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WHEATSTONE SYSTEM. MORSE KEY-
BOARD PERFORATORS.

1. THE WHEATSTONE AUTOMATIC SYSTEM.

At an early stage in the development of telegraphic science,
it was recognised that circuits ~ould not be worked to the fullest
extent by direct manual operation. Mechanical means were,
therefore, sought by which the speed of transmission could be
increased. One of the most effective methods devised for the
purpose was Sir Charles Wheatstone’s fast speed automatic sys-
tem, which now finds its chief use in the distribution of press
telegrams to all parts of the country.

In addition to the ordinary key-worked Morse apparatus
which is used for speaking purposes, the equipment of a Wheat-
stone set involves the pruvision ot three special instruments,
viz.—

(a) A perforator, by means of which holes representing the
Morse code are punched in a slip of paper.

() A transmitter, which sends out marking and spacing cur-
rents to line in accordance with the holes punched in the paper.

(c) A receiver, which prints the Morse dot and dash signals
on a paper ribbon.

(a) THE PERFORATOR.

The form of perforator illustrated in Fig. 1 is wholly
mechanical in its action.

The plungers A, A1, and A2, when struck by the rubber
tipped mallets shown at the sides, operate the steel punches in a
given order and produce combinations of holes in the paper,
which correspond to the dots and dashes of the Morse code.

On striking the key A, the cutting faces of punches 1,
2, and 3 are forced through the paper into the holes similarly
numbered on the front plate of the punch block (Fig. 2). The
paper slip is, therefore, pierced with three holes in a vertical
line. This represents a dot in the Morse code.

The operation of key Ar actuates punch 2 only and produces
one centre hole, which signifies a space.

The depression of key Az causes punches 1, 2, 4 and § to
perforate the dash signal.

The centre holes made by punches 2 and 4 act as a rack by
which the paper is propelled through the perforator and also
through the transmitter by the intervention of star wheels.

The perforations above the centre line represent marking
currents, the duration being determined by the position of the
succeeding hole below the centre line, which sends a spacing

(9754) Wt. 23827/41/2072 1625 2/32 Hw. G.36 (T.S 404. B.3.)
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Fig. 1.

current when the slip is passed through the transmitter. The
centre holes in the slip are spaced at intervals of 1/10 inch
centre to centre. If a length of slip containing 121 spacing
perforations (which number may be obtained when the word
“ telegraph ” is punched three times, the double space between
the words, but no space after the last word being included),
then the distance between the centres of the first and last holes
should be exactly one foot.
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Keyboard Perforators.—With the object of reducing the num-
ber of separate actions necessary to produce the perforationa
which go to make up Morse symbols by the method described,
and of increasing the rapidity and ease of operating, perforators
with typewriter keyboards have been introduced. By the depres-
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Fig. 2.

sion of a single key, the appropriate set of punches representing
a complete letter or figure is selected and forced through the
paper.

The keyboard perforators in general use for Wheatstone pur-
poses are the Gell and the Kleinschmidt instruments, particulars
of which are contained in sections 2 and 3.

(b) THE WHEATSTONE TRANSMITTER

The positive pole of the battery (Fig. 3) is connected to Cd,
Cu, and the negative pole to Zd, Zu; between these contacts the
compound lever, DU, oscillates. The compound lever is in two
parts, insulated from each other. D is connected to ‘‘ down
line or earth,”” and U to ‘“up line or earth.”” When D makes
contact with Zd, U is in contact with Cu, and when D moves
to Cd, U goes over to Zu. In this way positive and negative
currents are alternately sent to line.

A jockey wheel, J, presses against the upper end and holds
the compound lever firmly against the contacts, preventing it
remaining in the intermediate position shown in the figure.
In one pattern of Wheatstone transmitter, the function of the
jockey wheel is performed by a permanent magnet.

The bell-crank levers A, A1 are the means by which the
required movements of the compound lever are effected through
rods H, Hr and collets K and Ki1. The rocking beam Y,
which is movable on a central pivot, has two projecting pins
P and P1, against which the bell-crank levers are normally
maintained by the action of springs S3 and S4.

The rods S, M are placed one on each side of a star-
wheel W, which is kept in motion by the mechanisin while
the transmitter is in action. The starwheel is so geared that
the upward movement of the rods S, M, if properly adjusted.
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takes place when the perforations in the paper slips come
exactly opposite the ends of the rods. The top of rod S is,
as shown, slightly to the left of M.
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When the transmitter is switched on to run without slip
the rocking beam Y oscillates on its pivot, causing P to descend
and lower the rod S. By the movement of P1, which is raised,
M is free to rise and the top of the compound lever is de-
flected to the right. The succeeding movement of the rock-
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ing beam depresses P1 and allows P and S to rise, thus bring.
ing the top of the compound lever t) the left and reversing the
current to line.

oo
If slip, perforated (say) with the letter o o o (A) be
O O

inserted, then when rod M rises it will be free to pass through
the first upper hole, and the lever DU will be moved and will
send a ‘“ marking ”’ current; when the reverse movement of the
rocking beam Y takes place, rod S will be free to pass through
the first lower hole, and the current sent by DU will be re-
versed : a dot will, therefore, have been sent. On the next
movement of the rocking beam, M will be free to pass through
the second upper hole, and the length of the ‘‘ spacing *’ cur-
rent is consequently precisely equal to that of the previous
‘““marking > current (dot). The ‘‘ marking’ current being
now on, when the rocking beam leaves S free to rise, it is
prevented from so doing by the paper, which is not perforated
below the second upper hole. In this case, therefore, the
*“ marking >’ current is kept on until the rod S is again free
to rise, which it can do through the second lower hole, and the
current is then reversed. It will be seen that the ¢‘ marking *
current is, therefore, kept on during movements equal to two
dots and the space between, and this is the recognised length
of a dash. It is thus clear that when properly perforated slip
is run through the transmitter, any required Morse signals—
dots and dashes, appropriately spaced—can be automatically
sent to the Line.

The perforated slip is kept in position by a roller which
gears with the starwheel. The position of the roller is limited
so that it does not press upon the paper, but only prevents it

——emmm e
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Fig. 4—SwiTcH CONNECTIONS OF WHEATSTONE TRANSMITTER.
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from rising. The central portion of the roller is toothed, but
on each side of the teeth space is provided to allow of the
free upward movement of the rods S and M.

Figure 4 shows the arrangement of the coupled switches
which serve to transfer the electrical connections from auto-
matic to key working. In the position shown, the main bat-
tery terminals C, Z, are cross-connected to MKC, MKZ, which
are externally joined to the battery terminals of the Morse
key. The transmitter is, therefore, not in use.

At terminal offices worked on the universal battery prin-

Fig 5.—WHEATSTONE RECEIVER (SHOWING CoOILS)
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ciple, the transmitter terminal U is left disconnected. This
avoids the necessity of continuing the former practice of open-
ing out the contacts between which the upper part of the com-
pound lever works.

(c) THE WHEATSTONE RECEIVER.

The Wheatstone Receiver is somewhat similar to a standard
relay so far as the electrical portion of the apparatus is con-
cerned.

The electro-magnets, which will be described later, are ex-
posed to view in Fig. 5.

The arrangement of the permanent magnet, soft-iron arma-
tures and inking disc is shown in Fig. 6.
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Fig. 6.—WHEATSTONE RECEIVER.—PERMANENT MAGNET.
ARMATURES AND INKING Disc.

In addition to a tongue, which actuates a local sounder for
key working, an extension of the armature spindle H above
the permanent magnet carries a bent arm, J. At the bent
end of J a slot is cut in which the axle A revolves. A is kept
in position by the flat spring F. The inking disc m is fixed
at the end of the axle A.

The clockwork mechanism gives rotary motion to the
inking disc and its supply wheel, and also carries a paper slip
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forward at any required speed between 7 and 6o feet a minute.
When a marking current passes through the coils of the
electro-magnets, the armatures Si, N1 are deflected to the
left and the revolving disc m is pressed against the moving
paper slip. The received signals are thus recorded in Morse
symbols.
There are three distinct methods of applying motive power
to the mechanism, vig. :—
(i; By a coiled clock spring.
(ii) By a descending weight.
(iii) By the attachment of a small electric motor.
- The mechanical action may be briefly described as follows,

ig. 7:—

gA7train of wheels contained in the upper portion of the
case causes the roller Q to revolve. The roller Q1 is pressed
against Q by the spring R and rotates in the opposite direction
to Q by frictional action. A roll of slip is accommodated in
each of the drawers in the base of the instrument so that the
paper may be changed without delay aad fed from the second
drawer when the first roll is exhausted. The paper passes
over the slip-guide P and then between two steel projections,
a and b, which keep it in the correct position for marking by
the inking disc m. The latter, together with its supply wheel
d, which revolves in an inkwell and conveys the ink to m by
capillary action, are covered by a brass hood, G, held in position
by screw C. If the latter is slightly loosened, the hood G may
be slipped off so as to expose m and d for cleaning purposes.
The inkwell is secured in its place by the thumbscrew M.
The starting and stopping of the mechanism is effected by
means of the lever K. B is a removable plate to facilitate the
cleaning and adjustment of the tongue and contact points.
B and G are shown removed in Fig. 3.

The adjusting screw S controls the position of the electro-
magnet coils with respect to the armatures. If the screw S is
turned in a clockwise direction, a marking bias is obtained.
For spacing, the screw is turned in the opposite direction.

The coils of the electro-magnets (Fig. 8) are each wound with
two wires, each having a resistance of 200 chms, which are then
joined in * parallel *’ inside the instrument, so that the re-
sistance between U and D and between @ and @ is 100 ohms.
Outside the instrument, the coils may be joined either in
¢ series,”” so that the total resistance is 200 ohms, or in
¢ parallel,” by which the resistance is reduced to 50 ohms. The
cores of the electro-magnets consist of carefully annealed soft
iron.

Having briefly explained the functions of the apparatus
peculiar to Wheatstone automatic telegraphy, it now remains
to deal with certain aspects of telegraph working which assume
prominence in this system.
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Fig. 7.—WHEATSTONE RECEIVER (LETTERED).
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“CoILS IN SERIES.” Fig. 8. “CoILs IN PARALLEL.”
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Of these, one of the most important concerns the applica.
tion to Wheatstone circuits of means by which the retarding
effect of inductance upon the speed of working may be greatly
reduced, if not entirely eliminated. In order to achieve the
best results in the application of these means to fast speed cir-
cuits, it is necessary to understand clearly the principles of the
methods employed.

The self-induction, or inductance, of the coils of the receiving
instrument is analogous to inertia in mechanics. Just as, in
mechanics, the application of a force to a heavy fly-wheel does
not cause the latter to attain its maximum velocity at once, on
account of the inertia of the mass of metal composing the wheel,
so, in electricity, inductance causes the growth of a current
in a circuit to be gradual; that is, a current occupies an appre-
ciable amount of time in attaining its maximum value, and
likewise, when the electro-motive force is removed, the cessation
of the current is not instantaneous.

The electro-magnetic time constant of the circuit %, where
L is inductance in henries and R the resistance in ohms, may
be defined as the time required for a current to rise from zero
to .632 of its maximum value. This quantity %is, therefore,
the factor which determines the rate of working on any par-
ticular circuit.

In order to reduce the electro-magnetic time constant, it
would appear to be-only necessary to increase the total resistance
of the circuit by adding non-inductive resistance. This, how-
ever, is not a complete remedy, as the current strength might
be reduced below the working limit, necessitating a proportion-
ate increase in electro-motive force.

Without having recourse to the method described, the rate
of working can be more suitably increased by introducing a con-
denser, shunted by non-inductive resistance, and joined in series
with the receiving apparatus. The effect of the condenser is
exactly the reverse of that due to any inductance in the circuit,
in this case, the inductance of the receiver coils. In the electro-
magnetic circuit, when the electro-motive force is applied, the
rise of current is retarded in relation to that force, or, in other
words, the current ‘‘lags’’ behind the electro-motive force,
whereas in the electro-static or condenser circuit the rise of
the current is in advance of, or “leads ” the electro-motive force.

The electro-static time constant of a circuit possessing
capacity (K in farads) and non-inductive resistance (R in ohms)
is equal to K x R. Since inductance and capacity produce
pposite effects, it is possible so to adjust the capacity and re-
sistance of a shunted condenser as to neutralise the inductance
of the electro-magnetic circuit and so render it equivalent to a
system possessing neither inductance nor capacity. This is
effected by so adjusting K and R that the electro-magnetic and
electro-static time constants are equal. :
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TRAFFIC LIMITATIONS.

Under the best working conditions and using keyboard per-
forators, a simplex Wheatstone circuit working at 100 words
a minute and employing 6 operators should dispose of 180 mes-
sages of average length per hour.

For continuous duplex working it is usual to provide a
second circuit on which corrections and repetitions are obtained.
In these circumstances a staff of 11 operators should complete
370 messages of average length per hour if the circuit is worked
at 100 words a minute.

With a Creed receiver and printer in use, the staff would
be reduced by 2 operators, making the total number employed
9 instead of r1.

2. THE GELL KEYBOARD PERFORATOR.

The general principles of the Gell keyboard perforator are
as follows :—

Fig. 9. When a key (36) is depressed, a letter comb (28) is
raised. This has projections on its upper surface which govern
the selection of the punches for the required symbol and an
extra single projection to control the length of paper slip to be
propelled after the perforations have been made.

2 9

30
28

Fig. 9.

The projections raise thin parallel bars (30), which in turn
raise guide pins (46 and 47) and so communicate mechanical
movement to a series of interlocking bars (19 and 20), the ends
of which pass through slots in the selected punches.

Fig. 10. When the depression of the letter key is approach-
ing its downward limit, an electrical circuit is closed through
contact spring (116), contact screw (11q9) and feed magnet
coils (71).

In descending, a yoke (not shown in the diagram) connecting
the two plungers of the solenoid causes a click to pass over a
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eertain number of teeth in a ratchet wheel in preparation to
feed the paper forward when the armature is released.

Immediately after the feed magnet has been energised, the
punching solenoid (71A) circuit is also closed through the right-
iy

19—
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hand spring contact (117) and screw (121). The yoke, in
descending, draws down a slider which carries the marking and
spacing punches held by the interlocking bars, and also the
eleven centre-hole punches, to perforate the paper. The whole
group of centre-hole punches are fixed in the slider and pass
through the paper with each downward movement. If the
preceding signal does not require the use of all the centre-holes,
a number of the punches will pass through the unused perfora-
tions at the next depression of the slider. When key (36) is
released, the punching solenoid circuit is first broken to allow
the slider to withdraw the punches, the feed coils are immedi-
ately afterwards demagnetised and the paper slip travels forward
under the control of the mechanism already described.

The coils of the solenoids may be joined either in series, as
shown in the diagram, for use with 200 volts power supply, or
in parallel, by removing the cross-connections B—C, F—G on
the connection block and joining A—B, C—D, E—F, and G—H,
for use on 100 volts supply circuits.

The instrument is capable of working at a speed of 8o words
a minute, and in the hands of an expert operator the output,

MECHANISM OF KLEINSCHMIDT KEYBOARD PERFORATOR.
Main lever. Punch slides.

>
-

Punch head.

Feed and

ratchet wheels, -~ Punch selectors.

- Punches,

— Feed lever.

Intermediate
lever.

Floating lever

e Floating lever
link.

= Selecting bars
and T bars.
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in messages of average length, may be taken as from 70 to 8o
per hour.

3. THE KLEINSCHMIDT KEYBOARD PERFORATOR.

This instrument is designed to prepare Wheatstone slips
similar to those already described in connection with the Gell
keyboard perforator, but in mechanical construction the two
machines E:ve few points of similarity.

In the Kleinschmidt perforator, the depression of a key acts
on the appropriate selecting bar, which, by means of projecting
tongues, selects the proper group of T bars, and these, by their
downward motion, communicate movement through connecting
bars and links to the punch selectors, which are raised to a
position immediately behind the punches to be operated.

The punches are arranged in three rows and are stepped
so that the centre holes are first perforated, then the lower holes
and finally the upper holes, the margin between the succes-
sive rows being about 5 mils. This reduces the amount of
force necessary to perforate the paper. As with the Gell, the
whole of the centre punches are actuated with each forward
movement of the punch head.

When the selection has been made as described, an electri-
cal contact is closed to energise the solenoid, which consists
of a single coil and plunger controlling both the punching and
paper feed mechanism. As the plunger descends, motion is
communicated to a punch head sliding in a frame which
carries a guide block containing the selectors. The selectors
raised nearly fill the gaps between the guide block and punch
head, so that the latter in its forward movement forces the
selectors against the punches, which pass through the paper
threaded between the die-plates.

The paper feed mechanism is controlled by a floating lever
acting through an intermediate lever and link to operate the
feed pawl. The punch selectors, at their lower ends, have
projecting leaves which act as stops for the floating lever. As
the punch head moves into position, the free end of the float-
ing lever rests against the raised leaf of the last selector of
the group, and is locked by a small rack. This throws the
opposite end of the floating lever forward and operates the
intermediate lever and the feed-pawl, which passes over the
required number of teeth on the ratchet wheel to feed the paper
forward, in accordance with the length of the signal punched
when the floating lever is released.

The coil ends of the solenoid are terminated on a connection
block in order that the windings may be readily connected
either in series, for 220 volts supply, or in parallel, for use on
110 volts power systems.
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It is claimed that the machine will work as fast as a type-
writer, but for practical purposes 8o words a minute may be
regarded as the limit. In messages per hour the output fre-
quently reaches 70 to 8o.
4. WHEATSTONE AUTOMATIC SIMPLEX CIRCUITS.

Referring to the diagram of a complete Wheatstone set for
simplex working (Fig. 13), the path of the current may be readily

traced.
AUTOMATIC SYSTEM.
Complete: For Transmitting and Receiving.
DOWN LINE or E
READING GONDR
oo
O O
L L .
; HER
UP LINEoOR E O -4
sounoe®] 1P L "0’. T—‘
o-} [P (et :
PR | I H {
e it
Fig. 13.

At the ‘“ Up ” station the line is connected to the galvano-
meter, and the U terminal of the receiver is joined to earth.
At the “ Down ” office, these conditions are reversed, the line
being joined to U of receiver and the galvanometer to earth.

The current from the positive pole of the battery at the
“Up?” station passes through the transmitter from C to MKC
(Fig. 4), thence to the right-hand back terminal of the double cur-
rent key. The switch of the latter being in the “send ” position,
the switch levers will rest on the studs shown disconnected in
the diagram. Assuming the key to be depressed, the current
will pass from the right-hand back terminal of the key through
the key lever and right-hand switch lever to the right-hand side
terminal of the key, thence to the centre back terminal of the
transmitter (K) through the centre switch to the second back
terminal (D) of the transmitter, which is joined to the galvano.
meter. The course is then through the galvanometer to line.

_At the “ Down ” office the current enters from 'ine at the

U terminal of the receiver and leaves at @ (Fig. 8), causing the
tongue to pass to the marking stop and so record the signal. After



www.royalsignals.org.uk
18

passing through the receiver, the current traverses the rheostat,
which acts as a shunt on the reading condenser, the latter being
charged to a degree dependent on the capacity of the condenser
and the difference of potential between its terminals. The path
of the current is then from the rheostat to the centre back ter-
minal of the key, the switch of which is in the ‘‘ Receive ”
position. The current passes through the key vid the right-
hand switch lever to the right-hand front terminal to K of
transmitter, through the centre switch of the transmitter to
galvanometer, and so to earth.

The current may then be assumed to pass through earth to
the ¢ Up” station. When it reaches the U terminal of the
receiver, the path is to the left-hand front terminal of
the key, through the left-hand switch lever to left-hand ke
lever, then to left-hand back terminal, and from thence to MK
of the transmitter, through the right-hand lever switch of the
latter to Z of transmitter, and so back to the negative pole of
the ‘“ Up *’ battery.

When the transmitter is brought into action, the battery
and line connections are severed from the key, and the com-
pound lever of the transmitter performs all the functions of
the key lever by reversing the currents sent to line under the
control of the perforated slip.

From the ‘ Down’ station, the current can be similarly
traced through its course to the * Up ** station.

5. WHEATSTONE AUTOMATIC DUPLEX CIRCUITS.

® (v
RHEO D ()] LINE
DOWN
T
- i . -
EE. DIFFERENTIAL DUPLEX E_t.j_
= THEORETICAL =

Fig. 14
“Duplex” working is the term applied to any system of
telegraphy which permits of messages being sent over a single
circuit in both directions at the same time. The conditions
which render such a method possible are :—
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(a) That outgoing current from either office shall not actuate
the receiving apparatus at that office, and

(b) That the receiving instrument at each station shall re-
spond to the signals sent from the distant station.

There are two systems of duplex working in general use
on P.O. circuits :—

(i) The Differential, which is employed on overhead lines and
underground cables of moderate length, and

(ii) The Bridge system, which is adopted on long under-
ground circuits and submarine cables.

(i) The Differential duplex may be explained with reference
to Fig. 14, which shows a battery, key, polarised relay and
rheostat at each station.

At the down office the positive pole of the spacing battery
is joined to the back stop of the key and the negative pole is
connected to earth. The current may be traced from the posi-
tive pole through the key to the back terminals of the polarised
relay, which are strapped together. If the resistance in the
rheostat equals the resistance of the line, one coil of the dis-
tant station’s relay and the spacing battery at that office, the
outgoing current will divide into two equal parts, one of which
will pass through one coil of the relay in a marking direction
(U to D), and through the rheostat to earth and to the nega-
tive pole of the battery. This is called the compensation cir-
cuit. The other half of the current will pass through the

second coil of the down station’s relay @ to @ in a spacing

direction to line, through one coil of the up station’s relay in
a spacing direction (D to U) to the back of relay, through the
back stop of the key and the up-spacing battery to earth,
whence it may be assumed to pass through the earth to the
negative of the down station’s battery.

In the down station’s relay the two equal currents passing
through the two coils in opposite directions leave the tongue
unaffected while the current through the up station’s relay
is, as stated, in a spacing direction.

At the up station the positive pole of the spacing battery
is joined to earth, and as the resistance between the two sta-
tions by this path is negligible in effect the spacing batteries
at the two offices are joined in series.

The line current from the up office battery may be traced
through the earth to the negative of the down office battery
and so to the back of the relay.

A small portion of current, which may be ignored, will enter
the down station’s rheostat from earth, pass through both
coils of the relay in a spacing direction and return to the up
office vid the line. The greater part of the current will, how-
ever, pass through one coil of the down relay in the spacing
direction to line, through one coil of the up relay still in the
spacing direction to the up key, and back to the negative pole
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of the battery. At the same time as this is taking place a cur-
rent of equal strength passes from the positive pole of the up
battery to the earth connection of the rheostat, through the
rheostat and one coil of the up station’s relay in a marking
direction, and so back to the negative pole of the battery. At
the up office, therefore, the effect of the home battery on the
relay is nil. These conditions may be stated as follows :—

(a) With both keys at rest the outgoing spacing current does
not actuate the receiving apparatus at the home station.

(b) Both relay tongues are kept on the spacing contacts by
the action of the distant battery.

When the up station’s key is depressed the outgoing current
is reversed. The line portion neutralises the spacing current
from the down station, thus leaving the current through the
rheostat to act alone. This is now in a spacing direction, so
that the tongue is still held on the spacing stop.

At the down station, the current through the line coil is
neutralised by the up station’s battery, but the home current
through the rheostat is still in a marking direction. The
tongue, therefore, leaves the spacing contact and passes over
to marking.

The effects produced by the different positions of the two
keys may be summarised as follows :—

(a) When both keys are at rest the line current exceeds
that of either compensation circuit and passes through both
relays in a spacing direction.

(b) With the up office key depressed and down office key
at rest there is no line current. The compensation current at
the up station is in a spacing direction, while that through the
down station compensation circuit is in a marking direction.

(c) With the down office key depressed and up station’s at
rest the line currents are neutralised. At the down station
the compensation current is in a spacing direction, and at the
up stafion the compensation current is in a marking direction.

(d) With both keys depressed the conditions may be com-
pared with (a), but as both batteries are reversed an excess of
marking current passes through both relays.

The diagram of a full set of double current duplex appara-
tus is given as Fig. 135.

From the description given of the Wheatstone Automatic
system it will be readily understood that by adding a Wheat-
stone Transmitter on the sending side and a Wheatstone
Receiver in place of the polarised relay, fast speed duplex
working should be possible. Plates 61 and 62 in the Telegraph
Diagram Book illustrate such sets for Primary and Secondary
battery working respectively.

(ii) The principle of the Bridge Duplex system is similar to that
of the Wheatstone Bridge Testing Instrument.
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UNIVERSAL BATTERY SYSTEM.
Double Current, Duplex and Single: Up Office.
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Two coils of high resistance, usually 3,0000 each and
known as “Coils, Duplex, 3,0000 + 3,0000” ‘are contained in
a box which has three connection terminals on its upper sur-
face. [Each coil forms one ratio arm of the bridge. The
third arm consists of the line and distant apparatus and the
fourth arm is represented by the rheostat.

Theoretically the system may be shown as in Fig. 16.

Across each of the 3,000« bridge arms is joined a condenser.
These are known as signalling condensers and their function
is to apply the full voltage of the battery to the end of the line
at the instant the current is reversed. At the moment of change,
the condensers practically short-circuit the 3,000¢ cojls and
cause the electrostatic capacity of the line to be satisfied more
rapidly than would be the case if resistance coils without
condensers were used. It will be seen that the receiving appar-
atus takes the place of the galvanometer usually associated with
the Wheatstone Bridge and that so long as there is no difference
of potential between points A and B at the down station no
current will pass through the receiving instrument at that office.
The same remark applies to the corresponding points at-the up
station.

As the Bridge duplex is principally used on long distance
cable circuits of high electrostatic capacity, it is necessary that
the balancing artificial circuit should also possess similar quali-
ties in order to reproduce as nearly as possible the characteristics
of the line. In addition, therefore, to the rheostat which bal-
ances the resistance, condensers c1, c2, and c3, and resistance
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coils, r1, r2, and r3, are inserted in the balancing circuit. r1 and
c1 represent the near end of the cable, r2 and c2 the intermediate
portion, and r3 and c3 the distant end. The resistances ri, r2, and
r3 time the rate of charge and discharge of the condensers in
such a way as to correspond with the portions of cable they
represent.

Joined in series with the receiving apparatus is a shunted
condenser known as the ‘* Reading Condenser.”” Its chief func-
tion is to neutralise the effects of inductance in the receiving
coils of the instrument and so cause it to respond immediately
to any change in the direction of the line current. Further
information on this subject is given in the .description of the
Wheatstone Receiver Instrument. With both keys at rest, the
current through each relay is in a spacing direction.

The depression of the key at either station causes a re-
arrangement of the potentials in the various arms of the bridge,
and a current passes through the receiving apparatus at the
distant station in such a direction as to produce a mark.

When both keys are depressed the difference of potential
between the terminals of the receiving apparatus at each end
of the line is such that a marking currert passes through each
instrument. '

On long underground cable circuits it is necessary to use a
metallic loop, without earth, for the purpose of avoiding induc-
tive disturbance between the various lines. In the theoretical
diagram, the removal of the earth connection at each office
and the attachment of a second line wire to the terminals thus
left free would represent the conditions without further altera-
tion. A method of wiring Wheatstone Automatic Bridge Duplex
sets is given in plate 64 of the Telegraph Diagram Book, 1906
edition, which refers to secondary cell universal installations.

By the addition of a Gulstad vibrating relay to the normal
Bridge Duplex Wheatstone set, it has been possible to increase
materially the speed of long distance circuits. Diagram T.G.
244 indicates the method of wiring.

The Gulstad relay could not be applied to circuits worked on
the differential duplex system, but the P.O. have designed and
constructed a vibrating relay, known as the relay, standard,
“@G,” which is suitable for either Bridge or Differential working.
This instrument has proved so successful that many long cir-
cuits are now worked differential at speeds which could pre-
viously be approached only by the adoption of the Bridge method
with Gulstad relays. In some cases, the improvement has been
so great as to allow of the withdrawal of repeaters at inter-
mediate stations.

The vibrating relay is used on Baudot as well as on Wheat-
stone circuits and could be applied to any other multiplex or
fast speed automatic system. . :
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6. THE CREED WHEATSTONE SYSTEM.

In the usual method of Wheatstone working, the operations
which cause the greatest loss of time are, firstly, the preparation
of the punched slips at the transmitting offices; secondly, the
translation of the received signals at the intermediate stations;
thirdly, the re-perforating for re-transmission; ‘and, lastly, at
the ;lerminal office, the writing up or printing of the received
signals.

The first part of the problem, the simplification of the pre-
paration of the punched slips, may be solved readily enough
by means of a keyboard perforator such as the Gell or Klein-
schmidt.

The remaining causes of time loss are greatly reduced by
means of the Creed Receiving Perforator and the Creed Printer.

The Creed Receiving Perforator.—The receiving perforator is
designed to facilitate re-transmission and to save manual labour
in the reception of telegrams.

For instance, a station ‘“ B’’ may have to transmit tele-
grams received from a station ‘‘ A’ to stations beyond.

Ordinarily in Wheatstone working the messages from ‘‘ A,”
which are to be forwarded by ‘‘ B,’’ are received by the latter
in the usual Morse signals. In order that they may be for-
warded, an operator at ‘ B” has to prepare a new Wheat-
stone slip similar to that which was prepared at “ A’’ in the
first instance.

The object of the Creed receiving perforator at “ B is
to avoid the necessity of preparing a fresh Wheatstone slip
by hand, and to perform the same operation automatically by
means of the signals received on the line relay.

The mechanism for accomplishing this consists of :—

(1) A relay.

(2) A perforator; this latter in its turn comprises three prin.
cipal parts :—

(a) Punches and a system for actuating them.

(b) A mechanism for carrying the slip forward at a uniform
speed with that of the transmitter at the sending station.

(c) A method of holding the slip firm whilst it is being

perforated, and then releasing it as soon as the perforation has
been accomplished.

The two operations (a) and (c) are performed by pneurnatic
agencies, whilst the operation (b) is fulfilled by the aid of an
electric motor.

The line relay is actuated by currents in the usual way. The
local connections are shown in Fig. 17.

Within the Creed receiver is another relay similar in con-
struction to the Post Office standard relay (Fig. 18), with the
exception that in lieu of the usual tongue the spindle of the
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Fig. 18.—SKETCH OF RELAY,

On an extension of the small piston-rod is an arrangement
for controlling the air supply to a larger piston, which, by means
of a rod passing through it, acts in turn on the adjacent arms

==
/ E E--/-s—-i: %
120
//j“;;;:“‘ z

I 9. —DETAILS OF AIR VALVE.

of the system of bellcrank levers 1 and 2 (Fig. 20). The move-
ment of the piston-rod and the levers 1 and 2 is regulated by
means of the adjustable buffers 25. Attached to the arms 3
and 4 are two bifurcated hard-steel strikers 5 and 6, the free
ends of which force forward the correcting rods 7 and 8 and
the punches g and 10.
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Fig. 2o.
CREED RECEIVEX. SKETCH OF MECHANICAL ARRANGEMENT.

The correcting rods and punches are mounted and guided in
a separate block with the die-plates of the perforator and the
feed-wheel spindle 11.

The correcting rods 7 and 8 have flattened blades at one end,
which, when thrust forward, enter the slots of the correcting
wheels 12. Retracting springs are provided to restore the rods
to their normal positions against stops in the punch blocks.
The punches are equipped with springs in like manner.

The Wheatstone paper slip 13 is previously centre-holed in
order that it may be fed forward. It is placed in the paper
guide, and by means of the centre-holes engages with the star-
wheel 14, and is led upwards between the die-plates and past
the punches. The star-wheel and the correcting wheels are
fixed to the spindle 11.

When the point of either rod 7 or 8 is thrust forward by
the striker 5 or 6, it enters the space between the teeth of the
correcting wheel, and thus adjusts the position of the wheel
and holds it and the paper firmly in such a manner that the
corresponding punch 9 or 10 will perforate the paper exactly
opposite the centre or feed-holes.

The spindle 11 is rotated by an electric motor, whose spindle,
15, is connected to it by means of jointed arms, 16 and 17, which
have friction blocks, 18 and 19, pressing on the disc 20. The
friction is regulated by means of spring 21, which can be moved
to the right or left along the rods 16 and 17.
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The action of the apparatus is as follows :—

When a current is received in the re]ay 1 (Fig. 18) its arma-
ture, 2, moves to the right or left, dependent on the direction of
the current through the relay coils.

The following series of mechanical operations take place in
the latest form of Creed receiver of the pneumatic type.

When a ‘‘marking ” current is received, the light arm 2
moves to the left. This opens the air-channel 8, and the pres-
sure of the air forces the piston 4 to the right; this is con-
nected with the main valve, which is opened in like manner,
and the main piston 10 is driven to the right also.

dThe further action will now be seen by reference to Figs. 18
and 2o0.

The motion of the main piston shaft 11 (Fig. 18) and 22
(Fig. 20) is transmitted by means of the bell-crank 1 and the
link 23 to the bell-crank 2, which, in turn, causes the left-hand
striker 6 to force the sharp point of the correcting rod 7 between
the teeth of the correcting wheel 12, thus adjusting the feed-
wheel 14, if necessary, and pressing the punch g through the
paper slip 13. The tappet piece 24 on the link 23 now comes
in contact with the striker 6, and pushing it aside from the
correcting rod and punch, allows them to withdraw from the
correcting wheel and paper respectively through the action of
the retracting springs and assume the normal position.

When the line-current is reversed, the armature 2 (Fig. 18)
of the relay 1 is moved in the opposite direction, the piston-
rods are reversed in their action, and another operation similar
to that just described causes the correcting rod 8 and punch 10
(Fig. 20) to be actuated.

As the operation of forcing the correcting rods and punches
forward occupies only about 1/300th of a second, the time
during which the movement of the feed-wheel is arrested is prac-
tically negligible, and the difference between the dots and dashes
on the slip depends, therefore, on the time-interval between the
successive spacing and marking contacts, during which time
the tape is allowed to travel forward. In order to allow for the
interval of time occupied by the reversal of the currents required
for signalling a ‘‘dot,”” during which period the slip has
travelled forward a little, the right-hand punch and correcting
wheel are given a lead, so that, although the spacing punch
comes into action a short time after the marking punch, the
spacing perforation is made immediately opposite the same
centre hole as the marking perforation.

The air supply is obtained by means of a small pump placed
in the engine room, and is delivered at a pressure of 30 to 35 Ibs.
per square inch. A container is placed near the apparatus so
as to avoid fluctuations of pressure when a variation in the
number of instruments at work takes place.
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The maximum speed of working which has been obtained
experimentally by the Department is 215 words per minute, but
a speed of 150 words per minute is generally regarded as the
maximum for instruments of the latest type and 120 words per
minute for the older pattern apparatus.

The Creed Printer.—The printer translates the signals on the
received perforated slip and prints them in Roman characters
on a paper tape. The tape is afterwards gummed on to an
ordinary telegram form.

The action of the printer will be understood by means of
the skeleton diagram shown in Fig. 21.

The perforated slip, which is identical with ordinary Wheat-
stone slip, is shown passing through the printer on the right
hand of the figure.

The roll of Morse paper which receives the printing is
placed on a wheel similar to that used in the Wheatstone
receiver, and, guided by a roller, is then drawn forward between
L.e connecting rods of the type bars by means of two rollers
(between which it passes), which are driven by the mechanism.
On its journey the slip passes over a printing platen and under
a typewriter ribbon.

The perforated paper is fed upwards by means of a star-
wheel fitted on a spindle carrying a toothed wheel, which is
rotated, as desired, by the paper-lifting rack. The movement of
the rack is obtained by means of a cam on the main shaft of the
printer, which is belt-driven from an electric motor.

The slip is drawn forward, letter by letter, in front of ten
pairs of selecting needles (one pair only is shown in the figure),
which, by means of small springs, are pressed against the
paper and made to enter the perforations that may happen
to be immediately in front of them.

One of each pair of needles is connected to the hinged ex-
tension of a thin perforated plate or stopper sliding in the
path of the air valves. Each of the ten slide plates can take
two positions, and they thus provide a number of different com-
binations, every one of which opens one complete and par-
ticular passage through them. Air under pressure is admitted
through the main valves below these plates, and through the
passage thus opened to small cylinders placed immediately
above them.

The type levers terminate in pistons which fit into the small
cylinders, and as the plates are displaced the air acts on one
or other of these pistons, and causes the corresponding type
lever to print the letter or sign on the paper.

The movement of the slide valves or plates is determined by
the paper-lifting rack. For this purpose the rack is given,
independently of its up-and-down movement. a side motion, by
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means of which it pushes the slide valves which have been
brought into its zone of action by the movement of the select-
ing needles.

The vertical motion of the paper-lifting rack is determined
by the position of the first blank space in the slip; that is to
say, it corresponds to the length of the letter which has been
selected.

To provide for the variable vertical movement of the rack
there is a group of ten space levers which are normally in its
pafth, but when the selecting needles pass through the holes
in the slip they press these levers aside and thus allow the rack
to descend.

The rack can, therefore, move downwards as far as the
space signal between the letters, which it cannot pass, because
tl]1e pgsition of the corresponding space lever has not been
altered.

In its downward movement the rack does not engage with
the toothed wheel which governs the movement of the paper,
but at the end of its vertical motion it is moved laterally by
means of a cam on the main spindle, and thus presses against
the selected slide valves, and then engages with the toothed
wheel of the paper-moving mechanism. The rack then rises
and the slip is drawn upward, and as the amplitude of the
rack’s rising motion is equal to that of its descent, the paper
is lifted exactly the length of the letter which has just been
printed.

The slip is now in position ready for the selection of the
next letter. The stop plates are formed of thin plates of steel;
they are each provided with a hinged extension, which can
follow the movements of the selecting needles, and at the
same time the extension and the plate are free to move in a
direction at right angles to the needles. The extension is pro-
vided with a shoulder against which the paper-lifting rack
presses in its lateral movement, '

The admission of the air into the distributor is controlled
by four main valves, which are actuated by a cam on the
main shaft only after the paper-lifting rack has pushed the
selected stop plates into the working position. After the letter
nas been printed the four valves move into a second position,
the air then escapes, and at the same time the stop plates are
brought back to their normal position, by means of a cam
on the main shaft.

It may be remarked that the selecting needles may enter
the holes of the following letter or letters in the slip, but they
do not affect the printing of the proper signal, because the
stopping plates are not actuated by the paper-lifting rack, as
it does not descend beyond the first space after the letter
which is being printed.
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As previously stated, there are twenty selecting needles
(10 pairs), but only the ten acting on the lower row of holes
in the Wheatstone slip are attached to the valves; the other
ten are not required for selecting purposes, but are used for
shifting the space levers for the first portion of the dash
signals.

The typewriter ribbon is fed forward by mechanism, which
1s actuated by the same cam that moves the paper slip.

In addition to its forward movement it is given an oscilla-
tory motion, which brings all parts of the ribbon under the
letter types in turn, and thus adds materially to its life.

Improved Creed Receivers and Printers in which the
functions hitherto performed by the air pressure are effected
electrically, were brought into use in 1925/26 but certain
modifications are in course of being effected and descriptions of
the apparatus cannot yet be provided.

7. METHOD OF TESTING SPEED.

A convenient method of testing the speed at which the
Wheatstone transmitter is running is as follows :—

(1) At the sending office, a perforated slip with the letters
A, B, C, repeated, and having two spaces between each letter,
is prepared (see Fig. 22). A length of 3 or 4 feet of slip is
sufficient.
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Fig. 22. PERFORATED SLIP SHOWING THE LEITERS C, A, B, C,
AND TWO SPACES BETWEEN EACH LETTER.

(2) The ends are carefully gummed together so that the slip
forms a loop which can run continuously and accurately.

(3) The speed of working, in words per minute, is equal to
the number of groups of A, B, C, passing through the trans-
mitter in 50 seconds (or twice the number of groups in 25
seconds).

From this, it will be seen that the receiving station can
determine the speed without reference to the sending station
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