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The Problem of Synchronism in Television

A Description of the Method which has been Adopted in John L. Baird’s Apparatus

NE oi the greatest problems of tele-

vision is that of sceuring and mam-

taining  synchronism  hetween  the

transinitting and receiving mechan-
isms. In phototelegraphy, as distinguished
from television, the problem is relatively
simple, for the speed ol transmission is so
very much slower that greater crrors in
synchronism are permissible,  Also, as will
he made clearer later, synchronism m photo-
telegraphy need only be carricd out in what
might be described as a single dimension :
whereas, in television, it must be carried
out, in a sense, to two dimensions.

In phototelegraphy the problem resolves
itself into the rotation at precisely equal
speeds of two cvlinders, one at the trans-
mitter and eone at the receiver.  Simultane-
ous starting can be effected by a prearranged
signal.

The maintenance of equal spreds of rota-
tion can Dbe accomplished in several ways,
the commonest being by means ol electric-
ally-operated tuning iorks or clockwork-
operated pendulums.  Whichever s n is
employed, it is cansed to send periectly
timed clectrical impulses to the receiver,
and at the receiver these impulses are caused
to control the speed oi rotation ot the re-
ceiving cylinder.

At the end of the transmission oif a pic-
ture, amd Dbefore commencing to  transmit
another, the two remotely separated mech-
amisms can, if desired, be stopped and si-
multaneously restarted, thus ensuring that
the receiving mechanism starts at the he-
ginning, in step with the transinitter.

In television, however, both mechanisms
are running continuously, and sixteen com-
plete pictures are transmitted per second.
Under these conditions it is possible that
both mechanisms may run at the same speed
and still the image will be incorrectly re-
ceived at the distant receiver.
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RESULTS OF IMPERFECT SYNCHRONISM

This difaculty has given rise to a com-
mon  misunderstanding, prevalent even i
technical eireles, which, in turn, has caused
the difficulty of synchronism in television to
be, to some extent, overrated.

Onite commonly the statement has ap-
peared that a difference of phase of only
une per cent between the transmitter and
the receiver is sufficient to spoil the defni-
tion of the received image. Were such a
statement true, the 1>mhlcm of svnchronism
would indeed be one of almost insurmount-
able difficulty.

Fartunately, however, an analysis ot the
facts shows that if the transmitting and re-
ceiving mechanisms are out of phase the
image is not blurred, but merely displaced ;
the clearness is not altered.  The cffect is
that the image of a man's face, "instead o1
being visible squarely in the center of the
receiver screen, is displaced 1o right or leit.
so that his face appears to be cut off ver-
ticallv, say, hy the nose. On the other
side o1 the screen the other hali of his face
1s visible, also cut off by the nose. In the
center of the screen his right and lert ears
will almost touch each other.

In phot nm‘lu-mp]l\ a similar effect would
be abtained if, on startng the transmitting
cylinder at the beginning oi a picture, the
receiving stylus were sct, not at the proper
end oi the cylinder, but somewhere in the
middle.  If, when the recording stylus
reached the end of the cylinder, it were to
be lifted and set at the other end of the
cylinder, the correct starting point, the re-
sult \\uu]d he that the leit hali of the face
would be at the right of the picture, and
Tice ersa.

Sig Oliver Lodge, the eminent British scientist,
which Is being operated by its inventor, Joha L

posing before the television transmitter,
. Baird.
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The distortion, or hblurring of a television
image is caused only by different speeds pre-
\,u[mb at the transmitter and receiver, that
is to say, by lack of isechronisin. The prob-
lem of isochronism is much simpler of solu-
tion than that of synchronism. Possibly
these words are mot familiar to readers,
and it is not out of place to define them lere.

ISOCHRONISM AND SYNCHRONISM
DEFINED

W hen two mechanisms are said to be
r1l[ml111., in isochronism, what is mecant is
that they are runuing at the same speed, but
are out of step. For example, two clocks
which are running at the same rate would
be in exact isochronism, although the hands
of one might point to 2.30 and the hands o1
the other to three o'clock. To be in syn-
chronismi, the hands of both clocks must
indlicate exactly the same hour.

When the first efforts were made to
achieve television, attempts were made 1o
abtain 1:ut|1ru1u»1u hy means ai the methods
used in |J]I{J\U\L[Q‘S§rdp|1\. i.e., by means of
pendulums and tuning forks, Such methods.
however, do not lend themselves to television.
for they are not sufficiently accurate.

By wusing synchronous motors, however,
periect isochronism can readily be obtamed.
and the mechanical and electrical arrange-
ments involved are not so complicated as is
the case with the other methods. It was
with the aid of such motors that the first
successiul results n television were achieved
by John L. Baird, the British inventor.

One of these motors comprises, essentially,
an armature, or rotor, supplied with an
alternating current, and a stator supplied
with direct current. Or the rotor may he
supplied with D.C. while the stator takes
the A. The speed at which such motors
is dependent entirely upon the perio-
nr frequency, of the alternating-cur-
rent ~npp ¥, and upon the number of polcs i
the rotor or stator, whichever is receiving
the A.C.

At first glance it might be supposcd that
svnchronism between two television mech-
anisms could be obtained by using two
exactly-similar motors, controlled by rheo-
stats and run at exactly the same speed, as
indicated by a ferm oi speedometer. This
can not be done. however, for ordinary elec-
tric motors continually vary in speed, due to
small variations in the supply current and
other reasons. This hahit of variation is
known as “fraoiting and, before television
can be successfully achieved, the hmnting
propensities of at least one of the motors
must be brought under exact control. The
task ni the synchronous motor is to act as
contruller.

HOW ISOCHRONISM IS OBTAINED

At the transmitting end the image-explor-

ing mechanism is driven hy an ordinary
clectric motor, either A.C. or D.C., depend-
ing upon the supply available. Mechanically

coupled to the same shait is a small A.C
weneralnr, The periodicity of the output ol
this machine may have any convenient value :
but the higher 1t is, within very reasonable
limits, the better are the results,

This A.C. output is then conveyed (as
will he discuszed later) to the receiver, where
it is caused to drive a synchronous motor
which is mechanically coupled to the samwe
shait as the main driving motor which aper-
ates the image-exploring mechanism of the
receiver. This main driving motor, like the
main driving motor at the transmitter, is



Radio News for January, 1928

IMAGE- EXPLORING
DISC ™

WORM
A.C.SIDE GEAR D.C.SIDE |

— - T\I‘ BEARINGS
1

fr—

Wi
LEELLE L

i
N
et

ulﬂlﬂ.
T

HANDLE OPERATING WORM GEAR

Fig. 2
The outer view of the driving motor and Sym-
chronous motor, which can be adjusted by means
of the worm gear.

an ordinary eclectric motor operating off
any convenient supply. .

The main driving motor at the transmittcr
has the usual tendency to “hunt,” and it is
allowed to do so unchecked; the pc_r‘iodn:gly
of the A.C. generator coupled to it varies
in accordance with its speed wanderings.

At the receiver, however, the main driv-
ing motor is not allowed to hunt independ-
ently. Its speed is under the absolute control
of the synchronous motor Couplc_d to it; and
as the speed of the latter varies in cxacl
sympathy with the periodicity changes of
the distant A.C. generator, it follows that
the main receiver motor must at all times
he revolving at exactly the same speed as
the main transmitter motor. The fact that
they both hunt slightly does not matter, for
they hunt in unison. Therefore, isochronism
is achieved. y

There remains now the question of syn-
chronism. That is to say, although we have
the two machines running at exactly the
same speed, we have, as vet, no means for
keeping them in the same phase relation.

OBTAINING SYNCHRONISM

As stated previously, a difference of phase
does not cause blurring or loss of defini-
tion. It merely causes a shift of the image
as a whole, and this image shift is very
simply rectified by the expedient of rotating
the receiver’s driving mechanism as a whole
about its spindle until the mcture comes nto
wiew in its proper place.

The action may be compared to that per-
forined by the operator of a moving picture
projector when the picture appears with
people’s iecet at the top of the screen and
their heads at the hottom, with a dividing
line across the middle. All that is required
is simply an adjustment to bring the picture
properly into its “irame.” The descriptions
given above will he understood more cim_r!y
if reference is made to the accompanying
diagrams. .

In Fig. 1 a cross-sectional view is given
of the receiver's driving mechanism. At the
extreme right-hand end of the shaft is the
image-exploring disk. Further to the left,
within the *“carcase” (irame) is the D.C.
main driving motor. To the leit of that is
the synchronous motor, which controls the
speed of rotation of the D.C. motor, giving
isochronism.

The carcase of these motors is mounted
on bearings, so that it can be rotated bodily
by means of a2 handle operating through a
worm gear. This feature is more clearly
shown in Fig. 2,

It will be seen that this mechanism has
the merit of extreme simplicity, and it secms
to work extremely well in practice; for it
is essentially the method used not only by
Mr. Baird, but also by the American Tele-
phone & Telegraph Co. in their recent dem-
onstration of television hetween Washington
and New York.

Mr. Baird's British patent (No. 236,978,
of March 17, 1924) describes this device

for rotation of the mechanism; although it
is questionable if any patent involving the
use of a synchronous motor as a mcans of
obtaining synchronism can be considered
valid, because the synchronizing principle, to
use the phrascology of the Patent Office, has
been “leng known to the art.” However,
to Mr. Baird belongs the credit of being the
first successiully to apply this principle,

THE TRANSMISSION MEDIUM

It has been mentioned that the output from
the A.C. gencrator at the transmutter is
“eonveyed” to the receiver,

It iz, of course, impossible at the present
tie to transmit power by radio or over i
telephone line. Therefore, some other means
must be provided to supply the A.C. im-
pulses to the receiver. This is done by caus-
ing the A.C. to modulate either the carrier
current, in the case of wire commumication
between the two points, or the carrier wave,
in the case of radio communication. This
modutation, of course, takes the form of
a continuous note of audible frequency, cor-
respondding to the periodicity of the gen-
crator output. It can, without difficulty, be
carried over the same channel which carries
the television impulses, filter circuits being
used at the receiver to separate the two sets
ofi impulses.

At the recciving station the synchronizing
note, after being filtered out from the trans-

IMABE-EXPLORING ]
DISC

A.C.SYNCHRONOUS
MOTOR

77 HANDLE BY MEANS OF WHICH
- WORM GEAR IS OPERATED
Fig. L
A cross-sectional view of the moter, showing the
relative posilion of the D.C. and A.C. units.

mission channel, is amplified and used to
control the supply of the A.C. synchronous
mator.

To make the operation clear to our read-
ers, we will deseribe the exact apparatus
used at one of Mr. Baird's first public dem-
onstrationg, given in Loudon in April, 1923.
At this demonstration, which was an carly
cffort with erude apparatus, only sithoucttes
were shown, and two separate channels were
used, one for the television impulses. and
one for the svnchronizing impulses. How-
ever, the method of synchronism employed
was essentially the same as that described
above.

The transmitter was connected to two
small loop antennas, one of which transmit-
ted the television signals, while the other
transmitted the note caused by the A.C.
generator. At the receiving station, which
was at the other end of the same room,
two similar loops were employed to pick up
the two sets of impulses.

BAIRD'S ORIGINAL APPARATUS

The note, after being picked up by the
loop and its associated tuning apparatus, was
passed through a 3-tube A.F. amplifier, the
output of wlich was connected to a tele-
graph relay. The amplified atternating cur-
rent caused the reed of the relay to make
contact first in one direction and then in
the opposite direction. That is to say, the
reed was caused to vibrate, or oscillate, he-
tween the two fixed contacts set on either
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side of it. The output of the relay was
therefore an alternating current, directly in
phase with the alternating current generated
at the transmitter.

In order to synchronize the two machines,
the receiver’'s main driving motor was first
run up to speed, under the control of a rheo-
stat. The input to the synchronous motor
was controlled by means of a double-pole
switch, which connected it to the output of
the relay. Across the poles of the switeh
were comnected two little lamps.

As the synchronous motor and the output
of the relay came into phase the lamps flick-
cred, the flickering becoming less and less
as the speed of the svnchronous motor (driven
by the receiver’s main driving motor) ap-
proached that of the gencrator at the trans-
mitter.  When the speeds Decame exactly
isochronous the Hfickering ceased and the
lamps went out entirelv. At that instant
the switch was closed and the current irom
the relay ied to the synchronous motor. This
current was sufficient to prevent the syn-
chronous motor creeping out of phase, which,
in turn, prevented the main driving motor
from hunting.

The above method is essentially similar
to that used by Baird at present, with the
exception that the telegraph relay is, it is
understood, no longer employed. The output
oi the last tube of the amplifier is now ap-
plicd direct to the synchronous motor.

It will be understoad, of course, that the
synchronizing current is almost infinitesi-
mally small; but where well-balanced mech-
anisms are uszd, only a very small syn-
chronizing current is necessary to keep the
main driving motor of the receiver from
hunting.

As alrcadvy  explained, any convenient
supply may be used to run the main motor.
Mr. Baird uses D.C. motors, because the
current supply 1o his lahoratory happens
to be dircct. The A, T. & T., whose syn-
chronizing methods are essentialty the same
as Mr. Bairds, used A.C. motors, simply
because the power supply was in that form.

During the course of his original experi-
ments, Mr. Baird used a synchronizing ire-
quency of 60 cyeles; but, as already men-
tioned, the higher the periodicity used, within
limits, the hetter the results; and [ under-
staned that at present Baird 1s emploving a
synchronizing frequency in the neighbour-
hood o1 200 cyveles. The employment of
this frequency enables him to obtain a much
finer degree of synchronism, and this im-
provement, in conjunction with greatly-per-
tected and hetter-finished mechanisms, has
resulted in a vast improvement in the quality
oi the received image.

Whercas his original television images
were somewhat lacking in detail and marred
by a constant flicker, his present-day results
are remarkable for their improved detail
and the almost complete ahsence of visible
“grain” and flicker. To these improvements
the writer can personally testify, having wit-
nessed hoth the earliest and the most recent
demonstrations given in Mr. Baird’s labora-
tories.

The receiver of Mr. Baird's television system,
which is used with great success, it is stated.



