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THE PHILOSOPHY OF OUR TV SYSTEM 

A Brief Review of the Functions of the Most Important Parts of the TV 

System, With An Explanation of the Reasoning Behind the Choice of 
Standards, Types of Transmission, Shape of Synchronizing Pulse, Etc. 

Introduction 

The boom in television has created a need 
for trained operators which is far in ex- 
cess of the available facilities for training 
them. As a result, many stations face the 
start of regular operating schedules with 
a staff of inexperienced (in TV, that is) 
operators who, although they have been 
briefed in their duties, have only a be- 
ginner's knowledge of the overall TV 
system. 

No amount of written description can 
provide the background which several 
months of operating experience can give, 
nor can a story of the system, complete 
in every detail, be set down in a few pages. 
However, it is felt that a recapitulation of 
some of the basic philosophy of the tele- 
vision system will be helpful to many of 
the beginners in the business, and may 
prove an incentive to further reading. 
Therefore an effort will be made to review 
briefly the functions of some of the im- 
portant parts of the system and explain 
the thinking behind them. Detailed dis- 
cussion of circuits and methods is pur- 
posely omitted in order to devote the space 
to an overall picture of the system. Refer- 
ences to other papers covering much of 
such detail are given in a bibliography. 

Limitations 

No true appreciation of any system can 
be realized without some understanding of 
its basic limitations, and a discussion of 
the television system should therefore begin 
by reviewing these. The most serious limi- 
tation of a television system, as in the 

' case of an aural system, is "noise." The 
same phenomena that cause hum, crackle, 
and hiss in the background of a sound 
broadcast, cause bar -like shadows, random 
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blotches, and "snow storms" in the back- 
ground of a television picture. The word, 
noise, has been carried over from aural 
terminology into television terminology 
with the same connotation. In other words, 
any spurious elements in a television pic- 
ture are generally called noise. In reading 
the following discussions, it will be help- 
ful to remember that much of the reason- 
ing behind the methods used in the tele- 
vision system is based on the need to 
minimize the effects of noise. 

Spurious noise components in the signal 
arise from two general sources, (a) shot 
noise and thermal agitation in vaccum 
tubes and other circuit elements, and (b' 
pickup from associated or remote electrical 
apparatus. The best means for minimizing 
noise is to maintain a high signal -to -noise 
ratio in all parts of the system, but where 
this is impossible, special circuits are a dis- 
tinct aid in extending the useful range of 
operation. 

Noise limits, among other things, the 
ability of the system to resolve fine detail. 
However, a more direct limitation on the 
resolving power of the system is the fre- 
quency bandwidth available in the trans- 
mission system. This limitation has com- 
mercial aspects of more significance than 
the technical aspects because of the limited 
room available in the radio spectrum. As 
a result, the decisions of the Federal Com- 
munications ( ommission effectively deter- 
mine the limits of resolution within the 
noise -free service area of any station. 
Through long years of field testing it has 
been found that a six -megacycle channel 
will provide adequate resolution and at the 
same time will yield a reasonable number 
of channels. 

Other factors which limit overall per- 
formance are the fineness of scanning aper- 
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tures,* the degree of accuracy with which 
tonal gradations are reproduced, and the 
brightness range of which the reproducing 
device is capable. However, if it can be 
assumed that the transmission system be- 
tween the pickup and reproducing devices 
is reasonably linear, then the problems 
arising from these particular limitations 
are confined largely to the pickup and re- 
producing devices themselves, and do not 
affect system considerations to the same 
extent as limitations described in the pre- 
ceding paragraphs, and as certain economic 
factors do. 

Economic factors usually limit the de- 
gree to which technological development is 
used to improve the quality of perform- 
ance. Methods may be known by which 
some of the physical limitations of the sys- 
tem can be overcome, but sometimes such 
methods are not used for a long time after 
their discovery because means for apply- 
ing them economically are not developed 
simultaneously. in other words, their use 
increases the cost of equipment excessively. 
This is especially true in the case of re- 
ceiving equipment which must be produced 
in large quantities at low unit cost. Such 
methods often do find their way into trans- 

* The use of the word aperture in television 
probably arose from the use of scanning disks 
where the light passed through small holes 
which traversed the projected area of the scene. 
Small holes traversing closely spaced lines in 
the area were capable of greater resolution than 
larger holes traversing more widely spaced 
lines. Though scanning disks are no longer used, 
the term aperture is still applied to the scan- 
ning device in a general sense. In electronic 
television, the diameter of the "aperture" is 
simply the diameter of the scanning beam of 
electrons in the plane of the scanned image. 
Similarly the terni aperture correction is ap- 
plied to means (usually the use of special cir- 
cuits) for compensating the picture signal for 
loss of resolution caused by finite size of the 
beam and by non- uniform distribution of elec- 
trons over the cross -sectional area of the beam. 



FIG. 1. Odd -line interlaced scanning system with 13 lines. Consecutive fields 
are indicated by solid and dotted lines, respectively. 
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FIG. 2. Even -line interlaced scanning system with 12 lines. Consecutive fields 

are indicated by solid and dotted lines, respectively. 

muting equipment where low unit cost is 

not so important and where quality of per- 
formance is paramount. Quality is stressed 
in transmitting equipment to provide re- 
liability and to reduce the need for includ- 
ing in the receivers complicated and ex- 
pensive corrective circuits. Examples are 
circuits for automatic correction of scan- 
ning linearity, and clamp circuits for 
accurate re- establishment of black level, 
or d -c restoration, as it is often called. 

Standards 

During the decade preceding the en- 
trance of the United States into World 
War II, Radio Corporation of America 

carried on an extensive program of re- 
search and development in television and 
the information so derived has been largely 
responsible for the formulation of the 
standards governing our present black -and- 
white system. The earliest work on stand- 
ards was done through the medium of the 
Radio Manufacturers' Association. Much 
more extensive work on standards was 
carried on later by the National Television 
System Committee and the Radio Tech- 
nical Planning Board, the former body 
being set up to deal exclusively with tele- 
vision standardizing problems and to bring 
about agreement among the several in- 

terested groups on suitable standards for 

recommendation to the FCC. With the ap- 
proach of commercial broadcast service, 
the FCC adopted the recommendations of 
these bodies as the basis for tentative 
standards of good operating practice. Ac- 
tivity of the RMA has continued on tele- 
vision and its recommendations have been 
extended to cover much of the detail of 
studio and transmitter operation, and of 
receiver design. While a considerable por- 
tion of this material still exists only in 
the form of recommendations to the FCC., 
it will undoubtedly constitute the major 
part of the final standards. 

One of the most important standards 
recommended is the one which describes 
the wave shape of the picture signal. This 
standard is outlined in detail in a drawing 
which is reproduced in Fig. 5. Reference 
will be made to this drawing from time to 
time in discussing the system, and an 
attempt will be made to clarify the reason- 
ing involved in establishing many of the 
specifications included in it. 

Scanning System 
The standard system of scanning in 

television is one in which the scene or 
image is traversed by the aperture in lines 
which are essentially horizontal, from left 
to right and progressively from top to bot- 
tom. The aim is to have the aperture move 
at constant velocity both horizontally and 
vertically during actual scanning periods 
because that is a simple type of motion to 
duplicate in the reproducing aperture and 
because it provides a uniform light source 
in the reproducer. At the end of each line 
the aperture, or scanning beam, moves 
back to the start of the next line very 
rapidly. 'l'he time occupied by doing this 
is called the fly -back or retrace period. 
In a similar way, the beam moves from 
the bottom back to the top after the end 
of each picture scan. Motion during re- 
trace periods need not be linear. The com- 
plete traversal of the scene is repeated at 
a rate high enough to avoid the sensation 
of flicker. This rate has been set at 60 
times per second because most of the 
power systems in the United States are 60 
cycle systems, and synchronization with 
the power system minimizes the effects 
of hum and simplifies the problem of syn- 
chronizing rotating machinery in the tele- 
vision studio (film projectors) with the 
scanning. 

It has appeared rather recently that the 
choice of 60 cycles for the vertical scan- 
ning frequency was a fortunate one for 
another reason. The progress of the art 
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has included means for obtaining bright- 
ness levels in the reproduced pictures which 
are appreciably greater than those used in 
motion picture theatres. It is well known 
that the threshold of flicker increases as 
the brightness increases. Thus, 48 or 50 

cycle flicker would be noticeable to some 
observers at modern brightness levels in 
television receivers. Persistence of vision 
varies in different people and those whose 
persistence charactristics are very short 
are conscious of the 60 -cycle flicker in the 
bright pictures on some present -day re- 
ceivers. Therefore it appears that a still 
higher vertical frequency would be desir- 
able if other factors would permit. Need- 
less to say, the interline flicker, mentioned 
later in connection with interlacing is also 
less objectionable with the higher scanning 
rate. 

Another important factor affecting flicker 
is the persistence characteristic of the 
screen material in the receiver. This can 
be made long enough to overcome any 
appearance of flicker even with scanning 
rates less than 50 cycles per second, but, 
if carried too far, such long persistence 
causes ghost -like trailing after moving ob- 
jects in the scene. Judicious choice of 
screen persistence is a great aid in reduc- 
ing flicker. 

Obviously the scanning apertures in the 
pickup and reproducing parts of the system 
must be in exact synchronism with each 
other at every instant. To accomplish this, 
synchronizing information is provided in 
the form of electrical pulses in the retrace 
intervals between successive lines and be- 
tween successive pictures. The retrace in- 
tervals are useless in reproducing picture 
information, hence are kept as short as 
circuit considerations permit, but are use- 
ful places in which to insert the synchroniz- 
ing pulses. These pulses are generated at 
the studio in the same equipment that con- 
trols the timing of the scanning of the 
pickup tube, and they become part of the 
complete composite signal which is radiated 
to the receiver. Thus scanning operations 
in both ends of the system are always in 
step with each other. Synchronizing is dis- 
cussed in more detail in a later section. 

The number of scanning lines is the prin- 
cipal factor determining the ability of the 
system to resolve fine detail in the vertical 
direction. The number of scanning lines is 
also related to the resolving power in the 
horizontal direction because it is desirable 
to have the same resolution in both direc- 
tions. Thus, as the number of lines in- 
creases, the bandwidth of the system must 

FIG. 3. Effect of horizontal motion of vertical edges 
in 2 -to.1 interlaced system. Upper object stationary. 

Lower object moving to right. 

also increase to accommodate the greater 
resolution required in the horizontal direc- 
tion. The present system employs 525 

lines, a number arrived at after thorough 
consideration of the related questions of 
channel width and resolution by the 
N.T.S.C. and the R.T.P.B. 

One of the most interesting features of 
the television scanning system is the inter- 
lacing of the scanning lines, a scheme 
which is used to conserve bandwidth with- 
out sacrificing freedom from flicker. The 
sensation of flicker in a television image 
is related to the frequency of the illumina- 
tion of the entire scene. It has no relation 
to the number of scanning lines nor to the 
frequency of the lines themselves. There- 
fore a system which causes the entire area 
of the scene to be illuminated at a higher 
frequency, even though the same lines are 
not scanned during successive cycles of 
illumination, results in greater freedom 
from flicker. Interlacing does just this by 
scanning part of the lines, uniformly dis- 
tributed over the entire picture area, dur- 
ing one vertical scan, and the remaining 
part or parts during succeeding scans. 
Thus, without changing the velocity of th? 
scanning beam in the horizontal direction. 
it is possible to obtain the effect of in- 
creased frequency of picture illumination. 

In the standard two -to -one interlaced 
system, alternate lines are scanned con- 
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secutively from top to bottom after which 
the remaining lines, that fall in between 
those included in the first operation, are 
likewise scanned consecutively from top to 
bottom. (See Figs. 1 and 2 which illustrate 
the principle.) In the 525 -line system, 
each of these groups, called a field, con- 
sists of 262'/2 lines. Two consecutive fields 
constitute a frame' or complete picture of 
525 lines. Each field is completed in 1/60 
of a second and each pair of fields, or 
frame, in 1/30 of a second. The effect on 
the observer's eye, from the standpoint 
of flicker, is that of repetition of screen 
illumination every 1/60 of a second, yet 
the complete picture is spread out over 
1/30 of a second. 

The important result of interlacing is 
a reduction in the bandwidth of the fre- 
quencies generated in the picture signal, 
for a given value of limiting resolution. as 
compared to the bandwidth produced in a 
system using sequential scanning. This 
may be understood as follows: In either 
system, interlaced or sequential, the ver- 
tical scanning frequency must be the same 
and must be high enough to avoid the 
sensation of flicker. In the standard tele- 
vision system this frequency is 60 cycles 
per second. In a sequential system, all of 
the scanning lines must be traversed in 
the basic vertical scanning period. How- 
ever, in the two -to -one interlaced system. 
only half of the scanning lines are traversed 
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FIG. 4 (at left). Steps in the synthesis of picture signal: 
A. Basic camera signal. 
B. Kinescope blanking pulse. 
C. Camera signal and blanking pulse combined. 
D. Combined signal after clipping. 
E. Combined signal after addition of sync pulse. 
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in the same period. Thus, obviously, the 
horizontal velocity of motion of the aper- 
ture in the interlaced system is only half 
of the velocity in the sequential system, 
and likewise the signal frequencies are re- 
duced by the same factor. 

Interlaced scanning has certain inherent 
faults among which are interline flicker, 
and horizontal break -up when objects in 

the scene move in the horizontal direction. 

Interline flicker results from the fact 
adjacent scanning lines are separated in 

time by 1/60 of a second, and that each 
line is repeated only at intervals of 1/30 
of a second. It is apparent in any part of 
a scene where some detail of the scene is 

largely reproduced by a few adjacent scan- 
ning lines, and where the contrast in the 
detail is high. For example, the top edge 
of a wall which is oriented in the scene 
so as to be nearly parallel to the scanning 
lines might be reproduced by only two or 
three adjacent lines. The 30 cycle flicker- 
ing of the line segments forming the edge 
of the wall would be quite noticeable. In 
the limiting condition, where the wall is 

exactly parallel to the scanning lines, the 
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edge would be reproduced by only one line 
repeated at intervals of 1/30 of a second. 
This is probably the worst possible condi- 
tion, but one which is encountered rather 
infrequently. The top and bottom edges of 
the raster nearly always produce objec- 
tionable interline flicker because they are 
nearly parallel to the scanning lines. Inter- 
line flicker, like any other type of flicker, 
is most objectionable in scenes where the 
high lights are very bright and the con- 
trast is high. When the brightness and con- 
trast are low, interline flicker becomes 
negligible. 

Break -up exists when an object in the 
scene moves in the horizontal direction 
rapidly enough so that the total motion 
in 1/60 of a second is equal to one or 
more picture elements. Then vertical edges 
of the object become jagged lines instead 
of smooth lines and there is apparent loss 
in horizontal resolution. This is roughly 
illustrated in Fig. 3 where two rectangles 
are shown, the upper one being stationary, 
and the lower one moving toward the right. 
The moving rectangle is shown as though 
it started moving from a position directly 

FIG. 5 (opposite page). RMA drawing illustrating 
approved wave shape of picture line amplifier 
output signal. This is one of the most important 
industry standards and is the one which deter- 
mines the design of many of the components of 

the TV system. 

below the other. In the moving rectangle, 
signal is generated, in both fields, from 
the starting position of the left edge be- 
cause of the storage of information in the 
pickup tube during the interval between 
fields. Thus the storage effect causes actual 
blurring of the trailing edge of a moving 
object. This is illustrated by the thin ex- 
tensions of the scanning lines in the second 
field at the left side. The leading edge of 
the moving object may have a more defi- 
nite jagged appearance because the storage 
effect in the pickup tube cannot fill in the 
spaces. In non -storage pickup devices, both 
edges will appear jagged. 

The geometrical distortion, illustrated 
by the tendency for the moving rectangle 
to become rhombic, is characteristic of any 
scanning system, whether interlaced or 
sequential. 

Further consideration makes it clear that 
higher ratios of interlacing would produce 
these troubles in aggravated form which 
would be intolerable. Another objection to 
higher ratios of interlacing is an illusion 
of crawling of the scanning lines either up 
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or down, depending on motion of the 
observer's eyes. The effect is extremely 
annoying and tends to distract the ob- 
server's attention from the scene. 

The type of interlacing adopted for com- 
mercial television is known as odd -line 
interlacing. The total number of lines is 

an odd integer. Thus the number of lines 
in each of two equal fields is a whole 
number plus a half. In this system, the 
use of perfectly uniform vertical scanning 
periods (equal to half the product of the 
total number of lines and the period of 
one line) and constant vertical scanning 
amplitude, results in consecutive fields 
which are displaced in space with respect 
to each other by half a line, thus produc- 
ing interlacing of the lines, as illustrated 
by the 13 -line system in Fig. 1. Specifi- 
cally, as stated above, the total number of 
lines in the standard system is 525; the 
number per field is 262/ ; the vertical 
scanning frequency is 60 cycles per second; 
the number of complete pictures (frames) 
per second is 30 ; and the horizontal scan- 
ning frequency is 60 X 262/, or 15,750 
cycles per second. 

Interlacing may also be obtained when 
the total number of lines is an even num- 
ber, but even -line interlacing requires that 
alternate fields be displaced vertically one 
half line with respect to each other by the 
addition of a 30 -cycle component to the 
amplitude of the vertical scanning sawtooth 
wave (see Fig. 2) . This frame frequency 
component must have a degree of accuracy 
that is impractical either to attain or main- 
tain. Hence even -line interlacing is not 
used for commercial television. 

One other factor has influenced the 
choice of the particular number of scan- 
ning lines. This is the need for an exact 
integral relationship between horizontal 
and vertical scanning frequencies. It has 
been the practice to attain this relation- 
ship by using a series of electronic count- 
ing circuits. To secure a high degree of 
stability, the ( h Aral teristic count of each 
circuit was limited to a small integer less 
than ten. Thus the h/v frequency ratio was 
required to be related to the combined 
product of several small integers. In the 
RCA synchronizing generator equipment, 
for example, there are four such circuits 

counting the numbers 7, S, 5, and 3 re- 
spectively. The combined product of these 
four numbers is 525, the number of lines 
per frame. The product of 525 and 60 is 

31,500 which is the frequency of the master 
oscillator in the sync. generator. To obtain 
the correct frequency for the horizontal 
scanning system, another counter circuit 
divides the master oscillator frequency by 
two to yield the required frequency of 
15,750 cycles. 

Synthesis of the Picture Signal 
The basic part of the signal applied to 

the reproducer is the series of waves and 
pulses generated during the actual scanning 
line periods in the pickup or camera tube. 
No matter what else is done in the equip- 
ment intervening between the two ends of 
the system, this basic part of the signal 
should be preserved in character with the 
greatest possible accuracy. However, dur- 
ing the retrace periods, the pickup tube 
may generate signals which are spurious 
or which at least do not contain valuable 
picture information. Furthermore, retrace 
lines in the reproducing tube itself, espe- 



cially during vertical retrace, detract from 
the picture. It is therefore desirable to 
include in the picture signal, components 
which will eliminate spurious signals dur- 
ing retrace and the retrace lines themselves 
in the reproducer. These results may be 
obtained by adding synthetically some 
pulses known as blanking pulses. 

Blanking pulses are applied to the scan- 
ning beams in both the camera tube and 
the kinescope in the receiver. Camera 
blanking pulses are used only in the pickup 
device and never appear directly in the 
final signal radiated to the receiver. They 
serve to close the scanning aperture in the 
camera tube during retrace periods. In 
orthicon tubes, the picture signal during 
retrace thus goes to reference black or to 
some level constantly related to reference 
black. This is a useful result to be dis- 
cussed later. In iconoscopes, no such con- 
stant relationship to black exists during 
retrace, and the only function of camera 
blanking is to prevent spurious discharge 
of the mosaic during the retrace periods. 

Kinescope blanking or picture blanking 
pulses are somewhat wider than correspond- 
ing camera blanking pulses. They become 
integral parts of the signal radiated to the 
receiver. 

The function of the kinescope blanking 
pulses is to suppress the scanning beam in 
the kinescope (reproducing tube), or in 
other words, to close the aperture in the 
receiver during the retrace periods, both 
horizontal and vertical. They are simple 
rectangular pulses having time duration 
slightly longer than the actual retrace 
periods in order to trim up the edges of 
the picture and eliminate any ragged ap- 
pearance. They are produced in the sync 
generator from the same basic timing cir- 
cuits that generate the scanning signals; 
hence they are accurately synchronized 
with the retrace periods. Typical wave 
shapes of a basic camera signal and blank- 
ing pulses are illustrated in Figs. 4, A and 
B respectively. Only parts of two scan- 
ning line periods are shown, and the pulse 
in B is therefore a single horizontal blank- 
ing pulse. The result of adding the signals 
in A and B is shown in C where it may 
be seen that the unwanted spurious part 
of the camera signal has been pushed 
downward out of the territory of the basic 
picture signal. This unwanted part may 
now be clipped off and discarded leaving 
the signal illustrated in D. 

The blanking signal, shown only in part 
in Fig. 4, B, actually contains pulses for 
removing visible lines during both hori- 
zontal and vertical retrace periods. The 

horizontal pulses recur at intervals of 
1/15,750 of a second and are only a 
small fraction of a line in duration, but 
at times corresponding to the bottom of 
the pictures they are replaced by vertical 
blanking pulses which are just like the 
horizontal pulses except that they are much 
longer in duration, approximately 15 scan- 
ning lines long, because the vertical retrace 
is much slower than the horizontal. The 
period of recurrence of the vertical blank- 
ing pulses is 1/60 of a second, of course. 
Both horizontal and vertical blanking 
pulses and their approximate relationship 
are shown in diagrams 1 and 2 of Fig. 5. 

The picture signal shown in D of Fig. 4 
may be considered as partly natural and 
partly synthetic. It is important to point 
out here that the natural part, or basic 
camera signal, may contain certain noise 
components arising from the fact that the 
output of the pickup tube usually is not 
large compared to the noise threshold of 
the first picture amplifier stage or some 
other part of the system such as the scan- 
ning beam in an image orthicon. On the 
other hand, the blanking pulses, or syn- 
thetic parts of the signal, are added at a 
relatively high level part of the system 
and are therefore noise -free. The impor- 
tance of noise -free blanking pulses will be- 
come apparent in the discussions of other 
functions which they perform. 

Details of horizontal blanking pulse 
shape are shown in diagram 5 of Fig. 5. 
That part of the diagram below the point 
marked Blanking Level is a sync pulse 
which will be considered later. The overall 
vertical dimension (3 is the maximum 
height of a blanking pulse. Thus the top 
horizontal line is Reference White Level 
as indicated in diagram 3. The duration or 
width of the pulse must be sufficient to 
cover the horizontal retrace in the most 
inefficient receiver. Thus the circuit limita- 
tions in such receivers set a minimum limit 
to the horizontal blanking width which 
was the basis for the RMA specification 
in Fig. 5. This minimum is indicated by 
the width near the peak (lower end) of 
the pulse and is prescribed by the sum of 
two dimensions x + y, the value of which 
is 16.5% of the horizontal period, H. 
The impossibility of producing infinitely 
steep sides on the pulse is recognized in 
the greater maximum width (18% of H) 
allowed at the upper end of the pulse and 
in the obviously sloped sides. 

Because of inevitable discrepancies at 
the extremes of the sides of the pulse, all 
measurements of pulse widths are made 
at levels slightly removed from the ex- 

tremes of the sides. These levels are shown 
by dotted horizontal lines, in diagram 5 

of Fig. 5, spaced 10% of (3 from top and 
bottom of the pulse. 

Details of the vertical blanking pulses 
are shown in diagrams 1 and 3 of Fig. 5. 
The width of the pulses is not limited by 
circuit considerations, as is the width 
of horizontal blanking. The limitation here 
is the requirement of television film pro- 
jectors of the intermittent type that the 
scene be projected on the pickup tube 
only during the vertical blanking period. 
The maximum period of 8% is ample for 
the operation of present -day film pickup 
systems, the criterion being that enough 
time must be allowed for projection so 
that there is adequate storage of photo- 
electric charges on the sensitive surface of 
the pickup tube. The minimum period of 
5% is an indication of expected system 
improvements in the future when it will 
be possible to reduce waste of picture 
transmission time in vertical blanking. The 
present usefulness of the 5% minimum is 
to require receiver manufacturers to main- 
tain vertical retrace periods at less than 
5% and thus avoid the need for modifying 
old receivers when improvements are made 
in the system. The problem of film pro- 
jectors is discussed in a later section. 

The final step in synthesizing the com- 
plete composite picture signal which goes 
to the modulator in the transmitter is to 
add the synchronizing pulses which are re- 
quired for triggering the scanning circuits 
in the receiver. These pulses, like blanking 
pulses, are essentially rectangular in shape. 
The blanking pulses serve as bases or 
pedestals (inverted) for the sync pulses 
as shown in E of Fig. 4. Here is one of 
the most important reasons for having 
noise -free blanking. The synchronizing 
function in the receiver is a very critical 
one, and it is important that nothing be 
allowed to distort the sync pulses either 
in shape or timing as noise during the 
blanking intervals would do. The nature 
of the vertical sync signal is rather compli- 
cated and is not illustrated in Fig. 4, but 
will be discussed later along with other 
details of synchronizing. 

The sync signal is not added individually 
to the output of each camera, but is added 
at the studio output so that switching from 
one camera to another will not cause even 
momentary interruptions in the flow of 
synchronizing information to the receivers. 

(MR. ROE'S ARTICLE WILL BE CONTINUED 

IN TIIE NEXT ISSUE OF BROADCAST NEWS) 
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PART II 

EDITOR'S NOTE: The first part of this 
article appeared in BROADCAST NEws No. 
53, February, 1949. The second part is in- 
cluded in this issue. The third, and con- 
cluding, part will be published in the next 
issue of BROADCAST NEWS, which should 
be mailed about June 1. Those desiring 
to have the whole article in advance may 
obtain a preprint by writing to the editor. 

The D -C Component of the Picture Signal 

'I 'he visual and aural senses differ in one 
important respect which places a require- 

' ment on the television transmission system 
which has no counterpart in the sound 
transmission system. The response of the 
ear to sound is actually a response to varia- 
tions in air pressure. While the ear is very 

sensitive to rapid variations in pressure, 
it is completely unconscious of absolute 
values of air pressure, or of slow variations 
in pressure, as sound. In other words, there 
is a definite low limit to the frequency of 
pressure variations which the ear accepts 
as sound. Therefore there is no need for 
a sound transmission system to pass fre- 
quencies below the aural limit which is 
somewhere in the neighborhood of 15 cycles 
per second. The circuits may be a -c coupled 
without loss of essential information. Even 
the best of practical systems have a low 
frequency cutoff at about 30 cycles, and 
most others cut off somewhere between 50 
and 100 cycles. 

The eye, on the other hand, is sensitive 
to absolute intensities of light and to slow 
variations of intensity. As the frequency of 
variation increases, the eye rapidly loses 
its ability to follow the changes and tends 
to produce a sensation which is an average 
of the variations. It is this averaging ability 
that enables the eye to interpret a rapid 
succession of still pictures as a portrayal 

(o-) D -C COMPONENT PRESENT 

(b) D-C COMPONENT LOST 
FIG. 6. When a signal containing a d -e component, as in (a), is passed through an a -c coupled 

system the d -c component is lost, as shown in (b). 

of smooth motion. This phenomenon is the 
basis of both motion picture and television 
systems. 

The important point in the present dis- 
cussion is that the eye recognizes a slow 
change in light intensity. The period of 
the change may be a fraction of a second 
or it may be a minute, an hour, or a half 
day in length. A television system must 
be capable of conveying these slow changes, 
no matter how long the period, to the re- 
ceiver. The rapid scanning of the image of 
the scene in the camera produces a signal 
containing these slow changes as well as 
very rapid variations caused by the passage 
of the scanning beam over small light and 
dark areas of the image. The slow changes 
often have periods so long that they may 
be considered as d -c levels which simply 
change value occasionally. Hence, the sig- 
nal is said to contain a d -c component. The 
television system must either pass the en- 
tire spectrum, including the d -c component, 
in each of its stages, or the signal must 
contain such information that it will be 
possible to restore the d -c component, 
which would be lost in an a -c coupled 
system, when it finally arrives at the repro- 
ducer. Because of the well -known difficul- 
ties in constructing multistage d -c coupled 
amplifiers, it is obviously desirable to use 
an a -c coupled system. It is fortunate that 
relatively simple means are known for d -c 
restoration thus making possible the use of 
an a -c coupled system. 

Fig. 6(a) illustrates a signal which con- 
tains a d -c component in the form of a 
temporary change in the amplitude of the 
pulses. The period t1 embracing the low - 
amplitude pulses may be of any arbitrary 
length. The original signal is characterized 
by the constant level of the negative peaks 
of all the pulses regardless of amplitude. 
After passing through an a -c coupled sys- 
tem (in which the time constants of the 
coupling networks are short compared to 
the period t1) the signal becomes distorted 
approximately as shown in Fig. 6(b). Here 
the negative pulse peaks no longer fall on 
a constant level, but the signal tends to 



adjust itself in a consistent manner about 
an axis called an a -c axis. 

The a -c axis of a wave is a straight line 
through the wave positioned so that the 
area enclosed by the wave above the axis 
is equal to the area enclosed by the wave 
below the axis. The broken line marked a -c 
axis in Figure 6(b) is actually the correct 
axis only for a wave composed of large 
pulses like the first four at the left. Dur- 
ing the transient condition following the 
first short pulse, the line shown is not the 
true a -c axis, but represents the operating 
point of the amplifier in the a -c coupled 
system. The actual a -c axis of the short 
pulses (shown by the dotted line) grad- 
ually adjusts itself to coincide with the 
operating point of the amplifier. This 
adjustment is shown by the exponential 
rise of the signal during the interval ti, 
but it is interrupted before completion by 
the resumption of the large pulses. Thence 
a second transient condition takes place 
leading to a gradual restoration of the sig- 
nal to its original form. 

The departure of the pulse peaks from 
the original constant level indicated by the 
line m, is called loss of the d -c component 
or loss of "lows ". It is interesting to note 
that this loss causes an increase in the 
peak -to -peak amplitude of the signal, a 
condition which is undesirable, especially 
in high -level amplifiers. 

Black Level 

An absolute system of measurement 
must have a fixed standard reference unit 
or level. This rule applies to the problem 
of reproducing absolute light intensities. 
The simplest and most obvious reference 
for such a system is zero light, or black 
level as it is often called. This is a refer- 
ence level which can be reproduced arbi- 
trarily at any point in the system. Now 
if the television signal can be synthesized 
in such a way that frequent short intervals 
have some fixed relationship to actual black 
in the scene, then it becomes possible to 
restore the d -c component by forcibly 
drawing the signal to a fixed arbitrary level 
during these intervals. 

D -C Insertion and D -C Restoration 
Because the blanking or retrace periods 

are not useful for transmitting actual pic- 
ture information, they offer convenient in- 
tervals for performing special control func- 
tions such as d -c restoration as mentioned 
in the previous paragraph. If the peaks of 
the blanking pulses are coincident with 
black level, or differ from black level by 
a constant amount, then d -c restoration 
can be accomplished simply by restoring 

these peaks to an arbitrary reference level. 
Thus, in Fig. 6(b), if the peak of each 
pulse can be restored to the line m, then 
the signal will appear as in (a) and the 
d -c component will have been restored. 
Small errors will remain corresponding to 
the displacements in level between pulses, 
but these are usually negligible and in any 
case do not become cumulative. Hence the 
restoration is essentially complete. 

It now becomes apparent that an ex- 
tremely important step in the synthesis of 
the television signal is that of making the 
peaks of the added blanking pulses bear 
some fixed relationship to actual black 
level in the scene. It was pointed out pre- 
viously that the peaks of these pulses are 
produced by clipping off unwanted portions 
of the signal as illustrated in Fig. 4, C 
and D. A second, and most important, 
function is performed when the clipping is 
controlled in such a way that the resultant 
peaks have the required fixed relationship 
to black level. This process of relating the 
blanking peaks to actual black level is 
called d -c insertion, or insertion of the d -c 
component. A subsequent process, later in 
the system, of bringing these peaks back 
to an arbitrary reference level is called 
d -c restoration. D -c restoration must be 
accomplished at the input of the final 
reproducing device (the kinescope) in order 
to reproduce the scene faithfully if an a -c 
amplifier is used. It is desirable to restore 
the d -c component at other points in the 
system also, because the process reduces 
the peak -to -peak excursions of the signal 
to a minimum by removing increases in 
amplitude caused by loss of the d -c com- 
ponent. In a similar way, it is possible to 
remove switching surges, hum, and other 
spurious signal components which have 
been introduced by pure addition to the 

IF SECOND 
DETECTOR 

FIG. 7. Block diagram of picture 
signal amplifier and scanning cir- 

cuits in typical receiver. 

signal. Maintaining minimum excursion of 
the signal is important, especially at high 
level points in the system, in order to avoid 
saturation in amplifiers and consequent 
distortion of the half tones in the scene. 
For a specific example, d -c restoration helps 
to maintain constant sync. amplitude in 
high -level amplifiers. In other words, it 
makes possible economies in the power 
capabilities of amplifiers such as the final 
stage in the picture transmitter. 

Diagram 3 in Fig. 5 illustrates part of a 
typical picture signal including two hori- 
zontal blanking pulses. It may be seen that 
there is a distinct difference between actual 
black level and blanking level which is 

prescribed as 5% of maximum blanking 
pulse amplitude. This difference is usually 
called setup and its magnitude was set as 
a reasonable compromise between loss of 
signal amplitude range and the need for a 
tolerance in operating adjustment. Setup is 
desirable as an operating tolerance in the 
initial manual adjustment of the clipper in 
that part of the system where the d -c is 
inserted. It simply insures that no black 
peaks in the actual picture signal are 
clipped off. 

The accuracy with which setup is main- 
tained depends on characteristics of the 
pickup or camera tube. Some types of 
pickup tubes produce signals during 
blanked retrace periods which are the 
same as, or are constantly related to, black 
level. In systems where such tubes are 
used, the magnitude of setup may be held 
constant automatically at whatever value 
is determined in the initial manual adjust- 
ment of the clipper circuit. In general, 
pickup tubes employing low velocity scan- 
ning, such as the image orthicon, provide 
this kind of basic black level information. 
The iconoscope is different from orthicons 
in this respect because the secondary emis- 
sion resulting from the high velocity scan- 
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ping, produces a potential distribution on 
the mosaic in which black level is far from 
the level existing during the retrace periods 

' when the beam is cut off. In fact the dif- 
ference between black level and blanking 
level varies continuously as the scene 
brightness changes because the potential 
distribution caused by resettling of the 
secondaries likewise changes. Automatic 
maintenance of setup, or pedestal height, 
cannot therefore be obtained by reference 
to the signal during blanked retrace periods 
in the iconoscope, but may be obtained by 
reference to actual black peaks in the pic- 
ture signal. Where such reference is not 
practical, a manual control may be re- 
adjusted from time to time to keep the 
setup at the required value. 

Synchronizing 
The horizontal and vertical scanning cir- 

cuits in a receiver are two entirely inde- 
pendent systems both of which require ex- 
tremely accurate information to keep them 
in step with the corresponding scanning 
systems in the camera where the signal 
originates. Because the duration of sync. 
pulses !nay be rather short, they may be 
added to the picture signal in such a way 
as to increase the overall amplitude of the 
final signal without increasing the average 
transmitted power level very much. Thus, 
simple amplitude discrimination can be 
used to separate the synchronizing infor- 
mation from the incoming composite signal 
in the receiver. It is, however, desirable 
that a second increase in amplitude should 
not be used to distinguish between hori- 
zontal and vertical sync. One reason for 
this is that a further increase in signal 
amplitude would make necessary an in- 
crease in the peak power rating of the 
transmitter or else would unnecessarily re- 
strict the power available for the picture 
and horizontal sync. portion of the signal. 

A synchronizing system has therefore 
been chosen in which both vertical and hor- 
izontal pulses have the same amplitude, but 
different waveshapes. Frequency discrim- 
ination may then be used to separate them 
in the receiver. The shapes of these pulses 
and their relation to the blanking pulses 
are illustrated in detail in Fig. 5. Fig. 7 

is a functional block diagram showing the 
steps necessary to utilize the sync. signals. 

Diagrams 1 and 2 of Fig. 5 illustrate a 
typical complete composite picture signal 
in the neighborhood of the vertical blank- 
ing pulse in each of two successive fields. 
Interlacing of the scanning lines is shown 
by the time -displacement of the horizontal 
blanking pulses in one diagram with respect 
to those in the other diagram. This dis- 

placement is one half of the interval of a 
scanning line (H /2). 

All sync. pulses appear below black level 
in an amplitude region which is sometimes 
called blacker- than -black; hence they can 
have no effect on the tonal gradation of 
the picture. Horizontal sync. pulses are 
(except during the first portion of the 
vertical blanking interval) simple rectan- 
gular pulses such as those appearing at the 
negative peaks or bases of the horizontal 
blanking pulses and during the last portion 
of the vertical blanking pulses. The dura- 
tion of a horizontal sync. pulse is consid- 
erably less than that of the blanking pulse, 
and the leading edge of the sync. pulse is 
delayed with respect to the leading edge 
of blanking, forming a step in the corn - 
posite pulse which is called the front porch. 
Correspondingly, the step formed by the 
difference between the trailing edges of 
sync. and blanking is called the back 
porch. The purpose in forming the front 
porch is to insure that the horizontal re- 
trace in the receiver (initiated by the sync. 
pulse) does not start until after the blank- 
ing pulse has cut off the scanning beam. 
It also insures that any discrepancies which 
may exist in the leading edge of blanking 
do not affect either the timing or the ampli- 
tude of sync. 

The choice of the nominal width of hori- 
zontal sync. (0.08 H, see diagram 5 in 
Fig. 5) was influenced by three factors. 
First, the width should be as great as pos- 
sible so that the energy content of the 
pulses will be large compared to the worst 
type of noise pulses which may be en- 
countered in the transmission process, thus 
providing maximum immunity to noise. 
Second, the width should not be greater 
than is necessary to meet the first condi- 
tion because average power requirements 
of the transmitter may thereby be min- 
imized. Modulation of the pcture trans- 
mitter is such that sync. pulses represent 
maximum carrier power; hence it is de- 
sirable to keep the duty cycle as small as 
possible. Third, the horizontal sync. pulses 
should be kept as narrow as possible so as 
to maintain a large difference between 
these pulses and the segments of the ver- 
tical sync. pulses described in the follow- 
ing paragraph. Such a large difference 
makes it easier to separate the vertical 
sync. from the composite sync. signal. It 
has also been recognized that the back 
porch is useful for a special type of clamp- 
ing for d -c restoration. Hence it should be 
as wide as possible. 

Vertical sync. pulses are also basically 
rectangular in shape, but are of much 
greater duration than the horizontal pulses 

thus providing the necessary means for fre- 
quency discrimination to distinguish be- 
tween them. However, each vertical sync. 
pulse has six slots cut in it which make it 
appear to be a series of six wide pulses at 
twice horizontal frequency, i.e., wide corn- 
pared to horiztontal sync. pulses. The slots 
contribute nothing to its value as a vertical 
sync. pulse but do provide means for un- 
interrupted information to the horizontal 
scanning circuit. 

Before and after each vertical pulse in- 
terval are groups of six narrow pulses 
called equalizing pulses. These also are for 
the purpose of maintaining continuous hor- 
izontal sync. information throughout the 
vertical sync. and blanking interval. The 
repetition frequency of the equalizing 
pulses and the slots in the vertical pulses 
is twice the frequency of the horizontal 
sync. pulses. This doubling of the fre- 
quency does two things. First, it provides 
an arrangement in which the choice of the 
proper alternate pulses makes available 
some kind of a horizontal sync. pulse at 
the end of each scanning line in either even 
or odd fields. Second, it makes the vertical 
sync. interval and both equalizing pulse 
intervals exactly alike in both even and 
odd fields. The importance of this latter 
result will become evident in following 
paragraphs. It is important to point out 
that the leading edge (downward stroke) 
of each horizontal sync. pulse and of each 
equalizing pulse, and the trailing edge 
(again the downward stroke) of each slot 
in the vertical pulses are responsible for 
triggering the horizontal scanning circuit 
in the receiver; hence the intervals of 
H or H/2 apply to these edges. 

Perhaps the most difficult problem in 
synchronizing, and the one in which there 
is the largest number of failures, is that 
of maintaining accurate interlacing. Dis- 
crepancies in either timing or amplitude 
of the vertical scanning of alternate fields 
will cause displacement, in space, of the 
interlaced field. The result is non -uniform 
spacing of the scanning lines which reduces 
the vertical resolution and makes the line 
structure of the picture visible at normal 
viewing distance. The effect is usually 
called pairing. The maximum allowable 
error in line spacing in the kinescope to 
avoid the appearance of pairing is prob- 
ably 10% or less. This means that the 
allowable error in timing of the vertical 
scanning is less than one part in 5000. This 
small tolerance explains why so much em- 
phasis is placed on the accuracy of vertical 
synchronizing. 

The presence of a very minute 30 -cycle 
component in the vertical scanning in- 
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FIG. 8(a). Two -stage integrating network used to sepa- 
rate vertical sync. pulses from the composite picture. 
Circuit values are as follows: 

R - 10,000 ohms 
C - .012 mfd 
T = 120 ms 

R 200,000 ohms 
C 150 mmf 
T 30 ms 

FIG. 8(b)' (right). General action of the integrating circuits in 
the region of the equalizing pulses and beginning of the vertical 
sync. pulse. Curves are identified as follows: 

Curve acde is Synch. Signal in region of even field pulse 
Curve bcde is Synch. Signal in region of odd field pulse 
Curve f is curve acde "'integrated"' by circuit having T = 120 

micro -sec. 
Curve g is curve bcde "integrated"" by circuit having T = 120 

Curve h is curve acde "integrated"" by two stages, having 
T 120 and T - 30 

Curve i shows rate at which equalization occurs for T - 120 

NOTE: In this diagram the slots in the vertical pulse are shown 
the same width as the equalizing pulses, whereas they are 
actually the some width as the horizontal sync pulses (see Fig. 5). 

variably causes pairing. The fact that the 
rasters produced in alternate fields are dis- 
placed with respect to each other by half 
a line means that the horizontal sync. sig- 
nal has an inherent 30 cycle component. It 
is this situation and the need to prevent 
any transfer of the 30 -cycle component into 
the vertical deflection which account for 
the introduction of the double -frequency 
equalizing pulses before and after the ver- 
tical sync. pulses. The vertical sync. pulses 
are separated from the composite sync. 
signal, before being applied to the vertical 
scanning oscillator, by suppressing the hor- 
izontal sync. pulses in an integrating net- 
work similar to that illustrated in Fig. 8(a). 

Most receivers employ integrating net- 
works of three stages instead of the two 
illustrated. However, the general character 
of the circuit action is clearly shown by 

*Diagram prepared by A. V. Bedford. RCA 
Laboratories, for presentation to the N.T.S.C. 
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the wave form diagrams in Fig. 8(b). In 
simple terms, the equalizing pulses before 
the vertical sync. pulses cause the inte- 
grating network to "forget" the difference 
between alternate fields by the time the 
vertical sync. pulses begin. This is illus- 
trated by the gradual convergence of 
curves f and g during the equalizing pulse 
interval, as the result of integration in the 
first stage alone. The effect of further in- 
tegration in the second stage is shown by 
curve h, which is typical of the pulses ap- 
plied to the vertical oscillator in a receiver. 
Thus, the 30 -cycle component is effectively 
eliminated, from the standpoint of accurate 
timing of the start of vertical retrace, by 
the addition of the first set of equalizing 
pulses and the slots in the vertical pulse 
itself. The second set of equalizing pulses 
which follow the vertical pulse affect to 
some extent the impedance of the circuit 
to which the vertical scanning oscillator is 

coupled, and thus affect the amplitude of 
its output ; hence these pulses help to pro- 
vide more nearly constant output of the 
oscillator. Both sets of equalizing pulses 
contribute materially to the necessary ac- 
curacy of vertical synchronizing. 

The width of an equalizing pulse is half 
the width of a horizontal sync. pulse (see 
diagram 4 of Fig. 5, and Fig. 8). This 
width is chosen so that the a -c axis of the 
sync. signal does not change at the transi- 
tion from the line- frequency horizontal 
sync. pulses to the double -frequency equal- 
izing pulses. The curves f_ and go in Fig. 8 
illustrate the undesirable effect of making 
the equalizing pulses the same width as the 
horizontal sync. pulses. There is a slight 
rise in the integrated wave during the 
equalizing pulse interval which could cause 
premature triggering of the vertical oscil- 
lator in the receiver if the hold control 
were adjusted near one end of its range. 
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This rise in the integrated wave results 
from the change in the a -c axis. 

The width of the slots in the vertical 
sync. pulses is approximately equal to the 
width of the horizontal sync. pulses. The 
slots are made as wide as possible so that 
noise pulses or other discrepancies occur- 
ring just prior to the leading edge of a slot 
(i.e., near the end of the preceding seg- 
ment of a vertical pulse) do not trigger 
the horizontal oscillator. Premature trig- 
gering can happen if the noise pulse is 
high enough and if it occurs very close 
in time to the normal triggering time. 
Increased time -separaton (a wider slot) 
reduces likelihood of such premature ac- 
tion. Here again, the requirements of 
special clamping also are met more easily 
if the slots are made as wide as possible. 

A further important advantage of the 
RMA system of separating the vertical 
sync. by means of frequency discrimination 

is that the integrating network is a potent 
factor in reducing the effect of noise on 
vertical synchronizing. Noise signals con- 
tain mostly high -frequency components; 
hence they are almost completely sup- 
pressed by the integrating circuit. 

Differentiation, or suppression of the 
low- frequency components, of the sync. 
signal before it is applied to the horizontal 
scanning oscillator is done sometimes, but 
is not necessary, and has not been indi- 
cated in Fig. 7. 

The methods just described for syn- 
chronizing the scanning circuits in a tele- 
vision receiver are complicated by the need 
for transmitting the complete information 
over a single channel. In the case of the 
scanning circuits in the cameras, however, 
the situation is very different. The cam- 
eras and the synchronizing generators are 
so close to each other that there is no 

problem in providing as many wire circuits 
as may be desired. Therefore it is custom- 
ary to use what are called driven scanning 
circuits in cameras and sometimes in pic- 
ture monitors used with the cameras. Sep- 
arate pulse signals, called driving signals, 
are produced in the synchronizing generator 
for exclusive use in the terminal equip- 
ment. Horizontal and vertical driving sig- 
nals are completely independent of each 
other in the RCA system and are carried 
on separate transmission lines to the points 
of application. The driving signal pulses 
trigger directly the sawtooth generators 
which produce the scanning waveforms. 
This method reduces interlacing errors in 
the terminal equipment to the errors in- 
herent in the driving signals. 

Fig. 9 illustrates a portion of the scan- 
ning lines appearing on a kinescope as a 

result of the application of a television 
signal composed of RMA sync. and blank- 
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SCANNING LINES AS THEY 

APPEAR ON KINESCOPE 
WHEN SYNC. IS DISPLACED 
SO AS TO APPEAR NEAR 
CENTER OF RASTER. 

FIG. 9. A portion of the scanning lines appearing on a kinescope as a result of the application of a television signal composed of AMA sync. and 
blanking pulses. The group of lines shown are those occurring in the neighborhood of the vertical retrace period, including a few before and 

a few after the vertical blanking pulse. 

ing pulses. The group of lines shown are 
those occurring in the neighborhood of the 
vertical retrace period including a few be- 

fore and a few after the vertical blanking 
pulse. As noted on the diagram, the trig- 
gering of the lines has been displaced both 
vertically and horizontally so that the 
shadows produced by the sync. and blank- 
ing pulses appear near the center of the 
raster rather than in the normal positions 
at the edges of the raster. This displace- 
ment is brought about simply to clarify 
the illustration of the effect of the pulses 
on the raster. 

The shadows produced thus are called 
a pulse cross. When expanded vertically 
so that individual scanning lines become 
easily apparent, the pulse cross becomes a 

ready means of checking the performance 
of the sync. generator. The shadows pro- 
duced by each different kind of pulses are 
indicated clearly on the diagram. With 
linear scanning, the horizontal dimensions 
of the shadows are measures of time or 
pulse width, and, because of the expanded 
scale, they provide a relatively accurate 
means of measuring pulse width. Further- 
more, by counting appropriate lines, the 

numbers of equalizing pulses, slots, vertical 
sync. pulses, etc., can be checked easily. 

A useful piece of station test equipment 
can be made by modifying the deflection 
circuits in a picture monitor to provide the 
displacement of the lines and the extra 
large vertical expansion described. 

(THE THIRD, AND CONCLUDING, PART OF 

MR. ROE'S ARTICLE WILL APPEAR IN THE 

NEXT ISSUE OF BROADCAST NEWS) 



THE PHILOSOPHY OF OUR TV SYSTEM 

A Brief Review of the Functions of the Most Important Parts of the TV 

System, With An Explanation of the Reasoning Behind the Choice of 

Standards, Type of Transmission, Shape of Synchronizing Pulse, Etc. 

PART III 
EDITOR'S NOTE: Previous parts of this 

article were published in BROADCAST NEWS, 
Vol. 53 and Vol. 54. .4 reprint of all three 
parts is also available. 

Automatic Frequency Control of Scanning 
'I'he constant search for means of im- 

munization against the effects of noise has 
brought about the development of auto- 
matic frequency control (afc) of the scan- 
ning circuits in television receivers. In 
triggered circuits, each scanning line (and 
each field) is initiated individually by a 
pulse in the incoming signal. Contrastingly 
in an afc system, scanning generators are 
governed by stable oscillators which in 
turn are controlled by voltages obtained 
from phase comparison of the incoming 
sync. pulses with the scanning signals 
themselves. The time -constant of the com- 
parison circuit is usually made long com- 
pared to the period of the scanning so that 
random noise pulses have very little effect 
on the resulting control voltage, and cor- 
respondingly little effect on the scanning 
frequency. The fact that such afc circuits 

FIG. 10 (right). Effect of frequency modulation of 
horizontal sync and blanking on shape of raster 

in receiver with AFC of horizontal scanning. 

by JOHN H. ROE 
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are keyed circuits provides a further im- 
munization factor by eliminating the pos. 
sible effect of all noise pulses except those 
which coincide with the short keying in- 
tervals. The use of afc scanning circuits 
makes possible accurate synchronizing of 
a receiver under such bad conditions of 
noise that the masking of the picture by 
the noise renders it completely unusable. 
Thus failure to synchronize may be largely 
eliminated as a limiting factor in picture 
reception. 

Afc may be used with both vertical and 
horiontal scanning circuits, but so far is 
being used commercially for horizontal cir- 
cuits only. One reason for not using afc 
with the vertical circuits is that the time - 
constant must be very long to provide a 
stable control voltage. As a result, the cir- 
cuit will not recover from an extended in- 
terruption of the incoming signal until an 
intolerably long time has elapsed. The fre- 
quency of the oscillator drifts during an 
interruption, and may not recover for a 
large number of seconds after the signal 
returns. During the period of recovery, 
the raster rolls over continuously at a de- 
creasing rate until control is restored. The 
time -constant of the horizontal circuit, on 
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the other hand, may be short enough so 
that recovery takes place in less than one 
field. Triggered scanning circuits, of course, 
recover from signal interruptions very rap- 
idly, but they do not have the same high 
immunity to noise that the afc circuits 
have. 

As a result of the use of afc circuits in 
receivers, a high degree of frequency stabil- 
ity is required in the horizontal sync. and 
blanking signals. Frequency modulation of 
the horizontal pulses is intolerable because 
it causes the right and left hand edges of 
the blanked raster in the receiver, as well 
as vertical lines in the scene, to assume the 
same shape as the modulating wave. As 
shown in Fig. 10 the border of the com- 
plete raster in the receiver is rectangular, 
but frequency modulation of the horizontal 
sync. and blanking will distort the shape 
of the border produced by blanking. Fre- 
quency modulation by a 60 -cycle sine wave 
is illustrated. 

Horizontal retrace begins along a straight 
vertical line regardless of timing and since 
this retrace is controlled by a stable oscil- 
lator in the receiver which is not responsive 
to short -time changes in sync. timing, the 
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presence of variations in sync. timing and 
of corresponding changes in blanking pulse 
timing, will show as a displacement of the 
edges of the blanked raster. The frequency 
stability of the sync. generator must there- 
fore be at least equal to the stability of 
the ocillators used in afc receivers. The 
maximum rate of change of frequency 
allowable in a sync. generator has been 
specified by RMA as 0.15% per second. 
This is a rather strict tolerance as indi- 
cated by the fact that it allows a total 
displacement of only 1/32 of an inch 
(approx.) in a period of one field in a 
picture 10 inches wide. 

Film Projection 

The use of standard sound motion pic- 
ture film for television program material 
offers a special problem which arises from 
the difference in the picture repetition rates 
used. For reasons explained previously, the 
rate used for television is 30 frames and 
60 fields per second. The standard speed 
for sound film, both 16mm and 35mm, is 
24 frames per second, and since each frame 
is projected twice, the picture rate is 48 
per second. The basic problem of reconcil- 
ing the frequency difference has been met 
by using special projectors for television 
in which alternate frames of the film are 
projected twice and the remainder are 
projected three times. In this way, 60 pic- 
tures are obtained in place of the usual 48, 
but the average speed of the film through 
the projector is unchanged; hence the 
sound take -off is entirely normal. 

Another problem also presents itself in 
the use of intermittent film projectors for 
television. The vertical scanning period 
occupies from 92% to 95% of the total 
period. If the projected image is to be 
thrown on the pickup tube during the 
scanning period at all, it must be for the 
entire time so that all parts of the area 
will be subject to the same lighting condi- 
tions. Such an arrangement would leave 
only the vertical retrace period (5% to 
8% of the total, or approximately one 
thousandth of a second) in which to pull 
down the film to the next frame. 35mm 
film will not stand up under accelerations 
produced by sprocket hole pull -down in 
such a short period; hence some other 
scheme must be used. The method which 
has been adopted for use with intermittent 
projectors makes use of the storage prop- 
erty of certain kinds of pickup tubes, such 
as the iconoscope. The frame of film is pro- 
jected with very intense illumination dur- 
ing the vertical blanking period only, while 
neither the pickup tube nor the receiver is 
being scanned. Then the light is cut off 
and the pickup tube is scanned in the ab- 

sence of any optical image from the film. 
The signal generated during this scan re- 
sults from charges stored on the sensitive 
surface during the preceding flash of light. 
While the light is cut off during the scan 
there is ample time to pull the film down 
before the next flash of light, without exert- 
ing destructive forces. The pulses of light 
may be obtained by chopping the output 
of a continuous source with a rotating disk, 
or (with a special type of arc lamp) by 
pulsing the source itself by electronic 
means. The storage properties of pickup 
tubes for this purpose must be sufficiently 
good so that dissipation of the stored 
charges is negligible between light pulses. 
Appreciable dissipation causes loss of con- 
trast at the bottom of the picture. 

Another solution to the problem of film 
projection in television is the use of a con- 
tinuous projector, a type which produces a 
stationary image from continuously moving 
film by means of moving mirrors or lenses. 
This solution has not been accepted 
commercially so far because of practical 
difficulty in making the optical system 
sufficiently accurate to stop motion of the 
image completely. 

The film problem in England, Europe, 
and other areas where 50 cycle power sys- 
tems are standard, and where the television 
field frequency is also 50 cycles per second, 
is simpler in one respect, namely that it is 
not necessary to use the two -three ratio 
for projection of alternate frames of film. 
Instead, the film is projected as it is in 
theaters where each frame is projected 
twice. No attempt is made to compensate 
for the difference between the 24 frame 
taking speed and the 25 frame projection 
peed. The results are an approximate 4% 

increase in the apparent speed of motion 
of objects in the scene (which is probably 
negligible) and a slight rise in the pitch of 
all sounds. This latter effect is the more 
objectionable of the two, though generally 
it is not noticeable in speech and many 
other ordinary sounds. The change in pitch 
ps undoubtedly noticeable to the trained 
musician in the case of musical sounds and 
must produce an unpleasant mental re- 
action to the music. However, no easy solu- 
tion to the problem is known, and the 
situation is accepted without serious com- 
plaint. The other aspects of the film prob- 
lem are not affected by the use of 50 fields 
instead of 60. 

PROPAGATION METHODS 

Modulation 
"l'he choice of amplitude modulation for 

television transmitters was made after com- 
parison of results of a -m and f -m trans- 
missions in field tests in the New York 

area. The results indicated clearly that f -m 
is not suitable for use in television broad- 
cast transmitters or in any television radiat- 
ing system where multipath transmission 
is encountered. The reason may be under- 
stood easily. Multipath transmission in 
any case means that signals arrive at the 
receiving antenna from two or more direc- 
tions, one of which is usually the direct 
path from transmitter to receiver, and the 
others indirect paths along which the signal 
is reflected by objects which are off to the 
side of the direct path. In the a -m case, 
a reflected signal, which arrives after the 
direct signal, produces a single ghost or 
other repetition of the scene displaced to 
the right by a distance equivalent to the 
increase in delay over the longer reflected 
path. The intensity of the ghost depends 
on the relative strengths of the two signals. 
In the f -m case, the delay in the reflected 
signal can mean that two distinct carrier 
frequencies arrive at the receiver simul- 
taneously. When this happens, the result- 
ing beat between the two frequencies 
appears in the picture in the form of a 
moiré pattern, or multiple repeat after each 
object. The frequency of the repeats, or 
spacing of the moiré, is a function of the 
contrast between adjacent areas in the 
scene; hence it varies constantly with 
changes in the scene. The most objection- 
able moiré is produced by the blanking 
pulses because they usually represent the 
largest possible contrast. Where multipath 
transmission is not present, as in the case 
of point -to -point relaying systems using 
highly directive antennas, f -m may be used 
with excellent results. 

American and British standards are at 
variance in the matter of polarity of 
transmission. In Great Britain, positive 
transmission is used. Positive transmission 
means simply that the carrier is modulated 
so that an increase in picture brightness 
brings about an increase in carrier ampli- 
tude. In negative transmission, adopted as 
standard in this country, an increase in 
picture brightness brings about a decrease 
in carrier amplitude. Thus sync. peaks 
represent maximum carrier. The principal 
points presented in favor of negative trans- 
mission are these: 

1. An improvement in efficiency is realiz- 
able with negative transmission in the 
case of high level grid modulation. As 
stated previously, sync. pulses in the 
negative system represent maximum 
carrier. Because they are rectangular 
pulses, any saturation in an amplifier 
cannot affect their wave shape, but 
simply reduces their amplitude. There- 
fore it is possible to utilize the upper 



non -linear end of the modulation char- 
acteristic for the sync. pulses provided 
they are pre- emphasized so that the 
ratio of sync. to picture is correct in 
the modulated carrier. By using this 
non -linear part of the modulation char- 

4 acteristic for sync., the entire linear 
portion of the characteristic is reserved 
for the picture signal. In the positive 
system, on the other hand, where the 
picture whites represent maximum car- 
rier, the non- linear end of the charac- 
teristic cannot be used at all without 
compressing the whites in the picture 
signal. Furthermore, 25% of the linear 
characteristic is unavoidably absorbed 
by the sync. pulses. 

2. Noise peaks which produce an increase 
in carrier will produce white spots, 
which may bloom (spread to abnormally 
large size) in the positive system, while 
they produce black spots in the nega- 
tive system. Such black noise would 
normally be less objectionable than the 
white noise. In other words, the kine- 
scope itself acts as a noise limiter in 
the negative system. 

3. The average carrier power rating of the 
transmitter for given peak output is 
less in the negative system than it is 

in the positive system. 

4. The signal produced in a negative trans- 
' mission system lends itself to the use of 

simple a -v -c in receivers because sync. 
pulse peaks represent constant carrier 
level. Either peak- sensitive or keyed 
a -v -c circuits may be used which make 
use of this constant level as a reference. 
No such simple reference is available 
in the positive system. 

5. Some receivers use an intercarrier sound 
system, i.e. a system in which the sound 
is obtained from the beat between the 
a -m picture carrier and the f -m sound 
carrier. This requires that the picture 
carrier never be driven to zero. In the 
positive transmission system, this re- 
quirement means that the black- refer- 
ence carrier level must be raised at a 
further sacrifice of efficiency. In the 
negative system, only a slight reduc- 
tion in video modulation amplitude is 

necessary. 

Plate modulation, with its high efficiency 
and freedom from distortion, is not suit- 
able for television because it is impractical 
to develop the necessary large amount of 
power in the modulator in the low impe- 
dance required by the broad band. In 
transmitters where high -level modulation 
is used the modulating signal is therefore 
applied to the grid circuit of the final r -f 

amplifier with consequent economy in the 
power requirements of the modulator. 

Polarization 
The question as to which polarization of 

the carrier waves is better, in the portion 
of the spectrum used for television, is prob- 
ably impossible to answer conclusively from 
a theoretical study alone and was, there- 
fore, investigated experimentally. A paper 
on this subject by Wickizer describes an 
investigation carried out at three frequen- 
cies, 49.5, 83.5 and 142 mc. around New 
York City. This investigation indicated 
preponderantly higher signal strength for 
horizontal polarization than for vertical. In 
some cases there was evidence that vertical 
polarization was preferable within a short 
radius of the transmitter, but the percent- 
age of the total service area over which 
this was true was very small. The largest 
ratio of horizontal /vertical signal strength 
measured in this study was 9.8 db, the 
average being a little over 4 db. Thus, 
though the difference is substantial on the 
average, it is not great enough to make 
vertical polarization unusable. 

There are other advantages to horizontal 
polarization among which are the follow- 
ing. NIultipath reflections in general are 
produced by vertical surfaces such as the 
sides of buildings, cliffs, and groves of 
trees. Both theoretical and experimental 
evidence shows that horizontally polarized 
waves are reflected from such surfaces less 
than those that are vertically polarized. 

Investigation of the character of man- 
made noise signals has shown that rela- 
tively few have appreciable horizontally 
polarized components. Consequently there 
is less tendency to pick up noise in hori- 
zontal receiving antennas. 

The construction of horizontal antennas 
is somewhat easier, in both transmitting 
and receiving cases, than the construction 
of vertical antennas. Horizontal dipoles are 
simple in construction and are easily bal- 
anced with respect to the earth's surface, 
the roofs of buildings, and supporting 
structures. Proper balancing of vertical 
dipoles is more difficult and they are 
usually abandoned in favor of vertical 
quarter wave radiators with artificial 
ground planes which are bulky and often 
difficult to handle. 

The horizontal directivity of horizontal 
dipoles is a substantial aid in reducing the 
pickup of interfering signals at a receiving 
location. 

These are probably the most important 
considerations which led to the adoption of 
horizontal polarization in this country. 

Single Side -Band Transmission 
The development of what is usually 

called single side -band transmission is prob- 
ably one of the most valuable contributions 
to the television art, for it has made pos- 
sible much more efficient use of the avail- 
able channels, or from another standpoint, 
it has made possible the use of much 
smaller channels than would be possible 
otherwise. 

It is well known that amplitude modu- 
lation of a wave produces a band of fre- 
quencies about the carrier as a center, the 
boundaries of which are the sum and def- 
erence frequencies of the carrier and the 
maximum frequency of the modulating 
signal. In the broadcasting of sound by 
AM it is considered desirable to include 
both the carrier and the upper and lower 
side- bands. This requirement makes neces- 
sary a total bandwidth equal to twice the 
highest modulating frequency. For example. 
for transmission of 10 kc. sound, a band- 
width of 20 kc. would be required. 

In television transmission, it has been 
shown that partial suppression of one side - 
band does not detract from the quality of 
the picture in any way, but actually im- 
proves the results by making more space 
available for the other side -band. Side -band 
suppression is equivalent to moving the 
carrier toward one side of the transmission 
channel. In the RMA standards, the carrier 
is located 1.25 mc. from the low end of 
a 6 mc. channel, and approximately 4.5 
megacycles above the carrier are allowed 
for the upper side -bands. The remaining 
part of the channel is allocated to the 
transmission of the sound. If all of both 
side -bands were to be transmitted, the 
channel would have to be increased in 
width by at least 3 mc., thus making a 
total channel width of 9 mc. or more. Such 
an increase in the width of television chan- 
nels would work a serious hardship by re- 
ducing the number of channels available in 
a field where there is already considerable 
evidence of scarcity. 

Single sideband transmission also per- 
mits economy in receiver design by allow- 
ing the use of a narrower i -f band. The i -f 
cutoff may be less abrupt so that phase 
shift in the upper end of the video fre- 
quency band is less severe. 

Suppression of the lower side -band is 
accomplished in the transmitter by either 
of two means. In the case of high -level 
modulation, it is done in a filter having 
the required characteristics located in the 
antenna transmission line. In transmitters 
using low -level modulation, it may be done 
by proper tuning of the linear amplifiers 
following the modulated amplifier. 



References 

The preceding discussion is necessarily 
brief and cannot serve as much more than 
an outline for further reading. There are 
many papers dealing more comprehensively 
with the details and problems associated 
with the various parts of the television 
system. References to some of these are 
included in the following bibliography. 
Most of the papers referred to also include 
references to others which, in toto, comprise 
a comprehensive list. 

One book deserves special mention as a 
reference covering much of the engineering 
background of our television system. It is 
entitled, "Television Standards and Prac- 
tice" (McGraw -Hill Publishing Co., 1943) , 
and is essentially an abridged version of 
the proceedings of the National Television 
System Committee as edited by Donald G. 
Fink. It includes a statement of the stand- 
ards recommended by the Committee to 
the Federal Communications Commission, 
discussion of the investigations on which 
the recommendations were based, and ref- 
erences to pertinent papers. 
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