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I M P O R T A N T 

Instructions in How to Use This Reference Book 

T h i s reference book is divided into four parts: A, an index of 
radio receiver troubles under the usual symptoms (effects), under 
which are listed the probable causes; B , a discussion of general 
defects and tests; C , a section devoted to general troubles of re
ceivers, their cause and remedy; and D , a section on receiver align
ment and balancing. 

I n using this text as a means of shooting trouble, refer to the 
index. T h e main headings give the symptoms or other obvious 
results of a defect. F o r example: Receiver squeals, howls, or put-
puts; hums, smokes, etc. After you locate the proper section ac
cording to the defects you observe, you will find a list of probable 
causes. T h e causes listed should indicate to you some part or con
nection to check. I n the beginning all the references given should 
be studied. I n trouble shooting, select first the causes you think 
most likely to give the trouble in the receiver you are servicing. 
After most of the probable causes j'ou will see a number followed 
by a letter. T h e number refers you to the section; the letter to 
the paragraph in that section. 

I f incorrect alignment or an unbalance is given as the cause of 
trouble the proper procedure for realigning or balancing a receiver 
is given in the section on alignment. 

Y o u should carefully read the sections on general defects and 
tests, general receiver troubles, and alignment and balancing, so 
you will be familiar with the contents. Select any section that in
terests you. R e a d especially section 22, "Voltage and current 
measurements as an aid in locating the defect." 

When reference is not made in the index to an explanation in 
the following selections, the information in the index is sufficient 
to indicate what is to be done. F o r example: T h e customer com
plains that: "Stations are not received at the proper points on the 
dial." Referring to the index the probable cause "Dia l slipped on 
condenser's shaft" fits this ease. No further instructions are 
needed, as the cause itself is an indication of what you should do— 
reset the dial and tighten the set screw. 

Remember, this reference text will be more and more helpful as 
you study and learn more about radio and radio receivers. 
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A : I N D E X O F R A D I O R E C E I V E R T R O U B L E S B Y E F F E C T S 
O B S E R V E D , F O L L O W E D B Y P R O B A B L E C A U S E 

B A L L A S T G E T S T O O H O T O R 
B U R N S O U T 

Shows White Heat or is Too Hot to Touch 

Natural Condition; e4b 
Ground or Short in Filter System; Sla 
Filter Condenser Shorted; 13a, U}, Uh 
Choke Coi l Grounded; 17c, Sla 
Shorted Rectifier Tube; 6b, 43e, 43g 
Power Transformer Defective; 17d 
Shorted Line Filter Condenser in Power 

Transformer Primary Circuit; 13a, 36b 
Selecting the Proper Ballast; 9a, 9c 
Incorrect Ballast; 9b 
Burned out pilot lamp; 7d 
Short-circuited filament circuit; 4a, 4b 

B R O A D T U N I N G 

Several Conditions Arise. Condition A. R e 
ceiver Tunes Broad on Local or Semi-Local 
Stations; But is normal in other respects; 
Condition B. Receiver Broader Than Usual 
and "Pep" of Receiver Gone; Finally, Con
dition C, Tunes Broad and Only Local and 
Semi-Local Stations Received. 

The Ability of the Receiver Must Be Care
fully Borne in Mind in Judging a Condition 
of Broad Tuning. Read When the Defect 
Causing Broad Tuning is Not Readily Fixed, 
or Has no Appreciable Effect When Fixed, 
the Worst Offender May Be Suppressed With 
a Wave Trap. 

Condition A: Usually a Natural Condition: 
Inexpensive Receiver, Broad Tuning Nor

mal; 33d, 23e 
Too Close to Local Stations; 28e 
Antenna Too Long; 39d 
Station Tuning Broad is Unusually Power

ful; 28c 
Grid Leak-Grid Condenser Type Detector; 

2Sn 

Condition B: Generally Due to High Resist
ance in Signal Circuit or Abnormal Tube 
Operation: 

Loose and High Resistance Connections; 
3a, 3d, 6a to 6} 

High Resistance in Grid Circuit; Sa to 5j 
Poor Tube Prong to Socket Contact; 3/ 
Improper R . F . Alignment; 45j, 45i 
I . E . Stage Improperly Aligned; 4SQ to 45k 
Return Signal Circuit Leads Not Grounded; 

If, Id 
Grid and Plate Leads Out of Place; do not 

try to correct, pep up receiver 
No Ground to Receiver; check 
Variable Condensers Dir ty ; 16b 
Ineffective or Defective Volume Control; 

10a 

Storage Battery Charge L o w ; 21c 
" B " Batteries R u n Down; 21i 
Low Line Voltage; 30c 
Open or Shorted Bypass Condenser; J2o, 

12b, 12c, 13a 
Weak Tubes: 6b 
Shields Not F irmly in Place, or a Good 

Chassis to Shield Contact Does Not Ex i s t ; 
19a, 3f, 20d 

Condition C: Usually Due to no Supply 
Voltage to Some Stage, or an Open 
Circuit: 

Dead or Defective Tube; 6f, 6a 
No Plate Voltage on an R . F . Tube; study 

section 22 
Open Grid Circuit; Id 
Variable Condensers Partially or Totally 

Shorted in Some Section; 15g 
Control Grid Cl ip Loose, Corroded or 

Grounded; 3f, 5c 
See Causes Creating Condition B . 

C O N D E N S E R S L E A K W A X 

Poor Ventilation; 26g 
Condensers L e a k y ; 13a, 12c 
Defective Condenser; 13a, 12c 
Voltage Rating of Condenser Used Too L o w ; 

11c, 26g 
Excessive Wax Used in Manufacture; No 

Harm Done 

C O N D E N S E R S H I S S O R S I Z Z L E 

Sound Coming Directly From Electrolytic 
Condenser 

Loudspeaker Cable Not Plugged or Con
nected to the Main Chassis; 14] 

Excessive Voltage Across Electrolytic Con
denser. (Producible by Any Defect or 
Open in the Receiver Which Wil l Cause 
Excessive Voltage at This Filter Con
denser). 14) 

Condenser Defective or Not Used for Some 
T i m e ; 14h 

Electrolytic Condenser Improperly Con
nected; 14i 

Electrolytic C o n d e n s e r I n c o m p l e t e l y 
Formed; 14k 

D E A D S P O T S S H O R T W A V E 
C O N V E R T E R 

Reception Peculiar to Short Wave Bands: 
25a to 25k 

Incorrect Receiver Adjustment; S6c 
Oscillator Not Working; section 40 
Shorted Tuning Condenser; 15g 
Incorrect Coi l Plugged in (plug-in coils 

used). 
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D E A D S P O T S , O N E B A N D O F 
A L I ^ W A V E R E C E I V E R 

Switching Arrangement Defective; 18b, 18c 
Improper Matching in All-Wave Antenna 

System; 29e 
Oscillator Tube Fails to Oscillate; section 40 
Oscillator Cathode Resistor Open or Too 

High; 8d 
Reception Peculiar in Short Wave B a n d ; 

section 25 
Ability of Receiver Over-Estimated; 23] 
All-Wave Antenna Not Used; 291, 23] 

D E A D S P O T S , S E V E R A L B A N D S O F 
A L L - W A V E R E C E I V E R 

Defective Switching; 18b, 18c 
Oscillator Tube Fails to Oscillate; section 40 
Oscillator Cathode Resistor Open or Too 

High; 8d 
D E A D S P O T S 

Receiver Ineffective at Some Tuning Points, 
Normal Otherwise 

Natural Condition for Your Local ity; 25i 
Oscillator Cuts Off at Some Tuning Point; 

section 40 
Poor Connection Between Tuning Conden

ser Rotors and Chassis; J5c 
Shorts Between Tuning Condenser Plates at 

Some Tuning Points; 15b 
Improper Alignment of R . F . Stages; 45e 
Preselector and Oscillator do not Track ; 40d 
Regeneration at Dead Spot; 32] to 32j 
Primary to Secondary Sensitivity Equaliz

ing System in R . F . Transformer Open; Ic 

D I S T A N T R E C E P T I O N P O O R 

See Sections on "Signals Weak" 

Reception Peculiar in Short Wave Bands; 
read section 25 

Natural in small sets; 23d 

F U S E B L O W S 

Defective or Gassy Rectifier Tube; 43d 
Defective Power Tube; 6e 
A Power Line Wiring Ground to the Chas

sis; 4b 
A Defective Power Transformer; section 17 
Line Voltage D C . Instead of A . C . ; 30a 
Defective Electrolytic Condenser; 14] to 14k 
Short or Ground Filter Circuit 
Defective Line Switch; I8a, 30g 
Defective Filter Condenser Across Power 

Transformer Primary; 13a, 36b 
Pitted or Dirty Vibrator Points; 44b, 44d 

F A D I N G , D I S T A N T S T A T I O N S O N L Y 

Far Distant Stations Get Louder and Weak, 
Alternately, or When Normally Set to Average 
Sound Volume Gets Weaker or Fades Out and 
Then Gets Normal Again Repeatedly. Stations 
60 to 150 Miles Away Alternately Fade in and 

Out and Reception Also Gets Muffled or 
Distorted. 

A Natural Receiving Condition; 25i 
Aerial Swaying; 29g 
Power Line Voltage Varying; 30e 
A . V . C . Tube Improperly Chosen; 6h 

F A D I N G O R I N T E R M I T T E N T 
R E C E P T I O N 

When Local as Well as Distant Stations 
Come in and Fade Out or Come In and Grow 
Weak Alternately; or the Receiver Plays and 
Cuts Off to Come Back Almost Immediately 
or Not at all, or by Tapping the Chassis or 
Touching Some Part or Snapping Power Switch 
—A Circuit or Part Defect is Indicated. Sev
eral Conditions Arise. 

Condition A: Unstable Circuit in Oscillator 
or A.V.C. controlled stage. Tube Starts 
and Stops. 

Gassy Tube; 6c, 6d, 6h, 41a 
Tube Overloads and Blocks; 37b 
Condition B: Thermostatic Connection or 

Joint Appears Ajter Receiver Heats Up 
Resulting in Fading or Intermittent Re
ception—Has a Definite Time Period 

Any Connection or Part Defective; read 
section 1 

Tube With Thermostatic Joint; 3i 
Condition C: Opens, Shorts, High Resist

ance Connections Plus Vibration, Con
densers Are a Very Common Source o] 
This Trouble 

Poor Connecting Joints in Antenna System; 
29b, 29], 29s 

Poor Tube Prong and Socket Contacts; 3] 
Coupling Condensers Defective; 12a 
Condenser Defects a Common Source of 

Trouble; sections 12, 13, 14 
Resistor Defective; 8d 
Transformer or Coil Defective; section 16 
Volume Control Defective; 10a 
Dirt or Metal Flakes in Tuning Condenser; 

15b 
Corroded or Poorly Soldered Connections; 

3d, 5c 
Improper Wiping or Pressure Contacts; 5c 
Loose Trimmer or Adjustable Parts; 20d, 

15] 
Condition D: Normal Dejects 
Weak A, B , and C Batteries; section 21 
Defective Copper Oxide Rectifier E l e 

ments; 38b 
Rectifier Tube With Low Emission; 6b 

G R O U N D C O N N E C T I O N , 
S P A R K I N G A T 

Natural Condition; 24d 

H U M , B A T T E R Y R E C E I V E R S 

Condition A: Tunable Hum, Tubes or R.F. 
Stages Capable o) Modulation 
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Aerial Close to High Voltage A . C . Wire; 
35] 

Improper Ground; 35) 
Induction Into Circuits from Nearby A . C . 

Lines; 35] 
Condition B: Direct Hum Pick-up 
A . C . Lead Near a Sensitive Detector; 35] 
Direct Pick-up by Audio Stage; 35] 

H U M , A. C . R E C E I V E R S 

Hum That is Heard From the Loudspeaker at 
All Times 

Condition A: Ineffective or Defective Fil
ters and Power Supply 

Defective Rectifier Tube; 31a, 6b 
Improperly Grounded Filament Circuits; 

Ic, 30k 
Open Filament Mid-tap Resistor; 8f 
Defective or Open Filter Condenser; 32f 
Open or Shorted Bypass Condenser; sec

tions 12, 13, 14 
Resistor-Capacitor Supply Lead Filter De

fective or Ineffective; sections 12, 13, 14 
Grid Bias Resistor Condenser, Open or 

Inadequate; 12a 
Conductive Coupling Between Circuits; 5/ 
Grounded or Shorted Filter Choke; 31c, 31d 
Power Transformer Turns Shorted; 17d 
Power Transformer Secondary Voltages 

Not Electrically Center Tapped; 17e 
A . C . Power Plug Reversed; 30h 
Loudspeaker Field Coil Defective; 38a 
Condition B: Low Voltage, Old Tube and 

More Circuit Defects 
Open Grid Circuit; Id 
Open Antenna Choke; Ig 
Grounded A . F . Transformer; 16e 
Ground Post Not Secure to Chassis; 3e 
Grounded or Open: Choke Coil , Resistor or 

Plate Circuit; section 1 
Volume Control Defective; 10a, Id 
Lack of Ground on Iron Core Coils and 

Transformers; add connections 
Open in Ground System; Id 
Open R . F . Transformer Secondary; Ig 
Loose Connections; 3d 
Incorrect Voltages; section 22 
Tubes Weak or Defective; 6b 
Gassy Power Tube; 6b, 6c 
Cathode to Heater Leakage in Tube; 6b 
Resistor Grounded, Open or Defective; sec

tion 8, Ic 
Condition C: Circuit or Tubes Out of 

Balance 
Unmatched Power Tubes; 6j 
Over Sensitive Detector Tube; 6b 
R . F . Tube Oscillating; 32f to 32i 
Neutralization Adjustments Out of B a l 

ance; 32d, 45d 
Hum Adjuster Defective or Out of Adjust

ment; 35g 

Hum Bucking Coil or Other L o u d s p ^ 
Hum Balancers Out of Adjustment^ 
Defective; 35g, Ic ^ 

One Half of a Ful l Wave Rectifier T u b e ^ 
Defective or Weak; 6j 

Special Conditions and References 
Normal Hum Amplified by Room or Cabi

net Resonance Effects; 39a, 39b 
Localizing Hum, Procedure; section 35 
Mmimizing Hum by Baffle Adjustment; 

A . C . Operated Loudspeaker in Which: De
fective Rectifier. Defective Filter Con
denser or None Used; 38g, 14c, 141 

See Hum, Battery Receivers 

H U M I N U N I V E R S A L R E C E I V E R S 

Only When Used on A . C . 

Defective Filter System; section 31 
Defective Filter Condensers; sections 11, 

12, 13 
Defective Tube; 6b 
Defective Bypass Condenser; sections 11, 

12 

H U M R E S O N A N T O R T U N A B L E 

Hum From Loudspeaker Only When Tuned to 
A Broadcast Station or Its Carrier 

Open Control Grid Return; Id 
R . F . Stages Oscillating; 32d to 32j 
Defective or Weak Tube; 6b 
Defective Cathode Bypass Condenser; 12a, 

13a 
R . F . Filament Improperly Center Tapped; 

8f, 30m, 30n, 17e 
R . F . Bias Resistor Incorrect Value; section 

22 
Resonant Effect in Room; 39a, 39c 
Cathode-Heater Leak in Tube; 6b 
Incorrect Screen Grid or Pentode Tube 

Used; 28f 
R . F . Plate Voltage Too L o w ; section 22 
Receiver With Choke or Resistor Aperiodic 

Input Hum Readily on Locals; Use Wave 
Trap 

Any Defect in the R . F . Section Which 
Would Create Normal H u m (See "Hum 
in A . C . Receiver") 

H U M F R O M P A R T S 

How to Identify; 35e 
Loose Laminations on Transformer; 35e 
Loose Parts, 35e 
Resonant Condition of Cabinet or Room; 

39a 

N O I S E , C O D E I N T E R F E R E N C E 

Can be Tuned; 28i 
Cannot be Tuned: 28) 
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l O I S E I N T E R N A L , W H E N R E C E I V E R 
I S A D J U S T E D 

Plates of Tuning Condensers Short; 15b 
Defective Pig-Tail Connections or Bearing 

Contacts on Variable Condenser; 15c 
Dirt or Flakes in Variable Condenser; I5b 
Any Wire or Part Having a Poor Connec

tion Disturbed Mechanically When Set is 
Tuned: 20d 

Volume or Tone Control Defective; section 
10 

Power or Band Selector Switch Defective; 
section 18 

Any Manual Control Defective; 20d 

N O I S E , I N T E R N A L 

Station Tuned In , No Part Touched or A d 
justed, and Hiss, Scratches, Rattles and Racket 
Noises Heard. 

Test for Internal Noise; 36a, b, and c 
Loose or Poorly Soldered Connections; sec

tion 3 
Poor or Corroded Ground Connections; 

section 5 
Tubes, Noisy, Defective; 6g 
Natural Circuit Noise; 23h, 23% 
Leaky Fixed Condenser; 12d 
Defective Resistor Across Secondary T e r 

minals of Audio Transformer; 12d 
Defective Loudspeaker Cord or Cable R e 

sistances, Defective; section 8 
Power Transformers, Defective; lb 
Variable Condenser Connections Defective; 

3h 
Volume Control Connections Defective; lb 
Partially Shorted Circuits; lb 
Audio Transformer Defective; lb 
Incompletely Grounded Shields; JPa 
Pilot Lamp Loose in Socket; 7c 
Control Grid Clips Loose or Partially 

Grounded; 3j 
Defective Loudspeaker; lb, 38c 
Defective Electrolytic Condenser; I4I 
Storage Battery Weak or Too Freshly 

Charged on Supersensitive Receivers; 21c 
Battery Terminals Corroded; 3e, 21e 
" B " Batteries R u n Down or Cel l Defective; 

21j, 21k 
Defective "A" Battery; 21a to 21g 
Dirty Contacts on Inductance Switches of 

All-Wave Sets; 18b 
Defective R . F . and I . F . Transformers; lb 
Plate Chokes of Mercury Vapor Rectifier 

Tubes Defective; 31b 

N O I S E , E X T E R N A L 

Noise Comes Through Loudspeaker And is Not 
in The Chassis 

Test for External Noise; 36a, b, and c 
Static. Natural; section 27 
Aerial Rubbing or Close to High Voltage 

Wire; 29/, 29h 
Poor Connections or High Resistancs Joints 

HSDEX-4 i 

in Antenna or Ground Systems; 29b, 29o 
to 29s 

Partially Grounded Lead-in or Antenna; 
29/ 

A . C . Plug Prongs or Cable Connection to 
it Loose; 36e 

Lightning Arrester Defective; 29k 
Improper Emergency House Line Fuse; 36g 
Two or More Sets on Same Aerial, Other 

Receiver Defective; 29n 
Poor Connections to Electrical Outlets in 

House; 36f 
Autos and Trucks Interfering in Short Wave 

Band; 27c 
Noise Entering Through Power L i n e ; 36b 
Inter-Station Noise ( A V C Receivers); 41b; 

23i 
Importance of Noise-Reducing Antenna; 

36c, 36d, 29e 

N O I S E , M E C H A N I C A L 

Noiao is Not Emitted From Loudspeaker and 
Heard Only With Set Playing 

Loose Parts in Cabinet; 39b 
Resonant Cabinet Effects; 39b 
Resonant Room Effects; 39b 
Transformer Laminations Loose; 17j 
Tube or Coi l Shields Loose; 19a, 20d 
Microphonic Tubes; 34b 

N O I S E , I N T E R N A L ; A U T O R A D I O 

The Defects Listed Below Are Only Peculiar 
to Auto Radios. But an Auto Radio Also is 
Subject to Defects Producing Noise Like Other 
Receivers. Hence See " N O I S E I N T E R N A L . " 

Incomplete Noise Suppression, Ignition 
Noise; 44e 

Suppressor Defective or Not Completely 
Connected; 44e 

Noise Reducing Condensers Defective; 44e 
Ignition Wire Out of Place; 44e 
Motor Badly Out of Balance; job for auto 

mechanic 
Body Loose; job for auto mechanic 
Wheel or Brake Producing Noise; 44g 
Defective Commutation in Charging Gen

erator; 44i 
Antenna or Its Lead-in Rubbing Against 

C a r Body; 44h 
Defective Vibrator or Leads to Vibrator; 

44b to 44d 
Noise When Running Over Rough Road; 

44 f 
Car Electrostatic Noise; 44f, 44g 
Poor Ground Connections; 44e 
Dirty Vibrator Points; 44b to 44d 

O S C I L L A T I O N S 

See Sections on "Squeals" 

P I L O T L I C H T B U R N S O U T 
T O O O F T E N 

Inferior Quality of Pilot Light Used; 7/ 
Voltage Rating of PUot Light Too L o w ; 7b 

Pilot Light as a Fuse, Overloaded; 7d 
Resistor in Series With Pilot Lamp Shorted; 

7d 
Resistor in Shunt With Pilot Lamp Open; 

7d 
Wrong Type of Pilot L a m p ; 7d 

P I L O T L I C H T F L I C K E R S O R 
T O O D I M 

Pilot Light Loose in Socket; 7c 
Lamp Rating Too L o w ; 7b 
Line Voltage Fluctuates; 30e 
Power Transformer With Poor Regulation 

Used; a Better Transformer Must be 
Used, and Change Unwise 

Defective Connection or Lead to L a m p ; 7c 

R E C T I F I E R T U B E P L A T E S C E T R E D 

Output of Rectifier is Shorted; section 31, 
43d 

Defective Filter Condenser; Sla 
Defective Rectifier Tube; Sla 
Filter Choke Grounded; Sla 
See Section "Ballast Gets Too Hot" 

R E S I S T O R O V E R H E A T S O R 
E M I T S S M O K E 

Resistor Defective; 8e to 8g 
Incorrect Size or Wattage Rating Used in 

Repair; 8b, 26f 
Shorted to Chassis; 43e, 4b 
Extra Current Due to a Defect in Associated 

Equipment; section 43 

R E S I S T O R S C E T W A R M 

Natural Condition; 24a 

R E C E I V E R S M O K E S 

Shorted Tube; 6b 
Shorted Condenser; 13a, 43a, 43b 
Shorted Power Transformer; 17d 
Part of Circuit Overloaded; section 43 
Receiver Operated on Other T h a n Recom

mended Supply L ine ; 30a 
Defective Insulation; 17c 
See "Resistor Overheats or Emit s Smoke" 

R E C E I V E R U N S A T I S F A C T O R Y ( I N 
E X P E N S I V E M I D C E T ) 

Natural Condition; 23a to 23e 
Refer to Specific Trouble if Reception is 

(ilonsidered Below Normal 

P O O R S E L E C T I V I T Y 

See Broad Tuning 

S H O C K W H E N A E R I A L I S T O U C H E D 
Receiver Not Grounded (Natural ) ; 24d 
Static Electricity; 27b 
Antenna Touching Nearby Power L i n e ; 29h 
Two Sets on One Antenna; 29n 

S H O C K W H E N C H A S S I S I S TOUCHlSS) 

I f Ground Connection Sparks on Connect^' 
ing; 24d 

Universal and D . C . Receivers, Natural; 30% 

S I G N A L D I S T O R T E D O R M U F F L E D 
Several General Conditions Arise. Condition 

A: Signal is Distorted Ail The Time; Condi
tion B: Signals Distorted at High Sound 
Levels; Condition C: Signals Distorted at 
Low Sound Levels—Otherwise Normal. 

CONDITION A: Signal Distorted or Muf
fled Regardless of Receiver Adjustment 

Located in R.F. System 
Oscillation Occurring; section 32 
I . F . or R . F . Peaked Too Sharply; 45h 
Natural, When Accompanied by Fading; 

281, 25i 
Interference Between Stations of Nearly 

Same Frequency; 281 
Oscillator Tube Weak; 40b 
Located in Detector or A.V.C. System 
Detector Defective; 6b 
Controlled Tube Bias Shorted or Incorrect; 

41a 
A . V . C . Not Working; section 41 
Defective A . V . C . Bypass Condenser; 41a 
Located in Audio System 
One-half of Push-pull (Input or Output) 

Shorted or Grounded; 6j 
Defective A . F . Transformer; 16e 
Resistance Across A . F . Transformer Second

ary Open; 8e 
Push-Pull or Push-Push Tubes Not Prop

erly Matched; 6/ 
Bias Resistor Filter Condenser, Open or 

Value Insufficient; sections 11, 12, 13 
Push-Pull or Push-Push Stage Regenerat

ing; 33d 
One Push-Pull or Push-Push Tube Weak or 

Dead; 6b 

Located in Loudspeaker Unit 
Defective Loudspeaker; section 38 
Loudspeaker Voice Coil Grounded; 4a 
Rectifier Unit Defective (Separately E x 

cited Uni ts ) ; 38b 
Voice Coi l or Armature Off Center; 38d 
Voice Coi l Circuit Partially Completed; 

38c 
Voice Coi l Turns Loose, 38c 
Iron Filings or Dirt in Voice Coi l or Arma

ture Free Space; 38d 
Voice Coi l Spider Defective; 38e 
Located in Power Supply System 
Excessive Voltage F r o m Power Supply; 

30b to 30e 
Excessive Filament Voltage; 30e 
Defective Rectifier Tube; 6b 
Incorrect Voltage Applied to Power Tube; 

section 22 
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/noorrect Grid, Plate, Screen Voltages; sec
tion 22 

Defective Electrolytic Condensers; section 
14 

A Storage Battery Charge Down; 21c 
Batterv Terminals Corroded; 2Je 
High Resistance in Battery Supply; 21], 

21k 
Defective A, B , or C Supply; section 21; 

section 30 
Defective Power Transformer; 16h to lod 
Too High o" Too Low a Line Voltage; 30b 

to 30c 
General Dejects Causing Distortion or 

Muffled Signals 
Wrong Tube in Socket; 26) 
Tube or Tubes Defective or Weak; 6b 
Grid Resistance Shorted; 8d, 8e 
Open or Grounded Grid Bias Resistor or 

Grid Circuit, Id, 8e 
Groimded or Open Resistor, Id, 8e 
Open or Shorted Condenser; sections 11, 

12, 13 
Volume Control Defective; 10a 
A High Resistance Connection; section 5 
CONDITION B: Signals Distorted at High 

Levels, Volume Control on Towards Full 
Inexpensive Receiver, a Natural; 23d, 23e 
Detector Overloaded; 37b 
Loudspeaker Overloaded; 37e 
Power Tubes Overloaded; 37d 
Weak Tubes; 6b 
Defective A . V . C . System; section 41 
Improper Supply Voltages; section 22 
Defective Cone, Voice Coil or Armature of 

Loudspeaker; section 38 
Oscillations; section 32 
Receiver Not Tuned Correctly; 37a 
Manual Volume Control Advanced Too 

F a r ; 37a 
CONDITION C: Signals Distorted at Low 

Levels, Volume Control Towards Low 
No Field Excitation to Loudspeaker; 38b 
Incorrect Grid Leak in Detector Stage; 37b 
Power Tubes Insufficiently Excited; operate 

set louder 
Supply Voltages Incorrect; section 22 
Detector Output Overloaded With R . F . ; 

37 c-
Weak or Defective Tubes; 6a 

S I G N A L S , N O N E ; T U B E S D O 
N O T L I G H T 

See Section "Tubes Do Not Light" 

S I G N A L S , N O N E ; S O M E 
T U B E S L I G H T 

Poor Socket Contact; 3j 
Poor Soldered Filament Connection; 3h, 3d 
Open Filament Resistor; Ic 
Burned Out Tube; 6b, 6} 
Part of Ballast Tube Defective; 9d 

Shorted Secondary Winding of Power 
Transformer or Shorted Filament Lead; 
17d 

S I G N A L S , N O N E ; A L L T U B E S L I G H T 

Defective Tubes; section 6 
Short Circuited Lightning Arrester; 29k, 

29o 
Grounded Lead-in or Antenna; 29j, 29o 
Short-Circuited Antenna C o i l ; 29o 
Poor Contact in Tube Socket; 3j 
No Plate Voltage; section 22 
Incorrect Supply Voltages; section 22 
Transformer Defective; section 16 
Open Circuit ; section 1 
Defective Choke C o i l ; section 16 
Defective Filter Condenser; sections 11, 

12, 13, 14 
Open or Shorted Bypass Condenser; sec

tions 11, 12, 13 
Variable Condenser Shorted; Idp 
Defective Loudspeaker; section 38 
Tube in Wrong Socket; 26] 
"A" Battery Polarity Reversed; 2ld 
" B " Battery Polarity Reversed; 21h 
"A" and " B " Batteries R u n Down; section 

Line Plug Reversed (Universal A . C . - D . C . 
Sets); 30h 

Oscillator Tube or Stage Defective; section 
40 

C o u p l i n g C o n d e n s e r O p e n . S h o r t e d , 
Grounded or L e a k y ; sections 11, 12, 13 

Defective A . V . C . System; 41a 
Gassy Tubes; 6b 
Volume Control Defective; 10a 
Antenna to R . F . Line, or R . F . Line to Re

ceiver Transformer Defective; 29p to 29r 
Receiver Alignment Has Been Tampered 

Wi th ; 451 to 45} 

S I G N A L S H E A R D O T H E R T H A N 
F R O M L O U D S P E A K E R 

Loose Audio Transformer Laminations; 17j 
How to Trace Defect if Loudspeaker Emits 

no Sound; 37f 

S I G N A L S N O N E ; S H O R T W A V E 
C O N V E R T E R U S E D 

Noise Heard Indicating Broadcast Receiver 
O. K . But no Signals When Tuning Con
verter. 

No Antenna Connection to Converter; 25c 
Defective Oscillator Tube; 6b 
Improper Connections to Broadcast Re 

ceiver; 25c 
Wrong Plug in Coils; check coils 
Reception Peculiar in Short Wave Bands; 

section 25 

S I G N A L S W E A K , D A Y T I M E O N L Y 

Natural Receiving Conditions; section 25 
Aerial Too Short; «9o 
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l i n e Voltage L o w ; 30e 
Receiver Inexpensive; 23d, 23e 
Also see "Signals Weak" 

S I G N A L S F A D E 

See Sections on "Fading" 

S I G N A L A T M O R E T H A N O N E 
P O I N T O N D I A L 

Two Conditions Arise. Condition A, Broad
caster Heard Clearly at Assigned or Not 
Assigned Frequency; Condition B, Local Sta
tion Riding in on Distant Station, a Condition 
Called Cross Modulation. When the Defect 
Causing This Condition is Not Readily Fixed, 
a Wave Trap Should be Tried. 

Condition A: 
Natural or Harmonics of Broadcaster; 28g, 

28h 
Two Chain Stations, Same Program; 28k 
Inexpensive Receiver; 23d 
Insufficient Preselection; 28c 
Defective Preselection; Id 
Image Frequency Trap Defective; Id 

Condition B: 
Wrong R . F . or I . F . Tubes Used; 26), 28j 
Too Near Local Station; 28e 
C Bias of First R . F . Tube Too High, or 

Plate Voltage Too Low; 28} 
First R . F . Tube Oscillating; 32j to 32] 
Antenna Too Long; 29d 
Choke and Resistor Antenna Input; 29m 
Weak First R . F . Tube; 6h 

S I G N A L S W E A K 

Symptoms Observed Are Important As They 
Indicate to Some Extent The Location of The 
Defect. Thus You Will F ind; Symptom A, 
Distant Stations Weak, Locals Rather Nor
mal, Indicating a Defect in The Antenna 
System or in The R . F . Section; Symptom B, 
Plenty of Stations Picked Up and All Stations 
Including Locals Are Weak; Indicating a De
fect in The Last Detector, Audio System or 
Loudspeaker; Symptom C, Local Stations Only 
Received, Indicating in General a Circuit 
Defect Particularly in The R . F . and Pickup 
Sections, or Low Supply Voltages; Symptom 
D, General Weak Signals in Which Any of 
The Above Defects May be Indicated. 

Location A: Pick-up 
Poor or High Resistance Connections in 

Antenna or Ground; 29b 
Short Circuited Lightning Arrester; 29k 
Open in Ground System; 29o 
Open Antenna Choke or C o i l ; 29o 
Aerial Too Short; 29a, 29c 
Aerial to R . F . Line, or R . F . Line to Re

ceiver Transformer Incorrectly Connected 
or Defective; 29p to 29r 
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Location B: R.F. Section Defective 

Receiver Improperly Neutralized; 45d ^ 
Excessive Oscillation; 32j to 32) 
Tuning Condensers Not Aligned; 45g 
Volume Control Defective; 10a 
Open Secondary R . F . or I . F . Transformer: 

16e 
Shorted Primary R . F . or I . F . Transformer; 

16e 
I . F . Stages Incorrectly Aligned; 45g, 45h 
Preselector and Oscillator Do Not T r a c k ; 

45i 
Defective or Dirty Variable or Trimmer 

Condenser; 15 j , 15g 
R . F . Choke Coils Defective; 16e 
Gassy R . F . or I . F . Tubes; 6b 
Oscillator Tube Not Functioning Properly; 

6b 

Location C: Detector and A.V.C.'s 
C Bias Incorrect, Accompanied With Dis

tortion I 37b 
A . V . C . Tube Weak or Improperly Selected; 

6b, 6h 
Grid Leak Defective or of Improper Value; 

37b 
Defect in The A . V . C . Circuits; 41a 
Natural Weak Reception Due to A . V . C 

Action; 41b 

Location D: Audio Circuits 
Audio Transformer Defective; 16e 
Open or Defective Audio Plate to Grid 

Coupling Condenser; i2fi 

Location E: Power Supply 
Low Line Voltage; 30c 
Shorted Secondary Power Transformer: 17d 
Storage Battery Charge Run Down; 21c 
"C" Battery R u n Down or Incorrect Volt

age Used; 21i 
" B " Batteries R u n Down; 21i 
"A" Battery Polarity Reversed; 21d 
Battery Terminals Corroded; 21e 
Defective A, B , and C Batteries; section 21 
Defective Filter Condenser in Power Sup

ply ; sections 13, 14 
No Plate Voltage to Some Stage; section 

22 
Incorrect Voltage; section 22 

Location F: Loudspeaker Defect 
Permanent Magnets Weak; 38i 
Field Circuit Open or Shorted: 38a, 38b 
Voice Coil Open; 38c 
Rectifier Unit in Self Excited Loudspeaker 

Defective; 38b 
Polarity of Magnetic Loudspeaker Re 

versed, 38i 

General Defects Producing Weak Signals 
Poor Contact at Tube or Tube Socket; 3d, 

3f 
Leaky Condensers; section 12 
Open or Shorted Condenser; sections 12, 13 
Loose Connections; section 3 
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Pefective or Weak T u b e ; (5b 
Open Circuit; section 1 
Shorted Circuit or Part; section 4 
Grounded Circuits; 4b 
Open C Bias Resistor; 8d 
Defective Resistor; 8d 
An Inexpensive Receiver; 23d, 23e 
Open Grid Circuit; Id 
Control or Top Cap Clips Loose or 

Grounded; J / 

S Q U E A L S , H O W L S , F U T - P U T S 

Often Referred to as Regeneration, Oscilla
tion, Whistling, Spilling Over, Instability, 
Growling, Motor-Boating, Feed-Back and 
Parasitio Coupling. In the Following Cause 
List We Refer to the Condition Where This 
Disturbance is Continuous or While Receiver is 
Tuned or Playing. These Squeals Are Not a 
Feature of a Regular Receiver, as it Would Be 
in Regenerative Receivers and Beat Frequency 
Locaters in Short Wave Receivers. In the L a t 
ter Case The Squeals May Be Stopped at Will. 
Squealing, Howling and Put-Puts Are an Indi
cation That Undesirable Audible Frequencies 
Are Present. Squeals and Howls are Gen
erally an R . F . , I . F . , and Detector Defect; 
While Put-Puts Referred to as Motor-Boating, 
Indicates Audio Stage Trouble. This Type 
of Interference Arises From Several Basic Con
ditions: Condition A, Open. Short or U n 
desirable High Resistance Causing One Stage 
to be Coupled to Another Producing Feed 
Back; Condition B, Change in Setting, or De
fect in the Oscillation Suppression System, or 
Change in Voltages; Condition C, a Defect in 
the Receiver; and Condition D, Mechanical or 
Acoustical Feed Back, Detected By a Gradual 
Rising Whining Sound. 

Condition A: Electrical Feed Back Due 
To Part or Circuit Deject 

Undesirable Inductive Coupling Between 
Circuits; 32k 

Grid Leads Out of Place; 32d, 32c 
Poor Ground Connection; 32j 
R . F . Bypass Condenser Poorly Grounded; 

32i 
Open or Shorted Bypass Condenser; 32i, 12d, 

13a 
Open Condenser in Power Pack Bleeder Re 

sistor; 32i 
Shorted R . F . Choke or Choke Resistor; 4c 
High Resistance or Corroded Connection; 

4j,4e 
Variable Condensers Not Grounded; 32} 
Poor Connection at Rotor of Variable Con

denser; 32} 
Poor Connections in Circuit or Chassis and 

Shields; 32] 
Open or Shorted Resistor; 8d 
Incorrect Resistor; 8g 
Weak or Defective "A" Battery; 21c 
Run Down " B " Batteries or a Defective 

C e l l ; 21i, 21 j , 21k 
Insufficient Bypassing and Filtering; JJb 
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Incorrect Bypass Capacity; lib 
Motorboating; section 33 

Condition B: Change in Adjustment or 
Incorrect Receiver Operation 

Aerial Too Short or Antenna System Open; 
29c, 29o, 45k 

Receiver Improperly Neutralized; 32d, 45e 
Grid Suppressor Shorted or Its Value Incor

rect; 32d 
High Line Voltage; section 22 
Excessive Output Voltage of Power Pack; 

section 22 
Excessive or Incorrect Plate, Grid, Screen, 

and Filament Voltage; section 22 
Defect in A . V . C . System; 41a 
Wrong Tubes in Socket; 26j 
Regeneration Control Improperly Set; 45d 

Condition C: Receiver or Tube Deject 
Defective Tube; section 6 
Gassy Tube; 6c, 6b 
Filament Not Grounded; 301 
Open Secondary R . F . Transformer; I7b 
Resistor Across Secondary 1st Audio Open; 

8e 
Open Grid Circuit ; Id 
Control Grid Cap Making Poor or No Con

tact; 3f 
Shorted IJias Resistor; 8d 
Grid Leak Open. Defective, Incorrect; 8d 
Shorted Loudspeaker Field (Hum T o o ) ; 

31c, 17b 

Condition D: Mechanical Resonance and 
Coupling 

Microphonic Tube; 34b 
Loudspeaker Too Close to Receiver or Too 

Rigidly Mounted in Cabinet; 33d 
Receiver Not Cushioned on Rubber; 33c 
Condenser Plates Too T h i n ; 15d 

S Q U E A L S , H O W L S , P U T - P U T S ; O N L Y 
W H I L E S E T W A R M S U P 

Slow Heater Detector or First A . F . ; 6b 
Audio Transformer Primary Connection 

Reversed; 16d 
Gassy Tube; 6b 
Resistor Across First A . F . Transformer Sec

ondary Open; 8e 

S Q U E A L S , H O W L S ; D I S T O R T I O N ON 
S O M E D I S T A N T S T A T I O N S 

Natural Condition; 281 
Lack of Selectivity; 24e, 45j to 45n 

S I G N A L S W E A K , A T O N E E N D 
O F D I A L 

R . F . or Oscillator Not Tracking; 45i 
Oscillator High Frequency Trimmer I m 

properly Set; 45i 
Oscillator Low Frequency Padder Improp

erly Set; 45i 
Coils Improperly Matched; 16h 

Coil Turns Shorted; 16e 
R . F . System Used to Give Equa l All-Band 

Reception Defective; 16e 
Grid Suppressor Shorted or of Improper 

Value; 32d 
Coils and Condensers Damp, Dirty and 

Leaky; 16g 
Improperly Neutralized; 45d, 45e 
Wrong Connection to Noise Reducing An

tenna Transformer; 291 

S T A T I O N S N O T R E C E I V E D A T 
P R O P E R P O I N T S 

Receiver Not Correctly Aligned to Dial 
Scale; section 20 

Dial Slipped on Condenser Shaft; section 20 
Cable Slips Auto Sets; section 20 
Receiver Improperly Aligned; 45i 

T O N E C O N T R O L , I N O P E R A T I V E 
M A N U A L 

Open Circuit in Resistor, Condenser, or 
Lead Associated With Control; Ig 

Variable Resistor Defective; section 10 

T O N E C O N T R O L A D J U S T M E N T 
M A K E S S E T D E A D 

Shorted Condenser in Tone Control; 13a 
Connections Shorted or Grounded; Ig 

T U B E O R T U B E S D O N O T L I G H T 

Defective Tube; 6b, 6f 
Poor Contact Between Tube and Socket; 

30j 
Open or Short Circuit ; sections 1 and 4 
Grounded Filament Circuit; 30k 
Open Primary Power Transformer; 17a, 17b 
Open Secondary of Power Transformer; 

17a, 17b 
Open Lead in A . C . Plug Cord; 30j, 30f 
Storage Battery Weak (Tubes Apparently 

Do Not L ight ) ; 21c 
Battery Terminals Corroded; 21e 
Tube in Socket Having Lower T h a n R e 

quired Voltage; section 22 
"A" Batteries R u n Down; 21g 
Pilot Light Burned Out; 7d 
Set Fuse Burned Out; use new one 
Filament Cord Resistor Open; 30j 
No Line Power Supply; check power outlet 
Burned Out House Fuse; use new one 
0£f-On Switch Defective; 30}, 18a 
One Tube Burnt Out in The Series Circuit 

Universal Receivers; 6b, check each tube 
Filament Resistor or Ballast Open or 

Burned Out; section 22 
Open in a Series Circuit Universal Receiver; 

Ih 

9 

T U B E S GO BAD OR BURN OUT 
TOO O F T E N \ 

Tubes Have a Limited Life and They Ter
minate Their Useful Service Generally By Los
ing Emission or Becoming Gassy. Often After 
Hard Use the Filament Burns Out. Defects or 
Improper Operation of a Receiver Shorten 
its Useful Life, Often Roughly Figured aa 
One Year of Fairly Constant Use. 

High Line Voltage; 30e 
Poor Quality of Tube Used; 23g 
Tube Had an Inherent Defect ; 23g 
Low Line Voltage Plus Vibration; 30e 
Ballast Tube or Resistor Defective or I n 

correctly Chosen; 9a, 9b 
Ballast Shorted; 9e 
Tube Placed in Wrong Socket; 26j 
"C" Bias Too Low, Emission Reduced 

Quickly; section 22 
Excessive "A" Battery Voltage or Customer 

Pushes Filament Current Up F o r V o l 
ume ; 21g 

Pilot Lamp in Shunt With a Filament Open 
or Burned Out ( A . C . - D . C Receiver); 7d 

Series or Shunt Resistor in Filament Shorted 
or Open ( A . C . - D . C . Receiver); 7ci 

Customer's Opinion; 23g 

T U B E S G E T B L U E ON GLASS 

Natural Condition of Fluorescence; 6c 

T U B E S G E T B L U E INSIDE AMONG 
E L E M E N T S 

Natural in Case of Mercury Vapor Tubes 
More Often Due To: 
Shorted Stage; lb 
Grounded Filter Choke; 17c 
Shorted Filter Condenser; 13a, 14h 
Open Bleeder Resistor; Id, 8d 
Shorted or Grounded Loudspeaker Field 

C o i l ; 31a 
Open Grid Return in Power Stage; section 

22, Id 
Excessive Plate Current; section 22 
Excessive Plate Voltage; section 22 

Less Often Due To: 
Shorted Bias Resistor; section 22 
Positive Grid Voltage; section 22 
Excessive Screen Voltage; section 22 
Defective Coupling Condenser; 12d 
Defective By-Pass Condenser; 13a 

TUNE, CANNOT 
Defect Clearly Mechanical and Easily Located 

by The Action Observed 

Dial Slips; 20a 
Bearings Frozen; 20b 
Cable Broken or Off Pulleys; 20a 
Wire Laying in Path of Condenser; 20d 
Chassis Too F a r Into Cabinet; 2Qd 
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Oondenser Plates Bent; 20d 
Chassis Not in Proper Position; 20d 
Gears Worn—Back Lash ; 20e 
Gears Improperly Spaced; 20d 
Cable Loose; 20a 
Set Screws Loose; 20d 
'Tuning Locked; 20b 
Defective Tuning Apparatus; 20d 
Cable Improperly Restrung; 20c 

V I B R A T O R D O E S N O T L A S T 
Typical of Auto Radios and 6, 32, and 110 

volt Vibrator " B " Eliminators Continuous 
Operating With Excessive Sparking Causes 
Burning of Contacts. 

Condition A: Overload 
Defective Rectifier Tube; 6b 
Defective Filter Condenser; 13a, 14h 
Defective Bypass Condenser; 13a 
Defective Tube in Receiver; 6b 
Open Bleeder Resistance; Id 
Defective Transformer Into Which Rectifier 

Feeds; 17b, 17 c 

Condition B: Underload 
Weak Tubes in Receiver or Rectifier; 6d 

Condition C: Improper Adjustment of 
Contacts; 44b 

V I S U A L T U N I N G I N D I C A T O R , N O 
A C T I O N O F 

When a Strong Broadcaster is Tuned in The 
Needle (Meter Indicator) or The Shadow 
Width (Shadowgraph Indicator) Neon or 
Blinker Lamp Shows No Change, It is Under
stood That The Receiver Has A.V.C. and 
Reception is Normal Except for A . V . C . I n 
dicator Defects. 

Case A: Meter and Shadowgraph 
Gassy Control or Controlled Tube; 6d, 6b 
Insufficient Signal Pick-up; 42b 

Needs Realignment; 45f to 45k 
Shorted Tuning Meter; 42c, 42d 
Shadowgraph Pilot Lamp Burnt Out or Not 

Secure in Socket; 42c 
Open Circuit (Meter Burnt O u t ) ; 42c 
A Defective A . V . C . System; 42g, 41a 

Case B: Neon Indicator 

Defective Indicator Tube; 42c 
Shorted or Defective Neon Lamp Current 

Limiting Resistor; 8d 
Low Supply Voltage to Neon Indicator; 

42e 

A Defective A . V . C . System; 42g, 41a 

Case C: Blinker Lamp System 

Defective L a m p ; 42c 
Defective Transformer to Blinker L a m p ; 

42f 
Defective Blinker Transformer Filter Con

denser; 42j 
A Defective A . V . C . System; 42g, 41a 

V O L U M E G R E A T E R W I T H G R O U N D 
W I R E D I S C O N N E C T E D 

Poor Antenna—Pickup via Power L i n e ; 29i 

V O L U M E , L O W E R W I T H A L L 
W A V E A N T E N N A 

Improper Matching of Impedances; 291 
Antenna Poorly Designed or Erected; 29e, 

291 
Defect in Al l Wave Antenna System; $9p 

to 29r 
Improper Connection of Receiver, Line 

Transformer; 291 
Customer Expects Too Much; 23f 

B : G E N E R A L D E F E C T S A N D T E S T S 

1. O P E N C I R C U I T S , (o) In testing a ra
dio cireuit an "open circuit" is taken to mean 
a break in the path of D.C. supply currents or 
signal currents. 

(6) As any path for a D.C. current must be 
continuous over a conductor, an open or break 
is tested with an ohmmeter. This device is 
indispensable and no serviceman would think 
of tackling a job without it. Between any two 
points or terminals of a D.C. path there must 
be a definite value of nhmic resistance. I f 
you test between these two points and merely 
observe that the ohmmeter reads a resistance 
value, you have proved that the path is con
tinuous—you have tested for continuity; if 
you get no resistance reading the circuit is 
open and detective; if you get a varying read
ing, a make and break connection exists; if 
you compare the resistance value with what it 
should be, you have gone a step fartiier and 
may be able to tell if gome part is shorted. 

(c) An ohmmeter is essential to prove that 
a cireuit is continuous, shorted or open. A 
cireuit diagram of the receiver you are work
ing on is of great help, as you niay trace each 
circuit for continuity or for exact resistance 
by referring to the diagram. 

(d) When a circuit diagram is not avail 
able it is possible to check a D.C. path for 
continuity if the following rules are remem
bered. Continuity in any tube circuit should 
exist between: I, a plate and the filament (or 
cathode) of the rectifier tube: 2, a screen grid 
and the cathode of the rectifier tube; S, a 
control grid and the chassis; 4, a suppressor 
grid and the chassis; 5, a cathode and the 
chassis. Continuity may or may not exist 
between the • chassis and the filament (or 
cathode) of the rectifier tube, depending on 
whether a power pack bleeder resistor is or 
is not used (check the circuit diagram). 

INDEX IO; SECTIONS la to Id 10 

(e) A i the electrodes of most tubes in a 
tadio receiver are aeries fed (through the sig
nal circuit parts) in general a continuity 
check for D.C. supply will be a check on signal 
circuits. The exception is inductive and ca-
pacitive coupling between stages or sections. 

(/) As a rule a break in a D.C. supply cir
cuit destroys reception, a break in a signal 
cireuit may create many forms of troubles, 
which are pointed out in the index on receiver 
troubles. A circuit disturbance test will indi
cate the defective stage of a dead receiver. 

(ff) Any part in a circuit may be checked 
for an open by merely connecting an ohmmeter 
to its terminals. Coils, resistors, and trans
formers may be checked for continuity and 
exact resistance, if you know what its value 
should be. Usually the circuit diagram gives 
the ohmic value. Condensers should test open 
(see section on condensers). 

(A) An absolute check on any part with an 
ohmmeter should be made with one of its ter
minals disconnected from the chassis, for if 
that part is shunted by some other part or cir
cuit which conducts a D .C. current a true 
reading will not be obtained. A circuit dia
gram will help you decide whether this pro
cedure will be necessary. I f no diagram is 
available, and you question the reading you 
get while the part is in the circuit, disconnect 
it for the test. 

(t) Several ohmmeters which you can con
struct will be mentioned in the Course. You 
can build one from the parts supplied with 
your Experimental Outfits. 

2. T H E C I R C U I T D I S T U R B A N C E 
T E S T , (a) When a receiver is dead—does 
not play, then there are no symptoms to help 
you locate the trouble. A test should be con
ducted to find out which stage is defective. 
Realizing that a radio receiver is nothing 
more than a chain of stages ( R . F . , Detector, 
A . F . , Loudspeaker sections in cascade), a 
simple test is possible. I t is called the circuit 
disturbance test, and is based on the principle, 
that if any stage is disturbed or shocked, the 
current change in that stage will be relayed on 
towards and through the loudspeaker, coming 
out as a click—if the stages following the one 
disturbed are in working order. You can 
create a disturbance by 2, pulling out and re
turning a tube from its socket; 2, touching 
the control grid of a screen grid tube; 3, in 
the case of tuned R . F . stages touch the stator 
section of the variable condenser in the stage 
being tested; or i, remove and return the 
control grid cap of the screen grid tube. Any 
one of these should produce a click or squeal, 
and as the test proceeds from the ioudspeaker 
to the antenna the clicks should, in general, 
become louder. 

(6) In locating the defective stage by 
means of the circuit disturbance test, start 
with the power output stage. Pull out the 
tube, and immediately insert it back into its 
socket. A click means: a normal section from 
the power tube through the ioudspeaker; no 
click means: lack of power supply, defective 
ioudspeaker, defective tube, or an open cir
euit—tests you will find in this reference book. 
Repeat this test for the other power tube, if 
one is used. I f the output stage is working 

according to this click test, proceed to test tne 
A . F . Detector, and T . R . F . stages for a tuned 
radio frequency receiver: test the second de
tector. I . F . , oscillator, first detector, and pre
selector stages in the case of a super. Use 
any of the four methods of getting a distnib-
ance, previously mentioned. When yon go 
from a click to no click, the defective stage is 
isolated. Test the tube, and cheek the con
tinuity of that stage. 

(c) Checking the oscillator in a superhet
erodyne receiver hy the click method may be 
a little confusing. A sure test is made as fol
lows. I f pulling out the first detector tube 
produces a click, and connecting the antenna 
to the grid of the first detector (set normally 
tuned to a local station) doesn't produce sig
nals in the ioudspeaker, the oscillator is defec
tive. Test the oscillator tube and the con
tinuity of its circuits. 

3. L O O S E C O N N E C T I O N S , (a) By a 
loose connection we usually mean, a connec
tion that appears to be properly made, but 
actually is not a solid one. Ail connections 
must either be soldered, or securely clamped 
together. Only antenna and ground connec
tions should be made tiirough a binding post. 
Power supply loudspeaker and isolated sec
tions ( R . F . and detector chassis separated 
from the A . F . and power supply) are con
nected by prong and receptacle connections. 

(b) Any connection which is insecure, that 
is, its contact resistance varies, is a loose 
connection. When the connection opens elec
trically it may be considered an open connec
tion, and a physical jar or a vibration will 
often restore the connection. 

(c) When noise is emitted from a receiver, 
and still exists when the antenna and ground 
leads are disconnected, and the noise wiii 
change when the chassis is violently slapped 
with the palm of your hand, a loose connec
tion probably exists—a connection whose con
tact resistance is varying. 

(d) Loose or improperly soldered connec
tions can usually be located by touching the 
various joints in the receiver with a wooden 
stick. Of course, the receiver chassis and 
loudspeaker are removed from the cabinet, 
the chassis set on one of its ends so ail parts 
are easily seen and touched, and the receiver 
is turned on. An orange wood stick can be 
used as they are very durable and can be 
bought at any drug store. Press firmly on 
each joint. Very often joints that appear to 
be well soldered are held only by rosin. I f the 
receiver is properly connected for operation, 
the pressure on a suspected joint wiii usually 
produce a crackling sound in the loudspeaker. 
Another frequent cause of trouble is broken 
wiring under tiie insulation of flexible wire. 
Manipulation of the wire from side to side 
wiii usually indicate where the trouble occurs. 

(e) Wiggle ail cable plug connections, the 
A . C . plug, antenna and ground binding posts 
and leads, and battery lead connections; if 
the receiver is of the battery type. 

(/) When the loose connection is disturbed 
the noise wiii be more violent, or may be pro
duced at wiii. Quite often the loose connec
tion may be inside the part, particularly fixed 
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condensers. B e sure to wiggle and snap w i t h 
your fingers: a l l tubes; tube top caps; and 
those p a r t s covered w i t h a can , case or sh ie ld ; 
and a i l controls. A loose connection may be 
i n t e r n a l . I f the loose connection is ins ide 
some p a r t and the connection cannot be rect i 
fied, a new p a r t should be used. Check socket 
contacts and connections. 

(g) I f w i t h the noise, definite receiver 
troubles are observed (hum. osci l lat ion, weak 
signals, improper control , e t c . ) . the symptom 
wi i i very l ikely indicate the probable cause 
and location of the defect. R e f e r to the prob
able causes in the index under the symptom 
observed. 

(A) A total b r e a k in a connection w h i c h 
cannot be seen, hence cal led a loose connec
t ion, w i i i not produce noise. U s u a l l y by pul l 
ing on the var ious leads the connection w i i i 
break or noise w i i i be h e a r d . These loose 
connections can be traced w i t h a cont inui ty 
test. F u r t h e r m o r e , the symptom w i i i often 
lead you to the probable location of the defect. 

( i ) Qui te often the heat of the chass is w i l l 
cause a connection to open and close. T h i s 
difficulty is handled in the same way, aithongh 
actual t rac ing of the defect may be difficult 
because the connection may , wh i l e testing, 
become secure. 

4. (o ) S H O R T C I R C U I T S m a y or may 
not destroy reception, depending of course on 
where the short exists . W h e n a short de
stroys reception, the defective stage may be 
isolated by the c i r c u i t d i s turbance test. R e a d 
section 2. T h e n a n ohmmeter check on each 
p a r t in that stage w i i i show up the shorted 
p a r t ; the ohmmeter w i l l r e a d zero or abnor
mal ly low res istance. I f the short cannot be 
rectif ied, use a new p a r t . W h e r e you suspect 
a p a r t i a l short in a high-voltage tube filament 
which is in aeries w i t h other tube filaments, 
measure the filament voltage. L o w voltage on 
th i s one filament indicates i t is p a r t i a l l y 
shorted. 

( 6 ) I n a number of cases a p a r t w i i i be 
grounded to the chass is and in this w a y be
comes shorted. T h i s is often caused by a 
p a r t being pushed from its correct posit ion, 
or the insu lat ion of its lead through the chas
s is becoming worn , thus crea t ing the short . 
Repos i t ion ing the p a r t or replac ing the defec
t ive insu lat ion removes the short . 

( c ) I f the short does not destroy reception, 
only r u i n s i t , the symptoms observed w i i i help 
localize the short , and then the p a r t s i n the 
c i reu i t can be checked w i t h an ohmmeter. 

5. H I G H R E S I S T A N C E A N D C O R 
R O D E D C O N N E C T I O N S , (o ) A connec
t ion or jo in t of only a few ohms is not wanted 
as i t produces many undes irable effects. A n y 
thing above a near zero ohm connection is 
re ferred to as a high resistance connection. 
Al though a low range ohmmeter (0 to 10 ohm 
range) w i l l a l low you to check such jo ints , i t 
is eas ier to spot these poor connections a n d 
m a k e new ones. H e r e are a few hints in spot
t ing high res i s tance jo ints . 

( 6 ) J o i n t s tha t have an excessive amount 
of ros in , are l ike ly to become poor jo ints . 
Reso ider such connections. 

( c ) A greenish covering on a jo in t indicates 
corros ion a n d eventual ly a h igh res is tance 
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connection. Reso ider such connections, or 
c lean corros ion off i f only a pressure contact is 
used. 

(d) A connection made w i t h excessive sol
der m a y have a high res i s tance i f the two 
part s or w i r e s to be connected are separated 
by a lump of solder instead of being soldered 
close together. Such jo ints are p a r t i c u l a r l y 
object ionable in short w a v e c i rcu i t s . 

(e) A good solder jo in t may be made i f 
the two surfaces to be connected are c leaned, 
t inned and phys ica l ly c lamped together before 
being soldered. A c i d or a c i d core solder mus t 
not be used. 

( / ) H i g h res i s tance and corroded connec
tions w i l l resul t in feed back, poor se lect iv i ty , 
lack of sens i t iv i ty and m a n y other defects 
ind icated i n the index of rece iver troubles . 

6 . T U B E S , (o) I t is safe to say tha t a 
m a j o r i t y of rece iver troubles are caused by 
tubes w h i c h are bad in one way or another. 
T h e filaments of tubes may b u r n out, may 
lose the i r emission, the i r elements may short , 
the tube may become gassy, its c h a r a c t e r i s t i c s 
may change and poor connections ins ide the 
tube may develop. 

(A) T h e most sat i s factory test of a tube is 
to t r y a new one in its place. A test in a 
tube tester is not a l w a y s sufficient because 
although the tester may indicate that the tube 
is good i t m a y not be sat i s factory for c e r t a i n 
purposes. 

( c ) F o r example, a tube m a y have a sl ight 
amount of gas. I t would be ent ire ly unsat is
factory for use in an automat ic volume con
trol led or osci i iator stage, as the output vol
ume would v a r y . ( I t might work fine i n 
another stage of the rece iver . ) P o w e r tubes 
should show no glow between elements and 
they w i i i i f gas is present . A blue glow on the 
glass is n a t u r a l , a condit ion of fluorescence. 

(d) I n m a n y service shops the first th ing 
w h i c h is done to a set coming in for r e p a i r s 
is to remove the old tubes and t r y a n ent ire 
new set. Shou ld the trouble c lear up, the old 
tubes are re inser ted one at a t ime u n t i l the 
b a d one is located by recurrence of the 
difficulty. 

(e) E l s e w h e r e in the Course , we show how 
tubes may be tested in regulat ion tube testers 
a n d i f you have such a tube tester you need 
only follow the manufac turer ' s ins truct ions . 
Also , we show how short checkers c a n be 
made and operated. A n ohmmeter, however, 
w i i i enable you to check a tube for shorts . 
T h e only two prongs w h i c h should show con
t inu i ty are the filament prongs. 

( / ) B y plac ing your h a n d on a tube whi le 
the rece iver is operat ing, you can often-times 
te l l whether it is work ing . I f the tube is cool 
it has no plate c u r r e n t and a new one should 
be t r i ed . E x c e s s i v e heat may indicate the 
presence of improper control g r i d voltage or 
c i rcu i t defects which would result in excessive 
plate or screen voltage and this would lead 
you to m a k e actual voltage and c u r r e n t meas
urements on that stage. 

(g) N o i s y tubes can be tested by snapping 
them w i t h your finger when the set is oper
at ing . I f th i s causes the noise to show up, a 
new tube should be t r i e d . 

(*) When choosing a tube for use in an 
automat ic volume stage, tune i n a weak s ignal 
and then t r y a number of tubes. U s e the one 
w h i c h reduces the volume the least but cuts 
the volume down on powerful s tat ions . 

(i) W h e n severa l s i m i l a r type tubes are 
used in the same rece iver (for example , three 
type 58 tubes) interchange the tubes for the 
best results . 

( / ) W h e n e v e r tubes are used in p a i r s 
(push-pul l , push-push) , i t is important that 
two tubes each w i t h the same charac ter i s t i c s 
be used, otherwise hum and d is tort ion may 
result . F u l l - w a v e rectif ier tubes should have 
equal emission per plate . B a l a n c e d tubes are 
best cheeked in a tube tester, but they must 
also be checked in the receiver as a rece iver 
short or ground may exist . 

7. ( a ) P I L O T L I G H T S are a source of 
nuisance and trouble. They b u r n out or cause 
rece iver troubles. T h e i r voltage ra t ing should 
be equal to the voltage of the filament l ine to 
which they are connected, if a shunt connec
tion is used; or t i ie ir c u r r e n t ra t ing equal to 
the l ine c u r r e n t if a series connection is used. 
Check the voltage wi th a low range A . C . volt
meter, i f a large number of burn outs occur; 
or check the c i r c u i t d i a g r a m and determine by 
r e f e r r i n g to a tube table what the filament 
c u r r e n t should be of the tubes w i t h which the 
lamp is in series . 

( 6 ) A pilot lamp w i t h higher voltage ra t ing 
t h a n the source voltage may be used, i f suf
ficient l ight is obta ined; but a low voltage 
lamp must not be used on high voltage source. 
F o r example; a 6.3 volt pi lot lamp may be 
connected to a 5 volt source, but a 5 volt lamp 
must not be connected to a 6.3 volt source. A 
lamp w i t h higher voltage ra t ing than its 
source w i i i b u r n d im. 

( c ) Loose connections in the pi lot lamp c i r 
cu i t or fa i lure to screw the lamp tightly into 
its socket wi i i cause a flicker. I t is possible 
to solder these lamps in place, if they get loose 
too often. A loose connection in the pilot l ight 
c i r c u i t wi i i often t imes cause noise. Y o u 
should be sure that the pilot lamp leads cannot 
be h i t by the tuning condenser mechani sm as 
i t revolves . 

(d ) I n some u n i v e r s a l sets, the pi lot lamp 
is used as a fuse, in ser ies w i t h the filaments. 
I n others, the lamp is shunted across a re
s istor, tube filament or a section of the ba l la s t 
tube. I f the lamp burns out, excessive voltage 
w i i i ex is t across the p a r t shunted. 

I f the pilot lamp is shunted across a section 
of the rectif ier tube filament and the rectif ier 
plate is fed from the filament tap , be on the 
lookout for broken-down filter condensers as 
they would cause the rectif ier plate c u r r e n t to 
be excessive and this would b u r n out the pi lot 
lamp. 

A l w a y s replace any burned-out pi lot lamps 
found in un iversa l sets. Use an exact dupli
cate type as the voltage and c u r r e n t r a t i n g 
is very important in such a set. 

(e) I n rece ivers using a center tap filament 
c i r c u i t care must be taken that the pilot lamp 
does not become grounded as th i s would un
balance the center tap and h u m would be 
heard . 

( / ) T o be on the safe side a lways use high 
qua l i ty pilot lamps for replacements . 

8. la) RESISTORS a r e made ia t h \ 
general forms: 1, w i r e wound on a tube (porcA.^ 
l a i n or bake i i t e ) and often coated w i t h baked 
vitreous enamel ; 2, res is tance m a t e r i a l l ike 
carbon mixed wi th a binder (bakei i te res in 
or a c e r a m i c ) , extruded into rods, cut and 
baked; 3, glass or porcela in coated w i t h a re
s is t ive m a t e r i a l . Of course, these elements 
are capped wi th t e r m i n a l s , coated w i t h 
enamel and labeled to improve the ir appear
ance, and to help identify the ir value. A re
s istor is rated as to res istance and power 
d iss ipat ion . F o r o r d i n a r y radio receiver use, 
w i r e wound resistors are accurate to 5 per
cent, c eramic and coated (meta l l i zed) re
s istors are accurate to 10 percent . These 
facts are important in checking the ir ohmic 
value . T h e exact value is d ictated by the use 
to which a res istor is put. F o r replacement 
be governed by the service d i a g r a m , or label 
or color code on the res istor found defective 

( 6 ) P o w e r r a t i n g is important if you want 
the res istor to stand up. G r i d resistors may 
be 1 or 2 wat t types, plate resistors 2 watts , 
bleeder res istor 5 watts and power pack re
s istors must be ca lculated or manufac turer ' s 
specifications followed. I n the final analys i s 
the watts diss ipated in a res istor is the cur
rent tiirough it ill amperes, t imes the voltage 
drop. I f the resbstor is under the chass is or 
covered, the resistor should have a r a t i n g 4 
t imes this computed va lue; i f the res is tor is 
wel l exposed to a i r a safety factor of 1.5 to 2 
t imes, w i l l suffice. I t is a good idea to never 
use a res is tor less than 1 w a t t ra t ing where 
space wi i i permit . 

( c ) T h e r e are other ways of judging a re
s is tor: voltage, temperature , and age tests; 
but if a re l iable make of res istor is used, these 
items may be ignored. 

(d ) T h e r e is only one s imple way of testing 
a r e s i s t o r — w i t h a mult i -range ohmmeter (one 
p a r t of a m u l t i m e t e r ) . I t should be able to 
test as low as one ohm and at least as high as 
2 megohms. W h e n a good ohmmeter is not 
ava i lab le , you may use a 0-50 voltmeter con
nected in series w i t h a 45 B B a t t e r y block. 
O f course, only cont inui ty may be checked. 
T h e free end of the voltmeter and the bat tery 
are connected to two probe leads. B r i n g the 
two probe points together and note the de
flection; i t should be about 45 volts. N o w 
when you connect the probes to a res istor and 
get m a x i m u m reading the res is tor is e i ther 
shorted or has a very low res i s tance; i f no 
read ing is obtained the res is tor is open; any 
in-between reading indicates cont inui ty and 
the res is tor is prohabig o. k. I f you use an 
ohmmeter ( ca l ibra ted to r e a d d i rec t ly i n 
ohms) there is no guessing about the res is tor 
va lue . N o w for a few h ints . 

( e ) I n test ing any res is tance , a l w a y s he 
sure that it is not connected to other appa
ratus , such as a co i l ; as this would give a n 
apparent short -c ircu i t reading . I f the re
sistance is in a receiv ing set this can be de
termined by very carefu l ly checking over the 
ent ire c i r c u i t to which the res is tor is con
nected, using the schematic d i a g r a m if one is 
ava i lab le . I n case of doubt on this subject , 
i t is the best pol icy to disconnect one lead of 
the res is tor from the c i r c u i t for test purposes. 
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( / ) IH the ease of tapped res is tors such as 
-iiose used in many power packs and aiso the 
hum adjus ters on many sets, i t is necessary 
to test each i n d i v i d u a l section of the res ist 
ance. 

ig) I t sometimes happens tha t a res i s tance 
may not b u r n out, but may change in value, 
e i ther increas ing or decreasing. Occas ional ly 
an incorrect res istor may accidental ly be 
placed in a c i r c u i t . I n such cases it is neces
sary to use an ohmmeter in order to check 
the res istor w i t h the value specified in the 
manufacturer ' s service da ta . 

9. B A L L A S T R E S I S T O R S , ( a ) U n l e s s 
the bal las t has been chosen correct ly , e i ther 
the ba l las t i tself or the tubes w i i i b u r n out 
too often. B a l l a s t s are r a t e d as to t h e i r 
c u r r e n t c a r r y i n g capaci ty and average voltage 
drop. T h e la t ter means that i f you set the 
p r i m a r y of a power t rans former to 100 volts, 
the bal las t takes up the voltage difference in 
the l ine supply. R e c e i v e r s using 5, 6, 7, 8, etc. 
tubes require bal las ts of different c u r r e n t 
capac i ty . B e sure to order and use a ba l las t 
for: 

A: the wattage or number of tubes i n the 
rece iver , and 

B: for e i ther 100 volt or 85 volt p r i m a r y 
t rans former voltages. 

B u y from a d i s t r i b u t o r or m a n u f a c t u r e r w i l l 
ing to give you help i n selecting the proper 
size bal last . 

(6) T h e bal las t w i i i b u r n out i f i t was de
signed for a receiver of less wattage or tubes 
—or for a lower p r i m a r y voltage. I f the bal 
last was designed for a set w i t h more tubes, 
the ba l las t act ion w i i i be less and more chances 
for tube b u r n outs exist . 

(c ) A number of l ine voltage controls are 
e i ther v a r i a b l e res i s tors or res i s tors of fixed 
ohmic value. T h e y do not have any ba l las t 
act ion. A ba l las t of re l iable m a k e is pre
ferred on a l ine of v a r y i n g voltage. 

id) Modern bat t ery rece ivers employ fila
ment supply ba l las t res is tors . I n some re
ceivers , the filament system Is d iv ided into 
two sections each eontroiied by a b a l l a s t ; both 
bal las t res i s tors in the same bal las t tube. I f 
one burns out the tubes in that section do not 
heat up. Check the radio tubes, i f found o. k. 
check the bal last . A clieck consists of a con
t inu i ty test and inspection of the p a r t value 
used in the rece iver . A bal las t res is tor of the 
glass envelope type should burn a deep c h e r r y 
red. 

(e ) I f the bal las t res istor has been shorted 
acc identa l ly or intent ional ly because the la t t er 
has to be replaced too often, the rad io tubes 
w i i i quickly b u r n out. I f the correct ba l las t 
is used and b u r n s out too often, the rece iver 
is defective (see index for probable c a u s e s ) . 

10. V O L U M E C O N T R O L S O R V A R I -
A B L E R E S I S T O R S , ( a ) V o l u m e controls 
usual ly are some form of v a r i a b l e resistance. 
T h e y are e i ther of the w i r e wound or coated 
type. F i r s t inspect the volume control for 
mechanica l perfect ion. No w i r e should be 
loose and the res is tor coating should not be 
flaky. T h e movable contact should be firm 
against the res istor element, and make a good 
contact. T h e a r m should t u r n freely. T h e n 
connect an ohmmeter to i t and see that as 
the movable a r m is rotated the res is tance 
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v a r i e s w i t h o u t sudden changes. I f the res ist 
ance element is broken or w o r n i t should be 
considered as defective a n d the ent ire volume 
control replaced. 

(5 ) A popping, c r a c k i n g noise h e a r d in the 
receiver only when the volume control is ad
justed is posit ive ind icat ion that the device 
is defective. ( A n except ion—a good volume 
control in the c bias or g r i d c i r c u i t of a gassy 
tube w i i i give th i s a c t i o n — t r y a new tube.) 
G e n e r a l l y speaking, i t is not prac t i cab le to 
attempt to r e p a i r a volume control . I t should 
lie replaced w i t h a new one which can be 
obtained from the d i s tr ibutor of the rece iv ing 
set in your local i ty or f rom any large radio 
supply house, i f you give them the exact name 
and model number of the rece iver . 

(c) Be fore removing the old control p r i o r 
to replacement d r a w a p ic ture d iagram of the 
connections—then i t w i i i be easy to connect 
the new control . 

11. C O N D E N S E R , F I X E D , (o) Most 
fixed condensers used in rad io rece ivers e i ther 
use w a x paper or m i c a as the dieieotrie and 
are therefore re f erred to as paper or m i c a 
condensers. P a p e r condensers are e i ther 
housed in a luminum, t inned sheet steel, 
moulded bakei i te or paper containers w i t h 
suitable lugs pro trud ing as the t e r m i n a l s ; 
m i c a condensers are moulded ins ide of bake
i i te forms. Moulded condensers are usual ly 
smal l capac i ty devices, r a r e l y over .05 micro
farads ; the paper condenser values range 
from .05 to 10 m i c r o f a r a d s . 

(6) Condensers are first ra ted as to the i r 
c a p a c i t y — i n m i c r o f a r a d s . A v a r i a t i o n of 10 
percent (except padding condensers used in 
the osc i l lator c i r c u i t of a superheterodyne re
ce iver ) is of no importance . Al though a ca
pac i ty checker is used by a few servicemen, i t 
is not an e.ssentiai service device. B e governed 
by the service d i a g r a m for the correct value 
to use; the capac i ty on the condenser label or 
case put on by the condenser m a k e r is a suffi
c ient guide. I f no service d i a g r a m is a v a i l 
able use: .1 to .25 mfd. for R . F . and I . F . by
passes; .25 to I mfd . for A . F . bypass; 1 to 
10 mfd. for C b ias resistor shunt capac i tors in 
A . F . c i r c u i t s ; .00025 for gr id leak detectors; 
.0001 for R . F . coupling condensers; .01 to .25 
for A . F . coupling condensers. 

(c ) T h e voltage r a t i n g of a fixed condenser 
is important . T h e voltage across the t ermi 
nals to w h i c h the condenser is connected is 
your guide. I t s ra t ing should be greater than 
this value . M a n y servicemen never use a 
fixed (paper or m i c a ) condenser w i t h less 
than a 600 volt r a t i n g even if the condenser is 
to be used in a iow-voitage c i r c u i t . T h e in
crease in cost is only a few cents and th i s is 
excellent insurance against a cal l -back. Buffer 
condensers in v i b r a t o r power supplies should 
be rated at 1600 volts or more. F i l t e r con
densers of the paper type shouid have a 600 
volt r a t i n g . These are good replacement rules 
to use. 

12. O P E N S A N D L E A K S , ia) T h e 
easiest way to locate an open condenser in a 
rece iver is to place tiie receiver in such a 
posit ion that the connections to the var ious 
condensers can be easi ly reached. T u r n the 
receiver on and then connect a condenser of 
approximate ly the same size and known to be 

i n good condit ion across the connections to 
the condenser w h i c h you are test ing. I f nor
m a l reception is obtained when m a k i n g the 
connection i t is a n ind icat ion tha t the conden
ser under test is defective. 

(b) A n o t h e r method of test ing a condenser 
is to ent ire ly disconnect the condenser f rom 
the rece iver and to then charge the condenser 
by momentar i l y touching the connections of a 
45 volt " B " b a t t e r y across the condenser 
t e r m i n a l s . A condenser, not of the electro
ly t i c type, should hold a charge for several 
minutes , w h i c h can be checked by short ing i t 
a n d observing the spark . I f the charged eon-
denser being tested is of smal l capac i ty , the 
cord t ips of a head-set can then be touched to 
its t e r m i n a l , care being exercised not to touch 
the cord t ips or the condenser t e r m i n a l s w i t h 
the fingers. A s h a r p c l ick in the phones when 
the contact is made indicates tha t the con
denser is in good condit ion and has held the 
charge . I n the case of paper condensers hav
ing a capac i ty of .5 mfd . or l arger , mere ly 
short c i r c u i t i n g the t e r m i n a l s a f ter the con
denser has been charged shouid produce a 
br ight s p a r k accompanied w i t h a loud snap. 
S u c h a condenser shouid be able to hold a 
charge three or four minutes between the t ime 
i t i s charged and discharged. 

ic) I f the condenser does not hold i ts 
charge and no s p a r k or a very feeble s p a r k is 
obtained i t indicates tha t the condenser is 
l eaky or open and i t shouid be replaced w i t h a 
new condenser. I f a h igh voltage, h igh range 
ohmmeter is ava i lable , capable of measur ing 
up to 50 megohms, a good 1 mfd . condenser 
shouid show not more t h a n 50 megohms leak
age res is tance . 

id) I f the leak i n a fixed condenser var ie s , 
noise w i i i resul t . A f t e r p r y i n g p a r t s and 
connections w i t h a n orangewood s t ick to be 
sure they are not at faul t , then unsolder each 
fixed condenser and l i s ten i f the noise has 
d i sappeared (set t u r n e d o n ) . R e s o i d e r con
nections before test ing another condenser. I f 
reception stops, a t e m p o r a r y perfect condenser 
shouid be used. Defect ive res i s tors caus ing 
noise m a y be located i n the same w a y pro
v ided opening the c i r c u i t does not stop the 
rece iver . Don' t solder or unsolder w i t h the 
set t u r n e d on. 

13. S H O R T S , ia) Condensers , not of the 
e lectro lyt ic type, can best be tested for shorts 
and l eaks by connecting an ohmmeter, or a 
vol tmeter i n series w i t h a ba t tery , across t h e i r 
t e r m i n a l s . A steady read ing shouid not be 
obta ined. A momentary deflection of the 
pointer of the meter , w h i c h then r e t u r n s to 
zero, indicates t h a t the condenser is ne i ther 
open nor shorted. I f a steady deflection is 
obta ined i t indicates t h a t the condenser is 
defective and i t shouid, of course, be replaced . 

14. ia) E L E C T R O L Y T I C C O N D E N 
S E R S are made i n two forms for use i n radio 
rece ivers : the wet type i n a long c y l i n d r i c a l 
a l u m i n u m c a n ; or the d r y (paste e lectrolyte) 
in a p a p e r container . A l t h o u g h some are 
made w i t h 2, 3 and 4 un i t s in one container , 
the usua l form is a single un i t e ieetroiyt ic 
condenser. A n e lectro lyt ic condenser has 
p o l a r i t y . I n the meta l conta iner u n i t the can 

is i n v a r i a b l y negative, the insu la ted e lec i^j 
the posit ive t e r m i n a l ; i n the case cf paSf 
w r a p p e d eleotroiytics the conta iner near eaft. 
l ead or lug is m a r k e d - f or —. I f no markingv^ 
is to be seen the red l ead is i n v a r i a b l y + . 

(b) E i e e t r o i y t i c condensers are ra ted as to 
capac i ty and w o r k i n g voltage. F o r filter use 
the most common sizes are 4 and 8 micro
farads , a l though smal l and larger capaci t ies 
are read i ly obtained. U s e only condensers 
w i t h a r a t i n g of 450 to 475 D . C . w o r k i n g volts . 

(c ) A . F . bypass condensers are often of 
the d r y e ieetroiyt ic type. A s the r e q u i r e d 
voltage r a t i n g is low, and the capac i ty h igh, 
a smal l compact un i t is ava i lab le . U n i t s of 
10, 25 or 50 m i c r o f a r a d s w i t h 25 to 75 volt 
ra t ings are used. F o r filtering rectified A 
supplies 15 voit-1000 or 2000 m i c r o f a r a d d r y 
e iectroiyt ics are employed. 

id) I n rep lac ing an e lectro lyt ic be guided 
by the specifications given on the service c i r 
cu i t d i a g r a m , wherever possible; otherwise be 
guided by the in format ion given elsewhere in 
th i s book. 

(e) E l e c t r o l y t i c condensers develop shorts 
and opens and m a y aiso develop trouble w h i c h 
is not made evident by tests the o r d i n a r y 
serv i ceman has fac i l i t ies to make . F o r th i s 
reason, i t is recommended that , i f a large 
amount of service w o r k is done, a 4 and 8 
mfd . e ieetroiyt ic condenser w i t h a high volt
age ra t ing be c a r r i e d w i t h you on a i l jobs 
for test purposes . T h e leads of the condenser 
suspected of being defective can be unsoldered 
and the one you know to be in good condit ion 
can be connected i n the c i r c u i t i n i t s place . 
T h i s w i i i give you a check on the or ig ina l 
condenser. 

( / ) T o test for short c i r cu i t s or excessive 
leakage through a n e lectrolyt ic condenser, a 
0-100 m l l l i a m m e t e r shouid be connected in 
series w i t h the condenser whi l e the rece iver 
is i n operat ion. H o w e v e r , before t u r n i n g on 
the power a 6 or 10 ohm rheostat shouid be 
connected across the t ermina l s of the m i i i i a m -
meter . T h e rheostat shouid be of the type 
t h a t has an open end; i n other words , so tha t 
the ro ta t ing a r m can sl ide off of the res is tance 
w i n d i n g w h i c h , i n effect, means the rheostat is 
not connected across the m i i i i a m m e t e r . T h e 
rheostat shunts the meter and increases i ts 
range, w h i c h w i i i prevent burn-out of the 
meter if the condenser is ent ire ly shorted or 
wh i l e the film of the condenser is bu i ld ing up. 

ig) T h e rece iver is then t u r n e d on. A t 
first the c u r r e n t through the condenser is 
l ike ly to be as h igh as 85 o r 90 mi i i i amperes . 
H o w e v e r , th i s h igh value of c u r r e n t shouid 
only be evident momentar i l y and after three 
or four minutes of operat ion, the c u r r e n t 
through the condenser shouid reduce to less 
t h a n % m i i i l a m p e r e per m i c r o f a r a d . I n other 
words , i f the condenser under test is a n 8 
mfd. e ieetroiyt ic condenser, the total c u r r e n t 
flow as m e a s u r e d by the m i i i i a m m e t e r a f ter 
five minutes of operat ion shouid not be more 
t h a n eight t imes % or 2 mi i i i amperes . I f more 
t h a n 2 mi i i i amperes is measured af ter a few 
minutes of operat ion, then the e ieetroiyt ic 
condenser has excessive leakage and another 
one shouid be used i n i ts place . U n l e s s the 
condenser is completely shorted , the rheostat 
should be t u r n e d to the off posi t ion so as to 
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„p/ the t7«e value of c u r r e n t through the con-
^nser. 

(h) M a n y servicemen test an e lectrolyt ic 
condenser by shunt ing i t w i t h an 0-1 megohm 
ohmmeter (an ol immeter with a 4o ba t t ery 
is p r e f e r r e d ) . Connect the ohmmeter so the 
ohm indicat ion increases, showing tha t the 
film is bui lding up. A.s an average value the 
reading should exceed 1 megohm. Y o u .should 
cheek several good e iectroiyt ics to obtain an 
idea of w h a t this value shouid be w i t h y o u r 
ohmmeter 

( i ) E l e c t r o l y t i c condensers, i t has been men
tioned, have posit ive and negat ive t e r m i n a l s 
and i f they are connected into a c i r c u i t incor
rect ly they wi l l pass too much c u r r e n t . T h i s 
may cause them to make a hiss ing or f r y i n g 
noise, and if kept up for any length of t ime, 
r u i n the condenser, rect i f ier tube, and filter 
chokes 

(j) A voltage appl ied to a condenser h igher 
than its rated w o r k i n g voltage w i l l cause i t 
to hiss and fry and eventual ly break down. 
T h i s happens quite often, when the loud
speaker cable has not been connected to the 
chass is Any defect in the power stage or 
ioudspeaker tha t removes the load on the 
power pack, increases the rectif ied output 
voltage, wi l l have the same effect. 

(fc) E l e c t r o l y t i c condensers t h a t have not 
been used for a long t ime, especial ly i n cold 
weather , may hiss and fry when voltage is 
applied to them due to the fact tha t they are 
improper ly formed. U s u a l l y th i s w i i i not l a s t 
over a few minutes af ter w h i c h they w i i i be In 
good condit ion. B u t if they hiss , w a t c h the 
rectif ier tube. Tf the space between the ele
ments s tar t s to t u r n blue shut the power on 
the rece iver off a t once. U s e a new electro
ly t i c . 

(I) I n checking an e lectro lyt ic condenser 
by the subst i tut ion method, l i s ten to the re
ce iver play so you can te l l whether the n e w 
one makes an improvement i n resul ts . 

15. T U N I N G O R A D J U S T I N G C O N -
D E N S E R S . fa) Variable condensers are usu
a l ly rated as to m a x i m u m capac i ty . T h e i r 
m i n i m u m capac i ty and high frequency res ist 
ance are i m p o r t a n t factors but these factors 
are not eas i ly checked by a serv iceman. 
A l w a y s consider the m a k e r , and when a re
placement is r equ ired in,si8t on an exact dupl i 
cate. I n general a good v a r i a b l e condenser 
may be judged by i ts mechanica l construct ion. 
T h e plates shouid be large gauge sheet a lumi 
num, a i ignmeut of plates exact , and the f rame 
of sol id appearance . S l i d i n g or p ig ta i l con
nections shouid exist at each rotor section. 

( 6 ) M a n y service calls m a y be t r a c e d to 
defects in the tuning condensers. T h e plates 
of the condensers sometimes touch each other. 
T h e y shouid be care fu l ly bent so tha t th i s does 
not occur. D u s t or d i r t between the plates 
may be removed w i t h a pipe c leaner. A metal 
l ic fuzz sometimes gets between the plates 
causing shorts to occur at some points of the 
d ia l sett ing. A pipe c leaner w i i i not remove 
this . I t may be removed by burn ing i t off 
by the appl icat ion of a high voltage across the 
condenser plates . U n s o l d e r the lead to the 
s ta tor plate and apply the h igh voltage di

rect ly across the condenser, t u r n i n g the tuning 
knob so tha t ai l shorts w i i i be burned out. 
D i r t may be removed and leaks between plates 
may be e l iminated by the same process. T h i s 
voltage may be obtained from the h igh voltage 
w i n d i n g of a power t rans former , not the one 
in the set; and to protect the t r a n s f o r m e r a 
100 w a t t lamp should be placed i n series w i t h 
the p r i m a r y . 

( c ) T h e connections between the rotors of 
the tun ing condensers and the chassis are very 
important . Shouid a poor connection occur, 
the ground w i i i have to be through one of the 
other tuning condensers and th i s m a y resul t 
in feedback and consequent osci l lat ion. W i i e n 
spr ing w ip ing contacts are used bend them 
to get a good contact and i f necessary sand
paper a i l points of contact . Sometimes a pig
t a i l ( f lexible) w i r e m a y be used to ground 
the rotors . I f the w i r e cannot be r e a d i l y 
soldered to the condenser shaft a smal l hole 
may be dr i l l ed in the shaft and a s crew used 
to connect the w i r e and the shaft . E n o u g h 
s lack must be left so t h a t the p ig ta i l can 
w r a p a r o u n d the shaft when the condenser 
is t u r n e d . 

(d ) I n some poorly designed rece ivers the 
condenser plates are so t h i n t h a t they w i l l 
v i b r a t e . N a t u r a l l y th i s change i n capac i ty 
w i i i cause very unstable reception. I n most 
eases a n e w condenser gang is about the only 
remedy although some serv icemen float the 
condenser on soft sponge rubber to reduce the 
v i b r a t i o n a l p ickup . 

(e) I f you find tha t i t is impossible to tune 
a rece iver over its ent i re range examine the 
tuning condensers as they may h i t a w i r e or 
other s t a t i o n a r y object w h i c h prevents them 
from t u r n i n g . 

(/) Trimmer Condensers sometimes short 
and they shouid be tested for cont inui ty . R e 
member when test ing any condenser to discon
nect one of i ts leads o therwise you w i l l obta in 
a read ing through some object shunt ing i t . 
I f the m i c a in a t r i m m e r condenser appears 
c r a c k e d i t m a y be removed and a new piece 
ins ta l l ed . 

(g) T o check a sect ion of a ganged con
denser or a t r i m m e r , unsolder the lead from 
one end of the condenser so the coil shunt ing 
i t is disconnected, a n d check the condenser 
w i t h a n ohmmeter . N o reading shouid be 
observed. 

16. fa) C O I L S . R . F . C H O K E S A N D 
A . F . T R A N S F O R M E R S are an i m p o r t a n t 
p a r t of a radio rece iver a n d n a t u r a l l y a r e 
used for the i r inductance . W e w i i i cons ider: 
1, the R . F . coils wound single l a y e r on an 
insu lat ing tube; 2, the mul t i - l ayer coil used 
extensively in I . F . t rans formers , p r i m a r y of 
R . F . t rans formers , secondaries of coils in m i d 
get rece ivers , and R . F . and I . F . choke coi ls ; 
and S, the audio t r a n s f o r m e r . 

( 6 ) R . F . coils are fundamenta l ly designed 
to have a definite inductance, a m i n i m u m 
amount of d i s t r ibuted capac i ty , and low high 
frequency res is tance (or Q f a c t o r ) . T h e high 
frequency res is tance cannot be judged from 
its D . C . res is tance (measured w i t h a n ohm
m e t e r ) and is general ly much greater . A u d i o 
t r a n s f o r m e r s are designed for a definite fre-
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queney range, definite D . C . p r i m a r y c u r r e n t , 
t u r n ra t io and m i n i m u m d i s tr ibuted capac i ty , 
and m a x i m u m w a t t handl ing power. Tes t s 
for these propert ies are not made by the serv
iceman, unless a great deal of or ig ina l design
ing is done. 

(c ) T h e usua l tests are for cont inuity , 
opens, shorts , grounds and D . C . res is tance of 
the windings . I n the case of coils used in a 
tuning section the coils must m a t c h : have 
equal inductance a n d d i s tr ibuted capaci ty , 
best accomplished by using ident ica l ly con
s t ruc ted coils. 

(d) I n connecting an R . F . or A . F . choke 
remember that they are so designed tha t the 
ins ide t u r n (nearest the core or form) is the 
ground or a low potent ia l connection, the las t 
outside t u r n is the high voltage ( R . F . or A . F . ) 
t e r m i n a l . I n connecting R . F . or A . F . t rans 
formers the inside t u r n of the p r i m a r y (one 
neares t the core) is the plate connection; the 
outside p r i m a r y t u r n , the - l -B connection. I n 
t rans formers the outside t u r n of the secondary 
is the g r i d t e r m i n a l , the inside t u r n (neares t 
the core) is the ground connection. I n t rac 
ing the coils f rom the plate, to + B , to ground, 
to gr id , a continuous winding , a i l in the same 
d irec t ion , shouid exist . Mos t servicemen 
mere ly reverse p r i m a r y or secondary connec
tions, and observe w h e t h e r an improvement 
ex is ts . I n the case of spl i t p r i m a r y or second
ar ies , the center tap is ground, + 8 or — C , 
and the outer two t e r m i n a l s are the plate or 
g r i d connections. 

(e) T o test for cont inui ty or w i n d i n g re
s is tance use an ohmmeter. the probes con
nected to the two t e r m i n a l s of the w i n d i n g 
you wi sh to measure . B e governed by the 
va lues given on the c i r c u i t d i a g r a m . S h o r t s 
between a few t u r n s are not eas i ly detected 
by th i s test. Short s in R . F . t rans formers can 
be judged by i n a b i l i t y to l ine up the stage 
w i t h another, broad tuning and lack of se
l e c t i v i t y ; in audio t rans formers no easy means 
of detecting a short between a few t u r n s are 
possible. O f course, a replacement test w i i i 
qu ick ly show up any short ; the act ion of the 
rece iver w i l l indicate i ts presence. Opens are 
eas i ly detected by a cont inui ty test. B y un
soldering the t e r m i n a l s of a coil , choke or 
t r a n s f o r m e r , grounds or shorts to the f rame 
or core are eas i ly detected w i t h an ohmmeter. 
Connect the ohmmeter to one t e r m i n a l of 
each w i n d i n g (the rece iver leads unso ldered) , 
a n d the core, or chass is of the device. No 
reading should be observed. L e a k s are de
tected by employing a high range ohmmeter 
(a t least 2 megohms) . 

( f ) Opens occur because of poor soldering, 
corros ion a t jo ints , and a phys ica l t e a r ; shorts 
are produced by h igh voltage are overs, atmos
pher ic condit ions (moisture and fumes in the 
a i r ) , and t a m p e r i n g ; leaks occur because of 
accumulat ion of dust and d i r t plus moisture , 
b r e a k d o w n of in su la t ion ; and change in in
ductance because the windings get loose, are 
crushed phys ica l ly , or the sh ie ld has been 
di.sturbed. 

(g) A phys i ca l inspection of coils is im
perat ive . I f the coil is moist be sure to bake 
i t under a l amp. G o over jo ints and connec
t ions. B e sure the windings and shields are 

intact . T e s t for opens, shorts , leads a n d \ 
s istance of windings . \ 

(h) I f an R . F . or I . F . coil is damaged be-^ 
yond r e p a i r (cue or two turns may safely 
be removed) use a new coil . D o not t r y to 
replace a secondary or a p r i m a r y . G e t a whole 
new p a r t and an cruet dupl icate pre ferab ly 
made by the m a k e r of the rece iver you are 
serv ic ing . I f the new (or old) coil w i l l not 
a l ign wi th the others, e i ther the other coils 
must be adjus ted for t u r n s , or a whole new 
set of coils procured and used. 

17. P O W E R T R A N S F O R M E R S A N D 
I R O N C O R E C H O K E S . («) Power Trans
formers are designed to operate from a l ine 
of a definite frequency and voltage; to supply 
definite voltages from the secondaries when 
definite c u r r e n t s are d r a w n ; and to handle a 
definite total ampere X volt.s—the apparent 
wat t s ra t ing . Iron Core Chokes are designed 
to have a definite inductance (usua l ly meas
ured in henr ie s ) when a definite D . C . com
ponent flows through it. I t must be able to 
handle this c u r r e n t w i t h negligible tempera
ture r ise . T h e serv iceman in m a k i n g a re
placement must assume that the new device 
is correct in these respects because re l iab le 
m a k e r s rate t h e i r devices correct ly . O t h e r 
t h a n this the usual tests are for opens, shorts 
( c o n t i n u i t y ) , res is tance of windings and leak
age. A n u m b e r of special tests w i i i now be 
considered. 

( 6 ) I n test ing a power t r a n s f o r m e r or i ron 
core choke in the chass is w i t h an ohmmeter 
make sure tha t there are no res is tors o r other 
p a r t s capable of pass ing a D . C . c u r r e n t con
nected across i t ; o therwise the readings w i i i 
be incorrect . AVhen in doubt unsolder the 
connections, so the t e r m i n a l s of the device 
are free. 

(c) A test shouid be made between the 
t r a n s f o r m e r taps or t e r m i n a l s and the core 
and shield of the t rans former . N o read ing 
shouid be obtained. I f the ohmmeter shows a 
reading, i t indicates tha t the wind ing is 
grounded or leaky to the core or shie ld and 
the trouble shouid be r e p a i r e d a t once. No 
read ing shouid be obtained when test ing be
tween any secondary winding and the p r i m a r y 
winding . A s the center tap on the secondary 
of the power t r a n s f o r m e r is usual ly grounded 
•—unsolder the connection for a ground or 
l eak test. 

id) Shor ted t u r n s in some cases can be 
checked w i t h an ohmmeter, comparing the 
res is tance you read w i t h the value given in 
the c i r c u i t d i a g r a m . A short in the p r i m a r y 
t u r n s may increase the secondary voltage and 
overheat the t r a n s f o r m e r : a short i n the 
secondary turns of a t r a n s f o r m e r w i i i reduce 
the secondary voltage of the section shorted 
and overheat the device. T h e best test for 
a t r a n s f o r m e r or iron core choke is to connect 
i t to a source of correct voltage and frequency 
(secondaries open in the case of t r a n s f o r m e r s ) 
and measure the A . C . p r i m a r y or coil c u r r e n t . 
I n the case of t rans formers the c u r r e n t shouid 
be less t h a n .25 ampere; i f more t h a n t h a t 
va lue a short exists . E v e n lower values .should 
be ind icated in cheeking a choke. Cons idera 
ble experience is requ ired to in t erpre t the 
readings . 
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Je) Se<ondary filament windings on power 
t/ansfor/ners sometimes have center taps to 

which the gr id re turns are connected. I f these 
taps are not exact ly in the center of the w i n d 
ing, then A . C . h u m is apt to be present . T h i s 
trouble is seldom encountered in t rans formers 
manufac tured by re l iable companies . I n such 
cases i t is, of course, i m p r a c t i c a l to recon
s t ruc t the t rans former . I t is possible, how
ever, to use smal l center-tapped resistances 
especial ly bui l t for the purpose. T h e two 
ends of the res is tance are connected d i rec t ly 
across the filament taps on the t r a n s f o r m e r 
and the center tap of the res is tance is used i n 
place of the center tap on the winding , w h i c h 
is not used and shouid be disconnected. I t is 
impossible to center tap the high voltage 
w i n d i n g in this manner . 

( / ) Loose L a m i n a t i o n s in a replacement 
p a r t are usual ly due to faul ty construct ion 
and the defective piece of appara tus shouid 
be re turned to the m a n u f a c t u r e r . I n some 
cases the laminat ions can be t ightened by 
t ightening the bolts holding the appara tus 
together or by d r i v i n g a smal l wooden wedge 
between the laminat ions . 

18. S W I T C H E S , (o) T h e power off and 
on swi tch may become defective. T h i s is 
eas i ly indicated by the lack of l ight from the 
pilot lamp or the other tubes in the rece iver . 
O f course, a care fu l check must be made to 
determine definitely w h e t h e r or not the radio 
rece iver obtains its power from the w a i l out
let . T h e power cord a n d plug, and fuses i f 
used, must be i n good condit ion. I f the 
s w i t c h IS defective ( a l w a y s open) then there 
w i l l be no cont inui ty w h e n test ing the plug 
tap t e r m i n a l s w i t h an ohmmeter; i f a l w a y s 
''iS^* m i * '^''^ ^'^ impossible to t u r n the set 
off. These condit ions w i i i occur w i t h the 
s w i t c h in the closed or open posit ion. 

( 6 ) T h e inductance switches used in a i l -
w a v e sets m a y cause noise i f they are d i r t y . 
D i r t w i i i aiso cause c e r t a i n bands on a n a i l -
w a v e rece iver to be dead. C l e a n the contacts 
of the switches w i t h a c lean cloth ( free of 
o i l ) usinK a l i t t le carbon te trach lor ide ( C a r -
b o n a ) . T h i s w i l l remove a i l grease and d i r t 
f r o m the s w i t c h contacts . 

( c ) T h e ro ta t ing arms of a i l of the sections 
of a n inductance s w i t c h must rotate when 
changed f r o m one band posit ion to another . 
A n y swi tch a r m fa i l ing to m a k e contact 
shouid be r e p a i r e d . B e n d the s w i t c h a r m into 
the proper posi t ion i f i t is damaged. 

19. (o) S H I E L D I N G i n rece ivers is em
ployed to prevent undes ired coupl ing between 
c i r c u i t s . L a c k of shie lding w i l l resul t i n 
osci l lat ions and b r o a d tuning . N o t only l a c k 
of shie lding w i i i cause th i s but aiso poor or 
inefficient shie lding. D i r t y connections be
tween shields and the chassis m a k e them i n 
effective and you shouid be sure t h a t the con
nections are t ight and c lean . A l i t t le sand
p a p e r rubbed over the points of contact be
tween the shie ld a n d chass is w i i i e l iminate 
th i s cause of trouble . Loose shie lding w i i i 
resu l t in mechan ica l noises w h e n set into 
v i b r a t i o n by sound waves f rom the speaker . 
A l s o , loose sh ie ld ing w i l l cause noises to ar i se 
i n the rece iver c i r c u i t s and th i s noise w i l l be 

h e a r d f r o m the loud speaker . B e n d i n g the 
shields so tha t they t ight ly gr ip t h e i r supports 
w i i i prevent th is . B e sure tha t the shields 
are in place, and not pushed out of l ine or to 
one s ide. 

20. M E C H A N I C A L T R O U B L E S , (a) 
Once the source of a mechanica l trouble is 
located the r e p a i r is obvious. I f a dia l cord 
sl ips, the tension on the cord shouid be in
creased. T h e m a n n e r i n w h i c h th i s shouid be 
done w i i i be c l ear af ter an examinat ion of 
the p a r t i c u l a r system in use. P e r h a p s a 
spr ing has s l ipped off i ts hook or a screw 
needs t ightening. 

( i ) I f a bear ing is frozen ( j a m m e d ) "3 in 
1 o i l" shouid be w o r k e d into the housing; if 
the bear ing does not t u r n freely, remove i t 
and r u b i t dovm w i t h a fine sandpaper , r e t u r n 
i t and use a l u b r i c a n t w i t h a graphi te base. 
T h e t u r n i n g condenser gang must t u r n easi ly , 
p a r t i c u l a r l y where a rubber f r i c t ion dr ive 
is used—oil bearings and i f there are any 
tension screws at the end of the shaft , loosen 
them u n t i l the gang moves freely. 

( c ) W h e r e the d ia l cord has broken i t is 
necessary to ins ta l l a new cord, w h i c h shouid 
be obtained from the m a n u f a c t u r e r or h i s 
d i s t r ibutor . Oftent imes you w i i i be able to 
obta in , on request, specific ins truct ions on 
res tr ing ing the cord along w i t h the new cord 
you order . I t is possible to get along nice ly 
wi thout such ins truct ions but then one must 
pay care fu l attent ion to the system, figuring 
out in one's mind j u s t how the cord must go 
on i f the system is to w o r k proper ly . Y o u 
may have to t r y two or three t imes before 
you get i t j u s t r ight . 

id) I n any mechanica l trouble , personal 
observat ion is the key to success. I n rad io 
rece ivers a i l mechanica l systems have been 
made as s imply as possible although h a r d l y 
any two are a l ike . 

(e) Y o u must be the judge of when replace
ment of p a r t s w i i i be necessary. W h e n new 
p a r t s m a y be easi ly obtained and the or ig ina ls 
seem badly w o r n , don't waste t ime t r y i n g to 
patch them up—put i n n e w ones. 

21 . (a) B A T T E R I E S are used extensively 
on rece ivers where socket power is not ava i l 
able. These ba t t ery rece ivers are to be found 
in camps, farms , r u r a l and u n w i r e d homes. 
T h e n , too, there are obsolete b a t t e r y operated 
rece ivers i n hbmes where a modern ai i -e lectric 
rece iver has not been insta l led . I n a i l these 
cases, the bat ter ies must be care fu l ly inspected 
and tested as they are a constant source of 
trouble . 

( 6 ) "A" Batteries f u r n i s h power to heat 
the tube filaments, and i f they r u n down (volt
age drops) they no longer serve t h e i r intended 
purpose. 

(c ) S torage B a t t e r i e s general ly consist of 
three 2 volt ceils i n series , a total of 6 volts . 
Cheeking the voltage of each ceil i s only a n 
approx imate means of testing the ce i l . A 
true voltage check shouid consist of loading the 
bat tery ( the set t u r n e d on) and checking each 
ceil for voltage at the s t a r t of the test r u n 
and 10 to 20 minutes l a t er . T h e voltage shouid 
not be less t h a n 1.9 volts p e r cel l . A better 
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a n d qu icker test is to check the specific gravity 
of the electrolyte ( l i q u i d ) in each cei l , w i t h 
a hydrometer . W h e n the reading drops below 
1.150 the bat tery shouid be recharged. T h e 
e lectrolyte in a ful ly charged ceil shouid have 
a specific g r a v i t y of about 1.300. Connect the 
b a t t e r y to a charger w i t h the vents of each 
ce i l open. C h a r g e unt i l the eieetroiyte in each 
ce i l bubbles. Check the specific g r a v i t y of 
each cei l , w h i c h shouid be about 1.300. I f one 
ce l l shows a low density electrolyte, t r y charg
ing th i s ceil for a couple more hours and i f 
the density of the eieetroiyte does not come 
up, have the ceil r e p a i r e d at a re l iable ba t t ery 
r e p a i r s tat ion. I f at the s t a r t of the charge, 
the l iqu id in any ceil is low, add dis t i l l ed 
w a t e r only, to about one-half inch above the 
plates . 

(d) Confus ion sometimes ar i ses in de
t e r m i n i n g the po lar i ty of the t e r m i n a l s . T h e 
plus t e r m i n a l m a y be m a r k e d + ; or i t m a y be 
p a i n t e d r e d ; or i f you connect a D . C . volt
m e t e r to the t e r m i n a l s of the b a t t e r y so the 
meter needle reads up-seaie, the + t e r m i n a l 
of the vol tmeter ( a l w a y s m a r k e d ) connects 
to the + t e r m i n a l of the b a t t e r y . T h e l a t t e r 
i s a good test for any D . C . source of power. 

( e ) A i l b a t t e r y t e r m i n a l s should be kept 
c l ean and tight. Connect ions to storage bat
ter ies shouid be care fu l ly watched as they 
corrode quite eas i ly . I f the t e r m i n a l s are 
corroded they can be c leaned by scrubbing 
vigorously w i t h hot w a t e r , being care fu l not 
to let the w a t e r get into the ceils of the bat
t ery . A f t e r the t e r m i n a l s are c leaned the 
connect ing w i r e s shouid be at tached by means 
of b a t t e r y c lamps w h i c h aiso have been care
fu l ly scraped unt i l they are c lean and br ight . 
A l i b e r a l appl icat ion of vasel ine appl ied over 
the storage ba t t ery t e r m i n a l s and connections 
w i i i tend to e l iminate corros ion. 

(/) Air Cells are best tested w i t h a volt
meter . T o be sure tha t the b a t t e r y w i i i not 
be d r a i n e d too much , use a high res is tance 
vol tmeter (any rad io vol tmeter w i i i suffice). 
T h e voltage shouid not be below 2 volts . T h e 
best test is to cheek the b a t t e r y voltage before 
and af ter a 10 minute test r u n . A r a d i c a l 
change would be a t least .1 volt . T h e n i f the 
voltage is below 2 volts get a n e w a i r cei l 
ba t t ery . F o l l o w the ins truct ions i n filling i t 
w i t h w a t e r , and be sure t h a t the cel lophane on 
the breath ing electrodes is t a k e n off. 

[g) Dry "A" Cells are extensively used for 
filament supply on modern 2 volt tube receiv
ers . T w o in series are required a n d sets 
of two ai l in .para l l e l help to get grea ter l i fe 
between bat t ery changes. D r y ceils are tested 
w i t h a n ammeter connected across the t e r m i 
nals . W h e n new, about 35 amperes is n o r m a l . 
W h e n the combinat ion can no longer supply 
more t h a n 2.5 volts , the cells shouid be dis
carded . A load test shouid be made . I f the 
voltage/ drops r a p i d l y wh i l e used, the l i fe of 
the b a t t e r y is exhausted. I f a l ine v a r i a b l e 
res i s tor is used be sure to caut ion the customer 
not to reduce i ts va lue too often. A change 
of once a month is n o r m a l . A l w a y s replace 
the ent ire set of ceils , for one b a d cei l w i i i 
t h r o w the load on the good ones. 

(ft) "B" and "C" Batteries must f u r n i s h 
c u r r e n t to the v a r i o u s electrodes of the tubes. 

F o l l o w the mark ings on the cable tubs o r i 
rece iver ins truct ions . ^ 

( j ) " B " a n d " C " bat ter ies shouid be re^ 
placed w i t h new ones j u s t as soon as the volt
age has dropped 20 per cent. T h a t is, any 45 
volt ba t t ery shouid be replaced as soon as the 
voltmeter reading shows a voltage as low as 
36 volts under load. 

(j) I t oceasionaily happens tha t a defective 
connection or a defective ceil inside a ba t t ery 
w i i i develop and cause trouble . T h e only 
remedy is to replace the ent ire bat tery w i t h 
a new one. 

(ft) R e c e p t i o n frequently can be improved 
by plac ing a bypass condenser across the " B " 
and " C " batter ies . Connect one t e r m i n a l of a 
condenser hav ing a value between .1 mfd. and 
1 mfd. to minus B and the other t e r m i n a l of 
the condenser to the highest voltage t e r m i n a l 
of the " B " ba t t er i e s—that is, 90, 135 or 180 
volts as the case may be. T h e connection 
should be in the set i f i t is found t h a t the 
condenser improves the results . 

(l) I t is ac tua l ly more economical to use 
large " B " blocks instead of smal l capac i ty 
" B " bat ter ies . T h e i n i t i a l cost is greater , bu t 
the over-ai l cost is less. 

22. V O L T A G E AND C U R R E N T M E A S 
U R E M E N T S AS AN A I D I N L O C A T I N G 
T H E D E F E C T , (a) V o l t a g e measurements 
afford a quick cheek on the voltage supply 
c i rcu i t s but usual ly are of no use w h e n a 
signal c i reu i t defect exists . F o r example, an 
open coupling condenser or a shorted tun ing 
condenser w i i i have no effect on the operat ing 
voltages. 

(ft) Y o u must be "on your toes" when mak
ing voltage measurements . T h e ac tua l meas
urements are s imple but the proper in terpre 
tat ion of the results is a more difficult m a t t e r . 
Y o u must remember that the vol tmeter is not 
only a measur ing device but tha t i t is aiso a 
resistor. M a n y a serv iceman has been puzzled 
by the fact tha t on measur ing the voltage 
across some p a r t of the set s tar ted to play . T h e 
p a r t was burned out but the meter when con
nected across the p a r t completed the c i r c u i t . 

(c) F o r the experienced m a n as w e l l as 
the beginner, good equipment is necessary i f 
sat i s factory results are to be obtained. T h e 
best outfit to own is a good h igh res i s tance 
m u l t i m e t e r w h i c h w i i i enable you to measure 
currents , res i s tance values , and A . C . o r D . C . 
voltages. 

(d ) N o w suppose you have something w i t h 
w h i c h to check voltages, w h e t h e r i t be a mul t i 
meter or the p a r t s in y o u r exper imenta l out
fits. T h e chass is is t u r n e d upside down and 
w i t h the negative test probe f r o m the meter 
on the cathode of one of the tubes touch the 
posit ive l ead to the other eictrode prongs 
one at a t ime. W r i t e down y o u r readings so 
they may be compared to those furn i shed by 
the m a n u f a c t u r e r . I f the gr id r e t u r n is made 
to the chassis a check f r o m cathode to chass is 
w i i i give the control g r i d voltage, o therwise 
a test must be made from the control g r i d to 
chassis . I f the control g r i d b ias voltage is 
correct , the plate c u r r e n t is i n a i l probab i l i t y 
of the r ight va lue . T o measure the p la te 
c u r r e n t the set is t u r n e d off, the lead to the 
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l i e disconnected a n d the m i i i i a m m e t e r leads 
Jnnected to i t and the plate . T h i s places the 

mi i i iammeter in series w i t h the plate and on 
t u r n i n g on the set the p late c u r r e n t w i i i 
gradua l ly come up to n o r m a l i f everyth ing 
IS a i l r ight . A socket plug i n adapter s impl i 
fies c u r r e n t and voltage measurements . 

(e) I n checking the rect i f ier , a test w i t h 
the D . C . vol tmeter connected from the fila
ment or cathode to chassis %viii check the 
general condition of the tube and power trans
former high voltage w ind ing . T h e power 
t r a n s f o r m e r m a y be checked by itself w i t h 
a n A . C . voltmeter . T h e h igh voltage w i n d i n g 
has about 700 or 750 volts A . C . across i t and 
the w i n d i n g is center tapped in the case of 
fu l l -wave rectif iers . E a c h ha l f may be meas
u r e d separate ly f rom a rect i f ier plate to the 
center tap wi i i ch may or m a y not be d irec t ly 
grounded. T h e ent ire A . C . voltage is meas
u r e d by connecting the A . C . vo l tmeter to both 
plates . 

{ / ) I n m a k i n g measurements a lways use the 
highest range of the meter . T h i s w i i i protect 
the meter i f the voltage is h igher t h a n n o r m a l 
and w i i i show i f a lower range may be used. 
N e v e r use the m i i i i a m m e t e r to measure volt
age as th i s w i i i b u r n out the meter . I f the 
meter reads b a c k w a r d s , reverse the test 
probes. U s e the A . C . range for A . C . measure
ments and the D . C . range for D . C . measure
ments . 

(g) T h e i n t e r n a l res is tance of your meter 
w i i i afi'ect the read ing you obta in when test
ing voltages i n high res is tance c i rcu i t s , such 
as plate and control gr id c i rcu i t s of res is tance 
coupled systems. T h e lower the res is tance of 
y o u r meter the lower w i i i be the measured 
voltage. T h e meters used by m a n u f a c t u r e r s 
when m a k i n g up the i r voltage c h a r t s general ly 
have a res is tance of 1000 ohms per volt . A 
1000 ohm p e r volt vo l tmeter w i i i be sat is fac
tory for you, although you m a y use a 20,000 
ohm p e r volt meter , i f you w i s h . 

(h) R e m e m b e r t h a t s l ight differences in 
l ine voltage w i i i change your readings and 
tha t m a n u f a c t u r e r s ' to lerances i n res i s tor 
values w i i i introduce another cause for v a r i a 
t ion from specified voltage values . As long 
as the measured values are w i t h i n 20% of the 
specified values they are to be accepted as 
n o r m a l , i f you use a 1000 ohm p e r volt meter . 
W h e r e recommended voltage c h a r t s are not 
ava i lab le , tube m a n u f a c t u r e r s ' c h a r t s w i i i give 
you some idea of w h a t to expect although you 
mus t not follow them too closely. A f t e r you 
h a v e done some service w o r k you w i i i know 
wi thout c h a r t s whether the voltages are ap
prox imate ly correct . 

( t ) T h e fol lowing index is to help you in
t e r p r e t voltage and c u r r e n t readings. S t u d y 
the index care fu l ly . 

C O M M O N C A U S E S O F I N C O R R E C T 
V O L T A G E S A N D C U R R E N T S 

High Plate Potential 
Insufficient load upon power pack due to 

weak tubes. 
Open high c u r r e n t load in rece iver . 
S h o r t c i rcu i t ed voltage reducing res is tance. 
H i g h l ine voltage. 

H i g h g r i d b ias voltage. 
I n c o r r e c t tap upon power pack d i v i d e r . 
Open bleeder res istance between c i r c u i t s . 
Open bleeder res i s tance in d iv ider . 
Shor ted filter choke or loud speaker field i n 

power pack . 

H I G H P L A T E V O L T A G E O N A L L 
T U B E S 

(Output Tube Plate Current Low) 
E x c e s s i v e g r i d bias res i s tor (output s t a g e ) . 
Defec t ive output tube or tubes. 

L O W P L A T E P O T E N T I A L 

E x c e s s i v e c u r r e n t d r a i n upon power supply . 
Open or l eaky filter condenser. 
Insufficient g r i d b ias . 
Shor ted bleeder res is tance. 
L o w l ine voltage. 
Defec t ive operat ion of l ine ba l las t , replace 

w i t h a new one. 
L e a k through bypass condenser. 
S h o r t e d or defective sect ion of voltage di

v i d e r 
Defec t in power t r a n s f o r m e r . 
Defect ive rectif ier. 
Defec t ive filter choke o r loud speaker field. 

L O W P L A T E V O L T A G E O N A L L 
T U B E S 

(High Plate Current in Rectifier) 
Defect ive filter condenser. 
S h o r t c i r c u i t in voltage d i v i d e r system. 
H i g h res is tance shor t i n output tube p la te 

c i r c u i t . 
R e s i s t a n c e short i n e l iminator filter chokes. 
G a s s y tube in output system. 

L O W P L A T E V O L T A G E 

[High Plate Current in Output Tube) 
Shor ted or grounded gr id bias res i s tor . 
Shor ted or grounded g r i d bias res i s tor by

pass condenser. 
G r o u n d connection to input push-pull sec

ondary wind ing open. 
Open g r i d bias res is tance. 
Open g r i d c i r c u i t . 
G a s s y output tube or tubes. 
Shorted output tube. 

N O P L A T E V O L T A G E O N A L L 
T U B E S 

Shor ted power t r a n s f o r m e r winding . 
Shor ted filter condenser. 
Defect ive rectif ier tube. 
Open filter choke. 
Open in — B c i r c u i t . 
G r o u n d in output tube plate c i r c u i t . 
Open loud speaker field. 

NO P L A T E V O L T A G E U P O N O N E 
T U B E AND R E D U C E D P L A T E 

V O L T A G E U P O N O T H E R T U B E S 

Open E . r . choke in plate c i r c u i t w h i c h does 
not secure plate voltage. 
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Shor ted bypass condenser. 
G r o u n d e d plate c i reu i t . 
Shor ted voltage d i v i d e r bleeder sect ion i f i t 

is the detector stage. 
• G r o u n d e d plate coupl ing un i t i n p la te c i r 

cui t . 
S h o r t e d plate element in tube. 

N O P L A T E V O L T A G E O N O U T P U T 
T U B E S 

(Plate Voltage Available on Other Tubes) 
Open in plate c i r c u i t . 
Open in output un i t . 
Open in — B connection to g r i d b ias re

s istance. 
Open in gr id bias res i s tor . 
Defec t ive tone control . 
P l a t e to chass is condenser broken down. 

E X C E S S I V E P L A T E C U R R E N T 

G a s s y tube. 
Insufficient g r i d b ias . 
E x c e s s i v e plate voltage. 
E x c e s s i v e posit ive b ias upon screen gr id . 
Open g r i d c i r c u i t . 
L e a k y or broken down g r i d coupling con

denser. 
Defec t ive A V C system. 

N O P L A T E C U R R E N T 

Open plate c i r c u i t . 
N o plate voltage. 
Open filament c i r c u i t cathode c i r c u i t . 
Defect ive tube. 
V e r y high negative b ias . 

I N S U F F I C I E N T P L A T E C U R R E N T 

(Normal or High Plate Voltages) 
Defec t ive tube. 
L o w filament voltage. 
H i g h g r i d b ias . 
L o w screen g r i d voltage. 
Defec t ive A V C system. 

H I G H G R I D B I A S 

H i g h plate c u r r e n t . 
H i g h va lue of b ias res i s tance use correct 

value . 
Defec t ive b ias res i s tance . 
Defect ive bleeder res is tor . 
Defec t ive condenser or res i s tor i n g r i d re

t u r n . 

L O W G R I D B I A S \ 

L o w plate c u r r e n t . 
Shorted bias res istance or bypass condenser. 
Defect ive res is tance or Incorrec t value . 
M e a s u r e m e n t made incorrect ly . 

N O G R I D B I A S 

(High Plate Current) 
Shor ted g r i d b ias bypass condenser. 
G r o u n d e d cathode. 
G r o u n d e d filament. 
Open g r i d c i r c u i t . 

L O W O R N O S C R E E N V O L T A G E 

Open v a r i a b l e control for screen g r i d volt
age. 

Open screen g r i d c i r c u i t . 
Open res is tance in screen g r i d c i r c u i t . 
B r o k e n down screen bypass condenser; 

N O S C R E E N V O L T A G E U P O N O N E 
T U B E 

(Low Plate Voltage Upon Other Tubes) 
G r o u n d e d v a r i a b l e control . 
Shor ted screen gr id bypass condenser. 
S h o r t in voltage d i v i d e r across bleeder or 

screen gr id control res is tance. 
S h o r t e d screen g r i d i n tube. 

E X C E S S I V E F I L A M E N T O R H E A T E R 
P O T E N T I A L 

I n c o r r e c t adjus tment of voltage reducing 
res is tance . 

H i g h l ine voltage to power pack . 
Insufficient load upon filament or h e a t e r 

w i n d i n g ; open filament c i r c u i t , or defec
t ive tubes. 

W r o n g tube; use correct tube. 
S h o r t c i r c u i t i n power t r a n s f o r m e r p r i m a r y . 
H i - i o s w i t c h i n io posit ion. 

I N S U F F I C I E N T F I L A M E N T O R 
H E A T E R V O L T A G E 

Too great load on heater or filament w i n d 
ing. 

L o w l ine voltage. 
W r o n g tube i n socket causing excessive cur 

rent d r a i n . 
I n c o r r e c t l ine voltage reducing res is tance . 
Defect ive operat ion of b a l l a s t ; replace . 
S h o r t c i r c u i t i n t rans former . 
S h o r t c i r c u i t in filament c i r c u i t . 
H i - i o s w i t c h i n h i posit ion. 

C : G E N E R A L T R O U B L E S , C A U S E A N D R E M E D Y 

23. C U S T O M E R ' S O P I N I O N — N A T U 
R A L E F F E C T S ( a ) O f course, you w a n t 
the customer's opinion of w h a t is w r o n g — 
because y o u r job is to service t h a t complaint . 
B u t you must know when a compla int is_ j u s t 
or unreasonable . I f you find t h a t the opinion 
is unreasonable , exp la in the s i tuat ion as care
fu l ly as you can wi thout offending the cus
tomer. E x p e r i e n c e is a n i m p o r t a n t factor i n 
judging the performance of a rece iver . R e 
ce ivers a r e frequent ly w e a k i n one or more 

w a y s . A rece iver m a y be loud and c l ear but 
have poor se lec t iv i ty ; or i t m a y be select ive 
but poor i n qual i ty . 

(b) I f the rece iver is of a re l iable m a k e 
(not necessar i ly the most adver t i sed or the 
product of the largest m a n u f a c t u r e r ) and 
w a s not designed to sel l for a low pr ice , 
reasonable per formance shouid be expected. 
B u t don't expect the rece iver bu i l t three or 
four y e a r s ago to be as good as the one made 
recent ly . I m p r o v e m e n t s a r e constant ly being 
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,dde and each y e a r the h igher pr iced receiv
ers a r e hetter a l i around. 

(c ) I n general , the more tubes used i n a 
receiver the better i t shouid per form. D o not 
include A V C tubes, squelch tubes, automat ic 
tone control tubes, tuning monitors , as they 
are mere ly a ids to s imple operat ion . A super
heterodyne rece iver is general ly better t h a n 
a tuned R . F . rece iver . Se lec t iv i ty and sen
s i t i v i t y are improved as more R . F . a n d I . F . 
stages are employed, and this shouid be used 
as a guide. Tone and volume are great ly gov
erned by the size of the cabinet , type of power 
output tubes a n d cost of the rece iver ( i n 
c luding good w o r k m a n s h i p and design, good 
m a t e r i a l ) . 

(d) W h e n inexpensive rece ivers are en
countered, such as midget, u n i v e r s a l , some 
D . G . receivers , too much shouid not be ex
pected. T he se rece ivers were made to sell at 
a low cost and n a t u r a l l y only a l imi t ed per
formance may be expected. These rece ivers 
ne i ther have sens i t iv i ty , se lect iv i ty , volume, 
nor fidelity comparable w i t h a h igher p r i c e d 
rece iver . H e r e too the n u m b e r of tubes and 
the size of the cabinet are used roughly to 
judge the i r w o r t h . 

(e) Some of the shortcomings of a n inex
pensive rece iver w h i c h cannot be r e a d i l y 
changed a r e : O n l y local stat ions are strong, 
d i s tan t stat ions weak or absent ( t r y a longer 
a e r i a l ) ; d istorts on high volume ( t r y adjust 
ing ioudspeaker i f of the magnet ic type and i f 
voltages are correct nothing can be d o n e ) ; 
d is torts on low volume (nothing c a n be d o n e ) ; 
only local s tat ions dur ing the day ( n a t u r a l ) ; 
tunes b r o a d ( n a t u r a l ) . 

( / ) Cus tomers expect too much from ai l -
w a v e receivers . T h e y must be told t h a t only 
local and semi-local powerful broadcasts are 
re l iab le and free f rom noise. F o r e i g n and 
d i s tan t shortwave reception is quite i r r e g u l a r , 
v a r y i n g from day to day, hour to hour , and 
every minute . T h e same rece iver w i i i per
f o r m differently in var ious locations. A n a i l -
w a v e antenna shouid be used as i t w i i i gener
a l ly give greater s ignal s trength, but quite 
often only a reduct ion i n noise w i l l be ob
t a i n e d — i n i tse l f a v e r y good reason for us ing 
one. C e r t a i n bands of the ai l -wave rece iver 
w o r k best d u r i n g the day ( u l t r a s h o r t - w a v e ) , 
wh i l e other bands w o r k best a t night . T h i s 
is a n a t u r a l condit ion. F o r more in format ion 
on short-waves r e a d section 25. 

ig) C h a n c e w i i i have i t t h a t tubes b u r n 
out one a f ter the other w i t h o u t any defect i n 
the chassis . T h e whole set of tubes m a y be 
old and weak , a n d ins tead of replac ing a i l at 
once, they are replaced as they b u r n out. 
N a t u r a l l y they seem to requ ire constant serv
ice. Tube s are n o r m a l l y r a t e d for 1000 hours , 
approx imate ly one year , and no one shouid 
expect longer l ife. A chassis a n d power l ine 
voltage cheek w i i i qu ick ly te l l i f the frequent 
b u r n i n g out is n o r m a l . I f the l ine voltage 
fluctuates use a l ine ba l las t . 

(ft) V e r y sensi t ive rece ivers are n a t u r a l l y 
noisy except on local and powerfu l s tat ions . 
C i r e u i t and tube noises ex is t and cannot be 
remedied. T h e customer must be told to ex
pect this on d i s tant s tat ions . 

( i ) R e c e i v e r s w i t h A V C w i i i be noisy 
when tuned between stat ions , as the rece iver 

is operat ing in its most sensit ive condit ion . 
R e c e i v e r s w i t h squelch or automat ic noise 
gates e l iminate this trouble to a cons iderable 
extent. 

24. N A T U R A L C O N D I T I O N S W H I C H 
A R E N O T D E F E C T S , ( a ) A res i s tor i s 
supposed to get hot, but i t is only when i t 

gets unusua l ly hot t h a t a defect is ind ica ted . 
If course the posit ion and use of the re s i s tor 

tha t you question must be considered. A 
gr id , or A V C , or p late res i s tor shouid not 
get hot; but a bleeder res i s tor or power p a c k 
voltage d iv ider , or l ine voltage regu la t ing 
res is tor is supposed to get hot. O n l y w h e n i t 
gets so hot tha t i t is r ed ( O . K . for l ine b a l l a s t 
r e s i s t o r ) , smokes, melts or chars s u r r o u n d i n g 
p a r t s is a defect ind icated . C h e c k w i t h an 
ammeter to determine i f the c u r r e n t through 
i t is n o r m a l . 

( 6 ) B a l l a s t tubes get hot, i n fact they 
w o r k because the res is tance elements a r e 
w o r k i n g at high temperatures . T h e r a d i o 
tubes get hot even to the point where i t i s 
impossible to touch them. T h e rect i f ier and 
power tubes heat up the most. O n l y when 
the plates t u r n c h e r r y red is a defect ind i 
cated. C h e c k voltages a n d c u r r e n t s i f i n 
doubt. 

( c ) C e r t a i n tubes, especial ly the rect i f ier 
and power tubes, have a purple blue glow at 
the glass envelope. T h i s is a n a t u r a l condi
t ion and shouid not be confused w i t h a b lue 
glow in the space between the cathode and 
the plate w h i c h indicates a defective tube o r 
its operat ion. I n the case of rect i f ier tubes 
do not condemn m e r c u r y vapor tubes as de
fective. U s u a l l y you can see l i t t l e ba i l s 
or a film of m e r c u r y , on the glass. G l o w in a 
m e r c u r y vapor tube is n a t u r a l . 

id) Qui te often radio m e n observe a s p a r k 
when connecting the ground lead to the ground 
binding post of the rece iver . T h i s is n a t u r a l 
i n a rece iver where a condenser is connected 
from the ungrounded supply l ine to the chas
sis. I f you reverse the power l ine plug i n the 
outlet the s p a r k i n g w i i i probably stop. Y o u 
shouid inser t the power p lug so t h a t the s p a r k 
ing is observed when the ground is connected. 
W h e n th i s condenser is used and the ground 
is left off, touching the an tenna or even the 
chassis m a y resul t i n a shock. Connect ing 
the ground w i i i stop th is . 

(e) Some ai l -wave rece ivers tune b r o a d on 
the broadcast band . A c e r t a i n amount of 
broadness cannot be helped i f the short -wave 
bands are to be designed to operate w i t h 
m i n i m u m frequency d r i f t ( s ignal fading due 
to osc i i ia tor frequency s h i f t ) . T h e I . F . stages 
are broadly band-passed so when the osc i l la tor 
frequency shifts , ampli f icat ion w i l l s t i l l exist . 
A sacrif ice of se lect iv i ty for be t ter S - W re-
suits . 

25. A L L - W A V E R E C E I V I N G C O N D I 
T I O N S , ia) I t m a y appear v e r y difficult to 
determine a n a t u r a l f rom a n u n n a t u r a l short
wave rece iv ing condit ion. H o w e v e r , the fol
lowing discussion plus a l i t t l e experience w i l l 
great ly help; 

(b ) I t w i i i be necessary to c lass i fy rad io 
rece ivers i n two groups: 1, the inexpensive 
and 2, the more expensive rece ivers . T h e in-
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expensive rece ivers do not have the sens i t iv i ty 
or the se lect iv i ty usual ly obtained from a 
more expensive rece iver . G r e a t e r volume and 
less interference w i i i be received from the ex
pensive set. Consequently the inexpensive 
rece iver w i l l tune broadly , give weak signals 
in the day-time, give weaker signals at one 
end of d ia l , have dead spots, have fading due 
to lack of or inadequate A V C , have dead 
spots in one band of the ai l -wave receiver , 
dead spots in severa l bands of the ai l -wave 
rece iver and lack of c l ear s ignals due to an 
inefficient antenna system. 

(c) T h e rece iver employing a short-wave 
converter may also be considered in the in
expensive class, as i t is a make-shif t assembly. 
O n such an arrangement we may hear noises 
and yet no signals. T h i s may be due to im
proper connections from the converter to the 
broadcast rece iver . Check them. I s the an
tenna connected to the antenna pests of the 
c o n v e r t e r ? I s the broadcast rece iver set to 
the correct d ia l posit ion? 

id) T h e i n a b i l i t y to get reception may be 
due to the wrong band sett ing or wrong t ime 
of day for the p a r t i c u l a r band. I t is, there
fore, important tha t you check the t ime when 
best reception can be expected and aiso when 
programs are ac tua l ly on the a i r . Only those 
f a m i l i a r w i t h the general charac ter i s t i c s of 
the t ransmiss ion and reception of short-wave 
s ignals can real ize the full possibi l i t ies of 
the use of an a i l -wave receiver . There fore , 
the fol lowing informat ion regarding the 
n a t u r e and general charac ter i s t i c s of short 
waves w i i i be helpful , especial ly to you and 
your customers interested in short-wave re
ception. 

(e) I t is interest ing to know that there are 
four m a j o r short-wave broadcast bands. E a c h 
band has its oivn charac ter i s t i c s . F o r in
stance, the 19 meter band (16 megacycles) is 
best adapted for reception d u r i n g dayl ight 
hours and w i l l be r a r e l y useful a f ter night
fa l l . F u r t h e r m o r e , s ignals at distances of 
over 1500 miles from the rece iver are h e a r d 
best on th i s band. 

( f ) T h e 25 meter band (12 megacycles) 
works quite wel l dur ing both day and n ight ; 
however, only very d is tant stations, especial ly 
those located over 2000 miles away , can be 
heard after darkness . D u r i n g the day signals 
approx imate ly 1000 miles or more a w a y w i i i 
be heard . 

(g) J u s t above the 25 meter band w i l l be 
found a 31 meter (10 megaoyeies) broadcast 
band. T h i s band has the general charac ter 
ist ics of the 25 meter band. H o w e v e r , very 
good reception of tiie d is tant stat ions is pos
sible both day and night . 

(ft) P r o b a b l y the most re l iable short-wave 
band is the 49 meter band (6 megacyc les ) . 
V e r y good dayl ight reception is obtained when 
the t r a n s m i t t e r and rece iver are but 300 
miles a p a r t , although very good dis tant re
ception is obtained when a large port ion of the 
path taken by the s ignal l ies in complete dark
ness. 

( i ) T h e reason for a difference in radio 
reception is expla ined as follows: R a d i o sig
nals t ransmi t t ed into the ether and on any 
wave length are known to d iv ide into two 

parts , known as the "ground" and the "sky" 
waves. T h e former remain close to the earth's 
surface, thus provid ing re l iable signals for 
short distances near the t r a n s m i t t e r . T h e 
other wave , cal led the sky wave , is reflected 
back to e a r t h at great distances from the 
t r a n s m i t t e r . I t is interest ing to know that 
there is usual ly a point where the ground and 
sky waves exist together and the signal wil l 
d is tort , fade out and fade in again if the 
rece iver is located here. T h e n there is an 
area following in which ne i ther ground nor 
sky waves exist . T h i s is known as a dead 
spot region, w i t h i n which reception does not 
exist . T h e a r e a or length of the dead spot 
region is commonly termed "skip distance," 
w h i c h var i e s w i t h seasonal changes and wi th 
weather condit ions and the t ime of day. 
A c t u a l l y the reflecting layer for the sky 
waves changes its effective height, thus chang
ing the angle of its route, g iv ing a large v a r i a 
t ion in reception conditions. A n d it is known 
that reception may change r a d i c a l l y in a very 
few minutes , especially in a region w h i c h 
borders on a dead a r e a . 

(y) T h e general charac ter i s t i c s of short 
waves must be considered in connection wi th 
frequency bands upon which reception is de
s i red , as wel l as the t ime of the day. F o r 
instance, 6 P . M . is the best t ime in the east
ern par t of the U n i t e d States to h e a r E u r o 
pean broadcast ing stat ions operat ing on high 
frequencies. E a r l y afternoon broadcasts of 
E u r o p e a n programs may be h e a r d on fre
quencies above 25 meters . 

(ft) I n order to check the operation of a 
radio rece iver we shouid l is ten to a number of 
s tat ions and if we receive only one s tat ion 
c l ear ly in each band we know that the set is 
w o r k i n g proper ly and that the dis tort ion, if 
any, is due to weather condit ions or improper 
spacing between the t r a n s m i t t e r and rece iver . 
These conditions are , of course, beyond the 
control of the l istener. These are n a t u r a l 
conditions. T h e u n n a t u r a l condit ions can 
then be very easi ly weeded out from the natu
r a l . S u c h a case would be when an expensive 
rece iver has poor sens i t iv i ty and broad tuning, 
as wel l as r a p i d fading. 

26. P A R T I N C O R R E C T L Y C H O S E N 
O R R E D U C E D I N V A L U E B Y U S E . 
( « ) A rel iable make of rece iver should gen
era l ly give reception at least acceptable to 
the customer at the time of purchase . Other 
wise the customer would not purchase it . Of 
course, i t is not improbable that an incorrect 
value of a condenser, choke or res is tor may 
have been used in the or ig inal design or that 
the value of some p a r t w i l l change after the 
rece iver has been in use some t ime; yet the 
greatest chance of changing the charac ter i s t i c s 
of the rece iver wi l l come in making an im
proper replacement while serv ic ing . A few 
examples w i i i be helpful . 

(ft) W h e n a decoupling condenser (con
nected from cathode to -f B ) is too small 
regenerat ion and squeals may ar i se . F o r A . F . 
use .5 to 2 mfd., for R . F . use .1 to .25 mfd. 

(c ) I f a bias res istor bypass condenser is 
too smal l , regeneration, degeneration, distor
t ion or hum may be introduced. F o r A . F . use 
2 to 8 mfd. ; for R . F . use .1 to .25 mfd. 
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(d) I f the condsMer acroM a variable re-
i i s t o r is too smal l , the volume control w i l l be 
noisy. T r y a higher capac i ty vaiue. 

(e) I n c o r r e c t res is tor va iue may resul t i n 
improper electrode voltages. E v e n i f the re
sistor used is according to the c i r c u i t d i a g r a m 
i t is a l w a y s safer to check voltages after a 
replacement, w i t h a voltmeter. 

( / ) A res is tor may be correct as f a r as 
ohmic value is concerned, but have inadequate 
heat d i ss ipat ing propert ies . I t s wattage ra t 
ing is too low. I f the res is tor gets too hot, 
use one wi th a higher ra t ing , or see tha t the 
a i r c ireuiat ion is not blocked. I f in doubt 
figure watts diss ipated by the f o r m u l a ; w a t t s 
equals volts dropped t imes c u r r e n t c a r r i e d , or 
wat t s equals c u r r e n t t imes c u r r e n t t imes the 
res is tance of the res is tor . F o r under chass is 
use, select a res is tor w i t h about four t imes 
the power ra t ing . F o r above chassis use. se
lect one with about twice the power r a t i n g . 
H i g h watts d iss ipat ion (50 watts and above) 
use resistors w i t h equal watts ra t ing and be 
sure there is a good c i rcu la t ion of a i r . 

(g) The fixed condenser shouid have a 
working voltage at least equal to twice the 
voltage it is to he used on. T h e r e are two 
exceptions to this , solely for economical rea
sons. F i l t e r condensers should he selected so 
the ir r a t i n g al>out equals the peak voltage and 
A . F . " C " bias resistor condensers should have 
at least the voltage rat ing of the t e r m i n a l s to 
wiiicli tliey connect. W h e n e v e r possible use as 
higli a voltage ra t ing as you can without run
ning up tiie cost. F o r o r d i n a r y use accept 
notliing under 200 volts ra t ing . Me l t ing wax 
running from a coinlenser which is not near a 
hot spot, or is prope i iy vent i lated, indicates 
the necessity tor a higher voltage condenser. 

(ft) Cliokes. coils, t rans formers and v a r i 
able condensers siioiiid he exact replacements , 
preferai i iy of the same make . 

(«) Subs t i tu te a new gr id leak for the old 
one if yon think it is defective. I t is prac t i 
cal ly impossible to test gr id leaks w i t h any 
degree of accuracy. T r y var ious gr id leaks 
ranging in vaiue from 2 to 6 megohms unt i l 
you find tlie one giving strongest and clearest 
signals. I f the set is used for dis tant recep
tion, a high resistance leak gives best results . 
I f for local or nearby stat ions , a low vaiue 
res istance should be used. 

(;) A l w a y s check the tubes in a rece iver , 
as to proper type. I t is not uncommon to find 
incorrect types used, for example, a 24 in 
place of a 51. R e p l a c i n g a tube w i t h the 
wrong filament voltage ra t ing may cause i t to 
b u r n out. 

27 . O U T S I D E I N T E R F E R E N C E 
( S T A T I C ) , ( a ) Noises or ig inat ing outside 
the receive! eau usually he determined by 
removing tiie a e r i a l and ground wires . I f the 
noise s t i l l persists , it is an indicat ion that the 
noise or ig inates I N the rece iver or accessories 
(batter ies , tubes, power unit or loose connec
t i o n s ) . N a t u r a l interference ( s t a t i c ) pre
sents i tself as v a r y i n g sounds, usual ly loud 
crack l ing or crashes . S t a t i c is a n a t u r a l phe
nomenon, and lip to the present t ime no means 
of successfully overcoming i t has been devised. 

(6) S t a t i c interference is much more no
ticeable d u r i n g the hot, summer months and 

makes i t impossible to receive d i s tant stations 
w i t h any degree of regu lar i ty . I n fact , i t is 
sometimes so had tha t i t is impossible to 
obtain sat i s factory results , except possibly on 
the very strong local s tat ions . A c c u m u l a t i o n s 
of s ta t ic e lectr ic i ty on the a e r i a l w ires some
t imes become so great as to severely shock a 
person touching the antenna system or an
tenna b inding post of the rece iver . Ins tances 
have been known when the charge is so great 
tha t the e lectr ic i ty w i i i a r c across to the 
antenna post to the rece iver i f a lead connec
t ion is broken. 

(c ) T h e ignit ion systems of automobiles 
and t r u c k s passing along the r o a d or street 
w i l l cause s tat ic - l ike interference i n short
w a v e reception. T h i s is especial ly true in the 
15 megacycle band . T h e r e is no remedy for 
this type of interference other t h a n placing 
the antenna and lead-in as far as possible 
from the h ighway along which the automobiles 
pass. 

(d) O n some types of rece ivers i t is n a t u r a l 
to receive a large amount of s ta t i c and other 
noises when tuning from one stat ion to 
another, or when swi tching from one hand to 
another in an ai l -wave rece iver . T h e only 
remedy for th i s type of trouble is to t u r n 
down the volume control on the rece iver 
before m a k i n g the change. 

28. S T A T I O N I N T E R F E R E N C E AND 
B R O A D T U N I N G , ( a ) T h e r e i s no receiver 
made w i t h reasonable sens i t iv i ty , se lect iv i ty 
and fidelity which w i i i not suffer from stat ion 
interference . T h e designer recognized the 
fact that one good qual i ty w o r k s to spoil 
another des irable feature and s t r ikes a bal
ance. I t is your duty to acquire by experi 
ence, the ab i l i t y to judge what performance 
shouid he expected from the rece iver you are 
serv ic ing . 

( 6 ) Before proc la iming tha t interference 
cannot be e l iminated , check for broad tuning 
(see in this section "Judging B r o a d T u n i n g " ) . 
I f the customer pre fers se lect iv i ty to fidelity 
peak the tuning stages. I f this does not re
duce interference to a sat i s factory amount, 
the only logical step to take is to ins ta l l a 
wave t r a p . C o n t r a r y to the general opinion, 
any coil and condenser w i i i not m a k e a good 
wave t r a p . U s e a good v a r i a b l e condenser of 
smal l size and a regu lar R . F . rece iver trans
former. T h e t r a p should be designed for the 
broadcast or the short-wave h a n d i n w h i c h 
interference is present . 

(c ) Connect the w a v e t r a p i n series w i t h 
the antenna lead w i r e , when the trap's coil 
and condenser are in p a r a l l e l or has a p r i m a r y 
w i n d i n g ; for a i l -wave antenna systems con
nect the , coi l and condenser in series and con
nect the t rap across the two leads to the 
rece iver . T u n e the rece iver to the stat ion 
des ired and adjust the wave t r a p to e l iminate 
the undesired stat ion. R e t u n e the receiver 
for des ired s tat ion and the t r a p for undesired 
stat ion. 

( d ) T h e types of interference you w i i i 
encounter are as follows: 

( e ) I f the rece iver is located too near a 
local broadcast ing stat ion, the s tat ion may be 
received over a wide range of the stat ion 
selector scale. T h i s is re f erred to as broad 
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tuning. A s s u m i n g the rece iver al ignment is 
sat i s factory , a w a v e t r a p shouid be used, tuned 
to the powerful local so stat ions to e i ther side 
may be tuned in . 

( / ) Often the customer w i i i complain tha t 
the local s tat ion can be tuned in w i t h d i s tant 
stat ions, but when a stat ion is not tuned in , 
this s tat ion interference is not obtained. T h i s 
difficulty is re f erred to as "cross-modulation" 
and is due to the fact tha t the local s tat ion 
is causing, usual ly the first tube to act as a 
detector, and not al lowing the tuned stages 
following a chance to tune i t out. B e sure to 
use v a r i a b l e m u screen gr id or super R . F . 
pentode tubes i f specified for the rece iver , 
as these tubes help reduce cross modulat ion 
(aiso h u m ) . A high C bias or low plate volt
age on the first R . F . tube may produce th i s 
in ter ference; check voltages w i t h manufac
turer 's recommended values . T r y a wave t r a p 
tuned to the local s tat ion r id ing i n on dis tant 
broadcasts . 

(g) I f the iocai s tat ion rad ia tes harmonics , 
interference w i i i he obtained on higher fre
quencies. A 610 K . C . broadcast may he heard 
at 1220, 1830, 2440, etc. T h i s is no faul t of 
the rece iver , and not a thing can be done to 
the rece iver to e l iminate these undes ired sig
nals . I f you are sure that the s tat ion is r a d i 
at ing harmonics (check this fact on severa l 
rece ivers i n var ious local i t ies ) c a l l the stat ion 
engineer. H e w i i i g ladly make a check. 

(A) I n some supers a stat ion hav ing a fre
quency equal to the d i a l sett ing plus or minus 
twice the I . F . frequency may r ide in on the 
des ired s ignal . T h i s is cal led image interfer
ence. A coil and condenser t r a p (both p a r t s 
in series connected across the antenna and 

round) tuned to the in ter fer ing s ignal w i i i 
eip e l iminate this interference . 

(f) Shou id you find tha t a local code or 
broadcast short-wave s tat ion interferes on a 
lower frequency range of a rece iver ( for 
example , the broadcast h a n d ) tune the iocai 
out w i t h a short-wave t r a p . T h e rece iver is 
a superheterodyne and harmonics of i ts oscil
lator are beat ing w i t h the frequency of the 
offending s tat ion. 

(;•) I f long-wave code stat ions (above 650 
meters ) are in ter fer ing w i t h reception of a 
superheterodyne rece iver , the s ta t ion is prob
ably of the same frequency as that of the I . F . 
section. A long-wave wave t r a p m a y he in
serted i n the antenna lead-in. U s e a n I . F . 
t r a n s f o r m e r s i m i l a r to the one i n the rece iver . 
U s e only one coi l and i ts condenser; open 
other c i r c u i t s . Y o u m a y aiso set the I . F . to a 
s l ight ly h igher or lower frequency. R e a l i g n 
the rece iver completely. T h i s m a y throw the 
s tat ion d i a l c a l i b r a t i o n off. 

(ft) I t is w o r t h remember ing tha t many 
customers report tha t they hear the same sta
t ion a t different posit ions of the tuning d i a l . 
W h a t they are rea l ly h e a r i n g is the same pro
g r a m coming from different stat ions , and have 
not bothered to check up tha t they are l isten
ing to a c h a i n p r o g r a m . 

(!) W h e n we stop to real ize tha t there are 
a few hundred stat ions on a t the same t ime in 
the broadcas t hand , i t is reasonable to expect 
some interference . F i r s t , s evera l stat ions 
may he on the same frequency and a sensit ive 
rece iver , regardless of i ts se lect iv i ty w i i i p ick 
up both or s evera l of the stat ions . Noth ing 

can be done to e l iminate th i s interference 
w h i c h is often recognized by one fading in 
whi le the other fades out, one after the other; 
or a i l coming at one t ime crea t ing a hash of 
words or mus ic ; or a chopping up of the more 
powerful broadcast . O n the other h a n d , if 
one stat ion is off its assigned frequency by 
more than 50 c.p.s., a low p i tch hum or squeal 
may he h e a r d . 

( m ) I f two stat ions are 10 k.c . a p a r t as 
they shouid be and modulate a 5 k.c. sound, 
and the customer's rece iver is band-passed to 
at least 10 k .c .—garbled reproduct ion is heard . 
Because i t sounds so much l ike "monkey chat
ter" i t is re f erred to by th i s express ion. 
Noth ing can be done w i t h an ord inary receiver 
unless you w i s h to reduce fidelity by peaking 
the tuning systems. I n a high fidelity receiver 
w i t h v a r i a b l e band w i d t h , reduce or compress 
the band w i d t h of reception. 

( » ) I n judging broad tuning do not esti
mate the number of div is ions on the tuning 
d i a l over w h i c h the stat ion may be received 
and then express an opinion. F i g u r e out the 
actua l number of ki iocyciea. T u n i n g is broad 
if on iocai s tat ions the hand width exceeds 30 
kilocycles , on distance if i t exceeds 20 ki lo
cycles for powerful broadcasters , on distance 
i f i t exceeds 10 ki locycles for normal power 
radio stat ions. S h a r p 10 ki iocycie cut-off for 
a i l s tat ions is ideal and m a k i n g a rece iver 
s h a r p e r t h a n this vaiue only tends to destroy 
tonal qual i t ies . I f in your opinion tun ing is 
broad, and the rece iver is capable of better 
se lect iv i ty , real ign the tuning stages. See 
section 45, on Rece iver Ai ignmeut . A 4 to 5 
stage tuned R . F . rece iver should give accep
table se lec t iv i ty ; a superheterodyne witi i one 
pre-seiector stage and 2 I . F . t rans formers 
( tuned plate—tuned g r i d ) shouid give satis
factory se lect iv i ty . R e c e i v e r s w i t h more 
tuned stages shouid he hand-passed tor higher 
fidelity. R e c e i v e r s w i t h less tuned stages 
should be peaked sharply . R e c e i v e r s in which 
the detector is of the g r i d leak-grid condenser 
type are general ly broader than i f a b ias type 
detector is used. A change-over may help. 

29. A N T E N N A S Y S T E M T R O U B L E S . 
( a ) Short Aerial. T h e a e r i a l on any receiv
ing set shouid have a length approx imat ing 
tha t suggested by the m a n u f a c t u r e r of the 
rece iver . G e n e r a l l y speaking, for tiie broad
cast band, a n a e r i a l 60 to 80 ft. long w i l l give 
excellent resul ts . Indoor a e r i a l s and l ight 
socket antennas never give the same results 
as good outdoor antennas . S u c h i u s t a i l a t i o n i 
usual ly give good results on iocai or nearby 
stat ions , hut are not of much vaiue for d is tant 
reception. I f possible, a l w a y s use an outdoor 
s tra ight -away . 

( 6 ) Poor or High Resistance Joints. T h e 
ends of a l i w i r e s to he jo ined should he 
scraped c lean and then soldered and taped. 
T h e ground w i r e shouid be connected by means 
of a n approved ground c lamp to tiie cold water 

ipe, or a pipe d r i v e n into the damp ground. 
crape the surface of the pipe under the c lamp 

so as to form a good e lec tr ica l connection. 
T h e ground w i r e should be soldered to the 
ground c lamp. I n a i l w a v e antennas a poor 
connection can exist a t the coupling trans
former, especial ly in the types hav ing adjust
ments. E x a m i n e a i l taps , connections and 

25 SECTIONS 28e to 29b 

STEAM POWERED RADIO.COM



switches care fu l ly for loose, d i r t y or corroded 
connections. 

( c ) Antennas that are too short general ly 
reduce volume and since some sets are more 
sensit ive a t one end of the d ia l than the other, 
this effect is more noticeable at the less sensi
t ive end. I n some cases, the aer ia l resonates 
at the end w i t h good reception and fai ls off in 
efficiency at the other end of the h a n d . A 
change in length, general ly , an increase , is a 
remedy for th is . T h e n , too, a short antenna 
may cause a receiver to osc i l late; lengthening 
the s t ra ight -away helps. 

( d ) When an antenna is too long, the re
ce iver may not he selective, the volume of 
local s tat ions may he uneontroi iahie , or sta
t ion interference may exist . C u t the length 
of the a e r i a l to the size suggested by the manu
fac turer of the rece iver or inser t a condenser 
in series w i t h the a e r i a l . A smal l fixed con
denser of approx imate ly .0025 mfd. or .0001 
mfd. is usnai iy helpful . A v a r i a b l e condenser 
permits finer adjustment . 

( e ) A n antenna system t h a t is poorly de
signed and erected w i i i not give the receiver 
a chance to show its ab i l i t y . B e especially 
sure that a n a i l -wave antenna is erected prop
er ly , following the antenna k i t manufac turer ' s 
instruct ions careful ly . K e e p wel l a w a y from 
trees, power l ines, meta l roofs, etc. B e sure 
that the antenna is correct ly matched 
(coupled) to the set input . T h e types w i t h 
adjustable or tapped t rans formers shouid he 
adjusted for m a x i m u m resul ts . B e sure that 
the antenna is of a type t h a t w i l l w o r k satis
factori ly w i t h the set. 

( / ) K e e p antenna w i r e s free from contact 
wit l i other objects. D o not let the w i r e touch 
trees or sides of bui ldings. U s e stand-off insu
lators to hold wires a w ay from the bui ld ing , 
and be sure to take the lead-in w i r e into the 
house through a porcela in tube or by w a y of 
au approved "lead-in s t r i p " provided especi
ally for tha t purpose. R e m e m b e r , the better 
the antenna ins ta l la t ion , the better the an
tenna ins i i iat ion, the stronger and c l earer w i i i 
he tlie reception. I t pays to take t ime to 
erect tiie antenna system in a w o r k m a n l i k e 
manner . 

(g) K e e p the aerial and lead-in w i r e pul led 
t ight so i t cannot sway excessively in the 
w ind . B y using an a e r i a l spr ing or pul ley and 
weiglit, tiie antenna may he kept t ight. A v o i d 
anclioi'ing tiie antenna to objects l ike trees 
which sway w i t h the w i n d . 

(A) I f you touch an aerial or i ts lead-in 
which is touching a power line you w i i i get 
a siioek. A e r i a l s shouid he erected as far 
from tiiem as possible. I f the lead-in must 
come close to a power l ine, he sure tha t both 
are fastened so securely that no contact can 
be made. I f the power l ine is loose, in form 
the power company; they wi i i qu ick ly rect i fy 
the defect. A s a mat ter of course, you shouid 
keep the antenna system a w a y from power 
and telephone l ines; as this w i l l min imize 
interference. I t is advisable to ins ta l l the 
a e r i a l so tha t the w i r e s are at r ight angles to 
any power l ines and as far a w a y as possible. 
A n y power l ine passing through branches of 
trees should be thoroughly taped to prevent 
c u r r e n t leakage. T h i s w o r k can only be done 
by the power company. W h e n e v e r a large 
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tiiimtm- 'of power ntrd teiephwae w i r e s a t e SeSa, 
a lways recommend a noise-reducing antenna, 
the s tra ight -away in the noise free zone. 

(») Q u i t e often you r u n across an instal la
t ion where the receiver works equal ly well 
when the ground lead is diseonnected. T h e 
power line is a better ground than the one 
used. T h e power l ine has a grounded side 
and is general ly connected to the set chassis 
through a condenser; and by disconnecting 
the or ig ina l ground, the power l ine then acts 
as the ground. 

(j) A short , s t r a i g h t w i r e connected to the 
cold w a t e r pipe makes the most p r a c t i c a l 
ground connection. A v o i d the use of s team or 
gas pipes. 

(ft) A n arrester h a v i n g poor or corroded 
connections and leaks due to collections of 
d i r t or soot w i i i n a t u r a l l y cause noise. A 
shorted a r r e s t e r w i i i stop reception of d is tant 
stat ions. T h e a r r e s t e r could he defective due 
to age or a l ightning surge. T h e simplest test 
of th i s is to t e m p o r a r i l y disconnect the sus
pected a r r e s t e r or t r y a new one. 

(!) Select the Correct All-Wave Antenna. 
T h e r e are many types of a i l -wave antennas, 
and there are c e r t a i n types that wi l l work 
sa t i s fac tor i ly only w-ith rece ivers h a v i n g defi
ni te input impedances for which they are de
signed. T h e older radio rece ivers may have 
low or high impedance inputs and special 
v a r i a b l e impedance t rans formers should he 
used so a correct match is possible. T h i s 
shouid be considered before the purchase of 
the a e r i a l . T y p e s hav ing v a r i a b l e impedances 
are on the m a r k e t which can he made to work 
w i t h most ai l -wave sets. A n ai l -wave receiver 
requires an a l l -wave antenna for best results , 
and they shouid be proper ly connected to the 
rece iver . R e a d the instruct ions w i t h the 
antenna k i t . 

(TO) A Choke or Resistor Receiver Input 
provides an untuned antenna input . Of 
course, no tuning act ion exists , thus permit 
t ing strong locals to "ride i n " on weaker sta
tions, an effect known as cross-modulation. A 
tuned input may he subst i tuted or a wave t rap 
used, adjus ted to the offending iocai s tat ion. 

(») Two receivers should not be used on 
the same antenna, unless a system especially 
designed for this use is ins ta l led . Shocks can 
be obtained where two sets are connected to 
the same a e r i a l . Noises , squeals and whist les 
often occur. F e e d b a c k takes place between 
the s.ets which are so coupled. Sets shouid be 
on separate o r d i n a r y aer ia l s i f they are to be 
used at the same t ime. H o w e v e r , i f a shock 
is the only objection to the mult iple use of an 
antenna , a smal l m i c a condenser shouid he 
placed in series w i t h each lead-in, thus pre
vent ing shocks. 

(o) Testing an Antenna System. A broad
cast antenna should not he difficult to test. 
Disconnect the antenna and ground leads from 
the receiver . Connect an ohmmeter to A N T 
and G N D receiver posts; a low ohm reading 
indicates normal cont inui ty . Counect the 
ohmmeter to antenna and ground leads, set 
the ohmmeter to its highest range. T h e read
ing shouid be infinite resistance, showing no 
shorts or leaks. I f a reading is obtained in
spect the lead-in and antenna for poor insula
t ion o r possible shorts to conductors on the 

house, a n d disconnect and test the l ightning 
a r r e s t e r — n o read ing shouid be obtained. T o 
check antenna lead w i r e for opens, connect one 
end to a meta l gutter or pipe, test w i t h the 
ohmmeter from the free end to the meta l gut
ter or pipe. A low ohmic read ing should he 
obtained for normal cont inuity . 

ip) Cheek ing a n a i l -wave t ransmiss ion l ine 
system calls for a l i t t l e more de l iberat ion . 
Disconnect the t ransmiss ion line from the 
rece iver t r a n s f o r m e r , and check the la t t er for 
cont inui ty , j u s t as you would any R . F . t rans 
former. I n general , cont inui ty shouid exis t 
between p r i m a r y t e r m i n a l s and between 
secondary t ermina l s , I f in doubt, connect 
the t ransmiss ion cable d irec t ly to A N T and 
G N D rece iver posts. I f recept ion is now 
obtained, to get a new t rans former . 

(q) T o check the t ransmiss ion cable, con
nect an ohmmeter to the ends disconnected 
from the t rans former . I f the antenna end 
s tar t s w i t h a t rans former , the reading ob
ta ined shouid he low ( r e s i s t a n c e ) : i f the an
tenna is a doublet w i t h no t r a n s f o r m e r , a 
high res is tance shouid hp obtained D u e to 
b r e a k d o w n of insu la t ion in the cable, collec
tion of soot and d i r t , some read ing w i l l he 
observed in an ins ta l la t ion tha t has been up 
some t ime. I f i t is less t h a n 10,000 ohms, 
ins ta l l a new cable, ident ica l w i t h the or ig ina l . 
I t is a good plan to disconnect the cable from 
the antenna coupler, i f one is used a n d check 
the cable i tself for leakage. A l w a y s check 
between the leads or shie ld to ground. No 
short or leak shouid exist . 

f r ) T h e antenna coupler i s checked in the 
same m a n n e r as the rece iver t rans former , 
A schematic w i r i n g d i a g r a m of the antenna 
system i f followed w i i i , of course, e l iminate 
any guessing in the tests. 

(« ) I f a poor connection is suspected, shake 
the antenna, lead w i r e s , or cable when making 
an ohmmeter test. 

30. P O W E R S U P P L Y D E F E C T S , (o) 
Improper Line Power Supply. A l w a y s he on 
the lookout for D . C . rece ivers in A . C sections, 
as the rece iver w i i i not operate; and A . C . 
rece ivers in D . C . sections of a community as 
the l ine fuses w i l l blow out. O n the other 
hand, the rece iver m a y begin to smoke due to 
excessive c u r r e n t of the improper type flow
ing through i t and, the t r a n s f o r m e r may b u r n 
out. U n i v e r s a l rece ivers , however, w i l l oper
ate on e i ther A . C . or D . C . I n some U n i v e r s a l 
receivers i t is necessary to t h r o w a swi tch at 
the r e a r of the chass is to w o r k i t on A . C . or 
D . C , that is, to convert its operat ion. A l s o 
determine definitely the correct operat ing l ine 
voltage to be appl ied to the rece iver i f there 
is any question at a i l about the proper power 
supply. 

(ft) High or Lore Line Voltage. T h e tubes 
in a radio rece iver w i i i go b a d i f the power 
supplied to them is above or below the i r speci
fied work ing values , p a r t i c u l a r l y i f the volt
age 18 above n o r m a l . I t is therefore extremely 
important to check the l ine voltage. 

(c ) L o w l ine voltage dur ing the day t ime 
may cause w e a k signals to be received. O n 
the other h a n d , we m a y experience broad 
tuning. H i g h l ine voltage m a y cause squeals, 
howls or put-puts. 

id) D i s t o r t e d or muffled s ignals may be re
produced i f the l ine voltage is abnormal ly 
high or low. A g a i n cheek the l ine voltage. 

(e) W h e n low or high voltage l ine supplies 
a r e suspected the first th ing n a t u r a l l y to do, 
is to find out by an A . C . voltmeter test 
whether the voltage is above or below the 
recommended input for the rece iver . I f the 
rece iver has any means of adjus t ing the p r i 
m a r y of the power t r a n s f o r m e r to the l ine 
voltage (usua l ly taps or a v a r i a b l e posit ion 
fuse is p r o v i d e d ) , an adjus tment is made. T h e 
taps or fuse positions are m a r k e d ; set them 
to a posit ion tha t is neares t to the l ine voltage. 
I t is a l w a y s safer to set the rece iver for a 
high l ine voltage. I f you set i t to a low l ine 
voltage there is no immedia te w a y of te l l ing 
whether the l ine voltage w i i i go up dur ing 
the day. A l ine voltage check d u r i n g the 
afternoon and ear ly evening w i l l give more 
definite in format ion . T h e n set the power 
t rans former p r i m a r y for the highest voltage; 
or prefers hi V insta l l a i ine ba l las t . A ba l las t 
is a lways pre ferred when i ine voltage v a r i a 
t ion exists . W h e n no rece iver adjustment is 
provided and the i ine voltage stays constant 
hut high, ins ta l l a v a r i a b l e i ine regulator 
( v a r i a b l e re s i s tor ) although a ha i ias t w i i i 
w o r k as wel l and insure against sudden i ine 
voltage r ises . I f a number of complaints of 
this n a t u r e are found in the same d i s t r i c t , 
report the condit ion to. the power company. 
I n most cases the condit ion w i i i he rectified. 
Don't expect the power company to bui ld an 
ent i re feeder sys tem; cooperate w i t h them 
by using a l ine ba l las t . 

(/) No Power When Switch is Turned On. 
T h e tubes in a rad io rece iver may not light 
for many reasons. H o w e v e r , a care fu l check 
shouid a lways he made of the power i ine volt
age. A burned out house or rece iver fuse, or 
an open in the power cord w i i i make it ira-
possihie for the rece iver to operate . F u s e s in 
the rece iver c i r c u i t should l ikewise he re
newed i f damaged acc identa l ly . 

(g) A defective line switch may cause the 
i ine fuse to blow whenever the rece iver power 
plug is inserted into the w a i l outlet. W h e n 
such condit ion occurs, in s ta l l a new fuse and 
then proceed to test the cont inui ty of the 
swi tch t e r m i n a l s w i t h respect to the chass is 
and the power cord lead as we l l . W i t h the 
rece iver swi tch i n the off posit ion we shouid 
not have cont inui ty between the prongs of the 
rece iver power plug. 

(A) Reversed Power Plug. W h e n operat ing 
U n i v e r s a l A . C . - D . C . rece ivers as wel l as D . C . 
rece ivers f rom D . C . l ines, i t is extremely im
portant tha t the i ine plug he inserted in the 
outlet w i t h the proper p o l a r i t y . Often t imes 
a i l tubes w i i i l ight and yet no s ignals w i i i he 
h e a r d due to the fact tha t the i ine plug is 
reversed . H u m may exis t in an A . C . rece iver 
because of a reversed plug. These condit ions 
may he eas i ly corrected by mere ly removing 
the plug and inser t ing i t aga in in reverse , thus 
revers ing the po lar i ty of the power suppl ied 
to the rece iver . 

( i ) Shock When Chassis is Touched. Most 
of the inexpensive u n i v e r s a l and D . C . sets 
have w h a t is known as a hot chassis . T h a t is, 
the chass is is above ground and usual ly a volt
age equal to the i ine voltage is suppl ied to the 
rece iver . W h e n touching such a rece iver 
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ctaBBis ire may become shocked. I f i t is neces
sary to handle such a chass is w i t h the l ine plug 
plugged in , wear a p a i r of rubber or d r y 
canvas gloves. B e care fu l and do not touch 
the chassis w i t h a ground w i r e or set the 
chassis on a sheet of meta l w h i c h is grounded. 
T h e m a i n i ine fuse m a y blow i f you do! 

(;•) Filament Circuit TrouUes. W h e n e v e r 
severa l tubes in a rece iver do not l ight, look 
for a poorly soldered filament connection, or 
a n open filament res is tor , a poor socket prong, 
or a poor soldered jo in t at the tube prong. A 
break in a filament cord res i s tor m a y he found 
in some of the inexpensive U n i v e r s a l rece ivers . 
T h i s condit ion w i i i prevent the tubes from 
l ighting. T h e res is tor cord shouid he replaced 
i f the break is found to he more t h a n 6 inches 
from the ends of the cord. 

(ft) A short c i r c u i t between a filament 
c i r c u i t and a ground m a y cause h u m in an A . C 
rece iver . T h i s w i i i usual ly he due to poor in
sulat ion or insufficient spacing between the 
leads c a r r y i n g the filament supply. 

( I ) D i s t o r t i o n or muifled s ignals m a y he 
received by the appl icat ion of excessive fila
ment voltage or hav ing a broken ground w i r e 
or lead. Cheek the filament voltage and aiso 
the ground to the filament c i r c u i t . R e f e r to 
the schematic w i r i n g d i a g r a m of the rece iver 
for exact connections. 

(m) I t is i m p o r t a n t to have the proper 
center tap to the filament source of the R . F . 
tubes in a high gain rece iver in order to re
duce resonant or tunable h u m to the lowest 
value . 

( » ) Some rece ivers use fixed as we l l as 
v a r i a b l e mid tap res is tors . H u m w i i i he heard 
if these a r e defective, when the rece iver is 
A . C . operated. T h e res is tance of the res is tors 
may he checked by removing the connecting 
leads and us ing an ohmmeter I f the res is tor 
is found to be open and shouid i t he impos
sible to r e p a i r , then inser t a n e w one. 

31 . D E F E C T I V E F I L T E R S Y S T E M . 
(o ) A defective filter system of a radio re
ceiver, regardless of the type, w i l l cause ser i 
ous trouble unless corrected a t once. N a t u r a l l y 
the defect w i l l he in a choke coi l or a filter 
condenser. A grounded filter choke coi l , or 
a leaky or shorted filter condenser w i i i throw -
a n unusual ly large load on the rectif ier tube 
and the power t rans former . I f the la t ter is 
adequately protected by a fuse, the set fuse 
w i i i blow. I f the fuse has too high a c u r r e n t 
r a t i n g the t rans former m a y overheat and 
eventual ly b r e a k down; or the rectif ier tube 
elements, p a r t i c u l a r l y the plate w i i i get red 
hot, emit gasses and a blue glow w i i i ar i s e 
between the elements; or the i ine h a i i a s t re
s i s tor w i i i overheat and eventual ly b u r n out. 
A blue glow between elements is a definite 
ind ica t ion of a filter defect, except in the case 
of a m e r c u r y vapor rectif ier tube. S h u t the 
power off a t once and check chokes a n d con
densers, as exp la ined elsewhere i n th i s refer
ence text . 

( 6 ) M e r c u r y vapor rect i f ier tubes often
t imes employ smal l radio frequency chokes a t 
the ir plate lead termina l s . W h e n these chokes 
become defective due to improper ins ta l la 
t ion, or are acc identa l ly damaged, we may 
h e a r noise. T h i s noise may he h e a r d from the 
receiver chass is or ioudspeaker . 

(e) A filter choke or loudspeaker field 
w h i c h is shorted m a y cause h u m , squeals, 
howls, and put-puts. T h i s is due to the fact 
that there is insufficient reactance inserted 
in the c i reu i t . A shorted rad io frequency 
choke m a y aiso resul t in squeals. 

( d ) A i l rece ivers us ing a meta l chassis 
general ly have the chass is grounded. F o r this 
reason a careful inspection shouid he made to 
see tha t no piece of a p p a r a t u s or h a r e w i r e 
is touching the chass is tha t is intended to 
c a r r y power to points other t h a n the chassis 
itself . T h i s can he determined qui te defi
ni te ly by comparing a i l connections w i t h a 
schematic w i r i n g d i a g r a m and m a k i n g con
t i n u i t y tests. 

32. R E G E N E R A T I O N AND O S C I L L A -
T I O N . (o) Regeneration in a rad io rece iver 
is general ly recognized by a swishing or rush
ing sound as you tune in a s ta t ion; oseillation 
w h i c h is general ly excessive regenerat ion 
makes i tse l f known by squeals and howls, 
e i ther w i t h set tuned to any d i a l posi t ion or 
when tuning through a s ta t ion . Osc i l i a t ion 
is, of course, quite object ionahie and must he 
removed, although some ind iv idua l s m a y he 
wi l l ing to have regenerat ion i f i t is control l
able. Osc i l l a t ion i n heat s ignal generators 
for s ignal finding is quite essential , a n d re
generat ion under control a l lows greater sig
n a l s trength to be obtained. Regenera t ion is 
only object ionahie i f i t d i s torts or muffles 
s ignals , or reduces the fidelity of reception. 

( 6 ) A check for i n t e r n a l and ex terna l 
squeals and howls or swishing should first he 
made. I f any of these symptoms are heard 
when the s tat ion selector or rece iver is not 
adjusted, some one in the neighborhood is pro
ducing the interference . Noth ing can he done 
unless the offender is t r a c k e d down w i t h a 
d irec t iona l loop antenna rece iver and that 
rece iver corrected or the owner shown how 
to operate h i s rece iver . A i l other conditions 
of interference are due to set defects or un
balance . 

( c ) Superheterodyne rece ivers often pro
duce a squeal or howl when tuned, the har
monics of the I . F . or iocai generator heat ing 
w i t h the Incoming s ignal or some other s ignal 
passing through the preselector even when the 
signal i tself is not audible . L o w e r i n g the 
osci i iator g r i d b ias or p late voltages, checking 
up on misplaced w i r e s i n the I . F . section often 
corrects th i s defect. 

(d) Regenera t ion and osci l lat ion is gen
era l ly a rad io frequency system defect. R . F . 
systems us ing tr iode tubes as amplif iers w i l l 
osci l late unless suppressed or neutra l i zed . 
Hence , when such a system is found w h i c h 
oscil lates a l w a y s reneutra i i ze the rece iver (see 
section 45 on R e c e i v e r A l i g n m e n t ) or check 
the g r i d suppression. T h e y may be shorted. 
U s u a l l y g r i d suppressor res i s tors of large 
vaiue m a y be requ ired , hut before th i s is done 
he sure tha t a defect is not causing a n undue 
amount of feed hack . F o r example: a gr id 
lead may he too close to a plate lead. T r y 
changing the posit ion of the gr id lead. 

(e) R . F . systems us ing tetrode and pentode 
tubes when properly designed do not osci l late. 
Only a defect can produce undes irable feed 
back, as is often the case for systems w i t h 
tr iode tubes. W h e n e v e r a defect ex i s t s w h i c h 
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feeds the output into a previous stage or g r i d , 
regenerat ion w i l l t a k e place. Some of these 
poss ibi l i t ies a r e : 

( / ) Open or defective last filter condensers 
m the power pack. T h i s is the common supply 
t© a l l stages, and a n open condenser w i l l pre
sent a high res i s tance coupling, caus ing h u m , 
regenerat ion and osci l lat ion. 

(g) A n open g r i d b ias condenser couples 
t h e p late to the g r i d often producing th i s 
interference . 

(ft) A n open cathode to p late supply by
pass condenser w i l l a l low R . F . s ignals from 
the plate to pass into the supply c i rcu i t s and 
then to a g r i d c i r c u i t causing squeals and 
howls. A n open in a cathode to — C t e r m i n a l , 
or a short in the res is tor to a plate or g r i d 
supply t e r m i n a l w i i i cause closer coupling 
through the supply system. 

(») Most serv icemen usual ly t r a c k down a 
defect ive condenser by connecting two leads 
w i t h probes to a 1 mfd . condenser and con
nect ing the probes across var ious bypass, and 
filter condensers. I f a defective condenser or 
i t s lead is open or poorly soldered (usual ly 
i n i ts conta iner ) shunt ing the good condenser 
across i t w i i i stop the trouble. I n s t a l l a new 
•condenser of recommended size. 

(y) A n y high res is tance connection m a y be 
a source of plate to g r i d feed hack, and a 

food soldered connection shouid he made, 
mproper w ip ing contacts at the rotors of 

v a r i a b l e condensers, or the ir absence often 
resul t in regenerat ion and osci l lat ion. 

(fc) U n d e s i r a b l e induct ive coupling is, of 
course, a m a j o r source of feed-back. B u t al i 
such poss ibi l i t ies are e l iminated in the origi
n a l design of the rece iver . I f the rece iver is 
of re l iab le make , i t is best to consider the 
other sources of trouble . I f undes irable 
coupling is found i t shouid he reduced (less 
t u r n s ) or e l iminated ent ire ly . 

( I ) A large number of possible defects are 

fiven i n the index under "Squeals , H o w l s and 
'ut-Puts ." S t u d y th i s p a r t of the index if 

you have a job involv ing regenerat ion and 
osc i l la t ion . 

33 . (o ) M O T O R B O A T I N G is a t e r m de 
scr ib ing the sound produced in some receivers , 
resembling the put-put-put of a single cy l inder 
gas engine. I t is in rea l i ty a low frequency 
osc i l lat ion produced by high common impe
dance in the plate c i r c u i t of the audio ampli
fier. H o w e v e r , any combinat ion decoupling 
a n d filter system defect may resul t in motor-
boating. 

( 6 ) Defect ive tubes are to he suspected 
a n d new ones shouid he t r i e d . B y p a s s and 
filter condensers shouid he checked for opens 
by shunt ing them w i t h others. I f an auto
m a t i c volume control system is used, pay par
t i c u l a r attent ion to the decoupling condensers 
— t r y i n g others. Check the connections be
tween the rotors of the tuning condensers and 
the chassis . Sometimes, a 100.000 ohm resistor 
shunted across the signal input c i r c u i t of the 
first audio tube wi i i prevent motorboating. 

( c ) T e s t for shorts between the p r i m a r i e s 
and secondaries of audio, R . F . and I . F . t rans
formers. Open g r i d re turns w i i i result in a 
sound quite s i m i l a r to motorboat ing and such 

c i rcu i t s should be checked w i t h a n ohmmeterF 
using a c i r c u i t d i a g r a m as a guide. 

( d ) P u s h - p u l l and push-push stages may 
osci l late or motorboat. T h e s implest cure is 
to inser t a 200 or 300 ohm res is tor i n series 
w i t h each g r i d ; and i f th i s does not com
pletely solve the trouble connect s i m i l a r re
s is tors in series w i t h each p la te ; in each case, 
next to the socket t e r m i n a l s . 

34. M E C H A N I C A L F E E D B A C K , (o) 
Sound emit ted from the loudspeaker is to a 
rtiore or less degree, acoust ical ly ( through the 
a i r ) or mechanica i iy ( through the cabinet 
and c h a s s i s ) , fed back to the s ignal c i rcu i t s . 
T h i s may resul t in a howl which r ises from 
zero intens i ty to a loud ampl i tude . N a t u r a l l y , 
such interference w i l l not be to lerated by the 
customer. Recogniz ing the means of coupling 
indicates at once the solution of the trouble . 

( 6 ) Microphon ic tubes are a common 
source o/ trouble. T a p p i n g each tube w i t h 
the rece iver volume turned up and tuned to 
a s tat ion w i i i quickly identi fy the micro
phonic tube. T r y the la t ter in a different 
posit ion (where the same type tube is used) 
or replace w i t h another tube. 

(e) A n o t h e r very common trouble is at the 
c lamps which hold the chass is to the cabinet . 
I n some receivers the machine floats on sponge 
rubber or springs . I f they harden or lose 
the ir e las t ic i ty , microphonic noises ar i se . A d 
j u s t springs and replace hardened sponge 
rubber . S u c h machines are shipped w i t h 
chassis t emporar i ly bolted down. Before the 
machine is placed in operat ion free the 
chass is so it wi i i float. 

(d) I f the felt r i m on the ioudspeaker has 
hardened or has been omitted or the loud
speaker is too t ightly bolted to the baffle 
mechanical feed-back wi i i he strong. B e sure 
the r i m is used, that i t is soft and only mod
erately snug to the baffle board . 

35 . H U M . (o) W h e n a n a p p r e c i a b l e 
amount of raw A . C . gets to the ioudspeaker 
a low p i tched hum w i i i he heard . Theo
ret ica l ly , there is a l w a y s some A . C . in the 
output, but for a receiver of good fidelity i t 
shouid he one-mill ionth of the m a x i m u m out
put. A s expense is involved in getting hum 
out of the output, only moderate and high-
priced rece ivers wi i i be found free of hum. 
Ohject iouahle hum shouid never exist , in any 
receiver of re l iable manufac ture . Rece ivers 
w i t h a smal l baflie have plenty of hum c u r r e n t 
in the ioudspeaker but the hum is not repro
duced by the ioudspeaker due to the smal l 
baffle a r e a . F o r high fidelity rece ivers h u m 
output must be kept to a very low vaiue, and 
the least power supply defect may resul t in 
hum. 

( 6 ) A procedure to identi fy and isolate the 
source of hum trouble is highly important . 
H u m is general ly of three forms: 1, hum exist
ing at a i l t imes whether on or off a s tat ion, 
general hum; 2, hum exist ing only when set is 
tuned to a stat ion, p a r t i c u l a r l y a powerful 
stat ion, cal led tunable or resonant hum; S, 
direct hum coming from a p a r t and not 
through the ioudspeaker, cal led mechanical 
hum. 
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(e) General hum is easily identified. You 
•ri l l hear it coming from the ioudspeaker soon 
after the power swi tch is turned on. A 
strong hum louder than the broadcasts that 
you can tune in indicates , as a rule, a total 
break down; a mi ld hum, not h e a r d in a 
normal receiver of the same make, indicates 
inadequate filtering or some minor c i r c u i t 
d is turbance . 

(d) T u n a b l e hum is general ly produced by 
a defect which throws r a w A . C . into the R . F . 
section caus ing some R . F . tube to he modu
lated by this interference. Be fore consider
ing the rece iver to he at fault , check for t rans 
m i t t e r hum. A battery operated unmodulated 
osci i iator is connected to the rece iver input 
and tiie set tuned to this osci i iator . A strong 
s ignal may be necessary. I f hum is not tuned 
in , the stat ion is r a d i a t i n g a hum. I t w i l l 
probably lie removed in a few days by the 
stat ion engineer. S ignals enter ing the rece iver 
v i a the power l ine may become modulated 
wi th A C . T r y two 0.1 mfd. 600 volt con
densers across l ine, center tap grounded; if 
l ine filter is not used. 

( e ) W h e n hum is h e a r d and plac ing your 
e a r next to the gr i l l of the loudspeaker shows 
that it is not coming through the ioudspeaker, 
you are reasonably sure that some par t , 
usually laminat ions of an aud'o or power 
transformer or iron core choke are v i b r a t i n g . 
Wedging the laminat ions or t ightening the 
core holts or r ive t s w i i i help to reduce this 
trouble. 

( / ) I n t rac ing hum first disconnect the 
aer ia l and ground and move the power supply 
cord around to he sure that induction from 
it does not exist . I f the symptoms or experi 
ence do not imi icate the probable cause (s tudy 
the index on l i i i m ) , i solat ing the stage where 
hum originates is a t ime sav ing procedure. 

(g) Of course, tunable hum indicates a de
tect in tiie R . F . systems, and the index sug
gests locations and defects. N e x t if any hum 
adjusters are used they shouid be reset for 
m i n i m u m hum output. Unless you are f a m i l i a r 
w i t h tlie receiver you shouid refer to a c i r c u i t 
d i a g r a m , p a r t i c u l a r l y one which gives the 
location of tlie various adjustments . I f the 
receiver works normal ly except for too much 
hum output, a stage isolation test is made. 

(ft) F o r an isolation test use a head-set 
w i t h a series i mfd. condenser. T h i s is prob
ably tiie most sensit ive as well as the most 
prac t i ca l lium indicator . T h e tests to he de
scr ibed shouid he tr i ed on various receivers 
wit i iout abiioi mai hum, in order to acquaint 
yourself with the amount of hum that ordi 
n a r i l y is heard in a receiver which is in good 
shape. Cl ieck the input of the ioudspeaker 
(plate to cl iassis or plate to plate of the last 
s tage ) . I f liura is heard and the ioudspeaker 
has no hum bucking device, check the rect i 
fier and filter system. Defect ive rectif ier 
tubes, shorted or leaky filter condenser, 
shor ted or grounded filter chokes may he caus
ing the lium. A serious defect in the power 
pack may cause the rectif ier tube to glow 
between elements, and this wi i i he observed 
even before an isolation test is made. 

( i ) I f the rectifier-fi lter del ivers normal 
hum output (some wi i i a lways be h e a r d ) iso
late the stage it is entering. Connect the head 
set between plates and chassis (or cathode of 
each tube) or pre ferab ly i n series with the 

plate (in which case the 1 mfd. condenier ia 
omi t t ed ) , s tar t ing from the loudspeaker and 
work ing towards the antenna ground. W h e n 
you pass through a stage of abnormal hum 
(equal to that received across the filter out
put) that section is a l lowing hum current s to 
pass from the power pack to the s ignal c ir 
cuits . Poor connections, shorted isolat ing re
s is tors from the supply t e r m i n a l to the elec
trode or the electrode supply to cathode by
pass condenser, defective or weak tubes, ope
r a t i n g voltages and open c i rcu i t s should he 
checked. S t u d y the troubles pecu l iar to each 
section, as given in the index on hum. 

(j) Qui te often hum is accompanied by 
other defects; no volume, smoking par t s , re
generation, osci l lat ion, motorboating, etc. B y 
isolat ing the p r i m a r y defect and correct ing 
the trouble, hum too wi l l be e l iminated . I f 
inadequate filtering exis ts in the power supply 
system, replacing the condensers for others 
of less leakage, or adding more filter conden
sers (to increase the filter c a p a c i t y ) may 
e l iminate the hum. 

(fe) P o w e r pack filters w i t h tuned c i rcu i t s 
are often contr ibutors to hum. I f the choke 
and resonating condenser (a fixed condenser) 
are tested as normal , probably a shif t in the 
a i r gap of the choke has thrown the c i r c u i t out 
of resonance. T r y var ious smal l condensers 
in steps of .0001 mfd. across the choke. If 
this fai ls to tune out the hum adjust the 
choke's a i r gap. Loosen the laminat ions of 
the choke and insert var ious thicknesses of 
paper in the a i r gap. W h e n least hum is 
heard c iamp the laminat ion t ightly. 

( I ) Some servicemen as a "make-shift" 
move the loudspeaker away from its baffle 
one or two inches. T h i s wi i i reduce low 
frequency response and h u m as wel l . 

36 . E X T E R N A L N O I S E , (o ) T h e test 
for ex terna l or i n t e r n a l noise is to disconnect 
the antenna and ground leads from the re
ceiver , short A N T to G N D , and l isten for the 
or ig ina l noise. S l a p or shake the receiver 
chass is to check for loose connections. Now 
if the noise is not coming through the power 
iine connection and no noise is heard we have 
definite proof that noise is coming from an 
ex terna l source. 

( 6 ) Most modern radio rece ivers have 
bui l t in , a iine noise filter. I n some cases it 
is mere ly a condenser across the iine input ; 
in better receivers two condensers in series 
are connected to the iine, the mid-condenser 
connection grounded; or in other rece ivers a 
shie ld is wound between the p r i m a r y and 
secondary of the power t rans former . T h e 
only sure way of determining whether a re
ceiver has a iine noise e l iminator is to refer 
to a serv ice c i r c u i t d i a g r a m . I n your case 
it is wise to buy or bui ld a portable l ine 
filter. I n s e r t the i ine noise filter. I f the 
antenna input is shorted and the insert ion 
of the filter e l iminates the noise, ins ta l l a 
permanent l ine filter; if the filter does not 
e l iminate the noise, the cause is i n t e r n a l ; 
if af ter the filter has e l iminated the noise, 
but restoring the antenna-ground connections 
br ing back the noise the e l iminat ion procedure 
is as follows: 

( c ) I n every case where ex terna l noise is 
experienced and a iine filter does not help, 
install a noise-reducing antenna. T h e r e are 
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m a n y approved types on the m a r k e t . Select 
one of re i iah ie m a k e , one w h i c h gives you 
good results and s t ick to i t . G e t the straight
a w a y as far up in the a i r as you can, as far 
a w a y from meta l objects and power, telephone 
and trol ley w i r e s . A l w a y s r u n , i f possible, 
the s tra ight -away a t r ight angles to l ines. 
T h e length of t ransmiss ion i ine is i m m a t e r i a l 
i n a wel l designed noise-reducing antenna. 
U s e a n ai l -wave antenna for ai l -wave receivers . 

( d ) I n 95 percent of the cases a wel l i n -
atai ied noise-reducing antenna w i i i e l iminate 
e x t e r n a l noise. I n the other cases, the offend
ing device i n the local i ty must be t raced and 
noise filters insta l led , a subject s tudied i n the 
regular course. A few hints w i i i help. 

(e) T h e power plugs connected to radio 
rece ivers are, oftentimes connected to the 
power cord by means of smal l machine screws. 
W h e n the cord is cont inual ly pul led in and 
out, we find tha t the screws become loose. 
There fore , we w i i i have a smal l break in the 
c u r r e n t or c i r c u i t , thus causing interference 
or ex terna l noise. 

( / ) Poor connections to e lec tr ica l uni ts 
w i t h i n the house, such as fans, smal l motors, 
sewing machines and other e lec tr ica i iy ope
r a t e d devices w i i i cause e x t e r n a l interference 
to be h e a r d . S u c h condit ions may be cor
rected by t r a c i n g a i l connections to lamps, 
a n d other power cord connections. Defect ive 
switches and power outlets cause interference 
and shouid he corrected or replaced. 

(g) House i ine fuses may have been blown 
a n d replaced w i t h t info i l or a copper penny. 
S u c h fuses are loose and often w i i i provide 
very poor contact. Poor contacts cause an 
a r c i n g of the c u r r e n t and consequently, a 
r a d i a t i o n of interference . I n s t a l l the proper 
fuse when such condit ions are found. 

(ft) L i n e filters should be purchased, and 
for large e lec tr ica l machines one designed par
t i c u l a r l y for the device used. A simple filter 
can be made by p lac ing two 2 mfd. condensers 
i n series across a i ine and grounding the i r 
midpoint . These condensers should have a 
w o r k i n g voltage of 600 volts. A short d irec t 
ground lead shouid he made from the mid
point between the two condensers. 

37. S I G N A L C I R C U I T S O V E R -
L O A D E D , (a) R a d i o rece ivers can easi ly he 
fed w i t h too much s ignal , wh ich is in many 
cases no faul t of the rece iver . E a c h rece iver 
is r a t e d to handle a definite output without 
d is tort ion and if this is exceeded by tuning to 
a local s tat ion or some other powerful broad
caster w i t h the volume control wide open, 
d is tort ion is inev i table . T h e customer must 
he ins tructed to reduce the output to a rea
sonable amount. O f course, there is some 
stage in the rece iver w h i c h first shows signs 
of being overloaded, and i f d is tort ion at th i s 
point can he reduced the volume range of the 
receiver can he extended. N a t u r a l l y , a re
ceiver must first he correct ly tuned, otherwise 
cutt ing of the side-hand frequencies w i l l 
cause d is tort ion. 

( 6 ) Detectors very often overload. Before 
anyth ing is done to this p a r t of the c i r c u i t , 
cheek the tube in a tester or t r y severa l new 
tubes. N e x t cheek the tube's operating volt
ages. I f the tube is defective the dis tort ion 

w i i i d i sappear , i f the voltages are incorrk^^ 
the correct ion w i i i be obvious by a stage voIV 
age ana lys i s . G r i d l e a k — g r i d condenser de
tectors overload quickly on strong signals. 
Besides d is tort ion , the detector may block 
stopping reception momentar i ly . I f the custo
mer prefers to l isten to strong broadcasters , 
t r y leaks of lower ohmic values, about % to 1 
megohms. T h i s w i i i reduce sens i t iv i ty . I f 
the detector has an automat ic C bias voltage 
drop, v a r y the cathode to — B resistor for 
best resu l t s ; or, i f readi ly done, increase the 
detector's p late voltage. 

( c ) I m p r o p e r plate load filtering of R . F . 
c u r r e n t may cause d is tort ion . T r y a larger 
load filter bypass condenser, oniy large enough 
to keep R . F . out of the audio system, other
wise the tone of tiie output wi l l he lowered 
to an apparent degree. T r y a 10 to 30 mi l l i 
henry R . F . choke in series wi th tlie plate 
load. 

id) A u d i o tubes are easi ly overloaded by 
too much s ignal . T h e tuiies and voltages 
should he checked. W i t h the exception of a 
push-pull ( C l a s s B ) audio amplif ier , a plate 
mi i i i ammeter in the plate supply of each 
suspected stage should show uo or very l i t t le 
c u r r e n t change. I f the stage is fed wi th a 
s ignal above the vaiue i t was designed to 
handle ( ioudspeaker output higi i ) a c u r r e n t 
change w i i i be observed. T h i s indicates the 
l imi t of the handl ing ab i l i ty of tiie receivers . 
Al though the output handl ing ab i l i ty of tube 
may he increased by running up tiie plate and 
gr id voltages, such a procedure is not recom
mended for normal service work, 

(e) L o u d s p e a k e r s are often overloaded or 
at least d is tort ion comes from this point. 
Over loading is quickly spotted by the fact 
that rat t les are mixed w i t h false reproduct ion. 
T h e cone, the cone soft ieatl ier r i m , or the 
spider may he weak or hardened. Replace
ment cones should he used after the voice 
coil or a r m a t u r e has been centra l ized and 
found not to cure dis tort ion. I t the voice 
coil hits against the stops on large signals, ask 
the customer to reduce the volume to a rea
sonable amount, 

( / ) T h e defective stage can be located by 
connecting a p a i r of 2000 ohm ear phones 
across the plate cathode of each tube work ing 
from the detector to the output, A 1 mfd. 
condenser should be in series wit i i the phone. 
W h e n dis tort ion appears the immediate stage 
ahead of the connection is causing the trouble , 

(g) Over loading i n the R . F , section pro
duces dis tort ion, as wel l as hum modulat ion 
and cross modulat ion. C h e c k : for correct 
type of tubes, the tubes themselves, and elec
trode voltages, A plate mi i i i ammeter check 
is often helpful . A p a i r of earphones in series 
w i t h the plate of an R . F , tube should produce 
no or a m i n i m u m of audio s ignal ; the c u r r e n t 
change w i t h a s ignal tuned in shouid not be 
observed, 

(ft) I t is w o r t h recommending a shorter 
antenna (broadcast type oniy) i f d is tort ion 
due to overloading appears w i t h broad tuning, 

38. L O U D S P E A K E R T R O U B L E S , (o) 
L o u d s p e a k e r fields wh ich are suspected of 
being open or shorted may he checked w i t h 
a n ohnuneter. To test for a shorted field 
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pjjce the o lmmeter leads d irect ly across the 
field coi l . T h i s w i i i aiso enable you to check 
for an open in the field. A test from e i ther 
of the fisid leads to its frame w i i i enable you 
to show up a ground. I n m a k i n g the lat ter 
test have a w i r i n g d i a g r a m handy as some 
fields are n a t u r a l l y grounded. W h e n a field 
is open or shorted remove the field and take 
off the insu lat ing paper . Sometimes the 
trouble is r ight on the surface of the coil and 
can be repa i red . I f r e p a i r is not possible 
purchase and ins ta l l a new field. 

( 6 ) L a c k of exc i ta t ion on the field m a y he 
due to a defective rectif ier or a filter eon-
denser ahead of the field being broken down. 
I f the field is open or shorted there w i i i he 
no exc i ta t ion . A quick cheek for this condi
tion is to hold a meta l (steel) s crew-dr iver 
about a q u a r t e r of an inch a w a y from the 
pole piece. I t shouid he strongiv a t t rac ted 
i f the field is being proper ly excited. 

(c ) A frequent trouhie encountered in dy
n a m i c loudspeakers is opening of the voice 
coil. G e n e r a l l y the flexible lead from the 
cone to the output t rans former breaks . 
U s u a l l y resoidering this lead w i i i complete 
the r e p a i r job. A p a r t i a l open sometimes 
occurs and on s trong signals when the cone 
moves quite a distance, d i s tort ion and p a r t i a l 
in t ermi t t en t reception w i i i occur. Loose t u r n s 
on the voice coil w i i i cause a pecu l iar ra t t l e 
wh ich , once h e a r d , can a l w a y s be identified 
again. Remove the cone and coat the voice 
coil w i t h a good ioudspeaker cone cement, 
obtainable from the large radio supply firms, 
a l lowing it to dry thoroughly. T h i s w i i i hold 
the w i r e on the voice coil form, 

(d) T h e voice coil sometimes becomes off 
centered and i n such a case w i i i r u b against 
the pole pieces. Y o u can check up on this by 
moving the cone in and out w i t h your hand , 
pushing as n e a r l y as possible on the center. 
I f you feel the voice coil rubbing , loosen the 
screws holding the coil in place and move the 
cone around unt i l no rubbing occurs. T h e n 
t ighten the holding screws, A better w a y of 
doing this is to cut th in s tr ips from a business 
c a r d and insert these along side of the voice 
coi l , between i t and the pole pieces. T h i s 
w i l l center the voice coil and the holding 
screws may then be t ightened and the s tr ips 
removed. I r o n filings in the pole pieces or 
openings of the ioudspeaker are a frequent 
source of trouble, A p a i r of h a n d bellows is 
useful for removing them and i t is seldom 
necessary to take off the cone to do this job . 

(e) A f t e r being i n use for severa l y e a r s a 
ioudspeaker cone is l iable to become stiff and 
the support ing r ing may h a r d e n . I t is ad
visable to in s ta l l a new cone, as they are 
inexpensive . W h e n a leather r i n g is used to 
hold the cone to the meta l edge of the ioud
speaker , "Neatsfoot" oil may be worked into 
the leather to soften i t . W h e n the spider 
loses its flexibility, replace w i t h a new cone 
uni t . 

( / ) N e v e r operate a rece iver w i t h the 
loudspeaker diseonnected. I n the ease of 
rece ivers using e lectrolyt ic condensers an 
overload on the first condenser wi i i occur i f 
the ioudspeaker is not plugged in . I f the con
denser is of the wet v a r i e t y , a h iss ing sound 
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w i i i he h e a r d ind icat ing t h a t the condenser 
is break ing down, 

(g) A.C. dynamic loudspeakers us ing dry 
disc rect i f iers wi i i in t ime emit considerable 
hum. I f hum is h e a r d when the rece iver is 
turned off but the field exc i ted you know that 
i t is t ime to ins ta l l a new rectif ier un i t , 

ih) Defec t ive loudspeaker cords, p a r t i c u 
lar ly on magnet ic loudspeakers , a r e a source 
of trouble . T h e y may be cheeked for con
t inu i ty w i t h a n ohmmeter and i f bad must be 
replaced. D o not neglect to shake and move 
the cords w h e n m a k i n g th i s test. A n inter
mit tent reading , of course, indicates a bad 
connection. 

(t) W e a k magnets in magnet ic and perma
nent d y n a m i c loudspeakers are a frequent 
source of trouble . I n the la t ter case the 
ioudspeaker must be replaced a n d in the 
former ease you shouid t ry revers ing the loud
speaker leads. I f the ioudspeaker is d irect ly 
in the plate c i r c u i t of a tube, the po lar i ty of 
the ioudspeaker leads is i m p o r t a n t because 
c u r r e n t tiowiug through the ioudspeaker wind
ings i n the wrong d irect ion w i i i tend to de
magnetize the permanent magnet. T h e ioud
speaker w ire hav ing the most red i n i t con
nects to plus B . 

39. R E S O N A N T E F F E C T S I N C A B I . 
N E T A N D R O O M , (o) A l though there may 
be only a smal l amount of h u m present a t the 
output of a ioudspeaker and this h u m may be 
n a t u r a l , i t may be h e a r d w i t h sufficient in
tensity to cause a complaint from the custo
mer. R e s o n a n t ett'ects i n the room or cabinet 
are often responsible. T h e hum is emitted 
from severa l different direct ions a n d on s t r ik 
ing a h a r d surface may rebound a n d a d d to 
the h u m at another point in the room, i f a 
hum is h e a r d only i n p a r t i c u l a r spots i n the 
room, exper iment w i t h the posit ion of the 
cabinet . D r a p e s on the wal l s and a sufficiency 
of f u r n i t u r e in the room w i l l usual ly e l iminate 
hum. P l a c i n g a r u g under the rece iver is 
often he lpful . I n some cases, i t may he ad
visable to bore holes in the bottom of the 
loudspeaker compartment or to l ine the in
side of this compartment w i t h some sound 
absorbing m a t e r i a l such as ceiotex. 

( 6 ) Resonant effects i n the room and cabi
net w i i i not oniy resu l t in hum but also in 
noise. Loose p^rts in the cabinet may be 
caused to dance up a n d down under c e r t a i n 
sounds from the loudspeaker g iv ing r ise to a 
r a t t l i n g noise. T o c lear up the trouble, fasten 
the p a r t s down so they cannot v ibra te . R e 
flectors behind r a d i a t o r s are a common source 
of mechan ica l noise. D i r e c t i n g the loud
speaker a w a y from such objects i s the usua l 
cure. P i c t u r e s and m i r r o r s liung on the wal l 
have also been known to v i b r a t e when s truck 
by c e r t a i n sound frequencies, 

ic) T h e more c r i t i c a l broadcast l i s tener 
w i l l compla in that the rece iver sounds too 
hoomy, caused very often by cabinet reso
nance. L i n i n g the loudspeaker compartment 
w i t h ceiotex, sound absorbing wool, or heavy 
soft cioth helps. K e e p the cabinet a t least 
2 to 3 inches a w a y from the w a l l , and 
pre ferab ly i n a c o m e r — " k a t t y - c o r n e r . " 

40. O S C I L L A T O R C I R C U I T 
T R O U B L E S , ia) W h e n the osci i iator c i r 
cu i t of a rece iver is suspected of being de
fective, one of the s implest tests is to touch 
the ungrounded side of the osc i l latory c i r c u i t 
w i t h a moist finger, A c l ick in the ioud
speaker shouid resul t when the t e r m i n a l is 
touched and aiso when the finger is removed; 
if oniy one c l ick is h e a r d , the tube is not 
osc i i iat ing. A n o t h e r test is to tune i n a sta
t ion and pul l out the osci i iator tube. I f the 
s ignal can s t i l l he h e a r d , the osci i iator tube 
is not functioning, 

( 6 ) W h e n i n doubt, t r y a new osci i iator 
tube. G o over the connections i n the oscil
lator c i r c u i t w i t h a hot so ldering i r o n as a 
high res is tance connection w i i i prevent the 
osci i iator from functioning—possibly only over 
a section of i ts range. T e s t the cont inui ty 
of the osci i iator c i r e u i t and compare i t w i t h 
that of a schematic d i a g r a m of the rece iver . 
A i l res i s tors shouid be tested for proper vaiue 
and condensers should be checked for opens 
by t r y i n g new ones. I m p r o p e r al ignment of 
the osc i l lator stage w i i i cause the set to be 
dead over a port ion of the d i a l . T h i s may 
aiso he caused, p a r t i c u l a r l y i n combinat ion 
detector-osci l lator stages using a pentode tube 
such as a 6C6 , by excessive control g r i d volt
ages. Y o u m a y t r y reducing the vaiue of 
the b ias res i s tor by about one-third of its 
present size. I n c i rcu i t s us ing a pentagr id 
tube such as the 6A8 , t r y increas ing the value 
of the osci i iator g r i d res istor by about one-
t h i r d of its r a t e d vaiue . I n ba t t ery sets look 
for low filament voltage on the osci i iator , 

(c ) I f the m i c a spacing i n any of the oscil
la tor t r i m m e r adjustments appears to he spl i t 
or d i r t y , t r y a new piece of m i c a . D o not 
neglect the fact t h a t the plates of the tuning 
condensers m a y r u b at some port ion of the 
d i a l sett ing. I f every th ing seems to he in 
good condit ion as f a r as you can determine, 
the ins ta l la t ion of a new exact dupl icate oscil
la tor coil would he worth whi l e , 

id) W h e n adjus t ing the osci i iator of a 
rece iver , you may find at the very high fre
quency adjustment , two points a t w h i c h a 
s ignal can he rece ived. U s e tha t adjustment 
w h i c h results i n least capac i ty of the t r i m m e r 
condenser. I f you select the other posit ion, 
the rece iver w i i i he dead at mid-scale . I f 
the osci i iator i s equipped w i t h a g r i d leak, 
i t m a y he necessary to exper iment w i t h other 
values of res is tors for best resul ts , 

41 . A . V . C . T R O U B L E S , ia) W h e n a n 
A . V . C . trouhie is indicated, you shouid, first 
of a i l , t r y new tubes in the A . V . C . stage and 
in the stages control led by i t . T h e n , the con
t i n u i t y of the c i r c u i t shouid he tested w i t h 
an ohmmeter, using a w i r i n g d i a g r a m of the 
rece iver . I m p r o p e r vaiue res i s tors shouid he 
replaced w i t h others of the r ight size and 
bypass and coupling condensers shouid he 
checked for opens by shunt ing them w i t h 
others of about the same size and known to 
he in good condit ion, 

( 6 ) T h e r e a r e some pecu l iar i t i e s i n A . V . C . 
rece ivers w o r t h mentioning. W h e n tuning 
from a strong s tat ion, the rece iver sens i t iv i ty 
w i i i he automat ica l ly increased. I f you are 
i n a noisy location the noise between stations 
may he terr i f ic hut i t may cut down to nothing 
on strong s ignals . W h e r e the A . V . C . tube 

serves oniy the purpose of automatical ly ^»o-
tro i i ing the volume, you w i i i oftentimes not\ 
an increase in volume when the A . V . C , tuhe^ 
is removed. T h i s is quite n a t u r a l and does 
not indicate a defect, 

42 . T U N I N G I N D I C A T O R S , (o) W h e n 
ever a tuning indicator is found, i t is quite 
safe to assume that the rece iver embodies 
automat ic volume control ( A . V . C ) . Shouid 
no change in ind icat ion be observed first 
check the A . V . C . act ion. T u n e through iocai 
and d i s tant stat ions. W a t c h for e l iminat ion 
of b last ing on locals, noise off s tat ion ( i t the 
rece iver does not incorporate a squelch sys
tem) and reduct ion of fading. I f the A . V . C . 
act ion is normal then the defect is definitely 
in the ind ica tor , 

(6 ) Y o u should he able to te l l when a 
reasonable correct act ion is t a k i n g place. 
T h e greatest indicat ion is obtained on local 
or powerful s tat ions . D i s t a n t s tat ions and 
p a r t i c u l a r l y those on the short wave hand 
produce l i t t le change in indicat ion when 
tuned i n — p e r h a p s oniy a "quiver"—lieoause 
there is insufficient signal pick-up. W h e n in
sufficient indicat ion is obtained on local sta
tions, and the receiver is otherwise normal , 
check antenna for grounds, or leaks, causing 
low pick-up. T r y a longer a e r i a i , 

ic) T h e meter (needle i n d i c a t o r ) , the mov
ing vane system ( s h a d o w g r a p h ) , tlie neon 
glow tube (glow i n d i c a t o r ) may he defective. 
T h e moving vane ins trument may be tested 
by apply ing a smal l C b a t t e r y ; the glow lamp 
checked by plac ing it in series w i t h a 10.000 
ohm resistor and connecting to a 110 volt A . C . 
or D . C . source. O r a new neon glow indi
cator m a y he t r i e d . T h e shadowgrapi i or 
b l inker type may not operate because the 
lamp is burned out, or not securely in the 
socket. A f t e r t u r n i n g the lamp securely in 
the socket and no ind ica t ion is observed, t ry 
a new lamp, 

id) T h e r e is a lways the poss ibi l i ty tha t the 
indicator is shorted. T h e moving vane uni t 
shouid show cont inuity , a glow lamp no c i r 
cu i t res istance, when the proper test connec
tions are made, 

(e) B e sure the voltage suppl ied the neon 
ind icator is correct . U s u a l l y an adjus tment 
is provided. T r y var ious positions and 
especial ly when a new neon ind ica tor is used. 
I t should he set so i t bare ly l ights ou no 
signals , , , , 

( / ) I n the b l i n k e r system the three coil 
t r a n s f o r m e r and the input filter condenser 
often become defective. Cheek and replace 
i f necessary. I n replac ing w a t c h color code 
on leads for a proper reconnection. 

ig) R e m e m b e r , any defects in the A . V . C . 
system w i i i affect the act ion of the v i sua l 
indicator , so he sure to check the A . V . C . 
before b laming the ind ica tor . 

43. A S S O C I A T E D D E F E C T S , ia) A 
p a r t may he overheated, destroyed or made 
defective because some other associated p a r t 
is defective. F o r example : 

( 6 ) A " C " b ias res is tor connected between 
the cathode of the tube and — B may be
come overheated, b u r n out, stop reception 
because the bypass condenser between + B 
and cathode is leaky or shorted. E v e n i f the 
condenser is only l eaky sufficient e x t r a c u r r e n t 
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•rill be bled to the b ias res i s tor to send the 
C bias up to a va lue that w i l l e i ther d i s tor t 
or stop rerpotion. 

( c ) A l eaky coupling condenser between 
the plate and gr id of two stages, wi i i i f the 
gr id input has a high ohmic res i s tor destroy 
the tube. C u r r e n t is hied from + B through 
the leaky coupl ing condenser, through the 
gr id res is tor . T h e gr id is made posit ive, 
caus ing excessive d is tort ion and eventual ly 
r u i n i n g the emission of the tube which be
comes weak and useless. W h e n such a stage 
is checked to have normal - f B supply, h igh 
plate c u r r e n t and cathode to — B voltage, 
check for l eaky coupling condenser, 

( d ) A rectif ier tube becomes gassy emit
ting a blue glow between elements; or the 
plates get red hot due to an overload. T h e 
i ine fuse or ha i ias t may b u r n out. T h e cause 
may he a shorted or l eaky filter condenser, 
or a grounded filter choke, or a short in the 
load (s ignal c i r c u i t s d r a w i n g too much cur
r e n t ) . Check D . C , drop across suspected 
part s or c i rcu i t s . 

( e ) A socket or i n t e r n a l tube short be
tween catiiode and screen g r i d or plate, screen 
gr id and control g r i d suppressor gr id and 
plate, e t c , may cause large c u r r e n t to flow 
in tile associated c i rcu i t s , destroying tuiies, 
res istors , and even coils, A socket voltage 
ana lys i s and comparison to the manufac turer ' s 
voltage table w i l l revea l the defect, 

( / ) T o cheek for abnormal c u r r e n t measure 
the voltage across the res i s tor through w h i c h 
the abnormal c u r r e n t is flowing. I f h igher 
tiiaii rated and the res is tor i tse l f is not 
shorted, high c u r r e n t is ind icated . O r breais 
the c i rcu i t , w i t h an adapter i f possible, and 
measure the c u r r e n t d irect ly , 

(g) Moral: W h e n a defect ive p a r t is 
located, be sure that some other defect did 
not cause the trouhie . A l w a y s make sure 
of this fact or the trouhie w i i i reappear , 

44. A U T O R A D I O T R O U B L E S , ( a ) 
AM automobile radio rece iver may develop 
prac t i ca l l y any trouhie common to other radio 
receivers . Spec ia l condit ions of use and 
special design of the power pack create 
troubles pecu l iar to auto radios . These w i i i 
now he considered. 

(ft) Vibrator Trouble. T h e V i b r a t o r B 
e l iminator is a del icate ins trument and must 
he operated wi thout excessive spark ing , other
wise continuous operat ion w i i i b u r n the con
tacts . T h e burn ing of the contacts w i l l cause 
improper operat ion of the un i t . A d j u s t i n g 
screws may also become loose due to continu
ous v i b r a t i o n . V i b r a t o r s tha t do not have 
adjus t ing screws m a y he adjus ted by bending 
the spr ing levers themselves to the proper 
spacing. F i l i n g the contacts when they have 
become w o r n is sometimes des irable . T h i s is 
especially necessary when the fuses in the 
v i b r a t o r leads blow continuously. P i t t e d or 
d i r t y v i b r a t o r points are therefore to he re
condit ioned by filing and proper spacing. I n 
terna l noise is oftentimes h e a r d on an auto 
radio due to d i r t y contacts. 

( c ) D u e to the continuous v i b r a t i o n w i t h i n 
the v i b r a t o r uni t itself, we m a y experience 
broken or loose connections. S u c h connections 
may cause the v i b r a t o r to he in t ermi t t en t and 

also to produce excessive noise when the auto
mobile is in movement, 

id) I t is wise for the beginner and even a 
busy, experienced serv i ceman to replace de
fective v i b r a t o r s w i t h new ones. F o r t u n a t e l y 
these uni ts are plug-in devices and therefore 
are quick ly replaced. U s e a recommended 
dupl icate replacement un i t . 

(e) Ignition Interference. T h e following 
suggestions for the suppress ion of Ign i t ion 
Noise In ter ference are given through the cour
tesy of the G a i v i n M a n u f a c t u r i n g Company , 
These h ints are given in the order of the i r 
importance , and i f any have been overlooked 
on the job you service , m a k e the necessary 
changes or addit ions, 

1. A p p l y suppressors to s p a r k plugs and 
d i s tr ibutor , 

2, A p p l y generator condenser. 
S. R e r o u t e p r i m a r y w i r e from coil to dis

t r ibutor , keeping i t as far a w a y as possible 
from high tension w i r e s , 

/i. Connect dome-light filter to dome-light 
w i r e a t point where i t enters front corner 
post, 

5, S h i e l d high tension w i r e i f coi l is 
mounted on ins trument panel , 

6, S h i e l d antenna lead-in w i r e f rom radio 
set to top of front corner post. G r o u n d shie ld 
a t both ends, 

7, S h i e l d p r i m a r y w i r e f r o m coil to dis
t r ibutor , 

«. Connect a ,002 to ,006 mfd. h igh grade 
mica condenser d irec t ly across the p r i m a r y 
b r e a k e r points of the d i s tr ibutor , 

9. B o n d (connect) the upper meta l p a r t s of 
the c a r body to one another and r e t u r n a 
heavy copper bond (connector) from these 
points down to the bu lkhead of the c a r , ( T h i s 
is usual ly necessary in c a r s using composite 
wood and meta l body construct ion.) 

10. B o n d to bulkhead where necessary ail 
control rods and pipes passing through the 
bulkhead, 

11. S h i e l d head of coi l when mounted on 
ins trument panel , 

22, C o v e r floor boards of c a r w i t h copper 
screening, bonded to c a r frame, 

13. A d j u s t s p a r k plug points to approxi 
mate ly ,028 of an inch, 

14. C l e a n and adjus t p r i m a r y d i s t r i b u t o r 
b r e a k e r points, 

15. I n ears hav ing rubber motor mountings, 
connect heavy bond from grounded side of 
ba t t ery d irect ly to frame of ear. 

26, Connect a ,5 to 1 mfd , condenser from 
hot p r i m a r y side of ignit ion coil to ground, 

27. I f ignit ion coil is mounted on dr iver ' s 
side of bulkhead, move i t to the motor com
p a r t m e n t side, using the same holes for 
mounting. 

28. C l e a n ignit ion system w i r i n g . C l e a n 
and br ighten a i l connections. R e p l a c e any 
high tension w i r i n g h a v i n g imperfect insu la
t ion, 

29, G r o u n d meta l sun v i sor and r a i n troughs 
i f necessary, 

20, M a k e sure hood of c a r is wel l grounded. 
C l e a n hold-down hasps on both sides, 

22. B o n d i n s t r u m e n t panel and s teer ing 
column to bu lkhead . 

22. W h e n under-car a e r i a i is used, connect 
a ,5 mfd, condenser to t a i l and stop-light 
wi res. 
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And special hints: 
(/) Static Noise. T a i l l ight, stop light, 

head l ight or horn w i r e s sometimes p ick up 
s tat ic charges from the t ires and cause inter
ference. T o determine i f these are a t faul t , 
d r i v e the c a r from a d r y pavement onto a wet 
one. I f the wet pavement e l iminates the 
noise, then the l ight w i r e shouid he shielded 
and the shield grounded. Noise is sometimes 
caused by the antenna being too close to body 
metal of c a r . A n t e n n a shouid he checked for 
this condit ion whether the c a r m a n u f a c t u r e r 
or an i n d i v i d u a l has insta l led i t . T h e r e must 
he a space of at least 3 inches between the 
metal ear body and the antenna, ( C o u r t e s y : 
M a i i o r y . ) 

ig) Wheel Brake Noise. T h e front b r a k e s 
sometimes accumulate s ta t ic and cause inter 
ference due to a poor ground in the front 
wheels and a pecu l iar ly constructed l in ing , 
i f this condit ion is suspected, set the c a r in 
motion, then w i t h the motor shut off and the 
c lutch disengaged, apply the brakes . I f the 
interference is e l iminated then the front 
wheels are the cause. T o overcome this con
di t ion , use graphi te grease or insert ground
ing springs in the i n t e r n a l huh cups. I n the 
case of ex terna l brakes , i t is necessary to 
ground the b r a k e bands to the chassis , 
( C o u r t e s y ; M a i i o r y . ) 

ih) Antenna Touching Car Frame. T h e 
antenna in an auto radio must be carefu l ly 
insulated from the frame. I f a l lowed to 

touch, s ignals w i i i be shorted out and noiB«. 
introduced. T h e roof types must he careful ly 
insta l led , a t least 3 inches of space being be
tween the a e r i a i and any grounded meta l . Be 
sure that the insu la t ing bushings and washers 
are correct ly used and in good condit ion in the 
under-car and bumper types of antennas , 

( i ) Internal Auto Radio Noise. A u t o 
radios tha t reproduce noise w i t h the antenna 
disconnected, may be exper iencing interfer
ence due to d i r t y brushes on the generator 
w h i c h charges the ba t t ery . T h e brushes are 
usual ly d i r t y when excess oil has been appl ied 
to the generator commutator . I n such cases, 
the cover over the generator brushes should 
be removed. T h e n , w i t h the c a r id l ing , you 
should r u b the commutator down w i t h a can
vas cioth dipped in carbon te trach lor ide . 
W h e n e v e r the cioth becomes b lack you should 
move i t along and t ry again . E v e n t u a l l y , the 
commutator of the generator w i l l become 
shiny. T h e n you shouid add a very smal l quan
t i ty of vase l ine thereby prevent ing ox idat ion 
I n c i d e n t a l l y , the brushes shouid he in good 
condit ion and held against the commutator by 
the springs provided. I f the brushes are 
ent ire ly too short to operate proper ly , they 
shouid he replaced. Somet imes i t is necessary 
to apply very fine sandpaper in order to 
remove a i l of the carbonized surfaces of the 
commutator . W h e n finishing such a n opera
t ion, commutators shouid he covered w i t h a 
t h i n coat of vasel ine. 

D : R E C E I V E R A L I G N M E N T A N D B A L A N C I N G 

45 . (o ) I o rad io rece ivers there are two 
k i n d s of adjustments w h i c h you as a service 
m a n w i i i he cal led upon to make . These are 
a l ignment (often ca l led synchroniz ing) and 
n e u t r a l i z a t i o n (often cal led h a i a n e i n g ) . T h e 
first has to do w i t h the tuning of c i r cu i t s 
whi le the la t ter is a method used to prevent 
osci l lat ions (squeals and h o w l s ) , 

(ft) Sets hav ing single tuning dials (the 
tuning condensers w o r k on a common shaf t ) 
w i i i be equipped w i t h al igning or t r i m m i n g 
condensers. Modern rece ivers using screen 
g r i d tubes employ no neutra l i z ing condensers 
a n d therefore i f such a set squeals or howls 
there are no adjustments to prevent this . T h e 
set has developed a defect. I t is absolutely 
incorrec t to t r y to stop howls and squeals by 
adjus t ing a l igning condensers. ( I f 3 and 4 
I . F , stages are employed and they are peaked 
when they should be band passed, the rece iver 
may squeal . I t is proper to h a n d pass, ad jus t 
t r i m m e r s , oniy i n this case.) T h i s requires a 
close examinat ion of every t r i m m e r or pad
ding condenser and i ts purpose, 

( c ) T h e following in format ion ia of a gen
e r a l nature . E x a c t deta i l s are given by the 
m a n u f a c t u r e r for each of the i r rece ivers , B'oi-
low them. T h i s subject is taken up in greater 
de ta i l e lsewhere in the course. 

(d ) Neutralizing. B e a r in m i n d that not 
a i l sets using triode tubes have a neutra l i z ing 
system. To cheek for neutra l i z ing condensers 
first locate the a l igning condensers (commonly 
cal led t r i m m e r s ) . These w i i i he found on the 
t u n i n g condenser gang frame. T h e n i f there 

a r e any more s i m i l a r condensers on the chas
sis they are probably there for neutra l i z ing 
purposes. Check service d i a g r a m for a re
generation control . T h i s shouid a l w a y s be 
adjusted first, 

(e) T h e method of adjustment is as fol
lows: Open the filament c i r c u i t of the tube 
i n the stage to be neutra l i zed by s l ipping a 
soda w a t e r s t r a w over one of the filament 
prongs—you can unsolder one of the filament 
leads if you w i s h — t h e n tune to a s tat ion 
between 1000 and 1500 k.c, and t u r n volume 
a i l way on. A d j u s t the neutra l i z ing condenser 
w i t h an insulated screw d r i v e r for least s ignal 
output. T h e filament c i r c u i t is then closed 
and the same procedure c a r r i e d out on the 
remain ing neutrodyne stages, 

(/) Aligning T.R.F. Receivers. T o al ign a 
T . R . F , set, tune in a weak broadcast s tat ion 
at about 1400 k.c. A d j u s t the t r i m m e r s on the 
condenser gang for m a x i m u m signal output. 
F o r any other position, bend the end rotor 
plates in each condenser section. A s many 
adjustments as there are segments in the spl i t 
rotor plate shouid be made, one w i t h each seg
ment in ful l mesh w i t h the s tator . S t a r t w i t h 
the condenser set so the first segment meshes 
w i t h the s tator . 

ig) Aligning Superheterodyne Receivers. 
T o al ign a superheterodyne a service osci i iator 
is rea l ly necessary. Connect the output of the 
osci i iator, tuned to the I . F . of the set to the 
control gr id of the first detector and the 
chassis . T u r n hack the at tenuator (volume 
control ) on the signal generator so tha t the 
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s ignal can bare ly be h e a r d . A d j u s t the I . F . 
t r i m m e r s for m a x i m u m output. A n output 
meter is the best ins trument w i t h w h i c h to 
measure output level . Connect ing a copper 
oxide rectifier type A . C . voltmeter, hav ing a 
series condenser, to the piate and chassis or 
plate and piate of the output tubes w i i i ind i 
cate output levels. I f the rece iver is an in
expensive one or has oniy two I . F . t rans form
ers, tiie adjus tments must be made very 
sharply . T h a t is, adjus ted for the greatest 
s ignal output. 

ih) I f the rece iver has three or more I . F . 
t rans formers the stages shouid not be adjusted 
too sharply , as th i s may cause osc i l lat ion 
( squea i s ) , c i r c u i t noise ( rush ing or hiss ing 
no i se ) , or d is tort the s ignals . I f in this case 
each I . F . t rans former has been peaked each 
one should he h a n d passed. O n each trans
former, tighteo one adjustment s l ight ly (one-
q u a r t e r t u r n ) and loosen the other s l ightly by 
the same amount. I f the ga in is too much, 
repeat the h a n d pass adjus tment for a i l the 
t rans formers . 

( t ) Connect the output of the osc i i iator to 
the a e r i a l and ground posts of the set. T u n e 
both the rece iver s tat ion selector d i a l and the 
osci l lator to 1400 k.c. A d j u s t the t r i m m e r s on 
the condenser gang for m a x i m u m output (the 
osci i iator t r i m m e r first) keeping the test 
osci i iator a t tenuator set so the s ignal is a l 
ways jus t audible or a low output meter 
reading is obtained. I f the set osci i iator is 
equipped w i t h a low frequency padding con
denser ( w i i i he shown in d i a g r a m by an 
adjustable condenser in series w i t h osci l lator 
tuning condenser and coi l ) tune rece iver and 
test osci l lator to 600 k.c . T u n e set back and 
forth about 600 k.c . wh i l e you adjust the 
padder . Y o u may hear the s ignal at more 
than one point . A d j u s t the low frequency 
padder at the point where s ignals are 
strongest. 

( / ) A l l -wave rece ivers have an I . F . ampl i 
fier to he adjus ted as described above. T h e y 
must he adjusted at the recommended I . F . 
T h e y have tuning condenser t r i m m e r s and 

padding condensers for the broadcast band 
w h i c h are also adjus ted as described above. 
F o r each short wave hand covered by the 
receiver there w i i i he a set of t r i m m e r s and 
padders . T h e t r i m m e r s are to be adjus ted at 
the high frequency end of the band and the 
padder at tiie low frequency end of the band. 
Manufac turer ' s instruct ions which w i i i give 
the location and purpose of the var ious ad
justments shouid be obtained from the manu
fac turer or from his iocai d i s t r ibutor . 

(k) Antenna Compensator Condenser. A 
few receivers have a special antenna compen
sat ing or t r i m m e r condenser for adjus t ing the 
receiver to the antenna w i t h w h i c h i t is used. 
I t is oniy necessary to tune i n a broadcast sta
t ion operat ing on a med ium frequency (ap
prox imate ly 1000 k.c . ) and then a d j u s t this 
condenser for greatest volume. I n s t r u c t i o n s 
on m a k i n g th i s adjus tment are general ly given 
in the operat ing ins truct ions received w i t h 
the rad io rece iver . A f t e r this adjus tment is 
made it w i i i not be necessary to change i t 
unless a different antenna is used w i t h the 
receiver . 

(!) Points to Remember. U s e an osci i iator 
for a l igning and neutra l i z ing if you have one 
—otherwise use a broadcast s ignal . Don't t ry 
to neutra l i ze if the set does not squeal . Don't 
t ry to al ign a superheterodyne wi thout an 
osci i iator. A l w a y s use an insulated screw 
d r i v e r for a i l of the above adjustments . I n 
al igning au R . F . , I . F . , or Neutrodyne ampl i 
fier, the stage to he adjus ted first does not 
mat ter great ly ; however, in a super first ad
j u s t the I . F . , then the t r i m m e r s , and finally 
the padders . 

( m ) W h e t h e r you al ign or neutra l i ze first 
depends on the operat ion of the rece iver . I f 
the rece iver squeais, neutra l i ze first; i f the 
R . F . stages a r e so f a r off a l ignment tha t i t 
cannot squeal , then you shouid a l ign first. 
F o r a better job, after the first n e u t r a l i z a 
t ion, real ign and neutra l i ze the second t ime. 

(n) P r o c u r e and follow when possible 
manufac turer ' s instruct ions especial ly for a i l 
wave rece ivers . 
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H E A D W O R K E L I M I N A T E S GUESSWORK 

Some radio repair men think they are just naturally 
born lucky. Give them a problem and they immedi
ately start guessing at the trouble. You've seen the 
type—cocky, energetic, handy with tools, but woefully 
short on good old common sense. Why, they'd tear 
down a whole radio receiver part by part, rather than 
sit still and think for just one minute! 

To you, a future Radiotrician, time is money; that's 
why you can't afford to gamble with guesses. In this 
Course, you learn methodical headwork procedures 
which eliminate one by one the possible causes of 
trouhie, and locate the defect in only a few minutes 
without guesswork. 

Gradually, as you get farther along with your 
studies and gain actual radio experience, you will 
find that you can often tell what is wrong just by 
listening to the improperly operating receiver. You 
will then be using the speediest and best of all servic
ing procedures, direct effect-to-cause reasoning. 

Learning how to save time today means extra 
dollars for you tomorrow. 
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