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Preface 

THIS book was written primarily for the radio serviceman 
and the newcomer in radio whose background is not an engineering 
degree, but a simple course in radio fundamentals, perhaps Signal Corps 
electrical experience or possibly only a correspondence course in radio. 
The material, as simply presented as one could ask for, is devoid of all 
complicated mathematics and engineering theory. The author believes 
that, if the student understands the fundamental workings of this very 
important instrument, he will, as his general radio experience widens, 
also get to understand this instrument in greater detail and thorough­
ness. For the time being, this book will help him to understand the 
instrument and how to use it intelligently and to prepare himself for 
further study of cathode-ray tubes and their applications in television 
and allied fields. 

Although simplicity is a major feature of this work, it was not 
intended to make this an ABC of radio servicing. A rank beginner with 
only slight familiarity with Ohm's Law may stumble too often, as he 
"reads" this book, to find it very helpful. But even he will find this 
volume more and more useful as his knowledge expands. At the other 
extreme, the advanced radioman with a thorough background in a.c. 
theory and electronics, may often be bored by the apparently elaborate 
elementary explanations. However, both of these groups are small 
minorities in the radio service field. The vast majority of servicemen, 
who, in our opinion, rely too often on past practical experience only, 
should benefit greatly from this work. For, instead of being almost 
solely dependent on past case histories for what to do in a particular 
case, the serviceman, with the aid of this book, will know why he does 
certain things, thus combining experience with judgment, and being able 
to devise particular methods for best doing particular jobs. 
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It is important to study the subject in an orderly manner. To turn to 
Chap. 5 to discover how to use the 'scope, without first having studied 
Chaps. 1 through 4 on what the 'scope is and how it works, is like trying 
to operate a complex lathe or milling machine by simply ref erring to 
the instruction sheet, or like attempting to prepare a rare dish without 
any experience other than holding an open cookbook in one's hand. 

While this book cannot be called nontechnical, it is a simple, but 
logical, technical explanation of the why and how of the oscilloscope. 
With a fair amount of study of the preliminary chapters, the student 
will be able to operate the instrument quickly, intelligently, and enjoy­
ably. He will be able, if he is a serviceman, to use the 'scope profitably. 
Without intelligent, efficient use, the instrument becomes a hindrance 
and is soon discarded. With proper understanding, the 'scope becomes 
one of the most important service tools for FM, television, and other 
high-fidelity equipment. It saves time, money, and temper. 
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Chapter 1 

A.C. Measurements 

THE cathode-ray tube is one of the most versatile electronic 
instruments in use today. Its applications beyond the field of radio are 
extremely wide and important. To the engineer, ham, serviceman, and 
radio-minded hobbyist, these nonradio phases are of minor interest. 
Our purpose is to explain, in as simple terms as possible, the uses of 
the tube in a complete instrument called an oscilloscope as applied only 
in radio and closely allied fields. 

While the oscilloscope may be used to measure any voltage or cur­
rent, a.c. or d.c., its most important application is in the measurement, 
observation, and study of alternating currents of frequencies varying 
from a few cycles per second ( power frequencies), through audio fre­
quencies, to radio frequencies in the megacycles. For d.c. measurements, 
simple meters of the D' Arsonval or vacuum-tube type are adequate, and 
are often preferred for their simplicity, except in special cases such as 
the observation of superimposed a.c. voltages. 

To understand the advantages of the oscilloscope for a.c. measure­
ments, let us review briefly the elements of both a.c. and d.c., particu­
larly the differences between these two types of current. 

Direct current, as its name implies. flows in one direction only. Its 
amplitude may change from time to time, but its polarity never does. 
A source of d.c. such as a storage battery or a dry cell, is capable of 
supplying different amounts of current, depending on the resistance 
connected to it. Should the value of the resistance increase, or the value 
of the voltage decrease because of battery wear, the current will de­
crease. However, current-flow direction will remain the same, from 
minus to plus, regardless of changes in the amount of current flowing 
or the time elapsed. Thus, for example, a source of a constant value of 
voltage, such as a generator or a battery, measuring 120 volts, would be 
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shown graphically as in Fig. 101. Similarly, a steady current of 40 
milliamperes would appear on a graph as in Fig. 102. It is sufficient to 
measure these only once to be able to state accurately their values, not 
only at the time of measurement, but all the time, until a change in the 
circuit is made for the purpose of changing the voltage or current. 

With a.c., however, the story is completely different. Just as the two 
characteristics of amplitude and polarity or direction can be used to 
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Fig. 101-Graphic represe11tatio1i of Fig. 102-A steady direct current of 
steady d.c. voltage (120 volts), with 40 milliamperes, presented graphically, 

respect to time. with respect to time. 

identify d.c., so will the following two features serve to identify posi­
tively and unmistakably alternating voltage or current. The first and 
simpler of the two is the regular, periodic reversal of polarity. Thus, a 
60-cycle current would increase from zero to maximum in the positive 
direction, decrease back to zero and continue to a maximum negative 
value, and return to zero, 60 times each second. If we were to use a 
zero-center voltmeter, the pointer would start from center, swing to the 
left and back to zero during the first half-cycle, to the right and back to 
zero during the next half-cycle, again to the left. etc., as indicated in 
Figs. 103 and 104. However, no pointer could swing back and forth 
fast enough, even at the comparatively low frequency of 60 cycles per 
second, to keep up with these polarity reversals. And the human eye 
could not follow such quick movements, even if the pointer were cap­
able of making them. 

The second outstanding characteristic of a.c. is the continuous va­
riation in the magnitude of the voltage or current. The value is never 
the same from one instant to the next, although the values repeat peri­
odically. For example, an a.c. voltage having a maximum value of 120 
volts starts at zero, rises to + 120, decreases to zero, reverses polarity, 
rises to -120, decreases to zero, and so on, over and over. Compare 
this voltage, illustrated on Fig. 105, with the 120 volts illustrated in 
Fig. 101. 

Fig. 105 shows the a.c. cycle, or the complete repetition of the 
variation, as it really occurs in time. On this graph, the line 00"" rep­
resents the elapsed time from the moment the circuit was closed. Point 
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0 indicates the moment the switch was turned ON. As time passes from 
0 to 0', the voltage rises from zero to +120 volts (maximum) at point 
A, then falls back to zero at point 0'. Next the voltage rises again, but 
in the opposite direction, until it reaches -120 volts (maximum) at 
point B, and again decreases to zero at point O". This completes one 
cycle. From point O" to O"" the cycle repeats itself, duplicating the orig­
inal variation from O to O". \Ve have now shown two complete cycles 
of a.c., 120 volts maximum. While it is quite simple to represent a.c. 
voltages or currents on paper, it is impossible to have a meter whose 
pointer could follow these variations. \Ve must find another way to 
obsen·e a variable voltage. 

A few words about a.c. meters. \Ve all know that there are meters 
for a.c. measurements. These, however, do not measure the voltage at 
any one instant, because of the inertia of the moving element. They do 
indicate a value which is called the r.m.s. ( root mean square), which, 
for a voltage such as in Fig. 105, is approximately 70.7% of the maxi­
mum value. Thus, for the a.c. discussed above, which went up to 120 
volts at points A, A', B, and B', the meter would only read 70.7% of 
120, or approximately 84.8 volts. While this r.m.s. value is important, 
being the value used for all calculations of power, etc. ( the 110-volt a.c. 
line in our homes has such an r.m.s. value, its peak being approximately 
155 rnlts), it is nevertheless an arbitrary value, and does not tell much 
about the nature of the variation of the a.c. It remains for the oscillo­
scope to show the a.c. as it varies, at any instant of observation, and 
throughout its cyclical variation. 

Fig. 103 and 104-lf it were possible 
to follow the mo~•e111e11ts of tlze needle 
on a ::cro-center meter co1111ccted to 
110 volt a.c., the needle would be seen 
to suoing alternately to left a11d right, 
as current r1rversed each half cycle. 

Complete a.c. variations or cycles such as shown in Fig. 105 are 
often called wai·es, because they resemble waves on graphs as well as 
on a cathode-ray screen. A brief description of the most common of 
the various types of a.c. variations or waves occurring in radio applica­
tions follows : 

First, and most important as well as most common of the a.c. wave 
forms, is the sine wave. It appears approximately like Fig. 105. and is 
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typical of all our commercial a.c. as well as most r.f. and a.f. signal 
generators. It is called a sine wa..:·e because it varies ( increases and de­
creases) in the same manner as the geometric quantity called a sine.* 

Fig. 105-M ost common of the a.c. wai•e forms-tht 
sine wave. The voltage ( or current) rises and falls 
in successive positive and negative directions 

during each cycle. 

The first important factor to remember is that the value measured by an 
a.c. voltmeter is approximately 70.7% of the maximum or peak of this 
wave. Another way this is often expressed is that the peak value of 
the sine wave is y'2 ( 1/.707) times the r.m.s. value, or the value read by 
the ordinary a.c. voltmeter. The importance of this is quite- obvious 
when we consider the fact that any electrical or radio component which 
operates on a certain a.c. voltage, say 110 volts, must be able to with­
stand 1.41 times 110 volts, or approximately 155 volts peak. Thus a 
condenser which was designed to withstand itp to 150 volts is still liable 
to fail on a commercial 110-volt line. The second important thing to 
remember is the fact that the sine wave has generally been accepted as 
the standard by which other wave shapes are judged. In the great ma­
jority of cases, specifications for equipment, insulation, etc., will be 
given in terms of sine-wave a.c. 

The second type of variation in the order of importance is the saw­
tooth a.c. wave, which gets its name from its appearance ( see Fig. 106). 
It is very widely used in oscilloscopes, radar equipment, television cir­
cuits, and many other types of measuring apparatus. The ideal saw-

*NOTE: Geometrically, the sine and cosine of an angle may be explained as 
follows: Draw a circle and its diameter. Draw any radius at an angle to the 
diameter. From the end of this radius draw a vertical line to the diameter. In 
the triangle formed, the vertical line is called the sine, and the horizontal side of 
the triangle is called the cosine. See sketch for examples. As the radius is drawn 
in different positions around the circle, the vertical line will vary in length, 
showing how the sine varies as the angle between the two radii varies. An alter­
nating voltage or current which varies in instantaneous value as the sine of an 
angle varies is called a sine-u1ave ac. 
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tooth wave has a straight-line ( usually called linear) rise, as shown by 
the diagonal lines on Fig. 106, and a quick, abrupt decline along the 
vertical lines on the same figure. In practice, a saw-tooth wave may not 
look quite as linear as shown here, but only the most linear portion of 
the rise of the wave is used for the applications mentioned. We shall 

1 
VOLTS 

--+ 
TIME 

Fig. 106-Second t:y.•f>r of rn­
riati011 in wave f nrm-the 

saw-tooth a.c. wai•e .. 

say more about this type of a.c. wave in Chapter 3. in connection with 
cathode-ray sweep circuits. 

The third type of a.c. waye of interest to us is the square wave. It 
is shown in its ideal form in Fig. 107 and derives its name from its 
square-sided appearance. In reality. it i,, a rectangular wave. but the 
word "square'' is commonly used. ~otice the two important charac­
teristics of this wave. The first is the abrupt and steep rise and fall. In 
this diagram, these are actually ins.ta11ta11eo11s. In practical cases, the 
sides are not quite vertical, looking more like Fig. 108, but are still very 
steep. The second feature of this type of a.c. wave is the flatness of _the 
top of the waYe. There is no yariation in height for the duration of the 
half-cycle, just as in ordinary d.c. \\"hile a square waYe is not often 
used for its own sake, it is extremely useful in alignment and measure­
ment circuits and as a source of many different types of a.c. pulses used 
in cathode-ray applications. 

The structure of the square wave, despite its rather simple appear­
ance, is extremely complex and quite difficult to analyze. Theoretically, 
the square wave consists of a large number of sine waves of different 
frequencies, magnitudes, and phases combined into one. In practice, 
there are a number of different square-wave generators. to meet the 
requirements of particular circuits as well as of general test equipment 
apparatus. 

9+ 
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Fig. 107-Third important type 
of wave form-the square wave. 

This is ideali::ed forfll. 

Fig. 108-ln practice the sides of 
the square wave are more like 

those shown. 
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There are many other variations of a.c. waves; however, the three 
types mentioned above are the most important to the radioman. The 
others may be studied as the need for them arises. 

From the foregoing example it is apparent that alternating voltages 
and currents cannot be identified by either their magnitudes or their 
averages alone. \Vhile the a~·erage values of a square wave and a saw-

Fig. 109-Typical Cathode-Ray Oscilloscope. 

tooth wave may be the same, the shapes of these two waves and their 
instantaneous values differ very much. Yet an a.c. meter would read the 
same voltage in both cases. Since we are concerned with the differences 
in appearance and behavior of these different types of a.c., the ordinary 
meter is of little use. As an illustration, let us consider the type of a.c. 
generated by a microphone picking up a 400-cycle sine wave. If this 
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sine-wave a.c. is fed into an amplifier, the output (which may feed a 
loudspeaker) should be a greatly magnified sine wave. In other words, 
the amplifier is intended to serve as a faithful, distortionless enlarger. 
Should distortion take place, howe\'er, the output will be magnified, but 
it will no longer have the shape of a pure 400-cycle sine wave. Rather 
will it be a combination of the original and other sine-wave frequencies 
produced by the nonlinearity of the circuit. This may be compared to a 
photographic enlarger, which, due to some internal defect, distorts the 
features of a person, although it enlarges it to the desired size. The only 
way we can examine the output of the amplifier is by the use of such a 
visual indicator as the cathode-ray oscilloscope. 

Briefly, the cathode-ray tube may be compared to a ~creen on which 
a point of light traces the various patterns which are to be studied. It 
is necessary only to have that point of light follow the variations in the 
voltage or current we wish to examine, in order to produce a picture of 
that variation on the c.r. screen. Since we are discussing electric cur­
rents, not just light, it is necessary to con\'ert these currents into light by 
means of a fluorescent surface. This is usually a mineral coating on 
glass, which has the property of glowing whenever electrons strike it. 
There remains only one other requirement, and that is to keep the trace 
of the voltage or current on the screen long enough for the eye to see it. 
Although the \'Oltage or current variations occur much too fast to im­
press the human eye, it is possible, with the aid of so-called sweep cir­
cuits, to give the illusion of slowness or even to stop· the motion alto­
gether for the purpose of measurement or photography. Tlrns, no matter 
what the frequency of the a.c. being observed, it is possible, by means of 
a suitable sweep circuit, to produce a motionless trace or picture on the 
screen by superimposing identical traces one upon the other many times 
per second, the number depending on the frequency. 

To understand more fully the operation of the all-important sweep 
circuits, as well as the structure, theory, and operation of the cathode­
ray tube itself, turn to Chapter 2. 

A photo of a complete oscilloscope appears in Fig. 109. 
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Chapter 2 

The Cathode-Ray Tube 

WE have already stated that the purpose of the oscilloscope 
is to permit visual observation of the behavior of alternating voltages 
and currents. This requires a conversion of electric current, or electrons 
in motion, into light. To accomplish this, a luminescent substance is used. 

Let's define some of the terms in connection with cathode-ray 
screens. L11111incscl'11cc is the ability of a body to convert invisible en­
ergy into light at temperatures less than that of incandescence or 

FOCUSING 
ANODES 

I \ 

ACCELER~TING 
ANODE 

Fig. 201-Cross-section of cathode-ray tube, with principal parts indicated. 
These are an electron gun, a means for deflecting the electron beam, and a 

fluorescent screen. 

white heat. Thus, electron bombardment of a luminescent surface pro­
duces light. When the light ceases immediately after the bombardment 
stops, the characteristic is known as fluorescence. When the glow per­
sists after the excitation has stopped, we refer to the luminescence as 
phosphorescence. The materials for the screen coating are chosen for 
the color of light emitted, as well as the duration of the afterglow. Some 
very common screen coatings are willemite, for a green-blue color, zinc 
oxide for a violet glow, zinc sulfide for light blue, and so on. These, 
however, are details determined by the particular use of the tube. Re­
gardless of the type of screen coating or tube application, the funda­
mental method of operation remains the same. 
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A cathode-ray tube may be considered as consisting of three major 
units: an electron gun for producing a narrow beam of electrons, or 
cathode rays; a means for deflecting the beam or spot, by application of 

GRID(-) FOCUSING ACCELERATING J fti~~f ~~f ~~~~ ~~=_;.~ 
Fig. 202-Arrangement of heater, cathode, grid, focusing and accelerating 
anodes, in cathode-ray tube. Electron beam focuses on fluorescent screen 

at right. 

voltage or current to the deflecting mechanism ( deflection yoke or de­
flection plates) ; and a fluorescent screen which glows when struck by 
the electron beam. The electrodes or elements, in their order of physical 
arrangement, and their functions are as follows ( see Fig. 201) : 

I. Electron Gun 
Heater-Operated from a low-voltage source, 6.3 volts for the most 

common types, the heater is used to bring the cathode to emission 
temperature. 

Cathode-When the heater is ON, the cathode will give off elec­
trons, just as the cathode in an ordinary tube. 

Control Grid-This element performs the same function as the 
control grid in any vacuum tube: it regulates the amount of 
electron flow from the cathode. In addition, it is so shaped that 
the electrons which are allowed to pass are forced to go through 
a small opening to concentrate the beam. 

First or Focusing Anode-This anode has a positive potential as 
does the plate of an ordinary vacuum tube, except that this plate 

SCREEN 

Fig. 203-With zero voltage on de­
flecting plates, beam strikes in center 

of screen. 

-1 _k2 
---------+T ++++ --... _______ :r ... VP, -

Fig. 204-With deflection plates + 
and - as indicated, beam strikes 

below center. 

acts as a lens which intercepts electrons which approach it at too 
great an angle, and accelerates, because of its positive potential, 
those electrons moving through the opening. This produces a 
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focusing action which may be controlled by adjustment of the 
positive potential applied to this element. Since the element is 
not intended merely to attract electrons toward itself, as is an 
ordinary Yacuum-tube plate, but instead to Lunch or focus them 
and speed them on toward the screen, the element is called a 
focusing anode. 

I _k2 SPOT, 
++++ - ---- -------

-1 !VPI 
? 

SCREEN 

Fig. 205-When plate VP2 is positive 
and VPl negative, beam strikes above 

center. 

Second or Accelerating Anode-This high-voltage plate has for its 
main function the speeding up of the electrons in order that they 
may strike the screen with sufficient velocity to cause emission of 
light. The voltage is usually not adjustable. Again the structure 
of the element makes for beam concentration. See Fig. 202. 

Intensifier Anode-In some types of c.r. tubes (particularly Du­
Mont) there is also a third anode called an intensifier. The func­
tion of this element is to increase the brilliance of the trace on 
the screen. It is not a fundamentally required element or one 
widely used. The structure is rather unusual, being a metallic 
coating inside the glass near the face of the tube. 

The electron gun provides a point of light on the screen, us­
ually in the center, although it may be near either the extreme 

fl-✓ 
< ---::-_:::-:::::::::: -----------
u~~ 

VERTICAL TRACE 

Fig. 206-lf a.c. is applied to the vertical def/,:ctillg plates, 
the beam will move up and dow11 as indicated by the dotted 

lines, producing a vertical line. 

left or right edge of the screen in some tubes. In the latter case, 
the gun structure is designed for off-center location of the spot. 



I I. Deflection Elements 
Beam deflection can be accomplished by two different methods in 

c.r. tubes. The electromagnetic-deflection type of tube, found 

~T1 
HPI I 

I 
I 
I 
I 
I 

'--SCREEN 

HP2 

Fig. 207-Action of horizon­
tal deflection plates HPl 
and HP2 in c.r. tube; with 
110 voltage between plates, 

beam strikes in center. 

mostly in larger models of television receivers, radar viewers, 
and some laboratory oscilloscopes, uses a magnetic field for elec­
tron deflection. A pair of coils, fitted over the neck of the c.r. 
tube, carries the currents required for proper beam deflection. In 
some of these tubes, focusing_ also is done by a coil, instead of 
by the focusing anode. Others use electrostatic focusing and 
electromagnetic deflection. However, these types are not very 
common in service oscilloscopes, and we shall not go into further 
detail about them here. 

The electrostatic-deflection type of cathode-ray tube commonly 
used in service instruments contains two pairs of plates, one 

SPoF•\ 
\ 
\ 
\ 
I 
I 

"-SCREEN 

Fig. 208---With horizontal 
plate HPl positive with re­
spect to plate H P2, the beam 
strikes left of center. 

pair being horizontal and the other vertical. Each pair of plates 
is either parallel and/or slightly divergent toward the screen end 
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of the tube. See Fig. 201. The horizontal pair of plates, posi­
tioned somewhat like the ceiling and floor of a room, are the 
vertically deflecting plates, since they are used to swing the beam 
up or down. The other pair, placed like two opposite walls of a 
room, are the liorizontally deflecting plates, causing the spot to 
move left or right. The voltages to be studied are applied to 
these two sets of plates, causing the beam or spot to deflect in 
step with the variations of the test voltages. 

Ill. Target or Screen 
This is the tube face, which emits light when struck by fast-moving 

electrons. 
Just as there are different methods of beam deflection, so there 

are many different varieties of electron-gun design. The type 
that is most common, and most likely to be encountered, will be 
discussed here. You will have no difficulty understanding the 
operation of any other type, once you have a clear picture of the 
theory and operation of the gun dealt with in this book. 

Let's follow the electrons from the time they leave the cathode 
until they strike the screen : 

1-The heater raises the temperature of the cathode until a stream 
of electrons is emitted. 

2-The cathode is the real electron-emitting element. It differs 
from the usual cathode in that the emitting surface is confined 
mostly to the area facing the opening in the grid. 
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forth and a hor-
izontal line ap-
pears on the 

screen. 

3-The control grid, which generally surrounds the cathode, is op­
erated at a negative potential with respect to the cathode, very 
much like the control grid of an ordinary vacuum tube. This bias 
is adjustable, so that the intensity of the electron stream can be 
varied as required. The control is usually called the intensity or 



brightness control and is set for a comfortably bright trace on 
the c.r. screen. 

4-The first or focusing anode also has a variable voltage supply, 
but it is positive with respect to the cathode. It will therefore 
accelerate, not retard, the electron stream. Its physical structure 
(somewhat like a cylindrical can with a hole in each end) is such 
that it tends, by intercepting electrons not traveling along the 
axis of the tube, to bunch or focus the electron stream passing 
through it. 

l 
f"\., 

Fig. 211-With sine-wave a.c. on the vertical plates a11d 
steadily increasing d.c. on the hori:::ontal plates, a sine 

wave farm appears 011 the screen. 

5-The second or accelerating anode speeds up the beam, so that 
the impact on the screen will be of sufficient velocity to cause 
adequate light emission. This anode is also positive with respect 
to the cathode, but of a higher potential (about 750 to 1,000 volts 
for a 3-inch tube), and is not adjustable. The physical structure 
is similar to that of the first anode, except that it has a larger 
diameter and, as a result, the beam is further focused and 
accelerated. 

6---The two pairs of deflection plates are located between the second 
anode and the screen. They serve both as centering electrodes, 
enabling the operator to move the spot to the center of the screen 
( they may also be used to place the beam at any other point along 
the horizontal axis of the screen. if that is desired) and as signal 
electrodes. The te~t rnltage applied to these plates will move the 
beam in step with the variations of the test voltage. These 
plates may further be thought of as two condensers, one having 
its plates in a vertical position ( for horizontal deflection) and the 
other condenser being in a horizontal position ( for vertical 
deflection). 

To illustrate the functions of these deflecting plates, let us look at 
Figs. 203, 204, and 205 showing the effect of the vertically deflecting 
pair. Fig. 203 shows no voltage on the plates : hence there is no change 
in the direction of the beam. The spot is in the center. Fig. 204 shows 
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the upper plate VP2 negative with respect to the lower plate VPl. As 
a result, the electron stream, being negative, is repelled by the upper 
plate and attracted by the lower. Due to the high speed, the beam will 
still travel forward, but it will veer downward. The spot will therefore 
strike the screen at a point below the center. Fig. 205 shows the polarity 
of the plates reversed, with the spot striking the screen abo1:e the center. 
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Fig. 212-a-With zero potential 
on the deflecting plates, the 
beam will strike the center of 

Fig. 212-b-With 50 volts nega­
tive charge on left plate, beam 
moves a proportionate distance 

the screen. across screen toward A. 

If, instead of the battery potential shown, an a.c. voltage were 
applied to the vertical plates, the beam would move up or down as fast 
as the a.c. on the plates reversed. This would produce a trace such as 
shown in Fig. 206, the height of the spot on the screen at any instant 
being proportional to the value of the a.c. voltage at that instant. 
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The horizontal plates have a similar effect on the spot, only in the 
left-right direction, as illustrated in Figs. 207, 208, and 209. An a.c. 
applied to these plates would produce a horizontal line on the screen 
as in Fig. 210. 

If we were now to apply an a.c. sine wave to the Yertical plates ( for 
convenience, we shall refer to the vertically deflecting plates merely as 
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vertical plates and to the horizontally deflecting pair of plates as hori­
zontal) and a steadily increasing d.c. potential to the horizontal plates, 
as shown in Fig. 211, the resulting pattern will be a sine-wave a.c. 
While the vertical plates swing the spot up and down in accordance with 
the rise and fall of the a.c. cycle, increasing the voltage on the horizontal 
plate moves the electron stream horizontally across the screen and there­
fore permits the beam to trace the sine-wave "picture" on the screen. 
In other words, this sweeping action prevents successive points of the 
up-and-down trace from overlapping, and spreads them out instead. 
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Fig. 213-a-Boat moving downstream; no cross wind. b-Same boat, with a 
oreeze from right shore. c-Same boat, but with a strong wind from right shore. 

And the speed with which the trace moves across the screen depends 
on the rate of change of voltage applied to the horizontal deflecting 
plates. 

We now have a system of scanning or tracing any voltage on the 
c.r. screen by applying the voltage to be observed to the vertical plates 
while a suitable, varying d.c. potential is applied to the horizontal plates, 
as was done in the example above. 

We have seen how the electron gun of the cathode-ray tube can 
produce a spot of light on the fluorescent screen. Let us assume that 
this point or spot of light is initially located at the center of the 
screen, as shown in Fig. 212-a. If we wish to move this spot across the 
screen from left to right along line OA, we have to supply a force which 
will "bend" the electron stream ( which is our spot of light) in such a 
manner that it will move in the left-to-right direction. 

To understand fully why this force is necessary, we need but recall 
two fundamental facts. The first is the law of attraction and repulsion, 
which states that charges of like polarity repel each other, while those of 
unlike polarity are mutually attracted. It also follows that the force 
or strength of such attraction or repulsion depends directly on the 
strength of the charges ( or the number of particles of one polarity in 
excess of the number of those of opposite polarity). The second funda­
mental fact is that every electron is a particle of matter, having mass 

21 



( usually called weight) and, when in motion, kinetic energy. Just as a 
physical body such as a baseball in motion requires a force to change 
its direction, so does the electron in motion if it is to change its course. 
The first law also tells us that the direction in which the electron will 
veer or deflect depends on the direction of the deflecting force. Fig. 213 
shows the behavior of a boat on a stream. As long as there is no cross 
wind, the boat moves in its original downstream direction. But as soon 

I 

0 
<[ 

TIME OR DEFLECTION 
EMF 

~2 SEC. 

Fig. 214-Illustrating two cycles of alternating current, under 
a uniformly increasing deflection voltage. 

as the wind blows in the direction shown, the boat, in spite of its set 
course, will move diagonally across the stream. Furthermore, the strong­
er the wind, the more windward will the direction of the boat be. 

Similarly, the electron in motion, under the force of the focusing 
and accelerating potentials, follows a straight path to the screen. When 
it passes between a pair of plates having no potential difference between 
them, the electron proceeds on its course. But, if the left-hand plate is 
made negative with respect to the right-hand plate, then the electron 
will be pushed over to the right-hand ( more positive) side, at the same 
time still moving forward. The amount of veering or deflection will 
depend on how great the differences of potential ( or polarity) between 
the two plates is. For example, a potential of 150 volts will deflect the 
stream much more than a potential of SO volts. Fig. 212-d illustrates 
this phenomenon. 

Another important thing to remember is that the deflection is di­
rectly proportional to the deflecting force. If a force of SO volts will 
deflect the electron 1 inch on the screen, then 150 volts will deflect it 
three times as far, or 3 inches. In other words, the deflection is linear. 
See Figs. 212-b, c, and d. 

As indicated in Fig. 211 if the potential on the horizontal plates is 
increased at a uniform rate and a sinusoidal voltage is applied to the 
vertical plates, a sine wave will be traced on the screen. For example, 
suppose the sine-wave frequency is 4 cycles per second, or one cycle per 
¼ second. Suppose further .that the potential on the horizontal plates 
increases from zero to maximum in ½ second, and the distance the beam 
travels in the horizontal direction is 4 inches. Referring to Fig. 214, it 
is evident that exactly two sine waves will be traced on the screen in ½ 
second. This is the case only when the voltage on the horizontal plates 
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increases at a uniform rate from zero all the way to the HUU'ilHuM. 
However, should this voltage rise at a uniform rate for the first ~ 
second only, and rise at a slower rate for the remaining ¼ second, the 
result would be as follows: The first three inches of sweep across the 
screen, corresponding to the first 1 .¼ cycles, would be the same as the 
first 1¼ cycles of the previous case. During the fourth inch of hori­
zontal travel of the spot more than ¼ cycle will be traced, because of 
the slower rate of voltage increase, the whole pattern looking like Fig. 
215. This trace is not a true reproduction of the wave applied to the 
vertical plates, indicating instead a compressed half-cycle, which is 

!:i+ 
~ mEM 
uO~ DEFL£CTION 
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Fig. 215-Same two cycles illustrated i,, 
Fig. 214, but with uniform voltage changes 
during the first l¼ cycles, and a decreas­
ing voltage ,change during the fourth 

half-cycle. 

equivalent to a change in the frequency of the wave being measured. 
A sweep of this kind could give misleading information, especially when 
one is observing unknown wave shapes. Unless the observer knew that 
the oscilloscope was not linear, he might suspect a perfectly good piece 
of equipment of being defective and causing the distortion. 

We must have, as far as practically possible, a linear horizontal­
deflection voltage (commonly called sweep ,1oltage). To see just how 
such a linear voltage is produced, let us turn to Chapter 3. 
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Chapter 3 

Sweep Systems 

WE can summarize the requirements of the sweep voltage for 
pattern tracing across the c.r. tube as follows: 

1-To move a spot of light across the screen, a deflecting voltage 
is required. 

2-Uniform speed of motion of the spot requires a uniform rate of 
rise of the deflecting voltage. (The voltage must keep on increas­
ing to a certain value, depending on the diameter of the screen, 
in order to be able to deflect the spot farther and farther from its 
starting point.) 

3-If the spot is to return to its starting position at the end of its 
deflection across the screen in time to begin tracing a new cycle, 
the voltage must decrease rapidly to zero. 

Or, briefly stated: The deflecting voltage must increase at a uni­
form rate to its maximum value, then fall abruptly to zero. Such a volt­
age is commonly called a saw-tooth voltage (because its wave shape is 
similar in appearance to the teeth of a saw). 

There are many types of saw-tooth voltage generators. The most 
common are the gas-discharge type, the multivibrator type and 
the blocking oscillator, the latter two being of the vacuum tube 
variety. 

In all these generators the operation depends on the charging 
(building up of a potential) of a condenser in series with a resistor. 

When a condenser is first connected across a source of e.m.f. ( see 
Fig. 301) the potential difference across the condenser is zero volts. 
A stream of electrons rushes around the path from the negative 
side of the battery to the upper condenser plate, and from the lower 
condenser plate to the positive side of the battery. The upper con­
denser plate becomes, by comparison, excessively negative and the 
lower plate excessively positive. This is equivalent to saying that a 
potential difference, or voltage, exists between the two plates, this 
voltage increasing as the excess of electrons on the upper plate increases. 
Another way of stating the same thing is to say that the current is flow­
ing into the condenser and building up a charge. During the initial 
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period after closing the switch, the high surge of current tends to charge 
the condenser very rapidly, building up a potential across its plates in 
opposition to the potential of the charging battery. This retards 

+ 

Fig. 301-A condenser con­
nected across a battery; at 
instant of switch closure no 
voltage exists across con­
denser. Gradually, a current 
flows into the condenser and 
a voltage builds up across it. 

further flow of current into the condenser, slowing the building up or 
the voltage across the condenser. But as the voltage slowly increases, 
the current flow into the condenser decreases until finally, when the volt­
age across the condenser is equal in magnitude to the source voltage, no 
further current flows, and the condenser is said to be fully charged. 
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Fig. 302-Charging of a condenser. Note how voltage rise 
starts at a high rate and rises at a uniform rate to "b", after 

which the rise begins to taper off. 

Fig. 302 shows the approximate charging-current curve for a con­
denser as well as the e.m.f. build up. Observe the following: 
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a. The current into the condenser starts off at a high rate, then 
tapers off to almost zero. 

b. The voltage across the condenser similarly builds up rapidly at 
first, continues to increase at a slower and slower rate, until it 
almost stops increasing near the maximum value. 

Now let us examine the voltage curve. Notice that the first portion 
(heavy line) is steep and almost straight. This means that during the 
interval ab the e.m.f. rises at a 1!ery uniform rate. After that, the rise 
still continues, but at a progressively slower rate, hence the curvature. 

Fig. 303-Time intervals of a saw-tooth wave generator: a-b, 
a'-b', a"-b" represent scanning time; b-a', b'-a" represent "fly-

back" time. 

It is the straight portion of this curve that is utilized in a saw-tooth 
voltage generator. All that is necessary is a means of stopping the rise 
just before curvature begins and of repeating this rise from a to b as 
often as required. For example, if we wish to sweep the sine-wave a.c. 
of Fig. 211 (page 19) 20 times per second, we need but generate 20 
voltage rises each second such as the one between a and b on Fig. 302. 
In other words, the rate of the condenser charge ( and discharge, of 
course, although we are concerned with the charging cycle only) would 
be 20 per second. However, in order to repeat the path ab, we must 
restore the condenser to its original condition at time b. Thus, if the 
voltage at time a =0 and at time b = 15, then, for the example outlined, 
the condenser would repeat the following cycle 20 times per second : 
first, rise from zero to 15 volts at a uniform rate; second, immediately 
thereafter drop suddenly to zero ; third, start rising from zero to 15 
volts again. Fig. 303 illustrates this example. 

In addition to the major requirement that the saw-tooth voltage be 
linear, in order to sweep the spot across the screen at a uniform rate, 
it is also necessary that the spot return almost instantly to the left-hand 
or starting position on the c.r. screen, in order to repeat the cycle. Since 
the spot returns as soon as the deflecting voltage is removed, the saw­
tooth voltage must decrease to zero as rapidly as possible after reach­
ing the maximum value. In Fig. 303, the time ab, a'b', a .. b", etc., is 
called the scanning time, this being the interval during which the e.m.f. 
rises and therefore causes the spot to scan the c.r. screen. The time 
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ba', b'a", etc., is called the retrace or flyback time, meaning the time 
during which the e.m.f. drops to zero and the spot "flies" back to its 
original starting position. Note that the flyback time is much shortn 
than the scanning time ( usually about one-tenth). 

Saw-Tooth Generators 
Fig. 304 shows a simplified version of the gas-triode ( type 884), 

saw-tooth generator. The tube is similar to any other triode, except 
that it is not a vacuum tube. It contains a small amount of inert gas, 
which ionizes under a sufficiently high potential and becomes conduct­
ing; i.e., the gas atom will lose an electron, leaving a positively charged 
ion. Under normal conditions, when the gas is not ionized, negligible 
current flows through the tube. However, when fully ionized by the 
application of a sufficiently high voltage, called the ioni::ation potential, 
or breakdown voltage, the gas becomes so highly conducting that the 
tube acts almost like a short circuit from plate to cathode. (Value of 
this voltage depends upon the type of gas, its pressure, and some circuit 
characteristics.) 

In the circuit of Fig. 304, the plate voltage is supplied in series 
with resistor Rp. The grid voltage is at some negative value, this value 
determining the plate voltage at which the tube will ionize or break 
down. The value of plate voltage is the "firing potential". The supply 
voltage Eb is usually higher than the firing voltage. The cycle is ap­
proximately as follows : 

When the supply voltage is connected, the condenser C charges in 
series with resistor Rp. As soon as the voltage across the condenser 

C 
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Fig. 304-Basic gas triode saw-tooth 
generator. 

reaches the breakdown voltage, the tube starts conducting and acts as 
a short circuit across the condenser. This reduces the voltage to a value 
below that required for ionization, and the tube no longer conducts. 
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The condenser then begins to charge again, repeating the cycle. A saw­
tooth voltage has thus been generated, its rise corresponding to the 
charging of the condenser C and its decline taking place when the con­
denser discharges during the period of ionization. 

The frequency of the charges and discharges depends on how long 
a charging time ( duration of deflecting voltage in the case of the c.r. 

R 

Fig. 305-Gas triode oscillator, including 
variable charging resistor and condenser. 

tube) is required. This in turn determines the size of the condenser C 
and the value of resistor Rp, The larger these components, the longer 
the time and, therefore, the lower the frequency. In actual practice, 
different condensers are switched into the circuit for different fre­
quencies, while the resistor is a potentiometer ( see Fig. 305). 

The Multivibrator 
A second type of saw-tooth generator is the multivibrator. In its 

simplest form it looks like a 2-stage, resistance-coupled amplifier, to 
which a coupling condenser has been added from the plate of the out­
put tube back to the grid of the input tube ( see Fig. 306). In this 
circuit, a rise in current in tube A causes an increase in negative bias 
on tube B. This continues until plate current of tube A is maximum 
and that of tube B is minimum. When this condition has been reached, 
condenser Cb discharges through the grid resistance Rgb of tube B, 
making its grid less negative. At the same time, the bias of tube A is 
being increased until current cutoff, while plate current in tube B in­
creases. The tube functions are thus reversed. The time of one half­
cycle varies with the time constant (Rpa + R~b) Cb, that of the other 
half-cycle with the time constant (Rpb + Ri:a) Ca. A condenser placed 
across the plate circuit of tube B would charge up during the time the 
bias increases on that tube, then suddenly discharge when the bias 
abruptly drops to minimum. Thus we again have the saw-tooth voltage 
rise. There are a number of variations of this basic circuit in use in 
oscilloscopes and television receivers. 
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The Blocking Oscillator 
A third popular type of saw-tooth generator is the blocking oscil­

lator. In Fig. 307, a transformer couples the plate and grid circuits of 
the same tube. A rise in plate current thus makes the grid more positive, 
further increasing the plate current in a very short time. But, as the 

Fig. 306-Basic multivibrator circuii. Except for CA, 
this circuit resembles an ordinary 2-stage amplifier. 

grid goes positive, grid current flows, producing a negative bias which 
will rapidly decrease the plate current to zero. The tube is then said to 
block, meaning that the plate current has been cut off. Here again we 
have the essential requirements for a saw-tooth generator: a sharp 
pulse of plate current ( corresponding to the discharge time of the oon­
denser) followed by a period of cutoff ( no plate current), during which 
time the condenser charges in saw-tooth fashion. Fig. 308 shows the 
plate current and grid voltage during one cycle of operation of the 
blocking oscillator. Note that the plate current pulses are very sharp 
and of short duration. During this time, the grid voltage builds up due 

Fig. 307-Basic diagram of a 
blocking oscillator. 

to grid current flow, increasing the bias to cut off at point a. From point 
a to point b on the curve the condenser slowly discharges through the 
resistor, until, at b, the grid voltage again allows the plate current to 
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rise for the beginning of the next cycle. A simple diagram of the 
blocking oscillator is shown in Fig. 309. 

In all such types of oscillators, the saw tooth is produced in ap 
proximately the same manner, i.e., by allowing a condenser to charge 
gradually and uniformly to a predetermined ·voltage in a predetermined 
time ( except in the blocking oscillator, where the saw-tooth action is 
produced by the uniform discharge of a condenser). This charging 
constitutes the first part of the oscillator cycle. It corresponds to the 
active or scanning period during which the spot of light is swept across 
the cathode-ray screen. The second part of this cycle is the sudden 
discharge of the condenser and the decrease of the scanning voltage to 
zero; it corresponds to the flyback time, during which the beam jumps 
back quickly and almost invisibly to its starting position to be ready for 
the next line. The duration of the first (charging) part is approxi­
mately 90 percent of the total cycle time, allowing roughly 10 percent 
for fl.yback. This is one reason why the fl.yback trace is so dim on the 
c.r. screen. 

As stated above, both the maximum voltage to which the condenser 
is allowed to charge and the time of charge are predetermined. This 
time, which determines the frequency of the saw-tooth voltage, depends 
primarily on the size of the charging condenser and of the resistor 
through which the grid condenser must discharge. In Fig. 305, varia­
tion of either R or C, or both, changes the frequency of the oscillator. 

Fig. 308-Plate current and grid voltage variatio11s dur-
ing one cycle of blocking oscillator. 

In Fig. 306, the same result is achieved by varying Rgb and Cb. In 
Fig. 309, R2 and C2 are the major frequency-determining factors. In 
all three of these typical oscillators, which incidentally are all audio-
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frequency generators, the tunable elements are R and C. They are the 
counterparts of L and C, the tuning-condenser-and-coil combination of 
the common radio-frequency oscillators. There are other factors which 

OUTPUT 

I 
Fig. 309-Typical blocking oscillator circuit. 

more or less influence the frequency of R-C oscillators, such as 
supply-voltage variations, etc., but these are of comparatively minor 
significance. 

Synchronization 

While the factors mentioned determine the frequency of an R-C 
oscillator, there are others which affect the frequency of oscillation. 
Since the latter are themselves variable, the resultant frequency will 
therefore vary. Thus it cannot be said with any degree of certainty that 
the same setting of the dial will produce the exact same frequency every 
time. Under these conditions, it is said that the oscillators are free­
running. Both the frequency of the saw teeth as well as their magni­
tudes may vary somewhat from time to time and even from cycle to 
cycle. Very often, however, it is necessary to have an exact frequency 
saw-tooth wave, for observing and photographing wave shapes or for 
television receiver deflection. Even a minor variation of either the 
frequency or the magnitude of the saw-tooth voltage is sufficient to 
cause a wave to drift across the c.r. screen, making observation difficult 
and photographing impossible. In television reception, a similar drift is 
certain to result in severe distortion. Since this drift is due to the non­
uniform operation of the sweep generator, frequency and magnitude 
of the saw teeth must be controlled in some manner. This control is 
called synchroni:::ation or locking. Simply stated, the frequency of the 
sweep oscillator is controlled by a source outside of its own circuit. 
Thus, if an accurately controlled and maintained frequency is applied 
to the input of a sweep generator, this accurate external signal will time 
the local oscillator at the same point in each cycle, making all the cycles 
equal in size and spacing. hence of constant frequency. 
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One might wonder at this point, and justly so, whether the con­
trolling or synchronizing pulse itself is absolutely reliable. The answer 
is quite simple. It is not very important that the frequency be exact 
from the viewpoint of absolute standards. Rather it is important that 
the local frequency be as nearly the same value as the control frequency 
as possible. Thus, if the frequency of sweep of a television transmitter 
varies within reasonable limits, no apparent effect on the received 
picture will be noticed as long as tlze recei1:er sweep oscillator varies 
exactly the same way as the transmitter oscillator. The same is true in 
the case of any oscillographic application. 

Fig. 310 illustrates free oscillations as well as synchronization or 
locking. During the initial period AB, the saw-tooth characteristics de­
pend entirely on the local conditions of the oscillator and it is said to be 
free-running. The individual teeth are longer as well as less frequent. 
From point B on, the saw teeth appear smaller in size as well as higher 
in frequency ( closer together). Notice that a sine-wave a.c. potential 
has been applied to the same circuit (the grid) in which the local oscilla­
tions take place. This sine wave causes corresponding variations in the 
plate circuit of the same tube, thus stopping every saw-tooth cycle ( the 
charging cycle) at exactly the same time, the positive value of control 
voltage reducing the grid voltage enough to cause the tube to fire sooner 
than it would without any control voltage. Points D, E, and F now be­
come the peaks of the saw teeth, instead of points D', E', and F'. This 
produces cycles of shorter duration as well as of greater frequency. Any 
external voltage of the desired frequency may be applied to the free­
running sweep oscillator to provide locking or synchronization, thereby 
obtaining the exact frequency desired from our local sweep generator. 

The decrease in the amplitude of the generated saw teeth is of no 
great significance. In most cathode-ray measurements, as well as in 
television reception, a horizontal amplifier is provided which, in con­
junction with a gain control, can amplify the saw-tooth input to any 
desired value, meeting the requirements of the circuit. The necessity 
for this amplifier is obvious. In Chap. 2 we saw that a certain deflecting 
potential ( sweep voltage) is required to move the spot across the screen. 
Any voltage below that value will deflect the beam only part of the way, 
resulting in a smaller, compressed picture; while an excessive deflecting 
potential will run the beam off the screen, around the side of the tube, 
resulting in loss of part of the picture. The gain control of the hori­
zontal amplifier is therefore used to obtain the correct value of sweep­
voltage input to the deflecting circuit of the c.r. tube. We shall discuss 
a typical circuit in the next chapter. 

Returning to the subject of synchronization, let us assume that we 
wish to observe the wave form of a 600-cycle supply. Referring back 
to Chap. 2, we can say that, if the spot is moved across the screen once 
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for every cycle of our test voltage, we will observe one cycle. During 
the time the spot moves from zero position upward, then back to the 
zero position, then downward, and finally back again to its starting 
position, the sweep voltage moved or swept this spot all the way across 
the screen. Had the motion of the spot across the screen been faster, 
it would not have had time to complete a cycle in the up-down direction. 
As a result, the trace would have been spread out too much on the 
screen. On the other hand, had the sweep voltage caused the spot to 
move across the screen much more slowly, it would have traced more 
than one complete up-down cycle. Thus, if the sweep voltage is 600 
cycles and the test frequency also 600 cycles, one complete cycle will 
appear on the screen. Should the sweep frequency decrease to 150 
cycles, we would see four cycles of the test voltage. Similarly, a 200-
cycle sweep would produce three cycles on the screen. Since we seldom 
observe less than one complete cycle, the lowest frequency that can be 
studied is the same as the lowest saw-tooth frequency (about 10 cycles). 

SYNCH 
SIGNAL 

-----------------TIME 

Fig. 310---Free oscillations a11d sy11chro11i::atio11. From 
A to B, no synch signal is applied. From B to C, tire 
sine wave synch pulse "stops" each saw tooth at the same 
point. Points D', E' and F' show where the saw tooth 
might hm:e bem ·without ss11thro11i::atio11 (dashed li11es., 

The highest unknown frequency may be a few times as high as the 
highest sweep frequency. Thus, for a maximum sweep frequency of 
40,000 cycles, we can observe a test frequency up to about 200,000 
cycles, in which case five cycles would appear on the screen. A 320.000-
cycle test voltage would produce eight complete cycles on the screen. 
This cannot be carried too far, since it becomes difficult to study the 
wave form when too many cycles appear on the screen. There are 
other limitations on the maximum frequency that can be studied. We 
shall mention them in due time. 

The saw-tooth wave is important, not for its own sake as a type 
of voltage variation encountered in radio work, but as an aid in view­
ing other waves in which we have a direct interest. A sine-wave a.c. is 
a good example of such a wave. The sine wave is the standard a.c. 
wave form. All other wave shapes are more or less complicated varia­
tions of this fundamental type. In advanced circuit theory, calcula-
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tions pertaining to complex a.c. waves are made by the standard pro­
cedure of resolving the complex wave into a number of component 
waves, each of these being a simple sine wave. 

However, most a.c. potentials studied on the c.r.o. are not simple 
sine waves. While most r.f. and a.f. signal generators produce nearly 
pure sine-wave voltages, the e.m.f.'s most generally studied are much 
different. Consider an audio amplifier. Almost all the speech and music 
handled consists of very complex and apparently irregular wave shapes. 
(See Fig. 311.) However, since it would be extremely difficult to study 
such a complex wave on the c.r. screen,. we resort to a simple but satis­
factory expedient, and one that produces a wave much simpler to 
analyze. \Ve use a standard test wa\·e shape, such as a square wave or 
a sine wave. The conclusions arrh-ed at through the study of such a 
standard test wave are equally applicable to complex waves, since, as 
pointed out preYiously, complex waves are merely combinations of sine 
waves of different frequencies, amplitudes, and phases. 

The less common of the two standard test wa\·e shapes mentioned 
above is the square wave, shown in Fig. 312. Although more difficult 
to produce and analyze, the square wave provides a more accurate check 
on the respon~e of an amplifier, especially where wide-band, uniform 
frequency response is desired. This is because the square wa\·e is a ___ ,c 

A 0 

Fig. 311 (left)-Appeara11ce of an act11al so1111d wave 
on the 'scope (1000 cycle tone co1itailli11g har111011ics). 
Fig. 312 (right)-A square wave. Parts A-B and C-D 
wottld be altered if the high freq1u11cy response were 
poor. Part B-C would serve as a check 011 the 

freq11e11cy fidelitJ. 
combination of a fundamental plus many harmonics, thus combining 
both high- and low-frequency characteristics. \\·hen a frequency-re­
sponse test is made using this wa\·e, the fidelity with which the square 
wave is reproduced in the amplifier is a good indication of both ex­
tremely high- and extremely low-frequency responses. Thus, if in Fig. 
312 the steep sides ab and cd of the wave are duplicated without any 
change (distortion), it indicates good high-frequency response. Poor 
response at these frequencies would result in distortion in this part of 
the cycle. Either the sides would slope gradually instead of being steep, 
or the sharp, right-angle corners of the original wave would be rounded 
off, etc. The quality of the low-frequency response can be judged from 
the flat portions of the cycle, denoted by be. As mentioned earlier, the 
square wave is but a special case of a sme wave. It is, in fact, a funda­
mental sine wave combined with a number of higher-frequency sine 
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waves. As a test instrument, the dectronic square-wave generator is 
rather complicated in design and limited in use. For laboratory use, 
however, it is practically indispensible. 

Intensity Modulation and Markers 
The beam or spot in a cathode-ray tube is usually of constant m• 

tensity or brightness. This is determined by the cathode emission, grid 
bias, and accelerating potentials of the tube. The horizontal and ver­
tical deflecting plates simply move the spot across the screen in a man­
ner dictated by the potentials applied across these deflecting plates. 
If, for any reason, the intensity of the beam should vary, the pattern on 

·Fv°v""' 
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Oi---------,------~----•·•TIME 
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Fig. 313 (above)-C.r. tube traces a sine 
wave of co11stant beam i11te11sity. The 
brightness is uniform over the cycle. Fig. 
314 (below)-An 111tensity-modulated c.r. 
trace of sine wave. The beam was inter­
mptrd or extfog11ished approximately 12 

times during each cycle. 

the screen would also vary, but only in the degree of illumination. The 
shape would not be altered at all. Thus, in Fig. 313, we see two cycles 
of a sine wave of constant beam intensity. Fig. 314 shows the same two 
cycles, with the trace broken into dashed lines. The electron stream 
was interrupted about 12 times during the cycle by biasing the grid of 
the c.r. tube to cutoff as many times. In practice, we would simply 
have to feed a signal to the grid of the cathode-ray tube (not unlike the 
signal fed to the television receiver picture tube) of a frequency ap­
proximately 12 times higher than the frequency of the test voltage. 
Although such a dotted trace may not be very common in service work, 
the superimposed marker or pip is quite common in wide-band FM and 
television alignment. By means similar to the example just given, it is 
possible to put one or more markers on a wave or band on the c.r. screen, 
to indicate band width or locations of certain peaks. \Ve shall see later, in 
the chapter on applications of the c.r.o., specifically how these markers are 
helpful in aligning FM and television i.f. channels, discriminators, etc. 
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Chapter 4 

A Typical Cathode-Ray Oscilloscope 

THE cathode-ray oscilloscope described is typical of most 
service instruments of this type. Except for special additions and modi­
fications, most other 'scopes are very similar in arrangement, design, and 
even circuit connections. The more expensive instruments for labora­
tory use have higher deflection sensitivity, wider frequency response 
and other refinements, adapting them to study of a wider range of 
voltages. 

Fig. 401 shows the complete schematic diagram of a 3-inch c.r.o. 
For our purpose, we have divided this diagram into four subunits, 
marked A, B, C, and D and identified as follows: 

Unit A-vertical amplifier, 
Unit B-horizontal amplifier, 
Unit C-sweep generator, 
Unit D-power supply. 

Let us first examine each unit, after which we shall see how the 
complete assembly operates. Fig. 401-A shows the vertical amplifier. 
It is a 6SJ7 triple-grid amplifier, operated as a pentode. The gain of 
the stage is approximately SO. The input circuit is quite conventional, 
not unlike the input to an audio amplifier. C1 is the d.c. blocking con­
denser, to prevent a high positive d.c. potential from being applied to 
the grid. Since it is usually a 400-volt condenser, care must be taken 
not to connect a test signal of higher voltage to this amplifier. Should 
it be necessary to examine a test point at higher potential, an additional 
condenser of sufficiently high working voltage should be connected in 
series with the V terminal. THE VERTICAL GAIN control R1 is the usual 
0.5-megohm potentiometer acting as a signal input control. The 
cathode and screen circuits are quite conventional. The lead from the 
cathode marked !NT. SYNCH. will be explained later in the discussion of 
the complete assembly. The plate circuit deserves some comment, since 
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Fig. 40l-Co111plete schematic diagram of a 3-inch Cathode-Ray Oscilloscope. Section A, Vertical amplifier,· B, Horizo11tal 
amplifier; C, Sweep ge11eralor; D, Power Supply. 



it differs from the usual audio amplifier. The difference lies in the 
peaking coil L2 in series with the plate load resistor R2• 

As stated in Chap. 3, the vertical amplifier may be called upon to 
handle frequencies three or more times higher than the highest sweep 
frequency. Assuming a 60-kilocycle maximum for the sweep generator, 
as is the case in this instrument, the signal or test frequency may be as 
high as 180 kc. The ordinary resistance-coupled amplifier, for com­
parison, handles frequencies up to only about 15 kc. Since the c.r.o. 
is a measuring device, it is important that all frequencies being ob­
served be amplified equally. Should the higher frequencies ( or any 
others, for that matter) be amplified less, the 'scope would give a false 
indication of poor high-frequency response in the instrument being 
tested, while in reality it is the oscilloscope that is at fault. This decrease 
in response at high frequencies is mainly due to the shunt capacitances 
of the amplifier tube and stage. Placement of components and wiring 
are an added factor, tending to increase this shunting effect. Let us see 
how this shunting effect comes about. 

We know that plate-to-grid capacitances in pentodes are extremely 
small, being roughly .005 p.p.£. However, grid-to-cathode ( C,k) and 
plate-to-cathode (Cpk) capacitances range ·much higher, usually about 
2 to 5 p.p.f for the grid, and as high as 10 or 12 p.p.f for the plate. These 
capacitances are, in effect, shunt condensers from grid and plate to 
cathode or ground. At audio frequencies (below 15 kc) their shunting 
effects are generally slight enough to be negligible. At higher frequen­
cies, such as the 180 kc in our vertical amplifier, these condensers be­
come low-impedance paths to ground. As a result, the amplifier shows 
a decrease in output at higher frequencies. A common method of cor­
recting this high-frequency loss is through the insertion of peaking coils, 
such as 4 ( see A), in series with the plate load of the particular 
amplifier. These coils tend to counteract the shunting effect of the 
capacitances, as outlined below. 

From fundamental a.c. theory we know that the reactance of a 

condenser decreases with increase in frequency (Xe = 
2
;fc - the 

higher the value of f. the lower the value of Xe), while the reactance 
of a coil increases as the frequency increases (X1 = 271'£L - the higher 
f, the higher X,). \Ve also know from vacuum-tube characteristics 
that for any given tube and circuit, the output increases as the plate load 
resistance R, increases. \Vith these two basic facts in mind, we can 
understand the function of the peaking coil. 

At low frequencies, the shunting effect of Cgk and C1,k is negli­
gible. At the same time, the a.c. resistance of the peaking coil L2 in the 
plate circuit is also negligibly low. This makes the plate load approxi­
mately equal to R2 or 68,000 ohms. We shall consider the output at 
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these frequencies as normal. At medium-high frequencies, the reac­
tance of Ci:k and C"k decrease~ as the coil reactance increases. As the 
frequency further increase!-, these effects continue in the same direc­
tions, X., decreasing and X1 increasing, the combination behaving as a 
parallel resonant circuit. \Yere it not for the resistor, R2 the L-C circuit 
would have a peak at a single frequency, as is the case with parallel 
resonance. However, the resistor acts as a loading device, reducing the 
~electivity and flattening the response. With a suitable peaking coil for 
a particular tube, resistor, and frequency range, the circuit can be made 
,ubstantially flat over the required range of frequencies. 

The only other component to be noticed in Sect. A is the blocking 
condenser C2• This is necessary since the output (plate) of the amplifier 
feeds one of the deflecting plates in the cathode-ray tube, which plate 
is also at a certain d.c. potential required for cc11tcri11g. The condenser 
C:i must be large enough to off er a low impedance to the lowest fre­
quencies found in the output of the vertical amplifier. 

The hori:;ontal amplifier shown in Sect. B is, with the exception 
of the d.p.d.t. switch S1, identical to the vertical amplifier. This switch 
makes it possible to amplify either the output of the local sweep gener­
ator or the external signal fed to the Horuz. INPUT terminals. Although 
the sweep-generator frequencies are considerably lower than those en­
countered in the Yertical amplifier, the peaking in the plate circuit of 
the horizontal amplifier is nevertheless necessary, since it may be de­
sired to feed an external sweep voltage of much higher frequency into 
the horizontal input terminals ( cl.p.d.t. switch in the AMP position). 
\Vith S1 at SWEEP, J l input is from the saw-tooth output of the in­
ternal oscillator. This will be referred to again when viewing the entire 
diagram as a complete unit. 

Section C is the diagram of the sweep generator or saw-tooth 
oscillator of the multivibrator type, using a double triode. Its general 
operation is as described in Chap. 2 for saw-tooth generators. The 
controls and their functions are as follows: 

I. SWEEP RAXGE-This dual control serves as a coarse frequency 
adjustment, and might be compared to a band switch in a multiband 
receiver. It selects the range of frequencies between which the oscillator 
may be tuned with the aid of the fine frequency control. The lower 
half of this dual control switches in different values of capacitance 
from the output plate to ground. Notice that the larger values of capa­
c·itance are used in the lower-frequency bands, and vice versa. This 
condenser is, in effect, the load or output impedance, across which the 
~aw-tooth voltage appears. The upper half of this control switches in 
different values of coupling condensers, from the first triode piate to 
the grid of the output triode. Since the time constant of this coupling 
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circuit largely determines the frequency of the multivibrator, a large 
change in the value of this coupling condenser results in a propor­
tionate change in the output frequency. 

II. FREQUENCY-This control is a dual potentiometer, the right­
hand half varying the grid resistance of the second triode while the 
left-hand unit varies simultaneously the second triode plate voltage and 
output condenser charging current. The proportioning of the size of 
the condensers being switched in and the values of the potentiometers 
is such that the potentiometers vary the frequency within the limits of 
the band set by the SWEEP RANGE control. Thus, in position 2, for 
example, the range is. set for a band of between 90 and 850 cycles. 
The fine control will then tune the oscillator to any frequency between 
90 and 850 cycles per second. 

III. SYNCH ADJ-This control looks exactly like the common gain 
control in an audio amplifier grid, but it is used as such only when 
an external signal is fed to the multivibrator for synchronizing purposes. 
As you will recall, a free-running saw-tooth generator, whatever its 
type, tends to be unstable, varying somewhat above and below the de­
sired frequency. Since for most oscillographic ( and television) pur­
poses an e.ract frequency is required for stability of pattern, a synchron­
izing or timing pulse is applied to the grid of the oscillator, this syn­
chronizing pulse setting off or timing each generated cycle at exactly 
the same point. It might be called a precision cycle timer. 

In our diagram, the SYNCH ADJ potentiometer varies the amount 
of this timing pulse fed into the grid of the first triode. This is im­
portant, since the minimum amount of synchronizing voltage is desir­
able. An excessive amount of synchronizing signal tends to change 
or distort the output of the saw-tooth generator. 

IV. SYNCH SELECTOR-This three-position switch allows three dif­
ferent sources of synchronizing voltage to be used as required. \Ve will 
return to this switch later in this chapter. 

The final section of the c.r.o. is shown in Sect. D and again in 
Fig. 402. This is the combined low- and high-Yoltage power supply. 
Theoretically, this unit consists of two supplies: one having an output 
of about 250 volts d.c. for the amplifiers ancl oscillator, the other 
giving around 750 Yolts d.c. at a current of about 1 milliampere for the 
cathode-ray tube. In practice, however, as sho,Yn on this diagram, the 
two supplies are combined in the interests of simplicity and economy. 
A single power transformer supplies all the heater, low, and high 
voltages. The heater voltages are quite conventional and need no 
comment. The high-Yoltage system consists of the usual center-tapped 
winding, feeding the plates of the upper 5U4-G. This in conjunction 
with L1, Cs, C4, C11, C6 and bleeder resistors Rs, R4, and R5 forms 
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the typical and familiar full-wave power supply. The higher voltage for 
the cathode-ray tube is obtained as follows: A second high-voltage wind­
ing, not center-tapped, is connected in series with the lower end of the 
center-tapped winding. The other end of this second winding goes to the 
cathode of the second rectifier. This is also a 5U4-G, but with both plates 
tied together, forming a half-wave rectifier. Since the current require­
ments of this supply are extremely low (below 1 ma) and the voltage is 
used for the cathode-ray tube only, complete filtering is not necessary. 
Hence, half-wave rectification and small condensers are adequate. As 
a result, no center-tapped transformer is required, further saving ma­
terials, space, weight, etc. Since a 250-volt supply already exists, the 
half-wave winding need but supply the additional voltage required, 
usually not over 500 volts for a 3-inch cathode ray tube. The addi­
tional load on the 250-volt supply due to this series connection is neg­
ligible, being only about 1 ma. Fig. 402 shows the complete voltage 
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A - TO PLATES OF AMPLIFIER (ALSO 
TO CENTERING CONTROLS) 

B - TO C·R TUBE SECOND ANODE ANO 
ONE EACH OF THE VANO H DEFLECT· 
ING PLATES. - -

C • TO SCREENS OF AMPLIFIERS ANO 
OTHER SIDES OF CENTERING 
CONTROLS. 

D 

E • TO FIRST ANODE OF C·R TUBE 

F • TO CATHODE OF C·R TUBE 
G - TO GRID OF C·R TUBE 

Fig. 402-Simplified schematic of dual power supply. (First figure is voltage 
to grou11d; second is voltage to negati-.•e end of power supbly). Point A +250, 
+ 750 v; B + 175, + 675 v; C + 100, + 600 v,· D 0, + 500 v; E (Focus) 
- 200 to - 4CO, + 100 to + 300 v; F - 450 to - 500, 0 to + 50 v; G (IN-

TEXSITY) - 500, 0 V, 

output system, with polarities marked to indicate relative voltages at 
various elements of the cathode-ray tube. Notice that the two rectifiers 
are in series with each other. The cathode of the upper SU4-G is the 
highest positive point of the whole system. Next, in the downward 
direction, comes the higher, and then the lower plate of the same recti­
fier. Further down is the cathode of the second SU4-G, and finally, the 
lowest point in the system is the plate ( two plates tied together) of the 
lower rectifier. 
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Let us now examine how this supply feeds the various circuits of 
the oscilloscope. Points A and D are the high and ground points, re­
spectively, in the low-voltage system. Point A feeds the plates of the 
amplifiers and sweep generator, at approximately 250 volts. Point 
C, about 80 volts above ground, supplies the screens of the amplifiers. 
The total current consumption here is about 30 milliamperes. The high­
voltage supply, about 750 volts, is between points A and G. Starting 
with the lowest point, the control or signal grid of the cathode-ray tube 
goes to point G, while the cathode connects to point F at a small po­
tential abon~ the grid. By means of the INTENSITY potentiometer, the 
resistance and consequently the voltage drop between points F and G 
may be varied, tf1Us varying the negath·e bias on the control grid. This 
controls the electron beam and also the brightness, and indirectly the size 
of the spot. The first anode, referred to earlier as the focusing anode, 
goes to the slider of the potentiometer called Focus. By varying the posi­
tive potential on the first anode, the spot may be brought into sharp focus, 
resulting in a sharp spot on the screen. The second anode goes to point 
B, next to the highest potential point in the whole system. This is the 
accelerating anode and is operated at the highest potential of all the 
cathode-ray tube elements. Observe also that one each of the horizontal 
and vertical deflecting plates go to the same point as the second anode. 
Each remaining plate goes to the slider of a potentiometer marked 
CENTERING. There are two such potentiometers, one for vertical and the 
other for horizontal centering. Since each slider can vary the potential 
of the plate connected to it above and below the potential of the other 
plate of the pair, the spot may be moved to the left or right, above or 
below the center of the screen, as required. 

It is interesting to note that although the second anode is about 
675 volts abo,·e the grid, it is only about 175 volts above ground. In 
some 'scopes the positive end of the high-voltage supply is grounded, 
putting the grid about 750 volts below ground. This is both a convenience 
and a safety precaution, since it puts some of the control shafts at 
chassis potential. However, it does not affect the operation of the 'scope, 
since the voltage distribution to, and the potentials of, the various 
elements are still as required. 

Discussion of the Complete. Cathode-Ray Instrument 
Having discussed the various units that go into the making of a 

cathode-ray oscilloscope, we shall now examine the complete assembly. 
Referring again to Fig. 401 showing the complete schematic diagram of 
a popular 3-inch instrument, we shall di~cuss the few remaining controls 
and circuit details not co,·ered in the analyses of the partial diagrams. 

The 6.3-v output terminals may serve as a source of heater poten­
tial for some other tube or tubes used in conjunction with the 'scope. 
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For example, they may be used where a sample of a.c. of the same 
characteristics as the synchronizing potential is required for an auxil­
iary instrument. 

The pairs of terminals marked V and H in the center of the dia­
gram are for use when neither horizontal nor vertical amplification is 
desired. Normally, they are bridged by a wire jumper, as shown. \Vhen 
direct signal connection to the deflection plates is desired, the jumpers 
are removed, and the signal is connected between the lower of the two 
posts and ground. Fig. 403 shows these connections as viewed from the 
outside. They are usually at the back of the oscilloscope case. However, 
since most signals require amplification before being applied to the de­
flection plates, these direct connections are seldom used. 

Just below the 6SJ7 horizontal amplifier is the switch marked 
SYNCH SELECTOR. This switch offers a choice of three different sources 
of synchronizing pulses for locking the sweep generator. Observe that 
the rotor contact or arm of this switch connects in series with a blocking 
condenser to the input grid of the sweep generator ( through the SYNCH 

ADJ control). The condenser is approximately 0.25 p,f, sufficiently large 
for any low-frequency a.c., blocking d.c. only. The SYNCH ADJ con­
trol, in turn, varies the amount of signal input to the saw-tooth gener­
ator, different amounts being required for locking at different signals 
and frequencies. 

REMOVE JUMPER FOR OIRECT 

i~~~ni:ION TO DEFLECTION 

H 

0 
V 

GNO 

Fig. 403-Tyf>ical tm11i11al 
strip for direct co1111cc­
tio11 to def lcctio11 plates of 
c.r.o. tube ( whm V a11d H 
amplifiers arc not ttsrd). 
These are high-rnltaqc 
terminals a11d should 'be 
thorou!}hlJ! protected from 

accidental co11tact. 

The EXTERNAL position of this selector switch connects to a pair of 
binding posts, shown on the right-hand side, marked ExT SYxc. This 
is used when some other type of synchronizing voltage i,; desired for 
sweep timing. Often this may be a standard audio oscillator, which is 
more precise or otherwise more desirable. 
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The INTERNAL setting of the sweep selector connects to a portion 
of the output of the vertical amplifier. Since this amplifier handles the 
test signal, internal synchronization always means that the sweep 
generator is timed by, and in accordance with, the actual signal being 
examined. This is perhaps the most common method of synchronization. 

The LINE position uses the 60-cycle supply as a source of syn­
chronizing potential. Notice that it connects to the 6.3-v a.c. of the 
heater circuit. This source is often used, since most commercial 60-
cycle supplies are very stable and reliable, both with regard to frequency 
and wave shape. A simple use of this would be the checking of the 
accuracy of calibration of an oscillator at 60 cycles, or an integral mul­
tiple thereof, up to about 600 cycles. We shall discuss this method in 
detail in the next chapter. 

The switch just to the right of the 6SJ7 horizontal amplifier selects 
one or the other of two methods of operation. In the AMP position, the 
horizontal input signal is fed to the horizontal amplifier and then to the 
horizontal deflecting plates. This is the case when an external sweep 
voltage other than the local saw tooth is used for horizontal deflection 
of the beam. Notice that in such a case the saw-tooth oscillator is not 
used at all. As a matter of fact, it is made inoperative, since the lower 
half of the switch actually opens up the cathode-to-ground-path of 
the 6C8-G. 

In the SWEEP position, the c.r.o. is used in the most common man­
ner. The cathode of the saw-tooth oscillator is connected to ground for 
normal tube operation. The output of the sweep generator is now fed 
to the H-amplifier input. This amplifier, in tum, feeds the horizontal 
deflecting plates of the c.r. tube. 

Let us now sum up all the functions and controls of the c.r.o. by 
actually listing their operation in a typical case. Assume that we wish to 
examine the frequency and wave form of a 100-cycle audio oscillator. 
The procedure would be as follows : 
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1. Plug the c.r.o. into the proper a.c. outlet - 115 v, 60 cycles in 
this case. Turn it ON by means of the ON-OFF switch on the 
INTENSITY control knob. 

2. After allowing about 30 seconds for warming up, turn the same 
control further clockwise until a sufficiently bright trace appears 
on the screen. 

3. Adjust Focus control (varying the posith-e potential on the first 
anode) until the spot is as small and sharp as possible. 

4. Turn the H centering control until the spot is midway between 
the left and right edges of the screen. Similarly, turn the V 
centering control until the spot is halfway between the top and 



bottom of the c.r.o. screen. The spot is now both in center and 
in correct focus. 

5. Set SWEEP SELECTOR switch to SWEEP, since we are going to use 
the internal saw-tooth generator for sweeping. 

6. Set RANGE switch to either 10-110 or 90-850, either setting 
enabling us to obtain 100 cycles. Adjust horizontal gain until 
the spot is swept across the screen in a horizontal direction. It 
will not move up or down, since no vertical deflecting e.m.f. 
is present. 

7. Connect the 100-cycle generator output to the vertical input 
terminals of the c.r.o. Adjust the vertical gain for proper verti­
cal deflection on the screen. Since the signal input is approxi­
mately 100 cycles, it is necessary to adjust the saw-tooth fre­
quency to approximately 100 cycles. This is done with the FRE­
QUENCY control. A single cycle will now appear on the screen. In 
order to synchronize exactly or lock the trace on the screen, we 
merely set the SYNCH ADJ control so that sufficient signal volt­
age, taken from the output of the vertical amplifier, is fed to the 
saw-tooth generator. The correct setting is evidenced by the 
stopping of the picture. 

As mentioned earlier, it may often be desirable to have two, three, 
or even more cycles on the screen for better observation. To 
observe simultaneously four cycles of our 100-cycle test voltage, 
set the SWEEP RANGE to the first ( 10-110) position and adjust 
the fine control until the saw-tooth generator produces about 25 
cycles per second, as shown by the appearance of 4 cycles on 
the screen. 

In conclusion, a few words of caution. They are extremely 
important, actually a matter of life or death. In all instruments 
where cathode-ray tubes are used, there is the danger of shock and 
even death from the high potentials. A 3-inch instrument may 
have a supply of 7 50 v or more. A 5-inch 'scope may run up to 
2,000 volts, while a 10-inch television receiver may operate at up 
to 10,000 volts! Some television receivers on the market today 
carry a lethal potential of 25,000 to 30,000 volts! In a great many 
commercial oscilloscopes, the H and V terminals shown in the 
center of the diagram in Fig. 401 are too often left exposed on the 
backs of instruments. Many a serviceman has received a bad 
shock or even narrowly missed electrocution by attempting to 
move, lift, or otherwise handle the instrument on the bench with 
the switch ON. These terminals should be adequately covered 
against accidental contact. Remember, -your !if e may depend on it! 
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Chapter 5 

Practical Applications of the 
Cathode-Ray Oscilloscope 

WE are now ready to outline actual service uses of the c.r.o. 
in the service shop or laboratory. Having studied the whys and where­
fores of the instrument, one can now proceed to apply the scope i11tclli­
gently to actual problems. 

For the purpose of simplification, we shall divide all the applica-
tions of the oscilloscope into these major groups: 

Group I-alignment, 
Group II-measurement, 
Group III-trouble shooting. 

Group I includes the following: 

1. Visual peak alignment of narrow-band receivers, such as a.c.­
d.c. sets, inexpensive, average-quality console receivers, etc. ; 

2. Flat topping or band-pass alignment of higher-quality console 
receivers; 

3. Wide-band alignment of FM intermediate-frequency channels; 

-t-. Correct alignment of FM discriminators; 

5. Alignment of television i.f. channels; 

6. Proper staggering for desired bandwidth and response curve 
shape in television i.f. channels using this type of i.f. system. 

The fundamental difference between the old method of peak align­
ment and the visual method is the fact that the "by ear" and even the 
output-meter system gives an indication only of the magnitude of the 
output voltage, without much regard for frequency. The modem visual 
alignment method allows the observer actually to see the shape of the 
response curve and thus judge the output at any and all of the fre­
quencies in the desired band. The importance of this cannot be over­
emphasized; it is an absolute must in FM and television alignment, 
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making the difference between good fidelity and unbearable distortion in 
FM sound channels, and between excellent detail and very poor quality 
of a television picture. Since we wish to observe a band of frequencies, 
instead of the single-frequency peak of old-time alignment, a different 
type of signal generator is required-the frequency-modulated sweep 
generator. 

The frequency-modulated signal generator, or, as it is more com­
monly called, the sweep generator, is essentially a signal generator that 
varies periodically ahm·e ancl below any chosen center frequency. As 
an example. when such a signal generator is set to, say, 465 kc, with a 
sweep of + 5 kc. it will generate a sequence of frequencies all the way 
from 460 to 470 kc. Furthermore, it will repeat this sequence in a 
regular, periodic manner. If this sequence is repeated fast enough, say, 
at least 30 times per second, we wilt observe on the cathode-ray screen 
a band of frequencies 10 kc wide, extending from 460 to 470 kc. Since 
many an i.f. channel is 10 kc wide, we are thus observing simultaneously 
the complete i.f. channel, just as it is intended to operate in an actual 
receiver. 

MOTORm DRIVEN 

CMOTOR - - -- - -
B+ 

CONDENSE \ 

• -::- MAIN TUNING CoJAL 

Fig. 501-0scillator sectio,i of motor­
driven FM signal generator. 

Of the several varieties of sweep generators on the market, one 
of the simplest and most easily understood, although no longer popular, 
is the rotating-condenser type. A motor, driven at a fixed speed of per­
haps 3,600 r.p.m. (60 cycles per second), is coupled to the rotor of a 
small tuning condenser. This condenser is in parallel with the main 
tuning circuit of the oscillator so that, when the condenser is half­
meshed, the oscillator frequency is the nominal or center value. As the 
rotor unmeshes, the circuit frequency shifts upward ; and an increased 
meshing of the rotor causes a downward shift of the center frequency. 

Figs. 501 to 504 illustrate these cases. Fig. 501 shows a part of the 
signal generator tuned circuit. The motor-driven condenser is part of 
this tuning system, so that with the condenser at 50 percent of its maxi­
mum capacitance the output frequency is 465 kc. The response curve of 
this single-frequency curve might be shown as in Fig. 502-a. As the 
motor tunes the condenser from 50 to 100 percent of capacitance, the 
frequency shifts from 465 kc to 460 kc and traces a curve that 
may be represented as shown in Fig. 502-b. This curve is nothing more 
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nor less than a shifting of the single-frequency curve of Fig. 502-a from 
right to left. Since this shifting of frequency happens in a very short 
time, we see the complete curve on the screen ( Fig. 502-b). Were the 

POSITION OF 

Ca; '%'{\ ~N 
50% 

~%-100% 

.....,.,;.,,--,+,,,_'=-..,.,,.,,.....,.,~--=:KC ---=-~,-,-~~-e---_KC 
455 460 465 470 475 455 460 465 470 

Fig. 502-a (left)-Response curve at 50% setting of motor 
driven condenser. Fig. 502-b (right)-Response curve plotted 
d11ring time motor-driven condenser swings from 50% to 
100% .of capacitance. During time of retum of condenser from 
100% to 50%, the above curve will be repeated and will over-

lap original curve. 

condenser allowed to remain in the maximum-capacitance position, the 
curve would look like Fig. 502-a, except that it would be located at 
460 kc instead of at the original 465-kc position. But as the condenser 
continues to rotate from its maximum position back toward the starting 
value ( 50 percent meshed), the oscillator output exactly repeats the 
response curve at 461, 463 and 465 kc and all the values between these 
points. Thus the curve just generated is being retraced and completely 
overlapped. As the condenser continues to rotate toward the minimum­
capacitance position, a similar response curve will be generated, this 
time starting with 465 kc and going to 470 kc at minimum capacitance. 
Fig. 502-c shows the result. Further rotation from minimum back to­
ward half-meshed position will repeat and overlap the curve just gen­
erated. Now if the speed of condenser rotation is high enough, both 
curves will be seen simultaneously. Fig. 503 shows the over-all response 
curve for a complete 360-degree rotation of the motor (1/60 second). 

FINAL POSITION 

n oB 
~~\~~- 0% T050 % 
ACITANCE CAPACITANCE 

'---.--,r--,--,---KC 
460 465 4 0 45 

Fig. 502-c-Response curve dur­
ing the 1mmeshi11g of the con­
denser plates, from 50% to 0% 

and back to 50%. 

We now have two complete response curves on the screen. We 
need only increase our sweep frequency sufficiently to superimpose 
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these two curves for alignment observation. Thus, if the rotor fre­
quency is 60 cycles per second, a c.r.o. sweep of 120 cycles would give 
us single image response. (The c.r.o. sweep would scan the screen twice 
in 1/60 second, at the same time that the sweep oscillator generates two 
complete response curves.) Fig. 504 shows the resultant single response 
curve. 

455 460 465 465 470 

Fig. 503-Overall response 
curve for 360 degrees rota­
tioti of motor-driven con­
denser. Motor frequency ••. 
60 cycles (3600 r.p.m.) ; 
c.r.o. sweep frequency •• . 60 

cycles. 

A word about the symmetry of the curves. It seldom happens that 
the response curve is 100 percent symmetrical, since amplifiers are not 
exactly linear for all frequencies. That is why we have shown a little 
hump to one side of the curve, to illustrate the directions in which the 
curves are generated. \Vhen superimposing these two curves, the over­
lap will be not quite 100 percent. However, for all practical alignment 
purposes, it is sufficient to have the peaks coincide. 

There are other means of sweep generation, some mechanical, 
others electronic. They differ only in method, not in results. The 
electronic method is the most used in modern instruments. 

We shall mention and briefly explain two of the most popular 
types. The first (RCA), utilizes a method somewhat similar to the 
motor-driven condenser system described above. A push-pull oscillator 
has part of its tuning capacitance in the form of a split-stator, concen­
tric plate condenser. Physically, the condenser is somewhat like two 
cylindrical cans, the smaller fitting inside the larger one. One of these, 

I\ ' ' 

' . 

Fig. 504-Combined trace; 
superimposed resp o n s e 
curves. Motor freq1u11cy 
••. 60 cycles c.r.o. sweep 
frequency . .. 120 cycles. 

the stator, is cut lengthwise, and the two halves insulated from each 
other. Each of these sections goes to one end of the oscillator circuit. 
The second "can", in one piece, is electrically grounded, and physically 
fastened to a modified form of a speaker voice-coil assembly. \Vhen 
the voice coil is energized, not unlike an ordinary loudspeaker, the 
"rotor can" moves with the voice coil, similar to the paper cone of a 
speaker. This motion in and out of the split-stator can causes a varia-
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tion in the capacitance, and consequently the frequency, of the push­
pull oscillator. The result is a frequency modulated output. Since the 
voice coil is usually operated from a 6()-cycle source, the modulation 
frequency is 6() cycles. Furthermore, since the amount of voltage to the 
voice coil is adjustable, the distance the "rotor" wilt move is also varied, 
just as the strength of an audio signal varies the distance of motion of 
the speaker cone. \,Vith the change in the distance of motion of the 
rotor, the capacitance of the split-stator condenser also changes, result­
ing in a variation in the sweep ban<lwiclth. In the adual instrument, the 
dial is marked not in Yoltage input to the yoice coil ( which incidentally 
is O to 120 volts), but in sweep bandwidth (megacycles), usually from 
zero to 10 me. 

Another common method of procludng frequency modulated sig­
nals is the reactance modulation system. This method is based on the 
fact that in certain tubes it is possible to vary the transconductance 
( Gm) of the tube through variation in grid bias. This results in a fairly 
wide variation in the tube plate current. This plate current may be d.c., 
or a.c. of any desired frequency, including r.f ., depending on the man­
ner of operation of, and the signal input to, the tube. 

In a practical reactance modulation system, the r.f. oscillator which 
we wish to frequency modulate is coupled to the reactance tube. Thus, 
the input to the tube, and consequently its plate current, is r.f. When 
we next apply a signal to the grid of the reactance tube ( usually 6()­
cycle a.c., although any other frequency may be used), the tube is said 
to be modulated. The r.f. plate current will now yary in accordance 
with the grid input. Furthermore, the plate circuit is so arranged that 
this variable r.f. current is made to flow through the tank circuit (fre­
quency determining LC circuit) of the oscillator. This is equivalent to 
varying the value of L or C of the oscillator tuning system, and the 
frequency will now vary above and below the nominal frequency in 
accordance with the a.c. signal applied to the grid of the reactance tube. 
The degree of variation, corresponding to the bandwidth of the sweep 
generator, is governed by the magnitude of the reactance tube grid 
voltage. The final result is therefore an FM sweep generator of vari­
able sweep width, as required for different types of alignment 
procedures. 

While on the subject of reactance modulation, it is well to briefly 
mention the use of this principle in connection with a.f .c. ( automatic 
frequency control). This feature is finding widespread use in modern 
television synch circuits, and even in automatic television tuning sys­
tems (Philco). At first glance the purpose of reactance modulation in 
these examples seems to be just the opposite of the application de­
scribed above. But although in the case of synch a.f.c. or automatic 
tuning, reactance modulation is used to prevent frequency changes, there 
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is no basic contradiction between sweep generation and a.f.c. applica­
tion of reactance modulation. In both cases, reactance modulation is 
used to change the oscillator frequency. However, in the case of synch 
circuits and automatic tuning, the change is calculated to cancel an 
accidental frequency shift, due to stray pulses, temperature drift, etc. 
Thus, when an oscillator "wanders off" from its nominal frequency, 
the reactance modulator-a.f.c. system shifts the frequency back to nor­
mal. The circuit is so designed that no frequency shifting will occur as 
long as the oscillator is on frequency. This simply requires a discrim­
inator circuit, which produces no bias to the reactance modulator at the 
correct frequency, and a corrective bias of proper magnitude and polarity 
at off-frequency operation of the oscillator. 

SIGNAL 
GENERATOR 

HI 

G 

MIXER LF. DET. Al'C, AF 

+ 
Fig. SOS-Typical set-up for a.c.-d.c. midget receiver peak aligmnmt. 

Procedure for Peak Alignment 
Let us now illustrate actual cases of visual alignment. Fig. 505 

shows a typical setup for peak alignment of an a.c.-d.c. midget. Al­
though various manufacturers will differ in methods and locations of 
input signal and output indicators, the differences .are not fundamental. 
and therefore these typical examples will be generally satisfactory. 

The detailed procedure is as follows: 

1. Allow equipment (including receiver) to warm up for at least 
10 minutes. 

2. Disconnect antenna and connect output of signal generator be­
tween mixer grid and ground. 

3. Short circuit the oscillator output by grounding oscillator tuning 
condenser, removing tube if separate oscillator and if heaters 
are not in series. 

4. Short circuit a.v.c. voltage by grounding a.v.c. bus, or by any 
other convenient means. 

5. Connect ,·ertical c.r.o. input between points V and G across re­
ceiver audio input. 
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6. Set generator center frequency to specified receiver i.f. Set 
sweep to 10 kc. 

7. Set c.r.o. controls for proper focus, adequate intensity, and 
adequate V and H gain. 

8. Set sweep frequency, both coarse and fine, until a single image 
appears. 

9. Align trimmers A, B, C, and D in that order, until curve is as 
high as possible, consistent with good symmetry and smooth 
edges. ( Beware of jagged sides I) 

10. Remove shorts from oscillator and a.v.c. circuits. 
Since this is not a high-fidelity receiver, peak alignment is all that 

is called for. 

+ 

Fig. 506-Typical i.f. amplifier of a good (Jflality receiver. Generator con11cc­
tion roints: V,, V,, V., each to ground. Note: Third wi,iding in first and 
second i.f.t. is sometimes used as a means of obtaining wide-band response. 

See te.rt. 

CAUTION! Many small a.c.-d.c. sets have the chassis ab01•e 
ground potential and a.c. pickup is likely. However, with a series con­
denser at the input, it is much simpler to align with the oscilloscope than 
with an output meter. A fine a.c. ripple on the response curve does not 
prevent proper alignment, as it often does with aural or even meter 
alignment. 

Band-Pass or Broad-Band Alignment 
In this category fall most medium- and high-priced console AM 

receivers. The procedure is more elaborate and exacting. Assuming an 
a.c. set having two i.f. stages, proceed as follows: 
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1. Allow equipment to warm up sufficiently. 

2. Short circuit the antenna input, oscillator, and a.v.c. circuits, 
as before. 



3. Connect vertical input of the c.r.o. to the second detector load 
resistor, points V and G on Fig. 506. 

4. Set 'scope controls (such as intensity, focus, gain, etc.) for 
normal conditions of operation. Readjust later, as required. 

5. Set sweep frequency on the c.r.o. to about 120 cycles, or twice 
the signal generator sweep frequency, if that is other than 
60 cycles. In some sweep generators there is an outlet or bind­
ing post (may be labeled "CRO Sweep" or "Sweep Synch", 
etc.) which supplies a sample of the modulation voltage used to 
obtain the FM in the generator. When this voltage is fed to the 
"H-Input" terminals of the CRO, while the internal saw-tooth 
generator of the 'scope is switched off, positive synchronization 
of the pattern is always obtained. This is the most satisfactory 
of all types of sweep voltages, since it provides automatic 
synchronization. 

NOTE: See Fig. 631, page 109, for details of a simple 60-cycle, 
external sweep source providing much better locking than the 
'scope's internal synch circuit. To use the unit, connect it to the 
horizontal input terminals. Turn off internal sweep. Use the 
unit only if the generator has no synch outlet. 

6. Connect output of sweep generator between grid and ground of 
last i.f. tube (points V1 and G on Fig. 506), and adjust gen­
erator output for normal-size pattern. Readjust the V and H 
gain controls on the 'scope to suit. 

7. Align secondary and primary trimmers in this order on this 
stage for best overlapping of response curves, as outlined 
previously. 

8. Move the generator input back to the grid of the first i.f. tube 
(points V2 and G on Fig. 506). Readjust the signal generator 
output for proper-size pattern. 

9. Realign this stage only as previously, for best superimposed 
traces. Do not change the alignment of the last stage t 

I 0. Repeat this procedure with converter stage, feeding generator 
output to points V 3 and G on Fig. 506. 

The response curves for the average good console will look like 
Fig. 507, while those for a band-pass receiver will be similar to Fig. 
508. Figs. 509-a and b show improperly aligned response curves, re­
sulting in cutoff at one end or the other of the band. 

For a receiver having more than two stages of i.f. [rare except in 
FM and television (TV) receivers], the procedure remains the same, re-
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peating the steps outlined above for every i.f. transformer, in the same 
order as before. 

There are a number of receivers in which the i.f. band width and 
flat-topping is controlled by a third tuned circuit in the i.f. can, called a 
tertiary, a trap, or a loading circuit. However, since these are rare in 
AM broadcast receivers and more common in FM and television sets, 
we shall discuss them in connection with the alignment procedure for 
FM and TV receivers. 

AF\ 
-~~~~~t 

461 465 469 4M 465 475 
•41(() 0 +4KO •IOKC 0 15KC O+ISKC +IOKC 

Fig. 507 (left)-Response curve of a 
medium-quality receiver; ba11d-width 
is abotlt 8 kc. Fig. 508 (right)-Re­
sponse curve of a high-fidelity re­
ceiver; band-width is approximately 

16 k-c. 

So far we have discussed visual alignment in those cases where a 
'scope as an output indicator is either helpful (not absolutely necessary, 
as in the case of the peak adjustment of a.c.-d.c. midgets) or fairly 
essential ( in the case of the broad-band or so-called high-fidelity re­
ceivers). The visual method in these cases is a time-saver and, to a 
certain degree, makes for a better alignment job. However, a fairly 
satisfactory alignment would have been possible with just a signal 

460 465 470 460 465 470 

Fig. 509-a (left)-lncorrect aligmnent (double response 
curve) as evidenced by "dip" of curve not falli,ig 011 the 
center frequency. Fig. 509-b (right)-bicorrect alig11-
111ent (single response rnrve) resulting fo "11011-s3•111-

111etrical" sides of rnrve. 

generator and an ordinary output meter. In the cases to follow, the 
c.r.o. method is absolutely essential. Distortion, oscillation, side-band 
cutting, and poor picture quality in the case of the television receiver, 
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are almost certain to result from any attempt to align by ear or output 
meter. 

We shall first outline the procedure for FM sets, covering both the 
Fl\-I broadcast receiver and the sound channel of all television sets. 

In FM broadcasting the transmitted signal swings over a band or 
±75 kc. But the FM sound channel of a TV station has a swing of 
only ±25 kc. As a result the FM broadcast receiver must have a mim­
mum flat bandpass of 150 kc, compared to 50 kc for the FM sound 
section of the TV receiver. However, when aligning either type of set 
the procedure is identical. The signal generator is set for a sweep of 
200 to 600 kc, far wider than either type of receiver's pass band. 

As mentioned earlier, the FM i.f. channel is very much like the 
high-fidelity AM channel, except for the greater band width in 
the case of FM. However, the usual second detector of the AM set is 
now replaced by a discriminator, a modified type of audio detector in 
which only deviation from the carrier frequency (above and below) 

1
4 USABLE , 1 

~ RANGE 
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~ ~- ·75·5q·25 
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fCENTER 
Fi,q, 510 (left)-Tl'Pical discriminator cirrnit. Fig. 511 (right)­
Response rnrve of a discriminator with 60-cycle c.r.o, sweep, 

Cross lines are scale lines on the c.r.o. screen. 

produces output. Fig. 510 shows a typical discriminator, while Fig. 511 
gives the response curve for such a detector. 

FM Discriminator Alignment 
To align the FM Discriminator: 

1. Disable the high-frequency oscillator and allow a warm-up period 
of at least 10 minutes. 

2. Set the sweep signal generator to the proper intermediate fre­
quency for the receh·er under test. Set sweep to about ± 100 
to ±200 kc. If possible, consult the manufacturer's data for 
exact bandwidth setting of sweep. 

3. Connect output of signal generator to points Gl and GND on 
Fig. 512, the input to the last limiter stage (assuming the i.f. has 
not yet been aligned). In the case of sets using no limiter stages 
as such, the generator is fed to the grid circuit of the last i.f. 

4. Connect vertical scope input to points V and GND in Fig. 512. 
This is the input to the first audio stage. 
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5. Set scope controls for proper pattern. Briefly, they are: 

Adjust INTENSITY control for adequately bright trace. 
Adjust Foct:s control for sharp trace on c-r screen. 
Switch internal sweep to OFF position. Connect sweep source 
from either the sweep generator if it has a sweep output ter­
minal, or from 60-cycle sweep source described in Fig. 631, 
page 109, to the 11 - lNPl'T terminals of the c.r.o. 

I.F.AMP. 

~~~':" ___ .,,,..,.. 
6C4 

tSTA.F 

..,. 

Fig. 512-Last i.f., limiter (may be one or two stages), discriminator a11d 
first audio of atJ FM receiver. Points of inp11t at•d Ottt/lut co1111ectio11s 

are indicated. 

Adjust horizontal and vertical c.r.o. gain controls for a good­
sized pattern on the screen. 

6. Align discriminator transformer primary and secondary slugs or 
trimmers until pattern is approximately as in Fig. 511. You will 
notice that the linearity and symmetry of the curve will depend 
largely on the primary adjustment. The secondary adjustment 
will determine the center frequency (zero output) position. 

In connection with step 6 of the discriminator alignment, it might 
be helpful to briefly explain the reasons for this alignment procedure. 
Most of the discriminators in use today, including the ratio detector 
type ( except for the Philco Locked-In Oscillator type which we shall 
explain later), use (he center-tapped secondary type of discriminator 
transformer. They all have two main objectives in common: First, to 
tune for maximum i.f. signal input to the discriminator, since this pro­
duces the maximum output. Second, to tune for minimum output 

-50KC O +50KC 
CENTER 

Fig. 513-Double response 
discriminator curve results 

from 120-cycle sweep. 

(preferably zero) at the center frequency, this corresponding to au 
unmodulated carrier. Since the discriminator is a type of a band-pass 
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stage, extending both above and below the center frequency of the i.f., 
the alignment should produce the correct, symmetrical l,andpass on op­
posite sides of the midpoint. Furthermore, since this midpoint is the 
center frequency, or the nominal i.f. of the signal, at which no modu­
lation exists, any appreciable output at this point wonl<I be incorrect. 
Hence the secondary alignment for proper pha!-e and equal voltages in 
each half of this secondary, resulting in a net zero output. 

A more common type of discriminator response curve is shown in 
Fig. 513. This is obtained when c.r.o. sweep is 120 cycles instead of 60. 
It is somewhat easier to align, as dissymmetry and improperly located 
intersection are easier to see. To align with this pattern, proceed as 
above, except that the symmetry of both curves is now obtained with the 
primary tuning, while intersection at the center (resonant) frequency 
will be obtained by tuning the discriminator secondary. 

Another method of FM detection that is sometimes found in less­
expensive FM and television sets is called slope dctcctio11. However, 

AVC BUS B+ 

Fig. 514-FM wide-band if. cha1111el. Hand-width is obtained by 111ea11s of 
tertiary "traps" TT, a11d TT,. 

since it is essentially a modified i.f. alignment, we shall discuss it as a 
part of i.f. alignment procedure. 

FM I.F. Stages 
In contrast to amplitude-modulated receivers, whose i.f. band is 

anywhere from 3 to 10 kc, the frequency-modulated receiver requires 
a band of from 50 to 250 kc for high-fidelity performance. There are 
three fairly common methods of achieving this band width. The first 
is illustrated in Fig. 514, where the interstage i.f. transformers have a 
tertiary tuned winding. It is this tertiary setting that determines the 
band width of this stage, by acting as a load on the stage. Since the 
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"Q", or sharpness of a response curve decreases with the loading of the 
circuit, any device which takes power from the circuit (shunt resistor, 
rectifier or absorption trap) will therefore "load" the system and 
flatten the curve, giving wider frequency response. A parallel tuned 
circuit such as this tertiary will absorb the greatest amount of energy 
from the circuit when tuned to the frequency of the circuit. Being 
adjustable in frequency, the tertiary can be made to draw more or less 
current from the circuit, thus enabling the serviceman to adjust to the 
desired bandwidth in the stage. 

The second type of FM i.f. channel, shown in Fig. 515, has a 
standard type of tuned primary, tuned secondary transformer, with the 
addition of shunt or loading resistors across primary and secondary 
windings. These resistors reduce the sharpness of the curve, resulting 
in wider and flatter response curves. The lower the values of these 
resistors, the wider the response curve. 

K 
~I 

8+ 

Fig. 515-Another type of wide-band FM i.f. cltam1el, utilfr:fog standard 
type i.f. transformers with loadi11g resistors. Primaries and secondaries 

are tttned to appro.rnnately the same freq11ency. 

The third type of wide-band i.f. is the stagger-tuned system. The 
circuit looks like an ordinary i.f. channel (Fig. 515 without the loading 
resistors). Band width in this system depends on the proper peaking 
of the primary and secondary tuned circuits to different frequencies 
within the desired band-pass of the amplifier. These different frequen­
cies are so chosen as to provide an overall flat response within the 
limits of the i.f. channel. :'.\fany television receivers use this type of 
wide-band i.f. system. 
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To align the 3-winding type of i.f. channel: 

1. Disable the high-frequency oscillator and allow time for the 
equipment to warm up. 

2. Set signal generator to correct center frequency. 
3. Set generator sweep to ±50 to 300 kc. 



4. Adjust 'scope controls for suitable pattern. 

5. Connect vertical 'scope input between points V and GND on 
Fig. 514. This assumes that the limiter input stage has been 
lined up as previously described. 

6. Apply signal generator output between first i.£. grid and ground. 
( See manufacturer's specifications for condenser, if any, in 
series with the high side of the signal generator. Usually, .05 
p.f is suitable for the last i.f. stage, and 50 p.p.f for the others.) 

7. Align the primary and secondary of the last i.f. transformer for 
maximum vertical deflection (peaks). 

8. Align tertiary for maximum band width, or flat topping, of the 
response curve. Do not widen the band beyond the point where 
vertical deflection begins to decrease sharply. 

9. Shift the signal generator to the grid circuit of the mixer stage 
and reduce generator output until pattern on the screen is of 
the proper size. 

10. Repeat alignment as for the last stage. 

If there are more than two stages of i.f., the procedure is repeated 
for each additional stage. 

Slope Detection 

This type of FM detection is found in some commercial receivers, 
both FM and television, which have no limiter stages and therefore do 
not have the noise-reducing properties of true FM receivers. Fortunate­
ly, the alignment procedure is extremely simple. But first a word about 
the operation of the slope detector. 

Referring to Fig. 513, you will recall that the center frequency or 
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Fig. 516-Slope detection. 
The last i.f. tra11sf armer is 
pealud off the nominal cen­
ter frequency. Correct align­
ment is indicated whe,i the 
center frequency (10.7 111c) 

falls on point B. 

crossover point is a point of zero audio output. Any deviation in frequen­
cy ( due to modulation) above or below the center results in audio output. 
The slope detector approximates this condition. In Fig. 516 is shown an 
ordinary i.f. response curve. Even in wide-band FM circuits, this is 
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not more than 150 kc. wide. For ordinary AM reception, the center 
frequency is naturally at the peak of the curve, with shifts either above 
or below that frequency resulting in decreased output. To simulate FM 
detection ( discriminator action) peak the i.f. channel feeding the de­
tector to a lower frequency than the center frequency specified, so that, 
instead of falling at point A, the nominal frequency falls at point B, 
about halfway down the slope of the curve. Any frequency deviation 
due to modulation will now increase the amplitude in one direction and 
decrease it in the other. \Ve thus have achieved the essential require­
ments of discriminator action-a voltage variation proportional to fre­
quency deviation, the usable portion of the wave being practically a 
straight line. 

The specific procedure for this alignment is as follows: 

1. Carry out all the alignment steps as in band-pass AM alignment 
up to and including step 10, which is the alignment of the first 
i.f. transformer. 

2. Reconnect the signal generator input across the grid circuit of 
the last i.£. stage (points V1 and G on Fig. 506.) 

3. Using a calibrated c.r.o. screen (most 'scopes come equipped 
with a plastic screen fitted over the cathode-ray tube, with 
1/10-inch square ruled lines) or a frequency marker or pip, if 
the signal generator has provision for frequency marking, * lo­
cate the frequency half way down the slope of the response curve 
(see Fig. 516). As an example, let us assume the peak of the 
response curve to be 10.7 megacycles, a common frequency in 
FM sets in use today. The frequency halfway down the slope 
might then be 10.65 me. The span from peak to the halfway 
mark would then be 50 kc. 

4. With the signal generator marker set to 10.65 me, realign only 
tltis last stage for peak output at 10.65 me. 

5. Leaving the pattern on the 'scope, shift the marker dial on the 
sweep generator to 10.7 me, and notice whether the pip falls 
approximately halfway down the slope. Retune the stage to 
10.65 me or thereabouts until the center frequency falls midway 
down the slope. 

* Most modern sweep generators contain, in addition to the regular signal 
generator, a marker oscillator which can be superimposed on the main trace to 
locate exact frequency of any spot on the main response curve. It usually appears 
as a jagged portion of the main curve, somewhat as shown on Fig. 523. By means 
of an auxiliary dial, accurately calibrated in frequency, this marker or pip can 
be put anywhere on the main curve. It serves as a frequency vernier for all 
signal generator dial settings. In some generators there are two such marker 
dials, enabling the user to set the high and low ends of the band or any other 
two points on the response curve. 
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A solllewhat quicker and simpler method of slope detection align-
ment is to: 

1. Align complete i.f. channel as outlined for band-pass sets. 

2. Reconnect signal input to grid circuit of last i.f. stage as before, 

3. Set marker dial to the center i.f. frequency. 

4. Realign only this stage until the marker falls halfway down the 
slope of the response curve. 

This latter method is preferable, since it obviates the necessity of 
determining the band width of the stage or the i.f. channel. 

Ratio-Detector FM Receivers 
Another type of FM discriminator is the ratio detector, which func­

tions as a combined FM discriminator and AM noise limiter-rejector. 
Its advantages are obvious. Since this detector alone takes care of noise 
suppression, limiter stages are unnecessary. The i.f. stages preceding 
this ratio detector are therefore operated as normal, full-gain i.f. am-
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fig. 51~-A typical ratio dete~tor. Where C is omitted, the wit1d-
1t1_q L 1s placed near the Primary, so that the induced voltage 

across L is s11bstantially the primary voltage. 

plifiers. The alignment of the ratio detector is somewhat critical, but, 
if general procedure is adhered to and specific manufacturers' sugges­
tions are followed, alignment is both quick and easy. 

It is relatively easy to identify the ratio-detector type of discrim­
inator. Instead of connecting to the two plates of the discriminator 
diodes, as in the case of the standard discriminator, the ends of the dis­
criminator transformer secondary connect one to a plate and the other 
to a cathode of the two diodes. Thus the two diodes are connected 
scrics-aidi11r1 through the secondary (plate No. 1-to transformer-to 
rnthocle No. 2-to plate No. 2-to load resistor-to cathode No. 1). See 
Fig. 517. 

Another distinguishing feature of the ratio detector is the heavy 
bypassing of the load resistor ( 10 µ.f). The coupling condenser from the 
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plate of the preceding i.£. plate to the center of the discriminator trans­
former secondary is omitted in some cases, and the coil L is inductively 
coupled to the transformer primary. Still other versions of the ratio 
detector have somewhat different diode output circuits. The alignment 
procedure, however, is substantially the same in all of them. It involves 
two main steps : 

First, the primary of the transformer is tuned for ma.rim,mi ·voltage 
across the whole secondary. 

Second, the transformer secondary is tuned for ma.rimmn balance 
between the two halves. This is usually a minimum-output adjustment, 
since the difference between the two component voltages of the secon­
dary is an indication of unbalance. The smallest value of this difference 
indicates least unbalance. 

The specific alignment procedure for the ratio detector of Fig. 517 
is to: 
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1. Allow the usual warmup time for the equipment, including the 
receiver. 

2. Set signal generator to center frequency of the i.f. (10.7 me for 
most FM sets, 21.25 me or the manufacturer's given value for 
the FM in television receivers). Set sweep to a little more than 
the specified i.f. bandwidth ( usually +25 kc for TV sound 
channels, +75 kc for FM receivers). The manufacturer's 
specifications should be consulted wherever possible, since there 
are some exceptions to the general rule. Philco, for example, 
has an i.f. bandwidth approximating 0.5 me in their television 
sound channel, necessitated by the automatic tuning system 
and the a.f.c. Connect generator output across grid of last 
i.f. stage. 

3. Connect vertical input to 'scope across audio load resistor (point 
V and ground on Fig. 517). 

4. Adjust c.r.o. controls for adequate-size pattern of the type shown 
in either Fig. 511 or 513. 

5. Detune trimmer or slug of the discriminator transformer secon­
dary as far as possible. 

6. Align primary circuit (Pon Fig. 517) for maximum linear span 
of curve (see Fig. 511). 

7. Align secondary circuit (S on Fig. 517) for balance or cross­
over at the center frequency. If the signal generator has a 
marker frequency dial, set the marker to the center frequency 
and adjust for equal response on both sides of the marker; 
otherwise use the calibrated celluloid screen on the cathode-ray 
tube for the same purpose. 



Should the output of the signal generator be inadequate for suffi­
cient output indication, the following modification of the alignment may 
help: Connect output of signal generator across the grid circuit of one 
of the earlier i.f. stages, or even the mixer, and proceed with the align­
ment as ahow. It is advisable, however, to check the tuning of the dis­
criminator transformer alone, if that is possible. Then the signal gen­
erator is moved back toward the mixer, one stage at a time, observing 
the output curve in each case for maximum swing and correct crossover. 

There are a number of variations of this method of alignment, such 
as modified methods of feeding the signal and various connections of 
the output indicator, but these are almost always specified by the manu­
facturer. The basic purpose and method is correct in all cases, and fol­
lows the procedure outlined. 

Philco Locked-In Oscillator Detector 
This type of FM detector is entirely different from the other types 

mentioned, operating on a basically different principle. This is a form 
of synchronization, the principle of which can briefly be stated as 
follows: When an external signal of approximately the same frequency 
as a local oscillator is properly and adequately injected into such an 
oscillator, the latter will "lock-in" with the signal, and, within small 
limits, follow the frequency of the signal. In the Philco FM receivers, 
detection is achieved approximately in this manner: A tube of special 
design, the FMIOOO, has an arrangement of elements similar to a penta­
grid converter. The cathode, grid 1 and grid 2 are connected in a modi• 
fied Colpitts oscillator, this type being very popular at the television 
and FM frequencies. Grids 3, 4, 5 and the plate are connected very 
much like the ordinary converter. The main difference in connection 
is the fact that the oscillator tank circuit and the "mixer" output, or 
plate circuit, constitute what looks like a primary and secondary, 
respectively, of an i.f. transformer. In addition, the plate return con­
sists of an R-C circuit which functions as the audio load circuit. 

In operation, the oscitlator is set to the i.f. center frequency (9.1 
me in the Philco), while the last i.f. stage feeds a signal of the same 
center frequency to the injector grid (No. 3) of the FMIOOO tube. 
The plate circuit of this tube is also tuned to 9.1 me. The local oscillator 
will now lock-in with the incoming i.f. signal and follow the latter in 
frequency changes. But, as the i.f. shifts due to modulation, the local 
oscillator also changes frequency, causing, in this particular circuit, a 
change in the plate current of the FMlOOO. This plate current, varying 
in step with the i.f. deviation, flows in the load resistor in the plate 
return of the tube, producing audio output in accordance with the orig­
inal modulation. Amplitude variations have but little effect on the 
oscillator, since the latter is "held" by the incoming frequency. There­
fore this detector inherently rejects noise. 
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To align this type of detector, it is but necessary, after the i.f. 
alignment is completed, to tune both the primary (oscillator) and 
secondary (plate circuit) to the i.f. center (9.1 me here). The detailed 
steps are as follows : 

1. Allow equipment to warm up as usual. 
2. Connect signal generator with output of unmodulated r.f. of 

correct center frequency (9.1 me in Philco) in series with a 
0.1 p,£ condenser between grid and ground of the last i.f. tube. 

3. Short circuit plate winding of the detedor i.f. can. 
4. Connect 'scope across grid circuit of final audio stage. 
5. Set c.r.o. sweep for highest frequency possible. 

3R0I.F 
6AU6 

t----, DISCR. 
6AL5 

+135v 

Fig. 518-Non-limiter type of discriminator. The i.f. stages are operated at low 
gain, providing adequate limiting. 

6. Adjust horizontal and vertical gain controls for a good-sized 
pattern. The vertical gain may have to be set at maximum, due 
to the poor response of the 'scope at the high frequencies. 

7. Align oscillator trimmer (primary) for zero beat. This wilt 
be evident by a gradual rise in the vertical deflection on the 
'scope. with a corresponding decrease in the frequency to less 
than 1 cycle on the 'scope. The final pattern for :;ero beat will 
be almost a straight horizontal line. 

8. Remove short-circuit from secondary and align secondary only 
for the same result as in 7. · This completes the alignment. 

Non-Limiter Discriminator 
Another version of discriminators found in a number of cheaper 

television (sound channel) and FM receivers is shown in Fig. 518. The 
discriminator proper is com·entional in every respect. There is no limit-
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ing in the receiver. It is possible to operate an i.f. channel at low gain 
and reduced screen potentials, thus approximating limiter action ( with 
additional stages where necessary) in order to minimize amplitude 
modulation ( characteristic of most noise) when the desired signal is 
rrecisely tuned in. The alignment in this case is very similar to that 
given for the regular discriminator. However, we shall outline it here 
as applied to Fig. 518. 

Alignment of Low-Gain, I.F., Non-Limiter Discriminator 
1. Disable the high-frequency oscillator and allow equipment to 

warm up. 

2. Set generator at proper i.f., sweep width at + 100 to 200 kc. 

3. Connect output of signal generator across grid circuit of third 
i.f. stage. 

4. Connect c.r.o. vertical input between points V and· Gnd. 

5. Align primary slug of discriminator transformer for symmetrical 
appearance of curves (see Fig. 513). 

6. Align secondary slug for crossover at center frequency. 

In other words, this type of set is treated e.ractly like the ordinary, 
limiter-discriminator type of FM set. Simply forget the absence of 
limiter stages as such, and consider the limiting action built in the 
i.f. stages. 

Alignment of Television I.F. Channels 
Before proceeding with this important phase of servicing a tele­

r1ision receiver, let us recall a few important facts : 

First, while AM sound receivers have a band width of approxi­
mately 10 kc and FM receiver band width may reach an extreme of 
150 kc, the average television receiver band width runs from 3,000 to 
6,000 kc. This is about 40 times as wide as the FM sound channel, and 
over 500 times as wide as the ordinary AM channel I 

Second, since such an extreme band width requires special circuits 
and procedures, both the test equipment and the alignment procedure 
must be excellent. Any old signal generator won't do I ( Some manu­
facturers have attempted to simplify this problem by outlining a pro­
cedure calling for average-quality equipment and only fair technical 
knowledge, but this is not the solution. It is no more than a stop-gap 
method or a second-best solution. Foolproof, permanently prealigned, 
high-fidelity i.f. channels simply do not exist, except in some over­
enthusiastic advertising copy.) 
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Lastly, both the nature of the transmitted signal and the fact that 
results are seen, not heard, makes it vital to follow established general 
methods, as well as specific manufacturers' directions. 

The equipment required for proper television i.f. alignment con­
sists of: 

1. A stable signal generator 

(a) covering the i.f. range of the various commercial receiver~ on 
the market today (7 me to 30 me is adequate at this writing) ; 
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Fig. 519--Typical televisio11 channel 
(Channel No. 2) at the i11put to the 

mixer. 
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Fig. 520-Video i.f. response at tl1e 
input to the i.f. amplifier. (Any 

channel.) 

(b) having a sweep frequency range of from zero to at least 6 me; 

( c) having a marker frequency source over the complete tuning 
range. 

Since the same instrument will also be used for front-end align­
ment, ( r.f ., mixer, and oscillator), the frequency and marker ranges 
should extend all the way up to 250 megacycles to cover the oscillator 
frequency for the highest station, channel 13, 210-216 me. With an 
i.f. of 30 me, the oscillator frequency may have to be approximately 
246mc. 

2. A high-grade cathode-ray oscilloscope, having good frequency 
response at the television i.f. bands, preferably with an r.f. probe 
for use up to 250 me. 

3. An audio oscillator having good wave form and frequency range 
up to at least 15,750 cycles, which is the horizontal sweep fre­
quency now in use. 

4. The usual service instruments, such as an output meter, vacuum­
tube voltmeter, or high-sensitivity voltohmmeter (20,000 ohms 
per volt or better). 

The television channel, as established by the Radio Manufacturers· 
Association and generally in use in the United States, looks like Fig. 519: 
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1. The over-all band width is 6 me. 

2. The picture carrier is 1.25 me above the low-frequency end of 
the channel. 



3. The sound carrier is 5.75 me above the low-frequency end (0.25 
me below the top of the channel). 

4. The carriers are 4.5 me apart. 

5. The low-frequency end of the channel is a uniformly sloping 
line, approximately at 45 degrees. 

6. The high-frequency end of the band is a sharp, near-vertical line. 

In order to receive this combined sound and picture signal, the 
front end of the receiver must have sufficient band width to admit nearly 
the whole channel, or at least 5 me. Otherwise, side-band cutting of 
sound or picture, or both, may result. \Ve shall say more about this 
under r.f. alignment. 

When this incoming band of frequencies. is combined with the local 
oscillator in the mixer stage, the output or the intermediate frequency 
is also a band, but transposed in position as shown in Fig. 520. Notice 
that this looks like a mirror reflection of the incoming signal shown in 
Fig. 519. Since we are concerned with the i.f. alignment, we shall look 
on the c.r.o. screen for a picture as much as possible like Fig. 520. The 
extent to which this result is achieved depends upon the design of the 
i.f. circuits. However, since the serviceman is little concerned with 
design and primarily with correct operation of manufactured circuits, 

CONTRAST 
CONTROL 
CIRCUIT 

Fig. 521-Typical impedance-coupled, 3-stage staggered i.f. system. 

it may be safely said the extent to which the specified bandpass is ob­
tained depends almost entirely (barring defects in the circuit) on the 
care and effort taken by the serviceman in the alignment of the tuned 
circuits. 

Two I.F. Systems in Use 
There are two main systems of i.f. design in use today. One is the 

wide-band or band-pass system in which each stage is designed for full­
band or near-full-band width. This is rather complex to design, expen­
sive to manufacture, and difficult to adjust. In a few cases, but not as 
a rule, the i.f. cans are non-adjustable. The other type, more in favor 
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in most recent television receivers, is the stagger-tuned system in which 
a number of tuned circuits contribute to produce the over-all band width 
required. Being less expensive to design and produce, this system is 
favored by many television receiver manufacturers. 

Fig. 521 shows a 3-stage i.f. channel of a modern set. Note the 
following interesting features : 

1. The i.f. amplifier stagei are impedance-coupled instead of trans­
former-coupled. Tuned inductances are in the plate circuits, 
ordinary resistors in the grid circuits. 

2. Parallel L-C circuits called wm·e traps are used to extract images 
and other undesirable frequencies from the picture channel. 

3. Another of these traps is used to extract the audio i.f. from the 
mixer output, this i.f. signal then continuing in the conventional 
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Fig. 522 (left)-Stagger response and resultant overall curve. 
Individual response curves are peaked to contribute to the desired 
overall response. Fig. 523 (right)-Dashed lfoe slrows respo11se 
curve prior to correct alig11111et1t. Marker is "placed" where pealt 
should fall. Solid li11e curve shows final aligmnent, with marker 

at peak. 

manner to the discriminator and audio circuits. These traps are 
discussed further under alignment. 

In aligning such an i.f. amplifier, rnrious circuits are peaked to dif­
ferent frequencies, so that the over-all effect is the desired i.f. band. 
Taking Fig. 521 as an example, we would align the 4 circuits as follows: 

Mixer output 24.9 me 
First i.f. 22.3 me 
Second i.f. 23.2 me 
Diode detector 24.0 me 

The individual curves and the over-all band are shown in Fig. 522. 
Notice that the sharpest tuned circuit is the first i.f. stage, operating at 
fixed bias. This circuit is therefore aligned at the low-frequency end 
of the band in order to produce the steep side in the final curve. Next 
comes the second i.f., in which the contrast control (bias) varies the 
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selectivity to a certain small degree. This is peaked next, at 23.2 me. 
The mixer, a fairly broad circuit, is at the high-frequency end of the 
band, to give the desired 45-degree slope. Finally, the diode-detector 
stage is placed between the second i.f. and the mixer. Being the 
widest-band circuit, the detector stage is used to fill in the low portion 
or dip in the over-all curve. The resultant band may thus be made 
very nearly like the ideal flat-topped band desired. Of course, the exact 
adjustment frequencies, as well as the sequence of stages, will depend 
upon individual manufacturers and their specific instructions should 
always be followed for best results. The alignment procedure outlined, 
however, is very typical of modern practice and will serve in many cases. 

To align the i.f. amplifier of Fig. 521, proceed as follows: 

1. Disable the high-frequency oscillator and allow equipment to 
warm up for at least 10 or 15 minutes. 

2. Set controls on oscilloscope for adequate pattern. 

3. Connect vertical c.r.o. terminals across output of video detector 
(V and ground). (If 'scope has high-frequency probe, see al­
ternative procedure.) 

4. Set main frequency dial on the sweep generator to the approxi­
mate i.£. of the particular stage being aligned. 

5. Set sweep range to 4 megacycles ( unless specific manufacturers' 
instructions indicate a different sweep width). 

6. Connect output of sweep signal generator across grid circuit 
of third i.f. tube, point A and ground. 

7. Set marker dial on sweep generator to 24 me as accurately as 
possible. 

8. Align trimmer or slug on last i.f. can until peak coincides with 
marker. See Fig. 523. 

9. Move signal generator output leads back one stage to point B 
and ground. Set contrast control on receiver about halfway. 
Readjust c.r.o. controls for suitable-size pattern. 

10. Set marker frequency to 23.2 me and align second i.£. coil until 
peak coincides with marker pip. Do not touch previously aligned 
slug. 

11. Shift generator output to grid circuit of first i.f. (point C and 
ground). Do not change contrast setting. Adjust generator out­
put for correct size of pattern on c.r.o. screen. 

l '2. Set marker frequency to 22.3 me and align first i.f. slug or 
trimmer until peak falls on marker, as previously. 
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13. Shift generator to mixer grid, reduce signal generator output to 
suit, set marker dial to 24.9. 

14. With generator across point D and ground, align mixer coil 
(video) until peak of curve falls on marker. 

The complete i.f. amplifier should now be correctly aligned. How­
ever, if the resultant curve differs considerably from the typical re­
sponse curve of Fig. 520, repeat the above alignment procedure, shifting 
the various marker settings slightly one way or the other, depending on 
the appearance of the curve, to obtain the desired over-all band. For 
example, should there be a dip in the curve at 23.0 me and a rise at 
23.S me ( see Fig. 524), it would indicate that the second i.f. peak is 
too far away from 23.0 and too close to 24. To correct this, realign the 
second i.f. at about 22.7 me. These errors are usually due to either 
inaccurate settings of the marker dial or careless alignment. Ordinarily, 
a single alignment according to directions will produce satisfactory 
results. 

Alternative Alignment Procedure, Observing Output of 
Each Stage Separately 

If the serviceman has a cathode-ray instrument with a high-fre­
quency probe for the vertical amplifier ( or at least a vacuum-tube volt-

SHIFTING PEAK OF 
2NDI.F. WHILE 
WATCHING RESPON· 
SE CURVE PRO• 
DUCES DASHED 
Lit£ RESPONSE 

21.25 22.5 23.5 24.5 25.5 26 
Pig. 524-Improperly alig11ed stagger system. 
If the seco,id i.f. is peaked at too high a fre­
quency, the rise at 23.5 me would appear as 
shown. Realigning this stage at a somewhat 
lower freque11c3, would level off the curve. 
Overall response should be o/Jserved while 

realig1iing. 

meter with a similar high-frequency probe), he can align each stage 
individually by connecting the vertical 'scope input across the output 
of the stage being aligned in each case, instead of the detector output. 
Since in the latter case the cumulative effect of all the i.f. stages is 
observed, there is some chance of confusing the effects of different ad­
justments. Aligning the second stage may appear to increase the re­
sponse at a portion of the curve not at the frequency of the second stage. 
However, proper care in locating markers and peaking will minimize 
such difficulties. 
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The alignment of the nonstaggered i.f. channels (prewar RCA, 
Crosley, etc.) is actually simpler and faster than the stagger align­
ment, since all stages are set for approximately the same band width 
and the same frequency range. Here, again, manufacturers' bulletins 
are very helpful, as they give specific data for the partirnlar set in ques­
tion. For most cases, however, the general procedure outlined here 
will serve. 

Fig. 531 shows a typical i.f. channel of the 11011s.taggered type. 
Alignment procedure is approximately as follows: 

1. Disable the high-frequency oscillator and allow equipment to 
warm up. 

2. Set oscilloscope controls correctly. 

3. Connect vertical input terminals of 'scope across detector load 
resistor. 

4. Set sweep generator to approximate center of i.f. channel ( 10 
me for prewar receh·ers, 23 to 27 me for new sets). 

5. Connect generator output across grid circuit of last i.f. stage. 

6. Locate markers on c.r.o. screen at the frequencies specified by 
the manufacturer for that particular stage. 

7. Align trimmer or slug for maximum response. Consult service 
data for those cases in which response curves are shown. Other­
wise strive for maximum output consistent with flat frequency 
response. 

8. Shift sweep generator back to grid of next-to-last i.f. stage. 
Set the markers and repeat alignment procedure of step 7. 

9. Repeat the above procedure on all stages all the way back to 
the mixer grid. The curve now on the screen will be the final 
over-all i.f. response curve. 

10. Check the curve for the three important characteristics of a tele­
vision i.f. system: flatness of the top of the curve, steepness 
of the low-frequency end, and correct sloping of the high­
frequency end. 

In most cases of this type of i.f. amplifier, there is only one adjust­
ment per stage. In some cases there is none, the circuits having been 
designed for permanent band pass (fixed-tuned). Any difficulty in 
obtaining the correct band-pass response in such cases should be treated 
as a trouble-shooting problem, not as a matter of misalignment. A de­
fective coil winding, resistor, or condenser in the stage is likely to be 
the cause of the trouble. 

71 



Trap Alignment 
Trap alignment is really part of the i.f. alignment. However, since 

it applies to most i.f. systems, it is treated separately, after the various 
i.f. adjustments have been discussed. 

Due to the nature of television channel allocations, carrier loca­
tions in the channels, and the design of some television receiver front 
ends, image interference and sound interference with the picture are 
fairly common. To eliminate these, tuned circuits, often called traps, are 
used. These traps are coupled to the i.f. circuits being interfered with, 
and are tuned to the frequency of the interfering signals. The un­
desired frequencies thus absorbed by the wave traps are kept out of 
the i.f. channel. 

SOUND PIX 
CARRIER CARRIER 

4.54 3 2 
MEGACYCLES 
LF. BANDWIDTH 

Fig. 525-An ideal i.f. respo,ise 
curve. 

The procedure for trap alignment is: 

1. Have equipment completely set up as for normal video i.f. 
alignment. 

2. Set signal generator to frequency indicated for the particular 
trap. This is almost always shown in the diagram next to the 
trap. 

3. Adjust trimmer or slug of trap for minimum signal on the c.r.o. 
screen. If more than one trap is tuned to the same frequency, 
align all of them for minimum on the 'scope across the detector 
load resistor. 

4. Keep on increasing the output of the signal generator and re­
tuning the trap for 111i11imimi output. 

5. Repeat procedure for other traps and rejection frequencies, in­
creasing input from signal generator in each case until you are 
sure the lowest output has been obtained at the trap frequencies. 

Usually there will be two different trap frequencies, but the ad­
justment procedure is the same in both cases. 
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Judging Response Curves; Adjustment for Proper Response 
Fig. 525 shows what might be called an ideal response. Since the 

height of the flat portion of the curve is uniform, in this case 3.5 volts 
for all frequencies up to 4 me ( except for the sloping portion near the 
L'arrier end), there will be uniform response or output for all fre­
quencies of video modulation. Actually this condition is extremely 
difficult to obtain without a large number ( six or more) of low-gain 
i.f. stages. In practice, therefore, a compromise has to be made, both at 
the expense of over-all band width as well as uniformity of response. 
Thus, a commercial television receiver might have a total band width 
of only 2.5 to 3 megacycles. Furthermore, the response can vary up 
and down within reasonable limits. Fig. 526 shows a typical response 
curve of a moderately priced television receiver. First of all, the band 
is only about 3 me wide, adequate for most home entertainment use 
except for very large area pictures. Also, the response varies along the 
frequency band, rising toward the high end and dipping near the 
middle of the band. The dashed curve on the same picture indicates very 
poor response in the middle range of frequencies, indicating probable 
misalignment of the receiver. The final result of a response such as this 
would be rather poor detail on the television picture tube. 

Another fact worth mentioning is that in many receivers the shape 
of the response curve will vary to a lesser or greater degree as the bias 
setting of the i.f. stages is varied. This adjustment is called the picture 
or contrast control. Because of these factors, certain precaution::; must 
be taken during alignment of the video channel: 

1. Unless unavoidable, do not turn the contrast control more than 
halfway up, since it will not he turned up any further under 
operating conditions in all but the poorest signal areas. 

2. Do not attempt any adjustment, not even touching up, of the i.f. 
channel without the oscilloscope. Remember, the customer will 
judge the picture by eye, not by output meter. In those few cases 

SOUND PIX t !CARRIER~-\ C:RRIER 
.,_ \ I 
i2 '-' ... a, 

0 1-4 ... _5_4.__.;...3.__....a..2 _..__--Lo­
MEGACYCLES 
I.F. BANDWIDTH 

Fig. 526-Solid lille shows a 
t)•Pical i.f. respo11se curve 
for a small (7 inch) tele­
visio1~ receiver. The slight 
tlip is permissible. The 
dashed li11e shows poor re-

spome at the middle. 

where the manufacturer designed the circuit for adequate align­
ment with the output meter, the manufacturer's procedure is the 
one to follow. 

3. If the gain of a receiver is low, do not attempt to boost it by 
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narrowing the band. The problem, ii the receiver is not defec­
tive, is signal input. Check the antenna system or add a pre­
amplifier. 

4. Wherever possible, get data on response curves and for specific 
realignment from the manufacturer. He knows exactly what the 
receiver can do and how best to achieve the desired results. 

5. In stagger-tuned systems, each stage is most effective over a 
certain portion of the i.f. band lsee Fig. 522). When correct­
ing bad response of any particular portion of the curve, first 
ref er to the alignment information to ascertain which stage is 
responsible. Thus, in Fig. 526, the bad dip of the dotted portion 
of the curve is due to low output of the middle of the band. 
Looking back to Fig. 522, we see that this portion of the curve 
corresponds to the second and third i.f. stages. After checking 
these stages for normal tube operation, check the center fre­
quencies of these tuned circuits, using the sweep generator 
markers. Then realign one stage at a time, watching the c.r.o. 
screen for improvements. Similarly, if the right-hand edge of 
the same response is very steep instead of sloping as it should, 
the mixer stage alignment should be investigated. Of course, 
this applies to a stagger system of the type shown in Fig. 522. 
As different manufacturers stagger their i.f. stages differently, 
always check the specific alignment information for the par­
ticular receiver in question. 

6. A stable, nonoscillating amplifier should produce a smooth 
trace on the oscilloscope. If the trace is fuzzy or jagged ( zig-zag 
lines forming the trace), it is an indication of some form of 
oscillation or stray pickup. If the oscilloscope is not defective 
and the high-frequency oscillator of the receiver has been 
temporarily disabled ( as it should always be for i.f. alignment), 
the trouble probably lies in an oscillating i.f. stage. Reducing 
the contrast will clear this up, but this is not a remedy; it is only 
an indication that the i.f. channel is the offender. The trouble 
must be cleared up, so that the contrast may be turned up as 
required for normal operation, without causing oscillation. Some 
slight oscillation with the contrast at maximum is permissible, 
since this is not a normal manner of operation for a receiver.* 
Although oscillation is really trouble-shooting procedure, it is 
nevertheless mentioned here because it so often occurs in the 

*Note: Be careful not to confuse the jagged portion of the response curve, 
due to the marker, with accidental oscillation. It is quite easy to determine whether 
the marker is respon~ible simply by turning off the marker frequency g~nerator, 
or by varying the marker frequency and observing whether the jagged part of the 
curve moves. If it does not move, some cause other than the marker is responr.ible. 
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process of intermediate-frequency alignment. We shall have 
more to say about this when discussing trouble shooting with the 
cathode-ray oscilloscope in the next chapter. 

7. As a final check, observe the quality of the picture on an actual 
signal. This should always be done before a receiver is given 
a final O.K. 

R.F. Alignment - AM Receivers 
It is assumed that the i.f. channel has been properly aligned. We 

may therefore reconnect the receiver high-frequency oscillator and 
connect our oscilloscope to the detector load resistor or the grid circuit 
of the first audio amplifier. The detailed procedure for alignment is: 

1. Allow equipment to warm up. 
2. Set receiver dial near the high-frequency end of the band, about 

1400 kc for the broadcast band, proportionately high for any 
short-wave band. 

3. Set signal generator to same frequency as the receiver dial. 
Set modulation to 400 cycles. 

4. Set c.r.o. controls for normal pattern ( internal sweep). 
5. Disconnect antenna and ground and connect signal generator 

output across antenna input terminals. 

6. Connect vertical c.r.o. terminals across detector load resistor or 
first audio grid circuit. 

7. Align oscillator condenser trimmer of the receiver for maximum 
output on c.r.o. Should the r.f. and mixer circuits be very far 
off, a slight readjustment of these circuits might be required 
before the oscillator can be satisfactorily aligned. However, for 
most commercial receivers this will not be necessary. 

8. Align mixer and antenna stage trimmers, in that order, for 
maximum amplitude. 

9. Shift receiver dial and signal generator frequency to a point 
near the low-frequency end of the band, usually 600 kc for the 
broadcast band. 

10. Align the receiYer oscillator series padder only for maximum 
output. Do not touch the antenna or mixer trimmers at this 
setting of the dial. 

11. Repeat steps 2 through 8, as the 600-kc padder adjustment may 
react back on the high-frequency end, throwing the latter slightly 
out of adjustment. This completes the r.f. alignment. 

With the alignment completed, the receiver dial has been tied 
down at two points near the extremes of the band. It will now track 
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satisfactorily over the entire dial. That is why the oscillator alignment 
is most critical and should be done with utmost care. While slight de­
tuning or misalignment of the r.f. stages will cause loss of gain only, 
oscillator misalignment or detuning will invariably result in improper 
dial calibration as well as distortion due to side-band cutting. 

R.F. Alignment of FM Re.ceivers 
With the exception of these three items, r.f. alignment of FM 

receivers is similar with AM receiver alignment. 
1. The sweep frequency should be set to ±50 to 300 kc. 
2. The alignment frequencies should be determined from the man­

ufacturer's data, (just as in the case of the AM short-wave 
bands), since different design factors require tieing down the 
oscillator at different frequencies in different receivers. 

3. The vertical input of the 'scope should be connected either to the 
grid-return resistor of the first limiter (point A and ground in 
Fig. 5)2) or, if that resistor feeds an a.v.c. line, across the 
ungrounded cathode resistor of the discriminator, after the other 

+ 
Fig. 527-Mixer-oscillator in which shunt 
capacitance is used to time to lower fre-
quency channels. Channel No. 1 is 

highest; No. 5 the lowest. 

cathode is disconnected (Fig. 512, point V and ground). After 
alignment, the broken cathode lead should be reconnected. 
'Scope adjustments are the same as in Band-Pass Alignment 
(P. 52). 

R.F. Alignment of Television Receivers 
The requirements for r.f. alignment of a TV receiver are some­

what different. The front end must pass a band at least 4.5 me wide, 
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since it is a common channel for b~th video and audio and the two 
carriers are 4.5 me apart (see Fig. 519). Actually, the band should be 
5.25 to 6 megacycles wide. In most sets, each television station, or 
channel, as it is commonly called, must be individually aligned, as would 
a push-button position in a broadcast set or as a short-wave band in a 
multiband receiver. Proper adjustment means, not only maximum out­
put in the desired band, but also sufficient rejection (minimum output) 

+ 
Pig. 528-Shunt coil method of band-switchi,,g. No. I is the 

lowest, No. 5 the highest frequency cha,mel. 

at the edges of the band for the prevention of interference from ad­
jacent channels. 

To align the various channels, the order in which the channels are 
set depends on the particular type of tuning system used. If, as shown 
in Fig. 527, additional capacitance is switched in the circuit when going 
from the highest- to lower-frequency channels, align highest-frequency 
channel first, follow with the next lower one, and so on down to the 
lowest-frequency station. Be sure not to touch any higher-frequency 
trimmer when aligning the lower-in-line station. 

If shunt inductances are used in changing stations, as shown in 
Fig. 528, these are switched across the lowest-band inductance. In this 
case align the lowest-frequency station first. then the next higher one, 
and so on to the highest channel. Again, align only the circuit for the 
particular station in question. This is important, since the inductance 
and/or capacitance of the station first being aligned is used on all sta­
tions, as well as for the first station only. vVhere individual tuned circuits 
are used for the various stations, alignment may he performed in any 
order desired. not unlike the setting up of push-buttons in an ordinary 
broadcast receiver. See Fig. 529. 

If series-inductance switching is used for tuning ( 1946-47 RCA, 
etc.), then the highest-frequency channel is aligned first, since this 
inductance will be in the circuit for all other stations, in addition to the 
incremental inductance added in each particular station to lower the 
frequency. Fig. 530 illustrates this method. 

In all of the above cases the alignment procedure is as follows : 
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1. Allow equipment to warm up. 
2. Set oscilloscope controls as for i.f. alignment. 
3. Connect vertical 'scope terminals across output of video second 

detector. This contains the ret.tified output of the mixer stage. 
If the oscilloscope has an r.f. probe ( self-contained rectifier), 
the probe may be connected across the mixer plate circuit. 

4. Set signal generator to approximately the midpoint of the chan­
nel. For channel 4, 66-72 me that would be 69 me. Set sweep 
to 6 me. 

~~~~}. 
4 

l-

I 
t 10 
\ 

Fig. 529-Front end of a television receiver usi11g individ­
ual coils for each band. The alignment may be done in 

any sequence. 

5. Connect signal generator output to antenna terminals of re­
ceiver and adjust generator output for normal-size pattern on 
the c.r.o. screen. 

6. With marker dial, locate the edges of the band on the 'scope 
screen. For channel 4 the markers will be at 66 me and 72 me, 
respectively. 

7. Align r.f. and mixer trimmers ( or slugs, as they are more likely 
to be) for maximum response of the curve. Don't touch i.f. 
alignment slugs. 

8. Transfer the vertical c.r.o. terminals to the sound channel de­
tector load resistor, as in the case of FM receiver alignment. 

9. Set fine tuning control of receiver approximately midway be­
tween extremes of rotation. 



10. Align oscillator trimmer or slug for maximum output on ,scope 
screen. This indicates maximum audio output and hence correct 

I 
MEG 

oscillator setting for both video and sound.* 
,I, 

1,000 ~ 
150V+ pf 

Fi.11. 530-Simplified diagram of mixer stage, using series inducta11ces for 
cha1111el switching. The oscillator uses a similar arrangement. 

11. Repeat above procedure for all the other channels in the order 
outlined above. 

The abo\'e alignment is all that is necessary for a receiver equipped 
with an r.f. stage ahead of the mixer. No final touching up is required 
after installation. However, a number of receivers on the market have 

1.F.I. 

Fig. 531-Semi-fixed tuned, non-staggered, i.f. channel. The .-oil slugs are ad­
justable but seldom require it, because of extremely wide-band design. 

(Pre-War set). 

no pres.elector stage, the antenna feeding the mixer stage directly. In 
such cases, a final touching up of the mixer circuit will probably be 
necessary after the set has been installed. 

•Note: The reasonmg behind step 10 in aligning for sound instead of video 
is as follows : The standard RMA television channel contains both the video an<l 
audio carriers, spaced exactly 4.5 me apart. (Refer to Fig. 519). Since tele­
vision receivers contain but one mixer-oscillator for both carriers, the resultant 
i.f.'s will necessarily be spaced exactly 4.5 me. The receiver sound and video i.f. 
channels are therefore aligned 4.5 me apart, and the oscillator must theretore be 
tuned to the correct frequency which will "throw" the two i.f.'s into their present 
channels. However, since the video channel is up to 40 times as wi<le as the audio 
( 4 me vs. 100 kc maximum), a slight detuning of the oscillator is sufficient to make 
the audio i.f. output of the mixer different from the frequency to which the sound 
i.f. channel is tuned. As a matter of fact, the sound may be completely lost. The 
video output, however, would suffer only very slightly from the same slight 
detuning of the o~cillator, since this channel is very broad. But once the oscillator 
is tuned to produce the correct audio i.f. output, the video output is certain to 
be there, even if negligibly detuned. 
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Chapter 6 

Measurements Using the Cathode­
Ray Oscilloscope 

THE mea~urement of both a.c. and d.c. voltages with the 
cathode-ray oscilloscope is becoming increasingly important. While the 
ordinary D'Arsonval meter and the vacuum-tube voltmeter can be used 
in many instances, they are sometimes much less satisfactory than the 
c.r.o. Among the shortcomings of the ordinary meters may be listed: 

1. Inability to indicate distortion, 
2. Inability to distinguish between different types of components 

that make up a single resultant voltage, 
3. Effect of changing the operating conditions of the circuit they 

are measuring. 

There are other disadvantages, but these will suffice to illustrate 
the point. Consider, for example, the measurement of audio outpttt, 
usually done with a sine-wave or square-wave input to the amplifier. 
Now, while every serviceman knows from practical experience that 
overloaded amplifiers cause distortion, no output meter shows distor­
tion satisfactorily. Should the gain or power output of an amplifier be 
calculated on the basis of maximum voltmeter reading, it is likely that 
the output contains an excessive amount of distortion ( harmonics, etc.). 
Thus the true, usable output is not known. \Vith an oscilloscope, how­
ever, it is a simple matter to adjust the amplifier, not for just maximum 
output, but for maximum usable output-undistorted output, as it is 
generally referred to. This is the only output that counts, in most 
audio applications. 

Another example of the advantages, and even near-indispensability, 
of the c.r.o. is in the tracing, location, and analysis of hum. This is 
extremely important in video sweep and signal circuits. Again a volt­
meter may be used: it will locate an a.c. component (hum) in a d.c. 
supply, but it will give little or no indication as to frequency, source, 
etc., of the hum. An oscilloscope will easily locate the offending voltage, 
indicate its magnitude, frequency, and any other characteristics the 
voltage may have, thus pointing to the source of the trouble and suggest-
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ing the simplest remedy. In terms that no ser\'iceman can fail to under­
stand, the c.r.o. will sa\'e time, temper, and money. 

AF. 
SIGNAL 

GENERATOR 

0 
CRO 

Fig. 601-Sct-up for audio yai11 or frcq11e11cy rcspo11se measurement. 

Let's consider !-pccific cases, outlining procedures and indicating 
the advantages of the '!-cope in eaeh application. 

Audio Output Measurement (Fig. 601) 
1. Allow equipment to warm up. 
2. Set the audio signal generator to the desired frequency* and the 

output control for a suitable output rnltage-0.1 volt for over-all 
amplifier gain checks, up to 3.5 Yolts for single stage gain meas­
urements. 1 n any case, adjust for suitable-size pattern on the 
screen. 

3. Set the generator output impedance as required-high output 
i'mpedance when feeding directly into the grid of a tube, low 
impedance for primary of an input transformer. 

4. Calibrate the vertical amplifier of the oscilloscope.t 
5. Connect Yertical input terminals of the c.r.o. across the speaker 

transformer ( output transformer) Yoice-coil winding. 

* For an output check 011ly, use 1,000 cycles, the standard test frequency in 
audio measureml'nts. \\ ith some e,1mpmcnt, a -II.JU-cycle test may be specified. 
This frequency is the standard modulation frequency in test oscillators. For a 
complete response-curve check, all frequencies between 20 and 15,000 cycles may 
be used. See response-curve test later in the chapter. 

t To calibrate the vertical amplifier, proceed as follows: 
1. Put calibrated scale over the cathode-ray screen. Scale is usually grad­

uated in 0.1-inch squares. 
2. With a reliable voltmeter, measure an available small a.c. voltage. The 6.3 

heater voltage rriay conveniently be used. 
3. Apply this measured a.c. to the vertical input of the c.r.o. Assuming the 

voltage to measure 4.6 volts, adjust the vertical gain control until deflection is 46 
divisions. The screen is now calibrated for 0.1 volt per division. Do not toufh 
the gafo control after this calibration! For different scale ranges, the procedure 
is similar. Thus, a 125-Yolt mrasurrd input. c-o,·c>ring 50 scale divisions on the 
'scope, indicates a sensiti\'ity of 2.5 volts per division. 

Where absolute voltage Yalue~ are required. the calibrating voltmeter must 
be accurate. \\'hile the ordinary a.c. Yoltmeter is not much better than 5% in 
tolerance, the same meter may be checked on any scale, or portion of a scale, 
against a more precise instrument. Once so checked, the meter is nearly as ac­
curate as the standard a1rnin~t which it was calihrate<l. For gain or response 
mea~nr<'ments thl' nbsoflltr arrnrarY of thl' meter is of little conseonence. As long 
as the same meter is used to calihrate the c.r.o. screen and the input to the 
amplifier from the a.f. signal generator, the gain calculations will be accurate. 
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6. Increase gain control on the amplifier until wave-form distor• 
tion begins to show. This is the maximum undistorted output 
obtainable. 

7. Read the output voltage on the c.r.o. screen, and calculate the 
gain by dividing this output voltage by the input voltage from 
the signal generator. 

Example: 

Input-\'oltage 0.1 v 
Screen calibration 0.1 v per division 
Output reading 36 divisions = 3.6 v 

Gaitl _ ~utput = 3.6 = 36_ 
- mput 0.1 

For power output calculations, square the value of output voltage 
and divide by the voice-coil impedance. To be exact, only the power-, 
consuming component of the voice-coil impedance should be used in the 
calculation. However, the error involved is very small. 

Example: 

Output Yoltage 3.6 v 
Voice-coil impedance 4 ohms 

E" (3.6)' 
Power output P - -- = --- = 3.24 watts. 

R 4 ~;1/~ 
!~~ "-

....... ,o ___ l~OO---,.ooo---,-0.._,ooo f 
FREQUENCY-CYCLES PER SECOND 

Fig. 602-Respo11se curve of a poor­
q11ality audio amplifier. 

Audio Response Curve 
Since audio-frequency sweep generators are not very common, it 

is necessary to plot a curve of output voltage versus individual fre­
quencies, in order to get the over-all frequency of an amplifier. 

The procedure for obtaining the response curve is very similar to 
the output measurement procedure just outlined. The audio signal 
generator should ha\'e a range of from 20 to 20,000 cycles. The out­
put attenuator should either be calibrated in volts ( or millivolts) or be . 
easily measurable. To run a response curve, proceed as follows: 

1. Set up the equipment for audio output measurement. 
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2. Calibrate the screen of the 'scope. 
3. Keeping the output level of the signal generator constant 

throughout the test ( with regular checks, using a voltmeter), 
feed the various frequencies to the input of the amplifier in 
approximately logarithmic order-from 20 to 100 cycles in 10-
cycle steps, from 100 to 1,000 in 100-cycle steps, from 1,000 up 
in 1,000-cycle steps. At 10,000 cycles the steps may be increased 
to 2,000 or 3,000. You will probably find the calibration of 
the dial of the signal generator will automatically suggest this 
type of frequency-interval selection. 

4. Read and record all output readings. 
5. Plot a response curve of audio output vs. frequency, as shown 

in Fig. 602. This curve is in terms of audio voltage. Since audio 
variations are more significant in terms of units of loudness, it 
is desirable to ronvert the curve just plotted into db. As 1,000 
cycles is the accepted standard audio test frequency, variations 
are generally plotted in comparison with the audio level at 1,000 
cycles, giving the ratio of any level to the 1,000-cycle level. 
Using comparative voltages, the formula is: 

voltage at any frequency 
db = 20 log-10 ----------­

voltage at 1,000 cycles 

Should the relative powers be known, the formula becomes: 

db= 10 log10 
power at any frequency 

power at 1,000 cycles 

A final word in regard to response measurement. Sometimes an 
amplifier may behave quite normally for most frequencies, yet distort 
badly on a certain few frequencies. An ordinary output voltmeter may 
very often skip over these few troublesome points, but the cathode-ray 
instrument will indicate them, as well as resonance at certain frequencies, 
by a steep rise in output. The serviceman should distinguish between a 
gentle rise in output over a certain part of the spectrum and a rather 
sharp peak or series of peaks in the band. The former indicates very 
common behavior in audio amplifiers which are not designed for abso­
lutely flat response with no rise or fall whatsoever. The latter is an in­
dication of resonance at certain frequencies, regeneration, and even 
oscillation-all undesirable characteristics in an audio amplifier that 
call for trouble shooting and correction. 

Peak A.C. Voltmeter 
One of the most useful applications of the oscilloscope is in the 

measurement of peak a.c. voltages. Although there are some peak-
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reading vacuum-tube voltmeters on the market. they are rather un­
common. The cathode-ray oscilloscope, because it shows the a.c. wave 
as it really occurs, is a very handy cle\"ice for the measurement of signal 
voltages to grids of amplifiers, oscillator output measurements, and 
similar applications. The procedure is quite simple and requires little 
further detailing, since it is containe<l in many of the tests outlined in 
Chap. 5. A brief outline will be given here: 

1. Calibrate the vertical amplifier of the 'scope. 
2. Connect the vertical input terminals across the voltage to be 

measured, in lite same 11w1111cr as d11ri11g calibration (series con­
denser, if one was used, vertical gain control unchanged, etc.). 

8 
6 
4 
2 
0-1---.--...... --"--+--r--->,,-----,,-

-2 5V PEAK 
:: _j_ 
-8 
Fig. 603-lll11strati11!f 111ca11i11!/ of "pmk­
to-peal/' a.c. 1•0/la!JC. R.m.s. 1·al1t<' is 3.6 
volts appro:rimately. l'cak-to-pcak 1•a/11c 

is 10 1·olts. 

3. Read the total 1:oltagc bct1c·cc11 positfr•c and 11ega.fi1·e peaks on 
the screen. See Fig. 603 for example. 

4. Divide by 2 the value obtained in step 3, since the peak voltage 
was taken twice in the peak-to-peak measurement. 

It is possible to read the rnltage in step 3 from the center or zero 
line to either of the peaks, in which case 110 di<'isio11 would be necessary. 
However, this method is often inaccurate, for it may be difficult to 
determine the exact position of the zero line. Sometimes the zero line 
shifts up or down with the application of a signal. Taking the peak-to­
peak value and dividing by 2, brings the measurement much closer to the 
exact value by reducing the error in reading and in determining the 
position of the zero line. 

Saw-Tooth Amplifier Balance 
A very important use of the oscilloscope is the measurement of 

sweep voltages in teleYision receivers, particularly in smaller receh·ers 
in which electrostatic deflection is used. In these sets, multivibrators 
are used as sweep-frequency generators, followed by dual-tube, bal­
anced amplifiers. (See Fig. 60-l.) If, due to either a defrctiYe tube, or 
component, the amplifier output is unbalanced or distorted, seYere picture 
distortion or crowding of one side of the pkture will result. A simple 
check with the oscilloscope will quickly locate unbalance. 
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To check such a system without the use of the 'scope would be 
impossible, since voltage measurements alone give no indication of 

Fig. 604-A 15,750-cycle multivibrator and amplifier. This is very com-
mon in the less expensive television receivers. 

distortion, unbalanced output, nonlinearity, etc. \Vith the 'scope, the 
procedure is both simple and effective. 

Horizontal Oscillator, Television Receiver 
1. Allow equipment to warm up. 

2. Connect vertical input to c.r.o. between output plate of multi­
vibrator and ground (point V and ground on Fig. 604). 

3. Adjust c.r.o. controls for normal pattern on the screen. 

4. Set 'scope sweep to approximately 4,000 cycles. Since the hori­
zontal oscillator operates at 15,750 cycles, approximately 4 cycles 
will appear on the screen. 

NOTE: It is advisable to make this test with the oscillator at 
15,750 cycles. If for any reason the horizontal hold control has 
been disturbed, it can be reset by tuning in a station and adjust­
ing the hold control until the picture stops moving- across the 
screen. Another method is to match this against an audio signal 
generator set to 15,750 cycles. 

Fig. 605-Saw tooth as it should 
appear 011 the c.r.o. scree11. The 
fl:yback li11es sho11ld be very faint. 
The :;ero line (X-axis) sho11ld 11ot 
be visible at all. The e11ds of the 
teeth slzo11ld 11ot be ro1111ded off. 

5. Observe output wave form on oscillo~cope. It should look al­
most exactly like Fig-. 605. If any marked differences exist, the 
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multivibrator circuit is at fault. Both the components and po­
tentials should be checked. 

6. Move the vertical oscilloscope terminals to the grid of the first 
amplifier (V1 in Fig. 604). Check appearance of saw tooth. If 
any distortion exists, the coupling condenser is probably defec­
tive. The size of the saw tooth at this position should be about 
the same as in step 5. 

7. Repeat the test at the plate of the first amplifier (X in Fig. 604), 
the grid of the second amplifier ( X1 in Fig. 604) , and the plate 
of the second amplifier (Y in Fig. 604). Distortion at any of 
these test points indicates a defect in either a component or a 
tube, or both. Of course, in going from the grid of a tube to the 
plate of the same tube, an increase in the size of the saw tooth 
should occur, due to the gain in the tube. 

8. Compare the size of the saw tooth at the first and second am­
plifier plates. They slloi,ld be the same si::e within about 3%. 
Any greater discrepancy will result in crowding of one portion 
of the picture. Trouble shooting and correction are in order, 
until the plates are balanced . 

.__ _ _.._ _ __.'---_ _._TIME 

Fig. 606-Saw-tooth wave 
shape of current ill def lec­

tion yoke. 

Vertical Amplifier, Oscillator 
The procedure is exactly the same as for the horizontal circuit, 

except that the sweep frequency is 60 cycles, instead of 15,750. The 
c.r.o. sweep should be set as low as possible, preferably around 20 cycles. 
At frequencies below 20, the flicker becomes objectionable and makes 
observation difficult. 

Magnetic-Deflection, Wave-Shape Checking 
In the larger television receivers ( and even in some of the better 

7-inch sets) electromagnetic deflection is used. Here the current wave 
shape in the yoke is a saw-tooth, while the applied voltage looks like 
Fig. 607-c. However, the procedure for wave-form checking is practically 
the same as in the electrostatic system. A simple guide to correct wave 
shapes is shown in Figs. 607-a through c. Beginning with Fig. 607-a, 
we see first the output wave form of the blocking oscillator described in 
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Chap. 3, the pulse at the grid of the discharge tube (Fig. 007-b), and 
finally the output of the discharge tube (Fig. 007-c) which is the input 
to the deflecting yoke. 

t 

~I A 
~ 

A Fq/. 6/ll-Pl•t, ~ffffll ;.i,, ., • ,,. 
suit of grid voltage shown in Fig. 607-b. 

..J 
Q. 

TIME---...,_ 

To examine these wave shapes on the 'scope, set its sweep to about 
20 cycles for the vertical-deflection circuits, and about 4,000 cycles 
for the horizontal. Then connect, in sequence, the vertical input termi­
nals between ground and 1, plate of oscillator output, 2, plate of dis­
charge tube (if it is a separate tube) and finally, 3, across the deflect­
ing yoke. 

Any serious deviation from the standard patterns should be cause 

Fig. 607-b-Shape of blocking oscillator and discharge 
tube grid voltage curve for two cycles of operation. 

for investigation of the particular circuit, since deviation will cause dis­
tortion, nonlinearity, etc., on the television screen. 

Checking Synchronizing Pulses 
Another check which must be done with the oscilloscope is the ob­

servation of synchronizing pulses and the pulse-clipping action in the 
television receiver. Inadequate clipping will appear in the form of 

Fig. 607-c-Voltage across 
deflecting 'J'Oke which will 
produce a curre11t in the 
yoke like that of Fig. 606. 

L--------TIME 

waviness of the test pattern ( as well as the picture), indicating that 
video signals are allowed to enter the sweep circuits. Improper clipping 
may result in poor holding (picture drift). The synchronizing pulses, 
instead of the video signal, are clipped, leaving little or no synch pulses 
at the input to the sweep generating circuits. 
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Fig. 608 shows the various types of video-synch signals. In Fig. 
608-a, the combined video and synch signal is shown. In Fig. 608-b 
we see the signal after correct clipping-the synch pulse without the 
video. Wrong clipping, in which the synchronizing pulse has been re­
moved and the video left, is shown in Fig. 608-d. 

To check these phenomena with the oscilloscope, set up the equip­
ment as for horizontal or vertical pulse viewing. Then, with the aid 
of Fig. 608, view the QUlse at the following points by applying the 
vertical input terminals to : 

~ 
~ 
~ 
.l z 
C!) 

iii 

l&.I 

1. Output of the video amplifier-this should show the combined 
signal. (Fig. 608-a) 

2. Output of the synch amplifier-clipping takes place here, hence 
the video should be substantially removed. (Fig. 608-b) 

TIME 

V-SYNCH. PULSE 
AFTER INTEGRATION 

~ 
~ 
g 
l&.I 
1/) .., 
::, 
Q. 

1/) C, z l&.I 
1/) ~ .., 
::, 4 
Q. ::, 
I 0 :r l&.I 

1110 
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~~ N l&.I 
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-'a: :i .., 
=>a: ; ~ Q. l&.I 

I 'Ill :c >-

TIME 

~ (AFTER DIFFERENTIATION) 
:i H-SYNCH. PULSE ~ 

>~ 

TIME 

Fig. 608-a (upper left)-Combined signal (video and synch) after detection. 
Fi_q. 608-b (i,ppcr right)-Synch pulse after clipping (otftput of clipper.stage.) 
Fig. 608-c (loit'er lcft)-/nput to horfoontal and vertical sweep oscillators. 
Fig. 608-d (lower riglit)-Wrong clipping. Here the synch pulses (dotted) have 
bee,i removed, lcavitig only the picture signal. Res11lt-no picture "locking". 

3. Output of synch separator-both pulses (H and V) appear 
here ·without the video. 

4. Input to the horizontal oscillator-only the horizontal pulse 
should appear. (Fig. 608-c.) 

5. Input to the vertical oscillator-this wilt show the vertical synch 
pulse only. (Fig. 608-c) 

Remember, that individual variations in manufacturers' designs 
may call for somewhat different techniques. The best advice in addition 
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to the information in this book is: Follow manufacturers' procedures 
as far as possible. They save time and trouble. 

Percentage Modulation, Ham Transmitters 
There are two main types of test patterns used in checking modula­

tion percentage. Both are easy to obtain and the choice is entirely with 
the individual user. It is often advisable to check by both methods, since 
neither one alone shows to best advantage in all cases. 

The modulation-envelope method is the simpler of the two. The 
pattern obtained depends on the oscilloscope sweep, and requires only 
one type of signal to be picked up from the transmitter. To check for 
the modulation envelope : 

1. Allow equipment to warm up. 

2. Wind a small coil of fairly stiff, self-supporting wire (N'o. 18 
bell wire will do nicely) and couple it to the modulated amplifier 
tank circuit. Connect the open ends of this coil to the vertical 
input terminals of the 'scope. See Fig. 609 for details. 

3. Set horizontal and vertical gain controls on the 'scope for proper 
picture size. Also, adjust size by varying coupling of pickup 
coil to tank circuit. Use fairly loose coupling for best results. 

4. Set sweep frequency for about one-third the modulating fre­
quency. If the audio is 600 cycles, for example, the sweep should 
be approximately 200 cycles. Incidentally, if the modulating 

MODULATED 
RF. AMP. 

t 
IN SERIES WITH MODULATOR 
OUTPUT TRANSFORMER 

H 
0 
0 

Fig. 609-M ethod of coupling to 
c.r.o. for the "modulation em1elope" 
method of percentage modulation 

checking. 

frequency is a steady note, there will be no difficulty in correct­
ly adjusting the modulation. With ordinary speech, modulation 
is not constant, thus making it difficult to adjust for the proper 
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level. Any tone below 4,000 cycles will be satisfactory. Adjust 
c.r.o. synch control for pattern tocking on the screen. 

5. Increase or decrease audio gain, as may be required, until the 
minimum carrier amplitude is zero. See Fig. 610-b. This is 
indicative of 100% modulation. Overmodulation is indicated 
by gaps on the c.r.o. screen ( as in Fig. 610-c), while undermod­
ulation appears as in Fig. 610-d, the carrier being above zero. 
For comparison, Fig. 610-a shows the carrier intact, without 
modulation. Fig. 610-b, c and d represents modulation by com­
plex waves. Pure tone (sine-wave) modulation would have 
produced sine-wave modulation envelopes, assuming no 
distortion. 

6. As a final check, remove the steady audio-modulating note and 
substitute the microphone. Speak into the mike in a normal 
tone of voice. The modulation envelope should vary between 

a C 

b d 

Fig. 610-a-Carrier witho11t modula­
tion. b-Carrier 100% modulated 
(minimum amplitude :;ero). c-Over 
100% modulation-11ote blan/i, space 
along zero axis. d-U11der 100% 
modulation: carrier 11ever reaches 

zero at audio freq11e11cies. 

Figs. 610-a and 610-b, indicating modulation up to, but not ex­
ceeding 100%, Average modulation levels should always be 
below 100%. However, since the proximity of the microphone 
to the speaker has an effect on the modulation ( audio output), 
no exact procedure can be given for all cases. A .good sugges­
tion, and one which is always safe ( overmodulation may cause 
spurious radiations which are prohibited by law) is to whistle 
a steady note into the microphone. Only at the loudest level 
should the modulation kick up to 100%. In other words, keep 
the mike gain control set so that, with the microphone kept at 
the usual distance from the speaker, the loudest steady note 
barely reaches 100% modulation. 



For tYapezoidal-pattern modulation checking, the procedure is the 
same as for the envelope method outlined above, except that you : 

1. Set the oscilloscope sweep generator to OFf. 

MODULATED R.F. 
AMPLIFIER 

0 
CRO 

+ 
Fig. 611-Method of coupli,1g to c.r.o. for trape::oidal 

pattem modulation check. 

2. Feed a portion of the modulating voltage to the horizontal input 
terminals of the c.r.o. This can be a small audio voltage taken 
across a suitable resistor in the modulator circuit. See Fig. 611 
for details. 

3. Adjust 'scope controls for normal pattern. 
4. With a steady note into the microphone ( or any other input to 

the modulator, such as a phonograph record), observe the pat­
tern on the cathode-ray screen. Figs. 612-a through d show 
various stages of modulation from zero to over 100%. 

5. Make a final check with the microphone, as in step 6 of the 
modulation-envelope procedure above. Remember, 100% mod­
ulation is a level seldom to be reached, and never to be exceeded! 

a b C d f f 
Fig. 612-Trapezoidal patterns. a-100% modulation; b-over modulation; 
c-u11der-modulatio11 ,· d-amplitude distortion; e-rege11eration in class-C 

stage; f-a11other form of evidence that regeneration is present. 

Here are a few common transmitter troubles and methods of de­
tecting them. The setup for the following cases is the same as for the 
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modulation checks just concluded. We shall use the trapezoidal test 
pattern for analysis. 

Distortion, Over- and Undermodulation 
Using the trapezoidal method of testing modulation, 100% modula­

tion, overmodulation, and undermodulation are illustrated in Figs. 
612-a, 612-b, and 612-c, respectively, while amplitude distortion is shown 
in Fig. 612-d. In Fig. 612-a 100% modulation is indicated by the trap­
ezoid in which the maximum height AB is twice the height of the un­
modulated carrier. Overmodulation results in length AB being more 
than twice carrier height, while the width of the trapezoid is foreshort­
ened, as in Fig. 612-b. In undermodulation, the height is shorter than 
twice the carrier, while the width, although foreshortened, does not re­
duce to a point. See Fig. 612-c. 

In practice, where complex waves rather than pure sine waves are 
the usual modulating voltages, overmodulation is the more troublesome, 
since it causes spilling over into adjacent frequency channels, particu­
larly on the downward modulation peaks. As shown in Fig. 612-b, 
upward overmodulation increases the height of AB, while downward 
overmodulation causes an extension along the horizontal axis x. 

To remedy overmodulation in the downward direction, reverse the 
connections to any one winding of an audio transformer. This reverses 
the phase of the modulating voltage. In addition, reducing the audio 
input is a general remedy for overmodulation. \Vhere a pure sine wave 
instead of a complex audio voltage is used for modulation, reducing the 
audio alone is sufficient, since in this case there is no unbalance between 
positive and negative modulation peaks. 

Regeneration in a Class-C Stage 
Regeneration in a class-C stage may be due to a number of faults, 

such as no neutralization or faulty bypassing. On the 'scope screen, evi­
dence of regeneration may be a distorted trapezoidal pattern, as in Figs 
612-e and 612-f. When regeneration is due to faulty bypassing, it is best 
to leave the setup intact and replace one at a time the suspected com­
ponents until the trouble clears up. Should bad neutralization be re­
sponsible, the procedure is somewhat different. In such a case, proceed 
as below ( neutralizing an r.f. amplifier) and check the pattern after 
neutralization is completed. 

Neutralization of the Class-C R.F. Stage 
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1. Set up the equipment as for modulation envelope test. 
2. Remove source of modulation. 
3. Open the plate supply to the stage being neutralized. 
4. Connect the oscilloscope vertical terminals in series with a 

100-,u,uf condenser across the plate tank of the same stage. 



5. Connect the horizontal input terminals through a similar con-
denser across the grid circuit of the same stage. 

6. Tune the grid circuit for 111a.ri11111111 horizontal deflection. 
7. Tune the neutralizing condenser for 111i11i111um vertical deflection. 
8. Repeat steps 6 and 7 until the neutralizing condenser tuning 

produces as nearly :;cro vertical deflection as possible. 

Figs. 613-a and 613-b show. respectively. a neutralized and an un­
neutralized stage. Fig. 613-c shows a douhle-frequency pattern ( second 
harmonic) usually due to either improper plate and grid potentials or 
incorrect tuning, or both. A check on voltages as well as retuning is 
indicated in such a case. Improper tuning of the plate circuit may some­
times give rise to phase shifts, as illustrated in Figs. 613-d and 613-e. 
Ordinary voltmeter or r.f. ammeter measurements in such cases are 
obviously useless. The oscillosropc is the 011/y simple means of detection 
as well as correction of such "bugs" in amateur equipment. 

8§8@(§) 
a b C d e 

Fig. 613-a-Xcutrali:::cd dass-C r.f. stage pattern. b-U1111e11trali:::ed class-C 
stage. c-Prcst'llce of sl'Co11d har111011ic, due to improper potentials or de­

t1mi11g. J and e--Jmpropcr tzmiug of plate circuit. 

Trouble Shooting With the Cathode-Ray Oscilloscope 
The first half of this chapter mt~ directly concerned with measure­

ment, which is actually a form of trouble shooting. A measurement 
made, either to check the correct operati11g conditions of a circuit or to 
locate a fault. is truly a trouhle shooting procedure. Tims, in checking 
modulation and neutralization. ,Ye are rea11y trouble shooting the modu­
lator, r.f. amplifier. and other stages. The examples that follow are 
further instances of the same general type. except that they assume 
trouble to exist and then proceed to locate the trouble and apply remedial 
measures. 

Regeneration in I.F. Amplifiers 
Regeneration is common to both video and audio i.f. circuits. Open 

bypass condensers, poor ground connections. defective or inadequate 
shielding, and o,·ercoupling produce regeneration. In the audio channel 
this may result in some "hash", distortion, or otherwise poor quality of 
sound output. Except in seyere cases. it will not, however, make recep­
tion impossible. But in Yicleo, eYen mild i.f. regeneration is sufficient 
to ruin the picture beyond usefulness. 
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To check for i.f. distortion, set up the equipment as for i.f. align­
ment, stage by stage. That means that the last i.f. stage is checked first, 
then the preceding one, and so on all the way back to the mixer. With 
the equipment so set up : 

1. Feed a signal to the grid circuit of the stage. 

2. Observe the pattern on the 'scope. If the sides of the response 
curve are fuzzy or jagged (see Fig. 614-b), either regeneration 
or oscillation is present, depending on the degree of departure 
from the smooth curve of Fig. 614-a. 

3. Move the input signal back toward the mixer one stage at a time 
and repeat this observation in each case. 

NOTE: Where an i.f. gain control exists, as in the care of a television 
contrast control, set it nearly all the way ttP (toward maximum gain) to 
determine whether regeneration exists in this weak-signal position. A 

11 

glL...------f '--------f 
Fig 614-a-(left)-Normal i.f. pattem. Smooth line ii evi­
dence of no oscillatio,i. b (right)-Fuzzy or jagged out­
line, indicating regmeratio,i or oscillation in an i.f. 

amplifier. 

slight trace of regeneration with the control at maximum is permissible, 
however, since a signal of acceptable strength will never require this 
setting. Conversely, any signal so weak as to require maximum setting 
of the contrast control is probably too poor for minimum acceptable 
results. 

The remedies for regeneration are varied. It is always advisable to 
work with the schematic diagram on hand, as well as any other manu­
facturers' data that may be available. In general, the following items 
should be investigated : 
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1. Cathode, screen. and plate-return bypassing. 
2. Excessive voltages at these elements, particularly on the screen 

and plate. 
3. Missing or poor shielding. 
4. Poor ground connections. ( A poor common ground between the 

various pieces of test equipment and the receiver may give rise 
to regeneration. Of course, this is a false alarm, but can cause 
a lot of grief before it is discovered. Grounding must be good, 
preferably at one point, on the receiver chassis. 



5. Overcoupling. 
6. Excessive signal input. 

Remedial steps should be taken one at a time, with the setup intact 
and while observing results of the remedies, as they are applied, on the 
screen of the cathode-ray tube. While regeneration may be detected on 
a plate milliammeter or a voltmeter, the use of these instruments instead 
of the 'scope involves a lot of experience and care. Even then it is a hit­
or-miss method. In comparison, the oscilloscope is all but infallible. 

Audio-Frequency Distortion 
A defect in an otherwise good stage can cause over-all distortion. 

This differs from uneven response, which was discussed earlier. When 
an amplifier distorts on most or all frequencies, then a cure at any one 
standard frequency will cure the amplifier for all frequencies. To ana­
lyze such a defect : 

1. Allow equipment to warm up. 
2. Apply a standard wave to the vertical input of the c.r.o. A 

square-wave generator is very useful here, but a sine wave will 
be satisfactory. If no audio oscillator is available, use 60-cycle 
a.c. for this standard pattern ( the 2.5-or 6.3-volt heater supply 
of the amplifier will do very well). 

3. Observe the wave shape at various settings of the oscilloscope 
vertical gain control. This will provide a fidelity check on the 
vertical amplifier, indicating whether any distortion is due to 
this source. If the pattern looks like a good sine-wave shape, 
then proceed to the next step. Otherwise, the vertical amplifier 
needs attention, before it can be used for trouble shooting in 
another piece of equipment. 

4. Apply the sine wave ( or the square wave, if that is used) to the 
input of the amplifier under test, being careful to keep the ap­
plied signal level within the maximum rating of the amplifier. 
Observe the output wave-shape. If this pattern differs con­
siderably from the pattern obtained in step 3, the amplifier is 
distorting. 

5. Repeat step 4 with individual stages of the amplifier, feeding the 
signal to the grid circuit and connecting the vertical c.r.o. input 
terminals across the plate circuit of the same stage, until the 
offending stage is located. Unless the power supply is at fault, 
the chances are that only one stage is responsible. Where the 
fault lies in a common circuit such as the power supply, then 
ordinary voltmeter-ohmmeter analysis will locate the trouble. 

The following listing of different types of distortion gives the causes 
and the resulting oscillograms. 
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Fig. 615-a-a normal sine wave, either as it appears before ampli­
fication or at the output of a distortionless amplifier. 

Fig. 615-b-the same sine wave with some distortion. The flatten­
ing of the positiYe peak is generally due to overloading of the 
amplifier. 

Fig. 615-c-more severe distortion, both on the positive and nega­
tive peaks. If there is no defectiYe component in the circuit, the 
fault is almost always overloading. Reducing the input signal 
will cure the trouble. 

Fig. 615-d-a form of distortion generally due to a shorted cathode 
bypass condenser. , Yhen two tubes in push-pull are involved, 
the trace will appear as in Fig. 615-e. 

A very common fault in old amplifiers which have had considerable 
service is a leaky coupling condenser at the grid of any stage. Fig. 616-a 
shows the circuit of the stage. If the oscilloscope's vertical terminals are 

(S)6)G)@)@ 
I b c d e 

Fig. 615-a-Normal sinc-wa·ve a.c.; 110 distortio11. b-Flattcning of positive 
peak due to overloading. c-Distortio11 of both positfr:e a11d 11cgative peaks. 
Overloadi1ig is the cause, not a defect ill the amplifier. d--Distortioii due 
to a shorted cathode bypass condenser. Grid is drfr•cn positfr,e. Rcd1'ctio11 
of input will not improve this wave shape. e-Same conditioit as at d, 
except for two tubes. Here, too, red11dio11 of signal illprit will 11ot lielp. 

connected between point A and ground. and a normal pattern appears, 
it means that the input signal is not distorted. l\Ioving the high side of 
the vertical input from point A to point B will include the coupling con­
denser in the circuit. A leaky coupling condenser C will cause the curve 
illustrated by the dashed lines in Fig. 616-b. This is shown for a condi­
tion of overload, when the grid would normally go positive. The obvious 
remedy is to replace the offending condenser. 

Another cause of audio distortion i~ mismatching load impedance to 
the output tube impedance. For normal conditions of loading, the output 
sine wave, either at the plate of the output tube or across the speaker 
voice coil, should look almost exactly like the input wave form, or a per­
fect sine wave. \\'hen mismatching is se,·ere, one of the following two 
results is likely : 
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1. If the loading is insufficient ( too high a load impedance on the 
tube), the wave appears wry sharp, as in Fig. 617-a. 

2. If excessive loading is the cause, as when the load impedance is 
too low for the particular tube. the output wave shape will be 
rounded off, appearing somewhat like Fig. 617-b. 



Location of A.C. Hum 
Hum location is of great importance in video circuits, since the a.c. 

hum present in the power supply finds its way into the sweep circuits 

b 
Fig. 616-a (left)-Partial diagram of an audio stage, 
showing how a leaky coupling condenser C, will keep 
the grid from going positive and flatten out the curve 
on the peaks. b (right)-A normal stage will have an 
output as shown for overload conditions. A leaky coup­
ling condenser will preve11t the grid from gofag positive, 

thus giving the curve as shown by the dotted lines. 

and ultimately modulates the picture itself. The result may be a very 
slow shifting of the picture across the screen. It can be observed best 
with the antenna disconnected, or with the contrast control all the way 

Figs. 617-a and -b-Distortio,~ due to improper load 
matching on final amplifier. a (left)-Eff ect of too light 
loading (high impedance). b (right)-Too heavy load­
ing (low impedance, or partial short) on the output 

amplifier. 

off. The rectangular illuminated area on the picture-tube screen, called 
the raster, will have wavy sides instead of straight edges. Fig. 618-a 
shows the appearance of a normal raster, while that shown in Fig. 618-b 
illustrates the effects of a.c. in the sweep circuits ( note the wavy edges). 
This is primarily due to a.c. in the horizontal-deflection circuits. 

a b a b 
Fig. 618-A.c. hum in horizontal de- Fig. 619-Hum in vertical deflection 
flection circuits of TV set: a--N ormal circuits of TV set: a-60-c)•cle hum. 
screen. b-Hum (solid line is 60 cycle, b-120-c)•cle hum produces r..vice as 

dotted line is 120 cycle). many co11dmsatio11s and rarefactions. 

When stray a.c. finds its way into the vertical-deflection circuits, the 
effect appears as unevenly spaced horizontal lines, as shown in 
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Fig. 619. Compare this with Fig. 618-a, in which the lines are uniform­
ly spaced, indicating a normal raster. Under conditions of actual picture 
reception, such variation in the spacing of the lines will result in vertical 
crowding of one portion of the picture, alternating with stretching of the 
adjacent portion. This, of course, produces distortion. In addition, 
when lines are crowded or overlap, the details contained in such lines 
are superimposed on each other with a resultant loss of sharpness and 
detail. 

Another effect of a.c. getting into d.c. circuits is a partial blacking 
out of the picture. Fig. 620 shows the result of a.c. getting into the video 
amplifier circuits. 

In audio circuits, particularly those with good low-frequency re­
sponse, excessive a.c. in d.c. circuits (supply, bias, etc.) may result in 
objectionable hum, although this is not very common either in small 

Fig. 6~Re.rult of excessive a.c. hum in video amplifier. 

a.c.-d.c. receivers or even in the television receh-er audio channels of the 
less expensive variety, the latter sets having rather poor response at 60 
and 120 cycles. 

In all the above cases, the ordinary meter might possibly be used to 
measure the incremental a.c. superimposed on the d.c. However, this is 
just as complicated a procedure as it is unreliable. The oscilloscope is 
both quick and handy for locating the source of trouble, as well as for 
observing the effects of the remedy used in any particular case. The 
procedure is generally as follows : 

1. Allow equipment to warm up. 
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2. Set the c.r.o. sweep generator to about 20 cycles to permit con­
venient observation of both 60 and 120 cycles. Set the gain as 
required in each case. 

3. Connect the ground connection of the 'scope to a good ground 
point on the receiver or amplifier in question. If this connection 

;-------
g 
(.) . 
0 

'---------TIME "---------TIME 
Fig. 621-a (left)-Norttttd, well-filtered d.c. output of a rec­
tifier system. Fig. 621-b-(right)-Ripple on the d.c. out-

put, due to poor filtering. 
is not good, a.c. hum not due to any defect in the equipment may 
appear. Connect the high side of the c.r.o. vertical input, in series 
with a 0.25-p.f condenser if the point on test is more than 500 
volts above ground, to various points in the B-supply system. 

4. \Vith all 'scope controls properly set, observe the trace on the 
screen. A good d.c. supply will have a straight-line output, as 
shown in Fig. 621-a. If a sufficient amount of a.c. exists, a trace 
like Fig. 621-b will result. 

Hum in the Power Supply Proper 
Before outlining specific test points and remedies, a few words of 

caution are in order : The vertical amplifier of the oscilloscope may have 
a very high gain in some cases. Because of this, a very slight trace of 
waviness in the oscillogram of Fig. 621-b is not necessarily an indication 
of trouble. If the 'scope gain control is set at or near maximum, a very 
negligible amount of a.c., which is always present in rectified a.c. sup­
plies, may cause a wiggle on the screen. Familiarize yourself with the 
behavior of the vertical amplifrer before making these a.c. hum tests. 
Once you know the equipment, you will be able to tell readily which is 
a nom1al trace and which has excessive a.c. modulation. In general, 
the following are permissible a.c. voltages (maximum) measured at the 
various points in the power supply system, as indicated in Fig. 622 : 

_.l:.L ~ 

wm -:- GNO 

• 1 

J
25uf600V 
PAPER 

V 
,OOOJV 
RECTIFIER 
TYPE 

Fig. 622-Typical rectifier filter system; for choke input Ci is 
omitted. Voltmeter may be used instead of 'scope. 

1. Output of rectifier, full-wave condenser input (point A, 
Fig. 622) ..................................... . 5-15 
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2. Output of rectifier, half-wave condenser input (point 
A, Fig. 622) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-30 

3. Same as setup 1, except choke input (point A, Fig. 
622) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70-100 

4. For no-load conditions, in above cases ... 20% of values above. 
5. After the filter, any of above cases (point B in 

Fig. 622) .. . . . . . . . . . . .. . . . . . . . . . . . . . . . approximately 0.5 
or about 0.1 % of the total voltage. This would give about 0.25 
volt a.c. in a 250-volt supply, 1 volt in a 1,000-v supply, etc. To 
measure the above a.c. components, either the calibrated 'scope 
method may be used ( see note, p. 81), or a rectifier-type a.c 
voltmeter of about the correct range, in series with a high-grade 
paper condenser of 0.25-id capacitance may be placed across the 
same terminals where the 'scope was located in the·above tests. 
However, observation with the 'scope is recommended as a sim­
ple way of locating hum as well as determining the severity of 
the a.c. modulation. It may be stated with a high degree of cer­
tainty that once the operator has become well acquainted with 
the c.r.o. and has learned to judge quantitatively the significance 
of a particular amount of a.c. modulation on the screen, he will 
seldom if ever revert to the voltmeter for this type of work. 

Causes and remedies of power supply hum are few and usually easy 
to locate. A leaky filter condenser, an open filter condenser, or a shorted 
filter choke, the latter being rather rare-each and all of these will cause 
excessive hum. \Ve did not bother to list a shorted filter condenser, 
since in such a case there will be other, much more obvious, conse­
quences (low voltage, overheating, damage, etc.) with which every 

DRIVER 
6C5 TRIODE 
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SOOK.__,._.,.__,1.-__. 

PUSH PULL 
OUTPUT 

+ B+ ----------------o275V 
Fig. 623-T~•Pical high-gafo audio amplifier, showing sources of 

011tput /111111, di,e to a.c. at the points indicated. 

serviceman is familiar. A somewhat less obvious, yet fairly common, 
source of hum is ov<'rloadi11g the power supply. As a check of this con­
dition, the 'scope will show very little difference in hum content before 
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and after the filter choke. In some cases of severe overload. the choke 
may be jumped or shorted out of the system without materially increas­
ing the hum. The remedy, if the load requirement cannot be reduced, 
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-----TIME 
Fig. 624-0ne Tille of .rta1idard RMA video signal (negative 

polarity s;ystem). 

is to substitute a heavier (larger inductance at the rated current) 
filter choke. 

Hum Outside the Power Supply 
Not all a.c. hum finding its way into the d.c. circuits originates in 

the power supply. Sometimes a well-filtered power supply will be 
blamed for faults in other parts of the circuit. A small amount of a.c. 
picked up from the heater wiring, pilot lamp, or similar a.c. circuit will 
get into the cathode bias or grid circuit of a sensitive amplifier, be ampli­
fied in the plate circuit of the same tube, and perhaps be carried along 
and be further amplified to excessive proportions in other parts of the 
circuit. Tubes with excessive heater-cathode leakage can cause hum in 
some critical circuits. 

Fig. 623 shows a portion of a circuit ( receiver or amplifier) in 
which the a.c. hum is not traceable to the power supply. Assuming that 
defective tubes have been eliminated, the following points should be 
checked for presence of a.c., in the same manner as the power pack was 
traced above : 

1. Plate return (point A), check for faulty bypass condensers. 

2. Screen supply (points B), check for faulty bypass condensers. 

3. Cathode circuits (points C), check for faulty bypass condensers. 

4. Grid circuits (points D). This is perhaps the most troublesome 
circuit for a.c. pickup, because of its sensitivity. Check for hum 
with no signal applied. Placement of components, of wires 
(dressing), etc., is extremely important here. 

The above troubles may be particularly annoying in large multitube 
receivers, video and FM amplifiers, and similar equipment where high 
gain and crowding of parts is likely to occur. In service work, where 
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commercially designed equipment is to be repaired or maintained, the 
fault generally will not lie in poor design. Rather it will be found to be a 
defective component. Therefore it is very helpful to use all the available 
service data supplied by the manufacturer. Lacking such information, the 
serviceman should at least avail himself of a schematic diagram before 
tackling a complex, multitube set. When even that is not available, 
the general procedures outlined here, coupled with the serviceman's ex­
perience and fundamental knowledge, should prove adequate to cope 
with the problem. 

A final note of caution : remember that modern FM and television 
receivers are very carefully designed, almost to the point of individual 
"tailoring". Therefore, although the original design is sound, severe cir­
cuit changes may accidentally be brought about when replacing a de­
fective component or wiring. Make the utmost effort to replace both 
parts and wiring as exactly as possible in their original positions. Unless 
this is heeded, such difficulties as hum, oscillation, detuning, and many 
others are, not only possible, but probable. 

Improper Vide.o Clipping 
This may be a very troublesome matter in television receivers. To 

understand the problem, let us first explain the clipper function. The 
video signal reaching the receiver contains both picture detail and syn­
chronizing information. This latter information appears as pulses or 
pips at the extreme high end of the combined signal ( see Fig. 624). 
Somewhere after detection these two signals have to be separated, the 
picture detail going to the video amplifier circuits and then to the grid 
of the picture tube, while the synch pulses are fed to the horizontal and 
vertical sweep oscillators. The process of clipping involves removal of 
all picture detail from the synch pulses, so that only timing information 
will be fed to the sweep generators. 

While correct clipping requires removal of all the picture detail 
without destroying the synch pulses, there are two possible sources of 
difficulty in this problem. Insufficient clipping, caused either by a de­
fective tube or other component, will leave too nmch of the picture detail 
with the synch pulse. This will ultimately result in a fine, irregular 
waviness of any straight line on the picture, such as the vertical wedges 
of the test patterns. Or, in trade lingo, "video is getting into the synch." 

Wrong clipping, although less common in manufactured receivers, 
may be caused by a phase reversal between the video detector and the 
synch circuits, such that the pulses are clipped instead of the video. The 
result is very poor synchronization or none at all. The picture will not 
stay locked, but drifts up and down or across the screen. 

Fig. 624 shows the combined signal. Inadequate clipping simply 
means that the signal is fed to the sweep oscillator substantially as it 
appears in the figure. A normal synch signal, after correct clipping, 
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looks like Fig. 008-b, page 88. Should the wrong end of the signal be 
clipped, the pulses would be removed and the video left intact to be 
passed on to the synch amplifier and then to the sweep oscillators. This 
is illustrated in Fig. 608-d. The result, as has already been stated, is a 
drifting picture, evidence of poor synchronization, or complete lack of 
synchronization. 

To trace the signal with the oscilloscope: 
1. Allow equipment to warm up. 
2. Set 'scope for norJ11al pattern viewing. 
3. Set sweep for approximately 5,000 cycles. This will allow view­

ing of about 3 lines on the screen. 
6H6 

OET.AND 
.OS CLIPPER 

6SN7 2ND CLIPPER AND 
SYNCH. AMPLFIER 

.I C ...-----, 

I 
MEG 

Fig. 625-Diagram of a typical detector-clipper-amplifier feeding the H and 
V oscillators. 

4. With the ground terminal for the vertical input making a good 
ground connection on the receiver, touch the high side to points 
A, B, C, D (Fig. 625) in the order listed, and observe the re­
sults. At point A, the signal should be intact, as in Fig. 624. 
At point B, if all is well, the clipped signal should have most of 
the video removed. Point C should show the pulses only, as in 
Fig. 608-b. Point D will show the same pulse after amplification. 

Auto Radio Vibrator Supplies 
One of the most important applications of the oscilloscope is the 

checking and correction of faults in auto radio vibrator systems. In spite 
of the fact that it is almost impossible without a c.r.o. to service prop­
erly this most common job in the shop, too few servicemen have ever 
taken advantage of this instrument. Such difficulties as chronic rectifier 
failures, short-lived vibrators, low output voltages, and noisy receivers 
are almost beyond the ability of the multimeter to diagnose. Yet the 

103 



oscilloscope will locate these faults with little expenditure of time or 
effort. 

Briefly, a defective buffer condenser can cause low voltage output, 
bad arcing, and damage to the vibrator, rectifier tube, and even the 
power tram,former. Similarly, improperly adjusted vibrator contacts 
can cause most of the above, in addition to noise in the receiver. 

D.C 

+ 

Fig. 626-a and b-Simplified diagrams of a 11011-syn­
chronous 'Vibrator power supp/3, (upper) and a syn­

chronous type (lower). 

Fig. 626 shows a portion of the vibrator supply system. With the 
circuit in normal operating condition, and the vertical input to the 'scope 
across points A and B or A and C ( not to ground!), the voltage pattern 
should look like Fig. 627-a. The c.r.o. sweep frequency for this test 
should be about 40 or 50 cycles, giving about 3 or 4 cycles on the screen. 
Note that the wave is substantially square, with no steep peaks or 
rounded corners. This indicates a correct value of buffer condenser and 
proper contact spacing. 

Fig. 627-b indicates either too small a buffer condenser or a com­
plete lack of buffering. This will usually be accompanied by low output 
voltages. If an exact duplicate replacement cannot be made, the substi­
tute chosen should bring the wave shape as closely as possible to that 
shown in Fig. 627-a. 

Fig. 627-c shows the effect of too large a buffer condenser. The lag­
ging edge of the wave is rounded off. A very common defect in old 
vibrators is poor contact due to pitted contacts and chattering. The re­
sultant wave looks somewhat like Fig. 627-d. Careful dressing and 
readjustment of the spacing of the contacts will remedy most of this 
difficulty, although it may be more convenient as well as more econom­
ical to replace such a vibrator with a new one. However, where replace-
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ment cannot be made for any reason, the above procedure will make the 
old unit serviceable for quite a while longer. 

Fig. 627-e shows the wave form for a normal vibrator of the syn­
chronous (self-rectifying) type. The sharp pips in this case are no indi­
cation of a defect as was the case in Fig. 627-b. They are due to the 
opening of the secondary, or rectifying, contacts in synchronism with 
the primary breaker points. 

\Vhen adjusting vibrators, slightly different vibrator frequencies in 
different receivers require variations in contact spacing as well as buffer 
capacitances. Since manufacturers do not encourage vibrator repairing, 
it is difficult to outline precise adjustment procedures. However, the 
above directions and sample patterns are typical of most common prac­
tices, as well as of good design and operating conditions. \Vhere a repair 
has to be made and no other specific instructions are available, the out• 
line given will prove sufficiently helpful to achieve satisfactory results. 

Determining Frequency of an Unknown E.M.F.-Lissajous 
Figures 

The tracing of Yarious patterns and the identification of unknown 
frequencies are extremely useful applications of the cathode-ray oscillo­
scope. Such problems as determination of hum frequency, interference 
frequencies, etc., are quite simple once the fundamental steps are clearly 
understood. 

There are two main methods of curve tracing: One method traces 
the unknown wave, applied to the vertical input of the 'scope, by the 
linear sweeping of the self-contained, saw-tooth oscillator. This is the 
most common method of observation on the 'scope. The second method 
although less common, is very useful for determining unknown fre­
quencies and phase relationships. This latter method makes use of the 
Lissajous figures. The first method is only as accurate as the sweep 

a b c d e 
Fig. 627-a-Normal wa-.•e shape for non-syncl1ro11ous vibrator. b-Too small 
a b1,ffer condenser (or none at all). c-Too large a buffer condenser. d­
Pittillg, and chattering contacts. Ca11 cause low output and poor regulation. 

e-Normal wave shape for sy11chro11ous vibrator. 

generator of the 'scope. while the second may use an external, calibrated 
frequency standard, and is therefore more accurate. 

From the various discussions earlier in this book. the reader should 
be quite familiar with the saw-tooth method of observation. Briefly. it 
presents the wave shape of the unknown voltage or current as it actually 
develops in the circuit, without comparison to any standard wave. The 
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Lissajous figures method compares the unknown with a standard wave. 
The procedure is simply to connect the unknown voltage ( frequency un­
known) to the vertical amplifier input terminals, and a standard fre­
quency voltage ( most often 60 cycles) to the horizontal amplifier input. 
The sweep generator is turned off. 

Fig. 628 shows a number of typical Lissajous figures. In Fig. 
628-a, both voltages are of the same frequency ( 60 cycles). A perfect 
circle results. If the unknown frequency is somewhat distorted, instead 
of being a pure sine wave, the circle will have a ragged outline. Of alt 
Lissajous figures, the circle is the simplest. The ratio between number 
of vertical and horizontal loops determines the ratio of the standard 
frequency to the unknown. Here the ratio is 1 :1, and hence both fre­
quencies are the same. When the ratio is 2 :1, as illustrated in Fig. 628-b, 
the unknown frequency is 30 cycles. Similarly reasoning, Fig. 628-c 
shows a ratio of 1 :5, with an unknown frequency 5 times that of the 
standard, or 300 cycles. Figs. 628-d and e show, respectively, a 6:1 and a 
5 :3 ratio, making the unknown frequency 10 cycles in the first case and 
36 cycles in the latter. Fig. 628-f denotes an unknown frequency of 72 
cycles, the ratio being 5 :6, meaning that the unknown is 6/5 of the 
standard frequency of 60 cycles. 
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Fig. 628---Lissajotts figures for different frequency ratios. 
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It is not absolutely necessary to use 60 cycles in these comparison 
tests. Any other known frequency will do equally well. However, since 
(,() cycles happens to be very readily available, and since ( and this is 
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very important) the accuracy of the commercial 6()-cycle frequency 
usually is extremely high, this is a most logical frequency to use as a 
standard. 

(D) 160° APPROX (F) 180° 

Fig. 629 (left)-Phase shift patterns and approximate values. Fig. 630 
(right)-Negligible phase shift in an amplifier (10 to 15 degrees). This 

will •vary somewhat with frequency. 

The general method in calculating frequency ratios is as follows : 
Count all the loops along the vertical edge of the pattern. Similarly 
count the number of loops along the horizontal edge of the pattern. 
Note that the loops along the horizontal edge are produced by the volt­
age applied to the vertical plates, while the loops along the vertical edge 
are produced by the horizontal voltage. Dividing the number of vert­
ical edge loops by the number of horizontal edge loops will give the 
ratio of the standard to unknown frequency. Thus in Fig. 628-f there 
are six loops along the horizontal edge and five loops along the vertical 
edge. The ratio of the vertical to horizontal loops is therefore 5 :6, and 
the unknown frequency is therefore 6/5 of 60, or 72 cycles. 

Another very useful application of the Lissajous figures is in the 
determination of phase angles between signals of the same frequency. 
This is particularly important in checking phase shift in high-quality 
audio amplifiers, the type of distortion called phase-shift distortion. 
This means that the amplifier has a phase delay between input and out­
put. When this phase shift is small, say under 20 degrees, the resultant 
distortion is rather negligible. However, severe distortion will result 
from large angle shifts or. and this is the most common difficulty, from 
different amounts of shift at different frequencies. 

In outlining the procedure for checking phase shift, we shall first 
indicate the general procedure for determining phase-angle differences 
between any two voltages. Such a phase difference is not necessarily an 
indication of any defect. Phase-angle differences between voltages are 
quite common and normal. In the amplifier, we are checking for phase 
shift in the same voltage due to the nature of the unit. More particularly, 
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we are concerned with differences in the angle of shift at different 
freqitencies. 

To check for phase difference between any two voltages, proceed as 
follows: 

1. Allow equipment to warm up. 
2. Set c.r.o. controls so that spot is in the exact center of the screen. 

The calibrated plastic screen is necessary in this case. 
3. Set the horizontal and vertical c.r.o. gain controls for exactly the 

5ame deflection. This can be done by alternately applying one 
of the unknown voltages to the horizontal input and the other 
to the vertical input, adjusting the vertical or horizontal gains 
in each case for the same number of divisions of deflection on 
the screen. Do not change these settings after they are made. If 
frequency is high, say over 50 kc, the signal should be applied 
directly to the deflecting plates of the 'scope, and the individual 
voltages adjusted for equal deflection on the c.r.o. screen. 

4. Observe the resultant pattern on the screen. If the two voltages 
are in phase, a straight line at 45 degrees wilt result. A slight 
difference in phase will produce a very thin ellipse at about 45 
degrees. ( See Figs. 629-a and 629-b.) Increasing angles of 
shift are iltustrated in Figs. 629-b to 629-f, with the values of 
angle indicated in each instance. 

Two reminders are in order: First is the matter of drift. If both 
frequencies are absolutely steady, the pattern wilt be stationary. Should 
one of the voltages vary slightly or drift, the pattern will go through a 
slow pha~e cycle from O to 360 degrees, and then repeat this over and 
over. The second reminder, although it is quite easy to determine the 
phase angle from the figures, as shown in Fig. 629, it is generally suffi­
cient for practical purposes to see whether the angle is large or small. 
This is usually the case in amplifier phase-shift testing, where the angle 
of shift is not likely to be very great. 

The procedure for checking phase shift in an audio amplifier is 
somewhat different: 
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1. Set up the equipment as for checking phase difference between 
voltages. Since we are going to use audio frequencies, the 
'scope amplifiers may be used. 

2. Connect output of the test amplifier to the vertical c.r.o. input 
terminals. Connect the input of the amplifier to the horizontal 
'scope terminals. In this way the same signal that is fed to the 
test amplifier will also be applied to the horizontal-deflection 
circuit of the 'scope. 

3. Connect audio oscillator to the input of the test amplifier. Ad­
just 'scope or test amplifier gains for equal vertical and hori­
zontal deflection, using same method as in step 3 above. 

4. Observe pattern on the 'scope. In most cases the result will be 
a thin ellipse, since only a small phase shift usually exists (Fig. 



630.) Should the ellipse be much wider, compare it with the 
patterns shown in Fig. 629 to detern1ine the approximate angle 
of phase shift. 

5. Vary the frequency of the audio oscillator through the audio 
range ( 30 to 12,000 cycles is sufficient for most amplifiers) and 
observe the phase shift at different frequencies. 

You will notice that there is no drift of the pattern, since the same 
source of e.m.f. (and the same frequency, of course) is used for both 
the horizontal and vertical scope amplifiers. 

A final note on phase shift. Fig. 631-a is a simple phase-shifting 
device used as a sweep source in connection with wide-band i.f. align­
ment, such as in television amplifiers. Since most frequency-modulated 
sweep generators use 60 cycles as the sweep frequency, the simple in­
strument shown here enables the user to apply to the horizontal c.r.o. 
terminals the same frequency voltage as that used for frequency sweep-

~ll7VA-C 60'1., IOK IOOK A A 
Til~·~W 

500..,,_ G D. 
PILOT 

Fig. 631-a (left)-Simple phase shifting device (60 cycles) for 1,se as the 
hori::ontal sweep source in FM and TV alignment. b (ce11ter)-Double 
pattern due to slight shift (phase control not adjusted). c (right)-Phase 

control properly set. A single pattern results. 

ing inside the signal generator. In practice. the output terminals of the 
unit shown are connected across the horizontal input of the cathode-ray 
oscilloscope. \Vithout any adjustment of the potentiometer, the likeli­
hood is that two patterns, somewhat out of phase. will appear on the 
'scope screen, as shown in Fig. 631-b. The potentiometer should now 
be adjusted until the two traces overlap as far as possible, since this is 
the easiest pattern to view for alignment purposes. However, regardless 
of the degree of overlap, the pattern will be locked in any position in 
which it is left for the duration of the test. 
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Stages; l!"'l[ .................... 57 
Stagger-tuned TV . . . • • • • • • • • • • • • • 67 
Systems; TV . . . . . . . . . . • • • . • • . • . 67 
Transformer; Tertiary Winding ••• 57 
Band-pass TV . . . . . . . . . . . . • . • . . . • 67 

Instantaneous Value . . . . . • . . . . . . • • • • 11 
Intensifier Anode •......•••.....•••.. 16 
Intensity: 

Beam •••.•••.....••.......•.•.. 35 
Modulation . • • . . . • . . . . . . . . . . . . • . 35 
Powntiometer . • • . . . . . • . . . . . . • • . . 42 

Ionization Potential . . • . . . . . . . . . . . • • • 27 

Judeing TV i.f. Reaponse Curve ...•.. 73 

Linearity ol Saw-tooth Wave . . . . . . . . • 11 
Lissajous Figures • • • • • • • • • • . • • • • • • • 105 
Loading Resistors, Effect of • • . . • • • • • • 118 
Location of Hum •.•.....••.. 97, 99, 101 
J,ocked-oscillator FM Detector • • • . • • • • 68 
Locked-oscillator FM Detector 

Alignment • • • • • • . • . • • . . • • . . • . • • 64 
Luminescence . • . . . • • • • . . . . . • • • • • • • • 14 
Magnetic•dPffection TV set, Wave-

shape Checking in • • . • . . • • . . . • • • 86 
Markers ••...•..•................•• 35 
Measuring a.e. Penk Voltages ....•.•• 88 
Meters, a.c. • . . . . . . . . . . . . . . . . . . . • . . • t 
Modulation: 

Envelope Pattern; Ckecking ...•.• 90 
Over• and Under•; in Transmitters • 92 
Percentage; Ham Transmitters • • • • 811 

Motor-driven Condenser FM Generator • 47 
?t[ultivibrator . . . . . . . . . . . . . • • • • • • • • • 28 
Neutralization of Class·C Transmitter 

Stage •..•....•..•.•.•.••••..•• 92 
Non-limiter Discriminator Alignment • • 64 
Oscillating i.f. Amplifier, 'Scope Pattern 7' 
Oscillator: 

Blocking ..••.....•...••...•..••• 29 
Free-running • • • . • . . • . . • • . • . . . . • 81 
Gas-triode • . . • . • • • . . • . . • • • • . . . • • 27 
Horizontal; Cheeking in TV 

Receiver • • • • • • • • • • • • • • • . . • • 85 
Oscilloscope: 

Principal Units of . . . . . . . • • • . . . • 86 
Range Required for TV l.f. Tests •• 86 

Output, Measurement of Audio 81 
Peak: 

A.c. Volts; Measuring .•.•..••..• 83 
I.f. Alignment • • • • • • • • . . . . . • . • . • 51 

Peaking Coils • • • • • • • • • • • • • • . • • . • . . • 38 
Phase: 

Angles; Determining •••...•...• 107 
Shift Distortion • • • • • • • • • . • • • . • • 107 
Shifter; Circuit for • . • . • . • • . . . • 109 

Philco Locked-oscillator Detector • . . . . • 68 
Phosphorescence •••••••••••••..••..• 14 
Potential, Ionization • • • • • • • • • . . • • • . • 27 
Potentiometer, INTBNBITY . • • • . . . . • . . • 42 
Power: 

Gain in db; Computing ......•.• 83 
Output Calculation; Audio . • . . . . . 82 
Supply ......•..•.•...........•• 40 
Supply Hum • . . • . • . . . . . . • . . . . . . . 99 
Supply, Vibrator; Cheeking . . . • . . 103 

Probe, High-frequency; Use of •••. 69, 70 
Pulses, Checking Synchronizing • • • . • • 87 
Range, Sweep . . . • . • • • • • • • • . . • . . . . . • 89 
Ratio Detector . • • • • • . • . . . . . . . • . . • . • 61 
Ratio Detector Alignment • • . . • . . . • . • • 62 
RCA Sweep Generator • • . • • • . . . . . . . • . 49 
Reactance Modulator Sweep Generator • 50 
Regeneration: 

In Class-C Transmitter Stage • . . . • 92 
In i.f. Amplifiers • • . . . • . • . . . . • . . • 93 

Resistors, Loading ; Effect of • . . • . . • • 58 
Response Curve: 

AM Set •..•••••••••••••.....••• 53 
Audio; Plotting • . . . • . . . . . . . . . • • 82 

ttt 



Band-pass Rettfver . • . • • • • • • • • • • • 53 
Typical TV Receiver • • • . . . . • . • • • • 73 
Improper AlignmPnt • . . . . . . . . . . • • 54 
SharpneRR of: Effect of Circuit 

Loading on • • • • . . • • • . • • . . • • • 58 
Symmetry of • . . . . . . . • • . . . . • • • . • . 49 
TV i.f.; Cheeking • • • . • • . . . . . . . . • 73 
TV i.f.: Judgin~ • . . . . • . . . . . . • . . • 73 

Retrace (Flyback) Time •......•....• 27 
R.f. Alignment: 

AM Receivers • . . . . • . . . . . . . . . . . • . 75 
F:lr RPceivers . . . . . . . . . . . . . • . . . . • 76 
TV Rereivers . . . . . . . . . . . . . . • • . . • 76 

RMA Standard T,•levision Channel ...• 66 
R.m.s. Value of a.c .•............... 10 
Saw-tooth: 

Amplifier Balnnce • . . . . . . . . . . • • . . 84 
Generator FrPquPncy . . . . • • • . . . . . • 28 
Generators ( See Bl or king OaeUlator, 

Gaa-triotle O•eU/ator, Multi-
11ibrator) 

Voltage •...••..•..........••. 24, 26 
Wave .......................... 10 

Scanning: 
Action ....................... 21, 22 
Time ••.•...••.......•..•....•• 26 

'Scope (See Oarilloar.opt) 
Screen, Fh1orescPHt •.....••...... 13, 14 
Selector, Synch . . . . . . . . . . . . . • • . . • . • 43 
Shape of Wave ••...•.•...•....•.•. 10 
Sharpness of i.f. Response Curve; 

Effect of Circuit Loading on . . . . • 58 
Signal: 

Synch , •..•....••.•.......•..•• 40 
Generator Connection for F:I! 

Discrim. Alignment , • . • • . . • • • 55 
Generator for TV Alignment . • . • • • 66 

Sine "\Vave • , •••. , .•...••..•••.•••• 10 
Slope Detection, 1''M •.••••••••••.• , • 59 
Slope Detector Alignment ••....•••... 60 
Sound Carrier Width (TV) . . • . . • • • . . 66 
Square Waves •.•.....••..•...•.. 11, 34 
Stagger-tuned: 

TV i.f. AmplifiPr; Aligning 69 
TV i.f. Amplifiers • • . • . . . . • • . . • . • 67 

Sweep: 
Frequency Control • . . . . . . . . • • . . . • 39 
Generator; RCA ...............• 49 
Generators •....•.............. , 4 7 
Generator; Motor-clri n•n Condenser 4 7 
Uange , •...•.•................• 39 
Voltage ...•..••................ 24 

Symmetry of Curves . • . • . . . . • • . . • . • . 49 
Synch: 

Adjustment • . . • . . . . . . . . • . • . . . • • • 40 
Oscillator • • • • . . • . • . • • • • • • • • • • • • • 31 

112 

Pulses; Checking • • • • • • • • • • • • • • • 8'T 
Selector • • • • • • • • • • • • • • .. • • • • • • • • 48 
Signal •••.••••••••••••• , • , •• , •• 40 

SynPhronizing Sweep Gen. and 'Scope • 53 
Television: (See TV) 
Tertiary Winding i.f.: Effect of • , • • • 57 
Tertiary Windinga i.f. Channel; 

Aligning •••••••••••••••••.•••• 58 
Time, Scanning . • • • • • • . . • . • • • . • • • • • 26 
Tran•mitters, Neutralizing Class•C Stage 92 
Trap Alignment • • • • • • . • • . . • • • • • • • • • 72 
Trar,,.zoidal Pattern Modulation 

Checking • . . • . • • • . . • • • • . • • • • • • • 91 

TV: 
Channel; R.M.A. Standard ...•• , , 66 
I.f. Alignment Precautions ••.••• , • 73 
I.f. Circuits; Aligning •••...••• , • 65 
I.f. Response Curve Checking • • • • • 78 
I.f. Systems •••••••••••• , • • • . • • • 67 
I.f. Tests; 'Scope Range Required , • 66 
Receiver; Horizontal Oscillator 

Check ••••••••••••••••••• , • 85 
Receiver; r.f. Alignment ••••••.•• 76 
Receiver; Series-Inductance r.f. 

Switching • • • • • • • • • • . • . • • • • • 77 
Receiver; Shunt-Inductance r.f. 

Switching ••••.•••••.•••.••• , 77 
Receiver; Typical Response Curve • 73 
Receiver; Vertical Oscillator Check 86 
Sweep Circuits; Cheeking • • . • • • • • • 84 

Vertical: 
Amplifier; Oscilloscope ••• , ..•• , • • • 86 
Deflecting Plates •..••.••••. , •• U, 17 
Gain Control ••••••••.. , ••• , • , • • • 86 
Oscillator; TV Receiver, Checking • , 86 

Vibrator Power Supply, Cheeking • • • • 103 

Video: 
Carrier Width • • • • • • • • • • . • • • • • • • • 66 
Improper Clipping •••••• , ••• , • , , 102 

Voltage: 
Curve; 
Sweep 

\Vave: 

Condenser 26 
2' 

A :,-erai::e Value • • • . . • . • • .. • • • . • • • 111 
Lmear1ty ••••••••• , .••...••••• , • 11 
Saw-tooth •.....••..•.•.. , • . • • . • 10 
Shape ••...•• , .•.....•••..• , •.• 10 
Shape Cheeking; Magnetie•deffection 

TV Sets ...•.. , .....•.. , , ••• 86 
Sine .•••.•.•.. , ......... , •• , • , • 10 
Square •••••••••.•••..•.•••••••• 11 

Wide-band: 
FM i.f. Amplifiers ••. , • • • • • • • • • • • 57 
TV i.f. Amplifiers ••••••••••• , • • • • 67 


