
LEE os 

GY OL 

LE 

BY 

_ EAR 

19017 

R.A 

(TUTE OF TEC 
r 

INS’ 

C ove 

. 
Ky 
f J 

UM 

KMOL 

Ea 7 

r 
i 

K 

XN 

537 

‘ 

JIRA MC 





AT 445 
Earle, R. H. 
The Morkrum system of 
printing telegraphy 



; Mk ra i 



ne 
a 
matt 

‘ 





THE MORKRUM SYSTEM OF 

PRINTING TELEGRAPHY 

A THESIS 

PRESENTED BY 

RALPH H. EARLE 

AWOL she 

PRESIDENT AND FACULTY 

OF 

ARMOUR INSTITUTE OF TECHNOLOGY 

FOR THE DEGREE OF 

BACHELOR OF SCIENCE 
IN 

ELECTRICAL ENGINEERING 

MAY SY, S17 

ie Tne 

e aa of Ce etri LA AAAL Engineering, 

ILLINOIS INSTITUTE OF TECHNOLOGY 
Dean of Engineering Studies PAUL V. GALVIN LIBRARY 

35 WEST 33RD STREET ae 
CHICAGO, IL 60616 is RP Ci Ong Wicgieg saa 



f ME : a, 
yoowOniss STUART ane ee 

RANE ii ae rele te 

10 waray 2 iaisitNe: aH 
YEIASO OaLaT OMITATAT | ey 



THE MORKRUM SYSTEM OF PRINTING TELEGRAPHY 

OBJECT, 

The object of this thesis 

is the composition of a detailed descrip- 

tion of the Morkrum System of Printing Te- 

legraphy. 

weed’? "i ie 6 
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THE MORKRUM SYSTEM OF PRINTING TELEGRAPHY 

FOREWORD. 

The material for this thesis 

was obtained from the Morkrum Company, al- 

though the wording and arrangement is orig- 

inal with the writer. A number of the draw- 

ings of this thesis were also obtsined from 

that company. 

R.H.E. 
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THE MORKRUM SYSTEM OF PRINTING TELEGRAPHY 

Part I - Introductory. 

GENERAL, In the operation of 

the Morkrum System of Printing Telegraphy, the 

message to be transmitted is first transcribed 

onto a perforated paper tape according to a 

eode of perforations. This operation is perform- 

ed on a keyboard perferator, just as though the 

message were being typewritten. The tape is 

then run through an automatic transmitter. This 

device, termed the transmitting distributor, 

sends out a series of electrical impulses over 

the line; the character of these impulses is 

determined by the perforstions in the tape. 

At the receiving station, the 

line impulses enter an automatic receiver, call- 

ed the receiving distributor. Through the agen- 

ey of this distributor, the incoming impulses 

control a series of receiving relays, which re- 

lays, in turn, control the action of a print- 

ing device. This printer is an automatic type- 



YATAADEIAT QUITMIAT WO MeTsve WustaoM aut 

-vrotosbortal - I tral 

to mottereqo edt aI .cANEAUS 

oft ,ydqernzefeT satinixt to geteve surrarol edd 

bedivoenettd texrit ef hbettimanstt ed of ageegem 

8 ot smtbrooos eqet teqaq beterotreq se odmo 

emrotres at mottereqo six? Jerottsrotred %d “eboo 

edt devodt es taut ,totavetreq Brsodyext s mo be 

at eqst of? .mettixrweqy? ated otew esescom 

wid? .rettimenert oltemotve né dysordd nvr nedt 

~totudinderb gatddimemerd edt “bomred ,ooltved 

novo aoelugmt [sotrtoele ‘to astres s ¢#o ebnes 

at seafnamt saedt to tetostade edt senil edt 

-oqat oft at enoiterotreq eit yd bemtarreteb 

eft ,mottete gatvieser edt tA! : 

-ffIso ,revitesetr oftemotve as retmse esaluqmt oatf 

-cops edt desordT .rotedinteth satvieser edt be 

boaluqmt aatmoort edt ,rotlueditteth eaetdt to yo 

-~or dotdw ,eyslet aniviteset to asirea s L[ortacs 

-tattg s to mottos edt Lortnoo ,atst oi ,eyel 

~oqyt ottemotys as at tetatirqa sid? .sotveb nat 



THE MORKRUM SYSTEM OF PRINTING TELEGRAPHY 

writer which prints, or typewrites, the message 

onto a standard message blank. 

Printing telegraph systems in 

general possess distinct advantages over Morse 

systems, especially on heavy traffic lines. 

Printing telegraphs do not demand the services 

of skilled operators, whereas Morse systems 

are entirely dependent upon such services. This 

circumstance is becoming more and more impor- 

tant by reason of the growing scarcity of Morse 

operators and the consequent increase in wages 

demanded by them. Furthermore, the printing 

telegraph is able to maintain for the entire 

day, a speed of transmission somewhat greater 

then the maximum speed obtainable by manual 

operation. Consequently, fuller service from 

the equipment as well as a decrease in operat- 

ing costs is gained when a printing system is 
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THE MORKRUM SYSTEM OF PRINTING TELEGRAPHY 

substituted for Morse. 

Béfore taking up a detailed 

study of the Morkrum System of Printing Teleg- 

raphy, we must establish the principle upon 

which the line signals are transmitted. This 

operation is performed by the machines before 

referred to as distributors. In order that 

their operation may be clearly understood, a 

simple device will be chosen which possesses 

certain features in common with the distribu- 

tors. This device will gradually be developed 

until it finally embodies the main features 

of the actual distributing apparatus. After 

this preliminary treatment, we can take up a 

study of the Morkrum System in its practical 

form. 

PRELIMINARY SYSTEM, Certain 

of the underlying principles of the Morkrum 

System of Printing Telegraphy are embodied 
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THE MORKRUM SYSTEM OF PRINTING TELEGRAPHY 

in the telegraphic scheme of Fig. 1. D and D' 

are two stationary wooden disks or bases, fit- 

ted with bearings at their centers. A shaft, 

S, runs in these bearings, and at each end of 

the shaft is mounted a metal brush arm, A. 

These brush arms are in the same angular po- 

sitions with respect to the shaft; in other 

words, they are in line. At its outer end, 

each arm carries a brush, which trails or wipes 

over its disk when the shaft is revolved. On 

each disk, and in the path of the brush, is 

located a series of five contact buttons, thesé 

contacts being similarly placed on each disk. 

Since the spacing of the arms and contacts on 

each disk are the same, the two brushes will 

always make contact with corresponding buttons. 

For example, if the brush at the left rests 

on the top contact, 1, the brush on the right 

will rest on the top contact, 1, at that end of 
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THE MORKRUM SYSTEM OF PRINTING TELEGRAPHY 

the shaft. 

As for the électrical arrange- 

ment, at the transmitting station the contact 

buttons,l, 2, 3, 4, and 5, are connected re- 

spectively to the keys, Ki, Kp, Kg, Ka, and 

Ks, thence through the battery, B, to ground 

at G. Therefore, when a key is depressed, the 

corresponding button will be connected to the 

battery. At the receiving station, each of 

the buttons is connected through its own re- 

lay to ground at G', 

The operation of the apparatus 

is as follows: Rotate the shaft, S, by some 

means in the direction indicated by the arrow. 

The brushes will then wipe over the buttons 

in the order 2.25.5. 4. 5.3. 2. ---, Mere. 

fore, if key K, be depressed, the negative 

Side of the battery will be connected to but- 

ton 1, and while the transmittimg brush is 
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THE MORKRUM SYSTEM OF PRINTING TELEGRAPHY 

passing over the button, a circuit will be 

completed through the shaft, S, contact but- 

ton 1 on the receiver disk, through the re- 

lay Rj, to ground at G', and thence to bat- 

tery, B. The resultant current will operate 

relay Ry. Likewise, if any other key or com- 

bination of keys be depressed, the corres- 

ponding relays will be operated at the receiv- 

ing end, 

One method of carrying on com- 

munication with this device would be to arrange 

& code, assigning a combination of key-depres- 

sions (or relay movements) to each desired 

character or letter of the alphabet. In all, 

thirty-one combinations might thus be obtained. 

One complete combination or letter would be 

sent out for each revolution of the shaft, 

By depressing a different set of keys for each 

revolution, we could send out the successive 
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letters of a word or message, and an observer 

at the receiving end could read off the mes- 

sage by the relay movements. 

The system just deseribed is 

of course impractical because it is necessary 

to connect the two stations by the shaft, S. 

Fig.2, however, illustrates a plan without 

this defect. 

SECOND SYSTEM, In this second 

scheme, the two brush arms are not on the same 

shaft, but are rotated in unison by separate 

driving mechanisms not shown in Fig. 2. The 

electrical connection between the two points 

is maintained by the wire marked "Line", which 

may be an ordinary telegraph line. Hence, we 

may have the transmission of signals over @ 

considerable distance. 

Messages are transmitted in 

this scheme in exactly the same manner as in 
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the first case. The two driving mechanisms 

and the means for keeping the two arms in 

step of course introduce new features, but it 

is not necessary to discuss these features 

at this point. 

A great improvement in the 

scheme of Fig. 2 would be effected if some 

other means of transmission were used instead 

of the five keys; these keys are too slow and 

cumbersome. Consequently, an automatic trans- 

mitter has been devised and applied to the 

system; the new system appears in Fig. 3. 

THIRD SYSTEM. In the scheme 

of Fig. 3, the contacts and vertical contact 

pins, 1, 2, 3, 4, and 5, have been substituted 

for the corresponding keys of Fig. 2. These 

pins are mounted loosely, near their ends, on 

& common horizontal shaft or fulcrum, and have 

& lever action, through a small range, about 
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this shaft. The contact is made at one end of 

the lever, so that a slight movement of the 

other end makes or breaks the contact. 

The movement of the levers, 

with the consequent opening and closing of the 

contacts, is effected by means of a perforated 

paper tape. This tape is pulled along flatways 

under the free ends of the pins. At intervals, 

holes are punched in the tape, and when one of 

these holes comes under a pin, the end of the 

pin drops through the hole. This movement of 

the pin or lever closes the contact; this con- 

dition corresponds to a closed key in Fig. 2. 

The tape must move along at such a speed, that 

the combinations of contacts, corresponding 

to the individual letters, are maintained 

throughout a complete revolution of the brush 

arm. That is, there is always a definite rela- 

tion between the speed of the tape and the speed 
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of the brush arm. If the tape is punched proper- 

ly, line impulses corresponding to a message can 

be sent out. 

Furthermore, the rate of trans- 

mission can be increased over the rate of the 

old system by the operator raising the speed of 

the tape, and at the same time raising the speed 

of the brusharms in the proper proportion. By 

these means, any transmission speed is obtain- 

able, ranging from zero to seventy-five or more 

words per minute. 

However, the rapid transmission 

made possible by the tape control introduces a 

new and serious problem, viz., the distortion 

of the line impulse. This distortion is carried 

to such an extent that inaccurate receiving is 

the result. This matter of distortion can be 

better understood, and a solution devised, through 

@ study of a aoukca of current impulses; we 

will, therefore, now take up such a study. 
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CURRENT IMPULSES. A series of 

ideal current impulses is represented in dia- 

gram (a). Such impulses occur only under perfect 

operating conditions. This particular series 

would be sent out by the transmitter during 

one revolution of the brush arm, with pins 

1, 2, 4, and 5; in the closed contact position, 

and contact 3 open. 

In an analysis of the diagran, 

assume a certain instant, 0, from which to measure 

time. After a fraction of a second, represent- 

ed by the length Ot j, the transmitter brush 

strikes button No. 1; since pin contact 1 is 

connected to the battery and is closed, the 

button is connected to the battery. Immediately, 

the line current rises to its full value, Ij, 

shown as the distance OIj, and it maintains 

this value throughout the duration of contact. 

At the instant te, the transmitter brush leaves 
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the button, and the current immediately falls 

to zero. This time of contact, represented by 

tit2, is called a marking interval, and during 

this entire time, an impulse is being sent out 

over the line. 

As for the succeeding periods, 

te-tz indicates the time necessary for the brush 

to go from one button to the next. The space 

t3-t4 stands for the time of brush passage o- 

ver the second button; it is a marking or pulse 

interval, since the second pin contact is as- 

sumed to be closed and its contact button ener- 

gized. Next, ta-t5 is the intermediate space 

between the second and third contact buttons. 

The next interval, however, is 

different from any of the preceding ones. Dur- 

ing this time, t5-ts, the brush is passing over 

the third button. It will be remembered that 

the third pin contact was assumed to be open; 

hence, the third button is not connected to 
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the battery; therefore, no current or line 

impulse appears during this interval. This 

is known as a spacing interval, as opposed 

to mrking interval. 

Following this period are 

the two marking intervals as shown, properly 

spaced and in every way similar to the first 

two marking intervals. 

A series of impulses such as 

these is desirable in every respect. The 

marking and spacing intervals are regular 

and sharply defined; the current always as- 

sumes the same value for each pulse.A proper- 

ly constructed receiver should respond per- 

fectly to such signals. 

However, it is not practical 

nor even possible to produce such impulses 

under actual operating conditions. Instead, 

the series takes the shape indicated in (b). 

Here, the sharply defined impulses of (a) 

become wavey, with rounded corners and no 

13 
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definite line between succeeding pulses. The 

middle or spacing interval is bridged over so 

that it appears as a weak marking pulse. Or, 

the pulses may be still further distorted and 

assume the form of those shown in (c); this 

latter, in fact, more nearly represents the 

true form of the working pulses. 

As for the causes of this dis- 

tortion of the impulses, there are two prin- 

cipal ones. The change from the regular im- 

pulses shown in (a) to the wavey form shown in 

(b) is caused by the phenomenom known as cur- 

rent lag. In brief, due to the inductance of 

the telegraph circuit, the line current does 

not rise to its full value the instant the cir- 

euit is closed by the brush arm contact. In- 

stead, it rises gradually, requiring a very ap- 

preciable time to reach its full value. This 

time of rise for the first impulse is shown as 

ti-te in (b). In the same way, the current does 
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not fall to zero the instant the transmit- 

ting brush leaves a contact button, but, on 

account of the capacity of the line, requires 

an appreciable time to do so. This time of 

fall is shown as t3-t4 in (b). Thus, the cur- 

rent does not obey the makes and breaks of 

the circuit immedietely, but is said to lag. 

When the impulses follow each other rapidly, 

one does not die away before another begins. 

The result is that the impulses run together; 

two marking intervals, separated by a spac- 

ing interval, often do this, thereby obli- 

terating the spacing interval. 

The saw-tooxth form of the 

wave, as shown in (ce), is caused by induc- 

tion. The neighboring telegrapg wires induce 

small varying currents in the line, so that 

the resulting current, made up of the induc- 

ed and working currents, is of the irregular 

form shown, The induced currents have the 
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greatest effect during the early growth of 

the impulse; they may even be large enough 

to reverse the direction of the line cur- 

rent while the impulse is till very smell. 

When the impulse has grown to a reasonable 

size, the induced currents are absorbed. 

A consideration of the caus- 

es of distortion will shown that since cur- 

rent lag and induction increase nearly di- 

rectly with an increase in length of line, 

the amount of distortion varies nearly di- 

rectly with the length of line. 

The effect of impulse dis- 

tortion on accurate receiving of signals is 

apparent. Not only does confusion result 

from the bridging over of the spacing inter- 

vals, but also from the fact that the re- 

ceiver lags behind the transmitter. This lag 

occurs because the receiver does not respond 

until the impulse has grown to a working 

16 
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value. The induced currents do not, as a 

rule, reach sufficient magnitude to oper- 

ate the receiving relays; their usual ef- 

fect is to distort the impulse by destroy- 

ing the early part, and thereby still fur- 

ther retard the receiver. Since the amount 

of distortion depends upon the length of 

line, the longer the line is, the more dif- 

ficult becomes operation; satisfactory opera- 

tion cannot be maintained over lines of any 

practical length. 

With the underlying causes 

of distortion in mind, we are now prepared 

to take up the solution of the problem. A 

study of the impulse diagram will show that 

the question becomes one of causing the im- 

pulses to grow to their final working value 

very rapidly. If the impulses should rise 

quickly, they would not tend to spread out 

aT 
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so much, so that there would be a sharp di- 

viding line between marking and spacing in- 

tervals. Furthermore, the effect of the in- 

duced currents would be minimized, since 

their greatest effect occurs during the ear- 

ly growth of the pulse, which period would 

be short. 

The solution which has given 

the most satisfaction is what is known as 

double current operation. In this scheme, 

there is a marking pulse as before. However, 

instead of a space interval being indicated 

by a current pulse of no magnitude, that is, 

by an absence of current, it is indicated by 

a current pulse in the opposite direction. 

For convenience, the spacing pulse is called 

positive, whereas the marking pulse is called 

negative. The terms positive and negative 

merely indicate that the line currents are 
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opposite directions in the two cases. The 

use of both marking and spacing impulses 

of course necessitates some changes in the 

equipment, but these changes will be taken 

up a little later. 

The reason for the more sat 

\kisfactory operation of the double current 

eatin ean be more clearly understood after 

that explanation of certain principles of 

current rise in a circuit. It was just shown 

how, when there is current in a circuit, the 

current legs or falls to zero gradually when 

the circuit is opened. If an e.m.f. be ap- 

plied, opposite in direction to the one which 

established the current, the current will 

fall much quicker than it otherwise would. 

If the e.m.f. be maintained, the current will 

decrease, pass through zero, and build up in 

the other direction. 
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to illustrate the application of this prin- 

ciple to our own problem, consider the same 

impulse series as was used in the previous 

discussion, except with both mrking and spac- 

ing pulses. The intervals of this series are 

marking, marking, spacing, marking, marking, 

or, in terms of current direction, negative, 

negative, positive, negative, negative. This 

series is pictured in (da). 

‘An observation of diagram (4a) 

shows that the two negative or marking pulses 

which come first are the same as in diagram 

(ec). But at the beginning of the third or 

spacing interval, a positive e.m.f. is applied, 

which action causes the line current to fall 

almost instantly to zero and start to rise in 

the positive direction. Likewise, st the be- 

ginning of the fourth interval, which is mark- 

ing, the line current quickly reverses and 

builds up in the negative direction. The last 
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two intervals are marking, similar to the 

first two. 

A further observation of the 

diagram shows that the marking and spacing 

pulses are clearly defined. Furthermore, the 

pulses are at high values throughout nearly 

all of their existance, so that the induced 

currents from other lines are soon absorbed. 

Thus, the problem of producing definite pulses, 

little affected by induced currents, is ap- 

parently solved. 

FOURTH SYSTEM. The applica- 

tion of the principle of double current oper- 

ation to the telegraphic system which was de- 

veloped earlier in this discussion appears in 

Fig. 4. However, before the system as a whole 

is explained, two new pieces of apparatus 

should be described. 

The first of the new devices 
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is a relay pole chenger. This is an ordinary 

Felay.equipped with both front and back con- 

tacts. When the relay coil is not energized, 

the armature remains against the back contact, 

but when the coil is energized, the armature 

is drawn forward against the front contact. 

The other new device is a 

polarized relay. This relay has an armature 

which plays between two contacts, but has no 

retractile spring. When the coils of the re- 

lay carry current in one direction, the ar- 

mature takes position against one contact. If 

the coil current is reversed, the armature 

goes over to the other contact. Since there 

is no retractile spring, when there is no 

current in the coils, the armature remains 

against whichever contact it happens to be. 

With this understanding of 

these new instruments, we can take up an ex- 
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planation of the new scheme, As in the pre- 

ceeding system, there are the tape contacts. 

These contacts do not, in this case, control 

the line impulses directly, but do so through 

five of the relay pole changers just describ- 

ed, one pole changer being provided for each 

of the five tape contacts. Each set of relay 

coils is connected to the local battery by 

means of its own tape contact, so that when 

the contact is open, the relay is not ener- 

gized and the arm ture remains against the 

back point; when the tape contact is closed, 

the relay is energized so that the armture 

is drawn over to the front point. The current 

path from the back point of the relay pole 

changer is to the negative side of the mrk- 

ing battery and through the battery to ground. 

The front contact is connected to the positive 

side of the spacing battery, the negative side 

23 
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of which goes to ground. The armature is con- 

nected to one contact button of the transmit- 

ting disk. The revolving brush arm is connect- 

ed to the line. 

A consideration of the trans- 

mitter circuit shows that with a tape contact 

open, @ negative or marking line impulse is 

sent out, and with a tape contact closed, a 

positive or spacing impulse is sent out. Thus, 

the tape contacts control the character of 

the line impulses. 

At the receiving station, the 

line is connected through the operating coils 

of a polarized relay to ground. Therefore, a 

positive current pulse throws the armature to 

one side or point, whereas a negative pulse 

throws the armature to the other point. One 

point is dead, the other point is connected 

to one side of the local battery, and the ar- 
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mature is connected to the receiver brush arm. 

The receiver relays are connected between their 

respective control buttons and the free side 

of? the local battery. 

As for the operation of the 

receiving apparatus, suppose a spacing or po- 

sitive line impulse appears. The armature of 

the polarized relay goes to its dead contact, 

so that no local relay is affected. Suppose a 

negative or marking interval next appears. The 

armature of the polarized relay goes over to 

the opposite point, which is connected to the 

battery. The local relay is energized, and in- 

dicates a signal. Thus, in this system, the 

local receiving relays respond only to the 

marking intervals, just as was the case in the 

former system. 

FIFTH SYSTEM. Fig. -5 shows a 

still further development of the system. This 
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scheme is the same as that of Fig. 4, except 

that the line signals are sent out by a main- 

line pole changer, controlled by the relay 

pole changers, instead of being sent out by 

the relay pole changers themselves. This main 

line pole changer is merely a polarized relay 

with its operating coils connected to the bat- 

tery through the relay pole changer contacts, 

its armature connected to the line, and its 

two points connected respectively to the spac- 

ing and marking batteries. The other sides of 

the batteries are grounded. The operation of 

the system is apparent from the diagram. 

This system possesses two ad- 

vantages over the former one. The first is 

that the number of contacts in the main line 

eirecuit is reduced to one, viz., the one at 

the main line polechanger. Under adverse con- 

ditions of operation, this feature is of no 
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little importance. 

The other improvement appears 

when & number of marking or of spacing inter- 

vals are transmitted in succession. The main- 

line-pole-changer armature retains the same 

position throughout the series; hence, the 

line current is msintained constant at its 

full value throughout the series. Current lag 

therefore does not oceur except when succes- 

sive impulses are of different signs. 

SEXTH SYSTEM. The final de- 

velopment of the system is shown in Fig. 6. 

The scheme of Fig. 6 is the same as that of 

Fig. 5 except for two changes in the receiv- 

ing apparatus. These changes still further 

decrease the possibilities of wrong inter- 

pretation of the incoming impulses by the 

receiving apparatus. 

The first change is the fact 

27 
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that the receiving polarized relay does not 

control the five simple relays directly, but 

instead, controls an exactly similar polar- 

ized relay, which, in turn, controls the five 

simple relays. This working is plain from 

Fig. 6. 

The second change is shown 

sthematically: It consists of an adjustment 

by which the receiver disk can be moved for- 

ward in the direction of rotetion of the 

brush arm, or can be retarded against the 

direction of rotation of the brush arm. The 

total angle through which the disk may be 

turned is perhaps forty degrees. 

The reason for this modifi- 

cation may best be studied from Diagram (e). 

This diagrem is the same as (a) as far as 

the wave form of the impulse is concerned. 

It will be noticed from the diagrams that the 
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impulses are quite jagged and irregular. The 

irregularities may produce a slight flutter- 

ing of the armature of the receiving poler- 

ized relay, especially near the transition 

period between positive and negative pulses. 

This fluttering is not of sufficient magni- 

tude to throw the armature from one point to 

the other, but it is great enough to produce 

@ poor contact. Such a contact would not be 

desirable in the circuit of the simple re- 

lays. 

A remedy for the uncertain 

contact in the circuit of the five relays is 

provided when the second polerized relay is 

added to the scheme of Fig. 5. This relay 

does not change its position unless the main 

line relay first changes; any fluctuation 

of the armature of the main line relay less 

than a complete movement from one point to 

ao 



YHIAAOAIAT: DUITMIAT TO MITeYe: MUSAAOM SAT 

eit .xsisgetrt bas begast stiup ers sealngmt 

-totiolt tigtfe e soyborq vem esititelsgetts 

-tsfoq anivieser edt to exsteagre edt To gat 

cotétenart edt rsem ylistoeqes ,yslert best 

-2oeling evittegon bus ovitteog neswied botreq 

~ hagent dnetorttwe to toa at gitretiolt etdt: 

ot tetog emo mott etutenrsa oft wordt ot ebst 

eosborg ot agvone testa et tt tud ,zredto eft 

ed ton bisow tomtnoo e dowd .tostmoo to0g # 

-ot efqmte edt to ttvorto edt mt efdarteeh 

2ayst 

mistroons eft trot chenen A 

et ayslet evit edt to tiverto oft af tostnoo- 

et yeler beaiteloq baosee edt sodw bebivorg 

ysfer etd? .¢ .gft to -omadoe oft ot bobbs 

tem edd eaotar moitkeod ett egaaedo tom aeoh 

rottevtor ft wae jgooguedo text ysfer extl 

seel yeler onfl aten eit to ervteanrts eft to. 

ot totog exo mort tmemevom etof[qmoo s aadt 



THE MORKRUM SYSTEM OF PRINTING TELEGRAPHY 

the other does not affect the second relay. 

The armature of the second relay possesses 

sufficient residual magnetism so that the 

contact is kept firm. Hence, any flutterings 

of the main-line-relay armature do not af- 

fect the local relays. 

The impulses in the local 

ecireuit, with the plan just described, are 

shown by the rectangular full-line pulses 

in (e). The transmitted pulses are shown dot- 

ted. It will be noticed that the received 

pulses are fair reconstructions of the trans- 

mitted pulses, but occur at a slightly later 

time because of current leg. 

The second change in the sys- 

tem, viz., the angular adjustment of the re- 

eeiver disk, allows the middle, or fullest 

portion of the pulse to be utilized. This 

fact may be understood by a reference to (e). 
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This diagram shows the puls- 

es, and also shows the buttons of the receiv- 

er disk developed, or rolled out, just below. 

The buttons are drawn in to such a scale that 

the diameter of each button represents the time 

of brush-passage over that button, and the dis- 

‘iste between buttons represents the time re- 

quired by the brush to pass from one button 

to the next, The buttons are small compared to 

the pulses, and that portion of the pulse ly- 

ing directly above each button is the only 

portion utilized; the remainder of the pulse 

occurs while the brush is between buttons. By 

sliding the entire row of buttons along under 

the row of impulses, we can make any button 

receive any part of the impulse series. 

This condition can be actually 

duplicated in practice by the revolution of 

the the disk upon which the buttons are mount- 

ed. However, in practice it is never desired 
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that an impulse be received on any but its 

own button. Hence, the angle through which 

the disk turns is only sufficient as to al- 

low each button to receive any part of its 

own Lhpelee: with a little added leeway in 

both directions of rotation. 

The results of such an ad- 

justment of the disk are two in number. The 

first is that the disk can be adjusted so 

as to admit only the peaks of the impulses. 

Hence, with the aid of the two relays on the 

line side of the disk, greatly distorted im- 

pulses can be correctly interpreted. The se- 

eond result is that on long lines, where the 

current lag may produce quite a lag of re- 

ceived pulses behind the transmitted pulses, 

the receiver disk can be rotated backward un- 

til the brush-and-button contact occurs at 

the same time as the reception of the pulse. 
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Another way of looking at the ¢ondition is 

that the two brush arms are revolving at ex- 

actly the same speed, but the receiving arm 

stays a little behind the trahsmitting arn, 

the distance behind depending upon the cur- 

rent lag. 

This last described system 

constitutes the Morkrum System of Printing 

Telegraphy reduced to its simplest form. The 

scheme includes the essential features of the 

Morkrum distributors. (These are so called 

because they take the five character elements 

of position, which are found on the tape, 

distribute them as impulses or elements of 

time, and then, at the receiving station, re- 

transform the elements back into those of po- 

sition, that is, relay positions.) This dis- 

tributing apparatus, together with the tape 

perforator and automatic printer, makes up 

the commercial Morkrum System. 
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With this preliminary survey 

of the plan, we are ready to take up a de- 

tailed description of the commercial system. 

There are a number of different types, dif- 

fering in the minor details, but the one de- 

seribed in the following pages is the one 

commonly used on commercial duplex telegraph 

lines. 
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Part II - Tape, Code, and Perforator. 

THE TAPE. As was said before, 

the message to be transmitted by the Morkrum 

System of Printing Telegraphy is first punch- 

ed onto a paper tape, the number and arrange- 

ment of punched holes depending upon the let- 

ter or character which the holes represent. 

Samples of the tape are shown below. 

SHIFT @ E RD I SN PMR, EN Fh Le 
D Te ta ZR SS Fe 42 

B 

The holes for any one letter 

or character are arrenged in a row across the 

tape, with the proper blank or unpunched spac- 
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es between holes. The rows are separated a 

distance of about one-tenth of an inch, this 

being sufficient to produce clear distinction 

between successive letters. Notice that the 

rows of holes are not exactly perpendiculer 

to the length of the tape, but that they 

Slant backward a little. The reason for this 

Slant will be explained in connection with 

the transmitting distributor. 

Besides the holes used in 

combinations to represent letters, a con-. 

tinuous row of holes runs the full length 

of the prepared or pundhed tape. Theses holes 

are used in feeding the tape through the ap- 

paratus. The teeth of » small spur wheel en- 

gage the holes, so that the tape is draw a- 

long as the wheel revolves. This system of 

feeding affords a positive and definite tape 

movement; the tape cannot slip without the 
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feed holes being torn out. If such trouble 

occurs, it is at once noticed by the opera- 

tor and can be remedied. 

THE CODE. The perforations f 

follow the plan of the five-unit code, which 

is given on the sample of tape, p.35. This 

is called a five-unit code because for each 

letter or character, there is a total of five 

intervals, either holes or blanks; "blank" 

is used for want of a better term, and denotes 

évery location where no hole is punched. The 

intervals or elements are numbered for refer- 

ence 1, 2, 3, 4, and 5, across the tape. The 

five elements allow of thirty-one combinations; 

hence, thirty-one characters are available. 

By the use of a shift, similer to a typewriter 

shift, thiry-one new meanings may be assigned 

to the combinations, so that a total of six- 

ty-two characters or signals are available. 
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Besides the actual charac- 

ters which are to be transmitted and print- 

ed at the receving station, the code algo 

includes several operating signals, which 

govern certain functions of the printer a- 

side from its regular printing movements. 

These signals are: space, carriage return, 

lining, shift, and rub-out. The space sig- 

nal causes a space to be left between suc- 

cessive words of the printed messace. The 

carriage return is used when a new printed 

line is to be started. The lining signal 

causes the printer to turn up a new line, 

just as is done in the operation of a type- 

writer. The shift signal causes shift char- 

acters to be printed instead of the normal 

characters; the printing of the normal char- 

acters is restored by the space or the car- 

riage return signal. The rub-out is used 
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when a mistake has been made in perforating the 

tape. The tape is run through the perforator 

again, and the erroneous letters are punched 

out. Note that the rub-out combination of hole 

is the only one comprising all five intervals; 

hence, any other character contains fewer hole 

and can be punched out. When the printer re- 

ceives the rub-out signal, it remains inopera- 

tive or "marks time” until a different sienel 

is received; the printer then performs its us- 

ual functions, just as it did before the rub- 

out signal was received. 

THE PERFORATOR. The tape is 

punched by means of a keyboard perforator. 

The general performance of the machine is as 

follows: The actual punching of the tape is 

done by a row of six pin punches which face a 

die; the tape passes between the punches and 

the die. Five of the punches are for the five 

S 
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code holes, whereas the sixth is for the 

feed holes. An electro-magnetic hammer forc- 

es the punches through the tape; on the back 

or return stroke of the hammer, the tape is 

advanced one feed hole, so that a fresh sec- 

tion is ready to receive the next series of 

perforations. Different combinations of holes 

are selected for the different characters by 

a selective mechanism worked from the key- 

board. This mechanism operates as follows: 

Between the hammer-head and the punch pins 

exists a small clearance, in and out of which 

five rods or punch levers slide independent- 

ly. One punch lever is provided for each of 

the five code punches, but none is provided 

for the feed punch. When certain holes are 

to be punched, the corresponding punch levers 

are left between the hammer head and punches, 

filling up the clearance. On the forward stroke 
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of the hammer, the pins are pushed through 

the paper. If a hole is not to be punched, 

the punch lever corresponding to that hole 

is withdrawn from the clearance between the 

hammer and punches; then, on the forward 

stroke, the hammer enters the clearance, 

but not far enough to strike the pin. Hence, 

no hole is punched by that particular pin. 

The feed holes are always punched; the selec- 

tive mechanism has no contol over the pin 

which punches the feed holes. The rods or 

punch levers are controlled through a series 

of levers from a keyboard, similar to that 

of an ordinary typewriter. The keyboard also 

automatically control the electro-magnetic 

hammer, 

With the idea of the general 

functions of the perforator in mind, we can 

now take up a discussion of the machine in its 
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practical form. In this entire discussion, 

rough sketches will be used to show the gen- 

eral construction of the parts, but these 

sketches are not intended to represent the 

apparatus in detail; the accompanying photo- 

graphs of the machine show the details of 

construction. 

GENERAL LAYOUT. The perfora- 

tor consists of a hollow cast iron base, on 

the top of which are located the hammer and 

punch mechanisms and the tape reel. The key- 

board overhangs the front of the base. Some 

of the connecting levers between the keyboard 

and punch pins are inside the base, whereas 

some are on top. Fig. 7 shows a top veiw of 

the perforator; the different parts are iden- 

tified in the sketch. 

THE FUNCH PINS. At the lower 

left-hand corner of the base are the punch 
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pins and die. The punches are of steel, about 

one-tenth inch in diameter by one and one- 

fourth inches long. There are five of such 

pins for the tape contact holes, and an ad- 

ditional smaller pin for the feed holes. All 

six pins slide back and forth in guide holes 

bored through the face of a small block. The 

idea is illustrated by Fig. 8, where B denotes 

the guide block. The block is[_-shaped, and 

across the open face extends a cover plate, 

HE, also bored with guide holes for the pins. 

The die, D, lays over this cover plate. The 

two are channelled out slightly so that the 

tape can be drawn along between them. The 

pins ordinarily project behibd the back face 

of the block, and also extend, at their op- 

posite ends, nearly through the end plate, 

E; they do not, however, extend into the tape 

channel. The hammer strikes the projecting 
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ends of the pins, and drives the pins across 

the channel into suitable recesses in the die; 

if the tape is in place between the die and 

end plate, it is of course punched. The punch 

ends of the pins are slightly hollow-ground 

so as to give better cutting edges. 

The method of returning the 

pins to their original positions, on the back 

stroke of the hammer, is also indicated in 

Fig. 8. The feed-hole pin, F, is rigidly at- 

tached to af -shaped crosshead, C, which 

slides back and forth in the guide block; 

the crosshead is normally held at the rear 

of the guide block by the spring, S. The for- 

ward stroke of the crosshead is limited by 

its lug (the stem of the "1") striking the 

end plate, E. The croddhead is also bored 

with holes for the punch pins, but the fit 

between the crosshead and pins is so loose 
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that the crosshead slides forward freely, 

without pulling any of the pins along with 

it. Each of the five pins is fitted with a 

small collar, which rests against the twck 

face of the crosshead. The crosshead ordin- 

arily bears against these collars, so that 

the pins are held in their extreme back po- 

sistion clear of the tape. 

In the operation of the ar- 

rangement, after the crosshead has started 

on its forward stroke, any of the pins can 

follow, in case they too have been struck 

by the hammer. The crosshead stays ahead of 

the pins until the end of the stroke, and 

the pins go through a punching movement the 

same as though the crosshead were not pre- 

sent.On the back stroke, however, the cross- 

head strikes the collars on the pins and 

carries all the pins back to their original 
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positions. A feature which should be noticed 

here is that at the end of the forward stroke, 

the pin collars strike the crosshead, and their 

travel is thereby limited; otherwise, the pins 

would drive into the die and soon loose their 

cutting edges. 

The method of starting the 

crosshead on its forward stroke is also ap- 

parent from Fig. 8. It will be remembered 

that the five contact-hole pins are not struck 

directly by the hammer, but instead, small 

interference rods are inserted between the 

hammer and the pins, so that the rods are 

struck by the hammer. A feed hole, on the o- 

ther hand, must be punched at every stroke 

of the hammer, and hence no punch lever is 

provided for the feed pin. Instead, this pin 

projects beyond the others a distance slight- 

ly in excess of the thickness of a punch lev- 



ob 

YHCAADEILT DUITMMIAT TO MeTeYe MUMAOM TA? 

heoiton ed Si{yode do tdw esriteset A semoftieog 

,otorte hrewrot edt to Bas odt ts tad? at erod 

ttedt Bas ,bsedesoro odd otttte arsf[Lloo mig odt 

eatg edt ,setwredto ;betimil yderedd er Lovett 

ttedt seool mooe baa ef5 edt otmit evith bisow 

. -2ogbe gaitiso 

edt enitvate to Bbodtem sdT' 

-qs oelfs at etorte Sreawrot ati mo bsedeasots 

heredmemet od £[fiw tf .8 .gtt mort tneteq 

fourte tom srs entq eLod-tostmoe evit edd. tadt 

If{eme ,hbestent sud .remmed edit yd yitoorth 

eit oasewhled betreent srs ebor sonsretretat 

ets ebot edt tedt oe ,satq ond Sas cremmed 

-o eft mo {efod best A .rommed edt yd aourte 

exorte yrove ts bedonuq ed tenm bead redt 

et revel deonvq om eonmed bae ,tommed ,odt to 

tigq etdt ,bsetenl .atq hset atid tot Sshtvorg 

-trigife senateth s etedto edd broyed -etoetorq 

-refl domuq s to esemsoidt edt to seeoxe at yl. 



47 

THE MORKRUM SYSTEM OF PRINTING TELEGRAPHY 

er. Therefore, the feed pin is struck by the 

hammer before any of the punch levers, so 

that the feed pin and crosshead lead the 

other pins throughout the stroke. It is ap- 

parent that with this method, the proper 

movement of the pins is not interfered with 

by the crosshead. 

THE HAMMER. The hammer mag- 

net consists of two solenoids, designed for 

110 volts, direct current. The solenoids are 

placed horizontally at some distance behind 

the punch pins and in line with them. The 

arrangement is clear from Fig. 7. The two 

coils are supported from the base by 4 brack- 

et, which is attached to those ends of the 

Goils adjacent to the punch pins. The solen- 

oids are fitted with movable cores or plung- 

ers, which slide in and out of the rear ends 

of the coils. A yoke connects the cores, and 
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from the center of this yoke, = plunger rod 

goes forward between the solendids, through 

a guide hole in the bracket, and terminates 

in a round-headed nut, N,. A hammer spring, 

acting against the magnet, normally keeps 

the cores drawn partially out of the coils 

and the plunger rod in its extreme back po- 

sition. When the coils are energized, the 

cores are drawn into the coils, and the plun- 

ger rod thrusts forward toward the punch 

pins. The hammer solenoids are controlled 

automatically from the keyboard. 

The hammer itself is a hori- 

zontal steel lever, pivoted at A (see Fig. 7), 

and extends into the clearance between the 

end of the plunger rod and the punch pins. 

Thus, when the plunger rod comes forward, 

it thrusts the hammer on ahead of itself. 

The construction of the ham- 
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mer is shown in Fig. 9. As indicated, the 

hammer is channelled out along its length. 

The channel faces the punch pins. In line 

with the pins is cut the rectangular notch, 

B (see Figs. 7 and 9). When the end of the 

hammer is pushed forward by the plunger rod, 

the ends of the punch pins enter the notch, 

B, The channel and notch furnish the clear- 

ance, before referred to, between the punch 

pins and hammer. Note that the bearing at A, 

upon which the hammer is pivoted, is offset 

from the center-line, so that the bearing 

stud is well clear of the middle of the chan- 

nel. " 

THE PUNCH LEVERS. The five 

interference pins or punch levers, which slide 

in and out of the clearance between the ham- 

mer and the punch pins, are merely square steel 

rods; they move lengthways of the hammer through 
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the channel. They are arranged in a vertical 

row or pile, so that each one is in the hori- 

zontal plane of a punch pin. The levers are 

numbered from 1 at the bottom to 5 at the top, 

corresponding to the same numbers of the code 

elements. The punch levers extend just far 

enough along the channel that their ends cross 

the notch in the channel, and thereby fill up 

the clearance space at the tack of the pins. 

However, each lever may be withdrawn from the 

channel for about half an inch; this movement 

is sufficient to re-establish clearance. 

SELECTIVE MECHANISM. The meth- 

od of moving the punch levers from the key- 

board is illustrated in the isometric sketch 

of Fig. 10; this sketch, for simplicity, shows 

the complete links for only one punch lever, 

and shows only one key. Hach key is the ter- 

minal of a long arm, K, the back end of which 
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is mounted on a shaft, S. The key lever, or 

arm, has a projection, P, which rests on a 

large rectangular strap-iron loop, L; the 

loop has no back side, but instead, the two 

ends of the strap are supported by two bear- 

ings, BB, as shown, The arm, F, is attached 

to one end of the loop, and rises vertical- 

ly. The upper end of the arm, F, is slotted, 

and engages the short end of the bell crank, 

D, The crank has a suitable bearing at =E. 

The long arm runs forward to the punch lever, 

and is pivoted to that lever at A. Tracing 

through the link movements, we find that if 

the key lever is pushed down, ss it would be 

by the depression of a key, the front of the 

loop, IL, is also pushed down; this movement 

brings the upper end of F forward, and with 

it, the short arm of the bell crank. The long 

arm of the bell crank is thereby drawn toward 
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the right, and it pulls the punch lever with it. 

This movement of the punch lever is the one de- 

sired. All parts are returned to their original 

positions by springs, not shown in the figure. 

The controls for all the punch levers are the 

same: each punch lever has its own bell crank 

and loop movement. 

In Fig. 11 is shown the complete 

selective mechanism with the exception of some 

of the keyboard keys and levers which are left 

out to simplify the sketch. The method of nest- 

ing the six loops and the arrangement of the 

bell cranks should be noted especially. The sketch 

also shows the several fingers which each key le- 

ver carries. These fingers point downward, and 

each rests on one of the loops; hence, the depres- 

sion of a key simaltaneously depresses several 

loops, and, at the same time, withdraws several 

punch levers. By this action, a key controls such 
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punch levers as will cause the proper holes 

to be punched in the tape. 

The hammer control is indi- 

cated in the same figure. In addition to the 

five bell cranks, there is a sixth lever 

mounted with them and similarly controlled. 

This lever is the top one of the bell crank 

group, and is operated from the outside loop. 

The top lever has no long arm extending to a 

punch lever, but instead, consists of a single 

arm, identical with the short arms of the bell 

eranks. This arm controls the hammer magnet 

through the series contact shown. One point 

of the contact is stationary, whereas the oth- 

er is carried by the lever just mentioned. 

The contact is normally open, but when the 

arm is moved forward, by a depression of the 

front loop, the contact closes and connects 

the solenoids to the source of current sup- 
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ply. The contact is adjusted to close just 

after the punch levers have been withdrawn 

by the bell cranks. 

As for the location and mount- 

ing of the link mechanism on the machine, the 

bell cranks and contact are situated an the 

top of the base, as indicated in Fig. 7, where- 

as the loops and keylevers are inside the hol- 

low base of the machine; the levers F of Fig. 

10, connecting the loops and bell cranks, ex- 

tend upward through slots of the grid, G, as 

indiested in Fig. 7. The mounting of the bell 

cranks on the vertical studs is also apparent 

from Fig. 7. 

The method of suspending the 

loops and key levers in the base is illustrat- 

ed in Fig. 12, which is a veiw upwards at the 

bottom of the machine. The six free ends of 

the two sides of the loops are mounted in the 
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two bearings as shown. Washers or spacers are 

pleced between adjacent straps in order that 

there shall be no interference between them. 

The loops are held up snugly against their 

backstop on the under side of the base by 

return springs. The idea is eleear from Fig. 

13, and needs little comment. The rod, R, of 

Fig. 13, runs the full length of the loops. 

This spring support allows the front of the 

loop to be pushed down by a key lever, but 

immediately returns the lever to its normal 

position when the pressure is released. 

The mounting of the key levers 

is similar to that of the loops, and is shown 

in Fig. 12. The back ends of all the levers 

are strung loosely on a shaft, 8; the levers 

are kept separated on the shafts by spacers. 

The key levers have spring returns, similar 

to those of the loops. All springs, both of 
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the loops and key levers, are anchored to 

the rod, R, of Fig. 13. 

THE KEYBOARD. The key levers 

terminate at the front of the machine, have 

key buttons attached to the front ends, and 

thereby form the keyboard, The plen of the 

keyboard is cleer from Fig. 7. In a general 

way, it follows the plan of the standard 

typewriter keyboard, but as only upper case 

letters are used in telegraphic work, addi- 

tional characters are supplied instead of 

the two separate styles of letters. Notice 

that besides the actual printing characters, 

the keys include the operating signals, such 

as carriage return (CARRET), lining, and oth- 

ers. 

THE TAPE FEED. The method of 

feeding the tape may be seen in Fig. 7. The 

tape reel is normally supported horizontally 

on the top of the base to the right of the 

56 



ad 

YHTAROEIRT OMITAINA TO MATSYe MUSAHOM FHT 

ot betodons ete ,atevel vei Bas eqoolt edt 

-8f£ .2tt to .f , bot edt 

etovel yew ofT .CHAOSYaA HT 

eved ,emtdosam oft to tnortt oft ts etsainret 

bos ,eise tnootrt edt ot bedostts anotind yox 

edt to asfgq eiT .fraecdyei sft mrot yderedt 

feteneg a ml .S .att mort <nele at breodyext 

Busbastea edt to malq edt ewoffot tf . Yaw 

ease teqas ylno ae ted ,brsodyet retliveqyt 

-tihbe ,trow ofdaatastet at pie ete etettel 

to beetent Sbetfarrea ere aetatostade [anctt 

sotto .atettel to nétete, piotcauie owt eft 

~atetosrado arttcitq Isutos edt eehteed tact 

fove ,eafarnta anttateqo eff obsfomt eyed ent 

efto bae ,aatatt ,.{TEAHAD) mrvter onstytas 3s 

879 

to bodtem ef? .CanY FIAT ERT 

odT .¥ .g9f% ot mooa od yen sqat edt gathest 

yliataostrod Setroqque yiismrom at feet sqst 

eit to tdgit edt of saad edt to qot edd no 



5” 

THE MORKRUM SYSTEM OF PRINTING TELEGRAPHY 

bell cranks. The tape unwinds from the reel, 

passes between the punch pins and die, and 

then passes between an idler or tension rol- 

ler and the feed roller. The idler is pressed 

against the feed roller by a spring. The idler 

and feed roller may be seen in Fig. 7 at the 

left of the punch pins and die. The feed rol- 

ler is a vertical cylinder, slightly higher 

than the tape is wide. It has projecting pins 

or teeth which engage the feed holes in the 

tape, so that the tape is pulled along as the 

feed roller turns. The idler is a second cyl- 

inder which serves to keep the tape close-up 

against the feed roller. 

The driving of the feed rol- 

ler is accomplished by a ratchet and pawl 

movement, a part of which movement may be 

seen in Fig. 7. At the bottom of the feed 

roller, and rigidly mounted with it, is a 
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ratchet wheel. A long pawl attached to the 

end of the hammer comes forward with the 

hammer on the forward stroke; the pawl hooks 

over a tooth on the ratchet, and on the back 

stroke of the hammer, pulls back the ratchet 

one tooth. This movement of the ratchet ad- 

vances the feed roller and tape one step. 

These steps are about one-tenth inch long, 

measured on the tape, which distance is suf- 

ficient to produce clear distinction between 

successive letters on the tape. 

The punching, feeding, and 

selective mechanisms, so far described, con- 

stitute the essential parts of the perfora- 

tor. Experience, however, has shown the de- 

sirability of adding two more features. 

THE BACK SPACER. The first 

of these new elements is the back spacer; 

by means of this device, in case the wrong 
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letter has been punched onto the tape, the 

tape can be backed up until the incorrect 

letter is again in the punch. Then the let- 

ter may be cancelled by the "Rub out" key. 

Thus, the purpose of the back spacer on the 

perforator is exactly the same as its pur- 

pose on a typewriter. 

The movement is illustrated 

in Fig. 14(a), which is a veiw of the under 

side of the base. The stud which carries the 

feed roller extends through the base, and 

terminates in a star wheel. A lever and pawl, 

as indicated in the figure, are mounted so 

that the pawl engages the star wheel. Hence, 

when the lever is salen to the right, the 

star wheel is turned through a small angle. 

The star wheel assumes a definite position 

under the action of the jockey roller which 

rests upon it. The movement of the star wheel 
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turns the feed roller and tape back one step. 

The lever and pawl are returned to their 

originel positions by a spring. The lever 

projects from the base at the lower left- 

hand corner. 

THE END-OF-THE-LINE INDICA- 

TOR. The next of the new features is the 

end-of-the-line indicator. This device gives 

warning when approximately sixty-five char- 

acters have been punched onto the tape; six- 

ty-five characters are assumed to constitute 

a printed line. When the signal is given, 

the carriage return key is depressed, so that 

at this point in the message, the printer 

will begin a new line. The device is there- 

fore seen to perform the same function as a 

warning bell on a typewriter. Before a mes- 

sage is started, the carriage return key is 

depressed; this action assures the perfora- 
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tor and the printer being in phase as regards 

the lines. 

The indicator is located in 

the base of the machine; the details of its 

construction are presented in Fig. 14(a). In 

this figure, the parts are in the beginning- 

of-a-line position. As shown, on the feed 

roller shaft is a small pinion, which drives 

a 65-tooth gear through the medium of an eaux- 

iliary or idler pinion. At each stroke of the 

hammer, the large gear is turned through the 

angle of one tooth, so that at the end of a 

line of sixty-five characters or signals, 

the large gear will have turned through one 

complete revolution. The gear turns against 

the action of a spring, U; this is a flat 

spiral spring, similar to a small clock spring. 

The large gear carries a small 

cam or disk, D, concentric with it. A lever, I, 
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is held against the edge of the disk by a 

spring. An interference pin or stud projects 

from the face of the large gear in such a 

manner, that, as the end of the printed line 

is approached, the stud travels under the 

lever, lifts it off the disk, and raises it 

still farther till the contact spring of the 

lever strikes the fixed point of the contact. 

This condition is shown in Fig. 14(b). The 

contact is in series with an indicator lamp 

and source of current supply, so that when 

the contact’ closes, the lamp lights. The 

lighting of the lamp serves as a warning to 

the operator that the end of a line is near. 

The contact is so adjusted that the warning 

oceurs at about the fifty-eighth character 

of the line. 

Special construction of the 

large gear is shown in the figure, viz., the 
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lest four teeth of the gear are cut out; the 

last four teeth are mentioned with the under- 

standing that the teeth are numbered from the 

one in contact with the idler when all parts 

are in the initial or beginning-cf-a-line 

position. The reason for this construction 

of the gear is as follows; if all the teeth 

were in the gear, there would be no means of 

stopping rotation at the sixty-fifth charac- 

ter, and the operator might continue punch- 

ing. The rotation of the gear would continue, 

so that presently, the interference stud 

would turn from under the end of the contact 

lever, thereby releasing that lever and des- 

troying the warning signal. Hence, the last 

four teeth of the gear are cut out, so that 

when these spaces reach the idler, any fur- 

ther punchine of characters has no effect on 

the large gear; hence, the warning signal is 
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maintained. 

The release of the warning 

signal is effected simaltaneously with the 

punching of the carriage return signal. The 

carriage return key operates the selector 

punching mechanism in the same manner as any 

other key, but in addition, the key strikes 

the end of a small bell crank, B, of Fig. 14 

(a), at the right end of the base. Through 

the agency of this bell crank, the key push- 

es a rod, called the release rod, through a 

small distance toward the left. The release 

rod is connected at the left to an arm, H, 

which carries the idler pinion. This arm 

is centered on the stud that carries the 

large gear, and is kept in such a position 

by &@ spring, T, that the idler pinion is nor- 

mally in mesh with the driving pinion and the 

large gear. But when the release rod is push- 
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ed to the left, it carries the idler lever 

and pinion with it. The idler is thereby 

thrown out of mesh with the feed roller pin- 

ion. This condition is illustrated in Fig. 

14(¢). The large is now free, and runs back- 

ward, under the action of the spring, U, un- 

til it reaches its original position; i.e., 

it turns back approximately one revolution. 

This movement of the large 

gear turns the interfernce pin out from under 

the contact lever and allows that lever to 

drop back onto the cam; the lamp contact is 

broken, and the warning therefore ceases. 

The backward movement of the large gear is 

stopped by the interference pin striking the 

end of the contact lever. Such a condition 

of the parts is shorm in Fig. 14(a). 

In order that the carriage 

return key need not be held down until the 
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indication mechanism has assumed the start- 

ing position, a pawl, P, has been provided, 

This pawl drops into a notch, N, cut in the 

release lever, when the lever is in the re- 

lease or full-left position. The release le- 

ver is threrfore held in the extreme left 

position, after it has once assumed that po- 

sition, by the pawl. The carriage return key 

need, therefore, not be held down in order 

that the release lever maintain its position. 

The pewl is thrown out of the notch, and the 

lever freed, by a stud or trip pin on the 

lower face of the large gear. This stud is 

so placed that just as the lerge gear reach- 

es its starting position, the stud strikes 

the pawl and trips it out of the notch. The 

release rod then returns to its normal posi- 

tion. 

We have now completed the 
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description of the Morkrum perforator, and 

will next take up a discussion of the dis- 

tribution system, the general theory of which 

was developed in the Introduction. 
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Part III- The Distribution System. 

GENERAL. The distribution 

system of the Morkrum System of Printing 

Telegraphy is the same as that of the last 

introductory system, viz., that of Fig. 6. 

There are a number of auxiliary devices add- 

ed to assist in operation, but the general 

plan and theory are identical with the plan 

and theory of Fig. 6. For communication in 

both directions, the apparatus of Fig. 6 must 

be in duplicate at the two stations; that is, 

each station must have both transmitting and 

receiving equipment. It has been found advan- 

tageous, therefore, to mount the transmitting 

and receiving disks of one station, together 

with their auxiliary equipment, on one base; 

the complete set of apparatus is called the 

é@istributor. By this means, compact construc- 

tion is obtained, and both receiving and trans- 

mitting brush arms may be driven by a single 
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electric motor. 

In the following description 

of the distributor, the general action of the 

apparatus will be explained with the aid of 

rough sketches; the accompanying photographs 

of the actual machine show the details of 

construction. The general order of treatment 

will follow the path of a current pulse through 

the machine. 

The general layout of the dis- 

tributor is presented in Fig. 15, which is a 

top or plan veiw of the apparatus. The figure 

shows the positions of the various parts, but 

is schematic as far as their construction is 

concerned. 

THE MOTOR. The motor, which 

drives both brush arms and the tape feed mech- 

anism, is a 1/10 H.P., 1800 R.P.M., 110 volt, 

D.C., series machine, manufactured by the Gen- 
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eral Electric Company. 

The speed regulating device, 

shown at the left of the motor, is applied, 

since it is essential that the machine run 

at constant speed. As is indicated, the de- 

vice is merely a fly-ball governor, driven 

by the motor, and arranged to open a contact 

when the spead becomes excessive. The con- 

tact is placed between the motor and the source 

of current supply; across the contact is shunt- 

ed a 1000-ohm resistance. If the motor speeds 

up, the governor opens the contact, and there- 

by places the 1000-ohm resistance between the 

motor and line. The motor therefore slows 

down until the contact closes again, snd shunts 

the resistance, By means of this governor, 

large changes may be made in the load or ap- 

plied voltage without any great effect on the 

spped of the motor. 

In Fig. 16 is given a detailed 
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veiw of the governor. The mechanism is sup- 

ported in a steel "0" frame. This frame is 

attached to the motor by bolts, as shown. 

The operation of the governor is apparent 

from Fig. 16. 

THE TAPE CONTACTS. The tape 

contact mechanism is located at the lower 

right-hend corner of the machine. This mech- 

anism performs the same function as it did in 

the introductory system of Fig. 6; that is, 

it controls the relay pole changers,being it- 

self controlled by the paper tape. 

The tape contact pins are five 

in number, and are held in a vertical plane, 

as shown in Fig. 17. Hach pin is held ina 

pin-holder, which is a small,round, brass 

disk. The pin runs through the disk edgeways, 

and is fuxed to the disk by a set screw. A 

bearing hole is bored through the disk from 
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face to face, but considerably off center. 

All five of the pin holders are mounted on 

@ vertical stud rising from the base. The 

tape-ends of the pins rest against a metal 

plate called the tape shield. The opposite 

ends of the pins are fitted with contact 

points, which are alligned with contact screws. 

The serews are supported by an insulating 

bracket, which, in turn, is supported from 

the base. This bracket insulates the pins 

from the base and from each other, For ease 

and compactness of construction, the contact 

pins are alternately long and short; the con- 

tact screws are correspondingly staggered. 

By this construction, more room for lock nuts 

on the screws is provided than would be if 

the screws were all mounted in a single ver- 

tical row. The contacts between the pins and 

screws are normally held closed by the springs, 
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S, as indicsted, 

In the operation of the tape- 

contact mechanism, the tape runs between the 

ends of the pins and the tape shield, so that 

the pins are lifted away from the shield a 

small amount. This displacement of the pins, 

though very small, is multiplied by the lever 

action of the pins and pin-holders to such an 

extent that it is sufficient to open the cen- 

tacts. When the perforations in the tape oc- 

cur. the ends of the pins, under the action 

of the springs, S, drop through the holes and 

close their respective contacts. 

THE TAPE PEED. The tape-feed 

mechanism is also apparent from Fig. 17. The 

feed-wheel consists of a brass disk, fitted 

with short, steel, wire teeth; the disk is 

fixed to the lower end of a vertical shaft 

called the feed shaft. The wheel and shaft 
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are located on the opposite side of the tape 

shield from the contact pins and tape, but 

the edge of the wheel projects a slight dis- 

tance through a slot in the shield, and is 

thereby enabled to engage the holes of the 

tape. 

The upper end of the verti- 

eal shaft carries a worm wheel which engages 

@ worm on a horizontal transmission shaft 

from the motor. The worm drive, as shown, 

is enclosed in a gear-box. The gear-box cast- 

ing extends downward to form a casing or col- 

lar bearing for the vertical feed shaft; it 

extends to either side to form a sleeve about 

the transmission shaft. By this arrangement, 

the vertical shaft and feed-wheel are sus- 

pended from the transmissi6n shaft. The low- 

er end of the vertical shaft is normally held 

against a stop at the bottom of the tape shield 
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by a spring, so that the feed-wheel projects 

through the slot in the tape shield. 

An attachment which aids in 

the threading of the tape under the tape con- 

tact pins is also shown in Fig. 17. This de- 

vice serves to pull all the contact pins a- 

way from the shield, and at the same time, 

withdraw the feed-wheel from its slot. When 

the parts are in this position, the tape may 

easily be threaded under the pins. Upon their 

Telease, the contact pins again rest on the 

tape, and the feed-wheel engages the feed 

holes. 

The attachment is operated 

by the movement of the lever, L, of Fig. 17. 

The movement of this lever, through the cam, 

C, pushes the lower end of the feed-shaft 

and the feed-wheel away from the shield. 

The movement of the lever, L, 



ar 

YHTAROSIET DUITUIRI TO MATeYe MUAAHOM SHT 

etoetotq Leedw-hbeet eft tedt of ,aacizrqe s yd 

~bletse eqet edt at tele edt Aguordt 

ot ebts dotdw dnomiostis aA 

-moo eget edt tebas eget eft to gnthserdt edd 

“96 eatxT .TI .att ot owode oefs et enxnta toast 

-s emiq tostaos eis [fe [f{sq ot eavres asotr 

.omit emae edt ts fos ,bfetda edt mort yew 

med” ,tofea atl most Leecweboet oft warbditiw 

ys eqat edd ,cottteod sidt mt ers eatraq ont 

attedt moqU .ertq edd robau fSebsexrdt ed yitese 

edt oo test miegs emtq toextaoo odd ,seselet 

best edt sepeanme Leedw-Seet edt Bas ,ogst 

: selon 

Beteatege et taomdoaetia odT 

TL .gtt to ,< ,sevel edt to tmemevom oft yd 

emiso oft dasordd ,r9evel sidt to tmemevom adT 

dtede-heet eft to bas szewol efit eotteng ,9 

-bfetdea edd mort yevs Lostiweheet odd bas 

I ,tevel odt to tmenevom oft 



THE MORKRUM SYSTEM OF PRINTING TELEGRAPHY 

also raises the contact pins away from the 

tape shield, through the agency of another 

lever. By referring to Fig. 17, we see that 

between tape pins #3 and #4, there is a free 

space, due to the fact that the row of feed 

holes occurs in this space, A bell crank is 

mounted with the pin-holders between holders 

#3 and #4, the bearing being at the elbow of 

the crank. One end of the crank extends along 

the pins a short distance, and terminates in 

& vertical cross-rod. The cross-rod extends 

completely across the row of pins. The other 

end of the erank is connected to the lever, 

L. 

Thus, when the lever, L, is 

moved to the right, it not only withdraws the 

feed-wheel from the tape shield, but also 

lifts all the pins away from the shield. With 

the parts in these positions, the tape may 
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be easily threaded under the pins. When the 

hand lever, L, is moved back to its normal 

position, the pins and feed-wheel also re- 

turn to their original positions; they per- 

form this movement under the action of their 

return springs. 

The tape contact and feeding 

mechanism just deseribed is mounted on a brass 

plate, fastened to the main base; hence, the 

entire mechanism may be easily replaced in 

case repairs are to be made upon it. 

To facilitate such replace- 

ments, the worm shaft of the tape-feed is con- 

nected to the main shaft from the motor through 

the coupling, D, of Fig. 17. This coupling con- 

sists of two steel disks, one on each shaft. 

The two disks are faced together and connect- 

ed, near their edges, by a single pin. Such a 

coupling furnishes no impedance to the removal 
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of the mechanisn. 

THE TRANSMISSION SHAFT. The 

transmission for the tape-feed mechanism is 

shown in Fig. 18. As indicated, the trans- 

mission shaft is supported in four bearings, 

B; one is on @ bracket near the motor, the 

second by the coupling, and the last two on 

either side of the worm drive of the feed- 

wheel. These latter two bearings are a part 

of the bracket whieh supports the tape shield. 

The general plan of transmission is this; the 

motor, through a gear train, drives the gear, 

G; this gear, throughsa clutch, drives the 

transmission shaft, which, in turn, drives 

the feed-wheel. None of the transmission parts 

need further comment with the exception of 

the elutch. The cluteh forms a part of an 

automatic stop system which will now be dis- 

cussed, 
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THE AUTOMATIC STOP. It has 

been found necessary to apply an automatic 

stop or control device to the tape-feed mech- 

anism. When this device is omitted, diffi- 

culties arise when the perforator operator 

does not work fast enough to supply the dis- 

tributor with tape. The tape tears between 

the two machines, or else the distributor 

feed tears the feed holes out of the tape. 

It is with the idea of overcoming this dif- 

ficulty that the manufacturer adds the auto- 

matic stop. 

The general plan of the de- 

vice is this: before entering the tape feed 

of the distributor, the tape loops over a 

small lever. This lever carries a contact 

point at its opposite end; a second point 

is fixed to the base. The opening and elosing 

of the contact controls a magnet called the 
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cut-out magnet, which, in turn, controls the 

feed clutch in the transmission shaft. Ordin- 

earily, the tape between the perforator and 

distributor hangs loosely and exerts no pull 

on the lever; but if the tape tightens up, 

as it will when the perforator is working 

Slower than the distributor, it pulls on the 

lever and opens the contact. The solenoid 

is de-energized and opens the clutch. The 

tape feed is thereby stopped before the tape 

is torn. When the tape again becomes loose, 

the lever is released, the contact closes, 

the clutch solenoid is energized, and the 

clutch re-engages, so that the tape feed pro- 

eeeds as before. 

The automatic stop as actually 

applied to the mohine is shown in Fig. 18(a) 

and (b). The gear, G, is made in one piece 
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with the sleeve, S', and the disk, A; the 

sleeve makes a bearing fit with the trans- 

mission shaft. The disk, A, constitutes a 

part of the clutch. When the elutch is en- 

gaged, the gear, G, and the shaft turn in 

unison; when the clutch is disengaged, the 

gear, G, the sleeve, 3, and the disk, A, 

turn idly upon the shaft, whereas the shaft 

remains stationary. 

The detailed construction 

of the cluteh is shown in Fig. 18(a) and (b). 

On the transmission shaft is mounted the car- 

rier, B, which carries the elutech dog, D. 

A spring, S, holds the dog against the edge 

of the disk, A. In the edge of A is a small 

notch, N, and at the end of the dog is a 

tooth which engages the notch. It will be 

seen, therefore, that as long as the dog, D, 

bears against the edge of the disk, A, the 
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Gluteh is engaged. The clutch is disengaged 

when the dog, D, is held away from the disk, 

A. 

The tripping mechanism for 

disengaging the clutch is also shown in Figs. 

18. On the base, and near the ecluteh, is lo- 

cated the cluteh solenoid, M. The solenoid 

has an armature, pivoted at the lower end, 

which carries a stop pin, P. Ordinarily, the 

solenoid is energized, and therefore holds 

its armature away from the clutch. However, 

when the control contact is opened by the 

tightening of the tape, the solenoid is de- 

energized, and its armature is drawn away by 

a spring. This armature movement thrusts the 

stop pin, P, into the path of the dog, D, so 

that the dog strikes the pin. The dog is trip- 

ped out of the noteh, and the clutch is dis- 

engaged. 
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Means are provided for the 

holéing of the dog, D, away from the disk, 

A, On the transmitting shaft, and beside the 

carrier, B, is mounted a disk, C. This disk 

conteins a wide shallow V-notch in its edge. 

A lever, T, is pivoted at one end to the 

base plate of the machine; the upper end bears 

against the cam, C, under the action of a 

spring. The end of the lever is so shaped as 

to fit in the notch of the disk, C. 

In the operation of the device, 

the shaft and the disk, C, ordinarily revolve 

so fast that the lever has not time to drop 

into the noteh of the aH otro wa ow the notch 

is so shallow that should the lever drop into 

it, the lever could not hold the disk against 

the driving force of the shaft, but would be 

raised out of the noteh as the disk turned. 

When the stop pin, P, trips out the dog, D, 
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the momentum of the carrier causes the parts 

to assume to position of Fig. 18(b). The dog, 

D, is now well clear of the disk, but the 

spring on D tends to rotate the carrier back- 

ward until the dog drags on the disk, 4A. How- 

ever, the notch on the disk, C, is cut so 

that just as the parts come to rest in the 

position of Fig. 18(b), the notch in C stops 

under the end of the lever, T. The end of 

the lever drops into the notch and locks the 

parts in position. Hence, the dog, D, is kept 

elear of the disk, A. 

When the dog, D, is released 

by the stop pin, P, it drops onto the revolv- 

ing disk, 4, As the notch in A passes under 

the dog, the dog drops into the notch, and 

the clutch is thereby re-engaged. The notch 

in the cam, C, is shallow, so that the lever 

easily rises out of the notch and rides on 
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the edge of the disk, thereby leaving the 

entire clutch free to rotate. 

THE CUT-OUT. A so-called cut- 

out mechanism is also shown in Figs. 18. The 

purpose of the device is to operate a relay, 

which operation eauses both front and back 

contacts of the pole changer relays (identi- 

cal with the pole changer relays of Fig. 6) 

to be connected to the positive side of the 

battery. Hence, when the device operates, on- 

ly positive line impulses are sent out; this 

condition is the same as when the "rub out" 

signal is given, which signal consists of all 

positive intervals, and it will be remember- 

ed that the printer does not respond to such 

signals. When the tape feed stops for any 

cause, the cut-out device operates, so that 

the printer is kept inoperetive. If it were 

not for this device, the printer would print 
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over and over again whatever character hap- 

pened to be in the tape contact mechanism 

when the tape feed stopped. 

The details of this device 

are also shown in Figs. 18. On the feed 

shaft is mounted a disk, K, containing a 

wide noteh, as shown; against the disk bears 

the lever, H, pivoted at its lower end, and 

held against the disk by a spring as shown. 

The lever, H, carries the movable point of 

the contact, J. When the lever bears against 

the edge of the disk, the contact is held o- 

pen, but if the lever drops into the notch, 

the contact is closed. The details of the 

cut-out relay and of the eleetrical connec- 

tions will be given later. The cam, K, is so 

placed on the feed shaft that when the shaft 

stops and is held by the disk ¢ and its lev- 

er, the notch in K will lie under the end of 
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the lever, H; hence, during this time of stop, 

the printer will remain inoperative. When the 

feed shaft is revolving at its usual speed, 

the lever, H, does not have time tordrop in- 

to the notch. 

THE TRANSMITTING DISK, Next 

in the order of treatment comes the trans- 

mitting disk and brush arm. The disk is lo- 

eated behind the tape-feed mechanism, as 

is indicated in the general plan of Fig. 15. 

The driving of the brush arm 

by the motor is accomplished through the gear 

train and main shaft, as shown in Fig. 15, 

the main shaft carrying the brush arm. The 

main shaft is supported at its ends in bear- 

ings, B, one being on a bracket near the mot- 

or, and the other being on the bracket which 

supports the transmitting disk. The shaft 

passes through a large hole in the middle of 
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the disk to the bearing at the back side of 

the disk. The bearing support is shown in 

Fig. 19. 

The transmitting disk is of 

fiber, about two and one-half inches in dia- 

meter, and is supported from the base by a 

bracket (see Fig. 19). The disk carries eight 

brass contact buttons, set flush with the 

face of the disk. Connection is made to the 

buttons through leads at the back. 

The functions of the eight 

buttons are indicated in Fig. 15. There are 

the five code buttons, 1, 2, 3, 4, and 5, 

a lamp button, L, and the two synchronizing 

buttons, the first positive: and the second 

negative. The functions of the eode buttons 

have already been explained. The lamp but- 

ton is used in the operation of a signal lamp, 

by which the receiving station signals the 
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transmitting station or vice versa. The syn- 

chronizing buttons are used in keeping the 

transmitting brush arm at’ one station and the 

receiving brush arm at the other station in 

step; the synchronizing system will be ex- 

plained a little later. It suffices to say 

here that the positive button is connected 

perm@nently to the positive side of the bat- 

tery, whereas the negative button is connect- 

ed permanently to the negative side of the 

battery. 

The brush arm and brush are 

mounted on the main sheft on an insulating 

bushing. The brush arm is of brass, whereas 

the brush is a copper strip, bent into a 

"U"; one end is attached to the brush, the 

other trailing over the disk. The brush arm 

also carries a felt wiper, as shown in Fig. 

19, which wipes over the disk and keeps it 
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free from dirt. 

Contect is made with the brush 

arm by a wire brush, consisting of a number of 

vertical wires. This second brush bears against 

the hub of the brush arm. The support of the 

brush in its bracket is clearly shown in Fig. 

19. 

THE POLE CHANGER RELAYS. Con- 

sidering the path of a current impulse through 

the apparatus as our general order of treat- 

ment of the subject, we find that the pole 

changer relays come next in order. The five 

pole changer relays, whose function is the 

same as in Fig. 6, are located in a row at 

the upper left hand corner of the distribu- 

tor base (see Fig, 15). In addition to the 

five instruments mentioned, there is an addi- 

tional one, the cut-out relay, whose function 

is to connect both front and back contacts of 
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the others to the positive side of the bat- 

tery. The sixth pole changer relay is simi- 

lar in construction to the others. 

A detailed view of one of 

the pole changer relays is presented in Fig. 

20. The solenoid, as mounted on the distrib- 

utor is vertieal; it is fitted with strap i- 

ron pole pieces, Py and Po, The bottom pole 

piece, Po, is prolonged and bent up along 

the front of the eoil; the pole piece extends 

about half way up the coil. The armature is 

of the same stock as the pole pieces, and is 

hinged to the armature as shown. The arma- 

ture carries the eontact lever, C, which is 

insulated from the armature by a sheet of 

fiber. A bracket is attached to the lower 

part of P2, runs up in front of the armature, 

and carries the fixed relay contacts, The 

armature is normally kept against the back 
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eontact by the flat steel spring, 5S. 

When the solenoid is ener- 

gized, the upper part of the armature is 

drawn toward the upper pole piece, Py, which 

movement closes the front relay contact. 

When the solenoid is de-energized, the arma- 

ture, under the action of the spring, 5S, re- 

turns to its original position. 

In Fig. 20(a) is shown the 

conventional symbol used for such a relay 

in wiring diagrams. 

Next in order of discussion 

occurs the main-line pole changer; however, 

we will omit this diseussion for a time, and 

hext consider the receiving apparatus. 

THE RECEIVER DISK. The receiver 

disk and brush arm are located behind the trans- 

mitter disk, as is illustreted in Fig. 15. The 

construction and mounting of the disk is, in 
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general, the same as that of the transmit- 

ter disk. One difference in the two is that 

the receiver disk possesses one large but- 

ton at A, (see Fig. 15) instead of the two 

synehronizing buttons which the other pos- 

sesses. The other difference is in the attach- 

ment of the disk to the bracket. The receiv- 

er disk is attached to the bracket by thumb- 

screws if such a manner that after loosen- 

ing the thumb-screws, one may turn the en- 

tire disk through a small angle. The theory 

of such an adjustment was presented on page 

30 ff. The disk has a scale marked on its 

edge, so that its angular movement can be 

gauged. 

THE TRANSMISSION SHAFT. The 

driving of the receiving brush arm from the 

moter is accomplished through 4 main shaft, 

carrying the brush arm, and a gear train, as 
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was the case of the transmitter. The shaft 

is supported on two bearings, one on a brack- 

et near the motor:and the other near the disk 

and on the disk bracket. The drive, however, 

from the motor to the brush arm is not direct, 

but is through a so-called synchronizing 

eluteh. This eluteh constitutes a part of 

the equipment for keeping the receiver brush 

at one end of the line in synchronism with 

the transmitter brush at the opposite end of 

‘the line. We will now consider the synehroni- 

zer, of which the elutch forms a part. 

THE SYNCHRONIZER. The scheme 

of the synchronizing apparatus is as follows: 

The driving motors at the two ends of the 

line run at approximately the same speeds, 

but the receiver brush arm is geared to run 

& little faster than the transmitter arm. The 

funetion of the synchronizer is to retard the 
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receiver brush at suitable intervals, so as 

te keep the receiver arm sensibly in step 

with the other. The occurrence of the cor- 

rection interval is governed by the relative 

positions of the two arms, so that whenever 

the receiver brush has attained a definite 

small angle of advance over the transmitter 

brush, a correction interval takes place, so 

that the receiver brush is drawn back into 

its proper position, This retardation of the 

receiver brush is accomplished by the syn- 

ehronizing mechenism, which is controlled 

by the two synchronizing pulses, the first 

negative and the second positive, which the 

transmitter brush sends out between susses- 

sive letters. The two synchronizing buttons 

were mentioned in the deseription of the 

transmitter disk, 
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A schematic view of the syn- 

ehronizing mechanism is presented in Fig. 21. 

This figure illustrates only the general 

principal underlying the system: certain mod- 

ifications are necessary before it can be 

used in actual operation. The cam mrked cor- 

reeting cam in Fig. 21 is mounted on the re- 

eoiver brush arm shaft. A contact arm bears 

against the cam, under spring tension, so 

that every revolution of the eam, the end 

of the lever drops into a notch in the cam 

face. This movement of the lever close the 

contact, which is in a circuit composed of 

the contact itself, the corrector megnet, 

the marking contact of the main line relay, 

local battery, and ground. 

Suppose the transmitter sends 

out the negative synchronizing pulse; the 

main line relay closes the mrking sontact. 
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Such a condition is indicated in Fig. 21. 

Now the notch in the face of the correcting 

cam is so placed with reference to the re- 

ceiver brush arm that if the receiver arm is 

ahead of the transmitter arm, the synchroni- 

zing pulse will occur while the cam slot is 

under the end of the contact lever. At this 

time, therefore, the cam contact is closed, 

and the main line relay is on its marking 

contact; hence the corrector magnet is ener- 

gized, and applies a correction. The next 

pulse is positive, so that the corrector mag- 

net is immeidately de-energized by the open- 

ing of the relay contact. If the correction 

need be but slight, the corrector magnet may 

be de-enersized through the opening of the 

eam contact. 

When the receiver brush is 

in step with the other, the cam contact does not 
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close until after the synehronizing pulse 

has occurred, so that no correction is ap- 

plied, 

As was previously stated, the 

scheme of Fig. 21 is not the one used in prac- 

tical operation, since it is necessary to mo- 

dify the control of the corrector magnet 

somewhat. However, before taking up these 

modifications, we will consider the synchron- 

izing elutch, by which the corrector magnet 

is enabled to retard the receiver brush arm, 

The synchronizing cluteh is 

shown in Fig, 22. The motor drives the re- 

eeiver shaft through a worm on the the motor 

shaft and a worm on the receiver shaft. The 

worm-wheel, and a gear, A, of Fig. 22, are 

in one piece together with the connecting 

Sleeve. The sleeve is bored to make a bearing 

fit with the shaft, but is not fixed to the 
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shaft. To the brush arm shaft is attched the 

earrier, B, which carries the pinion, P, 

meshing with the gear, A, and the pinion, Q, 

meshing with the pinion, P, A star-wheel is 

mounted with the pinion, Q, and a jockey rol- 

ler bears against it, under the action of a 

spring, 3S. By this arrangement, as long as 

the jockey roller holds the star-wheel lock- 

ed in position, the carrier, B, the shaft, 

and the driving gears, A, and C, all revolve 

together. If however, the star-wheel is turn- 

ed, the two pinions, Q and FP, are turned, 

and the carrier, B, rotates with respect to 

the gear, A, and hence with respect to the 

driving motor. Whether the brush arm is ad- 

vaneed or retarded, with respect to the moter, 

depends upon the direction is which the star- 

wheel is turned. 

Below the elutch is the cor- 
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recting magnet, to whose armature is attach- 

ed a small interference pin, P. The magnet 

is so located that when it becomes energized, 

it draws the interference pin into the path 

of the star-wheel. Therefore, if the magnet 

be energized while the star-wheel is revolv- 

ing about the central shaft, the pin trips 

the star-wheel through the angle of one tooth. 

The result of the movement 

of the interference pin is the retardation 

of the brush arm. As was just shown, the clutch 

loeks the receiver shaft and the driving gears, 

A and C, together, so that the shaft, elutch, 

and gears revolve in unison. If however, while 

they are revolving, the interfernee pin trips 

the star-wheel, the carrier, B, the star- 

wheel, and the shaft are stepped back slight- 

ly. Thus, when the receiver brush gets too 

far shead of the transmitter brush at the 
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opposite station, a synchronizing pulse oe- 

curs, which eauses the corrector magnet to 

pick-up, and thereby apply a correction to 

the brush erp. 

The retardation of the re- 

ceiver arm is very slight, but the driving 

motors run at such nearly constant speeds, 

that the arms turn through several revolu- 

tions before correction become necessary. 

As was previously stated, 

the control of the corrector magnet is some- 

what different from that shown in Fig. 21. 

The correétor magnet does not have time to 

pick-up under the action of the synchroni- 

zing pulse. It is necessary, therefore, to 

prolong the influence of the pulse. Two re- 

lays are added to the scheme, one a quick- 

acting, and the other a slow-acting instru- 

ment. The mechanical construction of the re- 
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lays is the same as that of the relay pole 

ehangers, already described. 

The new scheme, 28 is used 

in practical operation, is presented in Fig. 

23. In this figure, the quick acting relay 

is marked "X", and the slow-acting is marked 

"Y", By reference to Fig. 23, we that when 

the correcting pulse is received, if the cam 

contact is closed, the current passes from 

the positive side of the lo¢al battery, through 

the printer relay and cam contacts, through 

the windings of X and Y in multiple, to the 

negative side of the battery. Relay X picks- 

up and eloses eontact a. The correcting mag- 

net is now connected across the local battery 

through the contacts a and b. Also, both re- 

lay windings are connected in multiple ecross 

the loeal battery. The slow-acting relay, Y, 

now picks-up and opens contact b; the open- 
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ing of contact b de-energizes both relay wind- 

ings, so that the contacts a and b are open- 

ed. When a and b are open, the correcting mag- 

net is disconnected from the battery; hence, 

the magnet is de-energized. But in the mean- 

time, it has performed its synchronizing 

function, i.e., it has, through the agency 

of the synchronizing eluteh, retarded the 

brush arm. 

If, when the synchronizing 

pulse is received, the cam contact is open, 

(as it will be when the brush arms are in 

step) there is no current path through the 

cam contact to the relays X and Y. Hence, 

the relays are not energized and no correct- 

ing action occurs. 

The purpose of the 200-ohm 

resistance shunted aeross the corrector mag- 

net is to absorb the inductive kick, present 
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when the circuit of the magnet is opened, 

If this resistance were not provided, de- 

structive areing would occur at the eontact 

b or at the eam contact. 

We will now complete the dis- 

cussion of the electrical cireuits of the 

distributor. 

THE DISTRIBUTOR CIRCUITS. The 

complete eircuits of the distributor are shown 

in Fig. 24. It is obviously impractieal for 

us to attempt a study of the eireuits as pre- 

sented in this figure; hence, we will sepa- 

rate the constituent eireuits from the rest 

and study them one at a time. 

THE MOTOR CIRCUIT. The motor 

eireuit is so simple that it need not be sep- 

rated from the other circuits of Fig. 24. 

4s is indicated, the motor, together with the 

governor contact and the 1000-ohm resistance 
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in multiple, are connected across the 110- 

volt battery. 

TRANSMITTER DISK CIRCUITS, 

The circuits of the tape contacts and relay 

pole changers are Shown in Fig. 25. The con- 

nections are similar to those of the intro- 

ductory system shown in Fig. 6, except for 

the addition of the 900-ohm resistance, D, 

in series with the back points of the relay 

pole changers, and for the addition of the 

eut-out relay. The purpose of the resistance, 

D, is to prevent the short-circuit of the 

battery when one or more of the relay pole 

changer tongues are on their front contacts 

and the transmitter brush is on the corres- 

ponding button. The cut-out relay was dis- 

cussed before; it is controlled by the tape 

feed cut-out. As is indicated, when the cut- 

out relay is de-energized, as is normally the 
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case,the armature rests against its back point, 

so that the back points of all the relay pole 

changers are negative. When the cut-out re- 

lay is energized, by the closing of the cut- 

out cam contact, its armature is drawn over 

to the front point. When the armature is in 

this position, both the front and back con- 

tacts of the relay pole changers are posi- 

tive. Hence, by means of the cut-out mechan- 

ism, all-positive impulses are transmitted 

through the line whenever the cut-out is in 

operation, 

Fig. 25 also comprises the 

circuits of the main line pole changer. The 

buttons of the transmitting disk are connect- 

ed to the tonguss of the relay pole changers; 

the brush arm is connected to one terminal 

of the main line pole changer; the other ter- 

minal of the main line pole changer is con- 
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nected to the local battery through the 900- 

ohm resistances, A, B, C, and D. A study of 

the connections of the main line pole changer 

and resistances will show that two 900-ohm 

resistances, A and B or C and D, are always 

in series with the main line pole changer 

while it is connected across the local bat- 

tery. Hence, the current through the coils 

is limited to a value which the winding will 

safely carry. 

The tongue of the main line 

pole changer is connected to the middle point 

of the winding of a milammeter; we are not 

at present concerned with the purpose of the 

milammeter. At this point of connection, the 

circuit divides. One path consists of half 

the winding of the milammeter, one coil of 

the main line relay, the artificial line, 

and ground. The other path leads through the 
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other half of the winding of the milammeter, 

through the other coil of the main line re- 

lay, and thence to the line. We see, there- 

fore, that, as in Fig. 6, the armature of 

the main line pole changer is connected to 

the line. One point of the main line pole 

changer is positive, whereas the other is 

negative; these two points are respectively 

connected, as before, to the positive and 

the negative legs of the main line battery. 

This battery is not shown in Fig. 25. The 

operation of this much of the transmitting 

circuit is exactly the same as that of the 

scheme shown in Pig. 6. 

The transmitting disk of Fig. 

25 has the eight contact buttons, previously 

discussed. The function of the five code but- 

tons is apparent. The synchronizing and lemp 

buttons, however, may require a word of ex- 
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planation. 

The negative synchronizing 

button is permanently connected to the nega- 

tive side of the local battery, so that only 

marking impulses are sent out by this button. 

It controls the main line pole changer in ex- 

actly the same manner as the code buttons do. 

The positive synchronizing 

button is the same as the negative, except 

that it is connected to the positive side of 

the local battery. Hence, only spacing pulses 

are sent out by this button. 

The lamp signal button is 

marked "L" in the figure. This button mey 

be either positive or negative, depending 

upon the position of the break key. Ordinari- 

ly, the break key connects the lamp button 

to the positive side of the battery, so that 

only positive or spacing impulses are sent 
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out by the button. If the break key is de- 

pressed, however, it connects the button to 

the negative side of the battery, and hence 

marking impulses are transmitted. At the re- 

ceiving station, these pulses control a lamp 

relay, similar to the other local receiving 

relays; this lamp relay, in turn, controls 

a lamp. Normally, the lamp is not lighted, 

but if the break key be depressed, the lamp 

at the other station lights. This lamp is 

used for the transmission of signals between 

operators at the two station, and does not 

interfere with the message. 

AUTOMATIC STOP CIRCUITS. The 

circuit of the automatic stop for the tape- 

feed mechanism, comprising the stop lever 

and cut-out magnet, is clear from Fig. 24. 

The stop lever contact is in series with the 

cut-out magnet, and the two are connected a- 

eross the local battery. 
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THE RECEIVER CIRCUITS. The 

receiver circuits are shown, somewhat simpli- 

fied, in Fig. 26. The path of the impulse 

from line to ground is through one coil of 

the main line relay, through the milammeter, 

through the other coil of the main line re- 

lay, and through the artificial line to ground 

at G', The milammeter is connected in series 

with the main line relay, so that a more ac- 

curate idea of the strength of the incoming 

line impulses may be obtained than would be 

furnished by the movement of the main line 

relay armature. The artificial line is merely 

an adjustable resistance and capacity in par- 

allel, connected between the main line relay 

and ground. The function of the artificial 

line will be taken up during the discussion 

of the polar duplex. 

The tongue of the main line 
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relay is connected to the positive side of 

the local battery; the two points are connect- 

ed to the two coils of the printer relay, as 

was the case in the introductory system. The 

remaining two terminals of the printer re- 

lay coils are strapped together, and this 

point gonnected to the negative side of the 

local battery through a 2000-ohm resistence, 

By this arrangement, the printer relay fol- 

lows the movements of the main line relay. 

The purpose of the 2000-ohm resistance is to 

limit the current through the printer relay. 

One point of the printer re- 

lay is dead. The other point is connected to 

the positive side of the local battery. The 

armature of the relay is connected to the 

receiver brush arm. Hence, when spacing sig- 

nals are sent out from the transmitting sta- 

tion, the tongue of the printer relay goes 
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to its dead point, and the receiver brush is not 

energized. When a marking pulse is received, | 

the tongue of the printer relay goes to the 

opposite point, which is connected to the po- 

sitive side of the local battery; hence, the 

receiver brush arm is energized. The opera- 

tion, therefore, is exactly the same as the 

system of Fig. 6. 

The circuits of the local re- 

ceiving relays have been omitted; they will 

be considered during the discussion of the 

printer, 

The synchronizing circuit,” 

as previopsly described, was taken from Fig. 

24, Hence, no further explanation is required. 

As for the buttons on the re- 

ceiver disk, and the circuits which they con- 

trol, the buttons are arranged just the same 

as those of the transmitter disk, except that 
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the two synchronizing buttons of the trans- 

mitter have been combined into one large but- 

ton on the receiver disk. This button is 

marked "A" in Fig. 26, and is called the re- 

storing button. 

The receiver circuits beyond 

the receiver disk will be taken up in connec- 

tion with the printer. We will now explain 

the polar duplex operation of the Morkrum 

System. 

POLAR DUPLEX OPERATION. The 

system of telegraphy as presented in Fig. 24 

is capable of duplex operation, that is, capa- 

ble of simaltaneously transmitting two mes- 

sages: one in either direction. The plan is 

that of the polar duplex. As in all duplex 

@haes, the principal requirement is that 

the home-main-line relay shall respond only 

to signels from the distant station, and that 

the distant-main-line relay shall respond on- 
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ly to signals from the home station. In other 

words, each relay registers signals received 

from the other station, but does not regis- 

ter signals sent out from its own station. 

If the relays perform in such a manner, then 

each station can simaltaneously receive and 

transmit a message without the interference 

of the line signals. 

The circuits essential for 

a@uplex operation have been separated from 

the general scheme of Fig. 24, and are pre- 

sented in Fig. 27. This figure represents 

two stations, exactly alike. Suppose the main 

line pole changer at the home station to be 

on its positive contact, as shown in the fig- 

ure. A circuit is thereby established from 

ground at G', through the positive leg of 

the main line battery, B, through the pole 

changer contact, to the middle point of the 
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milammeter winding; at this point, the path 

divides into two branches. One part leads 

through one coil of the mein line relay, 

through the artificial line, to ground at 

G,. The other part goes through the other 

coil of the main line relay, through the 

line to the distant station, through one 

coil of the main line relay, through the 

entire milammeter winding, then through the 

second coil of the min line relay to the 

artificial line, and through that to: ground, 

Now, return to the middle point of the mil- 

ammeter at the home station; the current path 

divides at this point. If the artificial line 

is properly adjusted, the resistance and capa- 

eity to ground through the two brenches of 

the circuit will be the same. Hence, the cur- 

rent divides here into two equal parts, and, 

moreover, the two parts build up to their 
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working values at the same rete. Therefore, 

one-half of the current goes out over the 

line to the distant station, and one-half 

goes to ground at the home station. Hence, 

there are equal currents in the two coils 

of the home main line relay; the coils are 

s0 connected that the two equal currents 

neutralize each other's magnetic effects. 

There is, therefore, no resultant movement 

of the armature. At the receiving or dis- 

tant station, the currents pass through the 

relay coils in opposite directions. Hence, 

the magnetic effects of the currents are ad- 

ditive, and there is a movement of the relay 

armature. Of course, if the armature is al- 

ready in the position to which the line cur- 

rent ends to move it, there can be no move- 

ment. 

Also note that the current at 
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the home station passes through the milam- 

meter windings in opposite directions, so 

that no deflection of the instrument is pro- 

duced. At the receiving station, however, the 

current passes through the entire winding in 

one direction, so that a deflection is produc- 

ed. 

Hence, a8 a summary of the 

operations, we may say that signals trans- 

mitted by the home station do not affect the 

receiving apparatus at that station, but are 

registered by the receiving apparatus at the 

distant station. In the same way, signals 

sent out by the distant station affect only 

the receiving apparatus at the opposite end 

of the line. The operation of the plan wuld 

of course have worked out the same had both 

stations been sending out either positive or 

negative currents. 
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If both stations are sending 

out currents of the same sign, say positive 

for example, we have equal e.m.f's. impressed 

on both ends of the line. Hence, there is no 

resultant line current, and of course, no 

current through those coils of the main line 

relays which are connected directly to the 

line. Each relay will, however, register the 

same as though it were receiving current from 

the other station. An inspection of the dia- 

gram will show that the current through the 

artificial line at the home station will be 

in the same direction as positive current 

from the distant station would be. Hence, 

this current through the one coil of the re- 

lay produces the same movement of the arme- 

ture as a positive current from the other 

station would produce. Likewise, at the dis- 

tant station, the current through the arti- 
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ficial line and one coil of the main line 

relay is in the same direction as a posi- 

tive current from the home station. Hence, 

the movement of the distant relay armature 

is the same as though that movement were 

produced by a positive current from the home 

station. Therefore, we see that each relay 

still registers the signal sent out by the 

other station, but does so by current from 

its own station. 

If both stations were send- 

ing out negetive currents instead of posi- 

tive, the operations would be exactly the 

same, except, of course, the relay armatures 

would take position against the opposite 

points from the first case. 

In case both stations are 

sending out current, but these currents are 

of different sign, the operation of the re- 
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lays is not changed. The only effect is the 

doubling of the line currents. 

We see, therefore, that by 

using the instruments and connections of 

Fig. 27, we can establish duplex operation, 

that is, we can establish simaltaneous com- 

munication in either direction over a single 

wire. 

The Morse sounder and other 

instruments of Fig. 24 ere used when the two 

distributors are being first put into opera- 

tion. By means of these instuments, the oper- 

ators at the two ends of the line can com- 

municate with each other. Since these Morse 

cireuits do not form a part of the printing 

telegraph system proper, their discussion 

will be omitted. 

We will now take up the des- 

cription of the only remaining element of 
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the distribution system, viz., the Wheatstone 

differential relay. 

THE WHEATSTONE DIFFERENTIAL 

RELAY. The main line pole changer, main line 

relay, and printer reley, although they do 

not form a part of the distributor itself, 

yet constitute part of the entire distribu- 

tion system; all three are adaptations of 

the Wheatstone differential relay. The three 

functions are performed by instruments which 

are exactly alike in mechanical construction, 

but differ in their electrical connections. 

The Wheatstone differential 

relay is primarily the same in its action as 

any other polarized reley; that is, it in- 

cludes a moving contact arm, playing between 

two fixed contact points, and operating solen- 

eids. The contact arm takes position against 

one point or the other, depending upon the 

direction of the current through the operat- 
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ing coils. The armature, however, is not per- 

manently polarized, as it is in the usual 

form of polarized relay, but is polarized 

by a separate exciting coil. The relay may 

be used as a differential or cumulative in- 

strument, depending upon the connections of 

its operating coils. A relay is said to be 

differential when the magnetic effects of the 

currents through its operating coils eoun- 

ter-balance or oppose each other, and cumula- 

tive when the magnetic effects of all cur- 

rents add to each other. The Wheatstone dif- 

ferential relay in its working form is shown 

in the accompanying plates. 

The principal parts of the 

instrument are shown in Fig. 28. The two 

cores of the main coils, C and C', are mount- 

ed vertically and side by side. On these 

cores are wound the main coils, each coil 
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consisting of two separate windings. The ends 

of the windings are brought out to binding 

posts on the base of the instrument. Each 

core is fitted with pole-pieces, as is in- 

dicated. 

The armatures, A and A', 

play between the pole pieces, one armature 

being at the top of the cores and the other 

at the bottom. Zach armature consists of an 

iron disk with a smell projecting tongue at 

one edge. The two disks are attached to a 

bress rod, R, which runs through the centers 

of the disks; brass is selected for this rod 

on account of its non-magnetic properties. 

The rod is supported at the top and bottom 

in pivots, The tongues af the armatures ex- 

tend into the space between pole-pieces. 

The exciting coil may also 



ast 

YHTAHOATLIAT OQMITMIAT TO MATcY2 MUSAHOM HHT 

ebme edT .eantintw etetaqea owt to yattetenoo 

amxtbetd ot tro tdayord ete enathatw edt to 

dost ,tromurtent edt to ersd ect no ateog 

-at et as ,sesetq-efog dttw betttt st eros 

ehbetsoltb 

A dos A ,eorstenrs ad? 

erutamrs sxo ,eesata aflog edt neawied yal 

redto eit Baa aetos edt to got edt te antod 

na to atatenco erutamts dos® .mottod edd ts 

tsa osnsot anttcotorq [fame a dttw datb mort 

8 ot S5edosite ers asistb owt sdT .enbo ono 

etetneo odd davordt anus dotdw .f. ,S0r sesrd 

fot etdid tot Setoefee st assrd :ateth edt to 

eeolttoqorg ottompam-aon ati to tasooos mo 

movdod Bas qed edt te hbetroqqre alt bor edT 

-xe setwismra sdt te sergarot edt .atoviq at 

-eecetg-elog meewied ossqe eft otat Aaot 

oels tam f[too gatitoxe eT 



125 

THE MORKRUM SYSTEM OF PRINTING TELEGRAPHY 

be seen in Fig. 28, As shown, the coil com- 

prises an iron core, upon which is placed 

the exciting winding. The core is mounted 

vertically, and is of about the same height 

as the other cores; at the top and bottom, 

the core is fitted with pole-pieces. 

The pole-pieces are end piec- 

es, attached to the core in such a manner 

that they project from one side of the core. 

Semi-circles are cut out of the projecting 

ends of these pole-pieces; in the two semi- 

circular pockets so formed are placed the 

two circular disk-ends of the armatures, one 

disk being placed in each pole-piece. A very 

small air-gap is left between the armatures 

and pole-pieces, so that the two armatures 

end the brass connecting rod by which they 

are supported can turn freely in their pivots. 

Just above the upper arma- 

ture, and mounted on the brass connecting 
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rod, R, is a contact arm, 0. This arm is fix- 

ed to the rod, R, at one end, and carries a 

contact point at its .other extremity. Two 

fixed contact points are provided, one on 

either side of the arm and both in line with 

the contact point carried by the arm. The arm 

swings back and forth with the armatures be- 

tween the two stationary points. 

4s for the operation of the 

relay, suppose the two operating coils car- 

ry currents which polarize the poles and cores 

in the manner indicated in Fig. 29. Also, let 

the current in the armature-exciting coil be 

of the direction that polarizes the armatures 

es shown, There is no return path for the ex- 

citing coil flux between armatures except 

through the intervening air or through the 

cores of the operating coils; obviously, the 

flux chooses the latter path, Hence, in Fig. 



YHIAHORIST PUITMIAL TO MATeYe MUSAAOM Hat 

~xit ef ore eidT .0 .mrs toatmoo a et .f , bor 

8S eetties foe ,fne emo ts ,f . bor oft ot bs 

owT .ysinertxe tenfto; efi ts txtoq toatroo 

no ero ,febtvorq eta etrtog tostace bextt 

avtw entfl mt dtod bas orre eft To ehte raitte 

oxe ef” .wre oft yd beirreo tetoq tortnoo edt 

-ed setutemre odd dtiw dtrot bas wosd aantwe 

eetatog yrenottste ows edt reowt 

eddy to sottereqo edt rot eA 

-ts9 eftos anrttsreqo owt eft seeogqve ,vyelfeot 

eeTtoe bea eelog ext estraloq dotdw atneriuro yt 

vor ,oafA .@S walt at beteotiat tenneam edt at 

ef LItoo ehkerexe loti? eke edd af treriwo est 

aerrtenrre oft soxsitsfoq tent mottoerth eft to 

-xe eft rot dteq aurtet om ef ered? .mwode es 

tqeoxe serutsars meowted xuft ftoo anttto 

edt davordd to tre antrevretat edt darvordt 

eft? ,yfarotvdo saftes anttsreqo edt to setos 

eatt ot ,conel .dtsq retteal edd seeoods xeI[t 



THE MORKRUM SYSTEM OF PRINTING TELEGRAPHY 

18, the flux between armatures assumes the 

same direction and path as the operating 

flux. Such action pulls the armature in the 

direction of the flux; that is, the armature 

takes position against the right-hand pole- 

piece. When the armatures are in this posi- 

tion, the contact arm lie against the right- 

hand eontact point. 

Had the operating current 

been in the opposite direction, the cores, 

C and C', and their pole-pieces would have 

been oppositely polarized. Hence, the arma- 

tures would have swung toward the left pole- 

pieces until the swinging contact arm made 

contact with the stationary point at the 

left side. Therefore, the direction of the 

working current, by determining the polari- 

ty of the pole-pieces, determines to which 

side the armatures will swing, and therefore 
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determines whether the right- or left-hand 

contact will be closed. 

If, instead of the direction 

of the working current being changed, the 

direction of the armature exciting current 

had been changed, the armature would have 

changed position just the same, This move- 

ment would be due to the change in the po- 

larity of the armatures. In practice, how- 

ever, the exciting current of the armature 

is not changed. 

In Fig. 30 are shown the 

three methods of connecting the relay wind- 

ings when the instrument is to perform its 

three respective functions. As was said be- 

fore, each core carries two independent wind- 

ings, 811 four windings being the same; the 

windings on each core are shown separated 

in Fig, 30, but in reallity, both are distrib- 

uted over the entire length of the core. 
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In Fig. 30(a) is shown the 

relay as connected for action as a main line 

pole changer. In this case, all four windings 

are in series, and in such a way that their 

magnetic effects are cumulative. The exter- 

nel connections are to terminals a and b. An 

Spplication of the cork-screw rule shows that 

when the coils carry current in the direction 

indicated by the arrows, the top of the left 

core becomes a north pole, whereas the top 

of the right-hand core becomes a south pole, 

The contact arm, therefore, assumes position 

against the right-hand contact point. if the 

operating current is reversed, the polarity 

of the cores is reversed and the contact arm 

assumes position against the left point. Hence, 

the instrument fulfills the requirements of 

& main line pole changer, 

In Figs. 30(b and ¢c), we see 
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the instrument arranged for operation as a 

main line relay. The main line relay is un~ 

der the action of two operating currents: 

that passing through the artificial line, 

and that passing through the min line. These 

two currents should neutralize each other's 

effects on the armature. At the same time, 

the relay should respond to a single operat- 

ing current passing through all windings in 

seties. An examination of Fig. 30(b and c) 

will show that the relay will act in the de- 

sired manner. Fig. 30(b) shows the relay car- 

rying currents that neutralize, that is, the 

currents which it carries when messages are 

being transmitted from its own station. Fig. 

30(¢) shows the instrument carrying a single 

operating current, as it does when messages 

are being received, 

In Fig. 30(a) is shown the 
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relay connected for use as a printer relay. 

In this case, there should be two sets of 

windings; current through one set should cause 

the armature to take position against one 

point, whereas current through the other set 

should cause the armature to take position 

against the other point. Two windings are 

therefore provided, each consisting of two 

coils, one on each core. The terminals of 

one winding are a and b; the terminals of 

the other are b and co. Terminal b goes to 

one side of the operating battery. Now, if 

terminal a is connected to the remaining side 

of the battery, the armature assumes position 

adjacent to the left pole-piece. If, instead, 

terminal c is connected to the remaining side 

of the battery, the armature shifts to the 

right-hand position. Hence, the position of 

the armature depends upon which of its two 
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windings is energized; this is the action de- 

sired in the printer relay. It should be noted 

that the windings are not energized simaltan- 

eously, but only one at a time. 

In Fig. 24, conventional sym- 

bols are used for the differential relays in 

the different functions. In the diagram, each 

instrument is shown as having two coils, just 

as the usual type of polarized relay. However, 

if it is remembered that the Wheatstone dif- 

ferential relay always has two coils, though 

they may be on the same or different cores, 

and that changes in the opgrating currents 

in these coils produce exactly the same ef- 

fects as the same changes would produce in 

an ordinary polar relay, no confusion on the 

part of the reader will result. In the wiring 

diagram, the armature-exciting coils are o- 

mitted for the sake of simplicity. 
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The last paragraph. concludeg 

the discussion of the distribution system. 

Next will come a description of the printer. 

As in the foregoing material, rough sketches 

of the printer parts will be used to show 

the general principle of action, whereas the 

photographs of the actual machine will be 

relied upon to show the detailed construcion 

of the machine. 

133 



1 

YHITAHVEIST OUITHIAT TO MATEYe MURXHOM EET 

ashulonoo \ dgersgetse¢ teel ed? 

emetev2a dottediztvath odd to moteesoetb odt 

etotnizng eit to mottqtreesh a emoo I[I[itw txre® 

eedotexe dasot ,[stretam gniosetot ent mi eA 

wore ot boas od {[Itw etteq tetnitq odt to 

eit esetedw ,tottos to siqtontrq [ereren oft 

ed [ftw ontioan feutos edt to edqersotodq 

solomrtenco bellteteh aft wore of noqu hetler 

onidoar ant to 



THE MORKRUM SYSTEM OF PRINTING TELEGRAPHY 

Part IV - The Printer. 

GENERAL. The Morkrum printer 

is, in reallity, a typewriter, operated by 

electro-magnets which are controlled by the 

incoming line impulses. In the following des- 

cription of the machine, the plan will be to 

take up first the mechanical movements of the 

printer, and then to explain the electrical 

means by which the mechanical movements are 

operated and controlled. 

The complete printer may be 

seen in the accompanying plates. As is indi- 

cated, the main frams consists of a bed-plate, 

from each corner of which rises a post; a cov- 

er-plate is screwed onto the top of these 

posts. When the machine is completely assem- 

bled, it is entirely enclosed except for the 

platen and typewheel carriage. 

The printing action in this 

machine is accomplished by the typewheel 

striking a message blank, which is supported 
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on the platen. These warts are shown in the 

assembly photographs. 

THE TYPEWHREL. The typewheel 

is shown in Fig. 31. It is a fiber drum, a- 

round the edge of which occur the type in 

raised characters; the characters are arrang- 

ed in two rows, one near the top and one near 

the bottom of the drum, The typewheel has a 

hub at its center, the hub being bored to fit 

a shaft called the typewheel shaft. This shaft 

furnishes the primary support for the wheel. 

THE PLATEN. The platen is a 

rubber roller, whose purpose is to hold the 

message blank or other paper. It is similar 

to a typewriter platen, and will be taken up 

in detail a little later. 

THE TYPEWHEEL MOVEMENTS. There 

are a number of necessary movements of the 

typewheel. Primarily, of course, the wheel 
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must strike the platen so as to print the 

character. Before this action, however, it 

must have rotated so that when it strikes, 

the proper proper raised character will be 

at the point of contact between the wheel 

and platen. Also, the typewheel must be in 

its correct vertical position, that is, the 

correct position along the axis of its shaft. 

If the wheel is in its normal position, char- 

acters of the top row strike the platen; if 

the wheel be raised a little, characters of 

the bottom row strike the platen. This lat- 

ter is called the shift position of the wheel, 

and is assumed when the shift signal is re- 

ceived over the line. Furthermore, after the 

printing of each letter, the typewheel must 

be spaced, that is, it must be moved along 

in front of the platen a short distance, so 

that the next letter pfinted will lie beside 
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the preceeding one. It is important that we 

note that in this printer, the platen remains 

stationary, whereas the typewheel travels 

back and forth in front of the platen, and 

thereby distributes the successive charac- 

ters along the printed line; in the ordinary 

typewriter, the platen carries the paper be- 

fore the point of printing, but in this case, 

it is the printing point which moves. And 

last, when the end of a printed line is reach- 

ed, the typewheel must be moved back to its 

starting position. With this idea of the type- 

wheel movements, we are now ready to study 

the means by which these movements are accom- 

plished. 

THE CARRIAGE. The typewheel 

is supported on a carriage (see Fig. 32). The 

carriage travels back and forth before the 

platen, carrying the typewheel with it. As 

is indicated in the general views, the car- 
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riage is supported on two square steel rods, 

which extend clear across the front of the 

printer just in front of the platen. The car- 

riage is so constructed that when one of the 

rods is turned, the typewheel strikes the 

platen, when the other rod is turned, the 

typewheel assumes the shift position. Hence, 

these rods not only form a run-way or track 

for the carriage, but also serve to transmit 

energy to the carriage for the typewheel move- 

ments. Because of this arrangement, the elec- 

tro-magnets operating the typewheel can re- 

main stationary, and be rigidly attached to 

the frame of the machine. A third rod, simi- 

lar to the other two, but not assisting in 

the support of the carriage, is located be- 

low the other two rods. This third rod serves 

to transmit the motion of rotation to the 

typewheel. We see, therefore, that the car- 

~ 
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riage serves as a support for the typewheel, 

and also transmits to the wheel the movements 

of rotating, striking, and shifting. 

The complete carriage is 

shown in Fig. 32. As the mechanism is rather 

complicated, we will take up, one at a time, 

its various functions and the parts concern- 

ed. 

The carriage frame is shown 

in Fig. 33. It consists of two parts. The 

first is a yoke, which is supported by the 

two steel rods as stated before. The yoke is 

fitted with round collars, free to turn, which 

have square holes at their centers; the holes 

fit the square supporting rods, so that when 

the rods are turned, the collars turn with 

them. The second part of the casting is of 

the form shown; it is attched to the yoke by 

two small shefts in the bearings. 
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In Fig. 34, we see the es- 

sentiel parts for rotating the typewheel. 

The bevel gear, B, is mounted on the lower 

end of a vertical shaft, 3; at the top of 

the shaft is a universal joint. A sleeve, A, 

is attached to the upper member of the uni- 

versal joint, and into this sleeve slides 

the typewheel shaft, F., The upper end of the 

shaft carries an arm, called the locating 

erm, which locates the typewheel. The type- 

wheel is set onto its shaft with the locat- 

ing arm extending into one of the holes in 

the bottom of the wheel. The shaft, F, is at- 

tached to the collar, C, which fits over the 

Sleeve, A, The collar, C, and the shaft, F, 

are joined by a small pin, D, so that the 

the collar and shaft can move up and down a- 

long the sleeve, A, This mounting is neces- 

sary in order that the typewheel may move to 
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the shift position and may still be rotated. 

The purpose of the universal joint is to al- 

low the typewheel to strike without disturb- 

ing the gear, B, and the shaft, S. 

Fig. 34 also shows the method 

by which motion is transmitted from the rota- 

tor shaft to the gear, B. A second gear, =, 

meshes with the gear, B; this second gear, E, 

has a square hole cut in its center, so that 

it fits over the square rotator shaft. Hence, 

when the rotator shaft is turned, the gear, E, 

is also turned, so that the typewheel rotates. 

The gear, E, fits the rotator shaft loosely, 

so that the gear can slide along the sheft 

with the carriage, and be in mesh with the 

gear, B, 

In Pig. 32, we see the rota- 

tor parts in place on the carriage frame. As 

is indicated, the second casting of the car- 
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riage serves to support the sleeve, whereas 

the lower casting holds the shaft, F, of Fig. 

34. Fig. 32 also shows the gear guide, by 

which the gear, E, is drawn along with the 

carriage. As indicated, the lower casting 

carries an arm extending downward, and this 

arm supports a collar bearing for the gear 

E of Fig. 34, 

The striker movement of the 

carriage is shown clearly in Fig. 32, left 

view. To the coller, which fits over the 

striker shaft, is attached a lever, #25-4, 

the upper end of which is connected by a 

link, #25-5, to the upper casting of the car- 

riage frame. Hence, when the rotator shaft 

turns (to the left), it turns the lever, #25- 

4, which movement pushes the typewheel to 

the left and downward, The carriage in this 

latter position is shown in Fig. 39. 
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Note that the joint between the carriaege- 

frame castings is in line with the univer- 

sal joint of the typewheel shaft; hence, the 

carriage can bend over like a hinge. 

A centering device is added 

to the striker movement of the carriage in 

order that the raised characters of the type- 

wheel will always hit the paper squarely. 

Onto the typewheel shaft is attached a star- 

wheel, #25-14 (see Figs. 32, 35, and 36); 

the star-wheel is so placed that the spaces 

between its teeth lie directly below the re- 

spective characters on the typewheel. A cen- 

tering lever, #25-19, is mounted on the car- 

riage frame as shown in Fig. 36. This lever 

is pivoted, near its middle point, to the 

carriage frame; the lower end carries 4 cross- 

pin, P (Fig. 36), which fits into the slot of 

@ transverse cam, This cam is rigidly attached 



“hed 

or & 

YRIAAPRINT DQUITHINT TO MaTeYe MUSAHOM THT 

-ensirrso edt meewted tntot edt? ted? etot 

-tovins oft ditv entif at et santtaso emstt 

edd ,somed ;ttade foodweqyt odt to tmtot [sa 

eagntd s extl revo bred 129 exetrrss 

Sebbs et estveb attretmes A 

at egsitrse eit to taomevom reiatrte edt of 

-eqyt ait to sretvoertsdo beatat edt tacit teSto 

eUlotenmps teqeq edd tid ayawle [Itw [seidiw 

-tate s ferfostts et ttede Lfsedweryt edt ofn0 

7(a8 bee ,38 ,SS .aatT oon) AL-38% , Loos 

seoscge eft tedt Beoslq o2 at Leedw-tsta eft 

~et eft wofed qitoerth etl dteet att nsewrted 

-teo A .[sedweqyt edt mo atetostads eviiseqe 

-189 edt mo bedavom at ,eL-88 ,revel yatret 

revel sidT £388 .3tt at mwode ea omert egsit 

edt ot ,tatog ofbbim ett rsem ,Betoviq eat 

-ge0ts a eetrtse bae tewol ent jomart easiritso 

So tole edd ofut atit dotdw , (88 sft) I .ate 

Sedosttes qlbtalt et mso etdT ,mao earevansrd 2 



144 

THE MORKRUM SYSTEM OF PRINTING TELEGRAPHY 

to the lower casting of the carriage. Ordin- 

arily, the centering lever is in the position 

shown in Fig. 35, but as the carriage is bent 

over for the striking movement, the relative 

motion of the cam and centering lever is such 

that the upper end of the centering lever en- 

ters one of the spaces between the teeth of 

the star-wheel. Both the aibee end of the 

centering lever and the spaces in the star- 

wheel are slightly V-shaped. Hence, as the 

lever enters the space, the star-wheel and 

typewheel are not only brought to center, but 

are locked in that position until the end of 

the stroke. The parts are returned to their 

original positions through a reversal of ro- 

tation of the striker shaft. 

The shift mechanism may be 

understood from Fig. 32. The collar which 

fits over the shift shaft carries an arm, A. 
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By means of a link, this arm connects with 

the vertical sliding rod mrked "shift plun- 

ger", This rod slides up and down in the bear- 

ings on the main casting as is shown in the 

figure. To this rod is attched the clutch, 

#25-7, which is merely a flat plate. One end 

of the plate is attached to the plunger rod; 

the other end is forked, and fits over the 

end of the coliar (C of Fig. 34) on the type- 

wheel shaft. 

When the shift sheft is turn- 

ed (to the left), it turns the sleeve and the 

arm, A, This movement reises the plunger, #25- 

42, which movement, in turn, raises the clutch 

collar, typewheel shaft, and typewheel. The 

typewheel is thereby moved into the shift po- 

sition. 

A return spring on the carriage 

brings the parts of the shift mechanism, in- 

cluding the shift shaft, back to their normal 
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inoperative position, This spring is shown 

in Fig. 32; it is stretched between the spring 

bracket, #25-10, on the plunger, to the lower 

part of the carriage casting. 

The inker is the device by 

which ink is smeared onto the typewheel face 

during the striking movement; the ink is 

applied just before the wheel strikes the 

platen. The inker consists of a small felt 

roller, soaked in ink, and mounted on sup- 

porting levers. These levers are attched to 

the frame of the carriage. As this device is 

mechanically simple and unimportant, it is 

omitted from the detail drawings; it is shown, 

however, on the assembly photogrephs. 

THE ROTATOR, STRIKER, AND 

SHIFT? LINKS. The means for turning the ro- 

tator, striker, and shift shafts are shown 

in Pig. 37. This figure also shows the meth- 

od of supporting the shafts on the main bear- 
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ing plates. 

THE ROTATOR LINKS. Consider- 

ing the rotator mechanism first, we see that 

the rotator magnets, which furnish the ener- 

gy for rotating the typewheel, are located at 

the bottom of the machine near the middle of 

the base. There are two sets of magnets: one 

set for left and one set for right rotation 

of the typewheel., Each set consists of two 

solenoids, allfour being supported from the 

base by the magnet bracket. Each solenoid is 

fitted with a sliding core or plunger; the 

two plungers of the left rotator magnets are 

joined by a yoke attached at their ends, and 

likewise, the two plungers of the right ro- 

tator mgnets are connected by a similar yoke. 

From the center of each yoke, a rod, R, comes 

forward between the two solenoids, passes 

through a guide hole in the magnet bracket, 
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and terminates in a rounded end at some dis- 

tance in front of the bracket. Hach rod is 

fitted with a collar near its projecting end, 

and an open-coil compression spring is placed 

between the collar and the bracket. We come 

now to the connecting links between the ro- 

tator magnets and the rotator shaft. 

The connecting links comprise 

first, an auxiliary shaft, called the magnet 

shaft. This shaft is supported at one end in 

a bearing in the magnet bracket, and at the 

other end in a bearing in the main right 

bracket. At the end near the rotator coils, 

the shaft carries a cross-bar, ©, and near 

the other end, the sector of a gear. In Fig. 

37, this sector is shown considerably to the 

left of the right main bracket; in reallity, 

the sector lies very close to that bracket. 

The crogs-ber, C, extends in front of both 
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rods, RR; the springs on the rods keep the 

rods firmly against the cross-bar. The gear 

sector stands vertically on the magnet shaft, 

and engeges with a pinion of the rotator 

shaft. 

The operation of the scheme 

is as follows: If the right rotator magnets 

be energized, they draw their plungers for- 

ward; this action thrusts the upper rod, R, 

forward, and with it, the upper end of the 

cross-bar, ©. Hence, the auxiliary or magnet 

shaft turns through a small angle, and with 

it, the gear sector; the movement of the gear 

sector turns the pinion meshed with it, and 

in that way turns the rotator shaft. If the 

left rotator magnets had been enerzized in- 

stead of the right, the rotator shaft would 

have been turned in the opposite direction. 

Means are provided for re- 

turning the parts to their original positions 
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after the rotator magnets have been de-ener- 

gized. A small arm, called a centering arm, 

is attched to the magnet shaft at the out- 

side of the right main bracket. This arm 

points downward. At its lower end are attach- 

ed two closed-coil tension springs, called 

centering springs. The other ends of the 

springs are attached to anchor lugs on the 

main bracket, one lug being at the left and 

one at the right of the arm. The right-hand 

spring is attched to its lug by means of an 

adjustable screw, so that the tension of the 

springs can be varied by the turning of the 

screw. By this arrangement, the two springs 

tend to draw the arm in opposite directions, 

one toward the right, and theother toward 

the left. Since the springs are equal in 

strength, there is no displacement of the 

arm from its central position. If, however, 
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a rotating movement of the typewheel occurs, 

the centering arp turns with the magnet shaft, 

thereby drawing out one centering spring and 

releasing the other. When the rotation mag- 

nets are de-energized, thus releasing the 

torque on the magnet shaft and centering arm, 

the springs draw the centering arm back to 

its vertical position. This movement of the 

arm brings all the rotator parts back to their 

central positions. 

The centering device just 

described has proven to be inadequate for 

rapid working of the printer. All the perts 

should be centered after one letter has been 

printed and before the next has begun. When 

the letters are printed in rapid succession, 

the centering mechanism does not work fast 

enough. The action of the springs diminish- 

es aes the central position of the arm is ap- 
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proached, because the working spring is near- 

ly counter-balanced by the other. Therefore, 

@ second centering mechanism has been added; 

this latter device acts on the rotator shaft 

itself, and does not come into very great 

action until the parts have nearly reached 

their central positions, 

The second centering mechan- 

ism may be seen in Fig. 37. The rotator shaft 

projects through the main bracket on the right; 

the shaft is here fitted with a small semi- 

circular cam, D. Two small bell cranks are 

mounted at their elbows on the bracket as 

shown.One end of each crank bears against 

the flat face of the cam, whereas the two 

free ends are connected by an open-coil ten- 

sion spring. The centering action of the de- 

vice is apparent from Fig. 37. Note that the 

action increases as the central position of 



sar 

YHTASOF IAT PULTHIAT YO Maeve MULAZOM TT 

-rsen et eatige anisdrow eit eesssed , hetissorg 

,etotered? ,tedteo ait yd beonmalsd-tetavoo yf 

shefiisa ased esd meinedoem gnivetces buosee £ 

ttede totator edt ao etoes eoltveb tettel. atdt 

teera yrev otat emoo ton esol Bae ,tLoatt 

betloser Ylreen evan eitac sid [linn noltes 

eenoliteog {[sxrtaeo ttesit 

-ceadioom anitretmes Buossa eAT 

ttede totetor sdT .TE att at moose od Ysm met 

:tigia odd oo texoatd mism edt dawotdt etostorq 

-tmse [femme se dtiw bessit etext at tHade edt 

ers exners [fed [fare owl .7 .meo talvotto 

we dedoacd pdisne-nvaliovwtioss ts bedrssocr 

tentsae ersed xrero done to bas sn0.cwore 

owt edt esetodw ,mso edt to essst telt edt 

-met [foo-neqo as yd betoannxoo ets.ehne sett 

~96 eft to oottss zatretmes off .anttaqe note 

edt ted? efo# .VS .att mort Santana ei eoly 

to noitieog fertres edt ssa eeesetont cottor 



153 

THE MORKRUM SYSTEM OF PRINTING TELEGRAPHY 

the parts (the position shown in Fig, 37) 

is approached. This increase is due to an 

increase of the effective radius of the re- 

storing torque, which increase accompanies 

the restoring movement of the parts. 

A locking cam is also shown 

on the rotator shaft, just behind the cen- 

tering cam; the lock, of which this cam forms 

a part, must be released before the rotation 

of the shaft can take place. The purpose and 

ection of this lock will be explained later. 

THE STRIKER LINKS. The striker 

rigging is also shown in Fig. 37. The striker 

magnet is located at the bottom of the machine 

beside the left main bracket. The armture is 

suspended from the lever, L, which is pivot- 

ed ed at its lower end to the left min brack- 

et, and attached at its upper end to the con- 

necting rod, E, The upper end of the rod, 3; 
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is joined to a crank, F, en the striker shaft. 

The connecting rod contains an adjusting link 

by which the length of the rod can be varied; 

this adjustment determines the magnitude of 

the impact as the typewheel strikes the plat- 

en. 

When the striker magnet is 

energized, it draws its armature downward, 

and with the armature, the lever, L. The move- 

ment of the lever, L, turns the striker shaft 

by means of the connecting rod, E, and turns 

the crank, F. The crank, F, is mounted on the 

striker shaft, so that the rotation is trans- 

mitted to this shaft. 

In order that the striker 

shaft and other parts shall be restored to 

their original positions after the stroke, 

a crank, T, and return spring are provided. 

The crank is mounted on the right end of the 
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striker shaft. The return spring is an open- 

coil tension spring, stretched between the 

crank, T, and an anchor lug on the main brack- 

et, The turning of the striker shaft and crank 

T from the inoperative position stretches the 

return spring; hence, at the end of each stroke, 

as soon as thestriker magnets are de-snergiz- 

ed, the return spring draws the parts back to 

their original position. 

THE SHIFT LINKS. The shift 

mechanism is illustrated in Fig. 37. The shift 

magnet is attached to a bracket at the left of 

the rotator bracket. The magnet consists of a 

sOlenoid with a plunger core; as we shall see 

later, the magnet is also a relay. A plunger 

rod is fixed to the core, passes through a 

guide hole is the bracket, and terminates in 

a rounded end. This plunger rod bears against 

@ crank, G, which is mounted on 4 small shaft, 
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H, At the left end of this shaft is mounted 

the crank, I, bent to clear the striker mag- 

net as shown. The crank, I, is connected to 

the crank, J, on the shift shaft, by the con- 

necting rod, P. 

When the shift magnet is en- 

ergized, it draws in its plunger core, and in 

so doing, thrusts its plunger rod forward. 

This movement of the plunger rod turns the 

crank, G, the shaft, H, and the crank, I, 

Through the agency of the connecting rod, 

the movement of the crank, I, turns the crank, 

J, and the shift shaft. 

As for the return of the parts 

to their original positions, it will be re- 

membered that on the carriage, there is a 

shift return spring. This spring not only acts 

on the carriage parts, but in so doing, re- 

turns the shift shaft and all the rigging 
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back to the starting position. 

THE SHIFT LOCK. A lock, which 

locks all the parts in the shift position, 

is also indicated in the figure. This lock 

consists of a T-shaped double crank, pivot- 

ed at the point of interseetion of its three 

arms on & lug attached to the magnet bracket. 

The stem of the T extends forward, and con- 

tains a notch on its under side; this notch 

hooks over the end of a vertical lever, EK, 

mounted on the shaft, H. The upper arm of 

the double crank is held away from the mag- 

net bracket by an open coil compression spring. 

The lower arm lies in the path of a plunger, 

which is attached to the plunger core of a 

solenoid. This solenoid is called the release 

magnet. 

In the operation of the de- 

vice, the notch in the forward lever is or- 

157 



Tel 

YHLARO7IRT OQUITMIAG TO MATEY MUANAOM SUF 

etoltvteoq acttixveate edt ot xosd 

foldw ,dool A .A001. THING ERT 

efoitteod tilde edd at etveq edd {fe adtool 

Aool etc? .etwatt eft at Seteaotbat osle et 

-toviq ,dmaro eldvob begqate-T a to etelanoo 

eetn? ett to gottosersint to tatog ent ta be 

-texoard teamoem oft ot BSedostimme acl s mo emts 

-m0o bre .ftewrot ebssixe T eit to meta ont 

dogon atdt ;eblte tebas est xo dotom # anita? 

eu ,-tevel [sottvey s to Ste oft teve eaxfood 

to mma regqy ofT .H ,tiads edt mo betorom 

-gem eft mort yewe Bred ef xmato efdsoh edt 

euaitgqes sofseserqmoo [tos mego as yd texserd ter 

~tTegasto # to dAtaq edd at eetl ere towol oAT 

8 to etoo tegastg oft ot betostis ef dotdw 

saseler odd belleo et Slomefoe eidT ,blonefoe 

-tenmssmn 

+98 edt to mottareco oct al 

-x0 el tevel Srawret oft at sotonm eft ,eotv 



THE MORKRUM SYSTEM OF PRINTING TELEGRAPHY 

dinarily not hooked over the end of the le- 

ver, K; K is too far toward the front of the 

machine to engage with the notch. The T-crank 

does, however, bear against the top of the 

lever, K, under the action of the compres- 

gion spring. When the parts assume the shift 

position, the lever, EK, turns back a little, 

so that the notch \in the @rank drops over 

the end of the lever. Therefore, when the 

shift magnet is de-enerzized, the lever, XK, 

is not free to return to its originel po- 

sition, but is locked in its new position. 

Therefore, ali the other shift parts are lock- 

ed. The release of the mrts is effected by 

the release magnet. When this magnet is ener- 

gized, its plunger rod comes forward, strikes 

the lower end of the T-crank, and thereby 

raises the notch off the lever, K. The lever, 

with the other parts, is therefore free to 
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return to its original position. When the 

release magnet is de-energized, the T-crank 

again drops down onto the lever, K, and the 

parts are once more in the position indicat- 

ed in Fig. 37. 

The purpose of the shift lock 

is evident when we remember that often sever- 

al shift characters occur in succession, and 

it is desirable that the typewheel maintain 

its shift position throughout the series. 

THE SELECTOR MECHANISM. We 

now pass to the selector mechanism, by which 

the rotation of the typewheel is stopped at 

any desired point. It will be remembered that 

the typewheel characters are distributed a- 

round the entire ciroumference of the wheel, 

and in order that any particular letter be 

printed, the typewheel must be stopped in its 

rotation when that particular letter lies di- 
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rectly before the platen. The selector, com- 

plete and applied to the machine, is shown 

in Fig. 38; as is indicated, it is located 

at the front of the machine beside the right 

main bracket. The selector mechanism proper 

is shown in Fig. 39. As the mechanism is 

somewhat complicated, its general principles 

will be explained before the description of 

the actual parts is attempted. 

The fundemental idea in the 

stopping of the rotator shaft is illustrated 

in Fig. 40. In this figure, we see the rota- 

tor shaft carrying an arm or lever, called 

the index lever. D is a stationary disk con- 

taining a number of holes. When the rotator 

shaft turns, it of course turns the index 

lever with it, so that this lever sweeps 0o- 

ver the face of the disk, D. If the rotation 

of the shaft is to be stopped at any desired 
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point, a small pin is pushed up through one 

of the holes of the disk,D, into the path of 

the index lever. When the lever strikes the 

pin, rotation stops. 

THE DISKS. Such a disk me- 

chanism, with some minor changes, is used to 

limit rotation in the Morkrum machine; the 

mechanism as applied to the printer is shown 

in Fig. 4la and b. Here, there are four thin 

steel disks, called selector plates, each of 

which is similar to the disk, D, of Fig. 40. 

The four disks are arranged in a pile, with 

@ supporting collar running through their 

centers; this collar is marked "S" in the 

figures. Bach disk may be turned independent- 

ly through a small angle on the collar, the 

turning being limited by the plate stops as 

indicated. At the bottom of each disk is a 

lug which carries a small pin, P. An arn, A, 
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with a forked end, fits over the pin, P, and 

at its lower end, is attached to a small sup- 

porting shaft, B. A second arm, C, is also 

mounted on the shaft, and this second arm 

lies in the path of a plunger rod which is 

fixed to the plunger core of the plate solen- 

oid. By this arrangement, if the plate solen- 

oid becomes energized, it dtaws its core for- 

ward, and, through the agency of the two arms, 

C and A, turns the disk from its normal posi- 

tion of Fig. 41(a) to its opposite position 

of Fig. 41(b). When the plate solenoid is de- 

energized, all parts return to their origin- 

al positions under the action of a coil spring, 

ube akewn., wound onto the shaft, B. 

The method of moving each of 

the other three disks is identical with the 

one justvdescribed. The arrangement of the 

links betw@en the solenoids and disks is shown 
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in Figs. 41(¢) and 42. The plate solenoids, 

as shown in Fig. 42, together with certain 

other solenoids of the printer, are mount- 

ed on the large relay bracket, which is at- 

tached to the base. The figue is self-ex- 

planatory. By this arrangement, any disk 

may be moved by its plate solenoid, inde- 

pendently of the movements of any of the 

other disks. 

As for the manner in which 

the disks are used, the index lever of the 

rotator shaft sweeps over the face of the 

outside disk (the one shown in Figs. 41), 

just as the lever of Fig. 40 sweeps over 

the face of the disk,D. Ordinarily, the in- 

dex lever is in the central vertical posi- 

tion shown in Fig. 40, but if the rotator 

shaft be turned, the index lever of course 

turns with it. The disks are shown in place 
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on the printer in Fig. 38. 

The construction of the disks 

is such, as regards the location of the holes, 

that if each disk is in one extreme angular 

position or the other, there are two rows of 

holes through the disks lined up, and only 

two rows. For instance, if all the plate mag- 

nets be energized and all the disks, there- 

fore, turned to the limit of their travel, 

there will be two rows of holes lined up, 

each row extending entirely through the set 

of disks. Furthermore, one row of holes will 

be on the left side of the index lever and 

the other row will be on the right. Hence, 

if a pin be thrust from the back of the disks 

through each row of holes, so that the ends 

of the pins extend beyond the face of the 

outside disk, the index lever, rotator shaft, 

and typewheel can turn only until the index 



bat 

YHIARPRIET QUITUIAT FO METEYe MUSAEOM THT 

88 ,att at rtetaitq eft mo 

eatet& eft to mottorirtenxos edt 

cefod ext to nottsool ect ebtsset es ,dove et 

tefirarsa ometixe eno mt at Hath doze Tir tart 

to ewot owt ers erent ,redto ext ro nottteoq 

yinxo Bas ,qu boeotl edetbh edd Assrotdt seford 

-gem etefq eft [fs It ,eomeatant tol .eror ond 

-eredt ,exetbh edt [fs bas besiaisene ed eten 

efeovett tlott to timti eft ot hermit ,erot 

eas bentl esfod to ewor owt ed [fiw eredt 

tee eft Agvord? ylertioe anticetxe wor dose 

{fiw easfod to wot eno ,stomreditet .eveth to 

base rteve{l xefat edt to eblte tteLl ext xo od 

.e0n6E .tdatt edt no sd [fiw wor refto sed? 

exeth eft to xeosd edt mort tautad sd ata s tt 

shine edt tad? os ,eefod to wor dose dssordt 

edd to eset edt broyed bmetre entq ext to 

ettade totatot ,tevel xebat edt ,weth ebltetiro 

xebat oft Lites yIro mut rso L[eedweqyy base 



THE MORKRUM SYSTEM OF PRINTING TELEGRAPHY 

lever strikes one of the pins. In case the 

left rotator magnet be energised, the index 

lever strikes the pin to the left. Likewise, 

in case the right rotator magnet be energiz- 

ed, the index lever strikes the pin to the 

right. 

In the same way, if all four 

disks are in their normal position, that is, 

if none of the plate solenoids are energized, 

there are again two rows of holes through all 

four disks. As before, one row lies to the 

left of the index lever and the other to the 

tight. These two rows are different, however, 

from the rows in the first case. Hence; the 

rotation of the index lever, rotator shaft, 

end typewheel is again limited in either di- 

rection, but the limits are different from 

whet they were in the first case, 

Likewise, if only one of the 
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Selector plates be turned, whereas the others 

remain in their normal positions, a still 

different row of holes will be established 

on each side of the index lever. No differ- 

ence how the disks are placed, provided each 

be in extreme position or the other, two paths 

for the stop pins through the disks are pro- 

vided, one path or row being on the left side 

of the index lever and the other on the right. 

As a result of this arrange- 

ment, we can stop the rotation of the type- 

wheel at fifteen different points in either 

direction of rotation or at thirty points in 

all. Considering also the center position of 

no rotation, we obtain a total of thirty-one 

different positions or points which we can 

assign to the typewheel. It will be remember- 

ed that we were able to send thirty-one dif- 

ferent combinations of line impulses; as we 

shall see later, the first four line impulses 
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determine the positions of the selector plates, 

whereas the the fifth pulse determines the 

direction of rotation of the typewheel. We 

see, therefore, the purpose and action of 

the selector disks. Furthermore, by the use 

of the shift movement, the thirty-one type- 

wheel positions are increased to sixty-two, 

just as the total number of characters avail- 

able for transmission was increased to six- 

ty-two. In the Morkrum system, not all of the 

sixty-two possible disk combinations are uti- 

lized. 

THE DRUM. The next question 

is how the interference or stop pins pass 

through the disks, are mounted, and operated. 

There are, in all, twenty-four of the pins, 

all supported on a steel frame called the 

drum; the frame is called the drum because 

of its general shape. The drum and pins are 



mae 

Val 

YHTAAOSAIST DUITAINT TO METeYe MUHAROM FHT 

,estelq rotoelfes ent to amotitteod edt omtmorreteb 

ot sentmreteb eefuq dittt edt edt sseredyw 

9” .feedweqyt edt to mottator to mottoerths 

to mottos Bae seogrsq edt ,stotetedt ,s028 

sex edt yd ,stromredtrut .edelkbh trotoefee sit 

-eqyt eno-yitidd edt ,tnomevom tide edt to 

,owt-ytuie of Asarseroat sts asotttiaoq Isedw 

-ftavsa aretosrado Yo todmsrn fatot edt as test 

-xts of Bsoasetont esw nwotaatmenstt rot ofds 

edd to {fs ton ,metsye merirolf edt nt owt-yi 

-Itu eva snottentdmoo wath elfdterog owt-yixte 

-bestl 

aottaesp txem ed?  MURT THT 

seaq antg gots 10 senetetrotat etd wod at 

ebetateoqo bee ,betnvom ors ,adetb edt davord? 

,enta edt to root-ytmews ,{[f[s at ,ots etedT 

edt belles emert feete eg mo hetroqare [Is 

eavaoed muth edt Beffseo ef emartt odt jmurb 

ers extq bas mrrh eT .eqade [arenes ett to 



168 

THE MORKRUM SYSTEM OF PRINTING TELEGRAPHY 

shown in Figs. 38 and 39. The drum consists 

of two circular end-plates, Py and Po, con- 

nected by supporting rods and space sleeves 

as shown in the figures. Each plate possesses 

two projections at diametrically opposite 

points; the projections sare bored to receive 

the two horizontal supporting rods. The end 

plates are kept apart by sleeves which fit 

over the supporting rods. These sleeves also 

constitute bearings, so that the entire drum 

ean slide back and forth on the rods. The 

two plates, Py and Po, are similarly bored 

with guide holes for the interferance pins. 

The pins extend from one plate to the other, 

and project both at the front and back of the 

drum. On each pin is mounted a small collar, 

and between this collar and the left-hand 

plate is placed an open coil compression 

spring, #35-14. 
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If the drum be thrust toward 

toward the right, the projecting pins strike 

the pile of selector plates. Two of the pins 

will be in line with holes in the plates, 

and will pass through the complete set of 

plates, as was described before. The other 

pins, which are not in line with the holes, 

cannot pass through the series of plates; 

hence, they strike oneplate and stop. The 

spring mounting of the pins allows the frame 

to travel on to its extreme right-hand posi- 

tion, in which position, the two pins will 

extend through all four disks and into the 

path of the index lever. 

In Fig. 38 we see also the 

means for thrusting the drum toward the right. 

Beneath the drum is a magnet called the drum 

magnet, which is attached to the right main 

bearing. A view of the drum magnet alone is 

presented in Fig. 43. The magnet consists of 
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two solenoids, each fitted with a plunger 

core. The two cores are attched to a yoke, 

from the center of which extends a rod, R. 

This rod joins a connecting rod; the lower 

end of the connecting rod is mounted in a 

stationary pivot, whereas the upper end is 

forked and engages a grooved collar on the 

face of the drum, 

When the drum magnet is en- 

ergized, it draws in its plungers, and, through 

the linkages just described, forces the drum 

to‘the right. When the magnet is de-ener- 

gized, all parts return to their starting 

positions under the action of the springs 

on the stop pins. 

ROTATOR LOCK, Reference was 

made during the description of the rotator 

transmission to a lock on the rotator shaft. 

This is e device which holds the rotator shaft 

stationary while the selector mechanism is 
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being set; the lock is released by the drum 

as it moves toward the right. 

The lock on the rotator shaft 

is shown in Fig. 37. It consists of a semi- 

circular cam, M, mounted on the rotator shaft, 

with the flat side of the cam turned upwards. 

Above the cam are the two bell cranks, J N, 

pivoted at their elbows to the right main 

brecket. The lower ends of the cranks rest 

on the two sides of the cam, as is indicated, 

so that the cam and rotator shaft cannot turn. 

The two lower ends of the cranks are joined 

by a tension spring, so that they are held 

on the cam, The upper halves of the cranks 

are bent at right angles so as to lie end- 

to-end. Above the meeting point of the two 

arms is the end of a third bell crank, 0. 

This crank is pivoted at its elbow to a lug 

on the inner face of the main bearing. One 

Lx 
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end of the crank extends through a slot in 

the bearing, so that it lies above the two 

cranks, N N, whereas the other end is bent 

upward. An arm,called the plunger ram, is 

mounted on the drum in line with the verti- 

cal arm, 0, 

When the drum assumes its 

right-hand position, the plunger ram of the 

drum strikes the crank, 0, and moves its up- 

per end toward the right. The horizontal end 

of the crank is thereby depressed, and, in 

moving down, strikes the ends of the crenks, 

NN, The bottom ends of the cranks are spread 

out so that they clear the locking cam, M. 

The rotator shaft is now free to turn. When 

the drum goes back to its original position, 

after the printing of a letter, the crank, 0, 

is released, and all parts return to their 

normal positions. 
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We will now take up the two 

remaining movements of the typewheel, viz., 

the movements of spacing and backing. 

THE SPACER AND BACKER. The 

spacer is that mechanism by which the carriage 

and typewheel are moved side-ways after the 

printing of a letter, so that the next letter 

will be printed beside the first one. The 

backing movement is the carriage return. That 

is, it is the movement by which the carriage, 

after reaching the end of a printed line, is 

returned to its starting position at the be- 

ginning of a line. The spacer is operated au- 

tomatically by the printer between letters, 

and is also operated between wordswhen a space 

signal is received over the line, The backer 

is operated only when a carriage return sig- 

nal is received. 

The spacer and backer mechan- 
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ism is shown is Fig. 44(a, b, c, d, and e). 

Pig. 44(a) is a face view of the left end of 

the mechanism: that part located on the left 

main bracket; (b) is a front or edge view of 

the same portion; (ce) is a top view of the 

entire mechanism; (4) and (e) are face views 

of that part of the device located on the 

right main bracket. 

As is indicated in the fig- 

ures, @ small chain is attched to the car- 

riage, which chain runs to the left end of 

the printer, over ea pulley on the left main 

bearing, and winds onto a drum marked "spring 

barrel #41-3". This drum contains a flat spi- 

ral spring, which is wound so that it tends 

to keep the chain wound-up on the barrel. 

Fig. 44(a) shows an end view of the barrel, 

and indicates the method of regulating the 

spring tension, 
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The action of the spacer me- 

chanism is to draw the carriage toward the 

right, by steps, against the action of the 

backer spring. The backer mechanism proper 

is merely a means for releasing the spacer, 

so that the carriage is free to travel to 

its extreme left position under the action 

of the backer spring. We will first describe 

the spacer mechanism. 

The spacer is located at the 

right end of the printer, near the back. Re- 

ferring to Fig. 44(c), we see that a second 

chain is attched to the carriage, runs to 

the right end of the printer, and there winds 

onto a second drum called the space drum. 

The space drum consists of 

@ barrel, at each end of which is a ratchet; 

the two ratchets are indentical in construc- 
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tion and mounting. The drum is supported from . 

the space magnet bracket by a stud. The drum 

is turned, and the chain wound up, by the ac- 

tion of a pawl which engages the outside ratch- 

et; the second pawl, which engages the second 

ratchet, is merely a check pawl. The two pawls 

are kept in contact with the ratchets by two 

springs as shown, 

The outer pawl is mounted on 

a lever called the space lever. The space le- 

ver is pivoted, near its middle point, to a 

stud, wich, in turn, is mounted on the mgnet 

bracket. A spring, called the space spring, 

keeps the left end of the spacer lever and 

pawl in the upper position. At its right end, 

the lever is connected, through an adjustable 

link, to the yoke of the space magnet. 

The space magnets consist of 

two solenoids with plunger cores. The solen- 
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oids are fixed to the magnet bracket as in- 

dicated. The lower end of the plunger core 

of each solenoid is attached to the space yoke. 

As for the action of the spac- 

er, during the printing of a letter, the space 

magnet is energized; it draws up its plungers, 

the space yoke, and the right end of the space 

lever. This movement of the space lever draws 

its right end downward, and with it, the pawl; 

this movement is against the action of the 

space spring. The pawl engages one of the ratch- 

et teeth. The check pawl has, in the meantime, 

kept the space drum from turning backward. When 

the printing of the letter is completed, the 

space magnet is de-energized. It therefore re- 

leases the plungers, yoke, and space lever, 

and the space spring raises the left end of 

the space lever and the pawl. This movement of 

the space pawl turns the ratchet and therefore 
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winds-up the carriage chain one more step. 

The device is so adjusted that the carriage 

is moved the proper distance for the spacing 

of the letters. 

We see, therefore, that by 

this device, the spacing of the carriage is 

accomplished, and that furthermore, the spac- 

ing movement does not occur until after the 

printing of a letter; the operation of print- 

ing and spacing, therefore, occur at distinct- 

ly different times, as is desired. 

The backing mechanism, as 

was stated before, is a release for the space 

drum, so that when the backing action takes 

place, the carriage travels to its left po- 

sition under the action of the backing spring. 

The mechanism comprises a tripping lever, which 

draws the space and check pawls away from 

their ratchets, a means of operating the trip- 

ping lever, and the backing drum. 
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The tripping arrangement is 

shown in Fig. 44(a4 and @). The tripping lev- 

er is a small bell crank, pivoted at its el- 

bow to the space lever stud, A, One end of 

the crank extends upward and carries a cross- 

rod; the cross-rod extends across the front 

of both pawls. The other arm of the crank 

terminates under the plunger rod of the back- 

ing magnet. This magnet is a single solenoid 

with a plunger core, to which is sttadhett the 

plunger rod, 

As for the action of the back- 

er, when the backing magnet is energized, it 

draws its plunger and plunger rod downward; 

the plunger rod pushes down the end of the 

tripping crank, which movement draws the up- 

per end to the right. By reason of the cross- 

rod at the upper end of the arm, the two pawls 

are also drawn to the right and away from the 
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ratchets, as is shown in Fig, 44(e). The space 

drum is therefore released, and the carriage 

is drawn back to its starting position, 

A locking device is added to 

the becker, which device locks the backer in 

its operative position of Fig. 44(e). This 

device is necessary in order that, in case 

the backer magnet is de-energized before the 

carriage has reached the left end of its trav- 

@1, the space pawls will be held away from 

their ratchets until the carriage does reach 

the end of its travel. At the end of the back- 

ing movement, the carriage releases the lock. 

The details of the device 

are shown in Fig, 44(c avd 4). In (e) we see 

& small rod, called the backing rod, extend- 

ing from the left main bearing to the right 

main bearing; the rod is supported loogely, 

so that it is free to turn or to slide end- 

ways. Near its right end, the rod carries a 
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small collar, called the backing collar; near 

the left end, the rod carries a somewhat sin- 

ilar collar, and between the latter collar 

and the left main bearing is placed an open- 

coil compression spring. The spring tends to 

keep the rod in its extreme right position. 

Referring to (ad) of Fig. 44, 

we see an end view of the backing rod and 

collar. It will be further noted that the 

plunger of the backing magnet extends above 

the top of that magnet, and is attached to 

one end of a lever called the backing lock 

lever. This lever is pivoted at its middle 

point to the magnet bracket; the other end 

of the lever extends to the left and termin- 

ates beside the backing rod collar, 

Suppose now, that the end of 

a printed line has been reached by the print- 

er. The carriage is in its extreme right po- 
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sition. The backing magnet is energized for 

an instant; it draws its plunger downward, 

and thereby raises the left end of the back- 

ing lock lever. Under the action of the spring 

on the backing rod, the backing rod and col- 

lar move short distance to the right, .so that 

the collar is under the backing lock lever. 

(See Fig. 44-e), Therefore, even though the 

backing magnet be de-energized, its plunger 

is held up by the backing lock lever. The 

carriage travels to its left-hand position; 

as it reaches this position, it strikes the 

left-hand collar of the backing rod and moves 

the rod a short distance toward the left. 

This movement of the backing rod withdraws 

its collar from beneath the backing lock lev- 

er, so that the lever drops to its normal] 

position of Fig. 44(a), When the lever is 

in this position, the space pawls engage their 
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ratchets; they have not engaged, however, 

until the carriage has reached its start- 

ing position. 

An additional attachment is 

to be found on the space drum. This attach- 

ment is a stop pawl whose purpose is to pre- 

vent the spinning of the space drum after 

the backing movement is completed. While the 

carriage is travelling back to its starting 

position, the space drum is turning back- 

ward rapidly; it has been found more desir- 

able to stop the drum at the end of the back- 

ing movement by a special stop pawl, rather 

than to allow the check and space pawls to 

drop onto the ratchets while they are revolv- 

ing. 

The lower part of the stop 

pawl may be seen in Fig. 44(d and e). This 

pawl is pivoted to a bearing on the base-plate. 
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The upper part of the pawl splits into two 

fingers; one finger bears on the face of the 

drum, whereas the other extends slong the 

back of the rear ratchet. The face of the 

ratchet carries a small stud or pin. When 

the carriage is in its starting position, 

the stud rests on the top of the rear fin- 

ger of the pawl; as the carriage is drawn 

toward the right by the winding of the chain 

onto the space drum, that finger of the pawl 

which rests on the face of the drum rises 

onto the chain wound on the drum, and rides 

on the top of the chain instead of on the 

face of the drum. Both pawls are thereby 

lifted away from their former positions, so 

that the back finger clears the path of the 

stud on the ratchet. As the drum unwinds, 

during the backing movement, the pawl assumes 

its former position, so that just as the car- 

riage reaches its starting position, the in- 
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terference stud strikes the stop pawl. The 

space drum therefore stops, and the space 

palws drop onto the ratchets. 

We will now take up a study 

of the platen, and of the lining mechanism , 

which is closely associated with the platen. 

THE PLATEN AND LINER. The 

complete platen, with the lining mechanism, 

is shown in Fig. 45. The platen consists of 

the roller and auxiliary attachments for hold- 

ing the message blank or other paper. The 

lining mechanism is the arrangement by which 

the roller is turned slightly at the end of 

each line, so that the message blank presents 

@ new surface for the next printed line. Fig. 

45 is a catalogue drawing of the platen; only 

the main parts will be discussed here. 

The frame of the platen con- 

sists of the cover of the printer, casting 

#1, together with two end plates, marked re- 
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spectively, casting #2 and casting #3. The 

screws at the four corners of the cover plate 

screw into the four corners of the main frame 

of the printer; the end castings are screwed 

onto the cover plate. 

The platen, in its restrict- 

ed sense, is a rubber roller, similar to that 

of a typewriter. It is mounted on the platen 

shaft, #5-1, which is supported by the end 

casting in bearings. At either end of the 

shaft is a hard-rubber thumb-wheel, by which 

the platen may be turned. There are a number 

of auxiliary attachments on the platen, the 

most important of which attachments is the 

one for holding the paper against the roller. 

This latter device consists 

of the two feed rolls, #14 and #15 respec- 

tively, and their mountings. These two rolls 

bear against the roller, and hold the paper 

snugly against the roller. The two rolls may 
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be drawn away from the platen by the arrange- 

ment shown in Fig. 45(a). The rolls are mount- 

ed on a spring rod,as shown, which is screw- 

ed at its right end to the end casting. The 

front end of the spring lays across a rod 

known as the release rod, which extends from 

one end @sting to the other, and is fitted 

into bearings at either end. At the point 

where the spring rod lays across the release 

rod, the latter is cut down to semi-circular 

form; the spring rod lays across the flat 

face thereby secured. The release rod carries 

a gmall lever, marked #18 Rolls handle, by 

which it may be turned. The mechanism so far 

described is duplicated at the left end of 

the platen. 

In the operation of the at- 

tachment, the feed rolls normally lie close 

against the platen, as in (a). However, if 

the rolls handle and release rod be turned, 
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the spring rod is pushed downward until it 

finally lays across the round side of the 

release rod. This movement of the spring 

rod pull the feed rolls away from the platen. 

When the rolls handle is pushed back to its 

original position, all parts return to their 

usual positions. 

The purpose of the device is 

to release the message blank so that it may 

be withdrawn from the platen or its position 

adjusted, 

The lining mechanism can bet- 

ter be understood from the end view of the 

platen. Referring to this view, we see the 

ratchet mounted on the platen shaft. The ratch- 

et and platen are ordinarily held in posi- 

tion by the detent roll as shown. At the left 

of the ratchet is a lever, L, which carries 

two pawls: the lining pawl and the stop pawl. 

The lever and pawls are connected with the 
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lining magnet as shown. In the operation of 

the liner, the lining magnet is first ener- 

gized. The magnet moves the lever, L, to- 

ward the right, and, through the agency of 

the lining pawl, turns the ratchet and feed 

roll toward the left; this turning is the 

equivalent of either one or two lines on the 

message blank. The stop pawl serves to stop 

the turning. The position of the stop pawl 

may be changed by means of the lever, A. 

When the stop pawl is in one position, two 

lines on the message blank are turned up at 

every stroke of the lining magnet; when the 

pawl is in the other position, one only is 

turned up at a time. 

We have now completed the 

aiscussion of the principal mechanical fea- 

tures of the Morkrum printer, and will next 

take up a study of the electrical circuits 

and eouipment by which the mechanical devices 
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are controlied, 

THE PRINTER CIRCUITS. In 

Fig. 46 are given the complete circuits of 

the Morkrum printer. As the general circuits 

are too complicated for purposes of explana- 

tion, the constituent circuits will be sepea- 

rated from the rest and discussed one at a 

time. In order that the reader may thoroughly 

understand the fundamental plan of the con- 

trol, the main circuit will be developed by 

stages, as wes done with the distribution 

system in the introduction. In fact, we will 

begin with the receiving station of Fig. 6, 

and develope the printer circuits from that 

scheme. 

In Fig, 47, we have the re- 

ceiving station of Fig. 6, except that the 

local relays, P-1, P-2, P-3, P-4, and P-5, 

are connected so as to lock themselves in 

the energized or closed position, That is, 
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the front points are connected to one side of the 

battery, and the armatures are connected to their 

respective operating coils, as shown, If one re- 

lay is momentarily energized, as it will be by 

a current pulse, it draws up its armature against 

its front contact; with this contact closed, the 

relay remains energized, even after the current 

pulse has ceased. This locking cireuit is con- 

nected to the battery through s switch called 

the main break. A momentary opening of this switch 

euts off the locking current from the relays for 

a time sufficient for them to return to their nor- 

mel condition, 

As a possible use for the systen, 

we could establish a printing system with these 

five relays. The first four relays might act as 

operating solenoids for the selector plates, and 

the fifth relay might determine the direction of 

rotation of the typewheel. Furthermore, by fit- 

ting the solenoids with relay contacts other than 
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their locking contacts, we arrange the oper- 

ating circuits, that is, the circuits of the 

rotator, striker, shift, and other magnets. 

A control circuit could be developed, and, 

in fact, some such plan is followed in the 

Morkrum printer. 

The cycle of operations for 

such a machine would be as follows: The re- 

ceiver brush passes over the receiver but- 

tons, 1, 2, 3, 4, and 5, and the five plate 

relays are opersted or else remain inopera- 

tive, depending upon the nature of the separ- 

ate impulses. The plate relays set the selec- 

tor plates, and at the same time, set up the 

circuits of the operating mechanisms. Hence, 

efter the fifth pulse, the typewheel rotates, 

strikes, and spaces. The final printer move- 

ment is to open the main break for an instant, 

s0 that the plate relays return to their nor- 

mal positions. By this time, the brush has 
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again reached the first contact button, and 

the same cycle of operation occurs for the 

next letter. In this way, the printer would 

perform its functions. 

The great fault of such a 

system is this: All the movements of the type- 

wheel must occur during the intervel of time 

required by the brush arm in passing from 

contact button #5 to button #1. If The trans- 

mission of messages is performed at any prac- 

tical speed, this interval of time is too 

short for the typewheel to complete its move- 

ments. We therefore modify the system of Fig. 

47 somewhat, so that one letter is being print- 

ed while the next one is being received over 

the line, 

THE ACTUAL SELECTOR CIRCUITS. 

The new scheme, which is the one used in the 

Morkrum system, is presented in Fig. 50. In 

this plan, the plate relays are not connected 
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to the receiver contact buttons. Instead, a 

second series of relays, called lock relays, 

are connected to the contact buttons, and 

the plate relays are controlled from this 

second set. It seems advisable, for purposes 

of explanation, to build up the plan of the 

control circuits between the lock and plate 

relays. 

THE LOCK RELAY CIRCUITS. 

The connections of the lock relays and trans- 

mitter disk are shown schematically in Fig. 

48. Note that the lock relays of Fig. 48 have 

taken the places of the local relays in the 

distributing system of Fig. 6. As is indicat- 

ed, the lock relays lock themselves in the 

operative position, just as the plate relays 

do in the preceeding scheme. The locking cur- 

rent in this case, however, comes through 

the back contacts of a sixth relay, similar 
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to the others, and called the selector break. 

The circuits are so arranged that when the 

selector break coils are de-energized, and 

the armature lies against the back point, 

the locking circuit is closed to the battery; 

when the coils are energized, the armature 

is drawn away from the back point, and the 

locking circuit is separated from the bat- 

tery. Hence, when the selector break opens, 

it releases any of the lock relays which have 

been locked in the operative position. 

The control of the selector 

break is through a button on the receiver 

disk. This button, called the restoring but- 

ton, is double size, and corresponds to both 

the positive and negative synchronizing but- 

tons of the transmitting disk. It will be 

remembered that once every revolution of the 

transmitter brush arm, a marking impulse is 

sent out from the negative synchronizing but- 
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to; hence, the selector break is energized 

and operates once every revolution of the 

brush arms. Furthermore, the opening of the 

selector break occurs between successive let- 

ters, so that the lock relays are "restored" 

after the reception of each impulse combina- 

tion. 

The lock relay, L-5, does 

not lock itself in position with current 

from the selector break; we will presently 

see the reason for this fact. 

It might be well to state 

here a condition which is general in all the 

Morkrum circuits, viz., one side of the bat- 

tery is permanently grounded, and one side 

of every solenoid or relay is permanently 

grounded, Therefore, only one additional path 

need be established between the battery and 

the magnet in question, 
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THE LOCK AND PLATE RELAY CIR- 

CUITS. The connection from lock to plate re- 

lays is shown in Fig. 49. Here we see that 

the five plate relays are connected in paral- 

lel with their respective lock relays. The 

two sets of instruments are connected in par- 

allel through four back contacts of a relay 

known as the divide relay. Plate and look 

relays #5 form an exception to the general 

arrangement: they are connected directly in 

parallel. The plate relays lock themselves 

in the operated position by current through 

the min break, just as before, although the 

locking circuit is not shown. 

By this arrangement, if the 

contacts of the divide relay are closed, as 

they are when the divide relay is not ener- 

gized, the plate and lock relays are in par- 

@llel. The plate relays will, therefore, fol- 

low any movements of the lock relays. Since 



yer 

VHTAROSIPT DUITHIAT TO METSYe MUSAAOM HT 

-AT0 YAIGH RTATLT CWA AOCGI FHT 

-et etstq otf Xool mort mottoenmoo sdT .eTIUD 

tadt ese ew steH .Od .2atW xt mworte ef ayel 

-fersg at Sefoonnmoo ete eyelot stsfa evit ont 

adi .eyefet dool aviteeqesor xiedt dittw [el 

-raq mt fetoemron ete stnemuttent to eter owt 

ysier s to atoataoo xoed twot davordt Cells 

Moot Bae etall .ysfor ebtvt5 edt as avond 

[aromen edt ot mottceoxe ma oot @ aysfot 

mt yftoettb bets anos ers yend :tremegcatts 

eevisemedt dool evefer etelg oct .fel(s1sq 

dasomnt trevrve yd motttaoq Seteteqo edt at 

edt devodt(s ,stoted se tes, ,xserd aiem edt 

eMwode ton at titrvorto anttool 

edt tt ,tceregnsirs atdd yi 

es ,Sevolfs ete yeflor ohtvtS edt to etostaoo 

-trere ton et valet ebitvith edt nedw ete zodt 

-teg “ai ers eyefer xoof bas etsia sit ,boesta 

-fot ,etotetent ,{[ftw aysfor stafq oAT .Lolls 

eonte .eyefer fool ext to atmemevom yos wolf 



198 

THE MORKRUM SYSTEM OF PRINTING TELEGRAPHY 

the lock relays are governed by the incoming 

line impulses, the plate relays also register 

the character of the impulses. 

If the contacts of the divide 

be opened, as they will be when the instru- 

ment is energized, the two banks of relays 

are separated. The first four lock relays 

act just as before, but the plate relays are 

not affected by the line impulses. Since the 

locking circuits of the two sets of relays 

are independent, the plate relays remain in 

the position in which they were at the open- 

ing of the divide contacts; then, when the 

main break opens, locking current is cut off 

from the plate relays, and they resume their 

inoperative position. 

As for the operating circuits 

of the divide relay, the relay coils are con- 

nected to one tongue of the relay. The back 

point, corresponding to this tongue, is con- 
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nected to the restoring button of the receiv- 

er disk. When the relay is in its usual po- 

sition, there is a current path from the re- 

storing button, through the brush and brush 

arm, through the divide relay contact to the 

operating coils, and thence to ground. Hence, 

when a marking pulse occurs at the restoring 

button,as it does once every revolution of 

the brush arm, the divide relay is energized. 

It therefore draws its armature against the 

front contact, and thereby cuts itself off 

from the receiver disk. As we shall see pre- 

sently, the front contact is connected to 

the battery through the main break; hence, 

the divide relay is locked in its operative 

position until the opening of the main break. 

At the same time that the divide relay has 

changed its own circuit, it has separated 

the lock and plate relays. 
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When we go a step further, 

and apply the scheme just described to the 

scheme of Fig. 47, the result is the circuit 

presented in Fig. 50. 4s was said before, 

Fig. 50 shows the lock and plate relay cir- 

cuits actually used in the Morkum printer. 

FINAL SELECTOR CIRCUITS. In 

Fig. 50, the lock relays are connected to 

the receiver disk just as in Fig. 48, and 

they receive their locking current through 

the back contact of the selector break. The 

first four relays are connected in parallel 

with their respective plate relays through 

the back contacts of the divide, just as be- 

fore. The fifth relays are connected direct- 

ly in parallel. The five plate relays and 

the fifth lock relay receive locking current 

through the main break. The selector break 

and divide relays are connected to the re- 

storing button of the receiver disk. The di- 
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vide relay receives locking current through 

the main break. We see, therefore, that al- 

though the arrangement of the figure has been 

changed somewhat from that given in Figs. 48 

and 49, the electrical connections are just 

the same. There are, however, two additional 

devices in Fig, 50. 

The first of the new devices 

is the drum magnet and drum switch. The drum 

magnet is connected to the battery through 

one of the front contacts of the divide, so 

that the magnet is energized while the divide 

relay is closed. Furthermore, the drum mag- 

net carries oa switch called the drum switch; 

this switch closes when the drum magnet is 

energized. The purpose of the switch is to 

connect the battery into the distribution 

cireuit, as that circuit is called which serves 

to operate the rotator magnets or other print- 

er functions, That is, the drum switch con- 
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nects the battery to the semi-automatic func- 

tions of the printer. 

The other additional feature 

is the signal lamp. As is indicated, the lamp 

is controlled by an additional lock relay, 

identical with the other lock relays. “hen 

a marking pulse is received by the lamp but- 

ton, the lamp lights, whereas if a spacing 

pulse is received, the lamp stays dark. The 

action is apparent from the diagram. 

We will now trace through the 

cycle of operations with the system of Fig. 

50, remembering that the idea of the scheme 

is to allow one letter to be printed while 

the next letter is being received over the 

line. Suppose, for example, that the signal 

++——Hthe letter A) is received. 

The action of the lock re- 

lays is for instruments #3, 4, and 5 to oper- 

ate, since the relays respond only to marking 
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pulses, and #1 and 2 to remain inoperative. 

Lock relays #3 and 4 lock themselves in the 

operative position with current from the sel- 

ector break. The five plate relays duplicate 

the settings of the lock relays, and #3, 4, 

and 5 lock themselves in position with cur- 

rent from the main break. L-5 is also lock- 

ed by current from the main break. This ac- 

tion takes place while the receiver brush 

is passing over the five contact buttons, #1, 

2, 3, 4, and’ 5. 

When the brush reaches the 

restoring button, the selector break and di- 

vide relays are operated. The divide relay 

separates the first four plate relays from 

the lock relays and locks itself in position. 

Hence, the separation of the lock and plate 

relays is maintained after the brush has left 

the restoring button. At the same time, the 

Selector break cuts off locking current from 
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the first four lock relays, and these relays 

resume the inoperative position. The fifth 

lock relay remains locked with the fifth plate 

relay. The selector break remains energized 

only as long as the brush is in contact with 

the restoring button, but this time is long 

enough to allow the relays to unlock and as- 

sume théir inoperative positions. 

As a result of these movements, 

we have lock relays #1, 2, 3, and 4 de-ener- 

gized, and #5 still energized and locked in 

position. Plate relays #1 and 2 are inopera- 

tive, whereas #3, 4, and 5 are energized and 

are locked in position. The selector plates 

are therefore set, and ready for the print- 

ing operations to begin. 

Besides separating the lock 

and plate relays, the divide relay has, at 

this time, completed the circuit of the drum 

magnet, This magnet draws in its armature, 



80S 

YHTAROAIAT DUITHIAT FO METeYe MUAAAHOM FHT 

eyefer esedt boa ,eyeie: wool trot terlt edt 

cid t% ediT .sotttecq evitereqont ext Smrveet 

etelq Avtit edd dA¢iw bedool antemer yelot dool 

heatoteme enismer xsexrd totosiIse en” .yelst 

itiw tgosinoo at ef deutd eft es goof as yino 

goof al omtd etnct tad ,notted antroteet eft 

~es bore Moofos of eyelet edd wolls of Agvone 

-anottteoc evitsregont riédt ems 

,etnemevom eeedt to tinest sp eA 

-rere-9h 3 boa .& .8 Li eyelet dwool evad or 

at heslool fas besturene [ftte 3% base , fests 

-ateqont eta S boe £% ayeler stell .octtteog 

bos besistene ers @ Bae ,) ,8) aastedw .,evit 

setslg zosoelee ed? .xottteogq at bsiool ets 

-tntaq edt rot ybset baa ,tes etoleredt eta 

eaitged of anotiareqo ant 

tool eft gniteraqer aebteed 

ts ,ead ysfer ebivib eds ,eysler etelq bas 

myx eft to ttnorto ett Setelqmoo ,emtt elnt. 

,otutamre att mt ewerth temzsm ald? .temzem 



THE MORKRUM SYSTEM OF PRINTING TELEGRAPHY 

and thereby sets the interference pins of 

the selector. The drum magnet also closes 

the drum switch. This switch connects the 

battery to the printing functions, so that 

the printing action now takes place. 

In the mesntime, the lock 

relays have been receiving the first two or 

three line impulses of the next letter, and 

have stored these impulses by the locking 

of the lock relays. 

The final movement of the 

printer, during the printing of a letter, 

momentarily opens the main break. This mo- 

mentary opening cuts off locking current from 

the divide and plate relays, together with 

L-5, for a sufficient intervel of time for 

these instruments to return to their normal 

positions. Note that the unlocking of the 

divide relay restores the drum magnet and 
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drum switch to their inoperative positions. 

The operation of returning the divide and 

plate relays, with the other printer parts, 

to their normal positions is known as "clear- 

ing” the printer. 

As soon as the divide relay 

assumes its normel position, the plate and 

lock relays are again connected in parallel. 

Hence, the plate relays immediately assume 

the positions of their respective lock relays. 

For example, if the first three impulses of 

the next letter have been received by the 

lock relays at the time the printer is clear- 

ed, and these three impulses are}-—+, then 

P-1 will remain inoperative like I-1; P-2 

will operate, just as 1-2 has done; and P-3 

will, like L-3, remain inoperative. The re- 

mainder of the series will be registered by 

both sets of relays, just as before. The print- 

ing of the second character then proceeds, 
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just as in the case of the first, 

The reason for not connect- 

ing the lock and plate relays #5 through the 

divide is now apparent: The plate relays are 

always released before the fifth pulse of 

the next character is received, so that there 

is no need of separating the relays. 

By this arrangement, then, 

we can print one letter while the next one 

is being received over the line. The printer 

in this form responds satisfactorily to the 

rapid transmission of signals. As was stated 

before, this arrangement just described is 

the one used in the Morkrum printer. 

Before we take up a study 

of the functional circuits, that is, the cir- 

cuits of the rotator, striker, shift, and 

other operating magnets, it seems advisable 

to consider the construction of the electri- 

cal equipment of the selector circuits just 
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described, 

INSTRUMENTS. The lock, divide, 

and selector break relays are standard "U" 

relays, such as are used for the relay pole 

changers; the divide relay, however, is fit- 

ted with three tongues on one unit and two 

on the other. The two units are connected in 

series, so that they act as a single relay. 

The lock, selector break, 

and divide relays are not included in the 

printer itself, but are mounted separately, 

as is shown in Fig. 51. The instruments are 

attached in a row to an iron base plate, the 

combination being known as the "A bank”. 

The plate relays are quite 

similar to the U relays, except that they 

are fitted with plunger cores. They there- 

fore act as operating solenoids as well as 

relays. 

The other relays of the print- 
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er are either U relays or else instruments 

similar to the plete relays, according to 

their functions. A separate description of 

each device is unnecessary, since the con- 

struction of each is indicated by its pur- 

pose. 

The arrangement of the re- 

lays in the printer is shown in Fig. 53. 

There is a back view of the printer shown 

in this figure. All the relays with the ex- 

ception of the shift and main break relays 

are mounted on the relay bracket, previous- 

ly described. The latter two relays sre mount- 

ed on the shift relay bracket. 

The drum switch is shown in 

Fig, 43. As indicated, it is a single contact 

switch at the left end of the drum magnet. 

The switch lever is attached to the yoke of 

the drum magnet, so that when the magnet is 

energized, and the yoke is drawn toward the 
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right, the switch is closed. Ordinarily, the 

yoke is in its extreme left position (as in 

the figure), so that the switch is open. 

The main break is shown in 

place on the machine in Fig. 52. It is lo- 

cated at the left end of the printer, and 

is supported from the frame. The break con- 

sists of two heavy contact points, one of 

which is fixed, and the other of which is 

mounted on the end of a lever. The two points 

are normally held together by a spring. The 

lever is pivoted to the supporting bracket. 

The beck end of the lever carries a buffer, 

which lies in the path of an arm attached to 

the striker shaft. Therefore, when the strik- 

er shaft turns, it opens the main break. 

An electrical means is also 

provided for opening the main break. A solen- 

oid with a plunger core is located below the 
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contact lever. A plunger rod extends upward 

from the core, the contact rod being in the 

peth of this plunger. When the solenoid is 

energized, it draws up its core, the plunger, 

and the end of the contact lever. This move- 

ment of the lever opens the break. The plun- 

ger is ordinarily held down by the spring, 

as is indicated. 

The electrical means of open- 

ing the break are used when a line signal is 

received which requires no striking action 

of the typewheel, for example, 2 carriage 

return signal. No striking accompanies such 

a signal, so that the striker shaft cannot 

open the main break; the electrical method 

must be used instead. 

OPERATING CIRCUITS. The next 

subject in the order of treatment of the print- 

er is the operating circuits, as distinguish- 
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ed from the selector circuits, just described. 

In general, it may be said that each individ- 

ual function, such as that of rotation, lin- 

ing, etc.,has its own permanent local cir- 

cuit. This local circuitreceives power from 

the battery through a second circuit, known 

as the printer distribution circuit. This 

cireuit should not be confused with the cir- 

cuits of the distributors: the two are entire- 

ly distinet. The printer distribution cir- 

euit is not a permanent one,but instead, its 

character depends upon the setting of the 

plate relays. The distributing circuit re- 

ceives current from the battery through the 

drum switch, so that the individual functions 

do not operate until this switch is closed. 

In the detailed description of the operat- 

ing circuits which follows, the general plan 

of treatment will be, first, to present the 
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individual circuits of the rotator, striker, 

and spacer functions, i.e., those which are 

automatically performed during the printing 

of a letter; second, to explain that part of 

the distributing circuit which is concerned 

in the action of these functions; next, to 

describe the individual circuits of the shift, 

spacer and backer, rub out, and liner, i.e., 

those functions which require special line 

signals for their performance; and last, to 

show that part of the distributor circuit 

which supplies current to these latter funo- 

tions, 

ROTATOR CIRCUITS. The rota- 

tor circuits are shown in Fig. 54, Here, the 

right and left rotator magnets are connected 

together at the point A, which point is ground- 

ed through a reley called the print relay (not 

the printer relay); the purpose of the print 

relay will be explained presently. The two 

214 
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remaining terminals of the right and left 

rotator megnets are connected respectively 

to the first front and first back point of 

the relay P-5. During operation, the tongue 

corresponding to these points is connected 

to the battery, this connection being estab- 

lished through the distributor circuit. 

In the operation of the ro- 

tators, if the relay P-5 be de-energized, 

(as is indicated in Fig. 54) the first tongue 

will lie against its back contact so that 

the left rotator magnet will receive current. 

The energy is supplied to the megnets by the 

closing of the drum switch. 

If the relay P-5 is energized, 

the tongue will lie against the front point; 

hence, the right rotator will be energized 

upon the closing of the drum switch, instead 

of the left. Hence, through the agency of 
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the relay P-5, the fifth pulse determines 

the direction of rotation of the typewheel. 

Note that the print relay is connected in 

the circuit in either case. 

CENTER LETTER CIRCUIT. In 

Fig. 56 is presented the circuit utilized 

when the letter D is printed. This letter 

is so located on the typewheel that no ro- 

tation of the wheel is required in the print- 

ing of the letter. Hence, the distributing 

eircuit diverts the current from the rota- 

tor coils, and passes it through the center 

letter resistance instead. From this resis- 

tance, the current path is through the print 

relay to ground as before. The center letter 

resistance is a coil of the same resistence 

as either rotator coil, and is used for a 

compensator for such a coil when absent. 

When the center letter line signal occurs, 
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the third tongue of P-5 is connected to the 

battery through the distribution circuit and 

drum switch; the third front point is con- 

nected to the center letter circuit. The fifth 

pulse of the letter D is marking, so that 

P-5 is operated, and the battery thereby con- 

nected to the center letter circuit. 

SPACER AND STRIKER CIRCUITS. 

In Fig. 55 we see the spacer and striker cir- 

cuits and also learn the purpose of the print 

relay. The spacer and striker coils are con- 

nected in series, so that they are energized 

simultaneously. As is indicated, the current 

path leads through the striker coils, through 

the second front contact of the print relay, 

through the spacer coils, first front contact 

of the print relay, through the main break, 

battery, and ground to the striker coils again. 

The circuit is not closed unless the main 

break is closed and the print relay is in the 
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energized position, 

In the operation of print- 

ing, the first condition of the apparatus 

is this: the main break is closed, the print 

relay tongues on their back points, and con- 

sequently, the striker and spacer coils de- 

energized. Next, the print relay receives 

current from the distributing circuit at the 

same time as the rotator coils. Hence, while 

the rotator magnets are turning the typewheel, 

the print relay is drawing its armatures over 

to their front points, so that by the time 

the typewheel has been turned into the pro- 

per position, the circuit of the striker mag- 

nets has been completed and the magnets are 

energized. The stroke of the typewheel then 

occurs. The spacer magnet has, by this time, 

set the spacer mechanism. At the end of the 

typewheel stroke, the striker opens the main 

break, which opening clears the printer. As 
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soon as the spacer magnets are de-energized, 

the spacing of the carriage takes place. There- 

fore, all parts are in their starting or in- 

operative positions, ready to respond to the 

next signal. 

The purpose of the print re- 

lay was indicated in the preceding paragraph. 

Its purpose is to assure an interval of time 

between the rotating and striking movements 

of the typewheel. If the striker and rotator 

coils were connected directly in series, in- 

stead of being connected as they are, the 

two movements would occur simultaneously, and 

would, thereby, prevent the correct printing 

of the characters. By joining the movements 

through the print relay, the striking does 

not occur until after the rotating. 

Having completed the explana- 

tion of the individual circuits used in the 

movements purely of a printing nature, we 

will now consider the distributing circuit 

by which these individual circuits are con- 
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nected to the battery. 

THE PRINTER DISTRIBUTION CIR- 

CUIT. The distributing circuit is shown in 

Fig. 57; this is not the complete circuit, 

but only that part of the entire circuit which 

is concerned the the operations just described, 

The circuit is made up of certain contacts 

on the plate relays, together with jumpers 

which connect these contacts. The current 

path through the distributing circuit depends 

upon the setting of these contacts. In Fig. 

57, those tongues and contacts which are shown 

without connections are not a part of the 

circuit now in question. Note that there are 

two P-5 relays, the coils of the two being 

connected in series, so that they act as a 

single instrument. The beginning of the cir- 

cuit is the second tongue of P-3, which tongue 

is permanently connected to the drum switch. 
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Hence, when the drum switch is closed,the 

distributing circuit is connected to the bat- 

tery. 

Considering the distributing 

circuit from the standpoint of the rotators, 

we can make a table of those line impulses 

which will cause rotation of the typewheel. 

For this rotation to occur, the tongue of 

P-3 must be connected to the tongue of P-5, 

Such a table is given below; a negative or 

marking pulse indicates that the correspond- 

ing plate relay will be operated; a positive 

or spacing pulse indicates that the corres- 

ponding relay will be inoperative. 

P=3 P=2 P-1 P-4 P=5 

Beh itadon: ESB ale ae 
er eee ME 

Ae Saige lier ig 
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A comparison of the table with Fig. 57 shows 

that any one of the combinations of sigmi1s 

will produce relay settings such that the 

tongue of P-3 is connected to the tongue of 

P-5. A comparison of the table with the Mor- 

krum code shows that every printed character 

of the code (as distinguished from the oper- 

ating signals) is included in the combinations 

of the table, with the exception of the cen- 

ter characters, D and $. No rotation of the 

typewheel is desired in the printing of these 

characters. 

In the printing of the cen- 

ter characters, it is desired that the second 

tongue of P-3 be connected to the third tongue 

of P-5, and that P-5 be energized, so that 

its third tongue will lie against the front 

point. Tracing through Fig. 57, we find that 

the set-uptt++--, which is that of the center 

letters, produces this condition. Further- 
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more, there is no connection from the dis- 

tributing circuit to the rotators, so that 

no rotation occurs, 

OPERATING CIRCUITS. Having 

now completed the discussion of the first 

“class of functions, we come to the second 

class, viz., those which are purely opera- 

tive in thetr character, and require special 

line signals. These functions are: spacing 

(between words), lining, shift, backing, and 

rub out. Before taking up the operation of 

these functions, however, we must consider 

a new feature which the printer displays when 

responding to such signals. 

THE MAIN BREAK CONTROL. The 

new feature is the opening of the main break 

by electrical means. It will be remembered 

that the main break may be opened mechanically 

by the striker mechanism. Since the striker 
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does not operate when one of the operating 

signals is received, the main break must be 

opened by electrical means, 

The main break control cir- 

cuit is shown in Fig. 58. In this diagram, 

the circuit of the main break magnet leads 

from one side of the battery, through the 

break itself, through the front contacts of 

the min break relay, through the current 

limiting resistance, through the main break 

magnet to ground, and thence to battery. When 

the main break magnet is energized, the min 

break is open; when the main break magnet 

is de-energized, as it normally is, the break 

is cloeed. 

In the utilization of the cir- 

cuit, the main break magnet and main break ge- 

lay are at first not energized. The coils of 

the relay are connected in series with what- 
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ever printer function is being used. Then, 

when the current for the function appears, 

it not only energizes the functional magnets, 

but energizes the relay coils as well. The 

relay then picks-up, as is shown in the fig- 

ure. This position of the relay completes 

the current path from the battery to the main 

break coils, and the main break opens, 

The reason for using the main 

break relay to control the break, instead of 

connecting the coils of the break itself into 

circuit of the function, is to insure the 

complete operation of the function before 

the opening of the main break. 

THE SPACING CIRCUIT. The 

spacing circuit is shown in Fig. 59. This 

is the circuit utilized when a space signal 

is received over the line, usually between 

words. The spacing is performed in exactly 
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the same way as it is in the printing of let- 

ters, except that in this case, no printing 

action accompanies the spacing movement. As 

is indicated in the figure, the circuit re- 

eeives current from the distributing circuit 

at the third back contact of P-5, From this 

point, the current path leads through the 

space coils, through the second back contact 

of the print relay, through the coils of the 

shift release relay, then through the main 

break relay to ground. Hence, when the space 

signal is received, upon the closing of the 

drum switch, the space coils, shift release, 

and relay coils are energized simultaneously. 

The remainder of the main break circuit is 

the same as that just described. It might 

be added that the print relay is in its in- 

operative position, since there is no rota- 

tion of the typewheel. Note that the space 
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signal not only causes a spacing action, but 

also releases the carriage from the shift 

position, providing, of course, that the car- 

riage was in that position. 

THE LINING CIRCUIT. The cir- 

cuit of the lining magnet is shown in Fig, 

60. The battery current is received from the 

distributing circuit at the second front con- 

tact of P-5. From this point, the current 

path leads through the lining magnet, through 

the coils of the main break relay, and thence 

to ground. The main break and relay circuit 

is the same as the one previously described. 

THE BACKING CIRCUIT. The 

circuit of the backing magnet is shown in 

Fig. 61. The circuit receives energy at the 

fourth front contact of P-5, From this point, 

the circuit leads to ground through the coils 

of the backing, release, and main break mag- 
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nets. Hence, the release (shift) and main 

break coils receive current simultaneously 

with the backing coils. The control of the 

main break through a relay is not necessary 

in the case of the backing mechanism, since 

only a momentary energizing of the backing 

coils is necessary: the mechanical lock on 

the backer holds the parts in the operative 

position after they have once been placed 

there by the backing magnet. Hence, the main 

break is placed directly in series with the 

backer coils. 

THE SHIFT CIRCUITS. Next 

in the order of treatm nt comes the circuit 

of the shift magnets. However, there are some 

special requirements of this cireuit which 

should be explained before the discussion 

of the circuit itself is begun. 

The first requirement of the 
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shift magnets is, of course, that they nor- 

mally carry no current, and that they remain 

in that condition until a shift signal is 

received, Upon the reception of this signal, 

the shift magnets should operate the shift 

mechanism and clear the printer by opening 

the main break. So far, the action is just 

the same as the other functions. However, 

the shift magnet should lock itself in po- 

sition, so as not to be de-energized until 

@ release signal is received from the trans- 

mitting station. In other words, the locking 

current must not come through the main break, 

but must come through the contacts of the 

release magnets. These requirements are ful- 

filled by the shift circuit. 

The shift circuit is present- 

ed in Fig. 62, which shows the apparatus in 

its normal, or inoperative, position. The 

cireuit receives current through the distrib- 
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uting circuit, being connected to that oir- 

cuit at the second back point of P-5, From 

here, the current path leads through the left 

back contact of the shift relay, and then 

through the relay coils to ground. The re- 

lay also acts as the operating solenoid for 

the shift mechanism. While the shift relay 

is operating, it first closes its second front 

contact, and then opens the first back con- 

tact; this latter opening cuts the relay coils 

off from the distributing circuit. However, 

the closing of the second front contact com- 

pletes a second current path to the battery, 

this path leading through the back contact 

of the release relay. Hence, the shift re- 

lay has operated and locked itself in the 

operative position. 

At the same time, the relay 

has closed its first front contact, which 
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closing supplies current to the main break 

magnet. The break therefore opens and clears 

the printer. However, the opening of the main 

break does not open the locking circuit of 

the shift relay; hence, that relay remains 

energized, and holds the typewheel in its shift 

position. 

The release of the shift re- 

lay is effected by the operation of the re- 

lease relay. This reley becomes energized 

when a spacing or backing signal is received 

over the line. 

THE RUB-OUT CIRCUIT. The rub- 

out circuit is shown in Fig. 63. The battery 

is connected, through the distributor circuit, 

to the fourth back point of P-5. From here, 

the circuit leads through the main break re- 

sistance and main break coils to ground. Hence, 

when a rub-out signal is received, it oper- 

ates the main break, and thereby clears the 
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printer. 

THE DISTRIBUTING CIRCUIT. 

Having completed the cireuits of the indi- 

vidual functions, we will now study the dis- 

tributor system by which these circuits are 

connected to the battery. The complete dis- 

tributor circuit is presented in Fig. 64. 

It is here shown in the inoperative condi- 

tion,which condition it retains if a rub- 

out signal is received; any other signal chang- 

es the connections. That part of the circuit 

directly concerned with the printing of char- 

acters has already been discussed; we are now 

concerned with the circuit from the standpoint 

of the purely operating functions. 

There are two requirements 

of the distributor circuit in this connec- 

tion, viz., first, it must connect the bat- 

tery to the beginning of the individual cir- 

cuits, and second, it must never connect the 
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battery to the rotator circuits upon the re- 

ception of an operating signal. If the rota- 

tor and center-letter circuits do not carry 

current, the print relay will not operate, 

and there will be no printing action on the 

part of the machine. 

The following table shews 

what combinations of current pulses allow 

of these requirements. 

P=3 P-2 P-1 P-4 P-5 

+ + + 
ge ee ne = 
ee) CE 

An examination of the code shows that every 

operating signal comes under one of these 

classifications. 
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Plate I - Perforator. 

Plate II - Ferforator. 
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Plate III - Distributor 

Plate IV - Distributor. 





Plate V - Distributor. 

Plate VI - Distributor. 





Plate - VII - Wheatstone Differential Relay. 

Plate VIII - Wheatstone Differential Relay 





Plate IX - Printer. 

Plate K - Printer. 
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Plate XI - The Printer. 

Plate XII - The Printer, 



ae 
iF Wh 

ri 
ne inf 

Th 

ih a '" 

Mes, oh 
i ie , ; it me 

j Y a yy 

| n Ray 
i) ee iy M 

ny 



= — 

sy ae i rR Ra 

TAPANS UT TING STATION 

As. /. 

pours 
TRANSIT TING STATION ; NECEWING STATION 

oY 





| 
a 

1} 
| 

| 
te 

a Fete) Puc | Cmane 

a Aenea fee 
cas 

; re Z | 

\- as 
Unley 

ea SRMCING lg MARBLING 
4 +f i) - = 

2. 
Ly dao ‘al ee 

‘ i ° AN SMUT FING STATION ZoN\ 6 NECEWING STATION 
Aare * ef FG. 4. 

- | ” 



Na ; ail a eee a a Sis fh Lak i 
i t \"h eye 4 a tie be 

} i si AN ay, 
f j rey 

Ai 1 { , 

. 

f 

’ 

‘ 

i 
By + j 
i 

ie! 2 } 

; hy 2) at hasten Ge ee 
2 i vet ioe } rar 

{ 

i 

i i b 

- “ } 

A ; 

' 
. i 

\ 
« ¥ ( \ , 

i , f 
" ney 

i . n ‘ , i 
{ } at Pir 

iy i i ean oy 
il Y ing K aE 

A, S f i n 
1 el v 
be a 

human 
vt ae hf ae ae ‘ ay 

Me ea 

i} 
haya 
i 



are ee - 

yu 

PUN LIME BATTERY 

ite 

ee = 
TRANSAT TING STATION  MECEWING STATION & 

a ty 
716. o — , 

are 



ih tee 

HI ny ] ND 

j # une und . he 6)" fi 
a atl Wii , 

4 

vin 
he WA 

» bis (A) 

f ‘) 



MET RAC MAGNE FEF 

we ATC. 



‘ 
4 

1 

: 

i 

J y 

\ 
mt) 

i) at 
\ 

Rihaly 
lah tah 

in 
; iia? 

rl 

al f M4 t : 
him Ay, j 

ye es Ale a tit 

i} 
Pe 

i 4 ‘ 

i Ant 
4 

ty 
ipl Hl 

rr 5 

AV \y 
fy 

at ; ty e a
e 

\ 
Nite 

BoM hy 







1G. 1 



heh haar 

ait) ae 



TR 
Bacw Space © coven 

y 
- ‘onl 

SOME TN LP 2EvER Ga 
(abERP Pinion f ff 

Conrser SHawelé 
Puteo Con mater 

Panr 





‘foro 

“76./6 = Goverenonr 

LLM Fat Orin 

Scie es 
Bi) | Sw a) Ee 







Sy ee ae Oe ee re eo ee Oe 





le MN a AN ei ts lla te 











WAL SP 

MAAN LINE 

if 

VPRANSA/TTING 

OSA 5 G25 { 

LAMP SiG- WAL BREAK Aek 

+ Or. Be 

FAG OE 

[ a! 

é WA 
{eo Ee es VAN 

- v—) (000 TELA 

Ora 5} 





LINE D 
7 18 

za 
\[/7 A 

is 
hi ks | | 

| | 
all | 

ML. Pic i|* ie fr 

Z 4 (2) 

ies ae 
=— SAz 

=C6 | =i 
70 M4L.FC, 

Jo LP ConwT ROL 

Con7 
AOME STATION DIS TANT STATION 

C. 71. 

FIG. 0. 





Fic. I/. 









ADJUSTING SCREW 





, al 



i i NR IO tal Alc g 7; fi RN ea 10 hi 



DRUM AGAINST FIBRE 

eae 

ECTOR (COMPLETED 

Fie. 3% 

POT a? SHAT 

V2EH LEE 

— 21s a 





? ; ¢ ‘ 

ot Wore: 



age abla plier 1 cull a) Nia 2 i Ni al | ! iL mn 7 

i bil yi 

q 





a Jt) ae / i elk le i ew 
. yup le Aas oe. a 

a mh 



D
Y
e
p
t
r
e
 

“
L
S
 

@
)
 

| 

i ae) 

bd 

a
e
 

> 
2INIT 

W297 
D
A
M
L
 

m
a
a
,
 

o
r
e
s
 

zi
 

;
 

iz 
i
 
W
P
 
I
W
 

$3 

T
H
Y
 
T
A
O
 

, 

(o 
“a 

i
 

yes 
Sue 



TET EE Ree ON eT ae Te Toe en 



tun Brrcan SOCAL SATO 

a 







iM h 

eh pea ete MS year! aia 



Net TYRE WHEEL 
AGHINST PLATEN 

MAIN BREAN 
PLUNGER 5 L 
i £00" wer 

| a 





) Lye bottery “rrough printer 
orsT Circe? { aerr || morere 

FIG. SF. 

SH _ 

gc ek 

— 
— «« 

S BroRe Tes Home awed = a — rz 
_— — 





To “wr For 

S| OX pH Rovsy DRUM Sree row 

| 

| To BATTE#r 

a= samara | a if 
[== 



TR ee ne eT 



Paaeew BRe. At Lae 







¥ 
\ 

iy 
pe 

1 

ee 

aad 





a AON id | Los Tv 



i 

i > 
\ i Oth 

na 
sis 
Pay 





; +h m 

AT 
A a ; i 



we SS . 


