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flg. 11. Fig. 12. fig. 13. 

Fig. 11. Portion of vertical blanking and sync signals for single field. In making 
this picture and those of Figs. 12, 13, and 14, the contrast was reduced and 
brightness increased in order to "unblank" the blanking lines. Camera shutter 
was opened for only 1/60th second, which is time required for electron beam in 
picture tube to trace a single field of approximately 262 lines, consequently every 
other horizontal scanning line is absent in this photo, which otherwise repre .. 
sents normal signal conditions. As clearly shown, the blanking is slightl~· 
darker or stronger than darkest picture signals. Sync is considerably darker 
or stronger than blanking. If receiver has poor low frequency response,, or if 
there is undesired limiting action,, amplitude of sync signals is reduced with 
respect to higher frequency picture signals and,, as a result, rPceiver becomes 
more susceptible t9 horizontal pulling. Examples of reduced sync amplitude 
are shown in Figs. 12, 13, and 14. 

amplifiers. Attention should then be 
concentrated on the sync separator 
and the horizontal a.f.c. circuit. 

Localizing the Cause 
The writer suggests a simple 

check that is occasionally helpful in 
isolating the cause for picture pull­
ing. Briefly, this check consists of 
removing horizontal sync input 
from the horizontal a.f.c. circuit, 
free-wheeling the horizontal oscil­
lator to obtain a momentarily sta­
tionary picture, and noting whether 
the pulling is still present on the 
picture. The check is helpful in 
showing whether the trouble is in 
the a.f.c. circuit or ahead of it. The 
procedure is as follows: 

Make a mental note of the posi­
tion and amount of horizontal pull­
ing. Temporarily disconnect the 
condenser that connects horizontal 
sync pulses (from the sync separa­
tor) into the horizontal a.f.c. circuit. 
Disconnecting the condenser will 
throw the horizontal oscillator com­
pletely out of sync. With the hori­
zontal hold control set at its mid­
position, turn the main frequency 
adiustment of the horizontal oscil-

lator to bring the oscillator to the 
correct frequency, as indicated by 
the momentary appearance of a 
complete picture. Then carefully 
adjust the horizontal hold control in 
an attempt to keep the picture from 
rolling horizontally for at least a 
seeond, or just long enough to 
inspect the picture and to determine 
whether the picture pulling has dis­
appeared. If (with horizontal sync 
removed) the picture pulling is still 
present, the cause of the pulling is 
probably in the horizontal a.f.c. 
circuit. But if (with horizontal sync 
removed) the pulling is not present 
on the picture it indicates that the 
trouble is ahead of the horizontal 
a.f.c. circuit. 

Occasionally extraneous signals 
from an adjacent video amplifier, 
audio amplifier, or other source may 
be coupled into the horizontal a.f.c. 
circuit. This possibility should be 
considered in cases where the pre­
vious check indicates that the cause 
for picture pulling is in the hori­
zontal a.f.c. circuit. 

In Part 1 of this article, mention 
was made of the possibility that 
voltage surges in the vertical oscil-

Fig. 12. In this case, S)'nc signals are only slightl)' darker or stronger than 
blanking and dark-picture signals. This trouble is caused by excessit-e signal 
input and consequent limiting action in the video amplifier due to incorrect 
setting of a.g.c. threshold adjustment. Fig. 8 (Part 1) shou.·s t.he result of same 
conditon on test pattern. Dark objects at top of this picture are legs and shadotc 
of home-plate umpire. · 

Fig. 13. Here the sync signals are complete(y u·iped out or reduced to blanking 
level by undesired limiting action in l'ideo amplifier. Trouble is caused by low 
plate voltage on 2nd video tube. The same condition can result from excessive 
signal input to video amplifier, as shou-n in Fig. 12, or incorrPct bias and other 
troubles in the video amplifier. There is horizontul pulling at top and bottom 
of picture and sync is extremely unstable. With complete absence of sync 
the horizontal and rertical oscillators may tend to sync on the leading edge of 
the blanking signals. 

lator circuit might be coupled back 
into the horizontal a.f.c. circuit and 
result in horizontal pulling at the 
top of the picture. One method of 
checking for the presence of such 
trouble is to open the condenser that 
couples the vertical sync pulses 
(from the sync separator) into the 
vertical integrating network and 
free-wheel the vertical oscillator, by 
careful adjustment of the vertical 
hold control, to keep the picture 
from rolling vertically. If the hori­
zontal pulling disappears when the 
condenser is opened, it may indicate 
that additional isolation is required 
between the vertical oscillator and 
the horizontal sync input circuit. 

A general method of determining 
whether the vertical oscillator and 
deflection circuits are in any way 
responsible for horizontal pulling is 
to remove the vertical oscillator and 
output tubes and drive the vertical 
deflection coil from the vertical out­
put of another receiver which is 
tuned to the same station. 

In many receivers, the amplitude 
of sync input to the sync separator 
is rather critical; either too much or 
too little sync input may cause 

picture pulling. In cases where all 
components have been checked and 
appear to be normal and the cause 
for pulling c-annol be localized by 
the methods suggested, it may be 
advisable to try changing the level 
of the sync input to the sync separa­
tor. If the sync signal for. the sync 
separator is taken from across a 
resistor in the video amplifier, it 
may be feasible to alter the value of 
the resistor or temporarily substi­
tute a carbon potentiometer to 
determine the optimum value. 

The tubes, voltages, and load re­
sistors in the sync separator are 
usually critical with respect to pic­
ture pulling. Occasionally, it may be 
helpful experimentally to alter the 
value of a plate-load resistor in the 
sync separator. The writer offers 
these comments reluctantly, be­
cause he is definitelv not in favor of 
the practice of altering the value of 
one component to compensate for a 
defect in another component that 
has escaped detection. 

When picture pulling is common 
in all receivers of a particular model, 
the logical procedure is to find out 
whether the manufacturer has issued 

Fig. 14. Fig. 15. Fig. 16. 

Fig. 14. Instance where sync amplitude is reduced to approximately sarrie level 
as the darkest pictu,re signals. Trouble is caused by poor r.f.-i.f. alignment, 
the picture carrier is too low· on the slope of the response curve. Also refer 
to Fig. 7 (Part I). 

Fig. 15. Horizontal pulling resulting from, diathermy interference. Beat in this 
case is a low frequen~y and therefore does not exhibit herringbone pattern 
(due to frequency modulation) usually characteristic of diather,ny interference. 
Interference may be mistaken for another type of trouble. See Fig. 16 for high­
frequency diathermy beat. 

Fig. 16. Horizontal pulling resulting froni diathermy interference. In this case 
beat is a high frequency {about 4 me.) which makes the fine-line herringbone 
pattern almost invisible in some receiuers. This variety of interference might be 
,nistakenfor 120 cycle hum trouble. With diat.hermy interference, light and dark 
areas may remain stationary or rna_v move up or down depending on whether 
or not the power supply for TY camera and diatherniy equipment are synced. 
Unlike heater-cathode leakage, rerersal of 117 rolt plug on receit-er does not 
shift position of interference. 
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Fig. 17. Fig. 18. Fig.19. 

Fig. 17. Slight horizontal pulling at top of picture evidenced by bending of 
vertical wedge, caused by inoperative d.c. restorer (in a receiver where sync 
input for sync separator is taken from d.c. res torer circuit). When photo was 
taken, contrast and brightness controls were adjusted to show horizontal 
blanking signals at right side of picture. With normal contrast adjustme nt, 
bending is decidedly more pronounced. See text for other details. 

wedges is one indication of regeneration in amplifier which requires realignment. 
Rege neration in this case results from tuning grid and plate circuit of one stage 
in amplifier to same Jrequ.ency instead of staggering tuning as required in 
stagger-tuned amplifier. 

Fig. 19. Horizontal pulling, or in this case, horizontal damped ripple, caused by 
the electrical hunting action in horizontal frequency control circuit. Condition 
shown is produced by an open .05 ufd. condenser connected from the grid 
circuit to the chassis in RCA ''syncrolock'' horizontalfrequency circuit . Ampli­
tude and the duration of the ripple change with the adjustment of the horisontal 
hold control. 

The photographs of Figs. 18, 19, 20, and 21 are not referred to in the text. Their 
inclusion i.1Jor the purpose of amplifying the text and providing additional data. 

Fig. 18. Horizontal pulling caused by poor low frequency response (or excessiue 
high frequ ency response) in picture i.f. amplifier. Black smearing of vertical 

Fig. 20. 

information on modifications to cor­
rect or improve the condition. 

Many technicians have learned 
through actual experience that the 
best and fastest way to locate sync 
troubles is by the use of a scope with 
adequate frequency response which 
is designed for use with an isolating 
probe. 

External Interference 
When external interference is 

present, it frequently causes hori­
zontal pulling or weaving. Usually, 
in such cases, the interference is 
clearly evident in the picture and is 
obviously responsible for the pull­
ing. Occasionally the cause and 
effect may be confused. 

Diathermy interference produced 
the pulling effects shown in Figs. 15 
and 16. These particular examples 
were photographed because they 
lack the pronounced herringbone 
pattern that normally characterizes 
diathermy interference and for that 
reason might be mistaken for inter­
nal trouble in the receiver. 

Any interference that produces 
beat-frequency bars of sufficient 
intensity in the picture can result in 
unstable horizontal sync with ac­
companying horizontal pulling or 
weaving, particularly in cases where 
the beat is a low frequency signal 
that can readily pass through the 
narrow-band sync separator. 

Obviously, the correct remedy for 
picture puffing in cases of interfer-

Fig. 20. Horizontal pulling ,nay be expected on 
extremely weak signals. Realignment is almost 
always helpful in weak-signal areas. The r.f. and 
picture i .f. amplifiers should be aligned so that 
picture carrier falls at 70% or higher on slope of 
overall response curve when receiver tuning control 
is adjusted/or be.st sound. It is also advisable to use 
best available antenna and boo~ter with good 
signal-to-noise ratio. 

Fig. 21. Horizontal pulling and unstable horizontal 
sync ma.Y result from certain conditions of reflec­
tions or ghosts. Ghost signal in this example is 
almost merged with direct signal, re.suiting in poor 
picture quality and horizontal pulling. Occasion• 
ally, when intensity of a close .. in ghost is approxi­
mately the same as direct signal, the two may 
alternate in taking control of hori21ontal oscillator. 
In such cases, picture ahifts erratically a di.stance 
equal to spacing between the ghost and direct 
signal. 

ence is to eliminate the interference. 
In all puzzling cases of horizontal 

pulling, it is a good practice to ob­
serve that cardinal rule of television 
service -"Check for presence of the 
same effect on other receivers in the 
area." This excellent rule requires 
modification in some cases of hori­
zontal pulling, because it is advis­
able to check sets of the same model, 
or at least sets that have the same 
type of horizontal a.f.c. circuit. Cer­
tain rare troubles, such as phase 
variation in the transmitted hori­
zontal sync signals, may produce 
noticeable picture fulling in some 
types of horizonta a.f.c. circuits, 
but may have only slight effect in 
other types of a.f.c. circuits. 

Microphonic Pulling 
Picture pulling may show up mo­

mentarily whenever the horizontal 
a.f.c. tube is mechanically shocked 
or jarred, as by deliberately tapping 
the tube or through transmitred 
vibrations from persons walking or 
dancing near the set. Any relative 
motion of the elements in the a.f.c. 
tube results in a variation in the 
gain, or control action, which pro­
duces a variation in horizontal sync 
phasing. The socket of the a.f.c. 
tube is usually shock-mounted to 
minimize such microphonic action. 
In cases where microphonic hori­
zontal pulling is evident and ob­
jectionable, it is advisable to try a 
new tube in the a.f.c. socket. 

Troubleshooting Procedure 
It may he helpful to summarize 

some of the facts that we have dis­
cussed. We can accomplish two ob­
jects by presenting the summary in 
the form of a troubleshooting pro­
cedure. 

1. Determine whether the condi­
tion is raster pulling or picture pull­
ing. Raster pulling affects the shape 
of the raster. Picture pulling does 
not affect the shape of the raster. 

2. If it is a case of raster pulling, 
make checks (depending on the par­
ticular symptoms) for trouble in: 

(a) The "B" supply filter circuit. 
(h) The horizontal deflection cir­

cuits. 
(c) The deflection yoke. 
(d) Undesired magnetic field near 

the picture tube. 

3. If it is a case of picture pulling, 
remember that the horizontal sync 
signals must pass through the r.f.. 
i.f., and video amplifiers and through 
the sync separator in order to reach 
their final destination in the hori­
zontal a.f.c. circu,it. Ordinarily, any 
trouble that causes picture pulling 
must be in the r.f., i.f., video, sync 
separator, horizontal a.f.c., or power 
supply sections of the receiver. With 
this fact in mind, apply the follow• 
ing checks: 

(a) Check the amplitude of sync 
(in relation to the amplitude of 
blanking and picture signals), as 

Fig. 21. 

seen on the picture tube, to deter­
mine whether poor low-frequency 
response or undesired limiting action 
has.reduced the relative sync ampli­
tude. The sync must be definitely 
stronger, or darker, than the blank­
ing and the darkest picture signals, 
as shown in Fig. 11. 

(h) If the relative amplitude of 
sync appears normal on the picture 
tube, it means that the trouble is 
unlikely to be in the r.f., i.f., or 
video amplifiers. (One of a few ex­
ceptions to this statement is illus­
trated in Fig. 17, where an inopera­
tive d.c. restorer in the video ampli. 
fier has caused slight picture pulling 
without affecting the relative sync 
amplitude as seen on the picture 
tube.) If the sync amplitude ap­
pears normal, it leaves the sync 
separator and the horizontal a .f.c. 
circuit under suspicion. 

(c) Check to determine whether 
the trouble is in the horizontal a.f.c. 
circuit, or ahead of it, by tempo­
rarily removing sy?c i?put from the 
horizontal a.f.c. crrcmt, free-wheel­
ing the horizontal oscillator, and 
inspecting the picture to determine 
whether the pulling is still present. 
If the pulling is still present, the 
trouble is probably in the a.f.c. 
circuit. If the pulling disappears 
when sync input is removed, the 
trouble is probably ahead of the 
a.f.c. circuit; possibly in the sync 
separator. 



TELEVISION-TUN ER ALIGNMENT 

Television-tuner alignment can 
he very profitable for the service­
man; indeed, as competition in­
creases, the ability to perform this 
service may become a definite asset 
to a service business. Fortunately, 
tuner alignment is not as compli­
cated as it is often believed to he. 
This article outlines the general 
principles involved, discusses the 
equipment required, and outlines 
straight-forward techniques for 
tuner alignment. 

To clear up any misconception 
that a tuner is a complicated device, 
consider the tuner when stripped to 
its essentials. Except for the switch­
ing arrangement and the usual high­
and low-pass filters, it is about as 
simple as the input circuit of a 
broadcast receiver. This fact should 
he remembered when trouble­
shooting problems arise which are 
common to all channels. In this case, 
it is good practice to work with the 
tuner set to only one channel posi­
tion until the trouble is corrected. 
Afterwards, other channel positions 
can he compared with the initial one 
for sensitivity, switching noise, and 
general performance. After the 
tuner meets these tests, it is advis­
able to check the alignment by 
observing the response curves for 
each channel. Alignment should not 
he attempted until these prelimi­
nary tests have been completed. 
Furthermore, the serviceman should 
he aware that most tuners, unless 
tampered with, are correctly aligned 
This knowledge can often prevent 
misalignment of a good tuner. 

The primary purpose of alignment 
is to obtain a response curve of 
proper shape, frequency coverage, 
and gain. To perform the alignment, 
the serviceman will require a sweep­
frequency generator covering the 
television channels, an accurate 
calibrator or marker generator for 
frequency determination, and a 
high-gain oscilloscope for observa­
tion of tuner response curves. When 
these instruments are properly con­
nected and adjusted, the curves 
appearing on the scope give all the 
information the serviceman needs 
for proper alignment of the tuner. 

Most tuners merely require 
"touch-up" alignment in which 
relatively few of the adjustments 
are used. Generally, alignment "from 
scratch" is required only when a 
person without technical know-how, 
or one having inadequate equip­
ment, has previously worked on the 
tuner. For the complete realignment 
job, it is desirable to follow a 
specific sequence of adjustments, 
the sequence depending on the type 
of tuner. Typical sequences are 
discussed in this article. However, 
where only touch-up alignment is 
required, the sequence of adjust­
ment is usually unimportant. 

As an aid to alignment, the loca­
tion and purpose of each adjustable 
component in the tuner is specified 
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herein by means of sketches which, 
together with a photograph of the 
tuner, form the composite illustra­
tions. These illustrations show the 
primary effect on the response 
curves caused by varying each 
adjustment. Thus, the serviceman 
learns at a glance both what to 
do and where to do it. The shapes 
of the curves as they are drawn 
indicate only the general form of the 
corresponding traces on the scope. 
The manufacturer's service data 
should be consulted to determine 
the actual shape of the curve. 

Each tuning adjustment has a 
definite effect on one of seven major 
factors which, for convenience, are 
designated as GAIN, FREQ., TILT, 
TRACK, BAND., TRAP, and 
PEAK. Each of these terms can be 
associated with one of the symbolic 
drawings. Arrows on these symbolic 
curves point out the most significant 
adjustment effect. 

Use of the Symbolic Curves 
The adoption of standards for the 

negative downward direction of 
oscilloscope deflection will avoid 
possible confusion. The rf symbols 
are represented as downward be­
cause, when rf response curves are 
observed, the oscilloscope is nor­
mally connected through an isolat­
ing resistor to the mixer grid and 
circuit in a tuner, which becomes 
more negative as signal strength 
increases. The result is that these 
response curves usually deflect 
downward. The tuner if output sym­
bolic curves are shown deflecting 
upward. Actually, on the scope, 
these curves may be either upward 
or downward, depending on the 
connections to the rectifier. For 
uniformity, the WG-291 crystal 
demodulator probe may be used, so 
that the deflection is upward. 

Similarly, with respect to horizon­
tal deflection, confusion may be 
avoided if the high-frequency ends 
of the response curves are on the 
right-hand side. This standardiza­
tion places sound rf carriers to the 
right of associated picture rf carriers. 

Heretofore, rf response curves 
have usually been shown deflecting 
upward. This convention arose in 
part because early scopes were not 
standardized to provide downward 
deflection on negative signals. On 
the basis of upward deflection, 
points of maximum response are 
called "peaks," and intermediate 
dips in response are called "valleys." 
The same terminology is used in 
this article for corresponding points 
on either the symbolic or actual 
oscilloscope curves, although the 
analogy is no longer exact. 

GAIN. One of the most important 
characteristics of a tuner is its gain. 
In the symbolic curve for this 
characteristic, the critical region, as 
indicated by the arrow, is between 
the sound- and picture-frequency 

markers. Gain adjustments should 
be set so that the amplitude at the 
arrowpoint, halfway between 
markers, is made as great as pos­
sible. For guidance, a vertical hair­
line may be superimposed on the 
scope at the frequency at which the 
amplitude is to be maximized. This 
maximized amplitude point often is 
not the peak of the over-all curve, 
even when the curve is of the broad 
single-peak type. Nevertheless, the 
adjustment should always be made 
to obtain the maximum possible 
amplitude at the point indicated. 
This setting may finally have to be a 
compromise because of the second­
ary effect of the adjustment on other 
factors, especially tilt and band­
width. 

DJ 
GAIN FREQ. 

FREQ. The symbolic curve for 
frequency adjustment of rf, antenna, 
and mixer stages contains a hori­
zontal two-headed arrow. In fre­
quency adjustment, the major re­
quirement is to place the over-all 
curve symmetrically with respect 
to the two markers. Although it may 
be simple to obtain proper place­
ment for a single channel, com­
promises are often necessary to keep 
all the channels within satisfactory 
range. In addition, the FREQ. 
adjustment has a secondary effect 
on tilt and bandwidth, a factor 
which may necessitate further 
compromises. 

This frequency adjustment of rf 
and mixer stages should not be 
confused with adjustment of the 
tuner local oscillator. The latter 
adjustment is called tracking. 

TILT. The adjustment for curve 
flatness or balance is indicated by a 
symbol with two arrows and a pivot 
balance. The arrows indicate the 
tilting adjustments which may be 
necessary to obtain equalized am­
plitude through the top of the curve. 
Tilt adjustments in one channel in 
most tuners also affect the tilt of 
other channels, so a compromise is 
commonly required. Both because 
other adjustments commonly affect 
tilt, and because excess tilt is the 
most easily recognized fault, adjust­
ment of tilt frequently suffices for 
"touch-up" jobs. Neither the tilt 
between the sound and picture 
markers, nor the tilt caused by 
valleys or peaks between these 
marks should exceed 30 per cent of 
the maximum amplitude. In some 
tuners, the limits for these devia­
tions are even less than 30 per cent. 

BAND. The bandwidth symbolic 
curve has two arrows indicating 
the boundaries between which fre­
quency bandpass is measured. Band-

width, in addition to being a func• 
tion of frequency and gain adjust­
ments, as mentioned earlier, is also 
affected by tilt adjustment. While 

TILT BAND 

bandwidth is normaily adjusted by 
compromising with other factors, 
some modern tuners having good 
selectivity use a special bandwidth 
adjustment. 

TRACK. The symbolic curve for 
adjustment of oscillator frequency is 
the conventional discriminator "S" 
curve with the cross-over point 
indicated by a vertical line at the 
"zero-center." This symbolic curve 
was chosen because in separate­
sound receivers, tuner oscillators 
are usually adjusted to agree with 
the cross-over point of the dis­
criminator curve. lntercarrier sets, 
characterized by broad sound tun­
ing, may be tracked with one of 
several different indications, all 
beyond the scope of this article. 
Nevertheless, the familiar S-curve 
symbol is used to indicate precise 
tuner-oscillator adjustment. 

TRAP. The symbolic curve for 
the sound intermediate-frequency 
trap is an M-shaped curve with an 
arrow pointing to the region which 
should be adjusted for minimum 
deflection. In the actual curve the 
exact trap frequency 1s indicated 
by a marker which may be detected 
on high-gain oscilloscopes by in­
creasing the input signal and both 
the vertical and horizontal gain. 
The expanded marker waveform 
divides at minimum deflection, 
when the trap is properly adjusted. 
An alternate method can be used if 
audio modulation is available on 
the marker. In this method, the 
curve base-line is observed for 
minimum modulation effect, as in­
dicated by sharp reduction of audio 
waveform in the base-line as the 
adjustment reaches the setting for 
the desired trap frequency. 

TRACK TRAP 

PEAK. The alignment curve for 
the intermediate-frequency, peak­
ing-coil adjustment is a curve with 
a single peak having an arrow 
pointing to its center. The manu­
facturer's service data should be 
consulted for the shape and numer­
ical specifications of this curve. 

In television receivers employing 
the intercarrier system. th.- tuners 
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operate without a trap, but may 
have an intermediate -frequency 
peaking adjustment. 

PEAK 

Curve Limits 
On some rf response curves, parti­

cularly the ones which have pro­
nounced vallevs, the limit for maxi­
mum amplitude deviation between 
the peaks and valleys is as much as 
30 per cent of maximum amplitude. 
For others, particularly those which 
may be called flat-top curves, the 
tilt limit may be less. Generally, 
flat-top curves have both the carrier 
markers on the flat portion, or if 
that is not broad enough, the sound 
carrier may be near the top of the 
sloping portion of the curve. Manu­
facturers' specifications should be 
referred to for these limits. 

Commonly, the skirts of the 
curves may overlap into adjacent 
channels. Curves that extend be­
yond adjacent channels usually 
indicate that alignment has pro­
duced broad tuning at the expense 
of gain. 

In typical switched inductor type 
tuners, broader curves are observed 
for the high-frequency channels in 
each band. In variable-capacitor 
type tuners, the broader curves 
occur for the low-frequency channels 
in each band. 

Since each type of tuner has its 
own response characteristics, ad­
justments should not be attempted 
without reference to the manu­
facturer's service data. Where a 
curve does not meet requirements, 

I 

it should be studied to determine if 
the high- or low-frequency portion 
of the curve is at fault. A com­
parison should be made to find out 
whether the fault is common to all 
channels in the band. If it is not 
common, or if it appears only to a 
slight degree on other channels, re­
alignment is of little value, because 
this condition shows that a com­
promise between several channel 
curves is already in effect. 

Alignment Sequence 
As mentioned previously, the 

arrows on the curves indicate the 
most important reaction of each 
adjustment. Often, however, addi­
tional effects may be noted on the 
trace when a single adjustment is 
changed. When adjustments are 
made for frequency correction, for 
example, gain may be lost, and re­
setting of the gain adjustment may 
be required. When adjustments are 
made for tilt, bandwidth may be 
changed and both frequ_ency and 
gain may require readjustment. To 
obtain compromise adjustments, the 
serviceman after gaining experience, 
will find it convenient to work with 
two alignment tools simultaneously, 
each being used on a separate 
adjustment. 

The proper equipment connec­
tions for three frequency en­
countered tuners are given in this 
article. A sequence of adjustments 
is suggested for use in the relatively 
few major realignments. 

Equipment Required 
The requirements for reliable 

equipment for tuner alignment, as 
listed below, may seem overly 
stringent, for most test equipment 
now in use fails to meet the in­
dicated limits. Actually, the equip­
ment must meet these specifications 
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Fig. 1. Curves illustrating typical curve liinits. Dotted curve just meets the 
limit of 30% maximum deviation between minimum and maximum points of 
the 4.5-Mc range. Solid curve shows the maxim.um permissible differencP 
between peaks and valley. 

to be acceptble for alignment of all 
makes of tuners. 

The test signals and scope indi­
cations must be reliable. For 
example, if the sweep generator 
does not have flat output, the 
alignment curve will have un­
warranted tilt. Under this condition, 
adjustment for apparent flatness 
results in an actual response curve 
which is distorted to compensate 
for the tilt of the generator signal 
(See Fig. 2). 

Fig. 2. Generator amplitude tilt de­
tected by comparison. Solid curve 
represents tuner output when the 
generator used is known to hare a flat 
characteristic. Dotted curre represents 
the response of the same tuner when 
a generator haring tilted output is 
used. 

The same sort of curve distortion 
can occur because of poor low­
frequency scope response. The in­
strument must be capable of repro­
ducing a 60-cycle square wave with­
out the tilt exceedmg 10 per cent. 

Standing waves on the output 
cable of the sweep generator, parti­
cularly for the high-band channels, 
can also tilt the scope curves. 
Proper termination of the generator 
cables offers the most effective 
means of avoiding this trouble. The 
presence of standing waves is indi­
cated by alterations in the scope 
picture when the cable or generator 
panel is touched. 

Hum picked up by the scope 
leads or hum generated in the tuner 
or in the sweep generator also dis­
torts the apparent response curve. 
Such hum is normally evidenced by 
a warped base-line. A level base-line 
is prerequisite to satisfactory align­
ment. 

Generally, a 60-cycle sine wave is 
used both to frequency-modulate 
the generator output and to cause 
horizontal deflection on the scope. 
The combination of the two effects 
causes the horizontal (frequency) 
base of the response curve to be 
linear. 

To test for horizontal linearity, a 
series of one-megacycle markers 
should be used. The spacing of these 
markers will be equal, if the line­
arity is good. 

When the sweep generator does 
not have good linearity, portions of 
the response curve are bunched 
horizontally, while others are ex­
panded. If portions of the response 
curve are stretched or compressed 
horizontally, when the generator is 
tuned toward an adjacent-channel, 
the existence of non-linearity in the 
generator output may be inferred. 
(See Fig. 3) 

A recommended test equipment 
complement consists of the follow­
ing: RCA sweep generator-WR-59 
series; RCA marker generator­
WR-39 series; RCA oscilloscope­
WO-56 series or WO-57 series; and 

RCA vacuum-tube voltmeter-WV-
97 A or WV-77A with the RCA 
demodulator probe-WG-291. The 
equipment used should meet the 
following minimum specifications: 

Sweep Generator 

Range: 12 TY channels 
Flatness: ± O.l db per Mc 
Termination: 70 ohms unbalanced 

300 ohms balanced 
Attenuation: continuous down to 

20 UV. 

Sweep Width: 10 Mc or more 
(adjustable). 

Linearity: ± 15'7c on scope. 
Output: Approx. 0.1 volt into 

300 ohms. 
Leakage: Less than 20 uv. 

Marker Generator 

Range: 12 TV channels 
Output: 0.03 volt or more 
Calibration: Crystal, 12 pictures 

and 12 sound carriers 
Attenuation: Approx. 100:1. 

Oscilloscope 

Response: 10% max. tilt on 60 
cycle square wave. 

Sensitivity: 30 millivolts rms per 
inch or better 

Input: Cable, shielded, dc­
blocked. 

Sweep: 60 cps with phasing 
control. 

Preparing for Alignment 
Careful consideration should be 

given to the fact that tuners are 
normally well aligned when received 
from the factory. Therefore, the 
response curves should be thor­
oughly examined, by means of the 
precision equipment recommended 
above, before any alignment adjust­
ments are attempted. 

After the serviceman has decided 
that realignment is required, he 
should use the alignment curves as 

Fig. 3. Non-linearity of generator fre­
quency indicated by apparent t,ariation 
of tuner-response curve for two dif­
ferent settings of the generator mean 
frequency. Portion "A" and portion 
"B" represent identical frequency in­
crements. Fixed-frequency marker "f'" 
does not change with horizontal posi­
tion of the curue~ but does change 
vertical position as the generator fre­
quency is varied. 

guides and follow the recommended 
procedure for the specific tuner. 
Procedures for three frequently en­
countered tuners are outlined in the 
following pages. 

If the tuner is to be aligned in the 
receiver, the tuner curves should 
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Fig. 4. Effect o/ oscillator and if tubes 
on the tuner-response curve: (a) First 
if tube removed to show a true curve 
of tuner performance; {b) oscillator 
tube alone rernoved; apparent gain 
increased and apparent response nar­
rowed; (c) all tubes in place, slope 
caused by hum reflection and some 
irregularities caused by trap reflections. 

be obtained with the first inter­
mediate stage out of operation, in 
order that if trap and hum reflec­
tions may be avoided. Removing 
the first if tube is generally sufficient 
to avoid any curve distortion origi­
nating in the if amplifier. In some 
tuners, resonance in the mixer plate 
circuit may also produce undesir­
ahlereflections. Generally, to remedy 
this situation, the picture inter­
mediate-frequency amplifier input 
must he loaded, or the if transformer 
primary must he detuned. 

The tuner oscillator should he in 
operation during alignment. If it is 
not, the lack of oscillator injection 
voltage at the mixer grid alters its 
bias, and the result is an increase in 
the amplitude of the response curve 
and a distortion of its shape. Fig. 4 
illustrates both this effect and that 
resulting from failure to remove the 
first if tube. 

If the tuner is to he aligned in­
dependently of the receiver, all of 
the foregoing applies except that 
concerning the if tube. A substitute 
receiver chassis, operating at the 
required intermediate frequency, is 
needed for oscillator tracking and 
it can also supply power to the tuner. 
An unshielded if lead about 15 
inches long can connect to the 
receiver for tracking purposes, hut 
should he removed during curve 
adjustment. 

A necessary preliminary to align­
ment is a check of the test setup. For 
example, rf bias should he checked, 
proper connections for the test leads 
should he determined, and the out­
put of the generator should he ob­
served. All equipment should he 
given a 20-minute warmup to 
stabilize circuits affected by tem­
perature changes. 

Typical Alignment Procedure 
Standard Coil Company Tuner 
TV201.RF Alignment: (a) Con­
nect the sweep and marker genera­
tors to the antenna terminals; (h) 
remove the first picture-if tube; 
(c) connect a minus 1.5-volt source 
to the AGC (white) lead of tuner; 
(d) connect the scope to the test 
point; (e) align channel 12 in se­
quence indicated; (f) compare with 
rf alignment of other channels, and 
compromise wherever necessary. 

Oscillator Tracking: (a) Re­
place the first picture-if tube; (h) 
connect the scope to the discrimi­
nator; (c) apply the channel-12 
sweep and the sound-marker genera­
tors to the antenna terminals; 
(d) set fine tuning at mid rotation; 
(e) adjust the tracking to center the 
marker on the "S" curve; (f) repeat 
this procedure for channels 13 
through 2. 
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IF Alignment: (a) Connect the 
marker generator to the mixer grid 
through a 4. 7-µµf capacitor (sweep 
generator remaining connected to 
the antenna terminals); (b) remove 
the first picture-if tube and connect 
the scope to the first picture-if grid 
terminal through a demodulator 
probe or crystal rectifier; (c) with a 
strong signal applied, adjust the 
sound-if trap to the desired fre­
quency (21.25 Mc, for example); 
(d) adjust the peaking coil at the 
desired frequency (21.8 Mc, for 
example). 

RCA Tuner KRK-2 

adjustment screws in equal positions 
(with approximately ¾ inch ex­
posed). Generally, each adjustment 
is effected by means of a pair of 
these core screws. Turning a pair of 
associated screws in like direction 
has like affect; (f) for major realign­
ment, rough out a curve on channel 
7, and then follow the sequence in­
dicated by the numbers in the 
accompanying photograph; (g) for 
adjustment 2, replace the first pic­
ture-if tube, connect the scope to 
the discriminator, apply channel-7 
sweep and sound marker to the 

antenna terminals, and adjust to 
tentatively center the marker on the 
"S" curve, with fine tuning at mid­
rotation; (h) removing the if tube 
and connecting the scope to the 
tuner, repeat the adjustment la­
belled 1, if necessary; (i) proceed in 
sequence through step 7. Compro­
mise may be required between the 
settings for steps 1,4,3, and 5. 

For each of these adjustments, 
check the curves for channels 7 
through 13; (j) track channels 12 to 
7; (k) align channel 6 (steps 9 
through 12), then observe channels 

RF and Oscillator Alignment: 
(a) Connect the sweep and marker 
generators to the antenna terminals; 
(b) remove the first picture-if tube; 
(c) connect a minus LS-volt source 
to the AGC (green} lead of tuner; 
(d) connect the scope through a 
10,000-ohm resistor to the junction 
of Lso and Ro; (e) If major realign­
ment is necessary, set all 12 core-

IF ALIGNMENT 

Effects of Sarkes Tar:z:ian RF 
Adjustments* 

CHANNEL 
13 

MIXER RF PLATE ANTENNA 
LF Tilt Freq. HF Tilt 2 

12 
11 

LF Tilt Freq. HF Tilt 
LF Tilt Freq. HF Tilt 

10 
9 

LF Tilt Freq. HF Tilt 
LF Tilt Freq. HF Tilt 

8 Freq. HF Tilt 
7 Freq. HF Tilt 
6 Freq. Freq.4 HF Tilt 
5 Freq. 2. 3 Freq. 
4 
3 
2 

Freq.2,3 Freq. 
HF Tilt Freq. 
HF Tilt Freq. 

1Plus Bandwidth 2 Plus Gain 
4Plus LF Tilt 

HF Ti 1t 

3 Plus 1-lF Tilt 

21.25 

fJl 
TRAP 

SOUND IF--.. 
(BLACK LEAD) 

TO 
SCOP< 

FOR 
If CUftY'! WG - 291 

DEMODULATOR 
PROBE 

21.8MC 

2 through 6, compromising wherever 
necessary; (1) perform step 13. 

IF Alignment: (a) Apply chan­
nel-8 frequency to the antenna ter­
minals and set the tuner to channel 
8; (b) couple tb .. marker generator 
through a 4.7-µµ,f capacitor to the 
junction of Lso and Ro; (c) remove 
the first picture-if tube and connect 
the scope to the first picture-if grid 
terminal through a demodulator 
probe or crystal rectifier; (d) adjust 
the trap and. peaking transformer 
at 21.25 Mc and 21.8 Mc, respec­
tively, (for 630TS receivers.). 

RF SWEEP INPUT 

IF MARKER INPUT 

*Location of three sets of adjustments is indicated on 
illustration. Tabulated quantities associated with each 
adjustment can he increased by reducing the coil 
inductance, either through spreading the coils, 
shortening the loops, or bending the loops down 
toward the wafer. 
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Sarkes-Tar:z:ian 3-Tube Tuner 
RF and Oscillator Alignment: 

(a) Connect the sweep and marker 
generators to the antenna terminals; 
(b) remove the first picture-if tube; 
(c) connect a minus LS-volt source 
to the AGC terminal; (d) connect 
the scope to the test point; (e) per­
form adjustments 1, 2, and 3 on 
channel 13 by manipulating the coil 
shapes, as described in the footnote 
for the accompanying table; (f) re­
place the first picture-if tube; con­
nect the scope to the discriminator; 
apply channel-13 sweep signal and 
sound marker to the antenna termi­
nals, and by means of the adjust­
ment,which precedesthatforchannel 
13 and which is common to all 
channels, center the marker on the 
"S" curve; (g) return to the former 
connections and perform steps 5, 6, 
and 7 for the channels indicated; 
(h) return to the tracking connec­
tions and track for all channels; 
(i) make a final curve check on 
channels 13 to 7 with the shield in 
place and the marker-generator 
leads removed. 



TELEVISION ANTENNAS AND TRANSMISSION LINES 
By John R. Meagher 

Television Specialist, RCA Renewal Sales 

PART I, ACTION OF DIPOLE AND REFLElCTOR 

Assume that the metal rod in Fig. I is supported horizontally 
in space to pick up signals from a TV station. The rod is cut to 
one-half wave length at the frequency of this station. The rod is 
not broken at the center, and it is not connected to anything. 

The rod will intercept or pick up 
signals from a limited area of space 
that for practical purposes may be 
regarded as being almost as long as 
the rod and about a half-wave high. 

A small amount of this signal will 
be used up in heat (current flow 
along the surface of the rod). The 
rest of the signal cannot be ab­
sorbed because there is no load. So 
essentially all of the signal that is 
picked up by the rod is re-radiated 
or sent out again into space. 

Suppose we break the rod at the 
center and connect an adjustable 
resistance across the gap. Also, 
suppose that we provide some means 
to measure the power in this resis­
tor, which is the load. We then 
adjust the resistance for the value 
that develops maximum power in 
the resistor. 

The reflector acts to increase the 
energy in the antenna and also to 
decrease the radiation resistance. In 
effect, less energy is re-radiated by 
the antenna and more energy is 
used in the load. 

The same result can be achieved 
by placing a rod in front of the 
antenna. In this position it is called 
a director. The two signals arriving 
at the antenna, also must be in 
phase; the phase relation in this 

case depends on the spacing between 
the antenna and director and on the 
length (tuning or ph11se) of the 
director. 

In TV reception, a practical dif­
ference between a reflector and a 
director is that with a reflector, the 
response is cut more sharply on the 
low-frequency side; with a director, 

SIMPLIFIED DIPOLE ACTION 
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Under this condition, we can 
assume that one-half of the energy 
picked up by the antenna is ab­
sorbed in the load, and the other 
half is re-radiated. For convenience 
we can assume that the re-radiated 
energy is consumed in another 
resistance, which is termed the 
radiation resistance. 

Some of this re-radiated energy 
can be reflected back into the 
antenna by placing another rod 
(reflector) of suitable length in back 
of the antenna with a spacing of 
one-quarter wave or less. 

The reflector picks up some of the 
energy that is re-radiated by the 
antenna. In turn, the reflector re­
radiates practically all ,of this 
energy, and a portion of this is 
picked up by the antenna. 

The antenna is now getting 
energy from two sources, from the 
station and from the reflector. For 
best results, these two must be in 
step (or phase) with each other at 
the antenna. This phase relationship 
depends on the spacing between 
antenna and reflector, and on the 
length (tuning, or phase) of the 
reflector. 

the response 1s cut more sharply on 
the high-frequency side. 

The use of both a director and a 
reflector results in greater gain, but 
with narrow band width and lov, 
antenna impedance. 

Stacked Antennas 
An antenna intercepts or receives 

the signal in a certain area of d.ace. 
If two similar antennas are use , the 
intercepted area is doubled and 
the received power is doubled. When 
two antennas are connected to­
gether, with correct phasing and 
matching, the voltage across the 
input impedance of the receiver is 
increased approximately 1.4 times. 

Figure 2 shows a practical ex­
ample, using two identical folded 
dipoles spaced one-half wave apart. 
If reflectors with spacing of 0.2 
wave-length are used, it may be 
assumed that the impedance of each 
antenna is reduced to about 170 
ohms. (For simplicity, the reflectors 
are not shown in Figure 2.) 

The transmission-line impedance 
is 300 ohms. At the point where the 
line connects to the two antennas, the 
impedance of each antenna should 

STACKED FOLDED DIPOLES 
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"look like" 600 ohms, so that the 
two in parallel are 300 ohms. 

Two quarter-wave lines are used 
as matching sections between the 
terminals of each antenna and the 
transmission line. These quarter­
wave lines should have an impe­
dance that will "transform" the 
impedance of each 170-ohm anlcenna 
up to 600 ohms. The quarter-wave 
line impedance can be computed 
from the relation: 
Line impedance= 

✓input output 
impedance x impedance. 

In this example the 
Line impedance= V 170 x 600 

= 320 ohms approximately. 
When tubing or rods are used for 

the matching sections, the diameter 
spacing for an impedance of 320 
ohms can be determined from Figure; 
3. Rods of¼" diameter spaced 1.8", 
or rods of ¾" diameter spaced 2.8" 
are suitable in this case. 

The phasing or polarity of the 
signal voltage from each antenna is 
automatically taken care of in this 
arrangement because the signal 
from each antenna travels the same 
distance (¼ wavelength) to reach 
the transmission-line terminals. 

When stacked arrays for low­
band channels are installed, it 
should be remembered that if the 
top antenna is not very high above 
the effective ground plane, the lower 
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antenna will intercept less signal 
than the top antenna. As a result, 
the actual voltage gain of the array, 
compared to the top antenna alone, 
will be less than 1.4. 

The effective ground plane may 
he at roof level in a building with 
metal framing or a metal roof. 

Folded Dipoles 
In a conventional folded dipole, as 

shown in Fig. 4a, with rods of equal 
lliameter, each rod has ½ the /total 
conducting areas, and the imped­
ance is 4 times that of a plain dipole. 

The impedance of a folded dipole 
may be increased by increasing the 
area of the continuous section, or by 
using more than one rod in parallel 
with the split section, as shown in 
Figs. 4b and 4c. When the split sec­
tion has ½ the total area, the an­
tenna impedance- is 9 times that of a 
plain dipole. When the split section 
has ¼ the total area, the impedance 
is 16 times that of a plain dipole. 

The presence of a reflector de­
creases the impedance of a folded 
dipole in the same ratio as for a 
plain dipole. 

When both reflectors and di­
rectors are used to obtain maximum 
gain, the impedance of a plain dipole 
may drop to as low as 10 ohms. This 
value is too low for connection to a 
coax transmission line. However, a 
folded dipole with several parallel 
elements as shown in Figs. 4b or 4c, 
may be used in place of the plain di­
pole to obtain a higher antenna 
impedance to facilitate matching to 
a coax transmission line. 

In some respects, a folded di­
pole may be regarded as a plain 
dipole shunted by two quarter-wave 
shorted stubs. The stubs function as 
parallel-tuned circuits, while the di­
pole functions as a series-tuned cir­
cuit. The reactances of the stubs and 
the dipole change in opposite direc­
tions and tend to cancel at frequen­
cies above or below resonance. This 
tendency contributes to the some­
what wider bandwidth of a folded 
dipole as compared to that of a 
plain dipole. 

FIG. 3 
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Increasing Signal Input 
on an 

Incorrectly Terminated Line 
As mentioned later, the imped­

ance of the transmission line should 
equal the rated input impedance of 
the particular TV receiver. How­
ever, the actual input impedance of 
TV receivers does not remain con­
stant on all channels, and frequently 
has a large reactive component. By 
"tuning out" this reactance on any 
particular channel, it is possible in 
many cases to get an appreciable in­
crease in picture strength. Obviously, 
this expedient is required only on 
weak signals. 

This improvement can be accom­
plished easily on installations with 
ribbon-type transmission line. The 
procedure is as follows: 

1. Tune in the weakest TV station. 
2. Grasp the transmission line be­

tween the thumb and fingers at 
some point along the line where it 
is convenient to observe the pic­
ture. Slide the fingers along the 
line, watching for change in pic­
ture brightness. At some point, 
the picture strength will increase. 
A quarter-wave further along the 
line, the picture strength will de­
crease. 
The fingers act as a small capaci­

tor across the transmission line. It 
may be necessary to vary the capac-
itance by increasing or decreasing 
the pressure or the finger area. If the 
effect of a larger capacitor is re­
quired, grasp the line between the 
palm and four fingertips. 

Find the center point of the sec­
tion where the hand capacitance in­
creases the picture strength. Con­
nect a small silvered ceramic trim­
mer (1.5 to either 7 or 15 uuf) across 
the transmission line at this point. 
Hold the insulation of the trimmer 
between the tips of the fingers and, 
using a fibre neut stick, adjust the 
trimmer for maximum picture 
strength. Refer to Figure 5. 
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Instead of a trimmer capacitor, it 
is possible to use a piece of metal 
foil, wrapping it around the line, 
sliding it to the position for best 
signal strength, adding or removing 
foil area if necessary, and finallv 
fastening it in position with Scotch 
tape. 

If hand capacitance decreases the 
picture strength at all positions 
along the line, it indicates that the 
receiver is correctly terminating the 
line on the particular channel. In 
this case, no improvement can he 
achieved. 

The actual application of this 
method of partially compensating 
for an incorrectly terminated line 
depends on how many channels need 
improvement, whether a particular 
receiver has appreciable input re­
actance on these channels, and many 
other factors. We will leave, there­
fore, the actual application to the 
ingenuity of the TV technician. It 
should be noted, however, that the 
particular position and value of the 
cafacitance applv only to one chan­
ne . For any other channel it is 
necessary to reposition the capacitor 
and change its value. 

In Fig lA where the direct and 
reflected signals arrive at the re­
ceiver from the same general direc­
tion, there is no practical remedy at 
present to eliminate the ghost. 

Occasionally, in the hope that the 
plane of polarization of the reflected 
signal has been changed from hori­
zontal, experimenters try tilting the 
antenna in various planes to get it 
at right angles to the plane of the 
reflected signal. Unfortunately, such 
trials have usually proved inconclu­
sive or futile. 

In Fig. lB, where the reflected sig. 
nal is arriving at the receiver from one 
side, it can be minimized by orient­
ing the antenna for least pickup in 
this direction. 

In Fig. lC, where the reflected sig­
nal is arriving at the receiver from the 
rear, a reflector on the antenna is 
helpful because it reduces rear pick­
up to some extent. As mentioned 
previously, it is not a cure-all for 
this condition. A reflector of large 
dimensions, such as a metal bill­
board. or a large screen of chicken 
wire, is generally helpful in reducing 
rear pickup. In a few cases, it is 
possible to position the antenna so it 
is "shielded" from the rear by a 
closely adjacent steel building. 

In mid-city locations, it is some­
times advantageous to orient the 
antenna for maximum pickup of a 
strong reflected signal, and mini­
mum pickup of the direct signal. 
This expedient _may be necessary in 
locations where the direct signal is 
blocked by an intervening building, 
as in Fig. 1D. 

photographic sense, where a nega­
tive is a reversed image; that is, the 
black portions are white and the 
white portions are black. 

Whether a gho,t is positive or 
negative depends on the relative rf 
phase of the direct and reflected sig­
nals. See Fig. 3. The relative phase 
depends on the position of the 
antenna. If the antenna is moved 
some distance toward or away from 
the transmitter, the relative phase 
changetJ, and the direct and reflected 
signals either aid or oppose, pro­
ducing a positive or a negative 
ghost respectively. 

Fluttering ghosts 

When an aircraft is in the vicinity 
of the receiver, it reflects signals 
from the TV transmitter to the re­
ceiver. The receiver also gets direct 
signal from the transmitter. The 
relative phase of the direct and re­
flected signals arriving at the re­
ceiver changes as the plane travels 
along. The two signals alternately 
aid and oppose each other, produc­
ing a flutter in picture brightness 
and also a flutter in the ghost 
image. In TV receivers with auto­
matic gain control on the picture-­
if amplifier, the fluctuation in 
brightness is largely eliminated. 
Refer to Fig. 4. 

The rate of flutter depends on the 
position, height, speed, and direc­
tion of the plane. The rate of flutter 
changes as the plane moves along. 

Occasionally signals from a dis. 
tant TV station that is beyond nor­
mal receiving range may be seen for 
short periods due to reflection from 
a plane as shown in Fig. 5. This 
occurrence demonstrates that the 
signals are passing over-head and 
could be intercepted if it were pos­
sible to place an antenna high 
enough in the air. 

PART II-GHOSTS 

In locations where several re­
flected signals from different build­
ings reach the receiver, there are 
several ghost images in the picture. 
These images are referred to as 
multiple ghosts, or multiple reflec­
tions. A typical condition in which 
multiple ghosts are produced is 
shown in Fig. 2. 

The usual type of ghost appears on 
the right-hand side of the picture. 
It is termed a "trailing" ghost be­
cause the reflected signal travels a 
longer path than the direct signal 
and arrives later than the direct 
signal. 

We did not originally intend to 
devote much time to ghosts because 
the subject is generally well under­
stood, at least in regard to the com­
mon or garden variety of ghosts. 
But on analyzing the subject, we 
were surprised to realize the great 
variety of ghosts that may, under 
unfavorable circumstances, unhap­
pily haunt the kinescope. So we 
decided to make you better ac­
quainted with them. 

For instance, have you met all of 
the fallowing members of the ghost 
family?-

Leading ghosts 
Trailing ghosts 
Positive ghosts 
Negative ghosts 
Multiple ghosts 
Fluttering ghosts 
Transmission Line ghosts 
Tunable ghosts 

If you do not recognize all of A ghost may be either positive or There is a condition where one or 
them, you may have wasted time negative using these terms in their more images may appear on the left-
trying to eliminate some varieties 
by orienting the antenna, which 
doesn't phase them a bit. 

Trailing ghosts 
The usual type of ghost, or echo, 

or secondary image, is caused by re­
flection of the transmitted signal 
from a building or other structure or 
from a hill or cliff. The reflected 
signal, which is usually weaker than 
the direct signal, arrives at the 
receiving antenna later than the 
direct signal, and the ghost, there­
fore, appears on the right-hand or 
trailing side of the original picture. 

The building or other object from 
which the signal is reflected may be 
situated in various locations with 
respect to the TV station and to the 
receiver, as shown in Fig. 1. 
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hand side of the picture. We have 
termed these "leading" ghosts for 
lack of a better description. 

This type of ghost appears in lo­
cations where the following condi­
tions exist, as shown in Fig. 6; 

1. Location relatively close to the 
transmitter. 

2. Considerable signal pick-up in 
the rf or 1st- detector circuits 
of the receiver, with the an­
tenna disconnected. 

3. Long run of transmission line 
to the antenna. 

r:NG 
RANSMISSION 

LINE 

FIG. e 

Because the antenna signal is de­
layed traveling down the transmis­
sion line, the direct signal picked up 
in the rf or ht detector circuits ap­
pear ahead, or on the left-hand side 
of the antenna-signal picture. 

The remedy in this case is to-
1. Reduce the direct pickup in the 

receiver, by shielding the rf and 
detector circuits, or the entire 
chassis. 

2. Increase the signal from the 
antenna. (If there is some type 
of antenna distribution system, 
it may he defective, or attenu­
ating the signal too much.) 

In any case where direct signal 
pick-up by the receiver is evident in 
the picture, this signal will he al­
tered by persons moving around the 
room, or near the TV receiver. (Re­
member that movement close to an 
unshielded transmission line will 
alter the antenna signal, particularly 
when the receiver does not terminate 
the line correctly.) 

Under the conditions mentioned 
above hut where the transmission 
line is shorter than a few hundred 
feet, the direct signal will not appear 
as a separate image but will blend 
with the antenna signal to produce a 
picture of poor quality which will 
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change in quality when someone 
moves around the room or near the 
receiver. 

In one actual case where leading 
ghosts were encountered, the fol­
lowing checks were made: 
1. With the antenna connected to 

the receiver, and contrast and 
brightness correctly adjusted, 
there were about 12 distinct 
images on the kinescope. 

2. Disconnecting the antenna from 
the receiver, without disturbing 
the contrast control, it was found 
that there were about 10 images. 

3. From this it was assumed that the 
antenna was contributing very 
little to the signal, and that most 
of the pickup was from signals 
"coming in the window" and 
being picked up in the rf or de­
tector circuits. The numerous 
images were due to reflected sig­
nals from different tall buildings 
in the vicinity. 

4. Shielding of the rf and detector 
circuits did not help in this case. 

5. It was then assumed that the rf 
tube had no gain, to account for 
the fact that connecting the an­
tenna to the receiver produced 
very little difference in the pic­
ture on the kinescope. This proved 
to he the trouble: A resistor in the 
rf bias circuit had dropped to a 
very low value, which resulted in 
the rf tube being biased off at all 
times. 

6. When this trouble was corrected 
and the antenna was connected to 
the receiver, the picture contrast 
control had to he turned hack con­
siderably because the antenna sig­
nal was then being amplified in 
the rf stage. 

7. Leaving the contrast control in 
this new setting, the antenna was 
disconnected, and it was observed 
that no images were visible on the 
kinescope, indicating that at this 
low-gain setting of the contrast 
control, the direct signal pickup 
in the rf and detector circuits was 
not strong enough, compared to 
the antenna signal, to cause 
trouble. 

8. The antenna was then recon­
nected, and after some time spent 
in finding the correct position and 
orientation, the final picture was 
excellent with only a few very 
faint reflections or trailing ghosts. 
Another case in a similar location 

was traced to a defective component 
in the antenna distribution system. 

These two actual cases are men­
tioned here because usually the 
presence of multiple ghosts is 
blamed on the particular location, 
and on the position and orientation 
of the antenna. It is worthwhile, at 
least in strong-signal areas, to check 
other factors, as proved in these two 
instances. 

In working on reflection problems, 
it is sometimes helpful to know 
exactly which building or structure 
is acting as the reflecting object in 
producing a particular ghost. 

To locate the reflecting object, it 
is necessary first to determine the 
"additional airpath distance" that 
the reflected signal must travel. 
(Any reflected signal travels a 
longer distance than the direct 
signal.) 

The additional air-path distance 
is determined from knowledge of 
two facts: 
1. The scanning spot in the kine­

scope requires approximately 53 
millionths of a second, or 53 
microseconds, to travel from the 
left• to the right-hand slde of the 
picture. (Unblanked portion of 
picture.) 

2. Radio signals travel approxi­
mately 1000 feet in one micro­
second in air. In 53 microseconds 
a radio signal travels approxi­
mately 53,000 feet or 10 miles. 
Therefore, during the time it takes 
for the spot to travel from the 
left- to the right-hand side of the 
picture, a radio signal travels 

about 10 miles. The horizontal 
width of the picture provides a 
distance scale, somewhat like the 
range scale on the radar "A" 
scope. 
The procedure in determining the 

additional air-path distance of the 
reflected signal is as follows: 
1. Adjust the picture width so it is 

the same size or slightly smaller 
than the mask, and adjust for the 
best possible horizontal linearity. 

2. Measure the horizontal distance 
in inches between a point in the 
original picture, and the corre­
sponding point in the ghost. 

3. Measure the width of the picture 
in inches. 
The additional air-path distance 

in feet is 
distance between corre­

s~onding ~oints x 53,000 
width of picture 

(Fig. 7) 
As an example, if the distance be­

tween corresponding points in the 
original and ghost pictures is one 
inch, and the width of the picture is 
8 inches, the additional air-path 
distance is ½ x 53,000 or approxi­
mately 6,600 feet. 

Note that this is the ad,litional 
air-path distance that the reflected 
signal travels. It is NOT the dis­
tance from the reflecting object to 
the receiver or to the transmitter. 
For instance, if the distance from 
the transmitter to receiver is 50 
miles, the direct signal travels 50 
miles, and in the above example, the 
reflected signal travels 50 miles plus 
6,600 feet. 

In this particular example, if the 
reflecting object were directly in 
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back of the receiver, it would be one­
half of 6,600 feet or 3,300 feet in 
back of the receiver. 

To find the buildings or other 
objects that could produce a ghost 
with a specific additional air-path 
distance, it is possible to draw an 
oval line on a map as shown in 

Fig. 8. The additional air-path dis­
tance of a reflected signal is the 
same for all points along this line. 
Any large building or structure 
along this line can be the reflecting 
point. 

This method is useful only when 
the distance between transmitter 
and receiver is relatively short. 

Transmission-line ghosts 
When the transmission line is not 

correctly terminated by the receiver, 
a portion of the signal is reflected 
at the receiver and travels back up 
the line to the antenna. If the an­
tenna does not correctly terminate 
the line, a portion of this signal is 
reflected and travels down the line 
to the receiver, where it produces a 
trailing ghost. 

With a normal length of trans­
mission line, the reAected signal 
takes very little Lime in traveling up 
and down the line, so it is only 
slightly delayed and does not appear 
as a separate ghost. IL merges with 
the original picture signal and 
affects the picture quality. 

With a sufficiently long run of 
transmission line, the reflected sig­
nal appears as a separate trailing 
ghost. 

Occasionally it is necessary to 
determine whether a particular 
ghost is due to incorrect termination 
of the transmission line, or to an 
external reflected signal. This deter­
mination will show whether it is 
necessary to improve the line termi­
nation or to reorient the antenna. 

First determine the additional air­
pa th distance of the ghost, as de­
scribed previously. 

Then determine the equivalent 
air-path length of the particular 
transmission line, which is equal to: 

length of line in feet x 2 
k 

where k is the velocity constant of 
the particular line and is approxi­
ma Lely 0.83 for some types of 300 
ohm ribbon line. 

As an example, let us assume that 
the additional air-path distance of a 
ghost is 4,000 fee L and that the 
300-ohm transmission line is 500 
feet long. Then the equivalent air­
path length for 500 feet of 300-ohm 
ribbon line, for a single reAeclion is 

500 X 2 
~ = 1200 feet (approx.) 

Because the gho5t signal in this 
example has an additional air-path 
distance of 4000 feet, it can not be 
caused by reflection in the trans­
mission line which has an equivalent 
air-path length of 1200 feel. 

Tunable ghosts 
Echoes that vary in number and 

intensity with adjustment of the 
tuning control on the TV receiver 
are referred to as "tunable ghosts" 
or tunable echoes, and may be 
caused by incorrect alignment of the 
rf-picture if amplifiers, or by 
regeneration. 
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PART Ill 

Why does there appear to be so much contradictory 
information about television antennas? 

In the first place, there are wide 
differences of opinion based on indi­
vidual experience under different 
conditions. 

For instance, technician "A"' in a 
strong signal area is convinced that 
a certain antenna has. broad-band 
response because it gives satisfac­
tory reception on all of the TV 
areas. 

But technician "H" in a weak 
signal area is copvinced that this 
same antenna has narrow-band 
response, because he must use 
several of these antennas, each cut 
for a particular channel to obtain 
sufficient signal on each station. 

Here are two different opinions. 
Is this a wide-band antenna, or a 
narrow-band antenna? How should 
the manufacturer rate it? 

In the second place, almost all of 
the practical information that is 
available on antennas applies only 
to the resonant frequency. This 
information includes the widely­
known values of dipole characteris­
tics, such as: 

(a) impedance 
(b) gain from the use of a reflector 
(c) change of impedance due to 

the reflector. 
(d) and the directivity pattern 

All of these characteristics become 
entirely different when the antenna 
is used to receive channels at other 
than the resonant frequency, and 
this is exactly the condition that 
applies in television, because in 
probably 80~"( of all TV installa­
tions, a single antenna is used to 
receive two or more stations on 
different frequencies. 

Yet we continue to think and to 
talk about television antennas in 
terms of characteristics that apply 
only at the resonant frequency. 

To illustrate this point, assume 
that a technician stops to admire an 
antenna installation. He sees that it 
is a plain dipole cut for one of the 
low channels, so he classifies it as 
having 70-ohm impedance. The 
transmission line is 70-ohm coax, so 
he is satisfied that it matches the 
antenna correctly for. maximum 
power output. He knows that a 
plain dipole has a figure "8" recep­
tion pattern, with best reception at 
right angles to the rods. This dipole 
is broadside to the direction of the 
stations, so he is satisfied that it is 
oriented for best signal pickup. 

Of course, the technician is correct 
on all of these points, providing the 
owner happens to be looking at the 
particular channel for which the 
antenna is resonant. 
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But suppose the owner looks at 
another low-band rhannel: The an­
tenna impedance is no longer 70-
ohms: it may he quite different. So 
the 70-ohm coax does not match 
the antenna. 

Or suppose the owner looks at a 
high-hand channel: The antenna 
impedance is not 70-ohms, it may be 
several hundred ohms; so again the 
70-ohm coax does not match the an­
tenna. The antenna does not have a 
figure "8" pattern; it has four major 
lobes at about 40° angles to the rods, 
so the antenna is not oriented for 
maximum signal on these channels. 

In the third place, it does not 
n1ake sense to consider the ~~gain" 
of an antenna without considering 
the loss in the type of transmission 
line that must be used with that par­
ticular antenna. We are not inter­
~sted in the voltage up at the 
terminals of the antenna; we are 
interested in the voltage down at 
the input terminals of the receiver. 

At frequencies used in radio and 
short-wave work, the signal loss in 
low-impedance coax is seldom a 
serious factor. But at the higher 
frequencies used in television, up to 
216 megacycles, the gain aehieved 
on one channel by matrhing a low­
impedance antenna to a eoax line 
may be outbalanced hy the high 
losses in the coax, compared to the 
murh smaller los~es in 300-ohm 
ribbon line. 

An additional reason for contra­
dictory information is the fact that 
wide-band television antennas are 
not developed al an office desk with 
the aid of a handbook. They are 
developed b)- experimental methods 
with numerous measurements and 
romparisons every step of the way. 
Consequently there is disagreement 
in many cases between those who 
have herome experts by reading the 
handbooks, and those who are 
actually conducting antenna meas­
urements and comparisons under 
con trolled conditions. 

Comparison of TV antenna char­
acteristics over all the TV channels 
requires a carefully chosen location, 
special set-up, special signal gener­
ators, special loads, and special 
measuring equipment; plus special­
ized knowledge and experience. Only 
a few agencies in the country are 
equipped at present for this work. 

What is being done to 
clarify the situation? 

This article is one step in an 
effort to provide impartial answers 
to questions about TV antennas. 

We are not including any "how­
to-build-it" information. Frankly, 
the best plan for anyone who wants 
to build antennas is to copy a design 
that has proved satisfactory for the 
particular set of conditions. 

What is the best antenna for 
television? 

No one antenna is "best" for all 
TV installations. The best antenna 
for a particular location depends on 
many factors. 

What factors are involved in 
selecting the best antenna for 
a particular installation? 

We will name seven factors as 
shown in Figure I. 
1. The number of TV stations that 

are to be received, and their 
frequencies. 

2. The field strength of each station 
at the receiving site. 

3. The direction of each station 
frorn the receiver. 

4. The reflection conditions (echoes 
or ghosts), and the direction of 
such reflections, for each station. 

5. The interference conditions, rf 
and electrical °for each station. 

6. The type and impedance of trans­
mission line. 

7. The price that the owner is will­
ing to pay for material and labor 
to get good reception on each 
station. 

How are these factors re­
lated to the antenna? 

The number of stations, and their 
frequencies determine the band­
width that the antenna must cover. 

The signal strengih of each station 
determines whether low-gain broad­
band, high-gain narrow band, or a 
combination of such antennas must 
be used. 

Direction, reflection, and interfer­
ence conditions determine whether 
a single antenna, or several antennas 
are required so that each can he 
oriented for best signal and least 
reflections. 

In addition, the line and receiver 
impedances may often determine 
whether plain dipoles or folded 
dipoles are required. 

The cost naturally influences the 
final choice and may necessitate a 
compromise The cost also deter­
mines the height which is usually a 
very important factor in weak 
signal areas. 

Let's consider a center-city 
location with three stations, 
all strong, all in different di­
rections, and severe reflec­
tions on all. What is the best 
antenna? 

The safest answer, without mak­
ing a survey at the particular loca-
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tion, is to use three separate 
antennas with reflectors, and three 
separate transmission lines running 
to a selector switch near the re­
ceiver, as shown in Figure 2. 

Each antenna should be posi­
tioned on the roof and oriented for 
least reflections. The antennas 
should be plain dipoles for 50- or 
70-ohm receivers and folded dipoles 
for 300-ohm receivers. 

Consider a residential area 
in the city: Five stations, two 
on the high-band channels, all 
reasonably strong, all in the 
same general direction. What 
is the best antenna? 

For receivers with 300-ohm input 
impedance, the best antenna in this 
location is an RCA-225Al or 
226Al (the 225Al has a reflector). 
This is a wide-band dipole. It was 
designed for these conditions. We 
will say more about it later. 

Suppose we want to use a 
50- or 70-ohm receiver in this 
same location: What antenna 
is required? 

At least two antennas; one or 
more for the low channels and one 
for the high channels. Each to be 
plain dipole with reflector. The an­
tennas may be connected together 
as specified by the manufacturer 
and fed into a 50- or 70-ohm line. 

Let's move away from the 
city, say 30 miles: Three sta­
tions, one on the high band, 
all in the same general direc­
tion, no strong local reflec­
tions. What antenna is best? 

Again, it is preferable to make a 
survey on the spot, but for receivers 
with 300-ohm input impedance, the 
RCA 225Al dipole and reflector is 
recommended. For receivers with 
low-impedance input, use at least 
one antenna for the low-band, and 
one for the high-band. The anten­
nas may be connected together as 
specified by the manufacturer, or 
separate lines can be run from each 
antenna to a switch near the 
receiver. 

In very weak signal areas, 
what is the best antenna? 

A separate "high-gain" narrow­
band antenna for each of the low­
band stations and one high-gain 
antenna for the high-band channels 
-(channels 5 and 6 are generally 
covered by a single high-gain an­
tenna). Run a separate line for each 
antenna as shown previously. 

It is preferable to use folded 
dipoles with reflectors and 300-ohm 
ribbon line for least loss of signal in 
the line. 

However, if noise pickup on the 
line is excessive, use plain dipoles 
and reflectors with 50- or 70-ohm 
coax. But decide this point care­
fully because coax has much higher 
loss of signal than 300-ohm ribbon 
line. When coax is used for a re­
ceiver having a balanced input, use 
twin coax as shown in Figure 3. The 
transmission line may be two-con­
ductor shielded coax or two single 
coax cables of the same length run 
side by side with the braid outer 
conductor of each cable connected 
to the chassis dose to the rf input. 
The cables must be almost exactly 
the same length: If there is a differ­
ence of a half-wave length at some 
frequency, the signals from each 
cable arrive at the receiver in phase 
and cancel. A half-wave of coax on 
channel 13 is only about 16 inches 
long. 



In extremely weak signal areas, 
a stacked 11rray of two antennas may 
he used for any one station. 

When you say a "separate" 
antenna for a low-band chan­
nel, do you mean an antenna 
that is cut to the correct length 
so it resonates at the frequency 
of the particular channel? 

Yes. For optimum gain with a 
half-wave dipole on a particular 
low-band channel. the antenna 
should be cut to correct length so 
that it is resonant at the picture­
carrier frequency; it should also be 
matched to the transmission line. 

For satisfactory matching, use a 
folded dipole for 300-ohm line, and 

TV SERVICING 

a plain dipole for 50- or 70-ohm line. 
The line impedance is, of course, 
determined by the receiver input 
impedance. 

Such an antenna, with a correctly 
phased reflector, is classified here 
for simplicity as a high-gain narrow­
band dipole. 

How can such an antenna 
cover all the channels in the 
high band? 

It is necessary to think in terms 
of percentage as shown in Figure 4. 

Assume an antenna with a band­
width of 20%-

at 60 Mc, 20% bandwidth is 
12 Mc. 

at 80 Mc, 20% bandwidth is 
16 Mc. 

at 200 Mc, 20% bandwidth is 
40 Mc. 

Obviously for the same percent­
age bandwidth, an antenna covers 
more channels on the higher fre­
quencies. 

Other factors, such as the ratio 
of rod diameter to length, increase 
the bandwidth at the higher fre­
quencies, so it is possible with one 
plain or folded dipole to cover all 
the highband channels. 

For maximum gain on channels 2, 
3, and 4, separate antennas are 
required, each being designed for its 
particular channel. Only one an­
tenna is ·generally required to cover 
both channels 5 and 6. 

The photographs of the WFIL Test Patternwhichappear in 

the preceding articles are reproduced with permission of 

the station management. Thepictures were made by using 

a receiver in good operational condition except for the 

specific faults purposely introduced. The quality of 

test patterns in no way reflects upon the quality of the 

transmitted signal of WFIL or the station personnel. 

Devices and arrangements shown or described herein may 
use patents of RCA or others. information contained 
herein is furnished without responsibility by RCA for 
its use and without prejudice to RCA'S patent rights. 
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TROUBLE SHOOTING 
''TOUGH'' SETS OR ''DOGS'' 

By John R. Meagher 
Television Specialist, RCA Renewal Sales 

Experienced technicians can find the trouble quickly in about 
90 per cent of the receivers that require service. But it may take 
several hours or even days of exasperating effort to find the trouble 
in the remaining 10 per cent. The latter sets are commonly, and 
mildly, described as "dogs", because too often they cause a loss 
which overcomes profits made on other sets. 

In service organizations where 
most of the sets are repaired in the 
home by experienced field men, it 
is only natural to expect that a 
larger percentage of the sets 
brought into the shop may be dogs. 

The time spent on dogs is not 
wasted if it produces gradual im­
provement in trouble-shooting 
methods. A review of past ex­
perience with dogs reveals two im­
portant facts relating to trouble­
shooting methods: 

I. When the trouble is eventually 
found, it is usually in a component 
that had been checked repeatedly. 
Often, in the course of working on 
a dog, a technician will say "I know 
that the trouble is right in this 
particular section. I've checked 
everything in this section. I've tried 
new tubes, I've replaced several 
parts. Everything checks OK, hut 
the trouble is still there". Yet, in 
many cases when the trouble is 
found, it is in one of the com­
ponents that had been checked, 
double checked, and triple checked. 
Obviously, in such cases there must 
be something wrong with the 
method of checking. 

j 

2. The trouble almost always 
turns out to be something "sim­
ple", like a capacitor, transformer, 
coil, resistor, or tube. After all, 
there is little else in a television 
receiver. The trouble may he due 
to slight leakage in a coupling 
capacitor, shorted turns in a trans­
former that checks OK for de re­
sistance, change in value of a 
resistor that appears perfectly nor­
mal, a defect in a tube that pre­
sumably had been checked, a stray 
lump of solder causing a ground or 
short circuit in a hard-to-see spot, 
or some intermittently defective 
part that checks okay when cold. 

The trouble in many dogs is not 
so simple. For instance, it may be 
a combination of two different 
troubles in the same section of the 
receiver. Or, if a set has been 
worked on for several days, or by 
several technicians, new and weird 
troubles may have been added to 
complicate the original condition: 
Several leads may have been 
snipped open for checking pur­
poses, and never resoldered. Worse 
still, the leads may have been re­
soldered on the wrong contacts. 
When a technician falls heir to 

such a set, he is likely to be in­
heriting a major headache that only 
patience, perseverance, and pains­
taking effort can remedy. 

Some technicians create their 
own dogs by refusing to believe 
the plain and honest statement 
that, in many cases of obscure trou­
ble, it pays to check the over-all 
rf-if alignment. If someone has 
tampered with the alignment ad­
justments, or if trouble has devel­
oped in an rf or if tuned circuit, 
the technician may waste many 
hours checking components and 
voltages before he realizes that the 
receiver requires realignment. Un­
stable sync, incomplete blanking, 
weak picture or sound, distorted 
sound, poor picture quality, hum, 
buzz, snow, and interference, are 
some of the troubles caused by poor 
alignment. If the technician has a 
convenient set up of good align­
ment equipment, it takes about 5 
minutes to connect the equipment 
to the receiver and to determine 
definitely whether the alignment is 
good or bad. Five minutes spent in 
checking the alignment may save 
five hours of fruitless trouble-shoot­
ing effort. 

In all cases where the trouble is 
eventually found in a component 
that had previously been checked 
as OK, the technician should im­
mediately question his method of 
checking. Why didn't the fault 
show up when the component was 
first checked? Is there something 
wrong with the method used in 
checking the particular component? 

The purpose of this article is to 
point out, with complete frank­
ness, the common deficiencies and 
limitations in the methods and 
equipment used for checking. This 
article also contains helpful in­
formation and suggestions for 
checking transformers, coils, resist­
ors, and capacitors: checks which 
are the foundation of all trouble­
shooting work. 

Limitations in Methods 

I. DC-Resistance checks do NOT 
prove that a transformer or coil is 
OK. Even if the measured de re­
sistance agrees exactly with the 
values shown in the service data, 
the transformer or coil may have 
shorted turns, or other troubles, 
that seriously affect its operation. 
Leakage between windings may not 

show up on an ohmmeter, but may 
be detected by connecting the coils 
between a source of high voltage 
and a high-impedance voltmeter. In 
most cases, the only reliable method 
available for checking transformers 
and coils is the substitution of a 
new transformer or coil. In many 
difficult service jobs, the trouble is 
eventually corrected by installing 
a new transformer or coil, despite 
the fact that the original unit 
checks OK on an ohmmeter. 

2. Ohmmeter checks for leakage 
in a capacitor do NOT always re• 
veal leakage that occurs when nor• 
mal operating voltage is applied to 
the capacitor. The voltage applied 
to a capacitor during ohmmeter 
check is very low, and necessarily 
so; otherwise the ohmmeter battery 
would burn out low resistance ele­
ments being tested, such as the fila­
ments of the battery-operated tubes. 
The voltage across the capacitor in 
the receiver may he many hun­
dreds of volts. A capacitor that 
checks OK on an ohmmeter may 
break down or exhibit leakage 
under normal operating voltage in 
the receiver. Leakage, particularly 
leakage in coupling capacitors, is 
responsible for the trouble in a 
high percentage of difficult service 
jobs. 

3. The color code on a resistor 
does NOT prove that the resistance 
value is correct. Resistors can in­
crease or decrease greatly in re­
sistance value, or become opened, 
with no outward change in ap­
pearance. An appreciable percent­
age of obscure troubles are 
eventually traced to change in the 
value of a resistor that "looks" OK 
and has the correct color code. 

4. "Sparking tests" for high volt­
age do NOT prove that the voltage 
is sufficient. Sparks can he drawn 
between the high-voltage lead and 
the high-voltage electrode of the 
picture tube, even when the volt­
age is less than half of normal. 
Spark tests can mislead the tech­
nician into believing that lack of 
brightness is caused by a perfectly 
good picture tube. There is no 
need to guess about the high volt­
age when it can he measured easily 
and quickly: An inexpensive RCA 
WG-289 high-voltage probe enables 
the owner of any RCA V oltOhmyst* 
to measure de voltages up to 50,000 
volts. (The WG-290 probe is avail­
able for voltohmmeters that have 
phone-tip connectors.) 

•Reg. U.S. Pat. Off. 
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Why a Vacuum-Tube Voltmeter Simplifies Trouble Shooting 

1000, 5000, OR 20000 

OHM-PER-VOLT METER 

1-unshielded lead picks up 

and radiates signals 

I 
I 
I 
I 
I 
I 

~ -i: ~ 'T' 1,-Lead capacitance of 

1- Low input resistance on low 
ranges causes false indica- / 
tions in many TV circuits __J 

: 100 - 150 µ,µ,f has serious 
1 detuning and loading 
I 

I 
I 

--~-

effects in TV circuits 

VOL TOH MY ST 

.1.-capacitance loading 
is very low, about 1. 5 µ,µ,f 

1,.- Shielded lead prevents 

pickup and radiation 

, ' 
L,solating 

1. 0-Meg. 

resistor 

probe has 

i sol at i ng 

1-Extremely high input 

resistance of 11,000,000 

ohms on all de voltage 

ranges 

There are three basic reasons why conven­
tional voltmeters of 1000, 5000, or 20,000 
ohms per volt are NOT satisfactory for 
checking tube voltages in TV receivers: 

may cause regeneration and misleading volt­
age indications. 

mum effect in rf and if signals, and negligible 
effect in all other circuits. 

( 1 I The capacitance loading of approxi­
mately 100-150 µµf completely detunes any rf 
or if (·ircuit, thus greatly reducing the signal 
voltage and altering the agl' voltage and the 
plate voltages in the rf-if amplifiers. In 
video, sync, and deflection circuits, the 
capm·itance loading reduces the signal ampli­
tude and affects the waveform. In rf, hori­
zontal, and vertical oscillators, the 
,·apaeitance loading reduces the frequency, 
amplitude, and activity of the oscillator. 

( 3) The resistance loading greatly reduces 
the voltage in all high resistance circuits. On 
the 5-volt range of a 20,000 ohm-per-volt 
meter, the input resistance is only 100,000 
ohms, which causes completely false indica­
tions in all circuits of more than about 
50,000 ohms. The combination of capacitance 
and resistance loading results in false, un­
reliable, and misleading indications in most 
of the tube circuits of a TV receiver. 

In sharp contrast to the misleading indica­
tions of conventional voltmeters, the RCA 
V oltOhmyst gives the technician the greatest 
possible aid in TV troubleshooting: 

(2) The input lead is shielded, eliminat­
ing signal pickup, radiation, and the pos­
sibility of regeneration due to the feedback 
that is present on unshielded leads. 

(3) The input resistance is extremely high 
(11,000,000 ohms) on all de voltages ranges, 
even the lowest. The high input resistance in­
sures correct indication of actual circuit 
voltages. 

In addition to these essential electrical fea­
tures, the RCA VoltOhmyst provides direct­
reading peak-to-peak voltage ranges, the 
convenience of a single zero-adjustment set.• 
ting for all "ohms" scales, and protection 
from meter damage on de voltage measure­
ments. 

(2·) The unshielded lead picks up and 
radiates rf, if. and other stray signals, and 

( 1) The input capacitance is extremely 
low, about 1.5 µµf, and therefore has mini-

Limitations in Equipment 

Even if the teehnidan avoids the 
four pitfalls li,;ted above, he may 
still he hampered and mislPd by 
serious limitations and deficiencies 
in his testing equipment. Most 
tel·hnicians, being honest and mod­
est, blame themselves for any con­
fusion or misleading indieations 
that occur while using test equip­
ment, particularly alignment equip­
ment. In too many cases, the 
confusion and wrong indications are 
a direct result of short-comings in 
the test equipment itself. It will 
pay the technician to stop aoo ask 
himself "ls this instrument de­
signed to give me the greatest 
amount of help in my work, or 
does it have serious short-comings 
that will confuse and mislead me?" 

Here, briefly, are some of the 
things to watch out for: 

1. Ordinary voltohmmeters (1,000, 
5,000, and 20,000 ohms-per-volt) are 

NOT satisfactory for voltage meas­
urements in the high-resistance, 
high-impedance, and high-frequency 
circuits of television receivers. The 
effects of capacitance loading, re­
sistance loading, stray pickup, re­
generative feedback, and radiation 
from the leads result in false volt­
age readings that often mislead the 
te1·hnician into believing that trou­
ble exists in circuits where there is 
no trouble. and vice versa. Ti1e 
voltages indicated by an ordinary 
voltohmmeter in manv of the cir­
cuits in a perfectly · normal TV 
receiver are hopelessly different 
from the actual operating voltages 
in the set, and also from those 
specified in the receiver service 
data. Those te1·hnicians who de­
pend on ordinary voltohmmeters 
are needlessly handicapping their 
own trouble-shooting ability. It is 
in the technician· s best interests to 
use a good vacuum-tube voltmeter 
such as the RCA V oltOhmyst. The 
VoltOhmyst, with its low-capaci-

tance isolating probe, shielded in­
put cahle, and extremely high 
( 11-megohm) input resistance on 
all de voltage ranges, has minimum 
loading and detuning effects on the 
drcuit being tested and, therefore, 
indicates the true operating volt­
ages. 

2. A CRO that is nor designed 
for use with a low-capacitance probe 
is NOT satisfactory for checking 
waveform troubles in the sync sep­
arator, and deflection circuits. An 
unshielded input lead on a CRO 
picks up stray pulse voltages, and 
hum voltages, that obscure and 
alter the desired waveform. It is 
not satisfactory simply to use a 
shielded input lead, because the 
high capacitance of the shielded 
lead, plus the input capacitance of 
the CRO ( which may total 150-200 
µµf), severely reduces the ampli­
tude and waveform of the signal 
at the test point in the receiver. 
The resulting pattern on the CRO 
is incorrect and misleading. 

In order to localize a trouble to 
a particular stage in the video 
amplifier, sync separator, or defle,·­
tion circuits, it is essential that the 
CRO have the following features: 

(a) A frequency • compensated 
isolating probe and shielded input 
cable. The input capacitance of the 
probe should not exceed about 10 
or 15 µµ£, 

(b) Voltage calibration for the 
vertical amplifier. Calibration is 
required in order to determine the 
voltage amplitude at any point in 
the waveform of the input signal. 
The amplitude is just as important 
as the shape. 

(cl Adequate frequency and 
phase response for observation of 
horizontal sync pulses. If the CRO 
is designed for use with a low­
capacitance probe, a frequency re­
sponse flat to 0.5 Mc, and trailing 
off to 2 Mc or more, is more than 
satisfactory, provided the phase re-



sponse is good. Beware of duims 
for wide-hand frequen<'y response 
measured at the inrmt re1m1inals 
posts on a CRO. 5ueh duims are 
m!'aningless and misleading, be­
cause the addition of an input lead 
( a CRO eannot be used without 
an input lead) drastically cuts 
down the "rated" frequen<'y re­
sponse. 

In the writer's opinion, the best 
CRO for television trouble shooting 
and alignment is the 7-ineh RCA 
W0-.56A, whieh has the three basil­
requirements listed above. plus 
numerous other essential features. 
For instance, the W O-56A is very 
much faster and easier to operate 
for TV trouble shooting and ol,ign­
ment than any other oscilloscope 
on the market. This truly amazing 
improvement in the speed and ease 
of operation is the result of four 
design features: 

(al Motion of O!VE s1dtch in­
stantly changes over the CRO for 
observation of either horizontal or 
vertical sync puls,,s. To make this 
same change-over with an ordinary 
CRO. it is necessarv to turn three 
different knobs and "fiddle"' with 
two of them. Change-over from 
observation of horizontal pulses to 
vertil-al pulses, and vice versa, is 
required frequently when sync trou­
bles in the video amplifier and sync 
separator are being checked. 

(b) The pattern stays locked in 
position on the w· O-56A t!l:e11 u·hen 
the signal level, input frequenc,·, 
and gain are chan/{ed orer u-ide 
limits. Every technieian knows that 
the user of an ordinary CRO must 
be continually readjusting the 
"'vernier frequeney" and '"'sync" 
controls because the pattern jumps 
out of sync whenever there is a 
slight change in input level, fre­
quem·y. or gain. A special sync­
limiter circuit in the W0-56A mini­
mi~es the need for continual and 
critical adjustment of controls. 

I c I Dual controls for coarse and 
rernier adjustments save time a11d 
simplifr the O[Jeration. The W0-
56A ha,. the time-saving convenience 
of dual controls for vertical gain, 
sync. sweep, and horizontal gain. 
These controls are positioned in a 
logical order so that the user 
doesn't have to waste time hunting 
around the panel in search for the 
right knob. 

(d) lJIREtT-COUPLED push­
pull am[Jli/iers eliminate delayed 
action and bounce in the pattern. 
The pattern on the W0-56A re­
spond" instantly to changes in level, 
input switching, and centering. In 
oscilloscopes that have resistance­
capacitance coupled amplifiers with 
/{Ood low-frequency response, the 
pattern boum·es up and down 
whenever the input is swit(·hed, and 
returns slowly to rest. Aho there 
is an annoying lag between the 
adjustment of the centering eon­
trols and the resulting motion of 
the pattern. The direct-coupled 
amplifiers in the W0-56A have flat 
response down to zero frequency 
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( de I. but there is no bounee and 
lag. The horizontal and vertiral 
amplifiers are substantially identiral, 
and they have frequency-<·ompen­
sated and voltage-calibrated input 
attenuators. 

These four features ( in,tant 
switrhing from "V" to "H" sweep 
frequencies, pattern loek-in, dual 
eontrol"' and in,tant pattern re­
SJltm"") eliminate the need for con­
tinual adjustmnnt of eontrol"' and 
permit the User to devote his run 
attention to the primary job of 
trouble shooting. All TV t,wh­
nieians know that a good (:RO is a 
great aid in TV servicing, partiru­
larly in trucking down obS<"ure 
troubles, but many tet·hnidans have 
shied away from oseilloscopes. ex­
t·ept for alignment work, beeause 
of their intrieacy and slowness of 
operation. The writer is happy to 
assure these technit"ians that the 
W0-56A eliminates these objet'tions. 

3. Alitmment equi[Jment that is 
built to sell on "price appeal", and 
that fails to meet any of the mini­
mum requirements listed below, is 
NOT a good investment at any 
price. 

(a) The rf anti if output voltage 
of the sweep generator must be 
'"flat" over every su·ept range, and 
must remain flat at all settings of 
the output attenuator. "Peaks and 
dips" in the sweep output voltage 
mislead the teehni!'ian into believ­
ing that well-aligned receivers need 
realignment. When a receiver is 
aligned with such a sweep, the re­
sponse curve appears correct, but is 
actually wrong. There is no satis­
factory method, except laboratory 
analysis, to determine the flatness 
of output voltage. The pun·haser 
must depend on the manufat'turers' 
claims. In this connection, it is 
a significant fact that the RCA 
sweep generator is the only service­
type sweep in {!eneral use on TV 
production lines, in 1'V develop­
ment laboratories, anti in the lab­
oratories of industrial anti educa­
tional institutions. 

( b) The sweep generator and 
marker oscillator must not produce 
unwanted and confusing response 
curves and unwanted multiplicity 
of markers. In using alignment 
equipment that has excessive out­
put of harmoni<-6 or spurious sig­
nals, it is extremely difficult, and 
often impos,;ihle, to determine 
the c-:>rrect response curvt~ and the 
correct marker. Such equipment is 
a useless investment at any price. 

( c J The sweep generator and the 
marker oscillator must have ade­
quate shielding and proper cable 
termination. Radiation from the 
equipment or cable produces­
( l) spurious response curves, (2) 
unwanted and misleading markers, 
and (3) general instability and 
variations in the amplitude and 
shape of the re,;ponse curve due to 
hand-capacitance effe,·ts. This point 
should be given careful considera­
tion, particularly if the test equip­
ment manufacturer suggests the use 

of "a metal top on the bench and 
bonding of the equipment"' to re­
duce the effec-ts of the undesirc,l 
radiation. Adequately shielded and 
propt>rly terminated alignment 
equipment does NOT require such 
artificial (and usuallv ineffective I 
aids. • 

Id I The marker o.scillator must 
hai,e built-in crntals and buiu-in 
means for setting the variable o.sci1-
lator tn the crntal harmonics. The 
mere fact that a 1narker oscillator 
has one or two built-in crystals, or 
"JJrovision for r1lug-in crystals", is 
no assurance that the crystals are 
fnlh usable. Some marker oseil­
lat~~s have only on,1 crystal that 
Jlrovides check points at wide in­
tervals, su,·h as r, Mc. and the mis­
leading claim is made for them 
that the dial can be set ac,·urately 
between these check points by 
"interpolation". The catch in this 
case is that even if the dial is set 
prt•<'iscly by interpolation, the 
osi·illator frequency may still be off 
by an excessive amount. Frequent 
crystal check points are essential 
for accurate setting of the variable 
oscillator. The feature of "external 
plug-in erystals"' has a mi"leadinf! 
appeal; the teehnician should first 
check on the number and cost of 
the ,·rystals that he will have to 
purchase to accommodate all of the 

different intermediate frequencies 
no,-..· in u::-ie. with n1ore to eome. 
The RCA WR-39C Cnstal Cali­
brator has three built-in crystals 
and a built-in heterodyne detector. 
amplifier. and speaker. The method 
of using the crystals provides eali­
hration at every %-'.\ic point 
throughout the rf and if ranges. A 
4.5-M,· crystal provide,; the ac,·u­
raey necessary for alignment of 
sound if amplifier, and discrimi­
nators in all inter-carrier sets. Tht• 
-Li-~!,· ,..-,·stal maY also be used at 
will lo m~dulate the variable osril­
lator. thus providing both pi,·ture 
and sound markers simultaneous! v: 
This feature is extremely valuah.le 
in <'hecking and aligning rf tuners. 
In brief, the RCA Sweep Generator 
and Marker Oscillator are designed 
to aid the user, not to confuse or 
mislead him. 

Hundreds of technicians have 
learned the hard "ay. throuirh hit­
ter and expensiYe experie111·c, that 
the above information on require­
ments for testing equipment is !\'OT 
'·sales talk" . .:\iany of these teeh­
nkian". who spent hard-earned 
money on equipment that they later 
found by experience to he inade­
quate. eonfusing. and misleading, 
have asked the writer to bring out 
the real facts as plainly as possible. 
This we have now done. 

Suggested Checking Methods 

This section contains praeti,·al information and suggestions for 
checking transforniers, coils, resistor~, and capacitors. 

Checking Coils and 
Transformers 

Shorted turns in a coil or trans­
former winding may be regarded 
as equivalent to a ,hort-circuited 
secondary winding of the sanw 
number of turns. Shorted turns 
may or may not cause trouble, de­
pending on the function of the coil, 
the circuit in which it is used. 
and other factors. E,·en one short­
circuited turn in the coil of an rf 
or if tuned circuit mav make it im­
possible to peak the ;.ircuit at the 
specified frequency. On the other 
hand. a short eircuit aeross all of 
the ,·urns in a video peaking rnii 
is unlikely to have any noti,:eable 
eff eel. Shorted turns in a defle<'­
tion-cireuit transformer mav seri­
ously affect the operation ·of the 
circuit. 

Unfortunately, it is impossible to 
detect the presenee of a small per­
eentage of shorted turns by cheek­
inp: the de resistance of the windinp:. 
The fault must usuallv be found 
in a round-about fa;hion. The 
usual method is first to eliminate 
all other possibilities of trouble 
in the particular set'lion of the 
receiver by eheekinp: the tubes, 
•·omponents, voltages. and wiring. 
Then, even thon!(h the de resist­
ance of the particular eoil or 
transformer checks cxactlv with the 
values specified in the se;vicc data, 
it is necessary to try a new coil 
or transformer. If the trouble dis-

appears when the new unit is in­
stalled. it can be assumed that the 
original coil or transformer was 
faulty, possibly due to shorted 
turns. 

There are several reasons why de 
resistance rheeks fail to reveal a 
short eircuit at'ross a small per­
centage l)f the turns in a coil: 
( ll There is a manufacturing tol­
erance in the impedance and con­
sequentlv in the number of turns 
on most windings, with a corre­
sponding tolerance in the de re­
sistance. (2; The re,i,tance values 
specifiPd for coils and transformer 
winding- in tllt' manufactur.-r's 
servire data are frequently taken 
from a single sa,~ple of the re­
ceiver: Any of the eoils and 
transformers in the sample receiver 
may be on the low edge. or the 
high edge of the tolerance range. 
(31 There is a normal amount of 
error in the ohmmeter used in 
compiling the serviee data, and also 
in the ohmmeter used by the tech­
nirian. The combination of these 
factors makes it virtually impos­
sible to detect a small percentage 
of shorted turns by means of de­
resistance checks. 

It is important to remember that 
de-resistance checks do NOT prove 
that a coil or transformer is OK. 
Resistance checks are valuable in 
revealing open coils, completely 
shorted coils. shorts arross more 
than about 20 percent of the turns, 
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leakage and shorts between coils, 
leakage and shorts from a coil to 
the core, leakage and shorts from 
a coil to the outer container or to 
the chassis, and similar defects. 

Ohmmeter checks also fail to re• 
veal leakage or breakdown ( across 
coils, from coil to coil, from coil 
to core, etc.) that may occur only 
when normal operating voltages are 
applied to the coil or transformer 
in the receiver. When there is rea­
son to suspect leakage or break­
down from a coil to the core or to 
the chassis, a check can he made 
by temporarily insulating the unit 
from the chassis. 

Checking RF and IF Coils, 
Transformers, and Traps 

If an rf or if tuned circuit can be 
peaked at its specified frequency, 
it can be assumed that the coil is 
OK. 

Shorted turns reduce the induct­
ance of a coil and increase the 
resonant frequency of the circuit. 
When a circuit cannot be tuned 
low enough in frequency, inspect 
the coil for shorted turns. If the 
coil appears normal, and if there 
is a fixed or adjustable capacitor 
in the tuned circuit, check the ca­
pacitor for open circuit and for 
capacitance value. If a satisfactory 
checker is not available for measur­
ing low-value capacitors, try a new 
capacitor. Capacitors used in rf and 
if tuned circuits are critical ( in 
value, and often in construction) ; 
hence it is advisable, and frequently 
essential, to use exact replacements. 

When the inductance or capaci­
tance of a tuned circuit is too low, 
it is possible to be misled by a 
false peak in response which occurs 
when the iron core in the coil is 
moved through the maximum­
inductance position at the center of 
the coil. If the core can be moved 
from one end of the coil to the 
other, there should be two different 
positions (one on each side of the 
center of the coil) at which the 
circuit can be resonated to the cor­
rect frequency. In some tuned­
circuit transformers, and in some 
tuned coils that have a coupled 
wave trap, it is necessary to use a 
particular one of these two settings 
in order to obtain the correct cou­
pling between windings. The cor• 
rect setting is usually specified in 
the service data. 

When it is impossible to peak a 
tuned circuit or trap at the speci­
fied frequency, check the de re­
sistance of the coil. If it is opened 
or shorted, inspect the coil, the 
leads from the coil, and the ter­
minal connections. If necessary, 
temporarily disconnect and check 
the associated tuning, coupling, and 
bypass capacitors, and any shunt 
damping resistor. If these parts 
check OK, try a new coil. 

Coils that are wound with spaced 
turns of hare wire can he checked 
visually: Look for shorts between 
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adjacent turns, and for splashes of 
solder across the turns. If there is 
a tap on the coil, or a capacitor 
mounted on the coil, make certain 
that the connecting bus leads are 
not shorting against the coil. 

Video Peaking Coils 

Video peaking coils are used to 
"hold up" the high-frequency re­
sponse, from about 2 to 4 Mc, in 
the second detector and video am­
plifier. A shorted peaking coil re• 
duces the definition of the picture 
slightly. An open peaking coil may 
result in complete loss of picture, 
or serious loss of picture quality. 
The effects of open and short cir­
cuits may he summarized as fol­
lows: 

(a) A complete short circuit, or 
shorted turns, in one peaking coil 
usually causes only a minor loss in 
the definition ("sharpness", or fine 
detail) of the picture. 

(h) If the peaking coil has a 
damping resistor connected across 
it, an open circuit in the coil leaves 
the damping resistor in the circuit; 
consequently, there is seldom com• 
plete loss of picture, hut there is 
usually a noticeable loss of picture 
quality and, in some cases, poor 
sync action. 

(c) If the peaking coil does not 
have a damping resistor connected 
across it, an open circuit in the 
coil is likely to result in complete 
loss of picture. For instance, if the 
coil is in series with a video plate 
circuit, an open coil creates an 
open plate circuit, with resulting 
loss of picture. 

When the visible symptoms indi­
cate that the trouble is in the video 
amplifier, it is advisable to check 
the de resistance of the peaking 
coils. The resistance ranges from 
about 2 to 10 ohms, depending on 
the size of the wire and the in­
ductance of the coil. If a coil is 
found to he opened or shorted, it 
should he replaced. 

As mentioned above, a shorted 
peaking coil has little effect. This 
fact can he used to advantage when 
it is found that loss of picture, or 
poor picture quality, is caused by 
an open peaking coil: To make a 
temporary or emergency repair on 
an open peaking coil, simply con­
nect a short circuit across it. 

If the damping resistor across a 
peaking coil becomes opened, there 
is seldom any visible effect in the 
picture. Lack of damping can, how­
ever, cause "ringing" in the particu­
lar circuit. Ringing may produce 
multiple images on all stations. The 
images are uniformly spaced and 
progressively weaker. (When mul­
tiple images are caused by external 
signal reflections from several sur­
rounding objects, the images are 
not uniformly spaced, not progres­
sively weaker, and are seldom 
identical on all stations.) Video 
ringing can also occur in a circuit 
consisting of a peaking coil con-

nected in series with a load re­
sistor, if the resistor is shorted out. 

In order to check the de re­
sistance of a shunt damping resistor, 
it is necessary to disconnect one 
end of the peaking coil from the 
resistor. In some receivers each of 
the peaking coils is mounted on, 
and connected to, a small tubular 
resistor. The resistor may or may 
not he used to provide damping 
across the coil. If the resistor is 
intended to provide damping, it 
usually has a value under about 
25,000 ohms. If the resistor is used 
solely as a convenient means for 
mounting the coil, it has a much 
higher resistance, usually one meg­
ohm or more, and, in this case, the 
resistor has no effect on the action 
of the circuit. 

Width and Linearity Coils 

If the raster is visible on the 
picture tube, adjust the iron core 
in the width coil, and in the linear­
ity coil, from the maximum-induct­
ance position ( core at center of 
coil), to the minimum-inductance 
position ( core out of coil). If the 
resulting change in width and 
linearity appears normal for the 
particular receiver, it may he as­
sumed that the coil is OK. If ad­
justment of the core has little or 
no effect, or if this check cannot 
he made due to absence of the 
raster, disconnect one end of the 
coil and check the de resistance. 
If the coil is definitely opened or 
shorted, it should he repaired or 
replaced. If the coil appears to he 
OK, check the associated circuits 
and components. 

Horizontal and Vertical Trans­
formers and Deflecting Coils 
When the visible symptoms indi­

cate that the trouble is in the hori­
zontal or vertical section of the re­
ceiver, considerable time and effort 
can he saved by first localizing the 
fault to one half of the section. 
This step can he accomplished by 
checking the waveform and the 
peak-to-peak voltage at the output 
of the discharge circuit, and com­
paring the observed readings with 
the values specified in the service 
data. The writer recommends the 
RCA WO-56A 7-inch oscilloscope 
for this purpose. If a suitable oscil­
loscope is not available, measure 
the peak-to-peak voltage at the dis­
charge circuit with an RCA WV-
97 A Senior V oltOhmyst, which has 
direct-reading peak-to-peak voltage 
scales. 

Check the tubes, components, 
voltages, and wiring in the sus­
pected portion of the section. Check 
the de resistance of the trans­
formers and deflection coils. Check 
for leakage in the grid capacitors 
of the oscillator, discharge, and out­
put tubes, using the method sug­
gested later in this section. If care­
ful check of each component fails 
to reveal the trouble try a new 
transformer. An open or short cir-

cuit in the deflection coils usually 
results in a keystone-shaped raster, 
as depicted in the RCA-Pict-O­
Guide, Vol. II, HD-10. 

If the fuse in the horizontal out­
put circuit is found to he opened, 
it is a good practice to inspect the 
horizontal output transformer for 
evidence of high-voltage arc-over. 
If there is a burnt or charred spot 
on one of the windings, it is gen­
erally advisable to replace the trans­
former. If there is no visible evi­
dence of trouble in the transformer, 
install a new horizontal output 
tube. Also check the filament wind­
ing for the damper tube which may 
he shorted to ground. In either 
case, replace the fuse and observe 
the horizontal output transformer 
when power is applied to the re­
ceiver. If the transformer starts to 
arc-over or smoke, immediately turn 
off the power. In this case, it is 
generally necessary to replace the 
output transformer. It is also ad­
visable to check all other compo­
nents in the horizontal output 
circuit. 

Filter Choke 

When there are noticeable 120-
cycle hum symptoms in the picture, 
in the sound, or in both, check the 
electrolytic filter capacitors, and 
the de resistance of the filter choke. 
If the hum is not caused by the 
electrolytic filter capacitors, try a 
new choke. 

Power Transformers 
When a power transformer oper­

ates considerably hotter than usual, 
the trouble may he caused by ex­
ternal over-load in one of the sec­
ondary circuits or by internal over­
load due to shortened turns in the 
primary or in one of the secondary 
windings. As mentioned previously,' 
shorted turns in a winding are 
equivalent to a separate secondary 
( of the same number of turns) , 
which is short circuited. The cur­
rent that can flow in the shorted 
turns is limited by the size of the 
wire and other factors. There is 
usually higher current and higher 
power loss in a shorted turn on a 
"heater" winding than on a B-sup­
ply winding. 

A power transformer can he 
checked for excessive power loss, 
due to shorted turns or other in­
ternal fault, by disconnecting all of 
the secondary circuits and operat• 
ing the transformer until it attains 
maximum temperature. If the trans­
former becomes excessively warm 
or hot, on this "no load" check it 
is a definite sign of internal trouble. 

An external short circuit or over­
load can he localized to a particu­
lar secondary circuit by the follow­
ing method: 

1. Remove the power plug and 
disconnect all of the secondary 
windings. 

2. Remove all of the tubes from 
the receiver. Remove the socket 
from the picture tube. 



3. Connect one of the heater cir­
cuits. 

4. Apply power to the trans­
former. Look for signs of over­
loading. If the particular heater cir­
cuit does not cause over-load, insert 
the tubes that are operated from 
this heater winding. Look for signs 
of over-load as each of these tubes 
is inserted. If there is no evidence 
of over-load, it may he assumed 
that this particular heater circuit 
is OK. 

5. Turn off the power, connect 
the next heater winding, and pro­
ceed as in item 4. 

6. Check all of the heater cir­
cuits, and, finally, the B-supply 
secondary. 

Checking Tubular Resistors 

On most service jobs, the tubular 
resistors can he checked simply by 
visual inspection. If a resistor is 
not discolored, darkened, charred, 
swollen, cracked, or broken, and if 
the color code agrees with the re­
sistance specified in the schematic 
diagram on the receiver, it may he 
assumed that the resistor is prob­
ably OK. But, if a thorough check 
of the tubes, components, voltages 
and wi]-ing in the suspected section 
of the receiver fails to reveal the 
fault, it is then definitely advisable 
to measure the actual resistance of 
each resistor in the defective sec­
tion of the set. Resistors can in­
crease or decrease in resistance 
value, and also become opened, 
without the slightest alteration in 
external appearance. In addition, 
there is always a remote possibility 
that the color coding on a resistor 
may he incorrect, and that certain 
colors such as orange and yellow, 
or bluish-green and greenish-blue, 
may he mistaken. For these reasons, 
it is a good rule, particularly when 
working on difficult jobs, not to 
accept the resistors at "face value", 
hut instead, to measure the resist­
ance of each resistor. 

A resistor rarely becomes over­
loaded through any fault of its own. 
Overload is almost always caused 
by an external short circuit or 
ground in one of the associated 
components. Hence, when a resistor 
shows visible signs of overload, it 
is not sufficient merely to replace 
the resistor. It is essential to check 
for possibility of short circuit and 
grounding in the associated circuit 
components and wiring. Resistor 
overload is frequently caused by 
excessive leakage or short circuit 
in an associated bypass capacitor, 
hut it may also he caused by a 
defective tube, incorrect voltages on 
a tube, leakage in a coupling ca­
pacitor, grounding in an associated 
coil or transformer, or similar 
defects. 
If the reason for the overload 

cannot he determined, it is advis­
able to install a new resistor, and 
to operate the receiver for sufficient 
time to see if the condition recurs. 
If the resistor becomes excessively 
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hot, quickly check the voltages in 
the resistor circuit to determine the 
point at which the short circuit or 
grounding is taking place. It may 
he necessary to snip open any as­
sociated bypass capacitor, or other 
component, to determine whether it 
is responsible for the overload. 

Many technicians have asked how 
much change can he tolerated in 
resistance values. It is impossible 
to give a general answer to this 
question because some circuits are 
more critical than others. For ex­
ample, a change of 10 per cent in 
the value of a grid-bias resistor 
for a video stage may cause trouble, 
while a change of 50 per cent in 
the grid-leak resistor of the same 
stage may have little if any effect. 
Circuit constants are selected by 
the design engineers to provide the 
best possible performance over the 
range of operating conditions, in­
cluding high and low line voltage, 
high-and-low-limit tubes, high-and­
low-tolerance limits in other com­
ponents, high and low room tem­
perature, etc. If a resistance value 
appears to he unimportant for a 
particular set of operating condi­
tions, it may possibly he important 
for a different set of conditions. It 
is therefore sensible to adhere to 
the specified values as closely as 
possible. When a defective resistor 
is replaced, it is good practice to 
replace it with a unit of equal or 
better tolerance, or measure the re­
placement with an ohmmeter. 

The task of checking all of the 
resistors, and the de resistance of 
all other components in the sus­
pected section of a receiver, can he 
simplified and speeded up by the 
use of the RCA VoltOhmyst. Or­
dinary voltohmmeters, and many 
vacuum-tube voltohmmeters impose 
the continual nuisance and distrac-
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tion of resetting the zero adjust­
ment every time that the meter is 
switched to a different "ohms" 
scale. This nuisance is eliminated 
in the RCA V oltOhmyst, because 
one setting of the zero adjustment 
holds good for all scales, unless 
the "Ohms" battery is exhausted. 

The following two points, in con­
nection with resistance checks, are 
well known hut can stand emphasis: 
(1) It is necessary in many cases 
to disconnect one end of the re­
sistor, coil, capacitor, or other com• 
ponent that is being checked, in 
order to eliminate any effect from 
other circuit elements. (2) It is 
often necessary to allow time for 
the tubes to become cold before 
checking resistance in grid circuits. 
Depending on the polarity of the 
ohmmeter leads, there may he grid 
current, and resulting error in 
meter reading, if measurements are 
made while the tubes are still warm. 

Checking Capacitors 

Continual improvements in the 
design and construction of all types 
of capacitors have reduced the rate 
of capacitor failure to a very low 
level, hut in view of the fact that 
there are more than 150 capacitors 
in the average television receiver, it 
is not surprising to find that ca­
pacitors are responsible for the 
trouble in a high percentage of all 
TV service jobs. 

Capacitors may become opened, 
partially opened, shorted, partially 
shorted, or leaky, or may develop 
internal series resistance. Leakage is 
equivalent to having a de resistance 
connected internally across the ca­
pacitor. Leakage as high as 1,000,-
000,000 ohms can cause trouble in 
certain circuits, while leakage as 
low as 1000 ohms has no noticeable 

X 

I 
B+ B+ 

Fig. I-The following simple method is 
often used to check for possibility of short 
circuit in a bypass capacitor: When the B+, 
B-, and age voltages are approximately 
correct, hut the de voltage at any of the points 
marked "X" is zero, or appreciably lower 
than the normal value, temporarily discon­
nect the capacitor at this point. If the voltage 
at the particular point returns to normal, it 
indicates that the bypass capacitor is shorted. 
The voltage on one tube element usually af­
fects other tube voltages. For instance, if the 
cathode voltage is low, the plate and screen 
voltages may also he low; or if the screen 
voltage is low, the plate voltage may he high. 
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effect in other circuits. When the 
leakage resistance is low, a few 
ohms or less, the capacitor is said to 
he "completely shorted", or to have 
a "dead short". Somewhat higher 
resistance is described as a "partial 
short". Leakage may he caused by 
imperfections or conducting par­
ticles in the dielectric, by carhon­
jzation of the dielectric due to inter­
nal arc-over, and by other reasons. 
Capacitors may develop internal 
series resistance, usually due to 
poor internal contact, which makes 
the capacitor less effective for cer• 
tain applications, particularly in rf 
and if circuits. "Opened" capacitors 
are usually the result of internal 
disconnection of one of the leads. 
Cracking or breaking of the dielec­
tric and silver-film plates in ce­
ramic-type capacitors usually causes 
a complete open circuit or a great 
reduction in capacitance. Occasion­
ally a capacitor becomes partially 
opened (capacitance drops to a 
fraction of the original value), due 
to internal disconnection of a por­
tion of the plate area. 

To check a capacitor for capaci­
tance, leakage, and other factors, it 
is necessary to disconnect the ca­
pacitor from the circuit, and meas­
ure it on laboratory-type equip­
ment. While this method is excel­
lent for engineering purposes, it 
is too slow, and generally unneces­
sary, for routine service work, 
where it is frequently necessary to 
make rapid checks on a dozen or 
more capacitors in the suspected 
section of the receiver. It is usually 
easier and quicker to try a new 
capacitor, if necessary, than to dis­
connect and measure the suspected 
capacitor. In actual service practice, 
capacitors are checked by various 
indirect methods, and by substitu­
tion, as follows: 

I. Shorted bypass capacitors are 
usually detected during the process 
of measuring de voltages in the sus­
pected section of the receiver. In 
any plate, screen, cathode, or grid­
return circuit that requires a bypass 
capacitor, there is normally some 
de voltage across the capacitor. 
(The correct voltage may he speci­
fied in the service data for the re­
ceiver, or it may be estimated from 
other specified voltages in the same 
circuit) • If there is no voltage 
across the capacitor, or if the volt­
age is considerably lower than it 
should be, it indicates that the 
capacitor may be shorted. This pos­
sibility can be checked quickly 
by simply disconnecting one end 
of the capacitor. If the voltage in 
the circuit returns to normal when 
the capacitor is disconnected, it 
indicates that the capacitor is 
shorted. If the voltage does not 
return to normal, check for other 
faults in the same circuit, such as 
an open filter resistor, a ground in 
another component, or a defective 
tube. See Fig. 1. 

When a plate- or screen-circuit by­
pass capacitor becomes shorted, it 
usually causes excessive current 
flow through any associated filter 
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( or dropping) resistor. As a result, 
the resiotor may become burned 
open, or it may change consider­
ably in resistance value. Whenever 
a plate- or screen-circuit bypass ca­
pacitor becomes shorted, it is al­
ways advisable to che,·k the asso­
ciated filter resistor and any other 
components that may have been 
overloaded as a result of the 
shorted capacitor. 

When a rnspected bypass capac­
itor is disconnected I in checking 
for possibility of short circuit), 
the absence of the bypass capaci­
tance may affect the normal opera­
tion and voltages in the circuit. In 
such cases, the voltages will not 
return to normal until a new bypass 
capacitor is connected in the cir­
cuit. 

(2) Shorted or leaky coupling ca­
pacitors are usually deteeted by de 
voltage measurements. If the grid­
bias voltage in a particular stage 
is considerably less than normal, 
or if it is positive, the coupling 
capacitor should be checked for 
possibility of leakage, as described 
later, or a new capacitor should be 
temporarily substituted for the sus­
pected capacitor to see if it reme­
dies the trouble. 

In oscillator circuits (rf, hori­
zontal, and vertical) the normal 
negative grid-bias voltage is pro­
duced by grid current that flows 
during positive peaks of the oscil­
lator signal. If the grid-bias voltage 
is very low, or considerably less 
than normal, it is necessary to 
check all of the components in the 
oscillator circuit, including the grid 
capacitor. 

In circuits such as the horizontal 
discharge, horizontal output, or 
som1' sync-s!'parator stages. where 
the normal grid-bia,; voltage is ob­
tained entirely or in part as a 
result of grid current on positive 
peaks of the applied signal, low 
bias voltage is often due to insuffi­
cient input-signal voltage, 

Methods of cheeking for leakage 
in 1·oupling capacitors are described 
later. 

:i. Opened capacitors are detected 
by tem}Jorarily conneding a good 
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capacitor across eaeh of the sus­
pected capacitors, one at a time, as 
shown in Fig. 2. If connection of 
the good capacitor restores the 
normal operation of the circuit, it 
may be assumed that the original 
capacitor is opened. 

Good capacitors in certain cir­
cuits may be connected or discon­
nected with no apparent effe,·t on 
the performance of the receiver. 
There are several pos,;ible explana­
tions in rnch eases: ( 11 Th,•re mar 
actually be a slight effect whieh the 
observer fails to notice. ( 2 I The 
effect may be apparent only under 
certain operating conditions. ( 3 I 
The particular l"apacitor may not be 
essential, but may have been in­
corporated as a precautionary meas­
ure. For instance. in manv receivers. 
extra capacitors, and r~sistors arc 
u,ed in the intermediate-frequency 
plate, screen, and grid decoupling 
networks as an additional safeguard 
against possibility of regeneration. 

4. Any faulty capacitor in any 
circuit ean be detected bv the ",uh­
stitution·· method, as ;.h.;wn in Fig. 
3. Disconncl"t the "high" end of the 
suspel'led 1·apacitor. Temporarily 
t·onne,·t a good t·aparitor in the cir­
cuit. If the trouble i,; still present, 
after the new capal"itor is con­
nected, it may be assumed that the 
original capacitor is OK. If the 
trouble disappears when the new 
capacitor is l"onnected. it may he 
assumed that the original capacitor 
is defel'live. Obvious!}, in the latter 
n1se. a new capacitor should be 
installed permanently. The new ca­
pacitor should have the correct ca­
padtanee and the correct voltage 
rating, or a higher rating. The rn~w 
capacitor should be of the same 
tnie (paper. mica, ceramic. etc.I as 
the originaL and it should have the 
same temperature coefficit'nt, if the 
original rnpacitor has temperature 
<'Olllpen~ation. 

'When the substitution mPthod i, 
used for ehecking bypr1ss and cou­
pling <'apa<·itor~, the t'apadtance of 
the testing t'aparitor i, not critical 
in mo,t dn-uits. Ordinarily. the 
tt'Sting capaeitor may hav,) a valu!' 
anp,here in the range of from ~~ up 
to 2 times that of the ori1d11al 1·a­
pa1·itor. Even a value of from 1/ 1 
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Fig. 2 --On difficult service jobs, it is a good 
practice to check all of the bypass and 1·ou­
pl ing capacitors in the suspel'ted sertion of 
the ~cceiver for possibility of open circuit: 
T!'mporarily connc<'I a good l'apadtor across 
each of the suspected capacitors in turn. 
If connection of the good capacitor restores 
normal operation, it may be assumed that 
the original l'apacitor is opened. 

DISCONNECT DISCONNECT ~ISCONNECT 

B~, h4 rn I ~;;,, LcouPuNG 
CAPACITOR CAPACITOR CAPACITOR 

Fig. 3--Faulty capacitors .-an be detected 
by the substitution method: Diseonnect one 
or both ends of the suspected ,·apacitor. Tem­
porarily connect a good capacitor in the 
circuit. If the new capacitor remedies tht' 
trouble, it may be assumed that the original 
caparitor is defective. See text for additional 
details. 

to IO times that of the original 
capacitor is likely to be satisfactory 
for the purpose of revealing defects 
in the original capacitor. 

However. when deflection circuits 
are checked for the cause of poor 
linearity, and when deflection oscil­
lator and disch~ge circuits are 
checked, the rated capacitan<·e of 
the testing capacitor should be the 
same as that specified for the orig­
inal capacitor. 

In rf and if tuned circuits, the 
testing l'apacitor should be an exact 
duplicate of the original capacitor. 
In _rf tuned circuits, even the lead 
len11ths on the testing capacitor 
should he the same as on the 
original. 

Many technicians keep a selected 
assortment of capacitors solely for 
use in substitution checks. The 
larger capacitors, ,mch as electro­
lytics, may be equipped with leads 
and dips for convenience in con­
nection. 

Even in drc·uits where the ca­
pacitance value appears to be unim­
portant, the replacement capacitor 
( the capacitor that is permanently 
installed in plar., of the defertive 
one I ;should be an elt't"trfral dupli­
,·ate of the original. In rf and if 
lllned ,·irruits. the rt•placement ca­
pal'itor should duplirate the orig­
inal both eleetrieally and physically. 

In high-frequency rf and if cir• 
,·u its, it is i'i OT good practi,·e to 
parallel two or more capa,·itors in 
order to nhtain the desired 1·apaci­
tarn·c value: a dip or a peak may 
I,,, produeed in the respome band 
of the amplifier at the resonant fre­
quency of tlH' paralleled eapacitors, 
if this frequency happens to fall 
within the band. 

Some tubuiar eapacitors have 
a dark !in,. printed around one 
end of the label with the words 
'"ground", or '"outer foil"' to indi­
cate that the pig-tail on this end is 
eonnectcd to the metal-foil plate 
that is on the outside of the rolled­
up assembly. It is a good general 
practiee to eonneet the outer-foil 
end of the capacitor to the grounded 

or l,rn-impedance side of the -,ir­
euit. \X lwn the outer-foil plate of 
the 1·apadtor is grounded, it forms 
an ,,J,,nro,tat ic ~hield around the 
eaparitor. thu,; redudng the amount 
of stray coupling to and from other 
nearby components and wiring. 

Checks for Leakage 

No resistanee limits have been 
established in television service 
practice for l'iassifying a capacitor 
a~ ~'leak"" or "not leak""' heeause 
the effe;.ts of leakage dep,•nd on 
the particular circuit in which the 
eapacitor is used a, ,hown in the 
following examples: 

(al A partial short-circuit now• 
resistance leakage l of J .000 ohms 
in a capacitor connected ai,ro;,s a 
100-ohm ,·athode resistor has very 
little effl'Ct on the operation of the 
circuit. Su .. h leakage is likeh to 
pass unnoticed unless the technician 
happen;; to disconnect the capacitor 
and check it for leakage. A leakage 
of ].()()() ohms in a plate- or screen­
circuit bypass capacitor, or in a 
plate-to-grid couplin!( capacitor se­
riously affects the H>ltages and the 
operation of the circuit. 

(bl A leakage of one megohm in 
a plate or ,·athode hypas, capacitor 
ordinarily has negligible ,,ffe..i on 
the operation of the eircuiL hut the 
same leakage in a plate-to-grid cou­
pling capa,·itor is Jlractil'ally equiva­
lent to a short circuit in most ease,, 
and will definitely affect the operat­
tion of the circuit. 

( c) A leakage of even 100 meg­
ohms /100.000,000 ohms.I in a plate­
to-grid coupling capa,·itor is likely 
to cause trouble if there is a high. 
value resistance in the grid circuit. 
Consider the following conditions: 

Plate voltage =--= 300 volts 
Normal grid bias-= -- 8 volts 
Grid resistance = 2.0 megohms 
Leakage in 1·ou-

pling capacitor = 100 megohms 

In this example the voltage dro}J 
aeross the grid resistor due to leak­
age in the coupling capacitor is 
almost 6 volts ( 2/102 x 300 I • This 
voltage bucks the normal grid bias, 



reducing it from •·-8 to --2 volts. 
Such a large percentage of change 
in grid-bias voltage is very likely 
to cause trouble. 

( d) Even a leakage of 1,000 meg­
ohms ( l,000,000,000 ohms) may 
cause trouble, as in the following 
case: 

Plate voltage 
Normal grid bias::= 
Grid resistance 
Leakage in cou-

300 volts 
--2 volts 
2.0megohms 

pling capacitor= 1,000 megohms 

The drop across the grid resistor 
due to leakage in this case is ap­
proximately 0.6 volts ( 2/1002 x 300), 
which reduces the grid bias from 
-2 to ·-• 1.4 volts. If this condition 
existed in a video amplifier, it 
might result in sync clipping and 
unstable sync action. 

In many cases of obscure trouble, 
the fault is eventually corrected by 
replacing a coupling capacitor that 
"checks OK" on an ohmmeter. 
When a faulty capacitor, or any 
other faulty component, appears to 
,·heck OK, the techni<-ian fa likely 
to spend many hours of exaoper­
ating effort checking other com­
ponents before he finally det'ide;, to 
try a new capacitor. Obviously it 
is senseless to depend on checks 
that fail to reveal the fault: 

For practical, purposes, the best 
way to check for leakage in r,>U· 

piing capacitors is by measuring the 
"leakage voltage" across the grid 
resistor while the receiver is in 
operation and while normal oper­
ating voltage is being applied to 
the capacitor. For a thorough un­
derstanding of this method, it is 
necessary to understand the differ­
ent ways in which grid-bias voltage 
is obtained, and how it can he 
measured. This entire subject is 
covered, as briefly as possible, in 
the following illustrations and text. 

The actual grid-bias voltage is 
the de voltage between the grid 
and cathode, as indicated in Fig. 4. 
Voltages shown in service data are 
usually measured with respect to 
the chassis, hut in many circuits 
the voltage from grid to chassis is 
not the actual grid-bias voltage. 

In Fig. 5, the voltage from grid 
to chassis is zero, but the actual 
grid-bias voltage, obtained by the 
voltage drop across the cathode 
resistor, is IO volts. 

In Fig. 6, the actual grid-bias 
voltage is - IO volts, measured 
either with respect to the chassis, 
or with respect to the cathode, be­
cause the cathode is connected di­
rectly to the chassis. 

In Fig. 7 the actual grid-bias volt­
age is - IO volts, obtained by the 
drop across the top resistor in the 
cathode circuit. The grid-to-chassis 
voltage is the same as the voltage 
across the bottom resistor in the 
cathode circuit. 

In Fig. 8 the actual grid-bias volt­
age is - IO volts, obtained by the 
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drop across the cathode resistor. 
Grid-to-chassis voltage is -100 
volts. Voltage measurements from 
grid to chassis, or from cathode to 
chassis, are likely to he misleading 
in circuits like Figs. 7 and 8. Refer 
also to Fig. 9. 

Fig. 9 is the same as Fig. 8 except 
that a partially-shorted cathode by­
pass capacitor has reduced the volt­
age across the cathode resistor, and 
also the grid-bias voltage by 50%, 
from IO volts to 5 volts. If the tech­
nician measures the grid-to-chassis 
voltage, which is still -·-100 volts, 
and the cathode-to-chassis voltage, 
which is 95 volts instead of 90 
volts, he is very likely to assume 

that there is no trouble in the cir­
cuit, since he is aware that the 
negative supply voltage ( -100 volts 
in this example) is frequently IO% 
high or low. In circuits of this type, 
it is best to measure the voltage 
across the cathode resistor, and also 
the voltage from grid to cathode. 
Refer to Fig. 10. 

The service data for the receiver 
may not show the voltage across 
the cathode-resistor, but it may give 
the voltage at eaeh end of the re­
sistor, measured with respect to the 
chassis as shown in Fig. 10. The 
voltage across the cathode resistor 
is the difference between these two 
voltages. (12 volts in this example). 
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The required grid-bias voltage for 
a tube is sometimes obtained by 
using two grid resistors to divide 
the voltage from an available nega­
tive-supply tap, as shown at left in 
Fig. 11 and in an equivalent form 
at the right in Fig. 11. In this par­
ticular example, the resistors arc 
equal in value, and they divide the 
total voltage in half, hut any other 
fraction of the voltage may he ob­
tained by changing the ratio of the 
two resistors. The effective grid re­
sistance is equal to the value of the 
two resistors in parallel, or 0.5 
megohm in this example. 

NOTE: In conventional rf and if 
amplifiers, and in most video am­
plifiers, there is no grid current, 
and (if there is no leakage in the 
coupling capacitor) there is no de 
voltage across the grid resistor. (An 
exception may occur in a stage in 
which the t·athode-resistor bias is 
less than 1.5 volts and the grid 
resistor has a value of more than 
about one megohm. Then, current 
due to '"contact potential" may pro­
duce a slight negative voltage across 
the resistor.) This condition of zero 
de voltage across the grid resistor 
is shown in examples given in Fig­
ures 5 to 9 inclusive. There is, of 
course, ac-signal voltage aero;;s 
the resistor and ac-signal eurrent 
through the grid resistor. There is 
grid current in oscillators and iu 
certain amplifiers, and this current 
produces de voltage across the grid 
resistor, as shown in Figures 12 to 
15 inclusive. If the grid-coupling 
capacitor is shorted or leaky, the 
leakage current produces a de volt­
a11:e across the grid resistor, as 
shown in Figures 18 and 23. 

Grid-bias voltage in oscillators is 
obtained (entirely or in part) as a 
result of electron flow from cathode 
to grid during the peaks of the 
positive half-cycles of oscillator 
voltage on the grid. The electrons 
charge the grid capacitor, making 
it negative on the grid side. In the 
time between positive peaks, the 
capa<·itor discharges through the 
grid resistor, thus producing a volt­
age anoss the resistor as indicated 
in Fig. 12. This voltage is termed 
the "developed" grid-bias voltage, 
and it is a measure of the oscillator 
activity. If the developed bias volt­
age is lower than normal, it indi­
cates trouble or misadjustment. If 
oscillation <·eases. the developed 
bias voltage drops to zero. and the 
plate or screen t·urrent may become 
excessive: A resistor may he used 
in the cathode circuit to provide 
prote(·tive bias voltage and to pre­
vent tube damage in the event that 
the circuit stops oscillating. 

In certain amplifiers and limiters, 
the grid-bias voltage is produced as 
a result of t'athode-to-grid electron 
flow during the peaks of the posi­
tive half-eycles of the a11plied in­
put signal. The developed grid volt• 
age (Fig. 13) is a measure of the 
amplitude of the applied signal. If 
the developed grid voltage is ap­
preciably less than normal, it indi­
cates either that the amplitude of 
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the applied signal is below normal, 
or that there is trouble in the cir­
cuit, including the possibility of 
leakage in the coupling capacitor. 
A resistor may he used in the 
cathode circuit to provide bias volt­
age and to prevent tube damage in 
the event that the input signal fails, 
or becomes too weak. 

In Fig. 14, which shows the cir­
cuit of a typical horizontal-output 

• 

Fig. 12 Fig. 13 
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amplifier, the grid-bias voltage is 
-25 volts, of which -10 volts is 
obtained by the drop across the 
cathode resistor, and -15 volts is 
produced as a result of cathode-to• 
grid electron flow during the peaks 
of the positive half-cycles of the 
input signal. The developed volt­
age across the grid resistor is a 
measure of the amplitude of the 
applied signal. If the developed 
voltage is appreciably less than 
normal, it indicates either that the 
amplitude of the applied signal is 
below normal, or that there is 
trouble in the circuit, including the 
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possibility of leakage in the cou­
pling capacitor. 

In circuits where the cathode is 
returned to a relatively high nega­
tive voltage point in the B-supply 
circuit, as shown in Fig. 15, it is 
important to realize that voltage 
measurements made from grid to 
chassis are very likely to be mis­
leading. The voltages in the power 
supply are often lOo/o higher or 
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lower than the values specified in 
the service data. Therefore, if the 
grid-to-chassis and the cathode-to• 
chassis voltages check within ± 10% 
of the specified values, the techni­
cian is likely to assume that every• 
thing is OK. Actually, such checks 
do NOT reveal troublesome changes 
in developed voltage across the 
grid resistor, nor in the voltage 
across the cathode resistor. Assume 
that the voltages shown in Fig. 14 
are correct, and that in Fig. 15, 
certain trouble has changed the de­
veloped voltage from -15 volts to 
- 5 volts, and has changed the 

voltage across the cathode resistor supply point to which the cathode 
from 10 volts to 15 volts. Also is returned, as shown in Fig. 16. 
assume that the -100 volt sup- The voltage across each resistor 
ply actually measures - ll0 volts. may he determined from these 
Note that, despite the trouble, the other voltages. In the example 
grid-to-chassis voltage is the same shown, the voltage across the grid 
in both cases. Note that there is resistor is 16 volts (166 - 150), and 
only 5% change in the cathode-to- the voltage across the cathode re­
chassis voltage. In circuits of this sistor is 9 volts ( 150 - 1-11). The 
type it is best to measure the de- service data should give the exact 
veloped voltage across the grid re- measured value of the negative• 
sistor, the voltage across the cath- supply voltage, hut in many cases 
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ode resistor, and the voltage from 
grid to cathode. Measurements of 
this kind require the use of a high­
impedance electronic voltmeter 
having a shielded input cable and 
isolating probe, such as the RCA 
V oltOhmyst. 

The service data for the receiver 
may not show the developed volt­
age across the grid resistor, nor the 
voltage across the cathode resistor, 
hut may show the grid-to-chassis 
voltage, the cathode-to-chassis volt­
age, and the measured or the 
"rated" voltage of the negative-

because only the rated voltage is 
given, considerable percentage of 
error may result when the voltage 
across the resistors is computed 
Owing to the difficulty of reading 
within a few volts on the higher• 
voltage scales of a voltmeter, the 
service data should show the de­
veloped voltage across the grid 
resistor, and the voltage across the 
cathode resistor. 

In Fig. 17 the grid-bias voltage 
on the second tube is -10 volts. 
If there is any leakage in the cou­
pling capacitor, it will cause a volt-
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age across the grid resistor that 
"bucks" the normal bias voltage, as 
shown in Fig. 18. 

In Fig. 18, leakage of 100 meg­
ohms (100,000,000 ohms) causes a 
voltage drop of +6 volts across the 
grid resistor. This voltage bucks 
the normal grid-bias voltage, re­
ducing it from the correct value of 
- 10 volts to a troublesome low 
rnlue of ~.J, volts. 

Ohmmeter checks often mislead 
the technician into believing that 
a leaky coupling capacitor is OK. 
The low testing voltage in ohm• 
meters is often inadequate to reveal 
high-resistance leakage, and it fails 
to reveal leakage that may exist 
when normal operating voltage is 
applied to the capacitor. Both of 
these failings can be overcome by 
checking the "leakage voltage", as 
shown in Fig. 19, 20, 21, 22. The 
check is made with the receiver 
turned on and with normal circuit 
voltage applied to the capacitor. 
The instant the probe is touched 
to the capacitor, the meter pointer 
will be deflected, but if the capac­
itor is OK, the pointer should 
return to zero. 

If the grid circuit is returned to a 
negative voltage point (such as 
-SO, - 100, -150 volts I the oper­
ating voltage applied to the ca­
pacitor is equal to the plate voltage 
plus the "C" voltage. The full volt­
age is used in checking the capac­
itor for leakage by connecting the 
VoltOhmyst as shown in Fig. 20. 

The voltage produced across the 
grid resistor, as a result of any 
leakage in the coupling capacitor, 
can he measured as in Fig. 21 and 
22. 

In circuits where the grid-return 
is not connected directly to chassis, 
connect the VoltOhmyst across the 
resistor, as shown in Fig. 22, to 

measure the leakage voltage across 
the grid resistor. 

An ordinary voltmeter (1000, 
5000, or 20,000 ohms per t:olt) gives 
completely wrong and misleading 
indications of leakage voltage, as 
proved in the examples shown in 
Fig. 23. In the first example, the 
reading on a 20,000 ohm-per-volt 
meter misleads the technician into 
believing that the leakage is only 
0.3 volt, whereas the actual leakage 
voltage is 6.0 volts, a value which 
will cause definite trouble in most 
cases. In the second example, the 
leakage voltage of 0.6 volt is likely 
to cause trouble in a video ampli­
fier that has a low bias voltage 
( in the order of 2 volts J. A 20,000 
ohm-per-volt meter indicates only 
0.03 volts for this same leakage, 
thereby leading the technidan into 
the erroneous belief that the leak­
age is negligible and that the ca­
pacitor is OK. (Moral: Don't handi­
cap your trouble-shooting ability, 
and don't run the risk of turning 
simple service jobs into difficult 
dogs, by depending on the mislead­
ing indication of ordinary volt­
meters. Use a meter that will help 
you, not mislead you. Use a good 
vacuum-tube voltmeter. 

It is sometimes advisable to check 
for possibility of leakage in a new 
capacitor before installing it in the 
receiver. Paper, mica, and ceramic 
capacitors can he checked for leak­
age as shown in Fig. 24. Select B+ 
and B- points in the receiver that 
provide a voltage approximately 
equal to the rated voltage of the 
capacitor. Use a low de-voltage 
range on the VoltOhmyst. 

A shorted or leaky coupling ca­
pacitor in an age-controlled if 
amplifier affects the voltage on the 
age bus and at the grid of each of 
the controlled tubes. Disconnect 
one coupling capacitor at a time and 
check it for leakage voltage as in 
Fig. 25. 
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