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INTRCDUCTION

Facsimile telegraphy refers to the transmission and reception of pictures,
documents, maps or diagrams.

Phototelegraphy is that branch of facsimile telegraphy which ooncerns the
transmission and reprcduction of as near as possible a correet tone range.
Documentary facsimile belegraphy however is only concerned with the reproduction of
a very limited tone range near the two extremes of black and white.  Both these
systems ore in daily use, the former by the Post Office (E.T.E.) and newspaper
offices; +the latier by the Post Office, the Services, and many private firms.

Facsimile telegrophy tronsmits only still pictures,; each of which requires
several minutes for transmission, and should not be confused with telcvision which
transmits twenty-five pictures per second, so creating the illusion of motion.

The general principle is for the fromsmitbting apparatus to traverse, or "scan
the original picture (or Socument cte.) as A series of lines, and by photoelectric
means to precduce an elecitric cuwrrent which is proportional to the intensity of light
reflected from each section of the pleture.

At the receiving end o recording blank is scamned by some marking device in the
gsame monner that the originol was scamned at the tronsmitter. The recording blank
can be light sensitive (suoh as photographic £ilm) in vwhich case it is scanned by &
light beam - or it may be o specinlly mode paper copable of being marked directly
by means of a scanning stylus. The intensity of the light beam or the stylus
voltnge is controlled by the received current, the magnitude of vhich corresponds
to the intensity of light and shade of the transmitted plcture.

If a film is used it is then developed and processcd in a similer monner to a
normal photograph, but if the copy is directly recorded on special poper no further
processing is required.

To prescrve o correct tone range as is usually necessary in phototelegrophy,
transmitted currents must be propertionnl to the "whiteness" of the picture at any
instant during the scanning process.  Film or bromide paper is then used at the
receiver; the former providing a negative, the latter o positive copy. If oniy =2
very Limitcd tonme range is required - as is nermnlly +the case with documentaey
Prosimile work, special dircet recording papers providing on immedicte positive copy
arc sttisfactory and the tronsmitted currents necd not be proportional to the
scanncd messnage whitcness,
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The method most frequently used
to scan the subject belng transmitied
is to mount it on a drum controlled
by o lecad screw; ‘thus, as the drum
rokotes 1t advances by o distance
proportional to the pitch of the
sorew for every revolution. In this
mamner all ports of the subject ave
brought conseoutively (in the form of
o spiral) under the aperture in the
photo~cleotric device as showm in
Fig. 1. The meons by which this
device scons the drum swrfoce 1s more
clearly shovm in Fig. 2.

|} SCANNING

i

Fig., 3

The Joamp beam is fooussed by o lens to produce a smll intensely illuminoted
arca on ‘the drum surface, A second lens then focusses light reflected from this

11luminated area into the seanning aperture.
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light passcs through the aperture and strikes the photo-electric oell cathdde, the
aperbure itself being situated in one side of a light tight box enclosing the cell.

The output from the photo~electric cell consists of frequenoles ranglng from
zero to a maximum determined by the definition required and the speed of scanning.
The definition in one dircotion is fixed by the scanning pitch and under normal
conditions it is assumed that the same depree of definition is requlired in a
dircction at right angles to this. The subject Lo be scanned may therefore be
considered as belng made up of elemental squares each having a side of length equal
to the scanning pitch as shown in Fig. 3. The maximum frequency that will be
produced at the eell ocubpubt oan be represented by the cordition that exists when
the picture consists of altermate black and white picture elements.

In order %o determine the band-width required for a phototelegraph transmission
o typical example will now be taken.

The drum used on a phototelegraph transmitter is 88 mm in diameter (27.6 om
circumference) and is rotated at 60 r,p.m. The pitech of the lead screw and
associnted gearing is such that the drum mokes AC revolutions in advancing a
distance of 1 cm, i.e, each line is 1/40 cm wide. Assuming that the tronsmitting
photo=eleetric device is capable of resolving an element of the picture 1/)4.0 cm
square, then the maximum frequency it is required to transmit will be given when
the ploture consists of altermate black and white picture elements.

Mumber of black ard white plcture elements per line = 27.6 x AC
. . Number of picture elements per second = 27.6 xgk_o x 60
0
= 1104
Considering each pair of black and whitc elements as representing one cyole,
then the moximun frequenoy transmitted = 1.12.923:. c/s
= 522“c/ s

The minimum frequency it 1s required to transmit will be given when the picture
is of a uniform shade i,e. ‘the current to line is not verying. Henece for the
particular system discussed it is neeessary to fransmit a band of frequeneies
ranging frem zero to 552 ¢/s at least, in arder to cbtain perfect roproduction. A
gtill wider band would be required if 1t werc necessary to mcfucs the time taken o
transmit the particular picture, or to provide a higher definitien.

Normal 1ine limitations and problems of d.c. amplifiecation prevent the direct
tronsmission of this range of frequencies from the transmitter to the recelver.
Therefore, in all cases a carrvier freguency is employed ard is mcdulated by the
photo~electric cell signals, Amplitude ar frequency mcdulation can be used, ard
it is usunlly termed sub-carrier amplitude {or frequency) modulation to distinguish
it from the normal telephonc land line or radlo carrier frequencies. The sub=-
carrier frequency is chosen to be near thc centre of the pass range of the average
tclephone speech circuif; 1900 ¢/s is the frequeney recommended by the C.C.I.T.
This permits the transmission of o maximum photocell frequency of approximately
1000 e/s, representing 1900 %L 1000 ¢/s %o line., For high quality work, however
the moximum is usually limited %o 500 ¢/s to avoid phase distortion that can cause
treuble with freguencles too far removed from the centre of the pass range of the
tronsmission path. '
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The photoecll signals are recovered at the receiver by demcduletion and are
then used to operate the marking deviee.

Index of Co-operation

To ensure that, within practical limits, an exact facsimile of the original
will be reproduced at the receiver, two basic corditions must apply: (i) The
transmitter and reeceiver drums must rotate at the same speed and (ii) the recorded
copy must possess the samc aspect ratlo as that transmitted. The aspect ratio ~
or ratio of the lengths of the two sides of the oopy (assuming it is seanned in
lines parallel with onc of +these sides) is stated in terms of the index of
co~opepation,

s

The index of co-operation, M, is defined by the formula

Where D is the diametcer of the drum
P is the pitch of the helix formed by a series of scanning lines.
F is the scanning density (lines per unit length).

Applying this formula to the previous exsmple

D = 88 mm
P = % mm (per linc)
or F = L lines per mm

Then M = 88 = 88 xh = 352

T

I

If both transmit and receive machines have the same index of co~cperation the
received copy will have the same height to width ratio as the transmittcd copy
although the actual gize may be different.

Mainbenance of the correct imdex is imporitant in phototelegraphy where high
quality pictures arc to be transmitted, but in scme cases with doecumentary facsimile
telegraph work it is advantageous to enlavge the copy in the scanning dircction.
In this case the hrabsmitter index is smaller than that at the receiver but it is i,
sti1l neecssary to maintain the same drum speed.

Transmitting Devices

Early metheds

Baxly equipment employed various means of eonverting the tones ef the picturc
into equivalent electrio currents. These were, in the main, bascd on the use of a
shect of metallic {(copper) foll covercd by some Insulating compound, such as wax or
gum bichrcmate. The picture was then printed on this sheet using a proeess that
removed the insulating covering at all points corresponding to blaek in the pleturc.
L pin-point metalllc contact was then uscd to sean the foil surfneec.  With sulteble
circuit arrangements a current was made to flow betwecn this contact and the foil
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when the two mode contaet on the black parts of the picture. A% other points the
foil wos insulated and cuwrrent could not flow. This system did not transmit o
tone range and was thercfore only suiitable for the transmission of prints, diagrams
and similar documentory material.

Development of the selenium cell permitted the direct control of an electrie
current by the inbenzity of o light beam. Onc form of selenium cell consists of
two separate wires wound round a flat plate of glass or sglate, in such a mammer as
to form o close mesh having two separate electrical corductors. A thin layer of
selenium is deposited on the mesh and, after suitable hent treatment, forms a
conducting path between the two mesh cornexions whose resistonee varles according
to the intensity of light reooaching its surface.

A great disadvantage of the selepium cell is that there is an appreciable time
lag bhetween a.change in light intensity and the corresponding change in resistanece,
and for this reason as Pfar as facsimile is concerned it has been superseded by the
photo~clectric ecll.

Modern Methods

The photo~electric cell, in one farm or another, is used for scanning on
practically all medern facsimile eguipment. The operation depends upon the action
of 1light on an clectrode enclosed within an evacunted or gas-filled gloss envelope,
This electrode is termed the cathode and is coverced with an exbremely thin deposit
of eaesivm-silver or similar photo-sensitive materdial. When light strikes the
caesium~-silver surface electrons are emitbted ot o rate proportionnl to the intensity
of the inecident light.  Another elecirede, the ancde, is held at a positive
potential with respeet to the cathode. It is constructed so as not Lo unduly
obstruct the light striking the eathode but attracts the emitted electrons thus
causing a current to flow in the extermal ancde-enthode circult. A load resistor
is included in this circult to provide o souwree of voltbage dircetly related to the
current and hence proportional to the intensity of light reaching the eathede. In
o completely evacunted phobto-cell, above o cerdain value of polarizing voltage, the
gurrent is proportional to the light intensity only. Some forms of photo-cell,
however, contain troces of argon or other inert gas in order fo inerease the
sensitivity by uwbilizing the ionization characteristic; the ewrrent in thesec types
is proportional ‘to the polarizing voltage as well as the light intensity. The
voltage used is of the order of 150 volts depending upon the type of photocell
employed; where gas-filled cells are used the voltage must not be so high as to
cause ionization glow to occur and the working point is aboult 10 volts below this
point.

The photocell does not suffer from any appreciable time lag, the measured value
being better than 3 x 10~9 second, but in view of the very low current produced (of
the crder of 1079 amp) a valve amplifier is necessary and enre must be token o keep
out any stray e.m.f.s by careful screening of the components.

The sensitivity of a typieal gas—filled cell is 130 milliamps per lumen under
given conditions.

A photoelectric cell of increasing importance in facsimile work nowadays is
the multiplier type. This is a vacuum type photocell in which advantage is taken
of sccondary electron emission to achieve amplification within the cell.  Fhoto-
electrons emitited by the cathede are directed towards an auxiliory electrcde, termed
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the "dynode" which is mointnined at a positive potential with respect to the cathede.
The bombardment of thce dyncde causes it to omit a greater number of secondary
electrons than the number of primary electrons initiating the secondary cmission.

An ancde maintained at a positive potential with respect to the dyncdc collects the
sceondary electrons, but it is usuval to have several dyncdes within the same ccll,
cach at a higher positive potential than the previcus one and each contribubting its
quota of amplification. A load resistor is connected in the finnl anode oircuit
and provides a source of volbage proportional to the light incident on the photocell
cathode,

One type of nine-stage multiplier photocell in common use provides a gain of 106
and a sensitivity of the order of 10 amps per lumen with o maximm ancde ourrent of
1 milliamp.

Receiving Deviccs

General

At the recelving end of the system, the picture blank is scanned in the some .
marmner as the pletwre at the tronsmitter and the imoge is built wp line by line in
accordance with the receilved currenis.

Recording methods can be divided into two basic groups:

In the first group photographic film, or brcmide paper, is used as the
recording blank and it is exposed dwring the scanning process to a light beam
controlled by the recelived signals. The recorded copy must urdergo normal photo-
graphic development befare the latent imnge becomes visiblo. By this methed high
quality photographs having an excellent tone range can be reprcduccd.

The second group comprises recorders that provide a visible copy suitable for
immediate use without further processing. These mnchincs use elther an electro-
thermnl, electrolybic or percussion process.

In the clcetrothermal methed a high voltage (a.c. or d.o.) is applied, by means
of a metal stylus, To a light coloured varnish on the surface of a special recording
paper having a metallic backing. This metallic base iz in contact with the earthed
drun (or platen) and provides the return path for an arc current which burns through
the varnished surface. Between the varnished surface and the metallic backing, the
paper filres are lmpregnated with carbon and when the arce vapourizes the surface
coating, the carbon becomes visible thus providing a black copy.  When a "white"
signnl is received the volinge dis not applied and the ariginal vornish provides the
white background.

The electrolytic process depends upon the production of a black dye when
current flows through a domp paper oontaining certain chemicole, The recorded copy
although slightly damp, very quickly dries and is suiltable for immediate use.

Flain paper and normal ink are used in a percussion reccarder. The ink is
carried either on a small wheel cr in a pen which is mechanically comnected to the
armature of an clectramagnetic unit.  When recelving a "black" signal the unit is
energized so as to cause the wheel (or pen) to strike the paper and thereby provide
o black mnrk, The wheel (or pen) is lifted off the paper when recciving o "white"

signad.
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The second group of recording methods is mostly used for documentary work.
The copy generally provides a very limited tone range althousgh in some cases under
suitable conditions fair photographic results can be cbtained.

Methods of Light Control

There are several methods of preducing the contrelled beam of light necessary
at the phototelegraph receiver. Farly systems included the glow discharge lamp,
the vibrating-tape light-shutter and the Kerr cell.

Present day phototelegraphy systems employ either an oscillograph or crater
lamp method of light control.

The Oscillograph - The received ourrent is amplified and rectified electron-
ically and the rectified ourrent is passed through an oscillograph consisting of a
coil of wire placed in a strong magnetic field. A swell mirror ls mounted on the
coil, the coil supports and inertia of the system as a whole being so srranged that
it can respond to rapid changes in current; the angular movement of the coll and
the mirror is proportional to the strength of the current. Light from a fixed
lamp is projected on the mirvor and the reflected rays are passed through a
specially shaped aperture, after which they are focused as a spot on the film drum
by a system of lenses. The aperture is so arranged that the inteunsity of the
1light spot varies with the amount of deflexion of the coll and is adjusted to give
the correct relationship between received current and light intensity to sult the
photographic requirements of the film.

The crater lamp - This lamp is a development of the neon or rare gas filled
tube and produces what can be considered as a point source of comparatively high
intensity light. The light intensity is proportional to the current flow through
the tul;e and the lag in its response can be ignored at frequencies up to about
1000 c/s.

Synchronization

In order %o build up the received picture correctly it is essential that the
scanning systems at the transmitting and receiving ends operate in synchronism and
the problem of synchronizing the two equipments has been tackled in a number of
WayS., The usual arrangement is to provide some form of frequency standard at both
erds and use these to control the driving motors. Ulocks have been used in this
way, but most systems use tuning forks although some medern equipment makes use of
crystal oontrol.

Tuning forks have been used for same years and still provide the simplest form
of standard frequency source for this purpose. The most direct methced of fork
control is by use of the phonic motor. This device is very similar in principle
to the synchronous motor used in the synchroscope and consists of a stator which 1is
fed with alternating current at a suitable frequenoy together with a polarizing
direct current in such 2 menner as to set up a rotating magnetic field. A toothed
soft~iron rotor moves inside the stator and if the rotor is run up to a speed such
that it moves Fforward ome tooth for each cycle, it will fall into step and run
synchroncusly. One ccmmon form of this mobor,has 51 rotor teeth and runs at 20
revolutions per second when fed with 1020 c/s the synchronizing frequency standard-
ized by the C.C.IL.T.

Rota EP/Telegraphy 6/1 7.



TELEGRAPHY 6/1

Ancther method of synchronizing a machine consists of providing a d.c. motor
driving an albernator which, at synohronous speed, generates the same Trequency as
the controlling frequency standard. The output of the altermator is fed inte the
ancde circuit of a valve, and the conbrcl frequenoy te the grid. I the two
frequencios are in synchronism, the valve will present a oonstant loed to the
alternator. Any change in meohanical load on the motor will change the phase of
the alternater output, and oonsequently the phase relation between the grid comtrol
voltage and the anode voltage from the albternator. This will alter the load on
the alternator in such a direction as to ‘bend to maintain synchroniism.

Control methods of the type described above are used whether the frequency
standard is a tuning fork or a crystal and even in cases where the synchroniszing
frequency is trensmitted over the system. In the case of arystals, a frequency
divider has to be introduced to bring the frequenoy to a suitable value for
operating the comtrcl, the frequencies used for this puxpose in recent yeaxs being
between 500 and 2,000 ofs.

Recent development of simple doocumentary faosimile equipment has neceasitated
the introducktion of & less complicated means of synchronization, This has been
achieved by driving the equipment by mobors synchronized with the 50 o/s a.c. mains
and provides reliable results throughout the grid-oontrolled mains network.

Phasging

Having established that the transmitting and receiving mechanisms are
synchronized it is also necessary to ensure that the scanning devices ocoupy the
same relative positions with regerd to the plcture and the pleture blank. I this
operation, known as "phaging", werc not performed, there would be every possibility
that the received pioture would not fall completely on the plcture blank i,e. the
joint in the f£ilm would cocur in the picture. The method of phasing varies with
the system, of which there are, broadly speaking, three classes., In the first
class, the picture drum at the sending end may be started off from a definite
position by means of a mechanical or eleotranagnetic clutch, together with the
simultaneous trensmission of & starting signal which cperates a similar cluich at
the receiving end, thus sterting the receiving drum from the same relative position.
Such a signal may be given by the interruption of the pichure carrier ourrent at
the sending end. In the case of the second class of system, the driving mechanisms
at the two ends of the cirouit are in contimuous cperation and the demountable
picture drums engage the driving shaf'ts in one posibtion only. Phasing in this case’
is carried out by mounbting a necn lamp on the shafi at the receiving end such that

it potates with the shaft, the neon lamp being energized ocnce pex revolution by a
phasing signal from the sending end. This signal may be from a contact on the
transmitter shaft or alternatively a white line may be painted on the transmitter
shaft in such a position that it is soammed by the transmitting device, thus causing
picture carrier to be sent tc line which in turn is used to energize the neon lamp
at the receiving end. Since the two shaflts are in synchronism, the neon flash will
always occur at the same point on its path of rotation and the phasing of the
receiving equipment is then altered until the flash occcurs at some pre-determined
position where the twe shafts are in phase. The change in phasing of the recelve
equipment may be cerried out by putting the mechine out of synchronism until the
phaging is correct or by turning the stator of the combrol albernator where this is
used.

Rota EP/Telegraphy 6/1 8.
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The third class covers a method introduced teo simplify auwbomatic phasing where
unattended operatian of the recedver is desired. This, of course, only applies *a
direct recording systems. There, one machine is made to run several percent
fagber or slower than the other. Contacts fitbed on both instruments cperate at
the picture blank, or ‘'clip' position and eventually, due to the speed difference
between the machines these operate simultaneously. A condition is then set up to
restore the machine which is rumning off-speed (fast or slow) to ihs normal
synchronizing speed thus setting both equipments to the same relative positions.

SYSTEMS TN USE

A brief desoription of two systems is given below in oxder tc show the build
up and special features of facsimile telegraph systems,

The Muirhead~Jdarvis System

The equipment in
PHONIC MOTOR this system is entirely
iofi GEAR — {& 77 I "‘." STARTING MOTOR mains operated and
_ nged for use in full
' daylight, a dark room
being necessary only for
loading the drum and
developing the received
picture, In beth
transmitter and receiver,
the pleture drum and the
phaonic mohor which
drives it, are mounted,
together with a lead
screw of & in. pitch, on
the carriage, which runs

/ PICTURE DRUM

SYNCHRONISING
CLUTCH

e

TRAVEL RATE &
DIRECTION SELECTOR

TOOTH RATCHET WHEEL 5%
TRAVERSE LIMIT TRIPS

NUT ATTACHED 10
MAIN BASE

FRAME OF CARRIAGE.

on a slide formed on the
main bed of the machine.

R9278

Fig. &

The lead screw runs in a nut whioch is fixed to this hed such that if the lead
sorew is turned, the carriage moves forward. The drum spindle carries an eccentric
which works & rocker arm bearing a pawl. This pawl engages with a 150 tooth gear
wheel attached to the lead screw, and, for each revolubtion of the drum spindle,
feeds it round by a certain munber of teeth and thus moves the carriage. The
number of teeth which the pawl is allowed to feed on is determined by a sectar plate
over which it runs, and which keeps 1t clear of the ratchet wheel. It is only when
it runs over the edge of the sector plate that the pawl can engage with the ratchet
wheel and by altering the position of this sector plate, the pawl can be made te
feed 0, 2 ar 3 teeth per revolution of the drum. 0 corresponds ‘tc neutral, 2 gives
150 lines af scanming per inch and 3 gives 100 lines per inch, Actually, as will

Rota EP/Telegraphy 6/1 9.



¥

TELEGRAPHY 6/1

be seen from Fig. L, two pawls are provided, back to baok, and two separate seobar

plates.

When cne pawl is in operation, the other is lifted olear by its sector

plate and vice versa thus giving two directions of traverse, enabling positive

prints or negatives to be obtained.

Two drum speeds are provided, one of 1 Twp.s.

and the other of 2 r.p.s., the changeover frcm one to the other being effected by

using 1020 o/s direct from the synchronizing tuning fork for the 2 r.p.dg. and half
this figure for the 1 r.p.s. speed.
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Fig. 5 shows the optical system employed at the trahsmitter whilst Fig. 6
shows the block schematic of the complete transmitter.
plchure on the drum reaches the photocell. wia a chopper disc whioh interrupts it
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7,200 times a gecond, The cutput from the photocell, after amplification, is
passed through 2 high pass filter having a cut~off at 5000 ¢/s where the actusl
picture frequencies of 0~1000 ¢/s are removed, and a carrier of 7,200 ¢/s modulated
with the picture signal 0-1000 ¢/s, is left. After further amplification this
modulated signal is fed into a frequency changer with an oscillator frequency of
5,900 ¢/s. This delivers a carrier of 1,300 o/s modulated with ‘the picture signal
which is selected by means of the low pass filter, the 5,900, 7,200 ¢/s and unwanted
modulaticon products being suppressed. The 1,300 o/s modulated carrier undergoes
further amplification befere transmissicn to line.

The receiver optical system and block schematic are shown in Figs. 7 and 8
respeotively. The incoming signal is amplified in two stages, the first being a
normal, amplifier whilst the second is non-linear te provide some measure of
compensation for the non-linear photographic characteristic of the film or paper.
Fram this point the signal passes te a demodulator and low pass filter, at the
output of which appears *he actual picture signal of 0~1000 ofs. This ds fed intbe
the Duddell oscillograph unit, and the mirror on the oscillograph deflects a beam
of Light across an sperture thus regulating the amount of light reaching the photo-
graphic material on the receiving drum.

Synchronization between the transmitter and receiver is obtained by providing
a tuning fork at each end contreclling the phonic metor driving the scanning system.
The frequency of the-tuning fork may be adjusted over a range of L 2 parts in 4
by robating a magnet in the region of the tuning fork driving ceils. A change in
amplitude alsc takes place which is corrected by means of a potential divider ganged
on ‘the same spindle as the magnet adjustment. The two forks are synchronized by
cbaservation of a cathode-ray tube pattern, the transmitting fork tone being sent
down the line for initial adjustment.  The receiving fork tone is fed te the
deflector plates of the cathods-ray tube through a phase splitting oirouit, similar
tc the cne used in the T.D.M.3., producing a clrcular trace. The transmitbting
fork tone is then applied tc the grid of the tube and causes the electron beam to
be cut off during a porticn of the cycle This gives a figure on the tube which
is shaped like a horse-shoe and which, if the forks are exactly the same frequenocy,
is stationary. To erigure correct phasing, the procedure adopted is to start the
transmitting drum by operating a switch whick trips a magnetic clutch between the
phonic woter drive and the dwime.  This clutch has ‘only one tooth and seo the trans-
mitting drum always starts in thé sawe phase relationship tc the drive. A contact
on this drive makes cnoe eaoch revolution, and this sends the phasing signal down
the line tc operate a magnetic clubch on the veceiver. This clutoh consists of a
single pawl, bearing a fixed angular relationship to the start of the papsr on the
drum, which is made to engage with a 100 tooth ratchet wheel on the drive, Thus
the maximum phase error is not more than 3,6 degrees.

Scme idea of ‘the time taken for a picture transmission may be gained from the
following: a picture measuring 10" x 8" reqguires 6 minutes 4O seconds when the
drum speed is 2 rev. per second and the scanning density is 100 1lines per inch.
The game picture requires 20 minutes at a drum speed of 1 rev. per secomd and 150
lines per inch.

Rota EP/Telegraphy 6/1 11,



ADJUSTABLE APERTURE

SHAPE OF LIGHT
BEAM APERTURE

TELEGRAPHY 6/4

.

DRUM (sc;uumc
MIRROR SHAPE OF TONE [\
e R =
-=== i
jo LIGHT BEAM AL
i "‘ APERTURE RECEPTION
b @ SHAPE OF TONE
I e CONTROL
. « 7/  APERTURE FOR
P ¢/ ~. NEGATIVE
| | ~. ~~_RECEPTION
Lo NN MIRROR
i i ~
byl VAN
\ TTTEAS
MIRROR/ S N Ut
R9275) TV
RIET SHAPED APERTURE _
(TONE CONTROL) OSCILLOGRAPH
Fig, 7
OSCILLOGRAPH
: 1300¢fs £ 1000 ¢|s NON-LINEAR] . Le | . B
I FROM LINE AP rd AMP AMP. >— DE-MOD mTerl -'!
0-1000¢fs;
fcat000C)s "
|
CATHODE RAY !
21 0SCILLOGRAPH v
STARTING PHONIC
MoToR [~ MOTOR - DRUM
.| FORK _H/l{ 2RPS msk&_ A L—> |
~ Jioeoe)s Tlm | RPS -
FREQUENGY, ___T

DIVIDER

Pig, 8

Pogt Offioe Cable and Wireless System

The second system was designed at the Post Office Research Station on behalf
of Cable and Wireless Litd. and is again mains operated but uses corystal instead of

The motor drive freguency source is a 108 ke/s orystal oscillator,

fork control.

the output of which is fed %o a regenerative frequency divider producing 10,8 ke/s,
which in tuwen drives a second frequency divider to produce 1,800 c/s.

The

1,800 o/s voltage is used to feed a push-pull amplifier, using beam betrcde output
valves, which drives a 1,800 r.p.m. synchronous motor.

mounked on a hollow shaft rotated at 60 r.p.m. by the synchronous motor, whilst the

The picture drum is

lead screw runs inside the hollow shaft and is driven at a different rate by

suitable gearing.
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12a

The hollow shaft has a longitudinal slot for the lead screw

St



EDUCATIONAL PAMPHLET - DRAFT SERIES
TELEGRAPHY 6/1

Tollower which slides the picture drum along the shaft. Since Tthe lead screw is
driven at a different rate to the picture drum shaft, the drum slides along the
shaft, its rate being determined by the difference in speeds. Thus if the lead
sorew rotates at Bh rep.m. or 66 r.p.m. the effective speed difference is 6 r.p.m.
and with a pitch correspoending tc 10 turns per inch on the lead screw, the drum
will advance approximately 1/100 inch per revolution.
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Fig. 9

At the trensmitting end the scanning light spot is cbtained fram a lemp via a
mirrer galvanometer and aperture (see Fig. 9). The aperture determines the
ultimate shape and size of the light spot. The mirror galvancmeter has its
deflecting coil energized from the 1,800 o/s drive source thus interrupting the
light source at an audio frequency and simplifying the amplification of the
resultant photocell oubput, since a normal A.F, amplifier can then be used instead
of a d.c. amplifier. The oubput signal from the photecell amplifier will consist
of a 1,800 ofs carrier modulated in amplitude by the plcture intelligence which is
then rectified and the resultant d.c. is used o frequency mcdulate an oscillator,
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When there is no output from the photocell i,e. black, the oscillator frequency is
1,600 o/s whilst full medulation, corresponding to white, shifts the oscillator
frequency to 2000 c¢/s. The transmitted signal corresponds therefore, to a
frequency modulated carrier of 1,800 c/s having a deviation of L 200 o/s, frequency
modulation having the advantages of improved signal to noise ratio and greater
freedom frem distortion as compared with the more normal amplitude mcodulation.

At the recelving end of the system it is necessary to reconvert the freguency
modulated signals back into amplitude modulated signals in order to operate the
csoillograph, This is done by what is known as 2 discriminator, which gives an
output voltage proportional in amplitude to the frequency of the input voltage,
provided the latter does not veary in amplitude as well. Infortunately, it is
difficult to design a discriminator to work at frequencies of the order of 2 ko/s
s0 it is first of all necessary to shift the incoming frequencies to a higher
portion of the spectrum.

The received signal is first filtered by a band-pass filter (pass band 800 c/s
to 2,800 c/s) to remove noise and harmonic distortion components, it is then
limited in amplitude by a push-pull valve limiter stage and subsequently passed
through a low-pass filter to remove harmonics introduced by the limiting action.
The carrier frequency is now raised to 12,600 ¢/s by modulating a 10,800 /s
frequency derived frem the 108 ko/s orystal. After modulaticn, a band-pass filter
selects the new carrier of 12,600 ¢/s with the ¥ 200 o/s deviation and this is
applied to the discriminator. The demodulated signal is rectified and applied as
a d,c. voltage to the mirror galvanometer, thus modulating the light beam and
varying the amount of light falling on the film drum. The same optical system is
uged as for transmission except that in this ocase the rectified picture signal is
applied to the mirror galvancmeter coils instead of the 1,800 ¢/s chopping
frequency.

Portable Phototelegraph Equipment

A set of portable photctelegraph equipment is at present undergoing tests in
Telegraph Branch. Details of the apparatus will be included in later issues of
this pamphlet when more information is available.

Docupentary Facsimile Telegraph Eguipment

Direct recording systems are frequently used for short distance transmission
of written or typed matter. The equipment iz wvsually designed to scan and re-
produce the information contained in an area of from 20 to 40 sguare inches and to
complete the transmission within 2 to 3 minutes. An exception to this is the
transmission of large (18 inches square) weather maps by the Meteorological offioce;
a service which is being expanded in this country and abroad. A brief description
of the main points concerning direct recording is now given.

The equipment is operated and synchromized by the mains, A standard
mechanical rotating drum and fixed speed lead screw provide the scanning. This
method iz qulte satisfactory for the transmitter as an operator will always be
present to load the drum with the message, and to start the transmission. At the
receiver it is advantageous to aveid the need for continucus attention by an
cperator, Hence some equipments have reoelvers inwhich a continuous roll of
recording paper is fed between recording elecirodes. The received messages can
then be recorded one after another (as on a page printing teleprinter) and torn
off as required,

Rote EP/Telegraphy 6/1 1he
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The methed of loading the transmitting drum is designed for simplicity and can
consist of a spring band which is slipped over the form after the latter has bheen
wrapped around the drum. An alternative is to hold the form on the drum by a
transparent wrapper; this being designed for easy loading on the roller blind
principle.

The signals transmitted are in the normal frequency range of a %elephone
circult, this being achieved by modulating a carrier frequency with the photocell
output. Some systems employ a chopper disk to generate the carrier - the
amplitude medulated signals then being applied o line without any further
frequency changing. Alternatively a high gain photo-multiplisr cell with its
large output can be uged directly to control a separately generated carrier via a
balanced modulator; +the resulting frequencies being applied to the line ag befare.

For direct recording, the peak carrier amplitude nearly always corresponds to
a maximum black signal. This is the inverse of standard photobelegraph practice
and is necessary because the paper used for direct recording requires the applica-
tion of a signal to mark it. The oubput of a photocell, however, is at a minimm
when black 1s being scanned, therefcore "inversion" is carried ocut at the transmitter
and a peak signal is thus transmitted +to line when black is being scanned.

Generally the equipment is more simply construoted than high-quality photo-
telegraph machines and although scanning densities of 100 tc 150 lines to +the inch
are uged, the directly recorded copy is of poarer quality than the equivalent on
vhotographic paper. However for average documentary matter, maps, diagrams,
text ete. the resulits are gquite satisfactory.
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