OSING REACTION 1S SUCH i
THAT NO EFFECTIVE MAG
NETIC FIELD 1€PRESENT
AT THIS TIME,

.17

Now LET us supp
OSE THAT A 81GNAL VOL
TAGE IS INDUCED INTO be
THE SECONDARY WINDING (
OF THE INPUT TRANSFOR ) Y
MER OF Fla. 9,causing Fdaéqe"t /,5’A‘ k
THE UPPER END OF THIS winding of =< ;
WINDING TO ASSUME A power bransf. Bias Resistor

3750

POSITIVE POTENTIAL AND
THE LOWER END A NEGA~ FIG. 6
TIVE POTENTIAL.  THE A Double Push-Pull Power Stage.,
RESULT OF THIS WILLBE . :
TO MAKE THE GRID OF TUBE #! OF THIS ILLUSTRATION LESS NEGATIVE aANnD THE
GRIO OF TuBE #2 MORE NEGATIVE AND THIS IN TURN CAUSES AN INCREASE IN THE
PLATE CURRENT FLOW THROUGH TUBE #| AND A CORRESPONDING DECREASE IN THE
PLATE CURRENT FLOW THROUGH TUBE #2,

1

THi& CHANGE OF PLATE CURRENT THROUGH THESE TWO TUBES AND THEIR CORR
ESPONDINQ HALVES OF THE OUTPUT

Input Output TRANSFORMER'S PRIMARY WINDING,ACTS
Transformer = Transf — THE BAME AS THOUGH THE CURRENT WERE
o2 k FLOWING TOWARDS THE PLATE OF TUBE

#1 AND AwAY FROM TUBE #2. THE
TWO RESULTING CURRENTS IN THIS
way ADDING THEIR EFFECTS TOQETHER
AND THEREBY HELPING TO  INCREASE
THE VOLTAGE CHANGES INDUCED OVER
INTO THE SECONDARY WINDING OF THE
OUTPUT TRANSFORMER. T I8 ON
‘ Tb_ ACCOUNT OF THIS LAST MENTIONED

Speaker | cact conceRniNng THE BEHAVIOR OF
THE CURRENT IN THE PRIMARY WINDING
OF THE OUTPUT TRANSFORMER THAT
THE SUITABLE TERM "pUSH=PULL" HAS
BECOME ASSOCIATED WITH THIS 8YSTEM
OF AMPLIFICATION,

B+

300 a Aoov.}

FIG, 7 . NOTICE ESPECIALLY THAT WHEN
Two -46 Tubes Connected EMPLOYING PUSH-PULL AMPLIFICATION,
D D AT NO TIME WILL THERE BE A STEAQY

in Push- Push, :

SATURATION OF THE OUTPUT TRANS=
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FORMER 'S CORE, DUE TO THE NEUTRALIZING EFFECT PRODUCED BY THE STEADY FLOW
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 N
THIB TRANSFORMER.

OPERATING PRINCIPLES OF "PUSH-FUSH" AMPLIFICATION

WITH THIS PRINCIPLE OF PUSH-PULL OPERATION FRESH IN MIND, LET U8
NEXT INVESTIGATE THE "PUSH-PUSH" SYSTEM MORE THOROUGHLY. IN Fia. 10 vou
ARE SHOWN THE FUNDAMENTAL CIRCUIT FOR PUSH=PUSH AMPLIFICATION EMPLOYING
A PAIR OF TRIODES.

Now THEN, REMEMBER THAT THE "B" (PLATE) anD "C" (@RID BIAS) VOLTAG
ES ARE 80 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 80 THAT THE UPPER END OF THIS WINDING BECOMES POSITIVE
WHILE 1T8 LOWER EXTREMITY TAKES ON A NEGATIVE POTENTIAL.

Output Transformer Input Transformer Output Transf.
In pu{? \ * t————
T
rans W ) - / .
I)_ g i ‘: 7
—=7 &) >
B+ R+
FIGg. 8 FIG. 9
Push-Pull Operation. Plate Current Variation.

THIS CAUSES THE GRID OF TUBE ¥l 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 #2, HOWEVER, 18 AT THisS TIME
BEING CHARGED STILL MORE NEGAT IVELY, SO THAT IT PREVENTS A PASSAGEQF OF
PLATE 'CURRENT THROUGH THE LOWER TUBE STILL MORE SO THAN WITH THE BlAsS

VOLTAGE ALONE APPLIED TO THIS TUBE'S GRID,

THUS YOU WILL READILY SEE THAT DURING THIS INSTANT, ONLY TUBE #1
oF Fig. |0 18 OPERATING WHILE TUBE #2 IS COMPLETELY INOPERATIVE.

AB THE INPUT SIGNAL VOLTAGE REVERSES IT8 POLARITY, SO THAT THE LOW

ER END OF THE INPUT TRANSFORMER'S SECONDARY BECOMES POSITIVE AND ITS UPE

ER EXTREMETY NEGATIVE, A SURGE OF PLATE CURRENT WILL FASS THROUGH Tuse#2

WHILE TuBe #| REMAINS. INOPERATIVE. NOTICE THAT THE TWO TUBES TAKE TURNS

ABOUT IN "PASSING=ON® THE SIGNAL=EACH ONE WAITING ITS TURN TO "PUSH & THE

81GNAL THROUGHM, S0 TO SPEAK AND THEREBY DERIVING THE FITTING NAME OF ‘A
*PUSH-PUSBH 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 MANNERMNILL
DELIVER AN UNDISTORTED OUTPUT OF FROM FIVE TO TEN T IMES THAT OBTAINABLE

WITHTHE SAME PAIR OF TUBES IN CLASS "A" OPERATION WITH THE SAME PLATEVOL
TAGE.

EVEN THOUGH THE GRIDS OF THE TUBES OPERATING IN PUSH=PUSH ACTUALLY
DO BWING 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: (1) THE INPUT TRANSFORMER MUST BE
OF LOW RATIO, SINCE THE GRID (BECONDARY) WINDING MUST BE OF LOW EFFECT IVE
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 CcIRcUIT; (2) THE InPUTBIG
NAL VOLTAGE OR "@griID sgwing®

MUST BE SEVERAL TIMES THE +) N
AMPLITUDE OF THAT REQUIRED FOR

NORMAL OPERATION. (3) THE ouT s L g

PUT TRANSFORMER MUST BE CAP=

ABLE OF HANDLING THE HEAVY _

DeCe PULSATIONS RESULTING FROM . 4 .p*

THIS FORM OF OPERAT]ON (4) s -S4 IR s
THE POWER SUPPLY MUST BE CAPe 2 ,l n}——\ml—-«M. ﬁ
ABLE OF OFFERING A HIGH  DE= £ &
GREE OF REGULATION OR CON~ ¥

STANCY OF VOLTAGE UNDER VARY~ z

ING LoADSs anD (B) TwHe 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.

. FlG. 10
The Push- Push Principle.
CHARACTERISTICS OF THE =46 TUBE OPERATED
AS A "CLASS B" AMPLIFIER

Now To RETURN TO THE =48 TUBE, CONSIDERING ITS USE As A ctass "BN
AMPLIFIER. OPERATING UNDER THESE CONDITIONS, THE CHARACTERISTICS oF
THIS TUBE ARE AS FOLLOWS!

PLATE VOLTAGE=-~ 300 To 400 VoLts
" CURRENT=-- ISO. To 200 MAe (Peak VaLues)
GRID Bias VOLTAGE 0. (GriIos T1ED TOGETHER)

Maximum SiaNAL VoLTAGE HANDLED=40 To 4| VoLTs

MAX IMUM QONT $00URB'POWER OUTPUT=I8 To 20 WATTS.
(Two Tuees)

LoAD REBISTANCE PER TUBE==mm—===1300 To 1460 OHMs.

THE FILAMENT VOLTAGE AND CURRENT, OF COURSE, REMAIN THE SAME AS
ALREADY S8PECIFIED, IRRESPECTIVE OF USE,

IN F1a. 11, YOU ARE GIVEN A DIAGRAM OF AN A.F. AMPLIFIER EMPLOYw

»
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ING TWO TYPE =45 TUBES IN THE FINAL STAGE, ARRANGED FOR PUSH=PUSH OPER
ATION AND THEREBY APFQRDING CLASS "B" AMPLIFICATION. NOTICE THAT THIS
POWER BTAGE 18 BEING DRIVEN BY A S8INGLE TYPE-46 Tust usED A8 A CLass
MAY AMPLIFIER, WHILE A TYPE "24A" TUBE 18 EMPLOYED IN THE INPUT  CIR=-
cuiTs., (THE=24A TUBE 18 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 |3-WATTS AND
SPECIFICATIONS FOR THE CIRCUIT 'S CONSTRUCTION ARE A8 FOLLOWS!

Ri -750 Orms (IWATT)
R2 - 10,000 * (2" )
1} EON———————— - o 3's '+’ B ¢- 2L N
R4=—m— _— 5,000 " (1" )
RE~——- -0.256 wmeaowm (I " )
RE- - - 1500 Oums (1 " )
R7=mwe—— ~==0 70 0.5 MEGOHM POTENTIOMETER
Clamee- 10 MFo. (25 D.C. VOLT RATING)
C2=~~w——=e | mrD. (200 D.C. " " )
C3— ----- ""'oOEMFDo (300 D.C. " L )
C4=C5~C6=- 8 MFp. (500 D.C. " n )
07 ----- -lo MFD. (50 D.C. n n )

Tl —100 Henry A.F. CHoKE ColL (4 Ma. RATING)

T2 —=SPECIAL PUSH=PUSH INPUT TRANSFORMER.

T3 = 0 " " ouTePUT n

P.T.--Power TransForRMER (HiGH VOLTAGE SECONDARY CAP=
ABLE OF CARRYING 200 MA. &
FOR TYPE=82 MERCURY RECTIl=

TUBE.
CH1=CH2=—=15 Henry FILTER CHokE (120 M.A. RATING)
CH3~CH4==30 " " m (65 M.A, ")

THE SECONDARY WINDING OF THE OUTPUT TRANSFORMER FOR THIS AMPLI=
FIER IS TAPPED, OFFERIMG CONNECTIONS FOR SPEAKER SYSTEMS OF VARIOUS
IMPEDANCE RATINQGSe

To: receiver

ki ¥, .{m[
[ u) cz*f l Cug . i

-
IC‘ I ¢ cantrol

Fila. 11 :
An AF. Amplifier Employing Class B"Amplification With -46 Tubes.
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CONSTRUCTION OF CLASS "B" INPUT TRANSFORMER

WHILE WE ARE ON THE SUBJECT oF "crass B" AMPLIFIERS, LET uUs CONsIR
ER THE CONSTRUCTION OF TRANSFORMERS SUITABLE FOR TH13 PURPOSE, BEGINNING
wiTH THE INPUT TRANSFORMER.

In F1ae12, YOU ARE SHOWN THE
_f:‘_jﬁ:isﬂ- CONSTRUCT IONAL DETAILS FOR THE INPUT

I : ] PUSH=PUSH TRANSFORMER. THE CORE CON=
STRUCTION 15 SHOWN $N SECTION nA%"  of
TH1S JLLUSTRATION WHILE THE ARRANGE-—
WENTS OF THE WINDINGS FOR THIS  SAME
TRANSFORMER ARE SHOWN IN SECTIONS ng
AnD WCW oF Flae 12

i 5
L/ %

SINCE A GREAT DEAL DEPENDS UPON
THIS TRANSFORMER AS REGARDS THE QUAL-
ITY OF THE SOUNDS REPRODUCED BY THE
SPEAKER, THE NECESS ITY FOR CONSTRUCT—
FlG.11 ING THIS UNIT WITH UTMOST CARE CANNOT

Construction Details for Class BE OVER EMPHASIZED.

‘B" Input Transformer.

THE CORE MATERIAL CONSt3TS oF
#03 GAUGE LAMINATION JRON OF THE TYPE SPECIALLY ADAPTABLE FOR USE IN AlF.
TRANS FORMER CONSTRUCT ION. FROM THIS MATERIAL SUFFICIENT LAMINATIONS ARE
CUT SO THAT THEY CAN 8E INTERLEAVED AND STACKED UP TO A PILE WHICH 1s 1Y
HIGH AND SO THAT THE VARIOUS SECTIONS OF THE CORE WILL HAVE THE (D | MEN==
S1ONS SPECIFIED IN HAY oF Fig. 12, NOTE IN UA" oF F1ae |2 THAT THE CEN-
TER LEG OF THE CORE 18 I" widE, WHILE ALL OF THE END MATERIAL 13 OF BUT
'12‘" WIDTHe

THE PRIMARYWINDING CONSISTS Primary Leads

oF 5,200 Turng oF #29 BAS ENAMELED k4 Lovie™
WIRE, THE LATTER BEING WOUND Mounting
DIRECTLY OVER THE CORE A8 SHOWN |~ screw

AT "B" oF Fia. 12. THE SECONDARY
WINDING 18 WOUND IN TWO SBECTJONS
oF 2100 TURNS EACH,THUS AFFORDING
THE CENTER-TAP.

Coil

EACH LAYER OF WIRE IN ALL
WINDINGS 1S INSULATED FROM THE ADJ= |amination
ACENT LAYER BY GLASSINE PAPER) % stacked
wHILE "EMPIRE CLoTH" 18 JNSERTED L 1" thick
BETWEEN THE VARIOUS WINDINGS. Secondary 153ds

F1G. 15

As YOu WILL NOTE FROM THESE The /”PU’-L Dush - Push Transformer.
SPECIFICATIONS, THIS TRANSFORMER I8
OF THE STEP=DOWN TYPE, DUE 70 THE FACT THAT THE SECONDARY WINDING CON=

g1sTS OF A LESS NUMBER OF TURNS THAN THE PRIMARY. THIS 1S NECESSARY SO
THAT THE LOAD OF THE TUBE WiLL BE ACCURATELY MATCHED TO THE noLass "B"
GRID CIRCUIT.

it 18 GENERALLY THE PRACTICE TO WiND THE TRANS FORMER colLsS ONA WO0O
EN FORM, WHOSE DEMENS IONS CORRESPOND WITH THAT OF THE CORE'MATER'AL'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
cotL. THE FINISHED TRANSFORMER WILL THEN APPEAR SOMEWHAT AS |LLUSTRATED
IN Fig. 13. (You wiLL RECEIVE MORE DETAILS REGARDING THE "MECHANICAL PRQ
CESS" OF CONSTRUCT ING TRANSFORMERS IN A LATER LESSON.)

CONSTRUCTION OF CLASS "B" OUTPUT TRANSFORMER

IN Fla. !4 vou wiLL S8EE THE

Holes
7 T THE CONSTRUCTIONAL DETAILS ILLUS=
— -
Y% W 4o TRATED FOR THE OUTPUT PUSH=PUSH
% %; TRANSFORMER. BY INSPECTING THE

CORE ARRANGEMENT [N JLLUSTRATION
"A" oF Fige |4, 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 QAUGE LAM-
INATION IRON IE ALSO USED FOR ITS8
CONSTRUCTION. THESE LAMINATIONS OR
SHEETS ARE TO BE STACKED-UP INTHIS

w T
N\
S“-

..
L

x—

og.fr, =
¥

' FIG. 14 CASE S0 AS TO FORM A PILE !3" THicK.
Construction Detail for A Class .
B° Output Transformer, As REGARDS THE WINDINGS FOR

THIS OUTPUT TRANSFORMER, THE PRI=
MARY |8 WOUND FIRST AND IT CONSISTS OF TWO BECTIONS OF 2,250 TURNS EACH
WOUND WITH $#29 B&S ENAMELED WIRE.

SECONDARY WINDING #! cONsi1sTs oF 1400 TURNS oF #26 B & S ENAMELLED
WIRE AND OFFERS AN OUTPUT IMPEDANCE OF 500 oHMS. SECONDARY WINDING  #2
I8 WOUND ON TOP OF BECONDARY #!, AND CONsISTs oF 240 Turns OF #!8 B&S EN
AMELLED WIRE, THIS SECONDARY WINDING OFFERS AN IMPEDANCE OF APPROXIMA=
TELY |5 onms.

For GENERAL .

AMPLIF | ER PURPOBES, Primary impedance = 3500 0 )
THESE TWO  OUTPUT Speaker coupling transf. FE.S'?_;)
IMPEDANCE RAT INGS
SERVE A VARIED NUM § —45 K\)
BER OF USES A8 RE-
GARDS COUPLING THE %
SYSTEM TO MISCILL-
ANEOUS SPEAKER CIR
CUIT COMBINATION IN QS
MULTIPLE S8PEAKER IN \
STALLATIONS, Secondary

impedance =90

Spea ker

/ i \\\\\\._\\

A.C. Plate resistence

IN THE CON
Iy of tube = 17500

S8TRUCTION OF THIS
OUTPUT TRANSFORMER, ;!
IT I1s ALSO NECEsS- .|
ARY TO PLACE GLASS = - FIG. IS

INE PAPER BETWEEN S;oeaber Impedance Matching With Single Power Tube .
ADJACENT LAYERS OF

B+

Voice Coil

Impedance
=90
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ALL WINDINGS AND "EMPIRE CLOTH" BETWEEN AGJACENT colLs
REQUIRED TURNS-RATIO OF OUTPUT TRANSFORMERS

Now LET us INVESTIGATE THE MATTER OF SPEAKER IMPEDANCE MATCHING A
LITTLE MORE THOROUGHLY. THAT 18, THE RELATION EXISTING BETWEEN THE PRj==
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, I8 TO BE CONNECTED TO THE OUTPUT A8 FURNISHED

8Y A TYPE=-45 POWER TUBE. THE PROBLEM I ToO DETERMINE THE WINDING RATIO OF
THI8 TRANSFORMER,

THE FORMULA FOR A PROBLEM OF THIS TYPE Ig!?

TURNS RATIO OF SPEAKER
COUPLING TRANSFORMER

IMPEDANCE OF SECONDARY WINDING
IMPEDANCE OF PRIMARY WINDING

BY REFERING TO A TABLE OF VACUUM TUBE CHARACTERISTICS, WE FIND THE
PLATE RESISTANCE OF THE TYPE-45 TUBE SPECIFIED a8 1750 onMS. IN ORDER
THAT THE MAX{MUM UNDISTORTED POWER OUTPUT.OF THE =45 TUBE MAY BE OBTAINED
FOR ANY GIVEN S8IGNAL VOLTAGE, THE LOAD IMPEDANCE FOR THIS TUBE SHOULD BE
EQUAL TO APPROXIMATELY TWICE THE TUBE'S A.C. PLATE RESISTANCE. THAT 18,
FOR THE PARTICULAR PROBLEM UNDER OUR [IAMED IATE ATTENTION, THE IMPEDANCE OF

THIS COUPLING TRANSFORMER'S PRIMARY WINDING SHOULD BE ABOUT 2X 1750 OR
3500 oHms,

IN orRDER THAT THE MAXIMUM AMOUNT OF POWER BE TRANSFERRED FROM
SECONDARY WINDING OF THE SPEAKER COUPLING TRANSFORMER TO THE SBPEAKER's
VOICE COIL, THE IMPEDANCE OF THE SECONDARY WINDING SHOULD BE EQUAL TO THE
IMPEDANCE OF THE SPEAKER VOICE colL. IN OTHER WORDS, THE IMPEDANCE OF
THE SECONDARY WINDING FOR OUR PARTICULAR TRANSFORMER I8 TO BE 9 OHMS .

THE

HAVING 80 FAR DETERMINED THE PRIMARY 'IMPEDANCE OF OUR TRANSFORMER
As BEING 3500 oHMS AND I1TS SECONDARY IMPEDANCE AS 9 OHMS, WE CAN SUBST|~-

TUTE THESE VALUES IN OUR FORMULA==QUR PROBLEM THUS TAKING THE FOLLOWING
FORM?

g —_ |
TURNS RATIO OF TRANSFORMER- =J 3500 - 59.1 8.l

THE RATIO THUS FIQURES OUT AS | To 19.]. RESULTS WiLL BE SUFFiC-
IENTLY ACCURATE FOR PRACTICAL PURPOSES BY CONSIDERING THIS RATIO IN"ROUND
NUMBERS" As SIMPLY | To 20. THIS WILL THEN MEAN THAT FOR EACH 20 TURNS OF
PRIMARY WINDING THERE WILL BE | TURN OF SECONDARY WINDING OR THAT  ALTO~

GETHER, THERE WiLL BE 20 TIMES AS MANY TURNS OF PRIMARY WINDING ON THIS8
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, 80
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 Fi3. I5.

WHENMATCHING A PAIR OF PUSH=PULL CONNECTED|POWER TUBES TO THE VOICECOIL
OF A DYNAMIC SBPEAKER, THE NATURE OF THE PROBLEM BECOMES OIFFERENT. IN THIS
CASE, EACH HALF OF THE PUSH=PULL PRIMARY WINDING MUST MATCH THE PLATE -
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PEDANCE RATINQ 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
S8HOULD PROVIDE AN IMPEDANCE oF 2 X 750 or 3500 oHMs. THE TOTAL  IMPE-
DANCE OF BOTH HALVES OF THIS WINDJING WILL OF COURSE BE 2 X 3500 or 7000
OHMS .

ACCORDING TO OUR IMPEDANCE MATCHING TRANSFORMER FCRMULA, THE TURNS
RATIO WILL THEN FJGURE OUT AS FOLLOWS:

SECONDARY WINDING IMPEDANCE = 9 OHMS
Privary WINDING IMPEDANCE = 7000 onms

Turns RATloqg.S -3 1
7

000 83.6 27.86 orR APPROXIMATELY | To 28, IT }s OF COURSE
UNDERSTOOD THAT DURING THE WINDING PROCESS, THE PRIMARY WINDING I3 TO BE

CENTER TAPPEDe
DUAL SPEAKERS FOR BETTER TONE QUALITY

IN ORDER TO fi=

TOEE\ Pr'Tmarl_.; Impedance = 7000.()- PROVE TONE QUALITY, A

Secondarg Impedance| nNumser oF RecElVERMAN

- 45 =94L UFACTURERS ARE USINGQ

[ Voice Coil Impedance | ywo ELECTRODYNAMIC

/" 3 : =95 SPEAKERS WITHINA SING

LE CABINET., EACH OF

THESE SPEAKERS HAS ITS

INDIVIDUAL REPRODUC-

ING CHARACTERISTICS~~

ONE BEING PITCHED LOW
AND THE OTHER HI1GH,.

THIs FEATURE IS AcC-

OMPLISHED IN THE ORI3
t\ ¢} Pul =
ut put Push-Pull INAL DESIGN OF THE

Y
ranstormer
—45 r T fe TWO MATCHED SPEAKERS.
. LRA'no =) T02 8)
+

AC.Plate

resistance [
of each tube
=[50 {1

AN

N\

IN THIS WAY,

Fi1G.16 ONE OF THE BPEAKERS I3

Speaker Impedance Matching With Dush-Pull MOST EFFICIENT IN RE=-

Power Tubes. 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 F13. |7 A POPULAR METHOD OF CONNECTING THE VOICE COILS AND FIELDS
OF THE TWO SPEAKERS IN THE STANDARD TYPE RECEIVER CIRCUIT 13 ILLUSTRATED.
AsS YOU WILL OBSERVE FROM THIS DIAGRAM, THE VOICE COILS OF THE TWO SPEAKERS
ARE CONNECTED IN PARALLEL ACROSS THE SECONDARY WINDING OF THE OUTPUT TRANS
FORMER, WHEREAS THE FIELDS OF THE TWO SPEAKERS ARE CONNECTED IN SERIES,

ALTHOUGH SOME MANUFACTURES VARY THESE SPEAKERS CIRCUITS SOMEWHAT AS
REGARDS THE DISTRIBUTIONM OF THE D.C. CURRENT THROUGH THE FIELD colLs, v~
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THEY ARE FUNDAMENTALLY ALL THE SAME AND ARE SIMPLE ENOUGH TO UNDERSTAND
UPON OBSERVATION OF THE CIRCUIT ITSELF,

CONSTRUCT ION DATA OF SOME GOOD A.F. AMPLIFIERS

ConsTANT DEVELOPMENT I3 BEING MADE IN THE DESIGN AND CONSTRUCTION
OF AUDIO AMPLIFIERS AS TIME GOES ON AND 80 §N THE PAGES IMMEDIATELY TO
FOLLOW, MANY OF THESE LATER CIRCUITS ARE QOING TO BE DESCRIBED TO YOU,

THE CIRCUIT WHICH IS SHOWN YOU §N Fi1a. 18 13 THAT OF A GOOD AMP-
LIFIZR FOR GENERAL PUBLIC ADDRESS WORK AND WHICH CAN BE CONSTRUCTED AT A
MODERATE COST. AS YOU WILL OBSERVE, IT EXPLOYS A TYPE=24 TUBE IN  THE
FIRST BTAGE, A TYPE=45 IN THE FOLLOWING STAGE A PAIR OF TYPE=BOTUBES IN
THE POWER STAGE AND TWO PARALLEL CONNECTED TYPE=8| TUBES IN THE RECTIl=
FYING SYSTEM,

THE INPUT CIRCUIT IS8 ESPECIALLY ADAPTABLE FOR A PHONOGRAPH PJCK=-

UP, A SINGLE-BUTTON CARBON MICHROPHONE OR A DOUB’ =BUTTON CARBON MICRO~

PHONEs THE VOLUME FOR THE MICROPHONE INPUT IS CONTROLLED BY A 400 oHm

POTENTIOMETER WHILE THE VOLUME CONTROL FORTHE PHONGRAPH PJ CKUP |8 MOUNTED

ODIRECTLY UPON THIS LATTER UNIT AND IS THEREFORE NOT SHOWN N THIS CiR=
: CUIT DIAGRAM,

Output Transformer

- ‘THE ENTIRE

To power - INPUT CIRCUIT I8
g;tzu}__*f :Enapglieﬁ- % #1  CONNECTED TO OR
e Sbeak REMOVED FROM THE
peaRrers AMPLIF | ER PROPER

BY MEANS OF THE

8+ $2 PLUG AND BOCKET

) ) _ X WHICH I8 SHOWN

<o (_;E(eld cail Field co:l IN THIS DIAGRAM,.

- N e i THE 2 MFD. CON~

o1mfd #1 +7 <:R‘ DENSER BETWEEN

= 4 THE PRIMARY WIND

4mfd. | 8mfd. 4

: L1 ING OF THE POWER

< “é . TRANSFORMER AND
Power Transformer ectifier tube GROUND SERVES TO
BY=PASS TO GROUND

FI1G.17 ALL LINE NOISES

Dual Spesker Connection for Kecervers. NEVRIUS i

POWER TRANSFOR-

MER 80 THAT THEY WON'T HAVE A CHANCE TO BE INDUCED INTO THE AMPLIFIER

CIRCUITS,.

DuE 710 THE HiIGH "B" VOLTAGE OFFERED BY THE =8| TUBES, THE FILTER
CONDENSERS MUST BE CAPABLE OF WITHSTANDING THIS VOLTAGE, SINCE  FILTER
CONDENSERS OF SUCH HI3H VOLTAGE ARE RATHER COSTLY, YOU WILL OBSERVE THAT
IN THE FILTER CIRCUIT FOR THIS PARTICULAR AMPLIFIER ,THREE GROUPS,  EACH
CONSISTING OF TWO SERIES CONNECTED 8 MFD. ELECTROLYTIC CONDENSERS ARE
USED. THIS ARRANGEMENT DOUBLES THE D.C. WORKING VOLTAGE RATING - FOR
EACH CONDENSER GROUP AND AT THE SAME TIME REOUCES THE EFFECTIVE CAPACITY
oF E)ACH @GROUP TO 4 MFD, (ONE=HALF OF THE CAPACITIVE VALUE OF EACH CONDEN
SER) o
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THE PLATE CIRCUIT OF THE =45 TUBE CONSISTS OF A COMBINATION RES!STANCE==
CAPACITY==INDUCTANCE ARRANGEMENT, THIS SYSTEM OFFERS A GOOD LOAD FORTHE
=45 TUBE, THEREBY AIDING IN OBTAINING HIGH AMPLIFICATION, WHILE STILL AT
THE S8AME TIME OFFERING GOOD TONAL QUALITY,

THE OUTPUT TRANSFORMER 18 OF THE "UNIVERSAL TYPE" HAVING A MULTI=
TAPPED SEOCON=
DARY WINDING,
THEREBY PROV )=
DING A  GREAT
VARIETY OF S8EC
ONDARY IMPE=
DANCES TO MATCM
A VARIED NUM=
BER OF SPEAKER

} INers

ARRANGEMENTS.
UNIVERSAL
AMPLIFIER

Now IN

Fice 19vouiLL
:55 :UNDI:IAEGR';A::. Fla. 18

TYPE AoFe AMP= A Good Amplifier ¥or Public Address Work.
LIFIER FOR QEN

ERAL PUBLIC ADDRESS WORKe THIS UNIT CAN BE OPERATED FROM EITHER THE |10
voLT A.C. LIGHTING CIRCUIT OR FROM A 6 VOLT STORAGE BATTERY ( No "B BaT
TERIES REQUIRED)., |T IS THUS ADAPTASLE FOR A GREAT VARIETY OF USES,SUCH
A8 FOR A PUBLIC ADORESS AMPLIFIER WHERE A |10 voLT A.C. SUPPLY AVAILABLE,
FOR INSTALLATION IN A SOUND TRUCK OR BOAT, IN LOCALITIES WHERE No A.C.
SUPPLY I8 AVALLABLE ETC, THIS AMPLIFIER HAS A RATED OUTPUT OF |5 waATTs
AND CAN THUS FURNISH SOUND FOR
oS coMpot . : AN AUDITORIUM HAVING A SEATING
CAPACITY OF ABOUT 2,500 PERSONS.
Pevtouva WITH REDUCED VOLUME,
)T CAN BE USED IN SMALL. DANCE
HALLS, CHURCHES ETC.

AS YOU WILL OBSERVE IN
Fi1c. 19, THE INPUT STAGE OON~-
818T8 OF TWO TYPE~37T TUBES (N
PUSH=PULL WHICH IN TURN OPERATE
INTO A PARALLEL PUSH=PULL CIR=
CUIT EMPLOYING FOUR TYPEw—— 42
Tuses, THE TYPE=37 TUBE IS A
NEW AUTOMOTIVE TUBE DESIGNED
FOR DETECTOR AND AMPLIFYING PUR
POBES IN AUTOMOTIVE RECEIVERS.
Ivs OPERATING CHARACTERISTICS
Speaker socket || ARE A8 FoLLOWs: HeATER vOLTAGE
- 8.3V; HEATER CURRENT - .3 AMP,
= T AND IT8 FILAMENT SUPPLY MAY
BE EITHER A.Ce OR DoC.: 1T AN
4 Universal Public Address Amplifier. 8e 0PERATED WITH A PLATE VoL~
: ' . TAGE OF .90 vCLTS AND QRID

F1G. 19
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B1Aas OF =6,0 VOLTS OR A PLATE VOLTAGE OF

WiTH S0 voLTs APPLIED TO |
135 voLTS APPLIED TO 1TS PLATE,

=9.0 voLTs,
A8 WITH

135 VOLTS WITH A GRID BIAS OF
TS PLATE, IT DRAWS 2,6 MA;WHERE
IT brRaws 4.3 MA: 1Ts A, C.PLATE

RESISTANCE Is 10,000 orms; MuTuaL CONDUCTANCES00== 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. 0OR D.Cs; HEATER

CURRENT +65 AMP,; PLATEVOLTAGE

250: SCREEN=GRID VOLTAGE

Filker Choke
A E choke /\

A

{one

control

ol

VO[ume Coni:r

250; GrRID BlAas =~16,5 voLTs;
PLATE CURRENT 34 ma.; A.C.
PLATE RESISTANCE 100, 000
OHMSe MUTUAL CONDUCTANCE
2200 MICROMHOS; AMPLIF |CAm=
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.
POTENTJOMETER SINGLE  CON~
TROL OPERATED UNITeTHE cCM-
PLETED AMPLIFIER 18 SHOWN
You IN Fig. 20.

FiGg. Zo
A Complete Universal Amplifier,

To OPERATE THIS AMP=
LIFIER FROM THE |10 voLTA.C.
CIRCUIT, INSERT THE LINE

PLUG INTO A |10 VoLT A.C. LIGHTING CIRCUIT OUTLET, CLOSE SWITCH #1,0PEN

SWITCH #2, CLOSE SWITCH #3 TO THE RIGHT
SITION REQUIRED FOR THE TYPE OF
OF COURSE INSERTED
ACCORDING TC THE

To OPERATE THE AMPLIFIER FROM A 6

INPUT BEING USED.
IN ITS SOCKET AND THE SECONDARY TERMINALS ARE CHOSEN
IMPEDANCE VALUE DES|RED,

AND CLOSE SWITCH #4 TO THE PO-
THE SPEAKER PLUG IS

VOLT STORAGE BATTERY, THE POWER

TRANSFORMER 'S LINE PLUG IS COUPLED TO THE SPECIAL POWER SUPPLY UNIT FOR

AUTC OPERATION WHICH
#2 AND CLOSE SWITCH #3 TO THE LEFT.

IS SHOWN YoU IN Fia.

21. CLoSE swiTCH #IAND swiTew

THE FILAMENT SUPPLY FOR THE TUBES
WILL THEN BE TAKEN DIRECTLY FROM
THE 6 voLT "A" 8TORAGE BATTERY OR
THE CAR BATTERY IF INSTALLED IN
AN AUTO.

THE DETAILS FOR THE AUTO POW
ER SUPPLY ARE ILLUSTRATED FOR YOU
IN F1as 22. THIS UNIT CONSISTS
OF A SPECIAL ROTATING ARMATURE
EQUIPPED WITH A COMMUTATOR AND
COLLECTOR RINGS, IN ADDITION  TO

Transformer &

Switch and

converter

Chopper

A

THREE BRUSHES. THIS SPECIAL ARM=
ATURE SERVES AS A CHOPPER, ALTER=-
NATELY COMPLETING AND INTERRUPT~—

FIG. 71

Power Supply for Auto Operation.
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ING THE FLOW OF BATTERY CURRENT THROUGH THE PRIMARY WINDING OF A SPECIAL
TRANSFORMER, WHICH 18 ALSO CONTAINED WITHIN THIS POWER UNIT. [N THiS way,
A 110 voLT A.C. SUPPLY IS INDUCED INTO THE SECONDARY WINDING OF THIS
TRANSFORMER AND IS IN TURN DELIVERED TC THE PRIMARY WINDING OF THE AMPLI
FIER'S POWER TRANSFORMER, THEREBY FURNISH

ING THE "B" sUPPLY IN THE CUSTOMARY MANNe To the
ER, _ To > Amplifier

|!snrrenv!
o

YOU SHOULD NOW HAVE A GOOD PRACTICAL
KNOWLEDGE OF A,F, AMPLIFIERS, WHICH  YQU
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 18 ADAPTABLE TO A LARGE
VARIETY OF USES. WORK OF THIS NATURE Is FiG.17
INTEREST ING AS WELL AS EXCEPTIONALLY PRO- Circuit of the Power
FITABLE==IN ACCITION, THERE IS A GREAT DE
MAND FOR IT. TAKE ADVANTAGE OF THESE OPP
ORTUNITIES AND"CASH=IN'" ON YOUR SHARE OF THE PROFITS.

110-
1S5V,

hopper

Sup,o/g Unit.

IN THE NEXT LESSON, WE ARE GOING TO STUDY AN ENTIRELY DIFFERENT
SUBJECT, NAMELY SHORT=WAVE ADAPTERS AN CONVERTERS, THESE UNITS MAKE T
POSSIBLE TO 0BTAIN SHORT=-WAVE RECEPT{ON THROUGH STRA|GHT BROADCAST RE=-
CEIVERS AND W]THOUT A DOUBT, YOU ARE GOING TO FIND THIS STUDYESPECIALLY
INTEREST INGe

“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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Examination Questions

LESSON NO. 46

"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 meke sure you haven't lost the
things that money can't buy.

DESCRIBE HOW THE ELEMENTS OF A TYPE =46 TUBE SHOULD BE CONNECTED
TOGETHER FOR "CrLass A" AMPLIFICATION.

DESCRIBE HOW THE ELEMENTS OF A TYPE =46 TUBE SHOULD BE CONNECTED
TOGETHER FOR "CrLass B" AMPLIFICATION.

DESCRIBE BRIEFLY, THE OPERATING PRINCIPLES OF A pUsSH=PULLY AMP-
LIFIER CIRCUIT,

DESCRIBE BRIEFLY, THE OPERATING PRINCIPLES OF A "PUSH=PUSH" AMP=
LIFIER CIRCUIT,

WHAT 18 THE CHIEF ADVANTAGE OF USING "PUSHePUSH" OR "CLass "B#
AMPLIFICATION?

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 SBPEAKER VOJCE COIL WHOSE IMPEDANCE IS RATED AT
9 oHMS, THEN WHAT SHOULD BE THE CORRECT TURNS RATIO FOR  THE
WINDINGS OF THIS TRANSFORMER?

WHAT 18 THE CHIEF ADVANTAGE OBTAINED THROUGH THE USE OF DUAL
SPEAKERS IN MODERN RECEIVER DESIanNs?

WHAT I3 MEANT BY THE EXPRESSION "A UNsversai TyrPE AMPLIFIER"?

~ —n
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LESSON NO. 47

SHORT-WAVE ADAPTERS AND CONVERTERS
SPECIAL SHORT-WAVE CIRCUITS.

ALL OF THE SHORT-WAVE RECEIVER CIRCUITS, WHICH WE DISCUSSED 50 FAR,
REQUIRED THE USE OF A SPECIALL RECEIVER, WHICH IS NOT ADAPTED FOR USE AT

BROADCAST FREQUENCIES. RADIO LISTEMERS |N GENERAL DON'T ALWAYS CARE TO
HAVE ONE SEPARATE RECEIVER FOR SHORT=WAVE WORK AND ANOTHER FOR BROADCAST
LISTENING. THEY WOULD MUCH RATHER BE ABLE TO USE A SINGLE RECEJVER FOR

EJTHER SHORT=WAVE OR BROADCAST RECEPTION AND THIS DESIRE PUT THE  ENGIN-
EERS TO EARNEST  WORK
AND FINALLY THEY DE=
vELorep THE SHORT-WAVE
ADAPTER,

THE BHORT=WAVE A
DAPTER S A SHORT=WAVE
TUNER AND DETECTOR,
_ CONTAINED WITHINA SEP=
Th”'”ﬂ ARATE CABINET AND ITS
control CIRCUITS CAN BEQUICKLY
PLUGGED INTO THE CIR-
CUITS OF THE  REGULAR
BROADCAST RECEIVER, SO
THAT SHORT WAVE RECEP=
TION CAN CGOME THROUGH
THE LOUD SPEAKER OF THE
REGULAR BROADCAST RE=
CEIVER.

In Fig. |, You
WILL SEE A PHOTOGRAPH
OF ONE SUCH FACTORY
BUILT SHORT-WAVE ADAPT
ER. IN THIS CASE, THE
E1G. 1 PARTS, SUCH AS CONDEN-
SERS ETC. ARE ALLHOUS-
ED WITHIN A HOLLOW AL~

4 Typica/ Short-ware Adapéer‘.
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UM |NUM CASTING,WHICH SERVES BOTH AS A SHIELD, A8 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 |5 TO 550 METERS CAN BE COVEREDe

- THE CIRCUIT DIAGRAM OF THE ADAPTER 1S SHOWN IN Fig. 2 AND AS You
WILL OSSERVE, IT IS NOTHING MORE THAN A REGULAR REGENERATIVE TYPE SHORT~
WAVE DETECTOR. AN ADAPTER PLUG 1S PROV|DED, WHICH §S CONNECTED TO BOTH S 1DES
OF THE FILAMENT OF THE ADAPTER TUBE, AS WELL AS TO ITS PLATE CIRCUIT.THIS
ACCOUNTS FOR THREE PRONGE IN THE ADAPTER PLUG, LEAVING THE REMAINING GRID
PRONG AS A "pummy",

To CONNECT THIS ADAPTER TO THE BROADCAST RECEIVER, ALL THAT MUST BE
DONE 18 TO REMOVE THE DETECTOR TUBE FROM THE BROADCAST RECEIVER AND TO

INSERT THE ADAPTER PLUG IN ITS
B 0000045 mFd. Q-Ecr°k‘ PLACE, THE DETECTOR TUSBE CAN THEN
%é .000!5 mFd.
€ 5 c 18

BE INSERTED IN THE SOCKET OF THE
)
3T

SHORT=WAVE ADAPTER, PROVIDED OF
COURSE,THAT THE TUBE 1S OF THE
PROPER TYPE,

THE ANTENNA LEAD=IN WIRE 18

THEN DISCONNECTED FROM THE ANTENNA

TERMINAL OF THE BROADCAST RECEIVER

AND 1S CONNECTED TO EITHER TERMIN-

ALS 8, 5 OR 7 OF THE ADAPTER,WHICH

Fla. 7 EVER APPEARS TO GIVE THE BEST RE~

A Short-Wave Adapter Circurt. suLT8. FOR EXAMPLE, BY CONNECTING

: THE ANTENNA LEAD={N DIRECTLY To

TERMINAL #7, THE PRIMARY AND SECONDARY OF THE SHORT=WAVE COIL WILL BOTHBE
USED BUT WITHOUT THE ANTENNA CONDENSERs

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 W|ITH THE ANTENNA AND THE RECEIVERS TUNED CIRCUITS,80 THAT  THE
NATURAL OSCILLATING FREQUENCY OF THE ANTENNA CIRCUIT CAN BE STILL FURTHER
CONTROLLED. EXPERIMENT WILL DETERMINE WHICN CONNECT JONS ARE MOST SU|]TABLE
FOR "BRINGING~IN" A CERTAIN RANGE OF FREQUENCIES.

NOTICE ESPECIALLY FROM THIS EXPLANATION THAT WHEN USING TH1S TYPEOF
SHORT=-WAVE ADAPTER, THE R.F. 8TAGES OF THE BROADCAST RECEIVER ARE NOT IN
usee WHaT THE SYSTEM REALLY AMOUNTS TO AT THIS TIME 1S 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 F1G. 3. IN THIS PARTICU~
LAR CASE, A TYPE =27 TUBE 18 USED IN THE REGENERATIVE DETECTOR STAGE. Asg-
SUMING THAT THE DETECTOR TUBE OF THE BROADCAST RECEJVER 18 OF THE =27
TYPE, 1T 1S ONLY NECESSARY TO REMOVE THIS TUBE FROM |TS 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 S8O0CKET 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 80 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. J‘

™

140
MMF.

SHORT-WAVE CONVERTERS

THE NEXT STEP WHICH WA8 TAKEN IN THE
DEVELOPMENT OF SHORT=WAVE ADAPTERS WAS TO
CONSTRUCT THESE UNITS IN S8UCH A MANNER 80
THAT THE ENTIRE BROADCAST ReCEIVER (R.F,
STAGES AND ALL) COULD BE UTJLIZED DURING
THE RECEPT [ON OF SHORT=WAVE PROGRAMS,. Uee
NITS AS THI8 ARE GENERALLY CLASSIFIED AS
SHORT-WAVE CONVERTERS.

TH1S PRINCIPLE 1S ILLUSTRATED IN
Fige 4 WHERE YOU WILL SEE HOW THE  SHORT
WAVE CONVERTER I8 CONNECTED ' TO THE BROAD=-
CAST RECEIVER. THIS SHORT~WAVE CONVERTER
CONB1BTS OF AN OSCILLATOR AND FIRST DETECTOR OR MIXER TUBE, THE SAME  AS
USED IN A SUPERMETERODYNE RECEIVERe. THE ARRANGEMENT THEN WORKS AS FOLLOWSS

EFlG. 2
Short- Wave Adapter With
g —27 Jube.

THE SHORT=WAVE S{GNALS AFTER BEING PICKED UP 'BY THE ANTENNA ARE M-
PRESSED UPON THE GRID CIRCUIT OF THE CONVERTER'S FIRST DETECTOR OR MIXER
TUBE WHICH 1S TUNED TO THE FREQUENCY BEING RECEIVEDe AT THE SAME TIME,THE
CONVERTER'S OSCILLATOR 18 GENERATING A DIFFERENT FREQUENCY WHICH IS COM=
BINED WITH THE SIGNAL FREQUENCY 80 AS TO PROOUCE A THIRD, RESULTING OR
BEAT FREQUENCY.

TH|S BEAT OR INTERMEDIATE FREQUENCY IS THEN FED INTC THE FIRSY R.F.
ETAGE OF THE BROADCAST RECEIVER, WHICH IS TUNED EXACTLY TGO RESONATE WITH
TH1S. BEAT FREQUENCY, 80 THAT THE R.F. AMPLIFIER OF THE BRCADCAST RECEIVER
NOW BECOMES THE !|.Fe AMPLIF{ER OF A SUPERHETERODYNE TYPE SHORT=WAVE  RE-
CEIVER. TO MAKE THIS POSSIELE, IT
Short- Wavc Eii:?ﬁ:ar“ 1S OF COURSE NECESSARY THAT  THIS
converker INTERMED |ATE FREQUENCY FALL WITH=

//) A"*Wa”“ // Sﬁ?ker {N THE TUNING RANGE OF THE BROAD=-
cAsT RECEIVER's R.Fe AMPLIFIER.

AFTER BEING AMPLIFIED BY THE
BROADCAST RECEIVER'S R.FeAMPLIFIER,

% Gnd. 7
Tcrm THE BEAT FREQUENCY 18 DETECTED OoR

= DEMODULATED BY THE DETECTOR OF THE

BROADCAST REGCEIVER WHICH NOW BE=
COMES THE SECOND DETECTOR OF A
SHORT=-WAVE SUPERHETERODYNERECEJVERe
THE A.F. SIGNALS ARE THEN PASSED THROUGH THE A.F. AMPLIFJER AND SPEAKEROF
THE BROADCAST RECEIVER IN THE USUAL WAY,

FiGg. 4
The Short- ware Converter.

THE GCIRCUIT DIAGRAM OF ONE SUCH CONVERTER is sHown 1IN FiGcs 5, TOGETH
ER WITH THE VALUES OF THE VARIOUS PARTS. A «322 TYPE TUBE I8 USED FOR THE
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1% Det.

35 _ 00025 mfd. :00025 mFd,
\

amFd

3o
osc.

‘ Vv
\ 4 0
I

»

Fla. 5

Circuit Diagram of Superheterodyne

Short-Wave Adapter

@

THE |ST. DETECTOR AND A =30 FOR
THE OSCILLATOR IN THIS PART]CULAR
CASE. THESE ARE DRY CELL TUBES AND
THE NECESSARY BATTERIES FOR .THECON
VERTER REQU IRE LITTLE SPACE SOTHAT
THEY CAN BE HOUSED IN THE CABINET

CONVENJENTLY.BY HAVING THISTYPE_ OF
INDIV]DUAL POWER BUPPLY FOR THE CON-
VERTER, ] T MAKES ITPOSSIBLE TO USE
THE CONVERTER WITH EITHER AN A.C. OR
BATTERY OPERATED BROADCAST RECE|VER.
AL8BO NOTICE THAT THE OSCILLATORTRA
NSFERS 1TS OSCILLATIONS TO THEDETEG
TORTUBE BY MEANS OF THE COUPLING
coiL L4, wHICH 18 INSTALLED IN THE

- THE PLATE CIRCUITOF THEDETECTOR,

TH18 COUPLING COIL CONSI8TS OF PRI=

MARY AND SECONDARY WINDING, EACH CON=
TAINING 3TURNS OF WIRE WOUND ON A3/4"
TUBULAR FORM AND WITH THE TWOCOI|lLS

WOUND SIDE BY SICE, ALLOWING A l/4" SEPARATION BETWEEN THEM.

FOUR 0SCILLATOR AND FOUR ANTENNA COILS ARE REQU{RED TO COVER THEBAND
FROM |5 To 115 METERS AND F1G. 6 SHOWS YOU THE DETAILS OF GONSTRUCT!ON FOR
BOTH TME ANTENNA AND OSCILLATOR COILS AS WELL AS GIVING YOU THE SPECIFIC=
ATIONS FOR THEIR WINDINGS. ALL OF THESE COILS ARE WOUND WITH #16 B&S Ene

AMEL COVERED WIRE,

To USE THE CONVERTER,THE BROADEAST 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 §1GNALS
ARE HEARD IN THE LOUD SPEAKER.

THIS WILL NOW BE THE INTERMEDIATE FREQUENCY SETTING AND WITH THIS
DONE, DON'T DISTURB
THIS SETTING. Now An\-.anna Coil OSC\Hafor Coil
TUNE YOUR SHORT WAVE —— =7
CONVERTER BY SLOWLY Plate
TURNING THE DETECTOR 34" winding
AND OSCILLATOR TUNING
CONTROLS SIMULTAN= J
EOUSLY UNTIL THE OE- i
SIRED SHORT WAVE S |G-
NAL COMES |N. ExPER]-
MENT WILL SHOW vou JCotL Ant, | OscirtaTor CojL Bano
WH 1 CH INTERMED I ATE No. CoiL Top BoTTom Coverep
FREQUENCY SETTING OF #1 | 5 Turns| 3 Turns | 2 Turns | 15 To 25 Mer.
THE BROADCASTTUNER 18 | #2 | 7 Turns| 4 Turns | 3 Turns | 24 To 40 MeT.
ot arrieracrony auo | #5113 Tumis| 7 Tums | & Tume |37 70 65 wer.

?

NOTE THE DIAL SETTING #4 |25 Turns |13 Turns | 12 Turns | 64 To | I5MeT.
OF THE BROADCAST RE=~ 2 Fla. e
CEIVER, SO THAT AT . . -
ANY LA:’ER TIME, YOU Coil Specifications,
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CAN ALWAYS SET THE INTERMEDIATE FREQUENCY TO THE BEST OPERATING POSITION

VERY QUICKLYe THE SHORT=WAVE

TUNERS ARE THEN SET TO THE
MAXIMUM VOLUME POSITION AND
THE VOLUME CONTROL OF THE

BROADCAST RECEIVER I8 ADJUSTED
S0 A8 TO GIVE THE DESIRED
SPEAKER VOLUME,

jet Det.

»005 mfd.
Z24
o
I _
! 'E (} Output

A.C. SHORT-WAVE CONVERTER

IN F1g.7 YOU ARE SHOWN
THE CIRCUIT DIAGRAM OF AN A,C
SHORT=WAVE CONVERTER WH|CH 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 USINGPLUG=IN

COILS TO' COVER THE VARIOUS
‘SHORT=-WAVE BANDS,SPECIAL COILS
TOGETHER WITH A SWJTCHING
ARRANGEMENT ARE USED TO ACCOMP
LISH THIS FEATURE. IN THI8 WAy,

IT 1S ONLY NECESSARY TO SET THE
SWITCHES SHOWN ON THIS DIAGRAM TO WHICHEVER OF THE THREE POSSYBLE

Fia.

Short- Wave Converter With Fower Fsck,

THREE
POS =

TICNE8 REQUIRED IN ORDER TO INCLUDE THE WINDING OF THE NECESSARY NUMBER OF

TURNS IN THE TUNED CIRCUIT SO AS TO TUNE THROUGH THE DES|RED WAVE

" BAND.

THE consTRuUCTION OF THE R.F, coiLs L, anD L, , AS USED IN THIS CON=

VERTER, ARE ILLUSTRATED IN FiG., 8,TOGETHER WITH ALL SPECIFICAT|ONS

RELA-

TIVE TO THE WINDINGS. THE DATA FOR THE CONSTRUCTION OF THE OSCILLATOR

Te plate of R.F Tube
/

/ r'f-

2>
‘/" I)rl. .Lz.
34 Turs #24 7 8 Turns 4 2.4
Bas Silk COVd- To iw.ikck Be+S Silk cov.
Space wound, Terminals Space wound.
Fla. 8
Construction of the RF
Coils.

colLs L’ AND L 4, AS WELL AS FOR THE
T ICKLER OR PLATE FEED-BACK CO (LS ARE
ALL GIVEN YOoU IN Fila. 9.

THE VOLTAGE DISTRIBUTION MAY BE
ACCOMPL ISHED BY CONNECTING A 25,000
OHM ADJUSTABLE VOLTAGE D{VIDERACROSS
THE OUTPUT OF THE POWER PACK AND
ADJUSTING THE VOLTAGES TG THE DIFFER
ENT VALUES REQUIRED FOR THE PART|CU-
LAR TYPES OF TUBES USED (N THE CIR=-
CUIT DIAGRAM OF Fia, 7.

THE R.F. CHOKE, WHiCH IS CONN-
ECGTED 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 5" DIAMETER FORM, THESE TURNS SHOULD
BE BUNCH=WOUND, '

8 Tums #7249 BeS To OPERATE  THIS
Silk covered, Space wound | CONVERTER, ALL THAT NEED
L3 { - BE DONE 18 TO  CONNECT
? Yerminals THE ANTENNA LEAD-INWIRE
34 Fns 2 Cathode gl TO THE TERMINAL MARKED
414 045 I4th Yo <170~ . "ANTENNA" AT THE INPUT
Stk cov. 7 Terminals
2rs ¢ c:fn:qu / I Patedt | OF THE CONVERTER, CONN=
#und, & Turms *:- g ECT THE GROUND TERMINAL
H
Chametied ] OF THE CONVERTER TO THE
S T GQROUND TERMINAL OF THE
19 Turns Pate ?;:-‘MT::";M . BROADCAST RECEIVER AND
#34 BaS All fums n the | yye ANTENNA OUTPUT TERM-
enamelled same dirgction.
INAL OF THE  CONVERTER
TO THE ANTENNA TERMINAL
A Fla. o OF THE BROADCAST RECEIY
Construction of the Oscillator Coils. ER.

ADJUST THE BROADCAST RECE|IVER TO SOME SUITABLE BROADCAST FREQUENCY
WHICH 18 FREE FROM INTERFERENCE AND TUNE N THE S8HORT WAVE PROGRAMS WITH
THE CONVERTER'S TUNIMG CONDENSER IN THE NORMAL MANNER,

WiTh THIS S8YSTEM, THE BROADCAST RECEJVER UTILIZER T8 OWN POWER
SUPPLY AND THE CONVERTER HAS ITS INDIVIDUAL POWER SUPPLY,

A ONE-TUBE SHORT-WAVE CONVERTER

Fia. |0 sHOowsS YOU THE CIRCUIT DIAGRAM OF A SHORT=WAVE CONVERTER IN
WHICH A SINGLE =27 OR =56 TUBE SERVES BOTH AS AN OSCILLATOR AND |8T. DE=~
TECTORe

SINCE THIS PARTIC-
ULAR CONVERTER DOEsN'T
HAVE ITS OWN POWER PACK,
IT WILL HAVE TO OBTAIN

QZ) Ant To ant. Term.

100,000 Q¢ of broad cast

77 mceive.rw
1TS VOLTAGE SOURCES FROM , i _56
THE BROADCAST RECE)VER. ) 1 ‘ 1' <
IN OTHER WORDS, THEHEAT L, G mmfdy .:1001 .oo:D
ER TERMINALS OF THE CON : ’ i m#fd.
VERTER'S TUBE WILL HAVE
TO BE WIRED TO THE HEAT L3
ER CIRCUIT OF CORRESPOND
ING VOLTAGE IN THE BROAD
CAST RECEIVER}THE B4
TERMINAL OF THE CONVER=- 14
TER CAN BE CONNECTED TO '
THE PLATE TERMINAL OF 3 b
THE BROADCAST RECEIVER'S g B~ Heater
POWER TUBE AND THE B
TERMINAL OF THE CONVER= Fla. 16
TER. TO THE GROUND TERM=
INAL OF THE  BROADCAST The One' Tibe Converter.

RECEIVER, AN ADAPTER

100,000 N
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PLUQ COULD BE USED TO SIMPLIFY THESE CONNECT|ONS BETWEEN THE SHORT= WAVE
CONVERTER AND THE BROADCAST RECEJVER JF 80 DESIRED.

THREE PLUG-IN COILS CAN BE
USED WITH THIS CONVERTER To Wave Bano Numser oF Turns
COVER THE S8HORT=WAVE BAND FROM LyfLtalbl,
20 fo 200 meTErs. NoTice INFia. | 80 - 200 MeTeRs 8 [ 27 18
10 THAT coiLs Lo ano L5 ARE 40 - 80 MeTeRs 5 10 |6
REALLY A CONTINUOUS WINDING 20 - 40 MeTERS 3 713
WITH A TAP WHILE Ly 18 A s8EP-
ARATE PRIMARY WINDING  WOUND ElaG. 11
ON THE SAME FORMe Coil Data For the Ore -Jube

Converter
WHEN USING STANDARD 8(X=

PRONG SHORT-WAVE PLUG-IN COIL FORMS OF 4" DIAMETER,THE WINDING DATA A8
GIVEN IN Flae |l wiLL appLY. For coiLs L anc Ly You can use #24 B3S ena
MELED WIRE SPACE WOUMD = MAKING TME TOTAL WINDING LENGTH I3" anp #30 B&S
ENAMELED WIRE FOR Ly wiTH |/8" SEPARATION BETWEEN L AND THE TUNED WiIND=-
INg8. WIND L, WITH ADJACENT TURNS 8IDE BY 8IDE,

THIS CONVERTER.CAN BE HOUSED IN AN ATTRACTIVE AND COMPACT CABINET,
WHICH CAN BE PLACED EJTHER ON TGP OR NEXT TO THE BROADCAST RECEIVERe FOR
SHORT=WAVE RECEPTION, CONNECT THE ANTENNA LEAD={N AND QROUND WIRE TO THE
EXTREMET1ES OF THE CONVERTER's coiL Ly As INDICATED IN Fi1Ge 10. BE SURE
THAT THE B= TERMINAL OF THE CONVERTER |8 CONNECTED TO THE GROUND TERMINAL
OF THE RECEJVER AND CONNECT THE ANTENNA TERMINAL OF .THE BROADCAST RECE V=
ER TO PHE CONVERTER TERMINAL 80 LABELED IN Fia. 10. TUNE THE  BROADCAST
RECEIVER TO A FREQUENCY OF ABouT 900 To | 100 Kc.- WHERE NO BROADCAST s8iG~
NALQS COMES THROUGH AND THEN TUNE THE S8NORT=WAVE CONVERTER TO BRING IN THE
DESIRED S)GNALSe USE THE VOLUME CONTROL OF THE BROADCAST RECEIVER TO CON
‘TROL THE VOLUME AS USUAL,

A For BEST

NT TICKLER R.F.C.
/ L 97 OHONES RESULTS WITH ANY
@ s e T e e SHORT=WAVE CON=
{ s SR o / VERTER, THE BROAD

) .
ort hr CAST RECEIVER
n"] = SHOULD HAVE AT
. MEG
140, o LEAST THREESTA=
MMF. R.F
9 aes OF R.F. amp
aNT “7 [ -It[\'t LIFICATION EMP=
coiL | Ok A 4 ,22 2 LOYING SCREEN=
b (a4 cf ¢ GRID TUBES.
W -
s (EAci) ir THE
W ) e } S 3 BROAVCAS T RE=
— Cotmes. c'I l I"‘I CEIVER 18 oF
| ) \ B- +180TO gy FOR AUTO TUBES ER-
250V. 25V FOR A.C.TUBES ULz BRI

= 20,000 AR+ 22.5 T0 45V, ODYNE TYPE, THEN
_OHMS R, 50,000 OHMS ’ WHEN USING THE
SHORT=WAVE CON-
Fia. 17 VERTER, THE COM=
The Three-Tabe Kecerver, BINED ARRANGE-
; : MENT WiLL BE

FUNCTIONING AS

-
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A "DOUBLE-SUPERHETERODYNE",HAVING ONE INTERMEDIATE FREQUENCY IN THE BROAD
CAST CHANNEL BEING AMPLIFIED BY THE R.F, sTages oF THE BROADCAST RECE|V~
ER IN ADDITION TO THE REGULAR INTERMED IATE FREQUENCY OF THE BROADCAST RE
CEIVER,

Now THAT vou ARE FAMILIAR WITH SHORT=~WAVE ADAPTERS AND CONVERTERS,
LET U8 LOOK AT SOME MORE STRAIGHT SHORT=WAVE RECEIVER CIRCUITS WHICH ARE
A LITTLE MORE ELABORATE THAN THE ONES ALREADY SHOWN YOU,

A THREE-TUBE SHORT-WAVE RECE|VER

THE CIRCUIT DIAGRAM OF A THREE-TUBE SHORT=WAVE RECEIVER |8 SHOWN YOU
iNn Fras 12, As
YOU WILLOBSERVE, -
IT EMPLOYS A
Tuneo R.F.sTaaE,
FOLLOWED BY A
REGENERAT IVE DE
TECTOR AND A RE
SISTANCE CAPA~
CITY COUPLED

A . F- STAGE,

( [;_______J THIS CIR=
Q.1- MEG. Pl |
CUIT IS  PRIM-

9z TICKLER SPEARER

245
!

/
g Fr"‘
ANT )
@i | o]

+ o ?ﬁﬁ ot '*iﬁ?);iglm“§5%:7?$ﬁ? woosis | ARILY DEsIGNED

FOR  HEADPHONE

FlG. 13 RECEPTION  AND

The Four-Tube Rece/lver CAN BE OPERATED

WITH aN A,C,Pow

ER SUPPLY BY USING A TvPE 56,57 anD 58 TuBE aND wiITH 250 VOLTS OF nghn
SUPPLY,

IT IS ALSO POSSIBLE TO USE 37,77 AND 78 AUTOMOTIVE TYPE TUBES IN

THIS SAME CIRCUIT BY USING A 6 VOLT HEATER 8UPPLY, TOGETHER WITH A 180

voLT "B" gsource,

THE VOLUME 15 CONTROLLED BY REGULATING THE GRID BIAS VOLTAGE OF THE
R.F. TuBE WITH THE AI1D OF THE 20,000 OHM :VOLUME CONTROL., REGENERATION IS
CONTROLLED BY MEANS OF THE 50,000 OHM POTENTJOMETER WHICH PERMITS REGU=
LATING THE SCREEN=GRID VOLTAGEOF THE

DETECTOR TUBE. THE ADDIJTIONAL 140

MMFDe VARJIABLE CONDENSER |N THE PLATE

CIRCUIT OF THE DETECTOR TUBE ALSO ACTS | : Thﬂk

AS A REGENERATION CONTROL. -JE: Jﬁ: capadig

7 7N

ALL NECESSARY SPECIFICATIONS FOR
CONSTRUCT ING THIS RECEJVER ARE G|VEN
IN THE DIAGRAM AND THE COMPLETE DATA
FOR CONSTRUCTING THE PLUG-IN R.F.TRa

(Spreacl Capac}hj

NSFORMERS ARE FURAISHED N Lesson
#36. FI1G.14
A FOUR-TUBE SHORT-WAVE RECE|VER Band-Sprzad With Two
Condensers.

IN Fige I3 YOU WILL SEE THESAME




LESSON N0 .47 PAGE 9

RECEJVER CIRCUIT ONLY THAT A POWER STAGE EMPLCYING A PA5 TUuBE HAS BEEN
ADDED SO THAT SATISFACTORY LOUD SPEAKER PERFORMANCE MAY BE OBTAINEDe

BAND-SPREAD FEATURES

THE 40 AND 80 METER AMATEUR
BANDS ARE ESPECIALLY CONGESTED
SO THAT WITH ONLY A FEW ODEGREES
MOVEMENT OF THE TUNING DIAL, A
GREAT MANY OIFRFERENT STAT IONS CAN
BE TUNED IN AND OUTe THIS NATUR-
ALLY ADDS DIFFICULTY TO  TUNING
IN THAT THE CONDENSER SETTING FOR
BRINGING IN ONE PARTICULAR 8|G=
NAL IS VERY CRITICAL.

Tank
capacity

..

7

C S‘;rzad capacity
To SIMPLIFY TUNING BY SEPAR
ATING THE STATIONS MORE ON  THE

TUNING DJAL BAND=SPREAD svysTems . F1G. 15
ARE NOW BEING USED CONS}DERABLY, Spr‘zad Capacthj Alcross Porkicm
- of TCoils.

THE 8IMPLEST METHOD OF ACCOMPLISHING THIS FEATURE IS ILLUSTRATED (N
Fia. 14. IN TH18 CASE, ANOTHER VARIABLE CONDENSER IS8 SHUNTED ACROSS OR
CONNECTED IN PARALLEL WITH THE MAIN CONDENSER, THIS ADDITICNAL CONDENSER
1S 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 1S 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
18 SMALL ENOUGH TO PROVIDE SUFFICIENT SEPARATION WHEN USING THE SMALLEST
COlL, THE VARJATION WHEN USING THE LARGEST COIL WILL qE SO SMALL THAT IT
WiLL BE HARDOLY SUFFICIENT TO TUNE A STATION IN AND OUT WITH A COMPLETERQ
TATION OF THE DiaLe ON THE OTHER HAND, IF THE SPREAD CAPACITY I8 MADE
LARGE ENOUGH FOR PROPER SEPARATION WITH THE LARGEST COIL, THE TUNINGWILL
BE SO CONGESTED WITH THE SMALLEST COIL THAT THE PURPOSE OF THE BAND
SPREAD W|LL BE ENTIRELY DEFEATEDe

THERE ARE SEVERAL ME=
. THODS OF OVERCOMING THIS D=
7%"k- FFICULTY, THE MOST COMMON
Condenser | ooacrice BEING TO MAKE  FHE
SPREAD CAPACITY LARGE ENOUGH

— /?;> TO PROVIDE SUFFICIENT  BAND
SPREAD WITH THE LARGEST COIL,
WHILE ITS EFFECTIVE MAX[MUM

CAPACITY IS DECREASED TO THE

—
Spmad Condenser

Fla. )&

Crreudt ﬂr Constant Bond-

3,0re ad,

DESIRED VALUES
ER COIL RANGES
IT ACROSS ONLY
THE INDUCTANCE
Fic. 15.

ALTHOUGH
BAND SPREADING

FOR THE SMALL
BY CONNECTING
A PORTION OF
AS SHOWN IN

THIS METHODOF
I8 USED CONe
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SIDERABLY, YET IF OFFERS A DISADVANTAGE IN THAT IT FURNISHES AN UNEQUAL
BAND=SPREAD OVER THE RANGE OF THE TANK CONDENSERe

EVEN THIS DIFFICULTY CAN BE OVERCOME, HOWEVER,BY USING THE SYSTEM
WHICH 1S ILLUSTRATED
o P IN Fig. 16s WiTHTHIS
2 phones SYSTEM, SUBSTANTIALLY

G CONSTANT BAND=SPREAD

e J.: 1S OBTAINED REGARD-
} LESS OF THE COIL EMP
%Io LOYED OR THE SETTING
=z OF THE TANK CONDEN-
SERe

AT Choke
7 meq.

IN THE CIRCUIT
oF F1g.16 A Two=ganG
CONDENSER 1S USED
B~ FOR THE TANK CONDEN-

S8ER AND CONDENSER Cq,
mpwhf~1 yrssve [ BOTH SECTIONS HAVING
izl 30 a THE SAME CAPACITIVE

YN, | vaLue oF course. THE

Ivoe SPREAD CONDENSER 1S

G, 17 A SEPARATE CONDENSER

Feceiver Diagram With Constant Band Spresd, uihls (0 A

= - ULATED BY A SEPARATE

CONTROL DIAL. THE PURPOSE OF CONDENSER C, 1S TO MAINTAIN A UNIFORM BAND
SPREAD AS THE TANK CAPACITY IS VARIED.

s

IN FIG. |7 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 80 CHOSEN AS TO MAINTAIN THE BAND SPREAD AT 500 Kc. as THE
TANK CAPACITY 1S VARIED,.

Fige |8 sHOWS YOU HOW THESE COILS ARE WOUND AND THE CONNECT IONS
MADE TO THE BASE PRONGS OF THE WINDING FORMS, THESE PRONGS AND CONNEC=

TIONS ARE HERE NUMBERED TO CORRESPOND WITH THE NUMBERED COIL TERMINALS
in Fia.e 17,

NOTICE THAT Two CODE # 1 CODE #1
SETS OF CONNECT IONS - —01 o5
ARE |LLUSTRATED IN
Fia. 18, Cooe #| corr
ESPONDS TO THE ™0 : 5 L
COJLS WHICH COVER THE g :
10=-20 MC. AND THE ' < —o2

5=10 Mc. BANDS, WHILE
copE #2 CORRESPONDS TO

c g

THE TWO COILS  WHICH RBottom View "

COVER THE 2,5=5 MC, il B L,,.q 4
AND THE | ,5-2MC, BANDS 4 ort Torm

THE DETAILED SPECIF-

ICATIONS FOR THESE Fla. 18

GOILS ARE GIVEN IN The Coil Conmections.

Fige 19,



LESSON NO.47 ‘ PAGE ||

NOT ICE THAT THE ABREVIATION "mc." DEBIGNATES MEGACYCLES, ONE MEG~
ACYCLE $8 EQUAL TO ONE=-MILLION CYCLES PER SECOND,

WHEN TUNING THIS RECEJIVER, THE ACTUAL TUNING PROCESS 18 ACCOMPLISH
ED BY THE SPREAD CONDENSER.

THE DUAL OR TWO=CANG CONODENSER I8 INJTJALLY ADJUSTED S0 THAT THE

Tunep WiNDING TICKLER

WiNDING

Frequency|CotL|Cooe[No.orF|WirE TurNS Tap aT| No. |Wire

Per Turn | OF

RaNGE Noe| No.|Turns|StzE INCH No. | Turns|S1zE
10-20 Mc.| | | 7.3|#22 eno| 5 3 5 #30 osc.
5=10 Mg.| 2 | 14| #22 En.| 10 9 7 #30 osc.
2,5- 5 Mc.| 3 2 o7/#22 ene| 10 25,5 | ¢ #30 osc.
l.5~2.5Mc.| 4 2 54.5| #24 psc| no spacg 33 10 #30 osc.

Fi1g.l19

Winding Data For Coils of Cireuit of Firg. /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 1S RAPIDLY GAINING POPULARITY WITH RADIC LISTEN=
ERS == NAMELY, THE MODERN ALL~WAVE RECEIVERS wHiCH FURNISH BOTHBROADCAST
AND SHORT-WAVE RECEPTION WITHOUT THE USE OF ACCESSORY EQUIPMENT.

Don'T OVERLOOK THE FACT, HOWEVER, THAT ALTHOUGH ALL=WAYE RECEJVERS
ARE BEING SOLD, THERE 18 AL80 A DEMAND FOR SHORT=WAVE CONVERTERS. Many
SET OWNERE HAVE A GOOD HIGH=PRICED STANDARD BROADCAST RECEIVER ANDDESIRE
THE ADDED FEATURES OF SHORT=WAVE RECEPTION WITHOUT HAVING TO PURCHASE A
COMPLETELY NEW RECEIVER. THE SHORT=WAVE CONVERTER I8 A S8OLUTION TO THEIR
PROBLEM AND FOR THiS REASON, UNITS8 OF THI8 TYPE ARE BEING BUILT BY QUITE
A NUMBER OF RADIO MANUFACTURING CONCERNS,

IT 18 THEREFORE ESSENT|AL THAT YOU BE WELL ACQUAINTED WITH SHORT~-
WAVE CONVERTERSe. IN FACT, IN LATER LESSONS WHERE YOU WiLL BE INTRCDUCED
TO SOME NEWER TUBES, YOU WILL ALBO RECEIVE THE NECESSARY INFORMATJON FOR
USING THEM IN THE MORE RECENT SHORT=-WAVE CONVERTER CIRCUITS.
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Examination Questions

LESSON NO. 47

Work is for the worker. Love is for
the lover. Art is for the artists. Themen
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.

-~

L

DESCRIBE A TYPICAL SHORT=WAVE ADAPTER WHICH IS TO BE
PLUGGED INTO THE DETECTOR CIRCUIT OF A BROADCAST RECE{IV=-
ER IN ORDER TO OBTAIN SHORT=WAVE RECEPTION,

EXPLAIN HOW A SHORT=-WAVE CONVERTER PERMITS THE ENTIRE
BROADCAST RECEIVER TO BE USED FOR SHORT=WAVE RECEPTIONe

DrAW A CIRCUIT DIAGRAM OF AN A.C. OPERATED SHORT=WAVE
CONVERTER,

DRAW A CIRCUIT DIAGRAM OF A SHORT=WAVE CONVERTER IN
WHICH ONLY A SINGLE TUBE 18 EMPLOYED AND YET PERMITS
USE OF THE ENTIRE BROADCAST RECEIVER FOR SHORT=WAVE
RECEPT IONe

EXPLAIN IN DETAIL HOW A SHORT~WAVE CONVERTER PERMITS AN
ENTIRE SUPERHETERODYNE BROADCAST RECEIVER TO BE USED FOR
SHORT-WAVE RECEPT IONe

WHAT Do WE MEAN BY THE EXPRESS 10N "BAND-SPREAD® as app-
LIED TO SHORT WAVE ReEcelveErs?

How MAY THE BAND=SPREAD FEATURE 8< ACCOMPL|SHED IN A RE-
CEIVER CIRCUIT?

DRAW A COMPLETE CIRCUIT DIAGRAM OF A SHORT=WAVE RECEIVER
EMPLOYING BAND=SPREAD PRINCIPLES.

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,

CAN SATISFACTORY RESULTS BE OBTAINED FROM A SHORT=WAVE
CONVERTER WHEN USED WITH ANY TYPE OF BROADCAST RECE|VER?
EXPLAIN YOUR ANSWER TO THIS QUESTION.

\ —

e \3 =28
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LESSON NO. 18

ALL- WAVE RECEIVERS

You ARE BY THIS TIME THOROUGHLY FAMIL1AR WITH BROADCAST RECEIVERS,
SHORT-WAVE RECE IVERS 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. THiIS 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 1S SHOWN You IN Fia.l,
WHILE AN EARLIER MODEL ALL-WAVE RE-
CEIVER APPEARS IN Fi1G.2. THE RECEIV-
ER oOF Fi@. 2, YOU WILL OBSERVE, HAS
TWO SETS OF CONTROLS, ONE SET FOR
BROADCAST RECEPTION AND ONE SET FOR
SHORT-WAVE RECEPT ION,WHEREAS THE MOD
ERN RECEIVER IN Fig. | HAS oNLY A
SINGLE SET OF CONTROLS WHICH SERVES
FOR BOTH BROADCAST AND SHORT-WAVE RE
CEPTION,

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 0B
TAIN A GOOD GENERAL KNOWLEDGE OF E1G.1

THIS FIELD, A Modern All-Wave Receiver

IN FiG. 3 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF THE SAME RECE!VER
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WHOSE PHOTOGRAPH APPEARS IN F16.2. FROM A GENERAL INSPECTION of Fig. 3,
YOU WILL IMMEDIATELY RECOGNIZE THIS RECEIVER AS BEING OF THE SUPERHETER .
ODYNE TYPE, s

OPERATION OF CIRCUIT FOR BROADCAST RECEPT|ON

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 PROGR AMS,

For BrROADCAST RECEPTiON,SWITCH SWg, IS CLOSED
TOWARD THE RIGHT. THIS SERVES TO CONNECT THE AN-
TENNA TO THE PRIMARY WINDING OF COIL Ly, so THarT
SIGNALS AS PICKED UP BY THE ANTENNA CAN BE TRANS~-
FERRED TO THE [ST STAGE CONTAINING THE TYPE -35
: VARIABLE MU TUBE.THIS IS THE PRE-SELECTOR OR R.F.
y - AMPLIFIER STAGE AND IT IS TUNED BY CONDENSER ¢.
NOTICE CAREFULLY THAT THIS CONDENSER C),CONDENSER
Cg OF THE IST DETECTOR STAGE AND CONDENSER Cy oF
THE BROADCAST OSCILLATOR ARE ALL CONTROLLED BY A
COMMON SHAFT,

Fig. 2
Ear/g Mode! Hy-wave

Receiver.

AT THE SAME TIME THAT SWITCH SWQ_IS CLOSED TOWARD THE RIGHT ,SWITCH
ch WILL BE AUTOMATICALLY OPENED BECAUSE THESE TWC SWITCHES ARE MECHAN| -
CALLY INTER~CONNECTED AND THEREFORE OPERATE AS ONE.

TWO STAGES OF INTERMEDIATE FREQUENCY AMPLIFICATION FOLLOW THE IsT
DETECTOR, AND TYPE-35 TUBES ARE USED IN ALL OF THESE INTERMEDIATE STAGES.,
THE OPERATING FREQUENCY FOR THIS INTERMEDIATE FREQUENCY AMPLIFIER 15|75
KC. AND IT WORKS INTO A SECOND DETECTOR IN WHICH A TYPE -27 TuBeE IS EM
PLOYED,

AFTER DETECTION, THE AUDIO FREQUENCIES ARE AMPLIFIED BY THE POWER
STAGE, WHICH CONSISTS OF Two TYPE —u? PENTODE TUBES IN PUSH-PULL, So
YOU SEE, FOR RECEPTION AT THE BROADCAST FREQUENCIES, WE HAVE CUSTOMARY
SUPERHETERODYNE ACTION.

Fia.>
Crircurt Diagram of & Silver- Marshall All-Wave “Recerver,
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OPERAT ION OF CIRCUIT FOR SHORT-WAVE RECEPTION

Now THEN, FOR THE RECEPTION OF SHORT~WAVE PROGRAMS,SWITCH SWa 18
CLOSED TOWARD THE LEFT AND THE BROADCAST TUNING DIAL,WHICH CONTROLS CON-
DENSERS C; 3 C, AND C, 18 SET AT 650 Kc. BY THE LISTENERe AT THE SAME

TIME, THAT swiTCH SWA 1S CLOSED TOWARD THE LEFT,sWITCH SWC wilL SIMULTAN
EOUSLY MAKE CONTACT WITH THE UPPER END OF COIL Lj.

TuBE Sa WILL NOW BE USED AS THE MIXER TUBE FOR SBHORT WAVE RECEPTION
AND TUBE SB AS THE SHORT WAVE OSCILLATOR., A BINGLE KNOB CONTROLS $WITCHES
8We, SWo ano SWE AND BY MEANS OF THIS CONTROL KNOB,ONE CAN CONNECT  THE
PROPER SET OF COILS INTO THE CIRCUIT 80 THAT THI8 SHORT=-WAVE TUNER WILL
OPERATE OVER THE DESIRED PORTION OF THE SHORT WAVE BAND.

Conpenser C8 AND CD OF THE SHORT WAVE TUNER ARE OPERATED BY ASINGLE
CONTROL DIAL SEPARATE FROM THAT USED FOR BROADOCAST RECEPT |ON. By TunNine

W 100 mmFd.

-

147

1w

40001
TWATTS

185

= i
— e ]
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L rvvress
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B s L L
1ri 129 6 ) OS‘ mFJ, A 15004
N Gy sw

FlG. 4
A Superheterodyne For All -Wave’ Receptdon.

Caur/ei———»«
28
¢

IN A STATION WITH THIS SHORT WAVE DIAL, AN INTERMEDIATE FREQUENCY OF 650
Kce 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 Ss.

SINCE THE CIRCUITS OF THE BROADCAST PRE~SELECTOR STAGE AND THE BROAR
CAST ST DETECTOR STAGE HAVE ALREADY BEEN TUNED TO A 650 Kce FREQUENCY,
IT 1S 0OBVIOUS THAT THEY WiLL AMPLIFY THE 650 Kc. BEAT FREQUENCY A8 PRO=-
VIDED BY THE SHORT WAVE INPUT CIRCUIT,

THE TUNING CONDENSER OF THE BROADCAST OSCILLATOR (03 IN Flae3) wiLL
AT THIS TIME BE AUTOMATICALLY TUNED To A FREQUencY |75 Kc asove 650 Kc.
OR TO 825 KCe AND 80 THE FREQUENCY GENERATED BY THE BROADCAST 08CILLATOR
WILL HETERODYNE WITH THE 650 KC. FREQUENCY WHICH IS NOW PRESENT IN THE
BROADCAST PRE~SELECTOR AND |ST DETECTOR STAGES, |N QRDER TO PRODUCE AN=:
OTHER BEAT FREQUENCY OF |75 Kce THIS YOU WILL NOTE 18 EQUAL TO THE ARi-
THMET ICAL DJFFERENCE BETWEEN THE 825 Kc. BROADCAST OSCILLATOR FREQUENCY

i
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AND THE 650 Kce BEAT FREQUENCY EXISTING IN THE PRE=SELECTOR AND |ST DETEC
TOR STAGE OF THE BROADCAST PORTJON OF THE RECEIVER.

THis 175 KCe BEAT FREQUENCY WILL BE SUCCESSIVELY AMPLIFIED 8Y THE
l.Fe STAGES AND CUSTOMARY DETECT ION THEN TAKES PLACE AT THE SECOND DETEC=-
TOR. FROM HERE TO THE SPEAKER, THE AUD|BLE S1GNALS,WH|CH HAVE BEEN EXTRACT
ED FROM THE SHORT WAVE CARRIER FREQUENCY, ARE HANDLED IN EXACTLY THE SAME
MANNER AS ARE THE SJ]GNALS RECEIVED FROM BROADCAST STATIONSe.

THE ENTIRE APPARATUS, WHICH 1S JLLUSTRATED BY THE CIRCUIT DIAGRAM
oF F1G. 3 18 ALL CONTAINED IN ONE CHASSIS ASSEMBLY., [HE CONDENSER CA s
ADJUSTED TO THE POSITION MOST SUITED TO THE ANTENNA AT THE TIME THE RE-
CEIVER 1S INSTALLED AND 1§ NOT INTENDED TO BE USED BY THE SET OWNER. [HE
CONTROLS SUPPLIED FOR THE USE OF THE OWNER
CONSI1ST ONLY OF AN "OFF-ON" SWITCH,A  SHORT
WAVE TUNING CONTROL, TONE CONTROL, VOLUME CON
TROL, BROADCAST TUNING CONTROL, THE SHORT

Tuned coil WAVE RANGE SELECTOR (SWe in Fi1@e3), AND A
for 13k Det SELECTOR SWITCH TO CHANGE FROM BROADCAST TO
@"” SHORT=-WAVE RECEPTION (SWA N Fra.3).Two Tun-

ING DIALS ARE PROVIDED = ONE FOR BROADCAST
) RECEPTION AND THE OTHER FOR SHORT WAVE RECEP
Plate Coil T 10N

#2)
el G ALL OF THE OPERATING PRINCIPLES USED IN
coil @ 2) THIS RECEIVER ARE FAMILJAR TO YOU. IN FACT,

THE UNJT CONSISTS OF NOTHING MORE THAN A STAN
DARD BROADCAST TYPE SUPERHETERODYNE WITH A
SUPERHETERODYNE TYPE SHORT WAVE CONVERTER ADQ
ED TO THE INPUT OF THE BROADCAST PRE~SELECT=
OR STAGE. THEN INSTEAD OF USING PLUG=IN TYPE
SHORT WAVE TUNING COILS,THE REQUIRED COILS
All-Wave Coil Construcidion, ARE ALL PERMANENTLY MOUNTED ON THE RECEIVER

CHASS1S AND THE PROPER COMBINATION FOR TUNe
ING WITH THE SHORT=WAVE CONDENSERS OVER A GIVEN RANGE 1S OBTAINED BY THE
THREE COMMONLY CONNECTED SELECTOR SW]TCHES.

Fia. 5

ANOTHER TYPE OF SUPERHETERODYNE ALL-WAVE RECEIVER

AS WE CONTINUE OUR INVESTIGATION OF ALL~WAVE RECEJVERS, LET USNEXT
8TUDY THE CIRCUIT ARRANGEMENT WHICH 1S |LLUSTRATED IN Fila., 4. IN THis
CASE, A SYSTEM MAS BEEN WORKED OUT WHEREBY IT 1S POSSIBLE FOR A SBUPERHET
ERODYNE RECEJVER TO COVER A |5 To B50 METER RANGE, THIS RECEIVER CONSISTS
OF A MIXER CIRCUIT OR |ST DETECTOR DIRECTLY AT THE INPUT OF THE ANTENNA
AND THE OSCILLATOR CAN BE SEEN LOCATED DIRECTLY BELOW IT. TYPE =24 TUBES
ARE USED [N BOTH OF THESE CIRCUITS,.

THE MIXER CIRCUIT 1S FOLLOWED BY THE CUSTOMARY |.F. 8TAGES, WHICH
ARE TUNED TOo |75 Kce AND IN WHICH VARIABLE MU TUBES ARE USED., A TYPE =24
TUBE {8 USED AS A POWER DETECTOR AND IT WORKS INTO A TYPE =47 PENTODE
POWER TUBE THROUGH RESISTANCE = CAPACITY COUPLING.

Now As FAR AS THE |.F.,2ND DETECTOR AND POWER STAGES ARE CONCERNED,
YOU HAVE NOTHING NEW TO LEARN,AS THESE ARE CONVENTIONAL. S0 WE SHALL CON
FINE OUR ATTENT [ON SOLELY TO THE MIXER AND OSCILLATOR CIRCUITS AROUND
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WHICH THE ALL=WAVE FEATURES OF THE RECEIVER ARE REALLY CENTERED.

As vou wiLL 0BSERVE IN Fi1a. 4, THE TUNING CIRCUIT OF THE MIXER OR
IST DETECTOR 1S PROVIDED WITH 4 SEPARATE TUNING COILS AND A SWITCH.THESE
4 coiLS ARE SHUNTED BY A TUNING CONDENSER HAVING A CAFACITY OF «00035
MFDe

THE SET OF 4 cOILS WHICH ARE SHOWN DIRECTLY BELCW THE UPPER GROUP
iN F1@. 4 ARE THE TUNING COILS FOR THE OSCILLATOR AND N THI1S CASE, THE
OSCILLATOR CONDENSER ALSO HAS A CAPACITY RATING OF «00035 MFD. A sw|TCH
18 ALSO PROVIDED 80 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 COIlLS, WHICHEVER YOU CHOOSE TO CALL THEM,

COIL CONSTRUCTION FOR ALL~WAVE RECEIVER

THE CONSTRUCT ION OF THE COIL GROUP FOR THIS SAME ALL~WAVE RECEIVER
1S ILLUSTRATED FOR YOU IN Fi1g. 5. OBSERVE CAREFULLY THAT THERE ARE THREE
SEPARATE WINDINGS ON A SINGLE COIL FORM. THAT 18 To sAv,coiLs ¥, #2 anp
#3 oF Fige 4"ARE ALL WOUND ON THE SAME FORM AS SHOWN IN Fi1a. 5,0NLY THAT
THE PLATE COIL IN THE ACTUAL CONSTRUCTION S PLACED BETWEEN THE |8T DE=
TECTOR AND 08CILLATOR coits. (CoiLs #1 = #2 ano #3 oF Fi1ae 5 CORRESPOND
TO THE COILS WHICH ARE NUMBERED IN LIKE MANNER IN THE CIRCUIT DIAGRAM OF
Fia. 4.) CoiLs #4, #5 anD #6 oF FiG. 4 WOULD THEN BE WOUND TOGETHER  ON
ANOTHER COIL FORM IN THE SAME MANNER A8 ILLUSTRATED RELATIVE To coits #l,
#2 ano #3 In Fia. 5. CoiLs #7,#8 ano
#9 WOULD BE WOUND TOGETHER ON A THIRD
FORM AND coiLs #10,#11, ano #12 on A
FOURTH FORM. 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 FlGg.e

«00035 MFD., THEN IN ORDER FOR THE A Typical Waye—Band
RECEIVER TO COVER BOTH THE 8HORT AND C%angﬁﬂg Switch.
BROADCAST WAVELENGTHE® THE COJLS SHOULD

CONSIST OF THE FOLLOWING NUMBER OF TURNS WOUND ON TUBULAR FoRrms |" IN

DIAMETER: CotL #1 =127 Turns: coiL #2 =114 Turns; coir #3=40 TUrNs. CoIL
#| SHOULD BE WOUND AT ONE END OF THE COIL FORM AS SHOWN IN Fige 53 coiIL

#3 SHOULD BE WOUND AT A DISTANCE oF " BeELow coiL #] ano CoiL #2 o Dis=

TancE oF 1/8% seLow cotL #3. WiITH ALL THREE SWITCHES OF Fice 3 RESPECT=

IVELY CLOSING THE CIRCUITS FOR coiLs #!, #2 ano #S,BROADCAST RECEPT ION

WilLL BE AVAJILABLE, ‘

CoiL #4 =45 Turns: colL #5=45 Turns AND coll #8=20 Turns. CoirL
#4 SHOULD BE WOUND AT ONE END OF THE COIL FORM AND cOlL #6 sHOULD BE
WOUND AT A DISTANCE OF |3" seLow coiL #4 AND coiL #5 A DISTANCE OF JEY
BELOW COIL #6. WiTH ALL THREE SW|TCHES RESPECTIVELY CLOSING THE CIRCUITS
For coiLs #4, #5 anND #6, THE FIRST SHORT WAVE BAND WILL BE COVERED.

CojL #7 =18 Turns; colL #8 =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 colL #8 AT A DISTANCE OF IIB'BELow
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coiL #9. WiTH ALL THReE SWITCHES RESPECTIVELY CLOSING THE CIRCUITS  FoR
coiLs #7, #8, ano #3, THE seconp SHORT=WAVE BAND WILL BE COVERED.

Coir #10=7.5 TURNS; coiL #11=7,5 TurNs aND coiL ¥12=4 Turns,
coi. #10 sHouLp BE WouND AT ONE END OF THE COIL FORM AND coiL #12 sHouLp
BE WOUND AT A DISTANCE OF 23" sELow coiL #10 anp coiL #11 AT A DisTANCE
oF I1/8" meLow cojL #12. WiTH aLL THREE SWITCHES RESPECTIVELY CLOSING THE

CIRCUITS FOR coiLs #10,#11 anp #12, THE THIRD SHORT~WAVE BAND W{LL BE
COVERED,

ALL coiLs For TH1s PARTICULAR RECEIVER SHOULD BE WOUND wiTH $#30B&S
ENAMELED WIRE, ALSO NOTE THAT FOR THE SPECIFICATIONS GIVEN, TNE 0SCILLAT-
OR CONDENSER HAS ITS INDIV]DUAL TUNING DIAL, SO THAT THE RECEIVER 18 E=
QUIPPED WITH TWO TUNING DlALS,

THE WAVE-BAND CHANGING SW|TCH

IN Fic. 6 vou wiLL seE A TYP- -
1CAL 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 18 FREQUENTLY THE PRACT ICE
TO MOUNT THE VARIOUS CO{L FORMS WITH

THEIR RESPECTIVE WINDINGS INTO A

FiG. 7 GROUPED ARRANGEMENT AS SHOWN YOU N

Complete Cofl Assemé/y Fige 7. THE swiTcH ASSEMBLY gm T:E
With Switeh, S8EEN MOUNTED HORIZONTALY THROUGH THE

CENTER OF THE CcoOjL MOUNT ING, THEREBY
FACILITATING THE WIRING BETWEEN THE SWITCHES AND THE COIL WINDINGS.

ALL-WAVE TUNED R.F. RECE|VER

Now sn Fie. 8 vou are LOOKING AT AN ALL=-WAVE TunED R.F, RECE|VER,
IN WHICH CASE A S8HORT-WAVE CONVERTER 8 INCORPORATED IN ITS CIRCUITS.AL~

THIS LESSON, *ET IT OFFERS AN ECONOMICAL METHOD OF CONSTRUCT ING AN AlLl=
WAVE RECEJVER WHICH WILL OFFER FAIR PERFORMANCE. IN FACT, THE SAME PRJN-
CIPLES A8 WORKED OUT IN THE CIRCUIT OF Fice 8 CAN ALSO BE INCORPORATED

INTO ANY EXISTING TunNED R.F. RECEIVER, WH|CHM HAS AT LEAST THREE TUNING
CIRCUITS, US ING SCREEN=GRID TUBES.

REFERRING TO Fic. 8, THe Two swiTcHEs SW) anD SW_ ARE BOTHSECTIONS

OF A REGULAR WAVE=BAND CHANGING SWITCH AND ARE THEREFORE BOTH OPERATED BY
A SINGLE CONTROL,.

FOrR BROADCAST RECEPTION, sWiTcHES SW, ano SWg ARE BoTH cLosED  TO
POSITION #4. THE ENERGY PICKED UP BY THE ANTENNA 18 NOW PASSED INTO THE
TUNING CIRCUIT OF THE FIRST TUBE THROUGH THE ANTENNA SBERIES CONDENSER,
WHICH MAY BE A TRIMMER CONDENSER ADJUSTABLE BETWEEN THE LIMITS OF APPROX
IMATELY 20 - 100 mwro,
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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 Ly. THis coON
DENSER 18 A SINGLE UNIT AND NOT A SECTION OF A GANGED CONDENSER, THE TUN=
ING CONDENSERS OF THE FOLLOWING THREE S8TAGES, HOWEVER, ARE ALL SECTIONSOF
A THREE GANG CONDENSER UNIT OF ANY STANDARD CAPACITY RATING,SUCH As +00035
MFD,

THE TUNING INDUCTANCE L5 1S A SECONDARY OR TUNING WINDING OF THE
REGULAR BROADCAST TYPE,MATCHED TO THE CONDENSER TO COVER THE BROADCAST.
WAVE BAND. THIS INDUCTANCE 18 CONTAINED WIiTHIN AN INDIVIDUAL SHIELD CAN
WHICH )18 GROUNDEDe

DUE TO THE FACT THAT THE LOWER END OF cOiL Lg 18 MUTUALLY GROUNDED
WITH THE ROTOR PLATES OF ITS TUNINQG CONDENSER, THE SAME NEGATIVE B1AS
VOLTAGE WiLL BE |MPRESSED UPON THE CONTROL GRID OF THIE FIRST TUBE A8 U~
PON THE OTHER VAR|ABLE=MU TUBES. THEREFORE; THE FIRST TUBE WILL NOW FUN=-
CTION AS AN R.F. AMPLIFIER,

ey 'I}“if woros 32’ | gomen | | i) 1S
» 0.1 mfid Swn 1500 4
FiGg. 8

4 Tuned R.F Receiver With ’Buf/é it | Comverter.

WiTH swiTcH SW, ALSO CLOSED TO POSITION #4 AT TH1S TIME,THE REGEN-
ERATION COit L, WitL 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 RECEJVER,CONSIS
TING OF 3-R.F,, |-DETECTOR,AND ONE POWER STAGE.

®AUTODYNE ACTION®" FOR SHORT-WAVE RECEPTION

Now THEN, IN ORDER TO COVER THE FIRST SECTION OF THE SHORT WAVE
BAND DIRECTLY BELOW THE BROADCAST CHANNELS,BOTH SWITCHES ARE CLOSED TO
POSITION #3. AT THIS TIME, colL L, WitLL BE CONNECTED ACROSS THE  TUNING
CONDENSER OF THE INPUT STAGE., THE LOWER END OF coit L,, HOWEVER, 18 CON-
NECTED DIRECTLY TO THE CATHODE OF THE FIRST TUBE AND CONSEQUENTLY,  THE
FIRST TUBE 18 OPERATED AT ZERO GRID BJASe THE RESULT IS8 THAT THE OPERAT=
INQ CHARACTERISTIC OF THE FIRST TUBE ARE NOW CHANGED, SO THAT THE  TUBE
ACTS AS A MODULATOR.

SwitcH SW, , 1S ALSO NOW CLOSED TO POSITION #3 AND 80 A CERTAINPER
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CENTAGE OF THE R.F. ENERGY CAN BE IMPRESSED UPON THE TUNING coiL L, IN
ORDER TO PRODUCE OSCILLATIONe THE COMBINED RESULTS OF MODULATJON AND OSG
ILLATION, WHICH THIS FIRST TUBE NOW UNDERGOES,MAKE THIS TUBE SERVE A
DUAL PURPOSE, FOR WHICH REASON IT 1S REFERRED TO AS AN "OSCILLATING=MOD=
ULATOR". IN OTHER WORDS, IT 1S THE IST 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 0SCILLATOR."

So FrROM NOW ON, WHENEVER YOU HEAR OF A SUPERHETERODYNE RECEIVER 8£
ING OF AN "auTODYNE TYPE", YOU WiLL IMMEDIATELY KNOW THAT IN THIS PARTIC
ULAR SUPERHETERODYNE RECEIVER, A SINGLE TUBE SERVES BOTH AS THE FIRST
DETECTOR AND OSCILLATOR.

Now THEN, TO RECEIVE SHORT WAVE RECEP=
TION WITH THE CIRCUIT OF F1G.8, 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 W{LL BE PRACTICALLY EN=
TIRELY N MESH WITH THEIR RESPECTIVE STATOR
PLATES, HENCE BY TUNING THE CIRCUIT OF THE
FIRST TUBE TO A FREQUENCY 550 Kce ABOVE THE
FREQUENCY OF THE SHORT WAVE SJGNAL BEING RE=
CEIVED, A BEAT FREQUENCY OF 550 Kc. wiLL BE
PRODUCED IN THE OUTPUT OF THIS TUBE,TO BE
AMPLIFIED BY THE SUCCEEDING STAGES WHICH ARE
TUNED TO THIS BEAT FREQUENCY,

Fig.o

Short-Wave Coi/ Assembly
IN ORDER TO ENABLE THE INPUT CIRCUITTO
fc;r Crrcurt of Fig. 8
COVER THE NECESSARY OSCILLATOR FREQUENCIESRE
QUIRED FOR THE RECEPTION OF ALL OF THE SHORT WAVE STATIONS, THE THREE
cois L, , L3 AND L, 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 E; 1S EMPLOYED TO BY=PASS THE HIGH FREQUENCY EN
ERGY IN THE OUTPUT OF THE FIRST TUBE, IN ORDER TO PREVENT I|T FROM CAUS ING
TROUBLE IN THE OTHER STAGES, THIS CONDENSER MAY BE OF THE SAME TYPE AND
CAPACITY RATING AS THE ANTENNA SERIES CONDENSER E;.

COIL CONSTRUCTION FOR THE CIRCUIT OF FiG.8

CoiLs Ll,Lz,L“5AND L MAY ALL BE WOUND ON A SINGLE TUBE FORM.WITH
A.00035 mFD.TUNING CONDENSER,AND A colL FORM "IN DIAMETER,cOIL L; MaAY
ConsiST oF |5 Turnsjcoll L,oF 45 Turns; coiL Ly oF |8 TuRNs;anD coiL L,
OF 7.5 TurRNg, ALL OF THESE COILS CAN BE WOUND wuwu $30 B&SENAMELm:W|nE.

Fice 9 sHOWS YOU HOW THESE FOUR COILS SHOULD BE WOUND ON THE FORM,
THE SEPARATION BETWEEN coiL L, aND coit L., sHouLo Be |/8" AND THE SEPER-
ATION BETWEEN COILS Lz_AND L5 , AS WELL AS THE SEPARATION BETWEEN COILS
L4 anD L, sHouo BE 3", CojL L5 MAY CONSIST OF |E7 TURNB OF THE SAMEWIRE
WOUND ON AN INDIVIDUAL TUBE FORM OF |® DIAMETER AND PLACED IN THE SHIELD
CAN AS SHOWN IN THE CIRCUIT DIAGRAM OF F1Ge 8]
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A TABLE MODEL ALL-WAVE RECEIVER

NOT ONLY ARE MODERN ALL~WAVE RECEIVERS BEING BUILT INTO THE LARGER
CONSOLE CABINETS BUT INTO TABLE MODEL CAB-~
INETS A8 WELLe [N Fia. |0 You ARE SHOWN AN
EXAMPLE OF A NEW TABLE MODEL ALL-~WAVE RE=-
CEIVER.

IN THIS PARTICULAR RECEIVER, THE BAND
SWITCHING ARRANGEMENT 8 MECHANICALLY CON-
NECTED TO AND CONTROLS THE MULT |=TUNING
8CALE. THI8 SCALE ARRANGEMENT CONSISTS OF
FOUR ACCURATELY CALIBRATED SCALES  MARKED
OFF IN MEGACYCLES,

EACH S8CALE HAS A DIFFERENT COLOR AND

APPEARS BEMIND THE SCALE WINDOW AS THE

BAND=SW | TCHING CONTROL IS8 ADJUSTED. THAT IS,

IF YOU SET THE BAND-SELECTING SWITCH, A Flg. 10

S8CALE CALJBRATED FOR THE TUNING RANGE OF Table Model “All- Wave”
THAT BAND AUTOMATICALLY APPEARS BEHIND THE Receiver
wiNDOW, THE 20 TO 8 MEGACYCLE SCALE s

GREEN, THE 9 TO 3 MEGACYCLE SCALE 18 RED,THE 4 TO |.6 MEGACYCLE SCALE 18
YELLOW AND THE |.5 TO .55 MEGACYCLE SCALE 18 BLACK. IN OTHER WORDS, THE
BLACK SCALE |8 FOR THE REGQULAR BROADCAST BAND AND THE OTHER THREE SCALES
ARE FOR THE VARIOUS SHORT-WAVE BANDS.

THE CIRCUIT DIAGRAM FOR THIS SAME RECEIVER APPEARS IN Fia.ll. By
STUDYING THIS DIAGRAM, YOU WILL IMMEDIATELY NOTE THAT THIS RECEIVER I8 BY
NO MEANS A "MIDGET® BUT USES SEVEN TUBES, ONE OF WHICH S8ERVES A  THREE=-
FOLD PURPOSE,

A BAND=PASS CIRCUIT FEEDS INTO THE D8 FIRST DETECTOR 80 THAT AMPLE
PRE=SELECTION 1S OBTAINED ON ALL FOUR WAVE=BANDS. A 56 TUBE 1§ USED IN
THE OSCILLATOR AND A SW|TCHING ARRANGEMENT 1§ ALSO PROVIDED IN THIS8 CIR=

wo 1Y DET 1e £o% 2 Oiues gwmoer 005 AS E
{‘"‘")\ ( 248 {r/ / /

Fﬂ“ﬁ'

-

Fla. 11
Cireuit Diagram of the Jable Model Receiver.
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CUtlT 80 THAT FOUR SETS OF OSCILLATOR COILS ARE AVAJLABLE TO COVER THE
FOUR WAVE BANDS TOGETHER WITH THE COIL ASSEMBLIES OF THE PRE=SELECTORCIR
CUIT.

NOTICE 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-
’ . A 1DUAL TUNED WINDING, FEED= BACK
| | » 4 a8 COIL AND COUPLING COIL FOR THE
A } [ B FIRST DETECTOR. IN LIKE MANNER,
%% R EACH OF THE INPUT COIL ASSEM-
' s ES BLIES HAS ITS INDIVIDUAL TUNED
. WINDING TOGETHER WITH IT8 CORR

: : ' ESPONDING PRIMARY ETCe

¥y

/5 f T =3 ' B : THERE ARE TWO STAGES OF
(’) i ) 3 ,' l.F. AMPLIFICATION AND THEY WORK

= = B e INTO A 2AB TUBE WHICH FUNCT JONS
\'S . ‘ e SIMULTANEOUSLY AS A DIODE DE=-

: : TECTOR, AUTOMATIC VOLUME CON-

- ' . . TROL TUBE AND A TRIODE A.F.amp

e LIFIER. A 2A5 18 USED IN THE

. : FINAL POWER STAGE AND THE SPEAK

: . ; ER FIELD SERVES AS THE FILTER

" | ; i CHOKE FOR THE "B" suppLY OF

: THE ENTIRE RECEIVER. ATONE CON

Coils TROL,CONS ISTING OF A 10,000 orm
5w/fcé %05 —_

VARIABLE RESISTANCE UNIT IN
SERIES WITH A 05 MFD. CONDEN=
SER, 0S8 CONNECTED BETWEEN

F1G.12
The Coif A GROUND AND THE PLATE TERMINAL
e Co/ rrangement . OF THE 2A5 POWER TUBE.

Fige |2 sHOWS YOU A BOTTOM VIEW OF A PORTION OF THIS SAME RECE|]Ve
ER'S CHASSIS 80 THAT YOU CAN SEE HOW THE SELECTOR SWITCH AND THE VAR|OUS
COILS ARE ALL MOUNTED,

SPECIAL ALL-WAVE ANTENNAS

As YOU WILL RECALL FROM YOUR STUDIES OF SHORT=WAVE RECEIVERS, SPEC
TAL ANTENNA SYSTEMS WITH DUAL TRANSPOSED LEAD={N WIRES ARE PREFERABLE FOR
SHORT WAVE RECEPTION. THIS ALSO APPLIES TO SHORT=WAVE RECEPT ION WHEN US=
ING AN ALL~WAVE RECEIVER.

SOME FANS USE TWO |NDEPENDENT ANTENNA SYSTEMS W|TH THEIR ALL-WAVE
RECEIVERS, A STANDARD INVERTED "L" TYPE FOR BROADCAST RECEPTION AND THE
SPECIAL SHORT=WAVE OR DOUBLET TYPE ANTENNA FOR S8HORT WAVE RECEPT IONe

SEVERAL MANUFACTURING CONCERNS ARE NOW OFFERING SPECIALLY DES IGNED
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 lNSTRUdTlON’REGARDING
THESE NEWER ANTENNA SYSTEMS, YOU WiLL ALSO RECEIVE ADDIT |ONAL INSTRUCT | ON




LESSON No. U8 pAGE 11

REGARDING ALL-WAVE RECEIVERS IN LATER LESSONS.

YOU WILL FIND CONSIDERABLE VARIATIONS IN THE DESIGN OF MODERN COM-
MERCIAL ALL-WAVE RECE IVERS. SOME,FOR INSTANCE, USE AN ARRANGEMENT AS THAT
ILLUSTRATED IN F1G, ||, 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 Fia,
3 OF THIS LESSON, ONLY THAT A MORE MODERN SET-UP WITH LATER TYPE TUBES IS
USED.REGARDLESS OF THE SYSTEM EMPLOYED,YOU WiILL 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.

CONT INUALLY RADIO RECE|IVER 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 L1
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 1S FOR THI1S5 REASON THAT NATIONAL INCLUDES
SUCH COMPLETE INSTRUCTIONS IN TH!S PARTICULAR FIELD., WE FEEL CERTAIN THAT
vyou 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
MULT | -RANGE VOLTMETERS,MILL I AMMETERS, ANALYZERS, TUBE CHECKERS, OHMMETERS,
ETC. YOU ARE GOING TO FIND THIS INFORMAT ION OF GREAT VALUE AND ESPECIALLY
INTERESTING,




EXAMINATION QUESTIONS

LESSON NO. 48

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?

WHAT PROVISIONS ARE GENERALLY MADE SO THAT THE ALL-WAVE
RECEIVER 1S ENABLED TO COVER VARIOUS FREQUENCY BANDS?

DESCRIBE A TYPICAL BAND-SELECTOR SWITCH AS USED IN ALL -
WAVE RECEIVERS.,

DESCRIBE THE OPERATION OF THE RECEIVER,WHOSE CIRCUIT D1A
GRAM APPEARS IN Fla. 3 OF THIS LESSON, FOR BROADCAST RE-
CEPTION ONLY,

DESCRIBE THE OPERATION OF THIS SAME RECE IVER FOR SHORT-
WAVE RECEPTION,

I'F THE RECEIVER OF F1G. 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 650 Kc., THEN TO WHAT FREQUENCY WILL THE
SHORT-WAVE OSCILLATOR OF THIS RECEIVER BE TUNED?

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.?

WHAT 1S AN "AUTODYNE OSCILLATOR"?

DESCRIBE A MODERN ALL-WAVE RECE!VER CIRCUIT WHICH DOES
NOT OPERATE UPON THE SHORT-WAVE CONVERTER PRINCIPLE DUR-

ING SHORT-WAVE RECEPTION?

IS THE ORDINARY TYPE OF ANTENNA CONS|DERED AS BEING EN-
TIRELY SATISFACTORY FOR AN ALL-WAVE RECEIVER?




G T e pr—— = - - . —— —— B P —

RADIO - TELEVISION
WBTIOY

LESSON NO. 49

* METERS AS USED IN RADIO o

WE HAVE MADE USE OF VARIOUS TYPES OF METERS AND OTHER  ELECTRICAL
TESTING EQUIPMENT 80 FAR IN THE COURSE AND YOU HAVE NC DOUBT BY THIS T IME
BECOME [MPRESSED WITH THE FACT THAT TESTING INSTRUMENTS PLAY A VERY (M=
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
LEgSON, WE ARE GOING TO QO INTO GREATER DETAIL CONCERNING SUCH TESTING
APPARATUS,

No DOUBT, THE SIMPLEST WAY TO DEMONSTRATE THE FUNDAMENTAL PRINCIPLE
OF METER OPERATION ]S BY MEANS OF A RATHER CRUDE GALVANOMETER,WHICH CAN
B8E BUILT BY YOURSELF FOR EXPERIMENTAL PURPOSE.

THE SIMPLE GALVANOMETER

TH1S HOMEMADE GALVANOMETER 18 SHOWN IN Fi1Ge2 ANC IN THIS CASE,SEV=
ERAL TURNS OF SMALL S1ZE WIRE ARE WRAPPED A=
ROUND A POCKET COMPASS, NOw THE COMPASS NEEDLE
HAS A NATURAL TENDENCY .TO POINT EN A NORTH AND
S8OUTH DIRECT |ON,DUE TO THE EFFECT OF THEEARTHS
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 N F1@.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 IT8 INFLUENCE U=
PON THE NEEDLE IN S8UCH A WAY,80 AS TO CAUSE THE
NEEDLE TO ALTER |TS POSITION. THEN BY REGULAT=-
ING THE AMOUNT OF RESISTANCE IN THJS CIRCUIT, - .
THE CURRENT FLOW W{LL RESPOND ACCORDINGLY AND F1G.1
WILL THUS VARY THE AMOUNT OF MOT ION OF THE MAGNET= /...  .¢, Testing s
1ZED NEEDLE, SHOULD THE BATTERY CONNECT]ONS NOW Essential in Radio,

—
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BE REVERSED, S0 THAT THE CURRENT WJLL FLOW THROUGH THE WINDING IN AN OPP
OSITE DIRECTION, THEN THE MAGNETIC LINES OF FORCE SET UP AROUND THE COIL
WiLL ALSO BE REVERSED, THEREBY CAUSING THE NEEODLE TO SWING IN THE OPP=
OSITE DIRECTION.

WHEN WINDING THE COIL FOR SUCH A GALVAN=
OMETER, IT 18 ADVISABLE TO WIND THE COIL PARA=
LLEL TO THE MAGNET|ZED NEEDLE,WHEN THE NEEOLE
1S AT REST AND IN 1TS 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 THUS PRO=
VIDE A BETTER POJSED INSTRUMENT. THEN TO0O, BY
INCREASING THE NUMBER OF TURNS ON THE WINDING,
THE ARRANGEMENT WILL BE MADE MORE SENSITIVE.

Baftery —

W Winding

So YOoU SBEE,EVEN A SIMPLE GALVANOMETER AS
THIS WILL INDICATE THE PRESENCE OF AN ELECTRIC
CURRENT AND NOT ONLY THIS,BUT IT WILL ALSO |N=-
ot1caTE THE DIRECTION §N WHICH THE CURRENT 1s
FLOWINGe WITH THIS BASIC PRINCIPLE IN MIND,
LET US NOW CONTINUE WITH A STUDY OF METERS, SUCH AS ARE USED [N EVERYDAY
RaD10 aND ELECTRICAL PRACTICE.

Fia. 2
A Simple Galvanometer.

THE "PLUNGER-TYPE" AMMETER

THE INTERNAL CONSTRUCTION OF A "PLUNGER=TYPE" AMMETER 15 SHOWN IN
Fia. 3. IN THIS GASE, AN INDICATING NEEDLE 18 PIVOTED AT ITS UPPER END,
SO THAT ITS LOWER END IS FREE TO SWING ACROSS A CAL{BRATED DIAL OR SCALEe
A SOFT IRON PLUNGER OR ARM IS FASTENED TO THE INDJCATING NEEDLE AND ONE
END OF THIS PLUNGER IS SURROUNDED BY A COIL OF WIRE,WHOSE DIAMETER Is
LARGE ENOUGH TO PERMIT THE PLUNGER TO PASS UP THROUGH THE CENTER OF THE
COIL WITHOUT TOUCHING IT,

THE INSTRUMENT 1S SO BALANCED THAT THE [NDJCATING 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 [NTO ONE METER TERMINAL, THROUGH THE METER

COIL AND THENCE TO THE OTHER METER TERMINAL AND BACK TO THE CIRCUI[ITeTHIS
SAME CURRENT,WH|LE FLOWING THROUGH THE METER
COIL,WiLL CAUSE A MAGNETIC FIELD TO BUILD UP
AROUND THE COILyWHICH WILL PULL THE JRON PLUN
GER UP INTO THE CENTER OF THE colLe. WE. caLL
THIS, "SOLENOID ACTION" AND THE METER COfL AND
IRON PLUNGER IN THIS CASE CONSTITUTE A SOLEw
NO 1 0e

SINCE THE PLUNGER IN FiG. 3 IS NOWBE(ING
PULLED TOWARD THE RIGHT, IT PULLS THE PIVOTED
NEEDLE WITH [T,THUS CAUS ING THE INDICATOR TO
SWING ACROSS THE SCALE, THE GREATER THE CURR-
ENT FLOW THROUGH THE METER CO1L,THE GREATER
WILL BE THE DEFLECTION OF THE INDICATING NEED F1G. %

LE AND SINCE THE MOVEMENT OF THE NEEDLE VAR- The "Plunger Type”
1ES WITH THE CURRENT FLOW, §T 1S 0BVIOUS THAT Ammeter.
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BY PROPERLY CALIBRATING THE S8CALE, A MEANS S PROVIDED WHEREBY THE CURR=
ENT FLOW THROUGH THE METER COIL CAN BE MEASURED.

THE S8MALL WEIGHT WHICH 1S CONNECTED TQ THE INDICATING NEEDLE ACTS
A8 A COUNTERWEIGHT AND IN THIS WAY A)DS IN CONe
TROLLING THE ACTION OF THE PLUNGERe

THE "MAGNETIC VANE"™ TYPE METER

IN Fi1g. 4,YOU WILL SEE AN AMMETER OF THE
"MAGNET IC VANEM TYPE,WHICH 18 ALSO KNOWN A8 THE
"pOLARIZED VANE" TYPE. METERS AS Thi8 ARE QUITE
COMMON AND THEY ARE GENTRALLY USID FCR ronTABLE
PURPOSES, WNERE LABORATORY ACCURACY 18 NOT  RE-

QUIRED, THIs 18 THE SAME TYPE METER,WHICH . 18
MOUNTED ON THE INSTRUMENT PANEL OF MOST AUTO=
MOBILES AND IT 1S AN INEXPENSIVE TYPE METER. FI6.4

The Magnetic Vane

' Ty
THE INTERNAL CONSTRUCTION OF THEMAGNETIC yoe Ammeter.

VANE TYPE AMMETER 15 SHOWN IN FiGe B. HERE A PIECE OF SOFT IRON (THE
VANE) 18 MOUNTED ON A PIVOT BETWEEN THE POLES OF A HORSESHOE MAGNET,
WHICH 1S 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,80 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 W|RE SURROUNDS THE METER NEEDLE AT A POINT
SLIGHTLY ABOVE THE VANE. THIS COIL 18 QUITE LARGE IN DIAMETER 80 A8 NOT
TO {NTERFERE W|TH THE MOTION OF THE NEEDLE,. THE METER TERMINALS ARE CON—
NECTED TO THE ENDS OF THIS COIL AND BY CONNECTING THESE METER TERMINALS
IN SERJIES WITH A D.C. CIRCUIT, CURRENT WILL FLOW THROUGH THE METER COlLe

LET Uus ASSUME THAT THE OIRECTION OF CURRENT FLOW THROUGH THE MET-
ER COIL §8 SUCH A8 TO PRODUCE A NORTH POLE AT THE LOWER END OF THE COlLe
THIg BEING THE CASE, THE TOTAL NORTM POLE EFFECT WILL THEN BE DIVIDED AND
WILL NO LONGER BE STRAIGHT TO THE RIGHT OF THE VANE BUT SLIGHTLY ABOVE 1Te
THIS SLIGHT UPWARD SHIFT IN THE TQ

i Magnet Indicating TAL OR ‘EFFECTIVE NORTH POLE  WILL
Cot I anet> needle CAUSE THE R§VOTED VANE TO TURN COUNTER
/ A CLOCKW|3E BY A DEFINITE AMOUNT BE-

: Terminal CAUSE IT ALWAYS TENDS TO ALIGN 1T=

Term'maf (
7 ~ D SELF BETWEEN THE NORTH AND  SOUTH
» POLES. THIS CHANGE IN THE VANE'S
POSITION WILL CAUSE THE INDICATING
( @} NEEOLE TO SWING ACROSS THE DIAL TQ
\’\‘?5/ WARD THE tEFTOR"DISCHARGE" g10E OF
THE SCALE. THE GREATER THE CURRENT

FLowW THROUGH THE COlL,THE GREATER
. WILL BE THE EFFECT UPON THE MAGNET
‘ i1C FIELD AND THE GREATER WILL BE

\
Vane THE DOEFLECTION OF THE NEEDLE.
FI&G.5B SHOULD THE CURRENT BE SENT
Contruction of the Vane Type THROUGH THE COIL OF F1Ge5 IN  THE

Ammeter. OPPOS |ITE DIRECTION, THEN THE LOWER,
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END OF THE COJL W|LL BECOME A SOUTH POLE, THEREBY CAUS ING THE TOTAL OR
EFFECTIVE SOUTH POLE TO SHIFT SLIGHTLY TOWARD THE UPPER LEFT OF THE VANE
AND THIS WILL SWING THE 'VANE ABOUT TS PjvoTr N A CLOCKWISE DiIRw
ECTION, S0 THAT THE METER NEEDLE W|LL NOW REGISTER ON THE CHARGE S{DE
OF THE SCALE. THIS METER
§S ONLY SU|TABLE FOR USE
WHEN TESTING IN A D.C.ciRr
CUIT.

THE "MOV ING=CO | L’
TYPE METER

A MOVING COIL OR
D'ArsonvaL TYPE D,C. vouLT
METER 18 sHOwWN You 1IN Fig,
By,WITH IT8 COVER REMOVED,
SO THAT YOU MAY CLEARLY
SEE |TS INTERNAL WORKING
PARTS, METERS OF THE MOV=-
ING COIL TYPE ARE THEMOST
ACCURATE OF ALL THOSE
SHOWN YOU 80 FAR AND 1T
{8 THE TYPE USED INMAKING

F16. 6 PRECISE MEASUREMENTS. IN
i Fig. 7,YOU WILL SEE THE
The Aﬂ”“”? Coil 7&P€3 Meter: PRINCIPLES OF CONSTRUCT ION

_ OF THIS TYPE OF METER.THIS
METER IS REALLY NOTHING MORE THAN A SMALL ELECTRIC MOTOR,ONLY THAT ITS8
ARMATURE 1S PREVENTED FROM COMPLETING A FULL REVOLUTION.

NOTICE IN FiGse 7 THAT WE HAVE A PERMANENT MAGNET OF THE HORSESHOE

TYPE AND THAT A COIL OF WIRE JS MECHAN]CALLY SUPPORTED IN JEWELLED BEAR=
INGS SO THAT IT I8 FREE TO
TURN BETWEEN THE POLE PJECES
OF THE MAGNET-THE WINDING
ASSEMBLY THUS BECOMING A

SMALL MOTOR ARMATURE, THE
LOWER END OF THE IND|CATING
NEEDLE |8 FASTENED TO THE
ARMATURE AND A LIGHT SPRING Neaﬂe Armature
AT EACH END OF THE ARMATURE \V§§\ f o
NORMALLY HOLDS THE ARMATURE o °
IN THE POSITION AT WHICH THE 5
NEEOLE POINTS TO ZERO ON THE :
SCALE.VERY OFTEN,THESE SPR]- 1}:-“

NGS SERVE AS ELECTRICAL CON= FAPRS. [58 &
e :ﬂ_f ,'T—..L_wo =--T¢rm.

DUCTORS BETWEEN THE METER
To inner spring-~ To outer spring.

i Permanent
— maajntt

TERMINALS AND THE METER CO L

THE OPERATING PRINC|=
PLE OF THI3 EXTENSIVELY USED
METER 1S JLLUSTRATED SOMEe= F1a. 7

WHAT CLEARER IN Figs. § AND
9. * Construction of the Moving

Coil Meter,

IN F1Ge 8 THE §INSTRU~
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MENT |8 SHOWN AT REST AND AT WHICH TIME NO CURRENT I8 FLOWING THROUGH ITS
WINDING, CONDITIONS BEING BUCH, THE MAGNET|C FIELD, AS ESTABLISHED BY THE
PERMANENT MAGNET,WlLL FLOW HOR|ZONTALY FROM LEFT TO RIGHT AND THESPRINGS
WILL HOLD THE ARMATURE COIL IN THE POS~
TION AS HERE ILLUSTRATED, SO THAT THE [N-
DICATING NEEDLE WILL POINT TO THE ZERO
MARK OF*THE SCALE,

Permanent magnet—

Now THEN, IF THE TERMINALS OF THIS
METER ARE CONNECTED TO AN ELECTR|CAL C|R-
CUIT SO THAT CURRENT THEREFROM FLOWS IN
ON SIDE "B"™ OF ThE ARMATURE WinGiiiG  miiD
OUT ON 8IDE "A" OF THIS SAME WINDING, WE
FIND THAT LINES OF FORCE WILL BE ESTAB~
LISHED AROUND THIS WINDING. THESE L INES
OF FORCE WILL ENCIRCLE SIDE "A" N A coun
TER~CLOCKWISE DIRECTION AND SjDE "B" IN
A CLOCKWI|SE DIRECT ION,

THESE ENCIRCLING FIELDS WILL REACT
WITH THE MAIN MAGNET|C FIELD IN SUCH A
MANNER THAT THE LINES OF FORCE OF THE EN~
CIRCLING FIELD WILL OPPOSE THOSE OF THE Fl1G. 8
MAIN FIELD AT THE REGION BELOW sipoE  "B" The Meter st Pest.
OF THE ARMATURE, RESULTING IN A WEAKEN ING
OF "“THE COMBINED FIELD AT THIS FOINT. AT THE SAME TIME, WE FIND THAT AT
THE UPPER sIDE OF "B", THE ENCIRCLING LINES OF FORCE ACT IN THE SAME Dy~
RECTION WITH THOSE OF THE MAIN FIELD AND THEREFORE CAUSE A STRENGTHEN ING
OF THE COMBINED FIELD AT THIS POINT. THIS IS JLLUSTRATED IN Fra. 9.

IN LIKE MANNER, THE COMBINED FIELD AT THE UPPER REGION OF Sipe "AN
1S WEAKENED WHILE THE LOWER REGION OF SIDE ®A" |5 STRENGTHENED. THERE IS
A NATURAL TENDENCY FOR THE WINDING TO BE FORCED FROM THE STRONGER REG|ONS
OF THE MAGNETIC FIELD INTO THE WEAKER REGIONS AND FOR THIS REASON, THE
ARMATURE ROTATES ABOUT TS AXIS [N A CLOCKWISE DIRECTION AS SHOWN IN FIG.
9.

THIS MOTION OF THE METER coiL wiLL
CAUSE THE INDICATING NEEDLE TO SWINGACROSS
THE SCALE TOWARDS THE RIGHT AND THISNEEDLE
DEFLECT ICN WILL BE PRCPORT|ONAL 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 I Mo

PRESSED ACROSS ITe THE INSTANT THAT CURRENT
FLOW THROUGH THE COIL IS INTERRUPTED, THE
SPRINGS WILL RESTORE THE NEEDLE TO ITS ZERO
READINGs THIS TYPE OF METER IS ONLY SUI|T-
ABLE FOR USE ON D,Ce CIRCUITS,

THE MOVING COIL,TOGETHER WITH ITS
8PRINGS AND INDICATING NEEDIE,ARE SHOWN YOU
FlG.9 IN Fi1e. 10. IN THIS SAME ILILUSTRATION YOU
o M )
Full- scale Deflection. 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 PJECES OF THE PERMANENT MAGNET AND A=
ROUND WHICH THE MOV ING COIL OSCILLATES,.

THE OBJECT FOR USING THIS IRON CORE |§ 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 MAGNET[SM.

WITH THE CORE CENTRALLY LOCATED AS PICTURED AT THE LOWER LEFT  OF
Fig. 10, ONLY A SMALL AIR GAP 1S ALLOWED BETWEEN THE CORE AND THE POLE
PIECES AND THROUGH WHICH THE COIL IS FREE TO MOVE WITHOUT TOUCHING Eil=
THER THE CORE OR THE POLE PIECES.

THE DIFFERENCE BETWEEN A VOLTMETER AND AN AMMETER

NO DOUBT, YOU ARE NOW BEGINNING TO WONDER AS TO WHAT THE DIFFERENCE
REALLY 1S BETWEEN A VOLTMETER AND AN AMMETERe THE OPERATING PRINCIPLES
OF BOTH THESE INSTRUMENTS ARE FUNDAMENTALLY THE SAME AND IF YOU ARE FAM
ILIAR W|TH THE OPER=-
AT ION OF ONE,YOU ARE
ALSO FAMILIAR WITH
THE OPERATION OF THE
OTHER. THE MAIN DIFF=-
ERENCE BETWEEN A VOLTY
METER AND AN AMMETER
IS THAT THE  WINDING
WITHIN THE AMMETER I8
or LOW RESISTANCE.
THAT 1S, THE WIRE USED

FOR THIS PURPOSE IS

LARGE IN SI1ZE AND CON

8ISTS OF BUT A FEW

TURNS, THEREBY PERMITT

ING THE PASSAGE oF

F1g. 10 CONSIDERABLE CURRENT,

Constructional Details of the Moving Coil. IN THIS WAY,THE AMM-

ETER OFFERS COMPARAT=
IVELY LOW RESISTANCE TO THE CIRCUIT WiTH WHICH IT 1S CONNECTED IN SERIES
WHILE TAKING A READING. ’

THE VOLTMETER, ON THE OTHER HAND, HAS A H]GH INTERNAL RESI|STANCE
BECAUSE TS WINDING |8 MADE UP OF A GREAT MANY TURNS OF VERY SMALL WIRE.
THIS BEING THE CASE, IT IS OBVIOUS THAT WHEN A VOLTVETER I8 CONNECTED
ACROSS A CIRCUIT FOR MEASURING PURPOSES, IT DRAWS BUT VERY LITTLE CURRENT
FROM THE CIRCUIT, IN ORDER TO ACTUATE THE NEEDLE. [N FACT,THE HIGHER THE
INTERNAL RESISTANCE OF THE VOLTMETER, THE GREATER WILL BE ITS DEGREE OF
ACCURRACY AND HJGH GRADE D,C, VOLTMETERS FOR RADIO PURPOSES GENERALLY
HAVE AN INTERNAL RESISTANCE OF ABOUT |000 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 18 OF
COURSE THE FACT THAT THE SCALE OF THE VOLTMETER HAS BEEN CALIBRATED TO
READ VdLTAGE,WHILE THE SCALE OF THE AMMETER HAS BEEN CALIBRATED TO READ
THE AMPERAGE,

IT 1S NOW THIZ PRACTICE TO CONSTRUCT THE MOVEMENT OF H1GH GRADE D.C.
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VOLTMETERS EXACTLY THE SAME AS USED IN MILLJAMMETERS.THAT IS, THE MOVING
COIL |IN BOTH CASES ACTUALLY CONTAINS ONLY A FEW OHMMS OF RESISTANCE  AND
IS SO SENSITIVE THAT A CURRENT FLOW OF ONE MILLIAMPERE OR LESS  FLOWING
THROUGH IT S BUFFICIENT TO CAUSE THE INDICATING NEEDLE TC SWING ACROSS
THE ENTIRE SCALEe THEN TO USE THIS INSTRUMENT
AS A VOLTMETER, IT 1S ONLY NECESSARY TO ADD
SUFFICIENT RESISTANCE [N SERIES WITH THE MOY ScALE
ING 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 AREMOUNT

~

¥

is . .

ED INSIDE OF THE MFTER CASE. E
¥ :, ' 4
IN LIKE MANNER,MANY AMMETERS ARE IN i N P ,
REALLITY MILLIAMMETERS CALIBRATED IN namPERES™ \E~~Ho&wu%
BUT THE MOVING COIL RECEIVES ONLY A SMALL
FRACTION OF THE CURRENT BEING MEASURED. THIS
IS ACCOMPLISHED THROUGH BYPASSING A DEFINITE Fla&. 11.
PORT | ON 9F THE TOTAL CURRENT AROUND THE MOV= Pnhcyﬂe of the Hot-wire
ING COIL THROUGH A SHUNT, Y
ALL OF THESE DETAILS WILL APPEAR CLEARER TO YOU AS YOU CONTINUE

WITH THIS LESSON, HOWEVER, BEFORE GOING INTO THIS WORK LET US FIRSTSTUDY
THE HOT=WIRE TYPE METERS,

THE "HOT=WI|RE" METER

WHEN OEALING WITH ALTERNATING CURRENTS, WHOSE FREQUENCY ISVERY HIGH,
S8UCH AS THE ELECTRICALOSGILLATIONS OCCURRING AT RADIO FREQUENCIES, THENWE
MUST DEPART FROM THE MAGNETIC PRINCIPLES IN METER CONSTRUCTION. THAT 18,
FOR TAKING MEASUREMENTS IN HIGH FREQUENCY CIRCUITS, IT IS BETTER TO USE
SOME METER OPERATING PRINCIPLE WHICH DOES NOT DEPEND UPON MAGNETICACTION
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 Fige || YOU ARE SHOWN THE BASIC CONSTRUCTIONAL FEATURES OF AN
AMMETER,WHICH CAN BE USED FOR TAKING  MEASURE=

__, ScaLE MENTS IN CIRCUITS OPERATING AT RADIO  FREQUEN-
,fii:j;‘ 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, I8

CONNECTED ACROSS THE TWO METER TERMINALS INSIDE
OF THE METER BODY. THE TENSION OF TMIS HEATING
WIRE AND THE TENS|ON OF THE SPRING ARE SO BAL-
ANCED WiTH EACHOTHER THAT THE METER NEEODLE NOR=
MALLY LINES UP W|TH THE ZERO MARK' ON THE SCALE,

Now iF THE TERMINALS OF THIS AMMETER ARE

PROPERLY CONNECTED INTO A CIRCUIT CARRYING HIGH

Fia.1z FREQUENCY CURRENTS, THE HEATING WIRE WILL BE CON
The A.C, Voltmeter NECTED IN SERIES wiTH TH1S CIRCUIT,80 THAT ALL
OF THESE HIGH FREQUENCY CURRENTS MUST FLOW THRU
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ITe |T I8 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 DO ING
SO, ADDITIONAL SLACK 18 INTRODUCED INTO IT AND THIS WiILL 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 JNCREASE WITH AN INCREASE IN CURRENT FLOW,DUE TO THE ADDIT-
IONAL SLACK, WHICH 1S INTRODUCED INTO THE HEATING WIRE.

MOVABLE-IRON A.C. METERS

FOR TAK ING MEASUREMENTS IN RADIO CIRCUITS THROUGH WH|CHALTERNATING
CURRENTS OF A 50 OR 60 CYCLE FREQUENCY FLOW,THE MOVABLE=|RON TYPE METER
IS BEING MOST USEDe THE INTERNAL CONSTRUCTION OF SUCH A METER 1S ILLUS=
TRATED IN Fig. 12,

//;Tkz needle

rren - .
iﬁrou;% .. indicates As YOU WILL OBSERVE, A COIL OF
circuit = /1 ma. INSULATED WIRE 1S LOCATED WITHIN THE
1 ma. HOUS ING OF THIS INSTRUMENT AND THE

ENDS OF THIS COJL ARE CONNECTED TO
THE TERMINALS OF THE METER.

THE INDICATING NEEDLE IS FAST=
ENED TO A SHAFT OR AXIS WHICH I8 SUP
PORTED IN SAPHIRE JEWEL BEARINGSs A
SMALL CURVED PIECE OF IRON,(THE ARM-

R Celf ATURE) IS ALSO FASTENED TO THECENTER

SHAFT THROUGH AN ARM AND THIS ARMA=

: Fig. 13 TURE RESTS8 DIRECTLY N FRONT OF AN=
Milliarmmeter Qeaa’/hg"ﬁz//-sca/g", OTHER S IMILARLY SHAPED PIECE OF IRON
WHICH IS ATTACHED TO THE COIL AND

WHICH REMAINS STATIONARY.

UPON PASSING CURRENT THROUGH THE COIL, THE TWO PIECES OF IRONBECOﬂE
MAGNET|1ZED, BUT SINCE BOTH PIECES OF |RON ARE LOCATED ON THE SAME S IDE
OF THE COIL, THEY WILL HAVE THE SAME POLARITY. THIS MEANS THAT THEREWILL
BE A REPELLING FORCE BETWEEN THEM BECAUSE LIKE MAGNETIC POLES REPELe

THE COIL AND ITS IRON MEMBER ARE FIXED AND THEREFORE THE ARMATURE
WILL BE REPELLED AND THEREBY CAUSE THE INDICATING NEEDLE TO ROTATE CLOCK
WISEON 1 TS AX1S AND THUS SWING THE INDICATINGNEEDLE TOWARDS THE RIGHT ACROSS
ITS SCALE. AS SOON AS THE CURRENT FLOW STOPS, A SPRING RETURNS THE MOVE=-
MENT TO ITS NORMAL POSIT]ON SO THAT THE NEEDLE COINCIDES WITH THE  ZERO
MARK OF THE SCALE,

}T REQUIRES BUT LITTLE CURRENT TO OPERATE THIS MECHAN ISM AND FOR
MEASURING HIGHER VOLTAGES IT IS THE PRACTICE TO INCLUDE A RESISTOR IN
SERIES W|TH THE METER WINDING IN ORDER TO LIMIT THE CURRENT FLOW,

A SMALL AND VERY LIGHT VANE 18 ALSO ATTACHED TO THE MOVING PART OF
THE INSTRUMENT. THIS VANE MOVES BACK AND FORTH IN A SEALED AIR CHAMBER
WHENEVER THE INDJCATOR MOVES AND IN THIS8 WAY OFFERS A CERTAIN AMOUNT OF
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RES ISTANCE OR DAMPING EFFECT TOWARDS THE MOVEMENT. THis PERMITS THE NEED
LE TO COME TO A STATIONARY POSITION IMMEDIATELY AFTER TS INITIAL DEFLEQ
T IONe

THIS MOV ING={RON PRINCIPLE CAN BE APPLIED TO EITHER AN AMMETER OR
VOLTMETER. OF THE A.C. TYPE. '

STILL OTHER TYPES OF METERS ARE AVA|LABLE TO THE ELECTRICAL INDUSY
RY BUT THOSE SHOWN YOU WILL FAMILIARIZE YOU WITH THE OPERATINGPRINCIPLES
OF THE MOST POPULAR TYPES OF METERS,SUCH AS YOU ARE CALLED UPON TO USE IN
YOUR RADIO WORK, THE NEXT STEP THEN, VWILL BE TO 8HOW YOU THE MANY DIFF=
ERENT WAYS [N WHICH YOU CAN USE METERS. OfF COURSE, YOU HAVE BEEN SHOWN
TIME AFTER TIME HOW TO CONNECT AMMETERS
IN B8ERIES WITH THE CIRCUIT UNDER TEST
AND VOLTMETERS ACROSS THE CIRCUIT UN=
DER TEST. WE ARE THEREFORE TAKING 17T
FOR GRANTED THAT YOU HAVE A PERFECT UN=
DERSTANDING OF THIS SUBJECT AND FOR
TH1S REASON WILL NOT SPEND THE PRESENT

_ Needle indicates
<o 1ma. = lo ma,

Current

TIME IN REVIEWING PREV|OUS BUBJECT MAT- = loma
TER. |F, HOWEVER, YOU HAVE FORGOTTEN /
SOME OF THESE IMPORTANT POINTS, IT I8 m ¥
MOST ADVISABLE THAT YOU GLANCE OVER THE 00000
EARLIER LESSONS REGARDING METER CONNEC- Resistance of circuily
TION8S, BEFORE CONTINUING WITH THE STUDY ' el
TO FOLLOW, -
Fis. 14

CONDITIONE FREQUENTLY ARISE WHERE Measuring 1o Ma. With a Meter

THE RADIO EXPERT FINDS IT NECESSARY TO of only 1Ma, Range.

CHANGE THE SCALE OF HI8 VOLTMETERS AND

AMMETERS, THEREBY MAK ING THEM SUJTABLE FOR TESTS ON VARIOUS DIFFERENTCIR
CUITS. By PROPERLY ARRANGING THINGS, IT 1§ 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. |3,FOR EXAMPLE, WE HAVE AMILLIAMMETER, WITH A FULLSCALE READ
ING OF | MILLIAMPERE, CONNECTED IN A CIRCUIT IN WHICH JUST EXACTLY lmiLL=
IAMPERE IS FLOWING. UNDER THESE CONDITIONS, IT 1S OBVIOUS THAT | MILLIAM-
PERE W)LL FLOW THROUGH THE METER WINDING BECAUSE IT 18 CONNECTED IN SER-
IES WiTH THE CIRCUIT AND SINCE THE METER HAS ORIGINALLY BEEN CALIBRATED
BY THE MANUFACTURER TO READ | MILLIAMPERE WHEN | MILLIAMPERE 18 FLOWING
THROUGH T8 COIL,WE WiLL FIND THE METER READING FULL SCALE AT THIS TIME.
THAT 18, THE NEEDLE 18 AT ITS MAXIMUM POSITION,READING | 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 | MLy
| AMPERE, THEN WE MUST USE A SHUNT wiTH THE METER. IN Fila. 14,FOR EXAMPLE
WE HAVE A CIRCUIT,THROUGH WHICH |0 MA, ARE FLOWING, AND IF WE SHOULD SIM
PLY CONNECT THE ORIGINAL METER N SERIES WITH THIS CIRCUIT, THE METER
WOULD BE INJURED BECAUSE ITS MAXIMUM RANGE {8 ONLY ONE=~TENTH OF THAT RE=
QUIRED FOR THI8 CIRCUIT,

It 18, HOWEVER, POSSIBLE TO USE THIS BAME METER IN THE CIRCUIT QF
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Fra. 14,ProviDED THAT WE ONLY PERMIT | MILLIAMPERE TO FLOW THROUGH THE
METER COlL AND BY=PASS THE BALANCE AROUND THE METER BY MEANS OF A 8UJIT-
ABLE SHUNT., |F |0 MA. ARE FLOWING THROUGH THE CIRCUIT OF Filg. |4 anD we
ARE ONLY ALLOWED TO PASS ONE MAs THROUGH THE METER COIL, THEN IT 1S APPAR
ENT THAT 9 MA. MUST BE PASSED BY THE METER SHUNT. THE QUEST ION NOWAR|SES
A8 TO THE RESISTANCE VALUE OF THE SHUNT,WHICH SHOULD BE USED IN THIS CASE,

LET US ASSUME THAT THIS METER HAS AN [INTERNAL RESISTANCE OF 27 OHMS.
SINCE THE SAME POTENTIAL EXISTS ACROSS THE METER AND SHUNT AND THE SHUNT
HA8 TO CARRY S TIMES AS MUCH CURRENT AS THE METER, THEN IT IS  PERFECTLY
'LOGICAL THAT THE RES|ISTANCE VALUE OF THE SHUNT MUST BE JusT l/9 OF  THE
METER'S INTERNAL RESISTANCE OR 3 omms (1/9 X 27 omms =3 owms).

BY CONNECTING A SHUNT OF THIS SI1ZE ACROSS THE METER TERMINALS, THE
RANGE OF THE METER HAS BEEN INCREASED TO |0 TIMES |ITS FORMER VALUE AND
THE NEEDLE WILL REGISTER | MILLIAMPERE WHEN THERE ARE ACTUALLY |0 MjLL-
IAMPERES FLOWING THROUGH THE CIRCUITs THIS MEANS THAT ALL THAT IS NEC=
ESSARY IS TO MULTIPLY THE METER READING BY |0, 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 OFe.25 MA, WOULD  NOW

o BE INTERPRETED AS 2.5 Ma. ETC.

~Mcker
°N

For THE SHUNT, YOU MAY USE ANY KIND OoF
WIRE, WHOSE RESISTANCE PER UNIT LENGTH 1S KNOWN
AND WHICH WILL CARRY THE REQUIRED CURRENT WITH
OUT HEATING SUFFICIENTLY TO MATERIALLY INCREASE
I1TsS RESISTANCE. MaNGAaN§H AND GERMAN SILVER ARE
FREQUENTLY USED FOR THIS PURPOSE AND IT IS AD=

q

by VISABLE TO WIND THE WJRE SHUNT ON A PORCELAIN
Rheostat »_ Cell
TUBE OR SOME OTHER SUITABLE SUBSTANCE.
F1a.15
Making the Shunt. THE EXPLANATION,AS JUST GIVEN,WILL ENABLE

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 1S 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,

OETERMINING THE SIZE OF SHUNT IM PRACTICE

THE EASIEST WAY TO CHANGE THE SCALE OF AN AMMETER ORM{LL JAMMETER BY
MEANS OF SHUNTS I8 TO USE THE "cuT AnD TRY" METHOD. To CHANGE THE RANGE
OF A MILLIAMMETER FROM | MA, TOo 10 MA. BY THIS METHOD, YOU WOULD CONNECT
THE METER IN SERIES WITH A CELL anD HIGH RES|STANCE RHEOSTAT AS SHOWN [N
Fia. I5 AND THEN ADJUST THE RHEOSTAT S0 THAT THE CRIGINAL METER READS
FULL sCALE OR | MILLIAMPERE. THIS DONE, CONNECT A PIECE OF SHUNT WIRE A~
CROSS THE METER TERMINALS AND ADJUST ITS LENGTH UNT L THE METER READING
IS REDUCED TO o IMAs THIS THEN IS THE S12ZE SHUNT REQUIRED TO INCREASE THE RANGE
OF THE METER TO TEN TIMES |TS 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 S|ZE AMMETER YOU CHOOSE ANC BY THIS MEANS INCREASE
ITS RANGE TO ANY REASONABLE EXTENT., THE METER,WH|CH WE HAVE USED AS THE
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EXAMPLE IN OUR DIS8CUSS ION, CAN HAVE ITS RANGE INCREASED EVEN TO 100 anoD

500 MILLIAMPERES,S8IMPLY BY REDUCING THE RESISTANCE OF THE SHUNT TO  THE
PROPER VALUE. WHEN USING THE 100 MILLIAMPERE SCALE,THE REAOINGS W] LLHAVE
TO BE MULTIPLIED BY 100 AND WHEN USING THE 500 MILLIAMPERE SCALE, THE READ
INGS WILL HAVE TO BE MULTIPLIED BY 500.

Standard meter
BUILDING A MILLIAMMETER WITH 4 RANGES e/ Rheostat
S - P
THE EASIEST WAY TO DETERMINE THE SHUNT @@ N

FOR THE HIGHER SCALES 1S BY MEANS OF THE 8Yg
TEM I1LLUSTRATED IN F1G. 16, FOR EXAMPLE, TO
PROVIDE A |0=]00 AND 500 MILLIAMPERE S8CALEON
THE AMMETER, WHOSE MAXIMUM RANGE 18 | MILLIAM
PERE, YOU WOULD FIRST DETERMINE THE 81ZESHUNT
T0 USE FOR THE 10 MILLIAMPERE S8CALE A8  AL-
READY DESCRIBED. THIS SAME SHUNT FOR THE |0
MILLIAMPERE SCALE CAN ALSO BE USED FOR  THE
100 AND 500 MILLIAMPERE SCALES BY TAKING OFF

_f"‘,.l%\,,

D “Milliammeter

F1G.16
TAPS AT THE PROPER POINTS. Cd/l'b"aél.ﬂq éhe /7/19/'76"
To DETERMINE THE LOCATION OF THESE TAPS, M}///'ammgéer Scales,

CONNECT THE SHUNT FOR THE |0 MILLIAMPERE 8CALE A=

CRO88 THE O TO | MA. METER,A8 SHOWN IN F1G. |6+ THEN PROVIDE YOURSELFWITH AMILL
JAMMETER, WH 1CH 18 ALREADY CALIBRATED TO TAKE READINGS UP TO 500 MILLIAMPERES,
AND USE TH18 A8 YOUR "8TANDARD METER." To LocaTE THE 500 MILLIAMPERE TAPON THE
|0 MA. SHUNT, CONNECT THE STANDARD METER IN SERIES WITH A CELL AND RHEOSTAT,
‘WITH GCONTACT POINT "A" TOUCHING THE (4) s1DE OF THE STANDARD METER.

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 CAL|BRATED READS EXACTLY FULL SCALE OR | MILLIAMPERE. THE TAP ON THE
SHUNT FOR THE 500 MILLIAMPERE SCALE 138 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 (-+) TeRM
INAL OF YOUR STANDARD METER AND ADJUST THE RHEOSTAT UNTIL THE  STANDARD
METER READS 100 MILLIAMPERESe AGAIN MOVE YOUR CONTACT POINT ALoNG THE 10
MA. SHUNT TOWARDS THE RiIGHT UNTIL THE METER TO BE CALIBRATED READS JUST
EXACTLY FULL SCALE. YOUR CONTACT POINT WILL NOW BE AT "B" AND THIS 1s
WHERE THE TAP MUST BE MADE SO THAT YOUR METER WILL REAO PROPERLY UP  TO
70 10C MILLIAMPERES. THE FINISHED METER WITH
Milliammeter ITS CONNECTIONS FOR THE DIFFERENT SCALES THUS

with O to 1 MADE I8 SHOWN IN Fia. 17.
ma. scale.

By using THE (=) AND | MAa. TERMINALS OF
THE METER IN Fia. 17, THE METER WiLL READ ON
(TS OWN BCALE UP TO A MAXIMUM OF | mA. By us-
ina THE (=) AND 10 MA. TERMINAL,THE READINGS
MUST BE MULTIPLIED BY IO AND THE MAXIMUM READ
ING IN TH18 cASE wiLL BE 10 MA. THE 100  w™A.

Shunt with
connections’}

R oy e M& SCALE IS USED WHEN THE METER CONNECTIONS ARE
; MADE AT THE (=) AND 100 MA. TERMINALS AND

THE READINGS WILL HAVE TO BE MULTIPLIED 8Y

F1a.17 100 £TC. THIS METER CAN BE MOUNTED ON A SMALL

A Milliammeter With PANEL AND A BOX,WITH THE VARIOUS TERMINALS AND

F'OU", Earlqes. THUS BE MADE TO SERVE WAR|IOUS PURPOSESe
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THE USE OF MULTIPLIERS

THE RANGE OF VOLTMETERS CAN ALSO BE INCREASED AND FOR THIS WE  USE
MULTIPLIERSs WHILE THE AMMETER SHUNT BY=PASSED THE BULK OF THE CURRENT S0
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 F1a. 18, For examMPLE, we HAvE DOUBLED THE RANGE OF A VOLTMETER,

SO THAT THIS O To 250 VOLT METER CAN READ VOLTAGES UP To 500 voLTS. To

DOUBLE THE RANGE OF a VOLTMETER,WE MUST USE A MULT|PLIER,WHOSE RES|STANCE

IS THE SAME AS THAT OF THE RESISTANCE WITHIN THE METER. THAT IS, IF  THE

METER 1S RATED AS HAVING AN INTERNAL RESI1STANCE ofF 1000 OHMS PER VOLT,

THEN IF 1TS MAXIMUM RANGE IS 250 VOLTS, ITS INTERNAL RESISTANCE WILL BE
: 250,000 oHMms.

Voltmeter —-

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 =
MuﬂHpHer WHEN USING THE 250,000 oHM MuL
/ TIPLIER IN THIS CASE,WE  MUST
N MULT |PLY THE [NDICATED READING
BY 2, IN ORDER TO DETERMINE THE
ACTUAL OR TRUE VALUE,

SHOULD WE CARE TO IN=

CREASE THE RANGE OF THE VOLT~

METER IN Fiag. 18 up TO 750

Elo. 18 VOLTS, THEN WE MUST USE A MULT=

Using a Mu/é/',o//'er. 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 MULT IPLIER VALUES ARE FOUND
IN THE FoLiowing way: To DOUBLE THE RANGE OF A VOLTMETER, THE METER RESIE
TANCE MUST BE DOUBLED. THAT IS, IF THE METER HAS AN INTERNAL RES|STANCEOF
250,000 oHMS, THIS MUST BE INCREASED TO 500,000 oHmMs BUT siINcE 250,0000HMS
1S ALREADY PROVIDED INSICE 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 oHwms.

To TRIPLE THE RANGE OF A VOLTMETER, THE METER RESISTANCE MUST  ALSO
BE TRIPLED. MEANING THAT IF THE INTERNAL RES]|STANCE OF THE METER |§
250,000 oHms. THIS MUST BE INCREASED TO 3 TIMES THI1S AMOUNT orR To 750,000

oHMSe SINCE 250,000 OHMS OFF THIS AMOUNT IS ALREADY INCLUDED W|THIN THE
METER, THE MULTIPLIER MUST HAVE A RES ISTANCE OF ONLY 750,000 oHms  MINUS
250,000 or 500,000 oHMs. THE METER CAN NOW BE USED UP To 750 voLTs BuUT

THE READINGS INDICATED BY THE NEEDLE AT THIS TIME MUST ALL BE MULT|PLJED
ey 3, IN ORDER TO DETERMINE THE TRUE vaLuE.

You CAN FIGURE OUT ALL KINDS OF MULTIPL{ER VALUES [N .THIS WAY,
MosT voLT METERs HAVE THEIR "omme PER voLT" RATING PRINTED ON THEIR DIAL
OR ELSE THIS RATING 1§ SUPPLIED WITH THE LITERATURE FURN|SHED BY THE MANe—
UFACTURER AT THE TIME THE METER |8 'BOUGHT ,
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"LAY ING-OUT™ A 3 RANGE VOLTMETER

GENERALLY, IT 1S CONVENIENT TO MOUNT A VOLTMETER INA BOX,HAVING 1T8
FACE FLUSH WITH A NEAT PANELe. VARIOUS MULTIPLIERS CAN BE CONNECTED uP
INS IDE 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 ETCe FiG. |9 SHOWS YOU HOW THIS CAN  BE
DONE.

IN Fiae 19, WE HAVE A VOLTMETER,WHOSE MAXIMUM RANGE 18 50 voLTs BUT
WE HAVE MOUNTED IT IN A BOX AND INCREASED I1TS RANGE up Tc 250 ano 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,
mark ING THEM as (=), (500), (250) ano (50).

VYoltmeter
THEN INSIDE OF THE BOX, WE CONNECTONE i
(=) TermINAL DIRECTLY TO THE (=)  TERMINAL g
OF THE METER BY MEANS OF A PJECE OF |NSUL-
ATED COPPER WIRE. THE "50" TERMINAL IS CON~
NECTED DIRECTLY TO THE (+) TERMINAL OF THE
METER INSIDE THE BOX AND BY USING THE (=)
AND 50" TERMINALS FOR OUR CIRCUIT TESTS,
WE WILL BE USING THE METER [N IT8 ORIGINAL
FORM. THAT 18, ITS RANGE WILL NOW BE 50
VOLTS AND WE READ THE SCALE JUST AS IT 18,

: Case
15

'-fu-—Te_rminals

THE 250 VOLT RANGE I§ PROVIDED BY CON
NECTING THE RESISTOR (MULTIPLIER) Ry IN SER N F16.19
1ES WITH THE "250" TERMINAL anD THE () mE- A Ah”t“fanye Volt meter
TER TERMINAL AND THE 500 VOLT RANGE 18 PRO=
VIDED BY CONNECT ING THE MULTIPLIER Rj IN S8ERIES WITH THE "500"  TERMINAL
AND THE (+) METER TERMINAL, THE VALUES FOR THESE MULTIPLIERS ARE CALCULAT
ED IN EXACTLY THE SAME WAY AS ALREADY DESCRIBED. YOU NOW HAVE A NEAT MUL~
TJ-RANGE VOLTMETER,W!TH ALL WIRING, MULTIPLIERS ETC. CONCEALED WITHIN THE
BOX.

To use THE 250 voLT scaLE IN FiG. |9, 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 |0, IN ORDER TO DETERMINE THE TRUE VALUE.

CONVERTING A MILLIAMMETER 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 B30TH PURPOSES.THIS
IS ALSO DONE QUITE EASILY AND WE ACCOMPLISH THIS BY CONNECTING A RESIST-
OR IN SERIES WITH THE MILLIAMMETER,

b4 -
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 wWiILL BE
THE OHM=RATING OF THE SERIES RESISTOR REQUIRED FOR THIS VOLTAGE RANGE.FOR
EXAMPLE, LET US SUPPOSE THAT YOU HAVE A MILLJIAMMETER W|TH A SCALE READING
OF O To | MILLIAMPERES. IN ORDER TO.CONVERT THI8 INSTRUMENT INTO A VOLT-

METER, HAvING A RANGE OF O To 10 voLTs, WE DiviDE |0 ey .00l AMPERE (Imig

LIAMPERE), WHICH GIVES US AN ANSWER OF 10,000 onms(R. E ) As THE vALUEFOR
’ |
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THE REQUIRED RES[|STOR,

So By connECTING A 10,000 OHM RESISTOR IN SERIES WITH THIS MILLIAM=
METER,WE CAN USE IT A8 A VOLTMETER WITH A RANGE oF O To |0 voLTs ano EACH
MILLIAMPERE DIVISION ON THE SCALE WILL BE READ A8 | VvOLT,

To CONVERT THIS SAME MILLIAMMETER INTO A VOLTMETER WITH A RANGE OF
O to 100 voLTs, we oivioe I00 voLTs BY .00l 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 |0 voLTs. TO INCREASE THE RANGE
up To 200 voLTs, A 200,000 OHM
RES1STOR sHouLo Bt useo (R_E_

200 200,000 oxms) AND EACH

.001

DIVISION ON THE SCALE WILL BE
Y oy g P INTERPRETED AS 20 VOLTS.

/06 000 2 100v

[}
‘---J\/l N
ARV D AS YOU WILL NO DOUBT HAVE

[ O . ~4 290,000 . V. 2
oA AR ZE NOTICED FROM THIS EXPLANAT|ONWE
ARE NOT TAKING INTO ACCOUNT THE
INTERNAL RESISTANCE OF THE MILY
£1G. 20 IAMMETER 'S MOVING COIL WHEN CAL
Combination Milliammeter-Voltrmeter CULATING THE VALUE OF THESERIES

RESISTOR WHICH |8 USED WHEN CON
VERTING IT TO A VOLTMETER. FOR THE HIGHER VOLTMETER RANGES, THIS WILL NOT
AFFECT THE ACCURACY OF THE INSTRUMENT TO ANY MARKED DEGREE BECAUSE THE

S8ERIES RESISTOR VALUE 1S 80 VERY GREAT COMPARED TO THE METER'S INTERNAL
RES ISTANCE,

SHOULD THE INTENDED VOLTMETER RANGE BE LESS THAN |0 vOLTS, THEN THE
RESISTOR VALUE THUS CALCULATEO SHOULD BE CONSIDERED AS BEING THE INTERNAL
RESISTANCE OF THE MILLJAMMETER ITSELF PLUS THE "VOLTAGE" SERIES RESISTOR
VALUE., THE TRUE VALUE FOR THE "VOLTAGE" SERIES RESISTOR WILL THEN BE THE
RES ISTANCE VALUE THUS OBTAINED MINUS THE METER'S INTERNAL RESISTANCE.

A COMBINATION MILLIAMMETER-VOLTMETER

IN Frge 20, YOU WiLL SEE HOW A MILLIAMMETER WITH A RANGE OF O To |
MA. CAN BE MOUNTED IN A NEAT BOX AND USED BOTH AS A VOLTMETER AND A MILL]
AMMETER, IN ADDITION TO HAVING A MILLIAMMETER RANGE OF |=10=100, ano 200
MILLIAMPERES AND A VOLTMETER RANGE OF |0~100 anp 200 voLTS. THE VOLTMETER
TERMINALS ARE PLACED ALONG THE RIGHT EDGE OF THE BOX AND THE M{LL JAMMETER
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 THEJR VOLTAGE RANGE,ARE ALSO RATED AS TO THEIR INTERNAL RES}STANCE.
THIS INTERNAL RES|ISTANCE 18 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 onms PER VOLT,500 omms PER
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voLT, |000 oHms PER VOLT ETC. FURTHERMORE,THE HIGHER THE OHMS PER voLT
RATING OF THE METER, THE GREATER WILL BE I1T8 DEGREE OF ACCURRACY BECAUSE
IT WILL DRAW LESS CURRENT FROM THE CIRCUIT ACROSS WHICH A MEASUREMENT |8
BEING TAKEN.

NO? THEN, SINCE A VOGLTMETER HAVING A HIGH INTERNAL RES|STANCE TAKES
VERY LITTLE CURRENT FROM THE LINE, |T STANDS TO REASON THAT THE METER |IT-
SELF MUST BE VERY SENSITIVE,THAT 18, IT MUST REQUIRE VERY LITTLE CURRENT
IN ORDER TO MOVE 178 COIL AND INDICATING NEEDLE OVER IT8 DIAL FOR A FULL~
SCALE DEFLECTION, [HIS8 MEAN8 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 |8 USED IN THE CONSTRUCTIONOF
HJGH RESISTANCE VOLTMETERE AS EMPLOYED IN RADIO WORK. IN THIS CASE, THE
MOV ING COIL CONSIBTS8 OF S8EVERAL LAYERS OF VERY THIN COPPER WIRE IN ORDER
TO PRODUCE THE NECESESARY FJELD 8TRENGTHe 4

THIS LEADS US UP TO ANOTHER POINT AND THAT 1§ THAT IT IS NOT POSS-
IBLE TO MAKE A HIGH REBISTANCE VOLTMETER OF THE SAME RANGE FROM AN ORD{iN=
ARY OR CHEAP LOW RESISTANCE VOLTMETER BY SIMPLY CONNECTING ADDITIONAL RE=-
S1STANCE IN SERIES WITH ITS COlL., THE REASON FOR THIS I8 OBVIOUS WHEN WE
CONS IDER THE FACT THAT A LOW RESISTANCE METER REQUIJRES CONS|DERABLE CURR-
ENT IN ORDER TO OBTAIN A FULL SCALE DEFLECTION AND THIS MEANS THAT IF AD=
DITIONAL RESISTANCE I8 USED, THE CURRENT THROUGH THE METER WiLL BEREDUCED
AND THI8 IN TURN WiLL REDUCE THE SCALE DEFLECTION. SO REMEMBER NOW THAT
HIGH RES ISTANCE VOLTMETERS ARE BUJLT ESBPECIALLY FOR THE PURPOSE,MORE SEN-
SITIVE THAN THE LOW RESISTANCE TYPE AND THAT IT ISN'T PRACTICAL TO 8uyY
CHEAP LOW RESISTANCE VOLTMETERS WITH THE EXPECTATION OF "RE=VAMPING" THEM
INTO ACCURATE HIGH RESISTANCE UNJTS BY MEANS OF SERJES RESISTORS,

IN THE FOLLOWING LEBSON, YOU ARE GOING TO CONTINUE YOQUR 8TUDY OF
RADIO TEéTING EQUIPMENT BY LEARNING ABOUT THERMO-COUPLE METERS, COPPER=
OX)1DE METERS AND OHMMETERS, ALL OF THESE INSTRUMENTS ARE EXTENS|VELY USED
IN RADIO PRACTICE AND SO IT §§ IMPORTANT THAT YOU BECOME THOROUGHLY FAM{ L~
1AR WITH THEM, ’
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Examination Questions

LESSON NO. 49

Success hinges on loyalty. Be true
to your art, your business, your employ
er, your "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.

DESCRIEE THE MOVING COIL TYPE METER MOVEMENT.
DescriIBE THE "HOT=¥|RE" METER.
DescriBE THE MovABLE=IRON TYPE A.C. METER.

WHAT ARE THE ESSENTIAL DIFFERENCES BETWEEN A D.Co AMM=
ETER anD A D.C, voLTmETER?

EXPLAIN WHY SHUNTS ARE SOMETIMES USED IN CONJUNCTION
WITH AMMETERS OR M|LLIAMMETERS,

IF YOU SHOULD HAVE A VOLTMETER WiTH A MAXIMUM RANGE OF
300 vOLTS AND AN INTERNAL RESISTANCE oF 000 OHMS PER
VOLT, WHAT VALUE OF MULTIPLIER RES|STOR WOULD YOU. USE

TO INCREASE THE RANGE OF THIS METER UP To 900 voLrts?

How wouLD YOU READ THIS METER AFTER INCREASING T8
RANGE IN THIs way?

IF you SHOULD HAVE A D.Ce MILLIAMMETER WITH AN INTER=
NAL RESISTANCE OF 27 OHMS,- AND WISHED TO CONVERT THIS
INSTRUMENT INTO A D.C. VOLTMETER WITH A MAX{MUM RANGE
oF 500 voLTs, HOW WOULD YOU GO ABOUT TH1S TASk!

How WOULD YOU INCREASE THE RANGE OF A MILLIAMMETER HAY
ING A FULL SCALE READING OF | MA. S0 THAT READINGS UP
To |0 MA. mMAY BE TakEN?

1)

ExPLAIN HOW YOU COULD INCREASE THE RANGE OF A MILLJAM=
METER WITHOUT RESORTING TO CALCULAT|ON.

DRAW A COMPLETE CIRCUIT DIAGRAM OF A GCOMBINAT [ON MULT l=
RANGE DoCe MiLLIAMMETER AND D.C. VOLTMETER.

) 7#( -
~— —
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LESSON NO. 50

THERMO COUPLE METERS - COPPER
OXIDE METERS — OHMMETERS

IN THIS LESSON,YOU ARE GOING TO CONTINUE YOUR STUDY OF RADIO SER-
VICE EQUIPMENT BY LEARNING ABOUT THERMO-COUPLE INSTRUMENTS, RECTIFIER
TYPE METERS, AND OHMMETERS. ’

UPON COMPLETING THIS SERIES OF LESSONS, YOU WILL 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 INFORMAT ION SUPPLIED IN THIS GROUP OF LES-
SONS TO ASSIST IN CONSTRUCT ING EQUIPMENT OF THIS TYPE FOR YOUR OWN USE.

THERMOCOUPLE INSTRUMENTS
THERMOCOUPLE INSTRUMENTS,AS THE IR NAME INDICATES,ALSO USE THE EFF-
ECTS OF HEAT TO ACTUATE THE IR
MOVEMENT, ONLY THAT THIS 1S
ACCOMPL ISHED IN A DIFFERENT
MANNER THAN IN THE SO-CALLED
"HOT-WIRE" INSTRUMENTS.,

s |

THE CONSTRUCTIONAL FEAT
URES OF THE THERMOCOUPLE IN-
STRUMENT ARE ILLUSTRATED FOR
vyou IN Fie. 2. HERE vou wiILL
OBSERVE THAT THE METER MECH-
ANISM ITSELF IS OF THE MOVING
COIL TYPE WITH WHICH YOU ARE

16. 1
A well- Equflppea( Service Bench.
ALREADY FAMILIAR, THE ESSENT AL DIFFERENCE, HOVEVER,LIES IN THE THERME

COUPLE UNIT, WHICH CONSISTS OF TWO WIRES OF DISSIMILAR METALS ELECTRI-
CALLY WELDED TOGETHER AT THEIR CENTER. .

Now THEN,THE BASIC PR INCIPLE UPON WHICH THIS THERMO-COUPLE OPERAT-
ES IS THAT WHENEVER THE JUNCTION POINT OF TWO DISSIMILAR METALS IS HEAT-
ED,A VOLTAGE 1S GENERATED.THIS VOLTAGE IS PROPORTIONAL TO THE DIFFERENCE
IN TEMPERATURE BETWEEN THE HEATED JUNCTION AND THE OTHER ENDS OF THE TWwO
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PIECES OF DISSIMILAR METALS,

LET us ASSUME THAT A MEABUREMENT OF THE CURRENT FLOW {8 TO BETAKEN
WITH THE INSTRUMENT OF F1G¢2 IN A CIRCUIT CARRYING RAD IO FREQUENCY CURR~
ENT, THE TERMINALS OF THE METER WILL THEN BE CONNECTED [N THE CIRCUIT AS
sHOWN IN F1as 2 AND THE R.F. CURRENT AT ANY ONE INSTANT WILL FLOW IN AT
ONE TERMINAL,PASSING INTO ONE WIRE OF THE THERMO=COUPLE, THROUGH THE WELD
ED JOINT AT THE JUNCTION POINT AND BY WAY OF THE OTHER THERMO=~COUPLEW]RE
TO THE OTHER METER TERMINAL AND BACK TO THE CIRCUIT.

THIS FLOW OF RADIO FREQUENCY CUR

PERPMANENT RENT WILL HEAT THE JUNCTION POINT, AS
MAGNET

WELL AS THE WIRES OF THE THERMO=COUPLE.

THt8 HEATING EFFECT OF THE RADIO
FREQUENCY CURRENT PASSING THROUGH THE
JUNCTION POINT OF THE TWO  DJSSIMILAR
METALES CAUSES A DIRECT CURRENT E.M.F,
TO BE GENERATEC 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 THERMO-COUPLE
WIRES. THIS RESULTING FLOW OF DIRECT
CURRENT THROUGH THE MOVING COIL OF THE
METER CAUSES THE MOVING COtL TO ROTATE
ABOUT ITS AXIS AND THEREBY SWING  THE
INDICATING NEEDLE ACROSS IT8 SBCALE,

THE HEATING EFFECT IS PROPORTION
AL TO THE SQUARE OF THE RADIO FREQUENCY
CURRENT BEING MEASURED, WHEREAS THE VOL
TAGE WHICH 18 GENERATED ACROSS THE
JUNCTION, 18 PROPORTIONAL TO THE TEMPER
METER TERMINALS ATURE. FOR TH1S REASON,THE MOVEMENT OF

THE INDICATING NEEDLE ACROSE TS SCALE

WILL INCREASE APPROXIMATELY PROPORTION

F1G. 2 ALLY TO THE SQUARE OF THE RAD10O FRE=

Tﬁe Tr'lermocoup/e Mefer. QUENCY CURRENT WHICH PASSES THRU THE
THERMO~COUPLE. |T 1S DUE TO THIS8 CON=-

DITION THAT THE MARKINGS ON THE SCALE OF SUCH INSTRUMENTS ARE CROWDED TQ

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 (S SUITABLE FOR TAK{ING MEASUREMENTS

“IN RADIO FREQUENCY CIRCUITS8,A8 WELL AS IN CIRCUITS CARRYING ALTERNATING

CURRENTS OF ANY FREQUENCY OR EVEN IN D,Ce CIRCUITS. IT 1S MOST EXTENSIV-
ELY USED, HOWEVER, FOR TAKING MEASUREMENTS IN R.F, CtRcUITS.

THE Two DISSIMILAR METALS WHICH ARE FREQUENTLY USED IN THECONSTRUC
TION OF THE THERMOCOUPLE ARE COPPER AND CONSTANTAM. THE MOST GENERAL TRQ
UBLE WHICH DEVELOPES IN THIS TYPE OF INSTRUMENT I8 THE BURNING UP OF
THE THERMOCOUPLE CAUSED B8Y A CURRENT OVERLOAD. As A RULE, THIS8 DOES NO
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HARM TO THE MOVEMENT OF THE INSTRUMENT SINCE THE CURRENT FROM THE ClR=-
CU|T DOES NOT FLOW THROUGH TS WINDINGS, CONSEQUENTLY TO REMEDY THE CON=-
DITION, IT 18 ONLY NECESSARY TO REPLACE THE THERMOCOUPLE UNIT WITH A NEW
ONE AND TO ADJUST THE CALIBRATING RESISTOR TO 8S8UIT THE THERMOCOUPLE,

THEMAJORITY OF THE THERMOCOUPLE INS8TRUMENTS ARE DESIGNED 80 THAT THE
D.C.VOLTAGE ACROSS THEMOV NG CO |L FOR FULL=SCALE DEFLECTION 18 FROM ABOUT |5
TO 25MILLIVOLTSs THE BMALL CALIBRAT ING RE~
SISTORWHICH 18 CONNECTED IN SERIES WITHTHE |,
MOV ING COIL OF THE INSTRUMENT AND THE THERMO MAGNET
COUPLE BEING 80 ADJUSTED A8 TO AFFECT THE DE=- ~
S8IRED CALIBRATION OF THE INSTRUMENT.

THE PRINCIPLE OF CONSTRUCTJON A8
ILLUSTRATED IN F1G.2 1S ONLY USED IN SUCH
CASES WHERE THE CURRENT TO BE MEASURED
DOES NOT EXCEED ONE=HALF AMPERE.

MOVING
co/L 7

b
S

\Y,/D. C. PATH

THERMO-COUPLF

% F

HANDLING GREATER LOAD CURRENTS THAN THIS
ARE CONSTRUCTED SOMEWHAT A8  ILLUSTRATED
I8 Fige 3. HERE YOU WILL SEE THAT THE TWO
DISSIMILAR METALS OF THE THERMOCOUPLE ARE
CONNECTED N PARALLEL WITH RESPECT TO THE
R.,F. PATH OR EXTERNAL CIRCUIT BUT IN SER= T
1€S WITH RESPECT To THE D.C. CURRENT WHICH

IS GENERATED BY THE THERMAL~ELECTRIC EFF=
ECT AT THE THERMO=COUPLE.

y
INSTRUMENTS WHICH ARE CAPABLE  OF 7
]
/]

CCAHBPA"/NG
RESISTOR

P amamad

Y
4/),?./-'.' PAT{;j

By LookING AT F1Ge3 A LITTLECLOSER
.YOU WJLL S8EE ONE OF THE METALS OF THE
THERMO=~COUPLE METALS DRAWN [N BOLD BLACK
WHILE THE OTHER I8 NOT SHADED., THE METALS METER TERMINAL
FREQUENTLY USED IN THIS CASE ARE MANGANIN
AND "ADVANCE" WiIRE. ALSO NOTICE IN Fiae 3

THAT WITH RESPECT To THE D.C. PATH,  THE FiG.3
VOLTAGE AS PRODUCED AT THE JUNCTION X oF  Compound Thermocouple
THE THERMO=COUPLE IS IN THE SAMEDIRECTION Jnstrument.

AS THE VOLTAGE PRODUCED AT JUNCTION Y AND

THAT THESE VOLTAGES WiLL ADD TOGETHER 80 THAT THE OVERALL THERMAL~ ELEC-
TRIC VOLTAGE WJLL BE HIGHERe AT THE SAME TJME, THE LOAD CARRYING CAPACITY
ALSO BEING GREATERs

RECT IF IER-TYPE METERS

A.C. METERS IN GENERAL ARE MORE 8LUGGISH THAN D.C. METERs AND "aB-
SORB" A GREAT DEAL MORE POWER FROM THE CIRCUIT IN WHICH THE MEASUREMENT I8
_ BEING MADE IN ORDER TO ENERGIZE THE INSTRUMENT. WHEN MAKING RADJO. MEAS-
UREMENTS, THIS I8 A SERJOUS CONDITION BECAUSE QUITE OFTEN,MORE POWER 18 RE
QUIRED TO SWING THE METER'S NEEDLE THAN IS AVAILABLE )W THE CIRCUIT UNDER
TEST.

THE ADVANTAGES OF THE LOW CURRENT DRAIN OF S8ENSITIVE D.C. INSTRU-
MENTS CAN BE RETAINED FOR MEASURING LOW A,C. VOLTAGES AND CURRENTS BY US
ING A SUITABLE SENSITIVE D'ArsonvaL (Moving coiL) Type DB.Ce INSTRUMENT IN
CONJUNCTION W)TH A RECTIFIERe IN OTHER WORDS,THE A,C. VOLTAGE TO BEMEAS—~
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URED, WOULD UNDER THESE CONDITIONS BE RECTIFIED AND THEN APPLIED TO THE
0.C. INSTRUMENT.

THERE ARE SEVERAL METHODS WHEREBY WE CAN RECTIFY THE ALTERNATING

CURRENT TO BE MEASURED. THE FIRST IS BY USE OF A CRYSTAL RECTIFIER AS
ILLUSTRATED IN FiGge 4. THE CRYSTAL,
CARBORUNDUM _HOWEVER, IS GENERALLY TOO UNSTABLE (N
CRYSTAL N OPERAT ION AND NEEDS TO BE ADJUSTED
' — QUITE OFTEN IN ADDITION TO BEING SUB=
l JECT TO BURNOUTS AT COMPARATIVELY LOW
CURRENT VALUJES.
A.C. INPUT
THE SECOND METHOD TO OBTAIN RECT
o.c. ,2//;f IFICATION FOR THE USE OF THIS INSTRU=
METER MENT 1S TO EMPLOY A VACUUM TUBE RECT-
IFIER AS SHOWN IN F1Ge5. THE ORDINARY
DESIGN OF SUCH A DEVICE GENERALLY LIM
FiGc. 4 ITS ITS APPLICATION BECAUSE IT {8 SuUB
The Crystal Qecbfﬁer: JECT TO TUBE FAILURE,AND EVERYTIME THE

TUBE NEEDS TO BE REPLACED, THE [INSTRU-~
MENT MUST BE RECALIBRATED. THE SAME INSTRUMENT |S SOMET IMES USED AS AN
OUTPUT METER WHEN THE INDICATIONS ARE FOR COMPARISON ONLY,

THE THIRD AND MOST DESJIRABLE METHOD OF RECTIFICATION FOR THIS PURe
POSE §3 TO USE A COPPER OXIDE RECTIFIER AS ILLUSTRATED IN F1G.B. THIS
TYPE 1S SATISFACTORY FROM THE STANDPOINT OF RUGGEDNESS, SENSITIVITY AND
CONSTANCY AND AT THE PRESENT TIME IS BEING MOST EXTENSIVELY USED FORTHIS
PURPOSE,

ITS MAIN DISADVANTAGE I35 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 RECTIw-
FIER WILL BE NEGLIGIBLE.

RECTIFIER TYPE INSTRUMENTS HAVE A LARGE CAPACITANCE DUE TO THE REC
TIFIER,WHICH CAUSES A CHANGE IN SCALE DEFLECTION AS THE FREQUENCY OF THE
APPLIED VOLTAGE TO BE MEASURED IS VAR-
1EDs THE EFFECT OF THIS CAPACITY ISNOT
GREAT AT LOW FREQUENCIES BUT ABOVE A=
BOUT THREE THOUSAND CYCLES,THE ERROR
IS MORE PRONOUNCED BY THE INCREASE IN J
FREQUENCY. THIS 1S NOT AS SERIOUS AN A.C. INPUT
OBJECTION AS §T APPEARS AT FIRST GLANCE

SWI/TCH
Y
}l'r
h o

BECAUSE THE SerRviIceE MAN SELDOMREQUIRES
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 Ela. 5
TO A MINIMUM THE DANGER OF DESTRUCT |ON ’ ,
OF THE UNIT DUE TO OVERLOAD. The Vacuum Tube 'QZC’é’/qefT

A
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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 CLASS|FIED AS
UNIVERSAL METERS,

THe WesToN MopeL 301 UNIVERSAL METER, FOR INSTANZE, 18 DES!GNEDFOR
USE WITH EXTERNAL SHUNTS AND EXTERNAL RESISTANCES FOR MEASURING D.Ce.voL=
TAGES AND CURRENTS AND A.C. VOLTAGES. TH1S INSTRUMENT J8 OF THEPERMANENT
MAGNET MOV ING COIL TYPE WITH A SELF-CONTAINED COPPER OXIDE RECTIFIER FOR
THE A.C, MEASUREMENTS. |T 1S SELF=CONTAINED FOR 5 VOLTS AND | MILLIAMPERE
A.C. AND 50 MiLLivoLTs AND | miLLIAMPERE D.C. IT IS PROVIDED WITH Two
8CALES,ONE FOR THE A.C. MEASUREMENTS AND ONE FOR THE D.C., MEASUREMENTS.

Fige 7 sHOWs YOUHOW
THIs WesTonN Mooer 301 un- BRIDGE RECTIFIER A—
IVERSAL METER CAN BE USED UNIT ~
IN CONJUNCTION WITH A
GROUP OF SHUNTS ANDMULT |= ] ;ﬂi{

7
PLIERS 80 THAT IT CAN BE l 4

—

USED FOR MEASURING E|THER
A.Cy or D.C. vOLTAGES FROM
5 up To 1000 voLTs ANDDLC ., A.C. INPUT
MILLJAMMETER RANGES  EX= T GRY d)e

o

™
39 _

-

TENDING FROM | MILLIAMPERE
T0 100 MILLIAMPERES,.

To READ VOLTAGESWITH ElGa. &
THIS INSTRUMENT,SET 8W|TCH The Co,opzraxia’e Bectifier
"S" TO THE | 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 "A,C, posiTion™ 1F A.C. voL~-
TAGES ARE TO BE READ.

For D.C. READINGS, 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, THE YA.C, TERMINAL CAN BE CONNEGT
ED TO EITHER SIDE OF THE CIRCUIT UNDER TEST AND THE OTHER VOLTMETER TERM
INAL OF THE DESIRED RANGE IS8 TO BE CONNECTED TO THE OTHER SIDE OF THEA.C.
CIRCUIT UNDER TEST.

A SET OF THREE SHUNTS 18 PROVIDED TO INCREASE THE D.C.MJLLIAMMETER
RANGE, THE POLARITY OF THE "MILLIAMPERE TERM!NALS" BEING AS DES | GNATED
IN Fla. 7.

IF THE MAXIMUM RANGE DESIRED IS | MA., THEN TURN SWITCH "s" To THE
| MA. POSITION. TO INCREASE THE RANGE TO 2.5 MA., TURN swiTcH "s®" To THE
"2.5 MA. POSITION® ETCe == THE DoC. MILLIAMMETER RANGES THUS OFFERED ARE
O=| 5 O=R2.5 3 0=25 AND O=[00 Ma.

THE VOLTMETER-AMMETER METHOD OF MEASUR|ING RESISTANCE

You WERE ALREADY SHOWN HOW RESISTANCE CAN BE MEASURED BY MEANS OF
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THE WHEATSTONE BRIDGE BUT NOW LET us seeE How METERS cAN BE USED FOR THIS
PURPOSE,

THE SIMPLEST WAY TO MEASURE A RESISTANCE VALUE 18 ILLUSTRATED FORYOU

IN F1g. 8. HERE YOU WiLL OBSERVE THAT THE RESISTANCE TO BE MEASURED is
(1000 V. WESTON 30/
h 250,000 Q. UNIVERSAL METER
4 T50 v.
< 750,000 01
2 500 V. >
- 3 Q’ZSO,OOO L
o & 250 v,
"U 17.5,000.0. +
ab 100 V. : e
0,000 QL
z E = - 1m.a. 15ma. ;
=T <+4.¢C,000 1
%5 S
= 0w ~— 5,000 .0
< \ sv._ % " ). N G B Ma,
TA'C'. q
-D.C. o— \;—1 g
+A.C. © - =2
F1G.7

A Single Meter Serving as a Multi-Range D.C.—
A C. Voltmeter and D.C Milliammeter.

CONNECTED IN SERJIES WITH A SW|TCH, BATTERY AND AN AMMETER ORM|LLIAMMETERe.

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.C.voLT=
METER 18 CONNECTED ACROSS THE ENDS OF THIS RESISTANCE, IT WILL INDICATE
THE VOLTAGE DROP ACROSS THE RES18TORe. WE CAN THEREFORE APPLY Omm's  Law
IN THE FORM R_E  WHERE R=THE RESISTANCE VALUE TO BE DETERMINED; [=THE

l
CURRENT FLOWING THROUGH 1T AND E=THE VOLTAGE DROP ACROS8 IT. FOREXAMPLE,
{F THE AMMETER READS +5 AMPERE
AND THE VOLTMETER (00 vOLTs, THEN

/VOLTMETE',Q’
W THE VALUE OF THE RESISTANCE BEING

AMMETER OR u MEASURED BEcomes 200 omms (R_E _
MILLIAMETER : |
100 —200 owms).
«5 :
AMAAANA— THE VALUE OF THE APPLIED
RSl \ E.M.F. (BATTERY VOLTAGE OR mvorf
BEINC MEASURED ER CONSTANT D.Ce VOLTAGE S8OURCE

SHOULD BE CHOSEN 80 THAT THE RE=

— , SISTANCE DOES NOT BECOME HOT A8
T BATTERY / THE CURRENT FLOWS THROUGH 1Te
SWITCH / SINCE THE VOLTMETER [ITSELF
i WILL DRAW A CERTAIN AMOUNT OF CUR
E1G. 8 RENT WITH WHICH TO ENERQIZE ITS
MOVEMENT, THIS WILL INTRODU
The Ammeter - Voltmeter Method. yTHIS WILL 1 cE AN

ERROR INTO THE COMPUTATION OF -THE-
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RESISTANCE VALUE,. HOWEVER, FOR MEASURING COMPARATIVELY 10W RES §STANCE
VALUES, THIS8 METHOD 18 FAIRLY SATISFACTORY FOR UNDER THESE CONDIT IONS, THE
CURRENT FLOW THROUGH THE RESISTANCE WILL BE RELATIVELY LARGE 80 THAT EVEN
I{F A FEW MILL)JAMPERES OF VOLT=
METER CURRENT ARE ADDED TO THE

AMMETER READING,THIS WILL NOT VOLTMETER —— 72=
CAUSE AN APPRECIABLE ERROR. /3/
To MEASURE A HIGH RES|8~ MILLIAMETER

TANCE VALUE, THIS METHOD WOULD
NOT BE SUITABLE,FOR IN THIS
CASEy THE CURRENT FLOW THROUGH

THE RESISTANCE WOULD BE VERY

SMALL SO THAT THE VOLTMETER CUR RSG5 BF/NB
RENT MAY BE JUST AS GREAT  AS MEASURED

THAT FLOWING THROUGH THE RESIS
TOR. THEN SINGCE THE MILLIAMMET ——

ER READS THE COMBINED CURRENT K_

OF THAT FLOWING THRU THERESIS= T BATTERY j

TANCE AND THE VOLTMETER, WE p—
WOULD BE INFLUENCED BY AN APP= SWITCH
RECIABLE ERROR. |N OTHER WORDS,
THE SMALLER THE PRORORTION  OF
THE TOTAL CURRENT FLOWING THRU Fl1Gg.°

THE VOLTMETER TO THAT FLOWING Measuring #High Resistance lalves.
THROUGH THE RESISTANCE, THE

HIGHER WILL BE THE DEGREE OF ACCURACY.

FOR MEASURING HIGH RESISTANCE VALUES WHERE THE CURRENT VALUE IS VERY
SMALL, IT 1S PREFERABLE TO MEASURE THE VOLTAGE DROP ACROSS BOTH THEAMMET=-
ER OR MILLIAMMETER AND THE RES]STANCE BEING MEASURED, AS ILLUSTRATED IN

‘Fyge 9« ALTHOUGH IT 18 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 I8 80 VERY SMALL A8 COMPARED TO THE RESIS=
TANCE BEING MEASURED THAT THE PERCENTAGE OF ERROR WILL BE APPREC I1ABLY
BMALL.

THE VOLTMETER METHOD OF

OLTMET
v £ MEASUR ING RES |STANCE

Ve

RESISTANCFE
BEING MEASURED
|4

Fiae. |0 sHOWS YOU HOW IT

W 1S POSSIBLE TO MEASURE RE=
} SISTANCE WITH A VOLTMETER A=
(‘ LoNE. TO DO THIS,CONNECT  THE
SHORT-CIRCUITING ‘RESISTANCE TO BE MEASURED IN
SwiTCH SERIES WITH THE VOLTMETER AND
THe D.C. VOLTAGE SOURCE AND
||l||= CONNECT A SHORT=CIRCUITING SWJ
/!, TCH ACROSS THE ENDS OF THE RE=
BATTERY S1STANCE.
2@, 9 THE FIRST STEP I8 TO
- . CLOSE THE SHORT=CIRCUITING SWL
Voltmeter Method of Measuring  tew, THis wiLL CONNECT THE

Resistance. VOLTMETER DIRECTLY ACROSS THE
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BATTERY OR OTHER D,C, VOLTAGE SOURCE SO THAT THE sOURCE ofF E.M.F.can BE
ACCURATELY MEASURED BY THE VOLTMETER. THIS 1S GENERALLY CALLED THE "LINE
READING",

AFTER THI8 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?

RE
Unknown ResisTance_ Line READING-DRop READING x RES 1 STANCE 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  SW{TCH,
THE VOLTMETER READS !80 voLTs. THIS 18 THE "LINE READINGM,

Now LET uUs SUPPOSE
THAT THE VOLTMETER READ8s 40
VOLTS WHEN THE SWITCH 1s
OPEMED., THIS CORRESPONDS TO
THE "orop READING".

D C. VOLTMETER < D.C. MILLIAMETER '

THE VOLTMETER BEING
USED HAS A FULL SCALE RANGE
of 250 vOLTS AND AN INTERN-
AL RESJSTANCE OF |000 oHMs

7 PER VOLT. |TS8 TOTAL RESiS-
POTENTIOMETER TERMINALS FOR TANCE WILL THEREFORE BE 250
KNOB RESISTOR TEST J Times 1000 or 250,000 omms.

" 80 SUBSTITUTING INTO THE

Filag. 11 FORMULA, THE DATA WHICH WE

The Resistor Tester HAVE 80 FAR ACQUIRED WEHAVE

UNKNOWN RESISTANCE:J.&QZE_A'[Q X250,000=>1£% X250, 000=3, 5X250, 000=875, 000 0OHMS «

THIS METHOD 18 ONLY SUITABLE FOR MEASURING RESISTANCES OF HIGH VAL~
UE FOR IF THE RESJISTANCE IN QUESTION IS OF LOW VALUE,THERE WiLL BE s0
LITTLE DIFFERENCE IN THE VOLTMETER READING WHEN THE VOLTMETER 1S CONNECTED
DIRECTLY ACROSS THE SOURCE OF E.M.F. OR IN SERJES WITH THE UNKNOWN RES|S=
TANCE,

A SELF-CONTAINED RESISTOR TESTER

IN Figel|l YOU ARE SHOWN A MORE ELABORATE TESTING OUTFIT WHICH WILLEN
ABLE ONE TO MEASURE RESISTANCE VALUEs up To 100,000 oHmMs. HERE ALL OF THE
NECESSARY EQUIPMENT 1S HOUSED IN A COMPACT CASE WHICH MAY BE MADE OF SHEET
ALUMINUM,WOOD WITH A BAKELJTE PANEL OR ANY OTHER DESIRABLE MATER|ALS,

THE CIRCUIT DIAGRAM FOR THIS BAME TESTER APPEARS IN Fi1Ge (2

By REFERRING TO F1Ge 12,YOU WILL OBSERVE THAT A MILLIAMMETER WITH A
RANGE OF O 70 | mMa, A O To |0 VOLTMETER,A 400 OHM POTENT |OMETER,A |OMiLL~
IAMPERE S8HUNT, 28WITCHES AND THREE 4%V. "CH BATTERIES ARE USED IN THIS CIR

L



LESSON NO¢bH0 PAGE 9

CUIT.

To MEASURE ANY RESISTANCE uUp To 10,000 oHMS, THE UNKNOWN RESISTOR 1S
CONNECTED ACROSS THE TERMINALS "X" ano "Y" wiTH THE MILLIAMMETER SHUNT
SWITCH OPEN AND THE MASTER SWITCH CLOSEDe THE POTENT |OMETER IS THEN  AD=
JUSTED UNTIL THE MJLLIAMMETER READS FULL SCALE,THAT IS, | 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 1Is
EQUAL TO THE VOLTAGE AS GIVEN 8Y THE VOLTMETER DIVIDED BY THE CURRENT [N
AMPERES AS READ ON THE MJLLIAMMETER. FOR EXAMPLE,SHOULD THE VOLTMETERREAD
2 VOLTS, THEN THE VALUE OF THE UNKNOWN RESISTOR IS 2 DIVIDED 8Y.00| AMPERE

OR 2000 oHMs. THE VALUE IN OHMS CAN BE DE= f 1]
TERMINED AT A GLANCE BECAUSE DiVIDING A NUM % Y
BER BY o,00!| 1S THE SAME AS MULTIPLYING 1T c
By |000 AND FOR TH|IS REASON IT IS ONLY NECw
ESSARY TO POINT OFF THREE DECIMAL PLACES TO - \
THE RIGHT OF THE VOLTMETER READING, IN ORDER r_ﬁiilq:)_J p
TO CONVERT THIS READING TO OHMS., THAT 1S, A 400, 2rm o
READING OF 3.5 VOLTS IN TH|S CASE WOULD BE — AN
INTERPRETED AS 3500 OHMS ETC. | g? RESIS

! s -—"v‘\."\/\’\r’\~

IN ORDER TO MEASURE RESISTANCES UP TO | A

100,000 OHMS, THE UNKNOWN RESISTOR 1S  CONN= Lo mo—iiniein—
ECTED TO THE TESTER IN THE SAME MANNER BUT swiren’ Learrerr
NOW INSTEAD OF ADJUSTING THE POTENT|OMETER
UNTIL A MILLIAMMETER READING OF | M,A. S 0B Chreuit F‘c@h};?;cf/‘ons
TAINED, IT 1S SET TO THE POSITION AT  WHICH férfheékmkhwiQséen

THIS METER READS | MeA. OR 000l AampP. THE
VOLTMETER READING 18 THEN MULTIPL}ED BY 10,000 insTEAD OF 1000 AND THE RE
SULT IS THE VALUE OF THE UNKNOWN RESISTOR IN OHMS,

THE swiTcH FOR THE |0 MsAe SHUNT 1S ONLY USED WHEN MEASURING RES|S=
Tances BETWEEN O anD |000 oHMs, IN THIS CASE, THE SHUNT SWITCH IS CLOSED
AND THIS WiLL INCREASE THE RANGE OF THE MILLIAMMETER UP To |0 ma. OR Ol
AMPERE. THE POTENT IOMETER IS NOW ADJUSTED UNTIL THE METER READS FULL SCALE,
WHICH NOW wiLL BE +0Ol AMPERE AND THE RESULTING VOLTMETER READING W|LL THEN
8E MULTIPLIED 8y |00, THIS WILL BE THE
VALUE OF THE UNKNOWN RESISTOR N OHMS AND
THIS LAST METHOD MAKES THE METER SCALE
MORE READABLE FOR RESISTANCES BETWEEN 50
AND |000 owMms,

7
/

IT §s8 ALSO ADVISABLE TO REMIND YOU
AT THIS TIME, THAT THE RESISTORS,WHICH ARE
USED §N CONJUNCTION WITH ANY KIND OF TEST
ING DEVICES AT ALL,MUST 8E OF THE PRECIS~
ION TYPE WHICH ARE GUARANTEED TO BE ACC-
URATE WITHIN |% OF THEIR RATED VALUE,
CHEAP RESISTORS MEAN INACURRATE  RESULTS
AND THIS HOLDS GOOD FOR ALL MULTIPLIERS

ETCe THEN TOO,OF COURSE,THE HiGHER THE
QUALITY OF METERS USED, THE MORE ACCURATE
£1G.13 WILL BE THE RESULTS.

INSTRUMENTS ARE NOW A.VAIL.ABLE WHICH
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ENABLE ONE TO READ THE RESISTANCE VALUE OF ANY RESISTOR UPON A
SCALE WHICH 18 CALIBRATED DIRECTLY IN OHMS. WE CALL THESE

METER
INSTRUMENTS

OHMMETERS AND §IT 18 A COMMON PRACTICE AMONG METER MANUFACTURERS TO IN=
CORPORATE THESE UNITS INTO A SINGLE CASE [N SUCH A MANNER THAT THEDEVICE

TERMINALS

T/\

CALIBRATING

4 RESISTANCE

JIN

BATTERY

SERVES BOTH A8 A D.C.VOLTMETER
AND AN OHMMETER. YOU ARE SHOWN
oNE OF THEsE VOLT- OHMMETERS,
AS THEY ARE CALLED, IN Frae. 13.

THE OHMMETER PRINCIPLE IS
ILLUSTRATED FOR YOoU IN Fia. 4.
As YOU WILL OBSERVE, THE INSTRU-
MENT CONSISTS OF A MOVING COIL
TYPE MILLIAMMETER WHOSE S8CALE
IS CALIBRATED IN OHMS. THIS ME
TER §S CONNECTED |N SERIESWITH
A SMALL 45 VOLT DRY BATTERY,
CALIBRATING RESISTANCE AND A

(:dléllAMETEE

Fi1Gg. 14
The Ohmmeter /Df‘/'ncl'p/e.

Fic.

PAIR OF TERMINALSe

To USE THIS OHMMETER, THE

RESISTANCE TO BE MEASURED
CONNECTED ACROSS THE TWO TERM-
INALS WHICH ARE POINTED OUT
|4 AND THE METER WJLL THEN

1s

IN

INDICATE THE RESISTANCE VALUE DIRECTLY IN OHMS., NO CALCULATIONS ARE THERE

FORE REQUIRED.

WHAT REALLY TAKES PLACE IN THIS CASE IS THAT WHEN CONNECTING AN UNe=
KNOWN RESISTOR ACROSS THE TERMINALS, THE METER DEFLECTION WiLL BE PROPOR

TIONAL TO THE CURRENT FLOW AND SINCE THE SCALE (S ALREADY CAL[BRATED

OHMS, THE RESISTANCE VALUE 18 QUICKLY AND EASILY DETERMINED.

To COMPENSATE FOR THE REDUCTION N BAT
TERY VOLTAGE AS THE BATTERY BECOMES AGED,
THE EFFECTIVE VALUE OF THE CALIBRATING RE=
SISTANCE WILL HAVE TO BE CHANGED. TO ACCOMP,
LISH THIS, 1T 158 ONLY NECESSARY TO TEMPORAR-
LY SHORT CIRCUIT THE OHMMETER TERMINALéAND
BY MEANS OF A SCREW=DRIVER ADJUST THE POTENT
IOMETER ADJUSTING SCREW 80 THAT THE METER
NEEDLE COMES TO REST AT THE ZERO MARK.

WHEN THE BATTERY 18 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=CAL|BRATED
FOR I1T8 ZERO SBETTING AS JUST DESCRIBED.

THE PARTICULAR METER |LLUSTRATED IN
Fi1c. |3 HAS VOLTAGE RANGES OF 3=30-300 aND
600 VOLTS == THE ROW OF TERMINALS ALONG I8
-UPPER EDGED BEING USED AS THE VOLTMETER TER
MINALS IN THE CUSTOMARY MANNERe THE READING
1S OBTAINED FROM THE VOLTAGE SCALE,

IN

RES.
T OHMS

1.5V,

P g+ 225,000
/
e

—MaA, o—l L
C

4 3
5

1MA

421
OHMS

5 MaA

84.2
OHMS

25MA

15.78
OHMS

100 MA,

5.26
L1

Eila, 15

X MEANS
MULTIPLY
By

M MEANS
THOUSAND

Combrnation Volkmeter-
Ammeter - Ohmmeter.
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To USE THIS INSTRUMENT AS IN OHMMETER, THE TOGGLE SWITCH AT THE LEFT
1S SNAPPED TO THE "owMs" POSITION AND FOR MEASURING RESISTANCE VALUES UP
10 100,000 OHMS, THE RIGHT TOGGLE SWITCH 18 SNAPPED To THE "R" posiTiON
AND FOR MEASURING RESISTANCE VALUES up To 10,000 oHMs, THIS8 SAME SWITCH IS
SNAPPED TO THE "R® POSITION,

10

THE RESISTANCE TO BE MEASURED 1S THEN CONNECTED ACROSS THE TWO LOW-

ER TERMINALS AND ITS RESISTANCE IN OHMS READ DIRECTLY ON THE OHM SCALE.

COMBINAT ION METERS

FROM YOUR STUDIES SO FAR, YOU HAVE SEEN HOW FLEXIBLE THAT A 600D
MILLJAMMETER REALLY 15 IN THAT IT CAN BE USED IN CONJUNCTION WITH SHUNTS,
MULTIPLIERS ETCe SO AS TO SERVE AS A MILLIJAMMETER OF VARIOUS RANGES, A
MULT |-=RANGE VOLTMETER, OHMMETER ETC.

IN F1ge |5 YOU ARE SHOWN A CIRCUIT DIAGRAM OF THE WESTON 663 WHICH
18 A COMPACT INSTRUMENT OFFERING RESISTANCE MEASURING RANGES OF 0=200;
0-1000; 0-10,000; 0O-100,000; 0-1,000,000; Ano 0-10,000,000 OHMS IN ADDI=
TION TO VOLTAGE RANGES OF 0=2,5; 0=10; 0=100; 0=250; 0=500 ano O-|000voy
TS WITH A SENSITIVITY OF |0O00 o0HM8 PER VOLT AND MILLIAMMETER RANGES OF
O-1; 0=-5: 0=25 anD 0-100.

IN THIS INSTRUMENT,A MODEL 600 WESTON MICROAMMETER HAVING A FULL=
S8CALE SENSITIVITY OF 50 MICROAMPERES 18 USED AS THE HEART OF THE TESTER.
THE ENTIRE TESTER 1S HOUSED IN A COMPACT PORTABLE CARRYING CASE AND
WEIGHS BUT SI1X POUNDS,.

A SWITCHING DEVICE WHICH OPERATES THROUGH EIGHT POSITIONS OFFERS
SEVEN OHMMETER RANGES AND ONE POSITION FOR BOTH VOLTS AND MiILL1AMPERES,

No oouBT, YOU ARE FINDING THESE LESSONS ON TESTENG 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 OF THIS
TYPE. IT 18 INSTRUCTION OF THIS NATURE WHICH MAKES NATI1ONAL TRAININGPRA=
CTICAL ano veT SCIENTIFIC 1IN ALL BRANCHES OF THE RADIO INDUSTRY.

IN YOUR NEXT LESSON, YOU ARE GOING TO FIND A GREAT DEAL MORE INFOR=
MATION CONCERNING WAVEMETERAND SERV{ICE OSCILLATORS.




EXAMINATION QUESTIONS

LESSON NO. 50

DESCRIBE THE THERMOCOUPLE TYPE METER.

WHAT ARE SOME OF THE DISADVANTAGES OF THE ORDINARY TYPE
A.C. METERS?

DesScRIBE IN DETAIL THE CONSTRUCTIONAL FEATURES OF THE
COPPER-OXIDE METER.

DESCRIBE THE VOLTMETER-AMMETER METHOD OF MEASURING RE-~-
SISTANCE.

How MAY RESISTANCE BE MEASURED BY MEANS OF THE VOLTMETER
METHOD?

DESCRIBE AN OHMMETER AND EXPLAIN HOW IT IS USE D,

DRAW A CIRCUIT DIAGRAM OF A METER WHICH CAN BE USED TO
MEASURE B0TH A.C., aND D,C.voLTAGES, AS weLL Aas D,C. cur-
RENTS, INDICATE THE TYPE OF INSTRUMENT BEING USED,THE MUL
TIPLIERS, SHUNTS ETC.

WE SHALL ASSUME THAT YOU ARE MEASURING A RESISTOR BY THE
VOLTMETER METHOD. THE VOLTMETER BE ING 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" 1S FOUND TO BE 200 VOLTS AND THE
"DROP READING "50 vOLTS, WHAT IS THE OHMIC VALUE OF THE
RESISTANCE BEING-MEASURED?

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. |3 of

TH!S LESSON, IS USED IN PRACTICE.




