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LESSON NQ II

- RADI® FREQUENCY AMPLIFICATION -

IN THIS LESSON WE ARE GOING TO STUDY ABOUT ANOTHER AMPLIFIER BUT
THIS TIME, THE AMPLIFIER 15 LOCATED iN FRONT OF THE CETECTOR, SO THAT
ALL INCOMING SI3NALS MUST PASS THROUGH 1T BEFORE THEY EVER REACH  THE
DETECTOR.

SINCE ALL OF THE SIGNAL ENERGY PRECEDING THE DETECTOR 18 IN THE
FORM OF RADIO FREQUENCIES, WE LOGICALLY CLASSIFY ALL AMPLIFICATION BE-
FORE DETECTION As BEING RADIO FREQUENCY AMPLIFICATION AND THE AMPLIFVm
ING SYSTEM WHICH TAKES CARE OF THIS JOB IS CALLED A RADIO FREQUENCY AM
PLIFIER or simPLY AN R.F. AMPLIFIER. [N F1@s | YOUW!LL SEE THE QENERAL
i ay-0UT! OF THE COMPLETE RECEIVER, CONSISTING OF THE ANTENNA, R.F,
AMPLIFIER, DETECTOR, A.F. AMPLIFIER AND THE LOUD SPEAKER.

THE PURPOSE OF THE RADIO FREQUENCY AMPLIFIER

THE RADIOD FREQUENCY AMPLIFIER DOES JUST EXACTLY WHAT TS NAME IN

DICATES AND
THAT 18, T
Radio s AMPLIFIES THE

INCOMING SI1G=

frequency Dctccb? frequency SPcaber
:;> NALS WHILE THEY

amplifier mplifier

4 ,:7 =P i;:> ARE STILL  IN
% ZZZV fl THE MODULATED
% W // IW ﬁ “”} WAVE=FORM, CON

SISTING OF THE
CARRIER AND
= AUDIO FREQUEN=—
P clies. FoOR EX-
. . : . . . AMPLE, J}F THE
Location of the Radio Fregquency Amplifier in the Raceivar. R e =
ED TO A STATION, WHICH §S BROADCASTING ON A FREQUENCY OF 850k !iLoCYCLES,
THEN THE RADIO FREQUENCY AMPLIFIER WILL AMPLIFY THESE SIGNALS AT THEIR
CARRIER FREQUENCY or 850 kiLOCYCLES,

LET us NEXT CONSIDER THE REASON FOR USING SUCH A RADIO FREQUENCY
OR ReFe AMPLIFIER., TO BEGIN WITH, YOU ALREADY KMOW THAT THE S1GNAL
ENERQY, WHICH I8 COLLECTED BY THE ANTENNA, 18 VERY FEEBLE 80 THAT WE

»
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HAVE AN EXTREMELY SMALL VOLTAGE INDUCED IN THE ANTENNA CIRCUIT TO BE 4=
PRESSED UPON THE DETECTOR TUBE.

IT 80 HAPPENS THAT WHEN A DETECTOR CIRCUIT I8 DIRECTLY COUPLED TO
THE ANTENNA CIRCUIT, WEAK SIGNAL IMPULSES UPON THE DETECTOR TusBe'!s GRID
WILL PRODUCE WEAK SIGNAL CHANGES IN THE DETECTOR TUBE OUTPUT. No DOUBT
YOU ARE NOW THINKING THAT WE CAN COMPENSATE FOR THIS8 WEAK DETECTOROUTPUT
8Y ADDING QUITE A NUMBER OF AUDIO FREQUENCY AMPLIFVING STAGES FOLLOWING
THE DETECTOR.

THISy HOW=
EVER, WOULD NOT
OVERCOME THIS DE

7 FFICIENCY AS NIC

7 ELY AS IT MIGHT

: AT FIRST APPEAR

\\\\\ Condenser BECAUSE THERE IS

. A LIMIT TO THE

; Primary NUMBER OF AUDIO

- A FREQUENCY AMPL =
pp—— FYING STAGES,

One Stage of R.F Amplification. LG EL3 8E

ADDED TO A  RE=

CEIVER WITHOUT DESTROYING THE TONE QUALITY. THEREFORE THE LOGICAL THING

TO DO 1S TO PROVIDE THE DETECTOR WITH A STRONGER SIGNAL ENERGY, SO THAT

THIS UNIT CAN OPEKATE MORE EFFICIENTLY AND THE RADIO FREQUENCY AMPLIFIER
OFFERS US THE SOLUTION TO THIS PROBLEM,

RF Transf
4 Secondarg

Grid Plake

ANOTHER DECIDED ADVANTAGE OF USING ReFo. AMPLIFICATION IS THAT THIS
SECTION OF THE RECEIVER NOT ONLY ADDS T0 THE SENSITIVITY oF THE RECEIVER,
AS YOU WERE JUST TOLD, BUT IT ADDS TREMENDOUsLY To THE SELECTIVITY oF THE
RECEIVER AS WELL.THE
REASON FOR THIS LATI

L
|

WOULD BE POSSIBLE BY ’
ANY SINGLE TUNED CIR

ER CONDITION 18 THAT 1st RF st RF. 209 RE. 2nd RF
THE RADIO FREQUENCY Transf. Thbe T?ansﬁ Tube
AMPLIFIER CONSISTS OF ‘%

A sertes oF TUNEDCIR

CUITS AND THEY  ALL t’
WORK TOGETHER TO ;i:

TUNE SHARPER TO ANY

GIVEN FREQUENCY THAN

culT. THIs, YOU SEE ’

WILL PREVENT TWO OR
MORE STATIONS  FROM F1G.
MRS DR Ly Chet=, Two Coupled R.F. Stages.
MORESO THAN WOULD BE
POSSIBLE FROM A SINGLE TUNED CIRCUIT,

B+

WiTH THESE IDEAS UPPERMOST IN MIND, LET US NOW LOOK INSIDE OF SUCH
AN R.F. AMPLIFIER AND FIND OUT WHAT IT CONSISTS OF,

_ A STAGE OF R, F. AMPLIFICATION
THE FIRST STAGE OF A TYPICAL R.F. AMPLIFIER 1S ILLUSTRATED IN Fi1g.2
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AND AS YOU WILL OBSERVE, IT CONSISTS MERELY OF AN R.F. TRANSFORMER, A
VARIABLE CONDENSER AND A VACUUM TUBE,

RADIATED WAVES OF ALL FREQUENCIES WILL STRIKE THE ANTENNA AND PRO
DUCE VOLTAGE CHANGES IN THE PRIMARY WINDING OF THE R.F. TRANSFORMER. BY
VARYING THE CAPACITY OF THE CONDENSER, WE CAN TUNE THE SECONDARYWINDING
OF THE TRANSFORMER TO ANY FREQUENCY WE CHOOSE AND ONLY THOSE S IGNAL VOL
TAGES, TO WHICH THIS SECONDARY 1S TUNED, WILL BE EFFECTIVE IN INDUCING
VOLTAGE CHANGES ACROSS THIS SECONDARY CIRCUIT,.

FOR EXAMPLE, IF THI8 SECONDARY CIRCUIT IS TUNED TO 650 K1 LOCYCLES,
THEN THE 650 KILOCYCLE WAVE TRAINS WILL INDUCE VOLTAGE CHANGES AT A
650 KC. FREQUENCY IN THIS BECONDARY CIRCUIT. THESE VOLTAGE CHANGESWILL
THEN BE IMPRESSED UPON THE GRID OF THE TUBE AT THIS SAME FREQUENCY AND
THEREFORE, THE PLATE CURRENT CHANGES IN THIS TUBE WILL ALSO VARY AT THIS
BAME FREQUENCY.

NOTICE THAT IN THIS STAGE OF R.F. AMPLIFICATION WE MAKE USE OF THE
TRANSFORMER TO OBTAIN A VOLTAGE STEP=UP AND BESIDES THIS, WE ALSO HAVE
THE VOLTAGE AMPLIFICATION OF THE TUBE TO HELP US. So BEAR IN MIND, THAT

1st R.F 2nd RF 1t ALF. znd AF,

T
Stage Stage Detector Stage Stage -

speaker

E CHE L

Stage Arrangement In a Five Tube Receiver

THE CHANGES IN THIS 650 KCe VARIATION IN PLATE CURRENT FLOW WILL BE MUCH
GREATER THAN THE 650 Kc. CURRENT FLOW INDUCED IN THE PRIMARY OF THE
TRANSFORMER BY THE INCOMING SIGNALe

COUPLED R, F. STAGES

WE CAN INCREASE THIS SIGNAL ENERGY STILL MORE BY ADDING ANOTHER
8TAGE OF R.F. AMPLIFICATION AS SHOWN IN Fi1G. 3. IN THIS CASE, THESECON
DARY WINDING OF THE OND R.F. TRANSFORMER CAN BE TUNED BY ITS8 CONDENSER
80 THAT IT WILL ALSO BE RESONANT TO THE INCOMING 8IGNAL FREQUENCY.

BY DOING THIS, YOU CAN READILY BEE THAT THE PLATE CURRENT CHANG
ES, THROUGH THE PRIMARY WINDENG OF THE OND R.F. TRANSFORMER WILL I N-
DUCE VOLTAGE CHANGES OF CORRESPONDING FREQUENCY ACRO8S THE S8ECONDARY
OF THIS SAME TRANSFORMER. THESE VOLTAGE CHANGES, WHICH ARE S8TILL OF
THE CARRIER SIGNAL FREQUENCY, WILL THEN IN TURN ACT UPON THE GRID  OF
THI8 28D R.F. TUBE AND PRODUCE CURRENT CHANGES OF LIKE FREQUENCY INITS
PLATE CIRCUIT.

DUE TO THE VOLTAGE GAIN OBTAINED BY THE TWO TRANSFORMERS AND THE
1sT R.F. TUBE, WE WILL HAVE GREATER WORKING VOLTAGE CHANGES IMPRESSED
UPON THE GRID OF THE 2ND R.Fe TUBE THAN UPON THE st R.Fe TUBE AND
THEREFORE, THE PLATE CURRENT CHANGES IN THE onD R.Fe TUBE WILL BESTILL
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GREATER BUT STILL OF THE RECEIVED CARRIER FREQUENCY. NOWBY ADDING THESE
TWO STAGES OF ReF. AMPLIFICATION IN FRONT OF OUR DETECTOR CIRCUIT, A
COMPLETE 5 TUBE RECEIVER WoulLD BE "LAID=OUT!" IN THE MANNER SHOWN INF1Ge
4, HERE YOU WILL NOTE THAT WE HAVE TWO STAGES OF R.F, AMPLIFICATION PRE
CEDING THE DETECTOR AND THEN THE DETECTOR ITSELF, FOLLOWED BY TWO STAQES
OF AJFe AMPLIFICATION AND FINALLY THE SPEAKER, FROM THIS, YOU WILL B8EE
THAT BY THE TIME THE S81GNAL 1s "ReLaveED" THROUGH THE R.F,. AMPLIFYING
STAGES, WE WILL HAVE CONSICERABLE GREATER VOLTAGE CHANGES IMPRESSED UPON
THE GRID OF THE DETECTOR THAN JF THE DETECTOR WERE COUPLED DIRECTLY TO
THE ANTENNA. THIS WILL PERMIT THE DETECTOR TO OPERATE MUCH BETTER THAN
IF ONLY EXTREMELY FEEBLE SIGNAL VOLTAGES WERE IMPRESSED UPON THE GRIDOF
THE DETECTOR TUBE,

ANOTHER IMPORTANT POINT TO OBSERVE IN FlG@e 4 1S THAT WE HAVE A
TUNED CIRCUIT IN THE IsT R.F., THE 2ND R.F. AND IN THE DETECTOR  STAGE,
GIVING US THREE TUNED CIRCUITS ALTOGETHER. WITH EACH OF THESE CIRCUITS
TUNED TO THE SAME FREQUENCY, THERE WILL BE LITTLE CHANCE FOR MORE  THAN
ONE BROADCAST FREQUENCY TO FILTER THROUGH THE R.Fe AMPLIFIER.

THE SAME FIVE=~TUBE RECEIVER, WITH ALL OF THE CIRCUIT CONNECTIONS
INDICATED, 1€ SHOWN IN FlG. 5, SO STUDY THIS ILLUSTRATION CAREFULLY,THE
EXTRA BY-PASS CONDENSER, WHICH IS LABELED IN THIS ILLUSTRATION, IS USED

1st R.F. 2nd R.F. Detector Audio Power
?’ 201-A Z01-A HzZ A
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FiG. 5
A Complete Five Tube Recerver.
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TCO PERMIT THE OSCILLATIONS TO RETURN FROM THE PLATE CIRCUIT OF THE R.F.
TUBES TO THE FILAMENTS, WITHOUT FIRST HAVING TO PASS ALL THE WAY AROUND
THROUGH THE "B" BATTERY.

SOLENOID TYPE R.F. TRANSFORMERS

Now THAT YOU UNDERSTAND THE CJRCUIT ARRANGEMEMT FOR THESE SIMPLER
R.F. AMPLIFIERS, LET US NEXT INVESTIGATE ReF. TRANSFORMERS A LITTLEMORE
THOROUGHLY,

FORMERLY, IT WAS THE COMMON PRACTICE TC WIND THESE  TRANSFORMER
COILS ON TUBULAR MATERIAL 80 THAT THEFINISHED COlL OR TRANSFORMER WAS ABOUT
3" IN DIAMETER. THE R.F. TRANSFORMERS IN MODERN RECEIVERS, HOWEVER,ARE
QUITE A BIT SMALLER IN THAT THEIR DIAMETERS RUN AROUND | TO 2 INCHES AND
THEIR LENGTH 18 GENERALLY SOMEWHAT GREATER THAN THEIR DIAMETER,

YoUu WILL SEE TWO MODERN SOLENOID TYPE TRANSFORMERS ILLUSTRATED IN
Fic, 6. NOTICE HOW NEAT AND SLENDER THAT THEY AREs ALSO NOTICE  THAT
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“THE PRIMARY WINDING OF THE COIL AT THE LEFT I8 WOUND SLIGHTLY BELOW THE
SECONDARY, WHEREAS THE PRIMARY WINDING OF THE TRANSFORMER AT THE RIGHT OF
Fia. 6 1s WOUND RIGHT OVER THE TOP OF THE SECONDARY.

THE RELATIVELY LOOSE COUP=
LING BETWEEN THE PRIMARY AND SEC-
ONDARY WINDINGS AS SHOWN AT THE
LEFT oF FiG, 6 158 GENERALLY EMPLOY
ED ON R.F. TRANSFORMERS WHICH ARE
YO BE USED IN THE FIRST STAGE OF
RAD10 FREQUENCY AMPLIFICATION, OR
AS WE GENERALLY sAY, IN THEANTENNA
STAGE. CLOSE COUPLING BETWEEN THE
PRIMARY AND SECONDARY WINDINGS A8
ILLUSTRATED AT THE RIGHT OF Flg. B,
IS MOST GENERALLY USED IN THE R.F.
STAGES FOLLOWING THE ANTENNA STAGE.
QUITE OFTEN, YOU WILL ALSO HEAR OF
R.F. TRANSFORMERS REFERRED TO  AS
ReF. COIL8B=—EITHER EXPRESSION is FIG. 6
CONS IDERED AS BEING CORRECT. ; Modern P.F. Transformers.

§ Sccondary
<windinq g

Primary
winding

THE WIRE USED FOR THESE R.F. TRANSFORMERS MAY BE E!THER BARE WITH
NO INSULATING COVERING AT ALL, OR ELSE IT MAY BE COTTON COVERED, sitk
COVERED, OR ENAMEL COVEREDe. BARE WIRE IS BEST OF ALL BUT IN ORDER TO
USE IT EFFECTIVELY, THE TURNS MUST BE SEPARATED BY AIR SPACE, GIVING US
A SPACE=WOUND COIJL, ABOUT WHICH YOU WiLL HEARMORE A LITTLE LATER ON,

COTTON COVERED WIRE 18 ALSO FREQUENTLY USED BUT IN ORDER TO PRE=-
VENT IT FROM ABSORBING MOISTURE AND THEREBY UPSETTING THE EFFECTIVE IN-
DUCTANCE OF THE WINDINGS8, WE MUST COAT S8UCH A WINDING THOROUGHLY WiTH
S8HELLAC, HOT PARAFFIN OR SOME OTHER MOISTURE RESISTING WAX. 8 1tk COVERED
WIRE 18 LIKEWISE USED CONSICERABLY AND IT MUST ALSO BE IMPREGNATED WITH
SOME SUCH MOISTURE RESISTING WAX. THEN LAST OF ALL, WE HAVE THOSE WIRES
WHOSE ONLY INSULATION 18 AN ENAMEL COATING AND THIS TYPE IS THE MOST COMM
ONLY USED OF ALL THOSE MENT IONED.

UP TO THIS TIME, THE SINGLE LAYER SOLENOID COlL, SUCH AS PICTURED
IN Fic. B, HAS BEEN FOUND THE MOST EFFICIENT TYPE, AS WELL AS THE EAS=~
1EST TO CONSTRUCT. THE FOLLOWING TABLES |. AND 2. GIVE YOU THE APPROXI-
MATE SPECIFICATIONS TO USE FOR DIFFERENT CO!L DIAMETERS, SO THAT YOU CAN
WIND A TRANSFORMER SECONDARY COlL, WHICH WILL TUNE OVER THE BROADCAST
BanD oF 550 to 1,500 Kc. wiTH EITHER A 0005 MFD. VARIABLE CONDENSER OR
A o00035 MFDs VARIABLE CONDENSER. THE WIRE S81ZES, A8 SPECIFIED IN THESE
TABLES, ARE ALL BASED UPON THE B & S SYSTEM AND ADJACENT TURNS OF THE
WINDING SHOULD BE PLACED SIDE BY SIDE TOUCHING EACHOTHER,

8oME R.F, COILS ARE WOUND WITH SMALL STRANDED WIRE, KNOWN A8 LITz
WIRE, AND THIS TYPE OF WIRE HAS LESS HIGH FREQUENCY RESISTANCE THAN A
8OLID CONDUCTORe ANOTHER POINT TO NOTICE 18 THAT THE SMALLER THE COILDJ
AMETER USED, THE SMALLER WILL BE THE WIRE 81ZE USED AND THIS EXPLAINS THE
REASON WHY WE CAN WIND SMALL COILS, WHICH CAN COVER THE BROADCAST  BAND
JUST AS READILY A8 THE LARGER COILS. I[N FACT, THEY EVEN PERFORM BETTER
N ACTUAL PRACTICE THAN THE BULKIER TYPE OF COlL.

FOR THE PRIMARY WINDING OF SUCH A CoOlLy, WHICH IS TO BE USED IN THE
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ANTENNA STAGE, YOU WILL QUITE OFTEN FIND FROM 4 To |6 TURNS OF THE SAME
S1ZE AND TYPE OF WIRE AS USED FOR THE SECONDARY AND A SEPARATION BETWEEN
THE WINDINGS EQUIVALENT TO ABOUT |/8" PER INCH OF COIL DIAMETER.

ON THE R.F. TRANSFORMERS FOR THE OTHER STAGES OF RADIO FREQUENCY

TABLE 1 TABLE T
Coil Specifications for -00035 M. Coil Specifications for.0005 Mfd.
Condensers Condensers
Diam. length Wire N2 Yurns -Diam, Length Wire N2 TJurns
3 1 26 5.C.C. 50 3 1 23 Fnam. 42
3 11, 24 D.S.C. 61 3 13, 20 Enam. 15
3 2 21 S.C.C. GO 3 2 19 S.C.C. 19
3 21/, 19 Enam. 65 3 21, 185.C.C. 55
3 3 18 D.S.C. 68 3 3 16 Enam. 57
21, 1 27 D.S.C. 55 2y, 1 25 D.S.C. 16
21 1, 24D.S.C. 53 21/, 1, 22 Enam, 56
21, 2 22 D.S.C. 69 21/, 2 20 Fonam. 60
21, 21, 21 5.0.C. 75 21, 21 19 Enam. 61
21 3 19 Enam. 80 21, 3 18 5.C.C. 66
2 1 20 D.S.C. 66 2 1 25 Fnan. 53
2 11, 26 S.C.C. 75 £ 1y, 23 Fnan, 62
2 2 21 D.S.C. 89 2 2 22 5.C.C. 70
2 21/, 22 Fnam. 4922 2 21/, 20 Fnam. 75
2 3 21 Enam. 99 2 3 19 Fnan. 80
1Y, 1 32 Dh.S.C. 81 117, 1 28 Fonam. 75
11, 1, 27 Enam, 97 11, 1y, 26 Enam, 86
1Y, 2 25 Fnam. 104 11, 2 24 Fnam. 94
11, 21, 24 Fnam. 115 1Y, 21, 23 Fnan, 100
11, 3 21 5.C.0C. 123 1Y/, 3 22 Fnam. 108
1 1 37 D.S.C. 121 1 1 30 Fonan. 95
1 1Y, 35 D.S.C. 132 1 11, R DSC 106
I 11, 30 Enam. 136 1 11 28 Fonann. 112
1 2 J325.0.C. 168 1 2 28 D.S.C. 132
1 2V, 29 S8.C.C. 165 1 21/, 26 Fnam, 140
1 3 28 8.C.C. 180 1 3 25 Fnann, 156
Note :-Scc. = Single Cotion Cover Note:- S.CC.= Single Cotton Cover
0.5¢. = Double Silk Cover D.S.C.= Double Silk Cover
Enam. = Enamel. Enam.= Enamel

AMPLIFICATION, A GREATER NUMBER OF PRIMARY TURNS 1S GENERALLY USED,FOR
EXAMPLE, ON AN R.F. TRANSFORMER HAVING A DIAMETER OF |" AND wWHiCH IS TO
BE USED IN A CIRCUIT EMPLOYING SCREEN=GRID TUBES, IT IS COMMON TO FIND
SOMEWHERE AROUND 40 TURNS OF PRIMARY WINDINGe

IN YOUR ADVANCED
STUDIES, YOU WILL HAVE
AN OPPORTUNITY OF STUDY
ING THE DESIGN AND CON-
STRUCTION OF VARIOUS SPE
claL TYyPES OF R.F.TRANS
FORMERS .«

ANOTHER POINT A=
BOUT R.F. TRANSFORMER CO
NSTRUCT ION, WHICH I8 VERY
IMPORTANT, IS THE suPp
ORTING MEMBER UPONWHICH
THE WINDINGS ARE WOUNDe.
ALTHOUGH IT 1S POSSIBLE
F1G.7 TO WIND THE COILS ON A

“Bluer-in " PARAFF IN=INMPREGNATED CAR
ug-in R F. Transformer. DBOARD TUBE, YET  THIS

Seconda ry
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TYPE OF SUPPORT PERMITS HIGH FREQUENCY LEAKAGES, WHICH CAUSEWHAT ARE KNOWN
AS DIELECTRIC LOSSES, HOWEVER, FOR THE SAKE OF ECONOMY IN COMMERCIAL RE=
CEIVERS, SUCH FORMS ARE USED A GREAT DEAL. To REDUCE DIELECTRIC LOSSES,
THESE COILS ARE FREQUENTLY WOUND ON THIN BAKELITE OR SPECIAL COMPOSITION
TUBING. BAKELITE 1S A PHENOL COMPOUND AND IT LOOKS VERY MUCH LIKE HARD
RUBBER,

TPLUG=~IN" TYPE R.F, TRANSFORMERS

ANOTHER CONVENIENT R.F. TRANSFORMER IS SHOWN AT THE RIGHT OF FiGg. 7.
THIS UNIT 1S MOUMTED ON A TUBE BASE AND THE ENDS OF THE PRIMARY ' WINDING
ARE CONNECTED TO TWO OF THE PRONGS AND THE ENDS OF THE SECONDARY WINDING
ARE CONNECTED TO THE OTHER TWC PRONGS,

THIS TRANSFORMER 18 KNOWN AS THE "PLUG=IN" TYPE, FOR IT CAN BE IN-
SERTED INTO AN ORDINARY FOUR PRONG TUBE SOCKET, JUST AS IF [T WEREA RADIO
TUBE.

THE SOCKET TERMINALS ARE CONNECTED UP TO THE RADIO CIRCUIT AS INOI-
CATED AT THE LOWER LEFT OF FlG. 7 AND BY sIMPLY "PLUGGING=IN" THIS TRANS=-
FORMER, OUR CONNECTIONS WILL ALREADY BE MADE. THIS TYPE OF CONSTRUCTION
IS ESPECIALLY HANDY WHEN ONE WI3SHES TO EXCHANGE Re.F. TRANSFORMERS, SO THAT
THE RECEIVER CAN OPERATE
OUTSIDE OF THE BROADCAST
BAND, SUCH AS FOR SHORT
WAVE RECEPTION ETCo,

boquAfoﬂ ~ Honey comb

MISCELLANEOUS R.F.
TRANSFORMERS

IN ORDER TO REDUCE
DIELECTRIC LOSSES,DISTR]
BUTED CAPACITY, ETC. OF
R.F. TRANSFORMERS, VAR=
I0US IDEAS WERE WORKED OUT
AND TRIED FROM TIME  TO

TIVEe IN Fia. 8, FOR

EXAMPLE, YOU WILL SEE -
FOUR COILS, WHICH ARE - F16.8

ORI B BE338 Fl=by - B Various Types of R. F Trarnsformers.

ORT ING, SO THAT THEY ARE
SURROUNDED BY AIR RATHER THAN BY SOME OTHER SUPPORTING SURFACE AS BAKE=
LITE ETC.

THE ARRANGEMENT IN "A" orF Fig. 8 18 a DOUBLE COIL AND THIS TYPE OF
CONSTRUCTION PREVENTS THE COIL'S MAGNETIC FIELD FROM SPREADING OUT ° VERY
FAR FROM THE UNIT AND THEREBY BRINGING ABOUT UNDESIRED COUPLING  BETWEEN
IT AND OTHER NEARBY RADIO PARTS.

THE colL sHown IN "B" oF Fig. 8 1s kwown as a HONEYCOMB coiL. THE
CHIEF ADVANTAGES CLAIMED FOR THIS TYPE OF COIL ARE A RELATIVELY LARGE IN=~
DUCTANCE IN PROPORTION TO ITS S1ZE,

A SPIDER WEB or PANCAKE coiL 1s sHown IN "C" oF Filg. 8. IT HAS
LITTLE DISTRIBUTED CAPACITY DUE TO THE SPACING OF THE "Turns! BUT THIS
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AMOUNT OF SPACING REDUCES THE cOILYS INDUCTANCE.

THE colL sHowN AT "D" oF Fia. 8 18 A BASKET WEAVE colL AND THE AD=
VANTAGES CLAIMED FOR IT ARE MUCH THE SAME AS THOSE OF THE SPIDER-WEB COlL,
THESE COIL8S ARE COATED WITH A "BINDER" FLUID, WHICH ENABLES THEM TO HOLD
THEIR S8HAPE, EVEN THOUGH NO SUPPORTS ARE USED.

NONE OF THE colLs sHOWN IN FiG. 84WITH THE EXCEPTION OF THE HONEY=
COMB COIL, ARE USED IN MODERN COMMERCIAL RECEIVERS BUT IT IS WELL FOR
: YOU TO KNOW OF THEIR EXISTENCE, SO THAT  You
WILL BE FAMILIAR WITH THEM IN CASE THAT  YOU
SHOULD COME ACROSS ONE, ALSO NOTE THAT EACH
AND EVERY ONE OF THE R.F. TRANSFORMERS SHOWN
YOU MAKES USE oF AN AIR core,

AIR, A8 A CONDUCTOR FOR LINES OF FORCE,
Is VERY "eLASTIC" IN NATURE AND AT RADIO FRE-
QUENCIES, IT RESPONDS READILY TO A CHANGE OF
POLARITY AS THE FLUCTUATING MAGNETIC FIELD OF
C’0u,o//‘nq Between Coils. THE COIL REVERSES ITSELF,

PLACING THE R.F. TRANSFORMERS IN A RECEIVER

THE NEXT POINT FOR US TO CONSIDER IS THE POSITION WHICH THE R.F.
COILS SHOULD OCCUPY IN THE RECEIVER. IN FiG. 9, FOR INSTANCE, WE HAVE
TWO R.F. cOlLS SO MOUNTED THAT A VERY UNDESIRABLE OCCURENCE §8 TAK ING
PLACE BETWEEN THEM. THE TROUBLE HERE IS THAT THE MAGNETIC FIELD OF ONE
AFFECTS THE OTHER AND THIS GIVES US INDUCTIVE COUPLING BETWEEN THE TWO
coiLs,

Now 1F THESE TWO COILS ARE BEING USED IN THE CIRCUIT OF TWO DIFF=-
ERENT R.F. AMPLIFYING STAGES, IT IS EVIDENT THAT WE WILL HAVE A FEED-
BACK oF ENERGY BETWEEN THEM AND THIS CAUSES SERIOUS TROUBLE IN A RECE|V-
ER.

To AvolID SUCH A CON
DITION, WE CAN PLACE THE
COILS FARTHER APART, BUT
BETTER STILL, IS TO MOUNT
THE R.F. TRANSFORMERS OF
THE DIFFERENT STAGES N
SUCH AN ARRANGEMENT ASPIg " Fi1G.10
TURED IN FiG. 10. Herevou  Reducing Coupling Betweers Transformers.
WILL SEE THAT ALL THREE OF THESE TRANSFORMERS ARE PLACED AT RIGHT ANGLES
TO EACH OTHER AND THEREFORE, THEIR FIELDS WILL HAVE NO TENDENCY TO INTER
LINKe BEAR IN MIND, THAT EVEN IN THIS CASE, IT I8 ADVISABLE TOKEEP THE
COILS WELL SEPARATED FROM EACHOTHERe ~

STILL ANOTHER COlIL ARRANGEMENT TO PREVENT AN INDUCTAVE COUPLING BE
TWEEN THEM 18 SHOWN IN Fia. [l. HERE THE cCOILS ARE ALL INCLINED OR Tile=
TED AT AN ANGLE OF APPROXIMATELY 567 PROFESSOR HAZELTINE D ISCOVERED MATH
EMATICALLY THAT WHEN THE TRANSFORMERS ARE PLACED AT THIS ANGLE, THEN  NO
INDUCTIVE OR MAGNETIC COUPLING EXISTS BETWEEN THEM. THE RECEJVERS, IN
WHICH THIS COJL ARRANGEMENT IS USED, ARE GENERALLY KNowN As NEUTRODYNE rg
CEIVERS AND THE ReFs TRANSFORMERS IN THIS CASE ARE GENERALLY SPOKEN OF AS
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"NEUTROFORMERS",
MODERN TUNING CONDENSERS

Now THAT YOU ARE FAMILIAR WITH R.Fs TRANSFORMERS, LET US NEXT CON-
GI0ER THE TUNING CONDENSERS FOR THIS AMPLIFIER IN GREATER DETAILe From
WHAT YOU HAVE SO FAR SEEN OF THE R.F. AMPLIFYING STAGES, YOU HAVE LEARNED
THAT EACH STAGE HAD TO HAVE ITS TUNING CONDENSER AND THIS EXPLAINS THE RE
ASON WHY THE OLDER RECEIVERS LITERALLY HAD THEIR PANELS COVERED WITH TUN-
ING DIALS==EACH TUNING CONDENSERS HAVING §TS OWN DIAL CONTROLe

Anqle of PRESENT DAY RECEIVERS EVEN
GO 80 FAR AS TO USE A STILLGREA
TER NUMBER OF R.F. STAGES WITH
THEIR ACCOMPANYING TUNING CON=
DENSERS AND YET THE CONTROL PAN
EL I3 SIMPLE IN DESIGN AND WITH
onLy A SINGLE TUNING CONTROL,AS
SHOWN IN Fi13. 12s THE CENTER
CONTROL KNOB IN THIS CASE ]S THE
TUNING CONTROL AND THIS SINGLE
F1G. 11 CONTROL TUNES ALL OF THE R.F,
; STAGES TO THE SAME FREQUENCY AND
Arrangement of Neutroformers . THERE IS NO NEED FOR  JUGGLING

AN ENTIRE SET OF CONTROLS IN ORDER TO TUNE ALL THE R.F., STAGES ALIKE.

inclination

IN ORDER TO BE ABLE TO TUNE ALL OF THE R.F. AND DETECTOR STAGES Si=
MULTANEOUSLY, ALL OF THE TUNING CONDENSERS ARE OPERATEC BY A COMMON SHAFT.
WE CALL A GROUPED CONDENSER ARRANGEMENT AS THIS A GANG CONDENSER ano N
Fige |3 YOoU WILL SEE A FOURmGANG CONDENSER, WHICH IS ALSO KNOWN AS A
QUADRUPLE CONDENSER,

NoTice IN Fig. |3 THAT THE ROTOR OR MOVABLE PLATES OF EACH OF THE
SECTIONS IN THIS CONDENSER GANG ARE MOUNTED ON A SINGLE SHAFT AND THERE=
FORE THEY MOST MOVE TOGETHER OR AS ONE UNIT
WHENEVER THE CONTROL SHAFT |3 TURNED, Tuning Control

THE CONDENSER OF FlGg., |3 §S DESIGNED
ESPECIALLY FOR MOUNTING ON A METAL CHASSIS3
BASE OF THE RECEIVER AND THE CONDENSER FRAME
WILL THEREFORE BE IN DIRECT CONTACT WITHTHE
CHASS IS BASE WHICH IN TURN 18 GROUNDED, THERE
FORE,THE ENTIRE CONDENSER FRAME AS WELL  AS
ALL ROTOR PLATES WILL BE GROUNDED IN COMMONg
THE METAL SHIELD PLATES WHICH ARE PLACED BE-
TWEEN EACH TUNING SECTION OF THE  CONDENSER
GANG IN F1a. |3 SERVES AS A SHIELD SO AS TO
PREVENT ELECTROSTATIC COUPLING AND RESULTING
INTER-ACTION BETWEEN THE VARIOUS CONDENSER
SECTIONS,

THE TERMINALS, WHICH LEAD TO THE STATOR
OR STATIONARY CONDENSER PLATES ARE  MOUNTED
ON THE SIDE OF THE UNIT AND IT IS TO  THESE , [PIEa iz
TERMINALS THAT WE CONNECT THE WIRES LEADING Simple Controlled Recerver
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TO THE GRIDS OF THE TUBES. THE TERMINAL OF THE ROTORS IS CONNECTED TO THE
FILAMENT SIDE OF THE CIRCUIT AND WITH THE CONNECTIONS THUS MADE, WE Do
NOT UPSET OUR TUNING WHENEVER WE BRING OUR HANDS NEAR THE TUNING CONTROL.
THIS EFFECT OF ONE'S HANDS UPON TUNING 15 KNOWN AS THE "HAND CAPACITY EFF
ECT."

WHEN YOU STUDY OVER THE CIRCUIT DIAGRAMS OF MODERN RECEIVERS, YOU WiLL
QENERALLY SEE THE VARLABLE CONDENSERS OF THE R.F. STAGES CONNECTED TOGETH
ER WITH DOTTED LINES, AS SHOWN IN Fia. 14, THIS MEANS THAT THE CONDENSERS,
THUS INDICATED, ARE ALL OPERATED FROM A SINGLE TUNING CONTROL.

IN ORDER TO OPERATE SEPARATE TUNING CONDENSERS AS THIS TOGETHER AND
STILL BE SUCCESSFUL INTUNING
ALL OF THE STAGES THE BSAME,
IT STANDS TO REASON THAT THE
INDUCTANCES AND CAPACITIES IN
EACH OF THESE STAGES MUST BE
EXACTLY ALIKE, THIS MEANS
THAT THE INDUCTANCES OF ALL
THE COILS MUST BE PRECISELY
MATCHED AND THE CIRCUIT WIR-
ING IN EACH OF THESE STAGES
FIG.T13 MUST BE LAID OUT IN THE SAME
A Four Gang Condenser . WAY, SO ‘THAT THERE WILL  BE
AS LITTLE VAR!ATION AS POSSIBLE IN THE DISTRIBUTED CAPACITY OF THESE COMM
ONLY CONTROLLED STAGES.

COMPENSAT ING CONDENSERS

IN PRACTICE, OF COURSE, IT 13 NOT ALWAYS POSSIBLE TO MAVE THINGS
JUST AS WE WOULD WISH THEM AND SO 1N ORDER TO COMPENSATE FUR SMALL TUNING
VARIATIONS OF THE R.F. STAGES, SMALL COMPENSATING OR TRIMMER CONDENSERS
ARE GENERALLY MOUNTED ON THE GANG CONDENSER AS SHOWN IN Fias. 13 ano |5,

EACH OF THESE LITTLE TRIMMER CONDENSERS I8 SHUNTED OR CONMECTED A=

Single Tuning Conktrol
;T T T T ;- 0= ;T T T
/ / /
7 / /
/ /
/ 4
T T é 7
_-' —_ = —Q
FIG. 14

. Representing Single Tuning Control on a Dizgrarm.

CRO3S ONE OF THE TUNING CONDENSERS AS SHOWN IN Flage |8 THIS MEANS THAT
EACH OF THE TRIMMER CONDENSERS 13 CONNECTED IN PARALLEL WITH ONE TUNING
CONDENSER SECTION AND THEREFORE BY ALTERING THE CAPACITY OF THE TRIMMER
CONDENSER, WE WILL LIKEWISBE ALTER THE CAPACITY OF THE TUNING CONDENSER
SECTION, THIS IN TURN WILL AFFECT THE TUNING OF THIS MAIN CONDENSERe.
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IN COMMERCIAL RECEIVERS, THESE TRIMWAERS ARE NOT INTENODED TO BE
TAMPERED WITH BY THE SET OWNER AND THE RADIO SERVICE MAN IS THE ONLY PER
SON EXPECTED TO MAKE USE OF THEM, FOR THIS REASON, THE TRIMMVERS ARE MACE
80 THAT A SCREW DRIVER OR SPECIAL WRENCH IS GENERALLY REQUIRED TO CHANGE
THEIR SETTING AND AFTER THE PROPER SETTING HAS BEEN MADE IN ALL BTAGES,
THE STAGES WILL TUNE TOGETHER AS THE SINGLE TUNING CONTROL 13 OPERATED AND
WE THEN SAY THAT THEY ARE TaLiagNED", AFTER THIS(THE TRIMMER ADJUSTMENTS
SHOULD NOT BE OISTURBED AND THE AVERAGE SET OWNER DOESHN!T EVEN KNOW THAT
THEY EXIST AND 80 HE TOO LEAVES THEM ALONE,

To ALIGN THE R.F. STAGES BY EAR, WE PROCEED As FoLLows: FIRST, WE

TUNE THE RECEIVER TO SOME  FAIRLY

DISTANT STATION WHICH COMES IN SOME
WHERES AROUND THE CENTER OF THE

TUNING DIAL AND WE ADJUST THE

VOLUME CONTROL S0 THAT THE S13NALS

COME IN WITH MEDIUM LOUDNESS. THIS

DONE, WE MAKE SURE THAT THE TUNING

CONTROL 18 SET TO THAT POSITION,

; WHICH BRINGS IN THE SIGNALS LOUDEST.
*rrhﬂrnerﬁ THE RECEIVER WILL NOW BE TUNED AS

condensers CLOSE AS POSSIBLE TO RESONANCEWITH
THE STATION BEING LISTENED TO.

Rotor plates, _
y

F1G.15
./.ocabonCofdﬁ/mmer OUR NEXT 3TEP 13 TO INSERT THE
orroerisers. TIP OF A SPECIAL BAKELITE SCREWDRI
VER INTO THE SLOT PROVIDED FOR IT ON ONE OF THE TRIMMER CONDENSERS AND

TURN 1T VERY SLOWLY FIRST IN ONE DIRECTION AND THEN IN THE OTHER, LEAVING
IT SET AT THAT POSITION WHERE THE SIGNALS COME IN LOUDEST. ABOVE ALL, RE
MEMBER, THAT vou MUsT NOT ALTER THE POSITION OF THE MAJIN TUNING CONDENSERS
ONE PARTICLE WHILE CARRYING OUT THI3 ALIGNING WORK.,

WITH THE FIRST TRIMMER SET SO THAT THE SI1GNALS COME IN LOUDEST, PROw=
CEED AND DO THE SAME THING WITH THE SECOND TRIMMER AND ADJUST 1T TO THAT
POINT, WHICH BRINGS THE SIGNALS IN LOUDEST WITH THAT PARTJCULAR SETTING OF
THE MAIN TUNING CONTROL AND
VOLUME CONTROL.e Tuning Control

SHOULD YOU USE A STAN
DARD METAL SCREW DRIVER FOR
THIS ALIGNING JOB, YOU WILL
FIND THAT WHEN BROUGHT  IN
CONTACT WITH THE TRIMMER AD
JUSTMENT, 1TWILL HAVE A Main Tuning ) \Small trimmer;
PRONOUNCED EFFECT UPON THE condenser compensating, or
TUNING. THEREFORE, YOUWILL aligning condenser
HAVE TO MAKE A TRIAL TRINMER

ADJUSTMENT, REMOVE THE F1G. 16

SCREW DRIVER AND NOTE  THE Connection of The Trimmer
PERFORMANCE OF THE RECEIVER Condernser in the Circuit.
FOLLOWED BY AN ADDITIONAL TRIMMER ADJUSTMENT, IF NECESSARY, AND AGAIN

WITHDRAWING §T AND NOTING THE EFFECT OF THEADJUSTMENT,.

HOWEVER BY USING@ A SCREW DRIVER, WHICH YOU HAVE SHAPED OUT OF SOME
SUCH INSULATIVE MATERIAL AS BAKELITE, YOU WILL BE ABLE TO MAKE YOURTRIM=
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MER ADJUSTMENTS WHILE NOTING THE EFFECT AT THE SAME TIME. You BEE, THIs
INSULATING S8CREW DRIVER HAS NO EFFECT UPON THE TUNING AS YOU HANDLE IT AND
THEREFORE yYOU CAN MAKE A MORE ACCURATE ADJUSTMENT WITH IT, AS WELL AS DO=
‘ING THIS IN A SHORTER TIME,

SOMETIMES YOU WILL COME ACROSES A GANG CONDENSER WITH NG TRIMMERS
MOUNTED ON 1T, THEN WHEN 1T BECOMES NECESSARY TO ALIGN SUCH A UN4T 4 YOU
CAN DO THIS BY SLIGHTLY BENDING THE OUTER ROTOR PLATES OF EACH CONDENSER
SB8ECTIONe THE FARTHER OUTWARD THAT THESE PLATES ARE BENT, THE LESS  WILL
BE THE CAPACITY OF THAT ONE CONDENSER SECTION AND VICE VERSA.

BY BENDING THE OUTER ROTOR PLATES OF EACH CONDENSER SECTION BY THE
CORRECT AMOUNT, THEY CAN ALL BE MADE TO TUNE ALIKE. SOME OF THESE GANGED
CONDENSERS EVEN HAVE THE OUTER ROTOR PLATES OF EACH INDIVIDUAL SECTION
PROVIDED WITH BLOTE AS BHOWN IN Fla. |5 S0 AS TO MAKE BENDING EASIER. In
S8UCH A CASE, WE CAN BEND PORTIONS OF THESE PLATES MORE THAN OTHERS AND

THEREBY HAVE A MORE UNIFORM BALANCE BETWEEN THE CONDENSERS ACROSS THEIR
ENTIRE TUNINQ RANGE.

TYPES OF TUNING CONDENSERS

VARIABLE CONDENSERS ARE DIVIDED INTO FOUR MAIN TYPESy, NAMELY?
STRAIGHT LINE CAPACITY, STRAIGHT LINE WAVE LENGTH, STRAIGHT LINEFREQUENCY.

THE ROTOR PLATES OF THE STRAIGHT LINE CAPACITY CONDENSER ARE SHAPED
IN THE FORM OF SEMI=CIRCLES WITH THE SHAFT RUNNING THROUGH THEIR CENTER.
WiTH THIS ARRANGEMENT, THE CAPACITY VARIES DIRECTLY WITH THE POSITION OF
THE PLATES. THAT 1S, WITH THE ROTOR PLATES MESHED EXACTLY HALF=WAY WITH
THE STATIONARY PLATES, THE CAPACITY AT THIS INSTANT WiLL BE JUST ONE=HALF
THE MAXIMUM OR RATED CAPACITY OF THE CONDENSERe WITH THE ROTOR PLATES ME
SHED ONE=FOURTH OF THE WAY WITH THE 8TATOR PLATES,THE CAPACITY WiLL BE
ONE=FOURTH THAT OF THE MAXIMUM CAPACITY, ETCs

THIe CONDENSER I8 MAINLY SUITABLE FOR RADIO TESTING EQUIPMENT WHERE
ACCURATE CAPACITY MEASUREMENTS ARE TO BE MADE., THE STRAIGHT LINE CAPACITY

CONDENSER IS NOT SUITABLE FOR USE IN PRESENT DAY RECEIVERS BECAUSE THE
LOWER WAVELENGTH STATIONS WILL BE CROWDED CLOSELY TOGETHER ON THE  DIAL,
WHEREAS THE UPPER WAVELENGTH STATIONS WILL BE WIDELY SEPARATED ON THE
DIAL,

In THE case oF THe STRAIGHT LINE WAVELENGTH cONDENSER, THE ROTOR

PLATES ARE SHAPED SO THAT WHEN USED IN CONJUNCTION WITH A QIVEN COIL N

ORDER TO FORM A TUNED CIRCUIT, THE WAVELENGTH To WHICH THE CIRCUIT IS TUN

ED WILL VARY DIRECTLY WITH THE POSITION OF THE ROTOR PLATES. FOR INSTANCE,
IF A STRAIGHT LINE WAVELENGTH CONDENSER IS USED IN CONJUNCTION WITHA CER

TAIN COIL SO THAT THE CIRCUIT WILL TUNE OVER A RANGE OF FrROM 200 To 600Mg
TERS, THEN WITH THE ROTOR PLATES HALF WAY IN MESH WITH THE STATOR PLATES,

THE CIRCUIT WILL BE TUNED TO 400 METERS ETCe. THIS CONDENSER WAS COMMONLY

USED A FEW YEARS AGO WHILE THE BROADCAST STATIONS WERE ALL RATED ACCORD—-

ING TO WAVE LENGTHS INSTEAD OF FREQUENCY.

LATER WHEN THE BROADCAST STATIONS WERE ALL SEPARATED EQUALLY OR 8Y
10 KILOCYCLES TO BE EXACT, THEN THE STRAIGHT LINE FREQUENCY CONDENSER CAME
INTO PROMINENCE ,

THIS CONDENSER DIFFERS FROM THE PREVIOUS ONE IN THAT INSTEAD OF THE
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WAVELENGTH BEING ALTERED IN PROPORTION TO THE POSITION OF THE ROTOR PLATES,
THE FREQUENCY 18 AFFECTED IN THIS MANNERe THE MAIN DISADVANTAGE OF THIS
CONDENSER, HOWEVER, IS8 THAT THE CONDENSER MUST HAVE A CONS)DERABLE MAXIMUM
CAPACITY, THEREFORE MAKING THIS8 UNIT QUITE LARGE, FURTHERMORE, STATIONS IN
THE UPPER EXTREMITY OF THE WAVE LENGTH RANGES ARE QUITE CLOSE TOGETHER AT
THE UPPER END OF THE DIALe

THE CONDENSER, WHICH IS MOST USED NOW IN COMMERCJIAL RECEIVERS, iIs
KNOwWN As A STRAIGHT LINE TUNING 'CONDENSER or MODIFIED sTRAIGHT LINE FRE-
QUENCY CONDENSER. GENERALLY SPEAKING, IT 18 A CROSS BETWEEN A STRAIGHT
LINE WAVE LENGTH CONDENSER AND A STRAIGHT LINE FREQUENCY CONDENSER. WiTH
THIS CONDENSER INSTALLED IN A TUNING CIRCUIT, CONSIDERABLE DIAL SEPARATION
WILL BE OBTAINED BETWEEN THE HIGH FREQUENCY STATIONS, WHEREAS THE LOWER
FREQUENCY STATIONS WILL BE CLOSER TOGETHER ON THE OlAL. THIS CONDITION,
HOWEVER, IS NOT OBJECTIONABLE BECAUSE OUR PRESENT DAY RECEIVERS ARE NATUR=-
ALLY MORE SELECTIVE AT THE LOWER FREQUENCIES ANYWAY,

ANOTHER THING TO BEAR IN MIND 1S THAT MODERN TUNING CONDENSERS  ARE
GENERALLY RATED ACCORDING TO THEIR MAXIMUM CAPACITYe THE MINIMUM CAPACITY
OF THE UNIT WILL THEN BE ABOUT ONE=TENTH OF THE MAXIMUM CAPACITY. THAT
18, IF A CERTAIN CONDENSER I8 RATED AS HAVING A MAXINUM CAPACITY OF .0005
MFD, THEN YOU CAN EXPECT ITS

MINIMUM CAPACITY TO BE APP= Grid resistor
ROXIMATLY |/10 oF THIS A~ /;7
MOUNT OR 00005 mro. THis
RANGE IN CAPACITY, WHEN USED "ZQ'E'
WITH A PROPER COL, PERMITS A Amplifier
THE TUNED CIRCUIT TO COVER 7~ Tube
THE BROADCAST RANGE EASILY, E— ‘K\ :

R.F. FEED=-BACKS ¢ &Tun}nq Condenser

RF. Transformer

Now WE ARE GoING  TO
BUMP UP AGAINST A MIGHTY FIG. 17 _
D)0 AL O6 WO (s Preventing Oscillation With a Grid Pesistor:

QUENCY AMPLIFIERS AND THIS -

I8 BROUGHT ABOUT BY THE "FLIGHTINESS" OF THESE EXTREMELY HIGH FREQUENTCYCUR
RENTS, WHICH THE R.F. CIRCUITS ARE EXPECTED TO HANOLE. THAT IS,RADIO FRE=
QUENCY CURRENTS HAVE A TENDENCY TO LEAVE THEIR INTENDED PATH WHEREVER THEY
GET A CHANCE TO AND THEN THEY BEGIN STRAYING AROUND LOOKING FOR TROUBLE AND
THEY SURELY FIND I1Te

ONE OF THE MOST LIKELY PLACES THROUGH WHICH THE R.F. CURRENTS PASS, IN
ORDER TO CAUSE US TROUBLE, IS THROUGH THE CAPACITY EXISTING BETWEEN THE GRIC
AND PLATE Of THE R.F. AMPLIFYING TUBES. YOU WERE ALREADY SHOWN IN A PRE=
VICUS LESSON HOW WE OBTAIN REGENERATION BY PERMITTING SOME R.F. ENERGY TO -
FEED=BACK FROM THE PLATE CIRCUIT OF A VACUUM TUBE, THROUGH THE GRID=PLATE
CAPACITY OF THIS TUBE AND THENCE INTO ITS GRID CIRCUITs THIS CONDITION I8
PERFECTLY ALRIGHT, AS LONG AS THE AMOUNT OF THIS FEED=BACK ENERGQY I8 CONe
TROLLED BUT IF TOO MUCH OF IT QETS THROUGH THIS TUBE CAPACITY, THEN THEC|R=
CUIT BEQINS TO OSCILLATE AND ALLKINDS OF SQUEALS COME OUT OF THE LOUD SPEAK
ER.

USE OF GRID RESISTORS

To PREVENT SUCH SELF=8USTAINED OSCILLATIONS IN THE CIRCUITS OF OUR
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AMPLIFIER, WE CAN USE QUITE A VARIETY OF METHODSe THE SIMPLEST OF THESE
1S 1LLUSTRATED IN Fige |7, HERE YOU WiLL NOTE THAT A RESISTOR HAS BEEN
INSERTED IN THE GRID CIRCUIT OF THE R.F. AMPLIFYING TUBE,

Now WE CAN SEE THAT WHEN THE FEED~BACK ENERQY PASSES THROUGH THE
PLATE=~QRID CAPACITY OF THE TUBE, IT MUST MEET THE RESISTANCE OR OPPOSI=
TION OF THE GRID RESISTOR, BEFORE IT CAN GET INTO THE TUNED CIRCUIT.

IN THIS WAY, WE CAN PREVENT THIS FEED=BACK ENERQY FROM CAUSING THE

TUNED CIRCUIT OF THIS TUBE TO OSCILLATE. THERE 1S ONE DISADVANTAGE OF
CONS | DERABLE IMPORTANGCE CONNECTED WITH THIS METHOD OF STOPPING OSClLLA=
TION AND THAT 18, THAT THIS ADDITIONAL RESISTANCE IN THE GRID CIRCUIT OF
THE AMPLIFYING TUBE CAUSES THE CIRCUIT TO TUNE BROADERe. THIS MEANS THAT
A DECREASE IN SELECTIVITY IS BEING BROUGHT ABOUT BUT YET THERE I  ALSO
" THE ARGUMENT CONFRONTING US

RF. Transformer Primary winding WHERE WE KNOW THAT EXCESS=~-
. ol G R.F JVELY SHARP TUNING WILL DE
Grid winding ﬁraniﬁ

STROY THE TONE QUALITY OFA

(v
g % A RECEIVER,

ﬂ_

THESE GRID RESISTORS
ARE ALSO KNOWN AS GRID SU=

;H/ PRESSORS AND WHEN THIS 8Y8~
Neutralizin .

winding i ZNeutrahzmg condenser TEM I BEING USED, YOU WILL

FIND ONE SUCH RESISTOR IN

FiG.18 THE GRID CIRCUIT OF EACH OF

The Principle of Neutralization, THE R.Fe AMPLIFYING TUBES,

A RESISTANCE VALUE OF 800
OHMS 18 FREQUENTLY USED FOR THIS PURPOSE.

NEUTRALIZING CIRCUITS

Now ANOTHER SYSTEM, WHICH WAS WIDELY USED TO PREVENT OSCILLATION, s
Basep uroN NEUTRALIZING prINCIPLES. FOR EXAMPLE, IN Fig. I8, You wiLL o8
SERVE THAT AN EXTRA WIRE LEADS OFF FROM THE PLATE CIRCUIT OF THE R.F.TUuBE
AND IT 18 CONNECTED TO A SMALL NEUTRA=
LIZING CONDENSER. THE OTHER END oF . .
Adjusting

THIS NEUTRALIZING CONDENSER 1S CONNEC=

Screw ut
TED TO ONE END OF A NEUTRALIZING WIND cre " ':>
ING, WHICH 18 PLACED IN AN INDUCTIVERE _
LATIONSHIP WITH THE GRIC WINDING. —on
A CERTAIN AMOUNT OF ReFeENERGY Hﬂh“‘“qw

WiLL FIND ITS WAY FROM THE PLATE CIR~
CUIT OF THIS TUBE, THROUGH ITS GRID~
PLATE CAPACITY AND INTO THE GRID WIND=
INGe Now BY ADJUSTING THE NEUTRALIZ=- EI1G.19
ING CONDENSER PROPERLY, WE CAN PERMIT .. .
AN EQUAL AMOUNT OF ENE:aev To BE FED Neutralizing Condensers.
BACK FROM THE PLATE CIRCUIT THROUGH THIS NEUTRALIZING CONDENSER AND INTO
THE NEUTRALIZING WINDING. '

By WINDING THE NEUTRALIZING COIL IN THE PROPER DIRECTION, WE CAN
CAUSE THE R.F. CURRENT WHICH FLOWS THROUGH IT, TO ACT UPON THE GRID WIND=
ING IN A DIRECTION OPPOSITE TO THAT OF THE GRID=PLATE CAPACITY FEED==B8ACK.
IN THIS WAY,THE ENERGY WHICH 18 BY=~PASSED THROUGH. THE NEUTRALIZING  CON-
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DENSER WOULD TEND TO NEUTRALIZE THAT PASSING THROUGH THE CAPACITY OF THE
TUBE AND BY ADJUSTING THE NEUTRALIZING CONDENSER TC THE PROPER PO INT,
THESE TWO FEED=BACKS CAN BE MADE TO CANCEL EACHOTHER OUT AND THEREFORE
NO FEED-BACK WILL BE EFFECTIVE AND NO OSCILLATION CAN CCCUR.

THESE NEUTRALIZINQ CONDENSERS ARE SOMEWHAT &IMILAR TO TRIMMER
CONDENSERS AND IN Fla. '9, YOU WILL SEE WHAT TWO OF THESE POPULAR NEU=-
TRALIZING CONDENSERS LOOK LIKEe. NOTICE THAT EACH OF THEM IS PROV IDED
WITH AN ADJUSTING SCREW, BY MEANS OF WHICH WE CAN CHANGE THEIR CAPACITY.

THERE ARE OIFFERENT WAYS IN WHICH THESE NEUTRALIZING. CONDENSERS
CAN BE USED AND IN Fig. 20, YOU WILL SEE HOW THE NEUTRALIZING ENERQY
CAN BE OBTAINED FROM THE SECONDARY WINDING OF AN R.F. TRANSFORMER.

Neutralizing R.F.Transformer BY REQULATING THEADJUST
C°”d¢"5er“—21* MENT OF THIS NEUTRALIZING CON
DENSER, WE CAN CONTROL THE A=
MOUNT OF NEUTRALIZING EFFECT.
é% < THAT 18, BY DECREABING THE
B T CAPACITY OF THE NEUTRALIZING
Tap CONDENSER, WE CAN GET A CER-
Primary winding Secondary Wwinding TAIN AMOUNT OF REGENERATIVE
EFFECT THROUGH THE GRIO=PLATE
€16, 20 CAPACITY. THEN BY INCREASING

THE CAPACITY OF THE NEUTRALIZ

Neul'ra/fz.;ﬂg M’éh a Epped Secoﬂdary- _'NG CONDENSE?, MORE R.F‘ ENe=

ERGY WILL BE PASS8ED 8Y IT TO ACT UPON THE GRID CIRCUIT 80 A8 To NEUTRAL~
IZE THE REGENERATIVE FEED BACK THROUGH THE TUBE CAPACITY.

STILL ANOTHER METHOD OF OBTAINING NEUTRALIZATION 18 sHOWN IN Fia,
2] AND IN THIS CASE, A SEPARATE OR NEUTRALIZING WINDING IS ADDED TO THE
END OF THE PRIMARY WINDING IN THE PLATE CIRCUIT,

A NEUTRALIZING CONDENSER 1S THEN INCLUDED IN SERIES BETWEEN THIS
NEUTRALIZING WINDING AND THE
GRID CIRCUIT OF THE PRECEDING

Neutralizing pnmarg winding

TUBE JUST A8 SHOWN. ALWAYS condenser 2 __ \* Second
BEAR IN MIND THAT THI3 BY=PASS !
Grid Phke ( wineing

ED R.F. ENERGY THROUGH THE NEU

TRAL)ZING CONDENSER EFFECT8 THE | o / Ry
GRID CIRCUIT OF THE TUBE IN 7 ==
JUST THE OPPOSITE WAY TO THAT
IN WHICH THE REQENERATIVE, EFF
ECT THR HE P
T R e S QFT,,amFo,m,

ACTS UPON IT AND THAT I8 WHY
WE OBTAIN NEUTRALIJZATION,

ANV

FIG., 21
Neuviralizing Winding Conrected Eo Primary

ALTHOUGH THESE . NEUTRA- of Transformer.

LIZING CONDENSERS ARE MOUNTED
ON THE RECEIVERS CHASSIS,YET THEY ARE ONLY TO BE USED AS A SERVICE ADJe
USTMENT BY THE RADIO TEOHNICIAN AND NOT BY THE SET OWNER. I[N THE MOST
MODERN RECEIVER CIRCUITS EMPLOYING SCREEN-GRID TUBES, SUCH NEUTRALIZING®
8YSTEMS ARE NO LONGER NECESSARY, NEVERTHELESS, IT 1S ADVISABLE THAT YOU
BE FAMILIAR WITH THESE CIRCUITS AND'THEIR CORRESPONDING SERVICE ADJUST=-
MENTS8. ALL OF THESE DETAILS WILL BE FURNISHED YOU IN LATER LESSONS,  As
WELL A8 IN YOUR JOB SHEETS.
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LESSON NDO. I 2

RADIO BATTERIES

THUS FAR, WE HAVE FREQUENTLY REFERRED TO THe "A", "B", anp "C"
SUPPLY FOR BATTERY-OPERATED RECEIVERS, BUT WE HAVE NOT DiSCUSSED THESE
SOURCES OF ELECTRICAL ENERGY THOROUGHLY, AS WILL BE DONE IN TH!S LESSON.,

CONSIDSR FiIRST THE DRY CELL As soMeTiMES usep FOoR THE "A" suppLy.
THIS 1S THE ORDINARY TYPE OF DRY BATTERY USED EXTENSIVELY FOR SUCH PUR=-
POSES AS FOR BELL CIRCUITS, ALARM SYSTEMS, ETC., AND TO IDENTIFY IT FROM
OTHER TYPES OF DRY CELLS IT IS KNOWN TO THE INDUSTRY AS THE No. 6 ORY
CELL.

DRY CELL CONSTRUCTION

THE INTERNAL CONSTRUCTION OF THIS DRY CELL iS SHOWN IN FI1G. 2; AL~
THOUGH ITS NAME MIGHT LEAD YOU TO BELIEVE THAT IT IS COMPLETELY DRY,THAT
IS NOT THE CASE, FOR IN REALITY THIS CELL IS INTERNALLY MOIST. Even
THOUGH THE CONSTRUCTIONAL DETAILS OF THE VARIOUS MAKES OF DRY CELLS MAY
DIFFER, THEIR PRINCIPLES OF CONSTRUCTION AND OPERATION IS THE SAME.

IN Fig., 2 YOu WiILL 0B-
SERVE THAT THI!S DRY BAT-
TERY COMPRISES A ZINC CUP
CAN,HAVING AN INNER LINING
OF BLOTT ING PAPER AND
CHEESE-CLOTH. A CARBON ROD
IS PLACED IN THE AXIAL CEN
TER OF THE CELL, AND THIS
ROD 1S SURROUNDED WITH A
POWDERED AND MOISTENED MIX
TURE OF MANGANESE DIOXIDE,
SAL  AMMON | AC ( AMMON 1 UM
CHLOR IDE JAND POWDERED CAR-
BON, WHICH FORMS THE ELEC-
TROLYTE., A CARDBOARD WASH-
ER AND SEALING WAX CLOSE
THE TOP OF THE CELL AIR=- Fia. |
TIGHT; THE CARBON ROD AND OPERAT ING RECORDING EQUIPMENT AT NAT 1ONAL
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ZINC CUP ARE EACH PROVIDED WITH AN EXTERNAL TERMINAL,

THE CARBON ROD ACTS AS THE POSITIVE ELECTRODE; WHEREAS, THE ZINC
CUP ACTS AS THE NEGATIVE ELECTRODE, WHEN THESE ELECTRODES ARE CONNECT-
ED TO AN EXTERNAL CIRCUIT A CHEMICAL ACTION TAKES PLACE WITHIN THE CELL,
AND BY THAT PROCESS AN EMF OR ELECTRICAL PRESSURE IS GENERATED WHICH
WILL CAUSE A CURRENT TO FLOW THROUGH THE COMPLETED CIRCUIT, WHICH IN-
CLUDES THE ZINC CUP, THE ELECTROLYTE, THE CARBON ROD, AND THE EXTERNAL
CIRCUIT, IN THE CHEMICAL ACTION THE ZINC IS ATTACKED MORE THAN THE CAR-
BON, AND IS EATEN AWAY SOONER., WHEN MOST OF THE ZINC HAS BEEN EATEN
AWAY THE CELL BECOMES INOPERATIVE.,

BINDING POST DRY CELL VOLTAGE AND CAPACITY
CARDBOARD

— SEALING AN INTERESTING POINT TO REMEMBER |S THAT
THIS CHEMICAL ACTION IS CAPABLE OF PRODUCING

-
- .62 | AN ELECTRICAL PRESSURE OF ONLY % VOLTS,WHETH-
: § OxN | ER THE CELL IS SMALL ENOUGH TO FIT INTO A
: Y V9N | FLASH-LIGHT OR AS LARGE AS A BARREL. THE MAIN
Ve VO 1 o) FFERENCE BETWEEN A SMALL CELL AND A LARGE
@ / ONE IS THAT THE LARGE CELL CONTAINS MORE AC-
3 KN TIVE MATERIAL TO BE CONSUMED. |IN OTHER WORDS,
Q %m AT THE SAME RATE OF DISCHARGE IT WiLL TAKE
Ny @im LONGER TO DISCHARGE THE LARGE CELL, BUT THEIR
33Q | voLTAGEs REMAIN EQUAL. THIS CAPABILITY OF A
$§§ CELL TO CONTINUE A STEADY DISCHARGE FOR A FlIX-
343 | E0 TIME 1s cALLED 1Ts CAPACITY,
ZINC - CARDBOARD
CONNECTING DRY CELLS IN PARALLEL
Fla. 2
Dry CeLL CONSTRUCTION TO INCREASE CAPACITY IT WOULD NOT BE PRAC-

TICAL TO BUILD AN ENORMOUSLY LARGE CELL, BUT
INSTEAD, SEVERAL STANDARD-SIZED CELLS CAN BE CONNECTED IN PARALLEL, AS
SHOWN IN FiaG. 3, WHICH SHOWS FOUR SUCH CELLS IN PARALLEL. THAT s, ALL
OF THE POSITIVE TERMINALS ARE ELECTRICALLY CONNECTED TOGETHER, AND ALL
OF THE NEGATIVE TERMINALS., BY THIS CONNECTION THE TOTAL VOLTAGE WHICH
WILL BE FURNISHED BY THEM WILL STILL BE ONLY |% VOLTS, OR THE SAME AS
THAT OF ONE CELL, BUT THE GROUP OF CELLS WilLL BE CAPABLE OF FURNISHING
FOUR TIMES AS MUCH CURRENT AS THE SINGLE CELL.,

AS A GENERAL RULE, IT 1S NOT ADVISABLE TO DEMAND MORE THAN /4
AMPERE FROM ANY ONE
No. 6 DORY CELL IF A
NORMAL LIFE 1S EXPECT
ED. I F A CURRENT
GREATER THAN |/U am-
PERE IS REQUIRED BY A
CIRCUIT IN WHICH DRY
CELLS ARE TO BE EM-
PLOYED), CONNECT A
GROUP OF CELLS IN PAR
ALLEL. FOR INSTANCE,

I F THE CURRENT DEMAND Ficg. 3
Is To BE | AMPERE, PARALLEL CetL CONNECTIONS
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THEN IT IS ADVISABLE TO CONNECT FOUR CELLS (N PARALLEL; |IF THE DEMAND
Is TO BE 2 AMPERES, CONNECT EIGHT DRY CELLS IN PARALLEL, ETC.

SERIES CONNECTIONS
INCREASE VOLTAGE DRY cELLS —

IlF You WisH TO o8-
TAIN  MORE THAN |3
VOLTS TO MEET THE RE-
QUIREMENTS OF SOME PAR
TICULAR CIRCUIT, THEN
CONNECT THE DRY CELLS
IN SERIES,As ILLUSTRA-
Teo iN Fiec. 4, As vou
WILL OBSERVE, THE CELL
TERMINALS ARE CONNECT-
E0O TOGETHER, POSITIVE Fie. b

VO GIEENS 1R, A7 ORGSR Seri1es CELL CONNECTIONS
THE SERIES ARRANGEMENT.

WHEN SO CONNECTED IN SERIES, THE TOTAL VOLTAGE OF THE GROUP WILL
EQUAL THE VOLTAGE OF ONE CELL, MULTIPLIED BY THE NUMBER OF CELLS. THAT
IS, IN THE CASE OF Fig. M, THE FOUR SERIES-CONNECTED CELLS WILL TOGETHER
PROVIDE A VOLTAGE OF FOUR TIMES ONE AND ONE-HALF VOLTS, OR SIX voLTs.THE
CURRENT, HOWEVER,WILL BE EQUAL ONLY TO THAT WHICH A SINGLE CELL CAN FUR=-
NISH.

WHENEVER CELLS ARE CONNECTED IN A GROUP, REGARDLESS OF THEIR AR-
RANGEMENT, WE SPEAK OF THE ENTIRE CELL-GROUP AS A BATTERY,

SERIES-PARALLEL CELL CONNECT IONS

SINCE A PARALLEL CELL CONNECTION INCREASES THE CURRENT CAPACITY OF
THE GROUP; WHEREAS, A SERIES CELL CONNECTION INCREASES THE VOLTAGE OF
THE GROUP, THEN IT IS ONLY LOGICAL THAT A COMBINATION OF SERIES AND PARA
LLEL CONNECTIONS SHOULD PERMIT A SIMULTANEOUS INCREASE IN BOTH THE vOL-
TAGE AND THE CURRENT CAPACITY. IN Fia. 5, FOR EXAMPLE, ARE SHOWN TWO
SERIES-CONNECTED CELL GROUPS OF FOUR CELLS PER GRDUP,AND THESE TWO
GROUPS ARE THEN CONNECTED IN PARALLEL WiTH EACH OTHER. SUCH A CELL AR-
RANGEMENT AS THIS IS
CALLED A SERIES-PARALLEL
COMBINATION, AND SOME-
TiMes A SERIES-MULTIPLE
COMBINATION,

IN ANY SERIES-PARAL-
LEL CcELL GROUP THE TO-
TAL VOLTAGE WiLL BE

/ _//’ / EQUAL TO THE VOLTAGE

6V. —L AmP. PER CELL, MULTIPLIED BY

—Y ++ THE NUMBER OF CELLS

WHICH ARE SERIES-CONNEC

TED IN ANY ONE GROUP.

Fie. 5 THE TOTAL CURRENT THAT
Ser1es-PARALLEL CoNNecTIiON OF CELLs CAN BE DRAWN FROM SUCH
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A COMBINATION WILL BE EQUAL TO THE CURRENT WHICH A SINGLE CELL IS CAP-
ABLE OF FURNISHING, MULTIPLIED BY THE NUMBER OF. PARALLEL CE!L GROUPS
THAT ARE INCLUDED IN THE COMBINATION. IN F1G. 5, FOR INSTANCE, THERE
ARE FOUR CELLS CONNECTED IN SERIES IN EACH GROUP, AND SO THE TOTAL volL-
TAGE OF THE COMBINATION WILL BE EQUAL TO FOUR TIMES |3 VOLTS,0R SIX
VOLTS., THEN, SINCE THERE ARE TWO CELL GROUPS CONNECTED IN PARALLEL, THE
TOTAL CURRENT WHICH THE COMBINATION CAN SAFELY SUPPLY WILL BE TWICE /4

AMPERE, OR 3 AM-
WATERPROOF PARTITIONS| PERE.
 BETWEEN CELLS
"B" BATTERIES

_HEAVY SEAL
OVER THE TOP
NEXT WE COME

To THE "B" BAT-
TERIES,WHICH FUR
NISH THE PLATE
SUPPLY; HERE WE
AGAIN CAN MAKE
USE OF EITHER
THE STORAGE OR
DRY TYPES OF PR
MARY BATTERY.THE
POPULAR AS IT WAS IN THE EARLY
IS NOW USED ALMOST EXCLUSIVELY

ll aoisTVRE-PROCE
W_—— WRAPPER,
SEALING _
BETWEEN ceLLS ~

Fila. 6
CoNsSTRUCTION OF A "B" BATTERY

STORAGE "B" BATTERY, HOWEVER, IS NOT AS
YEARS OF RADIO, AND THE DORY "B" BATTERY
IN BATTERY-TYPE RECEIVERS,

A PICTURE OF A 22.5 voLT DRY "B" BATTERY, WITH A PORTION OF ITS
CASING REMOVED, 1S SHOWN IN FiG, 6. OBSERVE THAT THIS BATTERY CONSISTS
OF A GROUP CF SMALL DRY CELLS CONNECTED TOGETHER IN A SERIES ARRANGEMENT,
THEN, SINCE EACH OF THESE STANDARD DRY CELLS WilLL PRODUCE AN ELECTROMO-
TIVE FORCE OF |.5 VOLTS, IT IS EVIDENT THAT THE MORE OF THEM THAT ARE
CONNECTED IN SERIES,THE GREATER WILL BE THE VOLTAGE OF THE COMPLETE BAT-
TeErRY. FOR EXAMPLE, A 22.5 voLT "B" BATTERY OF THIS TYPE WILL CONTAIN 15
OF THESE SMALL CELLS,AND ALTHOUGH THE CURRENT CAPACITY OF EACH IS SMALL,
A GREAT DEAL OF CAPACITY IS NOT NEEDED BECAUSE THE PLATE CURRENT DEMAND
IS ALSO VERY SMALL.

IN F1G. 7 1S SHOWN A MOD-
ERN TYPE OF "B" BATTERY CON-
STRUCTION; THIS 1S A CROSS-SEC-
TIONAL VIEW OF THE 45-voLT "LAy
erR-BUILT" EVEREADY BATTERY.POS-

"“Y

ITIVE AND NEGATIVE ELECTRODES e

ARE ARRANGED IN LAYERS AND EM- :}———- b =

BEDDED IN THE ELECTROLYTE, SO 5 — M. =
e g ——p_1

THAT THEY ARE AUTOMATICALLY CON
NECTED IN SERIES AND NO WIRED
INTER-CELL CONNECTIONS ARE NEED
ED. THIS TYPE OF BATTERY CON-
STRUCTION EL IMINATES THE CHANCE
FOR OPEN CIRCUITS CAUSED BY THE
BREAKAGE OF THE WIRES WHICH CON
NECT TOGETHER THE CELLS OF THE
CONVENT IONAL "B" BATTERY, AND

b oh oh

w

| ;" |
TR
b 4
# —
k 4
)

CONNECTING STRAPS

CONSTR

Fiae 7
vcT1oN OF LAYER-BuILT BATTERY
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ALSO PERMITS THE BATTERY TO BE BUILT RIGIDLY AND COMPACTLY. THE ARRANGE-
MENT OF THE TERMINALS ON A [-TERMINAL 45-voLT BATTERY IS SHOWN IN Fia.8.
THE TERMINAL AT THE LOWER LEFT IS THE COMMON NEGATIVE TERMINAL FOR ALL
VOLTAGE CONNECTIONS. |F A WIRE IS ATTACHED TO THIS (-} TERMINAL AND AN-
OTHER TO THE TERMINAL MARKED 16.5, THE CIRCUIT WOULD INCLUDE ONLY || OF
THE SMALL CELLS, AND THE EMF ACROSS THE OPEN ENDS OF THESE TWO WIRES
wouLo BE 16.5 vOoLTS. THE 16.5 TERMINAL WOULD NOW BE SERVING AS A B+ TER-
MINAL AND THE (-) POST AS THE B- oR
NEGATIVE TERMINAL,

Tue 45-voLT BATTERY 1S MADE uP OF 30
SUCH SMALL CELLS, ALL CONNECTED IN SER-
IES, BUT ALL OF THEM ARE IN CIRCUIT ON-
LY WHEN THE CIRCUIT CONNECTIONS ARE
MADE TO THE (-) AND THE "U5" TERMINALS.

IN SOME RECEIVERS IT IS NOT CONVEN-
IENT TO USE LARGE FLAT "B" BATTERIES,
AND FOR SUCH CASES A VERTICAL TYPE OF
BATTERY IS AVAILABLE. OSUCH A BATTERY, Fla. 8
WITH A 22.5 VOLT RATING, IS ILLUSTRAT- °
E0 IN F1G. 9; IT 1S TALL AND SLENDER,
AND ONLY TWO TERMINALS ARE PROVIDED, ONE ACTING AS THE (-) TERMINAL AND
THE OTHER AS THE +22.5 VOLT TERMINAL.

TERMINAL ARRANGEMENT

SoMeE 45-voLT "B" BATTERIES HAVE THREE TERMINALS, AS SHOWN IN FiG.
I0. ONE OF THE END TERMINALS 1S A (-) TERMINAL, THE CENTER ONE A +22.5
VOLT, AND THE OTHER END TERMINAL A +45 vOoLT. WHEN THE CIRCUIT CONNEC-
TIONS ARE MADE TO THE (-) AND 22.5 VOLT TERMINALS, ONLY |5 OF THE SERIES
CONNECTED CELLS ARE IN CIRCUIT. SHOULD THE CONNECTIONS BE MADE TO THE
(-) AND 45 voLT TERMINALS, THEN ALL 30 OF THE CELLS WILL BE IN USE.

BATTERY CONNECTIONS

THE NEXT POINT TO CONSIDER IS THE POSSIBLE CONNECTIONS WHICH CAN BE
MADE BETWEEN THE "A" AND "B" BATTERIES. |IN Fia. 1l, FOR EXAMPLE, YOU
WILL SEE THE NEGATIVE "B" TERMINAL CONNECTED TO THE POSITIVE "A" TERMIN-
AL. THIS MEANS THAT THE "A" AND "B" BATTERIES ARE
REALLY CONNECTED IN SERIES wiTH EACH OTHER. Now,
SINCE THE ACTUAL PLATE VOLTAGE OF THE TUBE |S MEAS=-
URED BETWEEN ITS PLATE AND THE NEGATIVE SIDE OF ITS
FILAMENT, T IS OBVIOUS THAT WITH THE BATTERY CON-
NECTIONS AS SHOWN IN FiG. |l, THE PLATE VOLTAGE OF
THE TUBE WILL BE EQUAL To THE "B" BATTERY VOLTAGE
PLUS THE "A" BATTERY VOLTAGE. THIS IN ITSELF 1S
NOT SERIOUS, BUT IT HAS BEEN FOUND THAT BETTER RE-
CEIVER PERFORMANCE IS OBTAINED IF THE "BE" LINE IS
NOT AT A VOLTAGE HIGHER THAN THAT OF THE "A-" LINE;
THEREFORE, THIS TYPE OF BATTERY CONNECTION S NO

LONGER POPULAR.

Fic. 9 Fig., |2 SHOWS THE SAME CIRCUIT, EXCEPT THAT THE
VERTICAL TYPE NEGATIVE "B" TERMINAL 1S CONNECTED TO THE NEGAT IVE

BATTERY "A" TERMINAL. THE TRUE PLATE VOLTAGE, WHEN MEASURED
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BETWEEN THE PLATE AND THE NEGATIVE SIDE OF THIS TUBE'S FILAMENT, WILL BE
EQUAL TO THE ACTUAL VOLTAGE FURNISHED BY THE "B" BATTERY ALONE. THE NEG-
ATIVE "B" TERMINAL WILL NOW BE AT THE SAME POTENTIAL AS THE NEGATIVE "A"
TERMINAL ,AND THE "A" BATTERY WILL BE EXCLUDED FROM THE PLATE CIRCUIT AL~
TOGETHER. THIS 1S THE MODERN PRACTICE, AND YOU WILL FIND THAT FROM THE
STANDPOINT OF RECE!VER PERFORMANCE IT IS REALLY THE BETTER OF THE TWO AR
RANGEMENTS. -

IN F1G6.13 YOou WILL SEE HOW TO CONNECT TWO 45-voLT BATTERIES TO OP-
ERATE THE TUBE AT A PLATE VOLTAGE OF 67% voLTs.
NOTICE THAT THESE Two "B" BATTERIES ARE CON-
NECTED IN SERIES, SO0 THAT THERE 1S ALTOGETHER
45 voLts pLus 223 voLTs, or A ToOTAL oF 67%
VOLTS, IMPRESSED UPON THE TUBE'S PLATE. THE
REMAINING "B" BATTERY CONNECTIONS, FROM THE
NEGATIVE TERMINAL OF BATTERY #| AND THE 45 V
TERMINAL OF BATTERY #2, FURNISH A TOTAL ofF 90
VOLTS, AS REQUIRED B8Y THE OTHER TUBES OF THE

RECE | VER.
Fig., 10 To 0BTAIN STILL HiIGHER "B" vOLTAGES, cON-
A THREE=TERM INAL NECT ADDITIONAL "B" BATTERIES IN SERIES, AND
"B" BATTERY MAKE YOUR VOLTAGE CONNECTIONS ACCORDINGLY.

FIXED FILAMENT RESISTORS

No oouBT vou HAve NoTicep IN Figs. i1, 12, AND |3 THAT THE FILAMENT
RESISTOR 1S NOT INDICATED AS BEING VARIABLE. FIXED FiLAMENT RESISTORS
ARE NOW MUCH USED ‘IN THE LATER RECEIVERS, TO ENABLE THE TUBES TO OPERATE
CONTINUALLY AT THEIR MAXIMUM EFFICIENCY. THE VOLUME IS THEN CONTROLLED
BY OTHER MEANS, AS YOU WILL LEARN LATER, A TYPICAL FIXED FILAMENT RESIS-
TOR IS SHOWN IN Fi1G. |4; THIS PARTICULAR MAKE 1S KNOWN TO THE RADIO [IN-
DUSTRY AS THE "AMPERITE," AND T IS A CARTRIDGE-SHAPED RESISTOR WHICH
LOOKS MUCH LIKE A FUSE, MOUNTED ON A BASE BY MEANS OF SPRING CLIPS, |IT
1S INSTALLED IN SERIES WITH THE FILAMENT CIRCUIT, AND THE CONNECTIONS
ARE MADE AS INDICATED N THE ILLUSTRATION.

TUBE y TRA A/skae;wsfa Tu,g::/ TRA NsFaEMfe

[ 4

PRIMARY

VAT BarTes “BYBaATTER "4 ) g
5 Y St BATTERY BArTERY
Fiae |1 Fia. 12
THe B- TerMINAL CONNECTED THE B- TerMINAL CONNECTED

To THE A+ TERMINAL To THE A- TERMINAL
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AN IRON=-ALLOY RESISTANCE ELEMENT IS CONTAINED WITHIN THIS CART-
RIDGE, AND ITS CHARACTERISTICS ARE SUCH THAT WHEN HEATED, ITS RESISTANCE
INCREASES RAPIDLY, THEREBY PROVIDING A REGULATION OF THE CURRENT FLOW.
THAT 1S,IF THE BATTERY VOLTAGE IS UP TO PAR, THEN THIS RESISTOR WILL AL-
LOW ONLY THAT AMOUNT OF CURRENT TO FLOW THRU IT WHICH IS REQUIRED BY THE
TUBE OR TUBES, AND ITS RESISTANCE IS SUCH AS TO OFFER THE PROPER VOLTAGE
DROP WITh A FULLY-CHARGED BATTERY. AS
THE BATTERY BECOMES DISCHARGED ITS
VOLTAGE WiLL DECREASE,AND SO WILL THE ngg,_:f]j /§;
CURRENT FLOW, WITH SMALLER AMOUNT OF <n7€§ \ PrmARY
CURRENT FLOWING THRU THIS FILAMENT RE Vi Ly (s
SISTOR ITS TEMPERATURE =-- AND THERE- = <
FORE ITS RESISTANCE -- BECOMES LESS,
THEREBY AUTOMATICALLY PERMITTING A
MORE NORMAL FLOW OF FILAMENT CURRENT.

PLATE vVoLT. = 674 v TRANSE

THESE "AMPERITES" ARE NOT RATED AC
CORDING TO THEIR OHMIC RESISTANCE,BUT
RATHER, ACCORDING TO THE TUBES WITH

WHICH THEY ARE TO BE USED AND THE CUR A
RENT WHICH THEY WILL PASS., BATTERY BATTERIES
Fie. 13
e o
THE "C™ BATTERY OBTAINING A PLATE VOLTAGE OF 673V

Two TYPICAL "C" BATTERIES ARE SHOWN IN Fi1a. 15, THESE ARE ESSENTIALLY
THE SAME AS THE DRY™B"™ BATTERIES;THE SMALLEST TYPE "C"BATTERY HAS A MAX-
IMUM VOLTAGE OF 4% vOLTS AND CONTAINS 3 SMALL SERIES-CONNECTED CELLS.
SOMETIMES, ONLY TWO TERMINALS ARE PROVIDED ON THESE BATTERIES,IN WHICH
CASE ONE WILL BE THE (+) TERMINAL AND THE OTHER THE (-) TERMINAL, WITH A
VOLTAGE OF 4% voLTs BETWEEN. OTHER TYPES ARE EQUIPPED WITH THREE OR FOUR
TERMINALS, WITH CONNECTIONS SOMEWHAT AS SHOWN IN Figc. 15, THE LARGEST
"CY BATTERY AVAILABLE HAS A MAXIMUM VOLTAGE OF -40% voLTs, AND Is PRO-
VIDED WITH SEVERAL INTERMEDIATE VOLTAGE TAPS,

A TYpicAL "C" BATTERY CONNECTION 1S SHOWN IN Fla. 16. THE NEGATIVE
"C" BATTERY TERMINAL 1S CONNECTED TO THE GRID OF THE TUBE THROUGH THE
SECONDARY WINDING OF THE TRANSFORMER, AND THE POSITIVE "C" BATTERY TERM-
INAL 1S CONNECTED To THE POSITIVE "A"BATTERY TERMINAL, AS WELL AS TO THE
POSITIVE SIDE OF THE FILAMENT., THESE CONNECTFONS MUST ALWAYS BE MADE IN
THI'S MANNER,WHICH KEEPS THE GRID OF THE TUBE CONSTANTLY AT A NEGATIVE po
TENTIAL. SINCE NO GRID CURRENT FLOWS IN THIS CIRCUIT,IT IS OBVIOUS THAT
No "C" BATTERY CURRENT Is EVER USED,AND ONLY THE VOLTAGE oF THIS BATTERY
s NEEDED. FOR THIS REASON, "C" BATTERIES WILL LAST A YEAR OR BETTER
WHEN USED UNDER NORMAL CONDIT IONS;PRAC
7O 4" RESISTOR o gz TICALLY AS LONG AS IF STANDING IDLE ON
- . EILAMENT] A STORE SHELF.

}Z FinaLLy, IN F1a. |7 ALL THREE OF
THESE BATTERIES ARE SHOWN PROPERLY CON
NECTED TO A SINGLE TUBE. AT THE UPPER
PORTION OF THIS (LLUSTRATION THIS HOOK
UP 1S SHOWN iN PICTURE FORM,AND IN THE
LOWER PORTION OF THE ILLUSTRATION THIS

Fia. Ib SAME CIRCUIT 1S SHOWN IN DIAGRAM FORM.
A Fixeo FILAMENT ReESISTOR STUDY THIS ILLUSTRATION CAREFULLY.
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DISCHARGED BATTERIES

AS TIME GOES ON, SUCH BATTERIES GRADUALLY BECOME DISCHARGED. THIS
WILL BECOME APPARENT WHEN THE VOLUME OF THE RECEIVER GRADUALLY BECOMES
LOWER AND LOWER, ALTHOUGH OTHER TROUBLES ARE ALSO ABLE TO CAUSE DECREAS-
ING VOLUME. FOR THE PRESENT, THE BATTERIES ARE OUR ONLY CONCERN. NoT
ONLY WILL THE VOLUME OF THE RECEIVER BE AFFECTED IN THIS WAY, BUT THE
TONE QUALITY WILL ALSO SUFFER. THE MOST PRONCUNCED SYMPTOM OF A DIS-
CHARGED "A" BATTERY IS THAT THE TUBES DO NOT LIGHT UP AS BRILLIANTLY AS
FORMERLY, WHICH IS DUE TO THE DEFICIENCY IN FILAMENT CURRENT.

To TEST DRY CELLS A METER IS USED AS
TERMINAL SHOWN IN FiG. 18, THIS INSTRUMENT IS A
COMBINAT ION VOLTMETER AND AMMETER, WITH A
MAX IMUM VOLTAGE READING OF 20 VOLTS,AND A
MAX IMUM CURRENT READING OF 40 AMPERES. TO
TEST #6 DORY CELLS, CONNECT THIS METER
ACROSS THE CELL AS SHOWN, WITH THE TEST
POINT MARKED (+AMPS) IN CONTACT WITH THE
POSITIVE POST OF THE CELL, AND THE TEST
POINT OF THE FLEXIBLE CABLE CONNECTED TO
5 THE NEGATIVE CELL TERMINAL. |F THE CELL

IS IN A GOOD CONDITION, THE AMMETER WiLL
READ 20 OR MORE AMPERES; IF LESS THAN
TH1S, THE CELL 1S MORE OR LESS DISCHARGED, AND THE READING TELLS THE AP-
PROX IMATE CONDIT{ON.

Fig.
"C" BATTERIES

To USE THIS SAME METER WHEN TESTING"B" BATTERIS, CONNECT 1T ACROSS
THE BATTERY AS SHOWN IN FiG. |9, BEING CAREFUL THAT THE (+VOLTS) TERMIN=-
AL OF THE METER IS CONNECTED TO THE POSITIVE BATTERY TERMINAL. A NEW
BATTERY WILL GENERALLY GIVE A VOLTAGE READING A TRIFLE HIGHER THAN THAT
STAMPED ON THE BATTERY TERMINALS, BUT AS THE BATTERY IS USED ITS VOLTAGE
GRADUALLY DECREASES. A 20% DROP IN VOLTAGE 1S USUALLY PERMISSIBLE. THAT
I'S, |F THE VOLTAGE READING OF A 22.5-VOLT BATTERY 1S LESS THAN 18 voLTs,
OR THAT OF A U45-vOLT BATTERY LESS THAN 36 VOLTS, THEN IT SHOULD BE RE-
PLACED WITH A NEW ONE.

TRANSF TUB§

"C" BATTERIES ARE TESTED IN THIS SAME L’\ 4
WAY, AND THE VOLTAGE READING OF A GOOD HeR
BATTERY SHOULD BE THE SAME AS THAT INDICATED
ON THE TERMINALS ACROSS WHICH THE TEST IS
MADE., A VOLTAGE OF 20% LESS 1S THE LOWEST AL-
LOWABLE LIMIT,

BATTERIES OF ALL TYPES HAVE THE DiSADVAN~

TAGE OF BECOMING DISCHARGED AS THEY ARE BEING «C~54773
USED, AND IN BATTERY-TYPE RADIO RECEt VERS 3 voLTS
THIS EFFECT 1S MOST NOTICEABLE WITH THE "A"

BATTERY FROM WHICH MOST OF THE CURRENT IS BE- “»4”5/17'7'de

VOLTS
ING WITHDRAWN. [F USING A STORAGE BATTERY FOR 6

THIS PURPOSE, IT OF COURSE BECOMES NECESSARY
TO REMOVE AND RECHARGE THE BATTERY OCCASION- Fla. |6
ALLY, OR TO MAKE PROVISIONS FOR RECHARGING IT
wWITHOUT ITS REMOVAL FROM THE RECEIVER CABINET.

"C" BATTERY CONNECTIONS
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DEFECTS OF BATTERY-TYPE RECEIVERS

THE OPERATION OF BATTERY-OPERATED RECEIVERS IN DISTRICTS WHERE NO
ELECTRIC LIGHTING SUP=-
PLY IS AVAILABLE HAS AL
WAYS BEEN A PROBLEM. |F (f
A STORAGE BATTERY IS US STUBE
€0 FOR THE "A" suppLyY, 2N
THE TIME COMES ONLY TO0O 1
SOON WHEN IT WILL NEED |
A RECHARGE.!F DRY CELLS | !

ARE USED FOR THE "A" d 5 =
suPPLY T0'99 0r'20 TYPE
TUBES, THEN THESE CELLS s =
WILL SOON RUN DOWN SO
THAT NEW ONES MUST BE _ + </
SUBSTITUTED. = + "/ -3
sy : /

A 45v /45\/

/ o -
BT B |8

PRIMARY 5 “éi:

= +
|4¢hh,o

AUDIO  TRANSFORMER

o+

N
B
<
—

NOT ONLY DO THE DRY -
CELLS REQUIRE FREQUENT
REPLACEMENT, BUT THE

TUBES OF THE '39 AND'20 —EcoNDARY S
TYPES ARE QUITE FRAIL, Eﬂﬁéi

AND THEIR FILAMENTS ARE 44ﬂ+
EASILY BURNT OUT IF THE
SET OPERATOR DOES NOT
WATCH FILAMENT VOLTAGE Fia. 17

CAREFULLY.THE FIRST STEP THE BATTERY CONNECTIONS

TAKEN TO IMPROVE THIS

CONDITION WAS THE DEVELOPMENT OF BETTER DRY CELL TUBES, NOW BEARING THE
TYPE NUMBERS '30,'31,'32, '33 AND '34 £TC., BUT EVEN THOUGH THESE TUBES
ARE MORE DURABLE, CONSUME LESS FILAMENT CURRENT, AND PRODUCE BETTER RA=-
D10 RESULTS THAN DID THEIR PREDECESSORS, THEY WILL NOT GIVE SATISFACTORY
RESULTS |F OPERATED ON EXCESSIVE FILAMENT VOLTAGE,THE STANDARD DRY CELL,
WHEN NEW,DEVELOPS NEARLY 1.5 VOLTS, BUT THIS VOLTAGE DIMINISHES STEADILY
WITH USE TO ABOUT l.l VOLTS AT THE END OF THE SERVICEABLE LIFE OF THE
CELL. THUS IT 1S SEEN THAT THE VOLTAGE-VARIATION OF THE ORDINARY DRY
CELL 1S NEARLY /3 DURING 1Ts
USEFUL LIFE.

VoLT -
AMMETERE, (|
TER, ’

To OBTAIN FROM DRY CELLS

THE 2 VOLTS REQUIRED FOR
THESE NEW TUBES IT 1S NECES-
SARY TO CONNECT TWO CELLS IN
SERIES, ANC TO THEN REDUCE
THIS VOLTAGE TO 2 VOLTS AT
THE TUBE SOCKETS BY MEANS OF
A RHEGSTAT OR RESISTOR. ToO
SUPPLY SUFFICIENT CURRENT TO
THE RECEIVER T IS GENERALLY
: NECESSARY TO CONNECT SEVERAL
Fie. 18 Fie. 19 CELLS IN PARALLEL. FOR £x=
TesTing A #6 Testing A "B" AMPLE,TO OFERATE A [-TUuBE, 2-
Dry CELL BATTERY VOLT RECEIVER, WOULD REQUIRE
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£1GHT DRY CELLS CONNECTED IN TWO GROUPS OF FOUR CELLS EACH, THE CELLS IN
EACH GROUP BEING CONNECTED IN PARALLEL AND THE TWO GROUPS CONNECTED TO-
GETHER IN SERIES, ACROSS THE SUPPLY CIRCUIT, I F THE FILAMENT VOLTAGE I8
KEPT CAREFULLY ADJUSTED, THIS BANK OF DRY CELLS WILL LAST ABOUT 80 DAYS,
BASED UPON A B-HOUR DAILY USE OF

CARBON 5L557f2”if THE RECEIVER. THE FILAMENT VvOL-~-
TERMINAL 5 (OL TAGE MUST BE CONTINUALLY KEPT AD-

JUSTED PROPERLY BY MEANS OF A RHE
OSTAT, TO ENABLE THE TUBES TO OP-
ERATE AT THEIR MAXIMUM EFFICIENCY,
AND AT THE SAME TIME TO PREVENT
TUEE BURN=-OUTS.

THE "AIR-CELL" BATTERY

THE BATTERY-OPERATED RECEIVER
SITUATION WAS FURTHER RELIEVED BY
THE INTRODUCTION OF A NEW TYPE OF
e "A" BATTERY ESPECIALLY ADAPTABLE
 soLur/on| TO BE USED IN  CONJUNCTION WITH
THE TWO-VOLT,DRY-CELL TYPE TUBES,
AND KNOWN As THE "AIR CeLL".Fia.
20 ILLUSTRATES ITS INTERNAL CON-
STRUCTION; NOTE THAT THE ELEC-
TRODES ARE CARBON AND ZINC AS IN ORDINARY DRY CELLS, BUT THEIR SHAPE AND
ARRANGEMENT 1S DIFFERENT. |IN FACT, THE PHYSICAL APPEARANCE OF THE AIR
CELL IS ENTIRELY DIFFERENT FROM THAT OF THE DRY CELL,

ZIMC ' feze
ELECTRODES |

D/VISION

Fia. 20
THe New AIrR CeLL

DURING THE TIME THAT A DRY CELL (S BEING USED,HYDROGEN GAS IS LIB-
ERATED AT THE CARBON ELECTRODE, FORMING THEREON AN INSULATING LAYER OF
GAS BUBBLES THAT REDUCES OR STOPS THE FLOW OF CURRENT. TO LENGTHEN THE
LIFE OF THE DRY CELL BY RETARDING THIS HYDROGEN-COLLECTING TENDENCY ,MAN =~
GANESE DIOXIDE 1S ADDED TO THE ELECTROLYTE MIXTURE BECAUSE THIS SuB-
STANCE HAS THE IMPORTANT CHEMICAL PROPERTY OF READILY GIVING UP ITS OXY-
GEN, WHICH COMBINES WITH THE HYDROGEN AND FORMS WATER ., IN THIS WAY, THE
INSULAT ING LAYER OF HYDROGEN IS DESTROYED AND THE CELL MOISTURE MAINTAIN
ED.

THE MANGANESE DIOXIDE 1S ABLE
TO DO THIS REASONABLY WELL FOR A
TIME, BUT ONLY A DEFINITE QUANTITY | yepp/nAL f%UG O —
OF MANGANESE DIOXIDE CAN BE INCOR- 2
PORATED IN THE CELL AT THE TIME OF
ITS CONSTRUCTION, AND WHEN ITS
AVAILABLE OXYGEN HAS BEEN USED THE
CHEMICAL ACTION LESSENS, AND THE
VOLTAGE DEVELOPED BY THE  CELL
DROPS LOWER AND LOWER UNTIL THE
CELL FINALLY BECOMES USELESS.,

THeE AIR-CELL BATTERY DEPENDS
FOR iTS ELECTRO-CHEMICAL ENERGY ON

A REACTION BETWEEN ZINC, WHICH IS Fia. 2!
IN THE FORM OF HEAVY ELECTRODES Outer APPEARANCE OF THE AIR CELL




LESSON NO, |2 PAGE |1

SUSPENDED ON EACH SIDE OF A CARBON ELECTRODE, AND A SOLUTION OF SODIUM
HYDROXIDE IN WHICH ALL OF THE ELECTRODES ARE SUSPENDEO,

THE AIR CELL "BREATHES"

IN THE CARBON ELECTRODE LIES THE WHOLE SECRET GF THIS CELL'S RE-
MARKABLE OPERATION, FOR A SPECIAL FORM OF CARBON |S USED WHICH HAS THE
VALUABLE PROPERTY OF ABSORBING OXYGEN FROM THE AIR, TRANSFERRING IT TO
THE SURFACES EXPOSED TO THE SOLUTION,AND THUS AUTOMAT ICALLY FORMING WAT=
ER OUT OF THE HYDROGEN LAYER AS FAST AS IT IS DEPOSITED UPON THE CARBON.

NOTICE HOW MUCH OF THE SURFACE OF THE CARBON ELECTRODE SHOWN IN
Fig. 20 1S EXPOSED TO THE AIR. THE OXYGEN iS ACTuALLY ABSORBED BY THisS
SURFACE, THUS ALSO ATTACHING THE NAME OF "BreATHING CeLL" To THIS UNIT.
SHOULD THIS EXPOSED SURFACE OF CARBON BE COVERED WITH A LAYER OF WAX IT
WOULD NO LONGER BE ABLE TO BREATHE, AND WOULD SOON SMOTHER AND DIE JUST
AS WILL A PERSON WHOSE
AIR SUPPLY IS CUT OFF,

CHARGING
CIrRCUIT

THE WORKING ABILITY
OF THE AIR CELL

—_—
TH "A" ga FLOW OF
1S BATTERY CO_N_ CURRENT

SISTS OF TWO CELLS IN-
TERNALLY CONNECTED IN
SERIES, AND IT HAS A
cAPACITY oOF 600 A.H.

(AMPERE-HOURS)  WHICH )

MEANS THAT IT WILL RUN SULPHURIC

A. SEVEN-TUBE SET EM- AcCID ELEC-
TROLYTE

PLOYING THE 2-VOLT TUB
ES, 3 HOURS A DAY FOR
A WHOLE YEAR. DURING
THIS TIME THE BATTERY

REQUIRES NO ATTENTION Fie. 22

OTHER THAN THE OCCA-
SIONAL ADDITION OF WATER TO REPLACE EVAPORATION, ANY GOOD DRINKING WATER

CAN BE USED; DISTILLED WATER IS NOT NEEDED. THIS BATTERY 1S NOT A STOR~-
AGE BATTERY, AND THEREFORE CANNOT BE RECHARGED.

LEAD-PEROXIDE SPONGE -LEAD

STORAGE CeLL CHARGING

THE AIR CELL PROVIDES SO UNIFORM A VOLTAGE THROUGHOUT ITS ENTIRE
USEFUL LIFE THAT NO RHEOSTAT ADJUSTMENT IS REQUIRED IN THE FILAMENT CIR-
CUIT OF THE TUBES, AFTER THE FIRST ADJUSTMENT. THE RESISTANCE FOR THE
FILAMENT CIRCUIT CAN THUS BE MADE A FIXED PART OF THE CIRCUIT, AND THE
SET REQUIRES NO ATTENTION TO ITS FILAMENT CIRCUIT OTHER THAN TO TURN THE
SWITCH ON OR OFF, JUST AS THOUGH THE RECEIVER WERE BEING OPERATED FROM
AN A=C LIGHTENG CIRCUIT,

THE WORKING VOLTAGE OF THIS BATTERY IS 2,53 VOLTS, BUT THIS VOLTAGE
SHOULD BE REDUCED TO 2 VOLTS AT THE TUBE SOCKET TERMINALS. AN EASY WAY
70 DETERMINE THE VALUE OF THE FIXED RESISTOR REQUIRED FOR THIS PURPOSE
'S TO CALCULATE THE TOTAL FILAMENT CURRENT USED BY ALL TUBES OF THE RE-
CEIVER, AND THEN DIVIDE .53 BY THIS TOTAL FILAMENT CURRENT. THE RESULT
WILL BE THE VALUE OF THE REQUIRED FIXED RESISTOR, EXPRESSED IN OHMS.
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THE coMPLETE "AIR-CELL" BATTERY HAS BUT TWO TERMINALS TO CONNECT
TO THE FILAMENT CIRCUIT, AS SHOWN IN FiG. 21, AND IT HAS A MAXIMUM CON-
TINUOUS CURRENT OUTPUT OF .75 AMPERE, WHICH IS ABOUT 50% MORE THAN THAT
USUALLY REQUIRED BY THE FILAMENT CIRCUIT OF THE RECEIVER IN WHICH THE
2-VOLT TYPE TUBES ARE USED.SHOULD THIS LOAD BE EXCEEDED, THE "BREATHING"
CARBON ELECTRODE 1S UNABLE TO ABSORB SUFFICIENT OXYGEN, AND AS A RESULT
THE BATTERY WILL BE RUINED.

Ai1rR CELLS ARE SHIPPED DRY, AND THEREFORE THERE IS NO DETERIORATION
WHILE IN THE HANDS OF THE DEALER. THE PURCHASER NEED ONLY FILL EACH OF
THE TWO CELLS WITH ORDINARY DRINKING WATER, AND THE UNIT IS THEN READY
TO GO INTO OPERATION. |

THE STORAGE-TYPE "A" BATTERY

THE MOST OUTSTANDING DISADVANTAGE OF ALL DRY BATTERIES IS THAT THEY
ARE OF NO FURTHER VALUE AFTER ONCE HAVING BECOME DISCHARGED. ALSO,DRY
CELLS FOR "A"USE ARE PRACTICAL
FOR FURNISHING ONLY RELATIVELY
SMALL FILAMENT CURRENTS; FOR
GREATER CURRENTS THE FIRST
cosT oF THE "A" suPPLY wouLD
INCREASE RAPIDLY, AS MORE DRY
CELLS ARE ADDED TO THE BATTERY.
ON THE OTHER HAND, THE "LEAD-
ACI10" STORAGE BATTERY IS CAP-
ABLE OF FURNISHING LARGE FILA-
MENT CURRENTS,AND ALSO HAS THE
ADVANTAGE OF BEING RE-CHARGE-
ABLE,

DISCHARGING
CI/RCUIT

THE CONSTRUCTION AND COMPO=-
SITION OF THE MODERN STORAGE
BATTERY PERMITS A REVERSIBLE
CHEMICAL REACTION, IN OTHER WORDS, WHEN AN ELECTRIC CURRENT IS PASSED
THROUGH THE BATTERY, A CHEMICAL ACTION TAKES PLACE WHICH PRODUCES THE
FLOW OF AN ELECTRIC CURRENT WHEN AN ATTACHED OUTSIDE CIRCUIT IS COM-
PLETED. IN THIS PROCESS THE CHEMICAL CHARACTER OF SOME OF THE BATTERY
ELEMENTS 1S CHANGED, BUT WHEN THE BATTERY 1S RECHARGED BY CONNECTING IT
TO A SUITABLE SUPPLY OF DIRECT CURRENT, THE CHARGING CURRENT, IN FLOWING
THROUGH IN A DIRECTION OPPOSITE TO THE DI SCHARGE FLOW,REVERSES THE CHEM-
ICAL ACTION AND RESTORES THE BATTERY SUBSTANTIALLY TO ITS FORMER CHEM
ICAL CONDITION., THIS REVERSIBLE NATURE OF THE STORAGE BATTERY ENABLES
IT TO OPERATE SATISFACTORILY FOR A LONG TIME,

Fra. 23
STORAGE CeLL DiISCHARGING

ESSENTIAL PARTS OF A SECONDARY CELL

THE ESSENTIAL PARTS OF A SIMPLE LEAD-ACID STORAGE CELL OR SECONDARY
CELL, AS IT 1S FREQUENTLY CALLED, DURING THE CHARGING PERI0D, ARE iLLUS-
TRATED IN FiGg, 22. THE CELL CONSISTS OF A POSITIVE ELECTRODE AND A NEG-
ATIVE ELECTRODE, BOTH IMMERSED IN AN ELECTROLYTE. THE ACTIVE SUBSTANCE
OF THE POSITIVE ELECTRODE IS PEROXIDE OF LEAD, AND THE ACTIVE SUBSTANCE
OF THE NEGATIVE ELECTRODE 1S PURE LEAD IN A SPONGY STATE. THE ELECTRO-
LYTE CONSISTS OF A MIXTURE OF DISTILLED WATER AND SULPHURIC ACID. NOTICE
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THAT THE TWO ELECTRODES, OR PLATES, AS THE BATTERY MAN CALLS THEM, ARE
SEPARATED FROM EACH OTHER BY THE ELECTROLYTE,

ACTION OF THE CELL WHILE BEING CHARGED

IF THE ceLL WERE IN A COMPLETELY ©0i1SCHARGED STATE,WHICH CONDITION
REALLY CANNOT BE PRODUCED IN PRACTICAL USE, THE ELECTROLYTE WOULD THEN
CONSIST ONLY OF WATER, AND THE PLATES WOULD CONTAIN MUCH LEAD SULPHATE,
THEN, 1F A DIRECT ELECTRICAL CURRENT FROM SOME OUTSIDE SOURCE SHOULD BE
FORCED THRU THIS CELL, SO THAT THE CURRENT ENTERS AT THE POSITIVE PLATE
AND LEAVES THE CELL BY WAY OF THE NEGATIVE PLATE, THE CELL WOULD BE
CHARGING, DURING THIS TIME OF 'CHARGING, THE SULPHATE 1S BROKEN DOWN INTO
LEAD AND SULPHUR, AND THE SULPHUR IS DRIVEN OUT OF THE PLATES AND INTO
THE SOLUTION WHERE IT RE-COMBINES WITH WATER TO FORM SULPHURIC ACID. THE
POSITIVE PLATE WILL THEN CONSIST OF LEAD PEROXIDE,AND THE NEGATIVE PLATE
OF SPONGY LEAD. WITH THE CHEMICAL CONDITION OF THE CELL IN THIS STAGE,
AN EMF CAN BE PRODUCED WHEN THE EXTERNAL CIRCUIT IS CLOSED,AND THIS
ELECTRICAL PRESSURE IS CAPABLE OF
CAUSING A CURRENT TO FLOW THRU THE NEG. GROUP
RESISTANCE OF THE CIRCUIT, WHICH \ °F &6 PLATES
INCLUDES THE INTERNAL RESISTANCE
OF THE CELL ITSELF, AS IT IS A
PART OF THE COMPLETED CIRCUIT,

PUS, GROUP
OF 5 PLATES

ACTION OF THE CELL WHILE
D1SCHARGING

THE ACT IN THIS SIMPLE CELL
WHILE DISCHARGING 1S ILLUSTRATED Fla. 2l
IN F16.23. AT THIS TIME THE CHEM- G
ICAL ACTION 1S REVERSED. CURRENT
FLOWS OUT OF THE POSITIVE TERMINAL OF THE BATTERY, THENCE THRU THE EX-
TERNAL CIRCUIT, AND RETURNS TO THE CELL THRU THE NEGATIVE PLATE. DuriNG
THIS DISCHARGING PERIOD THE ACID IS DRIVEN OUT OF THE ELECTROLYTE AND IN
TO THE PLATES, AND AS THE LEAD SULPHATE IS FORMED AND DEPOSITED WITHIN
THE ACTIVE MATERIAL OF THE PLATES, THE CELL BECOMES MORE AND MORE DIS-
CHARGED AND THE ELECTROLYTE VERY MUCH LESS ACID., BEAR IT IN MIND THAT
THESE CHEMICAL CHANGES TAKE PLACE GRADUALLY, BUT THE HIGHER THE RATE OF
CHARGE OR D) SCHARGE, THE MORE RAPID THE CHEMICAL ACTION.

THe PosiTive AND NeGATIVE GROuP

SIMPLIFIED FORM OF THE CHEMICAL REACTIONS

T0 MAKE THESE CHEMICAL REACTIONS MORE SIMPLE, THINK OF THE CELL 1IN
THE FOLLOWING WAY; DURING CHARGE, THE ACID IS DRIVEN OUT OF THE PLATES
AND INTO THE ELECTROLYTE. DURING DISCHARGE, THE ACID GOES INTO THE
PLATES. THESE TWO STATEMENTS ARE NOT EXACTLY CORRECT, TECHNICALLY, BUT
THEY WILL HELP YOU TO REMEMBER THE CHEMICAL SCHEME OR CYCLE OF OPERATION.

VOLTAGE OF THE LEAD-ACID CELL

THE DRY CELL, YOU WILL REMEMBER, WAS CAPABLE OF PRODUCING A VOLTAGE
oF |4 voLTS, BUT A COMPLETELY CHARGED CELL OF THE LEAD-ACID TYPE WiLL
PRODUCE A VOLTAGE OF 2.2 VOLTS WHILE ON OPEN CIRCUIT, By "opeN circulT"
IT 1S MEANT THAT THE VOLTAGE READING 1S TAKEN DIRECTLY ACROSS THE TERMIN
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ALS OF THE CELL DURING THE TIME THAT NO CURRENT 1S BEING DRAWN FROM THE
CELL.,

CAPACITY OF THE STORAGE CCLL

You WILL RECALL THAT IN THE DISCUSSION OF THE DRY CELL IT WAS STAT-
ED THAT THE LARGER THE CELL,OR THE GREATER THE QUANTITY OF ITS ACTIVE MA
TERIAL, THE GREATER WILL BE THE CAPACITY OF THE CELL.
THIS ALSO APPLIES TO THE LEAD-ACID STORAGE CELL, BECAUSE
REGARDLESS OF THE CELL SIZE, THE CHEMICAL ACTION WiLL
PRODUCE A MAXIMUM ELECTRICAL PRESSURE OF NO MORE THAN
2.2 voLTs., TO |INCREASE THE CAPACITY OF THE CELL, THE
AMOUNT OF ACTIVE MATERIAL IN IT MUST BE INCREASED. To
0O THIS A CONVENIENT~-SIZED PLATE IS USED; INSTEAD OF US-
ING ONLY ONE POSITIVE AND ONE NEGATIVE PLATE, THE CELL
MAY CONSIST OF SEVERAL POSITIVE AND SEVERAL NEGATIVE
BEPR 0GR PLATES, IT 1s COMMON To use [, 9, 11, 13, or |5 PLATES
PER CELL IN STORAGE BATTERIES FOR"A" USE, DEPENDING UPON
THE REQUIREMENTS OF THE CIRCUIT WHICH THE BATTERY IN QUESTION IS TO
SERVE. THE TOTAL NUMBER OF PLATES PER CELL 1S ALWAYS AN ODD NUMBER FOR
THE REASON THAT THERE IS ALWAYS ONE MORE NEGATIVE PLATE PER CELL THAN
THE TOTAL OF POSITIVE PLATES, TO PERMIT EACH SIDE OF EACH POSITIVE PLATE
TO BE EXPOSED TOWARD A NEGATIVE PLATE,

THE POSITIVE PLATES IN EACH CELL ARE ALL JOINED TO A PLATE STRAP
IN SUCH A MANNER THAT THEY WILL BE SLIGHTLY SEPARATED FROM EACH OTHER.
THE NEGATIVE PLATES ARE SIMILARLY CONNECTED TO A PLATE STRAP, AND THE RE-
SULT ING POSITIVE AND NEGATIVE PLATE GROUPS ARE SHOWN IN F1G.24, IN wHicH
CASE 5 PLATES CONSTITUTE THE POSITIVE PLATE GROUP AND 6 PLATES THE NEGA-
TIVE PLATE GROUP. EACH PLATE STRAP IS ATTACHED TO A TERMINAL PosT, THE
POSITIVE AND NEGATIVE PLATE GROUPS ARE THEN INTER-LEAVED OR MESHED TO
GETHER,AND TO PREVENT POSITIVE PLATES FROM COMING IN DIRECT CONTACT WITH
NEGATIVE PLATES, SEPARATORS ARE INSTALLED BE-
TWEEN THE PLATES.

SEPARATORS

SEVERAL TYPES OF SEPARATORS ARE MARKETED,
AMONG THE MOST COMMON BEING WOOD, RUBBER, SPUN :
GLASS PADS, AND VARIOUS COMPOSITION SEPARATORs. |Y4%
THE CHEAPEST AND MOST USED SEPARATORS ARE MADE |
OF WOOD, AND THE WOODS MOST USED FOR THIS PUR-
POSE ARE CEDAR,CYPRESS, AND BASS-wo0oD. ONE SIOE
OF EACH SEPARATOR IS GROOVED WITH SHALLOW PAR-
ALLEL GROOVES; THE OPPOSITE SURFACE IS LEFT
SMOOTH.

A TYPICAL WOODEN SEPARATOR 1S SHOWN IN
Fiag. 25, INSTALLED BETWEEN THE PLATES SO THAT
THE GROOVED SIDE OF THE SEPARATOR FACES THE POS
ITIVE PLATE, WITH THE GROOVES IN A VERTICAL PO-
SITION, WITH THE SEPARATORS THUS PLACED, THE File. 26
ELECTROLYTE MAY READILY CIRCULATE AROUND THE
[ACTIVE MATERIAL OF THE POSITIVE PLATES, AND ANY

RIBS _

JAR, Cover & PLuG
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MATERIAL WHICH IN TIME WILL "SHED" FROM THE POSITIVE PLATES CAN PASS
DOWNWARD THRU THE GROOVES AND DEPOSIT IN THE SEDIMENT BASINS IN THE BOT-
TOM OF THE CELLS OR JARS., ANY GAS LIBERATED AT THE POSITIVE PLATES Wikl
PASS TO THE SURFACE OF THE ELECTROLYTE FREELY.

SPECIAL TYPES OF SEPARATORS

THE WILLARD BATTERY USES A "THREADED RUBBER" SEPARATOR IN WHICH
THOUSANDS OF THREADS ARE IMBEDDED IN THE RUBBER COMPOSITION,LEADING FROM
ONE FACE OF THE PLATE TO THE OTHER AND THEREBY AIDING IN THE CIRCULAT ION
OF THE ELECTROLYTE FROM PLATE TO PLATE.

SOME BATTERIES ARE EQUIPPED WITH DOUBLE SEPARATORS, ONE OF THE WOOD
AND THE OTHER A THIN SHEET OF RUBBER COMPOSITION PIERCED WITH MANY TINY
PERFORATIONS TO PERMIT A MORE FREE CIRCULATION OF THE ELECTROLYTE, IN
SUCH A CASE,
THE RUBBER SEPAR-~- —_— PLUG
ATOR 1S INSERTED CONNECTOR
BETWEEN THE POSI- M
TIVE PLATE AND
THE WOODEN SEPAR-
ATOR,

COVER
THE MOST RECENT

PLATE L
DEVELOPMENT IN THE croqar B ; SEALING
LEAD=-ACID STORAGE R~ ; CoMPOUND
BATTERY IS CALL- NEG. o] '

-
ED THE KANTATHODE PLATE ~ PACKING
TYPE,IN WHICH THE

PLATES ARE SEPAR=- | SEFPA-

AToR —
ATED FROM EACH &

POS.
OTHER  AND FROM PLATE ~"ma

THE CELL WALLS BY
MEANS OF MATS OR
PADS WOVEN FROM /8
THREADS THAT ARE
BUILT UP OF GLASS
FILAMENTS OR Fl~
BRES MANY TIMES
SMALLER THAN A
HAIR., THESE PADS . Fie. 27
ARE NOT ATTACKED

BY THE ACID, AND
ARE SUFFICIENTLY POROUS TO PERMIT CIRCULATION OF THE ELECTROLYTE,BUT THE
PORES ARE TOO FINE TO PASS MUCH ACTIVE MATERIAL FROM THE PLATES.

— B0X
SEPARATOR

SEDIMENT SPACE

Cross SecTioNaL View OF ONE CeLL

IT IS CLAIMED THAT THIS CONSTRUCTION NOT ONLY VASTLY INCREASES THE
USEFUL LIFE OF THE BATTERY, BUT RESULTS IN GREATER CAPACITY IN A CELL OF
ANY GIVEN DIMENSIONS,BECAUSE THE SPACE FORMERLY USED BY THE THICKER SEP-
ARATORS AND FOR THE SEDIMENT BASINS CAN BE USED TO PROVIDE ROOM FOR MORE
PLATE MATERIAL, A LESSER AMOUNT OF ELECTROLYTE IS REQUIRED.

THE ELEMENT

THE POSITIVE AND NEGATIVE PLATE GROUPS, TOGETHER WiTH THE SEPARATORS,
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CONSTITUTE THE ELEMENTS OF THE STORAGE BATTERY CELL, THESE ELEMENTS ARE
CONTAINED IN A JAR SUCH AS IS ILLUSTRATED IN Fia. 26, THE JARS ARE US-
UALLY MADE OF RUBBER COMPOSITION, THOUGH GLASS JARS ARE SOMETIMES USED.,
THE BOTTOM EDGES OF THE PLATES REST ON THE RIBS, WHICH BOTH SUPPORT THE
ELEMENTS AND FORM THE POCKETS OR SEDIMENT BASINS INTO WHICH ACTIVE MA-

TERIAL MAY COLLECT WITHOUT CONTACTING THE BOTTOM EDGES OF THE PLATES AND
THEREBY SHORT-CIRCUITING THE CELL,

THE COVER 1S PROVIDED WITH THREE HOLES, THOSE AT THE ENDS ENCLOSE
THE POSTS OF THE POSITIVE AND NEGATIVE PLATE GRCUPS,AND THE CENTRAL HOLE
IS INTERNALLY THREADED TO RECEIVE A VENT PLUG., THE SMALL VENT IN THIS
PLUG PERMITS THE ESCAPE OF THE GAS GENERATED WHILE THE CELL 1S IN ACTION,
AND REMOVAL OF THE PLUG PERMITS ADDING DISTILLED WATER TO THE ELECTRO-
LYTE TO REPLACE EVAPORATION. SOME RUBBER COMPOSITION BATTERY CASES HAVE
SPECIAL CROSS RIBS OR PARTITIONS MOLDED INTO THEM, SO THAT THE INDIVIOU=-
AL CELL JARS BECOME INTEGRAL WITH THE BATTERY CASE,

EQUAL VOLUMES THE COMPLETE BATTERY
- C”"”“ ALL CELLS OF A BATTERY ARE CON-
SULBHURIE

Aein STRUCTED ALIKE, AND IF A SIX=-VOLT
BATTERY |S DESIRED, THREE SUCH
CELLS ARE CONNECTED IN SERIES, AS
ILLUSTRATED IN F1G6.27, LARGE LEAD
STRAP CONNECTORS BEING USED FOR
THIS PURPOSE. IN THE CASE OF A
TWELVE-VOLT STORAGE BATTERY, SiX
CELLS WILL BE CONNECTED IN SERIES.
IN SOME OF THE MOST MODERN BAT=-

— Y | TERIES THE STRAPS ARE UNDER THE
WEIGHT — 1 LB WEIGHT-1.835LB.] coveRr.,

I_

Fie. 28 ONE CORNER OF THE BATTERY SHOWN
A SpeciFic GRAVITY EXPERIMENT IN FI1G., 2] HAS BEEN CUT AWAY SO
THAT  YOU MAY GAIN A CLEAR MENTAL

PICTURE OF THE END CELL'S INNER STRUCTURE.

MEANING OF THE TERM AMPERE-HOUR

THE CAPACITY OF A CELL IS MEASURED IN UNITS CALLED AMPERE HOURS (KE
BREVIATED A.H.) ONE A.H. REPRESENTS THE FLOW OF ONE AMPERE FOR ONE HOUR.,
THEORETICALLY, IT MEANS THAT A BATTERY HAVING A CAPACITY OF 80 A.H.,
COULD BE DISZHARGED AT THE RATE OF ONE AMPERE FOR APPROXIMATELY 80 HOURS,
HOWEVER,THESE FIGURES DO NOT WORK OUT SO EXACTLY IN ACTUAL PRACTICE. THE
GREATER THE RATE OF DISCHARGE, IN AMPERES, THE LESS WILL BE THE TOTAL
A.H., OUTPUT OF THE BATTERY.

MEANING OF "SPECIFIC GRAVITY"

CHEMIcALLY PURE (C.P.) SULPHURIC ACID HAS A SPECIFIC GRAVITY of
1.835. THE TERM"SPECIFIC GRAVITY" CAN BE EXPLAINED As FoLLows: IN FiG.
28 You wiILL SEE TWO SPRING SCALES, SUPPORTING CONTAINERS OF EQUAL SiZE.
ONE OF THESE CONTAINERS IS FILLED WITH ENOUGH PURE DISTILLED WATER TO
WEIGH | POUND, AND THE VOLUME OF THIS POUND OF WATER 1S CAREFULLY
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MEASURED. THEN, IF AN EQUAL VOLUME OF CHEMICALLY PURE SULPHURIC ACID IS
PLACED IN THE OTHER CONTAINER, IT WILL BE FOUND THAT THIS SAME VOLUME OF
SULPHURIC ACID WEIGHS |.835 LBs. |IN OTHER WORDS, CHEMICALLY PURE SUL-
PHURIC ACID 15 1.835 TIMES AS HEAVY AS AN EQUAL VOLUME OF PURE DISTILLED
WATER.,

THE SPECIFIC GRAVITY OF BATTERY ELECTROLYTE

THIS CHEMICALLY PURE SULPHURIC ACID IS NOT USED AS THE BATTERY EL-
ECTROLYTE; IT IS DILUTED WITH DOISTILLED WATER TG PRCDUCE A MIXTURE OF
ABOUT 30% SULPHURIC ACID, AND 70% D1ISTILLED WATER,BY VOLUME. THEREFORE,
INSTEAD OF THE BATTERY ELECTROLYTE HAVING A SPECIFIC GRAVITY OF 1.835,
ITS SPECIFIC GRAVITY is FRoM |.280 To 1.300.

THE EFFECT OF CHARGE AND DISCHARGE UPON SPECIFIC GRAVITY

IN THE EARLY PAGES OF THIS LESSON YOU LEARNED THAT AS
THE BATTERY DISCHARGED, THE ACID 1S DRIVEN OUT OF THE ELEC-
TROLYTE;WHILE ON THE OTHER HAND, WHEN THE BATTERY 1S CHARG-
ED, THE ACID 1S DRIVEN BACK INTO THE ELECTROLYTE. CoNse -
QUENTLY, IF THE ELECTROLYTE OF A FULLY-CHARGED CELL HAS A
sPecIFIC GRAVITY of 1,280 or 1.300, IT 1S OBVIOUS THAT AS
THE CELL BECOMES ODISCHARGED AND MUCH OF THE ACID GOES INTO
THE PLATES, THE SPECIFIC GRAVITY WILL BE LOWERED AND wiLL
GRADUALLY APPROACH THE SPECIFIC GRAVITY OF DISTILLED WATER.
THE SPECIFIC GRAVITY OF THE ELECTROLYTE OF A CELL WHEN COM-
PLETELY DISCHARGED IS CONSIDERED As |.150; WHEREAS, PURE
DISTILLED WATER HAS A SPECIFIC GRAVITY of |.,000.

THE HYDROMETER

THE NEXT QUESTION 1S: HOW CAN THE SPECIFIC GRAVITY
OF THE ELECTROLYTE BE DETERMINED EASILY? |T Is DONE BY USE
OF AN INSTRUMENT KNOWN AS THE HYDROMETER, I1LLUSTRATED IN
FiG. 29, AND CONSISTING OF A SEALED GLASS TUBE CONTAINING Fig. 29
K WEIGHT OF LEAD SHOT IN ITS BASE, AND ITS STEM CORRECTLY e
CALIBRATED (GRADUATED) TO REGISTER THE SPECIFIC GRAVITY OF  HypoomeTeER
THE ELECTROLYTE. THIS SEALED GLASS TUBE 1S LOOSELY ENCLOS-
ED WITHIN THE GLASS BARREL OF A SYRINGE WHICH HAS A RUBBER BULB AT ITs
UPPER END AND A RUBBER TUBE AT ITS LOWER END. IN THIS WAY, THE HYDROME-
TER CANNOT FALL OUT OF THE SYRINGE, BUT ELECTROLYTE CAN BE DRAWN INTO
THE SYRINGE SO THAT THE HYDROMETER WILL FLOAT IN 1T, AND ITS SPECIFIC
GRAVITY CAN BE TESTED. WHEN THE ELECTROLYTE HAS BEEN TESTED, IT CAN BE
EXPELLED INTO THE CELL FROM WHICH IT WAS WITHDRAWN.

PRINCIPLE OF THE HYDROMETER

SINCE THE ACID, WHICH IS HEAVIER THAN WATER, RETURNS TO THE ELEC-
TROLYTE WHEN THE BATTERY IS FULLY CHARGED, IT IS 0OBVIOUS THAT THE ELEC-
TROLYTE THEN BECOMES HEAVIER, AND THERE FORE OFFERS MORE BUOYANCY TO THE
HYDROMETER, SO THAT THE HYDROMETER IS CAUSED TO FLOAT WITH MORE OF ITS
STEM ABOVE THE FLUID LEVEL. WHEN THE BATTERY BECOMES DI SCHARGED, THE
ACID GOES OUT OF THE ELECTROLYTE, CAUSING IT TO BECOME LIGHTER, OFFER ING
LESS BUOYANCE, AND THEREFORE THE HYDROMETER WILL SINK LOWER INTO THE

FLUID.
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TESTING THE SPECIFIC GRAVITY OF A FULLY CHARGED CELL

To MAKE YOUR UNDERSTANDING OF THE HYDROMETER MORE CLEAR, CAREFULLY
EXAMINE THE ILLUSTRATION AT THE LEFT OF Fig. 30. IN THIS CASE THE VENT
PLUG WAS REMOVED FROM A CELL AND A PORTION OF ELECTROLYTE WAS WITHORAWN
BY MEANS OF THE SYRINGE. THE HYDROMETER THEN ROSE TO SUCH A LEVEL THAT
THE LINE MARKED |.300 wAS EVEN WITH THE SURFACE OF THE ELECTROLYTE. As
FAR AS THIS HYDROMETER TEST 1S CONCERNED, THE GRAVITY IS UP TO THE RE-
QUIRED POINT, INDICATING THAT THE CELL IS FULLY CHARGED.

TESTING THE SPECIFIC GRAVITY OF A DISCHARGED CELL

AS THE BATTERY BECOMES DISCHARGED, THE BUOYANCY WILL BECOME LESS,
AND THE READING OF THE HYDROMETER WILL DROP AS LOW AS |.150, AS ILLUSTRA
TED AT THE RIGHT OF Fig. 30, INDICATING THAT THE BATTERY IS FULLY DIS-
CHARGED.,

THE NECESSITY OF MAKING A VOLTAGE TEST IN
CONJUNCTION WITH THE HYDROMETER TEST

HYDROMETER TESTS IN THEMSELVES ARE NOT SUF-
1150 FICIENT TO DETERMINE ACCURATELY A CELL'S STATE
OF CHARGE,FOR THE REASON THAT SHOULD SOME OF THE
ELECTROLYTE HAVE BEEN SPILLED AND REPLACED WITH
WATER, THE ELECTROLYTE WOULD BE OUT OF BALANCE,
OR WEAKENED. THEREFORE, EVEN IF THE CELL IS COM-
PLETELY CHARGED, THE SPECIFIC GRAVITY OF THE EL~-
ECTROLYTE 1S STILL Low. ON THE OTHER  HAND,
SHOULD SOMEONE CARELESSLY ADD STRONG ACID TO RE-
PLACE EVAPORATION OF THE WATER, THE SPECIFIC
GRAYITY WOULD BE RAISED ABNORMALLY HIGH. THERE-
FORE, TO MAKE AN ACCURATE TEST OF THE STATE OF
CHARGED /5 - CHARGE OF A CELL, THE CELL VOLTAGE SHOULD BE
CELL HARGEDY  CHECKED IN CONJUNCTION WITH THE SPECIFIC GRAVITY.

THE INITIAL CHARGE

Fia. 30

HYDROMETER READINGS WHEN A NEWLY CONSTRUCTED BATTERY HAS BEEN

FILLED WITH ELECTROLYTE IT IS ALLOWED TO STAND
IDLE FOR ABOUT |2 HOURS,AND THEN IS PLACED ON THE CHARGING LINE AND GIV-
EN A VERY SLOW CHARGE. AFTER IT HAS BECOME FULLY CHARGED, IT IS DIS~-
CHARGED AT A SLOW RATE, AND THEN AGAIN CHARGED., WE CALL THIS CHARGING
AND DISCHARGING OF A BATTERY, CYCLING, AND NEW BATTERIES ARE CYCLED SEV-
ERAL TIMES, SO THAT THE PLATES WILL BECOME ACTIVE AND WILL "HOLD A
CHARGE'" FOR A CONSIDERABLE TIME. THE BATTERY IS THEN READY FOR SERVICE,

IN LATER LESSONS YOU WILL RECEIVE COMPLETE INSTRUCTIONS IN REGARD
TO TESTING, SERVICING, CHARGING, AND REPAIRING STORAGE BATTERIES., You
WILL FIND THIS INFORMATION OF SPECIAL VALUE, BECAUSE STORAGE BATTERIES
ARE STILL EXTENSIVELY USED WITH RADIO RECEIVERS IN SOME TERRITORIES, AND
IN BROADCASTING EQUIPMENT, SOUND PICTURES, TELEVISION, ETC., WHERE AN
ABSOLUTELY UNIFORM DIRECT CURRENT 1S IMPERATIVE,



What Is Your Target?
[y ]

The secret of success is to set a goal and then study
and work until that goal is reached. When vou reach
it then set another goal a little further ahead and study
and work some more.

And always shoot AT THE TARGET. If you
waste-your energy in striving to be the best pool player
in town or the champion good-fellow among your ac-
quaintances you are just lessening vour chance of hitting
vour target—your goal. Someone has said—

The price of the gun never hits the bull’s eve
And the bang never rattles the bells.

It’s the hand on the trigger
That cuts the real figger

The aim is what counts—
That’s what brings big amounts.

Are you hitting or just wasting shells?

il

Y
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LESSON N2 /3

s TRICKLE CHARGERS o
BATTERY ELIMINATORS AND LOUD SPEAKERS

AT ONE TIME TRICKLE CHARGERS AND BATTERY ELIMINATORS WERE IN VERY
COMMON USE. HOWEVER, THAT WAS BEFORE BATTERY RECEIVERS REACHED THE AD-
VANCED STAGE IN WHICH WE NOW FIND THEM. |IN THOSE DAYS, ALL RECEIVERS
WERE BATTERY-OPERATED AND THE FREQUENT REPLACEMENT OF "A" aAnD "B" BAT=-
TERITES BROUGHT A SERIOUS PROBLEM FOR THE RADIO ENGINEER:

As A TEMPORARY SOLUTION OF THE PROBLEM == UNTILL A-C OPERATED TUBES
AND CIRCUITS WERE DEVELOPED -- T WAS DECIDED TO USE SOME SORT OF DEVICE
WHICH WOULD KEEP THE "A" BATTERY CHARGED WITH CURRENT FROM THE A-C LIGHT
ING CIRCUITS., As A RESULT, TRICKLE CHARGERS AND BATTERY ELIMINATORS;
WERE PUT ON THE MARKET.

ALTHOUGH TRICKLE CHARGERS AND BATTERY ELIMINATORS ARE NO LONGER IN
COMMON USE TODAY, NEVERTHELESS, THE PRINCIPLES OF OPERATION ARE OF INTER
EST AND WILL BE OF VALUE TO YOU. THEREFORE, AT THIS TIME WE WIiLL DEVOTE
SOME OF OUR TIME TO A GENERAL DISCUSSION OF THEM.

AS WE HAVE STATED BEFORE, ONE OF THE DEVICES WAS DESIGNED SO AS TO
PROVIDE A MEANS WHERE-
BY A STORAGE BATTERY

Battery COULD BE SUBJECTED 7O

connection A CHARGE WHILE INSTALL
ED IN THE RECEIVER CAE

INET AND THIS RESULTED

IN THE EXTENSIVE USE

ofF TRICKLE CHARGERS. A

Electrdgtic TRICKLE CHARGER DOES
rectifier JUST EXACTLY WHAT ITS

NAME INDICATES AND
THAT 1S, IT SENDS A
SMALL OR TRICKLING
CHARGING CURRENT THRU
THE BATTERY EVEN THOUGH
NS THE BATTERY [S CONNECT
FIG. 1 ED TO THE RECEIVER CIR

E/ecz‘/'o/yz‘/'c Trickle Cﬁd/‘ger CUITSs THIS CHARGING

Step-down
transformer
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CURRENT GENERALLY RUNS AROUND |/2 AMPERE OR LESS AND IN MOST CASES IS OB-
TAINED FROM THE A.,C. LIGHTING CIRCUIT.

ELECTROLYTIC TYPE TRICKLE CHARGERS

A TYPICAL ELECTROLYTIC TYPE TRICKLE CHARGER IS SHOWN YOU IN Filg. |
AND AS YOU WILL OBSERVE, IT CONSISTS OF A STEP-DOWN TRANSFORMER, AN ELEC
TROLYTIC RECTIFIER,A CORD AND PLUG WITH WHICH TO CONNECT THE UNIT TO THE
[10 VoLT A.C. LIGHTING SUPPLY AND A SET OF TERMINALS WHICH ARE TO BE CON
NECTED TO THE STORAGE BATTERY
TERMINALS.,

Step - down Storage Battery —
transformerz

e
=
v <>

AC i
e

+

THE RECTIFIER OF THIS
CHARGER TAKES CARE OF CONVERT
ING THE ALTERNATING HOUSE:
LIGHTING CURRENT INTO A Dl=-
RECT CURRENT, WH | CH IS USE-
ABLE FOR BATTERY CHARGING.THE

s

édwe

Borax solution

P

~ RECTIFIER PORT | ON OF THE
Fuse CHARGER OF Fia. | 1S CONTAIN=
ED WiTHIN A GLASS JAR AND IT
CONSISTS OF A POSITIVE ELEC=

FIG. 2

. . TRODE MADE OF TANTALUM AND A
Operation of the Trickle CAGrger — \eeaTive ELECTRODE MADE OF
LEAD. BoTH OF THESE ELECTRODES ARE IMMERSED IN A DILUTE SULPHURIC ACID
SOLUTION.

[T IS ALSO POSSIBLE TO MAKE SUCH AN ELECTROLYTIC RECTIFIER BY US~
ING A POSITIVE ELECTRODE OF ALUMINUM AND A NEGATIVE ELECTRODE OF LEAD,
WITH BOTH OF THEM IMMERSED IN A DILUTE BORAX SOLUTION. WE HAVE SUCH AN
ARRANGEMENT IN Fiag. 2.

THIS CHARGER IN F1G. 2 OPERATES AS FOLLOWS: THE PRIMARY OF THE
TRANSFORMER 1S CONNECTED ACROSS THE 110 voLT A.C. LIGHTING CIRCUIT OF
THE HOME AND THIS ALTERNATING CUR-
RENT INDUCES AN ALTERNATING CURRENT
IN THE SECONDARY OF THE TRANSFORMER
BUT THE VOLTAGE HERE IS ONLY AROUND Neq_
7—I/2 VOLTS ON ACCOUNT OF THE TRANS
FORMER STEP-DOWN RATIO.

¥~ Pos.

THI1S INDUCED ALTERNATING CUR-
RENT MUST ALL FLOW THROUGH THE ELEC
TROLYTIC RECTIFIERy AS WELL AS THRU
THE STORAGE BATTERY IN ORDER TO COM
PLETE (TS CIRCUIT BUT THE RECTIFIER
ONLY PERMITS CURRENT TO FLOW THRU FIG. 3
THE BORAX SOLUTION FROM THE LEAD -
ELECTRODE OVER TO THE ALUMINUM ErEC D”/ Type Trickle Cﬁaf‘gef’.
TRODE AND CURRENT CANNOT FLOW THROUGH IT IN THE OPPOSITE DIRECTION.
THEREFORE, ONLY HALF "OF THE INDUCED CURRENT CAN FLOW THROUGH THE BATTERY
AND THIS IS ONLY DURING THE ALTERNATION WHEN THE CURRENT 1S FLOWING THRU
THE RECTIFIER CIRCUIT AS INDICATED BY THE ARROWS IN Flag. 2.

NS

NOTICE THAT THIS CHARGING CURRENT 1S FLOWING INTO THE POSITIVE BAT-
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TERY TERMINAL AND THAT THE ALUMINUM ELECTRODE |S CONNECTED TO THE POSI-
TIVE POST OF THE BATTERY.

DRY-TYPE TRICKLE CHARGERS

STILL ANOTHER TYPE OF TRICKLE CHARGER 1S SHOWN N Fig. 3. THIS
CHARGER DOES NOT MAKE WUSE OF ANY LIQUID IMN ORDER TO RECTIFY ALTERNATING
CURRENT. |NSTEAD, SPECIALLY TREATED COPPER DISCS ARE CLAMPED TOGETHER
AND THEIR COMPOSITION 1S
SUCH AS TO ONLY PERMIT AN
ELECTRIC CURRENT TO FLOW
THROUGH THEM N ONE DIREC-
TIiON, THEREFORE, THE ALTER-
NATING CURRENT 1S RECTIFIED
AND MADE USEABLE FOR BAT-
TERY CHARGING PURPOSES.

METALLIC RECTIFYING UNITS

SOMETIMES THESE DISC NS
TYPE RECTIFIER UNITS ARE RE
FERRED TO AS "METALLIC REC- FlG. 4
TIFIERS" OR CONTACT RECTI- Metalic Rectifier Units.
FIERS AND IN Fiag. 4, you
WiLL SEE THE RECTIFIER ELEMENT I1TSELF IN THREE DIFFERENT FORMS. ALTHOUGH
THE RECTIFIERS AS. EMPLOYED |IN MOST TRICKLE CHARGERS OMLY FURNISH A LOW
CURRENT AS ALREADY MENTIONED IN THIS LESSON, YET UNITS OF THIS TYPE ARE
AVAILABLE WHICH WiLL HANDLE CONSIDERABLE CURRENT. THE UNIT AT THE LEFT
oF Fig. 4, FOR EXAMPLE, IS RATED AT 3 AMPS. THE UNIT AT THE CENTER OF
Fig. 4 CAN BE OBTAINED IN SEVERAL DIFFERENT SIZES, SUCH AS | AMP AT SIX
VOLTS, 2.5 aMPS AT 4 wvouLts, 2 aMPs AT 6 voLTs Anp | amp AT 8voLTs.
UNITS WITH A SCREW BASE, SUCH AS ILLUSTRATED AT THE RIGHT OF Fig. L, are
AVAILABLE IN CURRENT RATINGS FROM 0.6 AMP TO 2.5 AMPS.

INFige 5 YOU WILL SEE A DETAILED ILLUSTRATION WHICH WILL ENABLE
YOU TO MORE CLEARLY VISUALIZE THE CONSTRUCTION AND OPERATION OF ONE OF
THESE UNITS. |N THIS PARTICULAR CASE, COFPER DISCS ARE "SANDWICHED" BE=-

TWEEN LEAD DI1SCS AND THE ENTIRE GROUP OF DISCS ARE THEN TIGHTLY CLAMPED
TOGETHER.

opper disc ONE SURFACE OF EACH OF

THE COPPER DISCS 1S OXIDIZED,
THAT 1S, COVERED WITH A TAR-
NISHING FILM MUCH AS RUST
WOULD COAT A PIECE OF 1RON,
WHILE THE OTHER SURFACE  OF
: THE COPPER DISCS IS COMPLETELY

-] FREE FROM ANY OXIDE DEPOSIT.

oxidized surfaces,

Direction
of current

quuléz

A  GOPPER DISC IN THIS
CONDITION POSSESSES A PECU=
LIAR AND VALUABLE PROPERTY AND
THAT 1S, IF A VOLTABE BE AP -
PLIED ACROSS THE TWO SURFACES
FIG. b5 OF THE D1SC,CURRENT WILL FLOW

Detarl of the Copper O/r/'o’e/Pecz‘/'ziw}?gU/y/z‘ THROUGH THE DISC FROM THE

Lead dises
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OXICIZED SURFACE TOWARDS THE PURE COPPER SURFACE BUT NOT IN THE OPPOSITE
DIRECTIONe IN OTHER WORDS, IT Has RECTIFYING CHARACTERISTICS.

THE PURPOSE OF THE LEAD Discs IN FiG. 5 18 SIMPLY TO OFFER A SEP~-
ARATION BETWEEN ADJACENT COPPER DISCS, WHILE AT THE SAME TIME SERVING AS
AN ELECTRICAL CONDUCTOR BETWEEN THEM, |F AN ALTERNATING VOLTAGE BE_ APP=
LIED ACROSS THE ENTIRE UNIT OF Fl16, B, THE CURRENT WILL ONLY FLOWTHROUGH
THE UNIT IN THE DIREC=

Metalfic TIiON INDICATED IN THIS
rectifier ILLUSTRATION AND THUS
+ BRING ABOUT RECTIFICA=-
Z7 TION.
f1ov. S $ ON ACCOUNT OF THE
IMPORTANT EFFECTS PRO~-
AC + DUCED BY THE COPPER AND
7 ° == COPPER OXIDE IN  THIS
- SYSTEM OF RECT IFICATION,
Z:ﬂ THIS TYPE OF RECTIFIER
Step -down Batbery 1S GENERALLY CLASSIFIED
transformer as a COPPER-OXIDE REC-
TIFIER,
FIG.0O
Trickle Charger with Haif-Wave Rectifier 7 48 AL R

1ELE TO OBTAIN RECT |-
FICATION BY THIS SAME METHOD THROUGH THE USE OF COPPER SULPHIDE DISCS IN
CONJUNCTION WITH ALUMINUM OR MAGNESIUM DISCSe. THESE DISCS ARE STACKED
ALTERNATELY AND CLAMPED TOGETHER FIRMLY SO THAT THE UNIT WILL HAVE THE
SAME APPEARANCE AS THE ONE SHOWN IN F1G. 5 ONLY THAT COPPER SULPHIDEDISCS
WILL REPLACE THE COPPER DISCS AND ALUMINUM OR MAGNESIUM WILL REPLACE THE
LEAD DISCS. CURRENT WILL THEN ONLY PASS THROUGH THIS ASSEMBLY FROM  THE
COPSER SULPHIDE DISCS TOWARDS THE ALUMINUM OR MAGNES UM D18CS. RECTIFIERS
OF THIS TYPE ARE GENERALLY cLassiFieDb as COPPER-SULPHIDE RECTIFIERS.

THE CHARGING CIRCUIT

Brﬁdqz-cqnnecﬁed
< rec Eifiers

—

IN Ficge 6 WE HAVE
A CHARGING CIRCUIT EM-
PLOYING A METALLIC REC-
TIFIER. NOTICE THAT THE
RECTIFIER UNIT I8 CONN-
ECTED IN SERIES WITHTHE
SECONDARY WINDING OF THE
TRANSFORMER AND THE STOR
AGE BATTERY. ALSO og-
SERVE HOW WE REPRESENT

Battery

SUCH A RECTIFYING UNIT e
IN THE FORM OF A SYM~

FIG.7
B0L.

Full-Wave Trickle Charger.

A.C. VOLTAGES ARE OF COURSE INDUCED INTO THE SECONDARY WINDING  OF
THE TRANSFORMER AND IN THIS WAY APPLIED ACROSS THE BATTERY AND RECTIFIER,
THIS LATTER UNIT, HOWEVER, ONLY PERMITS THE CURRENT TO FLOW THROUGH 1T
IN ONE DIRECTION AND THEREFORE THE CHARGING CURRENT PASSES THROUGH THE
STORAGE BATTERY IN THE DIRECTICN HERE INDICATEDe. SINCE ONLY ONE~HALF  OF
THE A.C. CYCLE 1S IN THIS WAY USED, THE SYSTEM OF Fia. 6 FURNiISHEs HALF-
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WAVE RECTIFICATION.,

IN ORDER TO UTILIZE BOTH HALVES OF THE A.C. CYCLE FOR THIS CHARGING
PURPOSE, SEVERAL RECTIFIER ELEMENTS CAN BE CROUPED TCGETHER INTC THE ARR
ANGEMENT PICTURED IN FiG. 7. HERE, FOUR SUCH ELEMENTS ARE ARRANGED INTO
WHAT 1S KNOWN AS A BRIDGE CONMECTION. IN THIS WAY, IT MAKES NO DIFFER=
ENGE IN WHICH DIRECTION THAT THE A.C. VOLTAGE 1S APPLIED TC THE SYSTEM BY
THE SECONDARY WINDING OF THE TRANSFORMER, THE CHARGING CURRENT witl Al-
WAYS FLOW IN THE DIRECTION HERE INDICATED,

QUITE OFTEN, YOU WILL FIND THE RECTIFIER ELEMENTS SERIES~-=~PARALLEL
CONNECTED. THE SERIES CONNECTION WILL DISTRIBUTE THE TGTAL APPLIED VOL-
TAGE IN SUCH A MANNER SO THAT LESS VOL-
TAGE WILL BE IMPRESSED ACROSS EACH UNIT

o ‘-//'
WHILE THE PARALLEL CONNECTION WiLL REDUCE “Terminals ;7
THE AMOUNT OF CURRENT WHICH WILL BE PASS e 1

Al AR ke i
ED BY EACH OF THE RECTIFIER UNITS. BOTH ST A
OF THESE FACTORS WILL INCREASE THE LIFE "

AND EFFICIENCY OF THE RECTIFIER,

IN SOME RECEIVERSyA SPECIAL SWITCH
IS USED, WHICH WILL TURN ON THE CHARGER
AT THE SAME TIME THAT THE RECEIVER s
TURNED OFF AND VICE VERSA, WHILE OTHERS
SIMPLY TURN ON THE LIGHTING SWITCH WHEN=—
EVER THEY WANT THEIR CHARGER TO BE N FIG. &
OPERAT ION. ALTHOUGH ONLY A SMALL CHARG-  Storage /ype QS"ZBatterz/,
ING CURRENT IS FURNISHED BY THESE CHARG--
ERS, YET IT 1S SUFFICIENT TO KEEP A GOOD STORAGE BATTERY IN A CHARGED CON-
DITION, PROVIDED OF COURSE THAT THE RECEIVER AND CHARGER ARE BOTH USED
INTELLIGENTLY.

AVOIDING "B" BATTERY REPLACEMENTS

THE TRICKLE CHARGER ADDS CONVENIENCE AS FAR AS THE STORAGE TYPE A
BATTERY 1S CONCERNED BUT THE REPLACEMENT DF "B gATTERIES HAS ALSO ALWAYS
BEEN AN EXPENSE LOOKED UPON AS UNFAVORABLE BY OWNERS OF BATTERY OPERATED
RECEIVERS. |N ORDER TO DO AWAY WITH THE NEED FOR REPLACING THE ORY TYPE

Ekcﬁbhfk. Filter Choke
Swibehs rectifier f < B+ Power
"> We” e "
-1-\./\-1- B
Filter :07'14. > Mgdfum
% l‘ Low
¢ L e Det.
L L L L
/ (71- (’Tlil' //T#' B-
Transft;rmer ~By-pass Cond.
FiG. 9

An  Electrolytic B Eliminator
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"BY BATTERIES WHEN THEY BECOME D!SCHARGED, A NUMBER OF RECEIVER OWNERS
EMPLOYED STORAGE TYPE "B" BATTERIES SUCH AS SHOWN IN FiGe. 8.

BATTERIES AS THIS CONSIST OF 24 INDIVIDUAL LEAD-ACID CELLS ALL CONN
ECTED IN SERIES AND PLACED TOGETHER IN A SINGLE CONTAINER TO FORM A "BY
EATTERY. EACH CELL CONSISTS OF ONE OR TWO NEGATIVE PLATES AND ONE POS1-
TIVE PLATE IMMERSED IN A SULPHURIC ACID SOLUTION. THECOMPLETE BATTERY' FUR
NISHES A "B" voLTAGE OF 48 VOLTS AND ALTHOUGH CAPABLE OF BEING RECHARGED,
IT NEVERTHELESS 1S QUITE EXPENSIVE.

THE NEXT STEP WHICH WAS TAKEN BY THE RAD!O INDUSTRY TC SOLVE  THIS
PROBLEM OF DRY '"B'" BATTERY REPLACEMENTS WAS TC DO WITHOUT THEMALTOGETHER
AND Te sussTITUTE '"B" ELININATORS IN THEIR PLACE.

"B" EL{MINATORS CAN BE CLASSIFIED INTO THREE DISTINCT GROUPS ACCORD
ING TO THE SYSTEM OF RECTIFICATION THEY EMPLOY. THAT IS, WE HAVE THEELEC
TROLYTIC, DRY METALLIC DISC AND THE TUBE TYPES., AT THE PRESENT TIME, THE
TUBE TYPES ARE BY FAR THE MOST POPULAR, NEVERTHELESS, IT IS ALSO ADVIS-

Transformer —/ sy
30 Henries | 30 Henries
+9owv.
-f-\ — L
4 Mfd. =
¥ Copper oxide + 45 v.
rectifier J
oB-

. FIG. 10
B Eliminator With a Copper Oxide Pectifier.

ABLE THAT YOU BECOME FAMILIAR WITH THE OTHER TYPES,

GENERALLY SPEAKING, "B" ELIMINATORS DERIVE THEIR ENERGY FROM THE |10
voLT A,C. LIGHTING CIRCUIT AND IN TURN FURNISH A DIRECT CURRENT WHICH 1S
SUITABLE FOR "B" purPoses. WE sSHALL CONSIDER THE ELECTRoL¥T!c TvPE "B" EL
IMINATOR FIRST,

ELECTROLYTIC TYPE "B" ELIMINATORS

THE CONSTRUCTION OF ONE SUCH ELECTROLYTIC 7B" ELIMINATOR 15 iLLUS=-
TRATED FOR YOU IN THE DIAGRAM OF FiGg. S, THE PRIMARY WINDING OF THE TRAN=
SFORMER 1S CONMECTED ACROSS THE |10 VoLt A.C. CIRCUIT AND THE SECONDARY
WINDING 1S CONNECTED TO A SERIES~CONNECTED GROUP OF ELECTROLYT!CRECTIFIER
CELLS., THESE RECTIFYING CELLS ARE SIMILAR TO THE ONES SHOWN YOU INRESPECT
TO TRICKLE CHARGERS EARLIER IN THIS LESSON, ONLY THAT THEY ARE SMALLER IN
SizE,

THE TRANSFORMER IN THIS CASE IS OF THE STEP-UP TYPE AND THEREFORE DE
LIVERS A HIGHER A.C. VOLTAGE TO THE RECTIFYING SYSTEMe THE DIRECT CURRENT
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AS FURNISHED AT THE OUTPUT OF THE RECTIFIER IS SOMEWHAT UNEVEN OR PUL=-
SATING INSTEAD OF BEING SMOOTH AND UNIFORM IN VALUE AS A BATTERY CURRENT
AND 80 IN ORDER TO SMOOTHEN IT, WE PASS IT THROUGH A SYSTEM OF | RON=
CORE CHOKES AND CONDENSERS WHICH CONSTITuTE A FILTER CIRCUIT.

THESE FILTER CHOKES ARE SOMEWHAT SIMILAR IN CONSTRUCTION To aNA.F,
CHOKE, THAT 18, THEY CONSIST OF A SI-
NGLE WINDING ON AN IRON CORE AND EACH "B Tbrwninak
OF THEM HAVE AN INDUCTANCE RATING OF H”rm_ﬁa\\
ABOUT 30 HENRIES, THE FILTER CONDEN~ i
SERS GENERALLY HAVE A CAPACITY RATING
OF FROM 2 TO 8 MFDS.

AT THE OUTPUT OF THE FILTER, THE
MAXIMUM TBY vOLTAGE WILL BE OBTAINED
ACROSS THE TWO TERMINALS WHICH ARE
MARKED "B+ POWERM anp "B-." A RESIS-
TANCE NETWORK OR VOLTAGE DIVIDER Is
THEN CONNECTED ACROSS .THE OUTPUT 8O
THAT BETWEEN THE B=AND THE REMAINING
TERMINALS, VARIOUS "B" VOLTAGE VALUES
WILL BE AVAILABLE. SO THAT NONE . OF
THE R.F. OR A.F. CURRENTS OF THE RE=~
CEIVER CIRCUITS WIiLL FLOW THROUGH THE
VARIOUS RESISTORS OF THE VOLTAGE ODI-
VIDER, BY-PASS CONDENSERS RATED FROM|.
TO 2 MFD. ARE CONNECTED BETWEEN THEB- FI1G.11
AND THE INTERMEDIATE VOLTAGE TERMINALS A B E//'m/'ﬂazforl
AS HERE SHOWN=—=IN THIS WAY, THE TONE
QUALITY WILL BE IMPROVED,

Rheostat controls

THE ®DRY" B ELIMINATOR

IN Filg. 10 YOU WILL SEE A CIRCUIT ARRANGEMENT OF A "B" ELIMINATOR IN
WHICH A COPPER-OXIDE RECTIFIER 18 EMPLOYED., AS A WHOLE, THE CIRCUIT 18
QUITE SIMILAR TO THE ONE OF Fi1a. 9, THE CHIEF DIFFER-
ENGE BEING THAT IN F16. 10 A COPPER DXIDE RECTIFIER 18
CONNECTED IN A BRIDGE ARRANGEMENT SO AS TO PROVIDE FULL
WAVE RECTIFICATION. THE FILTER CIRCUIT AND VOLTAGE DI-
VIDER ARE CONVENT IONAL AND "B" VOLTAGE RANGES FROM 45
T0 |35 VOLTS ARE AVAILABLE FROM THIS UNIT.

A "B" ELIMINATOR WITH GASEQUS RECTIFIER

ANOTHER TYPE OF P"B" ELIMINATOR, WHICH HAS BEEN EX
TENSIVELY USED, EMPLOYS A RAYTHEON GASEOUS RECTIFYING
TUBE. AN ELIMINATOR OF THIS TYPE IS SHOWN vou IN Flag.
.

NOTICE HOW THE DIFFERENT "B" TERMINALS ARE  ALL
MOUNTED TOGETHER AND THAT AN "OFF=ON' SWITCH, AS WELL

Fla.12 AS THREE RHEOSTAT=TYPE VOLTAGE CONTROLS, ARE INCLUDED
Full- Wave AS A PART OF THIS UNIT,
Rectifying Tube.

THE RHEOSTAT CONTRIL AT THE LEFT OF THIS"B® gk~
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IMINATOR PERMITS ONE TO ADJUST THE DETECTOR PLATE VOLTAGE, THE ONE AT
THE RIGHT ADJUSTS THE AMPLIFIER TUBE PLATE VOLTAGE AND THE ONE AT THE
LOWER CENTER PROVIDES A MEANS FOR ADJUSTING THE POWER TUBE "B% VOLTAGE o

THE RAYTHEON RECTIFYING TUBE IS SHOWN YOU IN FiGge 12. THIS TUBE Is
FILLED WITH HELIUM GAS AND A PLATE IS USED AS THE CATHODE. Two SMALL
ANODES ARE CONNECTED ACROSS THE SECONDARY WINDING OF A STEP=UP TRANSFORM
ER, AS SHOWN IN F1G. |3 AND CURRENT CAN ONLY FLOW THROUGH THIS TUBE FROM

THE SMALL ANODES OVER TO THE CATHODE OR PLATE BUT NOT IN THE . OPPOSITE
DIRECT ION,

Now IF vou wiLL Look AT Fila. 13 CLOSELY, WE WILL DISCUSS THE OPER-

Szc:onclaru-z‘}> Cahhod7 <;fﬂter chokes
¥
TR L’j R ; ¥ % 0+ Power Tube
- &/ reFd.
O 8-/5 mf'u( + Amp.Tu
fHov. Ac. AmpTube
o— @ nd
€£;Z; iﬂy + Det. Tube
%9 ImAd.
. 5 -
Step-Up Tr " T
) Transft. Anode Condensers

Fla, 1%
Circuit of a Typical B Eliminator.

ATION OF THE "B" ELIMINATOR, WHOSE CIRCUITS AND CONSTRUCTION ARE  1LLUS—
TRATED IN THIS DIAGRAM.

THE PRIMARY WINDING OF THE STEP-UP TRANSFORMER IS CONNECTED ACROSS
THE |10 voLT=A.C. HOUSELIGHTING SUPPLY AND THE TURNS RATIO OF THIS TRAN-
SFORMER 1S SUCH, S0 THAT A 700 voLT A.C. VOLTAGE WiLL BE GENERATEDACROSS
THE ENDS OF THE SECONDARY WINDING, THE ANODES OF THE RAYTHEON TUBE  ARE
CONNECTED ACROSS THIS SECONDARY AND THE SECONDARY ALTERNATING CURRENT
WILL FLOW FROM EITHER OF THESE ANODES OVER TO THE CATHODE, DEPENDING
UPON WHICH ANODE IS POSITIVE AT THAT INSTANT,

THROUGH THE USE OF TWO AN- ope .y
ODES IN THIS TUBE, IT IS O0BVIOUS
THAT BOTH ALTERNATIONS OF THEA.C,
CYCLE WILL PASS THROUGH THE TUBE
SO. THAT THIS TUBE 18 A FULL- WAVE (j
RECTIFIER, FURTHERMORE, ALL OF THE
CURRENT WHICH REACHES THE  PLATE
OR CATHODE OF THIS TUBE, wiLL
FLOW OUT OF THE TUBE INTO THE Ex=
TERNAL CIRCUIT AND THEREFORE THE
LINE, WHICH IS CONMECTED TO THIS
PLATE, wiLL BE THE () "B" Line.

Eliminator Eliminator

IN THIS TvPE OF "B" ELIMINA
TOR, A FILTER SYSTEM IS ALSO USED . Fia. 14
TO MAKE THE RECTIFIED CURRENT A and B Eliminator
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MORE UNIFORM IN VALVE,

THE MAXIMUM "B" VOLTAGE OBTAINABLE FROM THIS PARTICULAR ELIMINATOR
WiLL BE APPROXIMATELY 180 VOLTS AND THIS VOLTAGE WiLL EXIST BETWEEN THE
(#) TermINaL LABELED "Power TuBE" AND THE B- TERMINAL. S0 TO DROP THIS
VOLTAGE DOWN TO THE CORRECT B VALUE TO GPERATE THE AMPLIFIER AND DETEC-
TOR TUBES, WE USE THE VARIABLE RESISTORS AS SHOWNe. NOTICE THAT ABY=PASS
CONDENSER 1S CONNECTED FROM THE (4 ) AMPLIFIER AND DETECTOR TERMINALS TO
THE (B~) S8IDEOF THELINE,SO THAT THE AUDIC aND R.F. FREQUENCIES CAN FLOW
THROUGH THEM WITHOUT HAVING TO FLOW THROUGH THE RHEOSTATS.

THE B~ LINE, YOU WILL OBSERVE, 1S CONNECTED TO THE CENTER OF  THE
TRANSFORMER SECONDARY WINDING AND A FIXED CONDENSER OF O.| MFD. EACH I8
CONNECTED FROM THE CENTER TAP OF THE SECONDARY TO EACH OF ITS ENDS. THE
PURPOSE OF THESE CONDENSERS |S TO PREVENT THE TRANSMISSION OF LINE NOISES
INTO THE "B" supPLY,

MAT ELIMINATORS

HAVING ELIMINATED THE Y"E" BATTERY, THE NEXT THING TO BE DONE WASTO
GET RID OF THE "A" BATTERY AS WELL AND IN ORDER TO DO THIs, "A" eLiMiINA-
TORS WERE PUT ON THE MARKET.

THESE "A" ELIMINATORS IN THEIR GENERAL PRINCIPLES ARE MUCH THE SAME
AS THE "B" ELIMINATOR. THAT 18, THEY CONSISTS8 OF A TRANSFORMER, RECTI-
FIER, FILTER AND VOLTAGE CONTROL. THE TRANSFORMER IN THIS LATTER CASE,
HOWEVER, Is A STEP-DOWN TRANSFORMER AND THE RECTIFIER 1S GENERALLY SOME
DRY TYPE, SUCH AS YOU SAW AMONG THE TRICKLE CHARGERS IN THIS LESSON.THIS
RECTIFIED LOW VOLTAGE CURRENT IS THEN FILTERED S8IMILAR TO OUR "B" suppLY
AND WE USE THIS LOW VOLTAGE "A" CURRENT TO SEND THROUGH THE FILAMENTS OF
THE REGULAR BATTERY=TYPE RADIC TUBES.

IN Fia. 14, vou wiLL SEE THE "A" AND "B" ELIMINATOR TOGETHER, THE
VOLTMETER AND RHEOSTAT ON THE "AY ELIMINATOR ARE ALSO SHOWN AND THEY EN=
ABLE THE SET OPERATOR TD ADJUST THE FILAMENT VOLTAGE TO THE PROPERAMOUNT.

THERE ARE VARIOUS KINDS OF BATTERY ELIMINATORS AVAILABLE AND SOME
OF THEM EVEN HANOLE THE "C" BATTERY JOB AS WELL, GIVING US ALTOGETHER AN
AN "B" AND "C" ELIMINATORe THE ENTRANCE OF BATTERY ELIMINATORS INTO
THE RADID WORLD WAS REALLY PART OF OUR RAD10 EVOLUTION, GRADUALLY LEADING
UP TO THE A.C. SETS AS WE KNOW THEM TODAY AND ABOUT WHICH YOU SHALL STUDY
VERY SOONe

IN Fige |5 YOU ARE SHOWN A CIRCUIT DIAGRAM OF A TvyPlcaL A-B ano C
ELIVMINATOR, UPON STUDYING THIS DIAGRAM_VERY CAREFULLY, YOU WILL SEE THAT
WE HAVE FIRST A TRANSFORMER. THE PRIMARY WINDING 1S CONNECTED TO THE 110
VOLT A.Ce LIGHTING CIRCUIT AND 1S TAPPED AT THREE POINTS AT WHICHA SWITCH
MAKES CONTACT IN ORDER TO COMPENSATE FOR EITHER A HIGH OR LOW LINE vVvOL-
TAGE. THAT IS, IF THE A.C. LINE VOLTAGE iS ONLY 95 voLTs, THE HigH- Low
LINE SWITCH IS SET 80 AS TO MAKE CONTACT WITH THE 95V TERMINALY IF  THE
LINE VOLTAGE 13 |05 voLTS, THIS SWITCH IS SET AT THE |05 V POSITION ETC.
THIS SERVES TO CHANGE THE TURNS RATIO OF THE TRANSFORMER AND IN THIS WAY
RAISE OR LOWER THE SECONDARY VOLTAGES ACCORDINGLY.

THREE SEPARATE SECONDARY WIND IN@8 ARE FURNISHED ON THIS8 TRANSFORMERe
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ONE OF THESE LOW=VOLTAGE SECONDARIES SUPPLIES THE FILAMENT VOLTAGE WH|CH
IS TO BE APPLIED ACROSS A TYPE=80 FULL-WAVE RECTIFIER TUBE AND AT THE
SAME TIME, SERVES AS THE HIGH SIDE OF THE "B" cIRCUIT, ANOTHER LOW VOL-
TAGE SECONDARY WINDING IS CONNECTED TO A COPPER~OXIDE RECTIFIERAND THUS
SUPPLIES THE "A" VOLTAGE=~~TH!S WINDING IS ALSO TAPPED AND PROVIDED WITH
A SWITCHING ARRANGEMENT, SO THAT THE "A" yOLTAGE CAN BE ADJUSTED WITHIN
FIXED LIMITS., THE HIGH VOLTAGE SECONDARY HAS ITS EXTREMETIES CONNECTED
TO THE TWO PLATES WHICH ARE CONTAINED WITHIN THE =80 RECTIFIER TUBE,WHILE
ITS CENTER TAP SERVES AS THE B~ AND C SIDE OF THE CIRCUIT.

BRIEFLY THEN, WE HAVE THE =80 TUBE SUPPLYING THE HiaH D.C.VOLTAGES
AT LOW CURRENT FOR "B" anp "C" USE AND THE COPPER-OXIDE RECTIFIER, THE
Low D.C. VOLTAGE AT GREATER CURRENT FOR "A" usk.

A SEPARATE FILTER CIRCUIT IS USED FOR THE RECTIFIED "A" SUPPLY AND
THE "A" VOLTAGE AVAILABLE IN THIS PARTICULAR CASE IS8 6 VOLTS. AN INDIVID
UAL FILTER SYSTEM IS USED FOR THE RECTIFIED "B" SUPPLY AND A RESISTANCE

Fitter Chokes /,TransFor-mer*
il > /
/ |
T tbmo. ¥ Wb 2
4 T  High- Low
Mot 7 - O e ,i'losv. Line switch
3 ’ =i (] sy,
84S o ’ *80 = ¢
3 = fosv .
l-s—l JI -_— !E = l/FUSZ
Cho— 3 E’ Line Bq_-Pass
-c4 T = |~ condenser
=C Mo l// -OnN

0
. {sﬁtch
[|Ovm
AC.

At = "
N Tes
(] l_
ézg'Fnte;>
Circuikt Copper-oﬁdz
t’ectfﬁe r

[YSR—— SR

‘A" Vo\{:aqe control

FI1G. 15
Cireurt Diagram of An A"-B, ~and C" Eliminator,

NETWORK PERMITS "B" voLTaceEs oF 250, 90 anD 45 VvOLTS TO BE AVAILABLE AT
THE OUTPUT TERMINALS, IN ADDITION TO "C" vOLTAGES OF-43 AND-9 vOLTS.

ALL CHOKE AND TRANSFORMER CORES ARE GROUNDED 80 AS TO REDUCE HUM
AS MUCH AS POSSIBLE.

SiINceE THE "B" AND "C" SECTIONS OF THIS BATTERY ELIMINATOR OPERATE

- UPON THE SAME PRINCIPLES A8 IN A,C. RECEIVERS USING A TYPE=-80 TUBE, AaS

A RECTIFIER, WE SHALL NOT SPEND ANY MORE TIME NOW UPON IT8 OPERATING
THEORY BUT IT WILL BE EXPLAINED TO YOU THOROUGHLY A LITTLE LATER ON INA
LESSON DEALING EXCLUSIVELY wiTH POWER PACKS For A.C. RECEIVERS.NEVERTHE
LESS, THE DIAGRAM IN FiGe |5 WILL SERVE 1TS PURPOSE OF FAMILIARIZING YOU
WITH THE CIRCUIT ARRANGEMENT OF AN A,B AND C TYPE BATTERY ELIMINATOR.
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EVEN THOUGH BATTERY ELIMINATOR UNITS ARE NOT BEING USED NOW AS EX
TENSIVELY AS A FEW YEARS AGO ON ACCOUNT OF THE PRESENT POPULARITY oFA.Cs.
RECEIVERS, YET A NUMBER OF THEM S8TILL ARE IN USE AND BEING SOLDe THERE=
FORE, YOU SHOULD CONSIDER §IT AS A PART OF YOUR RADIO EDUCATION TO FAM|=
LIARIZE YOURSELF WITH THEM,.

HAVING INVESTIGATED BATTERY ELIMINATORS QUITE THOROUGHLY, LET US
NEXT TURN OUR ATTENTION To THE LOUD SPEAKERS,

WHICH ARE USED IN RADI0.

LOUD SPEAKERS

SPEAKERS HAVE BEEN A SORT OF WEAK LINK
IN THE RADIO ENSEMBLE 3UT THEY HAVE GRADUALLY
BEEN IMPROVED UNTIL TODAY, OUR SPEAKERS PER-
FORM REMARKABLY WELL,

ONE OF THE EARLY TYPE SPEAKERS I3 SHOWN
IN F13. 1B AND IT CONSISTED OF NOTHING MORE
THAN A LARGE HEADPHONE UNIT WITH THE CUSTOMARY
METALLIC DIAPHRAGM AND A LONG GOOSE=~NECKED HORN
I MOUNTED OVER THE OPENING. CONSEQUEHTLY, WHEN

THE DIAPHRAGM WAS CAUSED TO VIBRATE BY THE
FlG.16. VARIATION OF PLATE CURRENT THROUGH ITS WIND=-
Old 7Qpe.$maakzr‘ INGS, THE COLUMN OF AIR WITHIN THE HORN  WAS

CAUSED TO UNDERGO CORRESPONDING VIBRATIONS
AND THEREBY SEND THE SOUNDS OUT THROUGH THE OPENING OF THE HORNe

ALTHOUGH THIS DEVICE SERVED AS A LOUD SPEAKER, YET IT WAS AMIGHTY
POOR ONE, EMITTING ALL KINDS OF HARSH AND SCREETCHING SOUNDS EVEN IF A
FIRST CLASS RECEIVING SET WERE BEING USED WITH 1T.

CONE SPEAKERS

THE NEXT BI1G STEP IN SPEAK
ER DESIGN WAS TAKEN WHEN THE CONE
TYPE SPEAKER WAS DEVELOPED.  YoOU
WILL SEE SUCH A CONE SPEAKER  IN
F1ge |7 AND HERE THE METALLIC DI~
APHRAGM 18 REPLACED BY A GOOD GRADE
OF PAPER, WHICH IS SHAPED INTO THE
FORM OF A CONE. THIS PAPER HAS A
NATURAL LOW FREQUENCY V13RATING
PERIOD AND THEREFORE THIS TYPE OF
SPEAKER 18 CAPABLE OF REPRODUCING
THE LOW NOTES MUCH BETTER THAN THE
EARLIER SPEAKERS HAVING METALLIC
DIAPHRAGMS s .

. THE PARTICULAR CONE SPEAKER
tN Fige |7 1S NOT INTENDED TO BE
USED INSIGE OF A RECEIVER CABINET
BUT INSTEAD, IT IS TO BE MOUNTED
IN SOME CONSPICUOUS AND HANDY FIG. 17
PLACE, SUCH AS ON TOP OF THE RE=- :

CEIVER CABINET. |N CASE YOUPLACE 4 Cone 5,063@3’“
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A SPEAKER AS THIS ON TOP OF A RECEIVER CABINET, HOWEVER, BE SURE THAT THE
BASE OF THE SPEAKER IS WELL PADDED WITH FELT, SO AS TO AVOID THE TRANSFER
OF. VISRATIONS FROM THE SPEAKER TO THE RAD!O TUBES BECAUSE THIS CONDITION
FREQUENTLY CAUSES HOWLS TO BE EMITTED FROM THE SPEAKER.

AN INTERNAL VIEW=OF THIS SAME CONE SPEAKER IS8 SHOWN IN Filag. |8anD
HERE YOU WILL SEE HOW THE DRIVING UNIT IS PLAGC
ED INSIDE OF ITe THIS DRIVING UNIT IS THUS CON
CEALED WITHIN THE SPEAKER, SO THAT IT CANNOT BE
SEEN BY THOSE LISTENING TO A RADIO PROGRAM,

Now IN CASF THAT A CONE SPEAKER 1S GOING

|Driving Apex of | TO BE INSTALLED WITHIN THE RECEIVER CABINET,
Unit cone THEN THE SPEAKER 1S INVERTED AND WE HAVE A UNIT

AS SHOWN IN Fig, 18, THE MAIN DIFFERENCE BE=

TWEEN THESE TWO SPEAKERS, YOU WILL NOTE, 1s

THAT THE SOUND WAVES OF THE SPEAKER IN Filas. |7

AND |B ARE INTENDED TO BE RADIATED FROM ~ THE

i CONE SURFACE AS sHown IN "A"™ oF Flg. 20 AND

THE SOUND WAVES OF THE SPEAKER IN Fige |8 ARE
INTENDED TO BE RADIATED FROM THE CONE SURFACE
AS SHOWN IN "B" ofF F1G.20. HOWEVER, IN BOTH

& CASES, BOTH SIDES OF THE CONE WILL TO SOME EX-
= TENT RADIATE SOUND WAVES.

\\\\\\ BOTH OF THESE SCHEMES, AS YOU WiLL 0B~

: : : : SERVE IN Fila. 20, OFFER DIRECTIONAL QUALITIES,

Fla.18 THAT Is, THE CoNE AT "A" TENDS TO RADIATE THE

The Driving Unit. SOUND OUTWARDS, WHEREAS THE ARRANGEMENT AT "B

oF Fi1a. 20 TENDS TO FOCUS THE SOUND TOWARDS THE
CENTER. BUT NOW LET US GO ON AND SEE HOW THE PAPER CONE IN BOTH THESE
CASES IS MADE TO VIBRATE SO AS TO PRODUCE SOUND.

BALANCED ARMATURE TYPE SPEAKERS

THE DRIVING UNIT OF THESE TWO CONE
SPEAKERS, WHICH YOU WERE JUST SHOWN, I8
cALLED A BALANCED ARMATURE TYPE uNnIT AND
THESE TWO SPEAKERS ARE GENERALLY REFERRED
TO AS BEING BALANCED ARMATURE OPERATED
SPEAKERS, OR SIMPLY "AGNETIC SPErKESS."

papqr cone

“Apex of cone
' e
/Driving
uni 4
1
IN Fig. 21 THiS DRIVING UNIT Is
SHOWN IN DETAIL AND IT OPERATES AS FOLL=-
ows: A SOFT IRON ARMATURE OR BAR Is
PIVOTED AT ITS CENTER BETWEEN THE POLE
PIECES OF A HORSESHOE PERMANENT MAGNET,

A COIL OR ELSE TWO SERIES CONNEC-
TED COILS SURROUND THIS SOFT IRON ARMA-
TURE, ASSUMING THAT THESE COILS ARE IN
SERIES WITH THE PLATE CIRCUIT OF THE FIN
AL TUBE OF THE RECEIVER, WE FIND THE FOL Fi1a. 19

LOWING ACTIONS TAKING PLACE? CO/?Q 5/085@6/”/(0‘/" C‘ab/‘ﬂet
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WHEN NO PLATE CURRENT 158 FLOWING THROUGH THI8 BPEAKER WINDING, THE
ARMATURE WILL BE IN A STRAIGHT UP AND DOWN POSITIONBECAUSE THE ATTRACTIVE
FORCES CF THE POLES OF THE HORSESHOE MAGNET WILL BE EQUAL ON BOTH S8IDES OF
IT. NOW IF PLATE CURRENT SHOULD FLOW THROUGH THIS SPEAKER COIL IN THE
DIRECTION SHOWN IN Fi1G. 2|, THEN
THE UPPER END OF THE ARMATURE
WILL BE MAGNETIZED TO A SOUTH .. Sound Radiations
POLARITY, THEREFORE, .THIS UPPER A/

END OF THE ARMATURE WILL BE RE- 7
PELLED BY THE SOUTH POLE  PIECE -
./‘—

B’

AND ATTRACTED BY THE NORTH PIECE
AND CONSEQUENTLY, THE UPPER END Paper To the
OF THIS ARMATURE WILLTILY TOWARD S
THe LEFT,

~a
~
S~
—
—_—
\Yoom P
~ ,-f/”/’
AT THIS SAME INSTANT, THE \\" Paper cone
LOWER END OF THE ARMATURE WILL BE
MAGNET1ZzED TO A NORTH POLARITY BY
THE CURRENT FLOW THROUGH THE WIND
INGS, CAUSING THE LOWER END OF THE FIG. Z0
ARMATURE TO BE ATTRACTED TO THE  Sypusid Kadiation from Core Surfaces.
SOUTH POLE PIECE AND REPELLED BY ' *
THE NORTH POLE PIECE,THUS ASSISTING IN TILTING THE ARMATURE ON ITSPIVOT.

THIS MOTION OF THE ARMATURE WILL BE TRANSMITTED TO THE APEX OF THE
PAPER CONE BY MEANS OF THE CONNECTING RODS AND LEVERS AND AS A RESULT,
THE APEX OF THE CONE WILL BE PULLED TOWARD THE LEFT AT THIS PART ICULAR
INSTANT.

IN THIS WAY,IT CAN

BEEN SEEN THAT A8 THE CUR

7/,
Paper cone » ////////// RENT THRU THE SPEAKER
PRod v coiLs VARIES AT AUDIO FRE
Y QUENCIES, THE . ARMATURE
T ‘ 1 MOVEMENT WILL VARY CORR=
Lever arm ESPONDINGLY AND THE APEX
/ ole piece \ | oF THE PaPER cONE ISTHERE
£ > N x\ FORE PUSHED AND PULLED IN
i s %\\\ STEP WITH IT. THIS MOVE=-
R N BNV \ MENT OF THE PAPER  CONE
//\\-; N ¢4 /Le_ad to CAUSES THE VARIATION OF
7 R NG rece
y N/ rece'ver \ AIR PRESSURES AT IT8 SUR
{/ N \ };: 1/ Coil FACE AND THUS SENDS FORTH
SN THE SOUNDS.
7 N7
AR N4 "f”at“re THE ELECTRODYNAMIC
/ | Pive SPEAKER
/ |
'C#Magnet Now WE COME TO AN~
; OTHER MODERN SPEAKER,NAM
o Feemiviar ELY, THE MOV ING COIL ryPE
SPEAKER,OR AS IT 18 TODAY

Fl1G. Z1 GENERALLY CALLED THE
The Balsnced Armature Driving {/nit. ELECTRODYNAMIC . sPEAKER.
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A PICTURE OF AN ELECTRODYNAMIC SPEAKER IS SHOWN IN Fla. 22 aND
IN Fig. 23 THE CIRCUITS FOR THIS SAME SPEAKER ARE SHOWNe

LookING AT FIGURES 22 AND 23 TOGETHER, YOU WILL SEE THAT THE FIELD
COIL OF THE SPEAKER'S FIELD MAGNET 1S PROVIDED WITH A 7%- VOLT DIRECT CURR
ENT SUPPLY. THIS D.C. SUPPLY IS OBTAINED BY REDUCING THE |10=voLT A, C.
HOUSE LIGHTING SUPPLY DOWN TO 12

VOLTS BY MEANS OF THE STEP= —DOWN 3 L paper‘
TRANSFORMER. THIS LOW voLTAGE A.C. Upporte=z Ceone
IS THEN IMPRESSED UPON THE COPPER-

OXIDE RECTIFIER AND THIS UNIT IN Fi@ld

TURN BUPPLIES THE SPEAKER  FIELD maanek
CoOIL WITH THE 7§ voLT D.C. suppLy. qz

ALTHOUGH THIS RECTIFIED CURR
ENT WILL BE SOMEWHAT PULSATING IN
NATURE, YET FOR THE PURPOSE FOR Transf'
WHICH IT I8 BEING USED, THE PULSA=-
TIONS DO LITTLE HARM, HOWEVER, YOU
WILL FIND CASES WHERE THESE PULSA-

-y qu disc
rectifier

TIONS ARE BEING SMOOTHED OUT BY o To AC. line
CONNECTING A CONDENSER ACROSS THE )
RECTIFIER OUTPUT, FIG. 272

An Electro-Dynzarmr. ~
THE MOVING cofL OR voiCECOIL ynarmic Speaker.

YOU WILL NOTE IN FiG. 23 IS CONNECTED TQ THE LAST AMPLIFYING TUBE OR
POWER TUBE OF THE RECEIVER THROUGH THE SPEAKER COUPLING TRANSFORMER AND
THE EXTRA SMALL COIL, WHICH IS LABELED "NEUTRALIZING COIL", 1Is s IMPLY

USED TO REDUCE HUM,

A DYNAMIC SPEAKER WHICH IS SUPPLIED WITH EQUIPMENT FOR FURNISHING
ITS OWN FIELD COIL CURRENT FROM

Transformer Sposker cap- AN A.C. suPPLY, AS ILLUSTRATED
for exiting HU t,.aan_ﬁ HERE, 1S CLASSIFIED AS AN A.C.
field coil7 TYPE DYNAMIC SPEAKER., THERE ARE ,
=] 'Ne Lo HOWEVER, QTHER METHODS FOR OBTAIN=
T ' receiver { NG SUCH A FIELD COIL CURRENT AS
u YOU SHALL LEARN IN LATER LESSONS,
= - Rect.
o unit
” HAVING THE GENERAL CONSTRUC
: TION OF THE DYNAMIC SPEAKER IN
- MIND, LET US NEXT SEE HOW T OP-
Fuse ERATES. So Now INsPecT Fig. 24
FlGg. 23 ‘ CAREFULLY AS WE GO THROUGH THE
Crrcurd  Connectsjors of the DISCUSSION OF THIS MOVING . COIL
Dynamic Speaker. TYPE SPEAKER.
IN F1Ge 24 vOoU WILL OBSERVE THAT THE SPEAKER FIELD COIL IS WOUND
ON THE CENTER ARM OF AN M"EW gHAPED I1RON SHELL. WiTH A DIRECT - CURRENT,

FLOWING THROUGH THIS FIELD COIL AS INDICATED BY THE ARROWS, IT IS oBvVIOUS
THAT THE RIGHT END OF THIS CENTER ARM WiLL BE A SCUTH POLE OF A MAGNET.

THE OTHER ENDS OF THIS IRON FORM ACT AS THE OTHER ENDS OF THIS SAME

MAGNET AND THEREFORE BOTH OF THESE EXTREMETIES wiLL B8E OoF A NORTH poLAR-
'TY.
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Now THE SMALL MOVING colt orR VOICE cotfL, WHICH CONSISTS OF ONLY A
VERY FEW TURNS OF WIRE, IS CEMENTED TO THE HOLLOW SLEEVE, WHICH 1s RIGID
Ly FASTENED AT THE PEAK OR APEX OF THE CONEe THIS HOLLCW SLEEVE Is s0
MOUNTED THAT IT WILL FREELY SLIDE BACK AND' FORTH OVER THE CENTER ARM OF
THE IRON SHELL BUT
W ITHOUT TOUCHING IT

Supporting ring ——

Qq AND AS IT DOES SO
- ?
! hell Leather strip [r THE PAPER CONEWILL
ron she ~/; \ Felt ] BE MOVED BACK AND

washer FORTH SLIGHTLY,US=

ING THE SOFT FLEX=
IBLE LEATHER WASH-
ER AS ITS PIVOT.

Field Coil 7

THE vOICECOIL

Cone 18 CONNECTED TC THE
OUTPUT OF THE RE=-

§§§§ CEIVER, SO THAT THE
TQEL Leather | PLATE CURRENT vAR--

iii j;SEr[p {AT ION PRODUCED BY

THE INCOMING sSIG=-
-Felt NAL WILL BE TRANS=-
washer FERRED TO THiIS colL

o< D.C. > e BY INDUCTION  AND

- + To receiver
THEREFORE, A CORR=
- , ESPOND INGLY VARY ING
- 0@, T CURRENT WILL FLOW
Operation of the durarmic Spesker THRU THE VO ICECO ILe

SHOULC THE CURRENT BE FLOWING THROUGH THE VOICECOIL IN THE DIRECTION AS
SHOWN IN F1G. 24, THEN THE LEFT END OF THIS COIL WiLL BE OF A NORTH POL~
ARITY. SINCE UNLIKE MAGNETIC POLES ATTRACT, IT IS CLEAR THAT THE MOVING
COIL WILL MOVE TOWARDS THE LEFT SLIGHTLY, AS IT & ATTRACTED 8Y THE SOUTH
POLARITY OF THE CENTER ARM OF THE FIELD colL's SHELL. THIS MOTION OF THE
MOVING COIL WILL BE TRANSMITTED TO THE PAPER CONE AND AS THE SIGNAL CURR
ENT THROUGH THIS COIL VARIES N
STRENGTH, THE MOVING COIL, TOGETH-

ER WITH THE PAPER CONE, WILL UNDER Air motion- N
GO A VIBRATING ACTION AND THIS

VIBRATION OF THE CONE PRODUCES THE — ,/ —_—
SOUNDS . —_—
—_—
THE USE OF BAFFLE BOARDS
R
w
HENEVER, A CONE IS MADE TO
VIBRATE, IT I8 0BVIOUS THAT THESE
VIBRATIONS WILL AFFECT THE AIR IN
FRONT OF THE CONE, AS WELL AS'THAT —
IN BACK OF THE CONE AND THE RESULT —_——
IS THAT WE HAVE A PUMPING ACTION [

SOMEWHAT AS JLLUSTRATED IN Fig., 25
AND THE CONE OR DIAPHRAGM ACTS AS
A PISTON. NOTICE IN THIS ILLUSTRA-
TI1ON THAT THME AIR MOVEMENT ON BOTH FIG. 25

SIDES OF THE CONE SURFACE I8 OFPP= -:DU/TZP Action of the Corne.

Movement of cone
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OSITE i~ DiRECTION. THEREFORE, AS THE DIAPHRAGM VIBRATES BACK AND FORTH,
THE AIR PRESSURE ON ONE OF |ITS SIDES WILL ALWAYS BE GREATER THAN THAT ON
THE OTHER SIDE AND FOR THIS REASON, A CERTAIN AMOUNT OF AIR WILL ALVAYS
"LEAK" AROUND THE EDGES OF THE CONE. THIS LEAKAGE WILL ALWAYS BE FROM
THE HIGHER PRESSURE SIDE TO THE LOWER PRESSURE SIDE AND THE SOUND WAVES
GENERATED AT BOTH SIDES OF THEDIAPHRAGM WILL THUS TEND TO NEUTRALIZE
EACHOTHERS. THIS EFFECT IS MORE PROUNCED AT THE LOWER VIBRATING FREQUEN=-
CIES OF THE CONE SURFACE AND THEREFORE, THE REPRODUCTION OF THE LOWER
AUDIO FREQUENCIES WILL NOT BE SATISFACTORY.

IN ORDER TO GET AWAY FROM THIS ACTION, WE MOUNT THE OPENING OF THE
CONE OVER A HOLE IN A BOARD SURFACE MADE OF S8OME NON-RESONANT MATERJIAL AND WE
CALL SUCH AN ARRANGEMENT A BAFFLE BOARD or siveLY a BAFFLE. IN Flge 26
YOU WILL SEE HOW THE OPENING OF THE SPEAKER COME |18 MOUNTED AGAINST THE
BAFFLE. NOTICE THAT NOW WHEN THE SOUNDS ARE RADIATED FROM THE CONE SUR-
FACES, THE AIR MOTION IN FRONT AND IN BACK OF THE CONE HAVE LITTLE CHANCE
OF INTERFERING WITH EACHOTHER BECAUSE THE

BAFFLE BOARD OFFERS SUCH A GREAT  DIS~ Baffle board
TANCE AROUND WHICH THE AIR MOTION MUST B =,
TRAVEL IN ORDER TO GET FRCM ONE SIDE OF Air
THE CONE TO THE OTHER, motion \\\<:f”'”
' Leather
THE GREATER THE AREA OF THE BAFFLE, Spe;t4§\\\
THE BETTER WILL BE THE REPRODUCTION OF un

THE LOW NOTES.

ANOTHER POINT TO REMEMBER IS THAT
IT IS NOT ADVISABLE TO PLACE THE SPEAK=
ER INSIDE OF A CABINET IN WHICH THE
BACK IS TIGHTLY SEALED SHUT. THIS WOULD
ACT AS AN AIR TRAP IN BACK OF THE SPEAK

ER CONE AND WOULD THEREBY CAUSE THE

CONE ACTION TO BE SLUGGISH., FOR THIS

REASON, YOU WILL GENERALLY FIND  RADIO

CABINETS OPEN AT THE BACK AND THIS TYPE FIG. 26

OF CONSTRUCTION HELPS TO REDUCE  THOSE Wz q/'bée ﬁ%ﬁﬁ%
HOLLOW ECHOING SOUNDS.,

THE CRYSTAL SPEAKER

A NEW TYPE OF SPEAKER HAS RECENTLY MADE ITS APPEARANCE IN THE IN=-
DUSTRY. |IT 18 KNOWN AS THE "CRYSTAL SPEAKER" AND A PHOTOGRAPH OF THE
UNIT 18 SHOWN YoU IN FiGg. 27. THIS SPEAKER 1S BEING MANUFACTURED BY THE
BrRusH LABORATORIES OF THE UNITED STATES.

THE OPERATING PRINCIPLES OF THE "CRysTAL SPEAKER"™ ARE QUITE UNIQUE
IN THAT IT DOES NOT EMPLOY ANY PERMANENT MAGNETS, NOR ANY FIELD FOR POL-
ARIZATION,ALL OF THE ELECTRODYNAMIC SPEAKER PARTS ARE REPLACED 8Y A
SMALL CRYSTAL UNIT ACTUATING A CONVENT IONAL PAPER~CONE DJAPHRAGM THROUGH A
LEVER=TYPE MOVEMENT,

THE PARTICULAR SPEAKER UNIT SHOWN IN Fi1G. 27 1S KNOWN AS THE TYPE R-
95 CRYSTAL SPEAKER. |T HAS A DIAMETER OF 93", A DEPTH oF 3 3[4 " AND
WEIGHS BUT TWO POUNDS. THIS 1S A LIGHT=WEIGHT SPEAKER AS COMPARED TO THE
55 LBS. WEIGHT OF AN ELECTRODYNAMIC SPEAKER UNIT BUT IN ADDITION TO ITs
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LIGHT WEIGHT, IT OFFERS HIGH SENSITIVITY AND REMARKABLY FINE TONE QUALITY,

IN Fige 28 YOU ARE SHOWN THE OPERATING MECHANISM OF THIS NEW SPEAK
ER. THE HEART OF THIS INTERESTING DRIVING UNIT CONSISTS OF ROCHELLE-SALT
CRYSTALS AND IN THE PARTICULAR MODEL BEING DESCRIBED, TWO SLABS OF Ro-
CHELLE-SALT CRYSTALS MEASURING 2L INCHES SQUARE AND
1/8 THICK ARE METAL-FOILED ON EACH SURFACE AND CE-
MENTED TOGETHER.

THIS CRYSTAL ELEMENT IS HEWD IN PLACE BY SOFT
RUBBER SUPPORTS WHICH ARE PROVIDED AT THREE OF ITS
CORNERS, WHILE THE FOURTH CORNER IS CONNECTED  TO
THE cenTER (APEX) OF THE CONE DIAPHRAGM THROUGH THE
LEVER SYSTEM,

UPON APPLYING SIGNAL VOLTAGES ACROSS THIS
SPECIAL CRYSTAL ELEMENT, THE CORNER OF THE CRYSTAL
ASSEMBLY, WHICH I8 INTER-CONNECTED WITH THE CONE
DIAPHRAGM,wiLL VIBRATE IN A DIRECTION VERTICAL TO
THE FLAT SURFACES OF THE CRYSTALS, THEREBY CAUSING
THE SPEAKER CONE TO UNDERGO A CORRESPONDING VI3RAT
ING MCTION AND THUS RESULTING IN THE EMISSION OF
SOUND WAVES.

Fila.27 THIS MOVING ACTION OF THE CRYSTAL ELEMENT 18

The 679553/-50354@’1 SIMILAR TO THAT FOUND IN THERMOSTATS, WHERE THE
EXPANS ION OF ONE METAL AND THE CONTRACTION OF AN-

OTHER METAL WILL PRODUCE A "WIGGLING MOTICN," |nN THE CASE OF THE CRYSTAL

SPEAKER ELEMENT, HOWEVER, THIS MOTION 1S DUE TO AN ELECTRICAL  PHENOMENA
WHICH 1S BROUGHT ABOUT BY THE "P1EzO ELECTRICAL"™ CHARACTERISIICS OF THE
ROCHELLE-SALT CRYSTALSe (PIEZO—=ELECTRICAL PROPERTIES ARE DEMONSTRATED IN
QUARTZ AND OTHER CRYSTALS AND HAVE BEEN EMPLOYED IN RADID TRANSMITTER CIR
CUITS FOR SOME TIME IN ORDER TO PRODUCE THE PRESENTLY POPULAR "crRYSTAL
CONTROL! FOR TRANSMITTERS. THE THEORY OF THIS CRYSTAL'S OPERATION IS SOME-
WHAT COMPLEX AND 1S THEREFORE EXPLAINED IN GREATER DETAIL IN ONE OF VYOUR

MORE ADVANCED LESSONSe) ’

Speaker diaphram

SINCE“THE CRYSTAL SPEAKER Metalfbd\ . Connection
IS STRICTLY "VOLTAGE-OPERATED, "1TS ~ Lever oom
POWER CONSUMPTION IS VERY LOW, AS Cover 7 Fulerum

IT REQUIRES NEITHER FIELD CURRENT
NOR POLARIZING VOLTAGE. |T 18 THERE
FORE, ESPECIALLY ADAPTABLETO!MULTL

SPEAKER INSTALLATIONS FOR PUBLIC Rochelie
ADDRESS SYSTEMS, AS WELL AS For  Crystals
RADIO RECEIVERS IN GENERAL. .
Flexible
THIS, NEW TYPE OF SPEAKER AL |pn1e¢”

80 SATISFACTORILY COVERS A MUCH WI
DER RANGE OF FREQUENCIES THAN Is

EXPERIENCED WITH OTHER PRESENT-DAY Wérnﬁnah supports
TYPES OF SPEAKERS. IN FACT, THE

CRYSTAL ELEMENT ITSELF WILL REACT Fla, 28

THROUGH A FREQUENCY RANGE OF FROM Drivirng mechanisrm of the

0 T0 500,000 CYCLES PER SECOND AND Crysts/ Speaker
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SO THE LIMIT OF THE SPEAKER SOUND REPRG-
DUCTION IS ONLY THAT IMPOSED BY MATERI-
ALS USED IN THE TONE ARM AND CONE.

INFi1Gg. 29, YOU WILL SEE THE MAN-
NER IN WHICH THE CRYSTAL SPEAKER 1S CON-
NECTED TO THE OUTPUT OF POPULAR TYPE POW
ER STAGES. ‘ -

CRYSTAL SPEAKERS ARE MANUFACTURED,
IN VARIOUS SIZES RANGING FROM THE 2=WATT
SIZES AND UPWARDS. THE 8“‘WATT CRYSTAL
SPEAKER [S A POPULAR UNIT FOR PUBLIC AD-
DRESS WORK.

THE INDUCTOR-TYPE SPEAKER

THIS 1S A TYPE OF SPEAKER THAT WAS

‘45

Crystal
T A

1
4,000
OHMS

47

2 !
l('gsta

252000 AF.Choke

OHMS

2-°47’s
Crystal Crystal
/
/ ’
pn T AF
(ToTAL) Cho k. e

FI1G. 29

Crystal Speaker Connections.

EXTENSIVELY USED AT ONE TIME, HOWEVER, IT 1S SELDOM USED TODAY. THE DRIV

ING UNIT OF THIS SPEAKER 1S

UPON STUDYING THIS DRAWING VERY CAREFULLY, YOuU

IT IS BUILT AROUND A
SET OF SPECIAL POLE PIECES
ARE PLACED TWO COlLS.

MOUNTED AT

ILLUSTRATED FOR YOU

IN Fiag.

30.

WIiLL OBSERVE THAT

PERMANENT MAGNET OF THE HORSESHOE TYPE, HAVING A
EACH OF

ITS POLES, AROUND WHI!CH

TWO IRON BLOCKS OR "ARMATURES” ARE CONNECTED TOGETHER BY A TIE-ROD

AND ONE END OF THE TIE~ROD
ER CONE. THE POSITION OF
YOU SHOULD ALWAYS HAVE IT IN
ING, IT

IS A NATURAL TENDENCY FOR A FREELY

To power tube of receiver

/777

K W /7N

Speakar

/g /i

7

7

S

Cone z

Permanent Magnet

FiG. 30
Oriving Unit of the [nductor Spesker.

IS IN TURN CONNECTED TO THE APEX OF THE SPEAK
THIS TIE-ROD AND ARMATURES ARE )

MIND SOAS TO FULLY UNDERSTAND ITS FUNCT!ON
SUSPENDED PIECE OF o

IMPORTANT AND

IRON TO
BE DRAWN INTO THE
MOST INTENSE RE-

GION OF A MAGNETIC
FIELD AND THERE-
FORE, THE IRON
BLOCK AT THE RIGHT
END OF THE TIE-ROD
WILL BE PULLED TO-
WARDS THE LEFT IN-
TO THE MOST DENSE
REGION OF THE MAG=-
NETIC FIELD EXIST-
ING AT THIS POINT,
WHILE THE LATTER
WILL HAVE THE TEN-
DENCY OF DOING THE
SAME TOWARDS THE
RIGHT.

HOWEVER, IF BOTH
MAGNET I C F1ELDS

ARE OF THE SAME IE
TENSITY THE TWO
FORCES WOULD BE
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THE SAME AND AS THEY ARE OPPOSEDy, THE ARMA=-
TURE BAR AND CONE WiLL REMAIN STATIONARY.

THE ABOVE 1S TRUE WHEN NO SIGNAL VOLT
AGE 1S APPLIED ACROSS THE SPEAKER TERMINALS
BUT WHEN AN A.F. CURRENT PASSES IN ONE DI~
RECTION, THE NORTH POLE WILL BE WEAKENED,
WHILE THE SOJTH POLE IS INTENSIFIEDs THEN,
WHEN THE CURRENT REVERSES ITS DIRECTION THE
OPPOSITE EFFECT OCCURS. UNDER THESE CONDI-
TIONS, IT 15 CLEAR TO SEE THAT FIRST, ONE
OF THE IRON BLOCKS WILL BE BROUGHT INTO ITS
STRONGER FIELD AND THEN THE SAME WILL HAP-
PEN WITH THE OTHER,SO THAT THE TIE-ROD WILL
BE OSCILLATINGs. |IN THIS MANNER, THE SPEAK~-
ER CONE WILL UNDERGO A VIBRATING MOTION, IN
KEEPING WITH THE MOVEMENT OF THE TIE-ROD AS
FIG 31 CAUSED BY THE VARIATION OF THE SIGNAL CUR-

P M. Dyndm/'c Speaker RENT THROUGH THE TWO SPEAKER COILS.

PERMANENT MAGNET TYPE DYNAMIC SPEAKERS

THE DYNAMIC SPEAKERS SO FAR DESCRIBED IN THIS LESSON WERE OF THE
ELECTRO-DYNAMIC FIELD TYPES, THAT 1S, THEY EMPLOYED A FIELD COIL THAT
HAD TO BE EXCITED BY AN EXTERNAL D-C VOLTAGE, USUALLY FROM THE AMPLI-
FIER'S POWER SUPPLY.

HOWEVER,WITH THE DISCOVERY OF A NEW ALLOY THAT 1S CAPABLE OF BEING
SO STRONGLY MAGNETIZED THAT IT COULD RETA!N |TS MAGNETISM PERMANENTLY, A
NEW TYPE OF DYNAMIC SPEAKER WAS DEVELOPED THAT REQUIRED NO FIELD COlL.
IN Fig. 3] YOUARE SHOWN AN ILLUSTRATIVE VIEW OF THI1S TYPE OF SPEAKER AND
IN Fige 32 1S SHOWN A CUTAWAY VIEW OF THE CONSTRUCT{ON UYSUALLY EMPLOYED.
UPON A CLOSE INSPECTION OF THESE 1ILLUSTRATIONS, YOU WILL OBSERVE THAT
THIS TYPE OF DYNAMIC SPEAKER 1S VERY
SIMILAR TO THE ELECTRO-DYNAMIC FI1ELD
TYPES, WITH THE ONE EXCEPTION THAT NO

FIELD COIL IS EMPLOYED. i Magnet
AN }
THIS FEATURE HAS MADE THIS TYPE / \\ e SO
ofF P.M.(PERMANENT MAGNET)DYNAMIC SPEAK / \\\ i s

~

ER VERY DESIRABLE IN INSTALLATIONS RE:
QUIRING ADDITIONAL SPEAKERS, SINCE 1IT
iS NOT NECESSARY TO HAVE AN EXTERNAL
D~C VOLTAGE AVAILABLE FOR ITS OPERA~-
TION AND THUS BEING ABLE TO ELIMINATE
THE EXTRA WIRES AND CONNECT!ONS FROM
THE AMPLIFIER AND POWER SUPPLY.

N
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As IN THE CASE OF THE ELECTRO- \ ;/ - 'xhcore
DYNAMIC SPEAKERS, THEY EMPLOY A VOICE v S :
COIL AND THEY HAVE TO BE USED IN COM=- Sx % Cone

BINATION WITH AN OUTPUT TRANSFORMER
THAT WILL PROVIDE THE PROPER LOAD IM-
PEDANCE FOR THE AUDIO OUTPUT POWER FIG. 32

TUBES. [N MANY cases THe speakiR manu  Construction of PM.Speaker
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FACTURER INCLUDES THI!S OUTPUT TRANSFORMER AS PART OF THE SPEAKER ASSEM-
BLY. HOWEVER, IN INSTALLATIONS REQUIRING SUCH A SPEAKER =-- AS IS TRUE
IN ALL SPEAKER INSTALLATION -~ THE SPEAKER MUST BE CAPABLE OF HANDLING
THE OUTPUT LOAD OF THE FINAL AMPLIFIER WITHOUT OVERLOADINGy WHICH WOULD
OTHERWISE RESULT IN DISTORTION. THAT 1Sy IF THE FINAL AMPLIFIER HAD AN
OUTPUT OF 15 WATTS AND THE SPEAKER WAS RATED AT ONLY 6 WATTS, THE SPEAK-
ER WOULD BE EASILY OVERLOADEDy, WHICH WOULD RESULT IN DISTORTION.

YOU WILL RECEIVE ADDITIONAL INFORMATION CONCERNING VARIOUS TYPES
OF SPEAKERS AND THEIR CONNECTIONS IN LATER LESSONS.

60000

EXAMINATION QUESTIONS

LESSON NO. 13

I« = WHY ARE TRICKLE CHARGERS USED?
2. - DESCRIBE THE CONSTRUCTION OF ONE TYPE OF TRICKLE CHARG-
ER.

5. - DESCRIBE THE CONSTRUCTION AND OPERATING PRINCIPLES OF A
COPPER-OX IDE RECTIFIER.

4, - DRAW A CIRCUIT DIAGRAM OF A "B" ELIMINATOR EMPLOYING A
COPPER-OX IDE RECTIFIER.

5. - DRAW A CIRCUIT DIAGRAM OF A "B" ELIMINATOR EMPLOYING A
RAYTHEON GASEOUS RECTIFIER TUBE.

6. - DESCRIBE THE CONSTRUCTION AND OPERATING PRINCIPLES OF
ONE TYPE OF "A" ELIMINATOR. 7

7. - EXPLAIN HOW A BALANCED-ARMATURE TYPE SPEAKER OPERATES.
8. - (A) DESCRIBE THE CONSTRUCTION AND OPERATING PRINCIPLES
OF A DYNAMIC SPEAKER.
(B) EXPLAIN THE CHIEF DIFFERENCE BETWEEN THE ELECTRO
AND PERMANENT MAGNET TYPES.

9. - WHY IS A SUITABLE BAFFLE DESIRED FOR A SPEAKER?

10.- DESCRIBE THE CONSTRUCTION AND OPERATION OF AN INDUCTOR=-
TYPE SPEAKER.
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LESSON NO. |4

ScreeN Gri0 TUBES

IN YOUR STUDY OF RADIO FREQUENCY AMPL I FIERS, YOU WERE TOLD ABOUT

THE POSSIBILITY OF OSCILLATION AS CAUSED BY R.F. FEED-BACKS THROUGH THE
INTER-ELEMENT CAPACITY OF TRIODES. AT THAT TIME,YOU WERE ALSO FAMILIAR-
1ZED WITH METHODS WHEREBY THE EFFECTS OF OSCILLATION IN THE R.F. AMPLI-
FIER COULD BE REDUCED OR ELIMINATED ALTOGETHER THROUGH THE USE OF GRID
SUPPRESSOR RES!STORS AND NEUTRALIZING CIRCUITS, OF THESE TWO METHODS,
THAT EMPLOYING NEUTRALIZING CIRCUITS WAS THE MOST POPUL AR BUT OFFERED
THE DISADVANTAGE OF COMPL ICATING CIRCUIT DESIGNS.

ToDAY, HOWEVER, THESE NEUTRALIZING CIRCUITS ARE
NO LONGER BEING EMPLOYED AND THIS IS MADE POSSIBLE
THROUGH THE USE oF SCREEN GRID TUBES, WHICH WERE IN-
TRODUCED TO THE INDUSTRY IN 1929. NOT ONLY HAVE THESE
SCREEN GRID TUBES DONE AWAY WITH THE NEED FOR ELAB-
ORATE NEUTRALIZING CIRCUITS BUT IN ADDITION, THEY OF-
FER GREATER AMPLIFICATION AND BETTER ALL AROUND PER-
FORMANCE THAN TRIODES,WHEN USED IN THE R.F. STAGES OF
A RECE IVER.YOUR NEXT STEP THEN WILL BE TO FAMILIARIZE
YOURSELF WITH THESE SCREEN GRID TUBES WHICH ARE BEING
50 EXTENSIVELY USED AT THE PRESENT TIME.

A TYPICAL SCREEN-GRID TUBE IS SHOWN YOU IN FIG.
| AND AS YOU WILL OBSERVE, ITS EXTERNAL APPEARANCE
GREATLY RESEMBLES THAT OF THE TRIODES WITH WHICH YOU

. FlG.1
ARE ALREADY FAMILIAR, WITH THE EXCEPT ION THAT A MET- ‘4 <5Creer7 ”
ALLIC CAP IS MOUNTED ON TOP OF THE GLASS BULB. Grid bee

Now LET US OPEN UP ONE OF THESE TUBES, SO THAT

YOU CAN BECOME BETTER ACQUAINTED WITH ITS INTERNAL CONSTRUCTION AND OP- .

ERATION. THE ARRANGEMENT OF THE ELEMENTS WITHIN THE TUBE WILL THEN AP-
PEAR AS SHOWN You IN FiGg. 2.

UPON STUDYING THIS ILLUSTRATION VERY CAREFULLY, YOU willL OBSERVE
THAT THE FILAMENT 1S MOUNTED IN A VERTICAL POSITION AT THE CENTER OF
THE ASSEMBLY AND IS SURROUNDED BY A SPIRALLY-WOUND MOL IBDENUM WIRE
WHICH CONSTITUTES THE CONTROL GRID. THIS CONTROL GRID SERVES THE SAME
PURPOSE AS THE GRID WITHIN THE TRIODES ABOUT WHICH YOU ALREADY STUDIED

54
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AND IT 18 SBEPARATED FROM THE FILAMENT BY A DEFINITE S8PACE ALTHOUGH BEING
LOCATED QUITE CLOSE TO THE FILAMENT.

THE CQNTROL GRID IS SURROUNDED BY ANOTHER 8PIRALLY=WOUND MOL IBDENUM
WIRE GRID AND SINCE THIS SECOND GRID 13 INSERTED BETWEEN THE CONTROL GRID
AND THE PLATE 80 THAT IT ACTS AS A SHIELD BETWEEN THESE TWO ELEMENTS, WE
LOGICALLY CALL IT A "SHIELD GRID" oR SCREEN GRID, THE Term "scReEen GRiID"
18 MORE EXTENSIVELY USED AND SINCE THERE ARE TWO SCREEN GRIDS IN THIS
PARTICULAR TUBE, WE WILL CALL THIS THE INNER SCREEN GRID SO AS NOT TO CON

FUSE IT WITH THE OUTER SCREEN WHICH

Connecting plate SURROUNDS THE PLATE. A CONVENTIDNAL
between outer CYLINDRICAL PLATE SURROUNDS THE INN
\ 2nd inner ER SCREEN -GRID BUT IT IS SEPARATED
screen grid
FROM THE FILAMENT AND CONTROL GRID
BY A MUCH GREATER SPACE THAN 1§ THE

Control grid cap

Glass bulbg

Plate B i Control grid | crse tn TRIODES. FURTHERMORE,  THE
F:ELQV‘ ! INNER SCREEN GRID 1€ LOCATED CLOSER
Outer screen | & N Inner screen | TO THE CONTROL GRID THAN IT I8  TO
grid — b 12 grid THE PLATE. FINALLY, WE HAVE A CYL-

INDRICAL=SHAPED WIRE MESH OR PERFOR
ATED PLATE WHICH SERVES AS A SHIELD
AROUND THE OUTER SURFACE OF THE REG
ULAR PLATE, AND WE CALL THIS THE
OUTER SCREEN, THE OUTER SCREEN s
SEPARATED FROM THE PLATE BY A DEF=-
INITE DISTANCE BUT IS MECHANICALLY
Prongs AND ELECTRICALLY CONNECTED TO THE
INNER SCREEN GRID THROUGH THE DISC-

Rase—

SHAPED PLATE WHICH SERVES AS A COV~

FIG.2 ER FOR THE ENTIRE ASSEMBLY OF ELE-
Consfr-ucé/on of the MENTS. THUS THE PLATE ELEMENT oF
Screen Grid Jube. " THE TUBE IS COMPLETELY SHIELDED BY

THE TWO S8CREENS AND SINCE THE TWwO
SCREENS ARE INTERCONNECTED WITHIN THE TUBE, WE GENERALLY CONSICER THEM AS

- ONE AND SIMPLY REFER TO THEM AS THE SCREEN GRID,

Tegrer

IN F1g. 3 YOU ARE SHOWN A DIAGRAMMATIC REPRESENTATION WHICH MORE
CLEARLY ILLUSTRATES THE ARRANGEMENT AND RELATIVE D!STANCES BETWEEN THE
VARIOUS ELEMENTS OF THIS SCREEN GRID TUBE AS SEEN WHEN LOCKING DOWN UPON
THE ASSEMBLY FROM ABOVE.

THE ELEMENT CONNECTIONS TO THE TUBE BASE PRONGS AND CAP, AS WELL AS
THE CORRESPONDING CONNECTIONS AT THE
TUBE SOCKET, ARE POINTED OUT T0 YOU | Filament
IN F1G. 4. NOTICE THAT THE ENDS OF
THE FILAMENT ARE CONNECTED TO THE | Connection
TWO LARGER BASE PRONGS, THE PLATEIS | between
CONNECTED TO ONE OF THE SMALLERBASE | two screen
PRONGS AND THE SCREEN GRID TO THERE grids
MAINING SMALL PRONG, THUS ACCOUNTING

Outer Screen
gr(d

Plate

FOR THE FOUR BASE PRONGS WHICH ARE .slrmer'
. - creen
PROVIDED ON THIS TUBE. THE,CONTROL Control gl"ld grl.d

GRID CONNECTION, AS MENTIONEDBEFORE,
13 MADE AT THE SMALL METALLIC CAP

ON TOP OF THE GLASS BULB. THESYMBOL 4 FIG. 3
FOR THIS SCREEN GRID TUBE IS SHOWN reangement of elements.
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vyou IN F1Ga. 5, WITH THE VARIOUS ELEMENTS POINTED OUT FOR YOURCONVENIENCE,

WiTH TRE CONSTRUCTIONAL FEATURES OF THIS TUBE WELL IN MIND, LET US
NOW CONTINUE WITH AN INVESTIGATION OF ITS OPERATING PRINCIPLES,

OPERATION OF THE SCREEN GRID TUBE

IN Filas 6 YOU WILL SEE A DIAGRAM, SHOWING YOU HOW THE SCREEN  GRID
TUBE I8 CONNECTED.To THEWAT anpD "B" BATTERIES
OF THE RECEIVER. NOTICE THAT THE RELATION BE-
TweeN THE "A" aAnpD "B" BATTERIES IS  CONVEN= C"'?jm‘
TIONAL BUT THAT THE SCREEN GRID OF THE TUBE g;'p ot T
HAS BEEN CONNECTED To THE "B" BATTERY,80 THAT /:\\
A POSITIVE POTENTIAL OF 46vOLTS IS IMPRESSED
UPON IT,WwHILE A POSITIVE POTENTIAL oF 135voLTs

18 IMPRESSED UPON THE FLATE OF THE TUBE,
YOoUu WILL NOT FIND THESE EXACT "B" voL-

TAGESHOLDING TRUE IN ALL THE SCREEN GRID
TUBES OF ALL RECEIVERS BUT THE SCREEN GRIDOF
THE TUBE, WHEN THE TUBE IS USED IN THIS MANN
ER, WiLL ALWAYS BE AT A POSITIVE POTENTIALOF "

A VALUE EQUAL TO APPROXIMATELY ONE=THIRD THAT : Filament
OF THE POSITIVE VOLTAGE, WHICH 13 IMPRESSED -

UPON THE PLATE.

>4

SINCE THE PLATE OF THIS TUBE 1SS0 WI-
DELY SEPARATED FROM THE FJLAMENT, AS WAS AL=-

READY STATED, VERY FEW ELECTRONS WOULD BE
ATTRACTED TO IT FROM THE FILAMENT, EVEN IF

A VERY HIGH POSITIVE POTENTIAL WERE APPLIED FlG. 4

TO THE PLATE. THE INNER SCREEN GRID,HOWEVER, Connections for the
IS ONLY ABOUT AS FAR FROM THE FILAMENT AS Screen grid Tube,

THE PLATE IN A CONVENTIONAL THREE-ELEMENT

TUBE AND THEREFORE, 8Y HAVING A POSITIVE POTENTIAL IMPRESSED UPON THIS
SCREEN=GRID, #T IS 0BVIOUS THAT IT WILL HAVE THE ATTRACTING POWER OF PULL
ING ELECTRONS AWAY FROM THE FILAMENT AND TOWARD ITSELF, JUST AS THOUGHIT
WERE A REGULAR PLATE.

THEN BY HAVING THE PLATE OF THE TUBE AT A POSITIVE POTENTIAL S8TILL
HIGHER THAN THAT OF THE SCREEN=GRID, THE ELECTRONS WHICH ARE ATTRACTED TO
THE SCREEN GRID, WILL IN TURN BE ATT=-
RACTED FROM THE SCREEN-=GRID OVER TO
F)ha&e THE HIGHER POSITIVELY CHARGED PLATE .
IN THIS WAY, WE ARE ABLE TO OVERCOME
THE EFFECT OF THE GREAT DISTANCE BE~
| TWEEN THE PLATE AND THE FILAMENT AND
THE SCREEN GRID SO FAR ACTS A8 A RE=-
LAY, WHICH HELPS THE FLOW OF ELECTRONS
FROM THE FILAMENT OVER TO THE PLATE,

Control —

grid

. Screen
Filament grid DUE TO THE FACT THAT THE INNER
scrReen-GRID 18 NOT A soLlo soby  suT

FiIG. & ONLY A SPIRALLY=WOUND WIRE, ONE  CAN

Symbol qf _the READILY SEE THAT IT WILL OFFER  BUT

Screen g/-/d Tube, LITTLE INTERFERENCE TO THE FLOW OF
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ELECTRONS BETWEEN THE FILAMENT AND THE PLATE. THE SIGNAL VOLTAGE CHANGES
uPoN THE CONTROL GRID S8TILL CONTROLS THE FLOW OF ELECTRONS AND PLATE CUR=
RENT BETWEEN THE PLATE AND FILAMENT, THE SAME AS IN A TRIODE. THEN TO0,
THE HIGHER THE POSITIVE POTENTIAL OF THE SCREEN=GRID, THE GREATER WILL BE
THE NUMBER OF ELECTRONS ATTRACTED BY IT.

IT 1S ALSO TRUE THAT S8OME OF THE ELECTRONS WILL BE RETAINED BY THE
POSITIVELY CHARGED SCREEN=-GRID BUT IN ACTUAL PRACTICE, ONLY ABOUT ONE=-
THIRD OF THE TOTAL ELECTRON FLOW PASSES THROUGH THE SCREEN CIRCUIT, WITH
THE BALANCE OF IT FLOWING THROUGH THE PLATE CIRCUIT,

Now THAT YOU UNDERSTAND THE EFFECT, WHICH THE S8CREEN GRID HAS UPON
THE ELECTRON FLOW, OUR NEXT STEP WILL BE TO SEE HOW THE TUBE AVOIDS THE
FEED=-BACK OF R.F. ENERQY THROUGH THE ELEMENTS.

PREVENTING OSCILLATION

As YOU WiLL RE=-
CALL FROM YOUR EARLJER

Erol i STUDIES, THE CAPACITY
Con -‘c’f’ Plate EXISTING BETWEEN THE
gri PLATE AND GRID OF THE

TRIODE 18 RESPONS!BLE
FOR THE EXCESSIVER.F,
FEED-BACKS BETWEEN THE
PLATE AND GRID CIR-

) CUITS IN WHICH SUCH A
E?JF‘*zd Cond. TUBE 18 EMPLOYED. IN

»—"—4»——+ 0.5 Mfd. THE SCREEN GRID TUBE,
+45v HOWEVER, THE DISTANCE

= - +
lll"-__—"__’lllllllll |'|__ BETWEEN THE PLATE AND
A e | 155 v CONTROL GRID 18 MADE

MUCH GREATER, THU§ RE=
SBULTING IN AN APPREC-

Screen

Filament Grid

_ F1G.6 ) IABLE DECREASE IN THE
Screen Grid Tube Connections CAPACITIVE EFFECT BE=-
to 4" & ‘B’ Batteries. TWEEN THESE TWO  EL~

EMENTS. IN ADDITION TO THIS REDUCTION IN THE INTER-ELEMENT CAPACITY, THE
CIRCUIT CONNECTIONS ARE MADE N SUCH A MANNER 80 A8 TO LESS8EN THE POSS |~
8iLITY OF R.F. FEED-BACK THROUGH THE TUBE STILL MORE, AS WILL BECOME APPAR=—
EMT UPON STUDYING THE FOLLOWING EXPLANATIONS.

‘BY LOOKING AT FiG. 6 AGAIN, YOU WILL OBSERVE THAT A BY-PASS CONDENSER
I8 CONNECTED ACROSS THE SCREEN GRID AND THE FILAMENT CONNECTIONS OF THE
TUBE.

WHENEVER ANY RADIO FREQUENCY ENERGY HAS A TENDENCY TO PA8S8S FROM THE
PLATE OVER TO THE CONTROL GRID; IT MusT FIRST S8TRIKE THE S8CREEN=GRIDs THEN
SINCE THE SCREEN GRID PRACTICALLY SHIELDS THE PLATE FROM THE CONTROL GRID,
ANY RoF. ENERQY WHICH MIGHT BE RADIATED FROM THE PLATE WILL BE COLLECTED
OR "PICKED-UP" ' BY THE SCREEN [GRID. A BY=PASS CONDENSER 18 THEN CONNECTED A
CROSS THE SCREEN GRID AND FILAMENT TUBE CONNECTIONS AND SINCE THE CAPACITY
RATING OF THIS CONDENSER 18 QUITE LARGE AS COMPARED TO THE PLATE~ =CONTROL
GRID CAPACITY OR EVEN THE SCREEN GRID=CONTROL GRIC CAPACITY WITHIN THE
TUBE, - THE R.F. ENERGY AT THE SCREEN GRID WILL HAVE A NATURAL TENDENCY  TO
PASS TO THE FILAMENT CIRCUIT THROUGH THE BY=PASS CONDENSER RATHER THAN THRU
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MORE DIFFJOULT-PATH OFFERED BY THE S8CREEN 'GRID-—CONTROL GRID CAPAC!ITY. IN
TH1IS WAY, THESE R.F. FEED=BACKS NEVER REACH THE CONTROL GRID TO CAUSE
TROUBLE. THEY CAUSE NO TROUBLE AT ALL AT THE FILAMENT SINCE THIS ELEMENT
18 AT A NEGATIVE B POTENTIALe

To GIVE YOU A STILL BETTER IDEA OF THE RELATIVE CAPACITIES INVOLVED
IN SUCH CIRCUITS, WE MIGHT 'ADD AT THIS TIME THAT THE GRID-PLATE CAPACITY
OF THE AVERAGE TRIODE 16 ANYWHERES BETWEEN 6 To |5 MICRO-MICROFARADS,
" WHEREAS THE QRID~PLATE CAPACITY OF THE AVERAGE SCREEN GRID TUBE 1§ ONLY
_AROUND 0.01 To 0.} MICRO=MICROFARAD. THE BY=PASS CONDENSERS AS GENERALLY
USED FOR THIS PURPOSE HAVE A RATED CAPACITY OF | MFD., « 25 MFDe. OR.DMFD.

IN ADDITION TO ITE FREEDOM FROM OSCILLATION WHEN CORRECTLY USED IN
A CIRCUIT, THE SCREEN GRID TUBE ALSO POSSESSES A MUCH HIGHER AMPLIFICA=
TION FACTOR THAN A TRIODE AND THUS MAKES GREATER AMPLIFICATION IN THE
R.F. STAGES POSSIBLE. THIS FEATURE, OF COURSE, ASS18TS IN THE CONSTRUC~
TION OF RECEIVERS OFFERING A HIGHER DEGREE OF SENSITIVITY.

VARIOUS TYPES OF SCREEN GRID TUBES FOR BATTERY OP=
ERATED RECEIVERS ARE NOW AVAILABLE AND IN THE FOLLOWING
PAGES WE SHALL CONSIDER THE OPERATING CHARACTERISTICS AND
CIRCUIT REQUIREMENTS OF THE MOST POPULAR OF THESE TUBES.

THE TYPE-~-22 TUBE

THE FIRST OF THE SCREEN GRID TUBES WHICH WAS USED
IN BATTERY OPERATED RECEJIVERS 1§ KNOWN AS THE TYPE=22 AND
A PHOTOGRAPH OF IT APPEARS IN Fl1@. 7. THE FILAMENT VOL~
TAGE REQUIRED BY THIS TUBE 18 3.3 VOLTS AND ITS NORMAL
FILAMENT CURRENT I8 0. 132 amp,

WiTH A PLATE VOLTAGE OF # |35 voLTS, A BCREEN GRID

VOLTAGE OF +45 VOLTS AND A GRID BIAS OF ~l.5 voLTs ARE Fl6.7
RECOMMENDED. THE TUBE WILL UNDER THESE COMDITIONS DRAW A The -22
NORMAL PLATE CURRENT#floeS MILLIAMPERES. |F THE PLATE VOL~ Tube

TAGE Is +135 voLTS, THE SCREEN +67.5 VOLTS AND THE GRID

B1AS =15 VOLTS, THEN THE NORMAL PLATE CURRENT WILL BE 3.3 MILLIAMPERES .
THE BIAS VOLTAGE IN THE CASE OF SCREEN GRID TUBES 18 OF COURSE  APPLIED
to THE CONTROL GRID.

WiTH 445 vOLTS ON THE SCREEN AND 135 vOLTS ON THE PLATE, THE AM=-
PLIFICATION FACTOR OF THE -22 TUuBE 1§ RATED AT 350 ANC WITH *67.5 voLTs
APPLIED TO THE SCREEN, THE RATED AMPLIFICATION FACTOR I8 INCREASED To 480.
THESE HIGH AMPLIFICATION FACTORS, HOWEVER; ARE NOT ACTUALLY REALIZED IN
PRACTICE.

THE TYPE =32 TUBE

THE =32 TUBE 16 THE SCREEN GRID MATE TO THE TYPE =30 AND =3 Tuses
WITH WHICH YOU ARE ALREADY FAMILIAR, THAT 18, ITS FILAMENT I8 AL80O  OE-
.S81GNED TO UTILIZE AN "A® VOLTAGE OF 2 VOLTS FURNISHED BY DRY CELL8, THUS
MAKING IT ADAPTABLE TO BATTERY OPERATED RECEIVERS WHICH BMPLOY"TWO- voLT
TUBES" THROUGHOUT. THE FILAMENT CURRENT WHICH 18 TAKEM BY THE =32  TUBE
AMOUNTS TO ONLY 060 AMPERE. ’ :
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.THE MAX IMUM PLATE VOLTAGE GENERALLY USED WITH THIS TUBE 15 1365 VOLTS
TOGETHER WITH A 67.5 VOLT POSITIVE POTENTIAL APPLIED TO THE SCREEN GRID,
THE CONTROL GRID SHOULD HAVE A NEGATIVE BIAS VOLTAGE OF 3 VOLTS IMPRESSED

UPON IT AND THE NORMAL PLATE CURRENT WILL THEN BE APPROXIMATELY |.5 miLL=-
|AMPERES ., |

. &
THE AMPLIFICATION FACTOR FOR THE =32 I8 RATED AT 500 BUT AS is THE
CASE WITH THE «22,THIS HIGH VALUE ISN'T REALIZED IN ACTUAL PRACTICE.

BEsioES AN ReF. AMPLIFIER TUBE, THE =32 CAN ALSO BE USED AS A POWER
DETECTOR. TO USE THE TUBE IN THIS MANNER, ITS PLATE CIRCUIT SHOULD BE CON
NECTED To A 4136 voLT "B" suppLY, ITS SCREEN VOLTAGE SHOULD BE#45 voLTs
AND ITS GRID BIAS, =42 VOLTS.

A COMPLETE RECEIVER WITH
SCREEN GRID TUBES

IN Fla. 9 YOU ARE SHOWN A COMPLETE CIRCUIT Dl
AGRAM OF A 8IX=TUBE RECEIVER EMPLOYING TWO=VOLT TYPE
TUBES EXCLUSIVELY. TYPE=32's ARE USED IN THE TWOR.F.
8TAGES, AS WELL AS IN THE POWER DETECTOR S8TAGE. THE;
FIRST A.F. TUuBE IS A TYPE=30 AND TWO TYPE=3|%'s ARE

USED IN A PUSH=PULL POWER STAGE. THIS RECEIVER I8 IN
TENDED TO BE USED WITH EITHER A MAGNETIC OR DYNAMIC

SPEAKER AND ALL VALUES FOR THE VARIOUS PARTS OF THE
CIRCUIT ARE SPECIFIED DIRECTLY ON THE DIAGRAM,

BY STUDYING THIS DIAGRAM IN CONJUNCTION WITH
THE EXPLANATIONS IMMEDIATELY TO FOLLOW, YOU SHOULD
HAVE NO DIFFICULTY IN UNDERSTANDING HOW THIS CIRCUIT
OPERATES,.

F— THE "A" suUPPLY 18 FURNISHED BY TWO SERIES CO-

The -32 Tube. NNECTED DRY CELLS AND SINCE THE FILAMENTS OF ALL TUBES

. ARE RATED AT 2 VOLTS, THEY CAN ALL BE CONNECTED IN

PARALLEL ACROSS THE"A"™ BATTERY TERMINALS AND WITH A RHEOSTAT oF 8 or |0

OHM RATING CONNECTED IN SERIES WITH THE ENTIRE QROUP OF FILAMENTS. THIS

RHEOSTAT 18 THEN ADJUSTED SO THAT EXACTLY 2 VOLTS I8 IMPRESSED ACROSS THE
FILAMENT TERMINALS OF THE TUBE SOCKETS,

THE THREE TUNING CIRCUITS ARE CONVENTIONAL, CONSISTING OF A  THREE
GANG CONDENSER WITH EACH OF ITS SECTIONS CONNECTED ACROSS THE SECONDARY
WINDING OF AN R.F. TRANSFORMER. ONE SIDE OF EACH OF THE TUNING CIRCUITS IS
CONNECTED TO THE CONTROL GRID OF I1TS RESPECTIVE =32 TUBE WHILE THE OTHER
SIDE OF THE TUNED CIRCUIT IS GROUNDED.

By GROUNDING IN THIS CASE, WE MEAN THAT THE RECEIVER I8 BUILT UPON
A METAL CHAS8818 BASE AND ALL PARTS WHICH ARE ELECTRICALLY CONNECTED TO
THIS METALLIC CHASSIS8 BASE ARE SAID TO BE GROUNDED. IN THIS WAY, THE CHA~
SSIS BASE 18 USED JUST A8 -THOUGH IT WERE A WIRE AND THUS SERVES TO COM=
PLETE VARIOUS PORTIONS OF THE CIRCUIT. THE GROUND TERMINAL OF THE RECEIVER
18 THEN FASTENED DIRECTLY TO THE CHASSIS BASE AND THE WHOLE METALLIC CHA=-
‘8818 ASSEMBLY 18 THEN GROUNDED TO AN EXTERNAL GROUNDING SYSTEM IN THE
CONVENT IONAL MANNER,

THIS METHOD OF WIRING 18 BEING EXTENSIVELY USED. AT THE PRESENT TIME,
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SINCE 1T SAVES WIRE AND AT THE SAME TIME 8IMPLIFIES THE TASK OF WIRING
AND AIDS MAKING THE APPEARANCE OF THE ASSEMBLED RECEIVER MORE ATTRACTIVE.

RETURNING TO THE RECEIVER OF Fige 9, WE FIND THE POSITIVE TERMINAL
OF A 41 voLT "C" BATTERY CONNECTED TO THE A+ TERMINAL WHILE 1T8=3 VOLT
TERMINAL 18 CONNECTED TO GROUND THROUGH THE 200 OHM FIXED RESISTOR AND
VOLUME CONTROL. SINCE T8 =3 voLT "C" BATTERY TERMINAL 1S IN THIS WAY
GROUNDED AND ONE END OF THE SECONOARY WINDING OF THE FIRST TWO R.F.TRANS=
FORMERS 18 ALSO GROUNDED TO THE CHASSIS, A =3 voLT "C" BlAs VOLTAGE WILL
BE APPLIED TO THE CONTROL GRIDS OF THE FIRST TWO R.F. TUBES——THE CHASSIS
BASE ITSELF ASSISTING TO COMPLETE THIS GRID BJAS CIRCUIT. ’

FOR THE =32 POWER DETECTOR TUBE, A GRID BIAS OF -4% VOLTS I8 RE=
QUIRED AND THEREFORE ONE END OF THE THIRD R.F. TRANSFORMER'S SECONDARY
WINDING 1S CONNECTED TO THE =4% voLT "C" BATTERY TERMINAL. THEN SINCE THE
THE =3 VOLT TERMINAL OF THE "C" BATTERY IS GROUNDED TO THE CHASSIS A8 Al=
READY DESCRIBED, AND ONE SIDE OF THE DETECTOR STAGE TUNING CONDENSER 18
ALSO GROUNDED TO THE CHASSIS, THE SECONDARY WINDING OF THE THIRD Re.FoTRAN
SFORMER WILL STILL BE CONNECTED ACROSS THIS TUNING CONDENSER ALTHOUGH IT
MAY NOT APPEAR AS SUCH UPON FIRST GLANCE.

THE "B" BATTERY CONSISTS OF THREE 45 voLT "B" BATTERIES CONNECTED IN
SERIES. THE PLATES OF THE TWO R.F. TUBES ARE CONNECTED TO THE-*+ 135 voLT"B"
BATTERY TERMINAL WITH THE PRIMARY WINDINGS OF THEIR RESPECTIVE R.F. TRANS
FORMERS IN SERIES. THE o5 MFD, BY=PASS CCNDENSER WHICH 1S CONNECTED BE~
TWEEN THIS COMMON PLATE CIRCUIT AND GROUND OFFERS AN EASY PATH FOR THER.F.
CURRENTS IN THESE PLATE CIRCUITS TO BE BY=-PASSED TO GROUND AND THUS BE
ELIMINATED FROM THE CIRCUIT WITHOUT WANDERING ABOUT THROUGH THE REST  OF
THE CIRCUITS.

THE SCREEN GRID OF THE TWO0 R.F. TUBES ARE TOGETHER CONNECTED TO

Magnetic Speaker

Antenna R.F.Choke
7"/ st nd RF. (%5 Mh)
/‘.__Q_'E.______-_ 7}_8_--—_ -—-—7Del: \.__\ AF.
1=32 /=32 ;) -3 OLMA. S0

B

[
L:
OO YU
L] DO
'g
U\ F
FY
‘I'—E o
N
100,000 1)
2 Mag.
DOOOLU

Y
y = L]
T8
.5 MF;I. H:ﬁl
-
FASE ¥:00v [ (
= I. .I.I".I.I.I.I.Husv o >
‘B

‘B Battery used as °C” Battery
e

FIG. O
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PAée 8 "~ Lesson No. 14.

THE 673 voLT "B" BATTERY TERMINAL AND THE 8INGLE o5 MFDe FIXED CONDEN=
8ER, WHICH IS CONNECTED BETWEEN THIS CIRCUIT AND GROUND, SERVES THE PUR
POSE OF THE BY=-PA8S CONDENSER IN THE CIRCUIT OF Fi1g. 6.

THE SCREEN GRID OF THE DETECTOR TUBE 1S CONNECTED TO THE ¥#45 voLT
TERMINAL OF THE "B BATTERY AND AN INDIVIDUAL «5 MFD. BY=PASS CONDENSER
BETWEEN THIS CIRCUIT AND GROUND OFFERS THE R.F. PATH TO PREVENT osciitla
TION,

THE DETEGTOR TUBE I8 RESISTANCE~CAPACITY COUPLED TO THE A.F. AMPL)
FIER TUBE AND AN EFFICIENT R.F. FILTER 18 INSERTED IN THE PLATE CIRCUIT
OF THE DETECTOR TUBE 80 THAT ALL RADIO FREQUENCY CURRENTS WILL BE  By-
PASSED DIRECTLY TO GROUND WITHOUT CAUSING TROUBLE BY WANDERING  AROUND
IN THE CIRCUIT. THIS FILTER CONSISTS OF AN 85 MILLIHENRY CHOKE COILWITH
A 00025 MFD. FIXED CONDENSER CONNECTED BETWEEN EACH OF §TS ENDS AND
GROUND,

THE GRID RETURN END OF THE 2 MEGOHM LEAK RESISTOR OF THE =30 A.F.
TUBE IS CONNECTED TO THE =44 VOLT "C" BATTERY 80 THAT A "C" BiAS VOLTAGE
OF =42 VOLTS WILL BE IMPRESSED UPON THE GRID OF THIS TUBE.

. [ 4

A 225 voLT "B" BATTERY 1S USED As A "C" BATTERY SO AS To FURN ISH
THE BIAS OF =22 VOLTS FOR THE TYPE =3| POWER TUBES AND THE VOLUME I8
CONTROLLED BY THE POTENTIOMETER WHICH 1S CONNECTED TO THE ANTENNA CIR=
CUIT OF THE RECEIVER, By MOVING THE GROUNDED ARM OF THIS UNIT ACROSS ITS
RES ISTANCE ELEMENT S0 THAT IT APPROACHES THE END OF THIS RES ISTANCE ELE
MENT WHICH 18 CONNECTED TO THE ANTENNA TERMINAL OF THE RECEIVER, THE AN
TENNA CIRCUIT WILL BECOME MORE NEARLY GROUNDED OUT SO THAT THE  VOLUME
WILL BE DECREASED ACCORDINGLY,

BY MOVING THE POTENTIOMETER ARM IN THE OPPOSITE DIRECTION, THE RE=-
8ISTANCE BETWEEN THE ANTENNA TERMINAL AND GROUND THROUGH THE POTENTiO=
METER WILL BE INCREASED, 'THEREFORE, THE RESISTANCE OF THE PRIMARY WIND=
ING OF THE FIRST R.F. TRANSFORMER WILL BE SO SMALL IN COMPARISON TO THAT
THROUGH THE POTENT'OMETER THAT ALL SIGNAL ENERQY WILL PREFERABLY PASS 8E
TWEEN THE ANTENNA AND GROUND THROUGH THE PRIMARY' TRANSFORMER WINDING,
THEREBY. USING THIS WINDING TO THE FULLEST I[EXTENT YO INDUCE SIGNAL VOL=
TAGES INTO THE SECONDARY WINDING OF THIS SAME R.F. TRANSFORMER. THE voL
UME WiLL THEREFORE INCREASE APPRECIABLY.

AN OUTPUT PUSH=PULL TRANSFORMER IS INCLUDED IN THE PLATE CIRCUIT OF
THE =3] POWER TUBES AND IF A MAGNETIC SPEAKER IS8 TO BE USED, IT 13 CON=
NECTED ACROS8 THE EXTREMETIES OF THE OUTPUT TRANSFORMERS PRIMARY WINDING
WITH A 2 MFD. FIXED CONDENSER IN SERIES. IN THIS WAY, THE S8IGNAL VOL=
TAGES CAN BE IMPRESSBED UPON THE SPEAKER WINDINGS AND STILL NONE OF THE
POWER TUBE PLATE CURRENT WILL FLOW THROUGH THE SPEAKER WINDINGS.

IF A DYNAMIC SPEAKER IS TO BE USED, THEN ITS VOICE COIL SHOULD BE
CONNECTED ACROSS THE ENDS OF THE OUTPUT TRANSFORMER'S SECONDARY WINDING.
SINCE THIS RECEIVER 1S BATTERY OPERATED, A PERMANENT MAGNET TvPEDYNAMIC
S8PEAKER SHOULD BE USEDe THE OPERATING PRINCIPLES OF THIS SPEAKER ARE |
DENTICAL TO THE DYNAMIC S8PEAKERS ABOUT WHICH YOU ALREADY STUDIED, WITH

. THE EXCEPTION THAT THE FIELD IS ENERGIZED BY A PERMANENT MAGNET INSTEAD
OF BY A DIRECT CURRENT. THE OUTPUT.TRANSFORMER“"SHOULD BE ESPECIALLY DZ=
8IGNFD TO MATCH TWO TYPE =3| PUSH=PULL TUBES TO THE VOICE COIL OF THE
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SPEAKER IN QUESTION. SUCH TRANSFORMERS ARE COMMERCIALLY AVA I LABLE AND CAN
BE OBTAINED FROM ANY GCOD RAD}IO SUPPLY HOUSE UPON REQUEST OR ELSE |CAN BE
SUPPLIED DIRECT WITH THE SPEAKER UNIT IF 80O SPECIFIED.

THE DIAL LIGHT IS SIMPLY A SMALL INCANDESCENT LAMP USED TO ILLUMI-
NATE THE TUNING DIAL AND IT IS CONNECTED ACROSS THE FILAMENT CIRCUIT A8
SHOWN IN THE DIAGRAM OF Fige 9« A LAMP HAVING A FILAMENT RATING OF 2
VOLTS AND 06 AMP, WILL BE SUITABLE FOR THIS PURPCSE.

THE REST OF THE CIRCUIT DETAILS OF THIS giX=TUBE RECEIVER ARE ANOLD
STORYTO YOUBY THIS TIME AMD THERE: wjLL THEREFORE BE NO NEED FOR DISCUSSING
IT ANY FURTHER WITH YOU NOW. BE SURE HOWEVER, TO STUDY THIS DIAGRAMWITH
UTMOST CARE SO THAT YOU WILL HAVE A CLEAR MENTAL PICTURE OF THE CIRCUIT,

SHIELDING

COMPLETE SHIELDING IS A CHARACTERISTIC OF THE WELL DESIGNED RECEIY
ER EMPLOYING SCREEN GRID TUBES AND -
THIS WILL BECOME APPARENT UPON IN= | Tuning R.F. Transf.
SPECTING THE RECEIVER ILLUSTRATED condenser Shields Tube
IN Fig. 10. As YOU WILL OBEBRVE, | shield shields
THIS ENTIRE RECEIVER 18 BUILT UPON
A METALLIC CHASSIS BASE AND EACHOF
THE SCREEN GRID TUBES, AS WELL AS
EACH OF THE R.F. TRANSFORMERS, I8
HOUSED WITHIN AN !NDIVIDUAL SHIELD
CANoe

THESE SHIELD CANS ARE GENER-
ALLY MADE OF ALUMINUM. THE CHASSIS
BASE MAY BE MADE OF SHEET ALUMINUM

OR STEEL, HOWEVER, IT 1S NOW A

COMMON PRACTICE TO MAKE THESE CHA- :

8818 BASES FROM SHEET STEEL PLATED FIG.10

WITH cADMIUM o THE CADMIUMPLATING A Shiel/ded B

OFFERS A BRIGHT SURFACE WHILE AT
THE SAME TIME SUPPLYING A SURFACE TO WHICH SOLDER WILL STICK READILY. THE
TUNING CONDENSER, IN Fi1a. 10, 18 ALSO PARTIALLY SBHIELDED.

THE MAIN PURPOSE OF THESE METAL CONTAINERE 1S NOT SIMPLY TO PROTECT
THE WORKING PARTS FROM DUST AND DIRT BUT THEY HAVE A DEFINITE ELECTRICAL
TASK TO PERFORM. THE CHIEF REASON FOR USING THESE CANS IS8 TO PROVIDE A
SHIELDING BETWEEN ADJACENT RADIO PARTS 80 THAT THERE WILL BE NO POSSe~
IBILITY FOR INDUCTIVE OR CAPACITIVE COUPLING BETWEEN THEM.

PRINCIPLE OF SHIELDING
YoUu WILL NO DOUBT ‘RECALL THAT IN YOUR STUDIES OF R.F. AMPLIFICATION,
YOU LEARNED THAT IT 18 NECESSARY TO ALWAYS ARRANGE THE R.F. coiLs IN SUCH
POS ITIONS, SO AS TO PREVENT THEIR MAGNETIC FIELDS FROM LINKING WITH EACH
OTHER. ‘

Now 1N Fige |) vou wiLL 2ee Two R.F. TRANSFORMERS OR COILS, WHICH
ARE PLACED QUITE CLOSE AND PARALLEL TO EACHOTHER. ORDINARILY,THIS WOULD
GIVE A VERY UNDESIRABLE INDUCTIVE COUPLING BETWEEN THEM AND WHICH WOULD
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SERIOUSLY AFFECT THE OPERATION OF THE RECEIVER, HoweveEr, BY PLACING A
LARGE COPPER SHEET OR PLATE BETWEEN THEM AND GROUNDING THis PLATE,WE CAN
PREVENT THE UNDESIRABLE INTERACTION BETWEEN THE TWo R.F. TRANSFORMERS.
NoTICE, THAT IT 18 NECESSARY To GROUND TMiIs PLATE, IN ORDER TO PERMIT IT
TO ACT A8 AN EFFECTIVE SMIELD BETWEEN' THESE TWO TRANSFORMERS.

BESIDES. THE MAGNETIC FIELD BETWEEN TWO SUCH COILS, WE ALSO HAVE AN
ELECTROSTATIC FIELD, WHICH OFFERS CAPACITIVE FEEC~BACKS LIKE A CONDENSER
AND GROUNDED SHIELDING "KILLS" THIS TYPE OF COUPLING BETWEEN PARTS, A8
WELL A8 INDUCTIVE COUPLING. :

IN PRACTICE WE DON'T GENERALLY DEPEND UPON A PLAIN PLATE ORPARTITION
FOR OUR SHIELDING PROBLEMS BUT WE DO THIS JOB STILL MORE THOROUGHLY By
BUILDING AN ENCLOSURE oF METAL SHIELDING AROUND THE PARTS TO BE 8HIELDED.

CONSTRUCT ION METHOD USED WITH SHIELDS

WHEN ENCLOSING AN R.F. TRANSFORMER IN A SHIELDING CAN, IT I8 ADVIS=-
' ABLE TO PROVIDE A DISTANCE OF

R.F Grounded FrROM | TO 2 INCHES BETWEEN
tran%?fd;}> Copper plate R.F EITHER END OF THE TRANSFORMER
Transf: AND THE ENDS OF THE SHIELD EN

CLOSURE. THERE SHOULD ALSO BE
A CLEARANCE OF ABOUT 3[4 7o
| INCH BETWEEN THE TRANSFORM=—
ER'S BIDES AND THE 8 IDEWALL OF
THE SHIELDING CAN AS SHOWN IN
Fig. 12. THESE CLEARANCE DI=-
MENSI1ONS8 ONLY HOLD GOOD  FOR
THE MODERN TYPE S8MALL= DIAME=-
TER R.F. TRANSFORMERS AND THE
LARGER THE CO IL-DIAMETER, THE
GREATER WILL BE THE REQUIRED
CLEARANCE8. LARGE ‘COILS WOULD
THEREFORE NECESS ITATE AN ° EX-
TREMELY LARGE SHIELDING  CAN,
WHICH WOULD NOT BE PRACTICAL.

ffinn

f

i

.

Fl(S.ll. ,
Principle of shielding.
IN ORDER TO CONSTRUCT AN
EFFECTIVE SHIELDING JOB, GREAT CARE MUST BE EXERCISED TO INSURE THAT ALL
OF THE SHIELDING METAL IS FASTENED TOGETHER ELECTRICALLY SECURE AND THOR=-
OUGHLY GROUNDED,

NATURALLY, WHEN ‘A° METAL CHASS1S BASE 18 USED AND THE SHIELDING METAL
I8 FIRMLY MOUNTED UPON IT4THEN THE ENTIRE SHIELDING CAN BE GROUNDED §IMU=-
LTANEOUSLY SIMPLY BY GROUNDING THE CHABSS IS=BASEs ONE MUST ALS8O BEAR INMIND
THAT THE SHIELDING CANS SHOULD BE MOUNTED TO THE CHASSI8=BASE IN SUCH A WAY
80 THAT THEY CAN BE REMOVED EASILY IN CASE REPAIRS ARE REQUIRED ON THE EN
CLOSED RADIO UNIT,

IN F1G. 13 YOU WILL BEE A POPULAR TYPE OF SHIELD CAN FOR AN R.F.TRAN
8FORMER OR COIL, A8 WELL AS A TUBE SHIELD, THESE UNITS CAN BE PURCHASED
READY=MADE AT A REASONABLE COST,

As vou wiLL OBSERVE, THESE COMMERCIAL SHIELDS ARE MADE IN TWO PIECES,
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CONSISTING OF A BASE AND COVER. THE SHIELD BASE 18 FASTENED FIRMLY T0
THE CHASSIS BASE TOGETHER WITH 1TS8 RESPECTIVE TUBE SOCKET OR R.Fe TRANS=
FORMER AND WITH THE TRANSFORMER OR TUBE IN PLACE, THE COVER CAN BE PLACED
CONVIENTLY OVER.IT AND BE PREBSED ONTO 1TS BASE AND THEREBY BE HELD R 1]
POSITION FIRMLY,.

THE HOLES IN THE SI1DE WALL OF THE TUBE SHIELD OFFER COOLING FASCIL
ITIES FOR THE TUBE WHICH BECOMES
HOT WHILE IN OPERATION AND THE Shield
CAH AS A WHOLE, PROVIDESA VERY 2 - ) . )
EFFECT IVE MEANS FOR PREVENTING '”,,”.ll“,- 1402
ELECTROSTATIC COUPLING BETWEEN . =
THE ENCLOSED TUBE AND ANY SURR ‘}“ ||IIIII|!“ -
OUKDING PARTS. ‘ :

R.F

rans ormer
THE CONTROL GRID CAP OF T r

THE SCREEN GRID TUBE CAN PRO=-

JECT THROUGH THE LARGE HOLE

wHlicH 18 SUPPLIED IN THE  TOP Vtol' <3

OF THE SHIELD CAN 80 THAT THE = Z;t 1
CONTROL GRID WIRE CAN BE ATT- 4 to

ACHED TO IT CONVENIENTLY,. It

i A COMMON PRACTICE TO RUN FIG.12

TH1S CONTROL GRID WIRE FROM THE D F Transformer Tl
RJF. TRANSFORMER THROUGH THE

HGLE PROVIDED IN THE TOP OF I1TS SHIELD CAN AND THEN TO CONNECT IT TO

THE CONTROL GRIC CAP OF THE TUBE BY MEANS OF A SPECIAL cLir. THIS cLIP
19 SHOWN SOLDERED TO THE END OF THE CONTROL GRID WIRE IN Flg. 4.

IT 16 CHIEFLY THE R.F. AND DETECTOR STAGES WHICH ARE SHIELDED IN
tih1e MANNER, FOR ONLY THESE CIRCUITS HANDLE THE HIGH FREQUENCY CURRENTS
“WHICH ARE LIKELY TO CAUSE COUPLING TROUBLES IF
Coil Tube NOT TAKEN CARE OF PROPERLY. THE AUDIO AND POWER
5¥ﬁeld:) STAGES ARE NOT FREQUENTLY SHIELDED BECAUSE THE

AUDIC FREQUENCIES HANDLED BY THEM ARE COMPARA-
TIVELY LOW. YOU WILL, HOWEVER, COME ACRossA.C.
RECE IVERS WHERE THE PARTS OF THE POWER PACK ARE
SHIELDED SO AS TO AVOID HUM INDUCTICNBUT THIS
WILL ALL BE EXPLAINED TO YOU LATER.

ANOTHER METHOD OF SHIELDING, WHICH 1s

Base ,) SOMETIMES USED, 1S ILLUSTRATED IN Fig. 15 anD

IN THIS CASE ALL OF THE PARTS CONSTITUTING A

Fle.1% SINGLE STAGE ARE TOGETHER ENCLOSED IN A SHIELD

A Typical Corl and caN. HERE, OF COURSE, A RATHER LARGE SHIELO CAN
Tibe Shield. 1S REQUIRED AND IT IS INDICATED ON THE DIAGRAM

8Y THE ENCLOSURE WHICH 18 DRAWN WITH BROKEN

LINES AND DESIGNATED AS BEING GROUNDED.

BY HAVING EACH STAGE INDIVIDUALLY SHIELDED IN THIS WAY, THERE WiLL
BE NO POSSIBILITY OF UNDES I RABLE COUPLING BETWEEN STAGES. A SHIELD CAN AS
18 WOULD APPEAR A8 THE ONE sHOWN IN Fiag. 16,

USE OF THE SCREEN GRID TUBE AS A SPACE CHARGE AMPLIFIER

IN FiGe |7 YOU WILL SEE ANOTHER APPLICATION OF THE SCREEN GRID TUBE:
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ILLUSTRATED., WHEN USED IN THIS WAY, WE SPEAK OF THE ARRANGEMENT A3 BEING
A "8PACE CHARGE" AMPLIFIER, HOWEVER, THIS USE OF THE SCREEN GRID TUBE I8

BY. NO MEANS A8 POPULAR AS ALREADY SHOWN YOU IN RESPECT TO THE USE OF THE
TUBE AS AN ReFe AMPLIFIEZR.

NOTICE IN Fla, 17 THAT THE REQULAR CONTROL GRID IS BEING USED AS THE
 BCREEN GRID AND A POSITIVE POTENTIJAL
oF 221 voLTS 1S BEING APPLIED TO IT.
THE REGQULAR SCREEN GRID I8 CONNECTED
TO THE CIRCUIT, 80 THAT IT WILL TAKE
Conktrol grid THE PLACE OF THE CONVENT IONAL CONTROL
Terminal GRID AND THE ACTION OF THE TUBE IS
NOW As FoLLOWS: THE HEATED FJLAMENT

1S THROWING OFF MILLIONS OF ELECTRONS,
ALL OF WHICH ARE NEGATIVELY CHARGED,

R.F.TransF THEN AS THE FILAMENT LOOSES MORE AND

MORE ELECTRCNS IN THIS WAY, IT MHAS A
“Shield TENDENCY TO GRADUALLY BECOME MGRE POS
- 4 ITIVEeNow sincE LIKE ELECTRICAL CHAR
5 Fis. 1 GES REPEL EACHOTHER AND UNLIKE CHAR=
The Shielded Trarsformer
> S el GES ATTRACT EACHOTHER, WEFIND THAT
With Control Grid Connection. .

MANY OF THE NEGATIVELY CHARGED ELEC~
TRONS, WHICH ARE AT THE TIME IN THE SPACE BETWEEN THE FILAMENT AND PLATE,
HAVE A TENDENCY TO‘PUSH BACK OR REPEL ANY ADDITIONAL ELECTRONS WHICH ARE
FLEEING FROM THE FILAMENT AND IN THIS WAY, THE ELECTRONS THEMSELVES ARE
ACTUALLY TRYING TO FORCE OTHER ELECTRONS BACK TOWARDS THE FJLAMENT, THIS
"FlQHT“ BETWEEN THE ELECTRONS TAKES PLACE IN THE SBPACE BETWEEN THE PLATE
AND FILAMENT, EUT CLOSER TO THE FILAMENT AND THE RESULT 1S THAT AT THES

POINT, A DENSE CLOUD OF ELECTRONS DEVELOPES AND WE CALL THIS ELECTRONIC
CLOUD THE "gPACE SHARGEW.

THIS SPACE CHARGE HAS A
TENDENCY TO RETARD THE  FLOW
OF ELECTRONS BETWEEN THE FiL~
AMENT AND PLATE AND THEREBY
LIMITS THE FLOW OF PLATE CUR- /f~SFﬁeIding
RENT. SO BY APPLYING A POSj~
TIVE POTENTIAL YO THE  GRID,
WHICH I8 NEAR THE FILAMENT AS
sHOWN IN Fia. |7, THIS CONTIN
UALLY POSITIVELY CHARGED GRID
WILL ATTRACT THE ELECTRONS
FROM THE FILAMENT, SPEED THEM
UP ON THEIR WAY OVER TO  THE
PLATE AND THEREBY BREAK UP THE
SPACE CHARGE,

|

THEN BY HAVING THE CON=
TROL GRID (BCREEN GRID IN THIS
CASE) SURROUNDING THE  PLATE,
THE SIGNAL VOLTAGE CHANGES
UPON IT WILL CONTROL THE AMOUNT =
OF ELECTRONS WHICH ACTUALLY GET
TO THE PLATE AND THEREBY QIVES FlG. 5
US A CONVENT IONAL PLATE CURRENT .
CONTROL. THIS PROCESS, HOWEVER A Shielded R.F. Stage.

QIVES US A MARKED INCREASE IN THE

g
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Fl.OW OF THE PLATE CURRENT FOR A GIVEN APPLIED PLATE VOLTAGE AND BY USING
THES ARRANGEMENT IN A S8TAGE OF AUDIO FREQUENCY AMPLIFICATION FOLLOWING
THE DETECTOR, TREMENDOUS SIGNAL STRENGTH CAN BE OBTAINED. IN FACT, ONE
STAGE OF SPACE CHARGE A.F. AMPLIFICATION, IN ADDITION TO AN OUTPUT TUBE,
WILL IN MOST CASES BE SUFFICIENT,

By USING THIS TUBE AS A SPACE CHARGE AMPLIFIER, THE GRID=PLATE CA~-
P ITY HAS AGAIN RE=APPEARED AND THEREFORE, THIS CONNECTION WOULD BE OF
NO| VALUE WHEN USED IN THE R.F. STAGES WHERE WE HANDLE HIGH RADIO FREQUEN
ClES,

THE POWER PENTODE

FROM THE PRECEDING EXPLANATION OF THE SCREEN GRID
TUBE, WHEN USED AS A SPACE-CHARGE AMPLIFIER, YOU WILL
RECALL THAT BY CONNECTING THE CONTROL GRID TO A B4 PO
TENTIAL, WE ARE ABLE TO REDUCE THE SPACE CHARGE B8URR-
OUNDING THE FILAMENT AND THAT THIS WILL INCREASE THE
Flow OF PLATE CURRENT CONSIDERABLY AT A GIVEN APPLIED
PUATE VOLTAGEs ALTHOUGH THIS RESULT INCREASES THE TUBES
A;?LITY AS A VOLTAGE AMPLIFIER, YET IT DOESN'T OFFER
ANY ADVANTAGE IN POWER AMPLIFIER CIRCUITS BECAUSE OF
THE HIGH VALUE OF "SECONDARY EMISSION" WHICH 18 ENCOUN F1G.16
TERED, DUE TO THE GREAT SPEED AT WHICH THE FILAMENT EL [ Lyge shield can.
ECTRONS TRAVEL OVER TO THE PLATE.

As THESE ELECTRONS STRIKE THE PLATE AT A TREWMENDOUS SPEED, THEY KNOCK
JT OF IT ADDITIONAL ELECTRONS WHICH ARE ATTRACTED BACK TOWARDS THE GRID,
- CALL THIS THE M"SECONDARY EMISSION'™ AND SINCE IT OPPOSES THE REGULAR
LOW OF ELECTRONS FROM FILAMENT TO PLATE, IT MATERJALLY REDUCES THE REG=
AR FLOW OF ELECTRONS AND LOWERS THE PLATE CURRENT TO WHAT TS VALUE
DULD BE JF THIS SECONDARY EMISSION COULD BE PREVENTED.

£ECTM=EO

HERe 1s WHERE THE PENTODE POWER AMPLIFIER CAME INTO THE PICTURE, FOR
TE CONSTRUCTION 18 SUCH THAT IT REDUCES THE SPACE CHARGE, AS WELL AS TO
DUCE THE UNDES IRABLE EFFECTS OF SECONDARY EMISSION. THE PLATE  CURRENT
THROUGH THIS TUBE AND ITS8
Dlate ABILITY TO FUNCTION AS A
POWER AMPLIFIER ARE THERE~
FORE INCREASED ACCORDINGLYs

Control grid

THE ARRANGEMENT  OF
Screen grid © THE ELEMENTS WITHIN THIS

. TUBE,” WHEN VIEWED FROM AB=
OVE, WILL APPEAR AS SHOWN
IN THE UPPER PORTION OF
.- Fic. 18, WHEREAS THE sYM~
B BOL FOR THIS TUBE 18 SHOWN
llﬂF-L--—*hlﬂ'hhlﬂ'hl'erOV YOU IN THE LOWER SECTION OF
A" THIS SAME JLLUSTRATION,

225 v.

' Uron sTuDYING Fig. 18
‘ < . Fia.\7 VERY CAREFULLY, YOU WILL
creen Grid Tube used as OBSERVE THAT THE F ILAMENT I8

Space—charge Amplifier. : MOUNTED AT THE CENTER OF
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THE ASSEMBLY ANO 18 SURROUNDED BY THE CONTROL GRIDe THE SCREEN GRID SURR
OUNDS THE CONTROL GRID AND A THIRD GRIC, WHICH WE CALL A SUPPRESSORGRID
I8 PLACED BETWEEN THE SCREEN GRID AND THE PLATE.

THE SUPPRESSOR GRID IS PERMANENTLY CONNECTED TO THE FILAMENT WITHIN
THE TUBE ITSELF BUT THE OTHER ELEMENTS ALL HAVE THEIR RESPECT IVE EXTERNAL
CONNECT JONS .

THE SCREEN GRID OF THE PEN

TODE, WHICH IS LOCATED RELAT

Plate ./ C_Screen | T!VELY CLOSE TO THE FILAMENT, IS

Suppressor o ' grid CONNECTED TO A B4 POTENTIAL AND
grid THEREFORE ASSISTS IN SPEEDING

. _ C;:ﬁ?ﬂ THE ELECTRONS ON THEIR WAY OVER

Filament — = = TO THE PLATE AND REDUCES THE

svmfoL-sa 8PACE CHARGE. THEN SINCE THE

SBUPPRESSOR GRID 18 CONNECTED D}
RECTLY TO THE FJLAMENT, IT RE=
MAINS AT THE SAME AVERAGE PO~
Suppressor grid TENTIAL AS THE FILAMENT AND THE
SUPPRESSOR GRID THEREFORE  HAS

PRACT ICALLY NO EFFECT UPON THE
Fla. 18

Construgtion &Symbo/ of the Power Penl:ode FLOW OF ELECTRONS FROM THE FIL
AMENT TO THE PLATE; IT IS, HOW=

Screen grfd e‘

EVER, NEGATIVE IN RESPECT TO
THE PLATE. THIS POTENTIAL DIFFERENCE BETWEEN THE SUPPRESSOR GRID AND THE
PLATE I8 EQUAL TO THE INSTANTANEOUS PLATE POTENTIAL AND THEREFORE THE

SECONDARY EMISSION ELECTRONS WHICH LEAVE THE PLATE DUE TO THE BOMBAROMENT
OF THE FILAMENT ELECTRONS4FIND THE PATH TO THE FILAMENT THROUGH THE 8SU=
PPRESSOR GRID A DIFFICULT ONEe THEREFORE, THE GREATER PORTION OF THESE
SECONDARY EMISSION ELECTRONS RETURN TO THE PLATE AND THEREBY ASSIST IN
INCREASING THE PLATE CURRENT.

THE TYPE <33 PENTODE

THE PENTODE POWER AMPLIF IER,WH }CH
$18 NOW BEING EXTENS IVELY USED IN BATT=
ERY OPERATED RECEIVERS, IS KNOWN AS
THE =33, THIS TUBE OPERATES WITH A
FILAMENT VOLTAGE OF 2 VOLTS AND DRAWS A
FILAMENT CURRENT OF 0.26 amP. THIS BE=
ING THE CASE, YOU WILL READILY NOTICE
THAT IT IS ADAPTABLE TO BEING USED AS
A POWER TUBE IN BATTERY OPERATED RE=
CEIVERS WHICH EMPLOY TYPE=30 AND 32-

'TUBES IN THE OTHER STAGES.

THIS TUBE AND ITS BOCKET CONNEC=
TIONS ARE ILLUSTRATED FOR YOU IN Fi1g. 19,
As YOou WILL OBSERVE, IT IS EQUIPPED
WITH FIVE BASE PRONGS==TWO OF WHICH
S8ERVE FOR THE FILAMENT CONNECT IONS,ONE
FOR THE CONTROL GRID, ONE FOR THE PLATE
AND ONE FOR THE SCREEN GRIDe THE  SU=
PPRESSOR GRID IS CONNECTED TO THE FlLe
AMENT WITHIN THE JUBE STRUCTURE AS Al=

Filament

FIG.
The -33 Type Tube.
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READY MENTIONED.

FOR THE BEST RESULTS, THIS TUBE SHOULD BE OPERATED WITH A PLATE VOL~

TAGE OF +135 VOLTS AND A SCREEN GRID VOLTAGE OF 135 voLTs. A BIAS OF=-

"" 30

5 VOLTS SHOULD BE IMPRESSED UPON THE CONTROL GRID AND THE TUSBE wiLl

THEN DRAW A NORMAL PLATE CURRENT OF |4 MILLIAMPERES. ITS AMPLIFICATION
FACTOR IS 75 AND IT HAS A RATED POWER OUTPUT OF 700 MILLIWATTS. (ONE MILL
IWATT 18 EQUIVALENT TO THE ONE=-THOUSANDTH PART OF ONE WATT) .

IN F1Ge 20 YOU WILL SEE A CIRCUIT DIAGRAM WHICH ILLUSTRATES HOW A

SINGLE TYPE=33 TUBE MAY BE USED IN THE POWER STAGE OF A RECEIVER. DUE TO
THE SENSITIVITY AND HIGH AMPLIFICATION OF THIS TUBE, IT CAN BE USED 8AT=
ISFACTORILY IMMEDIATELY FOLLOWING THE DETECTOR. IN THE CASE OF Fra. 20,

Detector Power Output
-37 R.F. Choke eh hi@ -33

T P
0ot MFd :

I‘ I S g

= = o 3
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FIG.Z20
Application of a =33 Tube In the Power Stsge.

vPE=32 TUBE IE BEING USED AS A POWER DETECTOR.

THE SPEAKER WHICH IS BEING USED WITH THIS SAME CIRCUIT IS OF THEPER
JENT MAGNET, DYNAMIC TYPE AND THE OUTPUT TRANSFORMER 18 DESIGNED TO
"CH A SINGLE =33 TUBE INTO THE SPEAKER VOICE COlL.

HAVING COMPLETED THIS LESSON, WE SHALL LEAVE BATTERY-TYPE RECEIVERS
. A WHILE ‘AND TURN OUR ATTENTION TO THE CONSTRUCTION AND OPERATING PR}
toLES OF AeCe RECEIVERS., ALTHOUGH IT IS TRUE THAT WE HAVE SPENT A CON~-
SERABLE TIME WITH THE BATTERY SETS, YOU MAY REST ASSURED THAT THIS WAS
| L WORTH WHILE. THIS 1S LARGELY DUE TO THE FACT THAT MOST OF THE RADIO

PRLNCIPLES WHICH YOU HAVE 80 FAR LEARNED CONCERNING BATTERY OPERATED RE-

CE|
ME]
ceg

IVERS, WILL APPLY EQUALLY AS WELL TO THE A.C. SETS. - THIS NATURALLY
ANS THAT YOU WILL BE ABLE TO PROGRESS THROUGH YOUR sTUDI1ES OF A.Ce RE=

IVERS QUITE RAPIDLY.

IN THE NEXT LESSON, YOU ARE GOING TO LEARN ABOUT THE TUBES wWH I CH
DESIGNED ESPECIALLY TO. BE USED IN THE A.C. SETS AND THEN WE WILL @GO

lNTO.ANq!NT;NQE'ﬁNVI’TlOATlON OF THE RECEEIVER CIRCUITS THEMSELVES.




EXAMINATION QUESTIONS

LESSON NO. |4

WHAT ARE THE MOST OUTSTANDING REASONS FOR USING SCREEN
GRID TUBES IN THE R.F., STAGES OF A RECEIVER?

DESCRIBE BRIEFLY THE CONSTRUCTION OF A SCREEN GRID VA~
CUUM TuBE.

WHAT ARE THE OPERATING CHARACTERISTICS OF THE TYPE -32
TUBE WHEN IT IS TO BE USED AS AN R.F. AMPLIFIER?

WHY 1S SHIELDING EMPLOYED IN MODERN RECEIVERS?

DESCRIBE BRIEFLY HOW A SCREEN GRID TUBE MAY BE USED AS A
"SPACE-CHARGE" AMPLIFIER.

DESCRIBE THE CONSTRUCTION OF THE PENTODE TuBE,

WHAT  ARE THE OPERATING CHARACTERISTICS OF THE TYPE -33
PENTODE?

WHAT CHIEF ADVANTAGES DOES THE -33 TUBE HAVE TO OFFER AS
COMPARED TO THE -3I?

DRAW A DIAGRAM,SHOWING HOW A SINGLE TYPE =33 TUBE SHOULD
BE CONNECTED IN THE CIRCUIT OF A RECEIVER,

How wouLD YOU USE A TYPE -32 TUBE AS A POWER DETECTOR?

DEAR STUDENT

HOROUGHNESS IS ONE OF THE CORNERSTONES

OF SUCCESS. LeT US, THEREFORE, NOT SLIGHT

OUR WORK. WE MUST KEEP IN MIND THAT EVERY-

THING THAT IS WORTHWHILE DOING IS IMPORTANT,

. AND NOTHING THAT IS IMPORTANT CAN WE AFFORD
TO NEGLECT, OR TO DO IN A SLIPSHOD MANNER,

WE MUST BE THOROUGH IF WE WANT TO BE SUC~-
CESSFUL,
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LESSON NO. 15

Vacuum TuBES For A.C.RECEIVERS

ALL OF THE TUBES, WHICH WE HAVE MADE USE OF SO FAR IN OUR STUDIES,
REiunReo THAT A DIRECT CURRENT BE SENT THROUGH THEIR FILAMENT IN ORDER
FOR THE FILAMENT TO EMIT ELECTRONS.

Now THE ONLY THING THAT THIS FILAMENT CURRENT 1S EXPECTED TO DO IS
TO!HEAT THE FILAMENT AND AS FAR AS THIS HEATING EFFECT 1S CONCERNED, AL-
TERNAT ING CURRENT CAN ACCOMPLISH IT AS WELL AS A DIRECT CURRENT. THIS
BEING THE CASE, ONE MIGHT AT
FIRST SUPPOSE THAT WE COULD USE
A | CONVENTIONAL DIRECT CURRENT
TYPE TuBE, SUCH AS THE -0l A,
FOR EXAMPLE,PERMIT AN ALTERNAT-
ING CURRENT TO FLOW THROUGH ITS
FILAMENT AND THEREBY OBTAIN THE
NEtESSARY ELECTRON EMISSION SO
THAT THE TUBE COULD OPERATE JUST
AS EFFICIENTLY As I1F A D.C.suP-
PLY WERE USED TO HEAT THE FiIL-
AMENT .

Fig. 1
Partial View Of National's Radio
Service Department

THIS ALL SOUNDS QUITE LOG-
IﬂAL UP TO A CERTAIN POINT BUT
IF WE SHOULD CARRY OUR INVESTI-
GATION STILL FARTHER AND ACTU-
ALLY EXPERIMENT TO SEE WHAT HAPPENS IF AN -0l A TUBE 15 USED AS A DETEC
TJR, WHILE BEING FURNISHED WITH AN A.C. FILAMENT SUPPLY, WE WOULD FIND
THAT A VERY DISAGREEABLE HUM WOULD BE EMITTED FROM THE HEADPHONES OR
SFEAKER o

THE REASON FOR HUM WHEN A.C. FILAMENT SUPPLY IS USED

w THE REASON FOR THIS HUM, WHEN USING THE -0l A wiTH AN A.C. FILAMENT
SUPPLY, 1S THAT AS THE 50 orR 60 CYCLE ALTERNATING CURRENT CHANGES ITS DI~
RECTION OF FLOW THROUGH THE FILAMENT, IT 1S CONTINUALLY INCREASING AND
D;CREASING IN ITS INTENSITY AND AT CERTAIN INTERVALS NO CURRENT IS FLOW-
ING AT ALL. THIS WILL NATURALLY MEAN THAT THE TEMPERATURE OF THE FILAMENT
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wiLL NOT BE UNIFORM AND IN BETWEEN ALTERNATIONS OF THIS FILAMENT CURRENT,
THE FILAMENT WILL COOL OFF SOMEWHAT. THEN SINCE THE EMISSION OF ELECTRONS
DEPENDS UPON THE TEMPERATURE OF THE FILAMENT, IT IS 0BVIOUS THAT THIS
VARYING FILAMENT TEMPERATURE WILL CAUSE A VARYING ELECTRON EMISSION, 8O
THAT THE PLATE CURRENT CHANGES WILL VARY ACCORDINGLY, AND THUS  PRODUCE
THE AUDIBLE HUM |N THE SPEAKER.

ALTHOUGH SOME OF THE EARLJER A.C. RECEIVERS DID ACTUALLY EMPLOY
TYPe=0| A TUBES, YET THEY WERE NOT REALLY PRACTICAL FOR THIS PURPOSE.FOR
BETTER PERFORMANCE, IT WAS NECESSARY TO DESIGN SPECIAL TUBES WHICH ARE
ESPECIALLY ADAPTABLE TO OPERATE WITH AN A,C. FILAMENT SUPPLY,

IT 1s WITH THESE sPeEciaL A.C. TUBES THAT WE ARE GOING TO CONCERN
OURSELVES IN THIS LESSON AND THE FIRST OF THESE, WHICH YOU ARE GOING 70
BE TOLD ABOUT, I8 THE TYPE=26, ILLUSTRATED IN FiG. 2.

THE =26

THis ~26 TUBE 1S IDENTICAL IN S81ZE AND SHAPE TO THE «0| A, wHICH
YOU HAVE ALREADY HEARD SO MUCH ABOUT. THE ELEMENTS WITHIN THIS TUBE ARE
ALSO PLACED IN THE SAME POSITIONS AS IN THE -0l A BUT IN ORDER TO MAIN-
TAIN A UNIFORM FILAMENT TEMPERATURE WITH AN A.C. SUPPLY.THE FILAMENT OF
THE =26 18 MUCH THICKER THAN THAT IN THE =O| A,IN FACT,THE FILAMENT OF THE
~26 1S RIBBON SHAPED, PROVIDED WITH AN OXIDE COATING TO GIVE A GOOD
ELECTRON EMISSION AND IT IS INSTALLED IN THE TUBE SO AS TO TAKE THE FORM
OF AN INVERTED "WW,

DUE TO THE USE OF THIS HEAVIER FILAMENT, THE RESISTANCE OF THE
FILAMENT WILL BE LOWERED, SO THAT CONS!DERABLE CURRENT WILL FLOW THRU IT
WITH A COMPARATIVELY LOW IVPRESSED VOLTAGE. FURTHERMORE,
THE HEAVY FILAMENT wiLL HOLD HEAT MORE so THAN A THIN
FILAMENT AND FOR THI3 REASON, ITS TEMPERATURE WILL  NOT
VARY SO VERY MUCH, EVEN THOUGH AN A.C. suPPLY Is BEING
USED. THE TENDENCY FOR THIS FILAMENT TO HOLD HEAT  ADDS
GREATLY TOWARDS REDUCING THE HUM,

THis TUBE 1S, HOWEVER, NOT SUITABLE FOR USE AS A
DETECTOR BUT CNLY AS AN R,F. AMPLIFIER AND FOR THE FIRST
STAGE OF A.F. AMPLIFICATIONs. THE RECOMMENDED FILAMENT VOL
TAGE FOR THE =28 TUBE 1Sl ¢5 VOLTS AND THE CURRENT DRAWN BY
THE FILAMENT WITH THiIS vOLTAGE Is .05 avmPERES,

THE MAXIMUM PLATE VOLTAGE ALLOWED FOR THIS TUBE
ts 180 voLTs BUT an AVERAGE OF [35 VvOLTS 1S ONLY RECO=~ FIG.Z
MMENDED. WITH A PLATE VOLTAGE OF |35 voLTs, A GRID BIAS The ~-Z6
OF FROM =39 TO =12 VOLTS SHOULD BE USED. |T HAS AN AMPLI~
FICATION FACTOR OF 8.3. AND ITS AVERAGE PLATE CURRENT 18 6.2 MA.

THE TYPE - 27 TUBE

THE DETECTOR STAGE Is THE MOST SENSITIVE STAGE OF ALL ANDANY HUM
WHICH 1S SET UP IN IT, WILL BE GREATLY MAGNIFIED BY THE TIME IT COMES OUT
OF THE SPEAKERe. THEREFORE, ENGINEERS DECIDED TO CONSTRUCT A TUBE IN WHICH
THE FIiLAMENT ITSELF DOEs NOT EMIT THE ELECTRONS AND A SEPARATE ELECTRODE,
wHICcH HAs NO A.C. FLOWING THROUGH IT, 1S USED AS THE ELECTRON EMITTER.
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TUBES OF THIS TYPE ARE GENERALLY SPOKEN OF As HEATER TYPE TUBES

AND IN F1G. 3 YOU ARE SHOWN A TUBE OF THIS CLASS WHICH IS KNOWN AS THE
=~2F. THIS TUBE IS ENTIRELY DIFFERENT IN CONSTRUCTION FROM ANY WHICH WE
HAVE SO FAR DISCUSSED AND IN Flg. 4, YOU WiLL SEE A PHOTOGRAPH OF A CUT-
AWAY SECTION OF THE =27 TUBE, BSHOWING YOU HOW THE ELEMENTS ARE ARRANGED.

NOTICE IN FiGe 4 THAT A REGULAR INVERTED'V! sHA~
PED FILAMENT RUNS STRAIGHT UP THROUGH THE CENTER OF THE
TUBE AND IT IS IMBEDDED INSIDE OF A ROD=SHAPED INSUL-
ATOR, WHICH LOOKS LIKE PORCELAINe. A METAL SLEEVE SURR
OUNDS THIS INSULATOR ROD AND THIS SLEEVE IS COATEDWITH
BARIUM OR STRONTIUM OXIDES, SO THAT IT WiLL EMIT ELEC~
TRONS READILY WHEN HEATED. WE CALL THIS OXIDE COATED
sLEeve THE CATHODE.

Now 1F WE SHOULD PASS AN ALTERNATING CURRENT THRU
THIS FILAMENT, IT WILL HEAT UP THE FILAMENT AND THIS IN
TURN WILL HEAT UP THE INSULATOR AND CATHODE,THE LATTER
BECOMING RED HOT. THE CATHODE, WHEN HEATED SUFFICIENTLY
WILL THEN EMIT ELECTRONS, THE SAME AS ANY OTHER HOT
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BODY, AND BY HAVING THE CATHODE PROPERLY COATED WITH THE
7 Z NECESSARY OXIDES, A HEAVY STREAM OF ELECTRONS WILL  BE
e -727 LIBERATED FROM ITS SURFACE.

FiG.3

THE PERFORATED PLATE, IN THIS CASE, I8 CYLINDRICAL IN SHAPE, 1)
AT IT COMPLETELY SURROUNDS THE CATHODE. THE GRIC CONSISTS OF A THIN
RE WOUND INTO THE FORM OF A SPIRAL, WHICH IS SUSPENDED IN THE SPACE BE
“EN THE CATHODE AND PLATE AND IN THIS WAY, IT CAN CONTROL THE FLOW OF
ECTRONS FROM THE CATHODE OVER TO THE PLATE.

THE INSULATOR BE
“EN THE FILAMENT AND
E CATHODE DOES NOT
nDILY RESPOND TO A
NNGE IN TEMPERATURE

E THEREFORE, T TAKES
yUND 20 SECONDS AFTER
RST TURNING ON THE
CEIVER, FOR THE FILA-
NT TO HEAT UP THE CA-
S0E SUFFICIENTLY  TO
ABLE THIS LATTER ELEC
DDE TO EMIT THE RE=
IRED NUMBER OF ELEC=
HNS SO AS TO BRING T
TO A STATE OF EFFIC-

1. End of cathode

2. Insulator
3. Filament

4. Ribs

— DPlate

FIND THAT EVEN AFTER
F FILAMENT SUPPLY IS
F=-0FF, THE CATHODE
L. REMAIN SUFFICIENTLY
I FOR A FEW SECONDS SO
TO CONTINUE LIBERAT-

3 ELECTRONS AND THERE - S, &
RE, THE SPEAKER SOUNDS Construction of the -27.

Supporté

Filament leads
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WILL DIE DOWN GRADUALLY, AFTER THE RECEIVER IS TURNED OFF,

DUE TO THIS SLUGGISH RESPONSE TO TEMPERATURE CHANGES, OR THE THER-
MAL INERT{A OF THE INSULATOR TUBE, AS THE ENGINEER WOULD SAY, IT caN
READILY BE SEEN THAT ALTHOUGH THE CURRENT FLOW THROUGH THE FILAMENT VAR=—
TES IN INTENSITY WITH THE ALTERNATING CURRENT REVERSALS, THE INDIRECTLY
HEATED CATHODE WILt REMAIN AT A PRACTICALLY CONSTANT TEMPERATURE, SO AS
TO DELIVER A UNIFORM ELECTRON EMISSION. THEREFORE, PRACTICALLY NO HUM
AT ALL WILL BE NOTICED.

Grid Plate

INn F1ge 5, YOU WILL SEE THE svymBOL
USED FOR THE =27 TYPE HEATER TUBE, Os-
SERVE THAT WE HAVE ALTOGETHER FOUR ELE-
MENTS WITHIN THIS TUBE, CONSISTING OF
THE HEATER, CATHODE, GRID AND PLATE.THIS
IN TURN MEANS THAT YOU WILL FIND FIVE
Ca{Hode PRONGS AT THE BOTTOM OF THIS TUBE'S BASE
Z’,,r- INSTEAD OF ONLY FOUR., TWO OF THESE PRONGS
(/ WILL BE FOR THE FILAMENT OR HEATER, ONE
Heafer‘ FOR THE PLATE,; ONE FOR THE GRID AND THE
OTHER FOR THE CATHODE,

FlG. 5.
Symbo/ FOi éhe THE HOLES IN THE SOCKET FOR THIS

TUBE WILL BE LAID=OUT A8 PICTURED IN
gter type tube.
/%e yp F1c. 6 AND A FIVE=PRONG SOCKET AS THIS I8

GENERALLY CLASSIFIED As A "U Y" sockeT.THE S8OCKEY 18 HERE BEING V IEWED
FROM ABOVE,

THIS TUBE WAS SPECIALLY DESIGNED FOR USE AS A DETECTOR IN CONJUNC-
TICN WITH THE =26, WHICH was USED IN THE R.F. AND FIRST AUDIO STAGES.NEV
ERTHELESS, THiIS =27 CAN ALSO BE USED IN ALL R,F, STAGES, AUDIO STAGES,AS
WELL AS FOR A DETECTOR. [T 1S NOT, HOW~
EVER SUITABLE FOR USE IN THE POWERSTAGE, Caﬂlode

Grid

THE =27 REQUIRES A FILAMENT OR HEAT-
ER VOLTAGE OF 2.5 VOLTS8 AND THE CURRENT
ORAWN BY THE FILAMENT I8 |.75 AMPERES. It
HAS AN AMPLIF{CATION FACTOR OF ABOUT 8 AND
THE REQUIRED PLATE VOLTAGE,WHEN USING THIS
TUBE AS A GRID CONDENSER AND LEAK DETECTOR,
18 46 voLT8. THE GRID CONDENS8ER SHOULD THEN
HAVE A CAPACITY RATING 0F 00025 MFD.AND THE
LEAK SHOULD HAVE A RESISTANCE OF 2 MEGOKMS,
THE GRID BIAS SHOULD BE ZERO,

FIG.6

ForR POWER pETECTION THE =27  TUBE Sockef Arrangement For
SHOULD BE OPERATED WiTH A GRID BIlAS OoF -2 Tuée.

7
=25 TO =28 VOLTS AND WITH A PLATE POTENTIAL OF +180 To 4+ 250 VOLTS., THERE
ARE, HOWEVER, SOME EXCEPTIONS TO THESE AVERAGE OPERATING VOLTAGES, AS YOU
SHALL LEARN DURING YOUR PROGRESS THROUGH THE LESSONS TO FOLLOW.

As AN AMPLIFIER, IT MAY BE OPERATED AT A PLATE VOLTAGE OF +|35 vo-
LTS; TOGETHER WITH A GRID BIAS VOLTAGE OF =9 OR AT A PLATE VOLTAGE oF
+180 voLTS, TOGETHER WITH A GRID BIAS VOLTAGE OF =13.,5 vOLTS. |T DRAWS AN
AVERAGE PLATE CURRENT OF 5 MILLIAMPERES.

THE -56 TUBE

NEW TUBES ARE CONSTANTLY APPEARING ON THE MARKET TO REPLACE THE OLD
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ER TYPES AND AMONG THESE NEWER TUBES WE FIND THE =56 WHICH WAS PRODUCED
TO REPLACE THE =27, THE =56 I3 SUPERIODR TD THE =27 IN MANY RESPECTS=--=1T8
MOST IMPORTANT IMPROVEMENTS ARE THAT ITS FILAMENT CURRENT HAS BEEN REDUCED
TO AMPERE WITH THE SAME APPLIED VOLTAGE OF 2.5 VOLTS; THE AMPLIFICATION
FACTOR HAS BEEN INCREASED TO |3.5 AND ITS OVER=ALL S1ZE I3 SMALLER  THAN
THAT OF THE =27, THE TONE QUALITY OFFERED BY THE —-27, HOWEVER, I8 IN S8OME CASES
BETTER.

| A PHOTOGRAPH OF THE =560 APPEARS IN FiG. 7 AND ALTHDUGH SMALLER IN
S1ZE THAN THE =27, IT 1S CONSTRUCTED ALONG THE SAME LI-
NES |AS ITS PREDECESSOR,CONSISTING OF A HEATER OR FlLA=
MENT, CATHODE, CONTROL GRID AND A PLATE. THE symBOL,
BAS; AND SOCKET CONNECTIONS FOR THE =56 ARE IOENTICALTO

THOSE OF THE =27,

WHEN USED AS A GRID CONDENSER AND LEAK TYPE DETEC
TOR, THE =56 SHOULD BE OPERATED WITH A PLATE VOLTAGE OF
+45 |vOLTS AND A GRID BIAS OF ZERO VOLTS. THE GRID CON-
DENSER MAY HAVE A VALUE oF .,00025 MFD. AND THE GRID
LEAK VALUE MAY RANGE FROM | TO 5 MEGOHMS.

I

FOrR POWER DETECTION, THE PLATE VOLTAGE SHOULD BE
250 VOLTS AND THE GRID BIAS =20 VOLTS. THE PLATE CURR-
ENT UNDER THESE CONDITIONS WILL BE ABOUT 0.2 MA. WITHNO
A.C, SIGNAL INPUT. Fic.7

The - 56 Tube.

THE TYPE =56 TUBE OPERATES BEST AS AN A.F. AWPLI=-
FIER WITH A PLATE POTENTIAL OF ¥+250 VOLTS AND A GRID BIAS OF =13.5 voLTs,.
THE| PLATE CURRENT UNDER THESE CONDITIONS wiLL BE 5 Mma,

THE TYPE ~ID TUBE

THE NEXT TUBE TO BE BROUGHT TO YOUR ATTENTION s
THE TYPE =10, THIS IS A POWER AMPLIFIER WHOSE FILAMENT
MAY BE FURNISHED WITH EITHER A D.Ce OR A.C. Te5 VOLT
SUPPLY. |T DRAWS A NORMAL FILAMENT CURRENT OF |.25 AmpP,

THE =10 IS A TRIODE WITH A BASE OF CONVENTIONAL UX

DESIGN. IT HAS A RATED AMPLIFICATION FACTOR OF 8 AND
WHEN OPERATED WITH A PLATE VOLTAGE OF #2500 vOLTS AND A
GRID BlAS OF =22 vOLTS, IT Wi-L DRAW |0 mA., OF PLATE

CURRENT AND FURNISH A POWER OUTPUT OF 400 MILLIWATTS,
WiITH A PLATE VOLTAGE OF #350 vOLTS AND A GRID BlAS oF
-3 VOLTS, ITS NORMAL PLATE CURRENT 15 INCREASED TO A
VALUE OF |6 MA. AND ITS RATED OUTPUT POWER TO SO0OMILL#=
| WATTS. |F THE PLATE VOLTAGE I3 RAISED TO A VALUE oF
The —/0 Tube. 425 voLTs, AND ITS GRID BIAS Tu =39 VOLTS, THEN 1T
PLATE CURRENT BECOMES |8 MA. AND ITS RATED OUTPUT POWER |B600 MILLIWATTS.A
PICTURE OF THE TYPE =10 Tuse APPEARsS IN FiGg. 8.

FIG.8

THE TYPE -45 TUBE

THE =45 TUBE WAS THE MOST POPULAR A,Ce. POWER TUBE FOR RECEIVER PUR-
POSES OVER A CONSIDERABLE PERIOD OF TIME. IT IS A REGULAR FiLAMENT~~TYPE
TRIODE, HAVING FOUR BASE PRONGS IN THE STANDARD UX ARRANGEMENT.THIS TUBE
ONLY HAS AN AMPLIFICATION FACTOR OF 3.5 BUT IT WiiLL HANDLE LARGE AMOUNTS
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OF POWER WITHOUT DISTORTION,

THE THICK FILAMENT, WHICH CARRIES A.C. AND AT THE SAME TIME ACTS
AS THE ELECTRON EMITTER, REQUIRES A VOLTAGE OF 2.5 VOLTS AND THE CURRENT
DRAWN BY IT IS |.5 AMPERES. THE PLATE VOLTAGE USED WITH THIS TUBE CAN
BE FROM ABOUT 90 UP TO 250 VOLTS AND THE NEGATIVE C BI1AS VOLTAGE WILL BE
ANYWHERE BETWEEN |5 AND 50 voLTS.

THE RELATIONS BETWEEN VARIOUS OF THESE PLATE VOLTAGESy GRID BIAS
: VOLTAGES AND PLATE CURRENTS ARE AS FOLLOWS:

PLATE VOLTAGE GRID BIAS VOLTAGE PLATE CURRENT

90 vevevennnnnnsnoes =15 tiiieeennennaanaas IlU Ma,
1200 eevesaseonssocnse =2100 eonevesnoocsosas 19 "
1500 e eeeeoenssncnsoes 2705 veveesesonnneses 23 "
04t eienrenenonnnnee =340 civiiiiiinienees 26"
2504 cerenscssasnsnnee =5000 tevvecacescoosss 32 "

[T Is MOST COMMON TO OPERATE THE -45 As A POWER

FlG. © AMPLIFIER WITH A PLATE VOLTAGE OF 250 VOLTS AND A GRID
The - 50 BIAS OF =50 voLTs. OPERATING UNDER THESE CONDITIONS,
THE RATED POWER OUTPUT OF THE TUBE IS 1600 MILLIWATTS

OR SLIGHTLY BETTER THAN | 1/2 waTTs.

THE TYPE -50 POWER AMPLIFIER

THE TYPE -50 POWER AMPLIFIER WHICH 1S ILLUS-
TRATED FOR YOU IN F1G. @ 15 ALSO OF THE CONVENTIONAL
TRIODE DESIGN, CONTAINING A FILAMENT, GRID AND PLATE,
TOGETHER WITH A STANDARD FOUR-PRONG BASE ARRANGEMENT,.
TS AMPLIFICATION FACTOR 15 3.8 OR ONLY SLIGHTLY
GREATER THAN THAT OF THE -U45, HOWEVER, 1T IS CAPABLE
OF DELIVERING A POWER OUTPUT OF NEARLY THREE TIMES
THAT OF THE ~45 AND TH!S 1S WHY IT MET WITH SUCH
POPULARITY IN PUBLIC ADDRESS EQUIPMENT,ETC.y WHERE
CONS IDERABLE SIGNAL POWER 1S TO BE HANDLED.

THe =50 REQUIRES A FILAMENT VOLTAGE OF 7.5
VOLTS AND DRAWS & FILAMENT CURRENT OF |.25 AMP WITH
AN APPLIED PLATE VOLTAGE OF+250 VOLTS AND A GRID FIG. 10
B1AS OF -U45 voLTS, 1T WiLL DRAW A NORMAL PLATE CUR- The 2A3
RENT OF 28 MILLIAMPERES AND DELIVERS A POWER OUTPUT
ofF 1000 MILLIWATTS.

BY USING A PLATE VOLTAGE OF U450 voLTs AND A GRID B1AS ofF -8k
VOLTS, THE PLATE CURRENT BECOMES 55 MILLIAMPERES AND THE OUTPUT POWER
LEOO MILLIWATTS.

THE 2A3

THE 2A3, WHICH IS 1LLUSTRATED 1IN FiG. 10, 1S A TRIODE-TYPE POWER
AMPLIFIER OF NEW DESIGN WH!CH 1S CAPABLE OF HANDLING A RATHER LARGE OUT-
PUT POWER. ALTHOUGH THIS TUBE HAS A STANDARD UX BASE TO WHICH ITS ELE=-
MENTS ARE CONNECTED IN THE CONVENTIONAL TRIODE ARRANGEMENT, YET ITS FiL-
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AMENT CONSTRUCTION IS SOMEWHAT OUT OF THE ORDINARY. THIS DIFFERENCE N
FILAMENT CONSTRUCTION LIES IN THE FACT THAT THE FILAMENT 1S COMPOSED OF A
LARGE NUMBER OF COATED FiLAMENTS ARRANGED IN A SERIES=PARALLEL COMBINA=
TION S0 AS TO PROVIDE A VERY LARGE ELECTRON EMITTING AREA. THE FILAMENT
AS A WHOLE, HOWEVER, HAS ITS EXTREMITIES CONNECTED TO TWO OF THE BASE

PRONGS IN THE REGULAR WAY,

WHEN USED SINGLY, IT SHOULD BE OPERATED WITH A PLATE
VOLTAGE 4 250 VOLTS AND A GRID BJAS OF =42 voLTS. THE
PLATE CURRENT WILL THEN BE 60 MA., AND THE UNDISTORTED
POWER OUTPUT 3.5 WATTS.

TOGETHER HANDLE AN OUTPUT POWER OF |5 waTTs. To RE-
ALIZE THIS OUTPUT UNDER THESE CONDITIONS, THE PLATE
VOLTAGE sHouLD BE 300 VOLTS PER TUBE AND A GRID BIAS
OF #6562 VvOLTS PER TUBE. THE PLATE CURRENT FER TUBE
wiLL THEN BE 40 Mma.

THE FILAMENT OF THE 2A3 1S RATED AT 2.5 VOLTS.

WHEN UseED IN PUSH=PULL, TWO OF THESE TUBESWILL

THE -47 POWER PENTODE

FlG.1l
YOU ARE ALREADY FAMILIAR WITH THE CONSTRUCTION 74, _ 17 Doptode

AL PRINCIPLES, OPERATION AND ADOVANTAGES DERIVED THRU

THE

USE OF THE PENTODE TYPE POWER AMPLIFIER IN BATTERY OPERATED RE

CEIVERS. ALL THAT WAS MENTIONED CONCERNING BATTERY-TYPE POWER  PENTODES
APPLIES EQUALLY WELL TO POWER PENTODES IN GENERAL As USED IN A.C. RECEIV=-
ERS, WITH THE EXCEPTION OF THEOPERATING CHARACTERISTICS OF THE TUBES THEM
SELNES AND SOMEMINOR) pIFFERENCES IN CONSTRUCTION SO A8 TO ADAPT THEM TO

THE

BOL

PARTICULAR A.C. CIRCU!IT REQUIREMENTS,
THE TvPE =47 A.C. POWER PENTODE 1S SHOWN vou IN F1c. |l AND 1TS sYM
APPEARS IN F31G6. 12 TOGETHER WITH THE CORRESPONDING SOCKET ARRANGEMENT

AS VIEWED FROM ABOVE. NOTICE THAT THE SYMBOL FOR THE =47 IS THE SAME AS
THAT FOR THE =33 BATTERY TYPE POWER PENTODE. THE SAME 1S TRUE IN RESPECT
TO THE BASE PRONG AND SOCKET ARRANGEMENT.

TH

TU
THE

THE OPERATING CHARACTERISTICS OF THE =47 ARE AS FOLLOWS!

FILAMENT e srs: coceosesvscsescssnsesssens |5 AMFERES AT 2.5 VOLTS
PLATE VOLTAGEseeese-ocasatvevasvsssnseoses 250 VoLTs (Maxivum)
SCREEN GRIC VOLTAGEe«ssccsoosssocensnssse 200 M i

CONTROL GRIC B1AS VOLTAGE.«eveeroesssssose =}6eD M

PLATE CURRENT....-o.to-oooooooooco.cooo-o 32 MA.

SCREEN GRID CURRENTeeeseosscasscssscsssse (oS MAe

AMPL'F'CAT'ON FACTOR..oto--oooooooooon-oo 90

Power OUTPUT.o............................2500 MILLIWATTS.

FroM THE PRECEDING SPECIFICATIONS OF THE =47, YOU WILL NOTE ' THAT
S TUBE OFFERS A HIGH AMPLIFICATION FACTOR IN ADDITION TO GOOD POWER

HA:ﬁLING ABILITY. BECAUSE OF THESE TWO QUALITIES, 1T IS COMMON TO FIND A

OF THIS TYPE INMMEDIATELY FOLLOWING THE DETECTCR, THUS DOING AWAYWITH
NEED FOR A STAGE OF A.F. AMPLIFICATION BETWEEN THE DETECTOR AND POWER

STAGESe. THIS I8 ESPECIALLY TRUE IN RECEIVERS OF MIDGET DESIGN, AS You

SHA

LL LEARN IN LATER LESSONS,
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THE =46 POWER AMPLIFIER

THE =46 18 A POWER AMPLIFIER TUBE OF SPECIAL CONSTRUCTION WHICH WAS
DESIGNED PRIMARILY FOR USE IN WHAT ARE KNOWN AS cLAss "B" A.F. AMPLIFIERS
AND WHICH WILL BE EXPLAINED TO YOU IN DETAIL A LITTLE LATER ONe IN GENER-
AL OUTWARD APPEARANCE, THIS TUBE IS NOT UMLIKE THE CONVENTIONAL TYPE  AS
CAN BE READILY SEEN UPON INSPECTING Fl1Ge i3

THE SYMBOL FOR THE =4F 1S SHOWN YOU IN FiG. |4 AND YOU wiLL NO
DOUBT IMMEDIATELY RECOGNIZE IT AS BEING THE SAME AS THAT OF THE TYPE - 32
SCREEN GR!0 TUBE. THIS TUBE HAS A FIVE PRONG STANDARD BASE AND WILL BE

ACCOMMODATED BY THE SAME SOCKET ARRANGEMENT AS ALREADY SHOWN YOU IN  THIS
LESSON IN RESPECT TO

-4 .
Cor\}(:jrol sD\ate_ Conkrol grid THE =47 TuBE
rid 7 g
? Screen = Plate For crass "B" op
grid — ¢ ERATION, THE SCREEN

GRID TERMINAL 18 CONN-

Screen ECTED TC THE CONTROL

grid GRID TERMINAL AT  THE
> Suppressor SOCKET AND NO BIAS VOL

Filament grid. (Evlsment TAGE 1€ EMPLOYED. THE

FILAMENT OF THE  TUBE
FiG.!72 orawe |,75 AMPERES AT

ngbo/ and Socket Lay-out for — 47 Pentode. 2.8 voLTs.

WHEN OPER*TED wITH A PLATE VOLTAGE OF 300 VOLTS, THE PLATE CURRENT
REACHES A VALUE 4 MA, AND THE OUTFUT Power I 8000 mitLiwaTTs. WiTH 400
VOLTS APPLIED TO THE ILATE, THE PLATE CURRENT BECOMES 6 MA. AND THE OUT=
PUT POWER [0000 MiILLIWATTS,

POWER TUBES WITH INDIRECT HEATERS

IN ALL OF THE A.C. POWER AMPLIFIER TUBES WHICH WERE DESCRIBED TO YOU
80 FAR IN THIS LESSON, THE FILAMENT ITSELF SERVED TO EMIT THE ELECTRONS .
ALTHOUGH THIS PRACTICE IS NOT ADVISABLE IN TUBES PRECEDING
THE POWER STAGE ON ACCOUMT OF THE ABILITY OF THEFOLLOWING
STAGES TC AMPLIFY ANY HUM INTRODUCED INTO ANY OF THE EAR~
LIER STAGES; YET THIS PRACTICE HAS BEEN FOLLOWED CONSID-
ERABLY AS REGARDS THE POWER AMPLIFIER TUBES. THIS OF
COURSE IS DUE TO THE FACT THAT THE POWER TUBE 1S INSTALLED
IN THE FINAL AMPLIFYING STAGE AND WHAT LITTLE HUM IS IN-
TRODUCED HERE CANNOT BE AMPLIFIED TO ANY GREAT EXTENT.

THIS alLL WORKED OUT FAIRLY WELL WITH THOSE POWER
TUBES HAVING A LOW AMPLIFICATION FACTOR BUT THE POWER PEN
TCDES HAVE SUCH A HIGH DEGREE OF SENSITIVITY THAT THEY AM
PLIFY CONSIDERABLY THE HUM ORIGINATING FROM THE PASSAGE OF
A.C. THROUGH THEIR FILAMENT. FOR THIS REASON, THE A.C. FIG. 1%
POWER PENTODES OF MORE RECENT DESIGN ARE OF THE IND{RECT The - 46
HEATER TYPE IN WHICH CASE THE FILAMENT OR HEATER ELEMENT
SIMPLY SERVES TO HEAT THE CATHODE ELECTRON EMITTER, THE SAME AS FOUND IN
THE TYPRE =27 TUBE.

THE 52 POWER AMPLIFIER
THE FIRST OF THESE INDIRECT HEATER TYPE POWER ARPLIFIERS, WHICH WE
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SHALL CONSIDER, 18 THE =53 PRESENTED TO You IN Fla. 15. THE sywmsBoL  FOR
THIS SAME TUBE 1S SHOWN IN Fi1ge 16 AS 1S ALSO THE SOCKET ARRANGEMENT AS
VIEWED FROM ABOVE.

THE ~59, YOU WILL NOTE, 1§ EQUIPPED WITH A HEATEFR (FILAMENT), CA=
THDDE, CONTROL GRID, SCREEN GRID, SUPPRESSOR GRID AND A PLATE. THE ENDS
OF THE HEATER ARE CONNECTED TO THE TWO BASE PRONGS HAVING THE GREATESTOI
AMETER AND THE CATHODE, CONTROL GRID, SCREEN GRID, SUPPRESSOR GRID  AND
PLLTE THEN EACH HAVE THEIR INDIVIDUAL BASE PRONG CONNECTION AS HERE SHOWN,
THUS ACCOUNTING FOR THE SEVEN BASE PRONGS. :

Control

By AVOICING INTER=ELEMENT CONNECTIONS qrid 2. Plate
WITHIN THE TUBE AND SUPPLYING ALL OF THESE CON ’
NECTION FASCILITIES EXTERNALLY, THE TUBE  CAN é—
BE ADAPTED TO A VARIETY OF PURPOSES, FOR EX= ///7
AMPLE, TO OPERATE THE TUBE AS A TRIODE, THESU
PRESSOR AND SCREEN GRIDS ARE BOTH CONNECTED TO Screen
T PLATE, THE PLATE VOLTAGE SHOULD THEN BE . 4 grid
250 VOLTS AND THE GRID BIAS =28 VOLTS. THE Filament
PLATE CURRENT WILL THEN BE 38 MA. AND THE OUY F1G. 14
PUT POWER 1250 MILLIWATTS. TO OPERATE THE Sumbol }25%1 Y
TUBE AS A PENTODE, THE SUPPRESSOR GRID SHOULD ymbol of Lite ~6.
BE CONNECTED TO THE CATHODE, THE PLATE VOLTAGE AND SCREEN GRID VOLTAGE
SHOULD THEN BE 250 VOLTS AND WITH =!8 vOLTS OF BIAS VOLTAQE OW THE CON=
TROL GR1D. THE NORMAL PLATE CURRENT WILL THEN BE 35 MA. AND TH: ouUTPUT

po@sn 3000 MILLIWATTS,.

For cLass "B" OPERATION, THE CONTRCL GRID AND SCREEN GRID SHuuLyL BE

CONNECTED TOGETHER, 400 VOLTS APPLIED TC THE PLATE AND WITH ZERO BIAS
VOLTAGE. TWO TUBES ARE GENERALLY OPERATED TOGETHER FOR cLass "B"  ampLI-
FICATION AND THE PLATE CURRENT PER TUBE WIiLL BE 15 MA. AKC el COMBINED

POWER OUTPUT OF BOTH TUBES 20 WATTS,.

THE FILAMENT CURRENT DRAWN By THE =DY IS 2 AMPERES AT
2.5 VOLTS.

THE 2Ab

THE PAD WHICH 1Is SHOWN You IN FIiG. |7 88 A POWER AM—

PLIFIER PENTODE OF THE HEATER=CATHODE OR INDIREGT HEATER
TYPE, |IT IS CAPABLE OF DELIVERING LARGE POWER OUTPUTS WITH
RELATIVELY SMALL SI1GNAL VOLTAGES, WHILE AT THE SAME TIME
KEEPING HUM AT A VERY LOW LEVEL. [T HAS PRACTICALLY THE
SAME POWER HANDOLING ABILITY AS THE =59 WHEN USED AS A PEN=
TODE.

THE SYMBOL AND SOCKET ARRANGEMENT FOR TH= < A D, AS
‘ VIEWED FROM ABOVE, IS SHOWN YOU IN Fia. i8.BY sTuDYING THIS
SYMBOL, YOU WILL READILY NOTE THAT THE CONSTRUCTION OF THIS TUBE IS QUITE
SIMILAR TO THAT OF THE =59, WITH THE EXCEPTION THAT THE SUPPRESSOR GRID 18
coJNECTEo TO THE CATHODE WITHIN THE TUBE (TSELF, THUS ELIMINATING ONE  OF
THE BASE PRONGS. CONSEQUENTLY, THE 2A5 HAS 61X BASE PRONGS WHICH ARE ARR-
ANGED TO CORRESPOND WITH THE ILLUSTRATION AT THE RIGHT of Fla. |8,

THE HEATER BASE PRONGS AND THE CORRESPONDING HOLES OF THE SOCKET
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CAN READILY BE DETERMINED BY THE FACT THAT THEY ARE OF LARGEST DIAMETER.,
THE RELATIVE POSITIONS OF THE REMA INING PRONGS TO THOSE OF THE HEATER
WILL THEN BE AS HERE |LLUSTRATED.

THE OPERATING CHARACTERISTICS OF THE 2A5 ARE AS FOLLOWS:

Control grfd HEATER VOLTAGE.:o.sss 2.5 VOLTS
Scereen HEATER CURRENT..ses .79 AMP.
Plate PLATE VOLTAGE....... 250 VOLTS
Suﬁpressc*r 7 SCREEN VOLTAGE...... 250 "
grid GRID BIASeeeveeaee—16.5 "
PLATE CURRENTee.os... 34  Ma.
; SCREEN CURRENT.v.... 6.5 "
Scrq2p Cathode ST OUTPUT POWEReeseeeeees 3 WATTS
gri
4 A Heater Plate THE -2k
Cakhode THE -24 1s A HEATER-CATH-

FIG. 16 ODE TYPE SCREEN GRID TUBE

Sqmbo/ arnd C‘OﬂﬂéCffOﬂS ofl.%e -5¢ WHICH IS INTENDED FOR USE PR.,I-

MARILY IN THE R.F. AND DETEC-

TOR STAGES OF A.C. RECEIVERS ALTHOUGH IT CAN BE USED AS AN A.F. AMPLI-

FIER ALSO. |TS INTERNAL CONSTRUCTION IS ILLUSTRATED FO