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MORKRUM MULTIPLEX PRINTING TELEGRAPH SYSTEM,

. INTRODUCTION.
The purpose of this specification is to describe the Morkrum
Multiplex System and to provide information concerning its

installation, operation and maintenance,

The Morkrum Printing Telegraph System consists of an
apparatus for automatically transmitting electrical signals
over a wire combined with an apparatus for receiving these

and translating them into printed characters,

This system may be arranged to transmit over two, three or

four channeles in one direction or in both diréctions

eimultanecusly, These specifications will describe two
channel duplex operation that ie, simultaneocus transmission

in two directiona over two traffic channels,

The message for transemission is firsi: prepared by punching
certain combinations in a paper tape by means of a
perforator, Thie tape is then passed through an automatic
transmitter which sends certain impulses to the line
through the medium of a rotating transmitting distributor,
The signals are received at the opposite end of the line
by a relay and paesed on to a recording printer by a

‘ rotating receiving distributor,

SIGNALLING CODE

The Code used on the Morkrum Multiplex System is known as the
(1)
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five unit code, If a given unit of time be divided into five in-
tervals during each of which either positive or negative current
may be transmitted, it is poseible to produce 33 combinations of
five positive and negative intervals.

Figure 1 shows graphically the combinations as they appear on the
perforated tape. Each vertical row represents the five intervals
of a complete unit of time during each of which the current trans-
mitted may be either positive or negative, The squares with the
0 in them represent the holes in the tape or the marking impulses,
that is, the impulses which would operate the corresponding select-
ors of the printing mechanism; and the blank squares represent the
spacing impulses or the ones which would not operate the selectors
on the printing mechanisem,

TRANSMISSION,
Referring to figure 2, TA and TB theoretically represent the tape
transmitters of the A (first) and B (second) channels respectively,
TD the developed segments of the tranemitting distributor head,
and TB and LB their associated brushes, The brushes are revolved
by a driving motor shown in figure 5. The upper row of segnents
nunbered 1 to 10 are the transmitting segments to which are con-
nected the tongues of the tape transmitters, The first five
segmeéntie are connected to the five tongues of the transmitter on
the A channel and the second five to the five tongues on the
tranemitter of the B channel, The segment 11 below the trans-
mitting segmente 18 connected to the split of the ammeter and
the main line relay, The transmitting brushes TB passing over

the transmitting segments connect them successively to segment

11 thus sending current through the two windings of the

(2)
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milammeter MA and the line relay: one half going to the arti-
ficial 1ine and the other half being transmitted over the main
line to the distant end, The relay ie differentially wound so
that the outgoing signals passing through its two windings do
not effect the relay as explained under the duplex circuit,

On the third ring segments 13 and 12 are connected respectively
to the transmitter magnets on the A and B channels, The fourth
ring, segment 14 is connected to battery., Assuming that a certain
letter is being transmitted, the five tongues of the transmitters
will be against certain of the contacts depending upon the letter
to be transmitted., The brush TB will then successively connect
the transmitting segments to segment 11 and transmit the impulses
over the line, After brush TB has passed off the fifth segment,
the local brush LB will move on to segment 13 connecting it to
segment 14, thus putting battery on transmitter magnet TMA, This
magnet when operating will atep the tape in that transmitter
forward so as to bring the perforations over the pins for trans-
mission of the next letter, The impulees from the tranamitter
on the second channel will then be successively transmitted over
the line by brush TB, and at the end of its fifth pulse, brush
LB will connect the transmitter magnet TMB on the B channel
transmitter to battery through eegments 123 and 14, causing the
tape in the B channel transmitter to move forward one letter.
DUPLEX CIRCUIT.
In order to obtain siamultaneous bperation in both directions
over one line wire the differential duplex cirouit is used on
the Morkrum Multiplex, Figure 3 shows theoretically the different-

ial duplex circuit as used on the system,

(3)
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At each end of the circuit iada differentlial line relay which has
two exactly similar windings, A terminal of one winding is con-
nected to the artificial line and a terminal on the other winding
is connected to the main line, The two other terminals of the
windings are connected to & milammeter as indicated, The center
connection of the milammeter is connected to the transmitter or
the pole changer key. An outgoing signal originating at station
A will go from battery to the middle point of the milammeter one
half of the current going through one winding of the milammeter,
one winding of the line relay and out over the line; and the
other half going through the second winding of the milammeter
and relay, through the artificial line to the ground. The re-
sistance and capacity of the artificial line are adjusted so a8
to balance the resistance and capacity of the main line, The
current flowing in each of the windings of the line relay will
therefore be equal and opposite so that the relay is not effect-

ed by the outgoing signals,

At station B however, the impulses coming over the main line will
pass through the line relay at that station and unbalance the
ecircuit causing unequal currents to flow in the two windings of
the relay, thus causing the relay at station B to operate. If
both stations are sending at the same time both relays will be
unbalanced and signale correeponding to those sent out from each
station will be received on the relays at the opposite stations.
The main line relay in operating actuates the printer relay

which transmits the incoming esignals to the printer,

(4)
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RECEPTION,
Referring to figure 4, RD represents the developed segments of the
recelving distributor; and CB, RB and LB the correcting brush, re-
ceiving brush and local brush respectively. These brushes are re—
volved by the driving motor which is exactly like the one used
on the transmitting distributor, The 20 upper eegments and the long
segment beneath it are used in conjunction with the correcting

mechanism and ite functions will be explained later.

The third row is divided into 20 segments, ten of them being short
and known &8 the receiving segmente; and ten intervening longer

ones used in conjunction with the speed indicating mechanism,

The fourth row is divided into 10 segments the alternate ones being
connected together and to the contacts of the printer relay, These
segments are used to pass the received signals to the receiving
segments and hence to the selecting magnets in the printer. The
firet five receiving segmente are connected to the five selecting
magnete in the first channel printer and the last five are connectsd

to the five magnets on the second channel printer,

The fifth row contains the sixth pulee and corrector operating seg-
ments which are connected to the longer segment below them by brush
LB. Thie longer segment is connected to battery. When the receiving
brush RB passes off the fifth receiving segment, of elther channel,
orush LB connects the sixth pulse segment of that channel to battery

and causes the sixth pulse magnet in the printer to operate,

8PEED CONTROL,

It is evident that the brushes on the receiving dis-

(5)
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tributor must hold a certain phase relation with those on the
transmitting distrioutor and also be running at exactly the

same speed in order that the receiving brush be on a segment
corresponding to that of the transmitting distributor.

In the Morkrum Multiplex System the tranemitting distributor is
operated at a fixed speed and the receiving distributor controll-
ed so that its speed and phase relation of ite brushes are the

same as that of the transmitting distributor.

TRANSMITTING DISTRIBUTOR MOTOR CONTROL.
Figure 5 shows the transmitting distributor motor and ite associ-

ated apparatus for keeping its epeed constant,

TDM represents the motor which is essentially a rotary convertor.
DC is the direct current eide of the armature which is connected
to a direct current source of power through a rheostat. F is the
shunt field which is connected directly to the D.C. source of
power, AC is the alternating current side of the rosary and ias
connected to the primary side of a transformer in series with
lamp L, The secondary winding of the transformer has a neutral
tap which is connected to one side of battery. The ends of

the secondary winding are connected to two contacts on the trans—
mitting fork TF. These contacts are alternately connected to
battery through the contact spring €l mounted on the left hand
tine of the vibrating fork TF,

The fork is kept in vibration by a magnet M the circuit of which
is made and broken by the vibration of the contact spring €3 (On
the right hand tine of fork) against the contact to which the mag-
net is connected, The rate of vibration of the fork is determined
by the two weights W which may be adjusted to give the desired
speed,

()
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Let us assume that weights W have been set to give the proper speed
of vibration of the fork, 1If the fork is started it will continue
to vibrate due to the making and breaking of the circuit through
the magnet M, The contact spring Cl making with 1ite right and

left hand contacts will alternately send current through the two
halves of the secondary winding of the transformer T in opposite
directions, This reversing of the current in the secondary winding
will induce an alternating current in the primary winding of the
transformer which ies connected to the alternating ocurrent brushes
of the rotary convertor,

The DC side of the convertor is connected to a direct current
source of power in series with the rheosta't R, If the rheostat is
adjusted so that the direct current will operate the convertor at
such a speed that the frequency of the current generated by the AC
sidé is somewhere near the frequency of the alternating current
produced by the action of the fork, the alternating ocurrent pro-
duced by the action of the fork will pull the rotary convertor into-
synchronism with it and operate the convertor as a synchronous
motor, It is evident therefore, that this wotor will continue to
run at the synchronous speed of the alternating current produced

by the fork, It is necessary to bring the rotary up to speed with
DC current and to supply DC current to it because the fork cannot
supply sufficient AC current to operate the rotary. Due to the fact
that the qpeed of the fork is very constant, the speed of the motor
will aleo remain constant, The lamp L acts as a stabllizing load
for the rotary and as an indicator, showing when the frequency of
the rotary is the same as that of the fork, If the rotary and the
fork are not in phase, the lamp will flicker due to the two out of
phase currente, one produced by the rotary and the other by the
fork, As soon as the two currents are in phase

(7)
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the lamp will burn at a congtant brilliancy.

" RECEIVING DISTRIBUTOR MOTOR CONTROL.
Figure € shows the receiving distributor motor and its associated
—r’ apparatus for keeping its speed constant and its receiving brush-

es in phase with transmitting brushes of the distant station.
The circuit for the receiving distributor motor control is exact—
ly like that shown in figure 5 for the transmitting distributor.

.' RDM represents the receiving distributor driving motor, and RF

, the receiving fork, which controls the speed of the rotary as ex-

plained previously,

The receiving fork differs from the transmitting fork in that it
- has tWo pair of coils which control the speed of the receiving
fork. One pair of coils is known as the corrector magnetﬁ and the

other as the adjusting magnets,

] CORRECTOR AND ADJUSTING MAGNETS,

i The corrector magnets are mounted above and below the tines and
the adjusting magnets in front of the tines on the receiving fork,
If current is passed through either of these magnets, the magnetic
effect upon the fork tines will increase the rate of vibration
thus increasing the speed of the rotary. These magnets may there-
fore be made to control the speed of the receiving fork by open-
ing and closing their circuits or by varying the current in them,
The fork will have a certain speed when the magnets are de-ener-

o gized and a higher speed when they are energized,

SYNCHRONISM - GENERAL.
I 8ynchronism between the tranemitting and receiving distributor at

| (8)
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iwo ends of line is maintained as follows:- The speed of the trans-
mitting distributor is set at a predetermined value by placing the
fork weights at the proper position for that speed. The speed of
receiving distributor is Bet so that i1t is slightly less than that
of the distant transmitter when thé corrector megnet cirocuit is
opén, The corrector magnet circuit is then closed and the current
through these magnets adjusted so that the receiving fork will cause
the receiving distributor td-run slightly faster than the trans—
mitting distributor, An automatic means is provided to open the
corrector circuit when the receiver speed is greater than that

of the transmitter and to close the corrector circuit when the speed
of the receiving distributor is less than that of the transmitter,
It 1s obvious that the speed of the receiving distributor will
oscilate between limits slightly above and below that of the trans—
mitting distributor, This speed difference is very small, the posi-
tion of the receiver brushes never advancing or lagging more than

a few dpgrees from that of the transmitting brushes, The current
through the magnets is controlled by the incoming signals as will

be explained later,

PRINCIPAL OF SYNCHRONIZING CIRCUIT

Figure 7 shows the principal of the circuit used for maintaining
synchronism between the two ends of a Morkrum Multiplex System.

The correcting mechanism is switched on and off by the action of the
correcting relay CR which is in turn controlled by the switch relay
SR. 1In practice the number one segments are connected together and
to the winding of switch relay SR and the number two seegments connect-
ed together and to a condenser, In figure 7 however, a separate pair
of relays are shown connected to each pair of segments in order to
more clearly explain the operation of the mechanism. The switch

(9)

ClihPDF - www . fastio.com



1]
¥

ClihPDFE - www. fastio.com

D N
e
[l "
I
Tealiln | =
I -
T N
; l ] A
: =3 %ﬁj—ﬂ 'S
I T
I B b t
" 1 Lo o
J i —
T T
oaNToaan |
F|H:|- ; )_E
: ] Bl
ipiezplecal
: 1 B
" I —
ﬁ = =
T Rk bits
gt
L3 Y
t “

+ 0|

; sleveE 7.
THEORY OF SYNCHRONIZING C/ece/T



relay 1s connected so that positive current from the segment will
move its armature ageinst its left hand contact and negative cur-
rent from the segment will move the armature againet ite right hand
- contact,
. Corrector relay armature will move against its left hend contact
when a negative charge is induced on the condenser plate connected
to the switch relay tongue, this charge passing thru the left hand
winding towards the condenser plate. A positive charge thru the
right hand winding of the corrector relay will move its armature
in the same direction as ‘above, If a positive charge is induced on
the condenser plate thru the left hand winding the corrector relay
armature will move against its right hand contact and a negative
charge induced thru its right hand winding-will also move armature
against right hand contact,
= The condenser when charged by a current from the number two seg-
ments sendes a momentary current thru the tongue of one of the con-
tacts of BR and one of the windings of CR, If the condenser has
been charged with positive ocurrent it will cause a momentary
negative impulee to pass thru one of the windings of CR but cannot
transmit more current thru CR until it 18 charged with negative
current, In other words if the condenser received the same polarity
of current from a number of successive number two segments, only
the first charge ie effective,
In figure 7 is shown a successeion of line impulses covering ten
intervals. During the first interval positive current is received,
. The positive current from segment one in this position will cause
the relay SR to move its tongue against the left hand contact.
- The positive current from segment two will charge one side of con-
denser positively and induce a negative charge on the plate con-

nected to the tongue of relay SR and this current, flowing through

the left hand contact
(10)

ClihPDF - www fastio.com



ClihPDF - www.fastio.com

of relay SR and left hand winding of relay CR, will cause the ton-
gue of CR to move against its left hand contact., In thie position

the correcting mechanism is not effective,

The second interval is negative, consequently relay SR will move
its tongue against the right hand contact and condenser will be
charged in the opposite direction so that the plate connected to
the tongue of relay SR will receive a positive charge which will
flow through the right hand contact of SR and right hand winding of
CR and will tend to hold the tongue of relay CR against the left

nand contact where it was during the preceding interval,

The third interval is pcsitive 80 that relay SH will move its tongue
again against the left hamd contact and current from segment two
will reverse the charge on the condenser, putting negative to the
tongue of relay SR, which will flow through the left hand winding
of relay CR and continue to hold the tongue of CR againet the left
hand contact., At this point we assume that the distributor brush
has dropped back slightly so that at the tail end of segment two,
the polarity of the current on thie segment is reversed, causing
thecharge in the condenser to again be reversed and putting a posi-
tive charge on the plate of the condenser, connected to the tongue
of relay SR and this positive current, flowing through the left
hand winding of relay CR, will cause its tongue to move againat the
right hand contact and render the correcting mechanism effective.
The fourth interval is negative sc that relay SR will move its ton-
gue against the right hand contact., As the condenser received a
negative charge from the tail end of segment two in the preceding
group it cannot again be charged by the same polarity, consequently
relay CR is not effected, and its tongue remains against the right
(11)



" hand contact, continuing to apply correction. The polarity of the
line signal remains the same during interval 5, consequently, there
— ie no change in the position in the armatures of either relay.
. During interval 8, the polarity of the firast segment remains the
sameé so that relay SR ia not affected but on the tail end of segment
two the polarity is reversed, and the condenser receives the posi-
tive charge, inducing a negative charge on the plate connected to
the tongue of relay SR and this negative charge flowing through the
right hand contact of relay SR and right hand winding of relay CR,
acts to hold the tongue of relay CH against the right hand contact
where it has been,
During the interval 7 the positive current from segment one causes
the tongue of relay S8R to move against its left hand contact but
positive current from segment two has no effect upon the condenser
becguse it was previously charged with positive current. Therefore,
relay CR is unaffected,
The polarity is unchanged during interval 8, so that neither relay
is affected but it is to be noted that at the end of interval 8 the
brush ie again in exact synchronism,
During interval 9 the polarity becomes negative and consequently re-
lay SR moves its tongue against ite right hand contact. The conden-
ser receives negative charge from segment two, which induces a posi-
tive charge on the plate of the condenser, connected to the tongue
of relay-8R, which flowe through the right hand contact of S8R, and
- right hand winding of CR, causing the tongue of relsy CR to move
against its left hand contact and correction ie discontinued,
The polarity of the tenth interval is positive and consequently relay
S8R moves its tongue against the left hand oontact and the charge on
(12)
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