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THE CATHODE-RAY OSCILLOSCOPE

The types and sizes of cathode-ray oscilloscopes
vary widely, from one using a one inch cathode-ray
tube and having nc amplifiers or sweep generators to
the most complicated type using a ten to twelve inch
cathode-ray tube and having high—gain amplifiers on
the vertical, the hcerizontal, and the Z axes. Basic-
ally, all the different types are very similar,
differing only in the size of the cathode-ray tube,
the operating vpotentiuls on the tube, the number
of amplifiers, ari the gain and frequency response of
the amplifiers. Indeed, the types are so similar
that one short explanation of theiTr operation can be
written which will apply to all of them, from one
which is used solely as a phase determining device to
one used as the video section of a television re-
ceiver.

This booklet, then, is meant to be an expla-
nation of the 1if{ferent circuits and functions cf a
representative 'wne of cathode-ray oscillescope which
is most widely used at the present time by the radic
service man and industrial laboratories. =
written for “he man who does not understand h
cathode-ray oscilloscope works and is not meant to be
a treatise or the various technical aspects of the
methods of selection of circuits and components ancrT
of their operation. By an extension cf the descrip-
tions cof the various components in the cathode-ray
oscilloscope they can be made to fit any of the cthsy
types. The particular instrument which is described
herein consists of a cathode-ray tube, a vower
supply, a linear time base or sweep generater, and
vertical and horizontal ampiifiers. It is meant to
be used where a three—inch cathode-ray tube will give
a large enough image, where the frequencies involved
do not exceed 75 to 100 kc, where there is no need
for a modulation of the time or Z axis and where the
sweep frequency need not extend beyond 25 to 30O
thousand cycles per second. By giving a short expla-
nation of each of the above mentioned components of
the particular instrument described, it is believed
that a much ciearer understanding will be had of the
instrument as a whole, and also of its uses.
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CATHODE RAY TUBE

In a short explanation of the design and opera-
tion of a cathode-ray oscilloscope it is most impor-
tant that we thoroughly understand the construction
and functions of the different elements in the
cathode -ray tube itself. There are many different
sizes of tubes ranging from the one inch tube intro-
duced a number of years ago to the large ten to
twelve inch tubes used in television receivers on the

market today. In the most popular tube used in
commercial oscilloscopes a three—inch screen is used
which gives a green image of medium nersistence. The

RCA type 906 and the Dumont 34XH are examples. This
tube has a three—inch screen, is a high vacuum type
and has deflection plates for obtaining deflection of
the electron beam by application of electrostatic
voltages to these plates and has means of focusing
and controlling the intensity of the electron beam.

Referring to Figure 1 we can see, in the side
view of the tube, the arrangement of the different
eloments. Starting from the base of the tube we find
the cathode which is indirectly heated very much as
in ordinary receiving type tubes but is of much
heavier construction. Then around the cathode we
find a small cylinder with a very small hole in the
end through which the electrons liberated from the
cathode can pass. Then another metal cylinder Anode
#1, larger than the one around the cathode. Next a
still larger tube called Anode #2, then the deflect-
ing plates and finally the chemical coating on the
inside of the large end of the tube.

As mentioned before, the function of the cathode

is to emit electrons. It is the source of the
electrons used to trace all the images seen on the
screen, If a tube were constructed having only a

heated cathode there would be no way to control the
flow of electrons and very little use could be made
of them. Therefore, in order to control the flow
of electrons we can place the cylinder of metal call-
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ed the grid around the cathode and by applying a
voltage to it negative with respect to the electrons

which are negative, we can effectively stop the
electron emission. This is exactly the same thing
which takes place in an amplifier stage when the bias
on the tube (a negative voltage applied to the grid
with respect to the cathode) is increased in pro-
gressive steps until the plate current is completely
cut off. Since like charges repel we, in effect,
apply a force ovbposite to that tending to force the
electrons from the cathode and literally squeeze them
back into the cathode. When the negative bias is low
enough that electron emission can take place the
electrons, which are thrown off the surface of the
cathcde material as a result of its high temperature,
flow through the hole in the end of the grid, are
attracted by the high positive voltages on Anodes #1
and #2, and are "“accelerated” enormously-—-enough to
produce light when they strike the screen. By ad-
justment of the ratio of the voltages on Anodes #1
and #2, (analagous to adjusting two lenses to focus
a beam of light to a small spot) the beam can be
brought to a poirt directly on the screen. We adjust
Ancde #41 since Anode #2 is connected to the chassis.
See¢ Figure 1 which explains the function of each
e'ement in the tube.

Now if we had a tube such as this it would have
only a cathode, a grid, and two anodes and we could
use it only by bringing near to the tube a magnetic
field and so obtain magnetic deflection of the beam
of electrons. This is cumbersome and subject to
variation with frequency since the inductive Te-
actance of the coils will vary directly with a change
in frequency, and the magnetic deflecting force would
vary accordingly. Therefore, four small plates are
placed in the tube so that the beam passes between
them. They are arranged two in a horizontal and two
in a vertical plane. When a difference of potential
exists between the two plates in a horizontal plane
the beam is deflected up or down depending upon the
polarity of the potential. Since the electrons in
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the beam are negative in polarity they are attracted
toward the plate when the plate is positive and
pushed away from the plate when it is negative. In
the same way it is moved to one side or the other as
the difference of potential on the horizontal plates
is varied.

Then the final element in the tube is the chemi-
cal screen on the inside of the large end of the tube
upon which the electron beam is focused and which
produces a spot of 1light as the electron beam brings
about an electrochemical change in the screen ma-
terial. It should be remembered that every pattern
produced on the screen is made by this spot moving
and tracing it out. The color of the image is
dependent upon the type of chemical compound which
has been deposited on the ineside of the tube. Red,
blue, green, and white images have been produced. It
is said to have a high persistence when the image
remains on the screen for some time ‘after the beam
is cut off and to have a low or short persistence
when it discppears very quickly. Bear in mind,
however, the beam cannot be seen by looking through
the glass side of the tube as there is no light until
it strikes thz screen.

POWER SUPPLY

Referring to Figure 2 we find a complete diagram
of a SUPREME Model 546 oscilloscope. Upon close
examination it can be seen that the power supvly
consists of a full wave rectifier with an output of
about 400 volts and a half wave rectifier with an
output of about 1000 volts. The full wave section
is used to supply voltage for the horizontal and
vertical amplifiers and for the linear time base.
These pass a considerable amount of current which
must be substantially free of ripple--hence the full
wave rectification. The half wave section supplies
voltage for the cathode-ray tube itself which passes
very little current, and hence the half wave rectifi-
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cation is satisfactory.

In the design of a power supply it will be found
very satisfactory, from the standpoint of ease of
wiring, constructional considerations and application
of voltages to various elements, to ground to chassis
the negative side of the full wave rectifier system
and the positive side of the half wave system. This
makes it possible, then, to ground Anode #2 as well
as one vertical and one horizontal plate. We can
see from the diagram, then, that we have a bleeder
system with approximately 140C volts across it which
is grounded to the chassis near the middle.

The guestion naturally arises, why is it neces-
sary to have four deflection plates if two of them
are to be connected to ground? The answer is that
if a tube having only one vertical and one horizontal
plate is built it will be found that the at-rest
position of the spot will be very uncertain and the
deflection will be erratic and uneven due to the
clectrostatic potential which will be built up on the
deflecting plate. This is caused by stray electrons
collecting on the sides of the tube and on the

deflecting plate. One function of the resistors in
ceries with the variable DC voltage and the deflect-
ing plate is to leak off these electrons. By in-

stalling the second vertical and horizontal plates
and by connecting them to the Anode #2, which in turn
is connected to chassis, the effects of these stray
electrons are eliminated. It is for this same

reason, too, that the black coating of graphite is
placed inside the present day tubes. This coating

or shield is also grounded to Anode #2 and the two
deflecting plates and helps return to ground any
electrons which are not used up in creating light
when they strike the fluorescent screen.

Now if we had a cathode-ray tube in which the
gun assembly (heater, cathode, grid, Anodes #1 and
#2) were in perfect alignment with the deflecting
pvlates and screen the at-rest position of the svot
would be exactly in the center of the screen. Since
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we cannot depend upon getting such perfectly aligned
tubes from the suppliers of cathode-ray tubes it is
necessary :to provide means of applying suitable
variable D€ voltages to the two free deflecting
plates to overcome any misalignment in the construc-—
tion of the tube itself, or to position an unsym-
metrical image on the screen in such a position that
the desired portion of the image can be viewed
better. We can see by the arrangement of the spot
centering controls in Figure 2 that we can apply a
voltage to =2ither the horizontal or vertical plates
which can be varied from 155 volts positive to 140
volts negative with respect to chassis ground.
Varying this DC voltage which is applied to the
deflecting plate then will cause the spot to be
shifted up and down or from side to side to obtain
the desired at-rest position. The resistors in
series with the deflecting plates are for the purpose
of providing a high impedance to any signals applied
through the amplifier or direct to the deflecting
plates. If it were not for the resistors the rela-
tively low impedance of the bleeder network and spot
centering controls would effectively short circuit
any signal applied to the deflecting plates. The
voltages causing deflection are built up across these
resistors as the electrons surge back and forth
through them charging first one plate and then the

other of the coupling capacitor. One end of the
resistor is connected to the plate; the other to

ground through the spot centering controls. When
slectrons flow through the resistor from ground end
to the other—-— the ground end is negative and the
bother is positive. When electrons flow in the
opposite diraction the ground end is positive and the
plate end negative. It can be seen that one end is
connected tc one plate and the other end to ground--
to which the other plate is connected. Thus one
deflectinag plate is plus while the other is negative
and vice versa. The beam, then, is repelled by the
slate which is negative and attracted by the positive
slate to cause the deflection.
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LINEAR TIME BASE:

If we were to try to use the cathode-ray oscil-
loscope as we have thus far described it, we would
find its utility very limited. We would not be able
to view the wave form of an applied AC voltage but
could determine only its amplitude. {(We will not,
at this time, consider phase relations). Let us

consider Figure 2 and apply an AC voltage to the
vertical deflecting plate. While we know that one
cycle of AC voltage starts at O volts, builds up to
a maximum positive, dies down to zero, falls to
maximum minus, then returns to zero, we know nothing
of its frequency nor the manner in which its wave
torm varies with respect to time. When we say an AC
voltage has a sine wave form we mean that the voltage
present varies at a definite rate with respect to
time. When we say the frequency of an AC voltage is
60 we mean that there are 60 cycles completed in
one second and the #/me needed to complete one cycle
is 1/60 of one second. Now to determine whether or
not a given AC voltage has a sine wave form it is
necessary for us to obtain some means of showing the
change in voltage with respect to #/me. To go back
to the diagram again, when an AC voltage is applied

to the vertical plate we will get a vertical line
because the charge on the deflecting plate changes

periodically and thus alternately attracts and repels
the electron beam and so a line is formed as the
spot moves on the screen.

If we were able to apply another voltage, which
had a linear change with respect to time, to the
horizontal plate at the same time, we would be able
to show how the voltage applied to the vertical plate
varied with respect to #/me. Let us assume we were
able to move the spot from near the left horizontal
deflecting plate to near the right horizontal plate
at a uniform speed and that it would take just 1/60
second for the spot to move this distance. Now
assume the spot almost instantaneously returns to the
left and again moves toward the right at the same
speed as before and keeps this movement up over and
over again. If the 60 cycle voltage is applied to

_8_
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the vertical plate at the same time, the spot wil//
move from /eft to right at the seame time it moves up
and down and the wave form of one cycle of the AC
voltage will be traced out. A more detailed expla-
nation of this formation of images will be given
later.

The important thing to understand at this poin{
" is the necessity of obtaining some reference to #/ime
in order to trace out and examine the wave form and
to determine frequency. This makes it necessary for
us to have some means of generating the type ot
voltage mentioned above which was apnlied to the
horizontal plates, that is, a voltage which rises in
potential at a uniform rate of speed and then drops
rapidly to zero. To obtain this voltage we use a
circuit shown within dotted lines and labelled
"Bweep Oscillator" in Figure 2. This has been called
a sweep oscillator, relaxation oscillator, sweep
generator, gaseous discharge circuit, thyratron
oscillator; but it is probable that the name which

.most nearly describes the use to which the circuit
is put is "linear time base generator." This is

because it is a generator which gives a linear time
base for the determination of frequency and wave
form. To conform to usual nomenclature, however, it
has been labelled "Bweep Oscillator."

The generation of the linear time base voltage
is based upon the charging and discharging of a
capacitor. Suppose we were to connect a cavacitor,
a resistor eand a battery in series. At the moment
we completed the circuit electrons would flow from
the side of the capacitor connected to the positive
of the battery, to the battery and from the negative
of the battery through the resistor to the other side
of the capacitor. Electrons would continue to flow
until a balance was reached between the strain on
the plates of the capacitor and the potential of the
battery. Now let's connect the two plates of the
capacitor with a wire, momentarily they will be dis-
charged, and the electrostatic strain on the plates
relieved. Immediately then, upon reconnection to the
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battery, electrons will flow as at first from one
plate to battery, from battery to the other plate
until equilibrium is reached again. Suppose we
decrease the size of the capacitor and we will find
that it will take /ess time to reach a balance. If
we increase the size of the capacitor it will take
longer to charge. Also if we increase the size of
the battery the equilibrium will be reached gquicker
and if we decrease the size of the battery the rate
of charging will be s/ower. In the same way if we
increase the size of the resistor, the rate of charg-
ing will decrease because the charging current flow-
ing through the resistor will cause a potential drop
across it, and so less voltage will actually be
present on the plates of the capacitor to cause the
electrons to flow and to thus charge the capacitor.

In Figure 2 we can find an exact analogy with
the capacitor whose size can be changed in the "Sweep
Freq." (S85), with the battery in the 400 volt supply
(which, however, in this case is constant), with the
variable resistor in the "Fine Freq." (R-19) and with
the wire in the gas discharge tube (V-5). By the
prover selection of size of cavacitors a wide range
of frequencies can be covered in steps and all inter-
mediate frequencies obtained by varying the "Fine
Freq." (R-19) control. The capacitor selected by the
switch, "Sweep Freq." (85) is charged by current
flowing through "Fine Freq." (R-49), and through
R-20. When a certain voltage is reached across them
the gas discharge tube (V-5), which is filled with
ah inert gas, ionizes and acts as a short circuit to
the voltage across the capacitor. The charging cycle
starts over again, and again the capacitor is dis-
charged. By the proper selection of values of re-
sistors, operating voltages and circuit design the
charging of the capacitor can be made to take place
at a very nearly uniform rate with respect to time.
We can plot the voltage built up across the capacitor

against time and obtain a graph as in Figure 3. £ is
the voltage on the capacitor. Z is the point of
discharge. 7/ is the time needed to charge the

capacitor and during this time the spot moves from

~10-~
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one side of the screen to the other as £ Lecomes

larger. 72 is the time needed to discharge the
capaciter and when £ falls to zero the spot returns
to the original position. Note that at low fre-

quencies 7/ is much larger than 72 so that when this
voltage, which appears to the grid of the horizontal
eamplifier to be an AC vo/tage, 1is amplified and
applied through a coupling capacitor to the deflect-
ing plate the spot moves across the screen, slowly
during 7/ and so fast during 72, when the spot
returns, that is seems to be moving in one direction

only. As the frequency of charge and discharge
increases, 72 approaches 7/ in value and the return
trace of the spot becomes more noticeable. At

extremely high frequencies T/ is practically equal
to 72 and it is difficult to distinguish one from the
other on the screen of the tube. It is this limita-
tion of the gas discharge tube which really limits
the direct observation of the wave form of RF volt-
ages.

It is possible to apply a small portion of the
voltage under observation to the grid of the gas dis-
charge tube through the "Sync. Control" (R-23) and
thus help maintain the frequency of discharge in the
generator to a submultiple of the observed signal.

This is what is meant by "locking-in" a signal. This
small voltage is obtained from the plate of the
vertical amplifier (V-4). 1In using the "Sync.

Control” it should always be run in the minimum posi-
tion possible as too much voltage applied to the grid
will produce not only a distorted image but can
actually change the frequency of the generator.

In Figure 2, R18 is a bleeder resistor which
helps stabilize the voltage supply in the generator
but most important provides bias on the gas discharge
tube. R24 is a resistor which limits the current
through the gas discharge tube to a safe value. R20
prevents shorting the 400 volts supply by "Fine
Freg." and is also the dropping resistor across
which the saw-—tooth voltage is developed.

-11-
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HORIZONTAL AND VERTICAL AMPLIFIERS:

Up to this point in speaking of applying a
signal to one or both deflecting plates we made no
mention of the amplitude of the signals necessary to
give a usable deflection. The RCA type 906 or
equivalent tube has an average deflection sensitivity
of .55 to .58 mm per volt, when the signal is applied
directly to the plates. This means it takes a signal
of approximately 46 volts DC to give a deflection of
one inch. Accordingly it would take approximately
140 volts DC or 70 peak volts AC to give a full scale
(3 inch) deflection. This is an average deflection
sensitivity and will vary with different makes of
tubes and under different operating conditions.
As the student will realize if he has ever run any
characteristic curves on many tubes of the same or
different brands, one can no more expect all cathode-
ray tubes to have exactly the same deflection sensi-
tivity than he can expect all type 76 tubes to have
exactly the same plate current with a given plate
voltage. This difference in sensitivity is due not
only to the varying distance between the deflecting
plates and the beam of electrons but also to varying
operating voltages. The former affects sensitivity
in that the farther the plate from the at-rest posi-
tion of the beam the larger the voltage which will be
required to apply the same force, acting to cause
deflection, to the beam.

The force acting on an electron (and for sake
of simplicity we consider one electron) is F equals
55, where e is the charge on the electron, £ is the
S
potential on the deflecting plates in statvolts
(1 statvolt equals 300 ordinary volts) and s is the
distance in centimeters between the plates. £ is in
dynes. It can be seen then that as s increases the
force decreases. Thus with a given voltage applied
to the plates there will be a different force acting
to displace the beam. Now also the amount of deflec-
tion depends upon the speed of the electrons. Only

-13-
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during the time the electrons are between the pla- =
are they under the influence of the force F acting
to deflect the beam. Refer to Figure 4. The time
then that they are under the influence of the force
F is t equals /, where / equals length of the pnlates
v
and v is the velocity of the electron in ¢ms/secon=.
An electron then is acted upon by a force £ eguals
ef for a time of T equals i seconds and is deflected

s v
a distance O equals afz, where & 1s acceleration due
Z
to the force and is equal to the force F divided by
thhe mass m of the electron. The change in direction
taker by the beam iz the angle € and tan & equals
eE+<.
—

From the above relations it can be seen that
since the speed of the electrons is varied by varying
the voltage applied between Anode #2 and cathode so
the deflection sensitivity will be varied because
tne time they are between the deflecting plates 1is
less and thus the {orce acting to deflect them has
less time to act and therefore causes less deflec—
tion.

If we were working near a transmitter it is
possible that we would be able to obtain high enough
voltages that we could apply them direct to the
plates but in ordinary practice and especially in
working on teceivers it is not possible to obtain
such high voltages. We must point out here that not
even the voltage from the linear time base has such
magnitude because the amplitude must be held to a
very small percentage (about 5%) of the surply
voltage in order that the charging rate of the
capacitor can be considered linear. The design of
the two amplifiers is nearly identical and both the
circuits of the two amplifiers and method of connect-—
ing them to the linear time buse, to the deflecting
nlates in the cathode-ray tube and to the external

World Radio Histol
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binding posts of the instrument are shown clearly in
Figure 2. The radio frequency chcke (L-1) in the
plate lead of the vertical amplifier and shown on
Figure 2 is for the purpose of extending the amplifi-
cation range to a much higher than usual frequency.
It will be relatively flat from 40 cycles to 75 kilo-
cycles.

In applying a signal to the vertical input we
car see it passes through the "Vert. Gain,": is
amplified by the 6C6 (V-4). and is coupled to the
vertical plate by a capacitor (C—6). Likewise any
signal applied to the horizontal input passes through
the "Hor. Gain,"™ ic cmplified by the 6C6 (V-6}, and
15 ccupled to the .orizontal deflecting plate by a
capacitor (C-7). If we wish ‘c use the linear time
bose ae a source of horizontcl voltage {to use it as
@ sweep voltage) we set the "Int-Ext Sweep" (S-3)
switch to "Int" position and the voltage present
across the resistor R-20 in the sweep circuit is
cpplied through the amplifier and to the horizontal
plate. The gas aischarge tube is made to keep in
step or pe syrchrenized with the signal in the
verticel ampiifier by setting the "Int-Ext Sync ."
(5~4), switch to the "Int® position and then adjust-
ing the "Bync. Cocntrol"' R=-23.

APPLICATIONS OF THE CATHODE-RAY OSCILLOSCOPE

it is very important in considering the applica~
tions of the scope, to realize that although there
are many different types they are basically very
similar. The size of the cathode-ray tube used, the
presence or absence of vertical, horizontal, and 2%
axis amplifiers, the frequency resvonse of the ampl i-
fiers, and the design of the linear time base very
definitely affect the uses to which the oscilloscope
may be put. It is probable, though, that the factor
which most limits the uses is the frequency response
of the vertical amplifier. Most of the oscilloscopes
manufactvred today for the radio serviceman are
built around almost a standard design in which the
vertical amplifiers have a very poor response to
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signals of high RF frequency. These oscilloscopes
must, in general, be used where the frequency is in
the audio range, which means, in a tadio receiver,
only after the RF signal has been demodulated.

There are special application oscilloscopes being
manufactured which have a linear response to three

megacycles and more and which can, becaquse of their
high gain, be used to observe even the RF signal on

the input grid of the RF stage of a receiver. The
basic differences between this type and the one we
have been discussing are: (1) The latter has several

cascaded stages of amplification using tubes which
have high gain and low interelectrode capacity, and
(2) The placement of every component in the circuit
has been considered rrom the standpoint of how it
will affect wide-range amplification.

ORC

FIG.5 FIG.6
FIG.7 FIG.8

Suppose we were to connect a wire to the verti-
cal input and touch this wire. With the proper ad-
justment of the "Intensity" and "Focus" controls a
very complex image would probably appear on the
screen. This signal on the operator's body is a
stray voltage being radiated from the AC power lines
and has a frequency of 60 cycles per second. I1f the
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linear time base is adjusted to 60 cycles per second
the image will appear as in Figure 5. It shows that
the voltage to the vertical input had enough time to
complete just one cycle in the time it took for the
sweev voltage to move the spot across the screen one
time. The rough, irregular shape of the image
indicates that transient voltages and harmonics of 60O
Cycles are present. Now readjust the sweep to 30
cycles and Figure 6 will appear. Here the vertical
signal has enough time to complete two cycles to the
sweep's one. Reduce the sweep to 20 cycles and
Figure 7 will appear. Why!? Let's ad just the sweep
te 2¢O cycles and Figure & will appear. (It is very
difficult to make this image stand still on the
screen). To find this setting gradually increase the
"Fine Freq."tabove 60 cycles until the image apnears.
This image appears beccause in the length of time
needed for the verticael AC voltage to go from zero
volts to a maximum positive and return to zero, the
spot moved across the screen one time. This formed
the upper hzlt-sine—wave. Then the signal completed
the lewer half of the cycle and the spot again moved
acress the screen forming the lower arc.

The oscilloscope is a very useful instrument for
deteimining frequency of audio signals and can be
used in the following manner. Let us suppose we had
on RF signal generator which had output jacks for the
audio modulation voltage. Let us suppose we had to
determine the frequency quite accurately at which the
mcdulation took place in the generator. Feed this
audio voltage through the horizontal amplifier to
the horizontal plate and abpply the output of a vari-
able audio generator to the vertical amplifier and
thence to the vertical plate. Adjust the variable
audio frequency until a pattern as in Figures 9, 10,
14, 12, or 413 appears. This will indicate the signal
to the vertical plate has the same frequency as the
one to the horizontal plate. Now the reason this
image is constantly changing from a line to a narrow
ellipse into a circle and back to an ellipse and to a
straight line is because the frequencies of the two
signals are not absclutely constant, but are varying

18-
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just a very small amount with a change in line
voltage, etc. This, then, results in the two volt-
ages being in phase at one instant and oroducing a
line, then just slightly out of phase and producing
an ellipse, then further out of phase and a broader
ellipse, then 900 out of phase and a circle and then
back through the ellipses and to a line at 180°. It
is interesting to note that when the adjustment of
the variable audio is such that there is a very
definite difference the sctua/ difference per second
in frequency of the two signals can be determined by
counting the number of circles appearing in a minute
dividing by two and then by sixty.

FIG.9 FIG.10 FIG. 11

FIG. 12 FIG.13

An oscilloscope can be used to determine phase
difference between two voltages. Apply both signals
simultaneously to horizontal and vertical plates and
a line will apoear on the screen, Figure 9 or 413.
Apply the signal to horizontal through a large choke
and an ellipse will appear indicating a phase shift
in passing through the choke, Figure 10 or 12.
Connect a capacitor and a resistor in series and
across a source of voltage. Apply the source of
voltage to input and the voltage across the cavmaciter
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to horizontal and an ellipse will be formed by phase
shift through capacitor. The actual amount of phase
shift can be determined in the following manner:
place a calibrated screen having lires placed at
Tight angles to each other and with the outer lines
ferming a square over the end of the tube. Observe
the image through this screen and adjust the spot
positioning controls wad gain controls until the
image just touches each of the four sides of the
square calibration lines 4, 6, ¢, d., as shown in

Figure 44. Measure distance EF. The phase angle
or phcse difiference is equal *to arcsin £F. Example:
FG
G A
*\\q
= B
l/ e =
/
F

/""“T’TN

C
S S T . e
IN et
D _
FIG. i4
at phase angle of 90° a circle will be formed and
£F equals FG and sin £F equals 1. Therefore the
FG
angle whose sine is 1 is 909. Check. At a phase
angle of OO or 4800 £F equals zeTo soO £F equals O
FG

and arcsin O equals OO or 480°. Check. At a phase
angle of 459 £F equals .707 F6 so arcsin .707 equals
459. Check.

An oscilloscope can be used advantageously

in locating distortion in an amplifier. Apply a
standard audio signal to input of amplifier. Advance
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volume control cnd assume distortion present. Adjust
linear time base to submultiple of audio signal and
obtain a signal for vertical deflection on plate of
output tube. Distortion present as in Figure 15,

FIG.15 FIG.16 FIG.17

FIG.I8 FIG.19

Obtain signal from grid of output tube. Distortion
present as in Figure 46. (Phase is shifted 480°
going through tube.) Obtain signal from plate of
first audio. Signal as in Figure 17. Distortion
absent. Distortion taking place in first audio
stage. Measure voltage and current constants to
determine cause of distortion.

Finally a very important use of the oscilloscope
is its use in aligning the IF transformers and AFC
circuits in radio Teceivers. In this method of
alignment a frequency modulated signal is fed to the
circuit to be aligned and the vertical of the oscil-~
loscope connected to a source of the demodulated
signal, for example the diode load Tesistor. The
resonance curve of the circuit is traced on the
screen as in Figure 18. The sweep used here is a
60 cycle voltage having a sine wave form and is one-
half the rate of frequency modulation. The curve
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i

obtained from a discriminator alignment will be
similar to Figure 19. A detailed explanation of the
formation of Figures 18 and 19 would necessitate a
complete explanation of the type of frequency modu-
lated signal used, the rate of frequency modulation
and the effects of the adjustment of each circuit
corcerned. This is be 12 the scope of this booklet
and will be explained fuily in another.
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