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Preface 

When a resis tor opens a nd is visually defective-broken in 
ha lf-when a capacitor is dead shorted and reads zero ohms,  
when a transform er starts burning, the test is almost 
automatic and the conclusion is defin ite.  There are no ifs , ands 
or buts; the eye ,  ohmm eter and sense of smell tell you what 
part is unsatisfactory . However, when your garage door 
opener goes up but won 't come down, when your neighbor 
without a larynx has his electronic vocal chord stop producing 
his voice, when your car starts to miss and your intercom 
begins whistling, the test is not exactly automatic and you 
have no immediate idea of which part is unsatisfactory . 

During such an electronic crisis, you have to perform tests 
to determine wha t  is unsa tisfactory . Or you have to retune a 
circuit  to re-establish perfect a lignment .  During my 25 years 
of work in home-type electronic equipment,  I've b een called 
up on to test and align practically everything elec tronic. Most 
of the jobs have been on radio and TV type objects , but there 
have been all kinds of other jobs from the roof antenna to the 
living room electronic organ. 

The following 199 tests and alignmen t  techniques are a 
potpourri of what you might be called upon to do.  Included are 
tests and alignment procedures for AM , F M ,  stereo , 
monochrome and color TV, auto ignition system s ,  all kinds of 
remote con trol , e lectronic organs , electronic vocal chords ,  
intercoms ,  garage door openers , FM converters for TV sets , 
diodes, zener diodes, varicap diodes,  b ipolar transistors , 
JF ETs,  IGFETs ,  MOSFETs , multitesters, wa ttm eters , field 
strength meters , signal generators, color-bar generators,  
vec tors cop e ,  osc i l loscope w i th h ig h -imped a n c e  and 
demodulator probes,  auto timing light, tachometer, transistor 
and FET testers , and other th ings. 
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A book like this would not have been possible without help 
from various manufacturers. I 'd l ike to thank RCA, E ICO,  
Magnavox and others . I 'd like to  personally thank Jim Smith, 
form er Chief Field Engineer for Sencore for all his help . I hope 
these tests and techniques will enable you to perform your 
electronic chores in a quicker , more reliab le and safer 
manner. Credit is due my son , Denny Margolis, for the cover 
photography. 

Art Margolis 
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Chapter 1 

'lools" For Testing 

Your five senses can spot defective electronic equipment on 
occasion. However, the senses cannot test amps, volts, ohms,  
microvolts , frequency, watts , peak-to-peak,  waveshape,  
mutual transconductance, beta , b andpass resp onse and other 
electronic para meters. You must have test equipment to do 
that .  Testing is the only way you can find out if electronic 
components are satisfactory or not. Testing is not exactly the 
same as measurement . Measurements tell you precisely how 
many of a certain parameter are present . During a test you 
might need to know how many,  but it's only to determine the 
quality of an electronic object.  

Alignment is usually needed to adjust the tuning of a 
circuit. Alignment is also used in testing to determ ine if a n  
oscillator i s  creating a good signal a n d  i f  a circuit i s  also 
passing frequencies properly .  

Testing and alignment are  conducted with various p ieces 
of equipment especially des igned for the purpose. There are 
all kinds of special purpose test equipment,  plus certain basic 
pieces of equipment that are universally used and used more 
frequently than others . These common pieces of equipment 
inc lude multitesters , oscilloscopes , tub e testers , signal 
generators , wattmeters, field strength meters , transistor 
testers , a nd decade boxes. Then there are all sorts of probes 
that attach to some of these units such as high-imp edance,  
demodula tor and high-voltage types. Test equipment simply 
"hooks into" electronic gear and measures the electronic 
parameters, or they produce a signal that can be driven 
through the circuits. They are the sensors tha t perm it you to 
examine all the activity in the circuit. 

MULTITESTERS 

As the name implies, you can test a multitude of 
pa rameters with a multitester. Popular types are the YOM, 
VT VM and field-effect multitesters . The YOM is portable and 
ba ttery-operated. The VTVM is dependent on vacuum tubes 
(Vacuum Tube Volt Meter) and must be plugged in ( Fig. A ) .  

9 



Sencore Model F EZO f i e ld-effect m u lt i meter. 

TR I ODE 
AM P 
(1f212AU7) 

r K NOWN 
R ES I STOR METE R 

FAC E 
I N PUT 

PROBES 

1 117v AC 

F i g .  A.  When a tr iode tu be i n  a VTVM has a voltage i nput, 
i t  causes a proporti ona l cha nge i n  the a m meter rea d i ng i n  
i ts p late c i rcu i t. The tr iode has a la rge in put  i m peda nce so 
c i r c u i ts u nder test a re not loa ded down. 
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Field-effect multitesters use FETs in the c ircuits and come 
ba ttery- and AC-operated. 

The YOM and FET multitester can test a w ider range of 
pa rameters than a VTVM.  The YOM and FET multitester can 
measure volts , ohms, amps and decibels.  They also test AC as 
well  as DC. The VTVM tests everyth ing the others do, except 
for current .  There is  no amp test ava ilable on most types. 

No matter how complex they appear,  these multitesters 
are nothing more than an am meter , voltmeter ( Fig . B) and 

Sencore Model F E21 f i e ld -effect m u lt i mete r .  

1 1  



POW E R  
SUPPLY 

1 

AMMETE R 

LOAD R E S I STOR 

F ig .  B. An a m meter in ser ies w ith the l oad measu res the 
a m perage drawn by the l oad.  A n  a m meter i n  s h u nt with a 
load measu res the vo ltage across the load a nd, i n  effect, is  
a voltmeter .  

ohmmeter ( F ig. C )  all encased in the same package w ith 
appropriate switches to select the desired function . It  is the 
most used piece of test equipment because it tests the basic 
parameters of an electrica l  circuit. Actual uses and fine points 
of usage are discussed throughout the text. 

OSCILLOSCOPES 

The cathode ray osc illoscope (Fig .  D) is the second most 
used piece of test equipment. It basically provides two 
parameters. One of the parameters is also offered by a good 
m ultitester. The two parameters are; one, a picture of what 
the waveform in a circuit looks like and two , the peak-to-peak 
voltage level tha t is being viewed in the scope display .  

There are  two axis in  the scope display .  One is  the 
horizontal ,  normally produced by an AC sweep voltage 
generated ins ide the scope. It is applied to the horizontal 
deflection plates of an electrostatically controlled cathode ray 
tube . The typical horizontal sweep is a saw tooth wave with a 
linear time base . It causes the cathode ray to be swept from 
left to right at a uniform ra te and then snaps it back at the end 
of the line to begin again. 

12 



KNOWN 

RE S I STOR 

OHMS ADJ UST 1 BATTE RY 

l LEADS J 
�OH: • R E S I STOR 

TO B E  
MEAS U R E D  

Fig . C .  A n  a m meter i n  th is  c i rcu i t  becomes a n  ohm meter 
and ca n mea s u re res ista nce in ohms .  

The second axis is the vertical sweep. The s ignal you want 
to look at is fed into the vertical input of the scope and is ap­
plied to the vertical deflection pIa tes of the CRT. The signal 
causes the cathode ray to be swept up and down as the 
horizonta l is sweeping back and forth . The resultant 
waveshape is the desired display.  

0 0 WAV ESHAPE 
D I SPLAY 

P·P VOLTS I 
TRANSPAR ENT 
OVE R LAY SCALE 

00 00 
0 11M} I NTE RNAL 

HOR I ZONTAL 
SWEEF 
SAWTOOTH 

rv I N PUT- ...0 
S I GNAL_ 1-0 

F ig .  D .  A scope d is p lays c i rc u i t  wa veforms a nd the a m­
p l i tude i n  POp vo lts when ca l i brated. 
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l- TO-l RAT IO  2' 2-TO-l RAT IO 3-TO-l RAT IO  

F ig .  E .  A Lissajous f i g u re scope d isplay revea ls the ra t io 
between the i n put vo ltage f req u en c i es. 

The horizontal sweep can be varied in frequency and also 
in waveshape by con trols on the scop e. The horizontal sweep 
ca n also be turned off internally and an external horizontal 
waveshape applied to the horizontal sweep to produce various 
types of displays. Therefore, th e waveshape is available for 
close analysis and can be th e positive indicator of m issing or 
dis torted waveform s .  

The peak-to-pea k  voltage of a waveshape can b e  read 
directly on th e scope screen.  Many oscilloscopes provide 
va rious controls and even an AC voltme ter, so the exact peak­
to-p eak value can be easily read .  E ven on the most economical 
scope,  th e pea k-to-peak value can be comp uted easily . Simply 
ta ke a reference display, such as the 117-volt, 60-Hz line 
current, and inject it into the vertical input of the scope .  Mark 
th e amplitude of the displays as 165 volts peak-to-peak ( 1 17v is 
th e RMS value-the effective value ) .  Make the marking 
directly on the scope face, either with a transparent sc ale or 
with a marking penc il .  Then comp are any other display in 
re la tion to th� 165-volt scale you have just made. 

If you app ly sine-wave signals to both the vertical and 
ho rizontal inputs of a scope, with all,internal  sweeps  turned 
off , predictable figures will app ea r .  Th is is p robab ly the 
ea siest way to gain a good idea of wha t you are doing with the 
scop e .  These figures are named Lissajous figures (F ig. E ) .  

The display they produce is dependent on their relative 
amplitudes, frequencies and ph ases .  When the phase 
rela tionship is exactly 90 degrees b etween vertical and 
horizontal and the a mplitudes are ab out equal ,  the frequency 
ra tio can be read directly from the appearance of the pattern . 
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When both the frequencies ar e identical , the vertical will 
sweep up and dow n a t  the same time the horizontal sweeps 
ba ck and forth , both in a sine-wave fashion . Th e resultant 
pic ture of this one-to-one frequency ratio is a perfect c ircle.  
When the vertical input is doubled in fr equency in relation to 
th e horizontal ,  the vertical will appear twice as th e horizontal  
sw eeps once . The display will look like a figure 8 ly ing on  its 
sid e .  

When the vertical is tripled i n  frequency i n  relation to the 
horizontal ,  the vertical wi l l  appear three times as the 
horizontal sweeps once. The display w ill have three points 
along the top and bottom and just one loop along the two sides .  
If you consider the number of loops a long the top and the 
bottom as  the vertical part of the ratio and the number of loops 
along the side as the hor izon tal part of the ratio, you can easily 
calculate a L issajous f igure.  

Th e Lissaj ous figures are more th an just elec tronic 
exercises . Using the 60-Hz line frequency, wh ich is a known 
constant,  you can measure fr equencies in th e audio range by 
com paring the Lissajous loops you produce on a scope display,  
us ing the scope 's internal sweep . 

SIGNAL GENERATORS 

Signal generators are nothing more than test osc illators .  
They produce audio frequencies, R F  fr equencies, marker 
frequencies and so forth. In th e audio range, most audio 
oscillator s provide a variable frequency and amplitude output 
ranging between 20 and 20,000 Hz. A good one produces square 
waves as well as sine wa ves . 

In th e RF range , most generator s cover a range between 
85 kHz and 40 MHz for AM,  FM and CB work.  Some produce 19-
kH z and 3 8-k Hz signals for multiplex stereo work and TV 
sig nals for RF , IF and FM carrier waves. RF generators 
produce marker frequencies th at are high in amplitude and 
very narrow in w idth, and so forth , as well as modulated RF 
sig nals. Sweep generators provide variable sweep widths up to 
12 MHz . The designs are infinite and you must choose your 
signal generator to suit th e job you want to do with it .  

The test osc illator can be almost  any type . It simply has to 
produce a signal from an RC, L C  or crystal-controlled 
oscilla tor . The oscilla tor signal can be injected into c ircuits to 
signal trace or align them . A test oscilla tor wil l  a id in 
measuring such parameters as frequency,  by compar ison on a 
scope face,  and frequency response of a circuit by its ap­
pearance on the scope face . It 's a lso invaluable in  signal 
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Sencore Model S M 1 52 sweep a nd ma rker genera tor 
des igned for TV sweep a l i g n m ent. 

tracing, using either a multitester , speaker or TV CRT as an 
indicating device.  The gain of a s tage a nd the overall gain of 
several amplif ier stages can be measured accura tely by 
ta king output readings and comparing them to input readings 
and various test points along the signa l  path .  

POWER METERS 

A power monitor , such as the Sencore PM 157 ,  measures 
watts . The power in w a tts is the result of multiplying current 
tim es voltage.  The power meter assumes an input voltage of 
117  volts and based on this line voltage, reads amperes 
directly . With a voltage other tha n  117 volts,  the actual power 
is computed by an accompanying conversion table . 

FIELD STRENGTH METERS 

The typical field strength meter has one meter with one 
scale on it .  The scale is gra duated in m icrovolts and decibels , 

16 



Ma rker genera tor, Sen core Model SM1 58, provi des 
s i g na ls  for TV I F , chroma a nd R F  a l ig nment. 

Sencore PM157 power m o n i tor measu res l i ne v o l tage, 
c u r rent a nd wa tts . 
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RCA Model WA-44C a ud io  generator prod uces s ine an d 
sq uare wa ves. 

although it is primarily used to measure microvolts . The 
decibel level is a relative measurement.  I t  was decided that 
1000 microvolts across 75 ohm s  is zero decibels (db ) . A ll 
readings under 1000 microvolts ar e negative decibels and a ll 
readings above are positive decibel s .  The decibel scale is 
logarithm ic.  

Th e field strength meter is a very s imple receiver tuned to 
th e frequencies you want to test .  Instead of a speaker or CRT 
output, a me ter is used .  In fact ,  some f ield s trength meters 
provide a speaker output in addit ion to help verify the signal 
you are tuned to . 

TUBE TESTERS 

It goes w ithout saying that  the best test for a tube is a 
dir ect substitution of a known good tube. As a result of th is 
truth , it is a fact th at lots of busy electronic shops do not even 
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ha ve a tube tester on the premises . Others do own one, but 
they are in a corner covered with dust . 

When a tube tester is used in a service shop, it is usually 
for one reason. A tube is suspected as defective and th ere is no 
known good replacement nea r at hand. The tube tester is then 
used to determine whether a tube is good or bad . 

Emissions Test 

Most testers provide a simple cathode emISSIOn test . 
Whether the tube is a diode , triode , pentode or heptode , it is 
tested as a diode . For insta nce, in a tube with a control grid 
and screen grid, the tw o elements are tied to the plate (F ig. 
F ) .  Then , a DC voltage is placed on th e plate and current is 
drawn from the cathode .  

F ie l d  strength meter for  a l l  TV ba nds a nd the FM 
broad cast ba nd. Sen core Model F S 1 34.  

19 



E m iss ion-ty pe tu be checker a lso reveals shorts a nd 
leakage. Sencore Mode l TC1 54. 

PLAT E SCR E E N  

CONTROL GRID 

T I ED TOG E TH E R  

MAX I M U M  

E L E CTRON FLOW 

CATHO D E  E M I SSION T EST 

F ig .  F .  Most tu be testers s i m p l y  mea s u re ca thode 
em iss i on .  I t  fol lows that other cha racter ist ics proba b l y  
a re good i f  the ca thode em iss ion i s  good . 
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Without the valve action of the control gr id ,  the cathode 
runs wide open . The plate absorbs all the cathode current. A 
DC meter in the plate shows whether the cathode emission is  
strong, moderate or weak.  A strong current f low deflects the 
meter into the good region. A moderate flow places the needle 
into th e weak, and l ittle or no current puts the needle into th e 
bad section . Green, yellow and red d isplay colors help confirm 
th e good, weak and bad on the dial face .  This  test ,  if prolonged, 
can warp the tube elements and strip the cathode of i ts 
em ission ma teria l .  

While th is test i s  far from ideal ,  i t  is an adequate go-no go 
test and is the one performed .  It has enough merit to be used in 
the exceptional cases when the direct substitut ion test cannot 
be perf ormed .  

G m  (M utual Transconducta n c e) Test 

Another type of tube tester occa sionally found in  a service 
shop actually measures Gm in a tube ,  in a rough m anner. Gm 
is the ratio of the amount of control grid voltage needed to 
cause a certain change in plate current. In  a Gm tester a 
signal ,  separate from the applied D C  bias,  is applied to the 
tube being tested (Fig .  G )' This is in tr iodes, pentodes , etc. , 
not in diodes . 

The control grid signal ,  which is  known , produces a 
ch ange in the pla te current.  The amount of change, measured 
in microamps is divided by the control gr id signal voltage . The 
resultant is displayed on the meter in the plate- circuit .  I t  is  
measured in micromhos , the tr ansconductance .  

G a s  and Sh ort Tests 

In most tube testers ,  the gas and short tests are performed 
simultaneously . During the test ,  a high potential voltage 
difference is applied to diff erent elemen ts of the tube. If there 
is  any gas in the tube ,  or the control grid draws any current, or 
if any curr ent flows between elements , an indicator either 
reads the current in microamps or a neon l ight winks on. 
There is an aluminum oxide coating of insulation between the 
heater and cathode . If it breaks down and allows current to 
flow, even in minute amounts, a H-K short is r evealed . Most 
testers won 't  show anything until at least 100 microamps pass 
from heater to cathode . While this test is  also rough ,  it does 
provide a certain amount of service infor mation and will  on 
occasion p ick out badly leaking tubes.  
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ROUGH Gm TEST 

NORMAL ELE CTRON FLOW 

+ 
G R I D  

S I GNAL & B I AS 

F i g .  G. Some com mercial  testers actual ly  prov i de a rou g h  
G m  test with t h i s  basic  c i rcu i t. 

The principle behind tube testers is valid though not 
unerring.  While th ere are all sorts of tube para meters such as 
am plif i ca t i o n  f a c tor , p l a te res is  ta nce , in terelec trode 
capacitance,  plate current, gr id current, typical element 
voltages and so forth , in addition to Gm and cathode em ission, 
it is assumed that if the ca thode em iss ion, shorts and gas tests 
ar e good, th e rest of the tube is probably OK , too . 

TRANSISTOR TESTERS 

While tube tes ting is simple , even on the most complex 
tester, transistor testing is quite com plica ted. Wh ile all tubes 
operate around the cathode-to-pla te electron flow , transis tors 
perform in a multitude of ways . The only real complication to 
tube testing is the great number of tubes all with different pin 
num bers . The tube tester solves this complication with 
numerous tube sockets and a switch . 

The pin number complication doesn ' t  exist in tr ansistor 
testing .  Ther e is only E ,  B and C in a bipolar tra nsistor and S ,  
G and D in a field-effect tr ansistor . Tr ansistor s, however ,  
make up for th e lack of connection complications by 
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demanding accur ate parameter testing instead of the simple 
cathode em ission type test a tube needs. While a tube is easily 
substituted in tube sockets, most tr ansistor s  are best tested in­
circuit and have to be caref ully unsoldered to remove them 
from the c ircuit. 

Bipolar tr ansistors  have to be tested for DC and-or AC 
beta . DC beta is the current amplification factor and is the 
ratio of collector current divided by the base current. AC beta 
is the ratio of change in the collector current divided by the 
ch ange in the base current, while holding the collector voltage 
consta nt. This current parameter is used in conjunction with 
bipolar transistors because they are current amplifiers .  

A second parameter needed in analyzing a bipolar tran­
sis tor is th e leakage current f low in microamps between the 
collector and base. It 's  called lcbo. These two parameters can 
be obtained only with a good transistor tester. lcbo means 

Sencore Model T F 1 5 1 tra nsi stor tester desig ned to check 
b i -pol a r  a nd f ie l d-effect tra nsistors. 
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RCA capa c ita nce-resista nce su bstitu t ion decade box. 

current I ,  between the collector c and the base b with the third 
element left open 0, 

In f ield-effect transistors, which are voltage devices l ike a 
tu be , not current devices like a bipolar tra nsistor ,  the main 
parameter needed is Gm, the same as a tube. The second 
parameter, Igas, which is th e leakage current I between the 
gate ( G )  and the source ( S )  with the third element (S ) shorted 
to th e second element, the source. 

A third parameter of an FET is Idss , the zero bias dr ain 
current. It is  something like cathode em ission in a tube. It  is 
the amount of current I th at f lows from th e drain D to the 
sourc e S ,  with th e th ird element, the gate ,  sh orted to the 
second element, the source S .  With the gate shorted to the 
sourc e, it 's like a tube tester shorting th e control gr id to the 
pla te . Just like the tube , th e F ET runs wide open with th e zero 
bias .  

Another transistor test check is  the oscillation capability 
and how high in frequency it can oscillate. The ordinary 
transistor tester does not usually provide the test, but a special 
oscilla tor circuit can be put together as shown in the text .  
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DECADE BOXES 

A largely ignored testing technique is tha t provided with 
decade boxes. Perhaps it is ignored beca use it is so simple and 
when a decade box pinpoints a bad com ponent it 's  almost like 
cheating. No technological foreplay is performed . Yet the 
decade box technique is quite accurate a nd can perform a test 
something like the direct substitution of a tube . With a decade 
box you can introduce substitutes for resistors, capacitors , 
diodes and filter capacitors. Also , you can add and subtract 
resistance and capacitance from a circuit. 

A decade box is nothing more than a group of commonly 
used resistors , capacitors and rectifiers , mounted in  a con­
venient box. You can select values at will by the turning 
switches and pressing buttons. Yes , individual components 
could also be used, but the convenience of the decade box and 
its clip leads save a ll kinds of time .  By adding the decade box 
to your bench and using it frequently, another full dimension 
of testing by substitution is available. 
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Chapter 2 

AM Radio 

'\10. 1: PEAK IF ALIGNMENT-VTVM 

The question of whether or not alignment is needed frequently 
arises during a radio repair. The radio has lowered effic iency ,  
not enough volume can be obta ined. All the stages are 
operating and normal DC-resistance tests revea l no clues. The 
IF stage must be checked . It  m ust either be eliminated as a 
trouble source or th e bla me pinned on it .  Also , the IF trans­
form ers, even though they pass the signal and have no con­
tinuity defects , could be defective due to a shorted turn or two. 
An IF alignment will reveal whether or not the IF stage is 
opera ting correc tly or not . 

The only equipment needed is an RF generator and a 
VTVM. An output meter or YOM can be used instead of the 
VTVM. The meter , attached across the voice coil ( F ig .  1A ) of 
the speaker ,  is set on the lowest AC scale. A 0 .05-mfd capacitor 
is attached to the signal generator probe.  The blocking 
capacitor is then connected to the RF input of the mixer.  In a 
transis tor radio, it is usually the base of the m ixer . In a pen­
ta grid converter,  it is usually the third grid.  The generator 
negative end is attached to B minus which might or might not 
be the chassis. 

The generator is then turned :on with the gain set at 
minimum . The IF frequency ,  usually 455 kHz , is selected on 
the generator tuning dia l .  Be sure you are tuned to the 
correct IF .  Some radios have 175, 262 , and 456 instead of 455 
kHz . Check the service notes for the correct IF . Attach a 
jumper wire across the local oscillator coil. This turns off the 
oscilla tor. Otherwise , it w ill m ix w ith the incoming IF from 
th e generator and the resultant heterodyne produces many 
frequencies, all unwanted . With such unwanted signals 
present the IF could be tuned to the wrong frequency . 

Next, turn on the radio and allow all the equipment to 
warm up for 10 or 15 minutes . A fter warm up, crank the 
volume control to maximum and begin turning up the gain on 
the generator . Some volume will be heard in the speaker and 
the meter needle will move. Use only enough gain to allow a 
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sca le rea ding about a quarter of the way across the meter 
face . 

Starting with the top slug of the last I F  transformer before 
the detector , adjust i t  with a neutral "stick ," then tune the 
bottom slug ( F ig .  IB)' Adjust for maximum, clearest au<)Ao 
and meter deflection, then go to the top slug of the next to the 
las t IF transformer and repeat the procedure top and bottom . 
It would be tha t there are only two IF transformers. If so , 
that's the alignment. If there is a third IF transformer, repeat 
the top-bottom procedure on it . 

When the a lignment is far off adjustment, the audio and 
meter reading can become excessive as  the correct settings 
are approached. The meter needle will "pin ." If  so, reduce the 
generator gain so that the needle is down below midrange . 

Always repeat the slug adjustments a few times until you 
know you are obtaining maximum gain. If a transformer 
wo n't tune or produces no effect,  you can suspect it as being 
defective . Also suspect are its a djacent components. 

RF S I G NAL 

G E N E RATOR 

---.. -----I--t I F AMP 
LOCAL 

I 
/ I 

___ ...J 
GANG 

OSC 

OSC I L LATOR 

COIL 

SHORT 

DET ECTOR 

AGC AUDIO 

AF AMP 

VTVM 

VOICE COIL 

F ig .  lAo The R F  s i g na l  genera tor a nd the VTVM a re 
needed for AM pea k a l ig nm ent. The rece i ver osci l la tor 
shou ld not be runn i ng .  
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I N PU T TO 
DETECTOR 

F i g .  1 B .  The top s l ug is the secondary a nd the bottom s l ug 
is the pri ma ry i n  a ty p i ca l  I F tra nsformer.  

No. 2 PEAK IF ALIGNMENT-SCOPE 

If a radio is squealing and the gain is lowered,  a stage is 
proba bly oscillating . If the IF response curve can be examined 
on a scope, valuable service information can be obta ined.  If  
the response curve has jagged sides , it means the I F  stage is 
oscillating.  Once this is ascertained, the stage can be checked 
for open bypass capacitors, excessive transistor or tube 
feedback due to distributed capacitance or slightly incorrect 
DC resistance .  Also during the procedure ,  you automatic ally 
check the qua lity of the IF section . The IF could simply be out 
of alignment. 

The equipment  needed is a sweep generator and an or­
dinary scope, connected as shown in F ig. 2A. A VTVM could be 
used on its pea k-to-peak scale to determine the response curve 
voltage , but the appearance of the waveshape can't be seen.  
The peak-to-peak VTV M  reading simply tells you the 
waveshape 's amplitude measured in p-p volts. Also , with the 
VTVM the response curve can be peaked but aberration in the 
curve cannot be noted.  

The sweep generator probe is equipped with a blocking 
capacitor ,  a 470-pf type ( Fig. 2A) or thereabouts. The capacitor 
is attached to the RF input of the mixer. I n  a transistor radio 
this point is usually the base of the mixer transistor.  In a tube 
radio it's the third grid of the penta grid converter tube . The 
negative lead of the generator is attached to B minus , which 
may or may not be the chassis , depending on the power supply 
circuit . The vertical input to the scope is connected across the 
volume control.  The volume control can be set at m inimum so 
no audio is heard if it 's desired. ( It usually is so it doesn 't  add 
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F ig .  2A. A sweep gene ra tor a nd a n  osci l l oscope provide a n  
exa ct method for A M  pea k a l ig n ment.  

S IGNAL 
G E N E RATOR 

(M IXE R-OSC I L LATOR CONV E RTER ) 

F ig .  2 B . Most tu be rad ios use a penta g r id tu be for the 
m i xer os ci l I ator  fu nction.  
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to distractions. ) If a VTV M  is used, it can be attached across 
the volume control , too. 

The local oscillator is shorted out so it stops running .  A 
jumper across the osc illator coil accomplishes th is, if the local 
oscillator is left running , all  kinds of heterodyned frequencies 
will be produced as the generator output mixes with the 
oscillator frequencies . These are undesira ble and will  confuse 
the scope picture . The AGC line coming from the volume 
control should be disabled by jumping the AGC output to B 
minus . 

The radio , sweep generator and scope are turned on and 
allowed to warm up for 10 or 15 minutes . The sweep generator 
center frequency is set at the receiver IF , which is usually 455 
kHz. This driv es the generator output through the mixer and 
IF stage. After detec tion the signal appears across the 
detector load resistor , which is the volume control .  The 
detected output is applied into the vertical input of the scope. 
The peak-to-pea k voltage developed across the volume control 
deflects the scope picture vertic ally.  

Next, the sweep is activated and adjusted to about 10 k Hz ,  
about the average bandpass of the typical A M  IF amplifier. As 
the input signal is swept around the center frequency, the 
amplitude will be the greatest at the IFs frequency ( 455 kHz ) .  
On either side of the center frequency, the IF loses gain 
rapidly. As a result, the sweep scope pic ture appears as a peak 
with steep skirts (Fig. 2C ) .  

The scope is adjusted for best brightness focus and just 
enough vertica l and horiz ontal gain for a good display . The 
horizontal frequency is then set. Try to get a single response 
curve . The curve should appea r as a peak w ith skirts . The 
correct alignment of a small  AM radio shows skirts that are 
not too steep . The curve should be made as high as possible 
and the skirts should be made as steep as possible. The steeper 
they are the better the bandpass of the stage . An ideal curve 
would be a square wave, but this, of course, cannot be atta ined 
in a small  AM radio .  The square wave has a straight-up skirt , 
a straight-a cross ba ndpass response and then a stra ight-down 
skirt . 

The IF transformers are usually adjusted with a neutral 
stick as you watch the scope picture.  As the slugs are detuned, 
the response curve flattens out, the amplitude drops and the 
skirts spread. As the s lugs arrive a t  their correct point , 
maximum height and steepest skirts are attained. If you see 
aberrations in the response curve , such as jagged edges 
(oscilla tion ) , wide skirts or low amplitude , there is trouble in 
the IF stage. 
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No. 3 :  BROA DBAN D  A L I G NM E N T-SCO PE 

In large, high fidelity radios with an AM band, more times 
than not there is more than one IF stage.  This permits an IF 
bandpass up to and past 15 kHz . It is -generally thought that the 
AM transmitter sends out modula tion only up to 5 kHz . This 
was true up untii a few years ago. Today,  lots of AM trans­
missions are just as high as FM , that  is, up to and past 15  kHz. 
In these better radios, the need quite often arises to check the 
bandpass and align the IFs exactly as they were designed to 
be. This is the broadband alignment for A M ,  which is quite a 
bit more elaborate than the quicker pe ak plignment as  
covered in tests 1 and 2 .  

Since there are at least two IF stages and possibly more, 
the bandpass should be greatly improved . The actual curve 
can approach a square wave with extremely steep skirts and a 
fla t-top. Each I F  stage will pass between 5 and 8 kHz nicely .  
When the output of  the IFs  are added together at  the end of  the 
IF s trip ,  they can pass the full 15 kHz in a lmost ideal fashion. 
This prov ides AM reception that is  exceptional .  

A sweep generator and a scope is necessary . The sweep 
generator is coupled through a .0 5-mfd blocking capacitor 

F REQUENCY 

0 0 ABOUT 5 kHz  

PEA K 
TO PEA K 
VOLTS 

0 I I 0 CENTER 
I F REQUENCY 

0 
0 0 0 
0 0 
000 000 

SCOPE 

F i g .  2C.  The typica l  I F  respon se cu rve a pproa c hes the 
idea l, w h i c h wou ld be a square wa ve. 
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B & K Model 1 440 scope, thou g h  modera te in  pr ice, offers 
ma ny featu res i nc l u d i ng a ca l i bra ted vertica l sweep. 

(Fig. 3A) to the input of the last IF, w hether it  be the second, 
third or even the fourth . In a transistor circuit,  the last IF 
input is the base of the last IF transistor .  In a tube circuit the 
input is the control grid .  The negative of the generator is at­
tached to the B minus whether it  is chassis ground or not. The 
scope's vertical input is attached across the volume control 
and the vertical and horizontal gain controls adjusted for a 
correct display .  Adjust the horizontal frequency for one trace.  

A jumper is  placed across the loc al oscillator coil  ( Fig . 
2A ) and the oscillator stops running so as not to heterodyne 
with the generator output and produce distracting frequen­
cies. A jumper is placed from the AGe bus to ground.  Another 
jumper is placed across the AM antenna ,  which in large 
quality radios could be elabora te affa irs . 

Turn on the radio , generator and scope and let them warm 
up for about a half hour. The longer the better. Adjust the 
sweep width for about 15 kH z. Then readjust  the scope until 
you get a trace tha t has steep skirts a wide top with a s light 

32 



w w 

:�p I�'+��I 
OSC 

:'0: 0 . 0-: 
0 

I . o 

1st 
I F  AMP 

2nd 

I F AM P  

S W E E P  

G E N E R ATOR 

ETECTOR 

AGC 

V O L U M E  
CO N T R OL 

A U D I O  

O U T P U T  

SCO P E 00° ° ° 

0 00 

F i g .  3A. A sweep genera tor a nd scope a re needed for a n  accu rate AM broa d ba nd a l ig nment. 
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F ig .  3B.  T he ty p i ca l AM broadba nd res ponse cu rve is 15  
k H z  wi de a nd a pproa ches a squa re wa ve. 

ridge in it (Fig. 3B) . Tha t's about the correct scope pattern on 
a multiple IF strip. 

Next, align the slug with a neutral stick ,  secondary first 
and primary second. Try to improve the curve, but do not let 
the curve get lopsided (Fig. 3 C ) .  On occasion , the curve might 
look like a s ingle IF curve; that is, a narrow high curve w ith 
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F i g .  3 C .  All k i nds of i ncorrect res ponse cu rves a p pea r as 
the I F tra nsformers a re m i salig ned . 
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skirts that are not too steep. When this happens , you are 
aligning all the IF stages at the sa me bandpass. When they 
add together they provide a bandpass with high gain but only 5 
or 8 kHz wide . Each IF should pass slightly different 
frequencies and add together to produce a much wider band­
pass than a single stage can pass . 

When you like the curve adjustm ents you have made with 
the last IF, change the generator hookup to the preceding IF 
input.  When you are finished with the last IF, do not touch it 
�gain . If you do feel you must touch it ,  you have to rehook the 
generator input to it .  Do not try to al ign the last IF with the 
generator input attached to a preceding IF . Align the slugs in 
the preceding IF secondary first a nd primary second . The 
curve should appear about the same.  Keep moving the 
generator input toward the front end and align each IF in turn . 
The last IF transformer that is to be a djusted is the input to the 
first IF . This transformer is adjusted after the generator is 
attached to the input of the m ixer stage .  With the oscillator 
disabled , the mixer stage becomes one of the IF amplifiers. 

Sometimes with the oscillator turned off, the mixer stage 
will provide more amplification than it normally does.  When 
the oscillator is on and heterodyning is taking place inside the 
mixer ,' the activity takes its toll in m ixer gain .  This is ac­
counted for during design.  With the oscillator not running ,  the 
mixer could ca use a lot more amplification . If overload takes 
place,  just reduce the output from the sweep generator .  

The above i s  a general alignment procedure. I t  i s ,  of 
course, best to have the actual service notes for the radio and 
follow the factory outlined procedures , although most will be 
identical to these . Sm all differences that are im portant can be 
encountered,  however . 

No.4: FRO NT-E ND A LIG N M E N T-SCO PE 

During servicing of a small AM radio, the need ar ises to check 
the perform ance of the RF amplifier, mixer and local 
oscillator . They are all tuned circuits and, while they m ight be 
opera ting , they could be doing so at greatly reduced ef­
ficiency. The dial might be off ,  stations missing at one end or 
other of the band, stations weak at one end or the other of the 
ba nd, or stations are not being separa ted from one another. At 
any rate, after an IF alignment is performed and the equip­
ment still in place , it's a good idea to touch up the front end 
while you are there . 

If the front-end alignment is going to be performed after 
an IF alignment, as it usually is , as detailed in Tests 1 ,  2 and 3 ,  
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F i g .  4A. The top end of the tu n i ng d i a l  is set by ad j ustment 
of the loca l osc i l lator tr i m mer ca pa c itor.  

take a ll jum pers off, such as the ones on the oscillator coil, 
AGe bus and antenna . Use a 470-pf blocking capacitor in the 
signal generator input lead . Leave the scope hooked across the 
volume control . A djust the scope as  ment ioned in the align­
ment procedures above (2 or 3 ) . 

Attach the generator through the 470-pf "blocker" to the 
radio antenna terminals . I f  the radio uses a loop antenna, 
place the generator cable next to the radio antenna. The signal 
will be transmitted directly to the radio w ith plenty of signal 
strength . 

Warm up all the equipment and turn the radio dial to about 
1400 kHz. T hen tune the generator to produce 1400 kHz. 
Electronically, across the oscillator coil, form ing a tank 
circuit, is the oscillator trimmer capacitor ( Fig. 4A ) .  Adjust it 
for maximum peak-to-peak and waveshape on the scope 
display. Where it produces the best scope picture is the spot 
that the radio is tuning in the generator output best.  The ad­
justment sets the oscilla tor at exactly the right frequency so 
that it bea ts with the incoming s ignal to produce the exact  IF 
when the radio is tuned to the high end of tbe dial.  

36 



Next, tune the radio to 600 kHz .  Adj ust  the signal 
generator to produce a 600-kHz signal.  Then, find the RF 
trimmer which is in the radio input ( Fig . 4 B ) . Adjust the 
trimmer, which is in parallel with the RF tuning capacitor 
that is ganged w ith the oscillator tuning capacitor. As you 
adjust the trimmer, you tune the RF input to exactly 600 kHz . 

By adjusting the top end of the dial with the osc illator 
trimmer and the bottom end of the dial with the RF trimmer , 
the RF and the oscillator will track quite well over the entire 
dial .  The actual touchup alignment takes only a minute or two , 
once the equipment is hooked up. The oscilla tor , when it 's 
misaligned , causes a wrong dial setting for each station .  

The RF peaks the gain . With practice it is  possible to 
perform the two touchups by ear, using the speaker and a 
sta tion at either end of the dia l as the signal .  

No. 5 :  FE RRITE CORE ANTENNA ALIG N M E N T  

Ferrite core antennas for AM radios are construc ted generally 
and inexpensively on a production line. They are aligned, but 
the alignment cannot be perfect unless the antenna is mounted 
in its circuit and aligned along with the antenna trimmer. 
However , the rough alignment is usually good enough for most 
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F ig .  5 .  An AM ra d i o ferr ite core a nten na is a l ig ned by 
mov i ng the w i nd i ngs a bout on the core. 

radio applications in strong signal areas . Sometimes, though, 
the alignment is not satisfactory . The radio is operating well ,  
but just does not have the sensitivity it should have. In that 
case, it 's a good idea to align the ferrite antenna along with the 
antenna trim mer to achieve peak response. 

The alignment cons ists of getting the best position for the 
antenna wire on the core , while at the sa me time adjusting the 
antenna trimmer capacitor. The positioning of the wire on the 
core tunes the bottom end of the dial,  while the antenna 
trim mer tunes the top .  

Since the wire is cemented to the core , you can 't  screw the 
core in and out .  You must free the wire with solvent. Once the 
wire is free, tune the radio to a station near 600 kHz and move 
the core by hand ,  inside the antenna , until peak volume is 
attained (Fig.  5 ) . Then tune the radio to a station near 1400 
kH z and adjust the antenna trimmer for pea k volume.  Repeat 
the process a few times until  maxim urn reception is attained 
at both ends of the dial . Then ,  take some fresh cement and 
resea l the antenna coil to its core . Quite often you 'll find the 
co il almost in the same spot .  A slight difference was the 
trouble. 
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N o . 6 :  TRAC K I N G-SMALL 
TRA NSISTOR RADIO 

Tracking is differentiated from aligning, a lthough tracking is 
usually thought of as an alignment procedure . Tracking 
generally means that sta tions tune in at the correct dial set­
tings with equal sensitivity across the entire band . While it is 
impossible to receive all stations with equal sensitivity, 
maximum sensitivity can be a tta ined .  I f  a radio's dial settings 
are not near the correct numbers, the sensitivity will vary 
across the dial .  Commonly, stations will get weak at  the top 
end of the dial or at the middle . Once the tuning system is 
tracking as closely as possible, the sensitiv ity will be at  
maximum . 

To set up tracking , there are only a few adjustments and 
they are quick. Some technicians use the nearest flourescent 
light as an all-frequency signal source. The light provides 
static , and the tracking adjustments are tuned for maximum 
static ( Fig.  6 ) .  

The radio is first set near the low end of the dial , such as 
600 kHz ,  and the volume control is turned all  the way up.  The 

I 
( � 

" 
" 

ANTENNA " 
TR IMM E R  H I G H'  
END  O F  D IAL "-

�,--__ F_L_O_U_R_E_SC_E_N_T_T_U_B_E_(_L_I T_) __ �(� 

M I X E R  

'------f OSC I L LATOR 

LOW END  OF 
D IAL ADJ USTMENT  
OSC I LLATC R  
T R  I MME R r----r-t---_ 

ADJ USTM E NT "-
" 

'----. I F  

" 
" 

"- I V 

F i g .  6 .  An AM ra d i o  tu n i ng d ia l  ca n be a lig ned by u s i ng 
sta tic f rom a flu orescent lig ht as the s igna l. 
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F i g .  7 .  A g r id-d i p  meter is used to check the tu n i ng of a n  
antenn a .  At the tu ned f req uency t h e  need le d i ps deep. 

noise source is approached until a low amount of noise is heard 
in the radio. Then the osc illator trimmer is adjusted for 
maximum noise. The radio is tuned to about 1400 kHz . Then 
the antenna trimmer is  adjusted for maximum noise. Perform 
the adjustments a few times for best results. 

The oscilla tor trimmer is in parallel w ith the oscillator 
ta nk . The antenna trimmer is in parallel with the antenna 
tuned input circuit.  If the adjustments won ' t  help, you need 
more sophisticated tracking. Most t imes it works,  though. 

No. 7 :  GRID-DIP M E TER A N TE N NA 
TEST-S MALL TRANSISTOR RAD IO 

A sm all AM radio can be pulling strong signals perfec tly ,  but 
weak stations are m issing. Yet, the radio does not appear to 
have any problem s .  This can occur when the antenna and the 
antenna capacitor don 't  match. The trouble is usually a 
defective antenna . 

With a grid-dip meter like the E ico 750 ,  capable of tuning 
the AM range between 500 and 2000 kHz, a check of the an­
tennas  receiving ability across that range is possible. A grid­
dip meter provides a m eter reading when it  is  placed near a 
tuned circuit .  The meter has an internal oscilla tor , and when a 
nearby tuned circuit absorbs some of the energy , the meter 
needle dips . 
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The grid-dip meter is placed near the radio antenna ( Fig . 
7 )  and is turned on.  The radio is first tuned near the low end of  
the dial .  The grid-dip meter is tuned to the same frequency 
and "rocked" around that  frequency while its indicator is 
observed.  If the meter dips, the antenna is absorbing energy at 
that frequency. 

The same procedure is used for var ious frequencies up 
and down the dia l .  For instance at 750 kHz,  1000 kHz, 1250 kHz 
and 1400 kHz.  If the meter dips noticeably the antenna is good. 
If it doesn't ,  the antenna is defective and needs replacement . 
The antenna will not track . 

No. 8 :  LOCAL OSC ILLA TOR 
TE ST-TRA NSISTOR RA DIO 

The common tra nsistor radio is a superheterodyne and as  
such has  a local oscillator to  produce the heterodyne 
frequency .  During servicing it  is useful to quickly determine 
whether the oscillator is  running or not. There m ight be static 
but no reception . If the osc illator is not running, the tuned in 
RF signal is pass ing through the IFs and is trapped out. 

A typical oscilla tor-mixer circui t is called an autodyne. I t  
uses one transistor t o  perform both the oscillator a n d  mixer 
jobs . Some of the oscillator energy from the collector can be 
fed back to the em itter or base. This continuing energy starts 
and susta ins the oscilla tor with steady feedback pulses . The 
oscillator is tuned and tracks w ith the incoming RF, operating 
either 455 kHz above the RF or 455 kHz below at all tim es. The 
RF and oscillator frequencies are m ixed in the transistor and 
the difference tapped off and sent to the IF . 

In order to tell whether or not the oscilla tor is running ,  the 
bias between the em itter and base must be monitored. This is 
accomplished by attaching the VTVM across the emitter and 
base ( F ig. 8) . The actual voltage measured is meaningless . 
Just set the meter for a reading . I t  will be very low, of course , 
under a volt, but check it aga inst the schematic to be sure it's 
about correct . Then turn the tuning capacitor from one end to 
the other . If the oscilla tor is running, the voltage w ill  change . 
If the oscillator is not running, the voltage will remain fixed. 

No. 9 :  LOCAL OSC I LLA TOR 
TE ST-TUBE RA DIO 

Mos t tube radios opera ting in the AM band use a pentagrid 
converter tube for both oscilla tor a nd mixer functions . There 
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F i g .  8. The l oca l osci l la tor is  runn i ng when a VTVM s hows 
a vary ing b ias  as the tun i ng d i a l  is tuned . 

are actually two control grids and two screen grids in an 
otherwise ordinary pentode. One control grid acts as the RF 
input and the other control grid injects the oscillator signal 
into the electron stream . The two beat together and the dif­
ference is usually the 455 kHz IF . 

The osc illator grid usuaf1y is tuned by the oscillator tank 
co il .  The tank gets some feedback typically from the cathode . 
The plate output is not used because it is attached to the IF 
circuits . As the oscillator fires up from the ca thode feedback 
and continues running at its tuned frequency from the feed­
back,  a large negative voltage is developed across the 
oscilla tor grid res istor .  If the oscillator is not running, there is 
no voltage developed across the grid resis tor . 

It is a sim ple matter to connec t a VTVM's positive lead to 
the chassis ground and the nega tive lead to the oscillator 
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control grid of the pentagrid tube ( F ig. 9 ) . According to the 
actual  va lue of the grid resistor ,  a voltage of between minus 
two or minus eight will be found when the oscilla tor is running.  
If the voltage is zero or positive ,  the oscillator is not running. 

No. 1 0 :  IF OSCI L LATION 
TE ST-TRA N S ISTOR RAD IO 

Sometimes after an IF transistor has  been replaced, or even if 
an IF transistor is good, the radio sometimes squeals badly. 
Nothing else seem s  to be wrong, but the annoyance cannot be 
stopped . A prime suspect in such cases is the invisible 
distributed capacitance between the collector and base of the 
transistor, which is feeding back some of the collector signal 

N E GAT I V E  B I AS 

P E N TAG R I D  
C O N V E R T E R 

F ig .  9. A tu be osc i lla tor ci rcu i t is ru nn i ng w hen there is  a 
good neg a tive b ias  on the control g r i d .  
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. F ig .  1 0 . When a tra ns istor rad io w h i st les a nd th is  test  k i l l s 
the w h i st le,  the I F a m p l if ier  was osc i l la t ing . 

to the base and is creating unwanted oscillation . The invisible 
capacitance can't be removed,  but it can be neutralized . That 
will stop the oscilla tion and restore good reception.  This, of 
course, will not be the trouble , but the neutralizing procedure 
will eliminate it as a suspect. 

The idea is to stop conduction in the IF transistor and let 
the signal pass through the distributed capacitance . Set the 
signal generator around 1000 k Hz and connect it to the radio . 
Take a jumper lead and short out the IF transistor , emit ter to 
base. This kills the forward bias and the transistor cuts off. 

Turn on the equipment, tune the radio for 1000 kHz and 
listen for the generator s ignal in the radio output .  Adjust the 
volume control for a comfortable level . 

Then connect a variable capacitance, like a 10-350 pf , from 
the bottom of the IF output transformer to the base ( Fig . 10 ) .  
Adjust the trimm er for minimum sound.  Maybe it  w ill 
disappear a ltogether. Leave the tr immer in the circuit or 
replace it with a fixed capacitor comparable to the value of the 
trimmer setting .  



No. 1 1 :  A Ge T E ST 

The service notes on many small AM transistor radio are not 
always availa ble ,  but most of the circuits a re straightforward 
and a lmost identical to most other transistor radios. There are 
set rules a nd once you determine whether a transistor is an 
NPN or a PNP, you can quickly figure out generally what 
voltages should be present on particular test points . 

This is not as true in the AGe circuit. The AGe output ha s 
to be a De voltage, either n egative or positive.  The AGe is 
negative when it is applied to the base of an NPN transistor , 
since the NPN current flow is from e mitter to base and 
collector , like the electron flow in a tube is from cathode 
through the control grid to the pla te .  

The A G e  i s  positive when i t  is applied to the base of  a PNP 
transistor, since the current flow is opposite to that  of an NPN 
and a tube . In either case , the AGe affects the E-to-B bias and 
adjusts according to the incoming signal .  Should the AGe be 
applied to an em itter, the exact opposite is true . It's positive 
for an NPN and negative for a PNP. 

It's hard tracing the AGe through the tiny radio , so it is a 
good idea to have a quick way of seeing if the AGe is positive 
or negative at a glance so you may test for i ts presence . 

The AGe is taken from the detector output ,  so look at the 
detector diode . It is rectifying the carrier .  If it rectifies the 
positive half of the carrier, the AGe is positive. If it r ectifies 
the negative half,  the A Ge is negative.  Look at the diode 
polarity. If its cathode is attached to the AGe line,  it 's  positive . 
If the anode is,  the AGe output is negative (Fig . 1 1 ) .  

AU D IO  AM P 

AU D IO AMP 

F i g .  1 1 .  Y ou ca n te l l  i f  the AGe is  pos i t i ve or neg a tive by 
observ i ng the pola r i ty of the d i ode a ttac hed i nto the AGe. 
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Chapter 3 

FM Radio 
No.  1 2 : DISCRIM INATOR 

ALIGNME NT-FM RAD IO 

During an FM radio repair m a de on the bench rather than in 
the field,  it is a good idea to quickly align the discriminator. I t  
i s  a rare radio indeed that will  have a perfectly aligned 
discrim inator after a few years of service . Even though other 
troubles must be corrected , the end of the repair should be a 
check of the receivers a lignment .  A m isaligned discriminator 
ca uses loss of volume ,  blurred audio and possibly squeals and 
buzzes. 

In order to properly set up the discriminator curve,  you 
really must see it ,  rather than watch a VTVM produce a 
reading of th e peak-to-peak output voltage . A sweep generator 
and a scope are needed . 

The scope is hooked across the volume control ( Fig . 12A) . 
The signal generator is set at the IF,  which in most F M  radios 
is 10 .7 MHz. The IF is swept at 200 kHz in most  radios, but be 
sure to check the manufacturer's service notes, since on oc­
ca sion the IF is not 10 .7 MHz and the sweep is not 200 kHz . 

The generator cable is attached to the input of the lim iter ,  
which i s  found before the discriminator; if the discriminator is 
ac tually a ra tio detector, the generator input is attached to the 
input of the last IF stage. The limiter is an IF stage that 
perform s  limiting duty in addition to IF duty. 

Whether the circuit is a true discriminator or a ratio 
detec tor , the alignmen t  procedure is sim ilar . The local 
oscillator is turned off by a ttaching a short across the 
oscillator coil .  That way no heterodyning takes place and no 
10 .7-MHz signal can be developed to interfere with the signal 
generator input signal .  All equipment is turned on and war­
med up for a good half hour . The volume on the radio can be 
turned all the way down if you wish to avoid distraction . 

The scope displays the signal developed across the volume 
control to drive the vert ical input.  This is the actual detected 
AF produced in the sweep section of th e generator . The 
generator is sweeping 200 kHz 60 times every second at a 
certain p-p voltage . The scope uses its own internal sweep for 
horizontal deflectio n .  If you set the scope horizontal sweep 
frequency,  you'll see a single line diagonally across the scope 
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F ig .  1 2A.  Discr i m i na tor a l i g n m ent hook u p  is  s i m p le a nd 
req u i res on ly  a sweep genera tor a nd ord i na ry scope. 

screen as the detector output goes from minimum peak to 
peak to maximum in one of the 60-Hz intervals ( Fig . 12B ) '  This 
is the well known discriminator curve. 

In the discrim inator transform er there are two cores . One 
slug , the secondary ,  adj usts the cen ter frequency of the curve .  

I- C E NTER  FR EQU ENCY 
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00 0 000 

F ig .  1 2 B . The d isc r i m i nator cu rve i s  a p ictu re of the 
genera tor sweep as it a ppea rs across the vol u me contro l .  

47 



I • 
CENTER  F R EQU E NCY 

I I I .  SW E EP BAN D� I DTH 

1 0 : 1. � 0 

* P-P VOL TS I NTERSECT ION ! o -LtJO I I I 
1 20 H z  F R EQU EN CY 0 

0 0 0 
0 SCOPE 0 
000 000 

F ig .  1 2 C .  A trick to ach ieve c l oser d iscr i m i na tor a l ig n­
ment i s  to d ou b le the scope's horizonta I freq uency. 

The center frequency is 10 .7 M Hz before detection , but after 
detection it is the zero point between the m inimum sweep and 
the maximum sweep.  You adjust the secondary slug until the 
center frequency looks good and symmetrical between the 
minimum and maximum points. Then, you can adjust the 
primary core by watching the l inearity and shape of the curve. 
It approaches an S shape lying over on i ts side at about 45 
degrees . 

If you understand what the discrimina tor curve 
represents , you can take it one step further and employ a trick 
to get an on-the-nose alignment.  This is accom plished by 
changing the horizontal scope sweep to 120 Hz .  This puts two 
segments of the response curve on the scope face , one on top of 
the other , forming an X .  There are now two slanted S curves , 
one in each direction. When the secondary or top slug is ad­
justed the intersection of the two curves will move. They 
should be set where they produce a symmetrical X w ith the 
intersection at dead center ( Fig . 12C ) . 

When the primary or bottom slug is adj usted, the curves 
are stra ightened out, resulting in a good linear X. At the best  
looking X ,  the primary is set  on the nose. Actually , the 
secondary slug sets up the proper phase of the signal .  When 
the slug places the intersection of the X at the linear cen ter , 
the zero part of the curve is right on the center frequency . This 
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pla ces the discriminator right on phase where there is equa l 
peak-to-peak voltage on both sides of the center frequency . 

Ratio detector alignment is practically identical to 
discriminator alignment .  You could set the sweep a bit further 
out than that used for discr im inator alignment so th e curve 
will tail off quickly and clearly delineate the ends of the curve . 
Also , you could purposely detune the secondary so the 
linearity shows up clearly as you tune the primary .  Otherwise, 
the alignm ents are identical .  

No. 1 3 :  I F-LIM I TER ALIG N M E N T  

FM stations are permitted to  transmit a deviation of  plus or 
minus 75 kHz in comparison to the AM maximum of about 15 
kHz . An FM radio takes advantage of this wide frequency 
sw ing by passing through its IFs a band of  about 1 50 kHz. Not 
all FM radios do this,  but even the cheapest ones pass at least 
50 kHz.  A check of the bandpass capabil ities of an FM radio is 

Stereo s i g na l genera tor, R CA Model W R -52A. 
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F ig .  1 3A.  The Q of an I F tra nsfor mer ca n be l owered to 
per m i t  add i tiona l ba ndw idth by a dd i ng resista nce. 

needed quite often during servicing . If a radio is not passing 
the IF it was designed for , and an alignment check shows that 
it  can't  pass those frequencies , the stage and probably the IF 
transformer is indicated as defective . This is  a valuable 
serv ice technique after DC-resistance tests have failed to 
produce any results . 

There are quite a few different designs around in com­
mercial receivers .  Each has its own particular detailed 
alignment which is predicated on the design . You m ust consult 
the radio service notes for the actual a lignment since there are 
entirely different types of bandpass requirements in the dif­
ferent designs.  

In an inexpensive FM radio where there are only one or 
two IF stages , the 50-kHz bandpass is achieved by lowering the 
ga in of the stage which flattens out the response curve skirts 
and lowers the peak-to-peak voltage of the flattop . The most 
common way of doing this is by using an IF transformer w ith a 
resistor in parallel with the LC tank circ ui t  ( Fig . 13A ) . The 
resistor,  according to its value, lowers the Q of the tank , 
causing the wider ,  lower response c urve that permits the 
broader bandpass . 

In a more expen sive F M  radio, there are more IF stages 
and the bandpass can be made as high as 250 kHz.  In these 
ca ses , the radio usually employs a stagger-tuned IF sys tem , 
exactly like the TV stagger-tuned IF and it is aligned in the 
sa me way.  ( See the TV stagger tuned IF alignment 
discussion.  ) 
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Even though the wide band IF has its particular quirks 
according to the actual receiver, there is a general alignment 
procedure . If there is a limiter stage , peak alignment ad­
justments are made by attaching a scope or VTVM across the 
lim iter input and adjusting the IFs for maximum voltage 
output.  

The sweep generator is attached into each IF input in turn 
(Fig . 13B ) '  The sweep is set for whatever the manufac tu�er 
calls for from 50 kHz up .  Each stage is aligned by adj usting,  
first ,  the secondary slug and, second , the primary slug for 
peak voltage. Each stage is aligned aU the way down to and 
including the mixer . The local oscillator is turned off, as in aU 
the other similar alignments , by shorting out the oscillator 
coil . 

Another way is to connect the VTVM across one side of the 
ratio detector . You'll see either a positive or nega tive voltage ; 
it doesn't matter which . Then, align aU the IFs in turn until 
you get the best available peak reading . This reading will be a 
result of the best response curve. 

No . 1 4 : RF-OSCIL LATOR A L I G N M E N T  

The FM tuning dial is very critical and many dials read in­
correctly to some degree. It 's best not to try to restore precise 
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F ig .  1 3 B .  The l i m i ter i n  an F M  rad i o  ca n be a l ig ned by 
ad j ust ing for the pea k voltage a m pl i tude on a VTVM. 
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F ig .  1 4. The co i l s in  the F M  f ront end a d j ust the l ow-end 
d ia l sett ing w h i le  tr i m mers a d j ust the h i g h  end.  

settings. Simply note tha t  they are slightly off. Alignment 
should be performed,  though, if one end of the dial or the other 
has lost gain .  Then , alignment is necessary. When you finally 
decide to do an alignment, remember that  the smallest turn of 
a screw is cr itical .  

Do not short out the oscillator coil . The osc illator must be 
running since it is one of the circuits that will be aligned . The 
sweep generator is turned on and set at  the FM frequencies 
between 88 and 108 MHz.  The sweep is set at the manufac­
turer's recommended bandwidth,  which is any where from 50 
kHz to 300 kHz . The VTVM is placed across one side of the 
ratio detector and either a negative or positive voltage is 
obtained. 

The radio is tuned to 90 MHz and th e sweep input set at  the 
same frequency .  Then the coils in the converter and RF cir­
cuits are adjusted for m aximum detector voltage. This sets up 
the low end of the dial . 

Next,  the radio and generator are tuned to 107 MHz . The 
two trim mer capacitors are adjusted in the converter and RF 
tank circuits. At maximum voltage , the high end of the dial is 
set up. In both cases, adjust  the converter tank circuit first 
and then the RF tank circuit (Fig .  14 ) .  
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FM CON VERTERS 

There are all kinds of electronic gadgets around the home and 
one such interesting p iece is an FM converter tha t  attaches to 
a TV set. The F M  band ( 88 through 108 MHz) lies directly 
above TV Channel 6. In other words , Channel 6 ends at 88 and 
the FM band immediately follows . It became quite obvious to 
technicians that FM stations could be received by the average 
TV set. In fact, old-time TV receivers w i th continuous tuning 
through the FM band were also FM receivers , numbers , dial  
and all . 

A few manufacturers built actual converters , resembling 
the UHF converter . Early models used tubes and more recent 
ones use transistors . Somewhat like the UHF converter,  the 
FM converter has a m ixer-oscillator stage that converts FM 
signals from the 88-108 MHz range down to 63 M Hz or  69 MHz 
which is Channel 3 or 4's center frequency.  

The outdoor antenna is detached from the TV term inals 
and attached to a pair of input term inals on the converter 
(Fig . 15 ) .  A short length of lead-in is run from the output 
term inals of the converter to the TV set .  When the converter is 
off , the two term inals on the converter are shorted together by 
a function switch and the signal is passed as if  the converter 
were not present .  When the converter is on ,  the function switch 
attaches the antenna input to the m ixer oscillator and turns on 
the power in the converter. The m ixer receives the antenna 
input and the oscillator input. The two frequencies mix and the 
output is two frequenc ies simula ting the video and audio of 
either Cha nnel 3 or 4, whichever is blank in the area . ( Even if 
neither are blank ,  the converter output overrides the TV 
signal .  ) 

The video simulator signal is unmodulated and the audio 
carrier is modulated . The generated video and audio carriers 
are beat together and produce the 4 .5  M Hz required in the TV 
sound section.  The FM s ignal then is converted into a TV-like 
transmission.  It enters the TV tuner as a Channel 3 or 4 signal ,  
becomes an  IF of 44  M Hz and is passed into the video section .  
A 4 . 5-MHz pickoff transformer injects i t  into the T V  audio 
circuits . 

The lim itations are minor. The fact that the FM trans­
mission has a bandsweep of plus or minus 75-kHz and the TV 
reproduces only plus or minus 25-kHz is not noticable in the 
low -frequency TV speaker output.  The fact that  the T V  has all  
those tubes burning just for the FM sound is forgotten ,  just like 
the instant-on feature of a T V , which also keeps tubes burning.  
The light on the TV screen can be extinguished with the 

53 



w 

F M  CO N V E R T E R  a '0 I N  

0 ,e  O U T  

o 
A N T E N N A  

T E R M I N A L S  

T V  S ET 
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brightness control .  This stops all CRT high-voltage current 
drain in black-and-white TVs. With color TV, however , there is 
still current dra in in lots of regula tor circuits . Nevertheless , 
these gadgets are found in homes and need testing on oc­
cas ion . The tests are also applicable to similar type equip­
ment. There are other forms of converters that operate with 
similar circuits . Only the frequencies are changed . Be sure to 
have service notes for correct frequencies . 

FM converters are found with both inductive and 
capacitive tuning .  Inductive tuning at  these frequencies is 
accomplished with two conductive rods and a moving shorting 
bar .  The rods are attached into the input and output circuits of 
the m ixer oscillator .  The RF input is tuned and the oscillator is 
made to track with the RF tuning .  The tuning capacitor is 
quite small and it, too, is connected into the input and output of 
the mixer oscillator. There are two sections to the ganged 
capacitor and the sections track with each other.  

The output of the converter (Fig.  16 ) is fed to the TV set 
through a TV type balun coil ( ba lanced transformer ) .  The 
twin-lead has one side attached to the bottom of the trans­
former and the other s ide to the top. The local oscillator can 
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be tuned through a range of a l ittle over 6 MHz.  A frequency 
between 30 .83 and 37.5 M Hz is chosen for oscillator operation . 

The RF is tuned to receive 88 to 108 MHz,  the FM band. 
The two signals are m ixed in the circuit and a number of 
frequencies are produced. Among them are the difference 
between the two frequencies and the second harmonic of the 
oscillator . I f  you consider the converter tuned to 1 08 MHz,  the 
two resultant  frequencies are : 

Tuning 108.0 
Oscillator 37.5 

Difference 70.5 

Osc : 37.5 x 2 equals 75 .0 ,  the second harmonic . 
Notice the two frequencies are 4.5 MHz apart . The 75.0 is a 
video sim ulation and unmodulated. The 70.5 is an audio 
carrier sim ulation and is modula ted .  The TV can easily use 
this m ixture of frequencies and produce FM sound.  

If you consider the converter tuned to  88 MHz,  the two 
resultant frequencies are : 

Tuning 88 .00 
Oscillator 30 . 83 

Difference 57 . 17 

30 .83 x 2 equals 61 .76, second harm onic 

Again notice the two frequencies are just about 4 .5  MHz apart . 
The discrepancy of 0 .09 is neglible . 

61 . 76 
57 . 17 

4 . 59 

0.09 Discrepancy 

The 4 . 5-MHz inter carrier sound frequency is needed to enter 
the TV sound system ( F'ig . 1 7 ) . 

N o .  1 5 :  FM CO N VERTER OSCIL LATO R ALIGN M E N T  

The oscillator i s  a ligned for the center frequency of  the FM 
band, 88-108 MHz, a t  98 M Hz. A signal generator i s  attached to 
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the input antenna terminals .  A m a tching pad , using two 300-
ohm resistors and two lK resistors , matches the generator to 
the 300-ohm input. The two 300-ohm resistors are in parallel, 
the two lKs are in series , forming four s ides of a block ( Fig . 
18 ) ,  

The output of the converter is attached to a 44-MHz IF 
type TV , and the TV is tuned to the indicated channel, either 
three or four, according to what the converter calls for . The 
signal generator is set at 98 MHz,  with an output of a 100 or so 
microvolts , with modulation not more than 50 percent . The 
converter's  dial is set at exactly 98 MHz.  The osc illator coil is 
tuned until the s ignal generator's modulation is heard from 
the TV. 

No . 1 6 :  ALIG N I NG THE F M  CONV E R TER R F  INPUT 

Once the oscillator is  set for the FM center frequency of 98 
MHz,  the signal generator output is slowly reduced until some 

MODULATE D  
U NMODULATE D AUDIO S I MU LAT E D  

CAR R I E R  V I DEO CAR R I E R  

CHAN N E L 4 
4.5·MHz 

C E N T E R F R EQ U E NCY 
- I NTE R CA R R I E R  _ 

S I MULAT I ON 

"'. 
F R EQ 

69 70.5 75.0 
Mt-Iz M H z  MHz 

R F  TU N I NG 108 .0 MHz 2nd HARMON I C  

OSC I LLATOR F R EQ. 37 .5 MHz 3 .75 MHz X2 

D I F F E R E N T I AL 70.5 MHz 75.0 MHz 

TU N I NG DIAL 

° 1  88 90 92 94 96 98 100 102 104 106 I I® I I I I I I I I I I I I 

F ig .  1 7 . A n  F M  converter s i m u la tes a TV s i g na l  so the 
a u d i o  w i l l  be p i cked off by the 4.S- M H z  i nterca rrier 
ta keoff co i l .  
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F i g .  1 8 . An F AA  converter i s  eas i l y a l i g ned b y  a ttach i ng a 
s i g na l  generator a nd a d j ust i ng the osc i l la tor coi l .  

sta tic begins to mix with the generator signal .  Set the 
generator at an output where the signal can be heard but is at 
its weakest . The R F  coil trimmer capacitor ( Fig.  16 ) is  then 
tuned for peak audio from the TV. To obtain even greater 
accura cy,  reduce the generator signal until i t ' s  barely heard 
and again peak the RF trim mer.  

No. 1 7 :  ALIG N I NG T H E  F M  
CONV ERTER I F  O U TPUT 

The interm ediate frequency ( I F )  produced by the FM con­
verter is , for example , Channel 3.  Both a video carrier and an 
audio carrier are placed on the FM converter-generated 
Channel 3 carrier. In the TV tuner, the s ignals are 
heterodyned once more to produce the 40-MHz TV IF carrier . 

The converter has to deliver as much usable signal as 
possible over the FM band.  Therefore , adjust the IF output 
coil for maxim um sound from the TV picture all up and down 
the FM band . Align the coil for peak perform ance at 88, 98 and 
108 MHz by tuning the converter dial .  Settle for the best 
comprom ise coil position .  
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No. 18 : RO UTI N E  TESTING OF THE 
F M CO N V E R TER 

If the TV set is working fine on all channel s ,  including 3 and 4 ,  
yet the converter i s  not producing any output , there is trouble 
in the converter . Com mon problem s  are due to poor con­
nections , weak batteries and transistor fa ilure. The rest of the 
components get practically no mech anical or electrical stress . 
Of course , any of them can short , open or leak, but in a well 
made converter it 's unlikely . Since there is one stage, no 
further isolation of trouble is practical . Make routine DC 
voltage and resistance tests on a l l  the components one by one . 

Keep the unit away from constant heat ,  such as that from 
the TV set or a nearby radiator . The heat can cause thermal 
problems in the transistor , producing drift or failure . 

No. 1 9 :  CHECKING STE RE O S E P ARATIO N-MU LTIPLEX 

Whether you are an audiophile or not ,  it i s  difficult to deter­
mine by ear whether there is excellent,  good , fair or poor­
stereo separation in your FM multiplex radio. When the radio 
is not producing the type of "solid " sound that it was,  you can 
check to see if it  is your ears or the instrument.  

A typica1 good test unit is the Sencore Channelizer stereo 
generator. The test  piece puts out a test stereo signal and a 19-
kH z pilot signal .  The signal is then fed into one channel , either 
right or left ,  of the stereo unit. The amount of that  test signal 
that appears in the other channel-where it is not supposed to 
be-determ ines the q uality of separation. The actual 
separation in a receiver is never 100 percent. There is always 
some m ixing . Excellent separation exists when the ratio is 30 
to 1 ,  which is measured a t  30 db.  Good separation is 10 : 1 which 
is 20 db. Poor separation , though still listenable,  can be as low 
as 3 : 1  or 10 db. 

For the test, the RF cable from the Channelizer is at­
tached to the FM antenna terminals. The radio is tuned to 100 
MHz .  A 1-kHz note will emanate from the radio . The left input 
is attached to the left speaker output and the right input is 
at tached to the right speaker output. The balance and volume 
controls are set and the output meters in th e unit are set at the 
REF line . Then , one channel is turned off and the 19-kHz signal 
turned on . The db separator is read directly on the respective 
meter (F ig . 19 ) .  
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L E F T  R IGHT  

R E F E R ENCE  R E F E R E NC E  

L E FT R IGHT 

R E F E R E NCE  R E F E R E N C E  

GOOD SEPARAT ION 

F ig .  1 9 .  Sepa ra tion is i nd i ca ted on the stereo test meters 
w hen the lefrand r ig ht dia Is rea d d ifferent ly .  

No. 20 : CHECKING C IRCUIT P HASE 

Quite often the stereo effect is not achieved in an FM multiplex 
receiver and the cause is not readily apparent . One of the 
causes could be improper phase due to receiver m isad­
justment. At any rate ,  the phase should be checked to be sure 
it is not contributing to the poor s tereo effects . 

The Sencore Channelizer is an excellent text unit for 
checking speaker phase quickly . The RF signal is attached to 
the antenna term inals.  The left speaker leads are attached to 
the left speaker output on the radio and the right speaker leads 
at tached to the right speaker output of the radio .  The con­
nections should be double checked for accuracy .  

The Channelizer and radio are turned on. The receiver 
volume and balance are adjusted until the two meters are both 
reading at  full scale on the RE F line. A norma l  signal is 
com ing through , so both outputs are producing the exact 
signals. The left signal from the Channelizer is turned off. The 
left meter reading should show a drop.  If it does, the internal 
phase of the radio is correct. Should the right meter show a 
drop and the left meter does nothing or very little ,  the receiver 
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has been somehow m isadjusted in phase close to 180 degrees 
(Fig .  20 ) .  

Probably the multiplex section of the receiver i s  severely 
ou t of adjustment and a complete m ultiplex alignment is now 
necessary . F irst ,  double check the left and right speaker 
connections before doing the multiplex a lignment . 

No . 2 1 :  M ULTI PLE X CIRCUIT ALIGN M E N T  

Poor stereo separation, improper c ircuit phase , and simply 
the need to make sure the multiplex is correct to elim inate the 
stage as a source of trouble ,  are among the reasons for a 
multiplex alignment j ob .  Sometimes the multiplex c ircuits 
develop subtle troubles like a shorted turn or two in a coil that 
can be pointed up only when an alignment w ill not take. 

The Channelizer acts as a multiplex s ignal genera tor and 
the scope or peak-to-peak sca le of the V TVM acts as the in­
dica ting device. The Cha nnelizer is a ttached to the antenna 
input and the radio's speaker outpu ts are attached to the left 
and right meters , respectively . The left and right signal 
sw itches are turned off and the 19-kHz pilot signal set on at 10 
percent. 

The scope or peak-to-peak scale is a ttached across the 
secondary of the 38-kHz transform er (F ig .  2 1 ) . Find the 38-kHz 
amplitude adjustment ( not the 38-kH z  phase adjustment) and 
set it for a peak reading in the scope or VTVM . Look for a 19-
kH z amplitude adjustm ent, too .  If there is  one , adjust it  for 
peak readings. Then, turn on the left s ignal switch .  F ind the 38-
kH z phase adj ustment this tim e .  Adjust the phase for 

L E F T  � R E F E R E N C E  

� (. ... r, C)  
o ..... � \ . ...1 0 

R I G H T  

~ R E F E R E N C E  

0 0  0 0  o ./ 0 

F ig .  20. The phase of the ste reo s i g na ls ca n be tested w ith 
a pi lot s i g na l .  Oppos i te rea d i ngs mea n  oppos i te phase. 
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F i g .  2 1 .  Mu l t i p l ex a l ig nm ent req u i res a stereo generator 
input  a nd a VTVM i nd i cat ing dev i ce .  

maximum reading on the left meter and a m inimum reading 
on the right meter . This gives you separa tion which is part of 
the multiplex circuit alignment . 

No. 22 : M U LTIP LEX CIRCUIT 
" LOC K-IN " A B I L ITY 

Confus ion is prevalent concerning the separation capability of 
a stereo receiver . I t  is not unusual for good separa tion to exist 
on a strong local channel ; however,  weak channels show little 
or no separation. One of the reasons for this is misalignment of 
the 19-kH z or 38-k Hz amplifiers ( F ig. 22 ) .  If the alignment is 
wa y off, only the very strongest stereo stations w ill show some 
separation. If the circ uits are slightly out of alignment, only 
the very weakest station will not have separation .  

The stereo indicating light usually w ill provide the 
suspic ion tha t  stereo s ignals are not being separated, because 
a known stereo sta tion won't l ight the bulb . 

The Sencore Channelizer w ill  provide a fast, accurate test 
by substituting ou tput meters for speakers and producing a 
va riable gain pilot carrier at 1 9  kHz.  The RF cable and meters 
are a ttached to the stereo unit.  The two receiver channels are 
balanced . Then the left s ignal switch is turned off and the pilot 
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set a t  10 percent. The separation is noted on the left meter .  
With the pilot turned off, both meters wi l l  read a t  the same 
level. Then the pilot is returned to five percent. If separation is 
again attained, the 19-kHz and 38-kHz amplifiers are tuned 
properly and exonera ted . If there is no separation , the am­
plifiers are detuned and require al ignment. 

No. 23 : MULTIPLE X CIRCUIT CHECK 

When the multiplex feature of a radio stops working , but FM 
signals are still com ing in loud and clear ,  al l  the signal­
ca rrying circuits , except the individual audio L and R, become 
suspect. The multiplex could be lost in the R F-IF detector area 
if a defect occurred tha t  reduced the bandpass of these circuits 
drastically . The multiplex signal contains frequencies up to 53 
kHz. All those frequencies have to be passed. Ordinary F M  
needs only about 1 5  k H z .  A defect could lower the bandpass , 
allowing the ordinary FM channel through but not the 
multiplex . 

On the other hand , the RF-IF detector area could be fine , 
but a defect in the multiplex section could mix L and R 
together and ruin the m ultiplex effect . It is useful and time 
saving to isolate the trouble to one or the other of the circuits . 

The Sencore Channelizer can accomplish this test by 
providing a signal tha t  ca n be injected directly into the 
multiplex sect ion , bypassing the RF-IF detector section .  Thus,  
in a receiver with a separation problem on all  channels, should 
separation suddenly occur, the multiplex circuits are cleared 
and the blame put on the R F-IF detector area . Should the 
separation still be nonexistent,  the trouble is proba bly not in 
the RF-IF ,  but in the multip lex section .  

L+ R 

o 1 5  

f­
o 
....J 
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I 
-" 
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L-R L· R 

23 k H z  

30 38 k H z 45 

53 k H z 75 k H z  

60 

F ig .  22 .  T he stereo m u l t i p lex tra nsm iss ion covers a la rge 
pa rt of the a va i l a b l e  75- k H z  a l l owa ble  ba ndw idth.  
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To effect the test ,  the s peaker leads from the Channelizer 
are attached to the receiver speaker outputs . Care is taken to 
attach the wires to the correct term inal .  The leads are taken 
from negative signal jack marked Stereo Signal and the 
positive jack also marked Stereo Signal. The negative lead is 

, at tached to the ground of the radio and the positive lead is 
attached to the input of the multiplex section .  This could be the 
detector output. 

The Channelizer 's left and right signal switches are turned 
on , the radio is adjusted for medium volume. The radio 
balance controls are adjusted until both meters read on the 
REF line . The pilot is cranked up to 10 percent and the left 
signal switch is turned off . The left speaker meter indication 
will drop off, while the right will remain at the same setting on 
the RE F line. The channel separation is noted on the left 
meter .  It 's  a good idea to m ake a pencil notation of it. 

The stereo signal leads are then removed from the 
receiver and the R F  cable is attached to the input of the radio. 
The channel separation is again noted on the left meter . If the 
reading is the same as it was when the stereo signal was ap­
plied to the multiplex input, the m ultiplex sec tion contains the 
trouble. If the separa tion is worse , the trouble is in the R F  -IF­
detector circuits. The multiplex section , if indicated , could be 
out of alignment, which is the next step. The RF-IF , if in­
dicated,  could have a reduced bandwidth . A sweep generator 
is used to check the bandwidth. 
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Chapter 4 

Power Monitor Tests 

No. 24 : L I N E  CU R R E N T-POWER 
M O NITOR TE STS 

The power monitor is a relatively simple piece of test equip­
ment in comparison to the multimeter , oscilloscope , signal 
genera tor, etc . Yet, in the busy electrical appliance service 
shop, it is one of the most  used units . It provides basic tests 
and can be used on every appliance that passes through the 
shop. 

For instance ,  every appliance draws a certain amount of 
current.  Tha t  current rating is specified in the service notes 
and on the appliance · itself. Amounts vary from a few 
milliamps in a transistor radio up to 20 or 30 amperes in an a ir 
conditioner as it kicks on. 

Current ratings should be correct ,  not too low or too high . 
When they are too low , some function of the appliance is not 
working. When they are too high , a leak or short is occurring , 
which signals danger. 

The test on a power monitor , like the Sencore PM157 ,  is 
easy.  The monitor is plugged into an AC outlet.  The range 
switch is set on the highest range, which in this case is 10 A .  
The function switch i s  set on A m ps-Wa tts. The meter switch is 
set on L ine Cord. The equipment being tested is p lugged into 
the AC outlet on the face of the power monitor marked AC Out. 

The appliance is then fed current through the power 
monitor. The amount of curren t it draws is shown on the amp 
sca le. The amount is ma tched to its current specifications and 
a determ ination is made as to its correctness . That 's all there 
is to it .  

No.  25 : AC LIN E POWER 

Appli�nces are a lso rated in watts . For instance, an electric 
iron can be rated as 1200 watts , or a TV can be rated a t  500 
wa tts . Here , again,  low w a ttage readings mean the appliance 
is not "firing up" properly, and higher than usual wattage 
readings mean an appliance is burning up too m uch power. 
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The wattage reading is an instant and accurate indication of 
the working quality of the appliance .  

Most  AC lines measure a round 1 15 volts . As a result ,  
power monitors, such as the Sencore PM157 ,  are set for and 
are accurate at  1 15 volts AC RMS . If you are somehow 
checking an appliance on a drastically higher or lower line 
voltage,  you have to convert the reading to the different line 
voltage.  

With 1 1 5-volt AC RMS,  the actual voltage test is identical 
to the AC line current test and ,  in fact, as you read the line 
current, all you have to do is look at the wa ttage scale and at 
the same ti me get the wattage. 

When the line voltage is other than 115 volts, you must use 
a power-voltage convers ion chart .  Thus,  you can get the power 
used by an applia nce when the line voltage is not 1 1 5  volts. For 
insta nce ,  suppose you have a 100-w a tt light bulb being used 
with a line voltage of 127 volts. How many wa tts will be 
drawn ? 

Find 100 watts on the normal 1 15-volt line . Then follow the 
vertical blocks until you get near 127 volts . The wattage reads 
about 1 10 s ince more voltage is being applied . 

No. 26 : A C  LINE V O LTAGE M O NITORING 

Most appliances are designed for the fa m iliar 115-volt input . 
During service work,  the question arises , is the appliance 
causing pro blems because 1 1 5  volts is not available ? Or is the 
problem in the power supply section of the a ppliance. 

The power monitor produces the answer quickly and 
accurately . The power monitor is plugged into the suspect AC 
line and the function switch placed on Line Volts. The line-volt 
scale is ca librated from 65 to 1 35 volts because a line voltage 
under 65 volts is almost impossible to find . The meter reads 
the voltage directly on the scale. 

The line voltage might read 1 15 volts right on the nose. 
You might find such a reading on a cool morning in a tra iler 
ca mp.  That evening, though as the sun goes down and as the 
tra ilers bec ame warm from dinner cooking , the l ights a !ld the 
TVs are turned on, the air conditioners started up,  and so 
forth , the 1 1 5-volt l ine could drop drastically to as low as 90 
volts . The TV pict ure shrinks, the electric iron does not get hot 
enough and so forth . 

The power monitor , if it is plugged in and a reading taken 
every hour or so,  will reveal the pa ttern the AC line is 
follow ing . I t  tells the servicer tha t  the appliances are proba bly 
OK, while the trouble is on the AC line. It better be corrected 
or the wires can become too hot and possibly cause a fire. 
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No.  27 : FUSE D ESIGN TEST 

The field serviceman often encounters an open fuse, cir­
cuitbreaker or fusable resistor . The question is , has the 
fusable unit opened due to its own defect or a short circuit in 
the electrical appliance ? The usual reply is a replacement of 
the fuse or resetting of the circuitbreaker. Then the unit is 
turned on again . If the fuse blows quickly , there is a short in 
the unit.  When the fuse does not blow , it is assumed that  there 
is no further trouble.  

Repeated fuse burn out is costly .  Just because the new 
fuse doesn 't burn up,  it does not mean there is no short . It  
could be an intermittent tube that shorts as soon as the 
technician drives awa y .  

It would be much better to measure the amount of current 
the appliance is drawing across the fusable unit.  If a current 
reading could be made, the following wiser service moves 
could be conducted . Suppose a stereo radio is found with a 
blown 5-amp fuse . A reading is taken and the unit is found to be 
passing about 8 amperes through the fuse connec tions . Im­
mediately , the fact is known that a bad leak has developed and 
the cause of the leak should be located before any further tests 
or fuse replacements are m ade . 

Another case in point could be a color TV tha t is popping 
its circuitbreaker . The breaker is reset and the TV comes on 
for a m inute or two, then trips the breaker again. A current 
reading taken across the open breaker may reveal a current of 
only 5 amperes. Yet it is a 7 ampere rated circuitbreaker. 
Obviously, the breaker itself is at fa ult. It cannot carry its 
rated current . A new breaker m ust be installed for the repair . 

A third common trouble is the fusable resistor . Assume a 
burned-out resistor is found in an appliance. Instead of trying 
a new resistor, the current flow through the resistor is checked 
across the terminals in the appliance . It is a small resistor 
with a 4-watt rating.  The appliance is turned on and the 
current is shown in the low m illiamp range.  That means the 
resistor died of old age and you can be safe putting in a new 
one .  

If, o n  the other hand, the current w a s  considerable then 
the resistor had been burned out. The reason for the high 
current drain would have to be found before a new fusistor was 
insta lled, or, the replacement would go right up in smoke. 

In a power monitor like the Sencore PM157 ,  fuses are 
tested by performing the AC line current test, except that the 
mete r switch is set at Test Lead s  instead of Line Cord. This 
simply switches the AC output connection to a more con­
venient pos ition for this test .  
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F ig .  23.  A good power meter ca n test the exact c u r rent 
tha t an el ectron i c  u n i t  d raws to ver ify fuse ca pa b i l i ty .  

The test leads are applied across the open fuse and the 
power monitor takes the place of the fus ing unit ( Fig . 23 ) .  The 
appliance could still be attached to the A C  output for its 
current supply , but the meter will not read unless the test 
leads are used. The meter is set on the lOA scale . This should 
be sufficient for most  fuse tests . 
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Chapter 5 

TV Tests 

No. 28 : IF AGC TV TE STS 

The symptom of AGC trouble appears on the TV screen as a 
loss of or distortion of video only on strong local channels. The 
weak snowy stations are unaffected or are sometimes better.  
Also , with A GC trouble, the picture could be missing, have too 
much contrast or weave. The key to the AGC diagnosis is that 
the symptom occurs primarily on strong channels and to a 
lesser extent or not at  all on the weak channels . 

Once AGC is suspected as the trouble,  the fact m ust be 
proved before component-by-component testing of the AGC 
circuit is begun, because a defect in the IF circuit or video 
detector could also be causing the same symptom . If the AGC 
symptom is not being caused by the AGC circuit itself, that 
fact should be ascerta ined at the beginning of the repair. 

The best way to be sure is to substitute an external bias for 
the AGC circuit and observe what happens. A bias box acts 
exactly like the AGC circuit.  It provides a variable plus or 
minus DC voltage. An AGC circuit simply provides a plus or 
minus DC voltage to turn the RF and IF off and on to various 
degrees according to the incoming signal strength . 

To test the IF AGC, attach the bias box to the first IF  input 
on the AGC circuit side of any isolation resistor in the c ircuit 
(Fig . 24) . Then , turn on the TV and try to get rid of the AGC 
symptom by adjusting the bias box voltage. If the symptoms 
disappear, the AGC circuit contains the trouble. If the AGC ' 
symptoms persist , the AG-C c ircuit itself is exonerated .  

No. 29 : R F  AGC TEST 

When a TV picture develops snow on strong channels and the 
weak channels still come in as usual ,  the RF amplifier is in­
dicated as defective. However ,  the RF amplifier itself m ight 
not be defective ; the AGC input to the RF a mplifier m ight be 
at fault. 

The AG C circuit has one DC output w hich varies slightly in 
accordance to the amount of signal that  is passing through the 
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F i g .  24. The bias box ca n be used a s  a subst itu te for the 
AGe volta ge, conf i r m i ng or deny i ng suspected trou b l e. 

video detec tor. F or tube circuits the De must be a negative 
voltage if it is applied to the control grids of the tubes . On rare 
occasions when the AGe is applied to a cathode of a tube , the 
AGe must be pos itive De in order to change the ca thode 
voltage as a means of varying the tube gain in order to com­
pensa te for variations in the video and provide a constant 
am pli tude ou tput . 

In NPN transistor circuits , since the NPN electron flow is 
from emitter to base and collector, just as the electrons is in a 
tube flow from cathode to pla te, the AGe applied to the base 
must be negative . If applied to the em itter it must be positive.  

In PNP transistor circuits, since the electron flow is op­
posite to that in an NPN and tubes , or from the collector to 
base and emitter, the base injected AGe must be positive . If  
applied to  the emitter, it must  be negative.  

All  this discussion notwithstanding, if the RF AGC con­
nection is disconnected and the snow ceases, the RF AGC base 
line contains the trouble . If the snow persists ,  the AGe input is 
good and the trouble is in the RF amplifier . 
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No. 30 : H OR IZONTA L  OUTPUT CUR RENT 

In a black-and-white and especially in a color TV, high-voltage 
requirements are strict. There might be no apparent symp­
toms except tha t the horizontal output transformer ( flyback ) 
or horizontal output tube repeatedly burn out .  Don ' t  just keep 
changing the expensive parts . Find out why the part keeps 
fa iling . It is rarely due to poor design on the part of the 
manufacturer. 

It is a good idea to check the a mount of current passing 
through the horizontal output circuit . If there is a little too 
much current, the parts will overheat and eventually fa il 
prematurely. When the current is extremely high, the pa rt will 
burn up within m inutes . 

The best place to make a test  is in the cathode of the 
horizontal output (Fig .  25 ) .  In fa ct , many color TVs are 
equipped with removable links to perm it the insertion of a 
milliammeter into the circuit w ithout unsoldering . The meter 
should read anywhere from 1 50 m illiamps to 220 milliamps 
according to the actua l circuit. The service notes should 
specify the exact amount of current .  

Too much current c a n  be caused by ma ny conditions. A 
shorted screen grid resis tor or capacitor , a leaky component 
in the flyback circuit,  or any number of other things . The most 
common cause in a color TV is a de-tuned flyback circuit.  The 
Q is lowered and added drain put on the horizontal output .  The 
circuit can be retuned by "tuning " the efficiency coil until the 
current is reduced to the amount spec ified in the service notes .  

HOR I ZONTAL 
OUTPUT t4\ '9: � 1 

FLYBACK 

0·500 MA 

� 
° 0  Q 0 °  
I 

F ig .  25.  The co lor  TV hor izonta l ou tpu t cathode cu rrent is 
a cr i t ica l  test w i th a 0-500 m i l l i a m meter .  
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Minim um current is sometimes the correct setting,  but not 
always.  

No. 3 1 :  COLOR TV GR AY-SCA LE TEST 

With the color intensity control turned off, a color TV picture 
ideally should have no color in it. The viewer should not be 
able to tell that  the TV is a color set by analyzing the picture . 
The whites should be white. The blacks should be black and the 
grays true .  If there is a tint to the pic ture a t  all , in the 
highlights ( white ) or the low lights ( gray and black) , the gray 
scale is defective . Many older TVs are not capable of 
producing a perfect blac k-and-white picture ; however, recent 
TVs a ll are .  When a TV tha t  is capa ble of a good black-and­
white picture does not have one ,  the first s tep is a gray-scale 
alignment test . 

The color TV picture, even monochrome one, is composed 
of a mixture of red, blue and green light. The correct mixture 
produces a perfect black and white. The three electron guns 
(red, green and blue ) in the CRT are adjusted with the CRT 
bia s ,  the three screen controls are the three drive (control 
grid ) controls (Fig .  26 ) .  

The service switch kills vertical sweep , producing a 
horizontal line . The three drive controls are turned all the way 
up and the three screen controls are turned a ll the way down.  
Then the screens are turned back u p  until a small amount of 
each color l ight is m ixed in the correct proportions to produce 
a white line. Then,  the service switch is reactivated ,  producing 
full sweep again . 

If there are any tints in the h ighlights , the drives are 
adjusted to remove it .  I f  any of the screens won ' t  produce a 
color, the CRT bias is turned up until it does. With practice, the 
test is performed in m inutes . 

No. 32 : COLOR TV P URITY 

When the colors in a TV picture are incorrect in spots and 
when a black-and-white picture has splotches of tinting , it is an 
indic ation that the purity adjustment is off. This is different 
than the gray-scale problem with tinting over the entire 
display. In fact, you can set up the gray scale and get a good 
monochrome picture except for these splotches . 

. The gray sca le is dependent on the purity , though . The 
purity is perfect when each electron beam is landing on its 
correct color phosphor . If the beam is lighting up another 
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F ig .  26. Co lor TV g ray-sca le  setu p is cond u cted w ith 
s i m u ltaneous use of e i g ht chassis  a pron controls .  

phosphor, the purity needs adjusting . A magnifying glass or 
small telescope enables you to see a closeup of  the phosphor 
dots on a color TV screen . If you look closely , you can see tha t 
the beams are landing incorrectly . 

The reasons for impurity are three (Fig .  27 ) : One, the 
CRT or its holder has become magnetized , thus pushing the 
beams off course . Two , the purity ring on the CRT neck could 
be m isadjusted , pushing the beam s near screen center off 
course. Three,  the deflection yoke could be too far forward or 
too fa r ba ck on the neck of the tube, causing incorrect 
crossover points for the optical-like beam , thus changing the 
landing position of the beams, especially around the perimeter 
of the CRT . 

The first step in the cure is to get a red field by turning off 
the green and blue screens , then degauss the CRT . Next, 
adjust  the purity tabs for screen center and the deflection yoke 
for the CRT perimeter. By perform ing the job two or three 
times a near perfect red field is produced. Then the gray scale 
must be reset. 
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F ig .  27.  The pu r i ty of a co lor  TV p i ctu re is  a d j usted w i th a 
deg a u ss i ng coi l ,  pu r ity r i ngs a nd yoke. 

No.  33 : CO LOR TV DOT CONVERGENCE 

The major problem with a 3-gun color TV picture tube is 
getting the three separate pictures, red, green and blue, in 
perfect registry.  The three pic tures must be reproduced one 
on top of each other . At spo ts on the screen where registry does 
not take place , colors will bleed and distort the picture . 

Bleeding , while noticea ble in a color display , is even more 
noticeable in a black-and-white picture. Therefore , it is a good 
idea to analyze a black-a nd-white picture for bleeding and 
perform the necessary adjustments while observing the black­
and-white picture. 

It is possible to adjust the faults in registry or con­
.vergence, as its called , w ith an off-the-air progra m ,  and it is 
even easier if you can find one channel tha t  is transmitting a 
sta tionary test pattern , weather program or stock market 
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numbers . T he best way to converge,  however , is with a dot-bar 
generator. The generator places a pattern on the screen that is 
steady and won 't  disappear a ll of a sudden like a test pattern . 

The TV screen is divided into five distinct sections for 
convergence adjustments .  E ach has its own controls .  The 
sections are center, top , botto m ,  left side and right side . We 
discuss the center adjustments here and the other four ad­
justments in the next test. 

The center adjustments are best made with a dot pattern 
on the screen .  A crossha tch pattern could be used, but the dots 
are the idea l .  There are four adjustments especially designed 
to move the color dots around in the center of the screen . They 
are called the statics-red , green and blue and the blue 
lateral .  These four adjustments are found on practically every 
3-gun color TV. 

The color dot-bar generator is a ttached to the TV antenna 
term inals, set at one of the low VHF channels and all the 
equipment turned on . Dots are sent into the TV . The entire TV 
screen will display the dots , but for the s tatic adjustments , 
only a small section in the center of the display is  watched. 

The rEst is easy .  Set up a m irror in front of the TV set and 
begin the adjustments . The idea is merge the three dots , red , 
green and blue , together until they produce a single white dot . 

The red static adjustment, usually found at  the eight 
o'clock position on the convergence yoke , causes the red dots 
to move diagonally across the screen from left to upper right 
(Fig . 28 ) .  The green static adjustment, usually at the four 

B & K Model 1 246 d i g i ta l  I e  co lor generato r  used for 
convergence ad j ustment.  
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F ig .  28.  The b l ue latera l ,  red , geeen a nd b l ue sta tics a re 
a l l  a d j usted to a c h i eve convergence a t  screen center. 

o'clock position (green and red could be reversed ) ,  causes the 
green dots to move diagonally across the screen from bottom 
right to upper left. When the red and green dots merge ,  they 
make yellow dots. The blue static adjustment, usually at the 12 
o'clock position , causes the blue dots to move up and down.  
The blue static is  adjusted until the blue dots merge with the 
yellow or are alongside the yellow . 

The blue lateral adjustment, usua lly set back on the CRT 
neck ,  causes the blue dots to move side to side . It is adjusted 
until the blue dot merges exactly with the yellow dot . This 
produces the white dots and convergence is accomplished at 
screen center. 

No. 34 : COLOR TV CROSSHATCH CONVERGENCE 

Once the center of the color display is converged , there are 
four other sections of the screen that should a lso be put into 
perfec t registry , the top ,  bottom , left s ide and right side . The 3-
gun color CRT is usually equipped with a convergence board 
with 12 adjustments to perform this task . There are three 
adjustments on the board for each of the four sections . The 
top, bottom and left-side adj ustments are usually poten­
tiometers . The right-side adjustments are tunable coils . The 
coils must be adjusted with a hex head neutral stick . 

From set to set, the twelve adjustments appear on the 
board in many different arrangements.  However, they are set 
up primarily to merge the crosshatch bars in the respective 
sections . Dots , TV channel test patterns and even a live pic-
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ture are suitable for the adjustment procedure, but ideally a 
crossha tch pattern is best .  You should see red ,  green and blue 
crossha tch patterns on the screen .  When they are merged , 
they produce a white crosshatch , and when a white crossha tch 
appears all  over the screen , all three beams are in perfect 
registry.  

For practical purposes, quite often perfect registry is  
impossible , due to the imperfections in the TV or CRT . At 
these times the best compromise picture is usually satisfac­
tory . If the crosshatch can be made to appear merged at six 
feet, without noticea ble bleeding, the viewer will usually be 
satisfied . If  convergence cannot be obtained , a defect in the 
receiver's high-voltage section , sweep section or C RT is in­
dicated. 

The same hookup is used as  was described in the color dot 
section , except the generator is switched to produce a 
crosshatch output.  Once the crosshatch is displayed and the 
center has been converged ,  the top , bottom , left s ide and right 
side are analyzed (Fig.  29 ) .  It mus t  be remembered that  if  
after some of these adjustments ,  ca lled dynamic,  are made, 
and the center should go out of adjustment, it can be recon­
verged and then the dynamic adjustments continued . 

There are adjustments for the following parts of the 
crosshatch.  One, the red-green horizontal bars. Two, the red­
green vertical bars. Three, the blue horizontal bars . There is 
no adjustment for the blue vertical bars . They are the 
reference by which the other bars are adjusted . If you find the 
blue vertica l  bars are out of adj ustment, you must reset the 
blue s tatic ,  the blue lateral and then try to merge the red­
green vertical with the blue vertical . You can ' t  adjust  the blue 
vertical dynamically . 

There are three a djustm ents for each section of the 
screen.  Consider each section of the screen independent of the 
other. However, there is considerable interaction between the 
top and bottom adjustment, and also between the left-side and 
right-side a dj ustments . It is good technique to use two hands . 
For instance, when you are adjusting red-green vertical at  the 
top , keep the other hand on red-green vertical  at the bottom . If  
the top adjustment moves the bottom a bit ,  you can im­
mediately adjust it back into place .  

Or if you are adjusting red-green horizontal on the left 
side, keep a neutral stick in the red-green horizontal on the 
right side . I f  some unwan ted bar movement occurs in the right 
side as you a djust  the left, you can touch up the right-side coil 
as it goes out. If you are turning one of the r ight-side coils and 
it suddenly s tops having any effect,  chances are good you have 
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F ig .  29.  The twe l ve a d j ustments on the convergence boa rd 
a nd the crossha tch from a color gene ra tor a re used in  
convergence a d j  ustments.  

ro tated the coil past  the resonant point. Further adjustment is  
useless .  Rotate the coil back to a location where it has an ef­
fec t again . It is useless anyplace else.  The actual  alignment 
from beginning to end is routine and easy as long as you are 
aware of what the move you are m aking is accomplishing.  

When you analyze and see more bleeding out of the left­
side blue horizontal bar, it can be touched up by going to the 
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blue horizontal left s ide pot and adjusting it ,  keeping a neutral  
stic k in the right side blue horizontal coil . If you make any 
other move, you are not only wasting your time but could 
throw off the precise adjustments . 

From beginning to end, the routine adjustments follow 
this pa ttern : 

1 .  A dj ust  the top and bottom red-green vertical for con­
vergence on the reference blue vertical bars. 

2. Adjust the left-side and right-side red-green vertical for 
convergence on the reference blue vertical bars . 

3. Adjust the top and bottom red-green horizontal for 
convergence on the blue horizontal bars .  

4. Adjust the left-side and right-side red-green horizontal 
for convergence on the blue horizontal bars . 

5. Adjust the top and bottom blue horizontal for con­
vergence on the red-green horizontal ba rs. 

6. Adjust the left-side and right-side blue horizontal for 
convergence on the red-green horizontal bars. 

Notice there are only six steps for the 12 adjustments on 
the board . That's because good technique dictates using two 
adjustments at a time in the full convergence procedure . If  
you are touching up one section,  i t  need be that you have to 
adjust only one a t  a time. The steps can be taken in any order 
and it will be rare that  the entire alignment will be completed 
with one pass . U sually , you ' l l  have to adjust and adjust, going 
back and forth between the four statics and the twelve 
dyna mics. It is also usual tha t you will have to redo the gray­
scale and purity adjustments as you perform this alignment. 

Touchups only are usually needed when the TV has been 
operating for awhile and bleeding begins due to aging of 
components. The full alignment usually is needed only during 
times when the TV has been disassem bled because a color 
CRT , deflection yoke or convergence yoke became defective . 
When there is a n  actual  com ponent defect in the convergence 
circuitry,  registry is not impossible . If you find such a case,  
abandon your alignment procedure unti l  you are able to get 
the convergence circuit difficulty out of the way. Otherwise , 
you are wasting time. 

No. 35 : COLO R TV AFPC ALI G N M E N T  

The colors in  a T V  picture are locked into place by means of  
the color sync section , commonly called the AFPC .  The heart 
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S Y N C  P U L S E  COLOR B U R S T  
O N  B A C K  
POR C H  

F i g .  30. The com pos i te TV s i g na l has a bout e i g ht " r i ngs" 
of co lor bu rst on the horizonta l sync "ba ck porc h . "  

of the color sync section i s  the 3. 58-MH z  color oscilla tor .  The 
3 .58-MHz color subcarrier is suppressed at the transmitter and 
must  be reconstructed in the receiver before the color can be 
reproduced in the display.  

The 3 .58-MHz oscillator is  the reconstruc tion mechanism .  
The osc illator , however, cannot simply run free at  3 . 58-MHz.  It 
must run exactly at 3 . 58 and exactly in phase w ith the in­
com ing signal .  The information to lock in the oscillator is 
transmitted to  the receiver on the "back porch" of the com­
posite TV s ignal (Fig.  30) . The color sync pulse takes the form 
of a sine wave with eight ringing w aves . The sine wave, of 
course, is of the correct phase and it 's  called the "color burst. " 

The burst is extracted from the back porch , amplified in a 
burst a mplifier and then fed as  sync into the oscillator circuit. 
The osc illator output is then sent off to the demodulators . 

When the oscilla tor is off frequency , an incorrect signal is 
sent to the demodulators . This causes incorrect colors on the 
screen or causes the colors to cascade through the p icture in a 
disturbing fashion. When this trouble occurs , the best ap­
proach is to perform the A FPC alignment . If  the oscilla tor is 
simply running off frequency , alignm ent w ill  quickly restore 
the correct synchronization. If there is a defect in the AFPC 
network ,  the alignment w ill localize the defect to a particular 
circuit. 

There is more to the color sync section than just the 
oscilla tor and burst amplifier . In order to lock in the oscillator , 
a sampling of the oscilla tor output is injected into one end of a 
phase detector .  The output of the burst amplifier is injected 
into the other end of the phase detec tor, where a DC output 
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voltage is obtained from a center tap in the phase detector 
circuit.  This output is fed to a reactance circuit. The varying 
DC changes the bias of the reactance circuit and thus its 
output ( Fig . 3 1 ) . 

The reactance circuit, which acts as  a varying 
capacitance or inductance , is connected across the oscillator 
and is an integral part of the oscilla tor's  frequency-controlling 
ta nk . The output of the reactance circuit causes the oscillator 
to vary slightly in frequency a nd phase. As the oscilla tor tends 
to vary from the prescribed frequency, the sample is com­
pared to the incoming burst and the DC control voltage brings 
it back into step w ith the burst. 

You can do the alignment with an off-the-air TV program ,  
but better control over the procedure is obtained if a color-bar 
generator is used. The color-bar generator is a ttached to the 
antenna terminals and the tuner set to a low V HF channel.  The 
color bars should appear in a specific order on the screen when 
the set is operating correctly. The phase of the oscillator is 
indicated by the color of the bars and the frequency of the 
oscillator by the stability of the bars. A discrepancy of only 2 
Hz will cause the bars to drift. There are lots of color receivers 
which do not use reactance control .  If you are a ligning one of 
them , simply skip the reactance part of the alignment. 

The alignment is performed w ith a good multimeter and 
several jumper leads (F ig . 32 ) .  T une in the color pic ture for 
best  reception . Try to eliminate any sound bars that  m ight be 
present. Turn the color intensity control all the way up for the 
greatest color intensity . Open up the color killer as far as it 
goes to be sure that  the most color is present. Set the color tint 
con trol to the center of its range. That w ill be its correct set­
ting if the alignment goes as  planned .  

1 .  Take a couple of readings i n  the phase detector . Take a 
reading at one of the diodes on the burst tra nsformer side . You 
will get either a plus or m inus reading .  I t  doesn't  matter 
which. I t  should be anywhere between 20 and 40 volts . Attach 
the VTVM there and remember the reading. 

Attach a jumper cord from the burst amplifier input to 
ground . Adjust the 3 .58-MHz oscillator transformer for 
maximum VTVM voltage. If you can't  get any voltage now 
with the jumper in place, there is a problem in the oscillator or 
in coupling to the detec tor . If YOu get a good voltage, the 
oscillator itself is elim inated as the problem and you now have 
the oscillator transformer correctly aligned . 

2. Remove the short from the burst amplifier. A s  you take 
the short out, the voltmeter needle should jump higher.  That 's  
the burst entering the phase detector and mixing with the 
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oscillator voltage. If the voltage does not increase, the burst 
amplifier is causing the trouble. When the voltage does rise, 
the burst amplifier is c leared . While you are there ,  adjust  the 
burst transformer for maximum voltage, w hich correctly 
aligns the transformer. 

3 .  Take a j umper cord and ground the DC input to the 
reactance circuit.  There is usually a special test point just for 
this purpose . In fact,  you do this s tep only when you want to 
just touch up the AFPC . When the jumper is ins talled, the 
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oscillator runs free without sync. If the colors really go w ild,  it 
means the oscillator transformer w as badly m istuned and was 
uns table for that  reason. 

Adjust the reactance c ircuit output coil until  the colors 
just floa t by. The osc illator is then running free but right on 
3.58 MHz . If you can ' t  get the colors to float by or hold stil l ,  the 
frequency-controlling components in the oscillator have a 
defect. This includes the entire reactance circuit and the 3 . 58-
MHz crystal . 

4. Once float-by is attained, remove the reactance input 
jumper . The colors should snap into place. If they do, the 
AFPC alignment is completed. If the colors do not lock, but 
are floa ting, the reactance circuit has a defect. Should the 
colors not only continue to drift but begin a fas t  whirl , there is 
a defect in the phase detector. This could be due to a bad diode. 

The AFPC alignment can be performed in m inutes once 
the technician w ith practice.  I t  is a vital procedure in color TV 
servicing. Without it, the entire AFPC circuit becomes a maze 
of confusion and cannot be serviced intelligently . Slight dif­
ferences in procedure vary from TV to TV . 

No. 36 : V ECTORSCOPE H OOKUP 

M uch c on fu s ion r ei g n s  concerning  the v e c torscope 
troubleshooting technique. I t  is thought of as an instant cure 
all for the color circuits ; therefore , special vectorscope in­
strumen ts are marketed and sold.  While vectorscope equip­
ment is useful and the techniques valuable, the basic equip­
ment is alrea dy on the service bench if you have a scope and 
color-bar generator .  The technique does provide some 
valuable service information on some color TVs , but not all .  

A vectorscope unit is nothing more than a scope with 
isolated , balanced vertical and horizontal inputs. You can use 
your scope . Take two high-impedance probes and attach one 
each to the vertical and horizontal inputs ( Fig .  33 ) .  Switch the 
horizontal sweep to external .  Next,  inject your color-bar 
generator's output into the receiver antenna terminals . The 
color TV has to have a difference amplifier output of R-Y , B-Y 
and G-Y . You will not get an accurate vectorgram from a TV 
that has pure R, B a nd G color outputs .  

Attach the vertical probe across the R-Y output and the 
horizontal probe across the B-Y output . The color-bar signal 
will then provide a s ta tionary pattern showing the R-Y and B ­
Y outputs ( Fig . 34) . The R-Y sweeps the vertical component 
and the B-Y sweeps the horizontal component. 

In a vectorscope,  you will immediately have the desired 
" daisy" displayed.  In your ordinary scope a display will  ap-
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pear that m ight resem ble a daisy but could be distorted . You 
must carefully adjust the vertical and horizontal sweep am­
plitudes in order to get a good looking daisy . 

Once you get a daisy so what ? Well, it provides an ac­
curate picture of the R -Y and B-Y signals .  A nalysis of the 
vectorgram tells you whether or not the bandpass amplifier is 
tuned properly , whether or not there is adequate color am­
plification,  if the color frequencies are correct,  as well as the 
color phase relationship,  etc . The height of the petals gives an 
indication of the color amplitude. Adjust the bandpass am­
plifier transformer for best height and roundness of the petals . 
The roundness indicates the bandpass response . Petal 
roundness should be normal,  not too fa t or too thin . 

The positioning of the petals provides an indication of 
correct frequency and phase.  If the petals are rotating ,  there 
is color sync trouble . I f  the petals are holding but the third 
( R-Y ) is not pointing 12 o 'clock,  the phase is off. Either 
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F ig .  33. -A vectors cope d isp lay ca n be a c h ieved w ith a n  
ord i na ry scope, two p robes a nd a co l or-ba r genera tor. 
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way ,  short out the test point between the phase detector and 
reactance amplifier . The petals will whirl . Adjust the plate 
coil of the reactance amplifier until the petals just float by. 
(Yes , same test as in the AFPC . ) Then,  remove the short. The 
petals should lock into place. 

During troubleshooting, the vectorgram will display 
trouble in these circuits. However, there are few set patterns 
and the analysis is too complex to be much help in routine 
color TV servicing . 

No. 3 7 :  STAGG ER-TU N E D  I F  ALIG N M E N T  

In FM and TV receivers, i t  is  usual to  employ more than one 
IF stage in order to get enough amplification . A common 
design is the stagger-tuned IF strip using three or four stages . 
They can be either tube or solid-s tate. B oth designs are 
sim ilar. The IF band in an FM receiver has a center frequency 
of 10 .7  MHz.  The bandwidth is typically 200 kHz . The IF 
bandwidth in a TV receiver is usually centered at 44 MHz. The 
ba ndwidth is typica lly 6 MHz in order to pass the video , sound 
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and color carriers . The three stages are "stagger tuned , "  each 
to a slightly different frequency so each s tage can pass and 
amplify different parts of the bandwidth . The result is an 
overall response equal to the desired bandwidth.  

Typica lly , in  an F M  receiver, one stage amplifies at 10.7 
MHz , another stage at 100 kHz above and the other 100 kHz 
below . A TV receiver has one stage set at 44.25 MHz,  another 
at 45 .75 MHz,  and the other a t  42 . 17 MHz. This staggering of 
the tuned frequencies ena bles the full 200 kHz in the FM and 
the full 6 MHz in the TV to pass easily .  

Also , with stagger-tuned stages, there are traps to get rid 
of adjacent-channel s ignals . In a color TV there is a trap to 
suppress the sound carrier so it beats as little as  possible w ith 
the color subcarrier and thus produce a m inimum of 920-kHz 
beat interference , which appears as annoying interference 
(TV I ) '  

The alignment procedures for a n  F M  radio and a T V  are 
quite similar in general approach ,  although each has its own 
"quirks" of design .  Various special jigs and bias voltages 
have to be used in order to adapt to the peculiarities of various 
AGC and IF designs . It would be impossible to cover these in 
this discussion. You must have the actual service and align­
ment notes to do a specific al ignm ent job according to the 
factory specifications . Our purpose is to explain the object of 
alignment and the frequencies involved . They are universal 
and dictated by the FCC and s tation transmission standards . 

A TV set receives a ll VHF and UHF channels . They all 
have different carrier frequencies . However, as you know, the 
tuner tunes them all individually , no matter whether it 's 
Channel 2 or 82, and applies the selected signal to the con­
ventional 44-MHz IF . 

When the carriers are changed to the IF , they are 
reversed in order. The sound is now lower than the video ; the 
sound is 41 .25 MHz and video at 45.75 MHz. The color sub­
carrier is located between sound and picture,  920 kHz above 
the sound at 42.17 MHz.  The center frequency is not exactly at 
44 MHz but at 44 .25 MHz ( Fig . 35 ) .  There are two other 
frequencies that  have to be w orried about. They are the ad­
jacent-channel sound at 47.25 MHz and adjacent-channel video 
at 39 .75 MHz. 

They are the six frequenc ies that have to be considered. 
Each frequency on the IF scale has to be placed at a different 
amplification level. In the input of the first IF is usually a trap 
tuned to the adjacent-channel sound at 47 .25 MHz. This trap 
has to be aligned so tha t it suppresses adjacent-channel sound 
as much as possible ( Fig . 36) . Adjacent-channel sound 
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F ig .  35.  On the I F res ponse cu rve the a u d i o  a nd a d j a cent­
cha nnel  ca rr iers a re su ppressed . Color a nd v ideo s i g na ls 
appea r at  50 percent.  

produces a herringbone interference on the screen if it is not 
suppressed.  In fact ,  if you have excess ive adjacent-channel 
sound , you can try eyeballing the interference out by touching 
up the trap .  

Also , i n  the input o f  the first I F  i s  another trap tuned to the 
adjacent-channel video at 39.75 MHz. (Notice that the ad­
jacent-channel sound is from the channel below and the ad­
jacent-channel video is from the cha nnel above . )  This trap has 
to be a ligned so that it suppresses adjacent-channel video as 
much as possible . Adjacent-channel video produces a wind­
shield wiper interference on the screen if it is not suppressed. 
In fa ct, if you have adjacent-channel video , you can try 
eyeballing it out by touching up th is trap. 

The coupling transformer from the first IF to the second 
IF is usually tuned to the video carrier at 45.75 MHz . This 
transformer has to be adjus ted un til the 45 .75-MHz video 
marker sits approximately 50 percent on the slope of the IF 
ba ndpass response curve.  
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The curve appears on the face of the scope and is produced 
with sweep generator and marker genera tor signals applied to 
the TV according to the service notes . Various bias voltages 
are applied to the IF to s it the desired amplification levels . 
The scope pic ture is the detected bandpass curve. (The IF 
frequencies around 44 MHz are not displayed on the scope , 
their detected resultant is . ) 

The coupling transformer from the second IF to the third 
IF is usually tuned to the color subcarrier at 42 . 17 MHz . This 
tra nsformer ha s to be adjusted until the 42. 17  MHz color 
subcarrier ma rker s its approxim ately 50 percent down on the 
other slope of the IF ba ndpass response curve . When this 
transform er is misadjusted, it can cause a weakness or a 
complete loss of color .  ( It is not advisable to try to eyeball the 
color back in by adj usting this transformer , unless it is a TV 
that you are familiar with and know that this transformer is a 
problem . )  

The coupling transformer from the third IF to the detector 
sta ge is usually tuned to the m iddle of the bandpass at 44 .25 
MHz .  I t  has to be adjusted to linearize the center of the band­
pass.  There needn't be a marker for this frequency. 

In the output of the last IF is a trap in series with the 
sound-rej ect potentiometer.  The trap is tuned to the sound 
ca rrier of the channel being received . It has to be adjusted, 
along with the sound reject, to suppress the sound carrier as 
much as possible . 

The sound is typically tapped off in the third IF stage . 
After the sound pickoff, the carrier must be suppressed , or it 
beats with the color subcarrier, producing a 920-kHz signal .  
You can eyeball the 920-kHz beat out  of  the picture by ad­
justing the trap and sound reject. You m ight get more color 
intensity, too ,  since you will be adjusting the slopes of the 
response curve at the same time. 

B & K TV Ana l yst, Model 1 077- B,  prod u ces a co m p lete 
a r ra y of TV test s i g na Is .  
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No. 38 : DC H I-VO LTAG E TEST 

DC high voltage , as its known in some receivers, is used to 
accelerate the electron beam in a ca thode ray tube . It is an RF 
voltage produced during the horizontal flyback interval ,  

. rectified and sent through a heavily insulated wire to the 
anode of the CRT . It is vital that  the correct voltage level be 
maintained . Too little can produce dar.k displays , hard-to­
adjust displays and all  kinds of distortions .  Too much high 
voltage can produce unwanted X-ray effects , posing a 
potential hazard. 

Any good voltmeter properly equipped with a m ultiplier 
resistor encased in a specially designed high-voltage probe 
can produce an accurate reading . The TV is turned on and the 
probe attached to the voltmeter . There are some special 
voltm eters mounted on probes tha t are built especially for this 
test ( Fig . 37) . 

The test is usually conducted in two ways : one, with the 
brightness turned all the way up and another w ith the 
brightness extinguished . With the brightness turned all the 

H I G H  VOLTAG E 

MAX I MUM 
B R IGHTN ESS  

2 M I N I MUM 
B R IGHTN ESS  - - - - - -

B R I G H T N E S S  
CON T R OL 

F ig .  37. The HV i n  a color TV is measu red at max i m u m  
a nd m i n i m u m  sett ings  of the br ig htness contro l .  
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way up , a maximum electron emiss ion occurs at  the CRT gun 
or guns and the flyback system draws the maximum amount 
of current. In other words, the system is running wide open . 
With the brightness turned off, there is no elec tron flow from 
the guns and the flyback system draws little or no current. A 
comparison between the two states gives a rough idea of the 
efficiency of the flyback system . Too much of a voltage dif­
ference means the system is not operating properly . 

No. 39 : RF-IF SCOPE SIG NAL TRACI NG 

As the signal passes through a radio or TV receiver,  it is 
processed in numerous ways. At various stages the signal is 
amplified , heterodyned, shaped , trapped, certain frequencies 
extracted , and so forth . Good servicing technique dictates that  
the servicer knows what the signal looks like on a scope as it 
passes through the receiver. When the signal is tiny (in the low 
microvolts ) ,  it is difficult to get a good scope picture.  As the 
signal is amplified a nd detected , the scope pictures get better 
and better. 

Two main scope probes ar� used.  One is the demodulator 
probe and. the other is the high-impedance or, as it can be 
called , a low-capacitance probe. D irect probes can sometimes 
be used, but in almost every case a h igh-im pedance probe will 
also work . The direct probe can load down a circuit with the 
scope 's  input impedance . The h igh-impedance probe,  as the 
name implies, isolates the scope from the receiver being 
tested and in almost all cases is more accura te than the direct 
probe ( Fig . 38 ) . 

The demodula tor probe is used to look at  signals while 
they are still modulating the carrier wave, whether it is RF or 
IF . The probe contains its own AM detector which detects the 
signal at the test point being observed. In a radio and TV 
receiver a demodulator probe is used when the RF -IF area is 
inspec ted . If the probe is touched at the output of the last IF , 
the same picture appears as would be seen i f  the output of the 
receiver's detector 'vere observed w i th a high-impedance 
probe. In fact ,  the reason for the test is to see if the signal is 
getting to the output of the last IF and if the detector is a 
trouble suspect. 

If ' the probe is connected to the input of  the last IF , the 
same detected display will appear,  except tha t  it is con­
sidera bly less in amplitude. That 's  because the display shows 
what the signal looks like before it is passes through the last IF 
and amplified many times .  The output of the second IF shows 
the same signal a s  the input of the third IF . The only com-
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ponents the signal  has to pass through is the IF transformer 
and perhaps a blockingcapacitor. These components neither 
amplify or a ttenuate the signal  to any appreciable degree .  

A scope picture taken at  the input o f  the second I F  shrinks 
in amplitude even more . Lots of inexpensive scopes w ill not 
even have enough gain to display the second IF input signal ,  it 
is so wea k .  

The scope picture taken a t  the input o f  the first IF is 
miniscule if  the scope has enough power to even display it .  
Scope pictures on ordinary service bench equipment taken in 
the m ixer-oscilla tor or RF a mplifier do not produce any 
display. There are more expensive industrial type scopes that 
will produce displays taken from the tuner . However , on most 
servicing jobs such large amounts of a mplifica tion are not 
needed . 

No. 40 : VIDEO SWEEP MODULATION TEST 

The bandpass am plifier is tuned in an odd way.  In addition to 
having to pass the color sideba nds centered around 3.58 MHz 
on the 6-MHz TV passband, i t  has to amplify one side of the 
sidebands more than the other. This is because the color 
subcarrier is stationed 50 percent up on the slope of the 
passband and the IF,  as a result, amplifies the higher part of  
the slope much more than the lower part of the slope. The 
bandpass amplifier must amplify in a way to complement the 
IF method of amplification and produce an equal response of 
the color s idebands. 

The method used is called video sweep modulation . 
Marker and sweep generator signals are injected into an  RF 

SIGNAL 
GENE RATOR 

HIGH IMPEDANCE 
.,- - - _ PROBE 

\ 
" 

, . 

, , AUDIO 
DETE CTOR OUTPuT 
I I 

F i g .  38. S i g n a l  tra c i ng throug h a recei ver i s  easy when you 
have a scope, generator and correct probes. 

93 



SWE E P  MA R K E R  

G E N E RATOR G E N E R ATOR 

+ S MHz 

• 

R F  AMP 
COLOR K I L L E R  
B A N D PASS 

3.58 MHz 

MA R K E R  

, , 0 

,m , c '\ ' e,  ...... ° 
0 0 0 
0 0 0 00 

6ANDPASS 

AN P L I F I E R  

F ig .  39. T h e  co lor  TV VSM ( v ideo sweep m od u lat ion ) is  a 
co m p l icated hook u p  for j u st  ba ndpass ad j u stments . 

modulator. This produces a picture carrier at  45.75 MHz which 
is modulated with a video-type signal w ith a bandpass of zero 
to 5 MHz.  The signal is a ttached to the TV receiver before the 
IF s tages . The output of the I F  is detected and the 45 .75-MHz 
carrier is elim inated. The video type sweep is fed to the 
ba ndpass amplifier and the color sidebands are amplified on 
either side of 3 . 58 MHz.  

A scope equipped w ith a demodulator probe is used to 
detect the 3 . 58-MHz color subcarrier .  The color sidebands are 
then displayed on the scope. They should be linear. If they are 
not, the ba ndpass amplifier transformer is touched up until 
the sidebands look good (Fig . 39 ) ,  

No. 41 : HIGH-IMPE DAN CE P RO B E  TEST 

While the demodulator probe permits you to look into RF-IF 
and color IF circuits , the high-impedance probe permits you to 

94 



.- - - - - - - - - - - - - -- - - - - - - - - --I 
TO T EST P O I N T  : 2400 PF 1 1 2 K 1 : CON N E CT I ON 

: ' f-F� SCOPE , 82K I 1 470 PF , 
, 47 PF I 
'_ - - - -

-:: 
- - - - -

-:-
_ _ _ _ _ _  

-:-
_ _ _ _ J 

F ig .  40 . A ty pica l d e m odu l a tor probe conta i ns a n  iso lation 
and detect ion c i rcu it  l i ke a n  ord i na ry AM detector. 

look into the rest of radio or TV circuits . The demodulator 
probe is equipped w ith a diode detector ( Fig .  40 ) ,  and the high­
impedance probe is s imply a low-value varia ble capacitor , 
typically 6-30 pf , and a h igh-value res istor , typically 10 meg, in 
pa rallel ( F ig .  4 1 ) .  This allows you to probe a c ircuit and 
prevent the impedance of the scope from loading down the 
circuit under test.  In other words , the two components isolate 
the scope from the circuits under test. 

The high-impedance probe is a ttached to the vertical input 
of a scope using an internal sweep for the horizontal .  The in­
terna l  sweep is set near the frequency of the circuit under test . 
For example, if the c ircuit has a 60- or 120-Hz signal in it ,  the 
internal horizontal sweep is set at 60 or 120 Hz . If the internal 
sweep is identical to the circuit under test, there will be a 
single display, as the same frequencies come into view both 
vertically and horizontally . If you are testing a circuit and 
want to see a double-peaked display you set the internal sweep 
at half the incoming signal frequency .  Then the test frequency 
will appear twice during each internal sweep. 

The probe w ill accept all frequencies up to the response 
limit of the scope . You can use the same probe with a scope 
that has a frequency response of 3 MHz as a scope with a 
frequency of 10 MHz. The high-impedance circuit in F ig. 38 
can be rigged up if you 'd like and a ttached in series w ith a 
direct probe. 

r - - - - - - - -. - - l 
TO TEST POI  NT I I 4.--.!...i ---1=���--':*6:_3�0���"'--;---<>O SCOPE CON N ECT I ON 

'-- _ _ _  ":'O�,=-G _ _ _ _  .J 

F ig .  4 1 . A ty pica l h i g h- i m peda nce probe iso lates the scope 
from the ci rcu i t  u nder test a nd red u ces a ny loa d i ng .  
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7875 Hz  
H O R I ZO N TA L SWEEP 

F
"
i g .  42 . The ty pica l v ideo p ictu re d is pla yed on the scope 

has v i s i b le  sync pedesta ls  a nd "w r it ing "  v ideo. 

No. 4 2 :  V I D E O  E XP LORATORY TEST 

In black-and-white and color TVs , there is a circuit area that 
processes the video signal . The video s ignal is also called the Y 
signal or lum inance. The v ideo leaves the detector stage and 
passes through the various video a mplifiers and then into a 
video output.  A t  tha t  point it is large enough to drive a CRT 
and is applied to the monochrome or polychrome CRT . 

The big problem w ith the video is that  it contains 
frequencies between zero and 4 . 5  MHz. Where a picture 
element has to change from black to white, the speed with 
which it performs this job approaches the 4 . 5-MHz frequency.  
There are special components in the video strip that  permit 
such h igh frequencies to pass. They are parallel and series 
peaking coils , low-value output resistors and large 
capacitance units. 

A defect in the video can range from no video to smeared 
video or too much video . A scope equipped with a high­
impedance probe permits a look into the video at various test 
points to determ ine if the video is there and give you a rough 
idea of its quality . 

The input and output of the video stages are the best test 
points . Most factory service notes have peak-to-peak pictures 
of what the video waveform should look like ( Figs . 42 and 43) . 
The scope is connected at  these test points and the picture 
analyzed . The shape of the video , the appearance of the sync 
and blanking pulses and the relative peak-to-peak voltages are 
all observed carefully. Any deviation from the norma l  pic­
tures indica tes a nearby defect . 
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F i g .  43. At the verti ca l sync 
freq uency, the sync pedesta l 
does not s how, s i nce lots of 
l i nes a re s u per i m posed . V I DEO 

30 Hz 

V E R T I C A L SWE E P  

No. 43 : SY NC E XP LORATORY TEST 

V E R T I C A L  
S Y N C  
T I P  

V E R T I C A L  
B L A N K I NG 

In black-and-white and color receivers , there is a circuit area 
that processes the sync pulses transmitted by the TV sta tion . 
There are many different types of sync circuits,  but they all 
must do just about the same job.  

A sampling of the video is taken from a junction in the 
video detector or video a mplifier . It is passed through some 
series resistors and capacitors tha t  clean up the v ideo a bit. 
Then, the video is passed into a sync separator. If the sam­
pling is taken at  the video detector , it is  sometimes not s trong 
enough to work in the separator and is passed through a sync 
amplifier before the separator gets it .  

In the separator the bias is set so that the tube or tran­
sis tor is cut off during the interval that the video is passed 
through it. H owever, when the larger peak-to-peak sync pulse 
is applied , the separator turns on and amplifies tha t  pulse.  In 
th is manner only the sync pulse passes and thus is separated 
from the video ( Figs. 44 and 45) . The separated sync pulses 

F i g .  44. T he sync output a t  the 
vert ica l sweep ra te s hows bu m ps 
w h i ch a re the vertica l sync pu lses. 

SCOPE 

30 Hz 

V E R T I CA L  SW E E P  
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H O R IZONTA L SWEEP 

7875 H z  

F ig .  45. T he sync outp� t 
at  the hor izonta I sweep 
ra te shows spikes- w h i c h  
a re from the sync 
pedesta l .  

are sent o n  to the vertical and horizontal oscilla tors through 
the integrator and differentia tor. 

Proba bly the fastest way to service sync circuits is by a 
scope exam ination, us ing a high-impedance probe. The scope 
probe is to uched to the various components , starting in the 
sync takeoff line and proceeding step by step through the sync 
circuit. If the peak-to-peak value or appearance of the sync 
pulse as it is processed is incorrect, it is an indication that the 
cause of the trouble is near. 

No. 44 : COLOR E XPL ORA TORY TEST 

In color receivers , the Y signal is fed to the cathodes of the 
color CRT and the R-Y, B-Y and G-Y color signals are fed to 
the control grids. The output of each gun , as the cathodes and 
control grids mix the signals, are pure R, B ,  and G. 

The R-Y,  B-Y and G-Y signals are usually produced in the 
color demodulators. The color demodulators are fed color 
sideband signals from the color IF ( bandpass amplifiers ) and 
properly phased signals from the color oscillator . In the 
demodula tors the sidebands are m ixed with the CW from the 
oscilla tor and the color carrier is reconstructed and appears 
as it did before it was suppressed at the transmitter less than a 
second before. 

. 

At the output of the demodulators , carrier is confronted by 
sm all capacitors to ground . The capac.itors by-pass the carrier 
leaving the R-Y and B-Y signals intact.  The R-Y is sent to the 
R-Y amplifier . The B-Y is sent to trte B-Y amplifier. Both the 
R-Y and B-Y are sent to the G-Y amplifier where they combine 
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electronically and produce G-Y . The R-Y output is applied to 
the red gun control grid, the B-Y to the blue gun control grid 
and the G-Y to the green gun control grid. The scope equipped 
with a high-impedance probe produces a picture of this entire 
process step by step.  All you have to do is connect the scope 
probe at the various test points and observe carefully the 
scope display for both peak-to-peak value and quality. 

The scope exploratory is best conducted if a fixed color­
bar signal is sent through the T V .  The first place to check is 
the output of the demodulators. The outputs should look about 
the same, except that the amplitude of the bars are slightly 
different . It is a picture of a modula tion envelope complete 
with C W o  

The next place to touch the scope probe i s  past the carrier 
by -pass capacitors , which are in the R-Y and B -Y amplifier 
inputs . The same scope picture should be there, except the CW 
is stripped off. The other test points are the outputs of the color 
difference amplifiers. All three scope pictures, at first glance, 
should look a like ; however, a closer analysis reveals tha t the 
bars are pass ing through the zero line at different places. In 
the R-Y waveform the sixth bar should be passing through 
zero . In the B-Y waveform the third and ninth bars should be 
passing through zero . And the seventh bar in the G-Y 
waveform should be passing through zero . 

The correct placement of the bars is vital to the color 
picture. If you should find bars not passing through zero 
junctures , the waveform is incorrect and the display means 
that the colors are not being processed properly . On the or­
dinary scope, pictures taken at the oscillator output will show 
a solid CW envelope. In order to ac tually see the waveform, 
the scope has to be set a t  a sweep frequency of 3 . 58 MHz .  Most 
scopes cannot sweep that high. 
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O1apter 6 

Antenna Systems 

No. 4 5 :  CALCULATING THE 
DECIBEL-ANTE NNA SYSTEMS 

The end result of a receiver is sound developed in the 
surrounding air by the speaker cone . This wave passes 
through the air, and the size of the resulting compression and 
rarefaction determines the amount of loudness the ear hears . 
Small pressure changes produce low sounds while large 
pressure changes are sensed by the ear as loudness . 

Strangely , the ear does not hear the differences in volume 
as a direct result of the increase in the wattage output of the 
speaker. If loudness is increased, the ear hears less and less of 
the total the higher the volume gets . The ear can pick up low 
volumes, but it is not overwhelmed easily as the volume is 
turned up. The ear responds to sound in a logarithmic manner . 
This makes calculations of wattage output difficult to relate to 
the human ear response , so a conversion figure is used . It is 
the decibel . 

It is useful to figure all signal strength in terms of 
decibels . This means the transmitter signal, the antenna 
pickup signal, the signal as it's amplified and the speaker 
output signal. Gains and losses in various sections of the 
transmitter and receiver are quite often calculated in db gain 
or db loss . 

The human ear does not actually hear the difference 
between two loudness levels as an exact logarithmic function . 
The human ea,r hears the loudness change approximately the 
same as the value relationships in a log table .  The ap­
proximation varies widely from person to person. It is quite 
useful,  though, to be able to add the response in db rather than 
work out ratio problems .  Therefore, the decibel is quite useful. 

The db is calculated either from wattage readings , voltage 
readings or current readings . These are accomplished with a 
wattmeter, voltmeter or ohmmeter. If you want to calculate 
the db increase in a transmitter output change, it's done like 
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th is : The original wattage output is taken and the increase is 
also noted. Suppose the transmitter power has been increased 
from 20 wa tts to 80 watts . The form ula is : 

db equals 10 log x power new 
power old 
db equals 10 log x 80 
20 
db equals 10 x 0 . 6  
db equals 6 gain 

This says that  the gdb increase was a result of multiplying the 
power by 4 ,  from 20 to 80 w a tts . 

On the other hand, suppose you install an antenna system 
and you want to calculate the db loss in the line. This is another 
type of calculation. The transmitter output increase is a power 
ratio . The antenna line loss has to be calculated with a voltage 
ra tio or to be exact, a m icrovolt ratio .  The term decibel is an 
arbitrary characteristic and is a result of ratios. To simplify 
the antenna decibel figuring, the TV industry decided to set 
1000 microvolts as the zero db point. The 1 000 microvolts must 
be across 75 ohms ,  a value that  produces a satisfactory TV 
picture. You ' ll see dbj or dbm for this figure, but it is only db. 
The figure cannot be compu ted unless the input and output 
impedance is the same.  This is mandatory. 

The next thing is to take the microvolt readings . F irst a 
reading with a field strength, meter is taken of the lead-in 
output. Suppose it is 5000 microvolts. Then the reading is taken 
at the input. Suppose it is 10 ,000 m icrovolts. According to the 
form ula : 

db equals 20 log x voltage output 
voltage input 
db equals 20 log x 5000 
10,000 
db equals 20 x 0 .07 
db equals 1 . 4 loss 

This says that there is a 1 .4 db loss in the line. Notice that  the 
actual microvolt level dropped in half, but the db loss is small .  

Current db losses and gains are computed with the same 
formula as used for voltage. Again , the impedances must be 
the same if  input and output readings are made.  O therwise, 
the ratio is incorrect . 

No one in the field actually w orks out a formula to com­
pute the db loss or gain. It can be taken directly off a decibel 

101 



Vl 
-' 
UJ 
co 
U 
UJ 
o 

20 �----�-----.-----r---.--.r�r-�� 

o 
2 3 4 5 6 7 8 9 1 0  

LOG RAT IO 

F ig .  46 . The va r ious s i g na l  pa ra meters a re d iff icu l t  to 
hand le u nt i l  they a re converted i nto dec i be l s .  

chart ( Fig . 46) . The decibels are the vertical axis and the 
spaces between zero and 20 are equidistant . The ratio,  either 
wattage, voltage or current is the horizontal axis.  The ratio 
num bers from 1 through 10 are not spaced equidistant .  The 
spacing gets smaller between each succeeding number on 
wha t  is ca lled a logarithmic scale. Notice that zero on the 
decibel scale is one on the ratio .  This corresponds to the zero 
level of db being set at 1 ,000 m icrovolts .  

You 'll notice that the power form ula uses a multiplier of 
10 . Therefore , we can draw a characteristic l ine from the 
intersection of zero and one to the intersection of 10 and 10 . 
This gives us all the power figures. The ratio of the powers is 
converted directly to decibels along the line. 

You 'll also notice that  the voltage and current formulas 
use a multiplier of 20 . Therefore, we can draw a line from the 
intersection of zero to the intersection of 20 on the decibel scale 
and the 10 of the log scale. All along this line, the voltage or 
current ratio can be converted directly to db.  
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The chart can be used for any power ratio by simply ad­
ding 10 db for every time the ratio is multiplied by ten . This is 
used for either losses or gains.  A loss is a minus db and a gain 
is a plus db . For instance , suppose you have a power ratio of 4 .  
Then there is a gdb change. Suppose then the power ratio is  
changed to  40 . Simply add 10  to the gdb charge and get 16.  
Suppose the power ratio becomes 400 . Add another 10 to the 16 
and get 26. This is true for gains or losses. The same ratios 
occur and a loss is recorded as m inus db . 

No. 46 : TV M ICROWATTS 

The s trength of received signals is usually thought of in 
microvolts or db. This is because we are always dealing with a 
fixed impedance of either 72 ohms or 300 ohms. Actually , 
microvolt reading by itself is almost meaningless . The 
microvolt level at 72 ohms is just about half of what is received 
at 300 ohms ,  yet they produce the same picture or sound.  This 
is because the important figure is m icrowa tts not m icrovolts . 
Microwatts is computed with the single form ula E2R .  For 
instance, suppose you have a lOOO-microvolt s ignal being 
picked up by a 300-ohm antenna . The E2R is .0033 microwatts . 
Then , you install a matching transformer with no losses 
between the antenna and the lead-in which is 72-ohm coaxial 
ca ble . The output of the transformer would drop to 500 
microvolts . 

Is there a loss ? No, because the m icrowatt level remains 
the same. E 2R has (500 )2 x 72 which is still .0033 microwatts . 
Even though the m icrovolts level drops in half, the power in 
microwatts remains the same. It 's  the power that drives the 
receiver circuits , not the microvolts ( Fig . 47 ) .  

Keep the relationship between the two impedances in 
mind . As you test for db or microvolts, realize that  twice as 
many microvolts is needed in a 300-ohm system than in the 72-
ohm system . It 's  the same amount of signal in the air and the 
same amount of power produced. When an FSM is calibrated 
for 72 ohms, just multiply the m icrovolt reading by two. 

No. 4 7 : F IELD STRE N G TH TEST 

In weak s ignal areas, RF pickup is spotty . There are pla ces in 
the air space above a roof where the signal is wea k .  Then a few 
feet away, the same frequency is stronger. Of course, it would 
be best to pos ition the antenna system in the spot where the 
signal is at  maximum. As the wave travels through the a ir it 
has peaks and nulls ( F ig. 48) . The antenna that is placed in the 
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300-0HM ANTE N NA ( 1000 M ICROVOLTS : .0033 M I CROWATTS) 
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72-0HM COAX 
(500 M ICROVOLTS: .0033 M I CROWATTS) 

F ig .  47. When you match i m peda nce correct ly,  even 
tho u g h  the m ic rovo l ts cha nge i n  nu m ber, m i crowa tts 
rem a i n  the sa me. 

PEAK PEAK 

S IGNAL 

S I GNAL 

F ig .  48. A f ie ld streng th meter ca n pick out exa ct ly  the 
pea ks a nd m i n i m u m s  of s ig na l  i n  the a i rwa ves. 
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peak intercepts the maximum available signal .  The peak can 
be located with the aid of an antenna and a field strength 
meter.  

A typical fine field strength meter is the Sencore FS 134 .  It 
is battery-operated and small in size. Carry such a meter to 
the antenna site and attach an antenna to it . Take care that the 
lead-in used is the correct impedance .  The usual impedance of 
the lead in is either 72 or 300 ohms. Provisions on the typical 
FSM are usually made to accept the lead-in . 

The antenna is attached to the meter, the meter turned on 
and set at the desired frequency.  Then you walk around the 
roof holding the antenna high and observe the meter . As the 
antenna is changed from spot to spot, height to height and 
direction to direction , the actual microvolt reading is ob­
served. When the meter reads maximum,  the best picture or 
sound will be received. It's a good idea to probe near the 
center of the roof or over a chimney so the actual installation 
is easier. 

No.  48 : F I E LD I NTE NSI TY TO SIGNAL 
STRENGTH RE LATIONSHIP 

Confusion between field intensity and signal strength is 
common. They are both measured in microvolts but they are 
not at all the same. The field intensity is the num ber of 
microvolts induced in a conductor one meter long as the RF 
passes through the conductor at the speed of light. 

Stations plot th� field intensity of their allocation and 
publish a field intensity map. This map is useful . It typically 
depic ts a contour of 500 microvolts (F ig. 49 ) .  That is, it shows 
the field intensity from its primary area at ground zero on out 
to where the signal is dissipated down to 500 microvolts . Any 
further than that is a deep fringe area. 

On the other hand, signal strength is the num ber of 
microvolts present at the antenna system output. It is the 
signal "made" by the antenna . The field intensity induces a 
current in the antenna . The current flows down the lead-in and 
out into a matched impedance . The amount of signal produced 
is the signal strength . 

You ca n determine what kind of antenna array you need 
by figuring out how much signal is necessary to drive a 
receiver, then calculate what kind of antenna will produce that 
much signal .  

The practical way to make your signal survey is with a set 
of rabbit ears and a field strength meter ( Fig . 50 ) .  Remove the 
300 ohm-ribbon lead-in from the rabbit ears and replace it with 
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F ig .  49 . F ie l d  i ntens i ty p lots a re ca lcu l a ted ca ref u l ly  for 
ea ch tra ns m i tter .  

a piece of 75 -ohm coaxial cable like the RG59 B-U. Adjust the 
rabbit ears for the exact wave length of the station you want to 
receive. A q uarter wave length is arrived at for each arm in 
feet : 

235 

Freq . in MHz 

Then begin taking microvolt readings at the antenna site . You 
can mount the rabbit ears on the end of a clothes pole or other 
convenient piece of wood . Do not use metal because the wire is 
loose and w ill  be affected by mutual  coupling . 

The readings you get will be the reference for your an­
tenna installation . All antennas are rated against a straight 
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half-wave dipole ( two quarter-wave arms on the rabbit ears) . 
If you want an antenna that  w ill produce ten times as much 
signal in microvolts as your reference d ipole,  purchase an 
antenna tha t  has a 20 db rating at  the desired frequency . If you 
can get by with only three times as m uch signal,  get an an­
tenna with a 10 db rating. The db rating is logarithmic in 
comparison to the signal strength. 

Zero db is an arbitrary figure and is set at 1000 microvolts . 
Minus 20 db is 100 m icrovolts and m inus 30 db is 30 microvolts . 
Anything under 30 microvolts is usually too weak for use and 
cannot be read on the typic al field strength meter . Signal 
strength is referred to as either db or microvolts. They both 
mean the same thing and are simply a microvolt number of its 
logarithm . 

No.  4 9 :  CH E C K I N G  SIGNAL 
G E N ERATOR OU TPU T 

During FM radio servicing , especially, and TV also, it is 
necessary to produce a sufficient microvolt level with a signal 

o 
o 

F I E L D  S T R E N G T H  

M ET E R  

F ig .  50. T o  cond uct a satisfa ctory s i g na l streng th su rvey 
test, ord i na ry " ra bb i t  ea rs" ca n be used . 
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F ig .  51 . A dandy way to a ccu rate ly  test you r  s igna l  
genera tor output i s  by padd i ng i t  i nto an  F SM. 

generator. This is mandatory for alignment, signal tracing 
and signal injection . There is usually a microvolt adjustment 
on the signal generator. It can read actual microvolts or 
simply be a scale from something like zero to ten.  Either way 
it's a good idea to check the actual microvolt reading and 
calibrate the microvolt dial so you may intelligently perform 
the various testing procedures. 

A good field strength meter provides the means to do this. 
Most signal generators have an output impedance of 52 ohms.  
Most field strength meters, like the Sencore FS134, have an 
input of 72 ohms. The generator output must be matched 
exactly to the FSM ; otherwise , mismatch losses will occur and 
the tests will be inaccurate .  

A matching pad of three resistors, a 62-ohm in  series , an 
82-ohm in parallel from the signal generator side and a 360-
ohm in parallel from the FSM side which matches 52 to 72 
ohms (Fig . 5 1 ) . 75-ohm coaxial cable is used on the FSM side 
Once the two units are hooked together, turn them on, being 
careful that the generator output is at minimum . Then turn the 
generator gain up a bit, never letting the generator output get 
above a readable indication . If you overload the FSM, which is 
easy with a signal generator , the meter can be hurt. Calibrate 
the dial according to the FSM readings. 
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No. 50 STANDING WAVE RATIO ; 

SWR IMPEDANCE TE ST 

In the field during an actual antenna installation, the input and 
output impedances vary with equipment used. From a 
practical standpoint, quite a bit of mismatching is tolerable. 
But the amount of mismatching is good to know in case you 
mus t improve reception .  If there is a lot of mismatching , some 
of it can be corrected with matching gear. 

The SWR is calculated easily by using the simple formula : 

Load Ohmage 

Line Ohmage 

If a 30o-ohm line is terminated in a 30o-ohm folded dipole (300 
divided by 300 equals 1 ,  which is no SWR (Standing Wave 
Ratio ) .  On the other hand, if a 300-ohm line is terminated in a 
straight dipole with an impedance of 75 ohms, then 300 divided 
by 75 equals 4. This reveals a 4-to-1 mismatch (Fig. 52 ) .  

This same type of consideration is used when figuring the 
line impedance as it is terminated at a receiver. Suppose a 75-
ohm antenna is attached to 75-ohm coaxial cable and the cable 
is terminated into a 300-ohm FM receiver. Then, it is noticed 
that some of the multiplex signals are being received with 
poor separation. 

.. " , I 

75·0HM D I PO L E  

A N T E N NA 

M I S MATCH 

( CA U S E S  S TA N D I � G 
WA V E S )  

300- 0HM 

TW I N - L E A D  

F ig .  52. Stand i ng wa ves a re ca used by i m peda nce 
"bu m ps" in m i s matched a ntenna com ponents. 
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The answer to the problem could be the installation of a 
impedance-matching transformer a t  the receiver. This 
eliminates the line-to-receiver 4-to-l mism a tch and could 
produce enough signal to bring the m ultiplex signal strength 
high enough for satisfactory separation .  

N o. 5 1 : U HF ,  VHF, & FM A N TE N N AS 
ON SAM E MAST 

Quite often it is necessary to mount a ll three-UHF,  VHF and 
FM-antennas on the same mast .  It is certainly less expensive 
and more convenient to do so . A problem arises, though, since 
the three antennas cannot be mounted to a few wavelenghts 
apart, but each must be within the other's sphere of influence. 
This produces mutual coupling . The antennas will act as a 
vertical stack with random directors and reflectors for each 
other. I t  is possible to actually sit down with a slide rule and 
various charts to com pute the distances and orientation 
necessary to obtain maximum reception. 

At various distances the antennas will cause improved 
and reduced reception for individual channels. It is not 
practical to try and work it out m a thematically . It is  better to 
use a field strength meter and fix the antennas at specific 
spots indicated by maximum m icrovolt or db readings . 

Install the mast and place the UHF antenna first. Snug it 
down at  the best com promise position for the UHF channels on 
the meter ( Fig .  53 ) .  Next , mount the VHF antenna below the 
UHF and snug it down a t  the best  orientation and distance 
from the UHF . Recheck the UHF and reposition if necessary. 

Mount the FM antenna well below the VHF.  Install it at 
the best position. Then recheck the VHF and the UHF. Find 
the best compromise position for all the channels . Keep 
sw itching back and forth , making touchup adj ustm ents. Then 
tighten down . 

No. 52 : TV MASTE R AMP LIF IERS 
OUTPUT TE STS 

When more than several TVs are fed from an antenna,  a 
special trouble crops up. It 's  called cross modulation and 
occurs as a TVI effect called ' 'windshield wiper . "  The channel 
affected is the victim of ano ther stronger channel. The 
stronger channel that  is causing the problem is being rec eived 
beautifully. However, it is overloading the amplifier and 
spilling video signal into the weaker channel. 
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The amplifier has s pecifications showing how much input 
in m icrovolts i t  can handle without overloa ding. A field 
strength meter is attached to the antenna iead-in in place of 
the amplifier ( F ig. 54 ) .  Then , m icrovolt readings are taken on 
each of the ch�nnels . These readings are compared to the 
amplifier ' s  input spec ifications . 

. 

It will usually be found that  one or more of the clear 
channels is  being received by the antenna at  a higher s trength 
than the amplifier is designed to process. These excessive 
signals must be weakened. This can be done by changing the 
orientation or by attaching a ttenuator pads between the an­
tenna and the amplifier. If there is a gain control on the am­
plifier, it can be lowered to a more satisfactory level . 

The FSM is left in the line until the signals are balanced.  It 
is best to have the signal strengths of all channels as nearly 
equal as possible .  A level just 6 db more than another signal 
level can cause cross modulation . 

VHF  

FM  

F ig . 53. I f  you m u st i ns ta l l  U H F , V H F  a nd F M  a nten nas on 
one ma st, p lace th� U H F  on top a nd F M on the botto m .  
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F i g .  54. By compa r i ng the i nput  of an MATV system to i ts 
ra ted ou tput, good qua l i ty p i ctu res a re obta i ned. 

No. 5 3 :  IMPEDANCE MATCHING & CONV ERSION 

In deep fringe areas,  every microvolt is valuable. The dif­
ference of a hundred microvolts can mean the difference 
between reception and no reception . People hesitate to pur­
chase large color TVs or FM multiplex systems unless they 
are assured they will get satisfactory reception.  The FSM will 
give accurate microvolt reading results if care is taken to use 
the correct impedance matched lead-in , or if it's not correct, 
that the lead-in is matched by a transformer. 

When a transformer is used to match a 300-ohm lead-in to 
the 75-ohm term inal of a FSM (Fig . 55) , a rough rule of thumb 
used by technicians is to multiply the microvolt reading by 2 .  
This is far from accurate, because as the frequency being 
received becomes higher, the standing waves developed 
become more numerous and losses become greater . 
Therefore, a more accurate multiplier is needed. 'It is not 
necessary that the multiplier be changed for every channel or 
FM station . A group of multipliers is quite satisfactory : 

TV Channels 2 through 6 :  Multiply by 1 . 1  

FM stations : Multiply by 1 . 1  

TV Channels 7 through 1 3 :  Multiply by 1 .4 

TV Channels 14 through 83 : Multiply by 3.0 
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When you do multiply you are changing the microvolt reading 
with the losses to the reading of the signal that will actually be 
feeding the receiver. 

No. 54 : UHF CONSIDE RATIONS 

UHF is tricky . Good reception can be attained in one house , 
while next door it's non-existent. If U HF is going to be tough , 
it's a good idea to add a special UHF antenna to the one being 
installed. Also, when UHF reception is difficult, care must be 
taken that all lead-ins are terminated properly , all con­
nections are snug and the U HF lead is well away from any 
metal objects or metal surfaces . 

No matter how hard you try, though, UHF signals en­
counter one serious problem-resistance in the line, which 
produces misma tches and signal loss. This can be helped 
considerably by attaching "stubs " either at the receiver ( Fig . 
56 )  or on the antenna . Attaching a stub is a hit-and-miss affair . 
At these frequencies a closed stub works best. 

The FSM is attached to the lead-in and a reading taken. 
Then the "stubbing" can begin . According to a particular 
channel frequency , a certain size stub works bes t. Due to the 

FOLDED DIPOLE 300 OHMS 

F IELD 
STRENGTH METER 

n OHM 

:- - - - - ; 

�' : 300-0HM : e : 72-0HM 
, -----'-, --
l _ _ _ _ _ _ _  : 
MATCH ING 

TRANSFORMER 

F i g .  55. To insure accurate m i crovo l t  read ings, the a n ­
ten na lead- in m ust b e  matched to the meter input. 
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L E A D· I N  

A N T E N NA T E R M I NALS 

R E A R  OF TV 

F ig .  56. A p iece of 300-ohm tw i n - lea d  at TV frequencies is 
actua l l y a complete ca pacita nce- i nd u cta nce tu ned c i rc u i t  
( ca l led a "stub" ) .  

multipl icity of stations and stubs , the easiest way is to begin 
shorting out stubs and watching the meter at  a particular 
tuned frequency. When a stub is shorted out and produces the 
maximum m icrovolt reading, you have the correct tuned stub. 
In some cases , more than one s tub is needed. You can attach 
one at  the antenna and the other at the receiver . 

No. 55 : TVI L OCATION P IN P O I N TI NG 

Most TV I comes from various sources, and quite frequently 
the perpetrator of the disturbance is completely unaware of it. 
Once the TVI producer is apprised of the fact that  he is causing 
it, he will take care of it. If  he won ' t ,  the FCC w ill make sure he 
does. Of course, the job is locating the unwanted transmission. 
This can be done with a good field strength meter and a set of 
rabbit ears . 

Take a map of the area and lay it flat ( F ig. 57 ) .  With a 
com pass orient the map to line up with the actual north-south 
position . Attach the map to the flat surface. Then, during the 
TVI,  tune it in. If it 's on Channel 3 ,  tune the FSM to Channel 3 .  
The Sencore FS134 has a speaker output. You ca n hear the 
interference as you tune it in.  Quite often you' ll hear voice 
modulation and call letters which simplifies the sleuthing . 
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F ig .  57. Tr iangu l a tion of a TV I sou rce leads to i ts in­
dentif icati on a nd then to the eventua l r idda nce of it .  

When its a non-voice type, take the rabbit ears and rotate 
it until you get the peak amount of signal as indicated on the 
FSM in microvolts. Note the broadside direction of the TVI 
and draw a line across the map in the exact compass direction . 
Then go to another location and take another broadside 
directional reading. Draw a second line on the map.  By 
triangulation you can pinpoint the actual location of the un­
wanted transmission .  Go to that location and see if the 
microvolt readings increase . Follow the peak of the readings 
and you 'll locate the culprit. Then personal relations and 
electronic trapping can eliminate it.  
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fJ1apter 7 

Semiconductor Tests 
Aside from the simple go-no go tests that can be made on a 
transistor with an ohmmeter or continuity tester , there are 
other parameters that need testing. Many of the transistor 
testers on the market today are suitable for such tests. Typical 
of these is the Sencore TF 151 ,  which performs the tests both in 
and out of the circuit. It's best to test working transistors in the 
circuit, unless the transistor is a plug-in type. Removal of a 
transistor by unsoldering places the transistor in jeopardy 
while heat and stress is applied. A transistor that is already 
out of the circuit, of course, is easily tested. It's a good idea to 
test all transistors before installing them into a circuit. 

No. 56 : HANDLING D AM AG E  TEST 

Transistors are fragile devices , especially the MOSFETs and 
IGFETs . It's good to know how much damage you have caused 
to a transistor by simply taking it out of its box and soldering it 
into a circuit. No matter how careful you are, some damage 
will occur. Perhaps shortening the leads with a pair of cutters , 
some static charges from your body or heat from the soldering 
iron will do it. 

The two most important transistor tests are the amount of 
amplification and the amount of leakage. Make a test before 
the installa tion and then again after the device is in the circuit . 
Notice any differences. B e  sure to take any shunt resistances 
into consideration when reading leakage . The difference 
between the two readings is the handling damage. If the 
damage is too great, try installing another transistor . When 
the damage is slight or almost not recognizable , you have 
successfully installed the transistor. 

No. 57 : CH ECKING UNKNOWN TRA N SISTOR 

Quite often during the repair of electronic circuits, a 
replacement transistor is needed . In non-critical applications 
the servicer can quite often get by or confirm a defect by 
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substituting a transistor that bears no physical resemblance to 
the original.  The only two characteristics that must match in 
these cases are the type and voltage rating . This type of 
transistor might be available in loose lots of transistors . You 
can test the transistor quikcly and determine its type. You 
cannot substitute an NPN for a PNP and vice versa, though . 

It's a good idea to get yourself set up for this test im­
mediately before the need for the test arrives.  If you are set 
up , the test can be accomplished in seconds . 

A transistor responds to an ohmmeter exactly as two 
diodes do-back to back . To check a diode with an ohmmeter , 
connect the test probes across the diode, take a resistance 
reading and then reverse the test leads, and take a second 
reading. A good solid-state diode ( we are discussing small 
germanium and silicon diodes , not the large selenium types) 
will read a low resistance in one direction and a high 
resistance when the leads are reversed. The ratio between the 
two readings should be 10 to 1 or better . The better the ratio , 
the more efficient the diode. 

Actually, what you are doing is injecting a small battery 
volta ge through the diode and a meter ( Fig . 58 ) ,  When the 

. battery's positive side is attached to the anode (or the minus 
on the diode) and its negative end attached to the cathode (or 
the plus on the diode) , some of the DC will flow through the 
diode . This causes a large needle deflection through the meter 
which denotes a low resistance and, as its called , a forward 
bias.  

To sum up, forward bias shows up on the ohmmeter as a 
low resistance. The battery, not necessarily the leads of the 
meter ,  is attached with the plus of the battery to the minus or 
anode of the diode. The battery's negative lead is attached to 
the cathode or plus of the diode. When the ohmmeter leads are 
reversed , the positive end of the battery is a.ttached to the 
cathode or plus of the diode and the negative end of the battery 
is attached to the anode or minus of the diode . The ohmmeter 
reads a high resistance (very little scale deflection ) because 
practically no DC can flow from the anode to cathode . This is 
called reverse bias .  

Reverse bias shows up on the ohmmeter as a high 
resistance . The battery is attached with the plus of the battery 
on the plus or cathode of the diode. The minus of the battery is 
attached to the minus or anode of the diode . 

Confusing? You bet, but you must memorize that the plus 
and minus signs on the diode are opposite to the polarity of the 
voltage that is attached for forward bias or conduction . Also , 
you must keep in mind that the positive and negative leads on 
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F ig .  58. You ca n te l l  ba ttery pola r i ty w ith you r  ohm meter 
by ta k i ng a vo l tage rea d i ng at the probes. 

the meter do not necessarily correspond with the battery 
polarity. The ohmmeter battery could be a ttached with the 
negative terminal to the plus lead and vice versa.  

The next thing is that  a transistor is  thought of as two 
diodes back to back . Therefore , as you look at the schema tic of 
a transistor and notice the bar and triangle, you see there is 
only one such set ( Fig. 59 ) ,  There are still two diodes in that 
transistor. The other bar and triangle are not shown.  Get into 
the habit of thinking of a transistor as if the other bar and 
triangle are actually drawn on the schematic .  The second is 
attached w ith either the two bars common or the two triangles 
common. 

If the two bars are common,  the transistor is a P NP .  When 
the two triangles are common, the transistor is an NPN .  
Forward bias i s  a state w hen current flows from the bar t o  the 
triangle. Reverse bias is when DC tries to flow from the 
triangle to the bar but it can't .  

Take a known good PNP and attach your ohmmeter 
negative lead to the junction between the two diodes or , as it's 
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called, the base. Attach the positive lead first to the end of the 
top diode and then to the end of the bottom diode . 

If a low resistance occurs at both ends , you have created 
forward bias.  At a convenient spot, such as on the wall over the 
service bench, mark a schematic drawing of the PNP tran­
sistor with the negative lead going to the junction,  the positive 
lead going to the ends. Then write forward bias , low 
resistance . That 's it.  Whenever you get an unknown tran­
sistor , attach your ohmmeter to it in that  way. If a low 
resistance is measured , it 's a PNP. Should a high resistance 
reading be present, it 's  an NPN , assuming these are good 
transistors , of course . 

P N P  

E Q U I VA L E N T 
F O R WA R D B I A S 

O H M M E T E R  

R E V E R S E  B I AS 

O H MM E T E R  

- - - - -

F ig .  59. A go-no go tra ns istor test i s  q u i c k l y  made w ith a n  
oh m meter cons ider i ng a tra n s i stor as two d i odes. 
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F i g .  60. The b ipo l a r  tra nsistor has cha racterist ics s i m i la r  
to two d iodes connected ba ck to ba ck. 

No. 58 : D C  B ETA 

With a bipolar transistor (just another name for the ordinary 
garden variety NPN and PNP types ) beta is the current 
amplification factor and can be either DC or AC. 

How does a transistor amplify? Consider the transistor as 
two diodes back to back. One diode is between the emitter and 
base, while the other diode is between the collector and base. 
Since they are back to back, the forward resistances are also 
back to back and going opposite directions . In an NPN the 
forward or low resistance is from E to B and from C to B .  That 
means E to B is a low resistance as B to C is a high resistance. 

As a current travels from E to C, it encounters a few 
hundred ohms between E and B and a few hundred thousand 
ohms from B to C ( Fig. 60 ) .  The power gain between B to C 
becomes many times higher than the power gain between E to 
B as long as the current remains the same. 

The DC beta , or current amplification, compares the 
amount of E to B current with the amount of E to C current. 
The small E to B current causes a large E to C current to flow. 
The ratio gives the beta . For instance, if one rna of E to B 
causes 100 rna of E to C ,  the beta is 100. 

N o. 59 : AC B E TA 

At low frequencies the AC beta and DC beta are almost the 
same. Any differences start to occur as the frequency is raised 
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and other factors enter the picture, such as distributed 
capacitance ,  resistance and barriers between N and P sec­
tions .  

AC beta is considered a more valid test than D C ,  since i t  is 
really a dynamic test while the DC is a s tatic one.  AC beta is 
the ratio of collector current change divided by base current 
change. The collector voltage is held constant during the test. 

The AC beta range can double from one frequency to 
another. Use any readings on a general basis rather than 
exact when comparing them to a transistor test manual 
listing . The listing shows a typical m id-frequency range value. 

No. 60 : A C  B E TA TEST SETUP 

A bipolar transistor can be tested either in or out of the circuit .  
The equipment being tested during an in-circuit test is turned 
off . Any voltages needed for the test are supplied by the 
transistor tester . Typically, a s  in the Sencore TF 151 ,  there are 
three test leads for the bipolar transistor .  One for each of E ,  B 
and C. In this case red for the collector , yellow for the base and 
black for the em itter. An NPN-PNP switch places a positive 
bias voltage on NPN collectors and a negative bias voltage on 
PNP collectors. A function switch chooses different modes of 
operation.  Lo-Power,  Hi-Power and Special R F .  

Most transistors a r e  Lo-Power types. They have less than 
a watt of output. Any transistors that can provide a watt or 
more are tested in the Hi-Power position.  Critical RF tran­
sis tors tha t  saturate easily are tested in the Special RF 
position . Should you test one of these special ones in the Lo­
Power pos ition, you'll find that  under saturation the beta 
reading becomes less than one. If that  happens, try the Special 
RF position. 

Once the hookup and switches are set, the needle w ill rise , 
to a set position . Adjust the Beta CAL knob until the needle is 
on the Beta CAL line. That calibrates the needle so it w ill read 
beta directly . The gain button is pushed and the AC beta is 
read directly . Multiply the reading by the range switch set­
ting : Xl , X IO ,  or X IOO. Most readings are m ade at XIO.  

No. 6 1 :  OPEN TRANSISTOR TEST 

When either the emitter,  case or collector opens , the transistor 
will not a mplify ( Fig. 61 ) .  I t  is hard to determine which junc­
tion has actually broken since they all act alike . When the 
transistor is in a circuit , Beta calibration is possible due to all 
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O P E N E M I T T E R  

O P E N  T R A N S I S TO R  

SHOR T E D  
E M I T T E R  

TO 
COL L E CTOR 

S HO R T E D  T R A N S ISTOR 

F ig .  6 1 . A tra nsistor breaks d own by open i ng ,  shorti ng or 
lea k i ng .  A tra ns istor tester q u ick ly revea ls the cond it ion.  

the sh unt components th at  form a resistive network around 
the suspect transistor. However, w hen you press the gain 
button no beta reading occurs.  If you should test an open 
transistor out of a circuit ,  you can ' t  even get the Beta CALin 
place.  There is infinite resistance around the broken tran­
sis tor . 

No. 6 2 :  E T O  C D E A D  SHORT TEST 

A dead short from the emit ter to collector prevents beta 
cali bra tion . In or out of the circuit, the dead short shunts out 
all other components and prevents the Beta CAL from 
registering anythin g .  

No. 63 : E T O  C H IGH-RE SISTANCE 
SH ORT TEST FOR B E TA 

When there is a high resistance short from emitter to 
collector , some beta might be read on the meter , but it will be 
incorrec t .  According to the actual resistance of the short,  the 
beta will read near correc t for a short in the megohm range to 
practically no beta in the kilohm range. 

No. 64 : E TO C L OW-RE SISTANCE 
SHORT TEST FOR BETA 

When there is a low-resistance short,  under 10K, the meter 
might calibrate O K .  However, when the gain button is pushed, 
the meter needle will vibrate badly.  
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No. 65 : B TO C SHORT 
TEST FOR B ETA 

Unlike the E to e short where the entire transistor is defective. 
since E and e are at  either en d of the trans istor , a B to e short 
leaves the E to B intact .  E to B still demonstrates the front-to­
back resistance ra tio of a diode .  With B to e shorted, it ' s  as if 
you were testing a diode using a transistor tester with the B to 
e leads shorted as in a dead short ,  or with a resistance as in a 
high resistance short . 

The tester will calibrate, due to the resistance of the good 
section of the transistor, but it won't read any gain s ince the 
transistor has lost its amplification power . When the gain 
button is pushed, nothing ha ppens to the needle . 

No. 66 : B TO E SHORT 
TEST FOR B ETA 

When the base-to-emitter junction shorts,  the base to collector 
junction is still good.  The B to e junction acts like a diode with 
the B to E leads shorted together . The transistor tester w ill 
calibrate , but the actual test makes the needle swing all the 
way to the left or infinity and the needle vibra tes. 

No. 67 : MAKE-SURE TE ST 

It is useful to know what your transistor tester does when a 
particular junction is shorted,  open , has a high-resistance or 
low-resistance short. E ven though the transistor tester gives a 
positive indication of a defect in a s pecific transistor, you are 
still not sure if the transistor is being tested in a circuit . You 
must perform a "make sure test" once you pinpoint a suspect 
in a circuit,  especially if you find that there is another tran­
sistor, diode, low-value resistor or capacitor across either the 
EB or Be junction . 

Usually , the make sure test  is easy . Life the base con­
nection from the circuit and retest the transistor.  If the 
transistor does not rea d bad, it is not bad .  The reading you 
received in the circuit was due to one of the shunt components 
and it proba bly wasn 't  defective either . 

Should the tester still indicate tha t the transistor is 
defective, then you are ready for the final  m ake-sure test . 
Remove th e transistor from the circuit and test once more . If 
it reads defective, it is bad.  Be sure to test all the components 
in shunt w ith the transistor before installing a new one. 
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F ig� 62 .  I C BO lea kage is  the a m ou nt of e l ectron f l ow that 
tra vel s d u r i ng reverse b ias f rom C to B .  

Chances are better than 50-50 tha t  a shunt component is also 
defective and has caused the defect in the transistor.  

No. 68:  TRAN SISTOR L EAKAG E TE ST 

Bipolar transistor leakage is called ICBO ( Fig. 62 ) .  The I is 
current tha t is leak ing through the collector C to base B .  The 0 
means there is nothing else in consideration . There is always 
some tiny leakage between C and B. I t  is only when it becomes 
more than is norm al tha t  the leakage becomes a defect.  In 
other words, all bipolar transistors have some ICBO,  however 
minute . 

Unfortunately , an accurate ICBO test cannot be per­
formed in-c ircuit, unless there is infinite resistance in shunt 
with the transistor. This means across EB and EC as well as 
CB.  Once out of the circuit the test is simple and almost l ike an 
ohmmeter test . The three test leads are attached to E ,  B and 
C. The function switch is set to leakage ICBO.  The type switch 
is set on NPN or P NP according to the transistor under test.  
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This sets up the correct polarity voltage for the leakage test. 
The amount of leakage is read directly in m icroa mps. 

Considera bly more than norm a l  leakage means a poor or 
hopelessly defective transistor . If there should be less leakage 
than norm al ,  it usually means an exceptionally good tran­
sis tor , except if  the circuit is  designed with a need for the 
ICBO . Then , less leakage could mean a more normal tran­
sistor will have to be used. 

Switched T est Leads 

Transistors are tiny objects but they can cause all kinds of 
problems,  especially as you test in-circuit and sometimes out 
of circuit. A common occurrence is getting the test leads in­
terchanged. The multitude of physical configurations com­
pounds the problems.  It is useful to know what happens when 
the leads become interchanged .  

N o .  69 : SW I TCHED L E AD S , CO LLE CTOR 
AND E M I T TE R  

Quite often when this happens it  goes unnoticed and there is no 
harm done . Many transistors are the actual equivalent of two 
diodes back to ba ck.  When they are, the collector and emitter 
are almost identical and, in fact, could be a ttached that way in 
an actual c ircuit . 

Other t imes ,  there is a considerable difference between 
the collector and emitter pieces of N or P rna terial .  When 
there is such a difference, the tester will calibrate fine, but 
when the gain button is pressed, a very low beta figure is 
produced. When the beta is ridiculously low, be sure to double 
check that the collector and em itter leads are not switched . 

No. 7 0 :  SW I TCHED L E AD S, COLLE CTOR 
AND BASE 

When the collector and base leads are switched, you ac­
cidently are placing the collec tor B plus or B minus voltage on 
the base.  At the same time the base bias  voltage is placed on 
the collector . Without the collector voltage the transistor is 
almost turned off. The meter will calibrate all right, but the 
beta will be very low and incorrect. When beta is so low , 
double check the leads before pronouncing the transistor 
defective. 
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No.  7 1  : SWITCHED LEADS, EMITTER 
AND BASE 

When the emitter and base leads are switched, you have put 
the emitter voltage on the base and the base bias on the 
emitter.  This reverse bias on the E B  junction cuts off the 
en tire transistor. 

If you should begin testing a nd at the same time switch the 
type to its opposite polarity, you w ill have compensated for the 
sw itched leads with the type switch . The transistor then is 
forward biased once more and some E to B current will flow . 
However , with the type switch in the wrong polarity position, 
the wrong polarity voltage is on the collector. No E-to-C 
current will flow , even w ith the forward biased E-to-B junc­
tion. 

With the correct polarity on the type switch , the meter will 
not calibrate, nor will any gain be shown when the gain button 
is pressed. With the wrong polarity on the type switch the 
meter will calibrate, but no gain is shown as the gain button is 
pressed. When these sets of circumstances occur, be sure to 
double check the base-to-em itter leads for switching . 

1 26 



Chapter 8 

Testing FETS 

The field-effect transistor requires as m uch new thinking 
when c.omparing it to a bipolar  transistor as is required when 
the bipolar is compared to the vacuum tube . The FET com­
bines the advantages of the bipolar transistor and the vacuum 
tu be . The FET has no heaters and thus requires no warmup 
time. The FET is tiny in size and consumes little power .  Yet it  
is  a voltage-operated device l ike a vacuum: tube , rather than a 
current device like the bipolar transistor. I t  has a high input 
impedance like a tube, not low like the bipolar. Therefore , an 
FET must be tested like a vacuum tube. While the bipolar 
transistor is tested in terms of beta , which is current, the FET 
is measured in terms of Gm or micromhos. 

There is no emitter, base or collector in an FET.  The 
emitter is the source, the base the gate and the collector a 
drain . The source,  gate and drain compare more closely to the 
ca thode, control and pIa te of a tube than the emitter , base and 
collector . 

There are NPN and PNP types , but they are called dif­
ferent names. The PNP is called an N-c hannel ( F ig .  63) , 
taking its name from the center piece of semiconductor 
material .  The NPN is called P-c h annel ( Fig . 64) , taking its 
name also from the center p iece of material. 

The FET is built sl ightly different than the bipolar tran­
sis tor . For instance, in an  N-channel FET, there is a substrate 
of P material. The substrate takes the shape of a deep dish.  In 
the deep dish is another dish of N materia l .  Then in the recess 
of the N material is a plug of P material .  The N material forms 
a channel between the substra te and plug of P materia l .  

A lead is attached to one side of  the N materia l .  It is called 
the source. A second is attached to the other s ide of the N 
material .  I t  is called the drain. If  you apply a positive voltage 
to the drain and ground the source, current will flow from 
source to drain just like current can flow from a ca thode to 
plate . 

A third lead is attached to the plug of P materia l .  It is 
called the gate and more specifically is ca lled the top gate. A 
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F ig . 63 . I n a n N -cha nnel  F E T, e l ectron f l ow is  f rom sou rce 
( 5 )  to d ra i n  ( D ) a nd is a ffected by the gate ( G ) . 

fourth lead is attached to substrate . As expected, it is called 
the bottom g a te. 

While current is flowing from the source to the drain, if 
you apply a negative voltage to the top and bottom gate, you 
will narrow the channel and restrict the current flow . Should 

SOU R C E  TOP GAT E D R A I N  

N MAT E R I A L  
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E L E CT R O N  F LOW 

F ig .  64. I n a P-cha nne l  F E T, the e lectron f l ow is from 
dra in to sou rce. The ga te serves as a va I ve. 
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you vary the gate bias voltage with a signal ,  the channel will 
narrow and sprea d  in accordance to the bias. In effect, you are 
modulating an electron stream in the channel just as a control 
grid modulates an electron stream in a cathode-to-plate flow 
in a vacuum tube . Amplification is the result. The small bias 
voltage causes a large drain current change.  If the F ET is a P­
channel device,  the source and drain polar ities are reversed 
and the current flows the other way. However, the bias voltage 
is still negative and the gates narrow the channel to perform 
the amplification . 

Sc hematic Representation 

The FET just described is represented by a schematic 
symbol closely resembling a diode ,  except that there are three 
plate-type leads coming off. I t  is not at all  like a diode so 
discard the similarity . The cathode-like part is the gate 
connection . The plate-like part is the channel . The top lead is 
the drain and the bottom lead is the source. The connections 
are appropriately lettered G, D and S .  They should become as 
familiar as the bipolar E ,  B a nd C .  

I f  you remember tha t  in  a PNP the arrowhead is pointed 
at the base,  designating the base material which is N ,  then 
when you see an arrowhead in an F E T  pointed at the channel, 
it too designates the channel material ,  in this case, N.  In a P­
channel FET the arrowhead points away from the channel, 
meaning P material ,  sim ilar to an NPN bipolar that has a base 
of P rna terial . 

The FET symbol jus t  described has a solid channel line. 
This shows that current is always flowing through the channel. 
This a lways on channel is opposite to a normal off channel 
which is indicated by a broken channel line. This brings us to 
more terminology . 

Dep letion a nd Enhancem en t  Modes 

When the channel line is solid and thus always on, the FET 
is called a depletion type ( Fig.  65 ) .  If the channel line is broken 
into three sections resembling three little plates, the channel 
is normally off and is called an enh ancem ent type ( Fig . 66) . 
There are basica lly four types of ordinary FETs . The 
depletion N-channel , enhancement N-channel, depletion P­
channel and enhancem ent P-channel .  

Don 't let the names throw you ; the names are more 
complica ted than the function. To recap, there is a current 
flowing in the channel, one way for the N-channel and the 
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F ig .  65. Dep let ion-ty pe F E T sche matic  rep resenta tion.  
The a rrow poi nts a t  N a nd away f rom P. 

other way for the P-channel .  A nega tive bias tends to 
"deplete" the charge and by doing tha t  retards the amount of 
current On the other hand, an enhancement type works 
something like a bipolar transistor. There is no current 
flow ing in the channel .  Current does not flow until a positive 
voltage is a pplied to the gate, which enhances the charge and 
the forward type bias, causing the current to flow in ac­
cordance to the level of the forward bias.  A signal that is 
modulating the forward bias will modulate the current it 
causes to flow in the channel .  
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F ig .  66.  A n  enha ncem ent-ty pe F E T  has a broken cha nnel  
l i ne,  but has the a rrows po i nt l ike a deplet ion type. 
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There also is a depletion-enhancement type FET. In these 
types,  a negative gate voltage w ill  deplete the channel current 
or a positive voltage will enhance the channel current .  

JFETs.  IGFETs and M OSF E Ts 

The JFET or junction FET is so named because the 
junctions between the N and P materials are the same as a 
junction bipolar transistor. They physically touch each other 
and form electrostatic barriers between the sections (Fig.  67) . 
The barriers have a small amount of capacitance that varies 
with the voltage impressed as the barriers are slightly 
changed .  

The IGFET i s  s o  called because the gate i s  insulated from 
the rest of the device by a thin layer of dielectric material  such 
as glass ( silicon dioxide ) . Therefore, this is not a PN junction 
between the gate and the FET, thus the name IGFET, in­
sulated gate FET (Fig .  68 ) .  

The MOSFET is j ust  another name for a n  IGFET, but 
quite often it has more than one gate ,  typically dual gates 
(Fig s .  69 and 70 ) ,  The name comes from the dielectric 
material ,  metal oxide semiconductor. The gates are m ade of 
metal and are insulated from the FET by a silicon dioxide 
piece of insulation .  They are all F ETs , however . 

No. 7 2 :  TESTING FE Ts FOR Gm ( HOO KUP ) 

Whether the field-effect transistor is a JFET ( junction FET) 
or an IGFET-MOSFET ( insulated gate FE T ) ,  the Gm can be 
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F ig .  67. A b ipo l a r  tra nsistor has a deplet ion reg i on or 
ba rr ier  reg ion between the mate r ia l j u nctions.  
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F ig .  68. An insu lated gate F E T ( I G F E T )  has a na rrow 
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easily tested with a transistor tester such as the Sencore 
TF151 . The tests are made in or out of the circuit.  If the FET 
has more than one gate ,  each gate is tested as if it were an 
individual transistor. 

Remembering that the names of the FET connections are 
the source, the gate and the drain (there is no E ,  B or C as in a 
bipolar transistor ) ,  notice the connections. The black lead tha t 
went to the emitter now is attached to the source. The yellow 
lead that went to the base now goes to the gate. The red lead 
that went to the collector now goes to the drain . The analogy is 
borne out exactly by the tester itself. 
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F ig.  69. A meta l ox ide sem icondu ctor F E T  ( MOS F E T) is 
so na med beca use of the ox ide d ie lectric ins u l a tion. 
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No. 73 : I G F E T  T ESTING 2ND G ATE 
FOR G m  ( HOOKU P )  

There is a separate lead for the second gate i n  a n  insulated 
gate on the Sencore TF151 .  It is blue and is a ttached to the 
second gate during the initial hookup . After the first gate is 
tested , the junction switch is then set on the second gate 
position .  The sa me test is then repeated for the second gate.  

N o .  74 : J F E T  T E S T I N G  2ND G AT E  
F OR G m  ( HOOKU P )  

In a JFET, forget the second gate test. It  i s  not applica ble . 
Simply short the two gates together and attach the yellow gate 
test lead to both the JFET leads. Test the JFET dual gate as if  
i t  were a single gate. 

No. 75 : D E PLE TIO N MOD E BIAS 
TEST ( HOOKU P )  

The different types of F ETs result in much confusion in 
determ ining appropriate test hookups. In  a tube tester,  there 
are so many different tubes that each is listed on a chart or in a 
book and you simply turn switches according to numbers. In 
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F ig .  70. The schematic  d i a g ra m  of a dua l -gate MOS F E T, 
N-cha nnel type. 

. 
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the transistor tester there are only a few tests,  yet at the 
present time they are much more confusing than a tube tester . 

One of the confusions is based on whether the transistor is 
a depletion or enhancem ent type. Y es , the settings are listed in 
the reference book with the tester , but on many occasions the 
listing cannot be found easily . I t's much better if you can 
de term ine the settings from the transistor and its schematic . 
On depletion type transistors , where a reverse bias is applied 
to the gate, the FET bias switch is pla ced on normal .  This 
could also be construed as reverse , or negative . 

No. 76 : ENHANCE M E N T  MOD E  BIA S 
TE ST ( HOOKU P )  

In the enhancement type FE T ,  th e actual tra nsistor m ust be 
(in most cases) an insula ted gate type. Depletion types can be 
either JFE Ts or IGFETs.  This is because depletion types , 
when they are JFETs,  can use only a reverse bias, since a 
forward bias will cause ruining conduction between th e gate 
and the channel, much like the va cuum tube control grid that 
draws too much current. 

The enhancement type , since it is an IGFE T ,  can have a 
forward bias. The bias cannot cause gate current to flow due to 
the layer of dielectric insula tion between the gate and the 
channel. As a result , when you find an enha ncement type FET, 
you can be sure it 's  an I GFET and you can apply a forward or 
positive bia s.  Set the FET bias switch to POS for positive . 

No. 7 7 : F ET T E ST FOR G m  

Once you get the leads on the F ET properly , set up the func tion 
switch and the correct bias polarity , you are ready for the 
actual Gm test . Set the F m  selec tor on X l  and the type switch 
on the N- or P-Channel type , whichever it is. The N-channel 
type arrowhead points to the N cha nnel, while the P-channel 
type arrowhead points away from the P channel. 

Press the gain button and read th e Gm direc tly in 
microm hos . If  the needle swings too far to the right, reset on 
XlO,  reread and multiply the meter reading by 10.  

No. 78 : SH OR T TEST, SOURCE TO DRAIN 

When a short develops from the source to the drain,  since they 
are both sim ply connections on the opposite ends of a piece of 
sem iconductor material ,  the material has broken down . It has 
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changed its composition and become a conductor instead of a 
semiconductor.  The tester needle will vibrate from the large 
am ount of current being drawn through the meter from S to D .  
If the gain button i s  pressed, there is no gain registered. The 
FET keeps pulling the current . 

No. 79 : SHORT TE ST , GATE TO DRAIN 

When a short develops between a gate and the drain , either the 
barrier in a JFET or the dielectric in an I GFET has shorted. 
The unit is no longer a transistor but a resistor with three or 
four connections. The tester needle will vibra te from the 
current going to the wrong places between the channel and 
gate. No valid gain reading can be made. 

No. 80 : S H ORT TE �T, GATE TO SOURCE 

A short between the gate and source is quite sim ilar to the 
short between the gate and dr ain . The channel is shorted to the 
gate , only a t  the other end . There will be less tester needle 
vibra tion since the drain voltage is not shorted to the gate . The 
source voltage is.  

In some cases, according to the polarity of the channel ,  the 
source-gate and drain-gate shorts will appear the sam e .  For 
instance , a short in a P-channel device between source and 
gate will appear the same as a short in an N-channel device 
between the drain and gate. 

N o .  8 1 : OPE N TE ST ,  GATE 
D E P LETION TYPE 

When the gate opens,  it 's  as if a vacuum tube has an open 
control grid. The current through the channel will flow 
unimpeded by any gate bias voltage . The channel acts like a 
resistor with current flowing from source to draig . The meter 
shows erratic movement and cannot be zeroed since the bias . , 
from th e tester has no effect on the FE T. 

No. 82 : OPE N TEST , GATE 
E NHANCE M E NT TY PE 

When the ga te opens, no forward bias can be applied.  No 
current  flows through the channel without the forward bia s. 
Nothing ha ppens with the meter.  The needle just s tays on zero, 
no ma tter what tes t is performed. The device rema ins com­
pletely passive and is cut off. 
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N o. 8 3 :  OPEN TEST, SOURCE 

When the source opens in either a depletion or enhancement 
type FET, the current is cut off and no Gm can be read. The 
meter needle simply stays on zero . The device is completely 
nonconductive . It 's like an ope n cathode in a vacuum tube . 

No.  84 : OP E N  TEST, DRAIN 

When the drain opens in  either a depletion or enhancement 
type FET, the current is cut o ff and no Gm can be read . When 
the m eter is zeroed, the needle does not m ove. T he device is 
completely nonconductive. I t ' s  like an open plate in a vacuum 
tube . 

Incorrect Testing 

Quite often an a ttempt is made to test a transistor with the 
leads accidentally interchanged or a switch set on the wrong 
position . When that happens , false indications are given by the 
meter.  Most technic ians are fa miliar with what happens when 
a tube tester is acciden tally set incorrectly . Following are the 
results of F E T  tes ts tha t  are acc identally set up wrong . 

"In.  X:l : .JF E T BIAS POSITIVE 
I NSTE AD OF NORM 

When a depletion type JFET has a forward bias applied to its 
gate instead of a reverse bias , current can flow between the 
gate and the cha nnel. If this happens, it's like a short between 
the source and the ga te or· between the drain and the gate . 
Either no Gm reading will result or the needle will start 
vi brating and a very weak Gm reading w ill be indicated .  

N o .  86 : IGF ET BIAS POSITIVE 
I NSTE AD OF N ORM 

When a depletion type IGFE T  ha s a forward bias applied to 
the gate ( POS setting ) ,  noth ing ha ppens . The dielectric be­
tween the gate and the channel halts any DC current flow just 
as the dielec tric in a blocking capa citor . The meter needle 
stays on zero and no Gm reading is recorded. 
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No. 87 : MOSF E T  BIAS NORM 
INSTEAD OF P OSITIVE 

If an enhancement type MOSFET has a reverse bias applied to 
its gate, instead of a positive bias, the FE T does nothing . 

No.  88 : SOURCE AND D R A IN 
LEADS SW ITCHED 

Should the source and drain leads become switched in either 
an N-channel, P-channel or the depletion or enhancement 
ty pe s ,  you 'll never notice the difference during the test. All 
you are doing is reversing the direc tion of the current or hole 
movement.  The channel is one piece of either N or P material 
an d can conduct either wa y .  You'll get a Gm reading and i t  
will be accurate. 

No. 89 : GATE AND D RAIN LEADS 
SWITCHE D JFET N-CHANNEL 

Whe n the gate and drain leads are switched while testing a 
JF E T  N -channel type, you are placing a normal negative 
voltage from the gate on the drain and a positive drain voltage 
on the gate. The N -cha nnel current is reversed and goes from 
drain to source instead of the other way.  The positive gate 
voltage forward biases the dra in-to-gate junction and the 
drain-to-source current flow s into the g a te .  As a result the 
meter reads no G m .  

No. 9 0 :  GATE A N D  SOURCE LEAD S  
SWITCHE D, JFE T N -CHANNEL 

When the G and S leads are switched , the nega tive gate 
voltage is plac ed on the source and the source chassis ground 
is placed on the gate . This forward biases the source-to-gate 
junc tion.  All of the source current flows into the gate instead of 
to the drain . The source and gate act like an ordinary forward 
biased solid-state diode . The meter will not read any Gm at all. 
It's as if the source-to-gate junction were shorte d .  The meter 
zeros OK , but there is no needle movement. 

No. 9 1 : GATE AND DRAIN LEADS SWITCHED, 
IGFET N-CH ANN E L  D E P LETION TYPE 

When the G and D leads in this test are switched, the positive 
drain voltage is placed on the g a te and the negative gate 
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voltage on the drain . This causes channel current to flow from 
drain to source and the positive bias on the gate keeps the 
channel wide open.  No current can flow from the channel to 
the gate in an insulated gate. As a result, the meter can be 
zeroed and it will read Gm accura tely , but in a negative 
dire..ction.  

No. 92 : GATE AN D SOURCE LEADS SW ITCH ED, 
IGFET N-CH ANN E L  D EPLETI ON TYPE 

Should the G and S leads become switched in this type , the 
negative gate voltage is placed on- the source and the chassis 
ground source is placed on the gate . This places a forward bias 
on the source-to-gate, but no junction current can flow in an 
insula ted ga te . 

The current flows well from source to drain . The biases 
are the sa me as in an enhancem ent type FET.  As a result ,  the 
�hannel current flow s w ide open and the G m  rea ding can be 
read, although it is not at all accurate . 

No. 93 : G ATE L EAKAG E ,  JFET 

Gate leakage to the channel is  a very important FET 
pa ra meter . Leakage in an FET is extremely low , normally . 
Since a JFET is basically a 2-piece transistor ( the gate and the 
channel ) , a resista nce reading from the gate to the source will 
provide a rough go-no go test. 

The third part of the tr ansistor is the subs trate and is 
largely ignored during testing.  A JFET has a resistance in the 
hundreds of megohms between the PN junction of gate and 
source. Any resistance reading at all on the ordinary shop 
VTVM is an indica tion of too much leakage . 

Compare any suspicious ohmmeter readings with the 
same reading on a "know n good" JFET of the same type . Be 
sure to dou ble check any resistance readings you get with the 
JF ET in the circuit with one out of the circuit.  A shunt 
resista nce could be causing the suspicious resistance reading . 

No. 94 : GATE L E AK A G E ,  IG FET 

While a JFET has a m ultim egohm reading across the PN 
junction , an IGFE T has a resistance reading in  the millions of  
megohms. The resistance test is identical to  a capacitor go-no 
go resistance test. Any resista nce at all on the ordinary shop 
VTVM means a defective piece of dielec tric between the gate 
and the channel. 
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No. 95 : GATE LEAKAGE ( lGSS )  

The actual amount o f  I GSS i s  very important.  I t  i s  quite 
similar to the amount of control grid leakage in a vacuum 
tube . Too much leakage can badly upset the func tion of a 
circuit .  It lowers gain cons iderably and can introduce un­
wanted biases . T oo much IGSS lowers the input impedance of 
the FET . 

IGSS should be tested in all new JFETs , IGF ETs and dual­
gate FETs before they are put in servi�e. Some circuits can be 
very critical and, even though an exact replacement is being 
used, a slightly different amount of gate leakage will upset the 
circuit .  

IGSS means the amount of current in microamps that 
manages to get from G to S .  In a dual-gate FE T ,  the number 
one gate leakage is designa'ted I G I SS and the leakage of the 
second gate is called IG2SS. Leakage should be tested with the 
device out of the circuit, because any amount of shunt 
resis tance , no ma tter how tiny , can upset an IGSS reading . 

The S ,  G and D are hooked up like a G m  tes t. The function 
switch is set at leakage and th e type, either N or P channel, is 
selec ted . The leakage is read directly in m icroamps from the 
sc ale on the meter fa c e .  In m ost cases , any leakage at all 
means a bad FET.  

No.  96 : G A TE L E AK AGE ( lG 2SS) 

If the FET is a dual-gate type,  the func tion switch is reset to 
leakage I G2SS a fter IGISS has been tested . Even if the 
num ber on e gate has no leakage, if the second gate shows 
some leakage, the FET is defec tive . Even the slightest 
movement of the meter needle usually means a defective 
FET , just as the slightest movement of the ohmmeter needle 
during a capacitor test means a leaking dielectric in a 
capacitor .  

No. 97 : TESTING DUAL F E Ts 

There are many dual type FETs ; tha t  is, two separate FETs in 
on e package.  That means two source leads, two gate leads and 
two drain leads. The duals are tested in the same way as a 
single, only one at a tim e .  If one section is defec tive,  the entire 
un it should be discarded , unless you can mark, or cut off the 
leads of the defec tive unit and use the good one as a single 
FET . 
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F ig .  7 1 . The el ectron f l ow w i th the ga te a t  zero bias is a n 
im portant pa ra meter, l OSS.  

N o .  98 : M A TCHING TEST FOR BIPOLARS 

When matching regular or ordinary bipolar transistors to 
operate as a matched pair, certain parameters have to be 
tested. The transistors , of course ,  have to be the same type, 
NPN or PNP,  and have similar or the same working voltages . 

The critical parameters to check are the beta and ICBO 
(leakage between collector and base ) . The closer you can get 
these two parameters, the better the circuit, such as a push­
pull audio output stage , will be balanced and thus deliver 
maximum , reliable amounts of power . 

No. 99 : MATCHING TE ST FOR FETs 

When matching FETs to operate as a pair, in addition to the 
devices being the same type, N-channel or P-channel and the 
same build, JFETs, IGFETs, etc . ,  the important match is 
IDSS, the "zero bias drain current. " (See next few tests . )  
When the lOSS is found nearly identical, check the Gm and be 
sure it is approximately close, too. The Gm , however, is not as 
critical as the lOSS . 

No. 100 :  IDSS D EP LETION FET TE ST 

lOSS, called zero bias drain current, is the most critical FET 
parameter. Ouring FET manufacture, many different lOSS 
ra tings can occur in the same ba tch of transistors . The 
finished products are tested for lOSS and color coded like 
resistors or capacitors . When ordering replacement FETs, the 
color code must be specified. The color code also takes into 
consideration the Gm , but the lOSS is more important . 
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The test itself is like an ordinary FET test, except when 
you press the IDSS button you remove the negative bias from 
the gate and install a zero bias ( Fig. 71 ) .  That makes the 
source to drain current flow at maximum intensity . The 
channel current is not depleted at all .  The actual amount of 
current is read directly in milliamps from the IDSS meter 
scale. Typical values are 5 rna , 10 rna or 15 rna. 

N o .  10 1 :  IDSS E N HA N CEMENT FET TEST 

If you try the same test with an enhancement type FET, the 
test is not accurate. Enhancement type FETs do not attain 
maximum channel current until a high forward bias is applied 
to the gate .  A special test setup is needed to apply a forward 
bias .  However , such a setup is not a zero bias test. 

You can get some use from a zero bias test, though. Some 
channel current will flow at zero bias . While it is not anywhere 
near a maximum current flow ,  the amount of flow will ap­
proximate the same number of milliamps in similar FETs . 
You can match similar FETs on an approximate basis in this 
way.  

No. 102 : FET D ISSIPATION TEST 

Unfortunately , you cannot just solder an FET into a circuit as 
a replacement. You must calculate the amount of power 
dissipated across the FET, or else you can exceed the rating of 
the FET and blow it out in short order. The FET is rated to be 
able to carry a certain number of milliwatts ; for instance 50, 
100, or 150. You can calculate the amount of power the FET 
must handle in the following way : 

1 .  Measure the IDSS in milliamps . 
2 .  Multiply that current by the resistance of the drain load 

resistor. You will get the amount of voltage dropped across the 
load resistor . 

3. Subtract the load voltage from the source voltage, 
which gives you the amount of voltage dropped across the 
FET . 

4. Lastly, multiply the FET voltage drop times the IDSS. 
That gives you the power dissipated. 

If the power dissipated is close to or more than the FET rating, 
better get a stronger FET, lest it break down shortly in ser­
vice. 
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1 0  MA x l Oy 1 00 MW 

C O N C L U S I O N :  TOO M U C H  F O R  75MW RAT E D  F E T 

F ig .  72 .  F E T power d is s i pat ion is obta i ned by m u lti p l y i ng 
l OSS t i mes the F E T  load.  

As an example of  the above procequre, consider an FET 
rated at 75 milliwatts ( Fig.  72 ) .  The IDSS is 10 rna. The voltage 
drop across the drain load resis tor is 10v . The source voltage is 
20v, wh ich means the FET must drop 10v : 10v x 10 rna equals 
100 milliwatts , which is too m uch for the 75 milliwa tt rated 
FET . Better get a different one. 

No. I O:� : HU MAN B ODY GROU N D I NG 

The IGFET and MOSFET are quite sensitive out of the c ircuit 
to such an extent that ordinary handling-even with care-can 
ruin the dev ice . Y ou must observe care when removing them 
from packages and attaching test leads . Once the test loads 
are a ttached, the sensitivity is decreased drastic ally . The big 
danger is from s tatic charges, even tiny hard-to-mea sure 
am ounts of static volta ge. You must ground the static charge 
in your body before touching them . A ttach a clip lead from a 
ring or metal watch band to a chassis ground point on the test 
equipment that will be used. Then you can remove the device 
fro m the package . 

No.  1 04 :  MAIN TAI N I NG SHORTED LEADS 

The IGFET and MOSFET are packa ged and shipped w ith the 
leads purposely shorted together. This reduces sta tic charge 
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da nger. When attaching these devices to the source, drain and 
gate connection s ,  keep the shorted leads in contact,  until you 
make all the connections . Failure to do this could introduce a 
sta tic charge and ruin the device . 

No. 105 : SO LDE R I N G  P RE CA U TION S 

Do not use a solder gun . Use as Iow a wa ttage iron as possible, 
just enough hea t to melt the solder . Hea t  sink protection for 
the body of the device is a must .  Att ach a ground lead from the 
barrel of your soldering iron to the piece of test equipment that 
is being used.  Be sure the test equipment has a 3-prong plug 
and is plugged into a correct wall plug that provides a good 
ground . Never solder an FET while the circuit has any power 
supplied a t  all .  On occasion , a battery-operated circuit might 
be accidentally in an on position . If it 's  at all possible, remove 
the battery during the soldering operation. 

No. l OG :  F E T  OSCIL LATION TEST 

Mos t  transistor testers do not usually provide a means of 
ch ecking an FET 's ability to oscilla te . Test manufacturers 
will argue that if an FET shows good Gm and leakage tests, it  
will oscilla te according to its desing capabilities . H owever, 
this is not good enough when you are building an oscilla tor and 
wan t  to be sure .  

If you build a little grounded gate Colpitts oscillator, you 
can check the oscillation by installing a diode and 
microa mm eter in the source leg. The oscilla tor could be 
designed to run a t around 100 MHz, assuming tha t if it does run 
at that frequency,  it will run at lower frequencies. With the 
circuit shown in Fig. 73,  if the FET sta rts oscillating, the 
source current will be rectified and move the ammeter needle. 
Different frequencies c an be tested with different size drain 
feedback coils. An ammeter reading means the oscillator is 
running . No reading means it's not. 

No. 107 : FET OSCI LLATION L I M I T  TEST 

You can find out j ust how high a frequency and FET w ill 
oscillate by changing the drain feedback coils for others w ith 
few er and smaller and smaller fewer turns. A ccording to the 
ra ting of the coil , the oscilla tor will tend to run higher and 
higher in frequency . When you attach a coil and the oscillator 
will not turn on , the lim it of oscilla tion of th at F E T  has just 
been reached. The limit is between the last coil that did work 
and the one that won ' t  work . 
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F i g .  73. You ca n te l l  w hether or not an  F E T  w i l l  osci l late 
by connecting i t  to this c i rcu it. 

No. 108 :  TRANS ISTOR-F ET FREEZE TEST 

When a transistor or FET is suspected of interm ittent 
opera tion, the freeze test frequently w ill make the defect 
appear. Attach the transistor tester to the suspect while in the 
circuit.  Keep the equipment turned off. Take a beta or Gm 
reading a t  this static condition . Note the reading .  

Then spray freeze the transistor. Wait until the frost 
appears on it and press the gain button again . I f  the beta or 
Gm is just about the same, the transistor is testing OK . 
However ,  if the gain changes dras tic ally or no reading a t  all is 
obtained under the freeze condition , the transistor is defective .  

N o .  1 09 :  TRA NSISTOR POTENTIO ME TE R  TEST 

When testing a transistor in a circuit, if there is a poten­
tiometer in the base circuit, such as a volume control , you can 
use it to verify a test . 
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When the pot is across the base without a blocking 
capacitor , it is a variable shunt resistor ( F ig. 74 ) .  With the 
transistor tester attached in the circuit (w ith the equipm ent 
turned off ) ,  take beta readings at different pot positions . At 
minim um , when the pot is shorting out the base , the tr ansistor 
will act as if it is shorted . As you th en vary the pot , different 
readings w ill show up on the meter. This is normal.  

If the same readings keep showing, the transistor is  
defective. Also make sure tha t  you do not inadvertentely take 
wha t  you consider is a valid reading while the pot is shorting 
out the base at its minimum setting. 

No. 1 1 0 :  LO-POWE R  OHMS 
FUNCTION TEST 

Every technician has had to go through the trouble of 
disconnecting components in a c irc uit in order to make a 
resistance test. Of course, it is m uch easier to ma ke in-circuit 
tes ts . In tube-type circ uits it's easy to ma ke in-circuit tests by 
figuring what resistance is in a circuit tha t  is being measured. 

In tra nsistor circuits this ability runs into a complication .  
The normal 1 . 5-volt battery causes enough current to flow in 
the circuit to turn on the transistor ( F ig .  7 5 ) . As the transistor 

V O L U M E  

CON T RO L  

T R A N S I S TO R  

T E S T E R  

F ig .  74. Be ca refu l w hen ma k i ng a tra ns istor test i n­
ci rcu it . Look out for a ny low res ista nce or pots i n  the ba se. 
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F ig .  75. Convent iona l ohm meters w ith 1 .5 v  ba tter ies tu rn 
on a tra ns istor d u r i ng a rout ine ohm meter test a nd ma kes 
the test worth less .  

conduc ts , the ohm meter needle arrives at incorrect posit ions . 
A lOOK resista nce can read anywhere from a few K to lOOK , 
according to the point where the meter is connected .  There is a 
way to avoid the pro blem and still be able to test in-circuit.  

Germanium transistors turn on when a forw ard bias is 
applied w ith a voltage of about 0 .2 .  Silicon transistors turn on 
with 0 .6  volt. In order to be sure , the 1 . 5-volt ba ttery output 
must be reduced to under 0. 1 volt. Lo-power ohmmeters are 
appearing on the market ( the Sencore FEI 60 ) .  They provide 
an ohmmeter voltage at the test probes of no more than 0.08 
volts . This is low enough not to turn on any transistors. In­
circuit tests can be ma de without getting false readings. 

The 1 . 5-volt output has to be available , too ,  since many of 
schematics show resistance and bac k-to-back measurements 
dependent on the 1 . 5-volt outpu t. The Lo-power function 
though, can be used in many, if not most, applications. 

No. I l l :  AN E V E N  LOWER 
POWER OHMS TE ST 

Even though the general rule is tha t germa nium transistors 
need 0 . 2  and silicon needs 0.6 volts of forward bias to conduct 
(Fig . 76 ) ,  large, heavy current transistors made of ger­
manium will turn on at the Lo-pow er 0.08 volts . There are 
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always exceptions. How can these transistor circuits be 
tested? 

You ca n lower the ba ttery output even more with a high­
va lue resistor.  It  has been computed that if you put a lOOK 
resistor in series with the line, the voltage is reduc ed to 0.008 
volts . An isolation probe such as this is usua lly availa ble with 

. a Lo-power ohmmeter.  

No . 1 1 2 :  SMALL TH E RM I STOR TE ST 

Sm all therm istors, which are being used more and more in 
solid-state circu(ts , are difficult to test with a conventional 
ohmmeter. Therm istors are usua lly ra ted at their higher 
"cold " resistance. As they heat in use , thermistors drop in 
resistance . If you measure them hot the resistance reading 
will not be correct .  

If you use a Lo-power ohmmeter, the low voltage output of 
0.08 volts does not provide enough current to pass through the 
therm istor to heat it up and thus lower the resistance. It turns 
out the only way you can test the thermistor is by using the Lo­
power ohmmeter . 

No. 1 1 3 :  F I GURING D IO D E  PO LAR I TY 

During servicing, diodes have to be replaced and it is rare that 
the availa ble replacement is identical to the original.  They 
come in all types , sizes and shapes.  I t  is im portant that you 
replace a diode with the sa me polarity as the original .  If you 
don ' t ,  the diode might not work and could even cause an 
elec trical dead short . 

G E RMAN I U M  S I L I CON 
FORWA R D  B I A S  FORWA R D  B I A S  

1 5  / 1 5  / 1 0  V 1 0  / M I L L I AMPS M I L L IAMPS 

5 5 / / 
� / 0 0 

0.2 0.4 0.6 0.3 0.6 0.9 
VOLTS VOLTS 

F i g .  76.  Germa n i u m  tra ns istors tu rn on as the forwa rd 
b ias  a pproaches 0.2 volts.  S i l icon needs a bou t 0.6 vo lts .  
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F ig .  77. D i ode po lar ities ca n be confus ing si nce they a re 
ma rked pos itive on the cathode a nd negat ive on the a node. 

Some confusion exists in the replacement situation . 
Diodes are marked plus and minus. The plus is on the cathode 
and the minus is on the anode. This is opposite to the forward 
bias power supply voltage that is usually provided. The power 
supply provides a plus voltage for the anode of a tube or solid­
state diode and a relative minus voltage to the cathode for 
forward biasing. 

The plus on the diode cathode means there will be a lack of 
electrons there and an excess of electrons on the anode (Fig. 
77 ) .  The electron flow will be from the area of insufficient 
electrons on the plus cathode to the area of excess electrons on 
the minus anode . That is forward bias.  

When you see a diode symbol, it  looks like an arrowhead 
against a bar. Forget the arrowhead idea . Think of the object 
as a triangle . The bar is the ca thode and the triangle is the 
anode. Forward bias -on the diode is shown on the ohmmeter as 
a low resistance . Reverse bias on the diode is indicated a high 
resistance . Forward bias causes electron flow from plus to 
minus in the diode. Reverse bias prevents electron flow from 
minus to plus in the diode. 

No. 1 14 : TESTING D I ODE IN-C IRCUIT 

Most transistor testers check diodes and power rectifiers right 
in a circuit, which is handy since it avoids some soldering. 
With the equipment off, the emitter lead is attached to the 
ca thode of the diode. The collector lead is a ttached to the 
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anode ( Fig . 78 ) ,  The type switch is set on NPN. Some current 
will flow through the semiconductor material . 

Turn the calibration knob fully clockwise . If the meter will 
go upscale, the diode is working and is capable of diode action .  
If it won 't move,  it is either shorted or open. Then you can 
remove it from the circuit. 

No. 1 I5 :  TESTING DIODE OUT 
OF CIRCUIT 

Once you get an indication that a diode is bad, or you want to 
test a new one before installing it, an out-of-circuit test will 
verify its quality in a definite manner. 

The leakage test position of the transistor tester provides 
the accurate test. Atta ch the base and collector leads to the 
cathode and anode of the diode. Then switch the type selector 
from NPN to PNP and back (Fig .  79 ) .  A good diode will read 
on opposite ends of the scale for each setting of the type 
switch . It 's an excellent go-no go test of forward and reverse 
current. 

F O R WA R D  B I AS 

R E V E R S E  B I AS 

CATHOD E ANOD E 

F ig .  78. D i ode pol a r ity ca n be dete r m i ned with the B a nd C 
tra nsi stor tester leads. F orwa rd bias w i l l def lect the 
need le.  
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B TO CAT HO D E  
C TO A N O D E 

F ig .  79. Diodes ca n be tested out of c i rcu i t  by a ttach i ng to 
B a nd C tester l eads.  

No. 1 16 :  G R A D I N G  THE D IODE 

A good diode used in audio or a video detection type should 
ha ve a forward-to-reverse microamp current ratio of at least 
ten to one . The preceding test , if read carefully, w ill tell you if 
the diode is satisfactory or not. A good germanium diode 
should not read any more than 40 or 50 m icroamp reverse 
current. The meter reads it direc tly . Forward current should 
be at lea st 500 mi croamps or better . 

The hea vier duty silicon rectifier should have an even 
higher ratio. A good one w ill show 4 or 5 thousand microamps 
in the forward position and absolutely no leakage on the or­
dinary transistor tester ( it's too sm a ll to measure with that 
instrument) on the reverse bias setting . 

No. 1 17 :  VARI CAP D IODE TEST 

One of the most important tests of a varicap diode is its 
reverse current leakage.  This is easily accomplished on the 
transistor tester. Too much reverse leakage ruins the varia ble 
capacitance effect of the special diode.  It 's  not enough to know 
that the diode is working ; it 's how well it is working . It is used 
in frequency-sensitive loca tions and can kill sensitivity , output 
or correct frequencies. A varicap is like a silicon diode and 
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should read practic ally none, or actua lly no reverse leakage 
on the ordinary transis tor tester . Attach the diode to the base 
and collec tor leads (Fig .  80 ) .  Try both NPN and PNP 
positions.  One will read forward and the other reverse 
leakage. A good one will read no reverse leakage. Even a little 
reading indicates the diode could be in poor condition for its 
job . 

No. l I8 :  ZE N E R  DI ODE K N E E  V O LTAGE 

During construc tion of electronic gear, or servic ing , you 
might get a zener diode without markings . While it  might be 
the unit you need, it's risky to install it in a critical circuit 
unless you know that it  is operating properly. 

Zener diodes are made of silicon w ith a very special 
characteris tic . In  fa ct,  the applica tions for zener. diodes do not 
resem ble ordinary diode applications at all . The ordinary 
diode has the job of changing AC to pulsa ting DC, or rec­
tification as it's called . The zener diode is a voltage regula tor . 
It keeps a voltage a t  a specified reference level, no matter 
what amounts of current are passed, within the operating 
limits of itself. 

Usual silicon zeners can control volta ges from one on up to 
hundreds of volts . The power ratings can be as low as a 
fraction of a volt on up to a hundred or two volts . Zener diodes 
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F ig .  80. A var icap d i ode is opera ted o n l y  w i th reverse 
bias.  Du r i ng forwa rd bias there is no va r i a b l e  
ca pa c i ta nce. 

1 5 1  



V T V M  

+ o-----------+----------L� 

20- V O L  T S U P P L Y  

F ig .  8 1 . A zener d i ode can be tested by insta l l i ng i t  i n  a test 
ci rcu i t, w ith ca thode towa rd the pos i ti ve vo l tage.  

are like other silicon diodes except for one charac teristi c .  At a 
pa rticular voltage in the reverse bias condition, the zener 
suddenly s tops being a high resistance to electron flow and 
becomes a tiny resistance.  This causes a heavy current flow at 
this voltage and no matter how much more volt�ge is sent in,  
the heavy current flow continues and holds the voltage at that 
partic ular point . 

The voltage where the zener turns from a high resistance 
to a small resistance, where the sharp break causes the 
sudden heavy conducta nce, is called the zener "knee . "  The 
word is taken from the appearance of the graph curve of the 
characteris tic . That knee voltage also designates the name of 
the zener. For instance , it could be called a 12-volt zener , or a 
190-volt zener. 

To test a zener, get a power supply , a radio , TV, or any 
kind of e lectric unit tha t  provides a voltage that is somewhat 
higher than the voltage the zener rating ( Fig. 81 ) .  Turn on the 
supply and take a voltage reading of the D C  output across the 
load .  For instance, suppose it 's  a 20-volt supply and you are 
going to test a 12-volt zener . You 'll test first and make sure 
there is the correct 20 volts across the loa d.  

Next,  a ttach the zener cathode, which might be marked 
plus , to the 20-volt end of the power supply. Attach the zener 
anode, which might be marked ,  negative, to the ground or the 
supply chassis , whichever is B minus. 

Then turn on the supply and take another voltage reading. 
This time the power supply will com e  on , but measure only 12 
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volts . The voltage , since it exceeded the knee of the zener , 
simply pumps current through the zener as current was 
pu mped the voltage dropped. At the 12-volt setting ,  the amount 
of current is stabilized. Only a certain amount of current flows 
because as the voltage goes below 12 volts, the zener shuts off 
conduction .  As the current tends to stop, the voltage stops 
dropping . The zener has many uses and is becoming a com­
mon component. 

No.  1 19 :  COMPON E N T  SU BSTITUTI ON TE STS 

One of the surest ways to test a suspected component is to clip 
a known good component of sim ilar value into its place .  The 
va rious so called "decade boxes" are devices that offer many 
component va lues through clip leads. There are substitute 
resis tors , capacitors, rectifiers and filters all built into a 
ha ndy unit.  When you suspect a component , all you do is 
disconnect one end of it and a ttach the clip leads in its place. If 
the electronic unit returns to normal operation, the test has 
proved the suspec ted disconnected component was defective . 

This test is so effective that many electronic units are 
repaired every day without use of any other test equipment or 

I-
Z 
w 

Z E N E R  K N E E  -

0:: 
0:: 
:::> / u 

REVERSE  B IAS V ./ 2 VOL TS 
VOL TS 20 I' I I  

1 0  0 FORWA RD B IAS 

F i g .  a l A. The zener knee rep resents the ma i n  charac­
ter istic of a zene r  d i ode. Conventi ona l d iode a ct iv i ty i s  not 
used. 
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P R OV I D E S  A PA R A L L E L  V O L TAG E 

PA T H  A N D  E F F E C T I V E L Y S U B S T R A C T S  
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F ig .  82 .  By i nsta l l i ng a k now n good res isto r across another 
res istor, they form a pa ra l le l  c i rcu i t  a nd su btract if the 
orig i na l  res istor is O K .  

even knowledge of theory on the servicer's part .  This "snip 
and clip" test also can be used with actual components, but a 
decade box is much ha ndier and reliable . 

Component In-Circuit Bridge Tests 

There are many in-circ uit tests that can be made using a 
component, either singly or from a decade box. These are 
bridge tests and no disconnection of parts is needed. These 
tests are lim ited in scope , due to the fa ct that the c irc uit is not 
opened . Fort unately , though, th e tests are valuable since they 
find a large percentage of bad com ponents . 

No. 1 20 :  SUBTRAC TIN G RESISTAN CE TEST 

One of the major resistor fa ilures is an increase in value or an 
open which makes the resistance infinite. The resistor 
becomes suspect when a wrong voltage appears on a cathode , 
collector , etc . The voltage can be high or low , depending on the 
position of the resistance in th e circuit .  

If there is nothing in shunt with the res ista nce, it can be 
measured directly with the ohmmeter . However, more l ikely 
than not,  there is us ually something in shunt . A good test is to 
bridge the resistor with another of the sa me value ( Fig.  82) . 
Accord ing to basic mathematics , if th e resis tor is good, you 'll 
be pro viding an additional path of the same value for the 
current and, therefore , cutting the resista nce in half .  

If  the resistor has increased considera bly in value , the 
su bstitute resistor will ca rry most of the current flow. In ef­
fec t, you have subtrac ted resistance fro m the suspect .  A 
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recheck of the voltage on the tes t point is appropriate. If  the 
voltage has become normal,  the suspected resistor has 
definitely increa sed in value and is defective.  

No. 1 2 1 : ADDING CAPACITAN C E  TEST 

A ca pacitor can fail in one of four ways. I t  can short com­
pletely , develop a high -resistance short ,  open, or change in 
capacitance value.  The addition of capac itance as a test in­
dicates three out of the four types of failure s, but it can ' t  help a 
dead short. 

You can add capacita nce directly to an in-circuit 
capacitor by simply bridging another similar unit across it 
(Fig . 83 ) .  For instance, if you bridge a .05-mfd capacitor 
across a suspec t, you add .05 to it. If th e capac itor has a high­
resis tance short , it is no longer a ca pacitor bu t a resistor of 
that value. If the capac itor has opened, it's just an open 
connection . Should the capacitor have changed va lue, it 
always changes to a m uch lower value.  Adding capac itance in 
any of these cases prov ides a positive indication of a defec tive 
capacitor . 

No. 1 2 2 :  A D D IN G  RESISTANC E  TEST 

While resistance can be subtrac ted without unsoldering , 
adding resistance usually entails the use of a soldering iron , 
unless the test spot is some form of plug-in . It is necessary to 
add resistance to the circuit if a suspect resistor has decreased 
in value, or if you are building a kit and feel you need more 
resis tance at a particular spot. Then you must unsolder one 
end of the existing resistor. If one end is on the chassis, that's 

.05 

r,) 
--------------------�) �I --------------------L SUSPECT OP E N, LEA KY, 

OR CHANG E D  VA L U E  
CAPAC ITOR 

F ig .  83. By i nsta l l i ng a k now n good ca pa c itor a cross 
another ca pacitor  va l ues add.  
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the end to unsolder . Try not to unsolder any connec tions 
directly to a hea t-sensitive device like a transisto r .  In tiny 
circuits ,  be sure to hea t sink as you unsolder . Once an end is 
disconnected, you can add resistance by a ttaching the sub­
stitute between the loose end and the point where it was 
connec ted,  or substitu te another resistor or the entire 
disconnected resistor . 

No. 1 23 :  SUBTRACTING CAPACI TANCE TEST 

An existing capacitor can be lowered in value by putting 
another capac itor in ser ies with it .  If they are both the same 
value , the capac itance will be halved . Once a capacitor end is 
disconnected, you can add another capa citor to i t ,  and a 
certain am ount of capac itance will be subtracted , depending 
on the value of the added capacitor . 

No. 1 2 4 : I N-CIRCU IT TRANSI S TOR 
AUD IO WAVEFORM TE ST 

Any transistor tha t  has to pass an audio frequency can be 
tested in t� circuit under dynamic conditions with a signal 
generator and an ordinary scope equipped w ith a high­
impedance probe. By pu tting a sine wave in and viewing what 
the sine wave looks like when it comes out of the transistor, 
you 'll get an idea of the transistor 's  quality . 

Attach the generator output,  through a capacitor larger 
than the base input  capacitor in the c ircuit, into the base of the 
transistor. Set the generator for an audio output  around 1 kHz , 
turn on the generator and the amplifier . Attach the scope 
probe to the amplifier output and set the scope to display the 1 
kHz genera tor signal .  Observe the scope display. One of four 
things will happen . One, the sine wave will be excellent.  Two, 
the positive peaks will be clipped.  Three , the sine-wave 
nega tive peaks will be clipped . Four,  both peaks will be 
clipped ( Fig.  84) . If it's one of the last three,  the transis tor is 
not working properly. Try a few different ones until you get a 
perfect sine-wave display on the scope.  

No.  1 25 :  I N -CIRCUIT TRANSISTOR AUD IO 
FREQUENCY R ESPONSE TEST 

Using the same test setup mentioned in the previous test ,  once 
you have a good transistor passing a I -kHz sine wave, set the 
signal level at a normal listening level. Then start raising the 
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F ig .  84. The a m pl i f ication a nd freq uency response of a n  
a u d io a m p l if ier  ca n b e  checked w i th a s i g na l  genera tor 
a nd a sco pe. 

frequency in steps up to the ra ted frequency response of the 
amplifier. F or instance , if it 's  an FM receiver producing audio 
up to 20 kHz , raise the frequency in s teps , like 5 kHz,  10 kHz,  15 
kH z and then 20 kHz . 

Observe the sine wave. Some clipping will occur, but if the 
sine wave remains ba sically the same, all the way up the 
scale, the transistor is good. Should the sine wave start clip­
ping at a lower frequenc y ,  it 's not responding properly . 

No. 126 : POWE R TRA NSFOR ME R  OUTPUTS 

Power transformers are found in a variety of electronic gear 
and serve many complex applications . Usually , it  has a single 
primary and a s tep-up secondary for B + ,  step-down secon­
daries for various heater requirem ents and a center-tapped 
se condary for full-wave rectifica tio n .  These voltages have to . 
be tested. 

The voltmeter is set for AC and the probes are attached to 
the various test points in the transform er. If the 1 1 7v AC is 
correct going in,  then the secondaries should have appropriate 
voltages ; for instance, 250v AC across a step-up seconda ry and 
6.3 volts or 5 volts across a step-down secondary . 
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Chapter 9 

Power Supplies 

No.  1 27 :  C H EC K ING RIPPLE IN 
POWER SUPPLY 

A power supply th at changes A C  to D C  is changing a sine-wave 
input to a DC voltage . Most ordinary power supplies do a 
sa tisfactory job, but cannot get all of the AC out of the D C .  The 
rema ining AC is called "ripple " (Fig .  85 ) .  It is useful to check 
ripple voltage . Hum in radios or weaving in TV pictures can be 
caused by excessive ripple. Too much ripple indicates 
defective filter capacitors. 

Ripple can be checked with a scope or the p-p scale of a 
mult imeter if it is sensitive enough . When the scope is used 
and the peak-to-peak ripple is compared to the 1 17-volt am­
plitude, it 's  a rough check, unless you actually measure the 
ripple with a ruler. Of course,  the scope can be calibra tor for 
p-p readings.  The multitester indicates the ripple voltage 
directly on the meter scale. 

No. 1 28 :  ACCURATE VO LTAG E TE STS 

During troubleshooting it is necessary to take voltage 
readings . F or practical purposes it is not m andatory that 
readings be right on the nose . In most cases , an accuracy 
between 10 and 20 perc ent is permissible. Any more than 20 
percent can throw the servicer off his path . As a result , the 
choice of a voltmeter is important . 

VOMs are the handiest since they are portable and can be 
used anywhere without the need for 1 17-volt electric power . 
VOMs, though, should be used judiciously ,  since they load 
down a circuit and introduce large errors . 

Suppose you are going to test a transistor amplifier . The 
first place a test can be made is at the base to see if the 
transistor is correctly biased . If  a conventional 20 ,000 ohms 
per volt meter is used, the bias would be more than 20 percent 
off and provide a false trouble clue. The YOM loads the circuit ,  
and,  when it is attached , acts just  as  i f  you connected a 50,000-
ohm resistor across the 33 ,000-ohm base-to-ground resistor 
(Fig . 86 ) ,  
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F i g .  85 . R i pple vo ltage is usua l l y too l ow to ca use trou b le, 
but i t's  usefu l to have the ca pa b i l i ty to test it .  
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F ig .  86. U s i ng a 20,000 ohms-per-vo l t VOM i n  the 2 .S-vo lt  
ra nge is l i ke pu tt ing SO K a cross the c i rcu i t. 
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MU lT I MET E R 

F ig .  87. Most m u l t i meters have a zero-center sca le .  I n  
some ca ses, i t' s  very usefu I .  

Figuring it roughly , the 50K ac ross the 33K changes the 
effec tive base resistor to 20K . The bias voltage drops, the 
transistor loses its forward bias and cuts off. All the voltages 
in the circuit are then incorrect. To make accurate voltage 
readings a voltm eter w ith a high impedance-in the meg­
ohms-has to be used.  Then the 33K stays near its 33K ef­
fec tive value. 
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No. 1 29 :  ZERO CENTER R AN G E  TEST 

There are many differen t tes ts where the zero center range of 
voltm eter is mandatory a nd there are others where it is faster 
to use a zero center than conventional polarity switching . 
Discriminators, ratio detectors in F M  and TV sets , automatic 
fine tuning-in fact,  any dual-diode phase detector calls for a 
zero center scale . In solid-state circuits the voltages are 
relatively small and range both ways from center . The zero 
center is faster than switching the emitter polarity from plus 
to minus . 

Manufa cturers specify in T V  and FM alignment notes that 
certain adjustments must be made w ith zero center. Whatever 
the test, the zero center is set up like this : The appropriate 
plus DC sc ale is selected , the zero adj ust knob is turned until 
the meter needle arrives at the correct setting. There is 
usually a zero setting at midscale ( Fig . 87) . 

Then the circuit is explored. A reading to the right of zero 
is a positive reading.  A reading to the left is negative . ' For 
ins tance, suppose you ha ve a color TV with a color sync phase 
detector tha t  is supposed to have m inus 35 volts on the top 
diode and plus 35 volts on the bottom diode. You touch the 
meter probe to the top diode and the needle goes to minus 35 
volts downscale. Then you touch the bottom diode and the 
needle goes to plus 35 volts upscale. That is correct ,  too. That's 
a lot easier than switching the scale polarity from plus to 
minus . 
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Chapter 10 

Remote Control Systems 

No . 1 30 :  TRANSM I TTER OR 
RECEI V E R ,  RF TYPE 

Without ex ception,  all remote control systems consist of tw o 
main part s-the transmitter and the receiver. In an RF-type 
remote system , such as is used in controlling a ircraft flight, 
robot controls that are some dista nce from a transm itter , 
dy nam ite blasts and the like , trouble develops in the trans­
mitter or receiver, but not ordinarily in both . 

It is necessary to localize the problem to one or the other of 
the units ( Fig. 89 ) .  A field strength meter that can tune to the 
transm itter frequency w ill isolate the problem to one unit or 
the other. Simply turn on the transm itter and take a reading 
on the FS meter . If a normal m icrovolt level is being received , 
the transmitter is fine and the receiver, by elim ination ,  has a 
problem . Conversely, if the field streng th meter does not 
record a normal output from the tra nsmitter, then the trans­
mitter is at fault and the receiver is probably good . 

No. 1 31 : TRA N SM I TTER OR 
RECE IV ER-AUD IO TY P E  

While the RF tra nsmitter type of  remote control is  quite well 
known , there are just as many audio type remote tr ansmitters 
around,  such is found in remote controlled TV ( Fig.  89) . 

An audio transmitter is quite similar to the RF type , ex­
cept for the operating frequency and its actual output. While 
the RF type transm its radio waves of various high frequen­
cie s, such as 465 M Hz and 27 MHz ,  th e audio transm itter sends 
out sound waves, such as those between 35 and 45 kHz .  Such 
frequenc ies are above the human hearing ability , which 
reaches only 20 kHz as the upper limit,  generally , but are still 
sound waves. In an aUdio-type transm itter , instead of an 
an tenna tha t  radiates RF , a transdu cer changes the electronic 
40-kHz signal to a mechanical 40-kHz sound wave which 
travels tow ard the receiver .  
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F ig .  88 .  The typi ca l rem ote control tra ns m its a s i g na l  a nd 
c l oses a re l a y  to sta rt a motor. 
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F ig .  89. The tra ns m i tted wa ve ca n be i n  the a u d i o  ra nge. I t  
is prod u ced by a tra nsd u cer w h i ch creates sound waves i n  
the a i r .  
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The transducer is basica lly a capacitor-type microphone 
with metalized mylar pla tes . The s ignal causes the pla tes to 
vibra te at 40 kHz , which creates the sound wave. In the 
receiver, an identical transducer "hears " the 40-kHz waves 
and its pla tes respond sympathetic ally . As the plates are 
moved by the audio waves,  the capac ity is physically changed 
in direct proportion and the DC poten tial in the circuit is 
modulated.  The 40-kHz signal is then processed in the 
rece iver. 

When problems ar ise and it's necessary to determine if 
the problem is in the transmitter or receiver, an audio 
generator that can be tuned near the output frequency is 
needed ; typically , a va ria ble zero to 50-kHz type. The 
generator is substituted for the transmitter and turned on:  If 
the receiver responds norm ally , the transmitter is isolated as 
the trouble maker .  Should th e rec eiver still not perfor m ,  the 
transmitter is probably good and the receiver contains the 
trouble. 

Remote control systems can be as simple as one c ircuit in 
the transm itter and one circuit in the receiver. On the other 
hand, a remote control system can be complex almost beyond 
belief, such as is found in the remote control systems used in 
drone aircraft, bombs, and space probes. -

No matter how simple or complex , they all perform a 
sim ilar function. An operator presses a button, rotates a 
potentiometer , a varia ble ,capacitor , flicks a switch or some 
sim ilar motion and somewhere else a form of motor turns on 
and moves an a ileron , fires a rocket, explodes a bom b ,  turns 
on a TV camera and so forth . It 's  all basically a switch tha t  
turns on a remote type of motor . 

The tr ansm itter and receiver can be in the same room , so 
you may change TV channels without arising from the chair , 
or the transmitter and receiver can be 50 million m iles away 
as a space probe lands on Mars. Usually , the audio type 
remote is in the same room and the RF type is separa ted by 
such a distance that an audio system is not strong enough . 

A fairly complex remote control system that the elec­
tronic hobbyist w ill possibly encounter is found on color TVs . 
Remote TV controls perform all kinds of functions can do ten 
jobs or more.  Also, the sa me princ iples exist in other remote 
control units. If  you can test and understand this type of 
remote, the others you w ill possibly come into contact with are 
sim pler and this experience w ill almost assure you an un­
derstanding of them . The typic al color TV remote system 
usua lly has a tra nsducer output, although some do transmit in 
RF signal out of a tiny antenna system . 
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Remote Control Trans m itter 

A typical TV remote control tra nsmit ter is hand held and 
is no larger than a pack of cigarettes . It can produce eight 
functions. Each func tion occurs because the transmitter is 
sending out eight different audio frequencies. 

The transmitter oscillator tra nsistor collector is con­
nected to the power supply through the primary of a step-up 
transform er . The negative side of the ba ttery is a ttached to 
the collector circuit .  This means electrons flow from the 
battery to the collec tor and then to the base and emitter.  The 
O .2-mfd capacitor couples some feedback from the collector 
circuit to the base in order to sustain oscillation.  In the 
secondary of the transformer, there are a num ber of tank 
circuits tuned to th e desired frequencies.  A transducer turns 
the frequencies produced into audio air waves . 

When any of the func tion buttons are pressed, the negative 
end of the ba ttery is connec ted into the circuit .  Collector 
current flows from the ba ttery into the transistor . The rising 
current induces a stepped up voltage in the secon dary of the 
transform er which is tuned in accordance to the choice of tank 
circuits as chosen by the button pressed. 

A negative-going feedback pulse is simultaneously 
coupled from the collector circuit to the base . The base draws 
electrons from the collector and charges the capa citor. As the 
transformer voltage arrives at its correct level, the feedback 
pulse ceases. The charge on the capac itor t urns off the tran­
sis tor as it reverse biases the base-to-em itter junct ion . 

The tank circ uit rings and sends another negative-going 
pulse, through the transformer, through the capac itor , to the 
ba se and turns on the transistor again . The cycle keeps 
repea ting itself at the proper frequency as long as the button is 
being pressed .  

The secondary of the transform er i s  tuned to 23 kHz, the 
highest desired frequency that the oscillator is called on to 
produce .  Actually , 46 kHz is transm it ted when the oscillator is 
running a t  23 kHz .  That's beca use this transducer, by its very 
na ture, doubles any frequency it has to radiate . 

With a voltage difference applied between them , a tra ns-­
du cer's plates are pulled toward each other. Therefore ,  on 
the pos itive half cycle , the pla tes are pulled towards each 
other. Then, when the frequency passes through zero , the 
plates return to their at-rest position .  When the negative half 
cycle occurs, they are attracted towards each other again . At 
zero th ey go back to their rest position.  There are two trans­
ducer beats during each full cycle or Hertz . Twenty three kHz 
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in the oscillator produces 46 kHz transducer output. The same 
thing is true for all the other oscillator frequency outputs . 

On an 8-func tion transm itter such as this one, there are, of 
course, eight buttons or sw itches . Ea ch but ton connects a 
different tank circuit in parallel w ith the tuned secondary of 
the transform er. As each button in turn is pressed ,  more 
capacity is added to th e tuned circuit .  The additional capacity 
lowers the resonant frequency ; therefore, each button lowers 
the transmitted audio frequency . For instance, the third 
button might cause 21 kHz to ring in the oscillator. The 
transducer doubles it and radiates an audio tone of 21 times 2,  
or 42 kHz. 

The transform er has a large step-up turns ratio from 
primary to secondary. As a result, the swiftly falling and 
rising magnetic field in the primary induces a very large 
peak-to-peak voltage in the secondary . The peak-to-peak 
am plitude has to be high in order to drive the transducer ; it  
can be as high as 1 000 volts . 

Ba ttery life is almost as long as if the ba ttery were sitting 
on a shelf lOSing energy as it ages.  This is because current is 
drawn only momentarily as the button is pushed , connecting 
the ba ttery and a tank circuit into the collector and secondary, 
respectively . A burst of audio energy is transmitted and the 
button released. The amount of energy actually drawn from a 
9-volt mercury ba ttery is an instantaneous 10 rn a, resulting in 
little wear to the battery . 

No.  1 :12 : TRAN SMITTER SUB STITUTE TEST 

It is quite obvious, yet lots of times completely overlooked, 
that if a transmitter is suspect, and another identical "know n 
good" transmitter is near at hand, the suspic ion can be easily 
confirm ed or denied . Yes, try the good transmitter and see if it 
perform s. If  it does, the suspec t transm itter is definitely 
defective. When it doesn ' t ,  the suspect transmitter is 
exonerated and the trouble is proba bly in the receiver. 

No. 1 33 :  TRANSM I TTER BATTERY TE ST 

The best test for the 9-volt battery is replacement ; however , 
this is not always possible immed iately . Therefore,  before 
taking a trip to purchase a new battery, test the battery 
quic kly for output. 

Do not test the ba ttery out of the circuit.  Leave it con­
nected. A ttach your voltmeter probes across the battery and 
take a reading without pressing a button.  The battery should 
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read the full 9-volt rating.  I f  it doesn 't ,  it is defective, no 
matter what the reading is. 

Leave the ba ttery and voltmeter connected and start 
pressing buttons . Hold a button down and observe the reading . 
Under the load, the ba ttery should read about seven or eight 
volts . If it reads low er, it is weak . The lower it reads the 
weaker it is .  I f  it reads the full nine volts, the battery is 
probably good and the transmitter is defective . It is not 
dr awing any current .  

No. l :l4 : TRA NSMIT TER O UTPUT TE ST 

The remote transmitter develops a large signal across its 
a'ntenna or transducer, according to the type of output . 
Typic ally , in the remote transmitter we have been discussing
a large pea k-to-peak signal is applied across the transducer.  

The signal can be measured with the p-p scale on the 
VTVM or directly displayed on th e oscilloscope (Fig .  90) . 
Sim ply attach the VTVM or scope across the tra nsducer . A 
large multih undred volt peak-to-peak pulse as each button is 
pressed indicates the transmitter is producing an adequate 
signal . Little or no signal as the buttons are pressed indicates 
one or more of the circuits is not operating. If one button 
produces no sign al,  while all the rest do, then the c ircuit 
associa ted with the button is indicated as being defective . 

No.  1 35 :  TRANSDUCER TE ST 

Again the best test for a transducer is substitution , but lacking 
th at a bility, another test is quite good. The transduc er 
produces a high,  beyond human hearing sound 
wave. However , the sound wave is not beyond the 
reproduction ahility of the or dinary scope . The scope can 
actually "hear" transmitted frequencies in the air and cause a 
display. 

When the transmitter has been proved good by the 
previous test and there is still no output , the tra nsducer is 
suspect. Turn the vertical scope am plitude up to its highest 
point. Place the transmitter's output or transducer less than 
an inch away from the vertical input of th e scope . Then,  start 
pressing buttons . 

If the tra nsducer is good, the scope display will shoot up to 
an off-the-sc reen amplitude each time a button is depressed. 
When the scope does not respond , and all other ' parts of the 
transm itter are deemed good, the transducer is indicated as 
defective. 
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F i g .  90. The " tra n s m i tted audio  wave ca n be observed by 
connect i ng a n  osci l l oscope a cross the tra nsducer. 

No. 136: TRAN SM ITTER D EF E CT TE ST 

When test N o .  134 is performed and no output is produced 
across the transducer , a defect in the transmitter circuits is 
indic a ted. Connec t  the scope or VTVM p-p scale across the 
transducer and series capacitor. Then start pres sing buttons . 
Abou t twice as much p-p voltage should be present as is 
supposed to be across the transducer by itself. For instance, if 
the transducer voltage is supposed to be 300 volts p-p , then 
across the transducer and capacitor there should be 600 volts . 

If the 300v isn't on the transducer but the 600v is present , 
the series capacitor is defective . Go no further ; substitute a 
new 100-pf capacitor.  Should the 300v not be across the tran­
sducer as the buttons are pressed and also absent across the 
two components , then the capacitor is good and the trouble is 
further on in the circuit.  The transistor then becomes the 
prime suspec t ;  therefore , a check of the other circuit com­
ponents is in order.  

No . 1 37 : TRANSM I TTER ALIG N M E N T  

Transmitter alignment i s  easy. E ach resonant circuit can be 
aligned with the separate trim mer capacitor in the tank cir­
cuit. Addition of and su bstitution of small amounts of capacity 
puts the fr equency right on.  

With either a known good transmitter or a 0-50 kHz audio 
generator, a scope pattern is obtained at the highest frequency 
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the transmitter is supposed to transmit. The alignment 
frequency is displayed on the scope by placing the generator 
or the known good transm itter near the scope input probe 
(Fig . 9 1 ) . The known good transmitter can produce the scope 
display by pressing its h ighest frequency button . The 
generator emits a continuous wave. 

The transmitter to be aligned is also placed near the scope 
input probe and its bu tton pressed.  With the two frequencies 
displayed , the trim mer is adjusted for zero beat .  Then the 
lower frequency trim m ers can also be adjusted in the same 
way by zero beating them against a frequency you know is 
correct. Always start out with the highest frequency and work 
down towards the lowest frequenc y .  

T h e  Re m ote Control Receiver 

The signals from the transmitter are picked up by an 
antenna or transducer in the receiver. This is identical to the 

. way a radio works. The s ignal is a mplified and further 
processed, then fed to a relay. In a radio the signal is fed to a 
speaker. That is the main difference between a remote control 
receiver and a radio receiver. 

The relay opens or closes in accordance to the directions 
of the signal and turns on a motor ( F ig. 92) . The motor could 
be elec tric or a wound-up rubberband as in a model airplane 
. (Fig . 93 ) .  The electric m otor can turn a potentiom eter, a tuner 
or a rudder on a boat or airplane.  It can turn a s teering wheel, 
apply brakes or push an ac celerator.  

KNOWN GOOD 
TRANSM ITTE R 

SUSPECT 
TRANSM ITTER 

o�o 
o"Vo o 0 0  

Z E RO 
BEAT 
PATTERNS 

VERT I CAL 
AMPL ITUDE 
TUR N E D  'A AY l.JF 

F ig .  9 1 . The frequency of a tra ns m i tter ca n be checked by 
zero beat ing i t  w ith a second tra ns m i tter. 
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F ig .  92. Some rem ote control rece i vers a re la rge, 
a l thou gh the c i rcu i try i tse lf  p resents noth i ng u nusua l .  

Th e ru bberband mo tor, wh ich i s  simply a stretched 
rubber band wound tautly many times ,  can unwind a few turns 
by a withdrawal of a bra ke as the relay is actuated. The uses of 
the remote con trol actuated rela y is limited only by the 
imagination _ Remote control units can range from the very 
simplest type of thing to enormous complexity.  

The rem ote transmitter just discussed uses a different 
frequency for each function _ In the above unit  there were eight 
func tions_ What it all amounts to is eight  separate trans-
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m issions all jammed into one small pa ckage .  It 's  analagous 
to having eight small radio stations,  each with a different 
frequenc y,  and each being able to transmit independently of 
the other. There are also o ther ways to tra nsm it a num ber of 
functions.  

In an RF-type tra nsmitter , a single frequency could be 
transmitted and eight separate tones could be used to 
modulate the RF. Each time a button is pressed a different 
tone would modulate the carrier. For instance,  if the carrier 
wave is 27 M H z, it could be m odulated with eight" tones . 
Typical tone frequencies could be 1 kHz, 2 kHz,  3 kHz and so 
forth . 

The receiver would be tuned to receive the single 
frequency of 27 MHz. The RF would be amplified and then a 
de tector , just like in a radi o ,  would reproduce the tones , which 
would be fed to the relay control circuits. The circuit tuned to a 
de tected tone would respond and actuate the relay and turn on 
the motor .  

I n  the same way, other means o f  transmission have been 
de vised. A popula r one is the tr ansmission of square wave 
pulses , which are used to modula te a single RF frequency . A 
sq uare wave is applied to the RF by turning the transm ission 
off and on at h igh speeds. The pulse length is varied by the 
transm itter turn-on and turn-off rate. A long pulse is a da sh 

WH E E L  

F i g .  93. A relay control led ru bberba nd m otor ca n be 
s l owly  u nwou nd by repea ted m ovement of the re lay.  
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and a short pulse is a dot in Morse code. You can talk to the 
remote con trol receiver with dots and dashes and it w ill 
perform a job to your wishes. Dots activate one relay,  dashed 
another and an inbetween pulse still another. 

In model a irplanes, dots and dashes can make one relay 
move a rudder.  Dots can cause the rudder to move to the left, 
dashes to the right and inbetween pulses keeps it at dead 
center. If you want further model  a irplane informa tion , refer 
to a book on the subject .  

Getting back to the remote control receiver , the 8-function 
receiver that matches with the transmitter discussed uses a 
transducer , identical  to that found in the receiver, as a 
receiving device . Of course , an RF type receiver uses a tuned 
an tenna circuit. 

The transducer vibrates sympathetically with the trans­
m itted sound waves . The B+ voltage applied to the trans­
ducer is approxima tely 150 volts DC. As the plates of the 
transducer vibrate, the capacity in the circuit is changed and 
the modulation is developed in the DC and transferred across 
a blocking capacitor into a broadband amplifier stage . The 
signal is amplified and then fed into three or four m ore such 
stages. 

The eight frequencies range from 35 kHz to 46 kHz . A 
tuned transformer at the end of the amplifier stages, which 
resonate around the 40-kHz center frequency, picks off the 
amplified sign al.  The transformer then injec ts the signal into 
eight identical relay driver transistors. The coupling between 
the transform er and each transistor, however , is a highly 
selective series resonant link coupling for each frequency.  
There is a series capacitor and tuned transformer for each of 
the eight frequencies . The frequencies range from 35.5 kHz to 
46 kHz a t  1 .5 kHz intervals.  

As each frequency is received, it  is  passed on to the ap­
propriate relay transistor and only to tha t  transistor. They are 
NPN transistors and are kept at a normal turned-off state.  A 
small positive voltage is taken from the power supply and 
applied to all of the emitters . The base is  grounded through the 
secondary of the coupling transformer and stays at zero volts . 
The sm all pos itive voltage,  therefore, gives the emitter-to­
ba se junction a reverse bias . Tha t  way,  the relays cannot be 
actuated by spurious pulses. 

When the transmitter sends out a signal, part of it is ap­
plied to the oscillator transistor base. The positive half cycle 
causes a slight positive voltage on the ba se, and emitter-to­
ba se current flows . T his turns on the tr ansistor and emitter-to­
collector current flows. The 30-mfd filter in the collector 
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circuit discharges . With the transistor conduc ting, the relay 
coil energizes and closes the relay . This turns on the desired 
motor .  

On the nega tive half cycle of the signal, the transistor 
turns off ; however, the 30-mfd filter charges toward the 
source voltage from the power supply and keeps the relay coil 
energized . The relay holds at the c losed position and the motor 
continues opera ting . The motor keeps w orking as long as the 
button is held down in the tra nsmitter.  

In the rec eiver, 1 17-volt house current can often be used 
for TV rem ote control, while the tra nsmitter must depend on 
ba tteries . In mobile type remotes , ba ttery operation has to be 
used for both transmitter and receiver . In some remote 
con trol systems the base sta tion tra nsmitter uses house 
current and the receivers are battery-opera ted . I t 's  all ac­
cording to the use. 

Whatever the use , however, the power supply is designed 
in a particular way, using a simple full-wave rectifier circuit 
with a s tep-up power transformer . The I 50-volt B + ,  as 
mentioned before, supplies only th e transducer , while a I 2-volt 
outlet is used for the transistors. The motors and relay coils 
also use the 117-volt input without any step-up or rectification . 

Moto rs 

It is useful to use phase-shift synchronous motors , which 
can run backward and forward equally well . The direction 
depends on the way the A C  voltage is applied to the motor 
windings ( Fig. 94) . 

A resistor and capa citor is always installed in series with 
one of the motor windings to participate in the phase shifting . 
The resistor also damps any sparking tha t  might tend to oc cur 
as the motor windings energize or de-energize quickly, 
causing a larger fa st-changing magnetic field that produces 
ins tantaneous high voltages . The speed of the motor is kept at 
a low 10 RPM by a gear train.  In color TV controls, a clutch 
arrangement is used so the rotor drops away when it is not 
being used.  Tha t  way ,  during manual operation there are no 
gears to turn in addition to the color controls.  The motors on 
va rious remote systems are large or sm all with all types of 
intrica te mechanical designs . 

Testing the Rem ote Control Rec e iver 

N o. 1 38 :  SIMPLE ALIG NM E N T ,  
R E M OTE RECEIVER 

The alignment of the typical remote receiver described 
previously is quite easy . Using a known good tr ansmitter or an 
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F ig .  94. A phase-sh i ft  s y nchronou s motor c i rc u i t  is  so 
des i g ned tha t the motor ca n be rota ted both wa ys. 

acc ura tely calibrated audio generator, each func tion in the 
receiver is turned on,  one after another . 

A VTVM is attached across the common emitter resistor 
(Fig.  95 ) in each stage. During ac tuation by the transm itted 
signal, each input coil is touched up for maximum voltage on 
the VTVM . The amount of voltage is small and the low scale 
must be used. A t  exa ct resonance, the emitter bias voltage will 
be the highest. 

No. 1 39 :  A MOTOR WON ' T  START 

When one motor won ' t  start, yet the rest of the functions are 
operating normally, the trouble is immediately isolated to the 
driver circuit that is supposed to actuate the motor or the 
motor it self. The master circuit tha t  amplifies all of the 
signals is clea red since the other circuits are still opera tive. 

A signal corresponding to the frequency of the dead circuit 
is applied to the base of the driver transistor. For example, it  
could be a 40-kHz tuned circuit. Ac cordingly , 40-kHz signal is 
applied to the base. 

One of tw o things will happen . E ither the relay and motor 
will be actuated , or not.  If the motor does start,  the trouble is 
isolated to the base input circuit, including the coupling 
capacitor and the tuned 40-kHz transformer .  These two 
com pon ents should be tes ted , as well as the connection and 
other components in the base circuit if there are any. 
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Should the relay not be a ctuated with the injection of the 
40-kHz base sig nal, either the tra nsistor or one of the output 
components is the indicated troublemaker-the transistor, the 
collector filter capacitor, the relay or the motor i tself. A one­
by-one test of each is  then in order. 

No. 140 : M O TOR STARTS BUT WON'T RUN 
UN LESS BUTTON I S  H E LD D OWN 

Some motors are des igned this way, but other motors are 
des igned to run and complete a function before turning off. 
For insta nce, a motor might perform a tuning function. When 
you press the transm itter button , the motor starts running and 
continues until a station is t uned in . Then , the signal from the 
sta tion cuts off the relay a nd the motor stops .  When such a 
motor just turns on, and as you let up on the button it stops ,  
there i s  a malfunction . There is usually a hold switch o n  the 
motor . Check the motor and its input components. 

AMP L I F I E R � �  
OUTPUT 

R E LAY 
DR I V E R  

-:;-

R E LAY 

o r '  
�-""""-€l '.j ' ..I  

L-. ______ ....J 

F i g .  95 . Th is  type of remote rel a y  d r i ver is  eas i l y  a l igned 
by connect ing a VTVM across the em itter res istor a n d  
t u n i ng f o r  a peak read i ng .  
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No. 141 : MO TOR RUNS P AST DE SIRE D STOPS 

Some motors are designed to keep running until a certain S1>ot 
is reached. For instance, a motor turning a V HF tuner is kept 
running until it  arrives at a specific spot such as the V HF 
posotion.  If the motor runs past the desired location, look for 
the wafer switch that controls that function and check i t  for 
opens or breaks. 

No. 142 : M O TOR STOPS PERMATURELY 

An example of  this is  a VHF tuner that,  instead of passing up 
unused channels, keeps stopping at every channel.  There is a 
hold switch on the motor and a wafer switch " that routes the 
control volta ges to - provide this service . They cause this 
problem when they are m isadjusted or defective .  

No. 143 : MOTOR WON 'T G O  BOTH WAYS 

Some functions of a remote receiver require tha t  a motor go 
both ways . There is usually a separate button for each 
direction . Let 's call the two functions up and down . 

If the motor won ' t  go both ways, but will go one way, then 
it is known that the motor is good, the motor's  reversing 
switch is good, as well as the circuit function .  For instance, if 
up is working and down isn 't ,  the up circuit is good .  

Run a jumper from the w orking circuit collec tor t o  the 
non-working collector.  Then press the button . If the circuit 
works then, the relay is good but the transistor or its com­
ponents are defective . Check them out.  If  i t  won 't  work , the 
relay is defective and ne eds repair or replacement. 

No. 144 : NE ITH E R  UP OR D OWN WORKS 

When both up and down are inoperative,  there is a choice. 
Either both circuits have become defective at the same time, 
which is highly unlikely, or a circuit common to both is 
defective. Assuming a known good transmit ter is being used, 
the wafer switch and connections become the only suspect. 

No. 145 : MOTOR WON 'T GO B OTH 
WAYS ( ALTERNATE ) 

If it is more convenient, this trouble can be isolated by in­
jec ting an appropriate signal into the base of the indicated 
circuit. If  the motor then goes in the direc tion it hadn ' t  been , 
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the base circuit is defective and the input capacitor and tuned 
transformer are the suspects. 

When the motor still won 't turn in the desired direction , 
the transistor , collector filter capacitor and relay have to be 
checked. 

No. 146 : STE PPER RE LAY WON't WORK 

Stepper relays are important remote control components. 
With it, a control can be moved slowly step by step until a 
desired correction is achieved. This can be used in a model 
airplane to make slow careful adjustments so accurate 
steering,  without oversteering, can be obtained. The common 
radio and television use is the gradual increase of volume. 

When the transmitter button is pressed, a relay is ac­
tuated , which turns on a motor and advances a ratchet one 
step .  In a model airplane, a relay is actuated , permitting a 
rubberband motor to turn a few times and then stop . 
Every time the button is pressed, the relay allows one step.  
The test is similar to the ones we have discussed. An ap­
propriate signal is applied to the base of the driver transistor.  

If  the relay actuates , the base circuit, the input capacitor 
and the tuned transformer are suspects. When the relay still 
doesn 't actuate , the transistor, collector filter capacitor and 
relay itself should be checked. 

No. 1 47 :  D EAD REMOTE RECEIVER 

Assuming a known good transmitter is being used and none of 
the relays are being actuated at all, the trouble is indicated to 
be in the input transducer of the receiver, the receiver am­
plifier stages or the receiver power supply . The transducer is 
best tested by substitution.  Once it is determined good, voltage 
readings should be taken in the power supply and amplifiers . 

The + 150-volt bias to the transducer should be checked ; 
also the + 15-volt power for the transistors. If one or both is 
missing , the power supply is the trouble. If they are both 
present, the power supply is deemed good and the amplifiers 
are next for investigation .  

Test all of  the amplifiers up to and including the amp 
lifier output transformer which is linked to all the individual 
tuned transformers. 
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Chapter 1 1  

Electronic Organs 

Electronic organs have become big business and are 
found frequently in a goodly percentage of homes. A sm all 
elec tronic organ can produce sounds that at one time could be 
ge nera ted only by conven tional organs many times the size 
and price.  Tubes were used initially in electronic organs,  but 
in recent years the transistor has taken over . Transistor ized 
circuits are tiny and take up a small percentage of spa ce. 

Different manufacturers use radically different  physical 
and electronic designs . It is not the purpose of this discussion 
to cover the field ,  but to explore a typical organ circuit and the 
means to test and align i t .  

Osc i l l a to r :  All organ circuits are based around a n  
oscilla tor . The oscillator reproduces electronically the sound 
of reeds or strings in non-electronic musical instruments . The 
electronic organ oscillator , in addition to its fundamental 
frequency,  also genera tes many harmonics . These harmonics 
are desirable in order for the organ to simula te mechanical 
musical instruments . 

Th e typi cal electronic organ uses one transistor in a 
blocking osc illator circuit configuration ( Fig . 96) . In the 
oscillator base circuit are twelve sets of series resistors. Each 
set of resistors is designed to make the osc illa tor run at a 
frequency corresponding to the twelve keys in an octave.  

Large keyboard organs have a separate oscillator for each 
oc tave, or use the sa me os cillator and simply have more series 
resistor sets for the additional keys. Each resistor set can 
have one fixed resistor and one potentiometer.  The pot is used 
for accurate tune-up. 

The playing keys are actually specially designed switches . 
As the key is depres sed , it closes the circuit on one of the series 
se t of resistor s. A spring on the key pushes it back open as the 
ha nd pressure on it is relieved . 

The oscillator tran sistor is biased off by returning the base 
through a master potentiometer to the chassis ground . As a 
key is pressed,  the set of series resis tors is shunted across the 
master pot and the resultant change in b ias turns on the 
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transistor. The oscillator starts and produces the called for 
tone . Releasing the key places the master pot back into the 
circuit, reverse bias is developed and the oscillator quits . 
When another key is depressed, the same sequence occurs , 
except that another oscillator frequency is generated and thus 
another note . 

A m plifier : After the note is generated, it must be am­
plified and fed to a speaker system . For plea san t music to be 

BLOC K I NG OSC I LLATOR 
r---...,..------__ ---. B-

MAST E R  
POT 

1----"", AMPL I F I ERS 

':" PLAY I NG K E YS 

B-

C C D  D E F F G G A  A B C 

F ig . . 96. A ty pica l organ c i rcu i t  is  a s i m p l e  b l ock i ng 
osci l la tor. The p la y i ng keys va ry the base b ias as they a re 
pressed . 
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F ig .  97. Atta ck controls a re a tta ched to the p la y i ng keys 
a nd control a s i m p le pushpu l l  a m p l if ier .  

heard , the notes should blend together instead of turning on 
and off quikcly , producing a staccato effect .  The blending of 
the notes is called the "attack" and an attack type amplifier 
must be used.  

The attack amplifier ( Fi g .  97) , also has to be turned on 
and off with each key.  The switch for the amplifier is

· 
attached 

in such a way that it does not shut off simultaneously w i th the 
oscillator switch but slightly afterwards. That way the attack 
effec t is helped a long . 

An attack am plifier looks quite l ike any audio amplifier . 
Typically, i t  can be a push-pull type. The input from the 
oscillator is fed to a driver tra nsistor.  The output of the driver 
is sent to the primary of a push-pull type transformer. Both 
ends of the transform er are a ttached directly to the bases of 
the twin transistors . The center tap of the transformer passes 
through an RC network to the a ttack control switches . There is 
one switch for each note , which is closed when the musician 
depresses a key . The key closes the oscillator and amplifier 
together. The time constant of the RC network determines the 
amount of attack . 

The push-pull transistors are bia sed off until the attack 
switch is closed. Then th ey turn on and stay on until the switch 
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is reopened and the RC network perm its the bias to gradually 
become reversed and turn off the tra nsistors . 

The speaker system is carefully desig ned for the organ . 
When you replace a speaker, it 's  best to use an identical unit .  
Many of  the speakers are inexpensive and the tendency during 
replacement is to use a better, more expensive speaker . 
Should you do tha t  and the better speaker sounds bad, it's 
because the less expensive speaker was designed for that 
organ . You have upset the delicate tonal qualities with the 
better spea ker . Before doing anyth ing else , try the correct 
speaker. It proba bly w ill  prove better . 

N o. 1 48 :  ORGAN TUNE UP 

As an organ ages, the electronic components age, and instead 
of a pure note emanating from the speaker, the note is out of 
tune . Each note can be t�ned by a variable resisto r .  Changing 
the setting of the resistor changes the oscillator frequency 
slightly and sets the note tha t  is heard ( Fig. 96) , The 
manufacturer's service notes will pinpoint the loc ation of each 
va ria ble resistor. They can be set by an experienced musician 
for exact tone. Some of the service notes provide procedures 
for the average organ owner to tune his own organ . 

No. 149 :  W H E N  ONE NOTE DOESN'T W O RK 

If you are playing the organ and discover that one of the notes 
is inoperative, loc ate th e oscillator circuit.  In the oscillator 
there are as previously described a separa te series 2-resistor 
setup for each note . One resistor is fixed and the other is 
va ria ble . Also in that spec ific c ircuit leg is the switch attached 
to the playing key .  They are the three suspects tha t  can cause 
the loss of the one note . Test them one at a time .  Repla ce the 
bad component with an exact replacement.  Then retune the 
note for the correct tone.  

N o. 1 50 :  TESTI NG A C IRCUIT 
W ITH OUT SERV ICE N OTE S 

Electronic organs, like any other electronic gear, are easier to 
troubleshoot if you have the manufacturer's service manual.  
However , unlike most consumer type gear,  organs can also be 
ea sily tested without th e service notes . That's because the 
circuitry in an organ is repeated over and over and over again . 

When a particular circuit seems to not be working 
properly, while oth�r circuits just like it are, try this : Make a 
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F ig .  98. A scope ca n be u sed to trace throu g h  the orga n 
c ircu i try, s i nce i t  on l y  has to fol low the osci l lator s i g na l .  

sketch of the circ uit , then with the aid of a n  identical circuit  
that is  operating, take voltage readings at tes t points like 
tra nsistor junctions. Then , compare the voltages you ' ve ob­
tained at the known good test points , with wha t  is present at 
the defective circuit test points . By compa ring the two sets of 
readings , you can quickly obtain voltage clues. 

N o .  1 5 1 :  SIG NAL TRA C I N G  ORGAN CIRCUITS 

When a com plete keyboard quits, the osc illoscope is very 
useful .  All the signals generated and passed through the 
circuits are in the audio ra nge . Using a scope w ith internal 
ho rizontal sweep, the vertical input will display what's going 
on inside the circuit.  

The first test point to check is the output of the oscillator 
( F ig . 98 ) .  One of two displays will be seen . One is the audio 
sign al developed by the osc illa tor . If it is present  at the 
oscillator output the osc illator is cleared as the troublemaker . 
The am plifier is indica ted next.  Should there be no oscillator 
output, the oscilla tor is defective, and you can find the reason 
by checking back into the circui t .  

A typical oscillator output uses a n  emitter-follower circuit  
to deliver the signal to the amplifier. At the emitter output tes t 
point, the fundam ental frequency can be picked off.  When the 
funda mental is not present, the next test point is the collector 
of th e prec eding transistor a mplifier. If the signal is displayed 
at th at point, the emitter-follower circuit is suspec t.  Should the 
frequency still not appear, the base of the amplifier is the next 
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logical test point. The same rules apply . No display clears the 
am plifier . A good display at the base indicates a defective 
am plifier circ uit. 

No. 1 5 2 : T ESTING THE OSCILLATO R  FREQUENCY 

When there is still no displa y ,  it could mean trouble in the 
oscillator frequency divider wh ich contains a number of 
resistors , capacitors and a sw itch.  The scope probe is touched 
on the collector of the oscillator . I f  a signal is present, the 
oscilla tor is running. 

The osc illa tor frequency itself can be confusing .  Some 
org ans use an osc illa tor that runs at the fundamental 
frequency which involves a low bass note at a bout 250 Hz . 
When the scope is attached to the collector and the lowest key 
is held down , a 250-Hz signal would be displayed. 'However , in 
other organs the oscillator runs at multiples of the fun­
da mental frequency ; for instanc e,  six times the fundamental,  
which in this case would be 1500 Hz.  On these organs the scope 
should display the 1500-Hz frequency when the lowest note key 
is held dow n .  If no display is produced during the time a key is 
held down, the oscillator is not running and the osc illator 
circuit should be examined by voltage and reisistance tests . 

No. 153 : T ESTING D IV I D E R  CIRCUI TS 

For these tests you should have the schema tic of the organ.  As 
mentioned previously , some organs use an oscillator running 
at multiples of the fundamental frequency ; for instance,  6f or 
six times the fundamental . When there is a 6f oscillator, in 
order to end up with the funda mental frequency f, there must 
be divider circuits in the organ.  

The reason for the multiplier oscillator and then the 
divider circuits is so the organ can generate strong second and 
third ha rmonics, which when m ixed with the fundamental 
produces realistic musical instrument imitations .  All types of 
circuits are found in actual use . The schematic of the in­
dividual organ provides the actual functions . 

The scope tells all. Set the horizontal internal sweep for 
the fundamental as produced in th e emitter follower . Then 
touch down on the divider circuits ; the binary divider divides 
the osc illator frequency by two. I f  the oscillator is 6f, the 
output of the binary divider should display 3f. The scope 
display should show three sets of fundamentals as the internal 
sweep runs at the fundamental.  A ternary divider circuit  
divides the oscillator by three . This ma kes the 6f into 2f. 
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F ig .  99 . F req uency d i v ider c i rcu i ts a re used to produce 
the va r ious ha r monic tones needed for music .  

Therefore, the output of  any ternary divider should display 
two sets of fundamentals on the scope . 

No. 154 : B LOCK DIAGRAM SIGNA L  TRA C I NG 

Working your way through fundamental,  binary, ternary 
divider and multiplier circuits can be a confusing experience. 
But most of the confusion can be eliminated if,  once you 
discover it is necessary to ascertain the actual output 
frequency numbers, multiples and divisions, you quikcly draw 
a block diagram similar to that in Fig . 99 . For instance,  
suppose you see from the schematic tha t there are three 
outputs from an initial 6f oscillator. The three outputs are f, 2f 
and 3f. 

Then you see that the f is finally produced by first dividing 
the 6f by three in a ternary divider, which produces 2f. Then 
the 2f is made into f by passing the 2f through a binary divider. 
Meanwhile , the 2f from the ternary is utilized as another direct 
output. Then ,  finally , you analyze that the 3f is obtained in­
dividually by-passing the 6f through another binary divider . 
Even though the mathematics is elementary, confusion can 
result from the maze.  A block diagram reduces the confusion 
and guides you to the correct analysis . 

No. 155 : SIGNAL I N JE CTION TE STS 

While scope signal tracing is an adequate technique, an 
alternate procedure, equally as good for localizing trouble , is 
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signal injec tion . With a n  audio genera tor tuned to a note about 
or under 1 kHz , injections can be made . 

The best place to start is the center point between the 
am plifier and the osc illator circuit output. The speaker w ill 
provide the output .  if the injection produces a good tone, the 
am plifier and speaker outputs are good and the oscillator area 
is suspec t .  When the injection produces no tone, the oscillator, 
by elimination , is cleared and the amplifier and speaker 
circuits a re suspect .  

The indicated trouble area can be further narrowed down 
by starting at the center . A test signal should be injected at the 
appropriate test points one at a time such as the base and 
collector or control grid and plate. When injecting a signal 
through the amplifier, as soon as a note is heard , the defec tive 
circuit has just been passed over . 

No. 156 : F IN DI N G  SOURCE OF OSCILLATION 

The binary and ternary divider circuits are usually designed 
in such a way that they resem ble a multivibrator circ uit (Fig .  
100 ) . The main difference between them and such an oscillator 
is the bias on the tran sistors . On occasion, the bias will be 

B-

B I NA R Y  D I V I D E R  

I N PU T  __ �H O U T P U T  

F ig .  1 00 .  A b i na ry freq uency d i v ider cha nges the 
osci l la tor outp u t  to one ha l f  of i ts opera t ing f requency.  
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lowered and the stages, when energized, go into oscillation.  
When the organ starts making noises,  suspect these stages 
im mediately and test the bias. Chances are good you'll find the 
bias has decreased and is sending the stage into oscillation . 

No. 157 : INCORR ECT M U SICAL NOTES-NOT 
EN OUG H BIAS ON D IVIDER CIR CUI TS 

This is a companion to the above trouble. Too little bias, in- . 
stead of caus ing the stage to oscillate , causes the stage to not 
do any dividing.  Instead of  amplifying the 6f output from the 
oscillator,  the divider sta ge is triggered into oscillation and it 
produc es an output frequency of 6f. Then when it  m ixes with 
the other two outputs, the resultant frequency is all wrong . 

No. 1 58 :  INCORRECT M USICA L NOTES-TOO 
MUCH B I AS ON D IV I D E R  CIRCUITS 

Following along the same line of reasoning , too much bias on 
the ternary divider turns off the stage . Since this stage in th is 
circuit configuration produces the fundamental as well as 2f, 
they both will be missing. O nly 3f is produced w ith the 
resulta nt incorrect sounding music . Incorrect bias on the 
sta ges, when suspected by the symptom s, is easily localized 
by signal injection or signal tracing and then pinpointed by 
voltage and resistance tests. 

Organs are quite simple m echanisms in comparison to 
home electronic eq uipment such as color TV. If you are an 
organ owner, then in addition to the electronic understanding , 
even more symptoms will be obvious to you , during tes ting,  
fro m the sound of your instrum ent . With long use of an organ , 
you can almost tell what has gone wrong from the sound of it. 
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Chapter 12 

Electronic Vocal Chords 

A wonderful device that is finding increasing use is an elec­
tro nic vocal chord dev ice for individuals who have either lost 
vocal chords through surgery or had them paralyzed by a 
stroke or other type of medical problem.  Amazingly , a person 
so stricken adapts quickly to the electronic voice and the in­
struments are finding wide use . Not wide enough for electronic 
repair sta tions to really concentra te on them, but wide enough 
to present a trying experience for a person who is dependent 
on one and has it go out on him . Fortunately, the circuits are 
simple and a disc ussion of the testing techniques should help 
loca te a defec t .  

No. 1 59 :  POWER SUP PLY T EST-DC 

Failure in an electronic vocal chord unit is most often due to 
power supply problem s .  In a Bell La boratories circuit ( Fig. 
IOU , there is a single-ended output transistor that is attached 
directly to a transducer .  A 10-volt ba ttery puts a negative 
voltage on the collector through the transducer . The transistor 
(a PNP ) drives the transducer and battery drain is high. 

When the user is in a fixed location such as behind a desk 
at work , or in bed as a patient , th e ba ttery can be dispensed 
with and a small converter can be used.  The converter 
cha nges the 117-volt wall outlet current into the plus and minus 
10 volts DC needed to power the unit.  

The battery voltage can be tested by placing a 100-ohm 
resistor across the ba ttery before reading it .  Even with the 
large load ,  a good battery will ma intain a near lO-volt output. 
If the battery voltage drops with the loa d,  the battery should 
be disca rded. In fact,  if  in doubt discard the old ba ttery . 

How the EVC Works 

The B ell Lab circuit uses a finger-operated combination 
sw itch-variable resistor unit. The user presses the switch on,  

1 87 



OFF 
ON 

2700 

P I TCH 
CONTROL 
250K 

1500 
N P N  

2 N169A 

R E LAXAT ION 
OSC I LLA

r
T

�
O R

=:---
__ � TRANS 

DUC E R  
0.35 680 l N�37A 

200 2 N l 88A 
�� ""---i PNP 470 470 

11111--� ____ -4--_-O---'I.. 
10v 2N174 

OUTPUT 
PNP 
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th is  Bel l La b osc i l la tor c i rc u i t  a nd tra nsducer.  

and with variable pressure from his  finger can con trol the 
pitch of his voice to sound as natural as possible. 

The idea of the unit to supply to the throa t a sound that 
em anates from the transducer ( like th e one on the inside of the 
telephone ea rpiece ) to the throat cav ity , tongue, mouth ,  teeth 
and lips. Only the sound is gone from the stricken individual .  
He can still form all the words in his vocabulary with the other 
pa rts of the anatom y .  

The transducer i s  held aga inst the throat . The on-off 
switch is pressed and a negative voltage is applied to one 
transistor, a PNP, while a positive voltage is applied to an 
NPN . The two transistors form a relaxation oscillator. The 
frequency of the oscilla tor can be va ried with a resistor be­
tween the two bases . This is the p itch control in tandem with 
the off-on switch . 

The output is a negative-going pulse. The frequency can be 
cha nged from about 100 to 200 Hz for men and 200 to 400 Hz for 
women .  The oscillator output is fed to the audio output stage 
and then to the transducer. The tr ansduce� has a steady 10-
volt DC supply across it. The oscillations modulate the DC.  

The tra nsducer plates move in accorda nce to the elec­
tro nic audio, and the audio frequency is tra nsferred into the 
th roat cavity . The user then mouths the words and the sound 
emanates from him . 
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No.  160 : SIGNA L INJE CTING A D EA D  EVC 

When the EVe goes dead and the power supply is j udged 
sa tisfactory, a quick way to isolate the trouble is with an audio 
generator. Take a low -audio pulse < under 1000 Hz ) and inject it 
at the ba se of the audio output transistor , w ith the off-on 
switch o n .  If the note can be heard from the transducer,  the 
audio output stage is good and the rela xation oscilla tor circuit 
is defective. Should, the notes not be heard, the transducer or 
ou tput transistor is defective.  

No.  1 6 1 : SPURIOUS PULSE E L IM INATION 

The oscillator pro duces a pulse in the low audio range. The 
pulse leaves the oscilla tor at the junc tion of the NPN collector 
and . the catho<;le of the diode. The diode is held at a high 
reverse bias between pulses and thus isola tes the output stage 
fro m the oscilla tor between pulses.  The isola tion enhances 
sta biliza tion and no spurious oscillations are produced from 
pos sible feedback from the outpu t to the oscillator. 

Should unwanted noises , buzzing or squealing s tart in a 
user's voic e,  it could be caused by breakdown of th is diode. 
Mea sure the diode's resistance in both directions. I f  the 
resistance is lowered for reverse bias , the diode could be at 
fault . Another reason for th is trouble could be lowered reverse 
bias in the emitter-base or collector-b ase junctions of the 
ou tput tra nsistor. Analyze the tra nsisto r, too. 

N o. 1 62 :  SIGNAL TRACING TH E D EAD EVC 

The oscillator pulse in an E Ve can be observed throughout the 
unit .  With a scope or the peak-to-peak scale of the VTVM , the 
voltage present at the test points at collecto.s , emitters and 
bases can be analyzed .  In the collector of the output , a pulse 
should be observed w i th a high peak-to-peak voltage,  enough 
to drive the transducer , and a frequency for the man or 
woman patient as described before.  

At  the collector of  the NPN oscillator transistor, the same 
pulse should be present, negative-going , but lower in voltage 
than the output, since it hasn't  been amplified. A missing 
pulse, with the off-on switch on, at either test point indica tes 
trou ble in the transistor circuit under test. 
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No. 1 63 :  P I TCH CO NTROL TEST 

The pitch control is a variable resistor placed between the two 
oscillator bases . The NPN transistor is attached to the battery 
bias through a 1 500-ohm fixed resistor . The PNP transistor is 
attached to battery bias through the variable resistor . As the 
pitch control is varied, it changes the amount of bias on the 
PNP . This,  in turn, varies the P NP collec tor current which 
changes the bias on the NP N .  Therefore, the oscillator 
frequency changes as the pitch con trol is varied .  

Attach a scope probe to the cathode o f  the diode and ob­
serve the frequency of the scope display. A good working p itch 
control will vary the frequency about a 1 00 or so Hertz in either 
direction . 

No. 1 64 :  PU LSE W ID TH TEST 

The feedback in the oscillator determ ines the width of the 
oscillator pulse. The pulse width can be varied by adj ustment 
of the blocking capacitor and series resistor from the collector 
of the N PN to the base of the PNP . A compromise has to be 
formed to produce a pulse as high as possible for strong audio 
output with a narrow pulse so the transistors will actually 
dr aw current during as sm all an interval as possible . 

The pulse can be observed on the scope . Pulse width can 
be adjusted with va rious va lues of the series capacitor and 
resistor. Due to the low frequencies used, high sound levels are 
needed from the transducer. 

No. 165 : P E R M ISSIBLE CURRE NT D RA IN TEST 

Since such large power needs are required, the current drain 
in a battery portable unit must be tested to be sure a powerful 
enough ba ttery is being used .  A ttach an ammeter in series 
with the off-on switch using a fresh ba ttery. Then turn on the 
un it and take a reading . 

Suppose you find the E Ve is drawing 35 m illiamps. A good 
rule of thumb is not to use a battery w ith a maximum rating 
under ten times the current dra in. That means the ba ttery 
should have no less than a 350 rna per hour rating.  This should 
give at lea st 10 hours and possibly as much as 15 hours of 
continuous opera tion . Tha t  means weeks and weeks of actual 
conversation.  If the user is judicious in the use and keeps one 
finger on the button,  letting the unit turn off between speaking 
segments , while he is listening, the battery will last a long 
time. 
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Since the unit is transistorized and a negligible amount of 
heat is generated, the reaction of the unit is instantaneous. The 
fact that the unit provides a man's voice tones, a frequency 
between 100-200 Hz,  or a woman's voice tones, 200 to 400-Hz , 
has no bearing on current drain . It draws exactly the same 
amount of current in either case .  
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Chapter 13 

Intercom Systems 

A typical home in tercom system is a relatively s imple elec­
tronic gadget in comparison to other items like radio and TV . 
Any radios that are included in such systems are additional to 
th e actual intercom , which is an ordinary audio amplifier. 

The intercom itself only need pass the same range of 
frequencies as a telephone, about 250 to 2500 Hz . As a result, 
speakers and tra nsformers are small and inexpensive. 
Reliability and quality are eas ily obtained. 

In trans istorized units , the amplifiers are usually 
operated in Class B ,  which means very little current is drawn 
from the power supply ex cept when speech is being amplified. 
Such intercoms can be left on continuously w ith little cost per 
month . 

There are still many vacuum tube intercoms around, but 
no new intercoms are being built with tubes . Vacuum tube 
systems should be shut off at the end of the day , due to heater 
opera ting cost and the lowered component life due to heat .  

An intercom is a simple audio amplifier and an elaborate 
switching arrangem ent . The same a mplifier is used to power 
the base unit and one or more remotes .  Switching gets more 
and more elaborate as remotes are added and becomes ex­
traordina rily complex as other functions are added, such . as 
radios and paging systems .  

The sim ple intercom with one remote i s  an audio am­
plifier , sw itches and two speakers ( F ig .  102 ) .  The base station 
contains the amplifier and one speaker and the remote is 
simply a speaker. There are sw itches in both the base station 
and rem ote . The speakers are used as both m icrophone and 
speaker. When talking , the base speaker is switched into the 
input of the am plifier. When listening, the speaker is switched 
into the output of the am plifier . 

While the base station speaker is being used as a 
microphone, the remote speaker is switched into the output . 
Then when the main speaker is being used as a speaker , the 
remote is switched into the input and is used as a m icrophone. 
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No. 1 66 :  ACO USTIC F E E DBACK TEST 

Most people interested in electronics are fa miliar with 
acoustic feedback . If you are talking on a microphone to an 
audience in front of you , some of the audio can bounce off the 
walls re-enter the mike , producing a howl. In intercom 
systems,  a deceptive type of feedback is common. 

If  every time you talk into the intercom a how l  is heard ,  yet 
the remote is in another room , where is the feedback coming 
fro m ?  Usually, th rough the walls ( Fig . 103 ) . If you have a 
com mon wall between the base sta tion and the remote , your 
vo ice will come out of th e remote and be transmitted through 
the solid wall,  back into the base station microphone. The 
annoy ing howl will result. Yet you do not hear the feedback at 
all . 

To test whether the howl is really feedback, attach extra 
wire to the remote and take it into another room . I f  the howl 
disappears , then it was acoustic feedback . Try repositioning 
the remote at different sites in the room you want it in. Also try 
lower audio volume levels . 

No. 1 67 :  SIGNAL I NJ E CTIO N TESTS-SPEAKERS 

The typical transistor intercom am plifier produces under a 
wa tt of power and can be a s imple 4-transistor circuit ( Fig. 
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104) where an audio amplifier supplies, by capac itance 
coupling , a driver stage. The driver then powers a pair of 
output transistors in push-pull . 

When a transistor amplifier goes dead and the power 
supply is opera ting , the actual transistor circuit that is 
ca using the problem is ea sily pinpoin ted . A I -kHz note from an 
audio generator is injec ted into various test points and the 
results observed. 

. 

When the note is injected into the collec tor of either output 
tra nsistor and the I-kHz tone is heard in one of the speakers 
( the station or the remote ) ,  it means the speaker is good. Both 
speakers are cleared by switching them into the output one at 
a tim e .  

Should one o f  the speakers not respond to the note as i t  is 
switched into the output, it is indicated as defective . If both 
speakers do not respond, then the audio output transformer is 
the suspected troublemaker. The note will be at a low volume 
since there is no am plification at th is point. 

No. 1 68 :  SIGNAL I N J ECT ION T ESTS-AMPLIFIER 

The amplifier can be quickly examined with the same I-kHz 
note . Inject it at the various test points such as the collector 
and base of the driver and audio am plifier . If you injec t the 
note at the collector of the driver and the note is heard, the 
pushpull stage is good and the trouble is in the driver or am­
plifier . No note means the pushpull stage contains the trouble . 
Th e note will be heard louder from this tes t point , since the 
push-pull stage is able to amplify it .  

If you inject th e note a t  the collector of the audio amplifier 
an d it is heard from the speaker, the driver stage is cleared 
and the am plifier is indicated. No note here means a bad 
driver stage . Should you get all the way back to the ba se of the 
audio amplifier and still hear a clear note , the transistors are 
all good and the problem is in the input device. No note at the 
ba se test point  means a defective audio amplifier s tage. 

No. 1 69 :  SIGNAL TRACI NG TE STS 

Sig nal tracing is not as useful a test in intercoms as signal 
injection.  That's because there is no audio pa ssing through the 
stages during normal operation. You can signal trace,  
however, if  you desire . You can use an audio generator as an 
audio source and trace the signal with an oscilloscope. The 
addition of the extra piece of equipment compared to the 
signal injection technique is time consuming.  If there is a 
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radio in the intercom , you can use it as a source of audio. Also, 
you could speak into the system and hold the talk switch down. 
Then trace through with the scope . 

Should you decide to signal trace, the same tes t poin ts are 
useful ; namely , the tra nsistor bases and collectors . Simply 
touch the scope to each point and look for an audio display on 
the scope. As soon as the display is lost, you have passed over 
the defec tive circuit. 

No. 1 70 :  OUTPUT OSCI LLAT ION T EST-TU BE 

In the vacuum tube intercom amplifier, a very common 
problem is oscillation in the output stage . A loud high-pitched 
wh ine starts from the unit and continues, becoming a severe 
annoyanc e .  The oscilla tion is due to capacitance feedback 
from the plate to the control grid of the output tube and 
capacitance feedback of the long lines between station s .  A 
series control grid resistor, typically between 10  and 20K , is 
placed in the circuit to da mpen the oscillation.  Even with the 
resis tor, as the output tube ages the feedback increases and 
the whining occurs . 

You can test for the amount of resistance you need in 
series to suc cessfully dampen the osc illation . Unhook one side 
of the resistor ,  take a 50K potentiom eter and subs titute it for 
the re sistor, using the center tap and one end of the poten­
tiom eter ( F ig. 105 ) .  

With the pot installed and the amplifier on , vary the 
resistance . As the potentiometer forms a resistance near zero , 
the oscillations will begin .  Then you rotate the pot the other 
way, as more resistance is inserted into the control grid,  the 
oscilla tions w ill stop as a result of the resista nce dampening . 
However , the more resistance you install in series, the lower 
the amplifier output will be, because the higher resistance 
at tenuates the signal.  

Find a setting on the pot where the oscillations are 
eliminated and there is still a sa tisfac tory sound level coming 
from the amplifier. You can either lea ve the pot in the circuit, 
or install a fixed resistor of a value corresponding to the 
setting of the potentiom eter. 

No. 1 7 1 : C AB LE POWER LOSS TE ST-PE RCE NTAGE 

In most inexpensive in tercom systems, the output trans­
form er has an impedance of 4 ohms and matches a speaker of 
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50K TEST POT 

AU DIO AMP >-----J 

D I ST R I B U T E D  
CAPAC I TA N C E  

,- - - -If - - -
I 

TO OUTPUT 
TRA NSFOR M E R  

A U D IO OUTPUT 

F ig .  1 05.  A tu be in an i ntercom ca n osci l late. A 50 K  test pot 
w i l l  d a m pen the osci l lat ions.  

4 oh m s .  In a radio the am ount of wire between the output 
transformer and the spea ker is less than an inch and is , 
therefore, never considered in desig n .  In an intercom system 
the amount of wire between the transform er and spea ker may 
be any length . A separation of one hundred feet means in ef­
fec t th at 200 feet of wire is strung between the transformer and 
speaker, since the wire has two conductors ,  one each way.  

Num ber 22 wire, th e typical type used,  has a resistance of 
16 ohms per thousand feet.  Two hundred feet of wire would 
ha ve over 3 ohm s  res istance. This amount of resistance in 
se ries with the 4-ohm transformer and the 4-ohm speaker 
(m ore accurately abou t 3.5 ohm s )  can cause between a 40 and 
50 percent loss of th e audio .  Th is can be a serious loss in an 
intercom and has to be consid ered during the design.  

On the other hand, a speaker that has an impedance of 32 
oh ms and an im pedance transformer of 32 oh ms will be af­
fec ted much less .  The 3 -ohm resistance ,of the wire is a lesser 
pe rcentage of the 32-ohm un its and dissipates ju�t under 10 
percent of the audio. 

. 

When designing an intercom set up , consider the amount 
of resistance in the wire. Its percentage in com parison to the 
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total im pedance of the speaker and transform er gives you the 
approximate loss . For instance : 

4 oh ms of wire 4 
-- =  50 % 

4 ohms, spkr + 4 ohm s ,  Xfmr 8 

or 

4 oh ms of wire 4 
-- - 5 r:1 

10 
32 ohms, spkr + 32 ohm s ,  Xfmr 64 

No. 1 72 :  CABLE POWER LOSS TEST 

If  you have a long run of w ire betw een stations, before ac tually 
going through the labor of installing the wire, hook up the units 
femporarily , runn ing the wire loose between the units. I f  the 
nu mber 22 wire is too high in resistance, the volume will not be 
high enough to be heard satisfactorily. I nstall larger diameter 
wire. For instance,  try num ber 18 gauge. Keep lowering the 
ga uge until the audio is loud enough . 

No . I n :  SPEAKER IMPE DANCE CONSID E RATIONS 

In simple intercom system s that employ a master and one 
remote, common 4-ohm spea kers are usually used. Quite often 
it becomes desirable to add more remotes . The amplifier can 
ea sily service the additional units, yet the installer encounters 
a dra stic reduc tion in volume. 

The firs t thou ght is that the amplifier can ' t  handle the 
load.  This is usua lly not true . What has probably happened is 
that the additional remotes also have 4-ohm spea ker and all 
those 4-ohm units in parallel , plus the additional wiring , 
causes heavy volume losses. 

When such a pro blem arises , the answer is simple. 
Remove the 4-ohm speakers and install 32-ohm or 45-ohm 
speakers . At least use 16-ohm or even 8-ohm types. The ad­
ditional im peda nce improves the ratio of speaker impedance 
to the connection cable loss and also ra ises the com bined 
pa rallel impeda nce of all the speakers to a more normal 
match with the output transform er. 
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It works out in actual practice th at when the speaker 
impedances are more than the output transformer im­
pedances, the transfer of energy is more efficient than if the 
speaker impedances are less than the output transformer . 
Th is is because, as the m isma tch gets dow n  below 4 ohms,  the 
percentage of m ism atch is much higher, than when the 
mism atch is about 4 ohms. 
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Chapter 14 

Garage Door Openers 
No . 1 74 :  H OUSE C UR R E NT CHECKOUT 

There are lots of garage door opener system s .  The typical one,  
however, is  broken down into five sec tions ( Fig.  106) . One is 
the power supply which is the house current , 1 17 volts AC.  This 
ra th er obvious sec tion of the system is mentioned first 
beca use it is the first source of trouble in a large percentage of 
cases . If a short circuit develops in the wiring of the motor ,  or 
the door should jam along the tracks,  too much current can be 
drawn from the fuse or circ uitbreaker and the system cuts off. 

On a rare occ asion the fuse, circuit breaker or actual house 
current input circuit could be defective, but usually when the 
fuse goes, an overload is occurring in the door opener circuits . 
Tes t the door opener carefully ; it is causing an overloa d. 

The o ther four sec tions of the sy stem are the receiver, the 
motor and machinery , the transmitter, and the pushbutton 
circuit mounted in the garage. The transmitter cannot 
possibly blow a house fuse since it is not connected by wire to 
the system . 

The trouble is usually in the motor and mechanical sec­
tion . After changing the fuse , try the motor with the manual 
pushbutton in th e garage.  If the motor starts jamming , shut 
off the fuse or circuitbreaker imm ediately.  The trouble is in 
the motor and machinery.  

No. 1 75 :  MOTOR A N D  M E CHANICAL CHECK OUT 

A mechan ical checkout is recomm ended first .  However , it  
must be done to dec ide whether the trouble is mechanical or 
electric . Disconnect th e mechanism from the door and work 
the door the old fashioned way-by hand ! You 'll feel if the door 
is running on its tracks smoothly or not. I f  it is, reconnect the 
mechanism . The trouble is not in the door . 

Should the door run rough, stick or jam ,  find out why . 
Perhaps the runners need lubrication or some foreign object is 
jamm ing it .  At any rate, figure out the mechanical diffic ulty . 
Watch any gears , pulleys and other parts . 
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0 ANTENNA 

�RANSMITTE R r 
ANTENNA 

1 1 7v (2) r 
AC (2) CD � MOTOR RAD IO 

& R E C E I V E R  MAC H I N E RY 

CD PUSH 
BUTTON 

F ig .  1 06.  The f ive sect ions of a ga rage door opener a re the 
tra ns m itter, rece iver,  motor, wa l l  bu tton a nd power 
s u p p l y .  

No. 1 76 :  M OTOR SHORT TE ST 

The m a in part of the opener is the m otor. Its operation is  the 
final result of all the electronic activity. The motor is quite 
tiny, rarely m ore than a quarter horsepower and usually less . 
The motor is activa ted by a ca pacitor .  A capacitor-start motor 
com es up to full speed almost at once and can reverse itself 
ea sily upon electronic directio ns. 

Capacitor-start m otors have two windings. One is in the 
circuit all the time and is called the "running winding . "  The 
other, which is in series with the start capac itor and the 
switch , is called the "sta rting winding . "  As the double-pole 
double-throw switch is reversed, the starting winding is 
re versed . This DPDT reversing switch is mounted on the 
mechanism so that when the door reaches the end of the track,  
either open or shut ,  the sw itch is thrown and is ready for the 
ne xt movement of the door in the oppos ite direction.  

A centrifugal switch is also in series with the DPD T and 
ca pacitor . I t  closes the circuit each tim e  to start a cycle, either 
open or shut.  The D PDT sim ply stops the cycle and rea dies 
itself for the next cycle . 
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When the motor circuit is indicated as shorted because of 
fuse or circuitbreaker fa ilure, the sim ple circuit can be tested 
for a short circ uit with an ohmmeter ( F ig. 107 ) .  The capacitor 
could short , the run w inding could short and the start winding 
could short. A simple ohmm eter test will reveal it. 

No . 1 7 7 : M O TOR OPE N-CIRCUIT TEST 

The motor circuit, due to the large current drawn through it 
du ring quick st arts , could burn open . The starting capacitor 
could open up. The best test is to try a new one . The DPDT 
switch could open up, too . If tha t  ha ppened, the centrifugal 
switch would not be able to start the motor . The centrifugal 
sw itch could also open . The motor itself sometimes burns up 
and stops functioning . Here , again, th e best test is a new 
motor . 

No. 1 78 :  MOTOR RUNS I N  ONE D IRECTION 

If the door will open and not shut , or shut and not open, the 
prime suspect is the DPDT reversing switch . One side of it has 
probably opened. 

DPDT 
R E V E R S I NG 
SW ITCH 

1 1 7 v  
AC 
I N PUT 

R U N N I NG 
W I ND I NG 8 

�ENTR I F UGAL 
SW ITCH 

START ING 
W I N D I NG 

NON· POLAR I Z ED  
START I NG CAPAC I TOR 

F i g .  1 07 .  A ca pa ci tor-sta rt motor u ses a nonpola r ized 
f i l ter a nd centr ifuga l swi tch in the s ta rt w i nd i ng .  
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No. 17 !. :  E L IMI NA TION OF GOOD REMA INING U N I TS 

Once it is decided tha t  the trouble is not in the power supply or 
the motor-mechanism area, three sections are left : the push­
button circ uit on the garage wa ll,  the receiver and the trans­
mitter. Push the button on the wall . Does the door open and 
sh ut normally ? If it does , the trouble is in the receiver or 
transm itter . Should the door not open or shut normally, then 
the pushbutton circuit is indicated. It is a simple w iring job 
that connects to the motor and gear box. Check it.  

No. I SO :  R EC EI V ER OR TR ANSMITTER? 

If  you have a spare known good transmitter handy , this is the 
best test .  Try to get the garage door to go up and down with the 
spare. If it will , the old transmitter is definitely defective. If it 
won't ,  the receiver needs further testing .  

U'nfortunately , a spare transm itter i s  n o t  always 
av ailable. Also, the amount of power that comes out of the 
transm itter is very tiny. Y ou'll have to rig up a form of field 
strength meter. This is done with some wire and a tiny neon 
bulb. Wind a coil on a pencil tha t  will respond to the ap­
proximate frequency of the transm itter . Attach the neon 
tester to the coil .  

Then , place the little field strength indicator against the 
transmitter antenna.  Try the transm itter (Fig.  1 08 ) .  If the 
neon lights up, RF is coming out of the transmitter and it is 
probably good ; the receiver must have problems. I say,  
pro bably, because some door openers have a modulated RF 
transmission . The RF could be good and the modulation 
missing or incorrect. This would be a rare occurrence, 
however. 

No. 18 1 :  TRAN S M ITTER TEST 

For the particular transm itter you are testing ,  you 'll need the 
schem atic and service notes from the manufac turer. These 
transm itters are quite sim ilar to a rem ote control model radio 
transmitter , except for one thing . The FCC has a garage door 
opener regulation which states that these transmitters can 
send out only a short timed burst of RF energy and then must 
shut off, even if the transm itter button is held down . This is to 
prevent any of these transmitters from sending out RF that 
could possibly interfere with aircraft radio communications . 
Door opener transmitters cannot be left on . The pulse can last 
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for only one second out of every 30-second period. When the 
transm itter button is pushed, there is a one-second RF 
modulated pulse that quickly shuts itself off, even if the button 
is held down.  If you want to try another pulse , you must wait 30 
seconds. The unit won 't operate for that length of time .  

The receivers are designed to receive the one-second 
pulse. It 's  actually, from an electronic point of view , a large 
segment of tim e ,  one m illion m icroseconds . The pulse goes 
through the receiver , the modulat ion is detected and the audio 
modulation is fed to a small relay instead of a speaker, like a 
ra dio. When the small relay closes it causes the larger rela y to 
close and the motor starts. The motor pulls the door up or 
down and the reversing switch opens th e circuit at the end of 
the trac k .  The door is then ready for a run in the other 
direction .  

The transm itter , usually transistorized, has an oscilla tor 
circuit,  quite often crystal controlled if the frequency tra ns­
mitted is in the high range,  for instance 465 MHz. On the other 
ha nd,  the frequency could be down in a low range ; for in­
sta nce, 41  kHz. In the high range , the code signal to trigger the 
relay modulates the RF. In the low range, the code signal 
turns the RF off and on by switching in the transmitter.  
Wha tever the procedure, the receiver is construc ted to 
respond to its own transm itter and none other . O therwise, a 

\"J' .... ----- N E ON TEST  B U L B  

TU R NS OF W I R E  --_ 
.. P E N C I  L 

,...l-.J __ -1-.JL::.�-- T RANSM I TT I NG 
A N T E N NA 

TRANSM ITT E R  
( K E Y E D  ON )  

F ig .  1 08.  A tra ns m i tter ou tpu t test  ca n be  conducted with a 
tu ned w i nd i ng a tta ched to a neon. 
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next door neighbor could get your garage door open with his 
transm itter . 

An unlim ited number of tra nsmission systems can be 
designed by selective coding. A selec tive filter picks out a code 
even if it is a s ignal such as 250 Hz and other transmitters are 
sending out 260 and 240 Hz. Another consideration during 
de sign is freedom from noise. Noise could possibly open or 
shut the garage door unless it is carefully designed out . A t  the 
high frequencies , ordinary electrical static and lightning 
flashes have no effect .  In the 41 -kH z range,  noise is a problem , 
so th ey use what is called a double coding system.  The door 
won ' t  open unless both codes from a transmission are 
received. The chances of an accidental noise burst generating 
both codes at the same tim e is almost nonexistent. 

Another type of transmission can be right down in the 
audio range between 2000 and 10,000 Hz.  Th is is a transmitted 
RF signal and is completely free of no ise or other trans­
missions . The FCC has no restric tions at this low range. The 
main lim itation is the size of antennas ; they have to be large.  
You can work on any of the transmitters legally , since the 
higher frequency ones have a low enough power to be under 
th e legal restric tions and the low-frequency ones are so low 
there are no restrictions. 

A typical low-powered transmitter has one transistor in  an 
oscillator configura tion,  with the frequency controlled by a 
crystal.  Or it could be two transistors in a multivibrator 
arra ngement. The factory service notes will tell you which one 
it is and what voltages should be where.  You can 't isolate the 
trouble any further than this. Once it is decided that the 
transmitter is defective ,  routine DC voltage and resistance 
tests are next.  Som e transmitters have a plug-in decoding 
de vice so the same tra nsm itter can send out different 
modula tions . The only practical test is to try a new plug-in 
un it.  

No.  1 82 :  R E C E I V E R  TEST 

The rece iver is quite like an ordinary radio, except that it is 
fixed tuned and variably tuned . Also , its output goes to the 
relays and not to a speaker . O ld-time garage door openers 
us ed one tube in a super-regenerative circuit.  The n ,  3- and 4-
tube receivers appeared. Finally, the transistorized receiver 
was made .  

The receivers are des igned t o  be o n  continua lly . The tube 
circuits cost a few pennies a month to operate, but the tran-
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sis tor circuits cost practically nothing. Both tube and tran­
sis tor circuits are designed with cutoff bias applied.  
Therefore, no current, or very little, pa sses through the tube 
or tra nsistor during the standby oper ation . When a pulse 
arrives, it overcomes the bias and some current is drawn for 
an instant .  Since this occurs just a very few times a day,  it i� 
not even measurable in pennies. 

The s ignal is picked up by the antenna, passed through an 
RF am plifier and then injected into a detec tor. The detector 
output is the modulation or code, which is converted into a D C  
signal tha t  fires the relay transisto r.  The motor opens or shuts 
the door . When the transmitter is deemed good, and the push­
bu tton on the ga ra ge wa ll makes the door open and shut 
norm ally , the receiver is, by elimination , considered defec­
tive.  

No. 1 83 :  SHORTE N E D  RAN G E TEST 

Should the garage door opener work , but not at  a distance , the 
receiver has weakened . The door may open when you pull up 
next  to it, but not when you transmit a pulse as you round the 
end of the driveway. If it is a tube receiver, test the tubes. A 
weak tube could be the trou ble . In a tra nsistorized receiver,  
the transistors also could be weak.  

What's  happening is that the tra nsm issio n is not over­
coming the bias on the amplifiers from any dista nce. This , 
could be due to lowered pla te or collec tor voltages or raised 
cathode-control grid or emitter-base bias . Approach the 
testing as if you had w eak audio in a radio. According to the 
service notes, test the D C  resista nces and voltages a s  w ell as 
the tuning of the RF transform ers . 

No. 1 84 : RE LAY N O T  CO NTACTING T E ST 

The relay has the job of opening and closing, period . If you 
transm it a pulse and the relay is activated, tha t  is, there is a 
clic k ,  then the receiver is working .  Should the motor still not 
start after the click , the trouble could be in the relay contac ts . 
Either they are not touching,  or are so pitted or corroded they 
pa ss no current even when they do make contact. 

There are the two relays ( F ig. 109 ) . One is the receiver 
rela y and the other is the heavy-duty motor relay .  The 
receiver relay triggers the motor relay .  
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T I N Y  
R E LAY 

MOTOR 

R E LAY 

SOU R C E  
S U PPLY 1 17v AC 1 1 7v AC 

F ig .  1 09. Ty pica l l y ,  a m otor relay i n  a ga rage d oor opener 
is a heavy d u ty type. I t's  opera ted by a t iny c i rcu i t  re lay .  

The test i s  easy . Take a small piece o f  wood or a pencil and 
press the relay shut.  Even though the contacts are corroded 
the motor will start if the relay is the trouble. Cleaning or 
replacement will fix it .  Test both relays this way. 

No. 185 : R ELAY CHATTER TEST 

The relay has spring tension applied to th e arm ature. The 
amount of tension is  carefully designed. The strength of the 
magnetic field,  under normal opera ting conditions,  is enough 
to overcome the tension a nd cause the relay to close. 

When the magnetic field gets weak,  it w ill still attrac t  the 
rela y armature, but as the spring bends and builds up tension , 
the amount of ma gnetic flux is not enough to pull it all the way .  
The spring,  as a result ,  pulls back the arm ature quikcly . The 
net res ult is a cha ttering relay.  Usually, a weak output signal 
from the receiver is  the reason for the chattering relay . Go 
back to the receiver and test it for weak amplification . 

No. 1 86 :  UNW ANTED OPE RAT ION ADJUST M E N T  

A major problem tha t  occurs with garage door openers is 
unwanted operation .  The door goes up and down by itself. This 
can be quite annoying and under some circumstances 
ha zardous . Some kind of signal is triggering the receiver and 
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it is not coming from the transmitter . If there is a gain control 
on th� receiver , try resetting it a t a lower threshold. If the 
gain control is cranked all the way up, the receiver gets overly 
sensitive in the same way a radio speaker blasts too loud when 
the volume control is turned all the way up. The more stages of 
amplification in the receiver, the more sensitive the receiver . 
Try different settings of the gain control , keeping it set as low 
as possible, of course.  

If  necessary, adjust the gain until it  is almost off. You 
might even have to pull your car right up to the door in order to 
trigger the relay ; however , that is preferable to the door going 
up and down out of control . 

No . 1 8 7 : U NWANTE D OPERATION DUE 
TO N OISE 

If you can pinpoint the cause of the unwanted operation as 
being due to noise, in addition to desensitizing the receiver as 
above, it may be necessary to make the receiver more 
frequency sensitive . Perhaps you 'll find the garage is near a 
high-voltage line or the receiver antenna is close to some other 
AC line . If so, you 'll have to improve the signal-to-noise ratio 
at the receiver input or improve the peak alignment inside the 
receiver so it responds to a more narrow band of frequencies. 

Make sure that the transmitting antenna is not enclosed 
under the metal hood of the car. If it can be attached to the car 
radio antenna , a ll well and good . If there is a tuning capacitor 
in the antenna circuit, try different settings until you get one 
that is the most sensitive . Park the car at the bottom of the 
drive and start triggering the door. If your distance is about 
100 to 200 feet, you'll find that at extreme settings of the 
capacitor , the door won't  open.  At the correctly tuned setting ,  
the door opens and closes beautifully. When you have the gain 
as low as possible and the antenna transm ission as strong as 
possible , the improved signal-to-noise ratio will enable the 
receiver to respond correctly. 

No. 1 88 :  U NWANTED OPE RATIO N ,  ALI GN M E N T  

If your garage door is going up and down and you can pin the 
reason for the unwanted operation on a nearby transmitter , 
there is probably something wrong with your receiver and not 
the transmitter, especially if you need the gain control turned 
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all the way up in order for your car transmitter to activate the 
garage door. 

After testing all the t ubes, transistors , DC voltages and 
resistances, if  it's still happening, the receiver probably needs 
alignment. The receiver is a small radio type circuit with TRF 
type coupling between s tages . With the manufacturer's ser­
vice notes and your radio alignment equipment, align the RF 
transformers between the stages. At the correct peak a lign­
ment the unw anted operation should cease. 
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Otapter 15 

Auto Ignition Systems 
When the c ar cranks but won ' t  start, idles rough , stalls and 
misses , the ignition system probably is the troublemaker . 
Ignition system s ,  both conventional and transistorized, are 
quite simple in com parison to most elec tronic circuits and 
comprise l ittle more than a special type of power supply . 
However , the electron ic technician,  unless he has had ex­
perience with ignition system s ,  has no idea of what's hap­
pening inside. It would be useful to go through the action of an 
ignition circuit before discussing ten of the typical tests . 

The system is cen tered about the ignition coil which is 
something like a "flyback " transformer in a TV high-voltage 
system ( Fi g .  1 10 ) .  The primary of the ignition coil ha s in its 
circuit the ignition switch replete w ith the car key sw itch, a 
ballast resistor the primary coil winding, breaker points , the 
battery connecting cables from the hot side of battery to the 
distributor and the grounding strap from the ba ttery to the 
auto chassi s .  The secondary circuit of the ignition coil contains 
the s tep-up winding, the distributor cap and the rotors under 
the cap,  the connecting cables from the distr ibutor cap to the 
secondary coil and to the spark plugs , and the ground strap 
fro m the last spark plug to the auto ch assis. 

The electrical cycle is en tirely dependent on the flyback 
like action from the ignition coil . The key is turned in the 
ignition switch , completing the circuit from ground on the 
battery through the ignition switch through the ballast 
resis tor, the ignition coil primary,  the breaker points back to 
groun d .  The condenser charges . The surge of electrons from 
m inus of th e battery to the breaker ground produces a large 
electromagnetic field around the primary .  Then the breaker 
points open and the current ceases instantaneously . The 
magnetic field collapses. I ts violent collapse induces curren t 
flow in the secon dary of  the coil.  The condenser discha rges , 
further quickening the collapse. 

The current flow is so swift tha t  a la rge voltage potential is 
produced. The size of the voltage is direc tly proportioned to 
the turns ratio between the two sections of the coil, which is 
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BR E A K E R  
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P R I MA R Y  
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S E CO N DA R Y  
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R E S I STOR 

I G N I T I ON CO I L  + 
BATT E R Y  

F ig .  1 1 0 .  The ty pica l  a u to i g n i tion system is noth i ng more 
tha n a specia l i zed type of battery power supply .  

very high . A heavy charge of high voltage,  which i s  in the 
vicinity of 1 0,000 volts, flows to the dis tributor cap, through the 
rotor, to the spark plugs and ba ck to ground. 

The rotor transfers the charge to each spark plug in turn . 
Typica lly , there are cars with four, six and eight cylinders , 
with the sam e number of spark plugs. The distributor rotor 
turns 360 degrees in one revolu tion as it gives each plug a shot 
of elec tricity. The rotation covers a certain number of degrees 
between plugs. In a 4-plug engine there is 90-degree space 
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between the plug wire connection s .  In a six cylinder there is 
60-degree space and in an eight there is 45 degrees rotation 
between plug connections . 

If you a ttach an ignition analyzer oscilloscope 
stra tegicaUy in the prim ary and secondary, you can observe 
the complete operation of the ignition system . You can see the 
primary w aveform , the secondary wa veform and all the 
cylin ders at once , called the paraded waveform . 

No. I S!) : IGNI TION S YSTE M P RIMARY WAVE FORM 

Set the analyzer on triggered sweep and attach two direct 
pro bes ,  one to the vertical input and the other to the horizontal 
input. You are now ready for the next three tests . For the 
primary waveform (Fig . 11 1 ) , attach the vertical probe across 
the primary circuit. Attach the horizontal probe across the 
secondary circuit .  As each plug fires, the horizontal will sweep 
with the seconda ry waveform and th e vertical will sweep with 
the desired primary wavefor m .  As each spark plug fires , the 
waveform will appear on the scope face,  but faster than your 
eye can follow , so they are super-im posed on one another. If a 
sta ble pattern is displayed , then the ignition system is func­
tioning well . If  the pa tterns appea r to blur , there is trouble . 

The actual waveform tha t you see is the result of the 
following events : 

1 .  The points open,  the magn etic f ield collapses and 
produces a flyba ck secondary voltage around lOKV . 

2 .  The high voltage jumps across the spark gap and 
produces a da mped osc illation . 

3 .  The condenser charges and then begins to discharge. 
4 .  The points close and d w ell tim e occurs . 
5. The points open again and the next cycle begins. 

No. I !)O : I G NITION SYSTE M SE CON DARY WAVEFORM 

With the scope set in exactly the same way, the probes are 
reversed . The vertical probe is attached across the secondary 
circuit and the horizontal probe is across the primary circuit . 
The horizontal sweep is supplied by the primary and the 
vertical amplitude is a result of the secondary voltage . The 
ve rtical amplitude is observed. 

The waveform on the scope screen is the result of the 
following events : . 
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ROTAT ION ON E PLUG-6 CY L I N DER 

F ig .  1 1 1 .  Typica l wa vefor m ac ross the i g n i tion coi l  
pr i m a ry.  

1 .  The points open and the secondary hasn ' t  been affected 
by the fly back ac tion as yet .  The plug fires and the magnetic 
field colla pses. 

2.  The coil and the capac itor begin oscillating after the 
plug fires. The oscillations are dampened . 

3. The points close and dwell tim e begins.  
4 .  The points re-open and the next cycle begins. 

Notice th at there is only one osc illa tion in the secondary 
waveform and it doesn ' t  start until th e spa rk plug fires. Also 
no tice that when the points close , the polarity is opposite to the 
pri mary pa ttern . This is due to the ISO-degree phase reversal 
in a transform er. 

Like the primary pa ttern, a s table display means that all 
is well , but a badly fluc tuating display indicates something is 
wrong in one or more of the plug firing cycles. The paraded 
view is useful to view all the plug firings at once. 
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No. 1 91 : PARADED WAVE FORM 

To get a paraded display, you must divide the horizontal 
sweep input into a frac tion equalling the number of plugs used. 
For instance , if there are four cylinders the horizontal 
frequency must be % of the vertical frequenc y.  For six plugs ,  
Ys , and in an 8 c y  linder , 1fs .  This i s  ea sily obtained b y  a ttaching 
the horizontal pro be across the first plug and the vertical 
probe across the ignition secondary circ uit.  That way, th e 
horizontal is swept only once for each rotation of the 
distributor cam w hile the vertical is swept each time the rotor 
hits a plug connection. 
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ROTAT I ON ON E P L U �  C Y L I N D E R  

F ig .  1 1 2 .  The wa veform a cross the seconda ry of  the 
ig n it ion co i l  has a s i m i la r  appea ra nce but subt le d if­
ferences . 
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F ig .  1 1 3.  The wa veforms across a l l  cy l i nders a re a r ra nged 
in  a pa rade of look a l ikes when a l l  i s  wel l .  

Typically , the display for the number one plug will be 
found at the extreme right (Fig. 1 13 ) ,  the number two plug at 
the extreme left and the rest of the plugs in between. For the 
actual display order , see the manufacturer's service notes for 
the plug firing order. 

The paraded waveforms show each cylinder pattern in 
order of the way the plugs are fired. Each waveform can be 
analyzed on its own . You can see the size and shape of the 
flyback spike, which tells you whether or not the ignition coil is 
always producing a high enough voltage and if the shape of the 
spike is correct. The parade displays all of the coil-capacitor 
oscillations and dampings. A defect is easily seen. Point 
closing is accurately displayed and the actual dwell time can 
be noted for correctness . 
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No. 1 92 :  PAR ADED COMPRESSIO N CHE CK 

An im portant test that can be made electronically is the 
amount of com pression tha t  exis ts in each cylinder of the 
motor . The measurement is a rough percentage of con­
tribution. Or in other words, how much power is each cylinder 
contributing to the total power? 

A tachometer is  needed tha t  shows eng-ine speed in RPM ,  
as well a s  an ignition analyzer w ith a shorting tube . The 
cylinder selector control is adjusted to select a specific 
cylinder , except the number one cylinder . With all equipment 
running , the shorting tube effectively crea tes a short across 
the selected cylinder. The motor m iss fires when that cylinder 
is supposed to fire, of course . The RPM drops, and the drop is 
measured and compa red to the total RPM when all cylinders 
are firing . The percentage of the RPM drop tells you the 
contri bution tha t  cylinder is making to the total power of the 
eng ine. You can see which cylinder is not firing on the pa raded 
display ( F ig. 1 1 4 ) . 

No. 193 : N U M B E R  O N E  C YLINDER 
COMPR ESSIO N CHECK 

While all the other cylinders are checked easily,  the number 
one cylinder cannot be shorted out during the routine tes t ,  
since it supplies the initial pulse to trigger the horizontal 
sweep of the scope. Therefore , a special test for num ber one 
must be made .  This is accomplished by using an additional 
pulse genera tor to substitute for the pulse tha t  w ill be los t  
when num ber one i s  shorted . The special pulse must b e  in­
jected into the horizontal input circuit when cylinder number 
one is shorted out ( see below > .  Then,  the horizontal sweep is 
maintained and the paraded waveform is still observed. 

No. 194 : MARKING THE PARAD E D  WAVEFORM 

The typical  ignition analyzer has a marker genera tor circuit. 
The marker generator is pulsed into conduction each time 
cylinder num ber one is fired.  The ma rker gets a portion of the 
sa me pulse that is applied to the horizontal trigger amplifier. 

A varia ble resistor is usually placed in the control grid 
circuit of the marker amplifier . Adjusting the potentiometer 
varies the RC time constant of the grid circuit. The pot can be 
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P L U G  N U M B E R S  

2 4 5 6 3 

F ig .  1 1 4. With the n u m be r  s ix  p l u g  shorted pu rpose ly  for a 
test, the pa raded waveform ta kes on th is  a ppea ra nce. 

adjusted to delay the conduc tion long enough so tha t  the pulse 
can be made to occur at any time during the horizontal sweep . 
Since a ll the cylinders are fired once during one horizontal 
sw ing, produ cing the paraded waveform , the marker can be 
displayed over any one of the elements of the pa rade .  Any 
specific cylinder can be marked . 

No. I llS : TI M ING L IG HT CHECKS 

An ignition a nalyzer ' s  tim ing light is set to flash each time 
plug number one fires . The pulse from plug number one is 
applied to the input amplifier of the tim ing control c ircuit. The 
pulse causes the amplifier to conduc t .  

The first amplifier feeds into the second amplifier by way 
of the connection between the two c a thodes. As the first am­
plifier conducts, the second, w ith a corresponding ca thode 
bia s ,  also tends to conduct.  The tim ing light flashes are a 
result of the conduction of the second amplifier. Therefore, 
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un der norm al conditions , the two tubes conduct 
simultaneously as the number one plug produces a pulse ( Fig . 
1 1 5 )  . 

In the control grid circuit of an ignition analyzer there is a 
po tentiometer.  With the pot in the off position , both tubes 
conduct a t  the same time. However, as you add resistance by 
ad vancing the control ,  a time delay occurs in the grid circuit,  
which ca uses the second amplifier to conduct after the first .  
The length of the time delay in  is measured in  the pla te circuit 
of the first amplifier by means of  a meter. The timing light 
fires only during the conduction time of the second amplifier . 

No. 1 96 :  RPM M E ASUR E M E N TS 

Th e fa m iliar ta chometer (TACH) on the engine analyzer is 
ca librated in revolutions per m inute. The elec tronic 
ta chometer typically gets a pulse also from plug num ber one 
every ti me it fires . The pulse is fed to an RPM trigger circuit 
(Fig . 1 16 ) ,  In the trigger circuit there is a tube or transistor 
that is biased to cutoff but which conduc ts every time a pulse 
is received from plug num ber one. The pulse either causes the 

PLUG NO. 1 � 
T I M I NG 
L I G HT 

A DVANCE 
CONTROL 
FOR 
T I M I NG L I GHT 

F i g .  1 1 5 .  A ty pica l t i m i ng l ig ht c i rcu i t  rece ives a n  i n put 
pu l se every ti me the rotor f i res the nu m ber one spa rk 
p l u g .  
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LOW 1 H I  

B+ 

SP E E D S E LE CTOR 

H IGH  MED I UM LOW 
SPEED  S P E E D  SPE E D  

B+ 

F ig .  1 1 6 .  I n  a typ i ca l ta cho meter c i rcu i t, a tr igger tu be 
recei ves a pu lse every t i me p l u g  n u mber one f i res. Di f­
ferent f i l ters a nd potentiometers a re used for d ifferent 
speed ra nges. 

control grid to go positive from a negativE; cutoff or forward 
biases a transistor, changing its reverse bias .  The plate or 
collector current flow is applied to a filter network . The net­
work has a 3-position switch tha t  s'elects the speed range.  

The sw itch puts either one filter or two filters into a 
desired configuration . The capacitor , or selected pair of 
capacitors, charge every time the number one plug fires. The 
charging thus takes pla ce once during every plug firing 
sequence. Then, between charges , or during the tim e the other 
plugs are firing , the capacitor tends to discharge. The 
discha rge takes pla ce through an RC network composed of a 
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large filter and a resistor connected to the regulated power 
supply. The la rge RC time constant sm ooths out the charge to 
an average DC level . 

As the motor slows down and the triggering ra te slows 
down,  the average D C  level is lowered. As the motor speeds up 
and the triggering ra te inc reases, the average DC level rises 
because the higher number of triggering pulses does not let the 
capa citor lose as much of its charge as it tends to discharg e .  
The meter i n  series with the DC level reads higher and lower 
ac cording to the speed of the motor and the resulta nt 
triggering charges from plug num ber one. It reads directly in 
RPM . 

The only problem arises when the m otor is running a t  very 
low speeds. The capacitor charges so slowly that it can ac­
tually lose its charge.  The meter needle · will bounce back and 
forth and be impossi ble to read. Another filter is placed in 
pa ra llel across the meter to average out these slow readings.  
As a result, these rea dings are not  too accurate . The parallel 
fi lter is effecti vely out of the circuit during higher motor 

·· speeds .  

N o .  1 97 :  VOLTAGE READ ING S 
F OR OPEN C IRCUIT 

The voltmeter provides im portant tests in an ignition system . 
The ignition voltmeter is not as exact as the electronic bench 
voltmeter. A typical test is a check of the voltage between the 
plus end of the ba ttery and the input of a transistorized ignition 
system . The input could be the emitter of a tra nsistor. 

The engine is turn ed over and the voltage measured . The 
total voltage when the current drain is high during initial 
ignition should be one volt or less . Should the voltage be much 
higher, approa ching the 12-volt ba ttery output, the lack of 
current drain indica tes an open circuit in the ignition syste m .  

No.  1 98 :  V O L TAGE R E AD INGS F OR SH ORT 
CIRCUIT-POI NTS OPEN 

Another typical test in a tra ns istorized ignition sys tem is  a 
voltage check from the em itter of the input transistor to the 
ch assis ground. This voltage should read the full ba ttery 
voltage.  The tes t is conducted with the ignition on but no 
cranking.  If the battery voltage is low or m issing , either the 
ba ttery is weak or a short circuit exists in the circuit between 
the probes . 

221 



No. 199 : V OLTA GE R E A D I N G  
H IGH-POIN TS CLOSED 

Another typical voltage test in a transis torized ignition sys tem 
is to run the same test as No. 198 w ith the points closed.  This 
time, current should be drawn and the voltage should drop to 
about 6 or 7 volts . I f  it doesn 't ,  some type of open circuit is 
present and needs further investigation . 

The voltm eter is needed ba dly in testing ignition systems.  
Between it  and the scope displays, the entire ignition system 
can be analyzed quickly and the defec ts pinpointed . There are 
many different types of ignition analyzers , but the tests 
covered are typical . 
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A 
AC beta, transistor, 120 
AC line voltage monitor, 66 
Acoustic feedback, 194 
Adjacent-channel sound, 87 
Adjacent-channe l video, 87 
Adjustment, garage door 

opener, 208 
AFPC alignment, 79 
A GC ,  AM, 45 
AGC ,  TV IF, 69 
A l ignment, AFPC , 84 
A lignment, FM, 6 1  
A lignment, F M  converter, 57 
A lignment, garage door 

opener, 209 
AM AGC, 45 
AM antenna alignment, 38 
AM antenna test, 40, 4 1  
A M  iront-end alignment, 35, 36 
AM IF alignment, 26 
AM IF oscillation, 43 
AM local oscillator test, 4 1  
A mplifier, organ, 179, 180 
Antenna line loss, 101 
Antenna mounting, 

multiple, 110 
Antenna test, A :,1, 40, 4 1  
"Attack" amplifier, 180 
Audio generators, 18 
Audio remote control, 162 
Audio tl'ansistor test, 156 
Auto ign ition system, 2 1 1  

B 
Bias, diode, 117 
Bleeding, color picture, 74 
Bridge test, 154 
Broadband alignment, AM, 3 1  
Burst, color sync, 80 

c 
Cable power loss, 

intercom, 197 
C alibration, scope , 13 
C apacitance decade box, 25 
C apacitor test, 155 
C enter convergence, 75 
Circuitbreaker fa ilure, 67 
Color burst, 80 
Color circuits, 9 8  
Color purity, 72, 7 3  

C o lor spots, black-and-white 
picture, 73 

C olor sync, 79 
Color TV convergence, 74 
C omponent bridge tests, 154 
C omponent substitution test, 

153 
Compress ion check, 217 
Convergence, color TV, 74 
C rosshatch convergence , 76 
Cross modulation, TV, 110 
C urrent amplification, 

transistor, 120 
Current drain, EVC , 190 
Current measurement, 65 

Index 
D 

DC beta, 2 3  
DC beta, transistor, 120 
DC high voltage , 91 
Dead EVC, Ul9 
Dead remote receiver, 177 
Decade box, 25 
DeCibel, 100 
De modulator probe , 92 
De modulators, color, 98 
Depletion mode bias test, 133 
Depletion mode, FET, 129 
Diode bias, 117 
Diode polarity determina­

tion', 147 
D iode tests, 148, 149 
Discriminator alignment, 

FM, 46 
Dissipation , FET, 141 
Divider circuits, organ, 186 
D ivider, organ oscillator, 183 
Dot convergenccl 74 
Dual FET tests, 139 
Dynamic convergence , 77 

E 
E lectronic organ, 178 
E lectronic vocal chords, 187 
E mission test, tubes ,  19, 20 
Enhancement mode , 129 
E nhancement mode bias 

test, 134 

F 
Ferrite core antenna 

alignment, 37 
FET, 24 
FET dissipation, 141 
FET Gm, 131 
FET leakage, 138 
FET matching, 140 
FET multitester, 11 
FE T open t"st, 135 
FETs, 127 
FE T short test, 135 
Field -effect tranSistor, 24 
F ield intensity, 105 
Field strength meters, 1 6  

1 7 ,  1 
Field strength test, TV, 103 
FM converter, 57 
FM discriminator 

a l ignment, -1 6  
FM IF-limiter alignment, 4 9  
FM multiplex, 59 
FM ratio detector, 49 
FM RF alignment, 57 
Forward bias, diode, 1 1 7 ,  1 1 8  
Freeze test, 144 
Frequency measurement, 15 
Front-end alignment, AM, 35 
Fusable resistor failure, 68 
Fuse failure, 67 

G 
Gain, db, 100, 101 
Garage door opener, 201 

Garage door opener, 
receiver t 206 

Garage door opener, 
transmitter, 204 

Gas test, tube , 2 1  
G m ,  FET, 1 3 1  
G m ,  field-effect tranSistor, 24 
Gm test, tube, 2 1  
Grading diodes, 150 
Gray-scale, 72 
Grid-dip meter, 4 0  

H 
High-impedance probe, 94 
High voltage , TV, 90 
Horizontal output current, 7 1  

I 
IF alignment, A M ,  26 
IF-limiter alignment, FM, 49 
IF oscillation, A M ,  4 1  
I F  signal tracing , T V ,  9 2  
IF, TV , 86 
IGFET, 131 
Ignition system, auto, 2 1 1  
Im pedance matching, 1 12 
Intercom systems, 192 
Interference location, TV, 1 14 

J FET, 1 3 1 ,  138 
Junction FET, 131 

L 
Leakage current, transistor, 23 
Leakage, FET, 138 
Leaky transistor, 124 
Line voltage monitor, 66 
Lissajous figure s ,  15 
Local oscillator test, A M ,  4 1  
Lo-power ohmmeter, 145, 146 
Loss, db, 100, 1 0 1  
Loudnes s ,  100 
Low-capacitance probe, 95 
Luminance amplifier, 96 

M 
Make-sure transistor test, 123 
Master amplifier, 110 
Matching FETs, 140 
Matching, Impedance, 112 
Matching, tranSistors, 140 
Mlcrowatts, 103 
MOSFE T, 116, 131 
Motor, remote receiver, 173 
Motors , remote control, 169, 

170 
Motor trouble , garage door 

opener, 201 
Multiple antenna mounting, 110 
Multiplex failure, 63 
Multiplex, FM, 59 
Multltesters, 9 
Mutual transconductance, 2 1  
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N 
N -channel, FE T ,  127 , 129 
Noise, garage door opener, 209 

o 
Open test, FE T, 135 
Open transistor, 121 
Organ electronic, 178 
Oscillation, intercom, 197 
Oscillator, electronic organ, 

178, 179 
Oscillator frequency, 

organ , 183 
Oscillator trouble , organ , 181 
Oscilloscope, 12 

p 
Paraded waveform, ignition 

system, 2 1 5  
P-channel, F E  T, 127, 129 
Peak IF alignment, AM, 28, 29 
Peak-to-peak voltage , 14 
Picture sync, 97, 9 8  
Piteh, EVe, 190 
Power meters, 16 
Power monitor, 65 
Power supply ripple , 158 
Power transformer check, 157 
Primary waveform, ignition 

system, 213 
Probes, scope, 92, 93 
Pulse width test, EVe, 190 
Purity, color TV, 72 

R 
R ange, garage door 

opener, 207 
Ratio detector, 49 
Receiver alignment, remote 

control, 169, 170 
Receiver, garage door 

opener ,  206 
Relay trouble , garage door 

opener, 207 
Remote control , 162 
Remote control receiver, 169 
Remote control receiver 

alignment, 169, 170 
Remote control transmitter 

alignment, 168, 169 
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Resistance decade box, 25 
Resistor test, 155 
Reverse bias, diode, 1 1 7 ,  1 1 8 

1 1 9 
R F  A GC ,  TV, 69 
R F  alignment, FM, 57 
RF generators, 1 5  
R F remote control, 1 6 2  
R F  signal traCing, TV, 9 2  
Ripple, power supply, 158 
R PM measurements, 219 

s 
Scope , 12 
Scope calibration, 13 
Secondary waveform , ign ition 

system, 213 
Separation , stereo, 62 
Shorted transistor, 122 
Short test, F E T ,  134, 135 
Short test, tube , 21 
Signal generator output 

calibration, 107 
Signal generators, 15 
Signal injection , organ, 184 
Sign al injection tests, 

intercom, 194 
Signal tracing, EVe, 189 

. Signal tracing, organ, 182 
Signal tracing tests, 195 
Signal tracing, TV, 92 
SOlDld carrier, 86, 87 
Speaker phase , stereo, 59, 60 
Speaker system ,  organ , 181 
Standing wave ratiO, 109 
Stepper relay, remote 

receiver, 177 
Stereo separation, 59, 62 
Stereo speaker phase, 59 
Slubs, UHF, 1 1 3 
SWR, 109 
Sync, color, 79 
Sync, picture , 97 

T 
Tachometer, 220 
Thermistor test, 147 
Timing light check, 218 
Tracking, A M ,  39 
Tracking, F M ,  55 
Transducer, transmitter ,  167 
Transistor matching, 140 

Transistor substitution, 117 
Transistor test, audio, 156 
Transistor testers, 22 
Transistor tests, 1 1 6  
Transmitter alignment, remote 

control, 168, 169 
Transmitter, garage door 

opener, 204 
Transmitter output test, 167 
Transm itter I remote control, 

165 
Tube testers, 1 8  
Tinl, black-and-while 

picture, 72 
Tuning, organ, 181 
TV cross modulation, 110 
TV field strength test, 103 
TV high voltage, 90 
TV IF, 86 
TVI location, 114 
TV master amplifier s ,  110 
TV remote control, 165 
TV RF-IF signal traCing, 92 

u 
UHF line losses, 1 1 3  

v 
Varicap tests, 150 
vectors cope , 84 
V ideo amplifier, 9 6  
Video carrier, 8 6 ,  87 
V ideo sweep modulation, 93 
Voltage amplifie r, FET, 

127, 128 
VQltage tests, 158, 159 
VOM, 9, 11 
VTVM, 10, 11 

w 
Wattage measurement, 66 
Wattmeters, 16 
"Windshie ld wiper" effect, 110 

y 
Y amplifier, 96 

z 
Z ener diode test, 151 
Zero meter scale ,  161 








