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ZLesson Sl
SERVICE OSCILLOSCOPES

Were someone to ask, '"What is an os-
cilloscope ?'" you could answer, according to
the dictionary, '"It is an instrument for show-
ing visually the changesin a varying voltage."
This doesn't sound too important from the
standpoint of television servicing, it might
mean that the oscilloscope is a variety of
voltmeter,

But supposing you answered, ''The os-
cilloscope isthe only means for actually see-
ing the video signal and all its effects as they
go through the sync, sweep, and deflection
systems on the way to the picture tube." Or
you might put it this way: "'The oscilloscope
is the only instrument which shows the ef-
fect of every adjustment during alignment of
tuners, i-f amplifiers, and sound sections,
and does so while the adjustment is varied."
It would then be plain that the oscilloscope
is capable of saving a great deal of time on
difficult service operations.

Note that we say, 'the oscilloscope is
capable of saving time." Time will be saved
in actual fact only when you use the scope
correctly, and only when you learn to under-
stand what the instrument is trying to tell
you. The oscilloscope is the most complex
service instrument, and is most difficult to
use correctly. But it pays greatest dividends
in both speed and accuracy of servicing.

The principal part in a service oscillo-
scope is a cathode-ray tube. This tube op-
erates with an electron beam like that in a
picture tube, but both deflection and focusing
always are electrostatic, not magnetic. There
is a screen like that in a picture tube, ex-
cept that trace lines are green instead of
white, and the face is smaller than in a pic-
ture tube.

The oscilloscope seems complicated be-
cause of so many adjustment on the front
panel. Actually, there are not so many ad-
justments as on an ordinary television set.
The apparent complexity is because none of
the controls are hidden on the chassis. All

are in plain view, and each is provided with
an accessible knob, pointer, or switch.

Much of the difference between television
and oscilloscope controls is on different
names given to equivalent parts. In the scope
there is a brightness control for varying grid
bias in the cathode-ray tube., It is called the
intensity control. There is an adjustment for
height of observed traces, called a vertical
gain control, and another for width, called a
horizontal gain control. There are vertical
and horizontal centering controls, usually
called position controls. There are equival-
ents of horizontal frequency and hold con-
trols, called range, vernier, and sync con-
trols on the scope. About the only control
having the same name on both scopes and re-
ceivers is the one for focusing.

Relations between the more important
sections of an oscilloscope are shown by Fig.
2, Omitted, to simplify the diagram, is the
d-c power supply which feeds all other sec-
tions. The horizontal sweep oscillator serves
to repeatedly deflect the electron beam in the
cathode-ray tube across the screen from left
to right, and thus produce a luminous trace,
as in a picture tube. Each trace is followed
by a rapid retrace from right to left.

In the scope there is no vertical sweep
oscillator such as causes vertical deflection
in a television receiver. The oscilloscope
beam is deflected vertically by any external
alternating voltage, signal or otherwise, ap-
plied to the vertical input terminals. This
applied voltage is controlled in strength and
is amplified as may be required before going
to the cathode-ray tube. There is amplifica-
tion and control also for the output of the
horizontal sweep oscillator.

With the horizontal oscillator operating,
and no external voltage applied to the vertical
input terminals, we have a trace such as
shown at_A in Fig. 3. The electron beam is
sweeping repeatedly across the same hori-
zontal line, which shows as a straight lum-
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inous trace. If the vertical input terminals
are connected to a source of sine-wave alter-
nating voltage we have the trace at B. The
electron beam is deflected upward when the
a-c voltage goes positive, and downward when
this voltage goes negative, while being swept
horizontally at the same time.

The trace at B was made with the verti-
cal input connected to a building power line

Fig. 34.

Fig. 3.
changes of an observed voltage.

The principal sections of an oscilloscope, and how they are related.

carrying a 60-cycle frequency, giving one
cycle every 1/60 second. The horizontal
sweep rate in the scope was 30 per second,
or one sweep every 1/30 second, During each
1/30-second horizontal sweep there was time
for two of the 1/60-second cycles of observed
voltage. Consequently, two of these cycles
appear on the screen.

With the time per horizontal sweep made

3B.

Fig.

Simultaneous horizontal and vertical deflection of the electron beam traces the
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three times as long as the time for one cycle
of observed voltage, three of the voltage cy-
cles will appear on the screem, as at A
Fig. 4. By suitable timing of the horizontal
sweep rate it is possible to look at any num-
ber of cycles of a voltage applied to the ver-
tical input. The waveform of a voltage which
deflects the beam vertically makes no differ-
ence to the oscilloscope. At B are shown
three cycles of a decidedly irregular wave-
form,

Fig. 4B.

Fig. 4. The number of cycles of an observed
voltage seen at the same time depends
on frequency of the horizontal sweep

oscillator.

During service work you often will see
the irregular or complex waveform at A in
Fig. 5. It is the video signal voltage at the
load of a video detector. The scope is pick-

Fig. 5A.

Fig. 5B.

Fig. 5. Adjusting the sweep frequency allows

examination of either field periods
or line periods of a video signal.

ing up the signal part way through one field.
We see pictureline voltages for the remain-
der of this field,then a vertical blanking in-
terval followed by picture lines part way
through the next field. During vertical blank-
ing, while there are no picture lines, we see
the vertical sync pulse preceded by equaliz-
ing pulses and followed by equalizing and
horizontal sync pulses.

You might wish to look at the signal for®
one or more horizontal line periods. The
horizontal line frequency is 15,750 per sec-
ond. By adjusting the internal sweep of the
scope to this frequency we could see what
happens during one line period. To see what
happens during two line periods the internal
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Fig. 6.

sweep would be held at 7,875 traces per sec-
ond. The time for each sweep then will be
twice that of one line period in the video
signal, and we see the trace at B of Fig. 5.
The signal is picked up part way through one
line, continues through the remainder of this
line, all of the next line, and part of a third.
There are two horizontal blanking intervals,
in which are horizontal sync pulses with
front and back porches of the pedestals.

To operate an oscilloscope to best ad-
vantage you should know how the instrument
is constructed and how it works. To this end
we shall commence by examining the cathode~
ray tube, then take up other important com-
ponents and sections,

CATHODE-RAY TUBES. The name of
the cathode-ray tube is so long that often we
abbreviate it to CRT. Fig. 6 is a picture of
the electron gun from an oscilloscope tube.
At the left is the glass press held by the base
in a complete tube, also the wire leads which
go from the elements to base pins. Then
comes the control grid which encloses cath-
ode and heater. Next is the element called
either the second grid or the first anode,
which, in tubes of this kind, is used for focus-
ing. This element is followed by the gun
portions of the second anode. The remainder
of the second anode is a conductive coating
inside the flare, as in all-glass picture tubes.

Beyond the second anode are the deflect-
ing plates, whose arrangement is shown more

The electron gun of a cathode-ray tube such as used in oscilloscopes.

1

4
Focused —~ I,
—_—— 3 e |
Beam =~ I
33—
2
Fig. 7. How the deflecting plates are ar-

ranged in a cathode-ray tube.

clearly by Fig. 7. The plates of one pair,
numbered 1 and 2, are toward the screen and
face of the tube. The other pair, numbered 3
and 4, are toward the electron gun and base.

The focused electron beam passes first
through the space between plates 3 and 4.
Electrons in the beam are negative. When

plate 4 is made positive, and plate 3 negative
at the same time, the negative electrons are
attracted toward the positive plate and re-
pelled from the negative plate. This deflects
the beam vertically upward. Reversing the
polarities of these two plates reverses the
attraction and repulsion, to deflect the beam
downward.

Then the beam passes through the space
between plates 1 and 2, where it is deflected
horizontally. Making plate 1 positive and
plate 2 negative will deflect the beam hori-
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zontally away from you. Reversing the po-
larities of these two plates causes the beam
16 be deflected toward you.

Practically all service oscilloscopes
have phosphor No. l in the screens of their
CRT's. This phosphor produces a green
trace of a hue to which the average human
eye is most sensitive, This results in a de-
cided contrast while either artificial light or
daylight falls on the outside of the face, and
traces are clearly visible.

The first numeral in the type designation
of CRT's stands for the nominal face di-
ameter in inches, as in the case of picture
tubes. The following letter shows the order
in which each particular variety of tube was
registered. Then, for all tubes having phos-
phor No. 1, we find '""P1". This may be follow-
ed by a hyphen and a final letter to indicate
some special structural feature.

Most present service oscilloscopes are
equipped with CRT's of either 7-inch or 5-
inch nominal face diameter. A few special
types and most earlier designs have 3-inch
tubes. All these tubes have round faces and
are of all-glass construction.

Among the widely used oscilloscope
CRT's are types 7JP1 and 7VPI, with con-
nections from elements to base pins as shown
at A in Fig. 8. The base is a medium-shell
.diheptal with spaces for 14 pins, but with pins
in only 12 positions. Positions 6 and 13 are
vacant. On pins 4 and 12 are internal con-
nections used only during manufacture. Type
5CPl-A has the same base connections, but
there is an additional accelerating anode be-
yond the deflecting plates. This anode is
connected to a recessed terminal on the glass
flare, as in all-glass picture tubes.

Type 5UP1 has basing connections shown
at B, The base is a small-shell duodecal, as
used for picture tubes, but there are pins in
all 12 positions. The heaters for all these
CRT's operate at 6.3 volts a-c, and draw 0.6
ampere, as do the heaters of all picture
tubes.

POWER CIRCUITS. Fig. 9 is a diagram
of typical B-power and high-voltage circuits
for an oscilloscope. There are two rectifier

Heater
Fig. 8A.

Heater
Fig. 8B.

Connections between elements and
base pins of cathode-ray tubes
commonly used in osctlloscopes.

Fig. 8.

tubes. One is a half-wave high-voltage type
used for most of the CRT elements. The
other is a full-wave low-voltage type for
plate and screen circuits of amplifiers and
sweeposcillator. The secondary of the power
transformer has one center-tapped section
for the low-voltage rectifier, and an extended
section of many turns and high step-up ratio
for the high-voltage rectifier.

D-c output fromthe low-voltage rectifier
is from its cathose, as usual, and is positive
with reference to ground. D-c output from
the high-voltage rectifier is from its plate,
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Fig. 9. Typical connections between power-supply circuits and the cathode-ray tube in
oscilloscopes.

consequently is negative with reference to fier is merely illustrative, it might be almost
ground. The value of 1,200 negative volts anything from 800 to 2,000 volts or more, de-
marked at the plate of the high-voltage recti- pending on the type of CRT and general de-
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sign of the scope. Other marked voltages are
such as might be found when the high-voltage

reclifier delivers 1,200 négative oIS emt—ternmimatufeachpotentiometer—is—CoRa———

The voltage divider system between the
plate of the high-voitage rectifier and ground
consists of a number of resistors in which
voltage gradually decreases from maximum
negative to zero. Capacitors at some points
along the divider string provide d-c filtering.
Note that the second anode in the CRT is at
ground potential, while the cathode is shown
as 1,050 volts negative. This makes the sec-
ond anode effectively 1,050 volts positive
with reference to the cathode.

One of the resistors in the voltage divid-
er is marked "Intensity Control'. Its slider
is connected to the grid of the CRT, and the
end terminal which is less negative is con-
nected to the cathode. Moving the slider
varies the grid potential from -1050 to -1120
volts. Since the cathode remains at -1050
volts, the intensity control will vary the grid
bias, with reference to the cathode, between
zero and 70 volts negative. This regulates
the rate of electron flow in the beam of the
CRT, and varies the brilliance of traces on
the screen.

Another potentiometer in the voltage di-
vider system is marked '"Focus Control". Its
slider is connected to the focusing anode of
the CRT. This potentiometer is at such a
point along the divider that potentials at its
end terminals are -640 and -420 volts. With
reference to the -1050 volts on the CRT cath-
ode, these focus control potentials are posi-
tive by 410 and 630 volts and the control will
make the focusing anode from 410 to 630 volts
positive with reference to the cathode. Prin-
ciples of electrostatic focusing in the CRT
are essentially the same as for this method
of focusing in television picture tubes,

The horizontal deflecting plates of the
CRT are connected through blocking capaci-
tors to the output of the horizontal sweep
amplifier. The vertical deflecting plates are
similarly connected to the output of the ver-
tical amplifier, Amplified deflecting voltages
thus are applied to the plates.

The deflecting plates are connected also,
through resistors, to two dual potentiometers

which are positioning controls corresponding
to centering controls for a picture tube. One

nected to 100 volts negative, while the other
end terminal is connected to 100 volts posi-
tive. Then the average potential on the de-
flecting plates is zero or ground, the same as
on the second anode.

Moving the sliders of a dual potenti-
ometer in one direction makes one of the
connected deflecting plates more positive and
at the same time makes the other plate of the
same pair more negative. Thus the electron
beam is shifted one way or the other on the
screen of the CRT, and centers at this posi-
tion while being deflected by alternating or
sawtooth voltages from the vertical and hori-
zontal amplifiers.

SWEEP OSCILLATORS. Changes of any
voltage to be observed on the oscilloscope
must be shown in relation to time. That is,
we wish to see how such a voltage varies
from one instant to another within some cer-
tain period of time. During this period the
electron beam in the CRT must sweep at a
uniform rate from left to right across the
screen while being moved up or down by the
voltage to be observed. At the end of the time
period, whatever it may be, the beam must
return very rapidly to the left-hand side of
the screen, from where it begins another
trace to the right.

To deflect the beam in this manner we
apply voltages of sawtooth waveform to the
horizontal deflecting plates, as shown by Fig.
10. These deflecting voltages are of oppos-

. 10. Sawtooth voltages of opposite phase
are applied to the two horizontal
deflecting plates.
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ite phase. While one goes positive the other
goes negative, and vice versa. The changes
of voltage on each horizontal deflecting plate
at five successive instants of time during a
complete sweep cycle, as marked a to e on
the diagram, are as in the accompaying tab-
ulation.

Instant Deflecting Voltages Movement
of Plate Plate of Beam
Time 1 2
a Zero Zero Centered
b More More Slowly toward
positive negative plate 1
c Suddenly Suddenly Rapidly toward
negative positive plate 2
d Less Less Slowly toward
negative positive plate 1
e Zero Zero Centered

Any of several types of sweep oscillators
will provide a single sawtooth voltage. This
single sawtooth is applied to a 'push-pull"
type of horizontal amplifier which produces
an additional sawtooth voltage of opposite
phase. The two sawtooth voltages are applied
to the two horizontal deflecting plates as in
Fig. 10,

MULTIVIBRATOR SWEEP OSCILLATOR.

Among the types of horizontal sweep oscilla-
tors found in oscilloscopes the one called a
multivibrator is especially interesting be-
cause it is used also for horizontal and ver-
tical sweep oscillators in many television
receivers. Fig. 11 is a simplified circuit
diagram of a multivibrator. The tubes mark-
ed 1 and 2 ordinarily are the two sections of
a twin triode,

When power is first turned on, plate cur-
rent commences to flow and to increase in
tube 1. This current flows in cathode resist-
or Rk, which is common to both tubes. The
increasing plate current causes an increasing
voltage across Rk and an increasingly nega-

B+

1o

Fig. 11.

The circuit of a multivibrator sweep
oscillator.

tive grid bias on both tubes. Because of
rather low plate voltage on tube 2, that tube
is quickly biased to plate current cutoff and
becomes non-conductive.

While tube 2 is non-conductive there is
electron flow from ground or B-minus to B-
plus by way of capacitor Ca and an adjustable
high resistance at Ra. This flow gradually
charges the capacitor in the polarity marked.
The top of Ca is directly connected to the
plate of tube 2, making plate voltage always
the same as capacitor voltage. The increas-
ingly positive voltage at the top of capacitor
La and at the plate of tube 2 brings plate
voltage high enough to overcome the cutoff
effect of grid bias, and this tube becomes
conductive,

Capacitor Ca now discharges very rapid-
ly through tube 2. Discharge current flows
as a pulse in cathode resistor Rk, making the
grid biases for both tubes highly negative
during the pulse time. This cuts off plate
current in tube 2, to stop the capacitor dis-
charge, and momentarily cuts off plate cur-
rent in tube 1.
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Sudden stoppage of plate current in tube
lallows its plate voltage to become suddenly

voltage charges capacitor Cg in the polarity
marked. Capacitance at Cg and high resis~
tance at Rg are the equivalent of a grid ca-
pacitor and grid resistor such as used for
grid leak bias. Consequently, the grid of
tube 2 is made strongly negative by the nega-
tive charge on the grid side of capacitor Cg.
The grid remains negative and holds the tube
at plate current cutoff until most of the
charge from Cg has time toleak away through
high resistance at Rg.

While all this has been going on, with
tube 2 held at plate current cutoff, capacitor
Ca has been recharged by electron flow from
B-minus into the capacitor and out through
resistor Ra to B-plus. This charging has in-
creased the plate voltage on tube 2, while, at
the same time, grid bias on this tube has be-
come less negative as capacitor Cd loses its
charge through resistor Rg. After a period
depending on time constants of Ca and Ra,
and of Cg and Rg, the rising plate voltage and
decreasing negative bias on tube 2 reach
values at which this tube becomes conductive.
Then capacitor Ca again discharges through
the tube. Just as before, the discharge
causes a current pulse in resistor Rk, and
the whole performance repeats over and over
again.

The sawtooth waveform at the right in
Fig. 11 shows the changes of voltage across
capacitor Ca. Each sudden discharge of this
capacitor causes a rapid drop of voltage as
at a-a-a. Each relatively slow recharge of
the capacitor causes the rises of voltage at
b-b.

Each cycle of sawtooth voltage may be
considered to begin with a capacitor dis-
charge and drop of voltage, and to end at full
recharge and maximum rise of voltage. Fre-
quency of the sawtooth voltage is determined
by time constants of Ca-Ra and of Cg-Rg.
Because these two time constants must be
kept approximately equal, resistors Ra and
Rg are made as a dual potentiometer with a
single control knob. Instead of single capac-
itors at Ca and Cg there are a number of ca-
pacitors of different values, any required
combinations of which may be connected into

the circuits by a suitable selector switch,

IToTe PUSﬂ:tVE The pl‘IISE of pUSItIVE pIEtE !!EQuEncy ol a sawtooth voltage as de-

termined by time constants of capacitor-re-
sistor combinations is called the free-running
frequency of the oscillator, It is the fre-
quency at which the oscillator would operate
when no additional external voltages are ap-
plied to the tubes or circuits in a way to alter
the frequency.

GASEOUS TUBE OSCILLATQR. The

type of sawtooth oscillator or sweep oscilla-
tor used longer than any other in oscillo-
scopes employs a kind of tube found in many
industrial electronic applications. This tube,
called a thyratron, is of the triode type, with
cathode, control grid, and plate. But instead
of a nearly perfect vacuum within the enve-
lope there is a small quantity of gas. A thy-
ratron made especially for oscilloscopes is
pictured by Fig. 12, It appears much like
some common styles of vacuum tubes.

12. A thyratron tube used as the hortu-
zontal sweep oscillator in many
oscilloscopes.

10
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The peculiar properties of the thyratron
are due to an action called ionization, which
may be described as follows: When negative
electrons travel from cathode toward plate
at high velocity they collide with atoms of
gas. Other electrons are knocked out of the
atoms. These other electrons, along with
those emitted from the cathode, go to the
plate. Loss of one or more electrons leaves
the gas atoms positive, they become positive
ions. The positive ions move toward the
negative cathode, pick up negative electrons
from the space charge which is near the
cathode, and thus neutralize or get rid of
most of the space charge.

It is the negative space charge that re-
tards electron emission from cathodes and
causes the opposition to electron flow which
we call plate resistance. With the space
charge neutralized, plate resistance of the
tube drops to something around five or ten
ohms, and the tube becomes highly conduc-
tive.

When the grid is so negative with refer-
ence to the cathode as to cut off electron
flow to the plate, the tube has very great
plate resistance. As the grid is made less
negative there will be a value of bias at which
electrons commence to pass through the grid
and ionize atoms of gas. For any given volt-
age on the plate there is some certain value
of grid bias at which ionization commences.
Or, we may say that for any particular value
of grid voltage there is a plate voltage which
pulls electrons through the grid and starts
ionization,

Ionization drops the plate resistance to a
negligible value within about 1/100,000 sec-
ond. No matter how negative the grid voltage
may remain, the grid has no further control
of electron flow in the tube, because positive
ions neutralize the negative charge of the
grid as well as the negative space charge.
Tube resistance remains negligible until
plate voltage drops so low as to cause no
further electron flow through the tube.

Although plate resistance goes from
maximum to minimum in about 1/100,000
second, and current through the tube goes

from zero to full value just as quickly, the
current does not decrease to zero quite so

11

quickly at the end of the flow. It takes at
least 1/50,000 second and maybe slightly
longer for all the remaining positive ions to
pick up negative electrons and again become
neutral atoms. Only then can the space
charge and the negative grid regain control
and increase the plate resistance to a wvalue
which completely stops electron flow. This
part of the process is called de-ionization.

The circuit for a gaseous tube sweep
oscillator used in oscilloscopes is shown by
Fig. 13, The black dot inside the tube symbol
indicates a gaseous or gas-filled tube, as

Ra
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Fig. 13. The circuit of a thyratron or gaseous
tube horizontal sweep oscillator.

distinguished from a vacuum tube. The grid
is negatively biased by voltage drop across a
resistor in the cathode lines. Any capacitor
selected by the range switch is charged by
electron flow from B-minus to the capacitor,
and from the capacitor through adjustable re-
sistor Ra to B-plus. During the relatively
slow charge, capacitor voltage increases a-
long slopes a of the sawtooth waveform.

When capacitor voltage and voltage on
the connected thyratron plate increases to a
value at which the grid no longer can prevent
electron flow, there is instant ionization or
"break-down'' of the thyratron, and the capac-
itor discharges through the tube. The sudden
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decrease of capacitor voltage forms the steep
downward slopes at b on the sawtooth wave.

It would be difficult to adjust the free-
running frequency of a sweep oscillator to

When discharge ceases, as de-ionization be-
comes complete, the tube again becomes non-
conductive. This allows recharging of the
capacitor, adnd the whole process repeats.
Free-running frequency of this oscillator is
determined by the time constant of the select-
ed capacitor and resistance at Ra.

SYNCHRONIZING THE SWEEP. In order
that any number of cycles of an observed
voltage may remain stationary on the screen
of the oscilloscope there must be a certain
relation between frequencies of observed
voltage and of horizontal sweep. The time
per cycle of observed voltage must always
divide into the time per sweep with no frac-
tion left over. This is the same as saying that
the sweep frequency must divide into the ob-
served frequency with no fraction of a cycle
left over. For example, with sweep frequen-
cy of 30 cycles per second you can observe
applied voltages having frequencies of 30, 60,
90, 120 or any other number of cycles per
second which results from multiplying the
sweep frequency by a whole number. The
reason is explained as follows.

Lookback at the trace shown as B of Fig.
2, where the sweep rate is 30 per second and
the frequency of the observed voltage is 60
cycles per second. This trace looks like only
two cycles, and it would be formed by only
two cycles were it possible to watch the
screen for exactly 1/30 second, no more and
no less, Actually we see many successive
pairs of cycles. Every pair is like every
other pair, and, provided all of them begin at
the same point on the screen, all cause the
electron beam to follow the same path across
the screen,

At the completion of one pair of observed
cycles the beam flies back to the left-hand
side of the screen in time to catch the begin-
ning of the next pair of cycles. The beam
must begin every horizontal trace at precise-
ly the same point on a cycle of observed volt-
age. Then, no matter how long you watch, all
the pairs of cycles which are occuring every
1/30 second cause traces along the same
path, and persistence of vision allows seeing
all these traces as one steady line of light on
the screen.

match exactly any Whole multipte of observed

cycles, with no fraction of a cycle left over.
Even could you make such an adjustment, it
would hold only for a short time because
there are so many variables tending to
make slight changes of oscillator frequency’
Therefore, the sweepfrequency must be forc-
ed into step with the observed voltage, and
must be held in that relation. That is, we
must synchronize the oscillator frequency
with the frequency of the observed voltage,

This becomes possible when we adjust
capacitors and resistors in the oscillator
circuit to make the free-running frequency
just a little slower than the observed fre-
quency. Then we apply to the grid of an os-
cillator tube a voltage derived from the one
being observed, and, of course, having the
same frequency. Connections are shown by
Fig. 14, where we have tube 1 from the mul-
tivibrator circuit of Fig. 11. The grid of this
tube is connected to the slider of a potenti-
ometer marked 'Sync Control'". One end
terminal of this control goes to ground and
the other to the plate circuit of a vertical
amplifier tube.

Any voltage to be observed is applied to
the vertical input terminals, and acts through
a gain control on the grid of the vertical amp-
lifier tube. This voltage, strengthened, ap-
pears in the plate circuit of the amplifier,
from where a part is taken through resistor
Rs to the sync control potentiometer.

12

Eachnegative alternation of voltage from
the vertical amplifier makes the grid of the
oscillator tube negative. As we learnedearli-
er, a sawtooth cycles starts in the multivi-
brator when the first grid is made sufficient-
ly negative to cut off plate current. Then
plate voltage rises,a grid capacitor is charg-
ed, the second tube becomes conductive, and
there is discharge of the capacitor in the
sawtooth circuit.

To cause all this to happen, the free-
running frequency of the multivibrator is ad-
justed to afrequency slightly slower than that
of the observed voltage. Then, just before
the oscillator would go through a sawtooth
cycle of its own accord, one of the negative
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alternations of observed voltage makes the
oscillator grid negative. This starts a saw-
tooth cycle in time with, or synchronized by,
the observed voltage. Sawtooth cycles might
be thus started at points such as a-a on the
synchronizing voltage in Fig. 14,

To CRT *
Circuits

Gain Sweep
Control Sync Osc
Control
| 4
| |
al al

Sync Voltage

Fig. 14. How a sweep oscillator may be syn-
chronized from an observed voltage
going through the vertical amplifier.

The same general method of synchroniz-
ing the sweep rate with an observed voltage
could be applied to the gaseous oscillator of
Fig. 13. Then the sweep rate would be timed
by positive alternations of synchronizing
voltage, because a gaseous oscillator starts
a sawtooth cycle when its grid is made posi-
tive,

Moving the slider of the sync control
potentiometer applies more or less of the
synchronizing voltage to the oscillator grid.
This adjustment is set to apply just enough
synchronizing voltage to hold the oscillator
in synchronization and thus to keep the trace
steady on the screen of the oscilloscope. The
pointer or knob which operates the sync con-
trol is on the front panel of the scope. It
moves over a dial usually marked "Sync Con-
trol" or "Sync Amplitude" or something of
equivalent meaning.

Still to be explained is the reason why
the oscillator is not forced to go through a
sweep cycle by every cycle of synchronizing
voltage, and why it is possible to view any
number of cycles of observed voltage during
one sweep. The reason is illustrated by Fig.
15. Up above are several groups of cycles of
an observed or synchronizing voltage, all at
the same frequency. Below are sawtooth
voltage cycles produced by a sweep oscilla-
tor. The time included in each sawtooth is

Synchronizing Voltage

®

=
=

Fig. 15.

served voltage.

13

During each horizontal sweep there may occur various numbers of cycles of an ob-
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determined primarily by the free-running fre-
quency of the oscillator. This frequency can

~ be made aniythinig desired by selection of suit-

able capacitances and resistances in the os-
cillator circuit.

Each sawtooth wave represents the
change of voltage on the charged capacitor
and at the plate of an oscillator tube. The
oscillator tube can be made conductive, to
discharge the capacitor and start a sweep
cycle, in either of two ways. First, when
plate voltage rises to a value which over-
comes the cutoff effect of a negative grid.
Second, when grid voltage changes in a man-
ner which allows conduction with whatever
plate voltage may exist.

A sync voltage applied directly or indi-
rectly to an oscillator grid must be of only
moderate strength. Too much sync voltage
would distort the sawtooth waves and pre-
vent true reproduction of observed voltages
on the screen of the scope. A small sync
voltage can start a sawtooth cycle only when
oscillator plate voltage has risen almost high
enough to start such a cycle even were no
sync voltage present. Consequently, a sweep
cycle can be started by a sync voltage only at
instants when the sawtooth wave at the free-
running frequency has risen almost to the
point of starting a cycle without any sync
voltage.

At A in Fig. 15 a sawtooth sweep cycle
will be started by the sync voltage at instant
1 and again at instant 3, because at these
times sawtooth cycles are about to start at
the free-running frequency. At instant 2, os-
cillator plate voltage is still too low for the
weak sync voltage to have any effect. Under
these conditions a sweep cycle can be started
only by every second cycle of sync voltage,
and we can see two cycles of observed volt-
age during each horizontal sweep.

The same reasoning applies at B, where
the free-running frequency has been made
such thateach sweep cycle is aslong as three
cycles of observed and sync voltages. At in-
stants 1 and 4 the oscillator is nearly ready
to start a free-running sweep cycle, and it is
easily '"triggered' by the sync voltage. But at
instants 2 and 3 the oscillator plate voltage is
still too low for triggering, and we see three

. tive,

cycles of observed voltage on the screen. At
C there can be triggering only at instants 1

and 7, not at any of the intervening cycles of

sync voltage, and six cycles of observed
voltage appear during every horizontal sweep.

With some types of oscilloscope sweep
oscillators it is necessary to provide sharp
pulses of triggering or sync voltage. These
pulses are obtained from special "integrating'
circuits connected between a vertical ampli-
fier and the sweep oscillator. Fig. 16 shows
oscillator tube connections for such a sys-
tem. To the grid of tube 1 are applied neg-
ative sync pulses which are of the same fre-
quency as that of the observed voltage. From
the plate of tube 1 the pulses, strengthened
and inverted in polarity, are applied to the
grid of tube 2,

Each positive pulse on the grid of tube
2 makes this tube conductive, There is elec~-
tron flow from ground or B-minus to capaci-
tor Ca, from this capacitor to the cathode of
tube 2, and through this tube to B-plus. This
flow, which continues only while the tube is
conductive, charges capacitor Ca in the po-
larity marked. The rise of capacitor voltage
during charge is indicated at a on the saw-
tooth waveform.

When tube 2 again becomes non-conduc-
capacitor Ca commences to discharge
through high resistances at Ra and Rb. The
decrease of capacitor voltage is indicated at
b on the sawtooth waveform. At the next
pulse of positive voltage on the grid of tube 2
there is another capacitor charge, at ¢ on the
sawtooth waveform. The free-running fre-
quency is adjusted to suit the frequency of

sync voltage pulses applied to the grid of
tube 1.
FREQUENCY CONTROLS., As we have

seen in circuit diagrams for various sweep
oscillators, the principal means for varying
the sweep rate or sweep frequency is by se-
lection of one of several capacitors whose
charging and discharging provide the saw-
tooth voltages. The selector switch is oper-
ated by a knob or pointer of some such style
as in Fig. 17, located on the front panel of
scope. A dial shows the approximate range
of frequencies which may be had at each po-
sition of the switch. The pointer, as illus-

14
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16.

Fig.

Triggering of

trated, is at a position allowing sweep fre-
quencies from about 75 to 360 cycles per
second. This control usually is marked
"Coarse Frequency' or "Frequency Range",
or something of equivalent meaning.

Frequencies within the range covered by
each selected capacitor are obtained by vary-
ing an adjustable resistor in the sweep cir-
cuit. This is resistor Ra in Figs. 11 and 13,
and Rb in Fig. 16. This control, on the front
panel of the scope, usually is marked '"Fine
Frequency'" or '"Vernier Frequency'" or any
words of this general import.

COARSE FREQUENCY
360 2000

\

75 10000

12 60000

Fig. 17. A selector for frequency range or
coarse frequency.
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/
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an oscillator by sharp pulses of sync voltage.

Maximum sweep rates in service oscil-
loscopes having multivibrator oscillators
usually go to 60,000 cycles per second or
slightly higher. No other sawtooth oscillat-
ors used in this class of work are capable of
going any higher than the multivibrator.
With gaseous oscillators the maximum sweep
rate is about 30,000 per second, a limit set
by time required for de-ionization. Various
other oscillators provide maximum sweep
rates intermediate between these two. A
maximum sweep frequency of either 60,000
or 30,000 per second is ample for television
servicing, for reasons which follow,

For satisfactory inspection of waveforms
there is a limit to the number of cycles of
observed voltage which may be on the screen
at one time, as you will realize by looking at
Fig. 18. At A the sweep timing is twice the
period of one cycle of observed voltage, or
sweep frequency is half that of the observed
voltage, The time for one sweep is equal to
the time for two cycles of observed voltage.
Part of this total sweep time is taken for the
end of one cycle at the left. The next cycle
is in full view from its beginning to end. The
remaining sweep time is taken up by the be-
ginning of a third cycle, at the right.



Fig. 18A.

Fig. 18B.

AAMARAAAMMAR

Fig.

18C.

Fig. 18. Waveforms become difficult to examine when there are two many observed cycles on the

screen at one time.

At B the sweep frequency is one-ninth
the frequency of observed voltage, bringing
eight complete cycles onto the screen. It
still is possible to examine the waveform of
any one cycle quite satisfactorily. At C the
sweep frequency is one-twentieth that of the
observed voltage, and waveform examination
is becoming rather difficult. When working
with oscilloscopes you will find that the prac-
tical limit of observed frequency is about ten
times the sweep frequency. With maximum
sweep of 60,000 cycles this brings the limit
of observed frequency to about 600,000 cycles
or 600 kilocycles, and with maximum sweep
of 30,000 cycles the limit of observed fre-
quencies would be about 300,000 cycles or
300 kilocycles per second.

Of course, the greater the diameter of
the cathode-ray tube the greater the number
of cycles which may be examined for wave-
form. Considering useful screen diameters,
which are less than mnominal diameters, a

186

tube of 5-inch nominal diameter is 63 per
cent better than a 3-inch tube, and a tube of
7-inch nominal diameter is 33 per cent better
than a 5-inch tube.

In television we have to deal with carrier
frequencies between about 50 and 900 mega-
cycles, with intermediate frequencies from
about 20 to 50 megacycles, and with video
frequencies up to nearly 5 megacycles.
Waveforms at none of these frequencies can
be examined with any service type oscillo-
scope, for all the frequencies mentioned are
far higher than 600 kilocycles.

Then we come down to sound frequen-
cies, which go no higher than 20,000 cycles
per second, to the horizontal line frequency
of 15,750 cycles, to field frequency of 60 cy-
cles, and to power supply frequencies of 60
and 120 cycles per second. All of these fre-
quencies are well within the range of a hori-
zontal sweep rate which is either 60,000 or
30,000 cycles per second.
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Lesson 52
OPERATING THE OSCILLOSCOPE

Always present on even the simplest
service oscilloscopes are eleven controls,
These essential controls may be classified in
four groups, as follows.

1. Electron beam controls.
a, Intensity, for varying brightness
of traces,
b. Focus, for sharp traces.

2, Vertical controls.
a. Position, for centering or shift-
ing traces up or down,
b. Gain, to vary height of traces.

3. Horizontal controls.
a. Position, for centering or shift-
ing traces sideways.
b. Gain, to vary width of traces.

4, Sweep controls.

a. Coarse frequency.

b. Fine frequency.

c. Sync amplitude, for strength of
synchronizing voltage.

d. Sync selector, for source of syn-
chronizing voltage.

e. Sweep selector, for input to hor-
izontal amplifier.

The arrangementof these controls on the
panel will vary with different makes and
models of oscilloscopes. It has, however, be-
come farily common practice to follow some
such scheme as illustrated by Fig. 2. Elec-
tron beam controls, our group 1, are near the
exposed face of the cathode-ray tube, Verti-
cal controls, group 2, are at the left. Hori-
zontal controls, group 3, are at the right.
Sweep controls, group 4, are in the center
and toward either side of the panel.

On the left hand side of the panel is a
selector switch marked '"Vertical Attenuator'
which, in connection with the '"Vertical Gain"
potentiometer control immediately above,
regulates the height of traces on the CRT
screen. Al position 1 of the attenuator the
full voltage connected to the vertical input is

applied to the vertical amplifier system.
Amplification of this amplifier then may be
regulated by the gain control. In position 10
of the attenuator the input voltage is divided
by 10, and in the other positions by 100 or
1,000, before it reaches the input to the amp-
lifier. The vertical gain control is used with
the attenuator in any position.

On the right-hand side of the panel in
Fig. 2 is a switch marked ""Horizontal Selec-
tor'. This is a multi-section switch serving
two distinctly different purposes. It is a sync
selector and a horizontal sweep selector.
These two functions will be explained separ-
ately, because they are not always handled by
the same combination of switch sections.

SYNC SELECTOR. The sync selector
switch or switch section allows using a volt-
age from any of several sources for syn-
chronizing the horizontal sweep oscillator
which produces sawtooth voltages. Typical
connections are shown by Fig. 3.

The grid of the sweep oscillator tube is
connected, as usual, to the slider of the sync
amplitude potentiometer which regulates the
strength of synchronizing voltage. When first
we examined this method of synchronizing the
sweep oscillator, the high side of the potenti-
ometer was connected through a resistor to
the plate circuit of a vertical amplifier tube.
Now we have the same connection, but it is
made through the sync selector switch which,
in the diagram, is turned to the position
marked INT.

When the sawtooth sweep oscillator is
thus synchronized by a voltage from a verti-
cal amplifier within the oscilloscope, we
refer to the method of operation as "internal
sweep'. The switch marking, INT, is an
abbreviation for internal synchronization or
internal sweep.

Another position of the sync selector
switch is marked LINE, which indicates
synchronization at power line frequency.
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Fig. 2. A typical grouping of controls on the panel of a service oscilloscope.
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the voltage is applied through the potenti-
ometer to the grid of the sweep oscillator.

T U

CRT

LINE
EXT. INT
—O‘_\ :
-
Sync Sweep

Amplitude

Connections for a sync selector
switch,

With the selector switch in this position, the
sync amplitude potentiometer is connected to
the heater circuit for tubes, in which there is
power line frequency, usually 60 cycles per
second. The sweep oscillator then is syn-
chronized only for observed voltages having
60-cycle frequency, or any multiple of 60
cycles.

For line synchronization the coarse fre-
quency and fine frequency controls must be
adjusted for 60 cycles or for a multiple of
this frequency. Line frequency synchroni-
zation is useful in many commercial and in-
dustrial applications of the oscilloscope, but
seldom is employed for television or radio
servicing.

A third position of the sync selector
switch is marked EXT, for external synchro-
nization. In this position of the switch the
sync amplitude potentiometer is connected to
a panel terminal marked EXT SYNC. When
any external source of alternating voltage is
connected between this terminal and ground,

Then the oscillator is synchronized at the
frequency of the external voltage or for any
multiple of that frequency.

When using external synchronization it
is necessary to set the coarse frequency and
fine frequency controls for the synchronizing
frequency or a multiple of this frequency,
just as when using internal synchronization.
External synchronization is needed for only a
few rather special service operations in tele-
vision and radio.

SWEEP SELECTOR. Connections for a
horizontal sweep selector switch or switch
section are shown by Fig, 4, When this
switch is in the position marked INT, for in-
ternal sweep, the horizontal gain control
which leads to the horizontal amplifier is
connected to the output of the sweep oscilla-
tor. Then the horizontal amplifier operates
on the sawtooth voltage output of the oscilla-
tor, and there is sawtooth horizontal deflec-
tion of the electron beam in the CRT.

SWEEP HORZ
INT. EXT. INPUT
40 ©
GND.
11T =
to CRTi
Horz T
Gain -
_| Sweep Horiz.
Oscillator Amplifier
Fig. 4. Connections for a sweep selector.

With the sweep selector switch in its
EXT position the sawtooth oscillator is dis-
connected from the amplifier, and the ampli-
fier, and the amplifier is connected through
the gain control to a panel terminal marked
HORZ INPUT. Any external alternating volt-
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age applied between the HORZ INPUT ter-
minal and ground now goes through the hori-
zontal gain control and amplifier, and causes
horizontal deflection of the beam in the CRT,.

The principal use for an external hori-
zontal sweep voltage in television servicing
is during observation of frequency responses
when voltages covering a wide range of fre-
quencies are furnished by a sweep generator
and applied to the vertical input of the scope.
We shall become acquainted with sweep gen-
erators and their uses in lessons to follow.

The switch for selecting a horizontal de-
flecting voltage sometimes is a separate unit,
as in Fig, 4, More often it is combined either
with the sync selector switch, as in Fig. 1, or
else with the coarse frequency selector. This
latter combination might appear on the panel
as in Fig, 5.

90-
10- 800

90

800-

Fig. 5.

A sweep selector position onaswitch
for coarse frequency.

No matter what switching arrangement
or combination may be used, when the hori-
zontal amplifier is connected to panel ter-
minals it is disconnected from the sweep
oscillator. As a consequence, the sync se-
lector can have no effect on horizontal sweep
of the CRT beam, because the sync selector
operates only on the input for the sweep os-
cillator, and with this oscillator disconnected
the sync selector also is disconnected.

It is equally true that coarse frequency
and fine frequency adjustments can have no
effect when the horizontal amplifier is con-
nected to the horizontal input on the panel,
These frequency adjustments operate only on
the sweep oscillator, and with the oscillator
disconnected they cannot affect horizontal de-
flection.,

CONNECTIONS TO TERMINALS, There
are two operating conditions which require
the use of a shielded cable between the ver-
tical input terminal of the oscilloscope and
the source of observed voltage, Such a cable
is necessary whenthe source of voltage is it-
self of high impedance, possibly 50,000 to
100,000 ohms or more. This refers to the
impedance or resistance across which the
vertical input is connected at the source end
of the cable.

A shielded cable for the vertical input is
required also when the observed voltage is so
weak that the oscilloscope must be operated
at high vertical gain., In either of these cases
the central conductor of the cable is connect-
ed to the vertical input terminal and the high
side of the voltage source, while the shield is
connected to ground, both at the instrument
and at the source.

The purpose of shielding is to prevent
pickup on the vertical input connection of 60-
cycle magnetic and electric fields which al-
ways are present in rooms where there are-
a-c power and lighting lines., When voltages
induced by these fields are amplified in the
oscilloscope, traces at all frequencies will
contain waves at the power line frequency, or
will contain many closely spaced lines which
may appear separated or may combine to
make horizontal portions of traces excess-
ively thick,

Cable shielding is of little or no advan-
tage when the observed voltage is taken from
a source of low impedance, such as the load
resistor of a video detector, in which resis-
tance would be less than 10,000 ohms., This
is true also when input voltages are so strong
that the vertical gain must be low, as when
taking signals from some points in sync and
sweep circuits of television receivers,

While a shielded input cable prevents
trace distortion due to energy pickup from
surrounding fields, it introduces other
troubles of its own., These other troubles
arise from the fact that there is considerable
capacitance between the central conductor
and the outer shield of the cable. This ca-
pacitance is effectively connected between the
high side of the voltage source and ground.
If the observed voltage is at frequencies of
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several megacycles, or contains such fre-
quencies, the capacitance to ground may so

distort the voltage that you do nol see what
actually exists when the cable is not in use.

There are high frequencies in all the
sync pulses of television signals., Even
though the pulse rate is only 60 cycles per
second for vertical deflection and 15,750
cycles for horizontal, the changes of voltage
occur at far higher rates. For instance,
when voltage changes from the pedestal level
to a pulse peak, the change is as rapid as in
a signal whose frequency is several hundreds
of kilocycles at the very least. Changes from
pulse peaks back to the pedestal are just as
rapid.

Fig, 6 shows some traces of horizontal
line periods as taken from the load of a video
detector. The trace at A was photographed
with an unshielded cable in use, the one at B
with a shielded cable, and the one at C with a
shielded cable having special compensation
for high and low frequencies. Cables of this
latter type will be examined in connection
with the subject of frequency-compensating
attenuators,

. Shielded cable should be used for the
horizontal input of the scope when the exter-
nal source of horizontal deflecting voltage
has high impedance, or if the horizontal gain
control must be adjusted to a high level.
Such cable should be used also on the exter-
nal sync terminal when the source of syn-
chronizing voltage has high impedance.

The several ground terminals on the
panel of the oscilloscope, as in Fig. 2, are
connected together inside the instrument,
and usually also tothe metal case or housing,
More than one ground terminal is needed in
order to allow connection of more than o.e
external voltage. A voltage to be observed is
connected between the VERT INPUT terminal
and one ground. An external sync voltage
would be connected between the EXT SYNC
terminal and another ground, or an external
voltage for horizontal deflection would be ap-
plied to the HORZ INPUT terminal and a
ground. One of the ground terminals may be
used for connecting the case of the oscillo-
scope to a metal test bench,

Fig. 6A.

Fig. 6B.

Fig. 6C.

Fig. 6. Traces from a video detector, or
video amplifier, are little affected

by the kind of connecting cable.

World Radic Histo
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STEPS IN OPERATING. The following
list outlines very briefly the steps to be taken
when placing the oscilloscope in operation
and observing a voltage waveform by means
of the internal sawtooth sweep.

1. External connections,
a, Verticalinput to highside of source
of voltage to be observed,
b, Ground terminal to chassis ground
or B-minus of receiver, or to low
side of source of observed voltage.

2. Preliminary adjustments.,

a. Intensity at minimum,

b. Focus, vertical and horizontal po-~
sitioning, vertical and horizontal
gain,and fine frequency, to approx-~
imately the middle of their ranges.

c. Vertical attenuator, if on panel, to
position for maximum attenuation
or to position used for strongest
observed voltages.

d. Sync amplitude advanced about one-
fourth of its range from minimum.

e. Sync selector switch to INT, to in-
ternal synchronization,

f. Sweep selector, if not combined
with other controls, to position for
internal sawtooth sweep, not for
external horizontal input,

g. Coarse frequency to approximate
frequency of observed voltage, if
known,

3. Turn on the power switch. On some
scopes this switchis operated with the
intensity control,

4. Gradually advance the intensity con-
trol until trace lines are clearly vis-
ible on the screen of the CRT. Make
the trace no brighter than necessary,

5. Adjust the fine frequency control to
hold the trace stationary on the
screen, or so that there is only slow
movement to either the right or left,

a. If the trace cannot be held station-
ary, or if it consists of many con-
fused lines, set the coarse frequen-
cy control at a higher or lower po-
sition which does allow bringing
the trace almost to a standstill by

adjustment of the fine frequency
control,

6. Adjust the coarse frequency to bring
the desired number of cycles of ob-
served voltage onto the screen.

a. Every change of coarse frequency
will require readjustment of fine
frequency in order to prevent ex-
cessive movement of the trace.

7. Adjust the sync amplitude control to
the lowest setting at which the trace
remains stationary on the screen.,

a. Keep retarding the sync amplitude
control while readjusting the fine
frequency to find the least syn-
chronizing voltage which will pre-
vent sidewise movement of the
trace,

8. Adjust the focus control for the finest
or narrowest trace lines,

9. Adjust the vertical and horizontal gain
controls to make the trace of desired
height and width,

a, If there is a vertical attenuation
control, use it for an approximate
adjustment of height, then make a
further adjustment with the verti-
cal gain control.

10. Use the vertical and horizontal posi-
tioning controls to bring the trace to
the position allowing most convenient
observation,

In order to operate the oscilloscope to
best advantage it is desirable to have addi-
tional information relating to many of the
steps in the preceding outline. Details are
explained in following paragraphs.

INTENSITY. The intensity control al-
ways should be turned as low as allows clear
traces. High intensity causes excessive bom-
bardment of the screen material with elec-
trons, and the screen will become perman-
ently darkened before the normal ending of
its life,

Unless the beam is being deflected hori-
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Fig. 7.

zontally, vertically, or in both directions,
keep the intensity low enough to cause only a
visible line or spot. An undeflected spot,
even when of low illumination, may eventually
burn the screen,

To maintain any given brightness of the
trace, the intensity control must be advanced
for increases of sweep frequency and observ-
ed frequency, also when the trace is made
wider or higher. Under these conditions the
beam travels more rapidly over each inch of
trace line, electron energy thus is spread
more thinly, and more energy or increased
electron flow is needed.

When you complete one observation, but
expect to make others within a short time,
reduce the intensity to leave a barely visible
trace, or no trace at all, between times. This
is better than turning the power off and on
every few minutes, since such practice
causes continual expansion and contraction of
heaters and cathodes in all the tubes.

Part of a control panel as seen from inside an osctilloscope.

FREQUENCY CONTROLS. It is not nec-
essary to know the frequency of a voltage to
be observed, nor is it necessary to know the
sweep frequency at which the oscilloscope is
operating. The only thing really necessary
is to adjust the coarse and fine frequency
controls until one or more cycles of the ob-

served voltage appear on the screen of the
CRT.

The coarse frequency selectors for ser-
vice oscilloscopes go at least as low as 15
cycles, and many go as low as two, three, or
four cycles per second. All go at least as
high as 25,000 cycles or more. Since it is
possible to distinguish as many as 20 cycles
of observed voltage per sweep cycle, all
voltages at frequencies up to 500,000 cycles
or more may be recognized merely by suit-
able adjustment of the twofrequency controls.

The fine frequency control never is cali-
brated or marked for certain frequencies,
because there are so many operating con-
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ditions which vary the frequency to a greater
or less extent. This control simply is ad-
justed for a trace which is stationary, or
nearly so, without regard to any particular
frequency. As the oscilloscope and the
source of observed frequency continue to
warm up during service operations, it is
necessary to make slight readjustments of
the fine frequency control.

When a trace moves slowly to the right
or left, either steadily or in jerks, the motion
may be stopped and reversed by turning the
fine frequency control in one direction or the
other. Shifting of the trace toward either
side should be made as slow as possible by
fine frequency adjustment before advancing
the sync amplitude to lock the trace in one
position,

A fine frequency control will have enough
range of adjustment to bring any of several
numbers of cycles onto the screen at one
time. For example, with the coarse frequen-
Cy remaining in some one position, adjust-
ment of the fine frequency from one end to

the other of its range might bring either one,
two, three, or more cycles of observed volt-
age into view. Advancing the fine frequency
reduces the number of observed cycles, while
retarding this control increases the number
of cycles. To view some particular number
of observed cycles it may be necessary to
readjust the coarse frequency control, Using
this control to increase the number of sweep
cycles per second will reduce the number of
cycles of observed voltage.

If the sweep frequency is made greater
than the frequency of an observed voltage, a
cycle of that voltage will be split into several
sections. This effect is shown in Fig. 9. At
A is a single cycle, brought into view by
making the sweep frequency equal to the ob-
served frequency. At B the sweep frequency
is doubled, and the single cycle is divided in-
to two parts. One part extends from 1 to 2,
the other from 3 to 4. At C the sweep fre-
quency is three times the original rate, which
splits the cycle into three parts. The first
part goes from 1 to_2, the second from 3 to
4, and the third from 5 to 6.

Power transformers

9

in a service oscilloscope.
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Fig. 9A.

Fig. 9C.
Fig. 9. Sweep frequencies higher than ob-
served frequencies split the cycles
into various numbers of parts.

Increasing the sweep frequency still
further in relation to the observed frequency

will break the cycle into more and more

10

lines, Such operation of the oscilloscope has
no practical applications in servicing, it is

tostrated—merely toexplainwhat is happen-
ing when you see such traces.

SYNC AMPLITUDE. Until some syn-
chronizing voltage is applied to the grid of a
sweep oscillator the observed trace will
move to the right or left on the screen. This
movement should be reduced as much as pos-
sible by fine frequency adjustment, then the
sync amplitude should be advanced only far
enough to hold the trace stationary. As the
oscilloscope and receiver, or other source of
observed voltage continue to warm up it will
be necessary to make slight readjustment of
fine frequency. Do not increase the sync
amplitude when actually the fine frequency
should be readjusted to hold a trace station-
ary.

Too much sync amplitude will trigger
the sweep oscillator before the normal end of
a sweep cycle. This shortens the sweep time,
or increases the sweep frequency. The re-
sult is a reduction in number of observed
cycles appearing on the screen at one time,
and possible distortion of the trace at one
side or the other.

FOCUSING. Adjustment of the focusing
control will produce narrowest and sharpest
trace lines when intensity or brightness is
low or moderate. In CRT's of early types
the focus changes with every readjustment of
intensity, but this effect is not noticeable
with later types.

When a trace is enlarged to occupy a
considerable area on the CRT screen, the
focus may not be equally sharp at all points.
This effect may be examined by turning both
the vertical and the horizontal gain controls
to zero and reducing the intensity to leave
only a barely visible spot. By using the ver-
tical and horizontal positioning controls this
spot may be brought to the center of the
screen, then made of smallest size and most
nearly perfect roundness by means of the
focus control,

If the spot now is moved up and down by
means of the vertical positioning control, and
to the left and right by means of the horizon-
tal positioning control, the shape of the spot
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Fig. 10. Astigmatism distorts the spot when
at various posti-ions on the screen.

may change as shown at A in Fig. 10. The
spot will lose its circularity, and become a
short vertical line in some positions, and a
short horizontal line in other positions. Por-
tions of a trace which extend into these posi-
tions then will be slightly thickened eilher
vertically or horizontally, while being com-
posed of thin, sharp lines near the center.
This distortion of the spot is called astig-
matism,

Astigmatism is caused by variations be-
tween the average of deflecting voltages ap-
plied to the deflecting plates and the voltage
of the second anode in the CRT. Some ser-
vice oscilloscopes have an astigmatism con-
trol which usually acts to change the voltage
on the second anode in relation to average
voltages on the deflecting plates. When an
astigmatism control is used, in connection
with the focusing control, it is possible to
obtain sharp focus at the top, bottom, and
sides of the screen as at B, Then there may
be slight distortion of the spot at the center
of the screen.

The focus and astigmatism controls are
used together for best overall focus. At A in
Fig, 11 is a trace without an astigmatism
control, and at B is a trace of the same wave-
form when this control is adjusted. The as-
tigmatism control need be used only for close
examination of critical waveforms. Once this
control is correctly set it may remain so,
without further adjustment, for the majority
of observations.

GAIN CONTROLS, If the oscilloscope is
provided with a vertical attenuator in addi-

11

Fig.

11B.

Fig. 11. Average focus at all points on a
trace may be improved by using an
astigmatism control.

tion to a vertical gain control, the attenuator
is set for the approximate desired height of
trace and then the gain control is used for
closer adjustment of height. When there is
no attenuator, the gain control is used for
adjusting the trace height from minimum to
maximum.

Seldom if ever is there a horizontal at-
tenuator, but always there is a horizontal
gain control. This gain control will vary the
width of trace regardless of the source of
horizontal deflecting voltage and regardless
of the method of synchronization. That is,
the horizontal gain c¢ontrol is effective for
both sawtooth sweep and for any voltage ap-
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plied to the horizontal input terminals, It is
effective also with internal, external, or line

of only that portion of the wave in which the
damping occurs, the trace may be stretched

synchronization,

The horizontal gain control may be ad-
vanced far enough to make the sidewise sweep
of the beam much greater than the width of
the screen in the CRT tube., Then only part
of the observed waveform is in view, The
trace is thus enlarged horizontally when you
wish to examine details at some particular
portion of a waveform.

As an example, we might have a trace
as shown at A of Fig. 12, which illustrates
damped oscillations. For close examination

Fig. 12B.

Fig. 12. Any one portion of a trace may be
widened for closer examination of
voltage changes.

out from side to side by means of the hori-
zontal gain control., Then the horizontal po-
sitioning control is used to bring the damped
oscillations onto the central portion of the
screen., The result is the trace shown at B.
Any portion of any waveform may be thus
centered on the screen and enlarged as de-
sired.

The vertical and horizontal gain controls
may be used to greatly alter the appearance
of any given waveform. As a general rule
these two controls are adjusted to make the
height of the trace somewhere near equal to
the width of one cycle. This general relation
between height and width is found so often
that we come to think of various television
signals as being only of the proportions thus
obtained.

At A in Fig. 13 is a trace in which the
pcak-to-peak height has been made almost
exactly equal to the width of one cycle. The
trace at B shows the effect of increasing the
vertical gain. The actual peak-to-peak volt-
age being applied to the vertical input ter-
minals has not been changed in the least, but
this voltage is being amplified to a greater
extent within the oscilloscope. The waveform
at B is exactly the same as at A,

To produce the trace at C the horizontal
gain has been reduced, with vertical gain re-
maining the same as at B. Now the horizon-
tal amplifier withinthe scope is not spreading
the trace so far across the screen, but fre-
quency of observed voltage has not been al-
tered., Also, the waveform at C is the same
as at A and at B. The trace at D shows the
effect of decreasing the vertical gain while
increasing the horizontal gain. Once more,
there has been no change whatever in the
voltage applied to the vertical input of the
scope, and the waveform shown at D is the
same as that shown by the other three traces.

The waveform of any voltage is deter-
mined by the instants during a cycle at which
there are changes of amplitude and potential,
by the polarity of direction in which the
changes occur, and by the rates of change or
durations of changes. None of these things
are altered by manipulation of any oscillo-
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Fig. 13A.

Fig. 13C.

Fig. 13.

given wavefornm.

scope controls. The controls can vary the
appearance of traces produced by a given
waveform, but they cannot vary the waveform
itself.

OSCILLOSCOPE CHARACTERISTICS

Before discussing those characteristics
of an oscilloscope which determine its use-
fulness we should understand that this instru-
ment is used for two distinctly different kinds
of measurement or observation. One class
of work includes examination of frequency
response curves during alignment of r-f, i-f,
and sound amplifiers. A typical trace show-
ing frequency response of an i-f amplifier is

13

Fig. 13B.

Fuig. 13D.

Vertical and horizontal gain adjustments may greatly alter the appearance of any

shown by Fig. 14, Methods of obtaining such
frequency response curves are explained in
another lesson.

The other class of work includes obser-
vation of signal waveforms in all circuits
from the video detector through the sync,
sweep, and deflection systems. Here we en-
counter waveforms such as illustrated by
Fig, 15. The trace at A was obtained with an
oscilloscope in which vertical amplification
is nearly constant throughout a wide band of
frequencies, in which there is high sensitivi-
ty, and reasonably high input impedance. The
trace at B, from the same signal in the same
receiver, was formed by a scope of relatively
poor characteristics.
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which most directly affect waveform obser-
vations. The first important characteristic

is frequency response, meaning the range of
frequencies throughout which there is nearly
uniform gain or amplification. Second is
sensitivity, the strength of input signal volt-
age required to cause a given vertical de-
flection of the CRT beam and a given height
of trace on the screen. Third is input im-
pedance, which fixes the extent to which the
oscilloscope loads the circuits being tested.

FREQUENCY RESPONSE. Maximum
frequency response of an oscilloscope usually
is specified as the frequency of a sine-wave
voltage at which vertical gain drops three
decibels or drops to about 70 per cent of that
for afrequency of something like 1,000 cycles
per second. On this basis, various service
The trade at A, which quite accurately oscilloscopes have high-frequency limits all

Fig. 14. An oscilloscope needs only moderately
good characteristics for showing
frequency responses, like this one.

portrays the signal waveform, allows faster, the way from 100 kc up to about 4 mc.
more accurate, and more certain identifica~
tion and location of troubles than the trace at During waveform observations we en-

B. But the less accurate trace is far from counter the highest television signal frequen-
being useless. Once you become familar cies in the horizontal sync, sweep, and de-

with the manner in which a certain oscillo- flection systems. Here the fundamental
scope presenis signal waveforms taken from  horizontal line frequency isonly 15,750 cycles
receivers in good condition, you readily rec- or 15.75 kc per second. But in the square-

ognize many of the more common failures cornered pulses are frequency components at
and can identify most of the troubles causing least 20 times as high as the fundamental,
them., which means frequencies to at least 315 kc
per second. Consequently, the vertical re-

The vertical amplifier and vertical gain sponse of a television service oscilloscope
control determine the three characteristics should be practically flat to about 300 kc, or

Fig. 15A. Fig. 15B.

Fig. 15. Requirements are quite stringent for accurately tracing waveforms which contain
high frequencies.

14
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more, if pulse voltages are to be traced with
accuracy.

The high-frequency response of any ser-
vice oscilloscope is sufficient for alignment
work. The response of Fig. 14 was taken
from the same instrument as the waveform
at B in Fig. 15. Tracing of television fre-
quency responses does require, however,
good oscilloscope response at low frequen-
cies. Excessive falling off of amplification
at frequencies from 60 cycles down to around
5 cycles per second will cause enough phase
shift to distort the response curve of a tele-
vision receiver. The curve is likely to be so
tilted, in relation to actual receiver gains,
" that you may misalign the receiver because
of a fault which lies in the oscilloscope.

Wide-band amplification in oscilloscope
amplifiers is secured by precisely the same
methods employed in video amplifiers of
television receivers. Low-frequency com-
pensation is provided by large coupling and
bypass capacitances, by suitable relations
between plate load resistances and grid re-
sistances, by degeneration, and by all the
other methods explained when we studied
video amplifiers. For high-frequency com-
pensation we find shunt and series peaking
inductors, high quality circuit elements, and
careful layout to lessen stray and distributed
capacitances.

ATTENUATOR COMPENSATION, As
mentioned earlier, no television signal con-
sists of a single frequency, all are made up
of many widely different frequencies. Unless
all these frequencies are amplified to prac-
tically the same degree in the oscilloscope,
waveform traces will not correctly represent
the signals.

Anoscilloscope amplifier may be so well
compensated for low and high frequencies as
to provide practically equal gain for a wide
band of frequencies. But to take full advan-
tage of such an amplifier the signal voltages
fed to its input must come through the gain
control or attenuator with equal attenuation
of voltages at all frequencies, This can be
accomplished only by frequency compensating
circuits in an attenuator.

15

A gain control without frequency com-
pensation is shown by Fig. 16, The vertical
input terminal connects through a large ca-
pacitance at Ca to the top of a potentiometer
whose slider goes to the grid of the amplifier
tube and whose lower end goes to ground.
This potentiometer acts for input signals as
an adjustable voltage divider of the resis-
tance type.

o——
INPUT

Cao

—
V-

Gain
Control

Fig. 16. Stray capacitances cause frequency
discrimination with this simple type
of gain control.

There are stray capacitances from amp-
lifier grid to input, represented at Cb, and
from grid to ground, represented at Cc.
These form a capacitance voltage divider,
with the two capacitive reactances affecting
division of signal voltage for the amplifier
grid. The capacitances and their relative
reactances are little affected by adjustment
of the potentiometer, but the reactances de-
crease steadily with increase of signal fre-
quency. As a result, high frequencies are
attenuated less than low frequencies. This
condition becomes worse as the potenti-
ometer is adjusted to reduce signal voltage
at the amplifier grid, or adjusted for handling
strong signals. Frequency discrimination
would be absent only when the gain control is
fully advanced.

Fig. 17 shows a simple form of frequency
compensating attenuator. The control is a
two-section rotary switch with four positions.
When this switch is at position 1 the vertical
input terminal is connected through the large
capacitance at Ca tothe grid of the amplifier,
with signal voltage acting across resistor R1.
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17. Connections for one kind

The full strength of signal voltage developed
across R1 is applied to the grid, and there is
no attenuation. This position is equivalent to
having the gain control slider of Fig. 16 at
the top of its travel, where there is no fre-
quency discrimination.

Switch position 10 is equivalent to mov-
ing a gain control slider away from its high-
est setting. Now the input voltage goes
through resistors R2 and R3 in series, with
the amplifier grid lead from between the two
resistors. Resistance at R2 is 9 times that
at R3. Consequently, 9/10 of the input volt-
age is across R2, and only the remaining
1/10, across R3, is applied to the amplifier
grid. At switch position 100 the ratio of re-
sistances at R4 and R5 is 99 to 1, and at po-
sition 1,000 the ratio is 999 to 1. Thus the
grid voltage is reduced at these positions to
1/100 and to 1/1000 of the incoming signal
voltage.

To prevent frequency discrimination, the
ratio of capacitive reactances must equal the
ratio of resistances above and below the grid
connection at each position of the switch.
This is made possible by trimmer capacitors

of frequency-compensating attenuator.

16

which are in parallel with resistors R2, R4,
and R6, These trimmers are in parallel also
with stray capacitances above the grid con-
nection, and by adjustment of the trimmers
the total capacitance above the grid may be
varied in relation to stray capacitance from
grid to ground.

A frequency compensating attenuator
regulates input signal voltage only in large
steps. For adjustment of amplifier gain and
height of traces within each one of these
steps it is necessary to provide another con-
trol for making gradual changes of amplifi-
cation., One such gain control is shown in
Fig. 17. It consists of a potentiometer be-
tween the plate of the first amplifier and the
grid of the second amplifier tube. Various
other types of gain control may be used,
They apply more or less of the output from
one amplifier to the input of a following amp-
lifier,

FREQUENCY COMPENSATING PROBES.
A frequency compensating attenuator would
allow uniform frequency response only were
it possible to apply an observed voltage di-
rectly to the vertical input terminals. In
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Fig. 18. A low-capacitance probe reduces frequency discrimination and increases effective

input impedance of the oscilloscope.

practice, the observed voltage often is taken
from its source to the oscilloscope through a
shielded cable, Between the central conduc-
tor and shield of good quality cable there is
capacitance of 20 to 25 mmf per foot of
length, and in poor quality cable there may
be 80 to 100 mmf per foot. With a cable of
usual length, about three feet, cable capaci=-
tance of at least 60 to 75 mmf will be con-
nected across the measured circuit, in addi-
tion to input capacitance of the oscilloscope.
High frequencies will be bypassed to ground
much more than low frequencies through the
cable capacitance, and there will be frequency
discrimination.

Waveform distortion, as well as loading
of measured circuits, is reduced by using a
low-capacitance frequency compensating
probe on the pickup end of the vertical input
cable, as shown by Fig. 18, In series with
the central conductor of the cable is capaci-
tor C paralleled by resistor R. Capacitance
at _C usually is on the order of 5 mmf. It is
in series with the cable capacitance, and re-
duces effective shunting capacitance to a low
value,

The series capacitance used alone would
readily pass high frequencies but would ser-
iously attenuate low frequencies. The paral-

17

leled resistance at R, which may be from 1 to
as much as 50 megohms, allows passage of
low frequencies., There will be nearly equal
attenuation over a wide band of frequencies
when the product of resistance and capaci-
tance in the probe is equal to the product of
input resistance of the scope and combined
cable capacitance and input capacitance of
the scope.

When a probe contains fixed resistance
and fixed capacitance it must be designed for
the oscilloscope with which used. Some
probes contain adjustable capacitors which
may be set for almost any service oscillo-
scope in which there is a frequency compen-
sating attenuator. A frequency compensating
probe would be useful with the gain control of
Fig. 16 only while this control is set for
maximum gain or at some other fixed posi-
tion and kept there.

All low-capacitance frequency compen-
sating probes reduce vertical semnsitivity of
the scope, usually to about 1/10 of that when
no probe is used., At the same time, loading
of measured circuits is reduced to about
1/10 of that when no special probe is employ-
ed. This allows continued normal perform-
ance in receiver circuits, even where there
are high frequencies,
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OSCILLOSCOPE CONTROLS AND TROUBLES

SENSITIVITY, Vertical sensitivity of an
oscilloscope is specified as the r-m-s alter-
nating voltage which, at the input terminals,
will produce a trace one inch high on the
screen when attenuator and gain controls are
adjusted for maximum deflection. Since in-
put required for a trace one inch high always
is less than one volt, it is convenient to spec-
ify sensitivities in millivolts, which are
thousandths of a volt. The less the number

of millivolts for one inch deflection, the
greater is the sensitivity.
Sensitivities of service oscilloscopes

may be anything from less than 10 to as much
as 500 millivolts per inch. For general tele-
vision servicing it is desirable that vertical
sensitivity be at least as good as 50 r-m-s
millivolts, and always better than 100 milli-
volts per inch. Sensitivity of 20 to 10 milli-
volts per inch is advantageous, but means
higher instrument cost when the amplifiers
provide uniform gain throughout a wide band
of frequencies.

Sufficient horizontal amplification for
sawtooth sweep always is designed into an
oscilloscope. Horizontal sensitivity listed
in millivolts per inch refers to application
of voltages at the horizontal input terminals.
This input is used chiefly for observing
frequency responses, and for this purpose
needs no better than 200 to 300 millivolts per
inch.

The need for vertical amplifiers to in-
crease signal voltages, and for attenuators to
reduce these voltages, is evident from the
following: To produce a trace one inch high
on the screen of a typical CRT used in ser-
vice instruments there must be at least 10 to
15 rem-~s volts; not millivolts, at the vertical
deflecting plates. Video, sync, and deflecting
voltages most often observed during tele-
vision servicing are equivalent to r-m-s
values from less than 0.5 up to 250 volts or
more. For weakest observed voltages we
need amplification of at least 20 times, and

for strongest voltages need attenuation to
about 1/25 for traces one inch high.

Although oscilloscope sensitivity is
specified in r-m-s or effective alternating
volts per inch of deflection, we seldom are
concerned with r-m-s voltage values of ob-
served waveforms. Rather we wish to know
peak-to-peak values. When receiver service
instructions show waveforms which should
exist at certain places, such as the examples
of Fig. 2, it is peak-to-peak voltages which
always are listed.

To arrive at the difference between
r-m-s and peak-to-peak sensitivities, let's
assume that the trace of Fig. 3 is only one
inch high from peak-to-peak, and that this
height results from applying to the vertical
input an alternating voltage whose peak-to-
peak value is 1.00 volt. The amplitude of
either the positive or negative peaks then
will be 0.50 volt, and the r-m-s or effective
value will be approximately 0.35 volt.

In this example we have one inch peak-
to-peak deflection for 0.35 r-m-s input volt,
or a sensitivity of 35 millivolts per inch, But
in order to obtain the one inch vertical de-
flection, the peak-to-peak value of any input
signal would have to be 1.00 volt, not 0.35
volt. Peak-to-peak sensitivity, in millivolts
per inch, is about 2.8 times the r-m-s sensi-
tivity as usually listed. For instance, were
listed sensitivity to be 20 r-m-s millivolts
per inch, peak-to-peak sensitivity would be
about 56 millivolts per inch,

INPUT IMPEDANCE, Impedance placed
across a source of observed voltage when the
oscilloscope is connected to that source is
specified as a combination of input resistance
and input capacitance. Input resistances are
from 0.5 to as much as 5.0 megohms in var-
ious service instruments,

Input capacitances range from about 25
to 50 mmf in service oscilloscopes. Reac-
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The chassis of a service oscilloscope.

by awoy worermdppy = ANAOD



LESSON 53 — OSCILLOSCOPE CONTROLS AND TROUBLES

Fig. 2A. Fig. 2B.
Fig. 2. MWaveform traces from a manufacturer’s service manual. Voltages are 17 peak-to-peak
at A, 180 peak-to-peak at B.

—- — — quency compensating probes reduce input
r capacitance effects to about 10 per cent of
Pe(]k A that with ordinary connections, and capacitive

050V RMS loading is reduced in the same degree.
Psggkto e PUSH-PULL AMPLIFIERS. We learned
A earlier that voltage at one deflecting plate of
1.00V Peak a vertical or horizontal pair is inverted with
reference to voltage at the other plate. This
‘ 0.50 v is accomplished by using vertical and hori-
zontal amplifiers of the push-pull type. The
i . _L _— e _NJ __ _\J__ principle of one kind of push-pull amplifier
is illustrated by Fig.4. Voltage waves shown
Fig. 3. Relations between peak-to-peak on the diagram are of sawtooth form, as
voltage, peak voltage, and r-m-s found in a horizontal system, but exactly the
voltage. same amplifier connections could be used in

tances of such capacitances at frequencies
down around 100 cycles per second are 30 or
more megohms, and have no effect on circuit
behavior. But at the harmonic and other
component frequencies existing in some pulse
voltages, which may be as high as a half
megacycle, these reactances drop to as little
as 5,000 to 10,000 ohms.

The actual load on a voltage source is
that due to input resistance and input capaci-
tive reaclance in parallel. At low frequencies
the loading depends chiefly on input resis-
tance, and at high frequencies almost entire-
ly on input capacitance and capacitive re-
actance. Loading may become very heavy at
high frequencies, and interfere seriously
with performance of a tested circuit. Fre-

the vertical system.

Referring to the diagram, input voltage
from the gain control or attenuator is as-
sumed to be of the polarity shown at 1. This
voltage is applied to the grid of tube A. Po-
larity i1s inverted at the plate of this tube,
and appears as at 2. This amplified volt-
age, without further change of polarity, goes
through blocking capacitors Ca and Cb to one
of the deflecting plates in the CRT.

There is a second tube B, or a second
section of a twin tube, of the same kind and
operated to have the same gain as tube A.
Part of the plate signal voltage from tube A
goes through resistors Ra and Rb to ground.
Here we have a resistance type voltage di-
vider which delivers to the grid of tube B a
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AN

Fig. 4.

fraction of the plate signal voltage from tube
A. Resistance is greater at Ra than at Rb.
The resistance ratio is such that the fraction
of plate signal voltage across Rb, shown at
4, is equal in strength to signal voltage 1 at
“the grid of tube A. o

Since both tubes have equal gains, and
both receive equal signal voltages at their
grids, signal outputs from their plates will be
equal. But note that the signal at the grid of
tube B is of opposite polarity to that at the

B+

Push-pull amplifier employing two tubes, one as combined amplifier and inverter.

grid of tube A, due to inversion in tube A. A
second inversion in tube B produces the sig-
nal polarity at 5 for the second deflecting
plate. This voltage is of opposite polarity,
but of equal strength, to that shown at 3 for
the first deflecting plate of the pair.

Another common type of push-pull amp-
lifier is shown in principle by Fig. 5. Input
signal voltage, 1, from the gain control or
attenuator, is applied to the grid of tube A.
Signal voltage at the plate of A is inverted,

N\N@

s R
_J

1L
LAY

Fig. 5.

4

Push-pull amplifier with a cathode-follower type of tinverter.
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as at 2, Because plate load resistor Ro is
small, maybe only 200 to 300 ohms, there is
negligible gain from grid to plate. Signal
voltage appears also at the cathode of tube A,
in the same polarity as at the grid. This sig-
nal voltage, 3, is of the same strength as that
at 2 when plate load resistor Ro and cathode
resistor Rk are of equal or nearly equal
values. Both resistances are small enough
to allow Rk to act as a bias resistor for tube
A,

Now we have signal voltage 2 at the grid
of tube B, and at the grid of tube C have volt-
age 3 of equal strength but opposite polarity.
These voltages are inverted and equally amp-
lified by the two tubes, and go from the plates
of these tubes, as shown at 4 and 5, to the
two deflecting plates of a pair. Tube A is
called an inverter. It contributes no gain,
but provides signal voltages of opposite po-
larities. Tube B in Fig. 4 is a combined
amplifier and inverter,

SPECIAL FEATURES AND CONTROLS.
Up to this point we have become acquainted
withcircuits and controls found in practically
all service oscilloscopes, also with some
features, such as frequency compensation,
found chiefly in the more costly instruments.
Many other specialfeatures and conveniences
may be added. A few which are in fairly
common use will be described.

SYNC POLARITY REVERSAL. A sweep
oscillator, depending on its type, may require
either positive or negative voltage for syn-
chronizing or {triggering the start of each
horizontal trace€. When a signal applied to
the vertical input and vertical amplifier con-
tains both positive and negative alternations
of fair amplitude, the oscillator will be trig-
gered by alternations of suitable polarity,
and opposite alternations will have no effect.

There are other signals, such as the one
of Fig, 6, having strong pulses of only one
polarity, which may be either positive or
negative, If a scope is designed for trigger-
ing of the sweep oscillator by positive pulses,
and a signal has only negative pulses, syn-
chronization will be difficult and will require
a high setting of the sync amplitude control.
There 1is, of course, similar trouble with

Fig. 6.

There is high positive amplitude in
the pulses, and negligible negative
anplitude between pulses.

only negative signal pulses when the oscilla-
tor requires positive triggering.

Itis possible to provide triggering pulses
or alternations of either polarity, regardless
of the kind of input signal, by taking the sync
voltage from either one or the other of two
push-pull amplifier circuits. If alternations
sharp enough or strong enough for triggering
are of the wrong polarity in one push-pull
amplifier, they will be of opposite polarity in
the other amplifier. Either of these voltages
may be taken to the sync amplitude potenti-
ometer through a selector switch., With an~
other method the sync amplitude potenti-
ometer has a center tap which is grounded.
The outer ends of the spot resistance connect
to the two push-pull circuits, and the slider
goes to the oscillator grid.

If a signal voltage contains both positive
and negative alternations or pulses, and the
sweep oscillator is triggered by positive
pulses, part of a positive pulse or alternation
will appear at the start of the trace, as at A
in Fig. 7. When the oscillator is triggered
by negative pulses the trace will start at the
instant of a negative pulse, as at B. Most
signals of irregular waveform may be more
easily and certainly synchronized in one po-
larity than the other, and a reversing control
allows using the most favorable polarity.

TRACE INVERSION. Most oscilloscopes
are designed in such manner that a vertical




COYNE - Zelevision lome Draining

Fig. 7A.
Fig. 7.

input voltage which is becoming more posi-
tive moves the beam upward on the screen of
the CRT, and a voltage going negative with
reference to ground moves the beam down-
ward. Some instruments have provision for
inverting the trace polarity, causing the beam
to move downward during positive changes of
input voltage, and upward during negative
changes.

When a control of this kind is set for
"positive upward', a video signal at the grid
of a television picture tube will appear as at
A in Fig. 8. This is because picture varia-
tions always are positive and sync pulses
negative at the grid. The trace would appear
as at B were it taken from the grid side of a

Fig. 84.

Fig. 8.
downward.

A given waveform may appear with positive alternations

Fig. 7B.

Triggering occurs from a positive pulse at A, from a negative pulse at B.

video amplifier tube immediately preceding
the picture tube, because there is inversion
in every amplifier.

Were the control set for positive down-
ward, a trace from the picture tube grid
would appear as at B, and from the grid of a
preceding amplifier as at A. Since signal
voltages actually may be of either polarity at
various stages and points in an amplifier
system, trace inversion in the scope is not
particularly useful when observing wave-
forms.

Trace inversion may be quite convenient
when observing frequency responses. We are
accustomed to thinking of voltage gains as

Fig. 8B.

extending either upward or
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Fig. 94,

Fig. 9.
at B.

extending upward from a base line or a line
of zero gain, as at A in Fig. 9. With some
combinations of sweep generators, oscillo-
scopes, and voltage sources, the frequency
response may show gains extending down-
ward, as at B, A trace inversion control will
allow showing all frequency responses with
gains upward.

Were a certain sweep generator and os~-
cilloscope to show gain extending upward in
a response taken from the video detector,
gains would be downward when taken from the

plate of a following video amplifier. Were
there a second video amplifier, the gain
again would extend upward in a response

taken from its plate. Frequency responses
are inverted between grid and plate of an
amplifier, just as are waveforms.

Trace inversion in a scope may be ac-
complished by reversing switches for verti-
cal deflecting plates of the CRT and for ver-
tical positioning controls. With another
method there are two inverter tubes or a
twin tube immediately following the vertical
attenuator. Switching the input to one of
these tubes will allow positive alternations to
move the beam upward or gain to extend up-
ward in a frequency response. Switching to
the other tube would invert the trace polar-
ities. Only one of the two inverters is used
at a time.

INTENSITY MODULATION. During nor-
mal operation of an oscilloscope, intensity of

It is more natural to think of gains as extending upward, as at A,

Fig. 9B.

than downward, as

the electron beam and brightness of traces
are varied by the intensity control. This
control alters the grid bias of the CRT, or
alters the grid voltage with respect to the
cathode. The intensity control is adjusted for
desired brightness of a trace, and remains
without change during observation of any one
waveform or frequency response,

This method of operation is quite differ-
ent from that of the picture tube in a televis-
ion receiver. Grid voltage or bias for the
picture tube is fixed at an average value by
the brightness control. Picture signal volt-
ages cause continual variations from the
average. We may say that beam intensity is
modulated by picture signals applied to the
grid.

When an oscilloscope has the feature
called intensity modulation there is provision
for applying to the grid of the CRT an exter-
nal voltage. Variations of this external volt-
age then will alter the grid voltage, beam in-
tensity, and trace brightness. As the external
voltage goes positive it makes the CRT grid
less negative and brightens the trace. As this
voltage goes negative it makes the grid more
negative and darkens or extinguishes the
trace. Average brightness of the trace re-
mains fixed by the regular intensity control,
just as average brightness of television pic-
tures remains fixed by the brightness control.

The simplest means for introducing in-
tensity modulation is shown by Fig. 10, An
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Fig. 10. A simple circuit for applying inten-

sity modulation to the CRT grid.

alternating or pulsating voltage to be used
for modulation is applied to the jacks or ter-
minals marked INTENSITY MODULATION,
and appears across resistor R. The high
side of the modulating voltage goes to the
grid of the CRT through capacitor C, while
the low side goes through ground and a filter
capacitor, Cf, to the CRT cathode. The CRT
grid is highly negative with reference to
ground, and rated working voltage of capaci-

tor C must be in excess of the maximum neg-
ative gri
not needed for any of the routing television
service operations.

RETRACE BLANKING. When using the
internal sawtooth sweep of the scope, the
electron beamtravels across the CRT screen
to form the useful trace, then returns rapidly
to its starting point to begin the following
trace. While the electron beam is forming
traces interrupted by retraces, the observed
voltage is continuing its cycles without in-
terruption. As a result, those portions of an
observed cycle or cycles which occur during
retrace intervals are not shown by the useful
part of the trace.

What this means in practice is shown by
Fig. 11 at A. The first negative alternation
of observed voltage begins at the horizontal
position for zero voltage, but the final posi-
tive alternation does not get back to the point
of zero voltage before the trace ends. The
remainder of this final positive alternation is
occuring during retrace intervals, or during
times in which the beam is flying back to the
left.

The trace at A is of a low-frequency
voltage, made with a correspondingly slow
sweep rate. Retrace time is here but a small
fraction of the total time for trace and re-
trace, and we lose only a small part of one
cycle of observed voltage.

Fig. 11A.

Fig. 11. The higher the sweep frequency, the more

retrace.

Fig. 11B.

of an observed waveform will be lost in the

tage. Intensity modulation is
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At B is a trace of observed voltage at
much higher frequency, made with a propor-
tionately high sweep frequency. Retrace
time is not altered by changes of sweep fre-
quency. Now, because trace time is much
shorter than before, while retrace time re-
mains unchanged, the retrace time becomes
a greater percentage of trace time. More of
the observed wave is occuring during re-
traces, and does not appear in the useful
trace from left to right.

At higher observed frequencies, with
which there is a necessarily faster sweep
rate, the beam is traveling almost as fast
during the trace from left to right as during
the retrace from right to left, Intensity is
advanced to maintain satisfactory trace
brightness at the high rate of beam travel,
and we commence to see the retrace as a
luminous line curving backward across the
desired trace. This may be confusing.

When observing voltages of high and
moderately high frequencies it is helpful to
be able to blank the retrace. This requires
making the grid of the CRT sufficiently nega-
tive during retrace intervals to cut off the
electron beam. Negative blanking pulses for
this purpose usually are derived from the
sharp changes of sawtooth voltage, either at
the output of the sweep oscillator or from the
horizontal amplifier.

The pulses shown by Fig. 6 are of suit-
able form for retrace blanking. They actual-
ly were obtained by applying a sawtooth volt-
age from a horizontal amplifier to a small
series capacitance and shunting resistance.
These particular pulses were positive, but
they would have been negative if taken from
the cathode rather than the plate of the amp-
lifier, In a number of oscilloscopes there is
an additional amplifier tube used only for
strengthening of retrace blanking pulses and
for intensity modulation.

LOW-FREQUENCY SWEEPS. In tele-
vision servicing we seldom need or use a
sweep rate slower than 30 cycles per second,
which allows observing video or pulse signals
during two field periods or one frame period.
Most service scopes provide sweep rates as
low as 15 cycles per second, and many go
lower,

In a few instruments there is provision
for sweeps lasting a second or more. This
is done by means of a large external capaci-
tance used instead of capacitances regularly
connected into the sawtooth generating cir-
cuit through the coarse frequency selector
switch, This switch has an additional posi-
tion, usually marked EXT C, at which the
internal sawtooth capacitors are disconnect-
ed, while the oscillator circuit is connected
to a panel terminal marked EXT C. The
sweep rate is regulated by charging time of
any external capacitor connected between
this terminal and ground.

D-C AMPLIFICATION, In the majority
of oscilloscopes there is afixed capacitor be-
tween the vertical input terminal and the gain
control or attenuator. Since a capacitor will
pass only alternating voltages and currents,
the oscilloscope can display traces only for
alternating voltages,

When a voltage at the input terminals
consists of both alternating and direct com-
ponents, as, for example, in the plate circuit
of a television amplifier tube, only the al-
ternating component passes into the scope
through the capacitor on the input terminal,
The d-c voitage is blocked, just as any d-c
voltage is blocked by capacitors in coupling
circuits. With only alternating voltages en-
tering the scope, internal amplifiers usually
are made with resistance-capacitance inter-
stage and output couplings, through which
only alternating signal voltages can pass
from one stage to another and eventually to
the deflecting plates of the CRT.

Some oscilloscopes provide d-c amplifi-
cation, meaning that the effects of a d-c com-
ponent of an alternating voltage are retained
from stage to stage. Methods, in general,
are similar to those employed in video amp-
lifiers of types which pass the d-c compon-
ents of video signals, and with which d-c
restoration is not needed at the picture tube.
When the scope is to be operated with d-c
amplification, a switch short circuits the ca-
pacitor which normally is in series with the
vertical input.

D-c amplification systems are useful
chiefly when observing voltages which have
components of very low frequency. Low-fre-
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quency changes are essentially similar to
slow changes in strength and polarity of a

tdtrect voltage. [ 4 - !
\ S
SINGLE SWEEP OR DRIVEN SWEEP, In —"
many industrial and commercial fields, but
not in routine television servicing, it is de- Vert. N e T ——
sirable to observe a change of voltage which Amp :POSH’IOH:
: iControl | L <7

occurs only at irregular intervals. A sweep
oscillator, as usually operated, does not al-
low tracing such 'transient" voltages, be-
cause the oscillator causes sweeps to recur
at regular intervals which would match a
transient voltage only by chance if at all,

For observing transients, some oscillo-
scopes provide what is called a driven or
single sweep. The action is essentially as
follows: Plate and grid voltages on the sweep
oscillator are adjusted to values just short of
those which would allow discharge of the
sawtooth capacitor when this capacitor be-
comes fully charged. The capacitor does not
discharge, there is no horizontal deflection,
and the CRT beam forms a stationary spot
near the center of the screen. This spot is
shifted to one side by adjustment of the hori-
zontal positioning control.

When a transient voltage enters the ver-
tical amplifier, this amplifier delivers to the
sync amplitude potentiometer a voltage pulse
which triggers the oscillator. Then the CRT
beam makes a single sweep across the
screen, tracing the transient voltage. After
this one sweep, the beam returns to its form-
er position and again forms a stationary spot
until another transient enters the wvertical
amplifier and again triggers the oscillator.

DIRECT CONNECTION TO DEFLECT-
ING PLATES. Many service oscilloscopes
allow an observed voltage to be connected
directly te a pair of deflecting plates instead
of through one of the internal amplifiers to
the plates. Fig. 12 shows typical arrange-
ments for vertical deflecting plates. Similar
connections may be provided for the horizon-
tal deflecting plates.

The two deflecting plates are connected
to a two~pole two-position switch. With this
switch in one position the plates are connect-
ed to the output of the vertical amplifier, for
normal operation. In the other switch posi-
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12. External or direct connections
vertical deflecting plates.

Fug. to

tion the deflecting plates are connected to
external terminals or jacks to which may be
applied any voltage to be observed.

The high side of the observed voltage
may go to either terminal and either deflect-
ing plate, with the other terminal connected
to ground and the low side of the voltage
source. Instead of a switch, connections be-
tween deflecting plates and scope amplifier
may be made with studs or screws joined by
a jumper, which is removed when direct ex-
ternal connections are to be made.

The high side connection for an alter-
nating voltage should be made through a
blocking capacitor C. For observing low fre-
quencies, as well as high ones, the capaci-
tance should be at least 0.25 mf. D-c work-
ing voltage of 400 or more will be ample for
this capacitor, since deflecting plates are no
more than 200 to 300 volts above ground po-
tential with all usual designs of service os-
cilloscopes. The observed voltage will not
go through the internal amplifier, and inter-
nal sync cannot be used. The high side of the
voltage source should be connected to the
EXT SYNC of the scope through resistor R of
one megohm or greater resistance. Controls
for horizontal sweep frequency and for hori-
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zontal gain may be employed in the usual
ways.

Sensitivity will be only that of the CRT
itself, without benefit of the internal amplifi-
er. Depending on the type of CRT and on its
operating voltages, 25 to 40 peak-to-peak
volts of observed signal will be needed for a
trace one inch high from peak to peak., Of
all the sync and sweep waveforms observed
on a typical television set, more than 60 per
cent would have peak-to-peak voltages giving
satisfactory trace heights with direct con-
nections to vertical deflecting plates. Prin-
cipal advantages of direct connection are
practical elimination of frequency discrimin-
ation due to amplifiers, and greater input
impedance than usually exists at the regular
vertical input terminals,

OSCILLOSCOPE TROUBLES

As you will have realized, the oscillo-
scope is far more complex in its circuits and
controls than any other service instrument in
general use. This complexity leads to the
possibility of wvarious faults and tiroubles,
which may be due to original design or to
failures which are normal in long-continued
eperation, Faults are more noticeable in the
oscilloscope than in other instruments be-
cause we see their effects on the screen of
the CRT.

Some of the more common difficulties
and their causes will be discussed. We are
not now concerned with such characteristics
as frequency response, sensitivity, and input
impedance, because an oscilloscope is either
good or poor in these respects. Should these
characteristics suddenly become worse, the
methods of trouble shooting are practically
the same as in television receivers.

LACK OF SHARP FOCUS. Among the
more common causes for difficulty in obtain-
ing sharply defined trace lines are the fol-
lowing.

Insufficient high voltage between cathode
and second anode of the CRT. The high-volt-
age rectifier may require replacing. High-
voltage filter capacitors may be leaky. A
shorted capacitor will completely cut off the
high voltage.

11

If, instead of a very small round spot
when there is no deflection, there is a short
line or a small irregular figure, there may
be defective filter capacitors or resistors in
the high-voltage power system.

Sharp focusing may be impossible if the
CRT is so far gone as to lack good emission
from its cathode. This requires advancing
the intensity control so far as to leave little
grid bias when traces are reasonably bright.

Causes which are possible, but not prob-
able, include voltagé too low on the focusing
anode (with reference to the cathode) or ex-
cessive heater voltage on the CRT.

Focusing may be affected when parts of
the CRT electron gun, or steel parts close
around the tube, have become permanently
magnetized. This is likely only when some-
one has been 'fooling around'" with a strong
permanent magnet near the CRT., Permanent
magnetization usually affects positioning
more than focusing.

Sharp focusing will be impossible when
there is pickup of 60-cycle alternating mag-
netic fields by the CRT. A check for such
pickup is carried out as follows.

Adjust the coarse and fine frequency
controls for some simple fraction of 60 cy-
cles. If necessary, temporarily feed a 60-
cycle voltage to the vertical input while ad-
justing the frequency controls for three or
more cycles on the screen. Make a direct
short-circuiting connection with a piece of
wire between the vertical input and a ground
terminal on the scope. Adjust the horizontal
gain for a trace no more than a half-inch
long, and advance the vertical gain all the
way. A wavy trace line indicates 60-cycle
pickup.

If the magnetic field pickup is from the
power system in the scope, nothing can be
done about it other than redesigning. A power
transformer, or its windings and magnetic
fields, must be so positioned or oriented in
relation to the CRT as to have little or no ef-
fect. Most of the trouble is from fields due
to voltages for the high-voltage rectifier and
power supply wiring or parts. Heater volt-
age is too low to cause any trouble, and there
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Fig. 134.

is unlikely to be troublesome field radiation
from the low-voltage B-supply.

A bad case of 60-cycle field pickup is
illustrated by Fig. 13. At A the observed
frequency is 360 cycles, an exact multiple of
60 cycles. You can see the additional trace
lines where the 360-cycle trace is being
raised and lowered a little ways. With the
observed frequency increased to about 5,000
cycles the separated 60-cycle wavering no
longer can be seen, but the entire trace is
blurred and widened excessively at certain
places. The two traces of this figure illus-
trate extreme conditions. Field pickup or-
dinarily is bothersome only when a high-
sensitivity scope is used with high vertical
gain.

Pickup from external magnetic fields
sometimes is lessened by moving the scope
to a slightly different position, or by turning
it to a different position. This trouble is re-
duced also by connecting one or more ground
terminals of the instrument to a good ground,
such as a cold water pipe, leading into the
earth.

POSITIONING DIFFICULTIES. When a
spot or trace cannot be centered on the CRT
screen, or requires turning a position control
almost to the end of its range in one direct-
ion, the trouble usually is caused by a stray
field. This field may be magnetic or electro-
static, but usually is due to permanent mag-
netization of the CRT electron gun or sup-
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Fig. 13B.
Fig. 13. Effects on traces when there is strong pickup of 60-cycle magnetic fields.

porting metal. In some oscilloscopes the
CRT is enclosed from its base nearly to the
face by a metal shield whose purpose is to
protect the tube from external fields.

Tube shields are made of iron alloys
whichcarry magnetic lines of force with little
opposition, but which do not tend to retain
permanent magnetism. Initially the shield is
completely demagnetized, but may become
sufficiently magnetized todeflect the electron
beam if carelessly handled. Such shields
must be grounded to the chassis in order that
they may be effective against electrostatic
fields. An oscilloscope case made of steel is
partially effective against external magnetic
fields, and a case of any kind of metal ex-
cludes external electrostatic fields when the
case is grounded.

Demagnetization of parts within a CRT
or of any supports made of iron or steel re-
quires special equipment. The magnetized
parts are placed within a field produced by
alternating current in a large coil. Then the
current and its field are gradually reduced to
zero, or else the affected parts are slowly
withdrawn from the field. Offsetting of the
beam and traces has been corrected by some
technicians who place a single ion trap mag-
net on the tube base and adjust the position of
this magnet to center a trace while the posi-
tioning controls are at the middle of their
adjustment ranges. For this purpose it is
desirable to use a weak or discarded trap
magnet,
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It is, of course, entirely possible that
difficulty in centering is due to poor connect-
ions or defective resistors or controls in the
positioning circuits. Sudden shifting of a
trace, with more or less gradual return to
the original position, usually is caused by
temporary variations of supply line voltage..

NON-LINEAR SWEEP. In the sawtooth
output from a sweep oscillator and horizontal
amplifier the voltage which charges a capac-
itor in the oscillator circuit should increase
at a uniform rate, as at the left in Fig. 14.

Fig.

14. Linear and non-linear sawtooth volt-
ages.

But when any capacitor is charged through a
resistance from a source of constant voltage,
the rate of charge and increase of capacitor
voltage are more rapid at the beginning of
charge, and then slow down, as shown by the
curve at the right. The sawtooth at the left is
linear, and the one at the right is non-linear.

Horizontal deflecting voltage is made of
satisfactory linearity by using only the first
portion of the charging curve. The charge is
cut off and a discharge (for retrace) is begun
before the charging curve commences to turn
appreciably. If this is not done, the electron
beam in the CRT will move more rapidly at
the left than at the right in all sweeps. This
will spread the left-hand side of all traces
and will compress the right-hand side.

A non-linear trace is shown by Fig. 15.
To check an oscilloscope for linearity, bring
four or more cycles of an observed voltage
onto the screen. If horizontal distances be-
tween peaks are equal all the way across, the
sweep is linecar. Otherwise it is non-linear.
As a rule, there is greater non-linearity at
low sweep frequencies than at high ones.

Non-linearity may result also from un-
balance in push-pull amplifier circuits. This
might be due to a weak tube on one side or
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Fig. 15. The effect of non-linear sweep on
an oscilloscope trace.

the other, to leaky coupling or bypass capac-
itors, or to resistors which have changed in
value during use. In many scopes there are
one or more adjustments for balancing the
outputs of two push-pull amplifiers. Such
adjustments may alter the grid biases, or
they may be in the voltage divider system
through which grid voltages go to an inverter
tube.

A moderate non-linearity causes no par-
ticular difficulties, especially in waveform
observations. Excessive non-linearity can
distort the appearance of television frequency
responses. It is, however, common practice
to measure the actual frequency at various
points along a response curve. Then, even
though the frequency is not varying uniformly
all across the curve, alignment still can be
made for the desired kind of response at all
frequencies.

HIGH-VOLTAGE PRECAUTIONS. Never
do any work or make any adjustments on the
parts inside an oscilloscope unless the power
cord plug is out of the wall receptacle. Do
not depend on merely turning off the power
switch of the instrument. High-voltage filter
capacitors will retain charges only when
there are opens in the voltage divider system
which leads to ground. Even so, it is safe to
discharge these capacitors by momentarily
connecting an insulated wire, with tips bared,
from the terminals to chassis ground.
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With usual oscilloscope design the maxi-
mum high voltage is negative to cround, but

socket mounts in a bracket or vertical sub-
panel, and supporis the base of the tube

is just as dangerous as an equal positive
voltage. Highest circuit voltages are at the
CRT grid, at the cathode, at the heater (con-
nected to the cathode) and at the intensity
control potentiometer. The next highest volt-
ages are at the focusing anode and focusing
control. Lowest voltages in the CRT circuits
are at the second anode, the deflecting plates,
and the positioning controls.

CRT REPLACEMENT. Any of three con-
ditions indicate that the cathode-ray tube is
approaching the end of its useful life. They
are: (1) Lack of trace brightness at low
sweep rates with the intensity control ad-
vanced nearly all the way. (2) Streaks and
spots on the screen. (3) Inability to obtain
sharp force anywhere along trace lines.
Other than heater burnout, the CRT deterior-
ates due to gradual reduction of cathode
emission and to failure of the screen mater-
ial. The screen may fail prematurely if you
habitually use traces brighter thanare neces-
sary, or allow bright spots or very short
lines to remain for long periods.

To replace the CRT it is necessary first
to remove the chassis from the case or cab-
inet of the instrument. Almost always the
chassis is secured by two or more screws
passing through the back of the case into the
chassis, and removable from the back. Also,
in most instruments, there are a number of
screws around the extreme outer edges of
the front panel. These thread into a flange or
brackets on the front of the case. When all
fastening screws are removed, the chassis,
withfront panel attached, will pull out through
the front of the case.

The face end of the CRT may slide into a
cylindrical cushioned support on the front
panel, or it may be held by some form of
cushioned clamp. Always it must be possi-
ble to rotate the entire tube for correct
alignment of horizontal and vertical trace
lines with respect to horizontal and vertical
case dimensions. The base of the CRT may
support the socket, just as the base of a tele-
vision picture tube supports its socket. The
base then will be supported by some form of
clamping device which allows the tube to ro-
tate when loosened. In some designs the
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Then the socket is rotatable.

The entire CRT must be rotated for hor-
izontal and vertical alignment of trace lines
because, with electrostatic deflection, all of
the deflecting elements are within the tube.
Make the alignment with no vertical input, but
with internal sweep and with horizontal gain
advanced enough to make a straight trace ex-
tend all across the screen. Note the error,
if any, then pull the power cord plug. Rotate
the tube in the required direction and again
check the trace alignment. Do not rotate the
tube while power is turned on. There is no
separate alignment for vertical, and it is not
needed. CRT's are so constructed that hori-
zontal and vertical deflections are very near-
ly at right angles to each other.

ELECTROSTATIC DEFLECTION IN
TELEVISION. Much that we have learned
about oscilloscopes applies also to small
television receivers having electrostatic de-
flection and focusing for their picture tubes.
The majority of such receivers use the 7JP4
picture tube, whose base connections are
shown by Fig. 17. The base is a medium-
shell diheptal 12-pin type on which are posi-
tions for 14 pins. Positions 6 and 13 are
vacant. Internal connections from pins 4 and
12 are used only during manufacture of the
tube. The heater is operated at the usual 6.3
a-c volts and 0.6 ampere. As indicated by
the final numeral '"4'" in the type number, the
77P4 has the number 4 white phosphor, as
used in other picture tubes.

The voltage divider system for the re-
ceiver high-voltage power supply usually is
similar to voltage dividers in oscilloscopes.
However, the maximum high voltage on the
second anode and deflecting plates of the pic-
ture tube is positive withreference to ground,
instead of negative as in nearly all oscillo-
scopes.

In these television receivers the bright-
ness control is like the intensity control of
the oscilloscope, the focusing control is un-
changed, and centering controls are like the
positioning controls in an oscilloscope. Each
pair of deflecting plates is fed from a push-
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ode. This ratio of focusing voltage is found
also with oscilloscope CRT's, )

Deflecting
—Plat

Focusing
Anode (5)

Heater

17. Base connections of the 7JP4 elec-
trostatic picture tube.

Fig.

pull amplifier operating on the same general
principles as explained in this lesson.

All of the high voltages in the electro-
static-deflection television receivers are
higher than in most service oscilloscopes.
It is common practice to apply about 5,000
volts positive to the second anode. Voltage
on the focusing anode is about 30 to 40 per
cent of that on the second anode, when
measured as positive in relation to the cath-
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Sensitivity of the 7JP4 picture tube, at
the deflection plates, is the same as that of
the 7JP1 oscilloscope tube, and deflections
per volt would be the same were both tubes
operated with equal voltages on their second
anodes. Actual sensitivity is inversely pro-
portional to second anode voltage in all pic-
ture tubes and in all oscilloscope tubes.
For example, with 3,000 volts on the second
anode of any tube, sensitivity is only half as
good as with 1,500 volts. With 5,000 volts on
the second anode of a 7JP4 picture tube, sen-
sitivity would be only 40 per cent as good as
with 2,000 volts on this tube or on the second
anode of a 7JP1 oscilloscope tube.

The face that deflection sensitivity im-
proves with lower voltages on the second
anode does not mean that high sensitivity thus
attained will improve the overall perform-
ance. Unfortunately, the lower the second
anode voltage with reference to the cathode
the more likely we are to have fuzzy traces
which lack brilliance. Conditions are exactly
the same as with television picture tubes;
higher voltages on the second anode increase
brilliance and fine definition, while they de-
crease the deflection distance for any given
deflecting voltages.
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ZLesson 54
TESTS AND MEASUREMENTS WITH OSCILLOSCOPES

Were you to ask a television technician
whether his oscilloscope is more useful in
checking frequency responses or in observing
waveforms, he might tell you this: The hard-
est jobs in television trouble shooting are
found in the sync, sweep, and deflection cir-
cuits, and the only way to see what actually
is happening in these sections is to bring the
waveforms onto an oscilloscope. A good job
of alignment can be done without an oscillo-
scope, by using a vacuum tube voltmeter, al-
though a better job can be done with an
oscilloscope.

Fig. 1 shows a few waveform traces
taken from various points between the video
detector and deflecting coils of a certain re-
ceiver in good operating condition. Any con-
siderable variations, either in shape or in
peak-to-peak voltage, would indicate troubles
which can be identified and located by the
particular manner in which actual traces
depart from those known to be correct.

Fig. 2 shows where waveform traces can
and cannot be obtained. The service oscillo-
scope will not form useful traces at observed
frequencies in excess of a few hundred kilo-
cycles. This excludes carrier and intermed-
jate frequencies, which exist in sections of
the receiver enclosed within broken line A.
Traces can be taken after the i-f signals are
demodulated by the video detector, which
means from all points enclosed by broken
lines B and C.

It is important to keep in mind that no
demodulated video signals will exist in parts
enclosed at B unless a carrier signal is
coming through the i-f amplifier, to be de-
modulated by the video detector. Therefore,
without special equipment furnishing the
equivalent of modulated carriers, waveform
traces can be obtained at B only while re-
ceiving a regularly transmitted signal.

The vertical and horizontal sweep oscil-
lators generate their own oscillating currents
and voltages, whether or not an external sig-

nal is being received. A received signal
merely synchronizes or triggers the oscilla-
tors, to make their actual operating frequen-
cies fall into step with received sync pulses,
and remain so. Consequently, waveform
traces may be taken from all parts enclosed
at C even though no external signal is being
received,

When preparing to observe waveforms
from parts enclosed at B of Fig. 2, first tune
in a picture and make the usual adjustments
for best possible reception., If possible, keep
the pictures synchronized by adjusting verti-
cal and horizontal hold controls. In order
that observed waveforms may indicate true
conditions as you follow through the circuits,
do not change stations or channels, do not
alter the contrast control, and do not vary the
fine tuning control during any one series of
observations.

If you commence the work with a low-
capacitance frequency compensating probe,
continue with the same probe. This applies
to all waveform observations, anywhere. Ad-
just the internal sweep rate of the scope to
bring at least two cycles of observed voltage
onto the screen, Often it is easier to exam-
ine waveforms by bringing in three cycles,
then enlarging and centering the middle cycle.

Vertical and horizontal waveforms taken
from the same point in a receiver are shown
by Fig. 3. By vertical waveforms we mean
those whichinclude one or more field periods
or vertical deflection periods. For such ob-
servations the coarse frequency will be set
for a range including 20, 30, or 60 cycles.
Then fine frequency, in connection with sync
amplitude, is adjusted for steady traces.

A horizontal waveform is one showing
clearly one or more horizontal line periods.
The coarse frequency is set for a range that
includes 15,750 cycles per second for ob-
serving one line period, for a range including
7,875 cycles to observe two line periods, or
including 5,250 cycles for three line periods,
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Fig. VII.

Fig. 1.
of a television receiver,

Then fine frequency and sync amplitude are
adjusted for steady traces.

You may take both vertical and horizon-
tal waveforms only from points between the
output of the video detector and either the
picture tube grid-cathode circuit or the end
of the sync section. At the end of the sync
section, vertical and horizontal sync signals
are separated and fed to their respective
sweep oscillators. You cannot obtain verti-
cal waveforms anywhere between the grid of
the horizontal sweep oscillator and the hori-
zontal deflecting coils, for here there are
nothing but horizontal timing signals. Neither
can you obtain horizontal waveforms any-
where between the grid of the vertical sweep
oscillator and the vertical deflecting coils,
for here there are only vertical
signals.

timing

Fig. VIII.

Fig. IX

These are normal waveforms observed between the video detector and deflecting cotls

At A in Fig, 3 is a vertical waveform
from the cathode of a tube in the sync sec-
tion of a receiver, taken with a sweep fre-
quency of 30 cycles per second. At B is a
horizontal trace from the same point, taken
with sweep frequency of 7,875 cycles per
second. These sweep frequencies are known
only because two cycles of observed voltage
appear on the screen, and we know that there
will be two cycles only when sweep frequency
is half the observed frequency. Often you will
see certain sweep frequencies specified in
service instructions. This does not mean
that you should measure the sweep frequency,
it indicates only whether the traces are for
vertical or horizontal periods.

Observed waveforms may differ slightly
from those shown in service instructions
without indicating faulty performance in the
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receiver, There are many reasons for such
variations. First, in sections of the receiver

enclosed at B of Fig. 2 the observed wave-
form will be affected by the received signal.
Not all stations transmit identical forms of
sync pulses, although all have similar effects,
and all cause traces which are generally
similar.

Second, tubes and other circuit elements

Fig. 3-a

Fig. 3.

Sections of a receiver in which waveforms can and cannot be obtained.

in receivers of the same make and model will
not have identical characteristics. This can
cause minor differences in waveforms, but
not enough to interfere with trouble shooting
unless characteristics of some components
are decidedly wrong - and then there is real
trouble. Setting a contrast control too high,
or wrong setting of a fine frequency control
may seriously distort a waveform. It is to
avoid such distortions that a picture should

3-B.

Fug.

To change from vertical to horizontal waveform observations it is necessury only to

change the sweep frequency of the oscilloscope.

3

'World Radio Histo
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be tuned in before commencing waveform
observations.

gain control, used with a plain shielded cable.
The instrument is of good quality, but not

Waveform distortion may occur in your
oscilloscope, especially if it has narrowband
frequency response or suffers from frequen-
cy discrimination. If the scope is sufficiently
sensitive, and has a frequency-compensated
attenuator, it is advisable to take all wave-
form voltages through the low-capacitance
probe.

Fig. 4 shows the waveform from the
plate of a sweep oscillator, where there are
no components of very high frequencies. The

trace at A of from a scope of limited sensi-
tivity, with only a potentiometer for vertical

Fig. 4-A.

Fig. 4-B.

Fig. 4. The appearance of a waveform may be
altered by characteristics of the

oscilloscope.

originally designed with television servicing
in mind. At B is the same waveform taken
with an oscilloscope designed for good per-
formance in television trouble shooting. Be-
cause only moderate frequencies are in-
volved, there is notenough difference between
the traces to cause any confusion during
servicing.

WAVEFORMS AT HIGH VOLTAGES. The
capacitor in series with the vertical input of
the scope, inside the instrument, ordinarily
is rated for 400 or more d-c working volts.
Ratings as high as 600 to 1,000 d-c volts are
found in some scopes, but in older designs
the rating may be only 200 volts. If a d-c
voltage or a peak voltage in excess of the ca-
pacitor rating is applied to the vertical input,
the internal series capacitor may puncture
and allow serious damage within the instru-
ment.

Plate voltages of some amplifiers and
other tubes may be high enough that, with
added peaks of a component signal, the volt-
age may exceed the rating of the input capac-
itor of the scope. If there is the slightest
doubt about capacitor rating, make connect-
ions to the vertical input only through a
series external paper capacitor rated for at
least 600 volts. This external capacitance
need be no more than 0.25 mf to pass signals
without appreciable attenuation.

Fig. 5 shows several points in sweep and
deflection circuits where voltages are so
high as to prohibit connections to the vertical
input of any oscilloscope through either a
direct or a low-capacitance cable probe. At
the plate of the horizontal output amplifier
(1) pulses nearly always are in excess of
4,000 volts, and at the plate of the high-voli-
age rectifier (2) would be in excess of 10,000
volts for most receivers, At the second
anode or ultor connection on the picture tube
(3) there is d-c voltage nearly as high as at
the plate of the high-voltage rectifier.

The damper tube smooths the waveform
of sawtooth current in horizontal deflecting
coils. At the damper plate (4) and at the con-
nected end of the horizontal deflecting coils
are pulses usually exceeding 1,000 volts. In
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ment and precautions.

some receivers there may be peaks of around
2,000 volts at the plate of a vertical ampli-
fier (5).

There are several ways in which high
voltages may be reduced for waveform ob-
servation without damaging the oscilloscope.
The best way is by means of a capacitance
voltage divider, whose principle is illustrat-
ed at A in Fig. 6. Across the source of high

®
l | Small ¢
T Large E
Source
of High
Voltage

Scope

| _Large C
Small E

Low Side
:>.——+

High Side

VOLTAGE {
SOURCE |

Points at which 1t is unsafe to make waveform observations without suitable equip-

voltage are a large and a small capacitance
in series, The smaller capacitance has high
reactance, and across it there will be a large
drop of alternating voltage. The larger ca-
pacitance has relatively small reactance, and
across it there will be a proportionally small
voltage drop. Total applied voltage divides
proportionately to the capacitive reactances.

The small fraction of total voltage which

Cable
and Probe _~

’d

Shield

A capacitance voltage divider and some of its construction details.
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appears across the larger capacitance is ap-
plied to the vertical input of the oscilloscope.

volts. Capacitances of these or other similar
tubes are so small that external stray capac-

Were the larger capacitance to be 100 mmf
and the smaller one 1 mmf, the voltage divi-
sion would be approximately in the ratio of
100 to 1, with about 1/100 of the high voltage
going to the scope,.

Some construction details of a capaci-
tance voltage divider are shown at B of Fig,
6. Small capacitance in a form capable of
withstanding high voltages is obtained by uti-
lizing the plate to filament capacitance of a
high-voltage rectifier tube. The rectifier is
not operated with filament heating current,
but is used solely for its internal capacitance,

The 1B3 rectifier tube has internal plate
to filament capacitance of approximately 1.5
mmf and is rated for a maximum of 30,000
peak inverse volts. The 1X2-A, a miniature
style, has capacitance of approximately 1
mmf and is rated for 18,000 peak inverse

Fig. 7.

smaller capacitance.

N T
I Tl ,) "

jtances of all kinds add appreciably to the
minimum capacitance obtainable in practical
circuits., The capacitor furnishing the larger
capacitance in the divider will be paralleled
by capacitance in a connecting cable and in
the scope. To realize a desired voltage d.-
vision the connection to the scope usually is
made through a low-capacitance probe.

Design of the voltage divider is further
complicated by frequency discrimination in
the smaller capacitance of the divider, since
reactance of a capacitance alone is inversely
proportional to frequency, To preserve rea-
sonably correct waveforms it is necessary to
compensate the capacitance with suitable re-
sistance, usually 10 to 20 megohms or more,
Fig. 7 shows principal parts of a capacitance
voltage divider using a 1B3 tube. During use,
all parts except the tube cap and its lead are
enclosed within a grounded shield to prevent

-~

Principal parts of a capacitance voltage divider employing a rectifier tube as the
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excessive pickup of surrounding magnetic and
electric fields. The shield is not shown in
the photograph.

Another method of reducing high voltages
for waveform: observation makes use of a
"gimmick'". A gimmick, in the language of
television and radio, is a small capacitance
formed by winding one wire around another,
with one or both wires insulated, The wire
conductors act as capacitor plates, the insu-
lation acts as dielectric. Capacitance is in-
creased by twisting the wires into more
turns, is decreased by using fewer twists or
fewer turns. The gimmick may be an inch or
more of wire having high voltage insulation,
with one end bared only enough for attach-
ment of the clip on a vertical input cable.
This wire is wound around any insulated lead
carrying the high voltage to be observed.

With still another method the free end of
the vertical input cable is fitted with a spring
clip having smooth jaws, or the teeth may be
filed off the usual style of clip. Any insulated
lead carrying the high voltage to be observed
is covered with additional wrapping of insu-
lating tape, not friction tape. Then the pre-
pared spring clip is placed over the protected
portion of the high-voltage lead.

You may observe a high-voltage wave-
form also by slipping a tight-fitting piece of
spaghetti over the tip of a low=-capacitance
oscilloscope probe, then holding the protect-
ed tip of the probe near to but not in con-
tact with any lead or terminal carrying the
voltage to be observed. This is not a very
safe way of making high voltage observations.

The gimmick, the smooth jawed clip, and
the protected tip of the probe all reduce high
voltages by taking a portion through an un-
compensated small capacitance, There will
be a great deal of frequency discrimination,
and observed waveforms will differ from
those normally existing in circuits being
checked. These method are useful chiefly
for observing waveforms from a receiver in
trouble and comparing them with waveforms
from similar points in a receiver known to be
in good condition.

Some service men observe high-voltage
waveforms by connecting to the vertical in-

put of the scope a high-voltage probe of the
kind used with vacuum tube voltmeters for
extending the meter range to 10,000 volts or
more, This method seldom is satisfactory,
because the unshielded probe and its un-
shielded cable allow excessive pickup of field
energy from surrounding 60-cycle power
lines and also from receiver and power sup-
ply voltages at various other frequencies.
These added frequencies may so blur and
confuse the trace as to almost completely ob-
scure the waveform you wish to see.

No matter how you reduce high voltages
for waveform observation, carry out the op-
eration so far as possible in the following
manner. The object is to protect yourself
from severe shock.

1., Turn off the receiver by pulling the
plug of the power cord.

2, Make all necessary high-voltage con-
nections, using clips, small wires, or any
other means to avoid the need of holding such
connections by hand.

3. Make sure that all exposed high-volt-
age conductors are at least an inch from all
other metal, to prevent arc-over.

4. Look over all high-voltage
tions, to make sure they are right.

connec-

5. Keep your hands and arms well away
from high-voltage parts.

6. Apply line power to the receiver, ob-
serve the trace,and again pull the power cord
plug before touching any of the test connec-
tions.

PEAK-TO-PEAK VOLTAGES., A wave-
form may be of correct shape, but voltage or
amplitudes may be too great or too little for
satisfactory performance of the circuit and
the receiver in general. As mentioned be-
fore, service manuals for perhaps the ma-
jority of receivers show normal waveforms
as taken at points between video detector and
picture tube. When waveforms are shown,
they nearly always are accompanied by peak-
to-peak voltage values which are normal or
average for the receiver.

Peak-to-peak voltages cannot be mea-
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sured with a vacuum tube voltmeter unless
the instrument is especially constructed and

calibrated for such measurements., This is
because common types of VIVM's, with the
function selector set for alternating voltages,
indicate only r-m-s values when measured
voltage is of sine-wave form. Were the
waveform of a measured voltage actually a
sine wave, and were the VTVM to read 1.0
volt, the accompanying peak-to-peak value
would be 2.8 volts, because peak-to-peak
voltage of a sine wave is 2.8 times the r-m-s
or effective voltage.

Television signal voltages are not of
sine-wave form, they are of various compilex
waveforms. R-m-s or effective value nearly
always is less than in a sine wave of equal
peak-to-peak voltage. As an example, the
signal voltage at A of Fig. 8 measures 0.5
r-m-s volt on the a-c scale of a VTVM,
Multiplying by 2.8 gives 1.4 wvolts, which
would be the equivalent peak-to-peak voltage
of a sine wave. But actual peak-to-peak of
this signal is 3.9 volts. The signal at B mea-
sures 26.5 a-c volts on the VTVM, Multiply-
ing by 2.8 gives 74 volts. But actual peak-to-
peak voltage is 320, There is no definite
relation between the r-m-s and peak-to-peak
voltages in complex waveforms.

PEAK-TO-PEAK MEASUREMENTS.

There are two general methods by which
peak-to-peak voltages may be measured on
the oscilloscope. First, we may temporarily
"calibrate' the screen so that all traces are
of some certain number of peak-to-peak volts
per inch of height. The measured height then
may be translated into equivalent peak-to-
peak volts for any observed trace.

Second, we may use a ''‘comparison'
method. The height of a trace of observed
voltage is measured. Then, from a source of
adjustable voltage, we produce another trace
of equal height. Peak-to-peak voltage of the
first trace then may be determined from the
known adjustable voltage.

However we may measure peak-to-peak
voltages it is necessary, or at any rate is
highly convenient, to have in front of the os-
cilloscope screen a graduated transparent
scale on which are ruled lines for inches and
fractions of an inch. Such a scale, in use, is

Fig. 8-A.

8-B.

Fig.
There isno definite relation between

peak-to-peak and r-m-s voltages of
complex wavefornms.

Fig. 8.

shown by Fig. 9. The heavier lines are at
one-inch intervals, and the lighter inter-
mediate lines are separated by fifths of an
inch. The sine-wave trace here shown on the
screen measures about three inches from
peak to peak. The height could be measured
more easily had the vertical positioning con-
trol been used to bring either the top or
bottom of the trace to one of the inch
graduations.

Most oscilloscopes are provided with re-
movable calibrated scales, ruled in black
lines. With the ordinary amount of external
light on the screen, the black scale lines
show very clearly. Some oscilloscopes have
calibrated scales on which the lines may be
illuminated by one or more small lamps
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Fig. 9. A calibrated or graduated scale in

front of an oscilloscope screen.

within the instrument, thus providing bright
lines when there is little or no external light
on the screen. In some pictures to follow we
shall use white scale lines, because black
lines would not show well against the dark
background of the screen which is necessary
for photograph of traces.

CALIBRATING THE SCREEN. One
method of calibrating the screen is illustrat-
ed by Fig. 10. Any available sine-wave
voltage may be used. Tube heater voltage,
nominally 6.3 volts in most cases, is conven-
ient and sometimes is available from a ter-
minal or jack on the panel of the scope. To
learn the actual value, this voltage must be
measured on a reasonably accurate VTVM or
other a-c voltmeter.

For the example of Fig. 10. we may as-
sume that the meter reads 6.4 r-m-s volts.
To determine the corresponding peak-to-peak
value of the sine wave, multiply 6.4 volts by
2.8, giving 17.92 volts or approximately 18
peak-to-peak volts. With this measured
sine-wave voltage applied to the vertical in-
put of the oscilloscope, adjust the vertical at-
tenuator and gain for a trace 1.8 inches in
peak-to-peak height, Since the height now is
1.8 inches for 18 peak-to-peak volts, the
scope is calibrated for 10 peak-to-peak volts

6.4 volts
R- M-S

Tube Socket

Fig.

10. Calibrating the oscilloscope from an
a-c heater voltage.

per inch, and will remain so as long as you
do not alter the vertical attenuator and gain
control.

It might be more convenient to adjust the
peak-to-peak sine-wave height to occupy 18
scale divisions, whatever the divisions may
be. Then the scope would be calibrated for
one peak-to-peak volt per scale division, so
long as the vertical attenuator and gain re-
main unchanged.

Calibration is easier if you have a
source of adjustable alternating voltage, such
as an audio signal generator. The setup is
similar to that of Fig. 10, except that the
source of adjustable voltage takes the place
of tube heater voltage. Following is an ex-
ample of calibration with adjustable voltage.

Adjust the voltage source for any voltage
whichmay be easily and accurately read from
the VTVM or other a-c voltmeter, Assume
that you make the adjustment for 5.0 r-m-s
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Adjustable

Source of
Observed Voltage

Fig. 11. Measurement of peak-to-peak voltage
by a comparison method.
volts. Peak to peak then will be 2.8 times

5.0 volts, or 14.0 volts. Adjust the vertical
gain of the scope for peak-to-peak trace
height of 14 scale divisions. This calibrates
the scope for one volt peak-to-peak per scale
division. Any other values of adjusted volt-
age might be used similarly.

COMPARISON MEASUREMENTS. Fig.
11 shows the set up for peak-to-peak mea-
surement by comparison when usi