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AMONG the various types of indicators and measuring devices, the

oscilloscope occupies a very special place. Indicators such as
meters generally give only one magnitude of the variable to be in-
vestigated, be it a deflection angle or a scale division; they thus may
be considered as one-dimensional devices. In an oscilloscope, the
locus (called spot) of the impact of the electron beam on the screen
depends upon two voltages. Thus we have the advantage of a two-
dimensional display, and even a third dimension can be added by
modulating the brightness of the spot.

Just as in a graph, the vertical deflection axis is termed Y and
the horizontal one X. The variable investigated is a voltage called
V, because it is connected to the Y-posts (or vertical input ter-
minals) of the scope, deflecting the spot vertically. (If, for example,
the magnitude studied is a sound or fluid pressure or an accelera-
tion,it has to be first translated into a voltage by use of a suitable
transducer.) The two-dimensional display feature of the cathode-
ray tube (or CRT) allows for representing the unknown V, in
terms of another variable, the horizontal deflection voltage V. The
graph displayed on the screen (the oscillogram) thus represents a
function V, = £ (V).

In the most usual applications of the oseilloscope, the horizontal
deflection voltage V, is made proportionate to elapsed time by
connecting a linear time base to the X input terminals. By this
means the unknown is visualized as its amplitude varies with time.
A “pure” ac voltage thus shows up as a perfect sinusoid. This is
the function V; = f(t), the unknown in terms of time.

To investigate the frequency characteristics of a circuit, it is con-
venient to display its output voltage in terms of frequency to visual-

ize the function V, = f(F), where F stands for frequency. This is
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accomplished by making V; proportionate to frequency F by what
we will call a frequency base. A typical display of this type is the
selectivity characteristic of an if amplifier.

V, also may be just another voltage of different frequency or
phase. This is true of Lissajous diagrams for frequency comparison
or ellipses for phase-angle measurement; and also of tube charac-
acteristics.

Still another type of dlsplay' Uses polar instead of rectangular
coordinates. The base line then becomes a circle whose diameter
or brightness can be modulated; the gear-wheel pattern for fre-
quency comparison is an example of this type of display.

These four kinds of displays outline nearly all oscilloscope appli-
cations. Understanding this fundamental classification aids in mak-
ing the best use of an oscilloscope.

From the foregoing we can conclude that the oscilloscope is a
device for qualitative evaluation, while a meter shows only a quan-
tity. The magnitude of an ac voltage is rather insufficient to de-
scribe it; the waveform is a very important characteristic. The
oscilloscope can also be used for quantitative evaluation, but it
may be outperformed in this application by a less complicated
meter type device. Its outstanding feature remains the possibility
to make us “see the electric waves” and a technician or an en-
gineer deprived of the scope feels like a blind man when investi-
gating circuits.

There is some controversy about the terms oscilloscope and oscil-
lograph. Etymologically, an oscilloscope is a device to display os-
cillations (or waveforms) while an oscillograph is a recording
device. Thus it is deemed correct to give the name oscilloscope to
the instrument to be dealt with, used principally for visual exam-
ination of oscillograms. Of course, if you set a camera in front of it
to make photos of oscillograms, the instrument may conveniently
be termed an oscillograph. (The word oscilloscope is often abbre-
viated as scope).

The contribution of Mr. Robert G. Middieton who very
competently wrote the chapter on television is hereby gratefully
acknowledged.

ALFrRED Haas

Paris, France



chapter

the cathode-ray tube

THE very heart of the oscilloscope is, of course, the cathode-ray
tube. To perform its work, the C-R tube has to have three
fundamental parts:

1. An electron gun to emit electrons, concentrate them into a
beam and focus this beam on the screen;

2. A deflection system to deflect the beam and “sweep” its im-
pact on the screen (the spot) in accordance with the con-
nected voltages, and

3. An evacuated glass tube with a phosphor-coated screen to
make visible the impact of the (invisible) electron beam.

The electron gun

A typical electron gun is shown in Fig. 101. Electrons are emitted
by a cylindrical cathode enclosing the spiraled heater. Opposing
common tube practice, the oxide coating is set down, not on the
envelope of the cylinder, but on its front end. This cathode is sur-
rounded by a cylinder perforated by a small hole facing the oxide
coating. This electrode or grid effectively controls the intensity of
electron emission just as in a conventional electron tube. By ap-
plying more bias to the grid, the beam current is reduced and so is
the brightness of the display. The bias control thus becomes a
brightness control.

Leaving the cathode by the grid aperture, the diverging electron
beam passes a succession of anodes composed of cylinders and per-
forated disks acting as diaphragms. The role of these anodes is
twofold: to bunch the electron beam to focus it into a fine point on
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the screen, and to impart the necessary acceleration to the electrons
to enable them to reach the somewhat distant screen.

The anode system is often referred to as an electron optical sys-
tem, for it acts much like an optical lens focusing a light beam.
Leaving the first anode A,, the electron beam is bunched by means
of the electrostatic field as it enters the second anode cylinder A,.

Fig. 101. Beam production and focusing "2 I_”
by the electron gun. (H, heater; K, cath- -
ode; G, control grid.) An optical ana-

logue is shown below.

Unlike an optical lens featuring a fixed focal distance depending
upon its geometrical design, the electron optical system allows
focusing of the beam by purely electrical means, a very convenient
property. The focal distance depends upon the relative voltages
impressed upon anodes A; and A,. As the potential of A, is gener-
ally fixed, focusing is obtained by varying that applied to A,. Fig.
102 shows the action of a variable voltage impressed upon A;.
While the middle trace is correctly focused, the upper and lower
traces are out of focus, the voltage applied to A, being too high or
too low. With the potential of the cathode assumed to be zero, the
voltage on A; may be about 250 and on A; about 1,000 (with re-
spect to the cathode). Grid bias may be variable between 0 and
—40 volts, according to the brightness desired.

The electron gun of Fig. 101 is a simple type. A third anode may
or may not be internally connected to A;. Introduction of this ad-
ditional electrode avoids interaction between brightness and focus
controls. Thus, the tube being correctly focused will remain so re-
gardless of the setting of the brightness control, a very convenient
feature.

Focusing may also be accomplished by a magnetic field along the
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Tig. 102. The center trace is properly
focused. The other traces are out of
focus.

axis of the beam. This is common television-tube practice. Oscillo-
scope tubes, however, are always focused electrostatically.

It must be emphasized that, to close the circuit, the electrons
issued by the cathode need to return to the anode after having hit
the screen. From the anode the electrons travel through the high-
voltage supply, finally reaching the C-R tube cathode (or starting

Fig. 103. Electrostatic deflection of the electron beam.

point) once again. If there were no return path and electrons be-
came trapped on the screen, the screen would become negative and
no pattern would be available.

The deflection system

It may be difficult to visualize the mechanism of deflecting a
practically weightless and invisible cathode ray. So you may con-
sider the beam as an extremely fine and flexible wire of negligible
inertia carrying a direct current whose negative pole is situated on
the cathode end. This hypothetical wire passing between two par-
allel plates P1 and P2 (Fig. 103) will be electrostatically attracted
by the positive plate Pl and repelled by the negative plate P2,

Thus, the beam initially focused at point M on the screen will hit it

9



at N, the deflection M-N being proportionate to the voltage ap-
plied between Pl and P2. Inverting the polarity of the battery
would, of course, make the spot appear at point N’, on the other
side of M. By means of a suitable voltage connected between P1 and
P2, it is possible to situate the spot anywhere on the straight verti-
cal line nn’. These plates providing for vertical deflection are called

Fig. 104. PI and P2 represent the vertical deflection plates.

PI' and P2’ are the horizontal defleciion plates. By means

of these plates (positioned at right angles) the spot can be
moved vertically and horizontally.

Y plates. Remember, however, that their actual position is hori-
zontal with respect to the electron beam.

If we now add a second set of plates at right angles to P1 and P2
as shown in Fig. 104, these plates P1” and P2’ will deflect the spot
along the horizontal line qq’, according to the voltage applied.
These plates providing for horizontal deflection are called X plates
but are actually positioned vertically.

By applying suitable potentials to both sets of plates, the spot
may be positioned at any point on the screen, and so it is deemed
unnecessary to provide pictures showing a lone spot positioned at
different points on the screen.

We may also affect the position of the spot by deflecting the beam
by means of a magnetic (or electromagnetic) field. A coil placed
near the neck of the cathoderay tube, with its axis perpendicular
to the beam as shown in Fig. 105, will deflect the spot in the indi-
cated direction when energized by a direct current of the polarity
shown. A pair of coils placed symmetrically with regard to the
electron beam is used to provide a uniform field.

While electromagnetic deflection is widely used in television
practice, it is rather inconvenient for oscilloscopes. Deflection coils
are usable only on a limited range of frequencies and need a heavy
current to be energized. Magnetic deflection is attractive for tele-
vision receivers because the tube may be made shorter for a given
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screen size; the possible deflection angle being greater. Further-
more, in an electrostatic tube the ease with which the electron
beam can be moved (deflection sensitivity) is inversely propor-
tional to the anode voltage but is inversely proportional to the
square root of the anode voltage for magnetic deflection. This

Fig. 105, Electromagnetic deflection is ¢

effected by a coil placed near the neck )

of the tube with its axis at right an- 3 //
gles to the beam. /

-+

makes magnetic deflection of high-voltage tubes comparatively
easy. Having no internal deflection system to align, television tubes
are cheaper than comparable oscilloscope tubes and deflection coils
may easily be operated at some fixed frequency.

Being concerned solely with oscilloscope applications, we will not
describe magnetic deflection further. It is, however, to be empha-
sized that the beam in an electrostatic tube can be deflected by a

COMNECTION
BULB COATING

BUTTON

INTENSIFIER ANODE
COMDUCTIVE (Tl’lﬁ

Fig. 106. The intensifier anode is composed of a conductive
coating on the wide part of the C-R tube.

magnetic field in the same way as a television tube. Hence, stray
magnetic fields are to be avoided because they may lead to misin-
terpretation of oscillograms.

The screen
The faceplate of the C-R tube is coated with a thin layer of
fluorescent material called phosphor. Although a screen is always

more or less white, various types of phosphors are characterized by
their persistence and color.

11



There has to be some persistence (or afterglow). If there were
not, a fast-writing spot would not have enough time to impress the
retina of the eye and no pattern at all would be perceived. The
rapid succession of discrete points on the screen is perceived as a
continuous trace, thanks to the afterglow of the excited points of
the phosphor. On the other hand, an exaggerated persistence is to
be avoided too, for a trace refusing to disappear may interfere with
a new trace, and a slowly moving pattern may be smeared. A long
afterglow is, however, necessary to visualize a rapid transient that
would not be perceived otherwise. This explains why there are
phosphors featuring different types of persistence.

Persistence is measured by the time it takes to decrease the ini-
tial brightness of a trace to 19 of its value. For normal oscilloscope
applications, a persistence of .05 second is adequate (phosphors P1,
P2, P3, P4). P6 and P11 are short-persistence phosphors (.005 sec-
ond) and P7 features a long afterglow (3 séconds).

The color of the light emitted is another characteristic of a phos-
phor. For general oscilloscope applications, a greenish yellow is
chosen because it corresponds to the greatest sensitivity of the hu-
man eye (phosphors P1, P3). Monochrome television needs pic-
tures consisting of black and white (phosphors P4, P6), and high-
speed photography of oscillograms is best accomplished with a
blue-trace phosphor (P11). P7 is a special two-layer phosphor with
a short-persistence blue trace followed by a long-persistence yellow
trace; by use of suitable color filters, one or the other component
may be filtered, thus providing two different characteristics.

The spot should never be permitted to remain stationary on the
screen, for burn-in results from this practice (especially with high-
intensity beams) leaving a dead spot (sometimes visible by its dark
hue) at the 1mpact spot. Even a base-line staying for extended pe-
riods on the screen with a high level of luminosity, will result in
burn-in. For this reason it is good to run the C-R tube at reduced
anode voltage and to decrease the brightness of the trace by increas-
ing the control grid bias. Blue-tint phosphors are especially sensi-
tive to burn-in, perhaps because the reduced sensitivity of the eye
to this particular wavelength leads one to increase the beam cur-
rent more than necessary with a greenish-yellow phosphor screen.

Deflection factor

The main characteristic of a cathode-ray tube is its deflection
factor D; that is, the number of dc or peak-to-peak ac volts required
on the deflection plates to obtain 1 inch of spot displacement, ex-
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Fig. 107. Application of intensifier Fig. 108. A4 moderate degree of tra-

voltage brightens the trace, but pezoidal distortion is evidenced by
lowers the deflection sensitivity of the lack of parallelism of the upper
the C-R tube. and lower borders.

pressed in volts/inch. The deflection factor is, however, not a con-
stant but depends upon the anode voltage V,; in fact, D is inversely
proportional to V,.

A highly accelerated beam is more difficult to deflect than a
slower one. For most tubes, D is approximately egual to .06 V,
{volts/inch). Thus, a tube worked with an anode voltage of 1,000
will require .06 X 1,000 = 60 dc or peak-to-peak ac volts on the de-
flection plates to display a l-inch deflection. Increasing V, to 2,000
volts will result in doubling the voltage required to obtain the same
l-inch deflection. The deflection voltage can be amplified before
being applied to the deflection plates, but as good high-gain wide-
band amplifiers are somewhat tricky and cumbersome to realize, it
is good practice to work the cathode-ray tube with the lowest anode
voltage compatible with a fine and clearly visible trace. By the same
token, there will be less risk of burn-in.

D = .06 V, is, however, only a rough approximation and depends
upon the particular type of tube. The set of deflecting plates near
the gun is more sensitive than the pair closer to the screen side of
the tube, the length of the deflected beam being greater. For short
tubes, the difference of sensitivity of the two sets of plates may be
as much as 2 to 1.

Intensifier anode

If a very bright trace is required (for photographic use or ob-
servation of fast transients), the C-R tube has to be worked with a
high anode voltage; but the decrease of sensitivity and the voltage
rating specified by the tube maker rapidly limit every effort in this
direction. The difficulty can be overcome by making use of post-
acceleration; that is, the beam is subjected to further acceleration
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after having passed the deflecting system. This is accomplished by
an additional electrode—the intensifier anode. As shown in Fig.
106, this electrode consists merely of a conductive coating painted
on the inside of the conical part of the tube and is connected to a
button sealed in the wall of that part of the tube.

This method at least partly overcomes both difficulties men-
tioned earlier. The decrease of sensitivity of the beam, accelerated
after having been deflected, is much less, and the intensifier anode
may be connected to a higher voltage (up to 25,000), the insulating
problems being greatly simplified by the glass tube. The effect
obtained is clearly visible in Fig. 107 which shows two traces dis-
played on the screen of a 5CP1 tube with and without post-acceler-
ation. V, was 2,000 volts and, as the anode is grounded in oscillo-
scopes, the cathode is at —2,000 volts. The intensifier was first
grounded and then tied to the +2,000-volt terminal of the power
supply; the overall acceleration voltage thus was 2,000 and 4,000,
respectively. As the signal voltage and the brightness setting were
the same in both cases, the gain of brightness and the decrease of
sensitivity produced by post acceleration are clearly visible.

Trapezoidal distortion

To deflect the beam it is quite possible to apply the ac voltage
to but one plate, say X, and ground the other plate X’. This pro-
vides more acceleration for the beam (and reduces its deflection
sensitivity by the same token) on the positive-going half-waves and
increases sensitivity on the negative-going ones. Thus the set of
deflecting plates nearest the gun will vary the amplitude of the
pattern due to the other set, and the oscillogram is no longer in-
scribed in a rectangle, but in a trapezoid, hence the name trape-
zoidal distortion. Fig. 108 shows an example of moderate trapezoidal
distortion, accompanied by a certain amount of defocusing near
the edges. In this scope, the plates nearest the gun were used for
sweeping the tube to provide for comfortable sweep expansion;
thus it is the Y signal whose amplitude varies from one side to the
other.

Trapezoidal distortion may be avoided by symmetrical deflection
voltages, at least for the set of plates nearest to the gun. Some tube
types have one plate of one or both sets internally connected to A,
leaving no other choice than asymmetrical deflection. These tubes
do not necessarily introduce trapezoidal distortion, for it is possible
to correct this shortcoming by suitable shaping and positioning of
the deflecting plates.
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chapter

oscilloscope circuitry

T HE cathode-ray tube alone is of no use. To be operative it needs

at least an adequate power supply. Furthermore, one or two
amplifiers and a time base are generally required, although in cer-
tain special cases these may be omittéd. The assembly of these vari-
ous devices forms the oscilloscope.

Oscilloscope circuitry could be the title of a big book; as we are,
however, primarily concerned with the applications and not with
the design of oscilloscopes, we will merely outline the operating
principles of the fundamental circuits and describe some typical
schematics.

Power supply and controls

A C-R tube requires relatively high operating voltages, from,
say, 800 to 2,000 and up, depending upon individual tube types
and required brightness of display. Current requirements are low.
A bleeder composed of fixed resistors and various potentiometers
takes about 1 ma, and this is much more than the operating cur-
rents of the electrodes. It is customary to ground A, (see Fig. 101
in Chapter 1) to maintain the deflection plates at or near ground
potential. Thus, unlike common vacuum-tube practice, the cathode
and control grid of the C-R tube are “hot.” Because of the high po-
tentials involved, caution is strongly recommended when tinkering
with a working oscilloscope. Should it be necessary to service or
test the energized high-voltage circuits (and sometimes it is), keep
one hand in a pocket and make sure the floor is nonconducting.

A typical oscilloscope power supply is represented 1n Fig. 201.
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Some of its parts may often be omitted and are indicated only for
the sake of completeness. The power transformer is special. Besides
the conventional 700-volt center-tap winding, there is an extension
of, say, 450 volts, and there are some additional heater windings.
V1 is a full-wave rectifier powering the amplifier (s) and the time
base, and the half-wave rectifier V2 provides the operating voltages
of the cathode-ray tube. As the current in this circuit is very low,
the rectified voltage about equals the peak ac voltage. In the circuit
described, the voltage to be rectified is 350 + 450, or 800 volts rms,
and the dc voltage obtained will be approximately 800 X 1.4, or
1,120, the positive end being grounded. A third rectifier V3 simi-
larly provides 1,120 volts to the intensifier, should the C-R tube be
of the post-deflection accelerator type; if not, this circuit is omitted.

With regard to the low current, the filter is of the resistance—
capacitance type (Cl, C2, R1). Frequently, R1 and C2 are omitted,
and there is only a buffer capacitor Cl. The greater hum voltage
due to this simplification does not impair the operation of the
cathode-ray tube in a significant manner. Hum modulation of the
grid may, however, be troublesome and can be eliminated by a
simple filter R2-C4 connected between grid and cathode. Note
that the working voltage of C1, C2 and C3 is 1,200 while the voltage
across C4 is only 50. The intensifier supply (if any) needs no elabo-
rate filtering; capacitor C3 is sufficient.

There are four controls: R5 controls the brightness ot the trace
by varying the grid bias; R6 allows for correct focusing of the spot,
R7 and R8 are necessary for horizontal and vertical centering of the
trace. Note resistor R3 shunting R5. If this pot were open and not
paralleled by a suitable resistor, the whole high voltage would ap-
pear between grid and cathode, destroying the tube immediately.

The network R4-C5 allows for intensity modulation of the dis-
play. Capacitor C5 has to be very well insulated, for any leakage
would apply a considerable positive voltage on the grid and put the
tube out of commission.

The centering system shown is rather simple, acting only upon
one plate of each pair of deflection plates by varying its potential
between, say, —100 and +100 volts, All electrodes are ohmically
connected to their tie-in points on the voltage divider to avoid
erratic operation. An untraceable spot is generally due to a discon-
nected electrode or an open resistor.

The use of a standard power transformer instead of the special
type is sometimes attractive. A conventional 700-volt center-tapped
transformer will provide about 700 X 1.4, or 980 dc volts, by half-
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wave rectification, the center tap being left free. This is sufficient
for most tubes and applications. Should a higher voltage be re-
quired, the same transformer can provide approximately twice
this value by means of a voltage doubler (Fig. 202). Two rectifier

E:NTFG

X

-0

HIvac

Fig. 201. 4 typical oscilloscope power sup-
ply. In practice some of the features of
this circuit are often omitted.

100V r l

tubes are necessary but, as the cathode of V1 is grounded, this tube
may conveniently be connected to the common amplifier heater
supply.

Deflection amplifiers

The average deflection factor of a normal C-R tube is about 60
volts dc per inch, though values as high as 230 volts per inch and

it
th3

IvVAC % J00Y CT N

=

Fig. 202. Voltage-doubler circuit using a conventional
power supply transformer,

up may occur. (Smallscreen tubes, being shorter, generally have
higher deflection factors than large-screen types, and thus the volt-

age required to sweep the screen is somewhat similar for most
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types.) This means that the spot will be deflected 1 inch by a dc
voltage of 60 or a peak-to-peak ac voltage of the same magnitude.

The corresponding rms voltage is 60 % 0.7/2, or 21 volts. Consider-
ing 1 inch as the minimum height of a display to be analyzed, it is
obvious that voltages of less than 20 rms must be amplified for
examination.

There is no “standard” gain value; it all depends upon the ap-
plication involved. While some specialized instruments need to
display microvolts, high-voltage testing equipment actually requires
input attenuators instead of amplifiers to reduce the deflecting
voltage to a suitable value. For general radio, television and elec-
tronic applications, .02 rms volt per inch is a very good value, and
.2 rms volt per inch can generally do. This means an amplifier gain
of 1,000 times in the first case and 100 times in the second.

The other important characteristic of an oscilloscope amplifier
is its bandwidth; that is, the range of equally amplified frequencies.
It is easy to understand that a waveform can be judged only if the
scope amplifier does not introduce a distortion of its own. For low-
frequency work, a bandwidth extending from 20 cycles to 100 ke
may be considered adequate; for displaying video frequencies, an
upper frequency limit of anything between 2 and 10 mc is neces-
sary.

To understand the problems facing the amplifier designer, con-
sider the typical amplifier in Fig. 203. For fair reproduction of the
lowest-frequency components, capacitors C1 and C2 are to be large
to obtain substantial time constants with the given values of re-
sistors R, and R,. This is not difficult to realize and Cl is often
omitted, introducing some inverse feedback. On the high-frequency
end, transmission is impaired by the undesirable capacitance C3,
consisting of the output capacitance of tube V1, the input capaci-
tance of V2 and the distributed capacitance of the wiring. Let us
assume C3 is 50 ppf; it 1s difficult to make it much less. At 60 cycles,
this represents a capacitance of X, = 14 7 X 60 X 50 X 10— =
53,000,000 ohms, or 53 megohms. The shunting effect upon plate
resistor Ry, will be negligible. At 60 k¢, X, will be 53,000 ohms. If
V1 is a 65]7 type amplifier tube with R;, = .1 megohm, severe
shunting will occur, significantly reducing the gain at that fre-
quency.

The remedy consists of reducing the resistance of the plate load
R;. Values of 2,000 to 5,000 ohms are common. To compensate for
loss of gain, high-mutual-conductance tubes such as the 6AG7 with
a mutual conductance of 11,000 ymhos—are used. A 6AG7 tube
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loaded by 2,000 ohms provides a gain of about 22. This is not much,
and several stages must be cascaded to obtain the necessary gain. It
is difficult to design high-gain wide-band amplifiers for they tend
to become cumbersome, unstable and noisy. For this reason a com-
promise has to be decided upon, limiting gain and bandwidth to
an acceptable value.

The bandwidth can be increased by “peaking” as shown in Fig.
204. An inductance Ly, tuned by its stray capacitance C, connected
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Fig. 203. High-frequency response of a resistance-
coupled amplifier is limited by the stray capaci-
tance represented by €3.

in series with the plate load Ry, resonates at a frequency slightly
above the rolloff frequency of the amplifier. If A is the character-
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Fig. 204 (left) . Peaking coil L, extends the high-frequency response of a resistance-
coupled amplifier. Fig. 205 (right) . Effect of peaking on the high-frequency response
of a resistance-coupled amplifier.

istic of the noncompensated amplifier (Fig. 205), an extended
characteristic such as B may be obtained by correct peaking. If the
inductance of Ly, is not correctly designed, a rising characteristic
such as C may result, introducing distortion. An uncompensated
amplifier is still better than an overcompensated one.

Push-pull deflection amplifiers

Asymmetrieal deflection leads to trapezium distortion, and there-
fore push-pull deflection is recommended. There is still another
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reason for using symmetrical output amplifiers. The high output
voltage required to sweep low-sensitivity C-R tubes may readily
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Tig. 206. Push-pull dc amplifier featuring two long-tailed pairs.

overload the output stage of the amplifier, introducing distortion.
When push-pull deflection is used, each output tube has to provide
only half of the total deflection voltage, and distortion is reduced.
Of course, push-pull deflection needs an additional output tube
and sometimes a phase inverter.

Dc amplifiers
It is sometimes necessary to display very-low frequency compo-
nents, and even the dc component of a waveform, without phase

B+

Fig. 207 (above). Stray capacitance C al-
ters the frequency characleristic, the
change depending on the seiting of R.

Fig. 208 (right). Cathode-follower input
attenuator stage has an extremely low out-
put impedance.

distortion. To accomplish this, dc amplifiers are required. Such
amplifiers are liable to drift, especially if the overall gain is high.
Drift may be minimized by a symmetrically designed amplifier and
careful matching of the two halves.

A typical dc amplifier circuit is shown in Fig. 206. Tubes V1 and
V2 are so-called long-tailed pairs. By means of the common cathode
resistors, opposite voltages are generated across the plate loads, and
a first phase inversion accomplished in V1 is followed by another
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Fig. 209 (left). Frequency-compensated input attenuator. Fig. 210 (right). Over-
contpensation of attenuator due to excessive capacitance of CI.
inversion in output stage V2. This circuit readily leads to a very
effective centering control by adjusting the bias of the right-hand

section of V1 by potentiometer R.

The circuit shown is good for the range extending from dc to
ultrasonic frequencies. Wide-band dc amplifiers are available but
their design is much more complicated.

input attenuators

Input attenuators are necessary to adjust the deflection ampli-
tude to a convenient level. The simple potentiometer circuit of
Fig. 207 using a high-resistance unit is unsuitable for the stray
capacitance C results in a frequency characteristic variable with the
setting of R. The circuit may, however, be used with a low-resist-
ance potentiometer (500 to 5,000 chms) connected to the output of
a cathode follower (Fig. 208), as cathode followers feature a very
low output impedance.

As this continuously vaiiable amplitude control allows for a
variation of only say, 10 to 1, a stepped input attenuator must be
provided. This is a frequency-compensated voltage divider such as
in Fig. 209. The attenuation characteristic is independent of fre-

Fig. 211 (left). Loss of high-frequency components; setting of CI is too low. Fig. 212
(right). Correct setting of Cl is shown by fair reproduction of the 50-kc square wave.
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Fig. 213 (above). Sawtooth waveform pro-

duced by a time-base generator, Return time

is exaggerated for demonstration. Fig. 214

(right). One cycle of a sine wave displayed by

a sawtooth sweep equal in frequency to the
applied wave.

quency if the time constants of all the resistors and their associated
capacitors are made equal, that is R1C1 = R2C2 = R3C3. A
square-wave test is used to carry out a correct equalization.

Typical values of the components are given in Fig. 209. As the
capacitance of Cl is rather low and as the stray and input capaci-
tances are not well defined, it is usual to make ClI a trimmer adjust-
able between, say, 4 and 15 ppf. It has no action upon the wave-

Fig. 215. Geometrical composition of two right-an-
gled deflection forces generating the oscillogram of
Fig. 214.

form displayed when the switch is set on position A, but its effect
on position B is evidenced by the following pictures, the signal be-
ing a 50-kc square wave. Fig 210 shows a severe overshoot due to the
predominant high-frequency components of the square wave, the
value of C1 being excessive. Fig. 211 indicates a loss of high-fre-
quency components by its rounded edges, C1 being set too low.
With C1 correctly trimmed, the oscillogram of Fig. 212 was ob-
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Fig. 216. Display of three cycles of a sine
wave. The signal frequency is three times
that of the time base.

tained. A voltage divider adjusted this way is independent of fre-
quency.

Generating a waveform display
The waveform of a signal is its amplitude variation plotted
against time. To visualize it, a time-base generator is needed. This

Fig. 217. Geometrical composi-

tion of the sine and sawtooth

voltages generating the display
of Fig. 216.

is a device for producing a voltage of sawtooth-like waveform (Fig.
213) composed of a linearly increasing portion called “go time" or
“sweep time” and a comparatively short portion of return to the
initial condition, referred to as “return time” or “flyback time.”
Such a voltage applied to the horizontal deflection plates makes
the spot move at constant speed from one side of the screen to the
other, say, left to right, and then return rather quickly to its point
of departure at the left. This cycle then repeats indefinitely.

If we inject now a sine wave of the same frequency as the recur-
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Fig. 218, On higher frequencies the fly-
back time may no longer be negligible.

rence frequency of the sawtooth voltage into the vertical (Y) de-
flection channel, we get an oscillogram such as shown in Fig. 214.
The geometrical composition of these two voltages resulting in the
pattern shown is indicated in Fig. 215. Each point of the display is
given by reference lines corresponding to the same instant chosen
on the time scale for at every instant the spot is submitted to the
amplitude of the X and Y voltages at that time. If the signal fre-
quency is made three times higher, the spot will trace three sine
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Fig. 219. Geometrical composition of waves showing
how part of the sine wave of Fig. 218 is lost.
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waves during one sweep time (Fig. 216). The corresponding geo-
metrical plotting is indicated in Fig. 217. It is important to under-
stand well the mechanism of pattern generation by two right-
angled deflecting forces, this being one of the fundamentals of
oscilloscopy.

The idealized sawtooth wave features a strictly linear sweep time
and an extremely short flyback time. There is, however, no perfec-
tion in this world, and we will see that these conditions are not
easily satisfied. Thus, it is physically impossible to reduce the fly-
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back time to zero and, especially in the higher sweep frequencies,
the flyback takes an appreciable portion of the whole cycle. This is
illustrated by the oscillogram shown in Fig. 218 of a 60-kc sine
wave. A portion of the last wave is lost, and the corresponding geo-
metrical plotting of Fig. 219 shows the importance of the return
time. Generally this does not matter since linearity of the return
trace is often made invisible by a suitable blanking circuit.

Time-base generators
Fundamentally, a time-base generator consists of a capacitor G
that charges through a resistance R, building up a voltage between

+ £ | MAXIMUM CHARGING VOLTAGE

i}

TIME o

Yig. 220 (left), Time-Dase generator operation. D is a triggered discharging device.

Fig. 221 (right). Owing to the exponential nature of the charging characteristic of

a capacitor, only a small portion is approximately linear, resulting in the production
of a nonlinear waveform.

point M and ground (Fig. 220). As this voltage reaches a given level
a discharging device D is triggered and discharges C as quickly as
possible. A voltage of sawtooth-like waveform across C will result.

Fig. 222. Nonlinear waveform pro-
duced across C in Fig. 220.

The voltage built up across a charging capacitor, however, is not
proportional to time because of the exponential nature of the
charging characteristic (Fig. 221). The charging current becomes
lower and lower as the voltage across C approaches the voltage E of

25



the charging power supply, resulting in a nonlinear sawtooth
waveform as in Fig. 222.

‘There are two fundamental methods of obtaining a linear sweep
from this nonlinear device. The first consists of limiting the volt-

M
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¥ig. 223. Typical gas-triode time-base generator circuit.

age building up on C to an amplitude E’, representing only a frac-
tion of the total voltage F—for instance, by making E’ equal to
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Fig. 224 (left) . The extinction potential of the gas tube in Fig. 223 determines the

starting level of the sweep portion of the waveform. A potentiometer in the cathode

circuit of the gas tube can be used to vary the firing voltege. Fig. 225 (right). Non-

linear sweep caused by the curved sawtooth wave of Fig. 222. Nate severe crowding
of the trace.

E/10. The first portion of the charging characteristic being fairly
linear as shown in Fig. 221 a good sawtooth wave may be obtained.
Its amplitude will obviously be reduced, and a sweep amplifier fol-
lowing the time-base generator will be required to obtain a suffi-
cient sweep voltage.

The other solution consists of charging C at a constant rate by
a constant-current device such as a pentode tube. Time bases using
this method of linearization produce an output voltage of suffi-
cient amplitude to sweep a cathode-ray tube. However, as it is very
convenient to make use of amplifiers in both Y and X channels for
displays other than voltage vs. time, this may not be a distinctive
advantage.
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Gas triode time-base generators
The gas triode or thyratron is a very simple and efficient dis-

Fig. 226 (left). Reducing the bias vesults in a less curved sawtooth wave. Fig. 227
(right). Sweep obtained with the sawtooth wave of Fig. 226. The crowding.of the
trace is much less marked.

charging device (D in Fig. 220). Unlike a vacuum tube, a gas triode
has only two operating states: it may be conducting or not, just as

Fig. 228. With reduced amplitude,
the sawtooth is almost linear,

the contacts of a relay may be only open or closed. When the grid
bias of an energized gas tube is sufficiently reduced, the tube “fires”

CONTROL CHARACTERISTIC

fcmgm VOLTAGE

INSTANTANEDUS STRIKING YOLTAGE

Tig. 229. Synchronization is obtained
by reducing the free running period
of the time-base generator.

] J——
FREE RUNNING PERIOR L
SYMC RUNNING PERIOD
| STHC YouTacE

(a faint glow is generally visible) and its internal resistance be-
comes very low—so low that the tube may be immediately destroyed

if there 1s no current-limiting device in its plate circuit. From now
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Fig. 230 (lefr). Insufficient sync results in a blurred oscillogram. Fig. 231 (right).
Evratic time-base generator triggering due to insufficient sync signal causes highty
unstable trace.

on, the grid is inoperative and unable to stop conduction. The tube
ceases to conduct only when its plate voltage falls below a definite
level, called extinction potential.

A thyratron time-base circuit is represented in Fig. 223. Capaci-
tor G charges through the charging-current determining variable
resistor R;. Gas triode V is connected across G, but is initially non-
conductive because of its grid bias (voltage divider R1, R. making
the cathode positive with regard to the grid). As the capacitor
charges, the plate voltage builds up and, for a given potential de-
pending only upon the grid bias, the tube fires and C is quickly
discharged. Conduction ceases as the anode reaches the extinction
potential, C charges again and a new cycle begins. The sawtooth
voltage developed across C is represented in Fig. 224. Note that the
starting level of the sweep is fixed by the extinction potential; a
tube constant, while the firing voltage may be varied by adjusting
the cathode bias resistor R, in Fig. 223. Decreasing R, will reduce
the bias of the tube and firing will occur at a voltage level E/ in-
stead of Er. Thus we obtain the dotted sawtooth pattern of reduced
amplitude and of higher frequency, the charging period being
shorter.

An important characteristic of a gas triode is its control ratio, C,,
a constant for a given tube type. The striking voltage is easily cal-
culated by multiplying the control grid bias by C,. For the type 884
used for demonstration, G, is 10. This means that the tube biased
at 8 volts will fire at 8 X 10, or 80 volts (provided the available
charging voltage is greater than that). The total output voltage is a
little less, for the extinction voltage of about 15 volts has to be de-
ducted.

The following illustrations show the operation of the time-base
generator of Fig. 223, the output being directly coupled to one of
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the Y (or X) plates of the C-R tube. The markedly in-curved saw-
tooth voltage of Fig. 222 was obtained for a bias voltage of 24; the
corresponding striking voltage is 24 X 10, or 240, an appreciable
portion of the 300-volt charging voltage. To show the effect of this
curvature upon the waveform display, the time-base output was
coupled to one X plate of the C-R tube, and a sine wave was in-
jected into the Y channel. The unequal spacing of the individual
periods is clearly seen in Fig. 225. Reducing the bias to 18 volts
(striking voltage, 180), the sawtooth of Fig. 226 was obtained, re-
sulting in the slightly more linear pattern of Fig. 227. The sweep
approaches linearity for a bias of 10 volts (striking voltage, 100) as
shown in Fig. 228. The continuous decrease of amplitude accom-
panying the linearization of the sawtooth is quite visible; the out-
put voltage corresponding to Fig. 228 is insufficient to sweep the
C-R tube and has to be amplified. Using an amplifier, one may,
however, reduce the striking voltage still further and thus improve
the linearity of the sweep.

1cmw»s VOUTAGE

TOO MUCH SYNC

CORRECT SYNC

Fig. 282 (left) . Too much sync results in shortening of the base line and a loss of
the cycles displayed. Fig. 283 (right). Excessive sync voltage results in a reduced
amount of sweep.

Fig. 284 (left) . Severely oversynchronized display of one cycle. Fig. 235 (right).
Wrong frequency setting of time base combined with excessive sync. Successive
sweeps of different lengths result.
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Note, too, that reducing the striking voltage increases the fre-
quency of the sweep for the charging period is shortened and the
new cycle starts earlier. This effect is used for efficient synchroniza-
tion.

Fig. 236. Sawtooth voltage producing
sweeps of different lengths.

Fig. 237 (left) . Display of sine wave with suppressed return trace. Reduced intensity
is due to blanking. Fig, 238 (right). Return trace is intensified bv changing the
polarity of the blanking signal.

Synchronization
To perceive a stationary pattern, it is necessary that the spot re-
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Yig, 289, Triggered time-base generator is made free running by
closing switch S,
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trace indefinitely the same waveform at exactly the same place.
This means that there has to be strict synchronization between the
instantaneous amplitude of the waveform examined and the cor-
responding horizontal deflection of the spot.

Unlike tuned oscillators, time-base generators have poor fre-
quency stability, and this turns into a distinctive advantage here
because it makes for easy synchronization by the voltage to be ex-
amined. The mechanism of synchronization is explained by the
diagram of Fig. 229. The sync voltage e injected into the control
grid “modulates” the striking voltage and makes it vary between
Ef and EI”. As the tube fires at the very moment when the charg-
ing characteristic intersects with the striking voltage curve, a very
efhcient synchronization is accomplished by stopping the charging
cycle and starting the discharge always at the same point of the
striking curve and by the same token, of the waveform to be dis-
played. Note here that this is always done by shortening the charg-
ing cycle, increasing the repetition frequency. For effective sync, a
time base has to operate at a frequency slightly higher than the
ideal value.

The sync control has to be adjusted with great care if mislead-
ing patterns are to be avoided. (Some modern oscilloscopes, how-
ever, leature sync limiter circuits and thus free attention for the
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Fig. 240. Typical multivibrator type time-base
generator,

main job.) A frankly undersynchronized sweep voltage results in a
blurred and illegible pattern (Fig. 230). With a slightly higher but
still insufficient sync voltage, a pattern such as Fig. 231 is obtained,
showing several identical waves more or less displaced. This sort of
pattern usually is highly unstable.
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If the sync control is still advanced beyond the point of adequate
stability of the display, a progressive shortening of the base line
accompanied by the disappearance of successive cycles of the pat-
tern is observed, as shown in Fig. 232. Three photos were taken
under the same conditions except for sync control. The upper trace

Fig. 241. Multivibrator time-base volt-
age waveforms. Above: output voltage:
below: plate voltage of V1 in Fig. 240.

is correctly synchronized, the center one moderately and the lowest
one strongly oversynchronized. The diagram of Fig. 233 explains
why this happens. While the smaller sync voltage triggers the dis-
charge after completion of a sweep displaying two cycles, the larger
signal fires the gas tube atter a sweep time corresponding to only
one cycle.

If there remains but one cycle on the screen and the sync voltage
is still increased, that last cycle is severely distorted as shown in Fig.
234, making it difficult to distinguish the initial sine wave. To ob-
tain this pattern, a sync voltage of 8 rms volts was impressed on the
control grid biased at 8 dc volts. Combining a wrong frequency
setting with too strong sync control results in a pattern like that of
Fig. 235, produced by successive sweeps of different amplitude.
This corresponds to a sawtooth wave such as displayed in Fig. 236.

The question thus arises as to how a time base is to be operated
for best results, without abuse of the sync facilities. The best way
is to turn the sync control to zero at the beginning and to set the
frequency control to obtain the desired display, and preferably at a
slightly lower frequency. The obviously moving pattern is then
easily stabilized by a small amount of sync voltage. Readjust the
frequency control slightly if necessary, but don’t increase the sync
signal unless it is necessary.

Return-trace blanking
Although rather faint because of its greater-writing speed, the re-
turn trace of the spot is normally visible (Fig. 214, for instance)
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and may be confusing at higher sweep frequencies where the fly-
back time is no longer negligible with regard to the sweep time—
as in Fig. 218 displaying a 60-kc sine wave.

It is quite easy to blank the return trace. Probably all time-base
generators feature at a definite point of their circnitry a sharp pulse

Fig. 242. Same as Fig. 241, but time
constant of R1CI in Fig. 240 is different.

of positive or negative polarity. A negative-going pulse may be ap-
plied directly to the control grid of the C-R tube by a small high-

Fig. 243 (lery) . Above: grid voltage of V2; below: voltage across R . Fig. 244 (right) .
Same as Fig. 243, but the time constant of RI1C1 is different.

voltage capacitor. Tn one multivibrator type time base, a positive-
going pulse is obtained on the plate of the left-hand triode. (Refer
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to Fig. 240 described in the section under the heading of multivi-
brator time-base generator.) The polarity of this pulse can be

33



changed using a phase-inverter tube. This complication can, how-
ever, be avoided by modulating the cathode and not the control

grid of the C-R tube. Fig. 237 shows the same pattern as Fig. 218,
the return stroke being suppressed, however. Applying the positive
pulse on the control grid results in intensifying the return trace
(Fig. 238), a feature sometimes desirable for extremely fast sweeps
(though the return stroke is rarely linear).

Note that return-trace blanking will render invisible a portion of
the pattern and thus may be undesirable. Optional blanking is the
best solution.

Triggered sweep

The recurrent sweep generator described is adequate for ex-
amination of periodic phenomena with which we are generally
concerned. It does not lead, however, to easy examination of ran-
domly occurring phenomena, such as atmospherics, for instance, or
other transients. These may take place at any moment during the
sweep, possibly during the return stroke, causing poor display or
even loss.

To display satisfactorily these nonperiodic events, a triggered
time base is used. The recurrent sweep generator accomplishes two
functions: the generation of a sawtooth voltage and the triggering
of the cycle. It is easy to separate these operations, and Fig. 239
shows that a few supplementary components transform the recur-
rent time base of Fig. 223 into a sweep generator triggered by a
suitable signal. To accomplish this, the grid bias of the gas tube is
increased by opening switch S, making for a higher striking volt-
age. During the charging of capacitor C, the plate voltage of V1
rises to a value v, somewhat lower than the striking voltage and de-
termined by the adjustable cathode voltage of the diode clamp tube
V2. Thus, C remains charged until a negative-going pulse of suffi-
cient amplitude applied on the control grid reduces the striking
voltage to v,. The tube then fires, discharging C. After accomplish-
ing a new charging cycle, the time base becomes inoperative until
arrival of a new triggering pulse.

Triggered sweeps are extensively used in radar techniques, and
the scopes featuring a triggered sweep are called synchroscopes.
Such equipment generally provides for a delay device in the Y-
channel (delay line or flip-flop) to display the beginning of the sig-
nal shortly after initiation of the sweep and so to avoid its loss.

A single sweep generator is a triggered time base made inopera-
tive after having accomplished but one stroke. Such a device is re-
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quired for detailed study of a transient where elimination of other
signals may clear the pattern, which would otherwise be illegible.

High-frequency time-base generators

The gas-triode time-base generator has been treated in a some-
what detailed manner to show the mechanism of sweep voltage
generation and the way to operate it. Though it is simple and ef-
ficient, and widespread in oscilloscope equipment, it has its short-
comings, the principal one being its limited operating frequency.
Because of the finite time required to ionize and to de-ionize the
gas in the tube, its highest operating frequency is about 40 k¢, de-
pending upon the circuit used. Moreover, this frequency limit
is not clearly defined, the sweep voltage decreasing with an in-
creasing frequency.

For high-frequency sweep generation, vacuum-tube time-base
generators are used. There is quite a variety of types, but we will

Fig. 246 (left). Adbove: grid voltage of blocking oscillator; below: sweep voltage
across CI. Fig. 247 (right). Decreasing amplitude and increasing frequency resull
from increasing RI.

examine only the multivibrator type extensively used in oscillo-
scopes, and the blocking oscillator, incorporated in every television
receiver.

Until now, we expressed the sweep velocity of the time base in
terms of frequency. This is very convenient for the display of peri-
odic events characterized by their frequency. It is quite meaning-
less, however, if the sweep is triggered, there being no repetition
frequency. Furthermore, the actual timing of an event is more com-
plicated using a time base calibrated in terms of frequency. For this
reason, many commercial oscilloscopes (especially the triggered
ones) rate the sweep speeds in seconds (or microseconds) of dura-
tion. As frequency is the inverse of time, a sweep duration of, say
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Fig. 248 (left) . Television type raster sweep has low frequency ratio to make indi-
vidual lines clearly visible. Fig. 249 (right). Sine-wave sweep leads to an illegible
pattern.

10 psec, corresponds to a frequency of 1,000,000/10 or 100,000
cycles, or 100 ke.

Multivibrator time-base generator

The multivibrator time-base generator (sometimes called Potter
time base) consists of a cathode-coupled multivibrator triggering
the discharge of a capacitor Cl charged through a variable resistor
R1 (Fig. 240). The common cathode resistor R, and the ac-cou-
pling C2R2 introduce a feedback between sections V1 and V2 of
the tube, making it oscillate rather violently. At the beginning, Cl
charges through R1 and V2 is nonconducting. As V2 starts conduc-
tion, it raises the bias voltage across the common cathode resistor
R., thus decreasing the plate current of V1 and increasing its plate
voltage. This produces some sort of instantaneous chain reaction,
for the positive pulse on the plate of V1 is transmitted by C2 to the
grid of V2. The resulting heavy plate current of V2 rapidly dis-
charges capacitor Cl, while V1 is cut off. Then the circuit returns
to its initial condition and a new cycle is started. The slow charg-
ing and rapid discharging of Cl result in a sawtooth voltage across
Cl.

The waveforms at different points of this generator can be stud-
ied by means of an electronic switch. The upper waveform in Fig.
241 shows the sawtooth wave developed across C1 while below it is
the plate voltage of V1. The coincidence of the positive-going steep
pulse and the beginning of the discharge is clearly seen.

For demonstration purposes, R2, Cl and C2 (in Fig. 240) were
fixed and only R1 was varied. The pattern of Fig. 241 was obtained
with R1 equal to .6 megohm, making the time constant of R1Cl
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much larger than that of R2C2. Making R1 equal to .1 megohm re-
sulted in the pattern of Fig. 242, presenting a wider triggering pulse
and a longer flyback time.

In Figs. 243 and 244 are shown, above, the grid voltage of V2 and,
below, the voltage on the common cathode, for R1 equal to .6 and
.1 megohm, respectively. The grid voltage rises first slowly and then
rather steeply, at the very instant of the positive-going pulse on
the cathode. By comparing Figs. 243 and 244, the widening of the
discharge pulse due to shortening the time constant of RI1CI is
cv1clent

Sync voltage may be injected into the grid of V1. The pulse on
the plate of V1 can be used to blank the return trace by modulat-
ing the cathode of the C-R tube. Keep the resulting stray capaci-
tances low so as not to stretch the return time. This time base needs
a dual potentiometer for fine frequency control; 1 megohm for R1
and .25 megohm for R2 are suitable values. Furthermore, C1 and
C2 are to be switched simultaneously for coarse frequency control.

The Potter time base can be trigger-operated by negatively bias-
ing the grid of V2 and limiting the charge of Cil by a diode con-
nected as shown in Fig. 239 for a gas-triode sweep generator.

Blocking-oscillator time-base generator

This type of time-base generator differs from almost all other
types: a transformer is used much like in a conventional tickler os-
cillator (Fig. 245). By making the time constant (i.e., the product
R‘?C‘»’) of the grid coupling sufficiently large, the operation of the
circuit is radically changed. Because of the tight coupling of the
two windings, a strong oscillation takes place as soon as the circuit
is energized. This oscillation is rectified by the grid, and an impor-
tant bias voltage builds up across R2 so that the tube is cut off after
a few cycles. (This blocking action on the oscillation gave its name
to the circuit.) The charge, of course, leaks away through R2 and
the cycle starts again, but this takes a much longer time than the
duration of a period of oscillation. Thus, the tube alternates a short
period of heavy conduction at the starting of oscillation with a com-
paratively long period of nonconduction, the tube being biased
beyond cutoff. Just as in the time-base generators previously de-
scribed, this effect can be used to discharge capacitor C1 which is
charged through resistor R1 in the plate circuit of the tube.

The upper waveform in Fig. 246 shows the grid voltage and be-
low it the sweep voltage across capacitor Cl. The superimposed os-
cillations during the positive stroke of the grid can be distin-
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guished, and the coincidence between the period of positive grid
voltage and the discharge is clearly visible. Note that the flyback
period is relatively long; this is not a shortcoming inherent in this
type of time base but is caused by the use of a conventional instead
of a pulse type transformer.

To obtain this sawtooth voltage, R1 and R2 in Fig. 245 must be
set carefully (potentiometers are used). For low values of R2, the
circuit operates like a conventional sine-wave oscillator; on the
other hand, if R2 is made too large, no oscillation takes place. Fig.
247 shows the result of varying R1 only. Three successive photos
were taken; increasing R1 decreases the amplitude of the sawtooth
wave while increasing its frequency. The high-amplitude wave is
no longer linear. The same effect appeared in the other time bases
for the same reason. The sawtooth of Fig. 247 is negative-going
while that of Fig. 246 is rising. This is due to phase reversal be-
cause of the omission of the amplifier stage of the electronic switch.
The correct polarity is that of Fig. 246.

The blocking-oscillator time base is readily synchronized by a

Fig. 250 (left). Expanded sine sweep, one trace blanked. Fig. 251 (right)) Generation
of an elliptical sweep.

suitable pulse applied to the grid. Triggered sweep operation is
possible, too. (If this circuit is rarely used in oscilloscopes, it is ap-
plied extensively to television receivers. Resistor R2 is then made
partially variable and is termed the horizontal or vertical hold con-
trol, and R1 is the picture size control).

Television raster generation

A television type scan is produced by applying sawtooth waves ot
suitable frequency ratio to both the X and Y channels of the os-
cilloscope. The pattern of Fig. 248 was generated using two gas-
triode time-base generators. To obtain a stationary pattern, the two
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generators must be synchronized. The frequency ratio has been
chosen rather low to show each discrete stroke; in television prac-
tice, the lines are invisible.

Such a pattern is sometimes used to check the linearity of C-R
tubes; this requires a high degree of linearity of both generators.

Fig. 252. Expanding the elliptical sweep
and rejecting the upper trace results in a
usable pattern.

The raster may be amplitude-modulated or, more frequently, in-
tensity-modulated. Furthermore, if the time bases operate at suit-
able frequencies and if a video signal is injected into the control
erid of the C-R tube, the oscilloscope becomes a television receiver.

Sine-wave sweep

The simplest way to “sweep” cathode-ray tubes consists of apply-
ing the 60-cycle line voltage to the deflection plates. The pattern
thus obtained is shown in Fig. 249, which displays a 1,200-cycle sine
wave. This oscillogram is illegible, for the superimposed traces lett
to right and right to left are similar and the linearity is poor on
both sides. By increasing the applied sweep voltage so that only the
central, approximately linear, portion of the trace remains on the
screen, the display becomes somewhat linear. Furthermore, one of
the traces can be suppressed by injecting a suitably phased 60-cycle
voltage into the grid of the C-R tube. Combining these two im-
provements results in a pattern such as Fig. 250, much like a linear
time-base display. Because of the way it is produced, this system is
often referred to as a “medium-cut” time base.

A somewhat similar result can be obtained by rejecting one of
the traces out of the screen instead of blanking it. This is accom-
plished by superimposing upon the signal a 60-cycle voltage of suit-
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Fig. 253. Simple circuit for the generation of a polar
display.
able amplitude, resulting in an elliptical pattern such as in Fig.
251 and explaining the name of “elliptical” time base given to this
system. However, Fig. 251 is barely usable. After expanding the
sweep and rejecting the upper trace, the oscillogram of Fig. 252 was
obtained. Aside from the somewhat curved base line, this display is
quite convenient.

The sine-wave sweep has, however, an important drawback: its
frequency is fixed and cannot be synchronized. To obtain a station-
ary pattern, the wave to be displayed has to be an exact multiple of
the 60-cycle line frequency and we actually must “synchronize” the
audio oscillator manually. Furthermore, the trace is a bit faint be-
cause the high writing speed of the spot traces only the medium
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¥ig. 254. Spiral time-base generator for demonstration purposes.
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portion of the pattern. This type of sweep is, in practice, used only
for tracing frequency response diagrams in inexpensive test equip-
ment.

Circular time base

It may seem nonsensical to display a graph with rectangular co-
ordinates on a circular screen; the introduction of oscilloscope
tubes featuring a rectangular faceplate provides a more efhcient
use of the entire screen surface. Round tubes lead directly to polar
display, the base line being a circle. Such a circular sweep avoids
the return stroke and possibly the loss of a portion of the phenome-
non investigated. Furthermore, the base line is lengthened. For a
h-inch C-R tube, for instance, the greatest usable base line with a
linear sweep is about 4 inches. If the same tube is used with a cir-
cular sweep, the length of the base line becomes 11 inches for a
civcle digmeter of 314 inches,

To produce a circular sweep, a phasing network has to apply a
sine wave in phase quadrature (90°). The circular trace which results
is comparatively easily intensity-modulated and is not at all diffi-
cult to carry out. The author designed the circuit represented in
Fig. 253 and thus obtained the oscillograms of Figs. 453 to 457 (in

Fig. 255. This is an example of the

type of spiral sweep that can be ob-

tatned with the circuit illustrated in

Fig. 254, This shows the extent to

which the base line of the sweep can be
lengthened.

Chapter 4) used for frequency measurements. The circuit consists
of two “long-tailed pairs” coupled to the four deflection plates, one
grid of each pair being fed with the circle-generating frequency f,
by a phasing network. The modulating frequency f, is injected into
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Fig. 256. Waveform of spiral sweep voltage
of Fig. 255.

a resistor common to the four tube sections. For best results, the
bias of the tubes (controlR1)and the amplitudes of f, and f, must
be adjusted carefully.

Spiral time base

The baseline of the sweep can be lengthened further by trans-
forming the circle into a spiral. An experimental circuit for pro-
ducing such a spiral is shown in Fig. 254. A sine-wave voltage de-
livered by an audio oscillator is amplified by a pentode tube whose
output transformer feeds a phasing network. The device described
until now produces a circular trace. Adding a gas triode whose saw-
tooth output voltage supplics the screen makes for a (roughly)
linear variation of the radius with time, and thus a spiral is traced
as in Fig. 255. This display and its generating circuit are presented
only for demonstration, without any claims regarding perfection.
The corresponding waveform is shown in Fig. 256. To get a stable
display, it is necessary to synchronize both the time base of the os-
cilloscope and the gas triode with the circle-generating sine wave.
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chapter

oscilloscope accessories

THERE are some important deyices frequently used with oscillo-

scopes, consisting generally of separate units. These devices
will merely be considered here as tools, their actual application be-
ing shown in the following chapters.

Multiple-trace displays

It is often desirable to display two or more phenomena simul-
taneously to compare their characteristics. This can be done by
using two oscilloscopes or equipment comprising two C-R tubes,
but the actual distance between the two traces makes this a poor
solution. There are multigun tubes consisting of two or more com-
pletely independent electron guns and deflection systems in a sin-
gle tube. Thus each beam may be positioned, deflected, swept, mod-
ulated and blanked independently of the other, providing for the
greatest possible flexibility. For multiple-display purposes, the mul-
tigun cathode-ray tube is certainly the best solution. Such tubes are
rather expensive and the equipment incorporating them obviously
needs two amplifier and time-base channels to operate each section
(assuming the tube is of the two-beam type).

Any conventional oscilloscope can, however, be made to display
simultaneously two (or more) traces by means of an accessory unit
called an electronic switch. Strictly speaking the patterns are not
traced simultaneously because, at any given instant, the spot can
have but one impact on the screen. So the spot traces alternately

one pattern (or part thereot) after the other. Fig. 301 1llustrates
such a way of successively writing portions of each wave. The spot
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Fig. 301. By means of an electronic
switch the spot successively writes two
traces or parts thereof.

passes very quickly from one trace to the other so that its vertical
sweep and return are barely visible. It is emphasized that this oscil-
logram was taken only to explain the operating principle of an
electronic switch. For waveform examination, this makes a poor
display because of the lost parts of the traces and the lack of con-
tinuity.

Electronic switch

A sxmple type of electronic switch is represented in Fig. 302, 1
consists of two gated amplifier channels (tubes V1 and V3) Workmg
with a common plate resistance, and a multivibrator (V2) produc-
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Fig. 302. Electronic switch of the multivibrator type.

ing a square wave to control the alternate operation of the input
channels. While the two input signals Y1 tnd Y2 are applied to the
modulator grids of the mixer tubes V1 and V3, the square wave is

44



Fig. 308 (left). Successive operation of two channels of the electronic switch. Note

the presence of switching transients (descending peak at the beginning of the low

amplitude trace). Fig. 8304 (right). If the switching frequency is a multiple of the
sweep frequency an illegible pattern results.

injected with inverted phase into the oscillator grids, to key one
tube while the other is inoperative. The alternate operation of the
two channels is shown in Fig. 303. (This representation side by side
is more interesting for demonstration purposes than for actual
waveform examination.) The repetition frequency of the multi-
vibrator is adjustable by steps by a bank of capacitors, and a dual
potentiometer R allows for fine control.

To facilitate identification of similar waves, trace separation is
generally provided. In the circuit described this is accomplished by
potentiometer R, by varying the bias of V1 and V3 in opposite di-
rections. This varies the dc plate current of the tubes and the re-
sultant dc voltage component is transmitted by the coupling capa-
citor. Acting upon R, this raises one trace and lowers the other.

Tig. 306 (left) . Same as Fig. 304: This oscillogram is of no use for interpreting wave-
forms. Fig, 306 (right) . Switching frequency much higher than the sweep frequency.
Note the dotted trace.
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Differentiation of traces is also possible by varying the on—off ratio
of the amplifiers, making one trace a bit fainter than the other.
This is obtained by choosing unequal grid resistors in the multivi-
brator circuit.

The electronic switch described is rather simplified and some
improvements are possible. The square wave generated by a multi-
vibrator is rather imperfect and a waveform-shaping stage is often
added. The input attenuators are uncompensated and suitable only
for low frequencies. The output may be coupled directly to a Y
deflection plate of the C-R tube. The amplifiers must not be over-
loaded in trying to get a pattern of suitable height. We applied the
switch output to the input of the Y amplifier of the scope, enabling
small-signal operation of the switch. However, the scope amplifier
has to have an adequate bandwidth to transmit the switching
square wave correctly.

Choice of switching frequency

The fact that the repetition frequency of the multivibrator is
made variable indicates that a suitable switching frequency has to
be chosen. This raises the question of the optimum frequency. First
of all, the switching frequency should never be a multiple of the
sweep frequency for the spot passing from one trace to the other at
always the same points of the waves displayed will ‘write the same
portions of these waves again and again, omitting the others, as
shown in Fig. 301. While this oscillogram is still readable, those of
Figs. 304 and 305 can no longer be interpreted. Slightly resetting
the fine frequency control R will continuousiy displace the transi-
tion path of the spot and the eye will perceive two continuous
traces.

Flicker is likely to occur at low switching frequencies. On the
other hand, at high switching frequencies (with regard to the fre-
quency of the waveform displayed) the rapid back-and-forth motion
of the spot makes a sort of luminous curtain appear between the
two traces, and the traces show up as a succession of discrete points
(see Fig. 306). The optimum switching frequency seems to be half
the sweep frequency for the spot then writes one trace entirely dur-
ing each go time of the sweep, and no switching transients nor back-
and-forth motions appear. This condition is realized in Fig. 307,
where there is no interference between the two traces. Note, how-
ever, the switching transient at the extreme right,

Correct synchronization is still another problem for three fre-
quencies are involved. The time base has to be synchronized by the
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Fig. 307 (left). If the switching frequency is half of the sweep frequency the spot
wriles ane entive Irace after the other. Note the presence of switching lransients.
¥ig. 808 (right). Faulty synchronization of electronic switch and sweep.

signal to be displayed. If the sync selector of the scope is set on “in-
ternal sync,” the time base is likely to be synchronized by the
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switching frequency. So it is best to set the selector on “external

sync” and tie the corresponding input post to the signal input.
Faulty synchronization may result in a wave pattern such as Fig.

508. Note that the apparently usable part on the left side of the os-
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Fig. 310 (left). Oscillogram obtained with an electronic switch of the counter type.
Note the neat traces and the absence of switching transients. Fig. 311 (right). Same
as Fig. 310; the traces are separated.

cillogram shows a phase difference that actually did not exist, the
Y1 and Y2 terminals of the switch being tied together.

Now for the multivibrator sync. If the switching frequency is
very different from that of the sweep frequency, it may be left free
runiing; but for the described half-frequency operation, sync has to
be applied from the time base. The phase relation of Fig. 307 is mis-
leading: the two voltages were actually in phase, but a faulty sync
upset their display. Examination of the right-hand transient shows
that the two traces are of different lengths. To conclude, half-fre-
quency operation is very attractive, but may produce misleading
phase relations if incorrectly synchronized. This danger does not
exist with high-frequency switching.

Counter type electronic switch

From the preceding it is easy to guess that correct adjustment of
both time-base and switching generators is somewhat tricky and
tedious. However, as half-frequency operation is estimated best (if
adequately performed), a switching device controlled by the time
base and operating at half its frequency can easily be designed, and
one can forget about switching frequency. This switching may be
obtained with the Eccles-Jordan circuit called “scale of two,” a
multivibrator featuring two stable states. The scale of two produces
a square wave very suitable for switching purposes. Its frequency
is half that of the control pulses: it takes two pulses to restore the
initial state in the circuit.

An electronic switch of the counter type is a little more compli-
cated than a multivibrator. Its schematic is given in Fig. 309. Am-
plifier tubes V2 and V4, working with a common output resistor,
receive input signals Y1 and Y2 from the cathode-follower input
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Fig. 312. Reducing the resistance of

RZ2 makes an oscillator of the scale-of-

2 circuit and the switch behaves like a
multivibrator type.

stages V1-a and V3-b. The scale-of-two V5 is triggered by pulses
amplified by V7 and directed at the most favorable switching point
by V6. Cathode followers V1-b and V3-a are controlled by the scale
of two and thus alternately gate the amplifier tubes V2 and V4.
The whole affair was designed for use with a Potter time base fea-
turing a positive pulse. If a pulse of negative polarity and sufficient
amplitude is provided (for instance, by differentiating the sweep
voltage output), V7 is omitted. Trace separation is accomplished
by R1, and R2 is set for best counter operation.

Figs. 310 and 311 show oscillograms obtained with this type of

AMPLIFIER UNDER TEST

SCOPE

SIGNAL GENERATOR

FREQUENCY
CONTROL

T el

POTENTIOMETER FOR
SWEEP GENERATION

LOW-GEAR MOTOR

Fig. 313, Operating principle of a motor-actuated vesponse curve tracer. {This
system is primarity of historical interest.)
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switch, the traces being first superimposed and then separated. Note
the absence of switching transients, punctured traces and illumi-
nated curtain between traces. When cathode resistor R2 is set to a
very low value, the scale of two becomes a multivibrator oscillating
without any external triggering, and so Fig. 312 was obtained, show-
ing an incorrect operating mode similar to that of the multivibra-
tor type switch.

Automatic response curve tracing

Point by point plotting of the bandpass of, say, if amplifiers,
though accurate, is tedious and time consuming. By means of an
accessory, the frequency sweep generator, response curves can be
readily traced on the screen of a scope. This is a major application
of scope techniques to radio and TV servicing.

To 