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LESSON NO. 51

WAVEMETERS AND TEST OSCI/ILLATCRS

WE ARE STARTING THIS LESSON WITH AN EXPLANATION oF WAVEMETERS, wHichH
ALTHOUGH BEING A VERY SIMPLE DEVICE AS REGARDS CONSTRUCTION ISNEVERTHELESS
A VERY VALUABLE TESTING UNIT WITH WHICH TO MEASURE THE WAVELENGTH OF RADIO
FREQUENGCY ENERGY.

THE MOST EXTENSIVE APPLICATION FOR WAVEMETERS |8 TO CETERMINE THE
WAVELENGTH OF THE R.F, ENERQY BEING RADIATED BY AN OSCILLATOR ORTRANSM|TT=-
ER AND IN F1G.2 YOU WILL S8EE THE FUNDAMENTAL CIRCUIT FOR THIS APPARATUS.

A8 YOU WILL OBSERVE IN FiG. 2, THE WAVEMETER I3 NOTHING MORE THAN AN
ORDINARY TUNING CIR—-
CUIT, CONBISTING OoF
AN INDUCTANCE ORCOJL
CONNECTED IN BERIJES
WiTH A VARIABLE CON-
DENSER.

By CHOOS ING THE
PROPER INDUCTANCE AND
CONDENSER VALUES, THIS
CIRCUIT CAN BE TUNED
OVER A DEFINITE RANGE
OF WAYELENGTHS. THE
VARJABLE CONDENSER
UBED IN THIS CASE
SHOULD PREFERABLY BE
OF THE STRAJGQHT=LINE
WAVELENGTH TYPE, 80
THAT THE WAVELENQTH
TC WHICH THE CIRCUIT
$8 TUNED WILL VARY
- APPROX IMATELY §N Di=

FIG. 1 RECT PROPORTION TO

A Multi-wave Signal Generator. THE MCVEMENT OF THE
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CONDENSER PLATES OR TUNING DIAL,

BESIDES WAVEMETERS, WE ALSO HAVE FREQUENCY-METERS. BOTH OF THESE U~
NIT8 ARE CONSTRUCTED ALIKE,WITH THE EXCEPTION THAT THE WAVEMETER |8 CAL|=
BRATED FOR WAVELENGTHS EXPRESSED IN METERS, WHEREAS THE FREQUENCY-METER I8
" CALIBRATED FOR FREQUENCIES EXPRE=-
SS8ED IN KILOCYCLES. FURTHERMORE,
FOR FREQUENCY-METERS, IT 18 PRE=-
FERABLE TO USE A B8TRAIGHT-LINE FRE

Condenser QUENCY CONDENSBER 80 THAT THE FRE=~

Z,_' _1 QUENCY TO WHICH THE CIRCUIT is

-1 TUNED WiLL VARY APPROXIMATELY {N

// DIRECT PROPORTION TO THE MOVEMENT

W .4 OF THE CONDENSER PLATES OR TUNING

Di1AL. THE DIAL USED ON BOTH THESE
INSTRUMENTS 18 GENERALLY OF THE

Inductance PRECISION VERNIER TYPE IN ORDERTO
KEEP THE DEGREE OF ACCURACY AS
Filg. 2 HIGH AS POSS|BLE,

Fundarmental Wavemeter Circuit.
AS YOU WlLL RECALL FROMYOUR

STUDIES OF RESONANCE CIRCUITS, THE
CURRENT FLOW THROUGH A BERIES RESONANCE CIRCUIT |38 MAXIMUM AT THE RESONANT
FREQUENCY AND DECREASES RAP|DLY TOWARDS E|THER SIDE OF THE RESONANT FRE=
QUENCY. THIS 1S THE BASIC PRINCIPLE GOVERNING THE OPERATION OF WAVEMETERS
AND FREQUENCY METERS, SO BEAR IT IN MIND AS WE CONTINUE WITH THE EXPLANA-
TION REGARDING THE APPLICATION OF THESE TWO INSTRUMENTS,

RESONANCE INDICATORS

THE NEXT STEP WITH RESPECT TO WAVEMETERS AND FREQUENCY-METERS S TO
PROV{IDE SOME MEANS WHEREBY ONE CAN DETERMINE WHEN THE TESTER 1S TUNED T0
RESONANCE WITH THE WAVE IN QUESTION. THERE ARE SEVERAL METHODS OF ACCOMP=-
LISHING THIS AND A SIMPLE WAY |8 ILLUSTRATED IN Fig. 3.

By sTuoviIng FiGg., 3, YOU WILL OBSERVE

THAT A SMALL FLABHLIGHT BULB IS CONNECTED §N
SERIES WITH THE TUNING CIRCUIT OF THE WAVE=-
METER. THIS METHOD 13 ONLY SUITABLE FOR MAK=
ING A TEST WHEN THE R.F. ENERGY BEING PICKED i?
UP I3 QUITE STRONG 80 THAT A CONSIDERABLE VO
TAGE 1S INDUCED INTO THE COIL OF THE WAVEMET
ER, SUCH IS THE CASE, WHEN MAKING A TESTWITH
TRANSMITTERS, TEST 08CILLATORS ETC.

| RN

WHEN USING THE SET=UP [LLUSTRATED N Small  flashlight
Fi1a. 3, YOU WILL FIND THE LAMP TO BURN WITH lamp
INCREASED BRILLIANCE AS THE WAVEMETER {8 BE-
ING TUNED NEARER TO RESONANCE WITH THE WAVE FiG.>
UNDER TEST, SINCE THE CURRENT FLOW THROUGH Lamp Resonarnce
THE WAVEMETER CIRCUIT INCREASES AS THE RES- Indicator.

ONANT FREQUENCY |S APPROACHED. THE CONDITION OF RESONANCE 18 THEREFORE IN-
DICATED WHEN THE LAMP BURNS AT MAXIMUM BRILLIANCE,

WHEN TakING SUCH A WAVE MEASUREMENT, THE WAVEMETER S8HOULD BE COUPLED
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AS LOOSELY AS POSSIBLE WITH THE CIRCUIT UNDER TEST, THAT 15, KEEP THE
WAVEMETER COIL A8 FAR AWAY FROM THE CIRCUIT UNDER TEST AS CONSISTENT W|TH
AN INDICATION FROM THE LAMP, THZ LOOSER THE COUPLING BETWEEN THE WAV E~

METER AND THE CIRCUIT UNe
DER TEST, THE S8HARPER WIJLL
BE THE TUNING CHARACTER=
ISTIC OF THE WAVEMETER AND
THE GREATER THE DEGREE OF
ACCURACY IN TAKING A MEAS
UREMENT.,

Condenser dial

THE ACTUAL APPEAR-
ANCE OF SUCH A WAVEMETER
18 SHOWN voU IN F13,4.,No=
TICE THAT IT IS A COMMON
PRACTICE TO USE PLUG=IN
COILS IN ORDER TO COVER A
GREATER RANGE OF WAVE=-
LENGTH8 AND FREQUENCIES.

Ce Flashlight lamp

Fla. 4

THE MORE EXPENSIVE
TYPE WAVEMETERS, GENERALLY The Com/o/eée Wavemeter.
EMPLOY A HOT=WIRE MILL}=
AMMETER AS A RESONANCE INDICATOR, CONNECTING THIS INSTRUMENT [NSERIES WITH
TUNING CIRCUIT AS SHOWN IN F1@e 5¢ THE HOT=WIRE MILLIAMMZITERS GENERALLY
USED FOR THIS PURPOBE HAVE A RANGE OF ABOUT O To 3 mMA, anND A ,01 MFD. con
DENSER 8HOULD BE BHUNTED ACROSS IT AS ALSO sHOWN IN Fi1G. 5, IN ORDER TO
REDUCE THE HIGH FREQUENCY RESISTANCE OF THE CIRCUIT WHICH WOULDORDINARILY
BE INCREASED APPRECJABLY BY INCLUDING THE METER |N THE CIRCUIT.

ALso 0BSERVE IN F1Ge § THAT THE WAVEMETER HERE JLLUSTRATED REQUIRES
NO PLUG=IN COILS, A SELECTOR SWITCH PROVIDES THREE WAVE RANGES. FOR 1N
STANCE, WITH THE SWITCH CLOSED TO POSITION #l, ONLY coiL #| wiLL BE IN=
CLUDED IN THE CIRCUIT. WITH THE SWITCH IN POSITION #2, coiLs #| anD #2
WILL BE CONNECTED IN SERIES, THEREBY INCREASING THE INDUZTANCE ANDFINALLY
IN POSITION #3, ALL THREE COILS WILL BE CONNECTED IN SERIES AND THEREBY
INCREASE THE INDUCTANCESTILL
MORE.

Cotl #1 HEADPHONES AS A RESONANCE
INDICATOR
13

THE MAIN OBJECTION TO

5 — CONNECTING ANY TYPE OF REB=

Coil # Ty .ol mfd. / ONANCE INDICATOR IN  SERIES

WITH THE TUNING CIRCUIT  OF

[ % "’> . THE WAVEMETER 1S THAT  SUCH
Coi :2' DEVICES ADD TO THE RESISTANCE

0
15N

m OF THE CIRCUIT AND RESISTANCE

\_ INSUCH A CIRCUIT YOU WiLL RE=

. 11 To
Hotiwirelmillimnme erM CALL CAUSES BROAD TUNING.

£ MAINTAIN ACCURACY,A WAVEMET-

F1G. 5 ER SHOULD BE RATHER S8HARP

Wavemeter With Milliammeter: VB S COJe) A B W ulkohs

THE RESISTANCE OF IT8 TUNING
CIRCUIT MUST BE KEPT DOWN TO

Lesornarnce /ndricator:
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A MINIMUM VALUE., [T 1S FOR THIS REASON THAT YOU WILL FiND WAVEMETERS WHERE
THE §NDICATING DEVICE 18 CONNECTED TO THE TUNING CIRCUIT THROUGH ELECTRO=
MAGNET§C COUPLING,

AN EXAMPLE OF THIS PRACTICE I8 ILLUSTRATED IN Fia, 6, WHERE THE REg
ONANCE INDICATOR CONSISTS8 OF A SET OF HEADPHONES USED IN CONJUNCTION WITH
A CARBORUNDUM CRYSTAL. THIS INDICATOR CIRCUIT 158 COUPLED TO THE WAVEMET=
ER COIL THROUGH ELECTROMAGNETIC INDUCTION WITH THE AID OF THE  INDICATOR
COUPLING COlLe

WiTH THIS sET-UP, THE R.F. ENERGY PICKED UP BY THE TUNED WINDING
WILL INDUCE CORRESPONDING VOLTAGES §N THE INDICATOR COUPLING. THE ENERQY
TRANSFER IS GREATEST AT RESONANCE AND 1S (NDICATED BY MAXIMUM SOUND IN
THE HEADPHONES.

THe R.Fe WAVE UNDER TEST MUST OF COURSE BE MODULATED AT AN AUDIO FRE
QUENCY IN ORDER TO BE
HEARD IN THE HEAODPHONES —

Coupl?nq Cireuit under test THE CRYSTAL ACTING AS THE
‘/\ ' DETECTOR,AS IT WERE, 80

———-- AS TO MAKE THESIGNAL AUD

I BLE.
Wavemeter =é VERY LITTLE CURRENT
/ IS REQUIRED TO  PRODUCE
Headphones AN AUDIBLE SOUND IN THE
o HEADPHONES AND THE 80UND
lnchca_i:or "} © INCREASES RAPIDLY A8 THE
coupling ' ~ J_ WAVEMETER |8 TUNED CLOS~-
coil Df% Crystal L ER TO RESONANCE WITH THE
- O CIRCUIT BEING TESTED. BE
.0005 mf4. CAUSE OF TH18, THE METHOD

HERE DESCRIBED 18 VERY
SENSITIVE AND CAPABLE OF

Fle. e TESTING COMPARATJVELY
The Coupled Indicator Circuit, weax R.F. ENERGY.

THE INDICATOR COUPLING COIL WHICH 18 USED IN F1G. 6 MAY CONSIST OF
FROM | TO 20 TURNS OF #18 B&S MAGNET WIRE WOUND ON A TUBULAR BAKEL|TE FORM
HAVING A DJIAMETER OF ABOUT 2" AND PLACED S8EVERAL {NCHES FROM THE TUNED
WINDING IN THE WAVEMETER AND ENCLOSED IN THE SAME BOX OR CONTAINER,

IF TOO MANY TURNS ARE USED ON THE COUPLING COIL AND IT 18 COUPLED
TOO CLOSE TO THE TUNED WINDING, THEN IT WILL ABSORB TOO MUCH ENERG@Y FROM
THE TUNED CIRCUIT AND AT THE SAME TIME CAUSE POOR TUNINGe 100 FEW TURNS
ON THE COUPLING COIL AND TOO LOOSE COUPLING BETWEEN T AND THE TUNED WIND
ING MAY RESULT IN SUCH A SMALL ENERGY TRANSFER THAT THE [INDICATING DEVICE
MAY NOT RESPOND DEFINITELYe

FOR THIS REASON, THE LOGICAL THING TO DO IS TO EXPERIMENT AND TO
USE AS FEW TURNS AS POSSIBLE ON THE COUPLING COIL AND ONLY SUFFICIENT COUP
LING BETWEEN THE TWO CIRCUITS AS CONSISTENT WITH A DEFINITE RESPONBE  IN
THE INDICATING DEVICE BEING USEDe

IN THE EVENT THAT CONDITIONS HAPPEN TO BE S8UCH AS TO MAKE INDUCTIVE
COUPLING BETWEEN THE CIRCUIT UNDER TEST AND THE WAVEMETER IMPRACTICAL 80
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THAT HARDLY ANY ENERGY CAN BE ACCEPTED BY THE WAVEMETER, THEN THE DESIRED
COUPLING TAN QENERALLY BE ACCOMPLISHED BY BIMPLY CONNECTING A LENGTH OF
WIRE BETWEEN ONE END OF THE WAVEMETER'S TUNED WINDING AND S8OME CONVEN |ENT
POINT OF THE CIRCUIT UNDER TEST, A8 INDICATED BY THE DOTTED LINE IN Fi1a.6.

APPLY ING THE ABSORPTION PRINCIPLE

WeE can ALBO LOOK UPON THE WAVEMETER OR FREQUENCY-METER AS BEING AN
ABSORPTION CIRCUIT IN THAT IT HAS8 THE ABILITY TO ABSORB RADIO FREQUENCY
ENERGY WHEN INFLUENCED BY SUCH A FIELD == THIS ABSORBIHNG EFFECT BEINGMOST
PRONOUNCED AT THE RESONANT FREQUENCY,

FOR EXAMPLE, IF AN OSCILLATOR |8 RADIATING ENERGY AT 700 Kc.,THEN IF
THE S§IMPLE FREQUENCY=METER OF F1a. 2 18 LOOSELY COUPLED TO THE OSCILLATOR
AND ALSO TUNED To 700 KcCe, A MILLIAMMETER CONNECTED IN THE PLATE CIRCUIT
OF THE OSCILLATOR WOULD SHOW A DECREASE IN THE FLOW OF PLATE CURRENT, A8
COMPARED TO ITS READING WHEN THE FREQUENCY=METER 18 TUNED TO SOME FREQUEN=
CY OTHER THAN THE OBCILLATOR FREQUENCY OF 700 Ke.

By ALREADY HAVING THEDIAL
NUMBERS ON THE FREQUENCY=METER
ACCURATELY CALIBRATED To READ
FREQUENC(IES IN KILOCYLES, IT 18
OBV ICUB THAT WiTH ANOSCILLATOR
RADIAT ING ENERGY OF UNKNOWN FRE
QUENCY, THE WAVE-METER COULD BE
LOOSELY COUPLED TO IT AND IT8
DIAL SLOWLY TURNED UNTIL THE
SETTING |8 DETERMINED WHERE THE
METER N THE OSCILLATOR'!SPLATE
CIRCUIT SHOWE MAXIMUM CHANGE,
THE FREQUENCY A8 INDICATED BY
THE DIAL POSITION OF THE WAVE=-
METER THUS TELLS8 ONE THE FRE=
QUENCY AT WHICH THE OSCILLATOR
18 RADIATING ENERGY, Fl1G. ]

WHEN DETERMINING THE FRE~ A Typieal Service Oscillator.

QUENCY OF A B8IGNAL BEING RE=

CEIVED BY A RADIO RECEIVER,; THE CALIBRATED FREQUENCY=~METER CAN BE LOOSELY
COUPLED TO THE RECE{JVER INPUT AND WHEN THE FREQUENCY=METER (8 ALSO TUNED
TO RESONANCE WITH THI8 SAME FREQUENCY, A DECREASE [N SIGNAL STRENGTH WILL
BE INDICATED BY THE RECEJVER AND THE SETTING OF THE FREQUENCY-METER DIAL
WiLL TELL ONE THE FREQUENCY OF THE SIGNAL BEING RECEIVED.

ALTHOUGH SIMPLE IN CONSTRUCTION, THI8 TYPE OF FREQUENCY=METER Is
QUITE DEPENDABLE, FOR BY NOTING THE CHANGE IN THE O8CILLATOR OR RECEIVER
CIRCUIT INSTEAD OF CONNECTING A METER IN THE FREQUENCY=METER CIRCUIT TO
DENOTE RESONANCE, IT 18 0BVIOUS THAT RESISTANCE I8 KEPT DOWN TO A MINIMUM
IN THE FREQUENCY=METER AND THI8 MEANS GREATER ACCURACY,

IN DESIGNING THE TUNING CIRCUITS OF THE WAVEMETERS DESCRIBED INTHIS
LESSON, THE SAME METHOD 18 EMPLOYED AS WAS ALREADY OEBCRIBED TO YOU IN
PREVIOUS LESSONS REGARDING THE TUNING CIRCUITE OF RECEIVERS.
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CONSTRUCTION OF TEST OSCILLATCRS

ALTHOUGH A GREAT MANY DIFFERENT MAKES OF @OOD TEST OR SERVICE OS8Cj-
LLATORS CAN BE PURCHASED READY MADE, YET A NUMBER OF OUR STUDENTS W{SH TO
CONBTRUCT THEIR OWN. |T I8 FOR THIS LATTER REASON THAT WE HAVE PREPARED
THE FOLLOWING INSTRUCTION., FURTHERMORE, EVEN THOUGH YOU DO NOT CARE PAR=-
TICULARLY TO CONSTRUCT S8UCH A UNIT, YET IT 1S REALLY PART OF YOUR TRAIN=
ING TO LEARN HOW THESE OSCILLATORS ARE BUILT, WE SHALL START WITH THE
SIMPLER DESIGNS FIRST AND THEN WORK ON THROUGH THE MORE COMFPLEX UNITS S8UCH
A8 ILLUSTRATED IN Fla. 7.

A BATTERY=CPERATED OSCILLATOR

A BIMPLE BATTERY=CPERATED OSCILLATOR IS SHOWN YOU IN Fiec. 8 AND AS
YOU WILL OBSERVE, IT EMPLOYS A SINGLE =39 TuBE., SO THAT THE BATTERY WEIGHT
MAY BE KEPT DOWN AS MUCH AS POSSIBLE4THREE SERJES~CONNECTED FLASH LIGHT

CELLS CAN BE USED FOR THE 4% voLT "A" guppLY AND A smaLL~-gtzE 45 voLT "B
BATTERY FOR THE "B" suppLv,

A THE TUNED _WINDING
0“'—'7””“?ﬂ00025n#a; ux-99 TO USE WITH THIS 0SClLL=
+— — { ATOR IN CONJUNCTION W|TH
o0 25th A 0005 MFD.VARIABLE CON
M |4 {Torn DENSER CONSISTS OF 60
X P 5" TURNS OF #20 B&S DpouBLE
v COTTON=COVERED MAGNET WIRE
- WOUND ON A PIECE OF |N=-
GatllerlsohTurns = 'I' SULATIVE TuBING 2" N
of #10B¥S wire =" DIAMETER. THIS WILL PER=
DC.C. on 24 'dia. MIT THE OSCILLATOR TO BE
Tube TUMNED OVER THE BROADCAST
Ela. & BAND., THE TAP 1S MADE AT
The Battery Operated Oscillator. THE 25TH TURN OF THEWIND

ING,

By sTUDYING THIS DIAGRAM MRE CLOSELY, YOU WILL NOTICE THAT HALF OF
THE WINDING I8 INCLUDED IN THE GRID CIRCUIT AND HALF IN THE PLATE CIRCUIT
OF THE TUBE 80 THAT THERE I§ VERY CLOSE COUPLING BETWEEN THEM, THIS CONe
DITION CAUSES REGENERATION TO SUCH AN EXTENT THAT THE CIRCUIT COMMEMCES
TO OSCILLATE AND GENERATE RADIO FREQUENCY ENERGY JUST LIKE THE OSCILLATOR
TUBE IN A SUPERHETERODYNE RECEIVER. THE FREQUENCY OF THESE OSCILLATIONS
WILL OF COURSE BE DETERMINED BY THE TUNING CONSTANTS OF THE CIRCUIT ASFIX
ED BY THE COIL AND CONOENS8ER COMBINAT |ON,

IN ORDER FOR THE OSCILLATOR SIGNAL TO BE AUDIBLE IN THE RECEIVER
WITH WHICH IT I8 BEING USED, THE R.F, S1GNAL MUST BE MODULATED AT ANAUDI0O
FREQUENCY AT THE OSCILLATORs THIS 18 ACCOMPLISHED BY INSTALLING A  FIXED
CONDENSER AND LEAK RESISTOR N THE GRID CIRCUIT OF THE OSCILLATOR TUBE,
THE EFFECT OF THIS GRID CONDENSER AND LEAK [S TO BLOCK AND FREE THE TUBE
AT AN AUDIBLE FREQUENCY RATE THEREBY MODULATING THE R.F, WAVE-FORM, THIS
MODULATED SIGNAL IS THEN PICKED UP BY A RECEJVER AND REPRODUCED BY THE
S8PEAKER A8 A SORT OF BUZZING SOUND, CHANGING THE VALUES OF THE GRID CON=
DENSER AND LEAK WILL CHANGE THE PITCH OF SOUND.

THE OSCILLATOR 1S COUPLED TO THE RECE{VER UNDER TEST BY CONNECTING
TERMINAL "A" OF THE OSCILLATOR IN F1G, 8 TO THE ANTENNA TERMINAL OF THE
RECEIVER. INSIDE OF THE 0SCILLATOR, ONE END OF A SHORT PIECE OF [NSULATED
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WIRE 1S CONNECTED To TERMINAL "A", THE END OF ANOTHER SHORT PIECE OF (N~
SULATED WIRE 18 CONNECTED TO ONE END OF THE OSCILLATOR'S TUNED WINDING.
THE FREE ENDS OF THESE TWO PIECES OF WIRE ARE THEN TWJSTED TOGETHER  FOR
A LENGTH OF FROM | To 2 INCHESs THIE TWISTING PROCESS WILL |NTRODUCE CAP
ACITIVE COUPLING OF A COMPARATIVELY LOW ORDER BETWEEN TERMINAL "A" AND THE
OSCILLATOR CIRCUIT., THE OSCILLATOR 1€ THEREFORE REALLY COUPLED TO THE RE=
CEIVER UNDER TEST THROUGH CAPACITIVE COUPLING.

A 10 MMFD. CONDENSER COULD ALSO BE USED IF PREFERRED 80 AS TO PRO=
DUCE THIS CAPACITIVE COUP~
LING INSTEAD OF THE TW|ST- A

ED PAIR OF W|RES. > C°“PI”’9
A 110 VOLT A.C.-D.C.
OSCILLATOR 00065 mfd,

In F1a.3 vou ARE e
1a. 7 -000 25 mfd,
SHOWN THE CIRCUIT DIAGRAM o
OF A SIMPLE MODULATED 0SC- I
ILLATOR WHICH CAN BE OPER- Ll

ATED FROM EITHER A 110 75 wat
voLT A.C. or D,C. suPPLY, [ampj , i
Zmeg- é

THE TUBE USED 18 EJTHER AN
=0lA OorR A «|2A AnD A 25
WATT 110 vOLT INCANDESCENT —01A
LAMP 18 CONNECTED IN EER- - or

IES WITH THE FILAMENT  OF .Smﬁ7 -7 A

THE RADIO TUBE IN ORDER TO 4
i HOV.J

/
REDUCE THE LINE VOLTAGE BY G I
PURPOSE. -+¢ AC-Dc ¥ -

THE PROPER AMOUNT FOR THIS

IF an A.C, suPPLY IS Fla. o )
BEING USED, IT MAKES NO D= The A.C.—DcC. Oscillator,
FFERENCE IF THE A.C. LEAD
CONNECTIONS TO THE |10 vOLT LINE ARE REVERSED BUT |F A D,C, SUPPLY 1§ BE=-
ING UBED, THEM THE LINE CONNECT{ONS SHOULD BE MADE TO CORRESPOND WITH THE
POLARITY AS INDICATED IN F1Gs D

WHEN USING A 0005 MFD., TUNING CONDENSER, THE COIL TO COVER THE
BROADCAST BAND MAY CONSIST oF 60 TURNS OF #20 B&S DoOUBLE slle COVEREDW|RE
WOUND ON AN INSULATIVE TUBULAR FORM HAVING A DIAMETER OF 25", THE TAP

8HOULD BE MADE AT THE 30TH TURN,

IT WILL BE WELL TO REMIND YOU AT THIS TIME THAT THE CONSTANTE OoF
THESE OB8CILLATOR TUNING CIRCUITS CAN BE WORKED OUT IN EXACTLY THE SAME MAN
NER A8 ALREADY EXPLAINED TO YOU IN PRECEDING LESSONS WiTH RESPECT TO THE
TUNING CIRCUITS FOR RECEIVERS,

ForR THE osCILLATOR OF F1G. 9, THE SAME METHOD OF COUPLING TO THE RE=-
CEIVER'S ANTENNA TERMINAL CAN BE USED AS SPECIFIED FOR THE OSCILLATOR OF
Fie. 8. THE "G" TERMINAL OF THE OSCILLATOR IN FI1G. @ 18 TO BE CONNECTED TO
THE RECEIVER'S GROUND TERMINAL.

THE DYNATRON OSCILLATCR

In Fig. 10 You ARE SHOWN A STILL DIFFERENT OBCILLATOR DESIGN. IN
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THI8 CASE, THE TUNING CIRCUIT (8 PLACED IN THE PLATE CIRCUIT OF THE TUBE
RATHER THAN IN THE GRID CIRCUIT; A SCREEN GRID TUBE IS USED AND THESCREEN
GRID VOLTAGE IS MADE HIGHER IN VALUE THAN THE PLATE VOLTAGE. THE GRID RE-
TURN CONNECTION I8 MADE DIRECTLY TO ONE SIDE OF THE TUBE FILAMENT,

WHEN OPERATED UNDER THESE CONDITIONS, THE TUBE WILL OSCILLATE  AND
ITS FREQUENCY OF OSCILLATION WiLL BE GOVERNED BY THE TUNING CIRCUIT. Osc=
ILLATORS WHICH ARE BASED ON THIS DESIGN ARE KNowN As DYNATRON OSCILLATORS
AND THE CHIEF ADVANTAGES OF THIS TYPE OF OSCILLATOR ARE IT8 STABILITY OF
OSCILLATION AND ABILITY TO MAINTAIN ACCURATE CALIBRAT[ON. [T §8 ALSO SiM=
PLE IN CONSTRUCT JON.
&
THE CIRCUIT DESIGN SHOWN IN F1a. |0 18 ALSO SUITABLE FOR BOTH A.C,
AND D,C, |10 VOLT OPERATION AND IT CAN BE COUPLED TO THE ANTENNA TERMINAL
OF THE RECEIVER UNDER TEST THROUGH THE |0 MMFD,, COUPLING CONDENSER  ALSO
sHOWN IN Fia. 0.

seon — 3 (OO MH A FOR THE BEST PERFORMANCE,
72y tuems*zg—wl § L' ” " | ALL TEST 08CILLATORS SHOULD BE
- R oo | ENCLOBED IN A METAL SHIELD CaNe
ki < FURTHERMORE, THE INSTRUMENT CAN
I mfd | mfd BE USED MORE EASILY IF THETUN=
i S, T _H""'D““{'. ING CONDENSER I8 OF THE STRAl~
J oy b Line GMT=LINE FREQUENCY TYPE,
'jﬁingﬁk_“Sxé
“’,1,'*:,*“—‘W;"g,AH 1A A CALIBRATING OSCILLATORS

NOW THAT YOU ARE FAMIL1AR
WITH THE BASIC OSCILLATOR CIR~
CUITS, THE NEXT STEP W|LL BE TO
LEARN HOW SUCH TESTING  UNITS
ARE CALIBRATED, FOR THE PRESENT,WE SHALL CONSIDER THE CALIBRATION OF SUCH
OSCILLATORE WHICH ARE DESIGNED TO COVER THE BROADCAST BAND ONLYe

Fla. 10
The Dynatron Oscillator

BEFORE ATTEMPTING TO CALIBRATE THE OS8CILLATOR, BE SURE THAT ALLPARTS
AND WIRING ARE N TACT, THAT THE TUBE VOLTAGES ARE CORRECT AND THAT ALL
SHIELDING I8 IN PLACE. SHOULD THE UNIT BE CALIBRATED WITHOUT ALLSHIELDING
IN PLACE, T WOULD BE FOUND THAT THE TUNING WOULD BE AFFECTED AFTER THE
SHIELDING §8 IN USE AND THE CALIBRATION WOULD THEREFORE BE {N ERROR.

IF NO CALIBRATED WAVEMETER OR FREQUENCY METER I8 AVA | LABLE; THEN THE
NEWLY CONSTRUCTED OSCILLATOR CAN BE CALIBRATED WITH ANY QOOD BROADCAST RE=
CEJIVER, [N ORDER TO USE A RECEIVER FOR THI8 PURPOSE, IT 18 NECESSARY TO
FIRST CALIBRATE THE RENCEIVER DIAL JTSELF AND FOR THIS8, BROADCAST STATIONS
OPERAT ING AT ACCURATELY CONTROLLED FREQUENCIEE CAN BE USED TO QREAT AD=—
VANTAGE.

To CALIBRATE THE RECEIVER DIAL PROCEED AS FOLLOWS: START IN AT THE
LOW FREQUENCY END OF THE DAL AND TUNE [N AS MANY OF THE GOOD BROADCAST
STATIONS AS YOU CAN UNTIL THE DJIAL INDICATOR HAS TRAVELED ACROSS (ITS EN-
TIRE SCALE, AS EACH STATION IS8 TUNED IN BY THE RECEIVER, CAREFULLY TAKE
NOTE OF THE DIAL READING AT THAT PARTICULAR TIME. WRITE THIS DIAL READING
ON A PIECE OF PAPER AND NEXT TO IT PLACE THE FREQUENCY AT WHICH THE PAR-
TICULAR STATION OPERATES. DO THIS FOR ALL STATIONS HEARDe

UPON COMPLETION OF THIS PROCESS, YOU W|LL HAVE PERHAPS TEN D IFFERENT
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DIAL NUMBERS AT WHICH BTATIONS ARE RECEIVED AND THE CORRESPONDING FRE~
QUENCY IN KILOCYCLES. LET us SUPPOSE, FOR EXAMPLE, THAT THE DIAL OF THE
RECEIVER BEING USED 18 NUMBERED FROM O To 100 AND THAT WHEN TUNING IN THE
DIFFERENT STATIONS, YOU OBTAIN THE DATA AS GIVEN IN TABLE |.

TABLE | UsiING THIS DATA,YOU CANPLOT
DIAL_§E;D|NG FREQUENCV oF STATION A CALIBRATION CURVE A8 THAT SHOWN
Being RECEIVED vou IN Fia. |le To Do THIS,WE USE
95...‘.__._  eececssens 600 Kc. CROS8~RULED PAPER OR "GRAPH PAPERz
BDieeessececcescanens 625 Keo LAYING OFF THE DIAL NUMBERS ALONG
TBevereanennsensesens TOO Kes VLlE ERACLY (00 Whils CEas el L
B8uerurrencncensnnsas 875 K. THE RIGHT AND FREQUENCIES  ALONG
BOueeeivnnnnneneennss 975 Kco Uials B Sl Gl Ul CRARILT A
BBeteiannnrnnnnnnnss. 1125 Ke, Lldainld Ul U0
Beteroennenceeesanes 1250 Ke,
204 ueeennrnnsnnsenss 1400 Ke. WE THEN MARK ONE POINT  ON
130 eeveeeneencaness.slB00 Keo THE GRAPH WHERE THE 35 DIALNUMBER
LINE CROSSES THE 600 Kc. LINE TO

CONFORM WITH THE FIRST READING OF TABLE |, SIMILAR POINTS ARE MARKED IN
THE SAME MANNER ON THIS GRAPH PAPER TO CORRESPOND WITH THE REST OF THE DA
TA IN TABLE | AND THESBE POINTS ARE THEN ALL OONNECTED TOGETHER WITH A
CONT INUOUS LINE, RESBULTING IN THE "CALIBRATION CURVE."

By REFERRING TO SUCH A GRAPH, YOU CAN TELL AT A GLANCE TO WHICHFRE
QUENCY THE RECEIVER'S TUNING CIRCUITS ARE TUNED AT ANY PARTICULAR DIAL
BETTING. EVEN IF THE RECEIVER IN USE 18 EQUIPPED WITH A DIAL ALREADY CAL='
IBRATED IN KILOCYCLES, 1T8 READINGS SHOULD BE CAREFULLY CHECKED AGAINST
THE DIFFERENT STATION FREQUENCIES, SINCE THE DIAL READINGS ARE NOT ALWAYS
ACCURATE,

HAV ING THE RECEIVER DIAL CALIBRATED, YOU CAN DISCONNECT THERECE|Iv=
ER FROM |T8 ANTENNA SYSTEM AND CONNECT THE NEW OSCILLATOR TO 1Te BY TUN-
ING THE RECEIVER TO ANY KMNOWN FREQUENCY, ADJUST THE OSCILLATORTUNING DIAL
UNTIL THE OSCILLATOR SIGNAL 18 PICKED UP BY THE RECEJVER. THE OSCILLATOR
WILL AT THI8 TIME BE TUNED TO RESONANCE WITH THE RECEIVER AND TS DIAL
SETT ING 8HOULD

THEREFORE  BE
NOTED,
:‘R 1600
By RE= = 1300
1400
PEATING THIS 5
TEST AT BEVER= q 139° AN
AL  DIFFERENT g 1700
FREQUENCIES, o : ;32
YOU WILL MAVE = lqoo
AVA | LABLE A > q
800 P
NUMBER OF DIFE g oo
ERENT 0SCILLA= 5 loo
TOR DIAL SETT- o 500
INGS WITH THE o | § 151125 35|45 | 55| 5] 15] 85 QFL
CORRESPOND ING o lo 20 30 40 50 60 7o 8o 90 190
FREQUENC)ES, DIAL READINGS
From THISDATA,
A DIAL CALIBRA= Fia. 11

TION CURVE CAN

BE PLOTTED FOR A Dial Calibrating Curve.
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THE OSCILLATOR SIMILAR TO THAT ALREADY PREPARED FOR THE RECEIVER IN Fia,
Il FROM THI8 CALIBRATION CURVE, YOU CAN THEN QUICKLY INTERPRET ANY 08C=
ILLATOR DIAL SETTING TO ITS EQUIVALENT FREQUENCY EXPRESSED IN KILOCYCLES,
THE OSCILLATOR I8 THEN BAID TO BE "cALIBRATED,"

WHILE WE ARE ON THE SUBJECT OF CALIBRATION, IT WILL BE WELL TO MEN=
TION A FEW THINGS REGARDING THE CALIBRATION OF WAVEMETERS AND FREQUENCY-
METERS, THESE UNJTS CAN BE CALIBRATED IN A SIMJLAR MANNER AND A SUITABLE
CALIBRATION CURVE PLOTTED. IN THIS CASE4IT 135 ONLY NECESSARY TO SET up
A CALIBRATED OSCILLATOR AND THE WAVEMETER OR FREQUENCY=METER AND TUMNE THE
0SCtLLATOR TO VARIOUS KNOWN FREQUENCIES., A8 THE FREQUENCY METER 13 TUNED
TO RESONANCE WI!TH THESE DIFFERENT S IGNALS, ITS DIAL READINGS ARE NOTED.
FrROM THE DATA THus OBTAINED, THE FREQUENCY METER DIlAL READINGS CAN BE PLO
TTED AGAINST THE CORRESPONDING FREQUENCIES AND A CALIBRATION CURVE DRAWN,
IN THE cCASE OF A WAVEMETER, THE FREQUENCIES CAN BE CONVERTED TO CORRESPOND-—
ING WAVELENGTHS AND THE CALIBRATION CURVE PLOTTED ON THE BASI3 OF DlAL
READINGS AGAINST WAVELENGTH IN METERS,

Triple pole ~Double Throw Suitch 1 4 Yype -30 Tube THESE SAME OSCILLATORS,WH |CH
\ = ﬁ WERE JUST ILLUSTRATED,CAN ALSO BE
b 1%\1 2 - USED TO TUNE OVER THE FREQUENCY RA
Output_ A VBT é 11J1[;;§¢ NGE As USED IN THE |.Fe.aMPLIFIERS
Ter‘minab\v-‘—‘-éL’ . ) ' E: OF SUPERMETERODYNE RECEIVERS SIMP
e\, '3%1 = LY BY USING A COIL AND CONDENSER
£ COMBINATION WHICH WILL TUNE  THE
t ] —h|*\\3 OSCILLATOR CIRCUIT TO THE DESIRED
" S fe St leFs FREQUENCYs THE OSCILLATOR CAN
SMQM*D THEN BE USED AS AN AID TO  ALIGN
THE |.F. STAGES INSUPERHETERODYNE
F1G&.az RECEIVERS.,

Cireuit of the RF ~1.F. Oseclllator

CONSTRUCTION OF A SELF-MODULATED R.F. OSCILLATOR FOR
545 =1500 Kc. AND 175=-180 Kc.

THE mMopULATED R.F, 0SCILLATOR, WHOSE CONSTRUCTION I3 ILLUSTRATED (N
Fic. 12, CAN BE UBED FOR THE ALIGNMENT OF THE |.F. TRANSFORMERS IN SUPER-
HETERODYNE RECEJVERS,AS WELL AS FOR A GENERAL PURPOSE TEST OSCILLATOR TO
COVER THE BROADCAST BAND.

CotL Ly OF THI8 OSCILLATOR S8HOULD CONSIST OF BO TURNS OF #26 B&S
DOUBLE SILK COVERED WIRE WOUND ON A TUBULAR FORM 3" N DIAMETER, THISCOIL
S8HOULD BE CENTER-TAPPED AT THE 40TH TurN. CouPLING coiL L+ sHOULD CONSIST
OF 3 TURNS OF THE SAME W|RE WOUND AT A DISTANCE OF ABOUT 3" FrROM cOIL L,

For coiL L, winD 160 Turns oF #26 B&S DOUBLE SILK COVERED WIRE  ON
ANOTHER TUBULAR FORM, HAVING A DIAMETER OF 3%, CENTER=TAP THIS COIL AT THE
80TH TUrRN, CoupLING coiL L 4 SHOULD CONSIST OF 3 TURNS OF THE SAME WIRE
WOUND AT A DISTANCE OF ABOUT 3" FrRoM coiL L,. THE WINDING FORM CONTAINING
coits L, AND L SHOULD BE MOUNTED AT RIGHT ANGLES TO THE FORM CONTAINING
colts L, AND L, WHEN ASSEMBLING THE UNITS IN THE TEST KiT.

To COVER THE BROADCAST BAND FROM 545«|500 Kc. WITH THI8 OSCILLATOR,
CLOSE THE TRIPLE POLE SWITCH TO POSITION "A", opeEn swiTcH #1 anD CLOSE
sWiTcH #2. Use ouTPUT TERMINAL #] TO COUPLE THE UNJIT TO THE RECEIVERUNDER
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TEST AND TUNE TO THE DESIRED BROADCAST FREQUENCY BY MEANS OF THE +00025
MFD. TUNING CONDENSER, THE OSCILLATOR WILL OF COURSE REQUIRE "CAL I1BRAT1ON"
OVER THiS FREQUENCY BAND, A8 YOU HAVE ALREADY LEARNED IN THIS LESSON.

To TUNE OVER THE 175=180 Kc. BAND FOR |.F. TRANSFORMER ADJUSTMENTS,
CLOSE THE TRIPLE POLE SWITCH TO POSITION "B" AND cLosE swiTcHes #1 anp $2.
USE ouTPUT TERMINAL #2 TO COUPLE THE TEST UNIT TO THE RECEIVER AND ADJUST
TO THE DESIRED |.F. FREQUENCY WITH THE 00025 MFD. TUNING CONDENSER.

THE DIAL SETTING REQUIRED FOR THIS8 CONDENSER, N ORDER TO TUNE YO
175 Kcoe AND THE VARIOUS OTHER COMMONLY USED INTERMEDIATE FREQUENCIES CAN
BE DETERMINED BY CALIBRATING THE TESTER WITH ANY GOOD STANDARD MAKE COMMe

ERCAIL |+F, 08CILLATOR. THAT s, WITH THE |,F, TRANSFORMERS OF A Q00D
BUPERHETERODYNE RECEJVER ADJUSTED TO EXACTLY |75 KCo WITH THE AID OF A
RELJABLE 0SCILLATOR, YOU CAN THEN OOUPLE YOUR NEW 0SCILLATOR TO THE 1eFe

8TAGEE OF THE SAME RECEIVER AND ADJUST ITS TUNING CONDENSER UNTIL THE MAXe
IMUM SIGNAL IS HEARD IN THE RECEIVER'S 8PEAKER. YOUR OSCJLLATOR |8 THEN
TUNED TOo THE |75 Kc. FREQUENCY,S80 NOTE ITS DIAL SETTING CAREFULLY. IT CAN
BE CALIBRATED FOR ANY OTHER INTERMEDIATE FREQUENCY WITHIN TS RANGE IN THE
BAME MANNERS

HAV ING CONCLUDED THIS LESSON, YOU SHOULD NOW HAVE A GOOD UNDERSTAND=
ING OF THE CONSTRUCTIONAL FEATURES OF WAVEMETERS AND TEST OSCILLATORS, LA~
TER ON, YOU WILL BE GIVEN SPECIFIC INFORMATION A8 TO THE METHODS OF USING
BOTH OF THESBE TESBT DEVICES TO THE GREATEST ADVANTAGE IN ACTUAL RADIO PRA=
CTicE, FOR THE PRESENT, WE ARE CHIEFLY INTERESTED IN THE CONSTRUCTION OF
THESE TESTERS IN THEMSELVES.

IN THE NEXT LESSON, YOU ARE GOING TO CONTINUE YOUR STUDY OF TEST
EQUIPMENT BY LEARNING ABOUT TUBE CHECKERS AND WHICH YOU WILL FIND TO 8E

INTERESTING, HIGHLY INGETRUCTIVE AND PRACTICAL,
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EXAMINATION QUESTIONS

LESSON NO. 51|

. "

e~ DESCRIBE THE BASIC PRINCIPLES OF THE WAVEMETER.

2.

3e

4.

5.

6.

7.

8.

9.

10.~

BN

WHAT 1S THE DIFFERENCE BETWEEN A WAVEMETER AND A FREQUENCY
MeTER?

ExXPLAIN THE ACTION OF THE WAVEMETER WHEN A LAMP |8 USED ASB
THE RESONANCE INDICATOR.

WHAT 18 THE CHIEF ADVANTAGE OF USING ELECTROMAGNETIC COUP-
LING BETWEEN THE WAVEMETER AND REBONANCE INDICATOR CIRCUIT
RATHER THAN CONNECTING THE RESONANCE INDICATOR DIRECTLY (N
THE TUNING CIRCUIT OF THE WAVEMETER?

DRAW A CIRCUIT DIAGRAM OF A BATTERY=OPERATED TEST OSCILLAT
OR.

EXPLAIN HOW THiS SAME TEST OSCILLATOR OPERATES.

WHAT ARE THE ESSENTIAL DiFFERENCES BETWEEN A DYNATRON osc~
{LLATOR AND THE CONVENTIONAL TYPE OF OSCILLATOR?

EXPLAIN HOW YOU WOULD GO ABOUT THE TASK OF CALIBRATING A
RECEIVER DIAL WHICH I8 MARKED WITH THE NUMBERING SYSTEM
FrRoM O To 100 80 THAT 1T8 READINGS CAN BE EASILY CONVERTED
TG EQUIVALENT FREQUENCIES EXPRESSED IN KILOCYCLES.

How CAN YOU CALIBRATE A NEWLY CONSTRUCTED TEST OBCILLATOR
TO COVER THE BROADCAST BAND, USING A STANDARD BROADCAST
RECEIVER A8 A GUIDE?

DRAW A CIRCUIT DIAGRAM OF A SIMPLE TEST OBCILLATOR WHICH
CAN BE OPERATED FROM EITHER A 100 vout A.C. or D.C. POwWER
BUPPLY,.

/AN
-
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LESSON

e« TUBE CHECKERS -

OF ALL THE PARTS INCORPORATED IN RADIO RECEIVERS, AMPLIFIERS

ETC.,

THE TUBES cAN BE CONSIDERED A8 BEING THE MOST FRAGILE PART OF THEASSEMBLY,
NOT ONLY ARE THEY BUBJECT TO MECHANICAL BREAKDOWN IF ABUSED THROUGH CARE=

LEBS MANDLING OR THOUGHTLESS OPERATION OF THE EQUIPMENT BUT THEY WILLALSO

BECOME LESS EFFICIENT WITH CONTINUED USE.

ForR TH1S LATTER REASON, IT 18 CONSIDERED GOOD PRACTICE TO RENEW ALL
RECEIVER TUBES WHICH HAVE BEEN IN SERVICE FOR AT LEAST ONE YEAR., ALTHOUQH

THE RECEIVER MAY APPARENTLY 8TILL BE WORKING ALRIGHT WiTH THE SAME - oLD
8ET OF TUBES, YET IN THE MAJORITY OF CA8E&ES, THME RECEIVER WILL BE FOUND TO
HAVE BETTER AMPLIFYING ABILITY AND IMPROVED TONE QUALITY WHEN THE NEW

TUBES ARE INSTALLED.

ALTHOUGH INSTALLING NEW TUBES
WILL DEMONSTRATE IMPROVED PERFOR-
MANCE, YET BEFORE TAKING IT FORGRA
NTED THAT THE OLD TUBES ARE NO
JONGER SATISFACTORY, IT 13ADVISABLE
TO SUBJECT THEM TO SYSTEMATICTEASTS
WHICHWILL DEFINITELY INDICATE THE IR
CONDITIONs, LET us NOW PROCEED AND
SEE HOW THESE TESTS ARE MADE.

S0 THAT YOU WILL OBTAIN A
CLEAR MENTAL PICTURE OF THIS WORK,
WE SHALL START OUR EXPLANAT {ONWITH
THE MOST SIMPLE FORM OF TUBE TESTS
OR THE FUNDAMENTAL TESTS,AS IT WERE,
AND THEN GRADUALLY CARRY OUR INVESI
1GATION THROUGH THE MORE ELABORATE
TUBE CHECKERS SUCH A8 ILLUSTRATED
in Fia. l.

IN THIS MANNER, YOU WlLL MORE
EASILY QRASP THE FUNDAMENTAL OPER-

FlG. 1

A Modern Tube

Checker.
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AT ING PRINCIPLE UPON WHICH ALL EQUIPMENT OF THIS TYPE 18 BASED.

TESTING THE ELEMENTS

WHEN A RECEIVER DOES NOT OPERATE PROPERLY FOR SOME REASON OR OTHER,

THE AVERAGE OWNER GLANCES

Tu be Socket 4

O, L
#3 v o #1

<—» o o

/ o

W

“

AT THE TUBES FIRST OF ALL,
IF HE OBBERVES THAT THE FIL

AMENTS OR HEATERS EMIT LIGHT,
HE ASSUMES THAT THE TUBES

ARE [N GOOD CONDITION  AND

SUSPECTS SOME OTHER PORT ION

OF THE CIRCUIT A8 BEING AT

FAULT.

Now AN IMPORTANT THING
FOR YOU TO REMEMBER (S8 THAT
THE MERE FACT THAT A TuBe's

1G5
VO”-"‘G*&" — S——— Bakeries FILAMENT 1§ HEATED TO JNCAN=

DESCENCE, DOES NOT NECESSAR-

FIG.2
The Short Tester.

ILY MEAN THAT THE TUBE I8
Goob, FURTHERMORE, SOME TYPES
OF TUBES NORMALLY DRAW 80

LITTLE FILAMENT CURRENT THAT YOU CAN HARDLY TELL BY OBSERVATIONWHETHER
THE FILAMENT 18 HOT OR NOT. EVEN THOUGH THESE FILAMENTS MAY BE INTACT,
THE TUBE MAY BE INOPERATIVE DUE TO THERE BEING AN INTERNAL 8HORT CIJRCUIT
BETWEEN T8 ELEMENTS, POOR ELECTRON EMISSION ETC.

IN F18e 2 YOU ARE SHOWN A VERY SHAPLE FORM OF TESTER WHICH WILL IN=
DICATE WHETHER OR NOT THE FILAMENT OF A FOUR-PRONG TUBE 1S COMPLETE, AS
WELL AS TO INDICATE WHETHER OR NOT ANY OF T8 ELEMENTS ARE SHORTED TOGETH

ERe AS YOU WILL OBSERVE, THIS DEVICE

CONSISTS OF NOTHING MORE THAN A
Four-proNG (UX) socker, THREE4Y voLT
"CY" BATTERIES AND THREE LOW-RANGE
D.Cs VOLTMETERS.

Now THEN, IF METER #| FalLs To
OFFER A READING WHEN THE TUBE I8 IN
SERTED IN THE SBOCKET,THE TEST  IN-
DICATES THAT THE FILAMENT IS  OPEN
CIRCUITED OR "BURNED out", as wE
GENERALLY BAY. |F METER #| INDICATES
"BATTERY VOLTAGE",THEN THE FiLAMENT
13 NOT BURNED OUT,.

SHOULD METER #2 OFFER A READ-
ING, THEN THE TEST SHOWS THAT  THE
PLATE AND FILAMENT ARE S8HORTED TO-
GETHER, WHEREAS A READING AT VOLT=
METER #3 INDICATES THAT THE GRIO AND

FILAMENT ARE SHORTED TOGETHER. Ir
THE TUBE I8 GOOD, NEITHER VOLTMETER
#2 NOR METER #3 SHOULD OFFER ANY

READING, THESE ARE NOTHING MORE THAN
THE CONVENTIONAL CONTINUITY TESTS

i
e} & Plate

Grld\'
b N
/| [ Socket N
11\o o) | N
AR
[ \ < Filament
Fil nt
ilame AR #1 L
=T
Wi
—ﬂl' m .m/'uc‘
" Noltmeter
o ba“'e,rg
FIgc. 3

A Short-Tester With Switches.
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W{TH WHICH YOU ARE ALREADY S0 FAMILIAR,

THiIS SAME SHORT CIRCUIT TEST COULD ALSO BE ACCOMPLISHED BY USINGFLA=
SHLIGHT CELLS TO REPLACE THE "C" BATTERIES AND SMALL FLASHLIGHT LAMPS TO
TAKE THE PLACE OF THE VOLTMETERS. IN THIS CASE, A LAMP WOULD BURNWHENEVER
A SHORT CIRCUIT EXISTS BETWEEN ANY OF THE ELEMENTS.

By USING THE CRUDE ARRANGEMENT OF F1@. 2, THREE VOLTMETERS AND THREE
"C! BATTERIES ARE REQUIRED, OR ELSE IF ONLY A SINGLE "C" BATTERY AND A

S8INGLE VOLTMETER IS USED, THEN THE CONNECTIONS WILL MAVE TO BE INTERCHANG

ED §N ORDER TO CONDUCT THE DIFFERENT TESTS. NEITHER OF THESE METHODS 18
REALLY PRACTICAL FOR A TESTING INSTRUMENT OF THE COMMERCIAL. TYPE, IN THAT
THE F{RST METHOD INCREASES THE CO8T AND THE SECOND METHOD REQUIRES TOO
MUCH MAN |PULATION ON THE PART OF THE S8ERV)CEMAN,

FROM A PRACT{ICAL SBTANDPO INT, NO EQUIPMENT SHOULD BE DUPLICATED AND
THE ARRANGEMENT SHOULD BE SUCH THAT THE TESTS8 CAN BE MADE QUICKLY AND
ACCURATELY. WITH THESE POINTS IN MIND, LET US NOW SEE HOW THE FEATURES AND
BASIC PRINCIPLES A8 FOUND {IN Fi1Ge 2 CAN BE APPLIED TO A SIMILAR TESTER OF
COMMERCIAL APPEARANCE.

THE REVISED CIRCUIT APPEARS IN F1G. 3 AND AS YOU WILL NOTICE,ONLY A
SINGLE BATTERY AND A SINGLE VOLTMETER IS USED AND ALL OF THE TESTS CAN BE
CONDUCTED B8Y MERELY INSERTING THE TUBE UNDER TEST IN THE SOCKET AND €LOS-
ING EACH OF THE FOUR SINGLE=-THROW, DOUBLE-POLE SWITCHES ONE AT A TIME AS
THE METER 18 WATCHED.

NOTICE CAREFULLY HOW TH|8 ARRANGEMENT 8IMPLIFIES MATTERS. FOR IN=
8TANCE, TO TEST THE FJ}LAMENT FOR CONTINUITY, IT 15 ONLY NECESSARY TO CLOSE
SWITCH #': TO CHECK FOR A SHORT BETWEEN THE PLATE AND FILAMENT, CLOSE

8W)TCH #2; TO CHECK FOR A SHORT BETWEEN THE GRID AND FILAMENT, CLOSESW]TCH

#3 AND TO TEST FOR A SHORT BETWEEN THE PLATE AND GRID,CLOSE SWITCH 4,
ALL THAT WOULD dE VISIBLE ON THE CONTROL PANEL OF THi{3 TESTER IS THEVOLT=
METER, THE SOCKET AND THE FOUR SWITCHES. THE REST OF THE EQUIPMENT AND

WIRING WOULD ALL BE CONCEALED IN THE CABINET OF THE TESBTER.

ONLY SLIGHT REVISIONS WOULD BE NECESSARY TO CONDUCT THESE SAME TESTS
ON FIVE, 81X OR SEVEN PRONG TUBES, THE ONLY ADDITIONAL REQUIREMENTS BEING
CORRESPONDING BOCKETS, AND THE ADDITIONAL SWITCHES AND WIRING SO THAT THE
OTHER INTER-ELEMENT TESTS CAN BE MADE. REGARDLESS, OF THE TYPE TUBE S8OCK-
ET BEING EMPLOYED, THE FUNDAMENTAL PRINCIPLES AS DESCRIBED RELATIVE To
Fias $#2 AND #3 STILL APPLY == THIS WILL BE MORE EVIDENT WHEN YOU STUDYTHE
CIRCUITS OF THE COMPLETE TUBE CHECKERS LATER IN THIS LES8SON.

THE STATIC MUTUAL-CONDUCTANCE TEST

AFTER A TUBE HAS ,BEEN CHECKED FOR CONTINUITY OF 178 FILAMENT, A8 WELL
AS FOR INTER-ELEMENT SHORT CIRCUITS8, 1T SHOULD NEXT BE SUBJECTED TO A MU=
TUAL CONDUCTANCE TEST. THE MUTUAL CONDUCTANCE OF A TUBE, YOU willL RECALL,
IN A LARGE MEABURE DETERMINES 1T858 PERFORMANCE,

Fia. 4 8sHOWS YOU THE FUNDAMENTAL CIRCUIT SET=UP WITH WHICH A SIMPLE
MUTUAL=CONDUCTANCE TEST CAN BE MADE.

To MAKE THIS TEST, RMEOSTAT R, AND POTENTIOMETERS R2,R3 anD R4  ARE

S
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ALL ADJUSTED SO THAT THE FILAMENT, PLATE, SCREEN AND BJAS VOLTAGES WILL
ALL CORRESPOND TO THE VOLTAGE VALUES AT WHICH THE TUBE I8 NORMALLY TO BE
OPERATED., THE SWITCH IN Fi1G. 4 18 AT THIS TIME CLOSED IN THE "pown pOSI-
Tion",

WiTH THESE VOLTAGE VALUES NOW FIXED, A DEFINITE PLATE CURRENT SHOULD
FLOW WHICH CAN BE QUICKLY CHECKED WITH THE PLATE CURRENT VALUE WHICH THIS
SAME TYPE OF TUBE SHOULD PASS UNDER THESE SAME CONDITIONS AS PER THE MAN=-
UFACTURER'S SPECIFICATIONS FOR THIS TYPE OF TUBE, THIS IN ITSELF ISA PAR=
TIAL TEST OF THE TUBE'S OPERATING ABILITY, |

THE NEXT STEP 1§ TO CHANGE THE GRID B81AS8 VOLTAGE AND OBSERVE  THE
CORRESPONDING CHANGE
IN PLATE CURRENT A8
INDICATED BY THEMILL=
tAMMETER, 1O DO THIS
{ﬁ?\ IN THE CIRCUIT OF Fia.
N 4,1T 18 ONLY NECESS-
ARY TO CLOSE THESWIT-

D

CH IN THE "UPWARD POg
ITION", AT WHICH TIME,
THE VOLT-DROP ACROSS
POTENT IOMETER RS wiLL
BE ADDED TO THE FORM=
ER BIAS VOLTAGE AND
THEREBY NOW INCREASE

THE BIAS VOLTAGE., LET

__—_®_r; US ASSUME THAT R5
HAS BEEN ADJUSTED TO

Switch

il

Vv ﬂ?\ PRODUCE A DROP OF {
Nl
R4 RB\F VOLT.
NNV
[ Rz THIS INCREASED
|4'l BIAS VOLTAGE W|LL DE-
CREASE THE PLATE CUR=
"__""I'I'I'}_" RENT AND THE NEWPLATE
CURRENT VALUE CAN THEN
Fl1G, 4 BE READ ON THE MILLI~
A Static Mutual- Conductance Jester: AMMETER. THE FORMULA

FOR DETERMININGMUTUAL
CONDUCTANCE 18 A8 FOLLOWS:

MuTuaL CoNDUCTANCE . CHANGE IN PLATE CURRENT PRODUCED
CHANGE IN GRIO POTENT[AL PRODUCING 1T,

FOR INSTANCE, LET US SUPPOSE THAT WE ARE TESTING A TUBE N THE CIR-
culT OF FiG. 4 AND FIND THAT WITH THE SEWITCH CLOSED IN THE DOWNWARD POS|=
TION, A BIA8 VOLTAGE OF =3 VOLTS I8 APPLIED TO THE GRID OF THE TUBE  AND
THE PLATE CURRENT AS INDICATED BY THE MILLIAMMETER IS 6 MA. THEN LET U8
SUPPOSE THAT WE CLOSE THE SWITCH TO THE UPPER POSITION S0 THAT THE  GRID
B1AS NOW BECOMES =4 VOLTS AND THAT THE PLATE CURRENT DROPS TO 5 MA.

FROM THIS DATA, WE CAN READILY SEE THAT A CHANGE OF 4 MINUS 3 OR |
VOLT IN THE BIAS VOLTAGE PRODUCED A CHANGE OF 6 MINUS50R | Ma.(.00! amP,)
IN THE PLATE CURRENT. SUBSTITUT ING THESE VALUES IN OUR FORMULA, WE HAVES

MuTUAL CONOUCTANCE < 00! — .00! mHos OR 1000 MicROMHOS. (IT 1s THE
I
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COMMON PRACT ICE TO EXPRESS THE MUTUAL CONDUCTANCE OF TUBES IN M|CROMHOS =
ONE MICROMHO BEING EQUIVALENT To |,000,000 MHOS.) THE MUTUAL CONDUCTANCE
OBTAINED IN THIS WAY CAN THEN BE COMPARED TO THAT SPECIFIED BY THE  MANU-
FACTURER FOR A NEW TUBE OF THE SAME TYPE AND THE WORTH OF THE TUBE THUS
JUDGED. THIS METHOD OF TESTING TUBES IS SOMETIMES CALLED THE "GRio- sHIFT®
METHOD AND THIS SAME PRINCIPLE IS BEING EMPLOYED IN MOST OF THE COMMERCIAL
TUBE TESTERS,

SO0 THAT THE SERVICEMAN NEED NOT STOP TO ACTUALLY WORK OUT THE MUTUAL
CONDUCTANCE FORMULA FOR ANY TUBE UNDER TEBT, MOST MANUFACTURERS OF TUBE
CHECKERS SUPPLY A CHART WHICH INDICATES THE DESIRABLE CHANGE IN PLATE CUR=
RENT FOR THE DIFFERENT TYPES OF TUBES FOR THEIR PARTICULAR TESTER. THE
SERV ICEMAN NEED THEREFORE ONLY NOTE THE TWO MJLLIAMMETER READINGS MHE 08—
TAINS FROM THE TEST AND COMPARE THEM WITH THOSE OF THE CHART |N ORDER TO
JUDGE THE WORTH OF THE TUBE.

SOME OF THE COMMERCIAL TUBE CHECKERS, ESPECIALLY THOSE OF THE COUNTER
TYPE, SUCH AS ILLUSTRATED IN F1G. 5, CARRY A SPECIALLY CALIBRATED METER
SCALE WHICH 18 DIVIDED INTO SECTIONS IN TERMS OF "SaTisracTory", "Ooustrurt®
AND "UNSATISFACTORY" READINGS, FOR THE BENEFIT OF THE
CUBTOMER SO THAT HE TOO CAN JUDGE THE CONDITION oF
HIS OWN TUBES IN A SIMPLE MANNER AND WITHOUT BECOMING
CONFUSED BY CONVENTIONAL METER READINGS WHICH MAY BE
BEYOND HIS TECHN ICAL UNDERSTAND INGe

EVEN THOUGH THE STATIC MUTUAL~CONDUCTANCE TEST
MAY SHOW A TUBE AS BEING ENTIRELY SATISFACTORY,YET
THIS DOES NOT NECESSARILY MEAN THAT THE TUBE WiLL FUN
CTION PROPERLY WHEN INSTALLED IN AN OPERATINGRECEIVER
CIRCUIT, IN OTHER WORDS, EVEN THOUGH THE MUTUAL CON=
DUCTANCE TEST PERMITS A SUFFICIENTLY ACCURATE CHECK IN
THE MAJORITY OF CABES, STILL IT 18N'T ABSOLUTELY"FOOL
PROOF" IN JUDGING A TUBE'S WORTH WHEN UNDER ACTUAL OP

ERATING CONDITIONS. SOMETIMES,S8UCH A CHECK WILL SHOW Fi1G6.5
A TUBE AS BEING "PERFECT" AND YET IT FAILS TOFUNCTION A Counter Tube
PROPERLY UNDER ACTUAL WORKING CONDITIONS IN THE CIR= Checker:

CUIT IN WHICH IT IS TO BE USED. WHEN SUCH A CONDITION
ARISES, THE COMMON PRACTICE 18 TO TRY A NEW TUBE IN THE CIRCUIT.

THE DYNAM|C MUTUAL-CONOUCTANCE TEST

THE FUNDAMENTAL CIRCUIT IN F1e. 6 sHOWS YOU HOW A DYNAMIC MUTUA L=
CONDUCTANCE TEST CAN BE MADE. THIS METHOD 18 SUPERIOR TO THE STATIC MUTUAL
CONDUCTANCE TEST IN THAT AN A,C. VOLTAGE 18 APPLIED TO TKE CONTROL GRIDe
FOR THIS REASON, THE TUBE I8 TESTED UNDER CONDITIONS WHICH APPROXIMATE AC=
TUAL OPERATING CONDITIONS,

THE ALTERNATING COMPONENT OF THE PLATE CURRENT |8 READ BY MEANS OF A
sPECIAL A,C. MILLIAMMETER. THE MUTUAL CONDUCTANCE OF THE'TUBE 18 THEN EQUAL
70 THE A.Ce PLATE CURRENT DIVIDED BY THE INPUT SIGNAL VOLTAGE. IN OTHER
WORDS, |F A ONE=VOLT RMS s81GNAL 18 APPLIED TO THE GRID, THE PLATE CURRENT
READING IN MILLIAMPERES MULTIPLIED 8Y ONE~THOUSAND WILL BE THE VALUE OF THE
MUTUAL=CONDUCTANCE IN M]}CROMHOS8,

THE EMISSION TEST

THE FUNDAMENTAL CIRCUIT FOR MAKING AN "EM18810N TEST" 18 ILLUSTRATED
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i
FOR YOU IN Fia. 7. THis 18 PERHAPS THE SIMPLEST METHOD OF INDICATING A
Tuee's CONDITIONs SINCE THE ELECTRON EMISSION DECREASES AS THE TUBE WEARS
OUT, LOW EMISBSION 18 A SYMP=
TOM OF THE END OF TUBESERVI|CE
ABILITY,.

] To MAKE THISE  EMISSION
A.C. TEST,ALL OF THE ELECTRODES, EX
input ch CEPT THE CATHODE ARE CONNECTED
a TO THE PLATE. THE FILAMENT,OR
HEATER I8 THEN OPERATED AT RA
TED VOLTAGE AND A LOWPOSITIVE
l' VOLTAGE 18 APPLIED TO THE
v ,@r PLATE., AFTER THE TUBE HAS REA~
CHED CONSTANT TEMPERATURE, THE
@ ELECTRONIC EMISSION IS READON
N~/ | THE MILLIAMMETER., READINGS
||||I AAAN WHICH ARE WELL BELOW THE AVER-
AGE FOR A PART|CULAR TUBE TYPE
INDICATE THAT THE TOTAL NUMBER
q.l OF AVAILABLE ELECTRONS HAS BEEN
! §0 REDUCED THAT THE TUBE I8 NO
CIG. o LONGER ABLE TO FUNCTION PROP=
ERLY.

*.Iu

The Dynamic Mutual-Conductance Jester

THE EMISSION TEST 1SNOT
ALTOGETHER RELIABLE IN THAT COATED FILAMENTS OR CATHODES OFTEN DEVELOPE AG
TIVE SPOTS FROM WMICH THE EMISSION I8 SO GREAT THAT THE RELATIVELY SMALL
GRID AREA ADJACENT TO THESE SPOTS. CANNOT CONTROL THE ELECTRON STREAM.UNDER
THESE CONDITIONS, THE TOTAL EMISSION MAY INDICATE THE TUBE TO BE NORMAL
ALTHOUGH THE TUBE 1S UNSATISFACTORY. ON THE OTHER HAND, COATED TYPES OF Fij
AMENTS ARE CAPABLE OF SUCH LARGE EM|SS|ON THAT THE TUBE WILL OFTEN OPERATE
SATISFACTORILY AFTER THE EMISSION HAS8 FALLEN FAR BELOW THE ORIGINAL VALUE.

COMPLETE TUBE CHECKERS

Now THAT YOU HAVE INVEST|GATED THE
BASIC PRINCIPLES UPON WHICH ALL CONVENTI1ONAL
TYPES OF TUBE CHECKERS OPERATE, LET US NEXT j “
LOOK AT THE CIRCUIT ARRANGEMENT OF THE COM= %
PLETE TUBE CHECKERS A8 USED IN THE INDUSTRY
80 THAT MANY DIFFERENT TYPES OF TUBES CAN
BE TESTED IN THE SAME UNIT.

THE PANEL LAYOUT OF A SIMPLE BUT SER- —-@—
VICEABLE MODERN TUBE CHECKER 18 SHOWN  YOU !
IN Fige 8., As YOU WILL OBSERVE, IT HAS FOUR =4 |||,—"‘J/"V
SOCKETS TO ACCOMODATE FOUR, FIVE,S8IX AND
SEVEN=PRONG TUBES; A SINGLE METER; A ROTARY
. =TYPE SELECTOR SWITCH FOR VARIOUS F|[LAMENT
VOLTAGES; TWO PUSH=BUTTON SW]TCHES; EIGHT _:Illlll T
TOGGLE SBWITCHES; AND A RED GLASS "suLls-EvE®
TO EXPOSE A PILOT LIGHT, Fl1G6.7

— - .
THE CIRCUIT DIAGRAM FOR THIS SAMETUBE The Emission Test
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CHECKER 1§ SHOWN IN F1Gs9 AND YOU WiLL REAR
ILY OBBERVE THAT 1T 13 A.C, OPERATED.THIS
TUBE CHECKER 168 DESIGNED TO TEST ALLTYPES
OF TUBES FOR EVERY POSSIBLE TYPE OF SHORT
CIRCUIT WITHIN THE TUBE,TO TEST EACH ELE-
MENT SEPARATELY,TO TEST HEATER=-CATHODE LE
AKAGE IN ADDITION TO OFFERING AN EMISSION
TEST REQUIRING NO CALCULATIONS AND WHICH
18 SUFFICIENTLY ACCURATE FOR THE GENERAL
TYPE OF TESTS A8 REQUIRED FROM TESTERS OF
A PORTABLE NATURE,

o
By sTuoving Fia. 9 yvou wiLL SEE 1(5,: :
THAT A SPECIAL TYPE OF POWER TRANSFORMER PIL.VOLTAGE
IS USEDe IT8 PRIMARY WINDING IS DES|GNED
FOR |05=125 vOLTS AND 1TS SECONDARY WIND=

ING HAS8 NUMBEROUS TAPS 80 THAT A LARGE FIGQ. &
VARJIETY OF FILAMENT VOLTAGES ARE AVA!L= Panel of‘a Tobe Checker
ABLE, ) :

TRANSFORMERS OF THIS TYPE CAN BE PURCHASED READY=MAOE FROM  SEVERAL
OF THE LARGER RADIO SUPPLY HOUSES AND ARE KNGWN AS "TUBE TESTER  F|LAMENT
TRANSFORMERS ",

SwiTcHES SW, |=2=4-5<6 aAND 10 ARE OF THE SINGLE-POLE, DOUBLE=THROW
TOGGLE TYPE; SW=3 I8 A SINGLE POLE, SINGLE~THROW PUSH=-BUTTON SWiTCH; SW=8
I8 A SINGLE=-POLE, DOUBLE THROW PUSH-BUTTON SWITCH OF THE NON=LOCKING TYPE;
SW=7 18 A DOUBLE=POLE, DOUBLE=THROW TOGGLE SWITCH} SW=9 18 A |0=POINT, Si=~

NGLE DEOK NON-8HQ
"1 RTING ROTARYSWITCH
——@C.G. TIP JACK AND SW=11 s ASI=~
NGLE CIRCUIT “ON-
oFF''TOGGLE 8WITCHe
THE METER 18 AWEg
ToN MODEL 301 DeCe
MILLIAMMETER HAV~
ING A RANGE oF
0-50 MmA.

To use THIS
TUBE CHECKER PRO=-
CEED AS FOLLOWS!:

(1) INsTALL THE
TUBE IN THEPROPER
SOCKET AND SET
SWITCH 9 FOR THE
RATED FILAMENT VOl
TAGE OF THE TUBE
BEING TESTED.(THE

s V-AC., SECONDARY WINDING
OF THIS TYPE OF

_ ~ Fle.9 TRANSFORMER  ARE
Crreuit  Diagram of the Tube GENERALLY TAPPED
Checlker TO OFFER VOLTAGES

OF [.5=2,0=2,6=
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3e3=5.02603=7+5=12,6=25 anD 30 vOLTS.)

(2) Now cLose swiTcH SW=11 aND PLACE switch 7 To THE UP POBITION  AND
gWiTCH |0 TO THE LEFT AND ALL OTHER TOGGLE swiTcHES To THE DOWN  posiTiION
(ALL OF THESE POSITIONS BEING FIGURED ACCORDING TO THE LAYOUT IN Fiae 8.)

(3) FOR ALL FILAMENT TYPE 4,5, AND 6 PRONG TUBES,S8IMPLY READ THE METER.
IF THE READING I8 BELOW 20, DEPRESS THE SHUNT SWITCH 8 AND TAKE A READING.

(4) FOR ALL HEATER TYPE TUBES,PROCEED AS ABOVE BUT THROW SWITCH 4 TO THE
UP POSITION AND READ THE METER. |F NO READING RESULTS, THEN THE TUBE 18 OF
A SPECIAL TYPE AND THE CATHODE 18 NOT IN THE USUAL PLACE. |F THE LOCAT!ON
OF THE CATHODE IS UNKNOWN,MOVE EACH SWITCH UP AND DOWN, ONE AT A TIME, UN-
TIL THE MAXJMUM READING 18 OBTAINED,

(5) FoR DUPLEX DIODE=TRIODES, THE DIODES S8HOULD B3E TESTED INDEPENDENTLY
BY THROWING THE SWITCH CONNECTED TO ONE DIODE DOWN,8WITCH |0 TO THE RIGHT
AND ALL OTHER swiTcHEs UP, THEN TEST THE OTHER DIODE THE SAME WAY, THE
TRIODE CAN BE TESTED INDEPENDENTLY AS PER THE NOTES GIVEN IN CONNECTION
wiTH TABLE L,

(6) FOR ALL FULL=WAVE RECTIFI1ER TUBES, PROCEED A8 IN NOTE (5) anp For ALL
HALF=WAVE RECT|F|ERS,PROCEED AS IN NOTE (3). Do NOT DEPRESS THE S8HUNTBUTT=-
ON SW-8 WHEN TESTING MERCURY=VAPOR RECTIF|ERS,SUCH A8 THE =82 ano =83, For
ALL OTHERS,OEPRESS SW-8,

A LIST OF READINGS OBTAINED WITH THIS8 TESTER IS GIVEN IN TABLEI. THe
LAST COLUMN OF THIS TABLE,WHICH I8 TI=

TABLE X TLeo "TOTAL", GIVES THE READINGS AB OB~

Tube Test Chart TAINED WITH ALL THE ELEMENTS EXCEPT THE
TYPE SW1 SW2 SW4 SW5 SW6 SW10 Total FILAMENT AND CATHODE CONNECTED TO ullz
. B 2 33 33 PLATE, WITH THE S8WITCHES BET FOR  THIS
H Z v o2 READING, THE OTHER READINGS ARE OBTAINED
5 25 2 ol (ExXcEPT A8 OTHERWISE NOTED) BY MOV ING
3 2 ¢ 2 EACH SWITCH IN TURN To THE UP posSITION.
4 7 2 ”n B2 8 AFTER THE READING HAS BEEN NOTED BY DO-
. 3 22 4 4 ING THIS WITH SWITCH |, FOR INSTANCE, RE
% 3 2 3 A TURN THIS SWITCH To THE DOVIN posiTion
oh % . PO @ Soge AND REPEAT THIS OPERATION WITH  SWITCH
5 3 5 # 2 IN THE UP POSITION ETCe, UNTIL ALL
38 ® 2 2 . 88 READINGS HAVE BEEN OBTAINED.THE  BLANK
w4 oz s iR coLumns IN TABLE I INDICATE THAT THE Op
) 2 2 & 2 3l ERATION DOES NOT AFFECT THE READING, DUE
» X s S6 48 315) 20(5) TO THE SWITCH BEING OUT OF THE CIRCUIT
gé iggg; %%g;g FOR THE PARTICULAR TUBE BEING TESTED.
w0 % 6o THE NOTES WHICH YOU WILL FIND IN
2A6(d) 10 28 12 42
W@ & 14 g 2 2 9 TABLE T HAvE THE FoLLowing mEaniNG? (a)=
GO v 2 n A SWI oown ALso3(B)=SW5 pown aLsoyc) = UP

FOR ALL READINGS;(D)¥START READINGSWITH
ALL 8W|TCHES UP, MOVE ALTERNATELY DOWNWARD, READ, AND RETURN To UPPposiTion,
(R)=RECTIFIER == READINGS OF BOTH PLATES UNNECESSARY, (8)=SHunTED.

VARIATIONS OF 15 To 20% oF THE ReaDINGs A8 GIVEN IN TABLE I ARE NOR-
MAL. TUBES READING 40% LEss THAN THE VALUES GIVEN IN TABLE T aAre ooueTrul,
WHILE TUBES READING LESS THAN 50% OF THE VALUES GIVEN IN THE TABLE SHOULD
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BE REPLACED W)TH NEW ONES.

TyPE =30,=31,=32,=33 AND =34 TUBES SHOULD BE TESTED AT |.5 FILAMENT
VOLTS IN THIS TUBE CHECKER AND NOT AT THEIR NORMAL F|LAMENT VOLTAGE. THIS
IS DESIRABLE BECAUSE THESE TUBES ARE SUBJECT TO DETERIORATION IF ALL ELE-~
MENTS ARE MADE HIGHLY POSITIVE AT FULL FILAMENT EMISS ION,

SHORT-CIRCUIT TESTS

To APPLY THIS TUBE CHECKER IN ORDER TO LOCATE INTER-ELEMENT _ SHORT
CIRCUJITS THROW sWITCH 7 To THE DOWN POsiITION. THEN PLACE ALL OTHERSWITCHES
IN THE SAME POSITION AS SPECIFIED UNDER NOTE (2) OF THE PREVIOUS EXPLANA-
TION. SHOULD THE PILOT LAMP CAST A BEAM OF LIGHT THROUGH THE RED BULL's-
EYE, THEN SOME ELEMENT IS SHORTED TO THE FILAMENT. |F NOT, THROW SWITCHES
1,2,5 anD 6 successiveLy To THE UP posiTion. |F THE suLLlS=EYE GLOWS,
SOME OTHER INTER=ELEMENT SHORT CIRCUIT 13 PRESENT.

CATHODE-HEATER LEAKAGE TEST

DEPRESS SWITCH 3 WHILE REACING
THE METER FOR THE TUBE CONDITION
TEST. |F THE POINTER DOES NOT DROP
TO ZERO, THEN CATHODE=HEATER LEAKAGE
18 PRESENT. THAT 18 TO S8AY, THE CA-
THODE 18 NOT FULLY INSULATED FROM THE
HEATER AND THIS CONDITION 18 LIKELY
TO CAUSE HUM OR NOISY TUBE ACTION.

A TUBE CHECKER W|TH MUTUAL-
CONDUCTANCE TEST

In Figs |0 YOU ARE SHOWN THE
PANEL LAYOUT OF A TUBE CHECKERWHICH
13 DESIGNED 8TILL DIFFERENT FROMTHE
ONE YOU JUST STUDIED. THE CHECKEROF
Fi1g. 10, IN ADDITION TO INDICATING
A TUuBE'S EMISSION AND TES8TING  FOR
SHORTED ELEMENTS,ALS0O OFFERS A TEST
FOR MUTUAL=CONDUCTANCEe THE CIRCUIT EiG. 10
DIAGRAM OF THIE SAME TUBE CHECKER
apPears IN Fira. 1l.

Panel Layout.

TEN INDIVIDUAL SOCKETS ARE MOUNTED ON THE PANEL TO ACCOMMODATE THE
DIFFERENT TYPES OF TUBES AND THE D.Ce MILLIAMMETER HAS A RANGE OF 0 1o I5
MA. BUT 1TS SCALE IS ESPECIALLY CALIBRATED IN ARBITRARY UNITS FROM 0 1o 30.

THE POWER TRANSFORMER WHICH 13 USED IN CONJUNCTION WITH THIS TESTER
HAS TS PRIMARY WINDING TAPPED FOR LINE VOLTAGES OF 105=115 ano 125voLTs,
THE SECONDARY WINDING IS TAPPED 80 THAT FILAMENT VOLTAGES OF | 452=2.5=3.3
5«63 AND 7.5 VOLTS ARE AVAILABLE SIMPLY BY SETTING THE 7 POSITION SEL=
ECTOR 8WITCH SW=3 TO THE PROPER POSITION.

SwiTeH SW=!l 18 A SIX=LEAF JACK SWITCH; SWITCH SW=2 18 A FOUR=POINT
ROTARY LINE VOLTAGE SWITCH; SWITCH SW=4 18 A SINGLE-~POLE, DOUBLE=THROW TO=
GGLE SWITCH;SWITCHES SW=5 AND SWe=B ARE THREE-LEAF MOMENTARRY CONTACT 8W (=
TcHES (PUSH=BUTTON).
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SockeT V=| OF THE DIAGRAM IN FiGe |l IS INTENDED TO ACCOMMODATE TYPE
2435w 360 38=39=44-64=-65-68 AnD 5! Tuses. SockET V-2 18 TOo BE USED FOR TYPE
«33-46=47-49-52 anp LA Tuses. SocCkeT V-3 18 FOR TYPE =4! aND=42 Tuses.Sock
ET V-4 18 FOR THE =59, SockeT V=5 158 ForR TyPe =27 =37 =56 anp 67 TUBES,
SOCKET V=6 18 FOR THE =80=-81=82 AND =83, BoCKkET V-7 18 FOR THE =i0=|2A=20
=26-3|=45=50 AND =T1A. SockeT V=8 18 FOR THE =00A=0 | A=22=30=32=34-40 AND 99,
S0CKET V=9 18 FOR THE =57-58 anD 89. SockeT V=10 1s FOR THE 55-85 anD 2A6.

THis TUBE CHECKER 18 USED IN THE FOLLOWING MANNER?

CONNECT THE PLUG TO THE A.C. LIGHTING CIRCUIT, INSERT THE TUBE TO BE
TEBTED IN THE PROPER SOCKET AND CONNECT THE CONTROL GRID CAP [F S8UCH 18
NECESSARY. KEeP swiTCH SWe4d THROWN TO THE LEFT EXCEPT WHEN TESTING TYPE
«=22-32 AND =34 TUBES AND AT WHICH TIME, 1T SHOULD BE THROWN TO THE RIGHT.

SET S8ELECTOR SWITCH SW=3 FOR THE PROPER FILAMENT VOLTAQE FORTHE TUBE

110V, A.C
LINE

w2 _v

LINE
VOLTAGE

7 o—rd PULL OUT FOR ©
" SHORT" POSITION
| FiLamenTs o

SW.3

w.S
24P, PLATE 5 1“ L

/ o [

L
[—X~ L~ ?
Y
r‘ 4 ) (> Y]
L sw.6 CconTROL ‘ "“""“" e @“o = 4 R2
P GRID CLIP PIGTAIL
I_\ l LA b RESISTOR
5

Wy

W
y
y

G-

/:f‘ %i o K P x\Coz

R }Tv—jf

4 F1G. 11

L Circuit Diagram of the Tube Checker.

UNDER TEST AND TURN THE LINE VOLTAGE 8WiTCH SW=2 TO THE POSITION CORRES«=
PONDING TO THE ACTUAL LINE VOLTAGE PRESENT.

MAKE THE "SHORT® TEST FIRST BY PULLING OUT ON swiTcH SW=l, THE PiILOT
LIGHT WILL GLOW |F THE TUBE IS SHORTED.

Now PuUsH IN ON sWiTCH SW=] AND NOTE THE METER READING==THI{S 18 KNOWN
AS THE "REQULAR READING". Now pPRess THE "BiAas TEsT" BUTTON SW=B AND NOTE
THE METER READING. THE ARITHMETICAL DIFFERENCE OR "CHANGE"™ BETWEEN THE

"REQULAR READING" AND THE "B1AS TEST READING" S AN INDICATION OF THETUBE'S
MUTUAL CONDUCTANCE.

TaBLE II WilL GIVE YOU AN IDEA OF WHAT "cHANGE® FOR THE DIFFERENT
TYPES OF TUBES INDICATES THAT THE TUBE I8 IN GOOD CONDITION WHEN TESTED (N
THI8 PARTICULAR TUBE CHECKER,

TUBES ARE CONS IDERED POOR IF THE ACTUAL DIFFERENCE BETWEEN THE READ-
tNGs OR "CHANGE® 15 LESs THAan 25% From“cHanGe”as LisTED 1N TABLE 1I.
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THE PROPER"CHANGETOF ANY OTHER TUBES NOT LISTED IN THIS TABLE CAN
BE DETERMINED VERY EASILY,SIMPLY BY TESTING A TUBE WHICH 18 KNOWN TO ] 5
GOOD AND USING 1T8 "CHANGE" IN READING AS A BASIS TO WHICH TUBES OF THIS
TYPE CAN BE COMPARED.

TABLE IT 8

TUBEL cliaiaeli i sE o ua ECOND PLATES OF RECT|FIERS ARE
TESTEO BY PRESSING THE BUTTON OF SW(ITCH

00A 14 44 12 SW=5

OIA 6 45 9 ¢

:g 6 46 12 FROM THE INFORMATION GIVEN YOU N

20 Ig.s :; :? THIS LESSON, YOU SHOULD NOW HAVE A @000

o 5.5 50 7 UNDERSTANDING OF THE COMSTRUCT JONAL FEAT=

o4 15 51 15 URES INCORPORATED {N TUBE CHECKERS, AS

o6 ¥ 50 1o WELL AS WITH THE PROPER METHODS OF USING

57 12 55 14 THEM., AT THE SAME TIME, YOU WILL ALSO FIND

20 5.5 56 19 MANY SUGGESTIONS OFFERED IN THIS  LESSON

3 ‘5 o] WH |CH SHOULD PROVE TO BE OF VALUE IN THE

30 Ig. g; 17 EVENT THAT YOU WISH TO CONSTRUCT EQUIP=

33 9 59 13 MENT OF THIS TYPE FOR YOUR OWN USE,

gg Ig ;éA |;‘5 IN THE NEXT LESSON, YOU ARE GOINQTO

25 13 89 10 STUDY ABOUT THE CONSTRUCTIONAL FEATURES

37 1o 99 1.5 AND USE OF MODERN ANALYZERS, WHICH You
WILL ALSO NO DOUBT FIND TO BE OF QREAT

g H . 13 INTEREST,

39 i2 80 25

:? !g gé gg THE RADIO TECHNICSAN IS CONSTANTLY

a2 12 83 o5 USING TESTING EQUIPMENT ABOUT WHICH  YOU
ARE STUDYING IN THIS SERIES OF LESSONS AND

FREQUENTLY COMES INTO CONTACT WITH PROB=
LEMS WHERE HE MUST THROUGH H{S OWN INITIATIVE DEVISE TESTING SET=UPS FOR
TAK ING THE DESIRED MEASUREMENTS., THE IMPORTANCE OF THIS WORK CANNOT BEOVER
EMPHAS | ZED AND SO T WlLL BE WELL WORTH YOUR WH{LE TO THOROUGHLY MASTER
THIE GROUP OF LESSONS.

ANOTHER IMPORTANT FACT TO BEAR IN MIND IS THAT BY HAVING THIS KNOW=
LEDGE OF TESTING CIRCUITS, YOU ARE ALWAYS IN A POSITION TO FIGURE OUT FOR
YOURSELF ANY NEW TESTING DEVJCES WHICH MAY BE BUILT IN THE FUTURE TO KEEP
UP WITH THE LATEST RADIO DEVELOPMENTS, CONTINUALLY, NEW TUBES AND NEW CiIR=-
CUITS ARE APPEARING IN COMMERCIAL RECEIVERS AND |T 1S NECESSARY THAT TEST=
ING EQUIPMENT BE MODERNIZED ACCORDINGLY,.




Examination Questions

LESSON NO. 52 S )%/{f 3.4/

Life's battles don't always go

To the stronger or faster man; G
9 But, sooner or later, the man who wins e

Is the man who thinks he can.

l.= IF THE FILAMENT OR HEATER OF A RADIO TUBE 18 HEATED TO
INCANDESBCENCE, DOES THIS NECESSARILY MEAN THAT THE TUBE
18 IN SATISFACTORY WORKING CONDIT1ONT

2. - DESCRIBE HOW A STATIC MUTUAL=CONDUCTANCE TEST |8 MADE.
3. = WHAT 15 MEANT BY AN "eEmission TeEsTY?

4, = DESCRIBE A METHOD WHEREBY A TUBE CAN BE CHECKED FOR
POBSIBLE S8HORT CIRCUITES BETWEEN IT8 ELEMENTS.

5. = |F A TUBE TESTS PERFECT ACCORDING TO A COMPLETE SHORT
CIRCUIT TEST, EMISSION TEST AND STATIC MUTUAL=CONDUCT=-
ANCE TEST, 18 IT STILL POSSIBLE THAT THE TUBE MAY NOT
OPERATE PROPERLY WHEN INSTALLED IN A RECEIVER?

6. = WHAT PROVISIONS ARE GQENERALLY MADE ON COMMERCIAL TUBE
CHECKERS 80 THAT THE SERV(CEMAN DOES NOT HAVE TO ACT=
UALLY CALCULATE THE MUTUAL CONDUCTANCE VALUE WHEN SUCH
A TEST 18 BEING MADE!?

7o = How ARE THE VARIOUS NECESSARY F|LAMENT VOLTAGES GENER-
ALLY OBTAINED IN COMMERCIAL TUBE CHECKERS?

8¢ = DRAW A CIRCUIT DIAGRAM OF A COMPLETE TUBE CHECKER.

9, «~ EXPLAIN HOW TO OPERATE THE TUBE CHECKER WHOSE CIRCUIT
YOU HAVE DRAWN IN ANSWERING QUESTION #8,

10e= WHY 1S A PLAIN EMISSION TEST NOT ALTOGETHER REL JABLE?

PRINTED IN UeSeA,
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LESSON NO. 53

- ANALYZERS -

N_OW THAT YOU ARE FAMILJAR WITH TUBE CHECKERS, LET U8 NEXT @0 INTO THE

DETAILS REGARDING ANOTHER POPULAR FORM OF TESTING UNIT, NAMELY,THE ANAL-
YZER,

As YOU ALREADY KNOW FROM YOUR INTROOUCTION TO ANALYZERS SOMET IMEAGO,
THESE INSTRUMENTS ENABLE THE RADIO TECHNICIAN TO MAKE A PRACTICALLY COM=—
PLETE ANALYSIS OF A DEFECTIVE RECEI{VER IN A MOST CONVENIENT ANDSYSTEMATIC
MANNER, FOR TH18 REASON,ANALYZERS ARE EXTENS |VELY USEOD IN THE RADIO IN=
DUSTRY.

MANY DIFFERENT COMMERCIAL MODELS OF ANALYZERS ARE AVAILABLE,RANGING
FROM COMPARATIVELY S8IMPLE TO COMPLEX FORMS AND AT A GREAT VARIETY OF PRI~
CES, FURTHERMORE, CONSTANT IMPROVEMENTS ARE BEING MADE IN THE DES{GN OF
THIS TYPE OF EQUIPMENT TO KEEP UP WITH THE CHANGES MACE IN THE CONSTRUC-
TION OF RECEIVERS THRU THE
USE OF NEW TUBES, CIRCUIT
REF INEMENTS ETCe

IN THIS LESSON, OUR
AIM IS TO FAMILIARIZE YOU
WiTH THE BASIC PRINCIPLES A
ROUND WHICH ALL  ANALYZERS
ARE BUILT. TO GIVE A DE=-
TAILED EXPLANATION OF  THE
CIRCUITS AND USE OF EACH MQ
DEL AND MAKE OF COMMERCIAL
ANALYZER EVER BUILT WOULD BE
PRACT {CALLY IMPOSSIBLE TO IN
CORPORATE IN INSTRUCTION OF
THIS KIND AND WOULD REALLYBE
UNNECESSARY IN THAT COMPLETE
INSTRUCT IONS OF THESE INSTB BFI1G. 1
UMENTS ARE ALWAYS FURN ISHED
BY THE MANUFACTURER AT THE
TIME THE UNIT 16 PURCHASEDe

A Modern Diagrometer.
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NoT onLv WILL THIS8 LESSON OFFER YOU A GOOD |DEA OF THECIRCUITS U~
SED IN THE CONVENTJONAL TYPES OF ANALYZERS BUT YOU WILL ALSO FIND IT TO
CONTAIN CONSIDERABLE VALUABLE |NFORMAT {ON WHICH YOU CAN USE TO BUILD EQUIP
MENT AS THIS YOURSELF,

A MODERN UNIVERSAL ANALYZER

IN Fice 2 vyou ARE sHOWN THE PANEL LAY=OUT OF A MODERN ANALYZER
WHICH WILL ENABLE ONE TO CHECK ALL OF THE NEW STYLE RECEIVERS AND TUBES.
THE CIRCUIT DIAGRAM OF THIS BAME ANALYZER APPEARS IN Fi1G. 3.

By sTUOYING THESE TWO ILLUSTRAT IONS, YOU WILL NOTICE THAT A §SINGLE
METER IS USED FOR ALL TESTE. THE METER USED IS A WesTon MopeL 301, O=ima.
(50 voLT rFuLL scaLe DEFLECTION) AND FITTED WITH A VAN TYPE 4 DJAL. THis
METER IS USED IN CONJUNCTION WITH A [000 OHM TYPE RECTIFIER 80 THAT BOTH
A.Ce AND D,C. VOLTAGE MEASUREMENTS CAN BE TAKEN, A TWO=PCLE, TWO-THROW
switeH (30) In Fie. 3 1S usep To CHANGE THE METER FrROm aN A,C, To A D.C,
INSTRUMENT OR V{CE VERSA BY INCLUDING OR EXCLUDING THE RECTIFJER, A
THREE=CIRCUIT, SIX=POSITION SWITCH USED IN CONJUNCTION WITH MULTIPLIERS 35
To 40 INCLUSIVEOF
rers D.C. voLTAGE
RANGES OF 510
= {00=250-500 aND
1000 voLTs. THis
SAME SWITCH INCON
JUNCTION WITH MUL
TIPLIER RESISTORS

41-46 INCLUS IVE
OoFFeErs A.C. voL-
TAGE RANGES oF

Bes 0= 100-250-500
anp 1000 voLTs.
THE THIRD SECTION
OF THIS BWITCH IN
CONJUNCTION WITH
SHUNT  RESISTORS
47-50 INCLUSIVEOF

Fla.2 FER D.C, CURRENT
D ) : RANGES OF |=5=1{0
anel lay oufi of the Aﬂalyjer ~26~100 anD 500

MA. AN  OHMMETER
RANGE OF 0=100,000 OHMS 18 ALSO PROV}DED. .
THREE SOCKETS ARE FURNISHED TO ACCOMMODATE ALL TYPES OF TUBESe SO=
CKET #4 IN Flge 3 18 THE LARGE SEVEN-PRONG TYPEs SOCKET #5 S A UNIVERSAL
SOCKET WHICH IS 80 ARRANGED AS TO TAKE CARE OF FOUR, FIVE, AND 81X PRONG
TUBES, WHILE S8OCKET #6 WILL TAKE CARE OF THOSE TUBES HAVING A SMALL TYPE
SEVEN=PRONG BASE,

SWITCHES SWelw2-3-4-5 anND 12 oF FiGe 3 ARE ALL TYPE 2006 NON=LOCK-
ING YAXLEY PUSH~BUTTON SW|TCHES. SW|TCHES SWeBm7=8-9-10 AND || ArRE ALL
TYPE 2004 YAXLEY NON~LOCKING PUSH=BUTTON SW]TCHES.

SwiTcn #30 1s A THREE-POLE, TWO-THROW S8WITCH; #3| I8 A SINGLE-POLE
TWO-=THROW TOGGLE 8WiTCH; #!3 anD #23 ARE DOUBLE-~FOLE, TWO=THROW SW|TCHES.
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THE vaLues FOR THE DIFFERENT RESISTORS OF THI8 CIRCUIT ARE A8 FOLLOWS?

A. C. MULTIPLIERS
(PrECIBION TYPE)

#35=5,000 oHms #38:250,000 Omms  $41%3,200 Onms  $44x212,000 Onms
#36 = 10, 000 ovms #39-500 000 Onms #42x7,500 Oums #45=45 000 Onms
#37= 100,000 ovms  $40=] MeaoHm ;-43=84,ooo Onme 'l'46-850 000 Orms

SHUNTS FCR D.C. MILLJAMMETER RANGES

THE MULTIPLIER #5] FOR RESISTANCE CONTINUITY TEST HAS A VALUE OF
4,000 oms. THE POTENTIOMETER #17 HAS A vaLue ofF {000 omms.

THE PLUG FOR CONNECTING THE ANALYZER TO THE RECEIVER UNDER TEST 18 AN
ALDEN, 7-PRONG ANALYZER PLUG WITH A 3~FOOT, 8=WIRE CASLE, TypE 907 WLC.
To INSERT THIS PLUG INTO A RECEIVER SOCKET OTHER THAN OF THE SEVEN- PRONG
TYPEJAN ADAPTER PLUG MUST FIRST BE INSERTED IN THE RECEIVER SOCKET AND THE
ANALYZER PLUQ I8 THEN INSERTED IN THE TOP OF THE ADAPTER PLUG., THE FOLLOW=
ING ADAPTER PLUGS ARE USED WITH THIS ANALYZER?

ONE ALDEM ADAPTER, TYPE 974 DS
ONE ALDEN ADAPTER, TYPE 975 DS
ONE ALDEN ADAPTER, TYPE 976 DS
ONE ALDEN ADAPTER, TYPE 977 DS

RECEIVER TESTS WITH THE ANALYZER

To CHECK CIRCUITS WITH THI8 ANALYZER, REMOVE THE TUBE FROM THE RE=

(AP (G4) (GREEN) N2 8 ) 1\ Swl Contral a +d
L l Swe \_/"E)) C(‘p +|
SUP.G (63 & 65)(YELLOW) NeL % Sw.2 [ 1 ,
L l EX sy | — " Y
PLATE (RED)NR 2 @ Sw3 — C E é 'E é E (
/'\ —_
56 (1) (WWTE) N2 6 }n H1 swa4 ([ <£ \1, 6
}":’Jl R~ sws [
(ANODE G (62)(GREYING 7 sws 2 i 5 smu s
L l_ll 2> swio J O O
(K (BLUE) N2 § ‘]lrl Sw.12 (‘)/ (5)
Sw. 11
(M (3LACK) NE 3 J L \

Py 80TTOM ViEw
(¢ «H ST (13} vouTs OF SOCKETS
¢ M (8ROWN)Nea ("‘f ?
L

0-1 mA
(SO MILLIVOLT DROP)

US) (45) (44) (a3) (42) A1)

S EREEE

WY {40) (39) |138) (37) (36) (35)
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CEIVER SOCKET AT WH{CH THE TEST IS TO BE MADE AND INSERT THE TUBE IN THE
PROPER SOCKET OF THE ANALYZER, CONNECT{NG THE ANALYZER CONTROL GRID CLIF
TO THE TUBE CAP |IF THE TUBE 1S OF THIS TYPE.

INSERT THE ANALYZER PLUG INTO THE VACATED TUBE SOCKET OF THERECEIVER,
USING THE PROPER ADAPTER IF SUCH IS8 REQUIRED AND (F THE TUBE HAS [T8 CON-
TROL GRID CONNECTICN AT THE TOP OF THE GLASS BULB, ATTACH THE CONTROLGRID
CAP CLIP OF THE CIRCUIT WIRE TCO THE CAP PROVIDED ON THE SIDE OF THE ANA-
LYZER PLUG.

For A.C. VOLTAGE MEASUREMENTS,PLACE THE A,C-D.C. swiTcH To THE "A,C,
POSITION" AND FOR D.C. vOLTAGE MEASUREMENTS TO THE "D.C. PosiTioN.® THeN
TO CHECK THE DIFFERENT VOLTAGES AT THE RECEIVER'S TUBE SOCKET,IT I8 ONLY
NECESSARY TO OPERATE THE DIFFERENT SWITCHES WHOSE NUMBERS ARE  TABULATED
IN THE LEFT HALF oF TABLE I FOR THE DIFFERENT TYPES OF TUBES USED.

TUBE VOLTAGE CURRENT
Full- Full
Cath. Wave Cath.  Wave
Grid  Grid  Grid  Grid to No.2 Grid  Grid  Grid  Grid W No.z
Type Fil. FPlate Na.1 No.2 Nu.3 No.4 H't'r Plate] Plate No.1 Na.2 No.3 No.4 't Plate
WD-11..... B 8 11 1 . . o ] 3 12 T i M .. .
WX-12 13 8 11 i i 2 3 12 i ..
41 . 13 8 a 7 3 11 3 4 2 12
4z 13 8 9 7 . 11 3 4 2 12
44 13 5§ 6 7 il 11 3 1 2 12
49 13 8 7 11 : i 3 2 12 ..
55 13 & il ot = 11 3 1 = 12
56 13 8 7 i i 11 3 2 12
57 13 8 [ 7 [ 11 3 1 2 4 12
58 13 8 6 7 [ 11 3 1 2 4 12
12A 13 8 11 - . 3 3 12 ..
99 13 8 11 e ) 3 12
00A 13 8 11 & i & 3 12
O1A. ... .. 13 8 11 .. .. .. 3 12
22 13 8 6 7 .. .. 3 1 2
13 8 3 7 .. 11 .. 3 1 2 12
8 11 .. .. .. L. 3 12 .. ..
8 7 .. .. 11 .. 3 2 . 12
8 11 .. .. .. .. 3 12 .. ..
8 6 7 .. .. .. 3 1 2 ..
8 6 7 .. .. .. 3 1 2 ..
8 8 7 .. 11 .. 3 1 2 12
8 8 7 .. 11 .. 3 1 2 12
8 7 .. .. 11 .. 3 2 5 12
8 8 7 . 11 .. 3 1 2 12
8 11 .. .. .. .. 3 12 = i
7 .. .. .. 6 .. 2 7 1
8 6 .. .. 11 .. 3 1 12
8 7 .. .. .. .. 3 2 i
8 11 .. .. .. . 3 12 i
8 11 .. .. .. .. 3 12 o
8 11 .. .. .. .. 3 12 2
8 11 .. .. .. .. 3 12 .. ..
8 7 11 .. .. .. 3 2 12 i
8 6 7 .. 11 . 3 1 2 12
8 11 .. .. .. . 3 12 . .. .
8 7 11 .. .. .. 3 2 12 - 2
8 11 .. .. .. .. 3 12 & i £
8 7 11 o .. .. 3 2 12 .. -,
8 .. oa .. 7 3 3 w4 i 2
8 .. .. .. .. 3 i < i
8 .. .. a0 3 5 I -
8 .. . .. 7 3 i i 2
8 .. .. .. . 3 2 i i
8 .. .. o oa 8 S 2 2
8 11 .. an .. 3 12 - i
8 9 7 .. 11 .. 3 4 2 12 o
8 6 .. 11 .. 3 1 12 R
8 9 10 7 6 11 .. 3 4 5 2 1 12 .
8 6 7 0o 11 .- a 1 2 vis 12 i
8 .. . oo .. 7 3 it iz 2 i 2
8 7 11 %, .. .. 3 2 12 I 4" .
8 9 10 8 11 .. 3 4 5 2 1 12
8 6 7 .. 11 . a 1 2 i I 12
ng Ki17P211 K29 I3 . P13 K112 P212 Kgz4 I
8 .. . .. 7 . 3 ; ; 3
P28 Gz27 Gi19 Pill .. . P23 G22 Gi14 P12 i
8 6 7 .. 11 .. 3 1 2 .. 12
8 9 7 .. 11 .. 3 4 2 i 12
8 7 11 .. .. .. 3 2 12 2 :
8 10 7 9 .. .. 3 5 2 4 o
8 6 .. .. 11 . a 1 a0 .. 12
8 6 7 9 11 .. 3 1 2 4 12
8 6 7 9 11 . 3 1 2 4 12
ng G27 G19 P11l . o P23 Gz2 Gi14 Pri12 ) g
8 [} 7 9 il .. 3 1 2 4 12 2
8 11 .. .. .. 3 12 . .
8 11 .. .. 3 12 27 i i3
8 7 11 .. 3 2 12 o
8 9 7 11 3 4 2 .. 12
8 10 7 Fi1 3 5 2 4 F12
8 6 An 11 3 1 - 12
8 6 7 9 11 A 1 2 ‘4 12
8 7 .. 11 3 2 . - 12
8 11 .. .. 3 12 e S =
8 11 .. 3 12 E i
8 6 7 .. 11 L. 3 1 2 ) 12
8 .. .. . 7 .. 3 o o 2
13 PP8/PT10 6 7 11 GT9 11 .. |PP3,PT5 1| 2 12 GT4 12
8 6 7 .. 1 3 1 2 4 ; 12
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WHEN CONDUCT NG THESE TESTS,SWITCH #|3 SHOULD BE CLOSED TOWARD  THE
RIGHT FOR READING F|LAMENT POTENTIALS AND TO THE LEFT FOR READING ALL HIGH
ER VOLTAGES AS USED FOR PLATE, SCREEN-=GRIC POTENTIALS ETCe

WHen swiTcH #31 18 cLoseEp Yo THE "K" posiTiON®, THE VOLTAGES READWILL
BE BETWEEN THE CATHODE AND THE OTHER ELEMENTS OF THE TUBE WHILE THE™H POS=
ITION",0FFERS READINGS BETWEEN THE HEATER AND OTHER ELEMENTS OF THE TUBE.
ALs0 FOR VOLTAGE MEASUREMENTS, BE SURE THAT SWITCH #32 1s 1N THE "oPEN OR
E POSITION" AND FOR CURRENT MEASUREMENTS IN THE "cLOSED OR | POSITION." IT
IS ALSO OF GREAT [MPORTANCE THAT THE SELECTOR SWITCH BE S8ET IN THE PROPER
POSITION 80 THAT THE RANGE OF THE METER WiLL BE CONSISTENT WITH THEREADING
BEING TAKEN,

THE CURRENT MEASUREMENTS AT THE RECEIVERS SOCKET ARE MADE BY OPERAL
ING THE SWITCHES SPECIFIED IN THE RIGHT HaLF oF TABLE |,THE TUBE GRIDS, YOU
WILL NOTICE IN TasLE I ARE LISTED AS GRIDS #l=2=3= ano #4. GrRID #| 1s THE
CONTROL GRID, #2 18 THE SCREEN GRIC, #3 IS THE SUPPRESSOR, AND #4 IS  THE
ANODE GRID IN PENTAGRID=CONVERTER TUBES ABOUT WHICH YOU WILL HEAR MORE (N
A LATER LESSON.

THE REVERSING SWITCH IS PROVIDED 80 THAT IN CASE THE METER S8HOULD READ
BACKWARDS, §iT 1S ONLY NECESSARY TO CLOSE THIS SWITCH TO THE OTHER POSITION,
AT WHICH TIME THE METER WILL READ IN THE PROPER DJRECTION.

IN THE EVENT THAT IT IS DESIRED TO TAKE INDIV{DUAL VOLTAGE ORCURRENT
MEASUREMENTS WJ]THOUT PLUGGING THE ANALYZER INTO THE RECEIVER,TWO PAIRS OF
JACKS ARE PROVIDED INTO WHICH THE TEST LEADS CAN BE PLUGGED FOR TAKING GEN
ERAL VOLTAGE AND CURRENT MEASUREMENTSe THE VOLTAGE JACK3 ARE MARKEDA. C=D. C.
AT THE LOWER LEFT OF F1G. 3 AND THE TWO MILLIAMMETER Jacks (MA) ARe LocAT-
ED DIRECTLY TO THE RIGHT OF THE VOLTAGE JACKS.

WHEN USING THESE JACKS, IT 1S ALSO IMPORTANT THAT THE SELECTORSWITCH
BE SET FOR THE PROPER RANGE AND THE A,C.=D.C. swiTCH TO THE PROPERPOSITION.

CODE
GRID T
PLATE
FILAMENT

@
Pl
-]
z
z
-
EuBukoino S

BLUE PLATE OR CATHODE
WHITE GRID T
GREY GRID T
w L'?_.}-' GREEN CAP
1AM,
5 i VR 750,000
28| ; swunts VS
Qa0 SO Y MV. 500 MILS 245,000
E-—eSe ci000V.| OHMS
- 100 MILS'
Be « o g ° 45,000
g X
£3 3 a5 W3 e2sov. orims
w o L] o
> 50V, 5po0
W d
7] # oo R
L]
ot °40 V.

F1G6. 4
Cireult Diagram of the Ana/yze/:
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THIS SAME ANALYZER CAN ALSO BE USED FOR TESTING CONT INUITY AND MEAS=
URING RESISTANCE. FOR THIS, THE OHMMETER SCALE 1S READ AND THE VOLTAGE =
CURRENT SELECTOR SWITCH SET FOR | MA. WiTH THE TEST LEADS INSERTED INTHE
"REST-CONT". yacks, THEY ARE TOUCHED TOGETHER AS THE POTENTI1OMETER (17) 18
OPERATED 80 AB TO ADJUST THE READING OF THE METER TO FULL SCALE. THE ME-
TER SCALE 18 CALIBRATED TO READ OHM8 RESISTANCE DIRECT.

THE METER CAN ALSO BE USED INDIViIDUALLY As an OUTPUT METER t10o ALIGN
TUNING STAGES ETC., AS WILL BE EXPLAINED TO YOU LATER.

ANOTHER ANALYZER CIRCUIT

In Fre. 4 vou ARE SHOWN THE DIAGRAM OF A MORE COMPLEX ANALYZER CiIR=
CUIT AND THE PANEL LAYOUT OF THIS SAME UNIT APPEARS IN Fi1G. 5.

WHILE THIS ANALYZER IS DESIGNED PRIMARILY FOR MAK ING TESTS OIRECTLY
FROM THE SOCKETS OF A RADIO RECEIVER, THREE EXTERNAL CONNECT |ONE ARE PRO=
- vipeo (AT THE LEFT oF Fig. 4)
80 THAT DIRECT CURRENT, D.C,.
VOLTAGE, A.C., VOLTAGE, RES}ig~
TANCE ETC. CAN BE  MEASURED.
FIVE S8OCKETS ARE MOUNTED ON
THE PANEL OF THE TESTER TO AC
COMMODATE TUBES WITH FROM FOUR
TO SEVEN-PRONG BASES.

LoOK ING AT THE PANEL, THE

THREE MAIN SBWITCHES W{LL 8E
FOUND AT THE BOTTOM. THE SW~
TCH AT THE LOWER LEFT oF Fia.
5 (SW=! N F1Ge4) 18 THE mEe-
TER CONTROL SWITCH WITH MILL]
FIG. % AMPERE RANGES ON ONE SIDE AND

The Weston 600 Ana/yzer', VOLTAGE RANGES ON THE OTHER,

THE swiTcH SW=2 AT THE CENTER

HAS NUMBER DESIGNATIONS FROM | To 8, AN "EXTERNAL TEST" POSITION AND ONE
S8PAREe Six OF THESE POSITIONS ARE ACCOMPANIED BY CURRENT PUSH=BUTTONS. THE
"EXTERNAL TEST" POSITION OF THIS SWITCH SHOULD BE USED WHILE MAKING MEAS-
UREMENTS EXTERNALLY THROUGH THE JACKS PROVIDED AT THE LEFT OF THE PANEL,

THE swiTcH (SWe3) AT THE EXTREME RIGHT 18 NUMBERED FROM | TO0 8 AND
18 A REFERENCE POINT SWITCH, BEING CONNECTED WITH THE SAME CONTACTS A8
sWITCH SW=2, THE PUSH~BUTTON SWITCH ABOVE SW—| AT THE EXTREME LEFT {8 THE
SAFETY SWITCH FOR THE | MA. POSITION OF SW=l AND DIRECTLY TO THE RIGHT OF
THIS SWITCH ON THE PANEL, YOU WILL FIND THE REGULAR TOGGLE REVERSING SWje
TCH WHICH 18 USED IN CASE THE METER READS BACKWARDS.

ABOVE THE REFERENCE SWITCH AT THE EXTREME RIGHT OF THE PANEL, You
WILL FIND TWO MORE 8WITCHES. ONE OF THESE 1S MARKED "oUTPUT® N Fig.4
WHICH.CUTS IN A SERIES CONDENSER WHEN MAKING OUTPUT TESTS, OR ANY A,C.com
PONENT TEST SUCH A8 HUM ETC. ABOUT WHICH YOU WILL HEAR IN A LATER LESSON.
THISs SWITCH MUST BE IN THE SHORT CIRCUITING POSITION WHEN CONDUCTING ALL
OTHER TEBTS EXCEPT THE ONE JUST MENT |ONED.

THE OHMMETER SWITCH IS MOUNTED ON THE PANEL DIRECTLY TO THE RIGHT OF
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THE OUTPUT SWITCH AND 18 INDICATED A8 SW=5 N Fig. 4. THIs OHMMETER SW | TCH
HAas AN "oFF" POSITION IN ADDITION TO THREE OTHER POSITIONS WHICH ARE MARK
E0 L-R-H, WHEN USING THE INSTRUMENT Ag AN ANALYZER,THIS SWITCH MUST BE [N
THE "oFF" PosiITION. WHEN MEASURING RESISTANCE, THE OHMMETER SWITCH I8 TURN
ED TO THE "L" POSITION AT WHICH TIME IT WILL MEASURE RES ISTANCE VALUES UP
To 10,000 oHms. FOR MEASURING RESISTANCE VALUES UP TO 100,000 oHms, THis
BWITCH 18 PLACED IN THE "R™ POSITION AND FOR MEASURING RESISTANCE VALUES
up Yo | meGommM, THE "H" Pos1TION 1S USED., THE | MA. POSITION OF SW-| 18
USED FOR THE R AND H PosiITIONS OF SW=5 anD THE 10 MA. POSITION FOR POS |=
Tion "L" oF SW~5, A RHEOSTAT IS MOUNTED TO THE PANEL DIRECTLY ABOVE THE
OHMMETER SWITCH AND WHICH 18 USED TO ADJUST THE METER TO ZERO FOR ALL RA=~
NGES,

SwiTcH SW=4 WHICH 18 MOUNTED ON THE PANEL DIRECTLY TO THE RIGHT OF
THE THREE "EXTERNAL JACKS" 18 MARKED AS A.C,=OFF.= AND D.C. AND 158 uUsED
TO ARRANGE THE CIRCUIT 80 AS TOUSE
THE METER As AN A.C. orR D.C.INSTRU- Grid #1
MENT. AN EXTERNAL JACK 18 MOUNTED
ON THE PANEL ABOVE THE OHMMETER RHE
OSTAT AND 18 MARKED "GND". THis 18
TO BE CONNECTED TO ANY DESIRED PO INT
ON THE CHASSIS OF THE RADIO SET, OR
GROUND, FOR POINT TO POINT TESTING.
SwiTcH SW=6 BELOW THE TWO RIGHT HAND
SOCKET8 18 USED FOR INSERTING ANY D
SIRED VOLTAGE IN ANY OF THE QR1DS
USED FOR MUTUAL~CONDUCTANCE TEST ING
OF TUBES.

TO SIMPLIFY MATTERS WHEN TEST-
ING CIRCUITS IN WHICH VACUUM TUBES
ARE EMPLOYED, IT 18 BECOMING  THE Flc.e
COMMON PRACTICE TO REFER TO THE TUBE The rumber 5‘954‘6”7-
ELEMENTS BY NUMBER RATHER THAN BY NAME. [N THE SMALL TABLE ACCOMPANY |NG
F1e. 4, YOU ARE BHOWN THE NUMBERS CORRESPONDING TO THE DIFFERENT TUBE EL~
EMENTS8, A8 WELL A8 THE COLORS8 OF THE CORRESPONDING WIRES MAKING UP THE
CABLE OF THE ANALYZER PLUG., TO STILL MORE CLEARLY [LLUSTRATE THI8 NUMBER=
ING S8YSTEM, FiG. 6 HAS BEEN PREPARED, AND THE SOCKET TERMINALS NUMBERED TO
CORRESPOND WITH THE DIFFERENT TUBE ELEMENTS.

USING THE ANALYZER

THIS ANALYZER IS CONNECTED TO THE RECEIVER UNDER TEST IN THE CONVEN=-
TIONAL MANNER, THAT 18, BY INSERTING THE ANALYZER PLUG INTO A RECEIVER
TUBE SOCKET, PLACING THE TUBE IN AN ANALYZER SOCKET ETC. AND SEE THAT THE
A.Co~D.C, sWITCH IS PROPERLY SET.

FROM NOW ON, ALL ORDINARY TESTS WILL BE PERFORMED BY USING 8W{TCH
SW=~! To conTROL METER RANGES, SW~2 To SELECT THE CIRCUIT AND SW=3 To SE-
LECT THE REFERENCE POINT. FOR INSTANCE, IF A PLATE READING 1S NECESSARY,
8ET SW~| AT 1000 voLTs, SW-2 To PosITION 2 aND SW-3 TO POSITION 5(caTtHoDE
ACCORDING TO THE TABLE IN Fi1G. 4, 80 THAT THE PLATE VOLTAGE WiLL BE  IN=—
DICATED WITH RESPECT TO THE CATHODE A8 THE REFERENCE POiNT).CURRENT READ-
INGS WOULD BE MADE BY SETTING SW=3 on THE "MA" pOog|ITION AND PRESSING THE
BUTTON INDICATED ON SW-2, BRING THE RANGES TO 8UIT oN SW-|, *
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ANOTHER METHOD OF MEASURING CURRENT 18 TO SET SW=2 anD SW=3 ON THE
SAME PO INTS AND THEN PRESS THE CORRESPONDING PUSH BUTTON AT SW- 2,THE same
OPERAT{ON CAN BE COMPLETED FOR ALL ELEMENTS OF ANY TUBE.

SwiTcH SW=5 |5 EMPLOYED FOR MAKING MUTUAL CONDUCTANCE TESTS. POINTS
#1=6-7 AND 8 OF TH|8 SWITCH ARE USED FOR THIS PURPOSEe THEY MERELY CONNECT
A VARIABLE BIASING VOLTAGE (A #5540 Burgess "C" BATTERY AND 4000 OHMS RE-
SISTANGCE) IN SERIES WITH ANY GRID LEAD.

THIS TEST 1S A VERY IMPORTANT ONE AND REPRESENTS A VERY GOOD METHOD
IN TUBE CHECKING DUE TO THE FACT THAT ANY VOLTAGE CAN BE [INSERTED IN ANY
GRID CIRCUITs THE PLATE AND OTHER CURRENT READINGS FOR THIS TEST ARE MADE
1IN THE USUAL way,

By usiING CIRCUIT SELECT=-
OR SWITCH SW=2 AND REFERENCE
PO INT SWITCH SW=3,8eTTiING SW=2
To POINT 4 AND SW=3 To POINT 4,
5 or "GrROUND" CONNECTION FROM
THE EXTERNAL JACKk (GND), 1T 18
POSSIBLE TO MAKE HUM TESTS,US-

ING A LOW VOLTAGE RANGE AND
PRESS ING THE CONDENSER OR"OUT=
PUT BUTTON" AND S8ETTING FOR

"A.C." on THE A,Ce=D.Co sWITCH,
OuTPUT MEASUREMENTS CAN BEMADE
FROM ANY POINT TO ANY OTHER

POINT JUST BY CUTTING IN THIS
CONDENSER AND SETTING THE
SWITCHES. BE SURE TO CLOSETHIS
SWITCH WHEN RETURNING TO OTHER
MEASUREMENT. A LIST OF PARTSAS
USED IN THE CONSTRUCTION oF
THIS ANALYZER 18 GIVEN INTABLE

I11.

WHEN WIRING ANALYZERCIR=

ElG. T CUITS,SPECIAL PRECAUTIONS
. SHOULD SE TAKEN TO KEEP THE RE
Wiring and Panel Lay-out of SISTANCE OF THE WIRING DOWN TO
the Aﬂa/yzer. AS LOW A VALUE AS POSSIBLE 80

AS TO PERM|T ACCURATE MEASURE=-
MENTS TO BE MADE., FOR TMIS REASON, THE WIRE S1ZE USED SHOULD BE COMPARA=
TIVELY LARGE, THE LEADS KEPT SHORT AND THE CONNECTIONS SOLDERED WITH UT=
MOST CARE. IT 1S A COMMON PRACTICE TO USE #12 B&S WIRE COVERED WITH SPA=
GHETTI TUBING FOR THiS PURPOSE.

ANOTHER ANALYZER

A STILL DIFFERENT ANALYZER DESIGN 1S SHOWN YOU IN Fia. 7. THE LOWER
PORTION OF THIS jLLUSTRATION SHOWS YOU THE PANEL ARRANGEMENT OF THIS TEST
ER, WHILE THE UPPER PORTION OF THIS SAME ILLUSTRATION SHOWS YOU HOW  THE
WIRING JOB IS DONE ON THE BACK SIDE OF THE PANEL. THE CIRCUIT DIAGRAM OF
THIS ANALYZER APPEARS IN Fia. 8,
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TABLE T

LIST OF PARTS

SWi-| YaxLey 3-poLE, 10-POSITION SWITCH, TYPE 1630, NON=SHORT ING

SW2, SWB=2 YaxLEY DOUBLE=POLE, |0=-POSITION SWITCHES, TYPE 1620

SW3~ YAXLEY 8INGLE=-POLE, |0=POSITION 8WiTCH, TYPE |610 NON=SHORTING

SW4-| YAXLEY 3-POLE, 3=-POSITION SWITCH, TYPE 1633

SW5=| YAXLEY SINGLE-POLE, 6~POSITION SW|TCH, TYPE 55

| YAXLEY SINGLE=POLE, DOUBLE-THROW PUSH BUTTON sWITCH, TYPE 2003,
NON LOCK ING

| YAXLEY 8INGLE=-POLE, DOUBLE~-THROW PUSH=BUTTON SWITCH, BREAK CONTACT
Lock ING TYPE (CONDENSBER SW1TCH)

| YAXLEY SINGLE=POLE, SINGLE=-THROW PUSH-BUTTON 8WITCH, BREACK CONTACT
NON LOCKING TYPE (SAFETY sWITCH)

| DOUBLE=POLE, DOUBLE~THROW TOGGLE SWITCH,NICKEL PLATE (reEvERsING
SWITCH)

ALDEN 4 PRONG SOCKET, TyPE No. 424

ALDEN 5 PRONG SOCKET, TYPE No. 425

ALDEN 6 PRONG SOCKET, TyPE No. 436

ALDEN 7 PRONG, MEDiUM BABE, SBOCKET, TYPE No. 437

ALDEN 7 PRONG, LARQGE BASE, BOCKET, TvPt No. 437A

ALDEN INSULATED TIP JACKS (ONE RED, ONE GREEN, TWO BLACK)

ALDEN INSULATED SCREEN GRID CAP AND LEAD

FroaT 5000 oHM POTENTIOMETER, TyrpE No. 614|

KIT OF MULTIPLIERS, (1=5000 oM, 1~4950 oHm, [=4500 owm, 1-245000

oMM AND |=T50000 oHM)

| KiT oF 50 mMv. sHunts (1=10 Ma., 1=25 ma., 1=100 ma., =500 ma.)

| SMALL BAKELITE MOUNTING STRIP FOR SHUNTS AND MULTIPLIERS

| ALDEN EIGHT WIRE CABLE, 6 FT. LONG WITH ALDEN ANALYZER PLUG, TYPE
No.907, WLC,

| ALDEN SET OF 4 ADAPTERS, Tyre No's. 977 DS, 976 DS, 975 DS awno 974
Ds

1 -13000 oHm, | WATT RESISTOR, FOR CONTINUITY TESTS

| YaxLey 100 oHM, WIRE WOUND RESI1STOR, TYPE 8100

| HICKOK AeCe=DeCe METER, FLUSH TYPE MODEL 49X, 50 miLLivoLT

1-4000 oHm, 3 WATT RESISBTOR, IN C BATTERY CIRCUIT

| LiTTLEFUSE | AMPERE INSTRUMENT Fusg, TyrpeE No. |008 wiTH MOUNTING

cLiPp TyPe No. 1010

INSTRUMENT KNOBS

Buraess T3 voLT C BatTeries, No. 5540

EVEREADY FLASHL)GQHT CELL, |3 voLTs, TyrPE No.,935

HARDWOOD CABINET, I5% incHEs BY 10 INCHES BY 5 INCHES HIGH

DRILLED AND ENGRAVED BAKELITE PANEL, 9 INCHEs 8Y 10 INCHES BY

INCHES

Bug=BAR, HOOKUP WIRE AND HARDWARE

—— e P = -

—_———o;
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SOME OF THE MORE IMPORTANT FEATURES OF THIS ANALYZER ARE! ONLY ONE
METER TO READ; VOLTAGE AND CURRENT TESTS ON ALL TUBE ELEMENTS8; POINT TO
POINT RESISTANCE TESTS USING THE ANALYZER CABLE, WITH A RESISTANCE RANGE OF
| oHM TOo | MEGOHM; ALL TUBE ELEMENTS CAN BE MEASURED WITH A VARJABLE RANGE
oF 5 7o 1000 voLTs on A.C. OR D.C.; ALL TUBE ELEMENTS (EXCEPT THE HEATER)
CAN BE MEASBURED FOR CURRENT WiTH A VARIABLE RANGE OF | MA. UP TO 500 MmaA.;
ALL RANGES ARE AVAILABLE EXTERNALLY THROUGH FIVE PIN JACKS ON THE ANALYZER
== TWO JUACKS ARE USED FOR RESISTANCE MEASUREMENTS; THE OUTPUT RANGE 18 FROM
5 1o 100 voLTs; THE VOLTMETER RANGE 18 5 To 1000 voLTs A.C, or D.C: aND THE
CURRENT RANGE 18 | TO 500 ma., A,C, or D.C.

ONE POSITION = SBELECTOR SWITCH AND ONE METER - RANGE SELECTOR BWITCH
ARE THE MAIN CONTROLS8e THERE ARE FOUR S8OCKETS MOUNTED ON THE PANEL WH{ICH
TAKE CARE OF ALL TUBES.

A VERY IMPORTANT FEATURE.OF THIS ANALYZEP |8 THAT A COMPLETE VOLTAGE
AND CURRENT TEST CAN BE MADEAT EVERY PRONG AND EVERY CIRCUIT CAN' BEMEASURED FOR
RES ISTANCE FROM PO INT TO POINT WITHIN THE RANGE OF | OHM UP TO | MEGOHM.THIS OPER
AT IONWOULD INSTANTLY 8HOW THE NATURE OF THE TROUBLE,THAT 1S, WHETHER 1T
I8 AN OPEN CIRCUIT OR SHORTED CIRCUITe TO MAKE THIS POINT CLEAR, LET US
CONSIDER A PRACTICAL EXAMPLES

TEST PROCEDURE

WE SHALL ASSUME THAT THE ANALYZER CABLE IS PLUGGED INTO ONE OF THE
R.F. STAGES OF A RECEIVER IN WHICH A TYPE =24 TUBE 1S BEING USED. VE WANT TO
SEE |IF THIS TUBE 18 GETTING PLATE VOLTAGE, 80 WE SET THE POSITION S8ELECTOR
(SW=1) on THE P=H (PLATE OR HEATER) POSITION AND THE METER RANGE SELECTOR
swiTcH (SW=2) caN BE BET AT ANY VALUE DESIRED (THAT 18, FROM 5T0 1000 voLTs)
BUT BINCE WE KNOW BEFOREHAND THAT THE =24 TuBE WORxks WITH (80 To 250 voLTs

Ac
CONTROUS TOP VIEw OF FULL-WAVE DRY-DISC RECTIFIER ——_-=—=-—- L]
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ON THE PLATE, IT IS LOGICAL TO CHOOSE THE 250 VOLT POSITION ON SW=2,

Now THEN, IF THERE 13 NO PLATE VOLTAGE INDICATION, IT I8 DUE TO ONE
oF THREE REASONS: (1) AN opeEN circulT (2) A sHorT circuiT {(3) A LARGE ov-
ERLOAD IN SOME OTHER PART OF THE SET.

THE NEXT STEP IS TO SHUT OFF THE SWITCH ON THE RECEIVER, LEAVE THE
ANALYZER PLUG WHERE IT WAS AND THE POSITION SWiTcH SW=] seT AT P=H,THen
S8ET THE A.C.-RES-D,C, swiTcH To RES,, AFTER WHICH THE METER RANGE SELECT=
OR SWITCH SW=? |8 SET TO THE DESIRED RESISTANCE RANGE —~ THAT 8 TOo"HiaH"
FOR | MEG., "MeEDIUM" FOR D.! MEG. AND "LOW" FOR |,000 oHmas,

IF THERE 18 NO READING WHATSOEVER ON THE OHMMETER, 1T WOULD INDICATE
AN OPEN VOLTAGE DIVIDER SBECTION, AN OPEN FJELD OR FILTER CHOKE OR A BROK=
EN WIRE SOMEWHERE {N THE CIRCUIT, THEREBY PROVING THAT THE TROUBLE 18
ELSEWHERE AND NOT N THE CIRCUIT UNDER TEST. THE THIRD INDICATION 18 WHERE
THE OHMMETER READS DEAD S8HORT OR NEARLY SO AND IN WHICH CASE THE THINGSTO
LOOK FOR ARE SHORTED BYPASS CONOENSERS, SHORTED SOCKET PRONGS AND QROUND=
ED WIRES,

SEVEN PUSH-BUTTON SWITCHES ARE MOUNTED IN A ROW ALONG THE BOTTOM EDGE
OF THE PANEL AND ARE LETTEReD A8 P (PLaTE), Sa (screen~aRrRiID), K (carwooEe),
G(ariD), Sp (supPreEssor GRID), CG (CONTROL GRID) ETC.

CURRENT MEASUREMENTS FROM | To 500 MA, CAN BE OBTAINED ON ANY ONE
OF THE TUBE ELEMENTSe FOR INSTANCE, IF PLATE CURRENT OF A =47 TUBE I8 TO
BE MEASURED, SWJTCH SWe| 18 PLACED ON THE "P" posiTiON aAND SW=2 ST  FOR
THE 50 MA. RANGE. THE PLATE BUTTON SW=B 18 THEN PRESSED, AT WHICH TIMETHE
METER WILL READ THE PLATE CURRENT.

To READ THE SUPPRESSOR GRID CURRENT OF A SIX=PRONG TUBE,SW=l 15PLAG=
ED ON POSITION SP AND SuPP.BUTTON SW=39 |8 PRESSED. A METAL CAP ON THE
SIDE OF THE CABLE PLUG SERVES AS THE CONTROL GRID CONNECTION FOR THE RE=
CEf{VER. THE LIST OF PARTS A6 USED IN THE CONSTRUCTION OF THIS  ANALYZER
FOLLOWS?

LIST OF PARTS

One WESTON MILLIAMETER,MODEL 301,27 oR 50 MiLLIVOLTS,0~1 MA. RANGE;

Two JEWELL 2=DECK,24=POINT SWITCHES,SWw.| AND Sw. 2;

Two JEWELL SMALL BAR HANDLES?

ONE 4-DECK, 3=POINT SWITCHI , Sw.3;.

81X PUSH-BUTTON SWITCHES, Sw., 5, Sw, 6, Sw. 7,Sw.8,5w.9, Sw.l0;

E1GHT METER SHUNTS 25=5~]0~25-50=100-250-500 mMa. Rl To R8;

E1GHT VOLTAGE MULTIPLIERS, 4,950-5,000-16,000-25,000-50,000 oHMs AnD
o |5=MEG. +25=-MEG. o5-MEG., R9 To RI6;

One D.P,D.T, sWiTCH,Sw,4; FOUR SOCKETS 4=5=6=T7 comB.; 81X TIP-JACKS;

ONE ENGRAVED PANEL 7 X 13 X 3/l6 INS.; ONE BAKELITE PANEL, 7 x |3
x 1/8 INe; OnE TAUREX RECTIFIER WITH SCALE~ADJUSTING RESISTOR,

One 1000 oHM RHEOSTAT, R22;

OnE NA=ALD ANALYZER CABLE WITH 4 ADAPTORS, TvPE 907 WLCA;

FIVE RESISTORS FOR OHMMETER, 50, 150, 3,600, 4,000 ano 36,000 oHus,
RI7 vo R2i;

THREE ROLLS OF HOOKUP WIRE, COLORED RED, GREEN AND BLACK;

ONE CARRYING CASE TO FIT COMPLETED ANALYZER CNASsis; ONE 4} V.BatT,.
Bl; One 40% V. sPECIAL BATTERY, Tx53x5/8 in., B2.
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IN THE PAST SERIES OF LESSONS, YOU HAVE HAD THE OPPORTUNITYOF LEARN
ING CONS IDERABLE ABOUT THE TESTING EQUIPMENT AS USED IN Rapi0. ALTHOUGH
YOU MAY PERHAPS NOT BE PARTICULARLY INTERESTED IN BUILDING EQUIPMENT OF
THI1S KIND, YET THE OCCASSION WILL NO DOUBT ARISE WHEN YOU WILL FIND THIS
INFORMATION TO BE MOST WELCOME. FURTHERMORE, EVERY RADIO TECHNICIJAN SHOULD
HAVE THIS KNOWLEDGE IN ORDER TO BE WELL~TRAINED.

IN THE NEXT LESSON, YOU ARE GOING TO STUDY AN ENTIRELY DI FFERENT sU
JECT, NAMELY, THE VARIOUS METHODS OF FREQUENCY CONVERS|ION AS USED IN SUP=
ERHETERODYNE RECEIVERS OF RECENT DES|GN. HerRe vYOou WiLL LEARN ABOUT ELECT-

RON COUPLED OSCILLATORS, THE AUTODYNE SYSTEM, SPECIAL TUBES FOR SUPERHETER-
ODYNES ETC.

EXAMINATION QUESTIONS

LESSON NO. 53

1. = WHAT ARE SOME OF THE MORE IMPORTANT FEATURES WHICH AN AN
ALYZER SHOULD OFFER IN ORDER TO BE A REALLY PRACTICAL
TESTING UNIT?

2. = WHY 1S A REVERSING SW|TCH PROVIDED ON MOST ANALYZERST

3, = HOW 18 IT POSSI3SLE TO USE A SINGLE METER ON AN ANALYZER
AND BE ABLE TO MEASURE VOLTAGES OF VARIOUS RANGES, D.C.
CURRENT OF VARIOUS RANGES, IN ADDITION TO HAVING SEVERAL
OHMMETER RANGES?

4, - EXPLAIN HOW AN ANALYZER 1S USED IN ORDER TO CHECK A RE=
CEIVER, USING ONE OF THE ANALYZERS DESCRIBED IN THIS LES=
S8ON AS AN EXAMPLE.

5e = WHAT PROVISIONS SHOULD BE MADE ON AN ANALYZER FOR TAKING
EXTERNAL MEASUREMENTS W]THOUT HAVING TO PLUG THE TESTER
INTO THE RECEJIVER?

6., = WHAT ARE SOME OF THE MORE IMPORTANT THINGS TO CONSIDER RE
LATIVE TO THE WIRING OF AN ANALYZER?

7. = How ARE THE INTERNAL CIRCUEITS OF ANALYZERS GENERALLY ARR-
ANGED 80 THAT A.C. orR D.C. VOLTAGE MEASUREMENTS CAN BE
TAKEN WITH THE SAME METER?

8., = WHAT PROVISIONS ARE GENERALLY MADE SO THAT THE PLUG WH{ICH
1S ATTACHED TO THE ANALYZER CABLE CAN BE INSERTED IN THE
VAR|IOUS TYPES OF SOCKETS8 USED IN rReceivers?

9, - WHAT 1s A "uNiIVERSAL 8O0CkeT"?

10.- WHY IS IT SO IMPORTANT TO CONSIDER BEFOREHAND THE MAX{MUM
VOLTAGE OR CURRENT WHICH 18 LIKELY TO BE PRESENT IN A GIVEN
RECEIVER CIRCUIT UNDER TEST BEFORE CONNECTING THE METER OF
THE ANALYZER TO THE CIRCUIT BY MEANS OF THE ANALYZER'S
BW{TCHING ARRANGEMENT?

\ ¥)

E—CT ﬁ'/‘l
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FREQUENCY CONVERS/ION [N
SUPERHETERODYNE RECE/IVERS

ALTHOUGH YOU ARE ALREADY SOMEWHAT FAMILIAR WiTH SUPERHETERODYNE RE=
CEIVERS, YET THERE ARE STILL A NUMBER OF (MPORTANT FEATURES REGARDINGTHI!3
TYPE OF CIRCUIT WHICH HAVE UP TO THIS8 TIME NOT BEEN BROUGHT TO YJUR ATTEN
TION, CONTINUALLY, THESE CIRCUITS ARE UNDERGO ING A CHANGE IN DESIGN BY
LEADING MANUFACTURERS S50 THAT THE VERY LATEST IMPROVEMENTS MAY BE APPLIED.

IN THIS LESS8ON, YOU ARE GOING TO BE INFORMEC OF THESE (NEWERCIRCUITS,.

ELECTRON=COUPL ING

IN ALL OF THE SUPERHETEROOYNE  RE=
CEIVERS ABOUT WHICH YOU STUDIED SO  FAR,
THE OSCILLATOR CIRCUIT WAS COUPLED TO THE
CIRCUIT OF THE FIRST DETECTOR ELECTROMAG
NETICALLY, OR "INDUCTIVELY" AS WE GENER-
ALLY SAY —— SOMEWHAT AS ILLUSTRATED INFIG.
2 AND IN WHICH CASE THE OSCILLATOR AND
FIRST DETECTOR ARE BOTH IND!VIDUAL TUBES.
SUPERHETERODYNES OF. MORE RECENT DESIGN,
HOWEVER, EMPLOY A SINGLE TUBE WHCH 8 [MUL~
TANEOUSLY SERVES THE PURPOSE OF THE 0SCIL
LATOR AND FIRST DETECTOR. THIS I8 MOST GEN
ERALLY ACCOMPLISHED BY WHAT |8 KNOWN  AS
ELECTRON COUPLING AND IN WHICH CASE, THE
ELECTRON STREAM W|TH{N THE TUBE SERVES AS
THE COUPLING MEDIUM BETWEEN THEOSCILLATOR
AND FIRST DETECTOR. THE TUBES, WHICH ARE
MOST FREQUENTLY USED FOR THIS PURPOSE, ARE
KNOWN As THE 2A7, BAT7 ano THE |ASB,

FIRST, WE SHALL CONSIDER THE CON=
STRUCTIONAL FEATURES OF THESE TUBES AND
THEN THEIR APPLICATION TO PRESENT=DAY CIR
CUITS AND THE ADVANTAGES GAINED THRUTHEIR

Fila 1

A Modern Superheterodyne
* Receiver.

COPYRIGHTED - 1935 >
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UBE.

THE 2A7 TUBE

THE 2AT7 18 cLassSIFIED a8 A PENTAGRID CONVERTER AND 1TS SYMBOL APPEARS
IN Fi1ge 3. THIS TUBE CAN BE MORE SIMPLY ANALYZED BY CONSIDERING IT AS BE-

ING TWO §NDIVIDUAL TU=-

13t Det.
vy

BE SECTIONS ENCLOSED

IN A SINGLE QLASS EN-
VELOPE. FOR JNSTANCE,
GRID #2 INSTEAD OF BE

|
]

ING CONSTRUCTED IN
THE CONVENT{ONAL GRID
FORM |8 BUILT N THE
SHAPE OF TWO CONNECTED
B+ VERTICAL METAL RODS
AND ACTS A8 A PLATE

To LF
Amp.

)
Induckively | 8

coupled ~ <

,

Oscillakor

]
|

B\
Bias resistor

OF THE TuBE's TRIODE
SECTION., FOR TH18 REA
SON, GRID #2 18CALLED
THE ANODE GRID.

THi8 PARTICULAR
: POKTION OF THE TUBE

CONSISTING OF THE HEAT
ER, CATHODE, GRID ¥I
AND GRID #2 ACTS AS A

for 13k Det.

FIG. 2

Electro magnektic Coupled Oscillator.

CONVENTIONAL 0SCILLA~
TOR TUSE AND 13 CONN=
ECTED TO THE CIRCUIT
A8 sHOWN N Fie. 4.

By sTuoving Fig. 4, YOU WILL NOTICE THAT THE OSCILLATOR TUNING CIR=

CUIT 18 CONNECTED TO GRID #‘ oF THE 2AT7 TUBE THROUGH THE GRID
AND THAT THE PLATE WINDING OF A CONVENT|ONAL S8UPERHETERODYNE

CONDENSER
0SCILLATOR

COIL IS GCONNECTED BETWEEN B4+AND GRID #2 OF THE TUBE. THIS ANODE GRID 18
THEREFORE BEJNG USED AS A REGULAR PLATE OF A TRYIODE OSCILLATOR TUBE  AND

THI8 PCRTION OF THE TUBE PRODUCES OSCILLATIONS AT CONTROLLED

THE SAME AS A CONVENT IONAL
OSCILLATOR,

TRIODE

HAY ING CONSJIDERED THE CSCJLL~
ATOR SECTION OF THE 2A7, LET uUs NOW

ADD THE REST OF THE TUBE  ELEMENTS
AND SEE HOW THE SYSTEM W|LL  FUNC~-
TION. THE CIRCUIT WiLL NOW  APPEAR

A8 ILLUSTRATED IN Fia. 5,

UpoN STUDYING F1G. 5, YouwlLL
OBSERVE THAT THE OSCILLATOR CIRCUIT
REMA INS EXACTLY THE SAME AS ILLUS-
TRATED IN F1a. 4 AND ALTHOUGH THE
CONNECTIDN TO THE ANGDE GR1O  (#2)
IS MADE AT THE LEFT OF THE TUBE IN
Fice 5 FOR THE SAKE OF CONVEN]ENCE,
THIS IN NO WAY ATFECTE THE MEANING

FREQUENCIES

Plate
Grid #5

Grid #1

Heater

Catho clz/

Fla.s
Symbo! of the ZA7
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OF THE SYMBOL.

STILL CLOSER INSPECTIDNOF
Fic. 6 WiLL REVEAL THAT ari0 4

SERVES AS THE CONTROL GRID TO

WHICH THE TUNING CIRCUIT OF A

CONVENT IONAL FIRST DETECTOR 8

CONNECTED. A REGULAR PLATE,WH|CH
I8 INSTALLED IN THIS TUBE, 18

CONNECTED TO B4250V. THROUGH THE
PRIMARY. W{NDING OF AN l.F.TRAN

8FORMER., GRIDS #3 anD #5 AREcCoOpN
NECTED TOGETHER WITHIN THE TUBE

AND SBERVE AS A SHIELD BETWEEN

THE CONTROL GRID #4 AND THE

PLATE,AS WELL AS BETWEEN  GRID

#4 AND THE ANODE GRID #2. IN

OTHER WORDS,@RIDS #3 anD #5 To-

GETHER ACT AS A SCREEN-GRID AND

ARE THEREFORE CONNECTED TO A

BYtPOTENT 1AL AND BYPASSED WiTH A

FIXED CONDENSER.

THi18 SECOND PORTION OF THE
TUBE, WHICH WE HAVE NOW ADDED,
MAY BE CONS IDERED TOGETHER W|TH

Grid # 2

N

_| Leak resistor
Bias rr.s\si:or..
Oscillator coil 1

Fil1g. 4
77/6 Oscillator Section,

THE CATHODE AND HEATER (WHICH IS COMMON TO BOTH SECTIONS OF THE TUBE)AS A

SCREEN=GRID TUBE.

Now THEN, ALTHOUGH THE R.F.
IS DESIGNED EXACTLY THE SAME AS

18T oETECTOR CIRCUIT OF Fig. 5

TRANSFORMER WHICH (S BEING USED

IN THE
IN THE OTH

ER SUPERHETERODYNE CIRCUITS WHICH YOU ALREADY STUDIED, A8 18 ALSO THE OSC

ILLATOR COIL, YET IN THE CIRCUIT pEsiaen oF Fia. 5, THE R.F,

TRANSFORMER OF

THE |87 DETECTOR CIRCUIT AND THE OSCILLATOR COIL ARE EACH WOUND ON SEPAR-
ATE FORMS AND SO PLACED ON THE RECEIVER CHASSI|S THAT THERE I8 NO INDUCTIVE

COUPLING BETWEEN THEM.

-

THE FIRSTOETECT=

1t Det.

OR AND OSCILLATOR CiR=
CUITS ARE HOWEVER COUPR
2 LED THROUGH THE TUBE

IN THAT THE GRIO TO

Y.

lnpuk %é ié
i

Oscillator coil

[{ }

||

+
2Zo0V.

o0 V.

WHICH EACH IS CONNECTED
I8 LOCATED WITHIN A
COMMON ELECTRON STREAM
WHICH IS FLOWING THRU
THE TUBE AND IT 1S FOR
TH1S REASON THAT THIS
S8YSTEM 18 REFERRED TO
As BeiING ELECTRONCOUP=-
LED,

CIRCU|T OPERATION
WiTH THE 2A7

250V

Fla. 5
Cornplete

Circurt for the 247

WiTH THISCIRCUIT
IN MIND, LET US NOW SEE




PAGE 4 PRACT ICAL RADIO

HOW THE COMPLETE SYSTEM OPERATES SO AS TO PRODUCE THE DESJRED INTERMEDIATE
FREQUENZY,.

To BEGIN WiTH, THE HEATED CATHODE EMITS ELECTRONS WHICH ARE ATTRAC-
TED TOWARDS THE POSITIVELY CHARGED ANODE GRID #2 AND SINCE GRID ¥ 1SPLAG
ED BETWIEN THE CATHODE AND GRID #2, IT 1S OBVIOUS THAT THESE ELECTRONS
WILL BE CONTROLLED IN THEIR FLOW BY GRID #| WHOSE POTENTIAL VARIZS AT A
RATE DETERMINED BY THE FREQUENCY TO WH{CH THE OSCILLATOR CIRCUIT 18 TUNED,
ConNDITINNS BEING SUCH, THIS SAME ELECTRON STREAM WILL BE MODULATED AT THE
0SCILLATOR FREQUENCY.

THE ANODE GRID IS NOT CAPABLE OF COMPLETELY OBSTRUCTING THE FLOW OF
ELECTRONS TOWARDS THE PLATE BECAUSE T OFFERS BUT LITTLE EXPOSED SURFACE.
FOR TH13 REASON, THE GREATER PORTION OF THE ELECTRON STREAM CONTINUES ON=
WARDE TIWARDS THE PLATE WHICH 1S CHARGED TO A STiLL HIGHER POSITIVE POTEN
TIAL BUT IT FIRST COMES UNDER THE INFLUENCE OF GRID #3 WHICH IS ALSO BE=-
ING OPERATED AT A POSITIVE POTENTIAL WITH RESPECT TO THE CATHODE. THIS
GRID #2 ALSO OFFERS LITTLE OBSTRUCT|ON TOWARDS THE ELECTRON FLOW DUE  TO
ITS CONSTRUCTION BUT BEING OF A FAIRLY HIGH POSITIVE CHARGE, IT ACCELERA=
TES THE FLOW OF ELECTRONS TOWARDS THE PLATE. REMEMBER THOUGH, THAT THE Ej
ECTRON STREAM WHICH REACHES THIS REGION OF THE TUBE 1S ALREADY IN A MOOU-
LATED#PORM, CONFORMING TO THE OSCILLATOR FREQUENCY DUE TO THE ACTION  OF
GRID ¥l

Now THEN, THE INCOMING RADIO~=FREQUENCY SIGNAL APPEARING IN THE TUNe
ING CIRCUIT, CORRESPONDING TO THE FIRST DETECTOR, I8 APPLIED TO GRID #4
AND THU'REFORE FURTHER MODULATES THE ELECTRON STREAM WHICH HAS ALREADY BEEN
MODULATED AT THE OSCILLATOR FREQUENCY, THis EFFECT PRODUCES COMPONENTS OF
PLATE CURRENT, THE FREQUENCIES OF WHICH ARE THE VAR|IQUS COMBINATIONS OF
THE 0S¢ ILLATOR AND SIGNAL FREQUENCIES. THEN SINCE THE PRIMARY CIRCUIT OF
THE F14-8T l.Fe STAGE I8 DESIGNED TO RESONATE AT THE INTERMED{ATE FREQUEN=
CY WHiILH IS EQUAL TO THE DIFFERENCE BETWEEN THE OSCILLATPOR AND INCOMING
S1GNAL FREQUENCY, ONLY THE DES{RED INTERMEDIAfE FREQUENCY WlLL BE PRESENT
IN THE SECONDARY CIRCUIT OF THE |.F. TRANSFORMER FOR FURTHERAMPLIFJCATION.

.AMONG THE CHIEF ADVANTAGES OBTAINED THROUGH THI8 SYSTEM OF FREQUEN=
CY CONVERSJON ARE THAT IS SIMPLIFIES THE DESIGN OF THE OSCILLATOR CIRCUIT
WHILE 4T THE SAME ELIMINATING ONE TUBE FROM THE CIRCUIT. IT ELIMINATES UN
DESIRE:) INTERCOUPLING EFFECTS BETWEEN SIGNAL, OSCILLATOR AND MIXERCIRCUIT
WITH 78 RESULTING DETUNING CHARACTERISTIC, T REDUCES LOCAL FREQUENCY RA
DIATIO:4 AND 1S MORE STABLE IN OPERATION IN THAT FREEDOM FROM THE EFFECTS
OF VAR!ATION IN OSCILLATOR VOLTAGE CAN BE OBTAINED.

{HE PA7 I8 FITTED WITH A SEVEN-PRONG BASE OF THE SMALL TYPE AND THE
CONNEC'; 1ONS ARE MADE TO ITS SOCKET AS ILLUSTRATED IN F1G. 6 WHERE YOU ARE
LOOK ING AT THE SOCKET FROM BELOW, THE HEATER PRONGS OF THE TUBE CAN BE |=
DENTIFIED BY THE FACT THAT THEY ARE LARGER [N DIAMETER THAN THE  OTHERS.
THE CIRCUIT CONNECTION TO GRID #4 IS MADE TO THE CAP ON TOP OF THE TuBE's
GLASS 3ULB, ‘

OPERAT ING CHARACTERISTICS OF THE 2A7

THE OPERATING CHARACTERISTICS OF THE 2A7 WHEN USED AS A FREQUENCY
CONVERTER ARE AS FOLLOWS?
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HEATER VOLTAGE = 2.5 VouLTs ANODE GRID VOLTAGE =200 VoLTs
HeEATER CURRENT = 0,8 AmP. (GriD #2)
PLATE VoLTAGE = 250 VoLTs AnoDE GRID CURRENT =4,0 Ma,
PLaTe CURRENT = 3.5 Ma,. ConTrOL GRiD VoLTAGE==3 VoLTS
ScrReen VoLTagE =100 VoLTs (Grio #4)

(Grios #3 ano #5) OSCILLATOR LEAK RESISTOR=50,000 Onms
ScrREEN CURRENT =2,2 MaA. CATHODE RES 18TOR =300 OHms

CONVERS 1 ON CONDUCTANCE=520MICROMHOS PLATE RES ISTANCE =0.36 MeEGoHM

THE NEW TERM "CONVERS | ON—~CONDUC- Grid #2

TANCE" WHICH 18 USED IN CONNECT IONWITH Grid
THIS TUBE IS DEFINED AS THE RATIO  OF '5,:»«:5
THE ALTERNATING CURRENT AT THE (INTER-
MED IATE FREQUENCY OF THE MIXER OUTPUT-
CIRCUIT TO THE RADIO~-FREQUENCY &I1GNAL
VOLTAGE APPLIED TO GRID #4. THIS SAME
CHARACTERISTIC IS ALSO FREQUENTLY CALL
ED THE "CONVERS | ON=TRANSCONDUCTANCE. "

ANOTHER NEW TERM EMPLOYED WITH Plate d ‘ Cathode
THIS TYPE OF CIRCUIT 18 "TRANSLATION Grid #4 \<
GaIN", THiS 18 THE RATIO OF THE INTER- to c,p> Heater
MEDIATE FREQUENCY OUTPUT VOLTAGE TO THE
SI1GNAL VOLTAGE APPLIED TO GRID #4. THE FlG.6
TRANSLATION GAIN OBTA INABLE WITH A Socket Arrangement for ZA7.

CIRCUIT SUCH AS sHOWN IN Fra. 5 caN BE
A8 MUCH AS B0 WITH ORDINARY TRANSFORMERS. |F SPECIAL LOW-LOSS EQUIPMENT IS
EMPLOYED, IT I8 POSSIBLE TO OBTAIN A TRANSLATION GAIN OF 100,

APPLICATION OF THE 2A7 TO COMPLETE RECEIVERS

IN F1G. 7 YOU WiLL SEE THE COMPLETE CIRCUIT DIAGRAM OF A SUPER-
METERODYNE RECEIVER IN WHICH THE 2A7 18 BEING USED A8 A COMBINATION FIRST
DETECTOR AND OSCILLATOR., THE CIRCUIT SET=UP AROUND THE 2/\7, YOU WwWiLL 0B
SERVE, I8 THE SAME AS WAS ALREADY OUTLINED FOR YOU 1IN THE PREVIOUS EXPLAN-
ATION AND ALTHOUGH A SPECIAL TYPE OF HIGH=QAIN TRANSFORMER (8 BEING USED
IN THE PRE=-SELECTOR AND |ST DETECTOR STAGE OF THE PARTICULAR COMMERCIAL RE

DYNAMIC
- REPRODUCER

~ VOICE COIL

-

Fla. 7
Using the 247 Jn a Superheterodyne Keceiver:
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CE{VER HERE JLLUSTRATED, YET THE CONVENTIONAL TYPE OF R.F. TRANSFORMER
WOULD A..S0 WORK IN THIS CIRCUIT. THE REST OF THIS RECEIVER I8 NO DIFFERENT
THAN THZ OTHER SUPERHETERODYNES WITH WHICH YOU ARE ALREADY ACQUAINTED.. THE
2A7 SHOULD BE FULLY SHIELDED FOR BEST RESULTS.

THE 6A7 TUBE

T.1e BA7 1S AN EXACT DUPLICATE OF THE 2A7 WITH THE EXCEPTION THAT 1IT
IS DES|JNED PRIMARILY FOR USE IN AUTOMOBILE RECE{VERS AND FOR THIS REASON,
ITS HEATER 15 RATED AT 6.3 voLTs AND 0.3 amMpP§ THE REST OF 178 OPERATING
CHARACTCRISTICS ARE THE SAME AS ALREADY GIVEN YoU FOR THE 2A7. HOWEVER, IF
THE MAXiMUM "B™ VOLTAGE AVAILABLE 18 SOMEWHAT LOW,THE BAT MAY ALSO BE OPER
ATED UNPER THE FOLLOW{NG CONDITIONS? |

PLaTe voLtace =100 VouTs ANODE=GRID CURRENT =3.3 Ma,

Prate CHRRENT = 1.3 Ma, CaTHODE RES18TOR =150 OnHms

SCREEN vOLTAGE =50 VoLTs OsciLLATOR LEAk RESISTOR =10,000 GHMs
SCREEN CURRENT = 2,5 Ma. PLaTE RESISTANCE =06 MEGOHM
ANODE=G210 VOLTAGE =100 VoLTs CONVERS 1ON CONDUCTANCE=Z350 M1CROMHOS

F1a.8 sHows
YOU THE TYPICAL
MANNER IN WHICH
THE BAT 18 USED
IN  AUTOMOBILE
RECEIVERS, OB~
SERVE, THAT IT8
"APPLICATION 18

4 ¢ <| 1 S gue g T PRACTICALLY jo
[ ¢ ] e — E,,EZ’QL’{]‘{] DENT ICAL TO THAT

e [ 7oy opee]  oF THE 2AT7. THE
»'-‘E.Tf lg,g;;3 REMA INING POR=
' 4 == R TIONS OF THIS
BT (e G CIRCUIT ARE Al=

“A ~"HOT SIDE OF HEATER ClRCUIT

80 THE BAME AS
USED INMOST PRE
FIGg. & SENT DAY AUTO-
Application of the 6A47. MOB | LE RECE IVERS.
Tue "B" supPpLy,
YOU WiLL NOTICE, I8 FURNISHED BY A TUBE=V{BRATOR TYPE "B" ELIMINATOR WITH
THE VIERATOR BEING USED TO INTERRUPT THE FLOW OF BATTERY CURRENT THROUGH
THE PRIMARY WINDING OF THE POWER TRANSFORMER S0 AS TO OBTAIN §NDUCT {ON,
WHILE 1HE 84 TUBE TAKES CARE OF THE HIGH VOLTAGE RECT!FICATION.

CONNECT YO AMMETER.

THE {A8

THE |AB 1S ALSO A PENTAGRID CONVERTER, SIMILAR Y0 THE 2A7 AND THEGBAT,
WITH THE EXCEPTION THAT IT IS DESIGNED FOR USE IN BATTERY OPERATED RECE|V=-
ERS WHEiRE DRY CELLS ARE USED A8 THE "A® guppLv. THE symBoL FOR THE A6 18
sHOWN Y0U IN Fig. 9 AND AS YOU WiILL OBSERVE, IT 18 THE SAME AS THAT FOR
THE PA%7 AND THE BA7 ONLY THAT THE CATHODE IS ELIMINATED.

The |AB 1S FITTED WITH A B=PRONG BASE AND THE CIRCUIT CONNECT IONS ARE
MADE TC ITS SOCKET AS ILLUSTRATED (N Fig. |0 WHERE YOU ARE LOOKING AT THE
SOCKET FROM BELOW., THE TWO LARGER SOCKET HOLES ARE FOR THE FLAMENT AND
THE REST OF THE HOLES CORRESPOND TO THE DIFFERENT TUBE ELEMENTS AS |LLUS=




LESBBON NO.54 PAGE 7

TRATED IN FiG. 10. THE CONTROL GRID CONNECTION (GRID #4), YOU WILLNOTICE,
1S MADE TO THE TOP OF THE CAP ON THE GLASS B8ULSB.,

THE OPERATING CHARACTERISTICS OF THE |A6 ARE AS FOLLOWS?

F§ LAMENT VOLTAGE=2 VOLTS CoNTROL GRID voLTAGE(QRIDM) ==3 V,

Fi1LaMENT CURRENT = 0.06 amP, ANODE=GR}D CURRENT= 243 MA.

PLATE voLTAGE = 135=~{80 VoLTs 0SCILLATOR GRID CURRENT = 0,2 Ma,

SCREEN VOLTAGE =67.5 VoLTs TOTAL CATHODE CURRENT =6,2 MA.
(GriDs #3 & #5) OSCILLATOR LEAK RESI3TORE50,000

SCREEN CURRENT =2.5 MA. PLATE Res1STANCE 0.4 =0,5 = MEGOHM

ANODE GRID VOLTAGE(GRID #2)=1356 VoLTs CONVERSION CONDUCTANCE=4 MICROMHOS ,

THE |A6 18 APPLIED TO SUPER=w

HETERODYNE CIRCUITS IN A SIMILAR MA Gvrid # 4 Plate

NNER A8 THE 2A7T AND THE BA7 anD IN. S i

Fig. !l YOU ARE SHOWN A CIRCUIT DIA

GRAM OF A BATTERY=OPERATED SUPER=- Grid #2 -\ POV

HETERODYNE IN WHICH THE lA6 18 USED NAAAA/ Grids #

AS A FREQUENCY CONVERTER. IN THIS Band 5

PART ICULAR CIRCUIT, AN R.F, OR PRE=

SELECTOR STAGE EMPLOYING A Tvpe=34 | Qrid #1 Al .

TUBE WORKS INTO THE FIRST DETECTOR - Filament

WHERE A lAG ' BERVES AS A COMBINATION

FIRST ODETECTOR AND OSCILLATOR, THIS Fig. 9

IS FOLLOWED BY AN |.Fe STAGE IN Symbol of the /4 6.

WHICH ANOTHER =34 TUBE IS USED AND

THEN IN TURN COME THE SECOND DETECTOR WITH A =32 TUBE, A FIRST AUDIOSTAGE
WITH A =30 TUBE AND FINALLY A POWER S8TAGE WITH Two TYPE =30 TUBES IN PUSH
PULL. A PERMANENT=MAGNET DYNAMIC SPEAKER 1S USED WITH THIS RECEIVER  AND
AN "AIR=CELL" IS INTENDED FOR THE "A"™ suppLy. REguLarR "B" ano "C" ory BA-
TTERIES FURNISH THE "B" ano "C" suppPLIES FOR THE RECEIVER.

THE AUTOOYNE SYSTEM

IN F1ae 12 YOU ARE SHOWN A CIRCUIT DIAGRAM OF AN AUTOMOBILE  TYPE
SUPERHETERODYNE RECEIVER IN WHICH THE "auToovNe"™ pPRINCIPLE IS EMPLOYED,
HERE AN ORDINARY R.F.PENTODE (THE
Grid #1 -39 IN THIS CASE) 15 BEING USED
AS A COMBINATION FJRST DETECTOR
AND OSCILLATORe THIS SYSTEM i1s
QUITE POPULAR IN SUPERHETERODYNE
RECEIVERS OF COMPACT DESIGN IN
THAT IT ELIMINATES THE ADDITIONAL
OSCILLATOR TUBE AND IN THIS  WAY
GAVES SPACE. HOWEVER, (N  SUPER-
HETERODYNES OF LATER DES IGN, THE
USE QF THE PENTAGRID CONVERTER
TUBES IS RAPIDLY TAKING THE PLACE
OF THE AUTODYNE METHOD OF  FREQ-

Grid # 2

Filament UENCY CONVERSION BECAUSE IT !

MORE EFFICIENT IN OPERATION.NEVER

Fla. 10 THELESS, SUPERHETERODYNES EMPLOY=

Socket Arrangemeni' of ING THE AUDODYNE PRINCIPLE ARE
the /46. STILL IN USE AND 80 IT ISWELL FOR
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YOU TO BE ACQUAINTED WIiTH THEM,

A COMMON METHOD OF ARRANGING THE OSCILLATOR COIL IN RECEIVERSOF THIS
TYPE IS TO ENCLOSE THE OSCILLATOR COIL ASSEMBLY IN THE SAME SHIELD CANW|TH
THE FIRST |.F, TRANSFORMER AS INDICATED 8Y THE ENCLOSURE DRAWN W|TH DOTTED
LINES IN Fia. 12, COMPLETE COIL ASSEMBLIES AS THIS8 ARE KNowN As "Compos|TE"
osciLiLaTOR=1.F, UNITS AND IN Fi1G. |3 YOU ARE SHOWN THE CONSBTRUCTIONDETAILS
OF SUCH A UNJT,

THE coiLs oF THE |.F. TRANSBFORMER, YOU WiLL NOTICE ARE MOUNTED ON A
WOODEN DOWEL WHILE THE OSCILLATOR TUNED WINDING AND THE PLATE CIRCUITWIND=
IN@ ARE WOUND ON A PIECE OF INSULATIVE TUBING SURROUNDING THE l.F. coiLs.
THE PLATE CIRCUIT WINDING IS WOUND DIRECTLY OVER THE TUNED OSCILLATOR WIND

Id
210 A Yiuow

?GND

nacn 8RSy

4 Goonms Ui
S 20,000 | .
. oame |
K'S} e
o/ % MFD.
—t
SPEAKEA  PERMANENT MAGNET - =
FLUG  OYNAMIC SPEAWER v | _ aMmEe |
ON-OrF TILow A ———
SWITCwW GreEn aTo 6 BivE ON-OFF
- 3 sacn s a0 e AMEG SWITCH
- : oacen BLACK &
v ] 'R LRELN
' urn L sown
............. . !
AESISTOR CHOATED WHEN TV. 4 o C+ -3V -9V  -10.5v B- B T T T
STORAGE BATTERY 15 VLD Fof - - -
A auUpPLY AR CELL < c c 67V.  1I5V.
Fta. 11

Application of the [(46.

ING WITH PAPER INSULATION BETWEEN THESE TWO WINDINGS SO AS TO AFFORD CLOSE
COUPLING BETWEEN THEM,

THE f.F. TRIMMER CONDENSERS ARE MOUNTED IN THE UPPER PART OF THE
SHIELD CAN AND' HOLES ARE PROVIDED IN TOP OF THE CAN THROUGH WHICH THEY CAN
BE ADJUSTED, ALL WINDING LEADS ARE BROUGHT OUT THROUGH THE BOTTOM OF  THE
CAN ABS SHOWN AT THE RIGHT OF Fy3, 13,

SINCE PART OF THE OSCILLATOR TUNED WINDING 1S IN SERIES W|TH THE CA-
THODE CIRCUIT OF THE DET-0SC. TUBE, THE OSCILLATOR COIL WILL ALSO BE COUP=
LED WITH THE CONTROL GRID CIRCUIT, AS WELL AS TO THE WINDINGS OF THE IsT
leF. TRANSFORMER. THE OSCILLATOR FREQUENCY CAN THEREFORE REACT WITH THE IN
COMING SIGNAL FREQUENCY SO AS TO PRODUCE THE DES IRED BEAT FREQUENCY WH{CH
IS8 TO 8E AMPLIFIED BY THE |.F. AMPLIFIER,

A UNIVERSAL RECEIVER WITH THE BA7

IN Figs 14, YOU ARE SHOWN THE CIRCUIT DIAGRAM OF THE MopeL 54 PHiLco
RECEIVER SO THAT YOU MAY SEE A TYPICAL EXAMPLE OF HOW THE BAT PENTAGRID CON
VERTER TUBE IS BEING EMPLOYED IN A SUPERHETEROOYNE TYPE "UNIVERSAL"RECE}V=
R (comBINATION A.Ce=D.C.). THE TUBES USED IN THIS RECEIVER ARE THE BA7 AS
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THE 1ST DETECTOR=0SCILLATOR, A 78 l.F. AMPLIFIER, A 75 SECOND DETECTOR, A

u
o
|
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Fla. 12

Circuit Employing the Autodyne Principle.

43 pOoWER TUBE AND A 2525 RECTIFIER,

WiTH THE EXCEPT{ON OF THE NECESSARY PROVISIONS TO MAKE THE COMB INAT 1 ON

A,C-D,C. OPERATION POSSIBLE,

YOU WILL FIND TNIS CIRCUIT TD FOLLOW THE SAME

BASIC PRINCIPLES WHICH HAVE ALREADY BEEN BROUGHT TO YOUR ATTENT ION,

A SHORT-WAVE SUPZRHETERODYNE

Fig. |5 SHOWS YOU A TYPICAL EXAMPLE OF HOW THE ZA7 TUBE MAY BEUSEOD IN

80 1vRNS o 18
920 TURNS 750 ruens [ "N Cirz. WIRE
N¢ 37GA. S S E. RS |-§G""~$< NMOd/ GA SS.E.
. Li A
(.0045) \ S (co28)
LAVER
(00d)
oo
( =
7 A T )
[/ 7AoR%
A Es —/— r/o
/
f
[
i
ALO 4 2
\g: 3
GREEN % 2
roGRID L
7 GRI . = 1_iletbll) y _‘__/
I H 4 N (X4 + 1 i +
Ny -, y : —
7 ”
~L 7R 7, - - I
[ TayramER I’ L= //e,_;:'fz" | 3°p \ RED
| sueporr = Je— T RN BLpck T BLUE
q 2% o L7
L 3" e

The Composite Oscillator —1.F. Unit.

AN EFFICIENT

SHORT=WAVE RE=
CEIVER OF THE
SUPERHETERODYNE

TYyPE.NOTICE THAT
THIS CIRCUIT HAS
AUTOMATIC VOLUME
CONTROL FEATURES
WITH THE AID OF
THE 55 DUPLEX
D I0DE~TRIODE TU=
BE,.

THE INTER=
MED | ATE FREQUENCY
IN THIS RECEIVER
1s 465 Kc. AND
THEREFORE THE |oFe
TRANSFORMERS

WHICH ARE USED
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MUST BE PEAKED AT 465 Kc. THIS S A POPULAR iNTERMEDIATE FREQUENCY FOR
SHORT AND ALL=WAVE SUPERHETERODYNE RECEIVERS,

A SET OF TWO PLUG=IN COILS ARE USED TO COVER EACH FREQUENCY 8aND,ONE
OF THESE COILS (5 USED IN THE FIRST DETECTOR STAGE AND THE OTHER 1IN THE
OSCILLATOR CIRCUIT. TUNING IS ACCOMPLISHED BY MEANS OF A TWO=GANG CCNDENSER
HAVING A CAPACITY RATING OF 40 MMFD. PER SECTION §N CONJUNCTION W]TH AN
INDIVIDUAL TUNING CONDENSER OF |40 MMFD. WHICH 1S SHUNTED ACROSS THE FIRST
DETECTOR SECTION AND THEREFORE SERVES AS A PADDING CONDENSER,

DuE TO THIS ARRANGEMENT CF THE TUNING CONTROLS, THE FIRST DETECTOR
AND OSCILLATOR COILS MAY BE CONSTRUCTED ALIKE. [HIS MEANS THAT PRACTICALLY
ANY STANDARD SET OF FOUR~PRONG SHORT WAVE COjLS MAY BE USED. |INOTHER WORDS
THE COJL IN THE FIRST DETECTOR CIRCUIT I8 USED IN THE CONVENTIONAL MANNER

4

i

@L RECHAIER
p o - G

. Fila. 14
The Mode!/ 54 Philco.

WHILE N THE OSCILLATOR CIRCUIT THE TUNED WINDING IS CONNECTED ACROSS THE
OSCILLATOR TUNING CONDENSER WHEREAS THE TICKLERCO(L !S5 CONNECTED BETWEEN B+
AND THE ANODE GRID OF THE PA7 TuBE.

To COVER THE ENTIRE SHORT~WAVE SPECTRUM, THREE SETS OF PLUG=]N COILS
WiLL BE REQUIRED,

THE REST OF THIS CIRCUIT IS QUITE CONVENTIIONAL AND BASED UPON THE
SAME BASIC PRINCIPLES WITH WHICH YOU ARE ALREADY FAMILIAR,

Now THAT YOU HAVE MASTERED THIS PART OF YOUR STUDIES CONCERNING SUP=
ERHETERODYNE RECEIVERS, OUR NEXT STEP WiilL BE TO INVESTIGATE THE MOST COM=-
MON TROUBLES AND BSERVICE REQUIREMENTS OF THIS TYPE OF RECEIVER. IN THIS
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WORK, YOU WILL FIND THAT EVERYTHING WHICH YOU HAVE ALREADY LEARNED ABOUT
TROUBLE-=SHOOT ING IN GENERAL WILL STILL APPLY ONLY THAT [N THE CASE OF THE
"suUPERY, THERE ARE CERTAIN TYPES OF TROUBLES AND SERVICE ADJUSTMENTS WHICH

SWITCH, PAKT

ANT 71 140 MMF IF
} f 465 k¢ J onoxto-:m

v
e | 247

w50 |\
il Y
E;[J.__g“gggsggl E[ T f
G C_{Tiézzzfnumuﬁ?
T —

E 1.MEG VO CONTROR {AWD SWITCH)

F1Gg. 15
4 Short-wave Superheterodyne Peceiver:

YOU DJON'T HAVE TO WORRY ABOUT WHEN WORKING ON T.R.F. RECEIVERS.

SINCE THE SUPERHETERODYNE RECEIVER HAS BECOME 80 VERY POPULAR AND
EXTENS IVELY USED, YOU ARE GOING TO FIND THIS NEXT LESSON TO BE OF SPECIAL
VALUE, AS WELL AS INTENSELY INTERESTING.

No DOUBT,YOU NOW REALIZE MORE THAN EVER BEFORE HOW COMPLETE AND UP=
To-DATE THAT NATIONAL TRAINING REALLY 15 AND THAT NOTHING 1S BEING OVER=
LOOKED TO OFFER OUR BTUDENTS THE BEST AND MOST THOROUGH RADIO  TRAINING
POSS|BLE,

NEW RAD10 DEVELOPMENTS ARE CONTINUALLY BEING WORKED OUT AT A MOST
ASTOUNDING PACE AND IN ORDER FOR A MAN TO RISE TO THE TOP OF THE RADI19Q
PROFESSION, HE MUST AT ALL TIMES BE ALERT AND READY TO LEARN ABOUT NEW
THINGS AS SOON AS THEY APPEAR IN THE INDUSTRY. THERE 1S NO LOMGER ANY
ROOM FOR THE "BACK=NUMBER" TECHNICIAN.

ONE OF THE CHIEF REASONS wHY NATIONAL GRADUATES ARE 80 SUCCESSFUL I8
THAT OUR COURSE 18 AT ALL TIMES UP=TO=DATE, S50 THAT UPON GRADUAT 10N, EVERY
STUDENT 1S THOROUGHLY INFORMED IN RADID FROM THE EARLIEST DEVELOPMENTS OF
THIS INDUBTRY RIGHT UP TO THE DEVELOPMENTS WHICH HAVE JUST OCCURRED AT
THE TIME OF HIS GRADUATION,
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Examination Questions ,

LESSON NO. 54

tloney,wealth, all personal poss-
) essions can be lost;but Training brings
Q) permenent and perpetual bencfits.

Oy

WHAT ARE THE OPERAT ING CHARACTER|STICS OF THE 2A7 TusEe?

DRAW A CIRCUIT DIAGRAM, SHOWING HOW THE 2A7 TUBE I8 USED
IN A SUPERHETERODYNE RECE |VER,

ExPLAIN HOW THE 2A7 TUBE OPERATES IN THE CIRCUIT WHICH
YOU=HAVE DRAWN [N ANSWER TO QUESTION #2.

How DoES THE BA7 TUBE DIFFER FROM THE PA7?

WHAT 18 THE JA6 TuBE useo fFor?

WHAT ARE THE CHIEF ADVANTAGES OBTAINED THROUGH THE USE
OF AN ELECTRON=COUPLED OSCILLATOR AS EXPLAINED IN THIS8
LESSON REGARDING THE APPLICATION OF PENTAGRID CONVER=

TER TUBES TO SUPERHETERODYNE RECEJVERST

WHAT 18 MEANT BY THE EXPRESSION "CONVERS |ON=CONDUCTANCE"
AS USED IN CONNECTION WITH PENTAGRID CONVERTER TUBEST

WHAT 18 MEANT BY THE EXPRESSION "TRANSLATION=GAIN" AS
USED IN CONJUNCTION WITH PENTAGRID CONVERTER Tuaes?

ILLUSTRATE BY MEANS OF A DJAGRAM, THE BASE OR SOCKET CONN-
ECTIONS AS MADE To THE 2A7 TUBE.

BRIEFLY DESCRIBE THE AUTODYNE SYSTEM A8 EMPLOYED IN SOME
SUPERHETERODYNE RECEJVERS,
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LESSON NO. 55

o SERVICING SUPERHETERODYNE RECE/VERS °

YOU ARE BY THIS TIME WELL ACQUAINTED WITH THE OIRCUITS OF SUPERHET-
ERODYNE RECEIVERS, AS WELL AS WITH THE TwtTIMG PROCEDURES AS APPLIED  TO
RECEIVERS IN GENERAL. THERE ARE, HOWEVER, A NUMBER OF TROUBLES WHICH ARE
FOUND IN SUPERHETERODYNE RECEIVERS WHICH DO NOT AS A RULE OCCUR IN RECEIY
ers oF THE T.R.F., TyPE. IN ADDITICN, THE SUPERHETERODYNE CALLS FORSPECIAL
SERVICE REQUIREMENTS WHICH ONE DOES NOT HAVE TO DEAL WITH WHEN WORKING ON
T.R.F. RECEIVERS.

IN THIS LESSON, WE ARE GOING TO DEAL SPECIFICALLY WITH SUPERHETERO=-
DYNE SERVICING, CONSIDERING THE PROPER METHOD OF ALIGNING THEIR TUNED CIR
CU|TS, THE SYMPTOMS OF TROUBLES COMMON TO SUPERHETERODYNE CIRCUITS, THEIR
CORRECTION ETCe.

TUNING CIRCUIT ALIGNMENT

OUrR FIRST S8TEP WILL BETO
CONSICER THE PROPER METHOD OF
ALIGNING THE TUNING CIRCUITSOF
A SUPERHETERODYNE RECEIVER. 10
REFRESH YOUR MEMORY, sTuoy FiG.
2 VERY CAREFULLY.NOTICE ESPEC-
fALLY, THAT WITH THIS  SYSTEM,
THREE DIFFERENT RADIC FREQUEN=-
CIES ARE BEING HANDLED AT THE
SAME TIME. THAT 1S8,THE TUNING
CIRCUITS OF THE PRE=SELECTOR
AND FIRST DETECTOR STAGE  ARE
BOTH TUNED TO THE FREQUENCY OF
THE INCOMING SIGNAL,THE O8CILL

ATCR CIRCUIT IS TUNED TO A

FREQUENCY WHICH 15 EQUAL TO

THE S1GNAL FREQUENCY PLUS THE Fl1G.1
INTERMEDIATE FREQUENCY AND AS Set- up for o
THE THIRD DISTINCT FREQUENCY,

WE HAVE THE INTERMEDIATE FRE=- Cornplete Tast.
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QUENCY WHICH RESULTS FROM THE BEAT EFFECT BETWEEN THE SIGNAL AND 0SCILLA~-
TOR FREQUENCIES.

SINCE ALL THREE OF THESE INDIVIDUAL FREQUENCIES ARE 8IMULTANEOUSLY
PRESENT, IT 1S OBVIOUS THAT EACH OF THE TUNED CIRCUITS8 MUST BE TUNED PRE=
CISELY TO THE FREQUENCY WHICH IT §S EXPECTED TO HANDLE. WHEN THIS 18 80,
WE SAY THAT THE TUNED CIRCUITS ARE aALL PROPERLY ALIGNED, You musT ALSO
BEAR IN MIND THAT WHEN THE OSCILLATOR TUNING CONDENSER 18 GANGED WI|TH THE
TUNING CONDENSER SECTIONS OF THE FIRST DETECTOR AND PRE=SELECTOR STAGES,
#T 1S STILL MORE DIFFICULT TO MAINTAIN THE PROPER FREQUENCY RELATION THRU=
OUT THE ENTIRE TUNING RANGE OR TO MAKE THE TUNING CIRCUiTsS TRACK CORRECTLY.

ALIGNING THE |.F. STAGES

WHENEVER THE TUNING CIRCUITS OF A SUPERHETERODYNE RECEIVER ARE TO BE
ALIGNED, THE |.F. STAGES ARE ALIGNED FIRST. TO DO THIS ACCURATELY,A SER=
VIGE OSCILLATOR 18 REQUIRED AND WHICH MUST BE CAPABLE OF GENERATING AN
R.F. SIGNAL OF THE SAME FREQUENCY TO WHICH THE |.F. TRANSFORMERS [N QUES=
TICN ARE TO BE TUNED. IN A PREVIOUS LESSON, YOU WERE ALREADY INFORMED OF
THE CONSTRUCTIONAL FEATURES OF THESE SERVICE OSCILLATORS AND SO AT THIS
TIME WE ARE ONLY GOING TO CONSIDER ITS APPLICATION TO SERVICE WORK.

THE SET=UP FOR ALIGNING THE |.F. STAGES OF A SUPERHETERODYNE {8 fLL=
USTRATED FOR YOU IN Fig, 3. HERE YOU WiLL OBSERVE THAT THE GROUND OR "G"
TERMINAL OF THE SERVICE OSCILLATOR 18 CONNECTED TO THE GROUND TERMINAL OF

[st . 1.F 7nd Detector
R.F Detector Power
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Crreuit Diagram of a 7 Tube Superteterodyne Receiver:
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THE RECEIVER., THE CONTROL GRID WJRE |S REMOVED FROM THE CONTROL GR30O CAP
OF THE FIRST DETECTOR TUBE AND THE TA" OoR ANTENNA TERMINAL OF THE SERVICE
OSCILLATOR IS8 CONNECTED TO THE CONTROL GRID CAP OF THE FIRST DETECTORTUBE.
SHIELDED WIRE 1S GENERALLY USED FOR THIS ANTENNA TERMINAL W|RE AND |T8
SHIELDING SHOULD BE CONNECTED TO THE RECEIVER'S GROUND TERMINAL SO THAT IT
WILL BE EFFECTIVELY GROUNDED. THE OUTPUT METER |S CONNECTED ACROSS THE TWO
PLATE LEADS OF THE OUTPUT PUSH=PULL TRANSFORMER OR ELSE IF A SINGLE POWER
TUBE §8 USED, THE OUTPUT METER IS CONNECTED ACROSS THE PLATE OF THE POWER
TUBE AND THE CHASSIS.

AN OUTPUT METER 1€ NOTHING MORE THAN A D,C. MILLIAMMETER MOVING COIL
MOVEMENT USED IN CONJUNCTION W|TH A COPPER OX|DE RECTIFIER SO THAT A.C,
VOLTAGES WILL BE INDICATED ON ITS SCALE, VARIOUS TYPES OF OUTPUTMETERS ARE
BEING MANUFACTURED, SEVERAL HAVING A MULT|PLE RANGE SCALE RANGING FROM |5
T0 150 voLTs A.C,

THE NEXT STEP IS TO TURN ON THE RECE|IVER, AS§ WELL AS THE SERVICE 08C=-

LF 7nd Qut put
Service Osc'lna):.o)f |85 Dek. Transf (Dei Power Transf
{ A

5 -
Y / Tubes S?aw
Seleckor / ;

4.-/%

Aftentuator meker
Conkrol

Fla. 3
Set-up for Aligning the 1 F Stages,

JLLATOR AND TO SET THE SERVICE OSCILLATOR DIAL TO THE POS I TIONCORRESPOND=
INDTO THE FREQUENCY FOR WHICH THE {.FsAMPLIFIER OF THE RECEIVER IB DES I GNED.

|F THE SERVICE OSCILLATOR BEING USED HAS AN ATTENTUATOR CONTROL, THEN
SET THE RECEIVER'S VOLUME CONTROL TO MAXIMUM VOLUME AND REGULATE THE ATT=
ENTUATOR CONTROL ON THE SERVICE OSC!LLATOR SO THAT THE INDICATING NEEDLEOF
THE OUTPUT METER WILL COME TO REST AT APPROXIMATELY THE CENTER OF ITSSCALE

THIS DONE, COMMENCE ADJUSTING THE TRIMMER CONDENSER OF THE  VARIOUS
l.Fe TRANSFORMERS FOR MAXIMUM [NDICATION ON THE OUTPUT METER. WHEN MAKING
THESE ADJUSTMENTS,USE A BAKELITE SCREW DRIVER AND START WITH THE  TRIMMER
NEAREST THE S8ECOND DETECTOR, THAT 1S, THE TRIMMER CONDENSER WHICH 18 CONNECY
ED ACROSS THE SECONDARY WINDING OF THE loFs¢ TRANSFORMER,WHICH WORKS INTO
THE SECOND DETECTOR TUBE. WiTH TH1S CONDENSER PROPERLY ADJUSTED, CONTINUE
ADJUSTING EACH OF THE OTHERS IN T!JRN, GRADUALLY WORKING TOWARDS THE  FIRST
DETECTOR TUBE. DO THIS WORK SLOWLY AND WITH SPECIAL CARE IM ORDER TO IN=
S8URE ACCURACY.

As THESE CONDENSERS ARE EACH SET NEARER THE RESONANT FREQUENCY, THE
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OUTPUT WILL NATURALLY INCREASE, 80 IN THI8 CASE, THE ATTENTUATOR CONTROLOF
THE SERVICE OSCILLATOR CAN BE READJUSTED SO THAT THE INDICATING NEEDLE OF

THE OUTPUT METER WILL AGAIN RETURN TO SOMEWHERES NEAR 1TSS CENTER POSITION
ON THE S8CALE.

|F NO OUTPUT METER 18 AVAILABLE, THE |.F. S8TAGES CAN BE ALIGNED BY
ADJUSTING THE TRIMMER CONDENSERS OF THE |.F¢ TRANSFORMERS S0 THAT THE 0SC=
ILLATOR S81GNAL, AS AMPLIFJED BY THE RECEIVER, EM|TS A SOUND OF MAX | MUM
INTENSITY FROM THE LOUDSPEAKER. THIS METHOD, HOWEVER, (8 NOT 80 ACCURATE AS
WHEN USING AN OUTPUT METER FOR THE 2IMPLE REASON THAT A VISJIBLE INDICATION
18 MORE RELJABLE THAN AN AUDIBLE INDICATIONs |N OTHER WORDS, THE EYE CAN
MORE READILY DETECT SMALL VARIATIONS IN THE POSITION OF A METER NEEDLE THAN
CAN THE EAR DETECT SMALL VARIATIONS IN SOUND INTENSITY.

BE SURE THAT ALL OF TME SHIELD CANS ARE PROPERLY INSTALLED OVER THE
TuBes AND |.F. TRANSFORMERS84AS THIS ALIGNING PROCESS 18 BEING CARRIED OUT'
SINCE THEY HAVE A MOST PRONOUNCED EFFECT UPON TUNING.

Service Oscillator Recciver Output Transf?

< Antenna Jerminal
thquzncu )
Selector ,—> K’/ I

it
N,
LU

Attentuator Output Meter

FIG. 4
The Set-Up" For Aligning the Receivers Oscillator.

AFTER THE |.F. STAGES ARE ALL ALIGNED CORRECTLY, TURN OFF THE SERVICE
OSCILLATOR AND THE RECEIVER, DISCONNECT THE OSCILLATOR'S ANTENNA TERMINAL
FROM THE CONTROL GRID CAP OF THE FIRST DETECTOR TUBE AND RECONNECT THE CON
TROL GRID WJRE TO THE FIRST DETECTOR TUBE,

YOU ARE NOW READY TO ADJUST THE TUNING CIRCUIT OF THE OSCILLATOR.
ALIGNING THE OSCILLATOR

THE SET=UP OF THE EQUIPMENT FOR 'ALIGNING THE OSCILLATOR 1§ JLLUSTRATL
€0 IN Fige 4. NOTICE THAT THE "A" OR ANTENNA TERMINAL OF THE SERVICE O0SC=
ILLATOR |8 CONNECTED TO THE ANTENNA TERMINAL OF THE RECEIVER, WHILE THE"G"
OR GROUND TERMINAL OF THE SERVJCE OSCILLATOR |S CONNECTED TO THE GROUND
TERMINAL OF THE RECEJVER, |T I8 ALSO IMPORTANT TO GROUND THE SHJELDING OF
THE ANTENNA LEAD=WIRE TO THE RECEIVER'S QROUND TERMINAL. THE OUTPUT METER

1S CONNECTED TO THE CIRCUIT THE SAME AS ALREADY DESCRIBED FOR ALIGNING THE
1.F. sTAGES.

THE ADJUSTMENTS FOR THE OBCILLATOR TUNING CIRCUIT IN THE CONVENT}ON=
AL TYPE OF SBUPERHETERODYNE RECEIVER ARE POINTED OUT TO vou IN Fia. 5. HERE
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YOU WiLL SEE THAT THE COMPENSATOR CONDENSER,WNICH 18 BUILT INTO THE 08Cl~
LLATOR SECTION OF THE GANG TUNING CONDENSER, 18 USED A8 THE "HicH FREQUENCY
TRIMMER," WHEREAS THE OTHER TRIMMER CONDENSER WHICH 18 CONNECTED ACROSS THE
PADDING CONDENSER 18 USED AS THE Hi oW FREQUENCY TRIMMER". WiTH THIS POINT
IN MIND, LET US NOW CONTINUE WITH THE ADJUSTMENT OF THIS FORTION OF THE RE
CEIVER,

We COMMENCE BALANCING THE RECEIVER'S OSCILLATOR CIRCUIT BY FIRST AD=
JUSTING THE HIGH=FREQUENCY TRIMMER. 1O DO THIS8,SET THE FREQUENCY SELECTOR
OF THE SERVICE OSCILLATOR SO THAT THIS APPARATUS WiLL PROOUCE A 1400 Kc.si1g
NAL FREQUENCY,SET THE VOLUME CONTROL OF THE RECEIVER TO ITS MAXIMUM POS|=
TION AND I1TS TUNING DIAL To THE {400 Kc. POSITION,

Turn "oN™ THE SWITCH OF BOTH THE RECEIVER AND THE SERVICE OSCILLATOR
AND ADJUST THE ATTENTUATOR OF THE SERVICE OSCILLATOR UNTIL A ONE=HALF SCALE
READING 1S OBTAINEDON THE

OUTPUT METER. |F THE RE- Fixed paddinq Cond.
CEIVER IS BADLY OUT oF
ADJUSTMENT, THEN THISMETER | w4 Low G‘g:i::g(
READING MAY BE DIFFICULT winding ié
TO OBTAIN BUT IF SUCH BE
THE CASE,THE SIGNAL AS
COMING FROM THE SPEAKER
CAN BE USED AS A TEMPORARY
QUIDE OR ELSE HEADPHONES /%}
MAY BE CONNECTED ACROSS \\\
THE PRIMARY OF THE OUTPUT .
TRANSFORMER IN PLACE OF Oscillator section, High ﬁ%q“encq
THE METER AND THE OSCILL= of gang tuning Cond. trimmer
ATOR SIGNAL HEARD THROUGH
THEM,
FlGg. o
ADJUST THE H|@H=FRE= The Oscillator Adjustéments.

QUENCY TRIMMER CONDENSER .

OF THE RECEIVER'S OSCILLATOR CIRCUIT CAREFULLY FOR MAXIMUM READING ON THE
OUTPUT METER OR FOR MAXIMUM §1GNAL VOLUME IN THE SPEAKER OR HEADPHONES IF
THESE ARE BEING USED AS INDICATORS. AFTER MAKING THIS ADJUSTMENT,TURN THE
TUNING DIAL OF THE RECEIVER SLIGHTLY BOTH wavs FRoM ITS [400 Kc.SETTING AND
NOTE WHETHER OR NOT ANY INCREASE IN THE METER READING OR SOUND VOLUME 18
OBTAINED. |F 80,THEN THE R.F, AND FIRST DETECTOR TRIMMER CONDENSERS MUST BE
ADJUSTED AS WILL BE DESCRIBED SHORTLY.

AFTER THE RECEIVER'S 0SCILLATOR HAS THUS BEEN ADJUSTED FOR THE HIGH
FREQUENCY SETTING, THE NEXT STEP 18 TO ADJUST THE RECEIVER OSCILLATOR AT
THE LOW FREQUENCY END OF THE DIALe TO DO THIS,LEAVE THE SERVICE OSCILLATOR
AND OUTPUT METER OR HEADPHONE CONNECTION JUST AS THEY ARE BUT SET THE FRE=
QUENCY SELECTOR OF THE SERVICE OSCILLATOR TO THE 700 Kc. POSITION AND ALSO
SET THE TUNING DIAL OF THE RECEIVER To THE 700 Kc. POSITION. Now ADUUST THE
"_OW FREQUENCY TRIMMER" FOR MAXIMUM READING ON THE OUTPUT METER OR MAX{IMUM
SIGNAL STRENGTH IN THE HEADPHONES OR SPEAKER. AFTER THI3 LOW FREQUENCY TRL
MMER HAS BEEN PROPERLY ADJUSTED, IT 1S ADVISABLE TO AGAIN RE=CHECK THE HIGH
FREQUENCY ADJUSTMENT IN CASE THAT IT HAS BECOME AFFECTED BY THE LOW  FRE=
QUENCY ADJUSTMENT AND TO MAKE ANY FINAL CORRECTION AS FOUND NECESSARYe

To BALANCE THE R.Fe AND FIRST DETECTOR SBTAGES, LEAVE THE SERVICE 08C~
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ILLATOR AND OUTPUT METER CONNECTIONS AS THEY ARE, SET THE FREQUENCY SELEC=
TOR OF THE SERVICE 0SCiLLATOR TO THE 1400 KCePOSITION AND ALSO SET THE
TUNING DIAL OF THE RECEIVER To THE 1400 Kc. POsiITION. THEN ADJUST THE TR
MMER OR COMPENSATOR CONDENSERS OfF THE R.F. AND FIRST DETECTOR SECTIONS OF
THE GANG TUNING CONDENSER SO AS TO OBTAIN THE MAXIMUM READING ON THE OUT=
PUT METER,

AFTER THE ENTJ)IRE SET HAS ONCE BEEN ALIGNED IN THIS MANNER,IT 1S AD=-
VISABLE TO RECHECK THE OSCILLATOR,FIRST DETECTOR AND R.F. ADJUSTMENTS OF
THE RECEIVER OVER THE ENTIRE TUNING RANGE BY SETTING THE SERVICE OSCILLA=
TOR AT ABOUT FOUR OR FIVE DIFFERENT BROADCAST FREQUENCIES APPROXIMATELY
EQUALLY DISTRISUTED OVER THE TUNING RANGE BETWEEN THE LOW AND HIGH  FRE=
QUENCIES SETTINGS FOR WHICH THE ADJUSTMENTS WERE ALREADY MADE. IF ANY FUR
THER ADJUSTMENTS ARE REQUIRED IN THIS MEDIUM RANGE OF FREQUENCIES, THEY CAN
BE MADE BY CAREFULLY BENDING THE SLOTTED ROTOR PLATES OF THE PROPERTUNING
CONDENSER SECT ION EITHER TOWARD OR AWAY FROM THE ADJACENT STATOR  PLATE.
REMEMBER THAT THE CAPACITY 1S INCREASED BY BENDING THE ROTOR PLATE INWARD
AND DECREASED BY BENDING THE ROTOR PLATE OUTWARD.

WITH THE ENTIRE SET PROPERLY ALJIGNED, THE SERVICE OSCILLATOR CAN BE
TURNED OFF AND DISCONNECTED FROM THE RECEIVER. THE PERFORMANCE OF THE RE=
CEIVER SHOULD THEN BE CHECKED BY TUNING IN AS MANY BROADCAST PROGRAMS AS
POSS)BLE,.

SUPERHETERODYNE TROUBLES

Now LET US CONTINUE WITH AN INVESTIGATION OF THE DIFFERENT TYPES OF
TROUBLES WHICH ARE PECULJAR AND RATHER COMMON TO SUPERHETERODYNE RECEIV=-
ERS. IN ANALYZING THESE TROUBLES, WE SHALL NOT CONS|DER THOSE CONDITIONS
WHICH ARE COMMON TO ALL TYPES OF RECEIVERS SUCH AS A DEFECTIVE POWER 8UP=
PLY,TUBES, AND GENERAL CIRCUIT TROUBLES AS DEFECT IVE RESISTORS, CONDENSERS,
ETCe ABOUT WHICH YOU ARE ALREADY FAMILIAR, We ARE ALSO GOING TO ABSUME
THAT THE RECEIVER IS PROPERLY DESIGNED AND CORRECTLY CONSTRUCTED.

POOR SENSITIVITY

POOR SENSITIVITY ON ONE END OF THE BAND AS COMPARED TO THE OTHEREND,
OR ON BOTH ENDS AS COMPARED TO THE MIDDLE,IS ALMOST INVARJABLY A SIGN OF
IMPROPER TRACKING ON THE PART OF THE GANG TUNING CONDENSER AND CAN BE COR
RECTED BY ALIGN[NG THE OSCILLATOR, FIRST DETECTOR AND PRE=-SELECTOR STAGES
OF THE RECEIVER AS ALREADY EXPLAINED IN THIS LESSON.

LAack OF SENSITIVITY ALL OVER THE BAND, PROVIDED ALL OTHER THINGS ARE
CORRECT,USUALLY INDICATES THAT THE leFe CIRCUITS ARE NOT PROPERLY TUNED
AND SO IN THIS CASE IT IS NECESSARY TO RETURN THEM TO THE EXACT FREQUENCY
FOR WHICH THEY ARE DESIGNED TO OPERATE,

WHISTLES

IF A WHISTLING SOUND |8 EMITTED BY THE SPEAKER AS THE RECEIVER DIAL
18 SET TO BRING IN OIFFERENT STATIONS, THIS 1S CAUSED EITHER BY THE 1sFs
STAGES BEING TUNED TO SOME OTHER FREQUENCY THAN THAT FOR WHICH THEY ARE
DES{GNED OR ELSE BY INSUFFICIENT SELECTIVITY IN THE R.Fs TUNING CIRCUITS,

A SIMPLE WAY TO DETERMINE WHICH OF THESE TWO CONDITIONS MAY BE
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THE CAUSE 18 TO TEMPORARILY SHORT CIRCUIT THE OSCILLATOR TUNING CONDENSER
AND THEN ROTATE THE DIAL WITH THE VOLUMECONTROLTURNEDWELLLP.,UNDER THESE
CONDITIONS,NO STATIONS SHOULD BE HEARD, IN FACT THE RECEIYER SHOULD BE AB
SOLUTELY SILENT. |F STATIONS ARE HEARD AT SOME POINTS WITHOUT THE OSClLL=
ATOR CIRCUIT WORK NGy, THEN THE l+F. TRANSFORMERS ARE NOT TUNED PROPERLY.ON
THE OTHER HAND, IF THE RECEIVER I8 SILENT DURING THIS TEST WHEN THE 0SCILL
ATOR 18 INOPERATIVE BUT WHISTLES WHEN THE OSCILLATOR |8 WORK NG, THEN THE SELECT
IVITYOF THE TUNING CIRCUITS PRECEDING THE FIRST DETECTORTUBE 18 INSUFFICIENT,

THIS WOULD REALLY BE DUE TO FAULTY DESIGN AND SO IF NOT ENOUGH CHAZ
S1S SPACE IS AVAILABLE TO INCORPORATE A BAND SELECTOR OR ADDITIONAL TUNED
CIRCUIT IN THE R.F. SECTION OF THE RECEIVER, THE NEXT BEST THING 18 TO TRY
USING A SHORTER ANTENNA OR TO CONNECT A .0005 MFD. FIXED CONDENSER IN SER
1ES WITH THE ANTENNA LEAD-IN W|RE AND THE ANTENNA TERMINAL OF THE RECE|V=~
ER. ANOTHER MORE OR LESS MAKE=GH{FT REMEDY WOULD BE TO USE AN EXTERNAL
WAVE=~TRAP.

REPEAT POINTS

SOMETIMES,YOU MAY RUN ACROSS A SUPERHETERODYNE WHERE THE SAME STA=-
TION CAN BE HEARD ONCE AT THE PROPER PLACE ON THE TUNING DIAL AND AGAINAT
ANOTHER POINT ON THE DIAL AT ABouT 350 Kc. OFF THE PROPER PLACE FOR THE
STATION. TH{S8 CONDITION MAY BE REMEDIED BY THE SAME METHOD AS OUTLINED FOR
"wHISTLING" OR ELSE B8Y IMPROVING THE SHIELDING OF THE RECEIVER IF SUCH BE
REQUIRED.

DEAD SPOTS

SOME SUPERHETERODYNES WH|CH AREN'T WORKING PROPERLY WiLL FUNCTION
SATISFACTORILY OVER ONE PORT|ON OF THE BAND,GENERALLY THE HIGH FREQUENCY
END, BUT STOP WORKING ON OTHER PORTIONS OF THE BAND. THIS 18 USUALLY DUETO
THE OSCILLATOR TUBE HAVING INCORRECT VOLTAGES SO THAT IT STOPS OSCILLATING
IN SPOTS AND SOMETIMES, THE OSCILLATOR TUBE JTSELF I8 AT FAULT,

THE REMEDY I8 TO CHECK THE OSCILLATOR TUBE VOLTAGES AND TO MAKE ANY
CHANGES OR REPAIRS IN THE CIRCUIT AS MAY BE NECESSARY TO BRING THE  VOL~
TAGES TO THE VALUES REQUIRED FOR THE TYPE OSC!LLATOR TUBE BEING USED AS
PER THE TUBE MANUFACTURER'S SPECIFICATIONS,

GENERAL TROUBLE - SHOOTING

THE GENERAL PROCEDURE FOR TESTING A SUPERHETERODYNE WHICH DOES NOT
OPERATE PROPERLY,OR AT ALL,IS TO FIRST MAKE A GENERAL CHECK WITH AN ANAL=-
YZER, MEASURING ALL OF THE VOLTAGES AVAILABLE AT THE DIFFERENT TUBE SOCK-
£TS AND COMPARING THEM W|TH THE CORRECT VALUES AS PER MANUFACTURER'S SPEQ
IFICATIONS. }JF ANY OF THESE VOLTAGES ARE LACKING OR ARE [INCORRECT, THEN OF
COURSE THE PARTICULAR CIRCUIT IN QUESTION WOULD BE FURTHER CHECKED ACCORD
{NG TO THE METHODS WITH WHICH YOU ARE ALREADY FAMILIAR AND THE NECESSARY
STEPS TAKEN TO CORRECT THE FAULTY CONDITION.

|F THE NATURE OF THE TROUBLE HAPPENS TO BE SUCH THAT AN ORDINARY AN
ALYZER CHECK DOES NOT INDICATE THE TROUBLE, THEN THE SUPERHETERODYNE RE=
CEJVER CAN BE ODIVIDED INTO SECTIONS AND TESTED AS SHALL NOW BE EXPLAINED
80 AS TO LOCALIZE THE TROUBLE DOWN TO ONE SECTION OF THE RECEIVER. You
WILL FIND THE SYSTEM WHICH IS NOW GOING TO BE EXPLAINED TO BE SOMEWHAT
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SIMILAR TO THE STAGE ELIMINATION TESTS WHICH WERE DESCRIBED IN YOURLESsON
#22 FOR LOCATING THE DEFECTIVE STAGE IN A T.R.F. RECEIVER.

SECT |ONAL TESTS ON SUPERHETERODYNES

IF NO S1GNALS COME FROM THE SPEAKER WHEN THE RECEIVER 18 TUNED TO
RESONANCE WITH SOME STATION, THEN YOU CAN BEGIN BY PLUGGING A PAIR OF HEAD
PHONES INTO ONE FILAMENT HOLE AND THE CONe
Headphones TROL GRID HOLE OF A POWER TUBE SOCKET AS IL
LUSTRATED IN F1@, 6, OR INTO THE CATHODE AND
CONTROL GRID HOLES OF THE POWER TUBE BSBOCKET,
DEPENDING UPON THE TYPE OF POWER TUBE BEING
Useb. |F THE SIGNAL IS HEARD HERE BUT DOES
NOT REACH THE SPEAKER, THEN THE TROUBLE I8
IN THE POWER STAGE,OUTPUT TRANSFORMER OR IN
THE SPEAKER |TSELF,

You CAN CONTINUE THIS A.F,8TAGE ELI-
MINATION TEST, ELIMINATING ONE A,F.8TAGE AT
A TIME A8 YOU WORK TOWARDS THE DETECTOR,THE
SAME AS EXPLAINED FOR THIS SAME TEST IN

FlGa.6 vour Lesson #22,
Testing the Power Stage.

SHOULD THIS SERIES OF TESTS INDICATE
THAT THE A.F. SECTION OF THE RECEIVER IS NOT AT FAULT,THEN THE NEXT STEP
18 TO CONNECT A SERVICE OSCILLATOR TO THE FIRST DETECTOR TUBE IN THE SAME
MANNER AS ALREADY DESCRIBED IN THIS LESSON FOR ALIGNING THE |.F. sTages.
SET THE SERVICE OSCILLATOR IN OPERATION AND TUNE IT TO THE FREQUENCY FOR
WHICH THE |.F. STAGES OF THE RECEIVER ARE DESIGNED AND LISTEN FOR ITS 81§
NAL IN THE LOUDSPEAKER.

|F THE SERVICE OSCILLATOR SIGNAL COMES THROUGH O.K.,THEN EJTHER THE
RECEIVER'S OSCJLLATORy PRE=SELECTOR STAGE OR THE TUNING CIRCUIT OF THE
FIRST DETECTOR ARE AT FAULT. SHOULD THE SIGNAL OF THE SERVICE OSCILLATOR
NOT BE HEARD IN THE SPEAKER, THEN BUSPECT THE TROUBLE AS BEING EITHER IN
THE |.F. OR SECOND DETECTOR STAGES OF
THE RECEIVERe

- Antenna

Lead-Tn wire st Det
Ant. L—t— -t
W LR F,

Transf  Socket

IN CASE THAT NONE OF THESE TESTS
HAVE DISCLOSED THE FAULTY SECTION, THEN
YOU CAN DISCONNECT THE SERVICE 0SClLL=
ATOR, RECONNECT THE FIRST DETECTOR CON-
TROL GRID WIRE AND NEXT ELIMINATE THE
PRE=SELECTOR STAGE OR CIRCUITS BY D|S~
CONNECTING THE ANTENNA LEAD=IN  WIRE,
AND INSERTING IT INTO THE PLATE HOLEOF
THE R.Fs TUBE SOCKET AS ILLUSTRATED IN

Tuning )/

condenser A I

= Fixed condenser— =  ¢*
F1@e7. IN THIS WAY, THE SI1GNALS WILL "
BE FED DIRECTLY INTO THE FIRST DETECT- F1G, 7
OR S8TAGE WITHOUT HAVING TO FIRST PASS Eliminating tha R £ Stage.

THROUGH THE PRE=SELECTOR CIRCUIT,

IF THIS CONNECTION PERMITS A SIGNAL TO BE TUNED IN BUT WHICH WAS NOT
POSSIBLE WITH THE ORIGINAL ANTENNA CONNECTION, THEN THE TROUBLE 18 LOCATED
IN THE R, F, OR PRE=SELECTOR CIRCUIT, WHISTLING GENERALLY OCCURS IN CON-
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JUNCTJON ¥/ |TH THE [NCOMING SIGNAL WHEN THIS TEST IS MADE BUT THIS 18 QUITE
NORMAL IN THAT ELIMINATION OF THE PRE=SELECTOR CIRCUITS PERMITS INTER=STA«~
TION INTERFERENCE.

SHOULD THIS TEST FAIL TO PERMIT SIGNALS TO BE HEARDy, THEN THE TROUBLE
18 LOCATED EITHER IN THE FIRST DETECTOR STAGE OR ELSE IN THE OSCILLATOR
CIRCUIT, THE OPERATION OF THE OSCILLATOR CAN BE CHECKED EASILY BY CONNECT
ING AN EXTERNAL OSCILLATOR TO THE RECEIVER [N ORDER TO REPLACE THAT OF THE
RECEIVER.

THE TEST OSCILLATOR

IN FiGe 8 A CIRCUIT DIAGRAM OF AN OSCILLATOR SUITABLE FOR THIE PUR=
POSE 18 ILLUSTRATED FOR YOU, TH|S OSCILLATOR S BUILT UP AS AN INDIVIDUAL
UNIT AND ITS TUNING CIRCUIT 1S DESIGNED TO COVER THE BROADCAST BAND. IN
OTHER WORDS, |F THE TUNING CONDENSER BEING USED HAS A CAPACITY RATING OF
+00035 MFD, THEN THE TUNED WIND~-
ING MAY CONSIST OF ABOUT 136
TURNS OF #30 B&S EMAMELLED WIRE gg

WOUND ON A TUBULAR COIL FORm |"
IN DJIAMETER. THE PLATE WINDING
MAY THEN BE WOUND W}TH ABOoUuT 25
TURNS OF THE SAME WIRE AND CLOS
ELY COUPLED TO THE TUNED WIND-

~|

ING.

THE TUBE USED MAY BE A =27
OR A =56 AND THE NECESSARY OPER
ATING VOLTAGES OBTAINEDDIRECTLY *-;;?) 4
FROM THE RECEIVER UNDER  TEST, B- Egv
1F OF THE A.C. TYPE,S8IMPLY BY :
CONNECTING THE B= TERMINAL OF FlGg. &
THE TEST OSCILLATOR TO THE The Test Oscillztor.

GROUND TERMINAL OF THE RECEIVER,

THE 23V. TERMINALS OF THE TEST OSCILLATOR TO A 2% vorLt A.Ce CIRCUIT IN THE
RECEIVER AND THE B4 90V. TERMINAL OF THE TEST OSCILLATOR TO A POINT OF COR
RESPONDING DsCs VOLTAGE IN THE RECEIVER.

Fice 9 SBHOWS YOU HOW THIS SAME TYPE OF TEST OSCILLATOR MAY BE  MADE
SELF~POWERED 80 THAT |TS OFPERATION CAN BE [NDEPENDENT OF THE RECEIVEReTHE
TUBES USED ARE A PAIR OF 37's —=~ ONE FOR A RECTJFIER AND THE OTHER AS THE
OBCILLATOR. THE SAME COIL AND CONDENSER COMBINATI|ON CAN EBE USED AS ALREADY
SPECIFIED FOR THE OSCILLATOR OF FiGe 8. THE FILTER CHOKE MAY BE ANY STAND
ARD 30 HENRY FILTER CHOKE, AN OLD A.F, CHOKE,OR EVEN THE PRIMARY WINDING
OF AN OLD A.F. TRANSFORMER LEAVING T8 SECONDARY UMUSED.

SO0 MUCH FOR THE CONSTRUCT |[ON OF THE TEST OSCILLATOR AND NOW FOR 1ITS
APPLICATION TO OUR TROUBLE SHOGTING JOB. TO USE THIS OSCILLATOR, TURN  ON
THE RECEIVER AND“KILL" THE RECEIVER'S OSCILLATOR CIRCUIT BY REMOVING THE
OSCILLATOR TUBE FROM |TS SOCKET. NOW TAKE A LONG P|ECE OF [NSULATED HOOK=
UP WIRE, LOOP ONE END OF |T LOOSELY AROUND THE TUNED COIL OF THE TEST
OSCILLATOR AND CONNECT ITS OTHER END TO THE CONTROL GRID CONNECTIONOF THE
RECEIVER's FIRST DETECTOR TUBE,BUT THiS TIME,DON'T DISCONNECT THE RECEfV=
ER'S CONTROL GRID WIRE FROM THE FIRST DETECTCR AS YOU DID WHEN ALIGNING
THE |.F. STAGES WITH THE SERVICE OSCILLATOR,



pace 10 PRACTICAL RADIO

By MAKING THE CONNECTIONS IN THIS MANNER, YOU WILL HAVE THE TEST 0OSC=
ILLATOR COUPLED TO THE FIRST OETECTOR STAGE SO THAT T WILL NOW TAKE THE
PLACE OF THE RECE|VER'S OSCILLATOR WHICH IS8 AT THIS TIME INOPERATIVE,THIS
DONE, S8ET B0TH THE RECEIVER AND TEST OSCILLATOR IN OPERATION AND MAN[PU=-
LATE THE TUNING DIAL OF THE RECEIVERgAS WELL AS THAT OF THE TEST OSCILLA=

TORJUNTIL A STATION SIGNAL OR THAT GENERATED BY A SERVICE OSCILLATOR COMES
THROUGH,

IF THE RECEIVER NOW PERFORMS SATISFACTORILY,THEN THE TEST SHOWS THAT
THE RECEIVER'S OSCILLATOR OR §TS COUPLING TO THE FIRST DETECTOR STAGE 18
AT FAULT. SHOULD THE RECEIVER STILL BE INOPERATIVE UNDER THESE CONDITIONS
THEN SUSPECT THE FIRST DETECTOR STAGE AS CAUSING THE TROUSBLE,

AFTER ONCE HAVING LOCATED IN WHAT SECTION OF THE RECEIVER THE TROUBLE
EX1STs, IT BECOMES A SIMPLE PROBLEM TO ANALYZE THAT PART|CULAR PART OF THE
SET IN DETAIL «= CHECKING FOR CONTINUITY,DEFECTIVE RESISTORS, CONDENSERS,

Filter choke
—~ (300000
il 3
Ac.-D.C. T 2 mfd ran
e M
~37 { \J —37
L L
\[, 325 0. %
O W,
Fig. 9

The Selflpowerea' Test Oscillator

WINDINGS ETC. ACCORDING TO THE PART|CULAR CIRCUIT IN QUESTION,
SPECIAL SUGGEST IONS

BEAR IN MIND THAT WHEN YOU WANT TO CONNECT A SERVICE OSCILLATOR TO
A SUPERHETERODYNE RECEIVER EMPLOYING A PENTAGRID CONVERTER TUBE WHILE AL~
1IGNING THE |.F. STAGES, THEN THE CONNECTIONS ARE MADE AS ILLUSTRATED IN
Fige 10. IN OTHER WORDS, IN TH1IS CASE, THE FIRST DETECTOR AND OSCILLATOR
SECTIONS OF THE RECEIVER BOTH WORK WITH THE SAME TUBE AND THE CAP CONNEC=
TION OF THE TUBE CORRESPONDS TO THE CONTROL GRID INTO WHICH THE TUNED CIR
CUIT OF THE FIRST DETECTOR OPERATES. THEREFORE, THE CONTROL GRID WIRE OF
THE RECEIVER IS DISCONNECTED FROM THIS TUBE CAP AND THE ANTENNA LEAD OF
THE SERV|CE OSCILLATOR 1S CONNECTED TO THE TUBE CAP, THE GROUND CONNEC=
TION OF THE SERVICE OSCILLATOR 18 MADE AS USUAL,

SHOULD YOU WISH TO CHECK THE OBCILLATOR IN A SUPERHETERODYNE WITH
THE AID OF A TEST OSCILLATOR WHEN A COMBINATION FIRST DETECTOR TUBE AND
OSCILLATOR 18 USED IN THE RECEIVER, THEN T WILL OF COURSE BE IMPRACTICAL
TO KILL THE RECEIVER'S OSCILLATOR DURING THE TEST 8Y REMOVING THE 08C)LL=
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ATOR TUBE FROM T8 SOCKET,SINCE BY DOING 80, THE FIRST DETECTOR TUBE
WOULD ALSO BE REMOVED. THEREFORE, TO MAKE THE SAME OSCILLATOR TEST IN A

CASE AS THI8,THE RECEIVER'S OBCILLATOR CIRCUIT CAN BE MADE INOPERATIVE, BY
LEAVING THE OSCILLATOR=FIRST DETECTOR TUBE IN JTS SOCKET AND TEMPORARILY

8HORT CIRCUITING THE OSCILLATOR SECTION OF THE GANG TUNJING CONDENSER.

THE

TEST CAN THEN BE CONDUCTED 8Y COUPLING THE TEST OSCILLATOR TO THE CONTROL

GRID OF THE FIRST DETECTOR TUBE SECTION AS ALREADY EXPLAINED

!
IN THOSE SUPER-

HETERODYNE RECEJVERS
WHERE A GANG TUNING
CONDENSER §& USED WITH
A SPECIAL OSCILLATOR
SECTION 80 THATNO SER=-

IN THIS LESSONe

18t Det. Section

Serviee Oscillator

."//.,//.f /./_/////é / 7
Z /’%u:

%%/Qjﬁy*
Min /7 HMax, O

Contral qrid
//’cap clip.

IES PADDING CONDENSER / PR
18 USED IN THE 08ClLL~

ATOR CIRCUIT, THEN THE 3 @j‘
_I
LT
T

LOW FREQUENCY TRIMMER
CONDENSER (LLUSTRATED
= _%—
FiGg. 10

IN Fia. 5 OF THIS LES=-
SON 18 NOT USED. TMHERE=~
.
Service Oscillator Connection to a
pcnz‘agr/:/ Converter Tube.

FORE, WHEN ALIGNING THE
O0SCILLATOR STAGE IN
RECEIVERS OF THIS TYPE,
ONLY THE TR{MMEROR COM
PENSATOR CONDENSER OF
THE OSCILLATOR SECTION
OF THE GANG CONDENSER
NEED BE ADJUSTED. THE
OUTER ROTOR PLATES OF
THIS CONDENSER SECTION

CAN THEN BE BENT A8 !
FOUND NECEBSARY IN ORDER TO OBTAIN PROPER TRACKING OVER ALL PORTIONS OoF
THE BAND.

You SHOULD FIND THE SUGGESTIONS OFFERED IN THIS LESSON TO BE QUITE
HELPFUL WHEN YOU FiND |IT NECESBSARY TO WORK ON SUPERHETERODYNE RECE|}VERS.
Rapio MEN, WHO ARE NOT PROPERLY TRAINED,HESITATE WHEN CONFRONTED WITH A
SUPERHETERODYNE RECEJVER WHICH DOES NOT OPERATE PROPERLY, YOU, HOWEVERy ARE
RECEIVING A MOST THOROUGH [INSTRUCTIJION ON THIS TYPE OF RECEIVER 80 THAT YOU
MAY BE MOST FAMILIAR W{TH SUPERHETERODYNES AND THOROUGHLY QUALIFIED TOHAND
LE JTS PROBLEMS EFFICIENTLY, IT 1S THIS TYPE OF KNOWLEDGE WHICH GIVES YOU
COMPLETE CONFJDENCE §N YOUR ABILITY AS A RADIO TECHNICIAN,
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The future holds no obstacle ]FD<:
\'.

for the man who is prepared.

WHAT 18 THE ORDER N WHICH THE DIFFERENT TUNING SECTIONS
OF A SUPERHETERODYNE RECEIVER SHOULD BE ALIGNED == THAT
IS, WHICH PART SHOULD BE ALIGNED FIRST,WHICH SECOND ETC.?

DESCRIBE THE METHOD FOR ALJGNING THE l.F. STAGES OF a
SUPERHETERODYNE RECEJVER,

EXPLAIN THE METHOD FOR ALJIGNING THE TUNJING CIRCUIT OF THE
SUPERHETERODYNE's OSCILLATOR, 80 THAT IT WiLL TRACK PROP
ERLY OVER THE ENTIRE TUNING RANGE,

DESCRISE THE METHOD FOR ALIGNING THE R.Fs OR PRE=SELECT=
OR AND FIRST DETECTOR TUNING CIRCUITS OF A SUPERHETERODYNE
RECE IVER.

WHAT MAY cause WHISTLING SOUNDS TO BE EM|TTED FROM THE
SPEAKER OF A SUPERHETERODYNE RECE}YER?

WHAT ARE SOME OF THE PROBABLE CAUSES FOR POOR SENSITIVITY
IN A SUPERHETERODYNE RECEIVER?

WHAT 18 THE MOST PROBABLE CAUSE FOR "DEAD sPOTS" AT DIfF=
ERENT POINTS OF THE RECEJVER DiaL?

How CAN YOU DETERMINE IF THE |.F. SECTION OF A SUPERHETER
ODYNE RECEIVER |8 OPERATING PROPERLY?

DEBCRIBE A BIMPLE TEST WHEREBY YOU CAN DETERMINE WHETHER
THE OSCILLATOR SECTION OF A SBUPERHETERODYNE RECEIVER I8
OPERATING PROPERLY OR NOT,.

10. = How cAN YOU DETERMINE WHETHER OR NOT THE R.F. OR PRE=SEL

ECTOR SBECTION OF A SUPERHETERODYNE RECEIVER IS OPERATING
PROPERLY?T

N——
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LESSON NO. 56

* FILTER SYSTEMS -

FROM ALL THAT YOU HAVE LEARNED 80 FAR REGARDING RADIO RECEIVERS AND
ASSOCIATED EQUIPMENT,YOU WILL REALIZE HOW EXTENSIVELY FILTER SYSTEM8 ARE
USED IN THIS WORK., YOU HAVE SEEN HOW WE EMPLOYED FILTER CIRCUITS IN  CON=
JUNCTION WITH POWER PACKS |N ORDER TO S8MOOTH OUT THE CURRENT AFTER IT HAS
BEEN RECTIFIED FOR "B" pURPOSES; HOW VARIOUS TYPES OF R.F, aND A.F., FILTER
S8YSTEMS ARE USED IN RECEIVERS AND AMPLIF|ERS TO SEPARATE CERTAIN FREQUEN=-
CIES FROM OTHERS) HOW THE BAND=PASS PRINCIPLE 18 APPLIED TO SELECTOR CIR-
CUITS ETCe -

Now THAT YOU HAVE A GOOD IDEA AS TO HOW THESE DIFFERENT TYPES OF FILT
ER BYSTEMS ARE APPLIED IN RADIO PRACTICE, WE SHALL PROCEED AT THIS TIME
WITH THE VARIOUS DESIGN PROBLEMS WHICH ARISE WITH CIRCUITS OF THIS TYPE,

WE CAN CLASSIFY FILTER S8YSTEMS INTO FOUR DISTINCT GROUPS,NaMeLy: (1)
LOW-PASS FILTERS; (2) HIGH-PASS FILTERS; (3) BAND-PASS FILTERS anp (4)
BAND=SUPPRESSION FiLTERS.NOW LET Us CONTINUE BY STUDYING EACH OF THESESYS=-
TEMS IN DETAlL.

LOW-PASS F ILTERS

Low-pags FILTERS ARE
DES 1GNED TO PASS ALL FREQUEN-
CIE8 BELOW A DEFINITE FREQUEN
CY WHICH 1S KNOWN A8 THE CUT
OFF FREQUENCY AND TO SUBSTAN=
TIALLY REDUCE OR "ATTENTUATE®
THE AMPL|TUDE OF GCURRENTS OF
ALL FREQUENCIES ABOVE THE PRE
DETERMINED CUT=O0FF FREQUENCY.
TH18 TYPE OF FILTER WiLL ALSO

PERMIT A DIRECT CURRENT TO =L S,
FLOW THROUGH IT W]THOUT APPRE=- . ) ’
CIABLE OPPOS{T|ON. Filter Circuits Are Exiensively

Used in Modern, Receivers.
IN F1@e 2 YOU ARE SHOWN
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A TYPICAL EXAMPLE OF A LOW=PASS FILTER. YOU WILL NO DOUBT IMMEDIATELY RE=
COGNIZE IT AS BEING THE TYPE OF FILTER WHICH I8 EXTENSIVELY USED IN THE
POWER PACk OF A,C. OPERATED RECEIVERS [N ORDER TO FJLTER THE "B" CURRENT
AFTER IT HAS BEEN RECTIFIED.

ALTHOUGH YOU HAVE ALREADY BEEN TOLD WHAT THE FILTER SYSTEM OF THE
POWER PACK ETC. ACCOMPLISHED, YET

UNTIL NOW WE HAVEN'T QONE INTO
Inductance ) DETAILS AS TO JUST HOW THIS Flle~
TERING PROCESS WAS ACCOMPL|SHED,

66666 THEREFORE, THIS WILL BE OUR FJRST

POINT OF DISCUSSIJON AT THIS TIIAE,

s er e
SEEiEE T LOW~PASS F|LTER ACTJON
For THE SBAKE OF siMPLICITY,
WE SHALL ASSUME FIRST THAT THE
E.M.F. AS APPLIED TO THE  FILTER
Fla, 7 13 oF THE D.C. TvPE. IN Fla. 3,
A LOW’/DESS F//t‘:er. WE HAVE A DIAGRAM WHIJCH fLLUS=

TRATES CLEARLY THE CONDITIONS EX=
ISTING IN THE SYSTEM IN WHICH THE FILTER IS BEING USED. THE SOURCE OF E.M.F.
1S IN THIS CASE BEING CONSIDERED AS A D.C. GENERATOR WHICH 1S CONNECTED TO
ONE END OF THE .FILTER KNOWN A8 THE SOURCE END, WHILE A RESISTOR 18 CONNECT
ED ACROSS THE OTHER END OF THE FILTER WHICH 18 KNOWN as THE LOAD END,

By INSPECTION, YOU CAN READILY SEE THAT THE E.M.F. TEND8 TO FORCE
A FLOW OF CURRENT THROUGH THE LOAD AND THAT THE INDUCTANCE IS CONNECTED N
BERIES WITH THE SOURCE OF EeM.F. AND THE LOAD, WHEREAS THE CONDENSER 18
CONNECTED IN PARALLEL WITH THE LOAD OR "SHUNTED ACRO8S 1T",AS WE GENERALLY
SAYe WITH THIS POINT IN MIND, IT IS CLEAR THAT IF a D.C. EeMeFe 18 APPLIED
TO THE 8YSTEM,THE INDUCTANCE WILL OFFER NO OPPCSITION TOWARDS TS FLOW
OTHER THAN ITS OHMIC RESISTANCE WHICH IS QUITE LOW,WHEREAS THE CONDENSER
PREVENTS ANY CURRENT FROM FLOWING ACROSS ITS PLATES. THEREFORE,UNDER THESE
CONDITIONS, ALL CURRENT WHICH IS CAUSED TO FLOW BY THE EoM.F. MUST FLOW
THROUGH THE LOAD.

Now LET US SEE WHAT HAPPENS WHEN AN ALTERNATING E.M.F, 15 aPPLIED
TO THE SYSTEMs AN INDUCTANCE, YOU WjLL RECALL,OFFERS A DEFINITE OPPOSITJON
TOWARDS THE FLOW OF EITHER AN ALTERNATING OR A PULSATING DIRECT CURRENT
AND THE HIGHER THE FREQUENCY OF THIS CURRENT, THE GREATER WILL BE THE OPPO=-
SITION OFFERED BY THE |NDUCTANCE., A CONDENSER, ON THE OTHER HAND, PERMITS
A FLOW OF ALTERNATING OR PUL
SATING CURRENT AND THE H|GH- h1duchaf1c?'7 Load
ER THE FREQUENCY OF THE CUR=- Source
RENT, THE LESS WILL BE THE op of D.cC.
POSITION OFFERED BY THE CON- E M F
DENSER.

/,7 —

WiTtH THE A.C, VoL~ Condense_r
TAGE SOURCE APPLIED TO  THE
FILTER, CONDITIONS BECOME AS g ——
ILLUSTRATED IN Fi1Ge4. AsSSum—
ING THE QENERATOR VOLTAGE AS
HAVING THE POLARITY DESIGNAT Fle. 3 .
ED AT ONE PARTJ CULAR |NSTANT Passage of D.C. Through the Filter,
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AND THAT THE FREQUENCY OF THE QGENERATED E.M.F. 8 sucH A8 TO BE OPPOSED
BY THE ‘FILTER,WE FIND THAT AT THE SAME TIME THAT THE |NOUCTANCE OPPOSES AN
INCREASE OF CURRENT FLOW AS THE QENERATOR VOLTAGE RISES IN A POSITIVE Dl=-
RECT ION, THERE WILL BE A FLOW OF ELECTRONS IN THE DIRECTION INDICATED a8y
THE ARROWS (ELECTRONS FLOW FROM NEGATIVE TOWARDS POSITIVE). THESE ELEC~

TRONE ARE LEAVING THE UPPER
CONDENSER PLATE, PASS ING lnductance ﬂ,
THROUGH THE INDUCTANCE,A,C,
GENERATOR, AND BEING COLL~-
ECTED BY THE LOWER CONDENSER e et
PLATE. COMPARATIVELY FEW OF A.C.
THESE ELECTRONS PASS  THRU E.M.F >
THE LOAD,SINCE IN ACTUAL PRA —=
CTICE, THE LOAD RESISTANCE I8 Condcn% (
MUCH HIGHER THAN THE CAPAC~

ITIVE REACTANCE OF THE CON= ot L |
DENBER. IN THIS WAY, THE CON R —"L 4
DENSER ASS ISTS THE INDUCTANCE 7 { ~°2
IN REDUCING THE FLOW OF CUR=~
RENT THROUGH THE LOAD AT Fla. 4

THIS FREQUENCY. Actior of Filter Towards A.C.

=4

1||+
!

/
{

As THE GENERATED E.M.F. REACHES T8 PEAK VALUE AND COMMENCES TO DE-
CREASE, THE COLLAPSING MAGNETIC FIELD AROUND THE INDUCTANCE GENERATES A
SELF-INOUCED E.M.F. IN THE |NDUCTANCE WHOSE POLARITY 18 SUCH AS TO KEEP
THE FLOW OF ELECTRONS INTO THE LOWER CONDENSER PLATE AS HERETOFORE.

FINALLY,WHEN THE APPLIED E.M.F. REACHES A VALUE OF ZERO AND THEMAG~
NETIC FIELD AROUND THE INDUCTANCE DJES DOWN, THE CONDENBER W{LL DISCHARGE
FROM THE LOWER PLATE TOWARDS IT8 UPPER PLATE AND AS THE GENERATOR E.M,F,RE-
VERSES, IT TENDS TO DRIVE A STILL GREATER NUMBER OF ELECTRONS TOWARDS THE
UPPER CONDENSER PLATE AS INDICATED BY THE ARROWS IN F1@.5, 80 THAT THE UPPER
CONDENSER PLATE BECOMES NEGATIVELY CHARGED,

AFTER REACHING {TS PEAK VALUE IN THIS DIRECTION, THE VOLTAGE AGAIN
APPROACHES ‘ZERO A8 DOES ALSO THE MAGNETIC FJELD AROUND THE [INDUCTANCE AND
THE BELF=INDUCED VOLTAGE GENERATED BY THIS COLLAPSING FJELD KEEPS THE ELEC=
TRON FLOW IN THE SAME DIRECT ION, FlNALLY, THE GENERATED VOLTAGE COMMENCES
TO BUILD UP IN THE OPPOSBITE O]
RECTION AND THE ELECTRONN FLOW

Generator ""duda}ce AGAIN OCCURS AS IN F1G.4. THiB
PROCESS OR CYCLE OF EVENTS CON=
l TINUES IN THIB ORDER REPEATED-
\ ‘l LY as THE A.C, E,M.F. 18 APP=
_ LI1ED»
]+ THE IMPORTANT FACT ToO
/I REMEMBER ABOUT THIS SYSTEMWHEN
Condenser SUBJECTED To A.C. OR PULBATING
‘_J D.Ce VOLTAGES IS THAT ALTHOUGH
THE INDUCTANCE ALONE OPPOSES

Load VARIATIONS IN CURRENT FLOW AND
REDUCES THE FLOW OF ELECTRONS
THROUGH THE CIRCUIT,YET W|TH-
Fla.s , QUT THE AID OF THE CONDENSER,
Ceverse Electron Flow. SOME OF TH18 CURRENT WOULD BE .
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FLOWING THROUGH THE LOAD. HOWEVER, BY USING THE CONDENSER N COMB INAT JON
WITH THE INDUCTANCE, THE CONDENSER SERVES TO "STORE® AN APPREC|ABLE NUMBER
OF ELECTRONS EACH TIME THAT THE APPLIED EoMsF. REVERSES OR VARIES IN
VALUE AND IN THIS WAY BY-PASSES THEM AROUND THE LOAD SO THAT THE CURRENT
THROUGH THE LOAD IS REDUCED MATERIALLY AT THIS FREQUENCY. FURTHERMORE,

THIS EFFECT WILL BE STILL
MORE PRONOUNCED WHEN  THE
L e CONDENSER REACTANCE 1S MUCH

_______{3;5g¥6;L___ LESS THAN THE RESJSTANCEOR

1IAPEDANCE OF THE LOADWHICH

/ IT IS SHUNTING AND WH|CH
O . 18 THE CASE IN ACTUAL PRAC-
TICE WHERE A FILTER OFTHIS
L; TYPE 18 USED,

{
n

AT FREQUENCIES BELOW

THE CUT=OFF FREQUENCY, THE
OPPOSITION AND BY=PASS ING

Fla. o EFFECT BECOMES LESS,80 THAT

The T Type Filter. A GREATER PERCENTAGE oF

CURRENT MAY PASS THRU THE

LOAD WHILE AT FREQUENCIES ABOVE THE CUT=0FF FREQUENCY, THE OPPOS ITION AND
BY=PASS NG EFFECT BECOMES GREATER SO THAT A SMALLER PERCENTAGE OF CURRENT

PASSES THROUGH THE LOAD.

Load

T-TYPE LOW-PASS F|LTERS

ALTHOUGH THE 8INGLE SBECTION FILTER AS JUST DESCR{3ED HAS ADEFINITE
EFFECT UPON REDUCING THE FLOW OF CURRENT THROUGH THE LOAD ABOVE THE CUT-
OFF FREQUENCY, YET 1T DOESN'T OFFER A VERY SHARP REDUCTION OF CURRENT AT
THE CUT=0OFF FREQUENCY. IN ORDER TO MAKE THE CUT=0FF MORE ABRUPT ORSHARPER
AT THE DESIRED CUT=OFF FREQUENCY, ANOTHER INDUCTANCE CAN BE CONNECTED N
SERIES WITH THE LOAD SIDE OF THE FILTER A8 JLLUSTRATED IN Fig. 8.

THI8 8YSTEM 18 KNOWN AS A "T=Tvpg" FILTER, IN THAT THE TWO [NDUO-

Tances L anp L, , TOGETHER WITH CONDENSER C TAKE THE SHAPE OF THE LETTER
"TI!.

IN ORDER TO GIVE A BTILL SHARPER FREQUENCY CUT=0FF, TWO OF THESE
T~SECTIONS CAN BE CONNECTED TOGETHER AS |LLUSTRATED IN Fra. 7. Here wE
HAVE INDUCTANCE L AND L, TOGETHER WITH GONDENBER Cy FormINGg onNe T~ gEC~
TION,WHILE INDUCTANCES
L3 anD L4 wiTHCONDENBER Ly L, L Ls
C, FORM THE sEconD T
SECTION,

By sTuoving Fia,
7, YOU WILL READILYNOTE
THAT HERE WE HAVE A COM-
SINED INDUCTANCE WHJICH
1S EQUAL TO THE SUM oOF :
THE TWO SECTION (NDUC= Loaé
TANCES CONNECTED INS8ER~
$ES AT THEIR CENTER. |F

Fla, 7
THE [INDUCTIVE VALUES OF R
Ll = Lq_ - L3 AND L4 ARE / /73 Two- Section ARY ’/ézr-
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ALL EQUAL,THEN THE COMBINED INDUCTANCE OF Lo AND L WILL BE TWICE THAT oF
THE INDIVIDUAL INDUCTANCES L; AND L4 OR TO PUT IT ANOTHER WAY THE OUTER IN-
DIVIDUAL INDUCTANCES L AND L4 EACH HAVE ONE=HALF THE INDUCTANCE VALUE OF
THE SERIES CONNECTED INDUCTANCE L; AND L3 WHICH ARE INCLUDED AT THE GENTER
OF THE SYSTEM.

THI8 18 A HANDY 5L L Al

RULE TO REMEMBER BECAUSE /?5UYYU~L————ITYU?YGN\-—-
IT 18 FOLLOWED IN PRAC-
TICE. QUITE OFTEN, IN

PRACTICE, THE TWO CHOKES

L, AND Ly ARE REPLACED

BY A SINGLE CHOKE AS fLL
USTRATED IN F1G6.8 AND IN

THI8 CABE,EACH OF THE
END CHOKES ARE GIVEN AN

INDUCTANCE RATING EQUAL Fia. &

TO ONE=HALF THAT OF THE Two- Section 7T - Filter With

CENTER CHOKE. S/'Hg/e Center Inductarnce.

I
nll
I

Ca

ForR THE sake oFf SIMPLICITY,WE SBHALL DESIGNATE THE CENTER INDUCTANCE
OF THI8 8YSTEM AS L AND THE Two END INDUCTANCES AS ‘% L.

IN SOME INSTANCES8, EVEN THREE~SECTION T=FJLTER8 ARE USBED, B8UCH A8
THE ONE S8HOWN IN F1a. 9o WITH THIS TYPE OF FILTER, IT 18 ALSO THE PRACTICE
TO MAKE THE TWO END CHOKEE L, AND L4 EQUAL TO ONE=HALF THE INDUCTANCE VAL~
UVES OF L7_ AND L., o

THE GREATER THE NUMBER OF FILTER SECTIONS USED, THE SHARPER  WILL
BE THE FREQUENCY CUT-OFF. FREQUENTLY, A S8INGLE SECTION I§ SUFFICIENT,
WHILE AT OTHER TIMES TWO OR THREE SECTIONS ARE REQUIRED. THIS DEPENDS LARG
ELY UPON HOW S8HARP THE FREQUENCY CUT=OFF MUST BE FOR THE PART ICULAR PROB-
LEM IN QUESTION, IN ADDITION TO THE ALLOWABLE COST FOR THIS PART OF THE
EQUIPMENT,

THE "P|".TYPE LOW-PASS FILTER

IN Fige 10 YOU ARE SHOWN ANOTHER FORM OF FILTER CIRCUIT WHERE A
CONDENSER S8HUNTS THE LINE AT EACH END.OF THE INDUCTANCE. THIS 18 KNOWN
As A "PI® FILTER, SINCE ITS CIRCUIT DIAGRAM SOMEWHAT RESEMBLES THE SYMBOL
9T « THIB TYPE OF FILT-
ER OPERATES UPON THE
L Lo L’; La S8AME PRINCIPLES A8 AL~
— 000 READY EXPLAINED FOR THE
T=TYPE FILTER,ONLY THAT
THERE ARE NOW TWO CON=
DENSERS PER SECTION CON
NECTED ACROSS THE LINE,

<
I
I
I
i
|
1

THE "T" aAnD "p) "
"FILTER EACH HAVE THEIR
DISTINCT ADVANTAGES, THE
T=TYPE FILTER BEINGMORE
DESIRABLE FOR CONSTANT

Fila. 9
N . VOLTAGE CIRCUITS WHILE
A Three - Section T- Filter. THE "p1MeTYPE FILTER 16
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MORE DESI{RABLE WHEN A MORE NEARLY CONSTANT CURRENT |8 REQUIRED.

IN THIS CASE ALSD, THE FREQUENCY CUT=GCFF CAN BE MADE SHARPER BY [IN=
CREASING THE NUMBER OF FILTER SBECTIONS IN
Ynduckance -} THE sysTeM. IN Fia. 1l,ForR INSTANCE, WE
-W— HAVE TWo "p1" SECTIONS CONMECTED END TO
END. UNDER THESE CONDITIONS, CONDENSERS
C. aND C; ARE CONNECTED IN PARALLELWHICH
= MEANS THAT IF ALL OF THE INDIVJOUAL CON-
t j DENSERS HAVE THE SBAME CAPACITY  RATING,
Condenser THE CAPACITANCE AT THE JUNCTION WiLL BE
i EQUAL TO THE CAPACITY oF C; PLUS Cy
THIS ALSO MEANS THAT THE CAPACITANCE AT
THE POINT OF JUNCTION I8 EQUAL TO TWICE

W\

3

Fla. 10 THE CAPACITANCE AT EITHER END OF THE FIL
A Single — Section PI” U
Filter. THi8 SAME EFFECT MAY BE OBTAINEDS8Y

USING A SINGLE CONDENSER OF TW{CE THE CAPACITIVE VALUE AT THE JUNCTION
POINT OF THE SERIES CONNEGCTED INDUCTANCES As sHOWN IN Fia. 12, THE CENTER
CONDENSER C WILL IN THIS CASE HAVE TWICE THE CAPACITY RATING OF THE TWO
END CONDENSERE WHICH FOR THE SAKE OF SIMPLICITY ARE HERE DESIGNATED AS ic.
Inouctances L, ano L1_ARE EQUAL IN VALUE,

Fig. 13 sHOWS YOU HOW A THREE~SECTION P)=FILTER 1S ARRANGED, HerE
THE THREE INDUCTANCES EACH HAVE THE SAME VALUE AND THE TWO END CONDENSERS
EACH HAVE ONE=HALF THE CAPACITY OF THE CONDENSERS WHICH ARE USED IN THE
CENTER OR "REPEAT ING SECTIONS" OF THE FILTER. THIS 18 DESIGNATED IN Fi1@.13
8Y THE FACT THAT THE TWO CENTER CONDENSERS ARE BOTH MARKED "C" WHILE  THE
TWO END CONDENSERS ARE EACH MARKED As 3C.

HAVING CONS IDERED THE OPERATION AND CONSTRUCTIONAL FEATURES OF THE
VARIOUS FORMS OF LOW=PASS FILTERS, YOU ARE NOW PREPARED TO ENTER {NTO THE
DETAILS REGARDING THE DESIGN PROBLEMS OF THESE 8YSTEMS.

LOW~PASS FILTER DESIGN

THE FIRST POINT TO BEAR IN MIND REGARDING 8UCH A FILTER DESIGN 18
THAT IN ORDER FOR THE FILTER TO BE MOST EFFICIENT FOR ITS PARTICULAR TYPE,
THE FILTER SHOULD TERMINATE AT THE SOURCE AND AT THE LOAD IN AN IMPEDANCE
WHICH [8 APPROX|IMATELY EQ