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lfwDerous BUperheterod;rne receivers ba.ve been developed and placed on the 

market; ba.t if all ot these are anaqzed and their circuit• ai.udied in detail, 

it will be aMn that th97 are all e&1ent1all7 alike. •ch one contains the 

six bade parts: A tuner for selecting the deeired signal.a, an oscillat.or for 

generatin& the local heterodTne frequency, a first detector in. which the in- 

coming and localq generated oecillationa are 1JUperimpo1ed and converted in.to 

a lower or intermediate frequency, an intermediate or long wave amplifier, a 

eecond detector in which the 01c1llationa are reduced to an audio :trequenc7, 

an audio frequency amplifier for increasing the ·signal etren«th, and lastq a 

power output stage that will operate the loud speaker e:t:tectiveq. 

Some BU.perhetero�e receivers are designed for loop operation, while others 

are intended for operation trom an outaide antenna. :Both 17stema have their ad- 

T&Dtagea. A loop operated set 11 generalq more tree trom interference and 

static disturbances; but a aet OJH9rated troll an antenna ba.1 a little greater pick- 

up abilit7, altho'a«h it 11 frequencq also more no1q in operation. Some 

111perheteroqnea, it will be seen, 1111plo7 one or two stages of tuned radio fre- 

quen07 amplification ahead of the tirat detector. Thie 11 done in order to 

1:ncr•ae t.he snaiiiTiV and aelectiTitT of the receiver. Howe·nr, this also 

cOlll)licatea the operation ot thil circuit aCDMrhat, and calla for the uae of · 

ad41tional siabilisi-c .. ,bodll. 
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The chief respects in which the '98.rious euperheteroeynes differ and the 

points on which the various na.mifacturers claim advantages for their product, 

are the design and construction of the intermediate frequency transformers. 

Different freque�ies have been chosen for the frequency at which these inter­ 

mediate transformers are peaked. ilso, some transformers have an iron core 

while others are built with an air core. It 11 bardJ.¥ possible t o �  that one 

or the other is the better, for both have their relative advantages • .ln iron 

core transformer generally has a broader amplification curve than an air core 

unit bas, but at the same time it is capable of giving greater amplification • 

.A. practice that bas worked out very satisfactorily and that is used in most re­ 

ceivers, is a combination of the two. Two or three iron core transformers are 

used to secure the ampli:fica tion, and together w1 th these are used one or two 

sbarpl.7 tuned air core transformers, more comnonl.y k:no1fll as filter transformers 

or merely filters. These filters are tuned with a fixed condenaer built right 

into the transformer case, and permit only a definite band of frequencies to 

pass through. But the moat important feature of any transformer arrangement 

and the factor upon which the succees of the entire intermediate amplifier de­ 

pends, is the accuracy' with which a given group of transformers are peaked. 

Unless the.r are all built and selected so that the,Y function at emctly the 

same frequency', the amplifier will operate at a Tery low efficiency, and the 

set in which the transformers are used will be broad tuning and lack all senei­ 

ti vi t)r. In other words, the very purpose of the superhetero<JTne will have been 

defeated. 

!Prom this previous discuasion one can see that a superheterodyne receiver 

can be built w1 tbout an BF section. It is true that it 1a claimed that an 

RF section will increase the aensitivitt of the receiver, but for the fact that 

the RF frequency is changed in the first detector to the IF frequency-, 
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manufacturers claim that it does not matter if we have an BF section or not. 

The duty of the first detector is only to mix the incoming frequency with 

the local oscillator frequency to produce the IF frequency; therefore, if 

the radio frequency signal is sent into the first detector, it doee not 

receive as great an amplification as it enters the receiver, bUt will not 

have as great a distortion because of the fact that it is not amplified before 

going into the first detector. The first detector merely change1 the !re- 

quency of the RF carrier wave without changing the form of the audio in the 

slightest. Some of the more popular tubes found in superhetero�e, to� 

are the following stage by stage. 

Power First Second First Output 
Supply R.F. Detector I.F. Detector .A.udio Stage 

5Z4 6K7 6.A.8 6X7 6H6 6c5 6F6 

5vr4 l2SX7 12.A.8 12SX7 6Q7 6F5 6x6 
Loud 

25z5 6D6 6L7 6D6 12SQ7 6J5 6L6 Speaker 

25z6 78 6A.7 78 6R7 12J5 2.A.5 

35z5 54 12SA.7 58 6J7 76 41 

80 24 2.A.7 24 6c6 56 42 

l.A.6 55 37 43 

75 27 45 

85 38 

50L6 

35L6 

.A.t this point the student will take notice that the tubes that are used 

in the R.�. and I.F.  stages are identical. In other words the I.F. section is 

reall7 composed of radio frequency tubes plus the intermediate transformer. 

These tubes are interchangeable in either the R.F. or 1.1. section. 
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On the following pages is given a brief description of one of the mora 

popular superheterody-ne receivers. This receiver is typical of the entire 

series of auperheterody-nes that has been developed. ill the various principlea 

that have been discuaaed are here put into practice. Some employ tuned radio 

frequency amplification, others use a regenerative detector. 

The lmerson Radio 11 a remarkable superheterodJrne receiTer. It was designed 

and developed b7 the lmerson Radio and Phonogra:ph Corporation and has earned for 

itself an enviable reputation. 

The Emerson :Radio Model BL-210 is a 5-tube 2-band superheterody-ne receiver 

having frequency ranges of 540 to 1580 kilocycles and 1580 to 4200 kilocycles. 

This radio employs a 61,.7 pentagrid oscillator modulator, one 6D6 'l'J' amplifier, 

one 6�7G diode detector, audio amplifier, A.v.c., one 41 power output tube, one 

80 full wave rectifier tube, and these tubes are run by a.n A.C. power supply. 

I t  will be notieed that thi� receiver is built for an outside antenna and does 

not employ an R.F. section. 

The general description and analysis of parts are aa follows: L-1 is  a 

wave trap which is tuned to 455 kilocycles. 11he IF coils are also peaked at 

455 kilocycles. In other words the wave trap will reject all signals other 

than 455 kilocycles and Will be of great help to the IY coils in the fact tl:at 

they are also peaked at 455. C-1 of the trimmers which fon:is part of the 

assembly of the wave trap which is tuned at 455 kilocycles. T-1 is a 2-band 

antenna coil and T-2 is a 2-band oscillator coil. We must remember that this 

particular set is a 2-band receiver; therefore both the antenna and oscillator 

coil are of the 2-band �ture. T-3 is the first I� transfor.ner or intermediate 

transformer which 11 tuned to accept frequenciea of 455 kilocycles. T-5 i1 the 

power transformer from which all Toltage1 for operating the receiTer are ob­ 

tained. R-1 11 a 50,000-ohm one-quarter watt carbon rel11tor which acte a, 
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a leak on the control grid of the oscillator section of the 6'.7 pentagrid 

conTerter; R-2 ie a 4-0,000-ohm one-quarter watt carbon reeietor used a1 a 

dropping resistor on the screen of the 6:c6; R-3 11 e 2-megobm one-quarter watt 

R-4 11 a 500,000-om vol,ne 

control with niich also known as a potentiometer. R-5 is a 5-megobn one- 

quarter watt resistor used on the control grid a, a leak on the second detector; 

R-6 is  a 250,000-om one-quarter watt carbon rHhtor uaed a, a plate load 

reshtor on the ,econd detector. 

carbon resistor used in the A.v.c. system. 

�� 
TRANSFORMEI! 
ON SPEAKER 

Rt 

WAVE BAND SWITCH SHOWN IN 

ll!OADCAST POSITION 

POSITION NOi POLICE 
N02 BROADCAST 

I F  PEAKED AT 455 K C  SCHEMATIC DIAGRAM 

RIO 

5 -TUBE AC R E C E I V E R  

SCHEMATIC DIAGRAM FOR MODELS BL-200, BL-210 AND BL-214 
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R-7 is a 500,000-obm one-quarter watt carbon resistor used as a grid leak 

resistor on the 41 power output pentode. R-8 is a 10-ohm one-quarter watt 

carbon resistor. R-9 is a 290-obm one-be.lf watt wire wound resistor and R-10 

i s  a  35 one-half watt wire wound resistor which act as the bleeder and bias 

resistor on the power suppq. C-2 are the trimmers of the variable condenser; 

C-3 and C-4 are the 2-gang variable condenser. A No. 5 is the other trimmer 

of the variable condenser. C-6 and C-7 are the triD1I1ers on the first IF 

transformer. C-8 and C-9 are the trimners of the second IF transformer. C-10 

i• a .0012 microfarad mica condenser acting as a coupling between short wave 

and broadcast switch. C-11 is a .05 microfarad 200-volt tubular condenser also 

acting as an R.F. by-pass to ground. C-12 is a .000025 microfarad mica con- 

denser. C-13 is a .05 microfarad 200-volt condenser. C-14 and C-21 are .0004 

micro.farad 600-vol t mica condensers as by-passers of high frequencies to ground. 

C-15 and C-17 are .006 micrO:S.rad 6oO-volt condensers. C-16 ie a .01 microfarad 

400 volt coupling condenser. C-19 and C-20 are dual 5 microfarad 300-volt dry 

electro�tic condensers used as filters in the power supply. The loud speaker 

is a 5-1/21 �ic speaker. The pilot light is a 6.3 volt .25 ampere mazda No. 44. 

VOUWJE mLYSIS 

Readings should be taken with a 1000 ohms-per-volt meter. Voltages listed 

1� the following chart are from point indicated to ground (chassis) with the 

volume control turned on full and no signal. Line voltage for these readings 

was 117.5 volts, 60 cycles, a.c. All readings except heaters were taken on 

250 volt scale. 

Tube Plate 

6.A.7 • • • • • • • •  182 
6D6 

• • • • • • • •  
182 

6Q.7 • • • • • • • •  87 
41 

• • • • • • • •  •165 

Screen Cathode Osc,Plate Fil, 

70 0 182 6.3 a.c. 
70 0 6.3 a.e. 

0 6.3 a.c. 
182 0 6.3 a.c. 
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In th11 set 7011 rill notice in the d1at;r8Jll tbat the filaments or 

heatera of all the tubes are connected in parallel. You will alwq1 find 

th11 tn,e of coimection in an .1.c. receinr. 

The color cod111g of the leads ot the I.1. transformer 1• aa follows. 

The green wire to the grid; black wire the grid return; plate wire, blue and 

the red wire t o !  plus. 

The color coding of the power transformer is aa follows. The prime.17 

winding, 2 black leads; the high Toltage section, 2 red leads; the high 

voltage 1ection center tap, the red with yellow tracer lead; the filameni 

lead 6.3-volt section, 2 heavy green leads and the 5-volt section 2 hea.V7 

yellow leads. 

The general color cod1J18 ot the wir1J18 of the entire receiver is as 

follows. Plate connection, the blue wire; B-plus a red wire; screen grid 

connection, brown wire and grid connection, green wire. 

The .1.v.o. or autoJm.tic vol'allle control wire and cathode connection are 

the •hi te or the yellow wire; the filament and ground, the black wire. 

COMMON BADIO TROU13LES STAGE :BY STAGll 

'!'here are two methods in which to check for troubles in a radio receiver. 

One is the use of a voltmeter through which ;you take point to point voltage 

readings. The other ie through the use of an ohmeter b7 talc1J18 point to point 

resistances. Some ot the coumon symptoms of radio troubles are aa follows: 

l. Set inoperative 

2. Intermittent fading 

3. Oscillation or noise 

4. Distortion or hnm 
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The first step in checking a radio is to check the tubes. If you are 

satisfied that the tubes are in good working order, we now begin to check 

the radio stage � stage. Start by checking the power suppq for the four 

listed symptoms given previously. We must check each stage tboroughq before 

proceeding to the next. 

POWER SUPPLY 

SYmptom No. 1 

Shorted electrolytic condenser in power supply 

Power supply f 11 ter choke open 

Open voltage divider in power supply 

Shorted or open power transformer secondar,y 

§Ymptom Ho, 2 

Shorted or leaq filter condenser 

Loose contacts on voltage divider 

Defective line switch 

J'il ter choke shorting to ground 

Szmptom Bo, 3 

Open filter condenser 

Defective voltage divider 

Filter choke leaking to ground 

Le� by-pass cond�nser from rectifier tube to ground 

Symp�om Not 4 

Open or shorted primar,y by-pass condenser 

Center tap on filament winding open 

Open or lealq' output filter condenser 

Grounded pilot light bracket 
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RADIO FfilR.UENCY STAGE 

If we are satisfied that the power suppl.7 is in good working order, we 

now proceed to the R.F. section and wo:1:k back stage by stage to the speaker. 

Symptom No, 1 

Open or shorted R.l. coil 

Band switch contacts dirty 

Shorted tunine or trimmer condenser 

Open plate decoupling resistor 

Symptom N o ,_ �  

Shorting trimner condenser 

Loose contacting lugs on R.F. coil 

Leaky plate or screen by-pass condenser 

Band switch meking poor contact 

Symptom No, 3 

Rotor contacts on tuning condenser dirty 

Open cathode or screen by-pass condenser 

Shorted bias resistor 

Aligned too sharply 

Szmpiom N9.i..2t. 

Shorted filament by-pass condenser 

Antenna. too long causing overload 

Shielding making poor contact 

Shorted antenna coupling condenser 
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MIXER-OSCILLATOR STAGE DOi'ffl AS FIRST Dlfl'J£TOR 

'l
1
he dut7 of the first detector is to mix the constant wave set up b7 

the oscillator with the incomin& radio frequency wave to produce the 

intermediate frequency-. The frequency of the incoming wave is m&rel.y changed 

without changing or distorting the audio signal in the slightest. 

Symptom No, l 

Oscillator plate resistor open 

First I.  'F. transi-onner primary open 

Shorti� or open oscillator trimner condenser 

Open plate choke coil 

SYmptom No. 2 

Poor insulation on oscillator trimner condenser 

Open grid return resistor 

High resistance at lugs of oscillator coil 

Dirty band switch contacts 

Symptom No. 3 

Open grid coil 

Cathode by-pass condenser open or leaey 

Shield on grid leads corroded or open 

Decoupling resistor shorted 

, 

Symptom No, 4 

Oscillator coil misaligned 

Open grid filter condenser 

Shorted or leelcy' cathode by-pess condenser 

Lealcyr plate by-pass condenser 
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THE INTEI!!]lIDIATE FRJ!BUENCY STA.GE OR I,1'. 

The response that will be given by a radio is dependent upon how wen· 

the I.F. coils are peaked. This ie the section through which the beat 

:fr,9,!.uenc.r produced in the first detector, is amplified and carried through 

tho receiver. 

5,ympto:n No, l 

Open I.F. coil 

Plate decoupling resistor open 

Shorted trimmer condenser 

Primary or secondary by-pass condenser shorted 

$yraptq,m llo1 2 

Open or shorting grid by-pass condenser 

Wire on lu.g corroded 

Trinmer condenser shorting 

A.V.Q. network defective 

Sympto:n No, 3 

Shorted cathode bias resistor 

I.F. transf'ormer out of alignment 

Screen by-pass condenser open 

�tom No, 4 

Stage out of alignment 

Screen by-pass condenser open 

ShoTted cathode bias resistor 
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!!i!. SECOND DE11:JOC}TOR 

In thla stage we demodulate the beat frequency produced in tile first 

detector and amplified in the I.F. section by by-passing the beat frequency 

out to ground and leaving only the audio signal. Detection or rectification 

are one and the sa.�e principle. 

§xmptom No. 1 

Plate load resistor open or shorted 

Shorted trimmer condenser 

Control grid lead shorting to shield 

Open plate filter choke 

§zmptom N o , �  

Defective volume control 

Load resistor by-pass condenser shorting 

R.�. by-pass condenser shorting 

Symp�om No, 3 

Open plate or grid by-pass condenser 

Defective plate load resistor 

Defective volume control 

Stage out of ali�ent 

Symptom No, 4 

L� audio coupling resistor 

Leaky plate by-pass condenser 

Plate load resistor too high 
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THE AUDIO STAGE 

In this stage the audio signal which is received from the second 

detector is amplified and sent through the next stage of the receiver which 

would be the power output stage. 

SYmptom No, l 

The plate load resistor open 

Open audio coupling condenser 

Shorted plate by-pass condenser 

Open cathode resis�or 

Symptom No, 2 

Defective audio transformer pri:aary 

Open volume control 

Defective plate load resistor 

L� grid or plate coupling condenser 

�tom No, 3. 

Shorted cathode by-pass condenser 

Primary or coupling transformer opening 

Open plate by-pass condenser 

Symptom No. 4 

Shorted grid or plate coupling condenser 

Cathode by-pass condenser shorted 

Audio transformer open or shorting 

High resistance from primary to secondary of audio t,ransformer 
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POWER OUTPUT ST.A.GE 

This 1s the final stage of the radio receiver in which the audio signal 

is given enoU&h power to operate the loud speaker. 

Sznmtom No, l 

Primary of output transformer open 

Open cathode bias resistor 

Secondary of output transfonner shorted or open 

§Ymptom No, 2 

Open secondary on input transformer 

Shorting audio coupling condenser 

Defective primary on output transformer 

Open cathode bias resistor 

SYmptom No, J. 

Open cathode by-pass condenser 

Defective cathode resistor 

Lealcy' audio coupling condenser 

High resistance from prima.ey to secondary 

Symptom No. 4 

Tubes in push-pull out of balance 

Screen grid circuit open 

Shorted turns on output transformer 

Shorted by-pass condenser on cathode, 
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THE LOUD §PEA.KER 

It  is the duty of the loud speaker to change the electrical audio 

signal back into a sound wave so that these sounds maJ" be picked up by· the 

human ear and reproduced in the ear almost identically to that which started 

from the broadcasting station originally. One can readily see that a good 

loud speaker is  Vldcy important in tile receiving set. 

Symptom No, l 

Open voice coil 

Secondary of output transformer open 

Voice coil leads open 

Voice coil leads shorting to pole piece 

Symptom llo1 2 

Voice coil lugs making poor contact 

Secondary of output transformer opening 

Field coil connection making poor contacts 

S:ymptO?Jl No I l 

Voice coil winding loose 

Warped cone 

Voice coil rubbing on pole piece 

Unfiltered field suppl7 

Symptom No. 4 

Field coil open or shorting 

Hum bucking coil shorted or reversed 
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At this point, it should be remembered that these are not the only difficulties 

encountered in a radio receiver, but these are the most common troubles. A good per­ 

centage of the radio receivers that do not wo�k are due to bad tubes, the_ coupling or 

by-pass condensers, coils and resistors. If we thoroughly understand the operation 

of each of these four parts, we can see hO'lf easy it would be to locate troubles in a 

radio receiver. 

- END OF LESSON - 

EXAMINATION QUESTIONS ON FOLLOWING PAGES 
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