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4 Claims.

This invention relates to image current trans-
mission and more particularly to the production
and utilization of a form of such:current par-
ticularly useful for transmission over lines, and
through ampliflers, modulators, networks, filters,
ete.

An object of the invention is to provide a novel
method and means for generating an image
current in which the direct and: very low fre-
quency components resulting from the scanning
operation are effectively eliminated as such and
in which .the values of these- components are
represented by other components, and a further
object is to provide simple means for generating
from said current another current in which said
direct and low frequency.components as such
are present.

A further object is to provide a novel method
of and means for producing synchronizing signals
of very precise form as a part.of a television or
picture transmission. current.

Other objects and advantages of the inventlon
will be apparent from the following description:

The principle of the invention is to commutate.

.the current whose frequency characteristic it is
desired to modify, by switches or a modulating
circuit at regularly recurrent intervals, so choos-
ing the frequency:and phase of the instants of
commutation, that they occur at times when the
value. of the current is unimportant or is of a
known value which may subsequently be repro-
duced.

In the case of a picture current, smtable mo-
ments for commutation usually occur between
the end of every line and.the beginning of the
next, for here-the current value'is usually un-
important: in the case of certain well known
systems ‘of television suitable moments occur
in the intervals. between lines and between
frames. In each of these intervals there is nor-

mally a period (or periods) when the current has

a predetermined amplitude and another neriod
or other periods when the current is. zero. Any
such period is equally suitable for commutation
and any odd number of commutations may he
effected during each of the available periods. It
is not even essential that the same number of
commutations should take place in each of the
regularly recurrent suitable intervals.

The effect of the commutation process on the
frequency range required for transmission de-
Pends . on the rapidity of the commutation
process.

Theoretically, when ‘the commutation is ac-
complished absolutely instantaneously, it adds
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infinitely to the frequency content of the current,
unless it takes place at an instant when the
current is zero in which case it may either reduce
or increase the range of the Fourler components. ..

When the commutation process takes & finite
time, as when it is accomplished by modulation
with a wave of “squarish” but not perfectly
square wave form, it is desirable to arrange that
the squarish wave is sufficiently rounded, or the
commutation sufficiently slow, to ensure that the
current changes it produces are not more rapid
than other changes of amplitude Inherent in the
wave, and the tendency of the commutation
process is then to move the frequency range
bodily upward by about half of the line frequency,

An indication of the nature of these frequency

.changes is obtained by considering the energy-

frequency distribution of a typical - television
current. : The composition of a typical television
signal is shown in an article by Pierre Mertz and
Frank Gray in Bell System Technical Journal
1934 at page 478.

It will be found to contain a strong zero fre-
quency component (D. C.). There will also be
strong components of the order of a fraction of
& hertz but practically no energy above one hertz
until the frame frequency (usually 25 hertz) is
approached. Thereafter, there are ranges of
practically zero energy, separated by regions of
small (but appreciable energy corresponding to
the lower harmonics of the frame frequency.
These grow. weaker and are almost negligible
after about the twentieth leaving a gap of zero
energy until the “line” frequency (usually about
10 k. c¢.) is nearly reached. The energy distribu-
tion, both above and below this frequency corre-
sponds approximately to that in the first few
hundred cycles above zero.

Around each harmonic of the line frequency is
centred a similar energy frequency group.

Between each of the first few groups there is
a wide range of almost zero energy, but the
groups corresponding to the higher harmonics,
though ~weaker in energy, are more diffuse in
frequency .distribution. Towards the upper end
of the frequency range, the groups are no longer
well defined and the energy dlstnbution is almost
uniform.

The effect of the modulation process is to re-
place every. former component present by a
series of components. Two in the -series corre-
sponding to a single component differ from the
original .by the fundamental of the modulation
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frequency and two more differ by each odd
harmonic thereof.

The fundamental of the modulation frequency
for one commutation between each line is half of
the “line” frequency so that the total effect of
the modulation on the complex television current
is to replace the group occurring at and imme-
diately above zero frequency (up to the frame
frequency and stronger harmonics thereof), and
the groups centred around the line frequency,
and harmonics thereof, by other groups centred
around half the line frequency and odd har-
monics thereof. Each of these new groups is a
combination of one of original groups raised by
half the line frequency and another reduced by
half the line frequency plus smaller additions
from other groups raised or lowered by odd mul-

_tiples of half the line frequency.

Components of the modified wave which lie
close to zero frequency can only be derived from
components in the original wave which lay mid-
way between zero and the fundamental “line”
frequency or mid-way between adjacent har-
monics of the “line” frequency. In all these
regions the components are normally so weak
that they may be eliminated without appreciable
error.

Therefore for the transmission of the modified
wave, it is not necessary to transmit the Towest
frequencies.

When, owing to the size of the scanning spot
or to the use of selective circuits, the frequency
of the highest components in the unmodified
signal is limited, the usual effect of the com-
mutation is to extend the range upward by the
modulating frequency and to add unimportant
components extending several times the line fre-
quency above the original limit. This is usually
a negligible addition.

If, on the other hand, the components of the
original wave are not limited in this way but
extend above the efficient range of the transmis-
sion path, some of the components in the original

" wave which might have been transmitted are
translated upward beyond the range of efficient
transmission.  Others on the other hand, which
would have fallen beyond the transmission range
are translated downwards into it and are thus
rendered usable. The net result is therefore
that for a given upper limit of frequency, the
commiutating. process involves no loss of detall,
if the frequency limitation is applied after the
modification. The restoration of the original
wave is very. easily accomplished by full wave
rectification.

If the commutations occurred at a moment of
zero current, the restoration may be perfect, but
if at instants when the current is finite, then the
instants are marked by short periods during
which the current falls to zero and rises again.

These short period falls need not prove cbjec-

tionable because they occur between the lines of
the vision or picture.
In a system for transmission it is convenient

- to effect the commutation at the earliest possible

moment and: to retain the current in the modi-
fied form as long as possible.

Thus in a system employing for transmission
a linear scanning device followed by an amplifier
of the electron multiplier type (which amplifies
all freqélencies down to zero) a line amplifier
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(transmitting only alternating current), a trans-

mission line, a further line amplifier (like the
first), and a radio transmitter, the commutating
device should preferably follow immediately after
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the electron multiplying amplifier. Rectification
should be applied (if at all) immediately before
the first modulator in the radio transmitter.

1t is, however, preferable to omit the rectifier
and to employ a modulator in the radio trans-
mitter, which gives double side band transmis-
sion with the carrier suppressed.

The envelope of the carrier wave is then ex-
actly the same as if the modified wave had been
restored by rectification, but at each instant of
commutation the phase of the carrier is reversed.
This reversal does not affect the ordinary tele-
vision receiver, but if signals having the phase
reversed are detected with a synchronised local
oscillator, the commutated wave is reproduced,
which is convenient for amplification and for the
control of the synchronising circuits.

To take full advantage of the convenience of
the modified wave as a control for the synchro-
nising circuits, it is desirable to eliminate entirely
from the uncommutated wave the zero amplitude
period, leaving a constant amplitude period be~
tween the actual “vision” periods.

If the commutation is carried out during the
constant ampliftude period at a rapid but not
necessarily infinite speed, a very precise iudica-
tion is obtained for synchronising, and the
end of “frame” (which is normally marked by a
succession of “line” periods during which- the
current value is varied in accordance with a pre-
determined code between zero and some value
equal to or less than the lowest picture value),
can be indicated by several “line” periods having
a lower current value than any associated with
the actual vision period, or by the insertion of
additional commutations or both.

If additional commutations are inserted, the to-
tal during any “line” period should preferably be
odd, in order to eliminate the direct current com-
ponent as completely as possible,

When using the commutation principle it is
desirable that the number of actual lines per
frame, and the number of blank lines hetween.
frames should both be even, and it is preferable
that the actual lines should both start and finish
with a half line.

All these conditions are easily arranged in a
plain scanning system, but in an interlaced sys-
tem something must be sacrificed. The num-
ber of actual lines in each half frame may still
be even, but the number of blank lines must then
contain a fraction, and if half an actual line is
used to start and finish one half frame, the other
half frame cannot readily be made to do the
same,

Departure from these conditions introduces a
very small steady D. C. or frame frequency com-
ponent which may normally be neglected. A
steady D. C. component may, of course, be
balanced out very easily.

‘When two side bands of the commutated wave
have been transmitted, for example by radio, and,
for the sake of precise synchronisation in special
receivers, the normal synchornising intervdls of
zero current have been omitted, it is advantage-
ous to make the rate of commutation moderate,
for then the envelope of the transmitted side
bands is for an appreciable time approximately
of zero amplitude and the interval of approxi-
mately zero amplitude will be accepted by or-
dinary receivers as a substitute for the normal
zero amplitude synchronising pulses.

The invention will be further described as em-
bodied in a particular television transmitting sys-
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tem, and with reference to the accompanying
drawings. In the drawings:

Fig. 1A is a diagram showing the wave-form
of a television signal produced in known manner
for example by the apparatus described in an
article hereinafter mentioned.

Fig. 1B is a diagram showing one way in which
the wave form of Fig. 1A may be commutated in
accordance with the invention.

Fig. 2 is a block circuit diagram incorporating

features of the invention and capable of giving-

the wave form of Fig. 1B, and

Pig. 3 is a more detailed circuit diagram of a
modulating circuit suitable for use in PFig. 2 in
the case where the input line to the modu’ating
circuit is balanced.

Referring first ‘to Fig. 2, this figure shows how
the invention may be applied to the television
transmitting system described in a paper by
Messrs. Blumlein, Browne, Davis and Green, read
before the Institute of Electrical Engineers on
April 21, 1938. The figure is based on Fig. 3 of
that article. Here the scanning device or camera
I produces the vision wave subject to several
varieties of distortion called “shading”. distor-
tions which are corrected by means of a “shad-
ing” control in the first amplifier 2. Subsequent
“mixers” 3, 4 and 5 suppress parts of the wave
and add further impulses for synchronisation.
in this case the commutation process of the in-
vention should not be applied until the correc-
tion and “mixing” are complete, unless the phase
reversals are to be used for both line and frame

synchronising controls.in which case the syn-.

chronising mixer § is omitted.

The picture channel of the transmitter includes

10

3

signals of alternate lines are negative. It has
been assumed in Fig. 1B that the commutation
is instantaneous but it will be clear that the com-
mutation may take a-finite time within the syn-
chronising interval: .

A simple circuit for the commutating process is
shown in Fig. 3. It consists of the well known
metal rectifier “ring” modulator M supplied over
transformer T1 by a carrier wave at half the line
frequency. The commutated or modulated wave
is taken from transformer T2 and the unmodu-
lated wave is applied over line L. For rapid and
accurate commutation the carrier wave is given
an approximately “square” outline by passage
through an overloaded push-pull amplifier P to

" suppress -the peaks, the positive and negative half

cycles of the output being equal in duration and
the amplitudes of the positive and negative half

. cycles being constant during the whole of the
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additional amplifiers at § and a distribution am- .

plifier 8. -

The various generators 9 to 13 are controlled
as described in the aforesaid article by a line
master frequency source t4 and a frame master
frequency source 15 which are controlled in turn
over frequency dividers 11, 18 by :a' master oscil-
lator I'§ of twice line frequency The divider 11
effects a division by two and the divider 18 pro-
vides various divisions as necessary for the frame
source 15.

In order to adapt the system for the commuta-
tion of the picture wave in ‘accordance with the
invention a commutating modulator 28 is in-
serted in front of the distribution amplifier 8 and

is controlled by. a modulating wave generator 21

provided for that purpose. The: frequency ap-
plied to the phase reversing commutator or com-
mutating modulator 20 is assumed to be half the

line frequency (giving one -commutation per-

iine). "An additional - frequency divider 22 is

40

45

50

therefore provided which operates from the line -

mastef frequency source 14 and provides say an
approximately sinusoidal output of half the line
frequency. This sinusoidal output-is converted
in modulating wave generator 21 into a squarish
wave of the same fundamental frequency and
this squarish wave operates to commutate the
picture wave passing through commutating mod-
ulator 20.

The usual wave form applied to the distribu- -

tion amplifier 8 is shown in Fig. 1A. It includes
line synchronising intervals of substantially zero
amplitude and frame synchronising signals ex-
tending for the duration of several lines and hav-
ing two pulses per line interval as shown.

The effect of commutation at line fregquency
and during the line synchronising intervals is to

60

periods during which the amplitude of the picture
or television wave corresponds to parts of the
scene (about 85% of each half cycle). The am-

plifier P constitutes the modulating wave genera-

tor 21 of Fig. 2 and receives its input from the

divider 22. The ring modulator M is illustrated

as being the simplest type fulfilling the essential

requirements that (a) the input transmission

path must be capable of transmitting all fre-

quencies down to zero, (b) there must be com-

plete suppression in both input and output cir-

cuits of the commutating wave and (c) thetre

must be complete suppression in the output cir-

cuit of the uncommutated input wave.

The ring modulator is not however, to be re-
garded as necessarily best for the purpose and
other suitable forms of modulator will be readily
gppreciated.

~What is claimed is:

1. Television transmitter comprising means for
scanning elemental lines of a field of view in suc-
cession to produce an image current, and means
including commutating means for reversing -in
sign with respect to the preceding group every
group of signal waves corresponding to the light-
tone values of successively scanned lines or pairs
or groups of lines, thereby eliminating or weak-
ening the direct current component and the
lower frequency components of the signal wave
arfd producing  components indicative of said
eliminated or weakened components

2. Means for scanning elémental lines of an
object or ebject field in succession with rela-
tively short intervals between said line scannings,

“means including said scanning means for setting

up a single unitary image current having varia-
tions cerresponding to the light-tone values of
said lines in the order in which they are scanned,
said current being alternately oppositely directed
with reversal of direction taking place only at
times corresponding to said short intervals and

- such that each period of unidirectional flow
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give the wave form shown in Fig. 1B, where the 75

represents the light-tone value of an integral
number. of said elemental lines, whereby said
current over a period corresponding to the time
of scanning a multiplicity of said lines in succes-
sion has no direct or very low frequency com-
ponent of more than negligible amplitude, and
means for impressing said current upon a trans-
ducing element which cannot correctly transmit -
& continuously direct image current representa-
tive of successively scanned lines because of its
inability properly to transmit direct and very low
frequency components.

3. Means for scanning elemental lines of an
object or object field in succession and for set-
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ting up a direct image current representative of
the light-tone value of the successively scanned
lines having large-amplitude components cf line
scanning frequency and integral multiples there~
of, the frequency spectrum of said current hav-
Ing regions midway between adjacent ones of
said components where there are no components
of appreciable amplitude, said current also hav-
ing large-amplitude direct or very low frequency
components representative of the average light-
tone value of a multiplicity of successively
scanned lines, a transducing element incapable
of properly handling said current because of the
presence therein of the direct or low frequency
components; and means for receiving said cur-

b
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directed each ‘consisting of direct current only
and representing the light-tone values of an in-
tegral number of successively scanned lines, said
second current having no components of appre-
ciable value corresponding to said direct or very
low frequency components of said first current,
4. The combination with means for scanning
elemental lines of & fleld of view In succession

.. to-obtain an image current made up of succeed-

10

rent and transmitting it to said transducing ele- .

ment comprising means for transforming said
current into & second current similar in ampli-
tude variations to said first current but having
alternate portions of equal! duration oppositely

ing portions respectively representative of the
light-tone values of the successively scanned ele”
mental lines, of means for causing alternate ones
of sald portions to be opposite in polarity from .
the intermediate ones of said portions, and means
for producing in said current of reversed polarity
as a part of each of said portions and at the end
thereof a relatively short portion of constant

. -amplitude, throughout said current, and of the

20

same polarity as the portion which it terminates.
VICTOR JOHN TERRY. -




