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PREFACE

SEVERAL years have passed since standards for high-definition
cathode-ray television transmission were set up in this country
and in the U.S.A.. and although the war years have retarded
progress, at least in a direct sense, the soundness of these
standards has been proved by the satisfactory performance of
normal commercial receivers. In view of the decision taken
in both countries to resume transmissions on the pre-war
standards, and of the prevailing economic situation, it seems
unlikely that radical changes will be made in the transmission
standards for some considerable time. It is felt, therefore, that
television technique may be regarded as stabilized to an extent
that justifies a systematic treatment of its basic principles,
particularly in regard to reception, since receiving equipment
is more likely to conform to a general pattern than transmitting
equipment.

The urgent demand, by the engineers of a receiver manufac-
turer’s servicing organization, for a lucid, descriptive treatment
of reception principles (as distinet from the existing literature,
which deals with television from a more specialized, advanced,
or comprehensive point of view) was responsible for the produc-
tion of this book in its original form—as a short correspondence
course. With the present increase of interest in, and production
of, television equipment, it is felt that the book may be of
service to a wider field.

Accordingly, an attempt has been made to describe in
clear, direct, and accurate terms, the principles underlying the
technique of television reception. The treatment is qualitative
and entirely non-mathematical, such mathematical aspects as
are of fundamental importance being relegated to an appendix ;
it is, however, largely theoretical in that it does not deal
primarily with practical details of design or servicing. Since
interest is centred on principles it is logical to have dealt to
some extent with American technique, and it is hoped that

vii
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the selection of examples of circuit design for both standards
will provide a better understanding of the art generally without
leading to confusion.

The book may be divided into four parts, as follows—

(i) A general outline of the complete television process
(Chapter I) as standardized here and in the U.S.A., for mono-
chromatic reproduction; this brings out the more advanced
nature of television technique by comparison with ordinary
sound broadcasting and justifies the reinterpretation and exten-
sion of basic signal and circuit theory given in Chapter II.

(ii) Stage-by-stage examination of the complete receiver
working in conformity with established design and servicing pro-
cedure, from the picture tube and its auxiliaries (Chapter I1I)
through the scanning (Chapter 1V), synchronizing (Chapter
V), and signal (Chapter VI) circuits to the vision receiver
input. These chapters are followed by a review of methods of
receiving the sound signal (Chapter VII) and in the succeeding
chapter (VIII) several complete circuit schematics of com-
mercial receivers in current use are described in order to
coordinate details given in the preceding chapters.

(iii) A description of the receiver accessories, namely the
aerial system (Chapter 1X) and test equipment (Chapter X).

(iv) A review of the problem of television transmission in
natural colour, followed by an account of the two basic methods
demonstrated to date.

Each chapter includes a selection of suitable references
which, together with the general guidance presented in Ap-
pendix II, introduce the reader to the general literature and
facilitate further study.

Particular care has been taken with terminology; the
British usage has been preferred where variation exists and a
list of equivalent terms has been provided for the benefit of
American readers. (See p. xv.)

In view of the modern preference for the terms ‘‘resistor”
and “capacitor” 1 have felt it desirable to adopt “‘inductor”
and reserve ‘“coil’ for actual windings only. Since a practical
“coil” may in fact consist of several windings on a built-up
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magnetic core and enclosed in a screen such a distinction would
appear to be justified, and while this decision may be question-
able in the case of scanning and focusing *‘coils,” it has the
merit of allowing consistent use of resistor, capacitor, and
inducter, which practice is becoming more general both here
and in the U.S.A.

The book is published by kind pernission of my former
employers, R.F. Equipment, Ltd., of Langley Park, Bucks.

[ am fortunate in having worked under such pioneers as
Messrs. O. S. Puckle and W. H. Stevens and am deeply grateful
to the many members of the television and service departments
of Sobell Industries, Ltd., who co-operated in producing the
original MS. In rewriting and expanding the latter 1 have
been fortunate in obtaining a great deal of information from
commercial firms in this country and in the U.S.A.; these
organizations are listed on p. x.

[ am grateful to Mr. D. (latworthy for assistance with the
drawings.

I would be glad to receive (through the publishers) notice of
errors and suggestions for improving the text.

In conclusion I would like to acknowledge the tremendous
amount of help and encouragement from my wife Barbara,
but for whom the book could not have been written.

A, W. KEEN

HARROW
December, 1947
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CHAPTER [

AN OUTLINE OF THE TELEVISION PROCESS

By the commencement of the late (1939-45) war television
broadcasts, ranging from irregular commercially sponsored
transmissions to regular public broadcasts, were being made
in several countries, notably Great Britain, U.S.A., Germany,
and France. Even before that date some degree of uniformity
had appeared in methods of transmission and, but for the
outbreak of war, it is probable that the existing transmissions
would have been carried on for some time without major
changes, to allow the number of viewers to multiply sufficiently
to warrant and support future development. The latter pro-
cess has been delayed by the length of the war but since 1945
most of the pre-war stations have resumed operation and are
serving a steadily increasing number of viewers. A significant
fact is the universal decision to continue transmission on the
existing standards.

1.1. The Present Position of Television. The present position
is that television in “monochrome” (black and white) by the
high-definition cathode-ray process,®* as distinct from the
variety of earlier low-definition mechanical methods, is now
an established practice, varving only in detail, in several
countries, and it seems reasonable to expect that future develop-
ments will be achieved by extension of the existing method.”
Nevertheless, while television, particularly in its receiving
aspect, has crystallized to the extent of justifying the present
treatment, it remains a comparatively new art by comparison
with ordinary broadcasting and radically new techniques may
well arise as development proceeds.

Apart from its intrinsic interest the entire television process
must be understood at least in general outline before an
intelligent study of receivers can be attempted. Moreover,

* Numeral superscripts in parentheses denote references at end of chapter.
1



2 PRINCIPLES OF TELEVISION RECEPTION

reception is but a part of the complete process and it has been
attempted (in the formulation of transmission standards) to
make it as simple and independent as possible in relation to
the remainder of the system. In the following sections the
technique will be described step by step from the camera at
the transmitter to the cathode-ray tube on which the scene
viewed by the camera is reconstituted at the receiver. This
description will be particularly useful to the service engineer
not only in assisting differentiation between receiver and very
occasional transmitter faults but in understanding the purpose
and action of the special test equipment (e.g. pattern genera-
tors) required. Tt will be assummed that the reader has a
comparable knowledge of ordinary broadcast receivers, and
this knowledge will be used as a starting point and drawn upon
frequently throughout the book.

1.2. The Problem of Picture Transmission. It is not often
realized that there are certain imperfections in ordinary sound
broadcasting. Consider, for example, the acoustic input to the
microphone in the studio when a large orchestra is “on the
air.”  Sound is received over a wide solid angle and over
varying distances from the large number of instruments
comprising the orchestra. Most of the instruments differ from
each other in type and/or position, so that each represents a
distinet source of sound of characteristic quality and changing
continuously in pitch and intensity. The resultant sound
pattern upon the microphone is evidently extremely complex.
It will be noted, however, that no recognition is taken of the
spatial distribution of the orchestral instruments or of the
binaural (i.e. involving two ears) character of human listening,
while it is necessary that the volume range be compressed to
facilitate transmission. Fortunately the ear is not too critical
of these factors and since the modern microphone is capable
of interpreting with reasonable fidelity the resultant output of
the entire orchestra, the music reproduced at the receiver is
generally regarded as being satisfactory.

[t will be convenient to approach the problem of picture
transmission in a similar manner to that adopted in the previous
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paragraph. The place of the microphone will now be taken
by a camera whose purpose is to produce an electronic image
of the scene before it. This scene will be viewed by the camera
as a three-dimensional distribution of point sources of light
(cf. the separate instruments forming the orchestra) which
differ in distance and angle from the camera lens; moreover,
each ‘“point source” will be characterized by the colour and
intensity of the light it transmits (by reflection, direct radiation,
or otherwise). In a still picture or scene this impression will
remain unchanged ; in practice, of course, the actual scene will
vary in some or all respects, and more or less rapidly, through-
out the programme.

This brief analysis of the picture will be sufficient to bring
out the much greater difficulty of picture transmission by
comparison with ordinary broadcasting. It is not sufficient
merely to transmit an electrical equivalent of the varying
resultant light intensity of the entire scene, but an equivalent
for each point in the scene has to be transmitted separately,
together with sufficient information regarding the relative
positions of these separate picture ‘‘elements,” in order that
the picture may be correctly reproduced at the receiver. The
eye is so much more critical than the ear that no liberties can
be taken in this process; on the other hand, it is the ““ persistence
of vision” property of the eye that makes television practicable.
At present regular transmissions, such as that of the B.B.C.
from Alexandra PPalace, are ‘“monochromatic” (in black and
white) and two-dimensional, and it is unlikely that colour or
stereoscopic (three-dimensional) broadcasts, other than existing
experimental transmissions. will be made for a considerable
time.

1.3. The Action of the Electronic Camera. The initial process
in television is the production of an electrical image of the
scene to be transmitted. This is achieved in an electron camera
using, basically, the well-known photo-electric effect, i.e. the
property possessed in marked degree by certain metals, notably
caesium, of emitting electrons under the influence of incident
light. It will be remembered that the number of electrons



4 PRINCIPLES OF TELEVISION RECEPTION

emitted, for a given light frequency is proportional to the light
intensity, but that the photo-electric sensitivity varies with
frequency. Thus while the photo-electric effect provides a
suitable means of converting variations in light intensity into
electrical equivalents, care must be taken in the choice of the
photo-electric material since its sensitivity must extend with
reasonable constancy through the entire visible spectrum.

Modern cameras are derivatives of the original “‘ Iconoscope ™
of V. K. Zworykin (R.C.A.)1% and a similar tube called the
“Emitron” which was developed concurrently in this country
by J. D. McGee, of EALI. Research Laboratories.'? These
early tubes, which are still in use. will be taken to provide an
example of camera action in view of their simplicity by com-
parison with more recent developments.

Referring to Fig. 1.3a it will be seen that an optical lens
system is employed to set up a sharply defined image of the
scene viewed by the camera, in the plane of a mosaic of photo-
sensitive particles mounted on a mica plate inside the evacuated
camera bulb. The particles may be regarded as tiny photo-cell
cathodes. They are, of course, electrically insulated from each
other, but have a common ‘“anode” plate, carried on the
reverse side of the mica, which is connected to a terminal on
the envelope to allow connection to the external load resistor.
The light focused on the mosaic causes each particle to emit
in proportion to the intensity of the portion of the image falling
upon it, so that a film of electrons (“space charge”), varying
in density from point to point in correspondence with the light
intensity of the picture image, is formed over the entire mosaic
surface.

The long cylindrical extension of the camera bulb houses
an electrostatic gun which projects a fast-moving finely focused
electron beam on to the mosaic. Two pairs of inductors are
placed around the gun neck at the bulb and when current is
passed through them the resultant magnetic field set up inside
the neck, i.e. in the path of the beam, causes the beam to bend
and strike the mosaic at a different point. One inductor pair
deflects the beam horizontally, the other vertically, so that by
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passing regularly varying currents of suitable shape through
them the beam is made to pass systematically over the whole
mosaic surface. At this stage it is not necessary to understand
the mechanism of the gun or the deflection system, since interest
Mica

Photo-emissive

. 0s3ic — Plate
S8
S

[
GO
= i
Q5 Conductive ™ <3~
- Coat/ng[dnode)nf ~
) C e /.
3 NN //Eleci" Slgnd/

™~ Frame

Inductors

To Video Amplifier

Fira. 1.3A. CROSS-SECTIONAL DIAGRAM OF THE EMITRON (‘AMERA
(Courtesy E.M.I., Ltd.)

is centred upon the method of producing the electrical signal
representing the picture.

The action occurring at the mosaic surface under the effect
of the moving electron beam is actually quite complex, largely
because of secondary emission at the point of impact. The
conventional simple explanation is as follows—

At the point of impact of the beam the photo-electric emission
in the vicinity is neutralized and since each particle forms a
small capacitor with the signal plate any change of potential
of the particle is accompanied by a corresponding potential
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change in the plate and therefore by a current change in the
load resistor. Thus, as the beam travels across the mosaic the
load resistor current fluctuates in sympathy with the varying
density of the mosaic emission and, therefore, with the amount
of light received point by point from the scene being trans-
mitted. It is preferable to regard the moving beam as a device

11, 1380 Tue EMITRON (‘AMERA WITH C'OVER REMOVED
(Courtesy E.M.I., Itd.)

for releasing electrons point by point over the mosaic and the
light from the image as modulating the otherwise uniform
secondary emission. Photographs of an ‘“Emitron” camera,
a B.B.C. camera crew in action in the studio and an American
studio are shown in Figs. 1.38, 1.3c and 1.3D respectively.

An important feature of the camera just described is that
each mosaic element is allowed a relatively long ‘“‘recovery”
period between successive sweeps of the electron beam and is
therefore able to respond fully to the incident light, although
this beneficial “storage effect” is considerably offset by a
random (“masking”) signal (called “noise”) which is always
present in the output and is independent of the incident light.




Fie. 1.3c. AN EMITRON CAMERA CREW IN ACTION AT THE ALEXANDRA PALACE StaTtioN of THE B.B.C.



" {8 ]
¥ \ pos /
Fig. 1.3p. Tur CoxTRoL Roowm 1x THE Stubpios or G-E TeLEvisiox BroapcasTiNe Station WRGB,
IN SCHENECTADY, N.Y.

In the foreground is the programme produecer; centre, the camera monitoring desk; and background, view of part of the studio.
(Courtesy of the General Electric C'o. (U'.5.4.)
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Improved ‘“signal-to-noise” ratio and storage efficiency have
been achieved in developments of the basic design,® firstly,
by using secondary emission multipliers to intensify the output
signal (R.C.A’s Image Multiplier Iconoscope®; KE.M.I.’s
“Super-Emitron’®) and secondly, by using a low-velocity
scanning beam to minimize the ill-effects of secondary emission
(the “Orthicon”(%). Both methods are combined in the

Beginning of
Frame Scan\SL — W >

Forward
weep ——b

~— Flyback

: Ww_5
— T = 2 (GB)
R or ‘—;(U.S.A.)

[}
1
’
[

Frame Scan
Fi¢. 1.4a. THE AcTIVE DOWNWARD PORTION OF A SIMPLE SEQUENTIAL

OR PROGRESSIVE ScAN

“Image Orthicon,”® whose design has also been influenced
by an earlier tube, somewhat different from the iconoscope,
known as the ‘“Image Dissector,” which was developed by
P. T. Farnsworth (U.S.A.).4D

1.4. The Scanning Process. It has been pointed out (§ 1.1)
that television involves not only the transmission of the elec-
trical equivalent of light and shade but the separate treatment
of each point in the picture; this difference is the principal
one between the techniques of television and ordinary broad-
casting. The pictures must be broken into small elements and
transmitted piece by piece, moreover the degree of subdivision
must be very great to achieve satisfactory ‘‘definition.” This
process is known as “scanning” and may be simply explained
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with reference to Fig. 1.4a, where the path followed by the
beam in scanning the whole mosaic is shown. Starting at the
top left-hand corner the

Endﬂziairkame beam is made to travel

= (nearly) horizontally and at
/ constant speed to the oppo-
~ site corner ; it is then brought
/ back at a much greater speed.
< These two sweeps are called
/ the “line scan” and “line
= - flyback ” respectively. While
/ they are taking place vertical
- / deflection is applied in a simi-

o lar manner, i.e. the beam is

Beg ’F",’;’g,% ﬁ;back moved comparatively slowly,

Fia. 148, Tue Inactive Upwarn  Dut at constant speed, down-

FLYB§;§U§\F;‘;‘:C:)C;’; 29i3 wards (the “frame scan”).

The overall result is the

zig-zag path, called a “sequential scan.” shown in the

figure. When the bottom of the mosaic is reached the

vertical deflecting force re-

verts quickly to its original

value (the “frame fly-

back ). The process is then
repeated.

By this method every
point of the mosaic is
scanned once per cycle and at
any given instant the signal
output represents the inten-
sit,y of one point ()nly of the Fra. L4c. THE DOWNWARD (ACTIVE)

g g PORTION OF THE INTERLACED
picture. It will be clear that g
provided successive line scans Note that the gz{_ug,itgl]uﬁi are simplitled.
fall sufficiently close together
the picture detail will be completely transmitted. Again,
provided the complete process is repeated sufficiently rapidly,
persistence of vision in the eyes of the viewer at the receiving
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end will completely restore continuity and obscure the fact
that the picture is actually being reproduced piece by piece.
The generation of “reversed” signals during the flybacks is
prevented by cutting off the electron beam while the deflection
fields reverse in polarity. The video signal amplifier is also
suppressed (‘“blanked,” or “masked ) during the same period
in order to prevent modulation of the transmitter by signals
arising in this. or any other End of Odd End of Even
manner early in the camera- Fframe Flyback Frame Flyback
transmitter chain. The fly-
back traces shown in Figs.
1.4B and 1.4D therefore repre-
sent the action of the deflec-
tion fields rather than the
actual movement of the
beam. It is usual to allow
the frame flyback a much
longer period than the line
flyback, and since it is un-
desirable to interrupt the line

! -~
Beginning of Beginning of

deflection current the result 0dd frame -Even Frame

is the zig-zag frame flyback Flyback Flyback

shown in the figures. Fic. 1.4p. Tur Upwarp Frysack
In both British and Ameri- (RETRACE) R INTERLACED

can systems there is an im-

portant complication in the scanning process; alternate frames
are displaced by one-half of the separation between adjacent
lines, thus producing two sets of scans (called “odd” and
“even”) which exactly mesh, interleave, or “interlace” (Figs.
1.4¢, 1.4p). The advantage of interlacing is that it allows flicker
to be reduced without increase in bandwidth by comparison
with an equivalent normally scanned picture, as will be made
clear in § 1.5. It will be understood from Figs. 1.4c, 1.4 that
interlacing may be achieved simply by initiating the frame
flyback alternately at the half-way point and at the end point
in the last line of successive frames provided that the ratio of
the line frequency (for the entire picture, i.e. one odd scan
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plus one even scan) to the frame frequency is an integer plus
one-half; for example, 10,125/50 = 2024 in the British stan-
dard. In Figs. 1.4¢, 1.4D each vertical scan comprises twenty
full horizontal scans plus a half-line in the flyback so that one
complete cycle contains 2 X 204 = 41 lines.

It will be helpful at this stage to provide typical numerical
values for actual interlaced scanning patterns of the type just
discussed ; these are given in Table I, on a comparative basis,
for both British and American systems.

TABLE I: ScanNNING PATTERN CONSTANTS FOR BRITISH AND
AMERICAN SYSTEMS

British American
S Standard Standard
Ratio of picture (frame) width to height 5:4 4 :3m
No. of lines per picture (frame) . 105 525
No. of frames (fields) per picture (irame) & 2
No. of lines per frame (field) o . 2024 2624
No. of pictures (frames) per second 25 30
No. of frames (fields) per second 50 60
No. of lines per second 10,125 15,750

Notes : (1) Same as for cinema (motion) pictures.
(2) Terms in brackets are American equivalents.

1.5. The Video-frequency Signal. The method of scanning
just described sets a limit to the degree of vertical definition
(amount of detail), because of the limited number of scanning
lines employed. The definition obtainable in the horizontal
direction (i.e. along the lines) is greater than in the vertical
direction and depends on the effective overall frequency res-
ponse of the entire system.

It is necessary, of course, to have some criterion of the
maximum frequency contained in the ‘“video™ (i.e. picture)
signal and a useful approximation is provided by the ‘‘picture
element” concept. This is obtained by imagining the scanning
lines to be subdivided horizontally to the same extent that
the picture is split up in the vertical direction by the scanning
process. Taking the British figures as an example, the correct
picture width has been fixed at 1:25 times the height (we speak
of an ‘“aspect ratio of 5 to 4”); accordingly each line is
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regarded as consisting of 1-25 X 405 elements. Assuming* that
all lines are modulated by picture signal (actually a number
have to be reserved for synchronizing purposes) each picture
will contain 1-25 X 405 X 405 = 203,031-5 elements which
have all to be transmitted in +'s sec, i.e. at the rate of 205,031-5
X 25 = 5,125,787-5 per sec. If adjacent elements are black
and white the resultant video signal will be a square wave
of frequency } X 5,125,787-5 = 2,562,893-75 ¢/s = 2-:563 Mc/s
(note, each element produces one kalf-cycle of the square wave).
The corresponding figure for the U.S. system is 5513 Mc/s.
The maximum useful bandwidth in the receiver is set by the
effective size of the scanning spot of the picture tube; usually
this can be made sufficiently small to justify a bandwidth
somewhat greater than the estimate just derived, even in the
American case.

This result indicates that in order to take full advantage of
a given number of lines in the scanning pattern the entire
television system from transmitter camera to receiver picture
tube must be capable of handling modulation frequencies up
to a corresponding minimum figure. Kven in the case of 405
lines per picture (frame) this modulation frequency (2-563 Mc/s)
is greater than the carrier frequency of any broadcast station
in the medium-wave band (550 to 1600 ke/s, U.S.A.; 550—
1500 kefs Europe). Again, the carrier frequency of the tele-
vision transmitter is amplitude modulated (double sideband,
G.B.; single sideband, U.S.A.) by the video signal, so that
the bandwidth occupied by the R.F. signal is at least 2 x 2-563
= 5:126 Mc/s (or 1 X 35-513 Me/s), i.e. over five times the width
of the M.W. broadcast band. The video carrier must therefore
be sufficiently high in frequency not only to accommodate
satisfactorily the wide modulation-frequency band but to
avoid interference from existing facilities. As a result, fre-
quencies over 40 Mc/s are used and these have a reliable range
that is of the order of tens of miles only. It will be understood
now that interlacing allows a sufficiently high frame (field)

* This assumption does not affect the equivalent fundamental frequency of
the pattern, although, in making the calculation, it is usual to take the number
of active lines without making a corresponding reduction of transmission time.
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frequency to eliminate frame flicker without increasing the
degree of definition of the complete picture; in fact, in the
approximate calculation of the minimum fundamental modu-
lation frequency just given it was permissible to ignore the
interlacing complication.

1.6. Reconstruction of the Picture at the Receiver. It will
be understood that the electrical representation of the picture

Fluorescent Screen on
Inner Side of Tube Face

Line
DeF/ector Anode =
Inductor Connecf/on
Focus Inducior
or a net
erid -
4 ——{ : I
oy | =—— - —— -
S A |
~.. %/
Heater % by, B,
e 9@,77
Cathode T .
Anode N I Light
I Spot
-
Frame Deflector
nductor
Fi¢. 1.6a. THe Receiver CATHODE-RAY PIicrure Tusk
(Note that all inductors are outside the tuhe—their arrangement is shown schematically.)

produced by the camera may be transmitted by radio in the
same manner as the microphone signal in ordinary broadcasting.
In the vision receiver the video signal will reappear at the
demodulator output and, usually after amplification, it is
applied to a type of cathode-ray tube specially designed for
television reception. The simple cross-sectional drawing in
Fig. 1.6a will be sufficient at this stage to show how the picture
seen by the camera is recreated. The cathode-ray tube consists
essentially of an electron gun and deflector systems similar to
that used in the camera (cf. Fig. 1.3a) and the finely focused
electron beam produced is directed on to a thin layer of
fluorescent material carried on the inner surface of the flat
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face of the large bulb opposite the gun neck. This fluorescent
screen produces white light at the spot struck by the beam,
which light passes through the screen and tube face to the
viewer. The intensity of the light spot is (ideally) proportional
to the intensity of the electron beam so that if the video signal
is used to modulate the beam and the latter made to scan the
fluorescent screen in exactly the same manner as in the camera,
then a reproduction of the original scene will appear on the
tube face. In the absence of a signal a rectangular area of
uniform brightness is produced; this is called the ‘“‘raster.”

Time Axis

| ——o——> 4

Current Amplitude

F
L— g':;ard—"'l L—Flyback

F1c. 1.6B. WAVEFORM OF THE SCANNING-INDUCTOR CURRENTS USED
FOR BEAM DEFLECTION IN THE TRANSMITTER CAMERA AND THE
RECEIVER CATHODE-RAY TUBE

The intensity modulation of the electron beam is achieved
by applying the video signal to a modulator grid placed between
the tube cathode and accelerator electrode(s); in this respect
the action of the gun is similar to that of the ordinary amplifier
valve in which anode current (beam current) is controlled in
strength (intensity) by the grid (modulator). The deflection
currents for the scanning inductors are generated in *time-
base” circuits contained in the receiver. Two such circuits are
required ; each produces a current of sawtooth waveform (see
Fig. 1.68), one for line scanning and the other for frame
scanning. In most time-base circuits (line and frame) a saw-
tooth oscillator is used to drive a current of similar waveform
through the output stage, which has the deflector inductors
coupled to its anode circuit. These points will be treated in some
detail in subsequent chapters, since it will be necessary now
to introduce the question of synchronism between the two
ends of the television chain.
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1.7. Synchronizing the Transmitter and Receiver. The fore-
going outline of the methods adopted to convert, transmit,
and recreate the picture should make quite clear the need for
synchronism between transmitter and receiver. When the
beam in the cathode-ray tube at the receiver is traversing any
given point in its scanning field the instantaneous value of the
modulating voltage (video signal) applied to the tube grid
must correspond to the signal output of the transmitter camera
at the instant when the beam in the latter is covering the same
picture point. Time delay over the whole system is immaterial
provided that it remains constant throughout the picture;
the actual delay is, of course, extremely small. The essential
requirement is the correspondence between the instantaneous
scanning spot position and the signal voltage at the receiver.

The method adopted to ensure synchronism is quite positive
and relatively simple in principle. Each time base in the
transmitter camera system (i.e. one driving the line scanning
inductor, the other feeding sawtooth current to the frame
inductor) is locked to a square-pulse generator (the first
running at line frequency, the second at frame frequency).
The same locking pulses are mixed with the video signal, which
is cut-off (‘“blanked”) while each synchronizing pulse occurs
so that the locking pulses are transmitted on the same carrier
wave. At the receiver these synchronizing pulses are, after
the composite video signal emerges from the demodulator,
separated from the picture signal. The two kinds of synchron-
izing pulse, “narrow” (i.e. of short duration) for line synchron-
ization and “wide” for frame synchronization are then separ-
ated and fed to the appropriate time-base circuit to lock its
sawtooth oscillator. By this method the receiver time bases are
kept running at exactly the same frequency as their opposite
numbers in the camera circuits and the flybacks correctly timed
so that the modulation applied to the receiver C.R.T. grid is
correctly phased point by point throughout the receiver scan.

1.8. The Composite Video Signal. The picture modulation,
representing instantaneous point-by-point variations of light
intensity or brightness occurring in the actual scene viewed

~
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by the camera, is rendered distinct from the pulses required
for synchronizing purposes by allotting to each a restricted
portion of the amplitude range of the carrier. In the British
method the lower amplitude range of 0-30 per cent is reserved
for the synchronizing signal, and the upper portion represents
increasing brightness, from zevo brightness, i.e. “black,” at 30
per cent, to full brightness, called ““white,”” at 100 per cent, i.e.
maximum carrier amplitude. 1t should be understood that in
monochromatic transmission the latter range does not represent
colour variation but variation in intensity of white from zero
up to a maximum. The Americans prefer the upper range of
amplitudes for synchronization in order to reduce the effects
of ignition interference on the picture. This inversion causes
the interfering pulses to drive the cathode-ray tube towards
black and are thereby rendered less offensive to the eye than
in the other case. On the other hand, the interference has a
much worse effect on receiver synchronism. Black still repre-
sents the dividing line between the synchronizing and picture
signals and is set at 75 per cent; maximum received picture
brightness occurs at zero carrier signal amplitude.* The two
methods of modulation differ only in polarity, the first is
therefore termed ‘positive” modulation and the second
‘“negative” modulation. The synchronizing portion of the
signal remains unchanged throughout the frame scan but the
picture signal will, of course, vary from instant to instant and
will not necessarily reach full black or full white in every line,
as shown in Fig. 1.8a.

There are two minor features of the waveform under con-
sideration whose significance will be better appreciated later.
The picture signal is actually masked for a longer period than
the duration of the line synchronizing pulse. In the British
standard it is cut off approximately  micro-second (actually
0-005 of one line period) before the pulse begins and not restored
until approximately 5 micro-seconds (actually 0-05 of one line
period) after the end of the pulse. The corresponding American
figures are 0-02 and 0-14 of one line period. As a result two

* In practice the carrier minimum (peak white) is about 5 per cent of the
maximum.

2—(T.575)
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small steps or “ pedestals " appear at black level, one on either
side of each line pulse; they are called the * front porch™ and
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Fi1c. 1.8a. THE STaNpDARD FORM OF THE BRITISH TRANSMISSION
(Courtesy of ** Electronic Engineering'")

“back porch” respectively, by the Americans. The first is
inserted to give the receiver circuits time to return to black
level before the synchronizing pulse commences, even when



[World Radio Histo




F1e. 1.88B. THE AMERICAN STANDARD SYNCHRONIZATION SIGNAL WAVEFORM
(From the F.C.C. ' Standards of Good Engineering Practice’’)
. H is thue from start of one line to start of next line.
. ¥ is the tinie from the start of one field to the start of the next fleld.
. Leading and trailing edges of vertical blanking should be complete in less than 0-14.
Leut(_iix}gtand traig;n% slopes of horizontal blanking must be steep enough to preserve minimum and maximum values (¢ + f) and (j) under all conditions
of picture content.

Dimensions marked with an asterisk indicate that tolerances given are permitted only for long-time variations aud not for successive cycles.
. For receiver design, vertical retrace should be complete on 0-07V.

( . Equalizing pulse area shall be between 0:45 and 0-5 of the area of a horizontal synchronizing puise.

T.575)
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the extreme edge of the picture is full white. The second
pedestal puts a black border on the left-hand side of the
received picture which provides a brightness reference level.
The distinction between the two kinds of synchronizing
pulse, which have to be separated at the receiver, is done on a
width basis. Pulses of square shape are preferred in both cases
because their vertical edges represent definitely the important
instants at which the receiver time bases need to be triggered,
ie. at which the scan flybacks must be initiated. The line-
synchronizing pulses represent a simple wave, but the fact
that they mmust be continued throughout the comparatively
long—frame synchronizing signal makes the latter rather
complex. It consists of a train of pulses much wider than those
employed for line synchronization, in order to allow separation
in the receiver, and having twice line repetition rate. A signi-
ficant feature of the British framing signal is the difference
(3 line) between alternate frames in the length of the last
active line of the picture. The effect of this undesirable irregu-
larity (Chapter V) is eliminated in the American signal, at
the cost of complicating even further the complete framing
signal, by inserting a group of “equalizing” pulses before and
after the actual framing pulse train. The framing signal
parameters for the two standard signals are given in Table 11

TABLE 1l: SyNCHRONIZING S1GNAL ("ONSTANTS FOR THE BRITISH
AND AMERICAN SYSTEMS

N British American

e Standard Standard
Duration of line pulse . 0-1H* 0-08H
Duration of pedestal precedmg line pulse . 0-005H 0-02H
Duration of pedestal following line pulse . 0-05H 0-14H
Number of framing pulses . 5 5 8 6
Number of lines occupied by framing pulses 5 4 3
Repetition rate of framing pulses (per set) . 20,254 31500
Duration of framing pulse . . 0-4H 0-43H
Duration of a serration between successive

framing pulses . . . O-1H 0-07TH

Number of equalizing pulses per train . 6
Number of lines occupied by equalizing pulsm 32 x 2
Repetition rate of equalizing pulses . : 31,500 per sec
Duration of equalizing pulse . . . 0-04H

* Duration of line period (H) 1/10,125 sec, 1/15,750 sec.
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and the waveforms in Figs. 1.8a and 1.88. These will be
discussed in detail later in connection with the receiver syn-
chronizing circuits (Chapter V). [t will be noted that the
framing signal is followed by a number of unmodulated (i.e.

A-Modulation by A.C. Signal
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Fic. 1.9a. MODULATION AND DEMODULATION—A.C. MODULATION S1GNAL

black) lines. since the picture signal must not reappear until
the frame flyback is complete.

1.9. D.C. Modulation: Brightness Level. The waveforms of
Figs. 1.84 and 1.88 apply not only to the video signal before
modulation at the transmitter, and after demodulation at the
receiver, but also to the envelope of the R.F. carrier. This
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raises an important difference between television and

ordinary broadcasting. In the latter the mean carrier level
is held constant and the envelope swings equally (up and down)
about this fixed level; the demodulator output. therefore,

("

(iH

()

(iv)

Fia.

B-Modulation by D.C. Signal

+
D.C.Modulati T
Snal(Craay 10
+
R.F.Carrier T
Modulated 0
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A.C. component of
(i) Jeft by loss of
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In Television the Picture Signal is D.C and
he average brightness is represented by the

Summary 4 mean carrier level. Accordingly the D(y
component of the Detector must be retained
in post-detector circuits

L.98. MoburLaTioNn AND DEMODULATION—D.C. MODULATION SIGNAL

contains a direct component proportional to the mean carrier
amplitude in addition to the audio signal, but this component
is not required in the acoustic output.* In television trans-
mission, on the other hand, the mean carrier amplitude varies

with

picture content, so that the direct component of the

* It is usually employed for automatic gain (or volume) control.
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demodulator output is an essential part of the video signal;
in fact, it represents the absolute brightness level. Accordingly
d.c. couplings have to be used in the subsequent circuits or
some methad cmployed to restore the d.c. component where
required, e.g. at the modulator of the picture tube. The two

Fia. 1.10B. CoNTROL Rooym “A™ or THE B.B.C. TELEVISION STATION

Engineers are using the C.R.T. Picture Monitors (eentre) to set up the video
wodulation equipment (left). Audio modulation equipment is monnted in the
racks on the right.

(Courtesy of the B.B.C.)

processes are compared for the case of single-tone modulation
in Figs. 1.94 and B.

1.10. The Complete Television System. Having discussed
the fundamental processes and components of the television
system it will be helpful to follow through the complete chain
of processes from camera to cathode-ray tube in terms of
simplified schematics of the transmitter and receiver.

Referring to the transmitter schematic shown in simplified
form in the left-hand portion of Fig. 1.10a (the B.B.C. trans-
mitter (see Fig. 1.101) has been selected as a suitable example),
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we may distinguish first the signal chain. The video signal
produced by the camera is amplified before being combined
with the synchronizing pulses. The mixing of the two signals
is carried out in two stages; the ‘“‘suppression mixer” masks
the picture signal throughout the synchronizing periods, while
the “synchronizing mixer” inserts the actual synchronizing

Fic. 1.10c. MAaIN TrRaNSMITTER FOR G-E TeLEvVISiON BROADCASTING
Station WRGHB, LOCATED IN THE HELDERBERG MOUNTAINS, NEAR
SCHENECTADY, N.Y.

(Courtesy of the General Electric Co. (U.S5.4.))

pulses, leaving the brief pedestals already mentioned. The
composite signal is then amplified sufficiently to drive the
transmitter modulator which is a wide-band amplifier type
circuit operating on a point in a conventional crystal oscillator,
frequency multiplier, and R.¥. amplifier chain. The tapping
of the final video amplifier output for feeding a C.R.T. picture
monitor will be noted. The line synchronizing pulses at
10,125 per sec and the framing signal, which recurs 50 times per
sec are obtained by dividing down from a master oscillator
operating at 20,250 per sec. The latter is locked to the mains
through its 50 ¢/s output (at the end of the divider chain) by
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comparing the latter with the mains in a phase diseriminator
circuit which corrects the master oscillator frequency through
a control stage (cf. A.F.C. as applied to broadcast receivers).
The three outputs of the master oscillator and its dividers are
then suitably shaped and combined to produce the suppression
and synchronization waveforms, to lock the camera time bases,

?ﬂ— <
|

Fic. 1.10p. CuUBICAL TELEVISION ANTENNA DESIGNED BY G-E
ENGINEERS ForR StaTion W2XB

Two of these aerials have been erected, one for sound and one for picture
transmission. The station is in ﬂs“é tHelderberg Mountains in New York
state.

(Courtesy of the General Electric Co., U.S.4.)

and to cut off the camera beam during the flyback periods.
The same general technique is employed in U.S. transmitters
.but is a little more complicated owing to the additional equal-
izing pulses.9

At the receiving end the signal undergoes R.F. amplification,
demodulation, and V.F. amplification (assuming a tuned-radio-
frequency (T.R.F.) type of receiver) before being applied to
the C.R.T. grid. The entire signal is retained through this
chain so that the synchronizing pulses black out the flybacks.
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The signal passed to the synchronizing system must, however,
be cleared of picture modulation; this is achieved in some form
of amplitude filter which is arranged to clip off the signal
beyond black level. The resultant signal is then passed through
a circuit capable of discriminating between the line and frame
synchronizing pulses on the basis of their difference of width,
so that two separate sets of triggering pulses are produced, one
set for each time-base circuit. These trigger pulses usually
operate upon a sawtooth voltage oscillator which drives a
current output stage with the deflector inductors coupled to its
anode circuit. The cathode-ray tube and its associated circuits
will be treated in detail in Chapter 111, and subsequent Chapters
(V-1X) will deal systematically with the remainder of the
receiving equipment.

1.11. The Sound Channel. Existing television systems differ
most in the method adopted for transmitting the sound accom-
paniment, for while in all cases a completely separate channel
has been used and the opportunity (availability of bandwidth)
taken to achieve considerably higher fidelity than in ordinary
sound broadcasting, in Britain conventional amplitude modu-
lation (A.M.) was favoured, while in America the more recent
formulation of standards allowed the preference of frequency
modulation (F.M.). More recently, in both Britain and the
U.S.A., experiments have been carried out with pulse modula-
tion using only the video transmitter with additional narrow
pulses inserted in the line synchronizing intervals. Various
methods of modulating these pulses are feasible, e.g. width,
amplitude, phase, but it is unlikely that pulse modulation will
be officially introduced until the complete signal specification
is revised—particularly in this country where the low existing
line frequency of 10,125 ¢fs is insufficient to allow fully satis-
factory exploitation of the technique.

Circuits employed for sound reception range from a com-
pletely separate T.R.F. or superhet receiver to an arrangement
in which all possible existing stages are made common; thus
in the British case the video receiver R.F. amplifier and fre-
quency changer and the A.F. portion of the normal broadcast
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receiver may be adapted for the reception of television
sound, while in the American case, a separate F.M. receiver,
capable of tuning other F.M. stations, is often already available
for this purpose.

1.12. Present Frequency Assignments. In Britain and France
only one television frequency assignment has been made, viz.
45 Me/s for vision and 41-5Me/s for sound in the former
country, and 46 Mc/s and 42 Mc/s respectively in the latter.
In the US.A. two wide V.H.F. bands have been assigned to
television (TV) stations and split up into the channels listed
in Table III. Details of the signal channel subdivisions will
be given in Chapter VI. With regard to power ratings the
British figures of 17 kW (100 per cent level) for vision and
3 kW for sound are typical.

Tasre ILI: US, TELEVISION CHANNEL FREQUENCY ALLOCATIONS

IFrequency Band Frequency Band
1 8 1

Channel (Mc/s) Channel (Mc/s)
1 4+4-50 7 174--180

Y 5460 S 180--186

3 60 66 9 186--192

4 66--72 160 192--198

5 76 82 11 198204

6 8288 1E 204210

13 210216

Note: Not more than seven channels to he allotted to any one area.

1.13. Summary of Recent Developments. Once the initial
post-war task of restoring operation of the pre-war stations
had been completed the larger firms concerned with television
development recommenced experimental work. In this country
the major achicvements have been the design and construction
of 605 line equipment and an improved type (CPS)* camera
by EM.I, Ltd., and the demonstration by Pye, Ltd., of vision
and sound transmission on a single carrier (see Chapter VII).
The B.B.C. television station remains the only one in existence
which provides a service comparable with that of a normal
broadcast station. Work on the extension_of the service to

“Cathode Potential Stabilizer.”
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Birmingham, by a chain of U.H.F. relays has already com-
menced. In the U.S.A. demonstrations of colour transmission
have been given by R.C.A. and C.B.S. (see Chapter II), but
it appears to be agreed that television must first be established,
as in Britain, on a monochromatic basis. At present twelve
stations, including four in the New York area, are radiating
more or less regularly and on experimental lines. The main
preoccupation in France has been the reconsideration of the
standard of transmission.
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CHAPTER I1

BASIC SIGNAL AND CIRCUIT THEORY

It will be understood from the previous chapter that television
reception involves the handling of a more complex signal and
embraces a wider range of electronic circuit practice than
reception of sound alone; it will be necessary therefore to
review and extend the basic theory applicable to broadcast
receivers. In the following sections this subject is treated in
a general manner so that actual television circuits may be
studied later in detail, without continual reversion to funda-
mentals. The action of the circuits of a sound receiver is
usually considered in terms of a sinusoidal signal which repre-
sents a single audio-frequency tone, originating at the micro-
phone, or a carrier wave generated by the radio-frequency
circuits of the transmitter. The modulation of the latter by
the sinusoidal wave is equivalent to the addition of two sinu-
soidal " sideband’ components to the carrier (see Appendix I).
It is recognized and always borne in mind that the audio signal
occurring in an actual programme is extremely complex, but
the use of the sine wave as the basic signal is appropriate and
satisfactory. In television, however, the vertical edges occur-
ring in the V.F. signal, or in the envelope of the R.F. wave,
make the sine wave less suitable as a basic signal for the
consideration of circuit action, particularly in the synchronizing
system, and call for a study of wave-shapes of this kind.

2.1. Graphical Representation of Voltage and Current Varia-
tions. The potential difference (p.d.) existing between any
two points in a circuit, or the current flowing at any point in
it, very rarely remains constant in strength over an appreciable
period and is usually continuously changing. In many cases in
electronic systems this variation is a periodic one, i.e. it is
repetitive. It is convenient to represent the mode of variation
by an ordinary graph, plotting time horizontally (“a ™ direction)

30
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and amplitude vertically (“y” direction). In general, both
electromotive force (e) and current (i) can act or flow in
either of the two possible directions in a circuit loop; these
directions are denoted positive and negative to correspond with
the polarity of the applied e.m.f.. the rule being that outside
a source of e.m.f. a current flows from positive to negative.
It is unfortunate that this convention was adopted before the
discovery that electron flow occurs in the opposite direction.

+ r Ay Peak Amplitude C
Neg;lat/}/e
3 s S Cycle |
SwS0 Peak-to-peak _,.
S5 S Positive | 4o Amplitude  Time
E é <— Half —1 I
< Cycle I

Period occupied b i
= OnZIocampletgl Cyclg —=

Frequency =+ per sec
Sec) 4 L

A-B Negative -going Portion
B-C Positive-going Portion

Fra, 2.0A. THE SiNg WAvE AS AN JLLUSTRATION OF THE CONVENTIONAL
GRAPHICAL METHOD OF REPRESENTING VOLTAGE AND CURRENT

By convention again the positive direction is represented by
plotting upwards from the zero axis and the negative down-
wards. The curve obtained is commonly spoken of as the
“waveform”™ of the voltage or current, although strictly
speaking, this term should only be used for a recurrent varia-
tion. In the latter case it is, of course, necessary to plot only
one “cycle” of the variation. The familiar sine wave is repeated
in Fig. 2.1a as an example of this simple graphical method of
representation. and examples of the more common complex
waves of the kind in mind are shown in Fig. 2.18; others will
be given later.

The so-called “square” wave shown at (i) in Fig. 2.1B is
best regarded as a voltage (or current) which flows at constant
strength but is periodically reversed, the time taken for each
reversal being vanishingly small. Such a wave could not exist
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in this ideal form, of course, since sufficient stray reactance
would always be present to lengthen the reversal time, but
very good approximations can be achieved in practice. One
method consists in raising a sine wave of suitable frequency
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Fic. 2.1B. ExaMrLEsS oF CoMPLEX WAVEFORMS ENCOUNTERED
IN TeLEvisioN CIRCUITS

All are capable of analysis into sinusoidal components. 7' is the Wave Period
and 1/7 the Wave Frequency.
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to a very large amplitude and passing it through a limiting
circuit; the latter takes a narrow ‘“slice” out of the centre of
the wave. Certain oscillator circuits can be arranged to produce
an approximate square wave directly, the multivibrator being
an example (Chapter IV). Very often a square wave is needed
in which the alternate half-cycles differ in duration or *“width.”
Such a wave is shown at (ii); here the ‘‘positive-going”




BASIC SIGNAL AND CIRCUIT THEORY 33

half-cycles are so narrow by comparison with the ‘“‘negative-
going” half-cycles as to justify the alternative description of
“square pulse” wave. The third example will be recognized
for its similarity to Fig. 1.6B and is defined in Ch. IV.

It is possible to draw through any waveform a horizontal
line at such a level that the area enclosed between this line
and the portions of the wave above it is equal, over a whole
number of complete cycles, to the area enclosed between it
and the lower portions of the curve. When this level corre-
sponds with zero amplitude the wave is purely alternating.
In practice this is often not the case and the difference between
the two levels, which may be positive or negative, represents
a direct component in the waveform. In Fig. 2.18 the square
wave (i) is purely alternating, whereas the pulse wave (ii) has
a negative d.c. component—shown as a chain line; the shaded
areas above and below it are equal. In valve circuits the wave-
form occurring at a signal electrode usually has a d.c. com-
ponent (e.g. grid bias, or normal anode voltage) under the
actual signal, and it will be remembered (§ 1.9) that in television
the signal itself always contains a d.c. component.

2.2. Analysis of Complex Waveforms. While these new
waveforms appear to differ radically from the familiar sine
wave, it can be shown mathematically that any wave encoun-
tered in practice can be split up into a set of component sine
waves (Fourier Analysis).* In general the fundamental is
accompanied by odd and even harmonics which extend to
infinite frequency, with a more or less rapid decrease in ampli-
tude; in special cases the odd or even harmonics are absent.
A good example is the symmetrical square wave shown in
Fig. 2.2a; it contains only odd harmonics of the fundamental
and their amplitudes decrease harmonically, i.e. the wth
harmonic has 1/nth the amplitude of the fundamental. That
this method of analysis has real significance and is not a fiction
is confirmed by the fact that waves having steep edges can
only be transmitted with little change of waveshape through
circuits having a frequency response extending to many times

* See Appendix I (§ A 1.1).
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the fundamental. Where such waves are used to modulate
an R.F. carrier it is, of course, equally necessary to have wide
bandwidth. With television signals, the bandwidth needed for
good picture definition usually somewhat exceeds that required

for good transmission of the synchronizing pulse wave, !t 2,3, 4,9
: l Fundamental
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Fia. 2.2a. ANALYSIS OF THE SQUARE WAVE INTO ITS
HarMoxic COMPONENTS
(Adapted from Reference 9.)

The “harmonic” method of analysis just described is less
directly useful than the alternative ¢ transient” method, first
used extensively by Heaviside, which uses the “step” form
of voltage (or current) shown at (i) in Fig. 2.25. This voltage
is non-existent until a definite instant (which provides a con-
venient zero (t = 0) point on the time axis) when it jumps
instantaneously to a definite amplitude (of £ volts, say), and
remains at this level thereafter. Two such steps (impulses)
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having opposite polarity and separated by 7' seconds form a
square pulse of £ volts amplitude and 7' szconds duration
(““width”), while a continuous succession of steps having
alternate opposite polarity build up a square wave (ii). Another
useful basic transient is shown at (iii); in this case the e.m.f.
instead of jumping to level £ commences at a definite instant
to rise with a constant rate and continues to do so without
limit. If such a voltage were followed by a series of equally
spaced steps of opposite polarity a sawtooth wave would be
produced (iv). A more satisfactory transient for the analysis
and synthesis of waves having linear sloping sections is given
at (v); the unit step and the constant slope forms are special
cases of this function, obtained by making its sloping portion
infinitely steep (i.e. vertical) or of infinite duration so that the
horizontal level is never reached. A regular sequence of these
constant slope functions having alternately opposite polarity
may be arranged to form waves of triangular (vi) (including
the sawtooth case) or trapezoidal shape, both of which occur
in television circuits.t)

2.3. Transient Response of Simple Networks.* When a sine
wave is applied to a network, however complex, made up of
ideal (i.e. linear) inductors, capacitors, and resistors, the output
wave will be unchanged in shape but altered in phase and
amplitude. If a non-sinusoidal wave is applied to such a
network, although the sine components are transmitted without
change of shape, they add up to give a different output wave-
shape unless the network has the same amplitude response
for each component and provides a shift of phase proportional
to frequency. In television this change of wave-shape is ex-
ploited in the receiver circuits for separating the frame syn-
chronizing pulses from the composite signal, and for “peaking
up” the pulses before they are used to lock the time bases.

It is obviously very tedious to work out the output wave-
shape by the method just indicated; a more direct approach,
at least for the simpler cases, makes use of the basic transient
voltage forms discussed in the last section.

*See Appendix I (§ A 1.2).
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The standard method of analysing practical circenits by
setting up equivalent networks consisting of idealized capaci-
tance, inductance and resistance elements (C, L, R) and voltage
and current generators to allow application of classical “a.c.
theory,” is equally suitable to the transient method of analysis.
It is not necessary to dwell upon purely resistive circuits, since
the direct proportionality of instantaneous voltage and current

Circuit Current Voltage
-__// M ___I-—
L , .
?:___e_____? A w S
~ [ //
" L F !
(S o J— J --_/ b _-J
t=0 fjo

Fic. 2.3a. TRANSIENT OPERATION OF SiMrLE CIRCUITS

in them does not give rise to change of wave-shape. The shaping
properties of networks containing reactance depend on the
essential characteristics of the reactive elements. The voltage
developed across a pure inductor is proportional to the rate
of change of the current flowing through it. Thus, when the
current rises at a constant rate in an inductor (a requirement in
(.R.T. deflector inductors) the p.d. across it must remain con-
stant (see Fig. 2.34). Ifthe p.d. across the inductor rises linearly,
however, the current must rise at an ever-increasing rate;
the actual form of the current curve is parabolic. One method
of deriving the last result from the simpler preceding case is
to imagine the rising voltage as consisting of a “staircase” of
infinitely small steps; the final result (i.e. the actual current
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flow) is then obtained by superposition of the successive current
increments. If a constant current is switched into a capacitor
the p.d. across the latter will rise at a constant rate, while
current building up in a linear manner will cause the capacitor
p.d. to increase parabolically. These two cases of transient
conditions in the inductor and capacitor should be carefully
compared with reference to Fig. 2.3a.

When two or more elements are contained in a circuit subject
to transient excitation the response is not usually easy to
determine other than by rigorous mathematical analysis; the
following treatment of some simple but important cases is
therefore limited to a description of the essential features of
the circuit action (some mathematical notes are provided in
Appendix I). Where circuit elements are all in series or all in
parallel with each other the fact that the component p.d.’s
or currents, respectively. add up to the input voltage or current
is a great help in deducing the response. Two cases of great
practical importance are those of capacitance and resistance
in sertes, and inductance and resistance in series. each with
step voltage excitation. In these and following examples
the capacitors will be assumed to have no existing charge
and the coils no current at the instant of completing the
circuit.

A step voltage e applied to a capacitor (7, and to a resistor

4

R, in series. causes an initial current / =7 because the

n

capacitor has no initial p.d. and the whole of the back e.m.f.
opposing e¢ must develop initially across R. Immediately
current flows, however, the p.d. across C rises and reduces
the voltage available for forcing charging current through R.
Consequently the rate of charge falls progressively, but more
and more slowly. as the p.d. of C' approaches the applied voltage
while the charging current and resistor voltage all approach
zero, but at an ever-decreasing rate. The plots of /. e, and ¢e,,
(see Fig. 2.3B) are spoken of as “exponential ™ curves (see
Appendix I). The three curves have the same general shape
whatever values e. ('. or R may have. but, for a given e, the
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curves stretch out along the time axis more and more as
cither (' or R is increased. since increase of cither quantity
lengthens the time taken by €' to charge to any given fraction
of the applied voltage. It is convenient to take the fraction

m an .
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Fia., 2.3, Traxsient Respoxse (witH STter E.M.F. ExciTaTION)
oF Two-ELEMENT SERIES CIRCUITS
Both circuits are made at ¢ — 0.

0-632¢, for the corresponding time interval (seconds)is then
given by the product C' x R (farads X ohms, or uF x MQ).

The figure so derived is called the ‘“time constant” of the
circuit and denoted . When a charged capacitor is discharged
through a resistor the discharge current falls in the same manner
as the charging current and the capacitor p.d. reaches 1-:000
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— 0-632 = 0-368 of its initial (fully charged) value after CR
seconds.

The effect of connecting resistance in series with inductance
(L) prevents the current from rising indefinitely at a constant
rate and causes an exponential rise toward the limit set by

e
Ohm’s Law, i.e. 4,y = 7 by which time the falling rate

of current increase has brought the inductive back e.m.f.
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practically to zero. In this case the quantity controlling the rate

of response, i.e. the time constant, is increase of L, or

EQ
decrease of R, delays the instant at which the current reaches
0-632 of its final value. (See right-hand portion of Fig. 2.38.)

Comparing the two cases it will be noted that there is

correspondence between

(i) Capacitor charge Inductor current
(ii) Resistor voltage ; of (@) and Inductor voltage} of (b).
(iii) Capacitor voltage Resistor voltage

This correspondence is fundamental and all RC networks have
a corresponding RL network.

In considering elements in parallel it will be convenient, for
ease of comparison with the series circuits, to take the response
to current excitation. With C and R in parallel the injection
of a “step” current produces an exponential rise of p.d. across
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them; the component currents are shown in Fig. 2.3c. Similar
excitation of the parallel LR circuit sets up an exponential
current rise in L and develops a ““ peaky ” voltage change across
it. In both cases e is proportional to ip.

Current Amplitude

oo — —— e O AWe— -
Y Time i L R
t=0
Fie. 2.3n. VOLTAGE DEVELOPED ACROSS A SERIES LR (CircviT BY
A LINEARLY-RISING APPLIED CURRENT

An important practical case is that of a linear current rise
in a series LR circuit. The p.d. developed across L is of step
form and that across R follows the current; the resultant is
a vertical jump followed by a linear vise. This type of response
is sometimes called trapezoidal (Fig. 2.3v). A similar p.d.
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Fic. 2.3E. VOLTAGE DEVELOPED ACROSS A SkrikEs RC CIRCUIT BY
A CURRENT orF StEr Form

appears across a series ('R circuit having step current input
(see Fig. 2.3k).

The next case selected is that of a parallel LR circuit fed with
a linearly rising current. After the initial transient period
equilibrium is reached with the current in R and p.d. across R
constant and the current in L rising linearly at such a rate
that the inductive back e.m f. balances the resistor p.d. During
the transicnt period the current in R rises exponentially with
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downward curvature and that in L builds exponentially with
upward curvature (see Fig. 2.3r).

When capacitance, inductance and resistance are all present
in the series circuit the latter becomes resonant to a particular
frequency and the application of a step voltage excites a
damped oscillation at this frequency unless the damping effect
of the resistance is sufficiently great. The two types of response

Circuit

Input
Current

Component
Currents in

Network
--lg

Fr¢. 2.3F. APPLICATION OF A LINEARLY-RISING CURRENT
TO0 A ParaLLEL LR CirculTr

obtainable, viz. a damped oscillation or a unidirectional pulse,
L
for the two conditions R? < or > 46 respectively, are shown
in terms of the circuit current in Fig. 2.3¢. Initially the current
will increase at such a rate that the back e.m.f. developed
across L balances the applied e.m.f. As the current builds up,
however, the potential difference developed across C' will
increase and reduce that available for driving current through
L and R. Accordingly the initial rate of current increase
cannot bec maintained and the current variation will pass



BASIC SIGNAL AND CIRCUIT THEORY 43

through a maximum and then (owing to the blocking effect
of (') tail off gradually to zero. If the initial current surge is

L
allowed by smaliness of K relative to 7 to rise sufficiently the

(@) Overdamped 1e.

Capacitor Voltage (ec) R2_ L
47¢
Resistor Voltage (eg)
I M ~ilnlataiete e " Time
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St =7 == [ime
|
t=0
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Fic. 2.3¢. Tur RESPONSE OF THE SERIES-TUNED (IRCUIT TO
A StEr EMF.
The component p.d. appearing across cach element is shown for both damped
and underdamped cases. In both cases current has the same form as resistor
voltage.
considerable magnetic field built up will, in collapsing, cause
the current to swing through zero amplitude and reverse in
direction and the current decay will be oscillatory rather than
unidirectional.  The component p.d.s are shown in the
figure.(©, 7, 8, 9, 10)
2.4. Simple Wave-shaping Networks. The method of deriving
the response of the circuits of the preceding section to a square
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pulse by imagining the pulse to be made up of two distinct
steps of opposite polarity and separation 7' seconds and adding
the separate responses, has been carried out for the series
CR circuit in Fig. 2.4a for two cases: (i) time constant much
smaller than the pulse duration (7') and (ii) time constant
much larger than 7.

This method will now be used to obtain the response to a
repetitive pulse, i.e. a pulse wave. It was shown in Fig. 2.28
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Fia. 2.4a. THE REsroxsk or A SERIES ('R TO A SQUARE VOLTAGE

PULSE, OBTAINED BY THE METHOD OF SUPERPOSITION, FOR BOTH [.ONG
(CHAIN LINE) AND SHORT (FULL LINE) TIME CONSTANTS

that repeated steps of alternatc polarity occurring at regular
intervals add up to produce a square wave. The case of the
square voltage wave applied to a series ('R circuit can be
dealt with directly. however, as shown at Fig. 2.48. The case
of a short time-constant value for the product ('R is easily
worked out for the arrangement shown because the small
values of R and (' allow the circuit to return to equilibrium
(i.e. € uncharged) by the end of each cycle. 1t will be noted
that the applied square wave is entirely positive going, and,
since the switch is opened and closed for equal periods, the
d.c. component of the input is 0-5 E,. The voltage wave
appearing across the capacitor is similar to the applied voltage
except for the rounding of alternate corners, while the resistor
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voltage wave is a series of alternate spikes. As either C' or R
is reduced the capacitor wave approximates more closely to
the applied voltage wave; the resistor voltage “spikes,” while
remaining of constant amplitude. decrease in width. The d.c.
component of the input appears entirely across C making the
capacitor p.d. entirely positive and the resistor p.d. purely
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Fic. 2.4B. Tur REesPoNsk or A SErRiEs (R or SHorr TIME
CONSTANT (7' > ('R) To A SQUARE WAVE
alternating; the importance of this point will be brought out
in the next section.

When the time constant of the series C'R becomes comparable
with the period of the applied wave a complication arises in
the circuit action. At the end of the first open-switch period
the capacitor voltage rises to much less than the full value of
the applied voltage, and during the subsequent half-cycle the
capacitor does not discharge completely. As a result there is
an appreciable residual charge on the capacitor at the end of
the first cycle (Fig. 2.4c). During the following cycles this
residual charge rises progressively until it equals almost half
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the amplitude of the applied pulses. The resultant capacitor
voltage is an exponential wave of small amplitude superimposed
on an exponentially rising voltage which represents the mean
and eventually equals the d.c. component of the applied
voltage. The resistor voltage wave follows by subtraction of
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e, frome,. In the case of the long time-constant circuit, therefore,
final equilibrium is reached only after several cycles have
passed. The waveforms change continuously from Fig. 2.48
to Fig. 2.4c as C' and/or R is increased. Referring again to
Fig. 2.4c it will be noted that the resistor voltage approximates
to the a.c. component of the input (i.e. synare wave less positive
polarizing voltage) while the capacitor voltage is constant
except for a nearly triangular a.c. component.
The basic properties of the simple networks just discussed
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lead to two extremely important basic arrangements which
are used very widely in all branches of electronies, viz. the
differentiator and the integrator.

C

T—-I

e R

Differentiating

Transformer
Input Voltage or Current [T [ ]

Output Voltage W

Fia. 2.4p. THreEE ComMox Forus o DIFFERENTIATOR
1n all cases the ecircuit time constant (i.e. CR or L/R) is very small compared

with the period of the applied wave.

The voltage differentiator may consist of B and C con-
nected in series across the input voltage. Compared with the
period of the input the time constant (R x C) is very small.
The output voltage is that appearing across E. The response
of this circuit is proportional to the rate at which the input

changes, as illus- Voltage Operated

trated for the case of

the square wave. It Current Operated
will be noted that ¢

each edge of the L - O R C
square wave produces

a sharp output pulse

of similar polarity but L

the output is zero for VAV
Input Voltage
nearly the whole of Output Voltage

the horizontal (or Current)
e 0 1-
rorizontal  po Fic. 2,41, THE INTEGRATING CIRCUIT

tions of the input The time constant (r(,'{f) is muc(llx greater than
. the period of the applied wave,
wave. The differen- ! rp

tiator is sometimes called a “ peaking” or ““sharpening” circuit,

and is used chiefly for triggering purposes. (See Fig. 2.4p.)
The integrator (see Fig. 2.4E) differs in form from the

differentiator only in that the output is picked off the capacitor.
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The time constant is made very large compared with that of
the wave period. These two changes result in quite different
properties. The integrator is quite insensitive to quickly
changing voltages and provides appreciable output only when
the input changes so slowly as to give the circuit time to respond.
Its response to the square wave should be compared very
carefully with that of the differentiator. The integrator is
used frequently in television for producing a suitable frame
synchronizing waveform from the signal (see Chapter V).(7, 10

2.5. D.C. Restoration. It has already been pointed out that
the television signal voltage has a direct component represent-
ing the absolute picture brightness and this component
must be present at certain points in the receiver circuit. On
the other hand, each time the signal passes from a circuit
point to another at a considerably different mean potential, a
blocking capacitor must be inserted and this must usually be
followed by a resistor to complete a d.c. circuit. It will be
clear now that such a CR coupling (a) should have a long
time-constant to preserve the waveshape, and (b) will inevitably
“lose” the d.c. component of the input signal. The action of
a CR coupling is shown in Fig. 2.5a. The seriousness of the
d.c. component loss is best appreciated by comparing (as in
the figure) the output of the coupling CR for white and black
lines; due to the absence of the D.C. the wave appears at
such a level as to equalize areas above and below zero voltage.
When the proportion of white in the picture increases, the
synchronizing pulses are depressed and the signal corresponding
to darker portions of the picture passes through the synchroniz-
ing separator circuit to upset time-base synchronism (“tear-
ing” of the picture). Moreover, the C.R.T. grid fails to drive
the tube to full white. Even worse, a given C.R.T. grid potential
does not correspond to a constant picture brightness.

This d.c. component problem arises only after the carrier
wave has been demodulated and it is quite possible to design
the remaining video circuits without introducing CR couplings.
The consequent restriction on design may become intolerable,
however, and it is fortunately possible to restore the d.c.
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component by a simple device—the connection of a diode
valve, in correct polarity, across the coupling resistor. The
diode d.c. restorer is often regarded as a mysterious and
complicated circuit, probably because its purpose has not
always been clearly understood; its action is quite simple as
will be shown (Fig. 2.58).

If a diode is connected across the resistor of a ('R coupling
fed with a repetitive square pulse the waveforms obtained
are as shown ; they should be com-
pared with those of I'ig. 2.4c. When
the switch is open and C is charg-
ing through R, the p.d. developed
across the latter makes the diode
. cathode positive relative to its
Fie. 2.5c. Tue InserTiON oF  anode; accordjngly the diode does
* NE(}}:?OW; J\{i'VECF%]:f;) MENT ot conduct and it has no effect on

The grid-cathode portion of an  the circuit action. When the switch

amplifier valve inserts a negative s .
d.c. component into the input C]OSES, however, brmgmg C and R

waveform if the coupling CK is

large. and the diode all in parallel, the
condenser p.d. is in the correct direction to make the diode
conduct and, since its resistance is so small (a few hundred
ohms) it converts the effective CR to a very low value and
rapidly discharges C. As a result the latter is prevented
from developing an appreciable mean direct voltage ; moreover
the short-circuiting of R on the alternate half-cycles prevents
it from developing an appreciable negative output. The overall
effect is that the resistor voltage now contains the d.c. com-
ponent of the input signal. When the input voltage has a
negative d.c. component the diode must be reversed, as shown
in the lower part of the figure. It will be noted also that the
voltage developed across R contains the d.c. component and in
the same direction (i.e. with same polarity) as in the input
wave—the d.c. component of the input is therefore restored

despite the presence of the coupling capacitor.
When it is desired to insert a negative d.c. component into
a wave it is not always essential to employ a diode solely for
the purpose; very often it is possible to use the grid-cathode
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portion of the following valve, the chief requirement being
that this valve must normally function at or near the grid
current region so that grid current may be drawn for the
purpose of d.c. restoration without considerably modifying the
operating potentials of the valve (see Iig. 2.5¢).

2.6. General Features of Special Valve Circuits in Television
Receivers. In normal broadcast receivers valves of the ampli-
fying type, that is all except diodes used for signal demodulation
or power reetification, are invariably operated in the basic
arrangement shown at (i) in Fig. 2.7a. The signal appearing
across the output load of a preceding stage is connected more
or less directly between control grid and cathode of the valve
and the resultant anode current fluctuations develop a signal
across the load impedance presented by the anode circuit.
The fact that the control grid, being much closer to the cathode,
exerts a greater effect on the anode current than the anode
itself enables an enlarged signal to be obtained, but with
reversal of polarity (assuming a resistive load). While the
local oscillator in the frequency-changing circuit provides its
own input over a positive-feedback loop, and in the A.F.
stages negative feedback is often employed to reduce signal
distortion, their basic arrangement is the same. With regard
to the choice of valve type it will be remembered that in the
carrier-frequency circuits feedback between output and input
circuits through the grid-anode capacitance of the valve could
not be eliminated satisfactorily by neutralization over an
external feedback path and resulted in the introduction of the
screening grid. The insertion of this extra grid not only
reduced the grid-anode capacitance of the valve but consider-
ably raised its anode impedance, amplification factor and
power sensitivity, and the screened type of valve in tetrode
or pentode form came into general use in the A.F. stages also.

In spite of the versatility of the grid-input anode-output
type of valve circuit, particularly with the screened type of
valve, early circuit workers in the television field found it
necessary to develop new forms of valve circuit and in these
new arrangements the triode performs more favourably by
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comparison with the pentode. The reasons for these develop-
ments are, firstly, the wide frequency band occupied by the
signal, and, secondly, the importance (in the synchronizing
circuits) of signal polarity. The wide band means that signal
loads used for coupling purposes have very low impedances
by comparison with those oceurring in broadcast receivers.
Thus tuned R.F. and 1.F. couplings are heavily damped by

Fie. 2.6a. A Grovp oF VaLves DESIGNED FOR TELEVISION RECEPTION

From left to right they are: a T41—thyratron: a D41- «detector diode;
a Pen 46—line time-hase amplitier: a U22—high-voltage rectifier.

(Conrtesy of Edisen Swap Eleetric Cuo,, Ltd.))
the low input resistance of the valves and or pavallel resistors
of the order 5-10 k€Q, and the modulation amplifier loads are
built around resistors of value not more than 3 or 4 kQ. These
low-impedance loads seriously limit the gain available even
with valves of the screened type. Other circuital problems
arising in television are the need to—
(i) Transfer a wide-band signal from a valve stage to a
very-low-impedance load (e.g. coaxial line),
(i) Obtain increased signal amplitude without polarity
reversal, and
(ili) Achieve satisfactory signal-to-noise ratio.
A group of valves designed for television reception is shown
in Fig. 2.6a.
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2.7. Basic Valve Circuit Arrangements. An amplifier valve
has three principal electrodes, viz. cathode, control grid, and
anode, and is associated with two signal loads—input and
output. Accordingly there are three possible methods of
arranging the basic amplifier, subject to the two essential
conditions of applying the input signal between grid and cathode
in order to vary the anode current and of connecting the output
load in the anode signal-current loop. These arrangements are
shown in Flg 2.7a and may be distinguished by the earthy

{ Load|7 eo #oadi €o

i) The Normal Amphfler (u) The Cathode (i) The_Cathode Outpu{
Arrangement Input Amplifier orCat Code cillower
ircut

Fic. 2,74, Tne THREE Basic OrerRATING CIRCUITS OF AN
AMPLIFIER VALVE
steady feed volts es have b(‘(‘n omitted. The signs indicate relative slgual

polarities. The *“earthy” clectrode is indieated by the letter 0.

electrode (the cathode), the grid. and the anode respectively,
these last two electrodes being connected to the input and
output signal loads. The second and third arrangements differ,
fundamentally from the conventional circuit in having the
one load common to both input and output circuit loops
so that inverse feedback occurs and reduces the effective
input.9

2.8. The Cathode-input (*° Grounded-grid **) Amplifier. While
the reversal of the normal input connections to an amplifier
valve, i.e. the application of the signal voltage to the cathode
rather than to the grid and the “grounding” of the control
grid, makes no difference to the degree of control exerted on
the space current by the actual grid-cathode p.d., several
different features result by comparison with the more familiar
method of connection.

The cathode-input arrangement appears to have been used
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first by E. L. C. White and J. Hardwick* in television syn-
chronizing circuits where it is often desired to increase the
amplitude of the signal by an amount within the capacity of
a single valve but without reversal of the signal polarity. It
will be clear that if, for example, the cathode potential is raised
in the positive direction the effect is as if the grid potential of
a normal amplifier were made more negative, the anode current
will therefore decrease and the anode potential will rise. Thus
a positive change of input will produce a positive change of
output, and similarly for a negative change, provided that the
valve is operating above the anode current cut-off value.

It should be noted that unless the signal fed to the cathode
appears across a circuit of zero impedance there will be a
certain amount of feedback in opposition to the input. Thus
when the cathode potential is raised the anode current in
falling causes a reduction in the potential drop, due to the
output current, developed across the signal source impedance.
Assuming, for simplicity, that this feedback is negligible, as
when the signal source is of very low impedance, the fact that
the input and output voltages occur in the same (the output)
circuit loop and act in the same direction (“series-aiding”)
makes the basic gain of the circuit greater by unity (i.e. A -4 1
instead of A) than that of the conventional amplifier. This
result is similar to that obtained by connecting the secondary
of a transformer in series with the primary in the direction
making the primary and secondary p.d.’s additive.

An important feature of the arrangement—and one which
represents a serious disadvantage in some applications—is its
low input impedance; this is given approximately by the
ratio 7 /u, when r, is very much larger than the anode load,
as is usually the case in wide-band circuits. The reason for
the low impedance will be clear when it is realized that the
input voltage appears in full not only between grid and cathode
but also (still assuming r, > z,) across anode and cathode.
The effective signal voltage acting in the output circuit is there-
fore multiplied by the factor u -+ 1 (obtained by referring the

* British Patent No. 496872,
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grid-cathode p.d. to the anode-cathode circuit). Expressed
more realistically the actual signal current for a given signal
voltage is multiplied by the same factor and consequently the
load presented by the valve on the signal source is », multiplied

1
by ( i 1), which is very nearly equal to 7 /u (see Appendix
I

1,§ A.1.4).
The grounding of the control grid reduces the inter-electrode
capacitive feedback between output and input circuits (Miller

Cl Screen Decoupling
+ C2 D.C.Blocking
} €3 Anode Decoupling
% Py C4 D.C.Blocking
RI,R2 Screen Feed

Potentiometer
(4 R3 Cathode Load & Bias
R4 Anode Load
R5 Anode Decoupling

= @
Coaxial (2

Low Impedance ==k Outout
Sgnal Yoltage |Lable e[ L Y
: o

Fie. 2.8a. A PRACTICAL GROUNDED-GRID AMPLIFIER

The component values employed will depend on the frequency and
bandwidth of the signal.

effect) to such an extent that the circnit may employ a triode
valve even for U.H.F. use. The control grid behaves in a
similar manner to the screen of a tetrode or pentode and may,
moreover, in special valve designs form an integral part of the
outer earthed metal screen of the valve rather than be earthed
externally through a capacitor as in the case of the screening
grid of a normal valve. The grounded-grid triode radio-fre-
quency amplifier was used extensively in the first stage of
radar receivers to achieve a better signal-to-noise ratio than
is obtainable with a tetrode or pentode type valve (see Chapter
VI). For this reason it will find increasing favour with tele-
vision receiver designers since, as in radar reception, the wide
frequency band required accentuates the noise problem. A
practical arrangement is shown in Fig. 2.84.112,17
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9.9. The Cathode-output (* Cathode-follower”) Amplifier.
The third arrangement, due to A. D. Blumlein,* differs yet
again in basic properties from the normal amplifier circuit.
In this case the signal is applied between grid and earth in
the usual manner but the whole of the output circuit load is
placed between cathode and earth, leaving the anode effectively
at earth potential.

When the input voltage changes in (say) the positive direction
the anode current rises but not to the extent that it would in a
normal amplifier (i.e. one with-
out a cathode load), because the
increased voltage drop across the
cathode load, in making the
cathode follow in the same
direction (positive) as the grid,
restricts the actual change in
grid-to-cathode p.d., which, of
Fic. 2.9a. THE RELATIVE AMPLI- q q

TUDES AND POLARITIES oF THE COUISE, 1S the controlling factor
B in the amount of anode current
‘ATHODE FOLLOWER

change. The signs placed on

Fig. 2.9a for this change of input voltage confirm that the
input and output voltages which act in series between grid
and cathode are actually in opposition. A negative change
of input voltage causes the cathode potential to fall in
sympathy. The signal is therefore reproduced across the
cathode load and, as in the case of the cathode-input stage,
without change of phase. With regard to relative signal
amplitudes, it will be obvious that (a) the output voltage
cannot exceed the input voltage, and (b) the grid-cathode p.d.
added to the output voltage will equal the input voltage. The
stage gain will, therefore, always be less than unity. This
result does not imply that the valve itself fails to amplify:
that it does amplify is shown by the fact that the output
voltage is considerably larger than the actual grid-cathode p.d.
for all except very small values of cathode load and increases
as the latter is raised. The actual gain is u/(x 4 1) (nearly),

* Pritish Patent No. 448421,
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where u is the amplification factor of the valve. A useful
aspect of the cathode follower is that it may be regarded as an
“amplifier” in which the entire output voltage is fed back in
opposition to the input (i.c. 100 per cent negative feedback).
Two valuable properties of the cathode follower are its high
input impedance and low output impedance by comparison
with the corresponding impedances occurring when the same
valve is used with the normal amplifier connection.

The high input impedance will be understood when it is

C
o—} I Cl DC.Blocking
C2 Anode Decoupling
o Ri 03 C3 D.C.Block
High Impedance A R1 Grid Leak
Scirce of Signal * R5 eou/l[‘guef R2 Grid Bias
Voltage R3 T“ R2+R3 Cathode Load
& . R4 Anode Decoupling
R5 Coupling

Fic. 2.98. A TyricaL PracTical CATHODE-FOLLOWER CIrCUIT

remembered that of the entire input only a small fraction
appears across grid and cathode; the input impedance of the
valve (i.e. chiefly its grid-to-other-electrodes capacitance) is,
therefore, in effect tapped down the grid load developing the
input voltage, and the load on the source of the latter is
correspondingly reduced. The low output impedance is due
basically to the fact that, the H.T. 4 line being at earth
potential from the signal point of view, the anode-cathode
impedance of the valve is in parallel with the cathode resistor,
and since the latter may be only a few hundred ohms, due to
the parallel connection the total output impedance will be
even less than this figure. The output impedance is further
reduced by the fact that, due to the effect of the grid, the
effective value of the anode impedance is reduced by the factor
1
w4
low input (cathode to ground) impedance of the cathode-
input stage. A practical circuit is given in Fig. 2.95.113, 14, 15, 18),

As already noted, similar reasoning accounts for the
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2.10. The * Bootstrap ” Circuit. Before making a comparison
of the three basic circuits another possibility which lies inter-
mediate between cases (i) and (iii) must be mentioned. If the
load of circuit (i) is connected on the cathode side of the
valve so that the anode is earthy and both grid and cathode
are left ‘“floating,” the arrangement shown in Fig. 2.10a
results. It differs from the normal amplifier in producing no
reversal of signal polarity and from the cathode follower in
having a possible gain of the same order as the normal amplifier.

_ Additional Output
I when Anode is Loaded

In some a‘fhcahons an
Anode Loa

Input O = addition to the Cathode Load

Viy

Fia. 2.10A. BAsic ARRANGEMENT OF THE “BoOTSTRAP’’ METHOD
OF OPERATING AN AMPLIFIER

The fact that a positive increase in grid potential causes a
much larger rise in the cathode potential, thus lifting the
absolute potential of both terminals of the signal source, has
given rise to the name “bootstrap.” Its use is limited by the
fact that both sides of the signal source must be floating but
a suitable feed is readily provided when the stage is fed from
the anode circuit of a preceding stage. It was developed by
Newsam* for time-base linearization and for providing a balanced
two-phase output in electrostatic C.R.T. deflection amplifiers.

2.11. Comparison of the Three Basic Valve Arrangements.
It will be useful to compare the properties of the three basic
amplifier configurations described in the preceding sections
because such a comparison has led to the development of
important practical arrangements in which the basic types are
associated so as to combine their respective advantages.

* British Patent No. 493843.
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TaBLE IV: CoMPARISON OF PROPERTIES OF Basic VALVE Circuirs

Normal Grounded- Cathode

LR Amplifier grid Follower
Amplification . .| Normal l Slight Increase = Less than unity
Polarity change .| Reversed None None
Input Impedance .| Normal Very Low High
Output Impedance .| Normal Increased . Very low

A schematic comparison, taking the normal amplifier as a
standard, has been drawn up in Table IV. A more precise
analysis is given in Appendix I, § 3. The table should not be

Output 1
Output 2

Fi¢. 2.12a. THE CATHODE-COUPLED DOUBLE-TRIODE AMPLIFIER

interpreted too rigidly—in particular, purely resistive signal
loads are assumed.

The table brings out clearly the complementary features of
the cathode follower and the cathode-input amplifier. The
low output impedance of the former makes it a suitable driver
for the latter and the combination provides an amplifier having
two important advantages over the conventional arrangement,
viz. higher input impedance and no reversal of signal polarity.
The fact that two valves are required instead of one is offset
by the possibility of employing triodes which can easily be
built into a single envelope—many such valves having separate
or common cathodes are, in fact, commercially available (19

2.12. The Cathode-coupled Double-triode Amplifier. The
basic circuit of the combination amplifier just introduced is
given in Fig. 2.12a. It was developed by A. D. Blumlein. The
input signal is applied between the grid of triode I and earth,
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while the output is taken from the anode of triode I1. The
two triodes are directly coupled by the common cathode
resistor, and the important feature of the circuit is that the
two anode signal currents, being similar in amplitude but in
anti-phase practically cancel and the consequent absence of
feedback allows the common cathode load to be made quite
large provided adequate H.T. is available to make good the
voltage loss across it.

The chief applications of the cathode-coupled double-triode
arrangement in television receivers are in the discharge circuit
of time-base wave generators (as a multivibrator) and in the
svnchronizing system ; it will probably also find increased use
in the signal amplifier circuits.18, 19, 20
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CHAPTER [II1

THE PICTURE TUBE AND ITS AUXILIARY
CIRCUITS

3.1. Laws of Electron Motion in Electric and Magnetic Fields.
The processes occurring inside the cathode-ray tube on which
the received picture is reconstituted are governed by the laws
of motion of the electron in steady electric (‘“‘electrostatic”)
and magnetic (“‘magnetostatic”’) fields. The cathode-ray beam
is formed, ‘“ prefocused,” and controlled in intensity by electro-
static fields in the “gun” portion of the tube, but subsequent
main focusing and deflection is usually done magnetically.
An electrostatic field makes its presence felt by its effect on
an electrically charged body such as an electron. At every
point in the field the force exerted acts in a definite direction
and with a certain strength and it is helpful to think of the
field as a system of lines of electric force running in the direction
of the force and corresponding in number per unit area to the
field intensity. The strength and direction of the force are
connected with a more fundamental quantity called the
potential, which, at any point, is measured by the energy
required to bring a unit electric charge from a point outside
the field up to that point, work being done against the force
exerted by the charges producing the field. Another useful
conception is that of the surface of equal potential, i.e. the
surface formed by all points having the same potential. The
“equipotential ” surface at any point is perpendicular to the
line of electric force passing through it. When an electron is
free to move in an electric field it travels along the lines of
force and, therefore, at right angles to the equipotentials. The
advantage of thinking in terms of the latter is that they can
be estimated or measured for an actual electrode system more
easily than the lines of force. A simple example of these basic
ideas is provided by a single point charge (Fig. 3.1a); its
62
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lines of force (or “electric flux”’) run radially in all directions
while the equipotentials form successive concentric spherical
shells around it. The trajectory of an electron free to move
in such a field is a radial (straight) line inwards or outwards

Radial Lines of

Concentric .
Electric Force

Equipotentials

/
Point Electric Charge

Fi6. 3.1a. THE SimpLEsT FoRM OF ELECTROSTATIC FIELD

The relationship between the direction of the lines of force and the surfaces
of equal potential (“equipotentials™) is clearly shown.

depending on the sign of the charge. The principle of electro-
static deflection and focusing is that when an electron moving
in a field having a certain potential (v, say), and with a velocity
corresponding to this potential, passes into a region at a
different potential (v, say), it is deflected at the boundary
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Region of Higher
Electric Potential
(V2)
Fic. 3.1B. THE REFRACTION OF ELECTRONS
An electron passing to a region of higher potential along a path oblique to the
boundary between the two regions is refracted towards the perpendicular

through the point where the boundary is crossed. The potential throughout
each region is constant.

between the two regions by an amount which depends on the
ratio v,/v;. If v, is higher than v, for example, the electron
velocity will increase and the natural tendency of the electron
to move normally to the equipotentials causes it to bend
towards this direction (see Fig. 3.18). In the special case of
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an electron incident at right angles to the boundary there is
no change in the direction of travel of the electron.

Motion of an electron in a magnetic field is more complex.*
Again, it is best to regard the field as a system of lines of force
(‘““magnetic flux ) representing, point by point, the direction
and intensity of the field. The fundamental law is that the
force exerted at any instant on the moving electron, due to the
interaction of its magnetic field with the independently pro-
duced field in which it is moving, is perpendicular both to the

. . ) : Magnetic Flux Lines
Initial Direction — S e e B B

of Motion of Electron

Plane of the Paper

Initial Position _
of Electron —— Circular Trajectory of
Radius Proportional to
Initial Velocity and
Traversed at Constant
(=Initial) Speed

Fie. 3.1¢. Evecrrox MoTtioN 1N A MaGNETIC FIELD

The simplest case of electronie motion in a uniform magnetic fleld is illustrated
above, where the lines of flux run vertieally into the paper. If the flux isreversed
the circular path lics to the left of the initial direction of motion.
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instantaneous velocity of the electron and to the direction of
the field (see Fig. 3.1c). A convenient way of memorizing this
law is provided by Fleming’s Left-hand Rule: If the First
finger of the left hand is pointed in the direction of the magnetic
Field and the seCond finger in the direction of the Current
(i.e. the opposite direction to that of the electron velocity),
then if the thuMb is held at right angles to the two fingers it
will point in the direction of the resultant Motion (see Fig. 3.1D).
Apart from the limited flexibility of the hand it is difficult to
use this law to determine the actual path of an electron in a
given field, even when the latter and the starting conditions
of the electron are both known, because as the electron turns
under the influence of the interaction force the latter turns
with it, for the three factors involved must remain mutually
perpendicular. It is not difficult to prove, however, that when

* See Appendix I (§A1.4).
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an electron is set mov-
ing with a constant
speed in a magnetic
field and in a direc-
tion initially at right
angles to the lines of
force it will curl round
the latter in a circular
path whose radius is
proportional to the
electron’s speed and
inversely proportional
to the strength of the
field; the time taken
to complete one cir-
cuit depends only on
the field strength.
This simple case is
illustrated in Iig. 3.1E.
for the case of an
electron beam enter-
ing a field of limited
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Fic. 3.1b. FLEMING'S LEFT-nAND RuLsg

An elecetron crossing a magnetic ficid at right
angles is acted upon by a force perpendicular
both to the ficld and to the direction of motion
of the clectron. The three directions may be
represented by holding the thumb and first two
fingers of the left hand mutually at right angles.

extent normally; it emerges with a changed direction (but
with unchanged speed) having followed a circular arc while
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passing through the
field—this is the case
o of electromagnetic
beam deflection used
in the cathode-ray

égéﬂ?lg . tube. The application

to focusing will be

deferred since it will be
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3.2. Functional Description of the Picture Tube. The pro-
cesses involved in the production of the finely focused spot on
the screen of the cathode-ray tube is shown schematically in
Fig. 3.2a; they are as follows—

(i) A cathode emits electrons which collect in a thin film
(‘‘space charge”) over the cathode surface.

(ii) An electrode, called the anode or accelerator, placed a
short distance away from the cathode, and charged to a very
high positive potential relative to the cathode, draws electrons
out of the space charge and sets them moving with high
velocity down the tube.

(iii) A negatively charged (relative to the cathode) electrode
called the grid or modulator (see (iv)), placed between the
cathode and anode, shaped and positioned in such a manner
that it sets up an electrostatic field pattern in front of the
cathode, curved (Fig. 3.3a) in such a manner that the
initially divergent electron stream drawn away by the anode
is sufficicntly ¢ prefocused” (a) to pass through an aperture
in the anode and (b) to limit the cross-sectional area of the
beam entering the main focusing field beyond the anode.

(iv) The grid also serves to control the intensity of the beam
of electrons set up by the anode and cathode. If its potential
is made sufficiently negative it will neutralize the attractive
effect of the anode on the space charge and will therefore cut
off the beam. As its potential is raised from this “cut-off”
value the beam intensity increases. The maximum intensity
is set by the falling off in the prefocusing action mentioned
in (iii).

(v) The controllable, narrowly divergent, fast-flowing beam
emerging from the anode passes into the main focusing field.
This is a region of magnetic flux, of which the representative
“Jines” run parallel to the axis of the tube, set up by direct
current flowing through an external inductor or a surrounding
permanent magnet. This field must be of uniform intensity
but its direction (left to right, or right to left) is immaterial ;
its strength will determine the distance the beam has to travel
before reaching the focal point.
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(vi) Deflection of the beam is accomplished by setting up
magnetic fields in which the force “lines” run perpendicularly
to the axis of the tube. The direction of deflection is at right
angles both to the tube axis and to the field direction. In
practice two deflection fields are used so that by horizontal
and vertical displacements the beam may be made to strike
the screen at any desired point.

Fra. 3.28. Mazpa CRM 121 (TweLve-iNcn) Prerure Tuse
(Courtesy of Edison Swan Electric Cu., Ltd.)

(vii) At the point where the beam strikes the coating on
the back of the tube face a spot of light is produced by fluores-
cent action. The beam and spot intensities are approximately
proportional to each other so that when the vision signal is
applied between grid and cathode the screen spot intensity
varies similarly.

(viii) Finally the electrons flow in a slow diffuse stream away
from the screen and are picked up at the tube walls by an
inner conductive coating and taken back to the tube anode.

These processes occur in an evacuated space enclosed by a
glass envelope whose general shape differs considerably between
the directly viewed type of tube generally employed and the
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congiderably smaller projection type now coming into use.
A good example of the former type is the Mazda CRM 121
(Fig. 3.2B), whose cross-sectional shape was shown in Fig.
1.6a; this tube is 18in. in overall length and has a screen
diameter of 12 in., while its “neck”
is 69 in. long and 1-4 in. in dia-
meter. Directly viewed tubes for
home receivers have screen dia-
meters ranging from 9 in. to 15 in.
and employ accelerating potentials
ranging from 5 to 10 kV. A typical
projection tube (E.M.1.) is shown in
Fig. 3.2c. While its neck is as large
and often longer than that of the
larger type its bulb is cylindrical
and of the order 3-5 in. in both
length and diameter. LElectrically
the two types of tube do not differ
considerably in structure or in
method of operation, but the brilli-
ant picture necessary for projec- . 39c. Av EALI Pro-
tion requires a considerably higher JECTION TUBE
accelerating voltage (20-30 kV). (Contesy ol BALL, L)

In both cases the use of electromagnetic focusing and deflec-
tion leads to a very simple internal electrode system consisting

C?thode j

. 4
Octal = :ﬁ {l 1 %—Anode

Base —
Grid \

Fic. 3.2D. GENERAL ELECTRODE ARRANGEMENT OF THE MAzZDA
CRM 121 Picture Tusk

-

only of the heater, cathode, grid, and anode structure mounted
on a glass pinch. In the Mazda tube the anode takes the form
of a metal deposit on the inner side of a cylindrical extension
of the bulb (see Fig. 3.2pn).
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The tube is mounted in the receiver cabinet horizontally,
or with a slight upward tilt, and is gripped at the screen end
in a tight-fitting rubber moulding (the ““mask ”” of which exposes
an area of the screen of the largest rectangular shape and of

Fic. 3.28. THe Cossor MonEeEL 902 RECEIVER

This illmstration shows clearly the norinal method of mounting a directly-
viewed tube. Special features are the anti-implosion net and magnetic ion
trap (near the tube base). (See also Fig. 8.1B.)

(Courtesy of A. C. Cngaar, Ltd.)

correct aspect ratio). The neck end of the tube is usually
supported by the focusing assembly (see Fig. 3.2E). The once
popular method of mounting the tube vertically upwards and
viewing the picture in a mirror mounted in the raised receiver
lid at an angle of 45 degrees (see Chapter VIII) has lost favour,
although the mirror has reappeared as an element in the new
projection systems.

Tt is usual practice to protect the viewer from implosion of
the large directly viewed tube by fixing a thick sheet of un-
splinterable glass over its face.
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3.3. The Gun: Prefocusing and Intensity Control. With this
general picture of the tube action in view it will be possible
now to consider the detailed theory of the various parts of
the tube, on the basis of the laws of electron motion already
given.

Invariably the cathode is indirectly heated, to allow the
use of an equipotential emitting surface, while the heater wire
is wound in “bifilar” (i.e. in a double spiral) or zig-zag fashion
to ensure that the magnetic field practically cancels; by these
two devices the cathode region is freed from spurious fields.

The prefocusing mentioned Grid Anode
above is necessary since it is not — =
possible to obtain adequate emis-
sion from a “point” cathode. Cathode Axis
By suitable shaping and setting
the potential of the grid the — -
equipotential surfaces between it F1c. 3.34. PREFOCUSING OF

THE ELECTRODE BEAM

a‘nd the cathode curve ba‘Ck- The backward eurvature of the equipo-
tentials in the cathodec-grid space pre-

wards towards the Ilatter (see focus the cathode to a *cross-over” in
Fig. 3.3a). Consequently the the grid-anode region ().
electrons drawn towards the grid aperture by the attraction
of the anode converge towards a ‘‘crossover” point and then
diverge again as they proceed down the tube. The formation
of the crossover also helps the focusing problem by limiting
the angle of divergence of the beam entering the main focusing
field. The cathode-grid-anode system forms what is called an
“immersion” lens in electron optics. The crossover is very
close to the cathode but its position varies with grid voltage;
as the latter is reduced (i.e. made less megative), the cross-
sectional area of the crossover increases and the degree of
focusing obtained becomes inadequate.

Variation of the grid potential is necessary, however, since
it is by this means that the spot intensity is varied in order to
recreate the picture; the defect just noted sets a limit to the
maximum picture brightness.

The action of the grid in controlling the beam intensity is
similar to that of the control grid of an amplifier valve; in
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fact, the gun as a whole (i.e. cathode, grid and anode) functions
similarly to a triode valve except that the anode does not
collect the forward beam current. 'This similarity is apparent
in the grid-volts v. beam-current characteristic of the tube,
any nonlinearity in which causes picture brightness distortion.
A typical characteristic (Mazda CRM 121) is shown in Fig. 3.3n
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—the maximum beam current for this tube is specified by the
manufacturer as 150 yA.®

3.4. The Main Focusing System: Theory of Focusing. The
gun structure is very much the same in all types of low-voltage
cathode-ray tube, but the television tube differs from, for
example, the oscilloscope type of tube in having a magnetic
main focusing system. The latter is inherently capable of
focusing satisfactorily a broader and more intense beam than
electrostatic lens systems but suffers from the disadvantage
of being bulky and heavy and, in its most common form, of
requiring a source of current of the order of 50-100 mA.

It will be best to approach the theory of the focusing action
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through a simple idealized case. Suppose that the axial mag-
netic field required for focusing extends throughout the tube
interior and is constant in strength and direction. If an electron
sets off from the cathode exactly along the tube axis the mag-
netic field will have no cffect upon it (which is as desired),
because the electron has no component of velocity perpendi-
cular to the field. If an electron diverges from the axis, however,
the magnetic field immediately acts upon it and changes its
motion. The result can conveniently be determined only by

0
Path of Electron . 50"96
Diverging from Axis ’To

Radl‘d/_—> a ~
1al Component
gf;"gf,’;c_”tigfn Electron Motion
Motion Cathode

¥1c. 3.4a. CoMPONENTS OF ELECTRON MOTION IN THE
CATHODE-RAY TUBE

considering the component velocities of the electron, as shown
in Fig. 3.4a. Viewed from the side of the tube there will be
two components of the initial velocity, one along the axis
(which is unaffected by the field), and the other perpendicular
to it (i.e. in the radial direction). It has been shown (§ 3.1)
that an electron moving at right angles to a field traverses a
circular path and goes through its starting point once per orbit.
In the case under consideration the radial component of initial
velocity will, owing to the effect of the field, develop into a
circular motion and, because of the axial component of velocity,
this rotation will be accompanied by a simultaneous axial
movement. The complete trajectory will, therefore, be a helix
(Fig. 3.4B) and the electron will return to the axis once per
helical turn. Since the time taken to complete the latter is
independent of the amount of the initial radial motion all
electrons will return to the axis at the same points. Successive
points are separated in time by an amount depending only
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on the field strength, and, in distance, by an amount depending

both on the field strength and on the axial velocity of the

electrons. With a given anode potential deciding the axial
Perspective View End View
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F1c. 3.48. FocusiNG ACTION IN A FIELD EXTENDING OVER THE
ENTIRE LENGTH oF THE TUBE

velocity the first focal point can be brought into the plane
of the fluorescent screen by adjustment of the magnetic field

strength.

In certain types of camera tube the magnetic field is required
to extend over the whole length of the tube, but in the case

Hr
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Ha W
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Fi1c. 3.4c. THE AXIAL
(Ha) AND RADIAL (Hr)
COMPONENTS OF A
SHORT MAGXNETIC
FocusiNng FI1ELD

of the picture tube this is impracticable
and unnecessary. The magnetic focusing
field occupies only a small length of the
tube and the flux distribution and its
components are of the form shown in
Fig. 3.4c. Along the tube axis the field
strength is purely axial but varies rapidly
in strength from zero through maximum
to zero again, while at every point off
the axis the field has a radial compo-
nent. If the latter is disregarded and
the field assumed to be purely axial, but

of short length, it will focus divergent electrons in a similar
manner to the ideal case just described and the helical motion
imparted by the axial field will, if of the correct strength,
take each electron through part of a complete turn and eject
it at the instant it is travelling towards the axis as shown
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in Iig. 3.4p. The effect of the radial component of the field is
to augment considerably the component of electron motion
across the axial field and is best considered in two steps, thus—

(i) The axial velocity component in tending to curl round
the radial flux begins to move perpendicularly to its own
direction and to that of the flux. .

(ii) This new component of motion acts at right angles to
the axial flux (as does the initial radial component of electron
velocity) and therefore tends to curl round it with consequent
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7 d by Elect
Brough Fed "
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Electron
Trajectory
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Perspective View End View
(Axial Magnetic Flux not shown)

Fic. 3.4p. FocusING ACTION IN A SHORT MaeNETIC FIELD

helical motion. The resultant helical motion is therefore due
partly to (a) interaction of initial radial velocity and axial field
and (b) interaction of the induced transverse velocity (due to
interaction of radial flux and axial velocity) and axial flux.
The essential factor in magnetic focusing is, therefore, the
existence of an axial magnetic field and the degree of focusing
can be expressed in terms of it alone. The important practical
points are that it need not extend over the entire tube axis
and may act in either direction.®: )

3.5. The Main Focusing System: Practical Arrangements.
The required axial field may be provided by a current-carrying
solenoid, by a permanent magnet or by a combination of both.
The purely electromagnetic method provides a simple and
inexpensive arrangement and the field produced is readily
controlled by varying the current; on the other hand, it



76 PRINCIPLES OF TELEVISION RECEPTION

absorbs considerable power (e.g. 50 mA at 50 V = 2:3 W, in
a typical case) continuously from the receiver power supply,
which power is dissipated in heat and increases thermal in-
stability. Also, the inductor current varies with change of load
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(Courtesy Sobell Ind. Lid)

IFi¢. 3.5A. PrRACTICAL FoUusiNg ARRANGEMENTS

on the H.T. supply unless an independent current source is
used; further, the variable resistor required for control of
focus must have a high wattage rating. The use of a permanent
magnet overcomes all these disadvantages at the cost of not
being readily controllable; other disadvantages are that its
mechanical construction is more elaborate and needs to be of
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closer tolerance in dimensions. 1t is more expensive owing to
the use of magnetic material and its processing equipment
which is not normally available in a radio works. Again, there
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Fic. 3.5B. Focusine INpUcTOR CIRCUITS

is the difficulty of uniform initial magnetization and the possi-
bility of subsequent loss of magnetization. An example of
each arrangement is given in Fig. 3.5a, and suitable control
circuits in Fig. 3.58 respectively. The coil is a multi-layer
solenoid of rectangular cross-section contained in a soft-iron
shroud having a gap of approximately }in. in its inner side.
The number of ampere turns required is usually from 400-800.
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The equivalent magnetostatic arrangement employs a circular
ring of rectangular cross-section, magnetized along its axis
(i.e. perpendicular to the side faces), which is clamped between
soft-iron ‘“‘gap plates” as before. The construction is compli-
cated, however, by the need for an adjustable gap or control-
lable leakage path. A simple device of the latter type used
by Cossor is a soft-iron sleeve which slides on the tube neck
and bypasses flux from the main gap to an increasing extent
as it is pushed toward the magnet assembly. The most satis-
factory (albeit most expensive) arrangement is a combination
of the two basic methods; the main field is provided by a ring
magnet of large diameter and a relatively small inductor placed
inside the magnet carries a small current of controllable strength
and direction which is adjusted by a panel control to bring the
resultant field to the exact strength required.

The magnet and/or inductor assembly usually has adjustable
three-point mounting on a vertical standard or plate so that
its axis may be aligned with that of the tube; in practice this
adjustment is normally used to centralize the raster in the
screen mask. It is desirable to screen the focusing system
from the deflector assemblies; the screen may be an integral
part of the focusing system mounting. The latter provides a
suitable rear support for the tube when, as is usual, the latter
is mounted horizontally; the tube neck is normally gripped
in a rubber ring or sleeve which fits the inner surface of the
gap plates (see Fig. 3.2E).

The focusing system may be regarded as a lens which focuses
the beam crossover (object) to a spot on the fluorescent screen
(image). On this basis it will be understood that as the focusing

“assembly is moved toward the tube cathode the magnification
of the image (spot) increases. The assembly is normally
positioned so that at the normal viewing distance the line
structure is barely discernible. This distance is of the order
of 5 to 6 times the picture height, i.e. 4 ft for a 10 X 8in.
picture.

The current required for focusing is often obtained by bleed-
ing the normal H.T. supply of the receiver and adjustment
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achieved by a variable series resistor (Fig. 3.58). Alternatively
the H.T. current of one or more of the receiver circuits may
be passed through the focus circuits; the variable resistor will
then need to be parallel to the inductor. The combined method
of focusing requires a small reversible current which may be
derived from a form of bridge circuit.

3.6. The Deflection System. When the electron beam passes
into the transverse deflection field it commences to move away
from the axis and follows a circular path of large radius. The
latter decreases, so that the spot displacement on the screen
increases, either as the deflection field strength (which is propor-
tional to the deflector ampere-turns) is increased or as the beam
velocity (which is proportional to the square root of the anode
voltage) is reduced. For a given field strength and final anode
potential the angle of deviation increases with the axial length
of the field. Finally, for a given deviation the spot displacement
is proportional to the distance between the centre of the field
and the screen. An advantage of magnetic deflection, by
comparison with the use of voltage-operated internal deflector
plates (as in oscilloscope tubes) is that the necessary current for
wide deflection is more easily generated than the corresponding
voltage. Accordingly, relatively short tubes are made possible.

Since the field strength due to a current-carrying coil is
proportional to the product of the current and the number of
turns (the “ampere-turns”), it would appear that a large
number of turns could be employed in the deflection windings,
thus allowing a small deflection current. While this is largely
true in the case of frame inductors a limit to the number of turns
is set for line inductors by the induced e.m.f. occurring during
‘the flyback. At the end scan the flux around the inductor '
. must be reduced to zero in a few micro-seconds. The rate
at which the flux lines cut the inductor during this rapid collapse
of the field is such that a very high voltage is generated.
The latter is proportional to the inductance and also to the
rate of decay of the deflection current, while the inductance is
proportional to the square of the number of turns. Thus, if
n (number of turns) is doubled, L is multiplied by 4, the
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maximum current required is halved, and the rate of fall of cur-
rent halved, so that the back e.m.f. is doubled. Clearly as n is
reduced the back e.m.f. falls. Accordingly, the line deflectors
have a comparatively small number of turns and carry a high
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Frc. 3.6a. THE SADDLE TyYPE oF DEFLEcTION INDUCTOR

current, i.e. their impedance is low, they are invariably of the
saddle type and driven by a step-down transformer (5 to 10-1).
Frame inductors may, however, be of high impedance and
directly driven, thus saving a transformer.

The most important requirement in regard to the scanning
inductors is uniformity of their magnetic fields, i.e. imaginary
flux lines representing the latter must be parallel and evenly
spaced in the region of the field traversed by the scan beam
over the entire frame scan. The shape of the field produced by
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an inductor depends on its ““geometry ” (form and arrangement
of turns) and on its magnetic circuit and not appreciably on the
current strength. The first step in achieving uniformity of the
deflection fields is to split the inductors into series-connected
halves arranged symmetrically one on either side of the tube
neck. Using simple flat inductors the resultant field would

Fig. 3.68. TyricaAL SADDLE INDUCTOR ASSEMBLY
(Courtesy of E.M,I., Ltd.)

still not be sufficiently uniform but a considerable improvement
is obtained by bending each winding to fit closely the neck of
the tube (see Figs. 3.6a and 3.68). Both deflection windings
are usually of this form, called “saddle” inductors; one pair
(for frame deflection) is made shorter than the other to allow
its ends to fit behind those of the longer pair. An alternative
method is possible and is illustrated in Fig. 3.6c; in this case
the flux distribution is controlled by a magnetic circuit in the
form of a thick flat strip bent into a square box. Two opposite
sides carry the deflection windings which are connected in
opposition to make the remaining sides a pair of consequent

4—(T.575)
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poles, as shown by the flux path in Fig. 3.6c. Inductor
assemblies of this type are shown in Figs. 3.2E and 3.6c. A third
form is the so-called ‘“toroidal” type shown in Fig. 3.6p. In this
arrangement each of the deflectors is split into four or eight

Multi-layer
inding
Magnetic | Magnetic
i G
Tube ™ Saddle
Wall d Inductors

Cross-sectional View of Consequent-pole
Type Deflection System

Frame
Inductor

2T Saddle
nductors for
Line Deflection

Magnetic Circuit

Perspective View of Combined Saddle Inductor and
nsequenl-ﬁﬂe tS.gs'tems for Line and Frame
ecti

De on Respectively
(Courtesy Sobell
Indistries Lid.)

F16. 3.6c. THE CONSEQUENT-POLE DEFLECTION SYSTEM

multi-layer sections which are spaced around the circumference
of a laminated cylindrical core. The physical arrangement is
clearly shown in the accompanying photograph (Fig. 3.6E)
of an assembly developed by E.M.I. In this example each of
the sections contains one X winding and one Y winding and
the number of turns in each section are chosen to produce the
most uniform resultant fields.
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The spacing between adjacent sides of a saddle inductor is
critical for uniformity of the resultant field. Some ingenious

Deflection
*Current‘t

Larminated
Ring Core

Z|[Magnetic Flux ||»
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o
Q,
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Fi¢. 3.6p. (ROss-SECTION OF A TOROIDAL DEFLECTION INDUCTOR

attempts have been made to improve this even further, e.g. by
varying the shape of the cross-section of its sides, and by sub-

Fic. 3.6e. A ToroipAL DEFLECTION INDUCTOR ASSEMBLY WITH
CyLINDRICAL CovER REMOVED

(Courtesy of E.M.I., Ltd.)

dividing the inductor into a number of sections of different
gauge wire. The result of non-uniformity of the deflection fields
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is distortion of shape of the raster. This distortion takes either
of two forms, called ‘“barrel”’ and ‘“ pin-cushion,” corresponding
to the two possible forms of non-uniformity shown in Fig. 3.6F.

Fia¢, 3.6r. Nox-ux1iFORM FIELDS
Type (1) produces a barrel and type () a pin-cushion-shaped raster.

It is quite impracticable to achieve perfect uniformity in
the deflection field, particularly at its boundaries. Another
result is that the focusing of the electron beam is impaired

Fi1c. 3.6c. A GrROUP OF PICTURE-TUBE AUXILIARY COMPONENTS

From left to right they are: an E.H.T, transformer; a line output trans-
former; a scanning-induetor assembly; and a foeusing-inductor assembly.

(Courtesy of Haunes Radio, Lul.)
and to an extent which increases with the field strength; this
effect is called “deflection defocusing.”” The practical design
problem is to limit the extreme deterioration occurring in the
corners of the raster—one point is the need. in the case of
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saddle inductors, to bring the ends away from the tube neck
instead of making them fit it closely.

Because of the large gap presented by the tube neck the
strength of the magnetic field produced by a scanning inductor
cannot be considerably increased by the use of an “iron”
circuit; on the other hand, the use of the latter is usually
considered worth while. Where saddle inductors are used for
both line and frame deflection they are often enclosed by a
cylindrical ferromagnetic tube or a stack of pairs of U-shaped
laminations. While normal materials such as stalloy would be
satisfactory for the frame circuit, the drop in efficiency of these
materials at line frequency requires the use of a nickel-iron
alloy such as radiometal or mumetal (or equivalents).

. The number of turns required is from 100-250 for saddle
inductors and is of the order 2000-4000 for the high-impedance
type. Both fignres refer to one-half of each split pair. The
corresponding wire gauges are of the order 28 and 42 S.W.G.
respectively. The wire insulation is usually enamel, preferably
with paper covering (P.C.E.) in the line case.

The complete inductor assembly is mounted on a tube of
insulating material which slides over the tube neck; when
stacks of laminations are fitted around the inductors a box
frame is used to obtain a rigid assembly.(> 7, ®

8.7. The Fluorescent Screen. A wide range of materials
(called “phosphors”) possessing the property of emitting light
under the bombardment of an electron beam is known. They
differ in the colour of the light produced, in efficiency of
conversion of the electrical energy of the beam into radiant
energy and in the rapidity with which they respond to rapid
variations of beam intensity. The need for white light, efficient
energy conversion, and rapid response (‘“‘short afterglow”
following cut-off of the beam) restricts the number of materials
suitable for picture tubes. An approximation to white light
can only be obtained by the use of two or more constituents.
Thus cadmium tungstate fluoresces light-blue and white, zinc
phosphate provides red; a suitable mixture of the two (with
the former predominant) gives white. Another commonly used
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material is zinc-cadmium sulphide activated by copper—or
silver. Physically the screen material is of fine crystalline
form; it is held to the screen face by a suitable adhesive such
as sodium or potassium silicate.(!'s 12

The proportion of heavy negative ions normally present in
the beam is deflected to a much lesser extent than the electrons,
so that they bombard a relatively small area at the centre of
the screen and, particularly if the tube is consistently used
with little negative grid bias (i.e. high beam current), eventually
produce a large spot (“ion burn”) by killing the fluorescent
property of the central area. The ions can be deflected in the
gun by application of an electric field and the normal direction
of the electron beam subsequently restored, but the trouble will
probably disappear with the general adoption of aluminium
backed screens. At present ion traps are rarely fitted. An
example of an external magnet assembly is shown in Fig. 3.2E.

3.8. Optical Systems for Projection Tubes. The bulkiness of
the directly-viewed type of tube and the consequent restriction
it places on the size of the reproduced picture has led to the
development of comparatively small tubes capable of producing
sufficiently bright pictures to allow satisfactory projection on
to a separate screen with enlargement to sizes considerably
greater than those obtainable by the other method.

Of the two types of optical device available for producing
a magnified image of an object, viz. the lens and the curved
mirror, the latter is by far the more satisfactory and is used
exclusively in present systems. In the case of the lens all the
important optical defects such as spherical aberration, coma,
astigmatism, etc., are, except for the first-named, proportional
to distance from the common axis of the spherical surfaces
forming the system. The spherical mirror, on the other hand,
in having a single surface, suffers only from aberration and
would, but for this defect, be ideal. Moreover, it is free from
chromatic aberration, since it is based on the laws of reflection
(as distinet from those of refraction) which are independent of
light wavelength (i.e. of colour).

The result of directing a beam of large cross-section parallel
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to a radius on to the inner side of a spherical reflecting surface
(i.e. a concave spherical mirror) is shown in Fig. 3.8A. Each
ray is deflected at the mirror surface according to the law that

Spherical
Reflectin
%b( Surface
3
= ;
. > " Incident
Axis— - S 05 Parallel
— [N : Beam
|
Zal 2
) 3
dni G

Fic. 3.8a. THE FocusiNG ACTION OF THE SPHERICAL MIRROR

As the distance of the ray from the axis increases so its focal point moves
away from the mirror focus ¥, (spherical aberration).

the angle between the reflected ray and the tangential surface
through the point of incidence is equal to that between the
incident ray and the same surface. If the reflected ray paths
are drawn carefully it will be found that they do not all cross

Object

Magn ﬁ'efi Inverted

;?ea Image

F1c. 3.88. IMAGE FORMATION IN A SPHERICAL MIRROR
Object between focus (F) and centre of curvature (C).

the axis (i.e. the line coincident with the radius to which the
incident beam is parallel) at the same point but at a point
which is farther from the mirror the closer the incident ray
to the axis. This defect means that such a mirror will focus
sharply only a narrow pencil of rays, such as would be received
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from a relatively small object located on (or very near to)
its axis; such rays are said to be “par-axial.”

The method of forming an image of such an object is shown
in Fig. 3.88. Rays travelling parallel to the axis are reflected
back through a point called the focus which occurs half-way
between the mirror surface and its centre of curvature. Rays
following a radial path will meet the mirror surface normally
(i.e. perpendicularly) and will travel back along the same path
and go through the centre of curvature. These two special
cases enable the position and size of the image to be located
uniquely, as shown in the figure. The other two cases should
be drawn to check the manner in which the relative sizes of
image and object change with the distance between the object
and the mirror. There is a simple relationship between the
various dimensions, namely—

Size of image  Distance of image from mirror centre
Size of object  Distance of object from mirror centre
magnification

The three possible results for the relationship between
object and image may be stated in tabular form (Table V).

TaBrLe V: RELATIONSHIP BETWEEN OBJECT AND IMAGE
CoNCAVE Mirron

Position of Position of Relative Size | Orientation Type of
Object Image of Image of Image Image
Beyond centre Between focus  Reduced Inverted Real
of curvature and ¢. of ¢.
Between focus Beyvond c.ofe. ' Enlarged Inverted Real
and c. of c.
Between mirror Beyond focus | Enlarged No change | Virtual

and focus

Since in the first case the image is of reduced size, and the
third possibility although providing enlargement without
inversion is ruled out by difficulties of practical arrangement,
the intermediate case is generally used.

So far the object has been assumed to be sufficiently small
to allow its rays to be taken as par-axial, but the screen of
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even a small projection tube represents an extensive object
and some method of eliminating the consequent spherical
aberration is required. The solution to this problem was found
by a German, Schmidt, in 1930, in the course of development of
long-range cameras for
astronomical work.?¥
The principle is to in-
troduce an additional
optical element so
shaped that its spherical
aberration is equal and
opposite to that of the
mirror. The element,
called an Aspheric Cor-
recting Plate, is shown
in Fig. 3.8c. When a

P v.a

= Screen

widely distributed [ -—7_‘2;:'[,';’gg

source of light is being /) = Coprecting

handled the correcting

plate must be placed in P (I’: ‘;{eTCi l’;‘;”
s

a position common to
all rays, i.e. with its

optical centre at the r SPI‘;h?:r{%il
centre of curvature of \ % .

. Y T Sy T < Receiver
the mirror; otherwise Cabinet

1ts position on the axis Fic. 3.8c. Normarn METHOD OF ARRANGING

is immaterial. The cor- THE SPHERICAL MIRROR, ASPHERIC COR-
i X RECTOR, TUBE AND PLANE REFLECTING

recting plate introduces MIRROR IN A ProJECTION TYPE RECEIVER

chromatic aberration,
but for moderate apertures this is negligible and where large
apertures are required a double-plate achromatic combination
may be employed. The curvature of the field caused by an
extended object is readily overcome in the case of a cathode-ray
tube source since the tube face may be appropriately curved.
While it is quite possible to construct with sufficient accuracy
the lens shape required by Schmidt, quantity production, as
for home television receiver manufacture, is quite out of the
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question when the technique of the lens worker is used. This
limitation has been overcome by the development (chiefly by
L.C.I. in this country) of lenses made of plastic material and
of appropriate manufacturing methods. Suitable substances
are refined forms of polymethyl-methacrylate and polystyrene
(named “Transpex I” and “Transpex II” respectively by

F1c. 3.8p. PrOJECTION ASSEMBLIES FOR HOME RECEIVERS (LEFT)
AND CINEMA EQUIPMENT (RIGHT)

(Courtesy Dr. D. Starkie, "' Endeavour,” and 1.C.I., Ltd.)
lJ
I.C.I.), which materials have been in common use as U.H.F.

insulating materials for several years. The principal advantage
of these plastics is that they may be compressed between the
two halves of a stainless steel mould of the desired shape so
that once the master mould has been formed by normal optical
methods, lenses of the correct shape may be reproduced in
quantity from it.

In applying Schmidt’s camera system to the projection of
a television picture the positions of objeet and image are
transposed and the resultant arrangement, as used in most
current projection receivers, is shown in Fig. 3.8c. The cathode-
ray tube is mounted vertically with its face pointing downwards



Fi¢. 3.8E. AN AcTrAL DEMONSTRATION OF THE I.C.1. PROJECTION SYSTEM
(Courtesy of Dr. D, Starkie * Endeavour,” and 1.C.I., 14d.)
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towards the large spherical mirror mounted horizontally on
the floor of the receiver cabinet. The portion of the mirror
immediately opposite the tube screen is blacked or blanked
out so that no light is reflected back to the C.R.T. screen and
all the light collected from the latter is thrown back past it

“Micro-lens”
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Fic. 3.8r. THE PHiLco " MICRO-LENS” ARRANGEMENT
(Courtesy of Philco Corp., Ltd.)

and travels through the aspheric correcting plate arranged
concentrically with the tubc towards the top of the cabinet
where a large rectangular plane mirror, arranged at an angle
of 15° to the axis of the optical system, turns the light through
90° and throws it on to a translucent screen. In a slightly
different arrangement used by Philco the plane reflecting
mirror is mounted vertically in the centre of the front of the
cabinet and the tube, spherical mirror and correcting plate
are arranged with their common axis inclined at 45° to the
vertical (see Figs. 3.8p, 3.8, 3.8F, and 3.8c).

The screen on which the picture is viewed is at present




THE PICTURE TUBE AND ITS AUXILIARY CIRCUITS 93

subject to intensive research. Apart from the need for maxi-
mum light transmission efficiency it is possible by suitable
design to reduce the effects of spurious light on the picture
and to secure optimum distribution of the transmitted light.
In the most advanced design (developed by I.C.I. in Britain)

PICTURE TUBE
CLAMP SCREW,

F1¢. 3.8¢. A ProsectioN TusE MoOUNTING
(Courtesy of Philco Corp., Ltd.)

so far described the face of the screen is formed into a mosaic
(100 to 1in.) of horizontal cylindrical lenses and the other
surface into a similar mosaic of vertical cylindrical lenses.
By this method the bulk of the transmitted light is contained
within an angle of 90° in the horizontal plane and of only 30°
in the vertical direction. The directivity thus obtained is
effective only for the desired transmitted light; any spurious
light is scattered over a wide angle and is consequently rela-
tively less troublesome. A similar screen (the ““Microlens”) is
used by the Philco Corporation.
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3.9. Electrical Characteristics and Operating Conditions.
The principal electrical characteristics of the picture tube are
its anode-cathode p.d., the corresponding focusing field, its
deflection sensitivity, maximum beam current, cut-off bias
(corresponding to anode-cathode p.d.), heater voltage, and
heater current.

The requirements of the picture tube in voltage and current
are—

(i) An a.c. supply for the heater.

(ii) H.T. voltage supply of the order 5-10kV for large
directly viewed tubes or 20-30 kV for projection types.

(iii) A controllable negative grid bias voltage (‘‘brightness
control”’) of the order of 50 V max.

(iv) An adjustable focusing system current up to 100 mA when
purely electromagnetic focusing is employed, or a much smaller
value when the focusing field is almost entirely by a permanent
magnet.

The picture signal may be applied to the cathode-ray tube
by direct connection from the anode of the final video-frequency
amplifier, in which case the tube cathode is usually returned
to a higher mean potential derived from a potentiometer
connected across the receiver H.T. supply. Where capacitor-
resistor coupling to the tube grid is preferred a d.c. restorer
must be connected in the appropriate direction across the
resistor. In any case, the cathode end of the tube is always
electrically near to earth potential and the anode correspond-
ingly positive, as distinct from the oscilloscope case where the
opposite applies. The normal component of the grid-cathode
p.d., as fixed by the brightness control, is such that when the
signal is applied it must rise to 30 per cent of its maximum
before the beam current begins to flow, in the British case, or
must rise to 75 per cent to cut the beam off in the U.S. case.
Thus with no signal the beam will be cut off or at peak bright-
ness, respectively (see Fig. 3.3B). Since the signal is d.c.
coupled (or effectively so) and has a d.c. component the mean
anode current and therefore the drain on the anode voltage
supply will fluctuate with the picture content.
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3.10. Generation of the High Accelerating Voltage (E.H.T.).*
The heater current, focusing current, and grid bias for the
tube are obtained from the common power supply of the
receiver, time-base, and synchronizing circuits. This supply is
conventional and involves transformation, rectification, smooth-
ing, etc., of the normal mains supply (actual circuits will be
given in Chapter VIII). The high voltage needed for beam
acceleration, however, requires a separate circuit and may be
generated by different methods.

100kQ
QQOkﬂ A ~+Anode Cap
R Tube
é (5 IOkV)
v Total
g“u‘;‘;,sg % 0025 0025 < [ 20-30Ma
—L—
High Voltage H h Voltage H.W.
¢ lndmg 3 D?odaege;‘?ectrfler

Fic. 3.10a. TypicAL MainNs-opERATED E.H.T. SuppLy

Use or A.C. Mains. Stepping up the mains voltage and
rectifying in the normal manner, while feasible and still the
most used method in television receivers, suffers from two
disadvantages, namely, the need, because of the low frequency
of the mains supply, for high-voltage capacitors of large value
for adequate smoothing and the high cost and large size of an
adequately insulated power transformer of the normal type,
both of which could be eliminated by the use of a much higher
a.c. supply frequency. While such a supply is not available
from supply mains the low power level at which the high
voltage is required makes it readily obtainable from a single-
valve oscillator. Alternatively a suitable pulse voltage and
source of sufficient power is already available in the output
stage of the line scanning circuit.

A typical mains-operated voltage supply for a tube requiring
5-10 kV is shown in Fig. 3.10a. If the reservoir capacitor is

* E,H.T. = Extra High Tension,
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made sufficiently large (say 0-1 xF) additional smoothing may
not be necessary but the low current drain permits the use of
a high-value smoothing resistor (200 kQ) and two consider-
ably smaller capacitors (0-025 uxF), one as a reservoir and
the other for filtering. The output of the high-voltage
supply is frequently superimposed on the normal H.T. supply
to obtain a slightly higher output. When considerably
greater outputs are required some form of voltage multiplica-
tion is necessary; this technique will be discussed in a later
paragraph.(s, 17, 18

R.F. OsciLaTor MetHOD. The radio-frequency type of
E.H.T. supply uses a beam power tetrode in a conventional
oscillator circuit. The oscillatory voltage developed across the
tuned anode circuit is stepped up to a considerably higher
value over the separate secondary, wlich feeds the rectifier
and smoothing circuits. For reasons of stability the feedback
coil should be coupled to the secondary winding rather than
to the primary, and, for good efficiency, the degree of feedback
should be sufficient to develop enough negative bias across
the grid capacitor-resistor circuit to make the valve operate
under class C conditions (i.e. with a bias considerably greater
than that at which anode current ceases, so that current flows
only during positive peaks of the maintaining voltage—this
technique is sometimes called ““flick-impulsing”). The opti-
mum oscillation frequency is in the region of the natural
resonance of the secondary coil and the sum of the various
capacitors in parallel with it; this frequency is usually in the
range 50-150 ke/s. Maximum voltage output occurs with the
primary tuned to this frequency and with critical coupling
(see Chapter VI) between primary and secondary windings.
Greater stability with load variation is achieved by considerable
overcoupling and with the primary circuit tuned to the lower
peak of the resultant double-humped curve. A feature of this
arrangement is the possibility of varying the output by changing
the primary circuit tuning; when this facility is desired the
anode circuit should be parallel fed through an R.F. choke-capa-
citor filter to allow the variable capacitor moving plates to be
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earthed. The diode rectifier may have its cathode heated by
R.F. drawn from a separate winding on the H.V. transformer
and special diodes have been manufactured to allow this
convenience to be used efficiently. The complete power supply
must be thoroughly screened and when voltages in excess of
10 kV are generated appropriate design of the lay-out and
shape of the circuit and components is necessary to avoid
spark-over and corona effcets. The low inherent regulation

ETAL 53
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= o 500pF ] 500pF
__:JY:Capac?tance
+HT P: 100 Turns
(I SIH1750 »
0-0IpF 520 1 .
= l = = =  S3:150
6AQ5 122
Oscillator Rectifier

Fic. 3.10B. A TyricaL R.F. OsciLLATor-pRIVEN E.H.T. SUPPLY
(Courtesy of the “ R.C.A. Review’")

and limited power availability of this type of supply is an
advantage from the safety point of view. A simple practical
circuit is given in Fig. 3.10B.119, 20

PuLse MEtHOD. It is more likely that the pulse-operated
type of E-H.T. generator will find favour with television
receiver designers because it makes use of oscillations generated
spuriously in the line time base and needs no separate R.F.
oscillator. Itis, in fact, already used in a number of commercial
designs. A feature of this arrangement is that line scan failure
automatically removes the C.R.T. accelerating potential and
thereby protects the tube screen. Two important disadvantages
must be noted; one is the interdependence of output voltage
and line time-base controls (e.g. amplitude) and the other is
that design of the output transformer is made considerably
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more difficult. A typical circuit is shown in Fig. 3.10c. The
time-base output valve is driven at its grid by a sawtooth
wave of line frequency and the corresponding anode current
variation is stepped up by the transformer and fed to the

Smoothi
e

Deflection
Circuit

Line Time
Base Output
Valve

Fic. 3.10c. METHOD OF USING FLYBACK-PULSE VOLTAGE INDUCED
IN LINE TiME-BASE QutruT To ProDUCE E.H.T.

deflector inductors. Each time the anode current is suddenly
reduced to cause the spot “flyback,” a large amplitude (several
kilovolts) positive pulse occurs at the anode. The resultant
pulse wave is fed to the rectifier circuit directly from the anode.
Alternatively a step-up autotransformer may be formed by
tapping the anode into the primary winding. The voltage-
doubler arrangement shown will be discussed in the next

AC.
Input

Fi¢. 3.10p. THE GREINACHER, OR FULL-WAVE, VOLTAGE-DOUBLING
REcTIFIER CIRCUIT

section. This method of deriving E.H.T. does not appreciably
load the deflection circuit; in fact, it makes use of a portion
of the power dissipated at the end of each sweep, which would
otherwise be wasted. (21, 22)

VorTaGE MuLTtIPLICATION. Voltage-multiplying rectifier
circuits are equally applicable to each of the three basic types
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of E.H.'T. supply just described and are necessary when voltages
above about 10 kV are required. Very roughly, one stage of
multiplication per 10 kV is required—thus projection tubes
operating in the region of 20-30 kV usually employ a voltage
“tripler.”

In the voltage-doubler arrangement, due to Greinacher,
which is shown in Fig. 3.10p, a common a.c. winding is used

C{%‘”éj S

. 3.10E. 'Tur CASCADE, oR HALF-WAVE, VOLTAGE-DOUBLING
l{}CPIFlhR CirculT

to feed two half-wave (H.W.) rectifier circuits in parallel and
the respective diodes (1, V,) are connected in opposite polarity.
On the half-cycles which make the top of the transformer posi-
tive with respect to its lower end V, conducts, while V, passes
current on the alternate half-cycles. Consequently the two
capacitors are charged alternately and in such directions that

REIEIE

—U "
~ D.COutput ~’13V

F1¢. 3.10F. THE HALF-wavE CASCADE MULTIPLIER

if the output terminals are taken across both, the output
voltage for moderate loads is double that obtainable from a
single rectifier fed from a similar a.c. source. The half-wave
version of this arrangement is shown in Fig. 3.10€; it is often
called the “cascade doubler.” During the half-cycles of the
input a.c. voltage which make V, conduct, C; charges to
(nearly) the peak value of the input. During the alternate
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half-cycles, i.e. when V, is non-conductive, the voltage devel-
oped across (| adds to the input and C, charges to nearly
twice the peak input voltage. The method of extending this
circuit to achieve further multiplication will be apparent from
Fig. 3.10r. When the rectifier input is in the form of a pulse
wave, and is therefore substantially unidirectional, the type
of multiplier shown in Fig. 3.10c is often employed; it differs
from the preceding arrangement in having a large resistor,

_‘.ﬂc-ov C3 4
I

High Voltage Vi e
Winding on R2 R4
T.B. Qutput ] C2 Cs
Transformer i.l | e Lrs
= | v -
lov
D.C.Output 13V

Fra. 3.10¢. Tae RC-courLed HAur-wave CASCADE MULTIPLIER

throngh which the associated capacitor charges, in place of
each alternate diode. The arrangement shown is a tripler.
Each positive input pulse charges C; through V, and during
the same periods V', completes the circuit by which C, charges,
via V,, from C;. The latter has its charge maintained during
the intervals between pulses by current flow from €, through
R, on the positive side and the pulse source on the negative
side ; succeeding sections operate in a similar manner.(2, 23, 20
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CHAPTER IV

THE SCANNING CIRCUITS (TIME BASES)

4.1. Basic Requirements and Block Schematics. 1t will be
recalled that when current passes through one of the C.R.T.
deflector systems a magnetic field is set up across the tube neck
and the electron beam is deflected proportionally to the field
strength. In order to deflect the screen spot at constant
velocity this current must be made to increase at a constant
rate, i.e. linearly, so that for a recurrent sweep and rapid
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Fic. 4.1A. REQUIRED WAVEFORM OF THE SCANNING INDUCTOR CURRENT

retraces the current waveform will have to be of the form
shown in Fig. 4.1a. While this “sawtooth” wave should have
a linear rise, its decay need not be exactly linear and is usually
exponential * or the initial part of an exponentially damped
oscillation. It has been shown {Chapter 1) how, by the com-
bined use of two deflection fields, the spot may be made to
cover systematically a rectangular area on the tube screen.
This area, which is called the * must appear centrally
on the screen which means that, assuming the undeviated spot
position is at the screen centre, no shift is required to centralize
the sweeps provided the scanning current is purely alternating
and the waveform exactly similar on the positive and negative
half-cycles. (Note the position of the zero current level in

’

raster,’

* ILe. changing at a rate proportional to its instantaneous magnitude.
102
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Fig. 4.1a.) Accordingly, the inductors must be a.c. coupled, i.e.
by a two-winding transformer or a capacitor. In practice,
owing to tube imperfections, stray permaneut fields, or asym-
metry of the scanning currents the raster may not be quite
central but in any case the focusing magnet assembly has to
be carefully aligned with the tube axis before being fixed, and
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Fic. 4.18. ScHEMATICS OF THE Two Most CommoN TYPES
oF TiME Basgk

it is convenient to obtain a central raster by slightly tilting
the magnet in the appropriate direction when this alignment
operation is performed. Sometimes, however, particularly in
American receivers, a current controllable in strength and re-
versible in direction is passed through the inductors for centring.

The deflection currents required, one at line frequency and
one at frame frequency, are produced in the scanning circuits,
or “time bases,” which often employ circuits of the same form
but with component values appropriate to the required fre-
quency. In the most satisfactory design two stages are em-
ployed in each time base. The first is arranged to produce a
fairly linear wvoltage wave of sufficient amplitude to drive a
power output type valve (usually a beam tetrode) having the
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deflector inductor a.c. coupled to its anode circuit. The sawtooth
generator is locked to the synchronizing pulses contained in
the received signal to ensure that the scans produced are auto-
matically correct in frequency and phase. The generator is
usually brought into synchronism manually by a preset panel
control called ¢Vertical (or “Frame”) and Horizontal (or

So
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Fig. 4.2a. Tue Basic METHOD OF (JENERATING A RISING VOLTAGE

“Line”) HoLp.” The only other control required, and this
is also a panel preset, is of amplitude. See Fig. 4.1B.

Other forms of time base are feasible and are often used in
commercial practice; thus the need for economy has led to
the development of a satisfactory single-stage circuit in which
the output valve is arranged, by using positive feedback, to
provide its own drive, various methods being adopted to shape
the resultant current to the form required. See Fig. 4.1B.

4.2. The Basic Sawtooth Voltage Wave Generator. When a
capacitor is connected in series with a resistor across a source
of constant direct voltage (see Fig. 4.2a), the potential difference
across its plates (assumed uncharged initially) rises as shown
by curve I1I. It will be noted that the rate at which this voltage
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rises (i.e. the “slope” of the curve) falls progressively and
eventually becomes zero (i.e. the curve becomes a horizontal
line). The wave formed by repetition of such a curve is said
to be “exponential” (Chapter II). The rate of increase of the
capacitor voltage depends, of course, on the strength of the
charging current and this falls as the capacitor p.d. builds up
because the latter opposes the applied voltage.

Switch closes
at this level

Capacitor
“d:s?ha rges tothis level

- — = Time
Low Resistance Switch

+
WR C 'r'[ i’ Output

Voltage

Fre. 4.28. Tui BAasic SAWTOOTH VOLTAGE-WAVE GENERATOR

If either C or I is made larger the charging curve becomes
flatter, i.e. it is stretched toward the right along the time axis,
(IIT), while a reduction of C or R enables (' to charge more
rapidly, (1). The response to the applied voltage thus depends
not so much on (" or R separately but on their product (C' X R),
which is called the time constant of the circuit. For example,
if C is doubled and R halved, the charging curve remains
unchanged. Again, if R is multiplied by four, and C divided
by 1, the overall result is the same. A useful approximate rule
is that the time (in seconds) required for (' to charge to % of
its final voltage (applied voltage) can be obtained by multi-
plying C in microfarads by R in megohms; e.g. a 2 MQ resistor
and a 0-1 xF capacitor will take 0-2 sec to charge to 80 V when
connected across a 120 V battery.

The importance of the simple circuit just discussed is that
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it provides the basis for a linear sawtooth voltage wave gener-
ator which is the heart of a time base. Nearly all practical
generators are, in fact, developed from this basic arrangement.
The latter is generally called an integrator and is very widely
used in electronic circuits for smoothing, wave-shaping, pulse
discrimination, etc.

If a low-resistance switch is connected across the capacitor
of the integrator, and closed, the capacitor p.d. will fall rapidly
to a very small value but will build up again when the switch
is reopened (see Fig. 4.28). By closing the switch when the
p.d. has reached only 5 to 10 per cent of the applied voltage
the p.d. can be restricted to the initial part of the curve which
is practically linear. It is only necessary then to close the
switch momentarily each time the p.d. reaches a selected point
in this part of the curve and a fairly linear recurrent sawtooth
voltage will be obtained. In practice, of course, some electronic
method of performing the switching action is required; the
Thyratron valve described in the next section is ideally suited
for this purpose—alternatively one of a variety of hard-valve
trigger circuits may be used (§ 4.5).

4.3. The Thyratron Valve: Action and Characteristics. In
Britain the most popular sawtooth driver is the Thyratron;
it leads to a simple and very satisfactory circuit and is readily
controlled and synchronized. The Thyratron valve is most
easily understood by comparison with the ordinary hard
three-electrode valve. In structure there are no fundamental
differences, the small type being essentially a triode operating
in a low-pressure gas instead of in vacuo. In the normal hard
triode the anode current increases progressively, as the grid
voltage is raised above its cut-off value, until the entire space
charge is drawn away from the cathode; the anode current is
then said to have rcached “saturation.” Between these limits
(i.e. anode current cut-off and saturation) the portion of the
cathode emission which remains in the grid-cathode region
exerts a braking effect on the flow of anode current, which is
said to be space-charge limited. In the Thyratron, however,
as soon as the electrons forming the anode current acquire
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appreciable velocity (and this occurs for a grid-cathode p.d.
very little above what would, for a hard valve, be the cut-off
value) the gas mwolecules in their path become ionized, i.e.
electrons are detached by collision from the molecules, leaving
the latter positively charged. The electrons so released move
under the attractive influence of the anode, along with the
primary electron streain, and assist the ionizing action of the
latter. The positively charged ions, on the other hand, search
for the most negative point, i.e. the grid, and rapidly collect
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Fic. 4.3a. CoMPARISON OF CHARACTERISTICS OF HARD AND
Sort TRIODES
around it, thus neutralizing its negative potential and allowing
heavy anode current to flow. A further point is that the
positive ions in the grid cathode region tend to cancel the
space charge and, therefore, to eliminate the retarding effect
which occurs in the hard triode. The overall effect is that the
ionization process, being cumulative, allows the anode current
to shoot up to a maximum set only by the resistance of the
external circuit and the driving voltage in the anode circuit
(see Fig. 4.34). What was a gradual grid-controlled transition
from zero to maximum current becomes a sudden jump with
the grid powerless to exert control. Once the thyratron has
“fired,” or “struck,” in this manner, the discharge between
anode and cathode can be stopped only by reducing the anode-
cathode voltage to such a low value (4 15 to + 40 V, depending
largely on the kind of gas used) that it is unable to maintain
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the discharge. It is necessary in practice to ensure that there
is sufficient anode circuit resistance to keep the peak value of
the current within a safe rating, e.g. 500 mA, specified by the
manufacturers. In the same way the positive ions, in neutral-
izing the grid bias, and rendering it powerless to control the dis-
charge, draw considerable grid current which must be limited by
keeping the grid-cathode circuit resistance above about 25 k€.
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Fra. 4.38. A TypicAL THYRATRON GRriD (CONTROL ("HARACTERISTIC
(Courtesy of Edison Swan Electric Co., Ltd.)

The effect of the grid voltage is to determine the critical
anode potential at which the discharge commences. Expressed
alternatively, for a given anode potential the grid must be
raised above a critical level to initiate the discharge. The ratio
between any particular value of anode to cathode potential
and the corresponding critical grid-cathode potential, ignoring
the difference in signs, is called the ““grid control ratio.”” Thus,
if the critical grid voltage is — 10V for an anode voltage of
200 V, the grid control ratio is %% — 20. This ratio remains
practically constant over a wide range of operating conditions
since it depends very largely on the gas used—ratios of 20 for
mercury vapour and (nearly) 30 for argon are usual (see
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Fig. 4.38). The voltage drop across the Thyratror during the
discharge is also a constant, again dependent chiefly on the
kind and state of the gas, and is approximately the minimum
voltage required to maintain the discharge; in fact, the
discharge current rises to the point where the external voltage
drop, when subtracted from the total driving voltage in the
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Fra. 4.4a. THE ThyraTRON TIME-BASE (SAWTOOTH VoLTAaGE WAVE)
GENERATOR
circuit (the H.T. voltage). leaves a residual voltage just suffi-
cient to maintain the discharge.

4.4. The Thyratron Sawtooth Generator. The basic Thyra-
tron sawtooth voltage-wave generator is shown in Fig. 4.4A.
An H.T. supply of say 300V is connected across the series
CR circuit and the Thyratron directly across C' with its anode
toward the positive end of the circuit. If the grid bias of the
Thyratron is made — 3 V, and the Thyratron has a grid-control
ratio of 20, it will strike when the anode reaches - 60V (all
voltages relative to the cathode). Thus when the circuit is
first ““made,” the voltage across C, starting at zero, rises in
the manner shown in Fig. 4.2Aa. When the anode-to-cathode
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p-d. reaches + 60V the Thyratron strikes and discharges C
very rapidly to the point where the anode-cathode p.d. just
fails to maintain the discharge (say + 20 V). The discharge
then ceases and C recharges in the usual manner towards
+ 60 V again. This cycle of operations repeats automatically
and an approximately linear voltage wave is produced across
C. The amplitude of this wave depends on the Thyratron grid
voltage and increases as the latter is made more negative.
The time taken for C to charge from the minimum to maximum
voltage levels (as set by the Thyratron) depends on—

(i) The value of the applied voltage (E),
(ii)) The values of C and R,
(iii) The differences between the striking and extinction
voltages of the Thyratron (i.e. on the wave amplitude).

If E is increased, or either C' or R reduced, or the amplitude
reduced, the time occupied by one sawtooth decreases; in other
words, the number of cycles per second (the frequency) increases
—and vice versa.

A complete practical Thyratron circuit is shown at (ii) in
Fig. 4.4a.

The generator uses R, and C, in the charging circuit. The
grid bias for the Thyratron is developed across the cathode
resistors E,, R; and variation due to the pulsating Thyratron
current is eliminated by the smoothing capacitor C, (a large-
capacitance electrolytic). Improved stability is provided by the
d.c. bleed from the H.T. linc to the cathode via R,. The
synchronizing pulses are applied to the Thyratron grid circuit
through the CR coupling C'y, R;; C, is necessary to block the
d.c. potential in the preceding valve circuit while R; is necessary
to complete the d.c. path between Thyratron grid and cathode
while presenting sufficient impedance to the injected signal.
The values of Cy, R; are made small enough to cause ““ peaking ”
of the approximately square synchronizing pulses; this peaking
action, or differentiation, was described in Chapter II. The
grid stopper R increases the total grid-cathode resistance to
bring it into the optimum region for most stable operation
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(30 kQ—50 kQ), and it acts as a noise filter together with the
input capacitance of the valve, without seriously marring the
shape of the synchronizing pulses. The small anode resistor
R, keeps the peak discharge current flowing round the loop
C,, Thyratron, R,, C,, C, within the specified safe maximum.

This same circuit is suitable for both time bases; the appro-
priate component values will be given in typical circuits in
Chapter VIII.

4.5. Hard Valve Discharge Circuits. The basic method of
adapting a hard valve to the capacitor discharge problem set
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by the sawtooth generator is shown in Fig. 4.54. The valve is
connected across the capacitor, but through a small impedance
z,, and is biased off to prevent anode current from flowing while
the p.d. across C' of the basic charging circuit rises to the level
corresponding to the amplitude required. When the capacitor
p.d. reaches this level the grid bias is insufficient to hold off
the anode current, and the latter in passing through z,, causes
a voltage change which is passed back to the grid-cathode
circuit, and applied (after appropriate shift) as a positive change
to the grid, thus making the anode current increase further.
Clearly, this process is cumulative and the anode current rises
very rapidly, particularly if a large voltage change is fed back,
after inversion, to the grid, and if the valve mutual conductance
is high and z, is low. If 2,, 2, are both resistive the voltage
change occurring at the anode when current flow commences
must be inverted before being applied to the grid so that the
feedback circuit must include a phase inverter (see Fig. 4.58).
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Suitable inverters are a transformer, or a valve, the former
leading to the blocking-oscillator circuit and the latter to the
multivibrator, both of which are frequently used as sawtooth
generators in television time bases.

The blocking oscillator usually employs a tetrode or pentode
and the multivibrator a double-triode. When a pentode is
available, however, it is possible to obtain a similar result with-
out the use of an external inverter. For if the anode current is
held off by biasing the suppressor grid negatively and the
control-grid bias raised sufficiently to allow screen current to
flow, the incidence of anode current causes a decrease in screen
current. The resultant positive change occurring at the screen
may be used to pull up the suppressor grid and canse a cumu-
lative anode current rise. This arrangement provides the
“transitron” circuit. In all three arrangements the grid to
which feedback is applied is driven sufficiently negative to
draw considerable current which is used to charge the coupling
capacitor €, so that when the discharge has ceased and the
pulse feedback has disappeared, the charge left in the capacitor
makes the grid very negative and holds off the anode current
throughout the next charging period (i.e. throughout the next
scan). All three circuits are therefore self-running oscillators
of the relaxation type and may generate narrow but large
amplitude pulses of current separated by comparatively long
periods during which the current is cut off., 2,3, 4

4.6. The Blocking-oscillator. The blocking-oscillator type
of sawtooth generator is shown in its simplest form in Fig. 4.6a,
together with a table of the characteristic wave-shapes. Assume
that the grid capacitor has been charged to a high voltage with
the polarity as shown and is discharging round the loop com-
pleted by the transformer secondary and the grid resistor.
The resultant voltage drop across the latter biases the valve
off until the grid capacitor p.d. has fallen to such a level that
this bias current, and the resultant p.d. it develops, across R,
are no longer sufficient to ““hold off” the valve. Anode current
will then commence to flow and cause the anode potential to
drop; this voltage change is inverted by appropriate connection
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of the transformer secondary and applied through C, to the
grid in such a direction (i.e. positively) that the anode current
is thereby assisted to flow. The latter therefore jumps quickly
to a maximum fixed by various factors, but chiefly by the fact
that the capacitor is
the source of the cur-
rent and therefore the
charge available to
be set in motion is
limited. Thus the
capacitor discharges
very quickly and as ——o0-
the discharge nears
completion the anode
current commences to
decrease. The voltage
applied to the grid
therefore reverses and
drives the valve
rapidly back into cut- }; ‘ l : H‘

; . . la @
off. Since (| is associ-
ated with a large 0
(effectively  parallel) ©)
resistor R, the charge T
supplied to it, and
which has built up a Time —s
large p.d. across it, Fic. 4.6a. Tk BLOCKING-0SCILLATOR TYPE

g . OF SAWTOOTH (IENERATOR AND ITS

cannot disa ppear ('HARACTERISTIC WAVEFORMS
quickly. Thus the end
of the pulse leaves the valve with a large negative bias due
to ('}, which bias slowly disappears until eventually the
action is repeated. This basic action may be accompanied
during the pulse period by spurious oscillation at high fre-
quency due to shock excitation of the resonant circuit(s)
formed by the transformer inductances and associated stray
capacitances. Practical circuit configurations differ chiefly
in the arrangement of the grid CR network. The valve

+

<

5—(1.575)
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comes out of cut-off more sharply if the H.T' supply is brought
into the discharge loop by returning R, to the H.T. positive

—0

RCy: Charging CR
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R3C3: Coupling CR
C4:DC Blocking
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Fra. 4.68. PRACTICAL BLOCKING-OSCILLATOR TyrE LINE
TIME-BASE GENERATOR

{Courtesy of The Gramophone Company, Ltd.)

rail rather than to earth; but a parallel CR in the cathode side
of the grid circuit is commonly used. The synchronizing voltage

Sawtooth
Output

oM

F1c. 4.6c. PrACTICAL BLOCKING-OSCILLATOR 'T'YrE FRAME
TIME-BASE GENERATOR

{Courtesy of R.C.A., Ltd.)

is injected in the earthy lead of the transformer secondary or
capacitively coupled directly to the grid, and the grid resistor
made adjustable to allow exact synchronization to be achieved.
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Two typical practical circuits, one British, one American, are
given in Figs. 4.6 and 4.6c* respectively.

In both cases the impedance z, shown in the basic circuit
forms of Figs. 4.54 and 4.58, which assumed a single triode-type
discharge valve, is eliminated from the discharge circuit. In
the first example the cathode-grid-screen portion of an R.F.-
type beam tetrode is employed to “pulse” the anode current,
leaving only the ('R sawtooth-forming network in the anode
circuit ; in the other example two triodes in a common envelope
are employed, one performing the discharge function, the other
acting as the oscillating trigger.(> 4,

4.7. The Multivibrator. The multivibrator, so called because
its output in containing practically vertical edges is rich in har-
monics, is often preferred to the blocking oscillator ; it needs no
phase-reversing transformer and although an extra valve is re-
quired the cathode-coupled arrangement provides a very con-
venient circuit to which the small double triode is well adapted.

The original circuit of the multivibrator is shown in Fig. 4.74.
It is symmetrical in form and may be regarded as a form of
push-pull circuit (self-driven), although certain features will be
more readily understood if the circuit is considered as a two-
stage CR-coupled amplifier providing its own input. If the
time constants of the coupling CR’s are large and stray react-
ances may be ignored, the overall gain of the circuit, with one
feedback path broken, will be very large ; moreover, the overall
phase shift will be negligible at all except very low frequencies.
Accordingly, with the feedback path connected, the whole
circuit is extremely unstable. Thus, if grid 1 is made slightly
more positive, anode 1 falls in potential and drives grid 2 more
negative, thus causing anode 2 to rise and increase the initial
change at grid 1. This action, being cumulative, rapidly draws
heavy grid current from grid 1 and drives grid 2 considerably
beyond its cut-off potential. While C,, is discharging through
R,, and R, to allow valve 2 to return to the conductive state,
valve 1 continues to pass heavy anode current. When grid 2

* The 3-9kQ resistor develops a negative pulse during each discharge
period which is used to cut off the output valve during the fiyback pulse at
its anode.
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eventually rises to cut-off level anode current begins to flow
and the potential of anode 2 drops, causing grid 1 to fall, and
anode 1 to rise. The latter change causes an acceleration in
the rate of rise of grid 2 potential so that it runs quickly to 0,
where it is limited by grid current flow. At the same time
valve 1 cuts off and its grid is driven very negative. This action
requires no hypothetical voltage change at either grid to
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Fra. 4.7a. THE ANODE-COUPLED MULTIVIBRATOR: BASIC
CiRcUIT AND WAVEFORMS
initiate it, the mere act of switching on causing oscillation to
commence immediately. The waveshapes occurring for the
case of similar valves and coupling networks are shown in
the figure. The anode waves are good approximations to the
square wave when the frequency of oscillation is low but as
frequency is increased, by reduction of the values of the com-
ponents in the coupling networks, the waveshape deteriorates
owing to valve inter-electrode capacitances and falling loop
gain. The frequency of oscillation is given very roughly by
the reciprocal of the sum of the coupling time constants
(1/2CR for the symmetrical case). If the two coupling networks
differ then, in general, the two portions of the cycle of operations
will differ correspondingly in duration. This fact allows the
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circuit to he used for television (provided the grid resistors are
very much larger than the anode resistors), for if the two
coupling CR’s are given a ratio equal to that of the sweep to
the flyback periods the resultant square-pulse wave only needs
shaping to be made suitable for driving a scanning output valve.
A good approximation to the desired shape may, in fact, be
obtained simply by connecting a capacitor of suitable value
between anode and cathode of the valve fed by the coupling
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Vi Grid Voltage

Ov Sync Pulses
tolVs Grid

Fic. 4.78. Thur CATHODE-COUPLED MULTIVIBRATOR; A I’RACTICAL
LiNE Ting-pasE Cirevrr (15-75 Ke/s)

of shorter time constant. The cathode-coupled amplifier pair
formed by cascading the cathode-follower and cathode-input
amplifier are, in virtue of the similavity of input and output
phases, suitable for generating a square-pulse waveform. The
cathode-input amplifier anode is back coupled to the grid of
its driver valve, giving the arrangement of Fig. 4.73. The
synchronizing voltage may be injected by breaking the other-
wise grounded grid lead, while the long ('R required to convert
the pulse shape into a sawtooth wave may be connected into
the anode circuit of the driver. By comparison with the
original multivibrator one anode-to-grid coupling is replaced
by the common cathode load. This arrangement, called the
cathode-coupled multivibrator, is commonly used in American
practice. The example in Fig. 4.78 has component values
suitable for the U.N. line frequency (15-75 ke/s).¢4 @
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4.8. The Transitron. Another basic form of sawtooth genera-
tor suitable for television scanning circuits is the “transitron,”
the basic circuit of which is shown at Fig. 4.8, together with
a table of characteristic waveshapes. Its operation arises from
the property possessed by the suppressor grid of controlling
the partition of the valve space current between anode and
screen. For a given control grid potential the space current
does not depend to a marked extent upon the anode and screen

Sync
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——————————————— Ov
Sawfooth -——-0v .
Output ~|-===Cut-off Bias
oHI- Suppre
ATE
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Fig. 4.8a. Tur Basic TraxsiTioN CIRCUIT AND ITS
CHARACTERISTIC WAVEFORMS
potentials. When the suppressor grid is made very negative
(i.e. more than about — 50 V for ordinary pentodes, but ““short
suppressor base’ valves were developed for radar work)* the
whole of the space current is collected by the screen but as the
suppressor bias is reduced anode current starts to flow and the
screen current decreases causing the screen potential to rise.
By capacitatively coupling the suppressor and screen this action
can be made cumulative. The opposite changes of anode and
screen potentials with change of suppressor potential are
reminiscent of the opposite changes of the two anodes (of a
multivibrator) when one of the grids is varied in potential.
The action is thus basically similar to that of the multivibrator,

* J5.g. Mazda V.872
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as is shown by the wave-shapes, and need not therefore be
described. The otherwise square anode wave is converted to
the required sawtooth in the same way ; a capacitor is connected
from anode to ground. The control grid, which takes no part
in the oscillatory action, is used for synchronization.(8, 9

4.9. Synchronization of the Sawtooth Generator. The saw-
tooth generators in television time bases are required to function
at only one particular frequency, that of the frame or line
pulses contained in the received signal. Accordingly, the
discharge circuit is set to provide the sawtooth amplitude
needed to drive the output stage, and, for the available H.T.
voltage, values of ¢ and R are chosen to make the circuit
generate very nearly the frequency required. It will be obvious,
however, that the generator cannot be allowed to ‘‘free-run,”
even if its frequency can be set precisely to the required value,
since its output must be phased up with the received signal.
Moreover, this exact correspondence of frequency and phase
between the signal and time bases must hold exactly throughout
the whole transmission once synchronism has been established.
It will be remembered that the received signal contains syn-
chronizing pulses under the picture modulation. The latter is
clipped off in the synchronizing separator and the residual
pulse wave shaped up into sharp pulses and applied to a suitable
control point in the sawtooth generator circuit—usually the
grid. The synchronizing circuits will be examined in detail
in the next chapter and for the present a common method of
synchronizing the time base will be explained in terms of an
idealized form of synchronizing signal, namely, a sequence of.
very narrow steep-sided positive going pulses. If these are of
large amplitude compared with the grid bias they will obviously
pull the generator into a rigid lock which will be unaffected
by a quite large subsequent variation of the hold control. It
is more satisfactory to use a comparatively small amplitude
of synchronizing pulse (as will be explained in detail later).
In this case the pulses may differ considerably initially in
phase from that of the sawtooth generator, but if the fre-
quency of the latter is only slightly different from that of the
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synchronizing pulses their relative positions on a time axis
change gradually until a synchronizing pulse occurs just before
the discharge valve conducts. This pulse will therefore initiate
the discharge and, provided the sawtooth generator is running
at a frequency a little slower than that of the synchronizing
pulses, the latter will initiate all subsequent discharges, i.c.
they will thenceforth hold the generator in synchronism. The

Variation of Strikir{;g
Potential Corresponding
to Sync Waveform

/1

-~ Anode Striking Potential
Corresponding’ to
Normal Bias

“—Actual Anode
---------------------------- -— Voltage Waveform

o -=Ov

-.._H\ lﬂ /”—-- Normal Bias

Sync Pulses

Fie. 4.9a. METHOD OF PULSE-TRIGGERING THE SAWTOOTH GENERATOR
The positive-going grid pulse causes the critical anode potential to fall

sufliciently to initiate th;lq:‘lllla(tlliltr];lz(c r((t}l\l::::‘c(ll\)l e‘:lc}lc“ the anode voltage has
foregoing will be understood quite easily if taken with reference
to Fig. 4.94.1

4.10. The Output Stage. The setting up of a linear sawtooth
current wave in a deflector inductor is complicated by its
inherent inductance ; during the forward stroke of the line time
base the inductance present affects the manner in which the
current wave builds up, while the great rate at which the current
must be reduced to complete the flyback causes the generation
of a considerable back e.m.f.

A practical deflector inductor has enough resistance to warrant
regarding it as a combination of inductance and resistance in
series. In the line case the high operating frequency makes the
inductive component much more important than the resistance ;
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the frame inductor is largely resistive. The criterion on which
inductor performance depends is therefore wl/R rather than
L/R. In any case it will be understood from Chapter I1 that
when a current rises linearly in a series LR circuit the total
back voltage developed will be the sum of the constant voltage
across L and the linearly rising p.d. on R; the result is shown
at Fig. 4.10a. Expressed alternatively, a pure inductance
requires an applied voltage of step form to set up a linearly

Current and
Resistor Voltage

Total (R+L)
Back EMF

—_—
Equivalent Circuit
of Deflector Inductor

Fii. 4.10A. Tur Back EDMTF. DEVELOPED ACROSS A RESISTIVE
DEFLECTOR INDUCTOR PASSING AN IDEAL SAwT00TH CURRENT WAVE

rising current in it, whereas in the case of resistance alone the
applied voltage will need to be similar in form to that of the
required current, so that when both resistance and inductance
are present the step change of input must be followed by a
linear rise. This result suggests two possible methods of
operating inductors. The required voltage may be generated
in a very-low-impedance output circuit and applied across the
inductor, or the required current set up in a circuit of very high
output impedance and fed to the inductor. The first method
has been used in radar but the need for a cathode-follower-type
driver precludes its use in television circuits, at least in the
line case, because of the high pulse voltage developed on the
flyback, which pulse is more conveniently taken by the anode.
In line and frame circuits of the driven type the inductor is
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fed from the anode of a high-impedance (usually a beam power
tetrode) valve whose anode current is varied by a sawtooth
voltage wave applied between grid and cathode. Another
possibility will be considered in § 4,12,

The second difficulty raised by the inductance, namely
flyback voltage, has already been discussed in connection with
scanning inductor design; it will be remembered that while it
is possible to use a large number of turns and correspondingly
small current for frame deflection the line deflector must have

Stepdown
c i Transformer

Deflector
Inductor

H % Deflector

Inductor

RC Coupled High Impedance Transformer Coupled Low
Inductor Circuit Impedance Inductor Circuit

Fic. 4.108. Basic DErFLEcTOR INDUCTOR CoUuPLING CIRCUITS

comparatively few turns and be fed with a large current, thus
necessitating a step-down transformer of 5 to 10-1 turns ratio.
Transformer drive is often employed in the frame circuit,
however, since although the extra component required is more
expensive than a coupling capacitor, scanning inductor design
is considerably facilitated—thus similar inductors may be used
for deflection in both directions. When an output transformer
is not employed in the frame circuit the necessity of a.c.
coupling, to allow centring of the raster, requires a parallel
LC or RC feed. The latter is commonly used and the low
fundamental frequency requires a coupling capacitor (usually
electrolytic) of at least 8 uF (see Fig. 4.10B).

There are three satisfactory methods of controlling the
amplitude of the current fed to the coils and, therefore, of the
resultant scan size. They operate on the output valve since
it is undesirable to risk upsetting of synchronization or linearity
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by controlling the output of the sawtooth generator feeding it.
The best method is a variable cathode resistor arranged to
provide a controllable degree of negative feedback to the grid,
and thus of its effective input. Alternatively the mutual

s

V N

i L +

o

< —

[ 3 - Charg: ?
== Circu

Fra. 4.10c. THrEE METHODS OF TIME-BASE AMPLITUDE (CONTROL

conductance of the output valve may be varied by feeding
the screen from a variable voltage divider across the H.T.
supply. Anode circuit controls would considerably influence
scan linearity and duration of flyback, but it is possible to
arrange a variable negative feedback path between output
and input circuits with-
out excessive effects
upon other factors than
the amplitude (see Fig.
4.10c).

Tt might be expected
that the waveshape
occurring at the output

. 0 Time
valve anode in an actual [

. . Fic. 4.10n. ANODE VOLTAGE WAVEFORM
circuit would be of the or Frave TiME-BaAse OurPuT VALVE
form shown at Flg. 4, IOA, In the line time-hase waveform the pulse

amplitude is considerably greater.

but inverted—for the
anode swings positive on the flyback in an effort to maintain the

anode current. In the frame case the resemblance is close, as
shown at Fig. 4.10D, since the downward slope due to R is pro-
nounced. The flyback pulse is rounded (half-sinusoidal), however,
due principally to the presence of capacitance in the circuit. The



124 PRINCIPLES OF TELEVISION RECEPTION

coupling capacitor, deflector inductor and anode resistor form
a series resonant circuit, and if the resistor is reduced sufficiently
the flyback may send this series resonant circuit into a highly
damped ring. In the line case. where a feed resistor is not used.
there is insufficient resistance in cirenit to damp out fivback
oscillation and damping must be added; this is usually done
by adding resistance in parallel with the primary and/or the
secondary of the coupling transformer. The resistances required
are of the order 25 k(-100kQ and 1kQ-2kQ respectively.
Too small a resistor gives excessive damping and no ring oecurs,
but the flyback voltage has the form of a reduced-amplitude
unidirectional pulse and will usually be of excessive length;
moreover, the proportion of energy absorbed on the forward
sweep seriously reduces the scan length. As damping is reduced
the flyback pulse increases in amplitude and decreases in
width and with further reduction a pronounced ring is set up.
This appears in the raster not only as variation in linearity
but also in brightness variation, due to velocity modulation
(i.e. the apparent trace brightness varies with spot velocity
although the actual beam current remains constant); in
extreme cases the latter effect appears as alternately bright
and dark vertical striations on the extreme left-hand side of
the picture. Careful observation of the flvback pulse on a
suitable cathode-ray oscilloscope will usually reveal high-
frequeney rings on the edges of the flyback pulse—these are
due to shock excitation of stray resonant circuits formed in
the transformer and appear as kinks in the edges of the pulse.
The effect of damping resistance on scan linearity will be
discussed in the next section.

A serious defect of the output stage of the seanning circuit
is the low efficiency resulting from the fact that the reactive
energy built up around the deflector inductor must be removed
from it at the end of each scan. This energy is dissipated
during the flyback in a damping resistor. The amount of
energy required to deflect the actual beam is. of course. negli-
gible. Accordingly methods have been devised to transfer the
energy into a storage device at the end of each scan and make
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usc of the cuergy so saved to produce subsequent scans. One
method of partially achieving this result is to connect a
capacitor in series with the damping resistor across the deflector
inductor. The result of connecting a series capacitor-resistor net
across a winding associated with a magnetic field produced
by passing current through it is similar to that of connecting
a series inductor resistor network in parallel with a capacitor
charged by connection across a source of e.m.f. In both cases,
removal of the source of current or voltage is followed by
decay of the energy associated +HT

with the circuit and if the

damping is small the decay %%r:i%ing

will take place in damped Deflector
oscillatory fashion due to suc- nductor
cessive overswings of inductor
current or capacitor voltage. _

Time Base

In the case of the deflector
inductor the additional capaci-
tance, with a suitable value IF1:. 4.106. Usk oF A DIODE FOR
of resistance, can be allowed D Hi(f;ul:' e
to cause sufficient overswing
to produce up to about 15 per cent increase in scan length
before serious non-linearity occurs. Ultimately, this technique
would lead to an approximately sinusoidal scan. The capaci-
tance is chosen to make the deflector inductor circuit resonate
approximately to scan frequency. This technique is called
“reactance scanning.”’ 1% 1¥

A very satisfactory method of absorbing the energy while
achieving a short flyback involves the use of a high-voltage
low-impedance diode, loaded by a long time constant CR,
connected across the current transformer primary as shown in
TFig. 4.108. During the initial half-cycle of the flyback ring
the diode is wrongly connected in direction to allow it to
conduct, but on the next half-cycle it passes the flyback energy
into the capacitor, which then discharges slowly through the
parallel resistor and ‘“‘holds off” the diode or limits its
current during the subsequent scan. The diode circuit may,

Output Valve
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alternatively, be connected across the transformer secondary
winding.

It will be understood from the explanation of the pulse
method of H.T. generation given in Chapter III that the diode
arrangement just discussed may be adapted to the generation
of E.H.T. for the picture tube, as there described, or for boosting
the H.T. of the low-voltage power supply feeding the output
stage. The latter development is shown at Fig. 4.10F; it will

.

Ganged,
Centring
=) @ Pots¢
Deflector } } !
Inductor
i +HT
1 HT to other
HT+ Circuits
Fic. 4.10r. Basic H.T. “Boosrt” Fig. 4.10¢. AppPLICATION OF
CircuIr ELECTRICAL CENTRING TO THE

CirculT ofF Fig. 4.10F

be seen that the H.T. side of the current transformer primary
is connected to the positive side of C' (which charges on the
flyback through the diode) and the other side of C is taken to
H.T. positive. By this method, which represents another way
of making use of the flyback energy, the effective H.T. voltage
has been raised as much as 20 per cent.

Occasionally provision is made for electrical centring of the
picture; a method for providing this facility is shown in
Fig. 4.10¢. The H.T. positive feed is introduced via the trans-
former secondary and a ganged two-section variable resistor
develops a voltage from the feed current, which voltage can
act in series with the deflector inductor and transformer
secondary, in either direction and in amount depending on the
setting of the sliders.

In view of its importance in regard to the energy efficiency
and current linearity of the output stage the current trans-
former is worthy of consideration. Its design is made difficult
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by the shape of the current wave handled and by the existence
of the high flyback-pulse voltage ; its windings must therefore
be lightly coupled to minimize leakage reactances and its
associated capacitances made as small as possible.

The two windings are usually wound on sectional concentric
bobbins, while the core is made up of T and U laminations.
Although silicon iron (e.g. “Stalloy”) is often employed in
both line and frame transformers the comparatively high
frequency at which the former operates justifies the use of
very thin nickel-iron (e.g. “Radiometal” or ‘“Rhometal”)
laminations. A gap of the order of 0-002in. is necessary to
offset the high mean polarization due to the d.c. component
of the anode current. The high flyback-voltage pulse generated
in the line transformer requires adequate insulation of the
anode lead; this is often of high-voltage cable and taken out
of the can housing the transformer at the opposite end from
the H.T. and secondary leads. Satisfactory internal insulation
is achieved by baking and filling the can with a suitable insu-
lating oil or jelly before sealing off. When the transformer is
driven the laminations vibrate at line frequency and the
resultant whistle is quite normal, although by careful electrical
and mechanical design it may be reduced to small propor-
tions. @9, 11, 12, 13)

4.11. Linearization of the Driven Time Base. So far the
problem of achieving sufficiently good scan linearity has been
left aside. The desired result, namely, perfect linearity of
output current, does not necessarily require perfect linearity
throughout the circuit, since opposite kinds of non-linearity
may occur. The practical problem is to reduce the various
causes of non-linearity to the same order of magnitude and
then to balance them against each other so that together they
cancel. In this process it is unwise to rely chiefly on the
balancing of circuit distortion against distortion of the opposite
kind arising from valve characteristic curvature. It is good
practice to reduce the latter by suitable choice of the valve
type and of its operating conditions and by appropriate appli-
cation of negative feedback since it varies from valve to valve
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of nominally the same type and changes as the valve ages.
The important practical point is that the output stage inevit-

ably introduces distortion in
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INTEGRATOR CORRECTING NETWORKS.*

that the waveshapes of input
voltage and output current
differ. Moreover, it is much
easier to modify the shape of the
grid driving voltage than the
current in the output circuit.
Accordingly, it is the usual
practice to limit the output
stage non-linearity and to cor-
rect finally by modification of
the grid voltage waveshape. Per-
fect linearity is never achieved,
but with care the amount of
non-linearity can be brought
well below what is normally dis
cernible to the average viewer.
The voltage wave

produced by the sawtooth generator circuits described in

earlier sections is markedly

exponential, with downward

curvature, and further deterioration of the same kind may

be caused by the coupling
to the output stage and
between the latter and the
deflector inductor. On the
other hand, there is the
opposite distortion due to
the upward curvature of
the grid volts-anode cur-
rent characteristic of the
output valve (see Fig.
4.114). Usually the latter
is insufficient to restore

Voltage \ogq’/

T=CR

Time

Fre. 4.118. COMPARISON OF EXPONEN-
TIAL CURVE (4) witH IpkanL LiNEAR

Rise (C)

linearity and a correction network is placed between the two
stages. The principle of such networks will be explained with

* See Appendix I (§ A 1.5).
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reference to Iig. +.118. Curve A represents the shape of the
output voltage obtained from generators based on the CR
integrator. The difference (13) between this curve and the ideal
linear rise (!, obtained by continuing the initial slope of the
actual output. measures the extent of its non-linearity.

A correcting wave similar to this difference curve may be
generated by feeding the sawtooth output of the generator
into an additional ('R network similar to that in which the
exponential wave is generated. The formation of the correcting
wave will be readily understood if the input to the additional

Ri A R, g A7
—L “T + C2 ° %
D I I
rigoered
D:sfg’cgharge
Valve

Fie. .11, Usk or ApprtioNan CR (LE. C,R,) TO DEVELOP
Correcting Wavi or ForMm B IN Fia. 411

section is regarded as being exactly linear; for since the extra
CR is of long time constant the large resistance will swamp
the negligible reactance of the large capacitor and the input
impedance will be practically purely resistive, so that the
input current will rise linearly with the input. When a constant
current flows into a capacitor the p.d. developed across the
latter rises linearly (Fig. 2.4x): it follows that with a linearly
rising charging current the p.d. builds up at an ever-increasing
rate, i.e. with upward curvature (actually the law of the curve
is parabolic, i.c. ecct®). If the input voltage has only a slight
downward curvature instead of being truly linear the result
is substantially the same (see Iig. 4.11¢). Thus it would seem
feasible to associate an additional ('R with the original C'R
and so combine the latter's output, and the correcting wave
derived from it, that an almost linear total output results.

Two circuits built up on this basis have been patented by
(.. . Hawkins* and used subsequently in Murphy receivers,

* British Patent No. 5311600,
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In the first, the charging capacitor of the exponential wave
generator is divided into two series portions and an extra CR
integrating circuit is connected across the upper part. It will
be clear from (i) of Fig. 4.11D that the total output will consist
of the sum of that developed across the additional integrator
and the proportion of the exponential wave left across the
lower part of the split charging

Ri ,&,2\/\ o capacitor. Thus if the latter

) __'|:IWV\’ 'LC{ -LC? is correctly divided the output
NS . is practically linear; the resi-
T TG , dual non-linearity is due (a) to

R, R, the loading of the original cir-

cuit by the added section and
(b) the imperfect integration of
the latter, both causes decreas-
ing with increase of the time
constant of the additional
network. In the alternative
arrangement (ii) the correcting
circuit is connected directly
across the charging capacitor of

the basic network and the re-
Fic. 4.11p. TurEE DEVELOPMENTS . .

or Fra. 4.11c 1v waien Wave.  quired proportion of the ex-

FoRMS OF Tk TYrES 4 AND 5 popential output of the latter

ARE EFFECTIVELY ADDED BE- . .

TwEEN THE Ovtrur Teryivars 1S tapped off the added resistor.

A third arrangement (iii), which

functions in the same manner as the second, has been used

successfully by the writer; it is related to the two Hawkins
circuits by well-known circuit transformations.

UsE oF LiNEariziNG VALVES. While the correcting circuits
just described are normally adequate in modifying the sawtooth
generator linearity, and the overall non-linearity of the time
base is thus reduced to very small proportions, more linear
generators employing a linearizing valve have recently been
introduced into commercial practice but are unlikely to become
popular because of the extra expense incurred by the need for
an additional valve unless the discharge valve and linearizing
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valve are combined, in which case circuit design is seriously
restricted.

One method employs the Miller-Blumlein integrator, in
which extreme application of degenerative feedback to a valve
passing the capacitor charging current keeps the latter remark-
ably constant. The basic arrangement is shown in Fig. +.11E.
When the H.T. voltage is applied to the circuit, anode current
commences to flow and the anode potential falls. The anode
is capacitatively coupled to the control grid so that the negative
change of anode potential is fed back to the grid-cathode
circuit. The grid potential cannot fall by more than a few
volts, however, otherwise anode current would cease—it must
therefore remain within the grid base. Accordingly, the total
p.d. across the grid resistor, which is returned to the H.T.
positive line, remains within a few volts of the applied H.T.
voltage and drives a corresponding current through the resistor
into the lower side of the capacitor. Since the equilibrium
conditions involve the potential of the grid and therefore of
the lower side of C, remaining practically constant, this charging
current will cause a corresponding fall of anode potential.
Since the anode and grid potential charges tend to be self-
cancelling, owing to almost entire feedback of anode voltage
to grid, the grid resistor current and valve anode current remain
extremely constant and cause the almost perfectly linear
“run-down” shown at (i) in Fig. 4.11E. A disadvantage of this
circuit is the abrupt initial drop of several volts in the anode
potential required to produce the equilibrium grid voltage.
The linear fall eventually flattens out (‘“‘bottoms”) and to
make the circuit a recurrent linear wave source the run down
must be automatically terminated before bottoming occurs.
This may be achieved by incorporating the transitron trigger
principle described in an earlier section; the resultant circuit
being as shown at (i) in Fig. 4.11E. If the output is taken
from the anode to drive a normal output stage a phase inverter
must be included, but since a relatively small input (about
20 V (pp)) is needed by the output stage it may be derived in
correct polarity from a resistive cathode load.
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An alternative method of using heavy feedback to linearize
the capacitor charge adopts the bootstrap method of arranging
the valve. The basic circuit is shown at Fig. 4.11r. The
charging capacitor p.d. is applied to a valve having a large

Anode N
Voitage

Suppressor
oltage

(i) The basic Miller-Blumlein Valve Integrator

(ii) Practical arrangement fora Frame Base
enerator of a ~Transitron-Miller combination

(Courtesy ‘Wireless World")

Fra. 4. 11, Toe MinLer-BLUMLEIN INTEGRATOR

cathode load (of the order 50 kQ) and the output voltage
appearing at the cathode is fed back through a large d.c.
blocking capacitor to the junction of the split charging resistor.
This is a case of positive feedback but does not lead to instability
because of the low overall loop gain. The result of this arrange-
ment is to cause the potential at the charging resistor junctions
to rise during the charging periods; if the rise is sufficient the
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normal tendency of the rate of charge of C, to drop is counter-
acted. Since (', develops a large p.d. which is maintained very
nearly constant by the positive feedback, both grid and cathode
of the valve rise together and at a constant rate, and the input
to the valve is effectively the p.d. developed across C,, since
it controls that built up on C,. The upper portion of the split
charging resistor is often replaced by a diode connected with
HI.+
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— | Feedback
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Fic. 4.11r. Thne Boorsrrar LINEARIZED SAWTOOTH GENERATOR

its anode toward the H.T. line so that anode current is cut off
by the rising potential fed back from the valve cathode and
flows only during the flyback period. By comparison with the
Miller-Blumlein integrator the hootstrap sawtooth voltage
generator is slightly less linear but is more readily adapted to
the time-base application. in which case the linearizing valve
cathode is a suitable output point.

[INEARIZATION BY NEGATIVE FEEDBACK OVER OUTPUT
StAGE. Methods of improving the linearity (by reducing
distortion) of the output stage nearly all involve negative
feedback. Since the output valve is controlled at its grid by
a voltage wave in generating the sawtooth current, it is neces-
sary to derive a voltage for feedback purposes which is propor-
tional to the output current. Any difference between this
voltage and that supplied by the sawtooth generator may be
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regarded as a spurious signal arising in the output stage and
if negative feedback is provided this signal tends to self-
cancelling. The obvious method of deriving the required
voltage is to insert a resistor (which may be made variable,
for amplitude control) in series with the deflector inductor.
While this arrangement has often been used, the power loss
involved cannot usually be tolerated, particularly when all
available scanning power is required to allow the highest

HI+
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Resistor

Split
Charging

Capacitor;

H% Deflector
Inductor

\3

A}

Discharge Output CR.
Valve g Varve Coupling
Fig. 4.11¢. BLUMLEIN's METHOD OF LINEARIZATION

possible tube accelerating voltage to be used. A more efficient
method of obtaining the feedback voltage, due to A. D.
Blumlein,* employs a series C'R across the scanning inductor
and takes the feedback voltage from the capacitor. It can be
shown that when the time constant of the additional circuit
branch equals that of the inductor (effectively a series LR
branch) the wave-shapes of current in the inductor and p.d.
across the capacitor are similar—the voltage across an inductor
is proportional to the rate of change of the current passing
through it and must be integrated to be made similar in shape
to the current wave. A practical application of this principle
is shown in Fig. +.11¢; it will be noted that the voltage
developed across the integrator capacitor is fed back into the
grid-cathode circuit of the output valve by connecting it in

* British Patent No. 479113.
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series with the charging capacitor of the sawtooth voltage
generator.

A somewhat similar arrangement, used in Murphy receivers,
is shown in Fig. 4.11n. The H.T. supply to the output stage
is tapped into the primary of the output transformer and the
potential available at the free end of the primary consists of
a series of negative-going spikes separated by nearly linear
changes having a positive slope. Thus by feeding the sawtooth

HT.+
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Inductor

Disch;arg;e Output

alve Valve

Fic. 4.110. McrPHY METHOD OF LINEARIZATION

generator charging circuit from this point instead of from the
steady voltage of the H.T. positive line the downward curvature
of the sawtooth generator output wave is counteracted. The
tapping is adjusted for optimum linearity.

When these methods of linearization, which compare (directly
or indirectly) deflector current with the grid driving voltage,
are employed, it is necessary not only to employ a very linear
sawtooth generator but to minimize distortion inherent in the
output stage. Thus it is usual to employ current feedback in
the cathode circuit of the output valve by using an unbypassed
bias resistor (see Fig. 4.11H). Negative feedback can also be
of assistance in damping the flyback ring occurring in the
anode circuit, since if this ring appears with phase-inversion
at the grid it tends to cancel the anode oscillation.

ErrEcT oF OuTPUT CIRCUIT DAMPING. A certain amount of
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distortion arises in the output circuit of the output stage.
Ideally the valve would supply a perfectly linear rising current
to a purely inductive load. When the latter is paralleled by
resistance, however, as is effectively the case in practice, the
resistance bypasses a proportion of the current which rises
exponentially to a limiting value and causes the current in the
inductive load to rise with an initial upward curvature, as
was shown in Fig. 2.3r. Again, if the current supplied to the
scanning inductor has normal (downward) exponential curva-
ture, as is usual, connection of a resistor across the inductor
changes its current shape. If R is high its effect is negligible,
but as it is reduced the waveform of inductor changes in a
similar manner to the output of a C'R integrating circuit fed with
an exponential voltage wave, as was shown in Fig. 4.11¢c. The
practical result of these two simple examples is that a parallel
damping resistor may appreciably affect the linearity of the
scan, and in a favourable manner.2, 14, 15, 16, 19)

4.12. Sawtooth Current Oscillators. The demand for low-
price receivers has led to the development of single-valve
directly-synchronized power oscillators capable of generating
a fair approximation to the ideal sawtooth current wave but
the increased difficulty of design. more critical performance
and small saving in cost has not led to cxtensive use of this
class of time base. The sawtooth current gencrator differs from
the conventional sinusoidal oscillator in having as little capacity
as possible (i.e. strays only) across the inductors needed to
couple the anode and grid circuits of the valve; moreover, the
coupling between the inductors is very tight and a step-up from
anode to grid may be employed. By comparison with the
blocking oscillator it has no long-time-constant CR system
in the grid/cathode circuit, althongh a low- or medium-time-
constant CRE system (insufficient to cause grid-blocking) may
be incorporated for frequency control. The basic circuit is
shown in Fig. 4.12a, together with a table of characteristic
waveforms. Originally a power triode operating with little
or no grid bias was employed; more recently beam tetrodes
with anode to screen coupling, leaving the control grid free for
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synchronization, have been adapted to this type of circuit
(see Fig. 4.128).

When H.T. voltage is applied to the circuit terminals current
flows through the valve and anode inductor and builds up in like

Grid
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HT- Voltage
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manner to the p.d. of the capacitor in the basic sawtooth voltage
generator described in an earlier section. It was explained in
Chapter Il that the application of a step voltage to a pure

inductance causes a perfectly +

linear current rise in the latter. Deflector
C e Inductor

In the present application it is

therefore desirable to make the
ratio of anode inductance to
the total (valve plus inductor
plus power supply) circuit re-
sistance as high as possible.
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by the fact that the rising anode current induces a positive volt-
age at the grid, but also by the reduction in a.c. resistance caused
by the positive feedback. Both factors arise as secondary
vesults of the need for back coupling to make the circuit
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self-running. When the rate of increase of anode current
commences to fall, the positive induced grid voltage drops;
the process is therefore cumulative and the induced grid voltage
rapidly reverses and cuts off, or considerably reduces, the
anode current. When the anode current reaches its lower
limit the reversing action occurs again and the cycle repeats.

A disadvantage of this circuit is the large negative pulse
induced at the grid by the rapid collapse of anode current.
Accordingly it is desirable to feed the synchronizing voltage
to the grid through a diode gate having its anode towards the
cathode so that the negative grid pulse makes it non-conductive.
An interesting feature of the circuit, at least in the frame case,
is the possibility of using the deflector inductor as the anode
inductance, but some method of cancelling the field due to the
mean (i.e. the d.c. component) anode current is necessary. One
way of achieving this cancellation is to smooth off the anode
current and pass it through an auxiliary anode inductor so
wound in relation to the deflector inductor that the mean
component of the field produced by the latter is cancelled. In
the case of the line circuit the deflector must be fed from a
tertiary winding on the feedback transformer or auto-trans-
former coupled to the grid inductor.

The problem of damping the flyback applies equally to the
current oscillator as to the driven output stage and a diode has
been employed for this purpose in the manner discussed. The
principle of “‘reactance scanning” and methods of efficiency
improvement can also be adapted to the oscillator. Recently
methods of using a triode both as a flyback damper and as a
linearizing element have been developed. While these refine-
ments considerably improve the performance of the simple
oscillator and make it more comparable to that of the driven
circuit the advantage of reduced cost is not thereby entirely
lost, since these refinements are desirable even in the driven
circuit. The serious disadvantage of the self-running circuit
is the interdependence of its controls; in particular the ampli-
tude control will tend to pull frequency and unless great care
is taken in the design and operation of the circuit synchronism
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will be lost when the scan amplitude is changed, particularly
when the signal strength is low.(13, 17, 18)
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CHAPTER V

THE SYNCHRONIZING CIRCUITS

TELEVISION receivers differ widely in the arrangements adopted
for achieving exact synchronism of the time-base generators.
In particular a wide variety of methods is available for synchro-
nizing the frame time base with satisfactory interlacing.

5.1. Synthesis of the Synchronizing Signal. In view of the
need for exact synchronism between the scanning circuits at
the transmitting and receiving ends of the television system,
and of the common use of relaxation-type wave generators in
the scanning circuits. it is natural that a sequence of vertical
step voltage impulses should have been chosen for synchronizing
purposes. A voltage step having a vertical edge occurs at a
definite instant, and it a series of such impulses are used to
initiate a time-base sweep the latter will commence definitely
cach time a step occurs and an exactly synchronous trace will
be formed on the picture tube. If this series of voltage steps
is to be restricted to a definite voltage range in order to leave
a voltage range free for separate representation of the picture
signal, it is necessary for each synchronizing edge to be followed
by a voltage change of the same amplitude but of opposite
polarity so that the signal returns to the range reserved for
picture modulation after each synchronizing impulse; other-
wise a ‘“‘staircase” wave would be formed. It is not essential
that this reverse synchronizing voltage change shall also be
of step form. but the synchronizing edge must be followed by a
sufficient period to allow the circuits to respond to it before it
is removed, and once this synchronizing period has elapsed it
is desirable that the signal should return to black level quickly
so that the maximum time is left available for picture modu-
lation.

THE Basic SQUARE-PULSE WAVE. It is usual therefore to
make the reverse synchronizing voltage change of step form

140
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also and the resultant ideal wave-shape is rectangular, as already
shown in Figs. 1.8a and 1.88. Each synchronizing edge is
followed, after a small delay, by a reversed step; each pair of
steps so formed comprises a square pulse. Successive pulses
are separated by comparatively longer periods; in other words,
each synchronizing pulse represents a small portion (e.g. 10 per
cent in the British signal) of the cycle of the waveform resulting
from the recurrence of the pulses. It is customary to speak of
the “(pulse) recurrence rate,” ‘(pulse) recurrence frequency”
(p.r.f.), or “(pulse) repetition rate” of this waveform. The
duration of the synchronizing pulse is made sufficient to allow
the scan flyback to take place and during this period the
picture modulation is suppressed at the transmitter (see
Chapter 1).

COMBINATION OF THE LINE AND FRAME SYNCHRONIZING
Purses. The synchronizing waveform just constructed will
control only one time base satisfactorily. Since two time bases
need to be synchronized in the receiver it is necessary to
provide two such waveforms, each having suitable values of
pulse recurrence rate and pulse width for the desired line and
frame transmission constants. The two pulse trains required
must therefore be combined in such a manner that they may
be separated readily at the receiver. 1t would be simplest to
interrupt the line pulse train at frame frequency to allow
insertion of the frame pulses and to make the latter sufficiently
different from the line pulses to facilitate separation, as shown
at (i) in Fig. 5.1a. For reasons of stability, however, it is
desirable not to interrupt the line-synchronizing impulses while
the frame pulse occurs but to continue them through the
latter, which needs to be several line periods in duration to
allow adequate time for the frame flyback (ii). If alternate
frames are interlaced by the odd-line method as in both British
and American systems, the ratio of line to frame frequencies
will be such that the framing pulse will differ on alternate
frames in its timing relative to adjacent line pulses. Thus, if
the first framing pulse were to start at the instant when the
leading edge of a line pulse would normally occur the next



142 PRINCIPLES OF TELEVISION RECEPTION

} r—Sing/e Wide Framing Pu/ses_.H

A i
|

. 0.9 "”H’*—-  AH— . r
} !

(i) I‘ Frame Pulse Serrated at Line ™
‘ * Frequency |

' | /
r| -0-9H» 1
_ US04 L | )
} }

-l_l_L L ] ._J

} } ? f t

|--Franye Pulse Serrated at
(iif) . Twice Line Frequency
f f ! { 1 { l&

-

04H 1

f

Change of DC.Component

A = Even Frame
B=0dd Frame
} = Line, Sync Impulse

F1c. 5.1a. SYNTHESIS OF THE BRITISH SYNCHRONIZING SIGNAL



THE SYNCHRONIZING CIRCUITS 143

framing pulse would start approximately half-way between
two successive line pulses. In the first case the preceding
frame is termed “even,” and in the alternate case the frame
being terminated is said to be “odd.” It will be noted (ii) that
the line synchronizing steps in the long framing pulse are
preceded by the reversal steps because the existence of the
framing pulse holds the intermediate voltage at the opposite
end of the synchronizing voltage range. Accordingly the
framing pulse is serrated by a number of narrow pulses of
opposite polarity which are similar in appearance to inverted
line pulses. The framing pulse is thereby divided into a
sequence of shorter pulses each of which has an actual duration
of nearly one line period. If the resultant framing signal is
compared on alternate frames it will be observed that while
the first framing pulse is nearly one line period in duration in
the “even” case it is less than one half-line in duration in the
“odd” case. This irregularity cannot be tolerated in practice
because it would make the problem of achieving correct inter-
lacing of alternate frames quite difficult unless complex cir-
cuitry were resorted to. Accordingly the framing pulse is
serrated at twice line frequency as drawn at (iii). One small
irregularity still remains—that of the variation between alter-
nate frames in the length of the period between the last line
synchronizing pulse and the commencement of the framing
signal. In the standard British transmission this discrepancy
has been accepted but in the American signal it has been
rendered ineffective by the insertion of a group of ‘““‘equalizing ”
pulses between the last active line and the commencement of
the framing signal; as a result the synchronizing circuits are
in the same condition when the framing signal occurs after all
frames. The equalizing pulses are also introduced after the
framing signal so that the latter occurs centrally within—in the
entire framing period (see Fig. 5.1B).

POLARITY OF THE SYNCHRONIZING SIGNAL. In the accom-
panying diagrams the framing pulses have been drawn with
positive-going synchronizing edges, but in actual circuits the
synchronizing signal may occur with either polarity, e.g. in a
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synchronizing amplifier of the normal type (grid input, anode
output) the signal polarities at input and output will be
opposite. An important point, which will be understood later,
is that the signal supplied to the actual synchronizing system
must be complete with its d.c. component.

HarMONICc COMPONENTS OF THE SYNCHRONIZING SIGNAL.
In the foregoing synthesis of the complete synchronizing signal
the signal has been considered as a complex recurrent transient.
In the British case two pulse trains, one at line frequency
(10,125 per sec) and one at twice line frequency (20,250 per sec)
are switched in and out at frame frequency to produce the
complete signal, while in the American case three pulse trains,
one at line frequency (15,750 per sec) and two (one for frame
synchronization, the other for equalization) at twice line
frequency (31,500 per sec) are involved. Certain aspects of
synchronization require recognition of its harmonic content, i.e.
as a fundamental sinusoid accompanied by harmonics. On this
basis the framing and equalizing pulse trains which interrupt
the line pulse train both have twice the basic repetition rate
of the latter; they may be regarded as being due to discon-
tinuous changes in the phase and amplitudes of the harmonics
of the line frequency fundamental.

The change of waveform constituting the framing signal
causes a change in the level of the d.c. component; this fact
is the basis of a method of frame synchronization to be described
later. An important point in the American waveform is that
although the equalizing pulses have twice the recurrence
frequency of the line synchronizing pulses their width is half
that of the latter; as a result there is no change of d.c. com-
ponent during the equalizing period (see Figs. 5.1a and 5.1B).

5.2. The Synchronization of Oscillators. Oscillator circuits
are of two kinds. While the basic arrangement consists of an
amplifier valve having a feedback network connected so as
to provide sufficient grid excitation in the correct phase to
maintain the anode oscillation, the amplitude, frequency and
wave-shape of the latter and the stability and controllability of
the circuit may depend almost entirely on a stable circuit

6—(T.575)
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contained in the external network or on the relatively unstable
valve and its voltage supplies. At the one extreme, the valve
may be backcoupled lightly through a stable, high-Q tuned
circuit to produce a sinusoidal oscillation whose frequency and
waveform depend chiefly on the tuned circuit. At the other
extreme tight backcoupling, through a substantially aperiodic
circuit as in the blocking oscillator, provides a pulse voltage
of low stability and considerable dependence on the valve and
its operating potentials. Circuits of the latter type are called
“relaxation” oscillators; all direct sawtooth generators are of
this type.

It was explained in the last chapter that a regular sequence
of narrow spikes represents an ideal synchronizing wave for
the type of circuit employed for sawtooth generation. When
the period of oscillation of the latter, which depends on the
rate at which the valve is allowed to come out of cut-off
(usually by a CR system in the control-grid/cathode circuit),
is adjusted (usually by variation of the resistance) to be a little
longer than that of the synchronizing pulse wave, the latter
takes control by initiating the recommencement of anode
current before it would normally occur.

The fundamental problem in television time-base syn-
chronization is to produce a wave whose frequency and phase is
exactly the same as that of the synchronizing component of
the received signal. The method of using pulses derived from
the synchronizing signal itself to trigger a circuit which is
very susceptible to control voltage and not markedly sensitive
to frequency variation is not the only solution to this problem;
also, it has two defects. In particular it is extremely sensitive
to noise and other spurious signals because it requires wide
bandwidth in the synchronizing circuits in order to preserve
the pulse shape. The alternative method in its ideal form
employs an oscillator which is naturally disposed to oscillate
in the region of the required frequency and controlled by a
direct voltage representing the error in phase and frequency
between the oscillator and the synchronizing signal in such
a manner that the error tends automatically to zero. This
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method is capable of operating under conditions of heavy
interference without loss of synchronism and is of particular
advantage in the American system, where heavy interference
(in driving the picture tube towards black) has a less objection-
able effect on the picture than in the British case. This alter-
native method is called “flvwheel synchronization”; it does
not necessarily require the automatic circuits mentioned above
and may be applied to a certain extent in the triggered type
of circuit.™

5.8. The Functions of the Synchronizing System. The pur-
pose of the synchronizing circuits is to remove the picture
modulation from the composite video signal and derive, from
the resultant synchronizing signal, waveforms suitable for
holding the two scanning circuits in synchronism with their
respective timing pulses contained in the signal. Accordingly
the synchronizing system as a whole has one input and two
outputs; the input is usually taken from the first output of
the video circuit, where the signal amplitude is greatest, so
that synchronisin will hold down to lower signal levels than
would be the case if a smaller signal were used. Once syn-
chronism has been established manually by the hold control
of each time base the synchronizing circuits should main-
tain it over a wide range of conditions of signal level and
interference.

Ideally it would be necessary for the synchronizing system
to separate the picture modulation from the synchronizing
signal and then split the latter into its components, so that
the processes involved would be inverse to the synthesis
described previously (§ 5.1). While the removal of picture

_ modulation presents no difficulties, and is invariably carried

out as the initial step, it is not easy to separate the two pulse
trains representing the line and frame synchronizing signals
and the usual practice is to accentuate the respective portions
of the synchronizing signal by passing it through two separate
shaping networks arranged in tandem. This accentuation must
be achieved without mutilation of the step impulses constituting
the signal particularly when pulse triggering of the time base
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is preferred to flywheel synchronization. The problem of
deriving the two time-base synchronizing waves is considerably
increased if removal of the picture modulation is incomplete
(leakage over stray capacitance usually occurs in some degree)
or if the television signal is accompanied by spurious voltages
such as excessive noise or man-made static; again, feedback
of flyback pulses from the time bases, possibly by way of a
common H.T. supply, may occur. The degree of synchronism
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achieved is often determined by the extent to which such
influences are removed rather than by the choice of the
synchronizing circuits.

BLocK SCHEMATIC OF THE SYNCHRONIZING SYSTEM. A
generalized block schematic of the complete synchronizing
circuit system required by the trigger pulse method, as used
exclusively in this country (to date) and very frequently in
the U.S.A., is shown in full in Fig. 5.3a. The additional stages
required for automatic frequency and phase control of the
time bases are indicated (for one time base only) by dashed
lines. The latter method is being adopted increasingly in the
U.S.A., despite the considerable increase in cost. It should be
mentioned that such circuits are more worth while with negative
signal modulation because the picture is “usable” under con-
ditions of greater interference than with positive modulation.
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Very often only one time base, usually the line circuit, is
controlled in this manner.

C'onsidering the simpler method it will be noted that the
composite signal is fed at video (rather than carrier) frequency
from a point following the receiver demodulator into the first
stage. This is an amplitude filter or discriminator which
responds to the synchronizing portion of the signal only and
effectively clips off the picture modulation. For this stage to
operate satisfactorily the signal fed to it must have its d.c.
component so that the synchronizing pulses always occur
between the same voltage levels. Moreover, the clipping level
should be set automatically by the mean signal strength. The
separated synchronizing signal is then fed firstly to a shaping
circuit which accentuates the line synchronizing edges and
secondly to a parallel network which responds to the framing
signal and suppresses the line frequency pulses. The whole
circuit must be arranged so that the two scanning circuits are
adequately buffered from each other and from the synchroniz-
ing signal separator. Normally both time bases employ an
unstabilized relaxation oscillator (e.g. one of the types described
in the last chapter) which responds to each pulse fed to it and
rapidly switches back to the commencement of its linear
voltage rise each time it receives a pulse. For stable working
and minimum dependence on received signal strength the
synchronizing voltage should be applied to the most sensitive
point (usually the discharge valve control grid) of the generator
and the natural frequency of the latter adjusted to a value
very close to the required frequency. Greater stability, particu-
larly in the presence of transient interfering noises, can be
achieved by coupling a high-Q tuned circuit to the oscillator
in such a manner (e.g. by insertion in the grid circuit) that the
tendency of the oscillator to work at the desired frequency is
considerably increased. This modification introduces to a
small degree the flywheel property and enables synchronism
to be held when the synchronizing pulses disappear or fall
appreciably in amplitude for brief periods. Flywheel syn-
chronism may be achieved in greater degree by feeding the
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synchronizing pulses to the controlled circuit through bandpass
filters tuned {o the required time-base frequency. In general,
the trigger method is simpler and is quite satisfactory under
normal conditions; flywheel technique is much superior, albeit
more expensive, under conditions of heavy interference. The
effectiveness of the tlywheel method is limited by the fact that
generators capable of directly generating a sawtooth voltage
or current wave are inevitably of the unstable relaxation type;
full exploitation of the method requires the automatic control
circuits already mentioned, together with a suitable oscillator.

The general principle of automatic frequency and phase
control can be understood from the block schematic of Fig. 5.3a.
The synchronizing pulses are fed together with a voltage wave
derived from the time base into a circuit capable of discrimin-
ating between the two signals in regard to their phase and
frequency. If the two signals differ in phase or frequency, a
voltage representative in magnitude and direction of the phase
or frequency difference appears at the discriminator output
and is applied to the time-base generator in such a manner
that the phase or frequency of the latter shifts in such a direc-
tion as to reduce or ‘“‘zero” the difference. At this point it
should be remembered that phase and frequency are not funda-
mentally unrelated quantities. If two voltages (or currents)
have the same frequency but differ in phase, their representative
vectors rotate at the same speed and with an angular separation
equal to the electrical phase difference. When the phase
difference is constant the two vectors are stationary in relation
to each other and the angular separation remains constant.
If the frequency of one voltage is different from the other its
vector will rotate relative to the other, and the angular differ-
ence will not remain constant but will increase linearly with
time, although the actual angular separation will remain less
than 180° and vary cyclically at the difference frequency.
Frequency difference may therefore be regarded in terms of
phase. Thus the discriminator must be a phase discriminator
or detector and will “zero” to the condition in which successive
synchronizing pulses occupy the same point in relation to
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successive sweeps generated by the time base. A manual
control of the time-base frequency must be used to establish
initially the correct timing relationship, viz. the coincidence
of the synchronizing pulse and the time-base flyback. The
circuit technique will be described in a later section.

5.4. The Synchronizing Signal Separator. The amplitude
filter needed for separating the synchronizing signal by re-
moving the picture modulation from the composite video
signal requires some form of non-linear device having ideally

a characteristic of the form -
shown in Fig. 5.4a. The input S

. . 2 y
quantity (usually signal volt- S ’

age) is plotted horizontally
and the response of the device
(usually current) is plotted --
vertically. The relationship
between the two quantities Critical Input

has a ‘“broken” characteristic = Fiu. 5.4a. IDEAL CHARACTERISTIC
and until the input quantity g, o SO Nl
passes a certain level no cur-

rent flow occurs. Beyond this critical level the relationship
between applied voltage and current response is ideally linear
but in practice it usually has initial upward curvature.
The signal voltage is applied to the device so that the
voltage corresponding to black level coincides with the criti-
cal input at which current commences. The arrangement
of input signal polarity depends on whether the current is
used to develop the output signal voltage or to short-circuit
the applied voltage (see Fig. 5.48). In the first case (i) the
synchronizing pulses have the polarity required to increase
the current flow of the non-linear device; in the second case
(ii) the composite signal is fed to the filter element through a
high resistor which forms a heavy attenuator when the picture
draws current and thereby practically short-circuits the output.
In both arrangements the non-linear element is usually a valve,
and may be a diode or an amplifier valve. In the case of the
diode separator the anode-current/anode-voltage is the only

———Input
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available broken characteristic, but when an amplifier valve
Is chosen for separation the grid-voltage/grid-current charac-
teristic or the grid-voltage/anode-current characteristic may
be employed. Of the two basic methods available the one in
which output current flows during synchronizing pulses is
the better because output during the picture modulation is
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theoretically zero, whereas in the shorting method of using
the non-linear element the attenuation cannot be infinite.
Drope SeparaTors. These are frequently employed in
commercial receivers, either separately in the lower-priced
examples, or in cascade with an amplifier-type separator where
it is desired to minimize loading on the circuit supplying the
video signal and to achieve good separation. Two circuit
arrangements are shown in Iig. 5.4c. In the first (i) the diode
acts as a gate; it is biased at its anode by a voltage tapped
from the H.T. supply by R, and R, and smoothed by C,,
against the positive-going picture modulation and conducts
only when the synchronizing signal drives its cathode potential
below the bias voltage set by the potentiometer. The pulses
of conduction current develop an output voltage across the load
Ry inserted in the anode lead. In the alternative arrangement
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the diode is connected in shunt with the signal path and
is biased at its cathode, by the same arrangement as before,
so that it conducts only during picture modulation, when its
resistance is so low compared with that inserted in the signal
path that great attenuation occurs and the undesired picture
signal output may well be less than that which leaks over the
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anode-grid capacitance of the diode in the previous arrange-
ment. If these circuits are supplied by a diode detector direct
connection to its output terminal is used. Usually, however,
the greater voltage output of the video amplifier is preferred
and if direct coupling is chosen the diode separator bias must
include a component large enough to back off the standing
anode voltage of the video amplifier. In the latter case the
voltage across R, will be less than that across R,, and C; may
be connected to H.T. positive rather than H.T. negative if
the supply impedance is sufficiently low. If CR coupling from
the video amplifier to the separator is preferred a diode d.c.
restorer must be connected with its anode towards the earthy
side of the separator circuit—at least where the diode is shunt
connected—for with the series connection the valve is connected
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in such a manner that d.c. restoration takes place and with
satisfactory efficiency when B, is small. It is quite easy to
achieve some measure of automatic biasing of the diode
separator when it is desired to cater for wide variations of
signal strength; R, is omitted and the time constant C'\R,
made large enough to develop a substantially constant bias
from the pulses of conduction current, which bias is, of course,
proportional to the amplitude of the pulses.

AMPLIFIER-TYPE SEPARATORS. It will be noted that in the
diode separators just described no polarity change occurs
between input and output signal voltages. If a reversal of
polarity is required in order to obtain the correct polarity of
the synchronizing waveform(s) finally produced, the grid/
cathode portion of an amplifier-type valve may be used as a
diode separator (shunt type) and an inverted (amplified) signal
obtained at the anode. An example is shown in (i), Fig. 5.4p.
It must be capacitor-resistor coupled if fed from the anode of
the video amplifier and must be fitted with a d.c. restorer. 1f
the series resistor is made sufficiently large to minimize the
residual picture signal at the grid (which signal is amplified to
some extent together with the s