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THE HIGH .. SPEED WHEATSTONE 
AUTOMATIC SYSTEM. 

1. The automatic apparatus consists of three Apparatus 
parts, ~he Perforator, the Tral)smitter, and the required. 
Receiver: but a Double Current ~ey, a Galvano-
meter, and a Sounder, are always required· in 
addition, while a Rheostat and Condenser is also 
necessary in those cases where speeds-in-excess of 
300 words per minute are desired ; the Key and 
Sounder enable the telegraphist in charge of the 
circuit to obtain and give corrections and acknow­
ledgments, or to work by hand when there is not 
sufficient traffic to demand automatic working, 
and the Galvanometer checks the condition of the 
Transmitter and Key and indicates the strength 
of the current arriving from the distant Office. 

The Galvanometer should be supplied with Galvano­
a double-wound shunt-resistance to carry off ;-~ter 
the extra cuiTent generated in the coils. unt. 

THE PERFORA'rOR, 

2. The Perforator, which is shown in plan 
and front elevat:wn by Figs. 1 and 2, is purely 
mechanical in its action. Groups of perforations, 
corresponding to the letters of the alphabet, are 
made by it in a slip of oiled paper, which is 
afterwards propelled automatically through the 
Transmitter. 

Th~ keys or plungers a, a10 a2, Fig. 1, actuate 
five ptinches, 1, 2, 3, 4, 5, Fig. 2. When Key a 
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is depressed, it causes 1, 2, and 3 to perforate 

the paper in a vertical line, thus: ~; the 
0 

dep:re8sion of £br causes 2 only to punch, thus: o; 
and the depression of a2 causes 1, 2, 4, and 5 

to perforate, thus : ~ o ; a corresponding with a 
0 - - . . . 

dot, a1 with a space, and a2 with a dash. The 
centre row of perforations acts as a guide to 
keep the paper in its proper place in the Trans­
mitter, and as a rack by which it can be propelled. 
The perforations above and below the · centre 
determine the number and order of the currents 
sent by the'Transmitter. 

~ . . 

FIG. I. 
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Fig. 3 shows the mechanism placed beneath 
the cover, and Fig. 4 shows the levers b, bi> and 
b2, which are pivoted in the block B under the 
base, and are connected respectively to the keys 
a, tZj_, and fls· The opposite ends of the levers 
project upwards through the base and terminate 
at the back ·of the mechanism (Fig. 3) near the 
ends of the five punches. Above and below the 
punches are two small rods, one of which is 
shown at c, Fig. 3. These rods are provided with 
steel spiral springs for withdrawing the punches 
after the depression of the keys. Spiral springs 
are also used to restore the keys and levers to 
their normal position after each operation. 

3. Action.-When key a is struck the corres­
ponding lever b is de.pressed; the opposite end 
of this lever pushes forward t.he punch:es l,---2, 3 
(Fig. 2), and the lever d (Fig. 3), which caiTies 
the smaller lever dlJ and the pawl e. By this 
movement the three punches are forced through 
the paper slip, and perforations representing a 
dot are produced ; and also d draws forward ~ 
(to which the pin p acts as a fulcrum), and causes 
the pawl e to move back over one tooth of the 
star-wheel. When the key rises the punches are 
withdrawn, as already explained, by the spiral 
springs, c ; and the pawl, e, and its connecting 
levers are made to resume their normal position 
by the ,aotion of the strong fiat- spring, g ; so that 
the -paper is pushed forward one space by the 
pawl, e, operating the star-wheel, f. There are 
similar movements when the two keys, ai, a2, are 
depressed, except that one punch only is actuated 
when lZt is depressed to form a space, and four 
when as. is depressed to form a dash. 

The lever h, Fig. 3, is connected, by means 
of a small :rod passing through- the base, to the 
lever,_ b2~r andds ·only actuated when a dash. is 
puncheci~ Its function-is to- regulate the move• 
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ment of the pawl, e. When either a dot or a 
space is punched, the movement of lever ~ is 
limited by the tail"piece of h, and the pawl moyes 
over one tooth only of the star-wheel, pushm.g 
the slip one space forward; but when ~ IS 

depressed, tf!e leve~ h ,is raised so that the m?ve­
ment of d1 1s not hunted by h, but by the pm l, 
and the pawl accordingly moves over two teeth 
of the star-wheel, so that when the key rises the •. 
paper advances two spaces. 

FIG; 3; 

4 . .Adjustment.-The machine is adjusted by 
means of the two screws, i, i, which act upon the 
bent lever, k.. It must, :be so adjusted that 120 
centre guide holes and 120 spaces are produced 
iii exactly twelve inches of paper. The; adjust­
ment of the screws i, i, moves the lever, k, either 
inwards or outwards. If the end nearest the 
punches be moved towards them,. then the pel."­
forations wilL be spread over a greater length 
of. paper ; but if it ·be moved away from the 
punches, the perforations will be closer together 
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·and -will eccupy less pap·er. · If a length ·of slip 
·be taken containing 121 spacing. pei'fm·ations 
:(which number may be obtained without :count-
ing by punching the word u telegraph " three Correct 
times, including the double space between the gauge. 
words, but no space after the last word), then the 
distance between the centres of the first and last 
holes must be exactly one foot. In other words, 
the ·distance between the centres of · any two 

a a <D a/ e a. 

FIG. 4. . . 

adjacent guiP.e ,holes sJiouJd. be exactly one-tenth 
of· aninch. Although a perfor~tion ino~e or Jess 
will not generally make any material differel!.ce 

,. to the working,.. it is important ·for: ·high .. speed 
that the adjustment be accurate. In this connec­
tion ·.it may be added that at . offices where 

· keybmird ·perforators ·have· been introduced Keyboard 
experimentaJly, the guide· holes iri the._paper tape Perforators. 
are previously punched to the· exact standard, 

. and transmitters inaccurately adjusted might fail 
to act with correct " slip,". although . workable 
'Yith less accurately punched paper. '· · ·. · 
· The·flat spring, g, can be adjusted by ~eans 
of the screws, n, nH and must exert sufficient 



6 

force to propel the paper freely after each depres­
sion of the keys; The vertica.l spring which 
carries the small grooved roller, r, is adjustable 
in a sixnilar m:a.nner ·by means of two screws 
:under the base. It should exert just sufficient 
force to cause 'the pawl, e,. to drop between the 
teeth of the star.;.wheel. When the keys, a or au 
are depressed, the .pawl. should move freely over 
one tooth, and when key a9is depressed, it should 
be drawn back over two teeth of the star-wheel. 
If undue force be required to produce this action 
between the pawl and .the star-wheel, then it will 
probably be found that the rubber ring under 
the head of the faulty key is a little too thick. 

'l'he star-wheel frame is provided with a tail 
piece, which projects·. outwards through'! the 
vertical plate, o, o, on theleft-ha.nd side. When 
paper is inserted this. tail is pulled towards the 
operator in order to move the star-wheel out of 
the way, and as soon as the tail is released the 
wheel resumes its proper position. 

The covers of perforators are hinged to the 
instrument, and fastened by means of a small 
spring bolt on the right-hand side of the cover. 

The star-wheel _mechanism may be removed 
by withdrawi~g three Rliiall screws in the plate s 
(Fig. 3), an<1; care~ly pushing the piece out­
wards. The: star-wheel revolves in a groove filed 
in the bl,'ass piece, and it. should be ·quite clear 
of the sides and bottOm _of the groove. . 

Where two screws are provided for adjusting, 
care should be taken ~lways to release one before 
tightening the other, ·or the head,s will probably 

. be brokeP. off. or the cocks bent ... Clamping 
screws also shOuld be loos~ned .. before .moving 
the· adjuSt~ng_ screws. whi?h th:ey cl~mp, and 
cfl;.l'ef•Illy tightened-up agam when the .adjust-

. :r;n~~t ~s made. · 
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A ga~ge half an inch wide and nine mils Paper 
thick sho-uld pass freely between the fron't plates. dimensions. 
Tb:e. standard width of perforator paper is from 
472 to 475 mils, and its thickness 4 to 4i mils. 

THE TRANSMITTER. 

5. The . electrical • mechanism. of the 
Transmitter is shown in Fig. 5. 
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Transmitter · Th!=) contact-points marked (Jd, cu, a.D.d those 
Action~ . marked Zd' zu~ are connected respectively to the 

positive and negativet poles of the traiisn:iitting 
battery. Between these contacts plays the 
compound lever DU, the two parts of which, D 
and U, are insulated.irom each. other, and. are 
connected, as shown, respectively to " Down 
Line or Earth,'' and to "Up Line or: Earth." 
The lever is so pivoted, and the contacts are so 
arranged, that when D makes contact with Zd, 
U is in contact with cu ; and when U moves 
against Qd, U is changed over to zu. Thus 
reverse currents are sent to Line. So long as 
the upper part of DU is to the left, a " spacing" 
current is sent t_o Line, and when it is to the 
right, a " marking" current is being sent. There 
are platinum contacts on the levers DU, opposite 
the contact-points. 

Jockey 
wheel. 

A jockey wheel J, fitted at the end of a :H.at 
spring, ; presses against the upper end of the 
lever D, and so holds the compound lever firmly 
against the contacts; the lever cannot maintain 
the intermediate position s.hown in the figure.* 

6. The bell-crank levers A, A\ which are 
pivoted on the front of the transmitter, are the 
means by which the required movements of the 
compound lever DU are effected. At the ends of 
the vertical arms of these levers are hinged the 
rods H, H1 respectively, and at the ends of the 
horizontal arms are. hinged the vertical rod!S S, M. 
'l'he free ends of the rods H; H1 pass freely 
through holes in the lever D, and work in brass 
bearings, shown to the right of the lever, so that 
they do not interfet;e with the action of the lever. 

* The junction of the jockey wheel and spring issnperseded, 
in the newer foNI'! of Whef!tstone . Transmitter, by a per­
manent magnet w'th pole P'eces whzch attract and hold the 
compound lever to either side, exactly as in the case of the 
jockey wheel. 
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Upon the rods, but insulated from them, are 
screwed adjustable collets, K, K1• These will 
be again referred to when the action is described. 

The rods S and M · are kept in their normal 
position against the screws B, B1 by means of 
light spiral springs s, s"'. The screws B, B\ should 
be adjusted with special reference to the Standard 
gauge of slip. (See Paragraph 4.) T4e ~ods S 
and M pass on either side of a star-wheel W, 
which is of exactly the same descriptiqn as that 
already referred to in the Perforator. The wheel 

. W is driven by the mechanism of the tra:us­
nlitter . 

. _ Yis an ebonite beam, pivoted at its centre, Rocking 
and caused to -vibrate by means of a small crank beam. 
driven · by the clockwork. Projecti:q.g from Y 
are two steel pins P, P 1, against which the bell­
cranklev-ers A, A1 are nominally maintained by 
the action of· the spiral •springs s3; s4. - · · · 

·The-two spiral springs attached to- the crank 
levers A, Bare short, to prevent vibration being 
set up 'in the springs themselves. 

'-The sta.l'-"wheel -:revolves in a slot· cut- in· a 
brass platfop:ffic 1attached to -the· frame · of the 
clockwork, and the t:wo rods. ~' M work in 
similar slots on each side of that for the wheel. 

.. i 

. 'I'he star-wheelis RO geared tha,t the upward Star wheel. 
ll)Oveinent of t)le rods S, M, if properly_ adjusted, 
takes place when the _perforations .in the paper 
slip oome exactly opposite the ends of the ro~s. 

__ -. _. . Th.e, perf~rated slip, is . ke~t in positi~n ~m the Paper 
star-wheel by a roller whwh Is pressed mto gear rolle>r. 
with the star-wheel by· means of, a spring. The 
position_ of this r~;>lle,r is so limited that it does 

''not press· upon 'the' paper, but only prevents it 
__ from: ~sing (?Ut of __ ~osition.· I~~ it. al'~ gans to 
keep 1t free-· of _ the rods _ S,- M m the1i' upward 
nioveriient, a~d the::£entral pOrtion is' ~oothed to 

-gear with ·the"teeth"of·thestar~wheel. .... 
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7. Aotion.-When the transmitter train work 
is started, the rocking beam Y is set into vibration, 
and the pins P, P1 move alternately up and down. 
When P rises, the horizontal arm of A is free to 
rise also, and the spring 83 causes it to do so. 
The rod H is thereby moved towards the right, 
and the collet K therefore pushes the lower end 
of the lever DU towards the right also,_ The pin 
P 1 simultaneously descends, pressing A 1 down, 
and moving the collet K 1 clear of the compound 
lever. The pressure of the jockey wheel J 
ensures smart and decided action of DU. When 
p:l.n P1 rises in its turn, the reverse action takes 
place ; H is moved to the left, so that K is clear 
of the lower end of the lever, and H1 is moved to 
the right, so that K1 pushes th.e upper end of the 
lever smartly to the right. 

When the transmitter is running without slip 
this alternate motion, which, as has been already 
indicated, reverses the current sent to Line, takes 
place reglllal'ly withoutinterruption, and a suc­
cession of simple reversals occurs, because the 
bell-crank levers, an<J the _rod~ at:tached, are free 
to follow the alternate motion of the pins P, P 1• 

When unpm1ched paper is inserted, both the 
rods S, M are pressed downwards and the pins P, 
P 1 in their motion do not actuate the bell-crank 
levers A, A1 ; the lever DU, consequently, does 
not move, and a permanent current is therefore 
sent to Line. · 

If now slip, perforated (say) with the letter 

~ ~ o (a) be inserted, then when rod . M rises it 
0 0 
will be free to pass through the first upper hole, 
and the lever DU will be moved and will send a 
" marking " current ; when the reverse movement 
of the rocking beam Y takes place, rod S will be 

· free to pass through the first lower hole, and the 

/~\ 

' _.-" 
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current sent by DU will be reversed: a dot will 
therefore have been sent. On the next movement 
. of the rocking beam, M will be free to pass 
through the second upper hole, and the length of 
the " spacing " current is consequently precisely 
equalto that of the previous" marking'' current 
(dpt). The ".markh;tg" current being now on, 
when the rocking beam leaves S free to rise, it is 
prevente<tfrom so doing by the paper, which is 
not perforated below the second upper hole. . In 
this case, therefore, the " marking." . cuiTent is 
kept on until the rodS is again free to rise, which 
it can do . through the second lower hole, and the 
current is then reversed. It will be seen that the Proportion 
"marking " current is therefore kept on during of dot and 
movements equal to . two dots and. the space dash. 
between, and this is the recognised l~ngth of a 
dash. It is thus clear that when properly 
perforated slip ~s r~n, through the translll.itte;r, 
any requ.ired Morse signals-dots, dashes, and 
spaces-can be automatically sent to. the Line .. 

. 8. A.djustrnent • .....,-One end of the 1laf ·spring, 
which carries the jockey wheel J, is attached to 
a brass piec!a}i\ Fig. 5, which is in turn screwed 
rigidly to the. frame .. of the clockwork. , The 
upper side of F is V-shaped, and the tension of 
the spring is adjustable by means of the- two 
screws which fasten it to its support. It should 
have sufficient tension to enable it to push the 
lever D U suddenly to the right or left· when 
either of the collets K or K1 pushes it beyond 
the centre of the jockey wheel. · 

. Th~ collets K _and K1 can be .adjusted. by being 
screwed forward or. backward; their correct 
position' may be found by running thetransniitter 
with a blank slip, when the. bar should remain 
unaffected, whether resting iri . its right or left 
po-sition. The collets must, however, be su:fli." 
ciently close to push the bar over the centre when 
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the slip 1s removed, Ro as to · allow the jockey 
roller to· complete the movement. 

· In order to ensure reliable action at high 
speed, it is essential that the spiral springs Bs and 
841 be strong~enough to easily overcome the tension 
of the flat spring acting through the jockey wheel 
upon the lever. ·The amount· of play. allowed 
between 'the contact screw 'Cd and· the; lever D 
when it is resting on Zd, or 'IYioe _versa, is about 
5 mils. 'The contacts 0'' · · 'imd zu · should be 
adjusted· to suit, so 'as to preserve similar distances 
with respect to the spring U. · · · · 

_ ' The exact positions of the vertical rods S' and 
· M are regulated by the screws B~ Bt, Fig 5 ; 

each of the rods shonld be so adjusted that it 
commences to enter a perforation in the slip when 
the left-hand edge ·of the perforation is suffi­
ciently clear of the left..;hand ·edge of the rod to 
·aUow it to pass through freely. If the. screws P 
are screwed too much.'either' way out of their 
COITect position, the rods will catch against ·the 
edges of the perforation, and the mechanis~ will 
not act properly. _ _ _ · · • · ·· 

. The springs s1 and s2 pull the t'ods S, -M back 
against the screws P ·when' they·. hav~ become 
s~ciently withdrawn to be just 'clear of the slip. 

· .Although these springs are very light, they must 
be strong enough to cause the- rods to ·return to 
their normal positions promptly. · 

·The speed of slip·should range. from· not more 
than 7 to not less than 80 feet ·-(400 words} per 
minute (see S~eed table,·p. 33). 'fhe thickness of 

. the upper contact-arm u ·should not exceed 17 
··mils at the base and 12 •mils at ·the top~ . The 
· space'b:etwe-en:-the paper rollei' and the platfqrm, 
Which. is determined by the -position! :of the StOp·· 
pin for the :roller, should be fro~ 8 to~ 10 mils 

Adjustment )V1de. The: tops of· the yertical ·rods should ''be 
ofvertiCf!ol . flat, and when in their ]oWesfpositionthey Should 
rods. 
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be just. level with the upper, surface of the plat­
form. 

Good Si!?;nals should be · pr0duced on the Local speed 
receiver with the coils joined in series {Fig. 14) conditions. 
when a punched slip is passed through at any 
speedfrom.the lowest to the highest, the current 
employed being 17 · 5 milliamperes (Ree last para. 

of Section 16). " Marking " and " spacing " 
contacts of equal duration should be made for 
" reversals." This should be proved by the 
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needle of an induced galvanometer temporarily 
placed in circuit remaining at zero or moving 
equal distances on each side whilst the instrument 
is running at any speed. 

9. An important part of the mechanism of the 
clockwork is the '' fly" and its regulator, by means 
of which the speed· of running is determined. 
The "fly" is so designed that the clockwork 
shall start at, a.s nearly as possible, the required 

Speed speed. Its construction may be seen from Figs. 
Regulator. 6, 7, 8, and 9. C is a toothed wheel fixed on an 
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axle A, on which is also fixed the disc D. One 
end of the springS is pinned to the wheel C, the 
opposite . end being pinned to a small ratchet 
collet R, which admits of adjustment ·of the 
spring, so as to oppose more or less resistance 
to the expansion of the" fly" wings F1, F2• The 
wheel 0 gears with two similar wheels, 01 and 0 2, 

to which the" fly" wings are attached~ and these 
two latter wheels are free to tnrn upon the axes au 
a2 which are fitted in the cross-pieces b, b1 rigidly 
fixed upon the axle A. 

The action of the spiral spring S is to turn 
0 10 0 2, and their wings, to the position shown by 
Fig. 8, in which position their motion is least 
retarded by the resistance of the air. When the 
clockwork is set in motion, the " fly " turns with 
the axle A, and the rapid rotation tends to cause 
the wings to ext-end in the direction of the arrows 

FIG. 8. FIG. 9. 

by. centrifugal force, and to assume the position 
indicated in Fig. 9; the tendency being limited by 
the tension of the spiral spring. s, and the speed 
of the "fly( being controlled by the increased 
or decreased resistance which the air offers to·the 
motion of the wings consequent on the size of 
the dircle which they describe; or, more correctly, 
the resistance offered by the air is proportional to 
the difference of the area of the two concentric 
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circlEf)s described .from the. ce]).tre of. axis A to the 
inner ·and .outer eQ.ges. of. the ":fly" wings, as 
shown by dotted lines i.~ :Figs. 8 and 9. . . 

10~ The reguJator provides the necessary me­
chanical connection .between the trainwork and 
the" fly.'' I tis shown.in- Figs. 6 a:o,d 7. · 

· A solid steel disc D, tlie outer surface of which 
is a.IJ. accurate plane, i~ rigidly attached:to.t~e fly 
axle A. .To the axle AH which. is directly in gear 
with the clockwork tr.ain., is . also fixed a similar 
steel disc D1, and between D. and D1 is placed a 
small intermediate . disc . a, · of German silver, 
having a polished periphery. The disc d is 
pi:voted in a .small brass. frame, which can he 
shifted backwards or· forwards bv me~ns .of a 
lever projecting upwar~s : frmn the back of the 
instrument; thus, a QI;I.D. be made· to gear with 
the edge of the di~c D1 and the inner surface of 
the disc D, as in Fig. 6, · or it can gear With the 
inner surface of Di and the outer edge of D, as 
in Fig. 7. The disc d, and the intermediated, 
are kept in. close contact with D1 by means of 
the jewelled spriug J, Fig. 6, so that if the disc 
D1 be tilrned by the clockwork; it wiU turn the 
connecting disc d, and the latter will turn the disc 
D and the fly -axle A to which it is rigidly fixed. 

When the intermediate disc d is adjusted to 
the position indicated in Fig. 6, the disc D1 tends 
to turn it rapidly, since there is a large circum­
ference gea;ring against a smaller. Similarly the 
disc a tends to tUl'Jl. _the. ws.c J? qllickly.; :hence . a 
comparatively. slow: .~ption of the aXle, ·,A1 will 
im:pa,rt.a quick motion to the axle A and the" fly." 
When,.~however, the position ot :d is ·as shown in 
Fig. 7, .then the siilaller ci~oumference of D1, 

gear;i!lg ~y fri,ctio:o.. wi~h d, and the latter gearing 
in the sp.me. ma.Dller with~t4,e larger circulltf~re:o,o-e 
of :0. will cause even a, qui¢:k ip.Pti~:p. qf. A1 to 
iJ.P;p~,t . .a::oompt,\r~tively slow m9tio~ tq. ~· · _, 



The instrument ·may be·;-adjusted- to- rcih'_ at 
ariy speed' b,et#eeii; tb,~ minimum ·arid' the 'maxi'7' 
mum limits by means :of the lever, which' 'is'· 
pivoted to the framework of the instrument, and 
is connected to tb.~ moveable frant~ in which the 
s~~ll disc is pivoted. It will b~ noticed from ~his 
des'crfption· 'that the 'fastElt' thei _,,fly ,. is~ q:r;iten 
th~ slower is the motion of the train work~ and­
vide' 'iJersa~ ·- · Iii' fact, the: exiJansion _ 6£' 'the u• fly '' 
iid~onseqtience of the' speed 'at! whi_tih it is: driven 
acts as a brake· upon the' driving gl:laririg. ·- . . : 

. ';: .The~urfaces of t1ie discs inulst 0~ tio- account Absence oi 
b~1 :oiled, and, should they accidEm:~ally become. ~o •. .grease. 
niust q~_: carefUl~y cl~aned, as -greas~ -·causes-
slippip::g and. ~.o:risequ~i:it irr~gularity in ru,imi~g :, ' 

_ · )I. The . -~hains ·which·- carry -th~- -·--driv:itig .. 
w:e!-ght ~:r~ made up of links which, as shown by 
Fig·. 10, are :cut .¥-shaped __ a~ thei_r_ openings. 
This device allows of any two links being sri~pped 
together when held as shown :by :JJ:ig •. 11. __ Before 
a chaw if!jojned, care must be .taken-:to see that:­
it is, .not twisted, as when the links a;re snapped . 
tqg,ether, th~y cannot be_ ~;~eparate,q except by 
break:ing. · , .. 

. : ~ ~ 

-' : : ' - ,_ FIG, ~~·~' l : -. . -li'J:G. ll.-

: i2,· 00-nineations•;_.A swiMh under· the base of '.rransuiittflr 
the· tr~nsmi1ttei' ·cuts: 'Off the line and; battery from Switch. . 
the key it-hen. the transmitter · trailn ' is running, · 
and connects them 'to the electi·ical contacts· of · 
tn~ 'titansmitter) . it is· •ac·tuated by< the.· -starting -
and stopping lever. · · ' • ·' 

1\ 82669. H 
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The. actual_c9Itnecti.~ns ,employ~:>d fw~.Shnplex 
0~ n.upl~x workir.tg ,on,: ~he ~ v~ripu.s . ¢lasses .of . 
mrcmt will be found: m the D1agra:m B.opk.; · . - ' ' 

THE· R.ECEIV.ER. .> . ~ . -

• ·•· . I 

13. ·The ·Receiver. is'· show:n • iri,: elevation._ by: 
Fig.12. , . . .. • ... : .. '· . . : . . . . ._ . : 

, 'rhe upper portion. con tam~ :Gh~' clockwork. 
The ink re~ervoi.r, the :·~dj'tlst]i:ig_ scr~w, :for ~he: 
magnets (S), and th,e .paper. ,gJl,i~s .are attach~d.. 
to the front· of the. instrum(mt .. ·' Tlie. lower par:.. 
tion contains. the· 'electricaL mechanism. The 
instriiinent, practi'cally, is an: ordin~y pol~sed·' 
relay, wcirked bi the. d.i:re·ct line :current, and 
surmounted _by' a · trairi · of· cltiek#~rk~ · which is· 
driven by means of· a weight ; its· speed' of- run­
ning is•tegula.ted by a-"-·fly/' expanding through 
a-Totary motion, similar to·· that' ·of th:e Trans• 
mitter. · · · · · 
.. r.rhe paper used in the'Receiver is ·the ordi­

nary Morse . slip. . On leavi~1g the drawer in the· 
base of the -mstrument (not shown -in the figu:re) 
the slip is passed' over· 'a ·guide P, and'•then 
between two steel projecting pieces, a· and : b•; 
which keep it in the right position to be marked 
by the inking disc, m. It ·then passes between 
the two rollers, Q and Q\ which a:re for carrying 
forward the slip when the receiver train is in 
motion. 'llli.e roller, Q, 'is turned by the clock­
work, and Q1 presses upon the slip by mea.tis of 
the spring R~ 

The- inking discs m and d arif covered by a 
brass hood,: H, ti;x;~d, ~ po~ij;io:q,,~bY , mea.n~- of,: the 
screw c.~:: If theJatter·be. !!!lightly Ulij3J}~e-w:e4, (not: . 
reiX10Ved);, the hood .(l :may be: :Sli,pped-Ofl:~l!LEl·the: 
discs m and .:l exposed for' clea.n~g:; w;heiJ;,, D..eces­
sary. The ·ink-well is .. secured in its place: by the; 
thumbscrew M. _.,, ·, '-' ;. _ •· .. __ -~ 

' ' 



·~ 
i! ' The starting and; stopping ofLt~e clockwork is 

effected by the lever ·K'. i ·' · · 

.: ! 

... 
. . 
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. The clockwork . gives rotar:y: motion. te< the 
inking disc and its supply :wheel, and: also carries 
the paper slip forward at the required speed, the 
speed regulator heing controlled by means of the 
lever shown above the clockwork. The large 
lower inkirig disc d shown i.D; dotted lines, serves 
the smaller marking disc m by capillary action. 
By this means, m is kept supplied with. ink, 
and is ready to mark the slip when pressed 
against it. 

14. The electro-magnets which work there­
cording al"mature consist of two bobbins of :fine­
silk-co-yered copper wire having cores of care­
fully annealed soft. iron. If these cores were 
provided with a cross-piece, they would then 
form what is generally known a.S a horse-shoe 
shaped electro-magnet. But greater rapidity of 
magnetic action is obtained by dispensing with 
the cross-piece, and providing a second tongue· 
or armature at the lower end of the axle, and 
polarised in the opposite direction to the upper 
one by means of the other pole of the inducing 
magnet. The . arrangeptent . of _ the tongues, 
armature, and inducing magnet is shown by 
Fig. 13. Near the top of the axle H, a long 
bent tongue J, is fixed in a similar direction 
to the tongues N\ 81• At the bent end of J, a 
slot is cut, in which the axle A revo 1 ves, being 
kept in position by ·means of. the -flat spring F, 
one end of which is screwed to the tongue J, 

-near the axle. 
The inking iliac m, is fixed at the end of the 

axle A. . 
The adjustment- towards " marking" or 

" spacing "- is effected by altering the position 
of the electro-magnet with respect to the tongues, 
by the turning of the upper edge of the screw S 
(Fig. 12) to the left for a" spacing," and to the 
right for a " marking " bias. To produce a bias 

~-
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towards , " .spacing," the portion :of the electro­
~"gnet _on, the left ,band side_ of the tongues is 
·caused to recede, w h~e the .portion on their r~ght 
·hand ·is made to approach. This · movement· of 
the electro-magnet is reversed if a bias towards 
" marking " is required. 

· · :. , , · hr••~ 1s. · · · · · 

, : The coils M."~ _ each, wound with. two wireth 
~(ib. ... ,ha,ving a i,esistazi:ce:o£' 200 ohms, wh~ch .are 
t~~nc, j~i~ed for -q~~11tity • j_n~ide , th~ :in~tru:ment 
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.(Figs._:l4:andl5),:.so that the resis~nce·hetween 
·u· and. D; and that ba~ween u :and·' 'D : . is 100 
'olil;Q~.:;· . ~he~~)liefef9re~ by: rb.e~n,s .. of_ t1;1e -li~ks 

. u . ': . -~-® ,- l.l ·,o·.-,. -,. @ . · .. , .: ; 

FIG. 14. 

Series. 

FrG. 15. 

. Duplicate Arc or" Quantzly;;'' 

.:; 

:~h.:e; coils are joined externally for '13eries, the total 
· . r.esi'stance is 200 ohms. . · 

Coil -· · · On refenmo~ ,io·.·Jrig. 14;.-w~~re the coils are 
Resistance. connected for series' ~xtei'Jially;. i£ will be seen 

that a·current'enteririg"at .. terminal U has a path 
open to it around each bobbin; but, -in Fig. 15, 
where the links are connected for "quantity," a 
current entering at terminal U also proceeds, by 

means of the li~k, to terminal(~), and it therefore 

hast twc:v:paths; ·a.ro*nd·'!ieatili': ·bobbin o~n :tO. it. 
The effect of 'this ;i.S.·to·1reduce tb.e 'resistarice ·bf' 
the' inBtlU'fueit'tl ,; fr6m. 20el; ohms 'td :dne..:fdtttth,' or~ 
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SO'oh:tn.s, arid so make' it suitable at" Simplex'' 
fO.r short ,Iiries or lines :With intermediate offices~ 
. O~· long · '' Sitnple~" lines 'i~ ·wet or foggy Arra.~ge~ent 

weather, when the leakage of the line ie c.dn.; of «?oils for 

Bide~~bl~. i~ IIi·~"<be?oin,e· necessary ~0. rever~ to o:~~:ions. 
"series'" externally in order to obtatn suffi<nen:t 
magnetic effect to produce good marks at a 
moderately high speed, but this should never be 
don.e on lines having intermediate offices except 
by arrangement with all offices in circuit. . 

.. 15. The Receiver, like the ·Tra.nsriritter, is Sveed of 
driven by a weight,. and is arranged to run Morse R-eceiver. 
slip at any speed between 8 and 60 :feet a 
minute. 

The.lnstrument possesses a mechanical com- Train and 
bination of click-wheel and b.ayonet joint, by Motor . 
means of · which the • clookworli: and electrical Connect•ons. 
portion (the " Beceifier _,Train ") may be· detached 
from the driVing_ part (t.he "Receiver MotOT ") 
wit}.lout waiting for: the . weight. to ·• run down;• or 
run;ning the risk of damage by letting it down 
by 'hand. The construction of this arrangement 
is shown by Figs. 16, 17, and 18 . 

. 11gi 17 shows the bayonet joint which gears 
the- clo0kwork with the weight. The long axle 
G is provided with a socket F to receive the end 
of ~-e axle H (Figs. 16 and 17), projecting from 
thermockwork ; near the end of this axle is fixed 
a strang pin A (Fig. 17), which gears behind a 
proje~tion, B, and is held in that position by the 
ac.tiQn qf the weight, which keeps the fl~t surfa~e 
iif the slot press'ed' 'again.st the pin: ._ .. ·. ~ · .- • , ·· · 

·:::The detacihing gearjs represented .by'Fig.'18. 
The teeth of the click:wheel D' into which the 
~wr E: -&·,~ade·: .to'' engage whe~ requi.l-ed~· are 
tind'etcut:in·such :a manner' that wh_eii the pawl.is 
plac~a 'iil.gear with. the w,heel· it 'becomes ~ocked. 
The nol;ri~l posftion of'• the·pawl E is, of course, 
away' from· the' ; clidk•wheel;' but, .· ip ·order- to 
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separate:. one portion pf the instrume:o,~ :from tht:) 
other; the clockw~rk is. a11Qwed to run, the.pawl 
is .thrown over, and is then. presser! against the 

· click-w,~eel by the spring 0. . By this means the 
weight is. brought ,to a, standstill. and secur~ly 
locked . until the click-wheel is .turned (by meaps 

. ······' ·'. 'i . ·. FIG,,l6 ...• c •·.;·· .. ·: :., •, 
of . a 'handle, shown : &t the :dgh~~hand. end of. the 
axle, G,.Fig.:l6), in~o ,SUQh' a.'position as to p~rinit 
oLt4e pawl-being easil;y dise!lg~g'!ld,,. , . ,,< 

Afte;t~.the weight is stopped by E ~c:ting upon 
the c~ick~wlie~l JJ, ~~e- axle II -is .c~r:ried • ff?r\Vard 
by th~. momentum.aQquired by. tlie .olock;work into 
~he· p9sitiori, sho~P: i~ Fig!t7, lilo thatr'th~ p!n;A 
V'l cl~a_r; ,of the Pf:9jec_tl<;lfi::J3, :a11d then., i;t;_t4~ binc!:-, 
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ing ~crews op. -~aoh side .of the qlookwork portion 
.are_!.e.leli.sed, the parts:may be easily sepa:rated .. 
, · · OWing to the facility with which the Receiver 
1~~.1:n. c~n. in tl;tis way be. separated from t;he 
:¥otor~_it.)s rarely neoef3f3ary to remove.-the latter 
froiD. the instrument table, 

~ 
·. i. 

.... 

· · -- ····= ··· · · · Fxd;' 18.: · .· . 

. ·'.A nieob,~nicai:alarm, which indicates when the :Mechanical 
~~igh~'~r~quires· Wi,nding up, :is now ·fitted• upon alarm. 
tlte Motor. .. · · · ·. · _ 
::•' --~~:.' 4t1Q'-'stm~mt.~Th~ permanent mechanlca1 
~~jq~J#,t~~~- Pt ~h~ ~~e.o6iver ~B a simple matter, alld 
t'1DfY}'~quJres .a l~t~le oar~. . .· _ · _· . . . . . -
: ·.·,· ,By;,~~_:ftly;. tuq;nng. the f3~~e:w .at t~e top. ~f ,plate 
~; -~g •. ~2, th~ plate, w:hwh.1s hinged· at the 
bo.tt_O~~~cari;be l~t.~d<nv:D.,,tlills,exposing two. sma~l 
~d-~#s~i,il~---~()r~ws'wi~h,a.proje~tion from. the.lo~er 
~ongue playmg between them. The. easiest ,, 
met~~d c;>f a~justing is ~s .follows :7 .. · ... · · 

.. All<;>~ the slip to run at t;he rate of about 15 
f,~~~-.J>~( -~i~u~e, 'tb;ell .keep, t,he t<-1n~~- pres~eci 
ge:n,i4y _ .~ga1nst . _We: ~eft;-han~ s_orew:; · ;if . a .. llne 
l:Lpj>ear;·ojlthe slip, adyance;the screw ,until .it is 
broken mto dots;. then Wit11;~aw_the s~~;w: slo_wl,y 
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unt_il t~~- 'Jiii.e.; ·a.iJpe_a~. un~rok~ri,_ 1\'"he~. ·a further 
very sbght _WI'tba.rawal w1ll ,ensur~ _·the · nec~(!sary 
#largiri~ . 'The 't6ngu!3 _should . then · be ·pressed 
gently again:st the _screw -on the, x:ight-:-h~d siq~, 
·the'. ·screw ·-:be'!rig . ad~ance'd _:until' 'a; brdk~n line 
(irregular dots) appears on' the' slip~ when: it 
should be slowly withdrawn until the slip runs 
out clean, and, as in the first adjustment, a small 
margin should be given by a slight further with-
drawal of the screw. . · 

It s~metiiD.es happens .tha:t the. tongue, ?wing 
to a dirty sta;te of .the mking discs,_ requtres a 
great deal of play between the screws.· The effect 
of this is to considerably reduce the Rpeed of 
working· when .:th.e current is weak, and it is there­
fore important to keep the ink-well and the discs 
as clean as possiblt>. · 

The inking-disc, being dry, should pick up ink 
promptly when the train is set running at .lowest 
speed. The standard breaclth of marks is 16 mils. 
The standard tl;rickness of Morse paper-an 
import~nt ¥lat~er i.Jl. 99p.nec~i9.n,. ~t11. ll:ig,b.- ~pee4 
apparattis?is · 3~ mila: · Tl;le. cQ.ils ·of: the ihagiJ.et~ 
shotild be• •difrereri:tial ·with· 50 t>aiiiell':ceu~· 'wit'h­
put external resistance, c~re be).n_g taluin th.a;t :the 
'c~rrep:f ~~ P~.~~ed thi-ou.g-h ~he _6~jl~ ·1n ~~~E~; 'f.i~~~~ 
tiona. · With a• properly·adJil~te~ Tra;n~pntt~r, ~-~le 
Re9eiver spould work at'jt sp¢ed. o-f '4t)e~st, 4d0 
w,ords' ·p~r · hiin.ute ·t~~~ .-~~Hrs, 'hejng · ~P. ~~fie~)~ ,wit¥ 
20: Dan.ielJ:cells tbr6tre'h 800 o·hms'externarresist,. 
atitie~ a: qo~~~~r'':?r~~·-mr :c/{p~di~y -.~,i#~t J9~~e~ 
across· the · res1st~ce.· . · (~~g¥'re_ of XXJ..ei'l;t I7 · 5 
riiilliahrperes.) ·. '. · : · ·. • = . . - .-

. 17 .. High spe~d 1-iJotking;-· . On cab.le _circtij.ts. a 
shunted condenset of. ·a.; .suitable value is iiJserted 
a1/each etid 'Of the' line,; .and 'on 'land 'line~ where 
-~ -~~e~(o.f ·a~~ ~ord;~ · p~r .:miiui~ ~n4; TiP.w~i-4~ .~s 
desired~ shunted· co:Q.Ci!;)nsers are used . ~t: t~e ~­
ceiving'·eJ:id of 'the 'liiie~'': ,,,,:: . ·: i ':' i : ' .i ' 

"l.. 
-~ 

·--~ 
~· 
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The ·general:principle involved in the applica­
tion ·of: condensers at the receiving end of a line 
maf be explained thus, -so far as the electro­
magnet alone is concerned:- c 

'· • Every ·electro-magnet wound to a resistance Time Con­
Rh'as its own coefficient of ·self-induct.ion L,-which stant. 
determines the · rate -at which· a current rises or 
faills~ and 1the -time' cQnstant is ·expressed by the 

ratio i· It is the time the. current take.s ·to rise 

fr_om zel'o to its full strength. 
, ~ If the two plates of a condenRer of capacity K 

be<shunted by a wire ofresistance Rh then when 
a, current flows,the:condeuser Will be charged and 
the current will riRe to: its .fulLvalue, and if the 
current stops, the ·condenser· will discharge., and 
the current will gradually fp.U,to zero. The time 
constant of such a condenser is KRr This. is 
e;x:aatly. the. reverse action .to that which takes 
place in an electro~magnet, and by pr.oper1y 
ne:gulating the· capacity of the. condenser and; 
the amount :Of resistance the action of one can 
~fil: . :made 'to _ exa~tly counteract t.hat ·of,- the 
other .. _ _ . .:::-: - .. -, - · · - -
,-:, Now,if .we connect up an~ele:ctro.,magnet and Action of 
a shunted .. ~ondenser in the wa.y shown in Fig. 19. Condenser. 
then, .when th.e 'current commences to flow, the 
opposing, electro-mQtive .. force s·et up in the coils 
of,, the; magnet by. sel£-:-induction ·is: overcome by 
the. current charging the conaenser, and when 

Ji'IG. 19. 
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the :condenser is charged,. the curre11t continues 
to flow ,through the shunt, but il;! weakened by its 
resistance. , On· the cessation of the current the 
self-induction of the mag11et s~ts up an electro­
motive force tending to prolong t4e cur1·ent in the 
direction ( i) :while the discharge from the con.;. 
denser K is in the opposite direction ( k). ·. Hence 
these effects oppose .and neutralise one another 
when the resistances R. and R1, and the capacity 
K; are ·properly adjusted. 

18. The self-induction of: the receiver or 
relay may however, ·be compensated for, without 
using condensers, by-joining the receiving instru;.; 
ments in series· with a resistance the value of 
which is dependent· on :the self-jnduction of the 
receiving instrument, -and increases with the 
maximum speed required.· For example, an 
average Post' Office Receiver in "series " with 
an added resistance· of 12,000"· and a signalling 
voltage of 120, should· give a speed of 400 words 
per • minute, while the same receiver joined .in 
" duplicate-arc/' with· a ·voltage of 60 and · a· 
1•esistance of .3,000, should be capable of recording 
signals at the same speed. The exact amount of 
resistance required differs with different specimens 
of the :same· form of receiving instrument, with 
different· forms of .receiving apparatus; and also 
with· 'different Transmitters:, ····the interval of 
" break '.' in· the. T-ransmitter and the resistance 
of the battery having a ciJ>nsiderable influence. · 

It will thus be seen that the considerations 
mentioned in paragraph 17 are of no value in 
the estimation of the compensation required for 
practical purposes, a.s while the resistance of the 
lin'=l itself acts against the operation· of the self~ 
inductive effects of the receiving magnet, the 
capacity of the line aids the inductive lag of the 
apparatus at the receiv\ng end of the circuit. 
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, 1~ .. On. ordinary land .line~" ·.an~ w:ith .the Si~plex 
pres~nt .form of Post O:ffi,ce apparatus, .. the pro- adJustmeuts. 
cedur.e for t:he attainment :of maxqnum Simplex 
speeds shou~d, as f;;tr :~!3: po~~ible, b~. as follows :-

. (a). The receiving .office: shoqld request the 
· sending office to turn his .key switch to 

.. , ·~ s.en(l. '' fo:r ~ mi.nut~, the voltage in use 
. ·. bt3ihg, as a gf:!iJ.er!li rule, 100. . .. 
(b} 'The. Receiver~ (>r.Rela.y b~ing comiected in 

. . . ,, ~eries," l{he . re~eivin~ . o~pe. sh<)uld then 
raise or lower h1s resistance m the com­

' pens~ting· 'shun_t Rheost8.t. ~ntil 20° (or 
'8 milliamperes) is indicated o;n the half-coil 
of the Differential Galvanometer. 

' ·{e) Slip ·cshould · then ·. be ruri ·through the 
distant Transrilitter, · and the Receiving 
office· shoUld ·alter· his ·Condenser -values 
until the best results ''are obtained.· The 
actual' speed obtaip.ed, with ''the:. most 
accurate:· comperi'sation, · depends on the 
Capacity, Resistance, and S:elf-induction of 
the line, but generally speaking the higher 
the unit capacity of theline,_and tJ;te lower . 
the coiD.pe:p.s.atin.g shunt, the . gr~ter t;he : 
amount of compensating capacity which 

. will be required.* . . . . . , . . ·' . 
(d) If the receiving .,Relay _or :R~ceive~ be, 

joined in " duplicate-arc " the defiec.~ion 
on the half-coil of the Galvanometer should · 
be adjusted· to· indicate 3-5° (16) and · the'·· 

·::required compensating capacity· will then · 
· be found, for the sam:e ·circuit, to be grea;ter 
than•in the case of" series" connections . 

. . , 

* In ve1"U exceptional cases of very high: line _capacity 
(which have hithe?:to not existed in th.is count1·y), very high 
received co1Jpensating sltil/nt resistances and liiwe1· permartent 
currents. ar.e necessary, even· in • those ,cates where recei1J.ing 
apparatus simi,lar . to the. present Po~t . Ptfice pattern ;is 
employed. 
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·(e): On circuits havirtg _a cons~d~ra.ble 'axdbhnt 
of capacity m· propoition ·to the Oondu~tor ' 
resistance, the addition of a shunted 0ori.- ' 
denser·at'the 'transmitting end'of 'tli6''lirie. 
enables. ail. additional increase of apee'd' to 
be o btai.ned. · · • · 

· · A C~nQ.en~er i~ this ·:eosition i~ C!llled a 
" Sig1,1al~hig Oo~:id~nser~~~ an~l its value. in 
micro.:fara~s ~}lpuld. .. l>e··~~ua~ .t<.>._.·t~e dis­
charge v~l¥e of ~he)Ipe. at. th~ s~~dipg end 

. ;Qiider. i.ts cwor¥~ng·''C'onditio:o,s, jh~ . shunt 
. l?ein:g equal 'in·.;. oh.miq· ~~sist.aiioe · to the 
·Conductor: · · · · · · -· . ·-r~ ·' \- . 1 

. :(f.) -T~. ·term '' sp,eed,'_;. a,S u:s.ed here, ,does not 
.;r~fer to. th~ tru~ ~ave,..~p(2led :of :the line, 
but to. -the: sig:p~lli~g .value :in:'~ words per 
mU;tu~e,." . under :cthe disadvaP.~~geous con­

. ditions • ()f t~ _.. -International . Morse 
.,Alpha..b~~' w~ic4 .necessit.ates,: signals of 
. u~equ.al ~Agth. . . · .. 

Speed 20 . .A?lthough·the · c~pacity an;d re~istimce of 
formula.. a circuit·are the main factors in' the··determina­

tion: of ·speed, othe¥· :fuctars·• morlify: the result 
coiisi:clerably,. but·, cBartEr· ·have 'been. ·prepared 
showing. the SimplAx speed vaities 'of' ;aeriii.l .and 
buried 1mes, on: the followmg ·oa~is :-·:.. . : : . 

• ·The.maximum-~-1~~i~~ !3P~e.d ~~ ,~ worqs-per­
minute-" .multipled; l:>Y:~.th~ ~produp~. ,of the. total 
resi~tance and: total_ ~a;pa,ojty 9£. the cifcuit_;(;K.R.) 
is equal to _lO~OOO,O'OO,,:;fQr'_, ¥-Pn:.~~rj.~l,.Jines, 
12,00(),.000 for copper: ~eriaJ .lines, and JS,OQO,OOO 
for· subteiTanean or submarine gutta-percha-

cov:erec;l cables. . . 

Paper Paper cabling of all descri,ptio~s , gives> a·.": 
Cables. smaller value · ·than other forms ·· of· . covered··. ' 

Oonductors;'wthough "screened "·Oondnctbrs· Jit '·. 
paper Oable are more efficient than unscreeried · · ""'' . ' ) 

-~: 



< ·:· p~~r, j;n,sulated oc;rr~4uctors eren, i~ t:he: latten nr6 
used, ~s ,a l()qp ~;n,d j are prqper;ly twi.~ted. . , . , , . , , , . ; 
~.4P. ~~~}i.g-u.re1;1: a;r.:e :give:r;t ;Oil; .the· a~sumption;: 

th~t,,t~~! ,IIlost,.acc~ate ~onde:p.sing: compensation·· 

· .. ;;-:;!: .. 

is :~m;p~oyed!.:,~ :.,I_, ~· . :·r . , . ..; · :, , ·, , 

... 21.: The J;)uplex speed' on ariy 'line· ~-·pr.ae·· 1Duplex. 
tioally slightly less 'than two-thirds of·the:highest · 
attainable Simplex speeds obtained with the most 
advantageous compensating arrangements. This 
proportion is stated with special reference to 
Post Office apparatus and conditions, and is 
applicable to both Wheatstone Bridge and 
differential methods of duplexing. 

~! ; '. 

It should be clearly understood, however, that Bridge 
Wheatstone Bridge connections should · not be Connections. 
employed on long aerial lines, even if associated 
with cables, nor on any line on which it would 
not be beneficial to employ Signalling Condensers 
for Simplex working, if advisable from other 
points of view. 

22. On some of the Duplex circuits between Magnetic 
this country and the Continent, as well as on the Bridge. 
Irish cables, the ordinary Duplex Coils forming 
the arms of the Wheatstone Bridge have been 
substituted, or supplemented, by coils wound on 
a closed magnetic circuit, so arranged that the· 
sent current passes through the arms without 
any magnetising· effect, but the received current 
meets with considerable inductive opposition, 
practically increasing the resistance of the arms 
for -received current and throwing more of the 
initial current through the receiving instrument 
than would be available with ordinary Bridge 
connections. 

On the decline or cessation of the received 
signal, the self-inductive action of the magnetic 
'"arms" assist in neutralisiDg or reversing the 
magnetic action of the receiving instrument. 
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On a· few specially selected cable' circuits. 
Edison's Magnetic Leak is added,. the a:tttO.unt . 
and rate of the self-inductive action being .care-. 
fully timep to suit each circuit by the ~dditjon of · 
non-inductive resistances. This arrangement;· 
oeing exceptional, do.es not call for a. more detailed 
explanation; . 

. . : . . . 

. ; 

: ' 
::.; 

. d I 

... •' 
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TABLE for ascertaining the_ .AcTUAL SPEED of 

TRANSMISSION on WHEATSTONE AUTOMATIC 
CIRCUITS. 

Direction.-Pass 10 feet of perforated slip (representing 50 
aversge words) through the Transmitter, and observe the 
time occupied. 

Time 'Number of 
Time Number of I T" Number of 

Words Words Jill? Words Occupied. 
per Minute. Occupied. per Minute. i Occupied. per Minute. 

---·-

' 
Seconds.[ 

I 
Seco~ds.l I Seconds. 

600 24 ' 125 56 54 
545 241- ' 122 . 57 53 5! 

I 6 500 25 120 
1 58 52 

6! 462 25t 117 59 . 51 
i ' 7 429 26 115 

I 
60 

I 
50 

7! 400 26! ' 113 
8 375 27 Ill min. sec.' 
8! 353 27! 109 1 1 49 
9 333 28 107 1 3 48 
9! 316 28! 105 1 5 47 

10 300 29 103 1 6 ·1-6 
10! 285 29i 101 1 ... I 45 I 

I 11 273 30 ; 100 l 9 44 I ll-! 262 31 97 1 10 ! 43 
12 250 32 94 1 12 42 
12! 240 o3 91 l 13 I 41 
13 231 34 88 1 15 ' 40 
13! 22::! 35 86 1 17 :39 
14 214 36 83 1 20 I 88 
14! 207 37 81 1 21 37 
15 200 38 79 1 23 36 
15! 195 3H 77 1 25 35 
16 Ul8 40 75 1 28 34 
16! 182 41 7.3 1 30 .33 
17 177 42 71 1 35 32 
17! 172 43 70 1 37 31 
18 167 44 68 1 40 I 30 
18! 162 45 66 1 43 29 
HI 158 46 65 1 47 28 Hlt 154 47 64 1 51 27 
20 150 48 62 1 55 26 
20! 146 49 61 2 0 25 
21 143 50 60 2 .') 24 
21! 140 51 59 2 10 23 
22 136 52 : 58 2 16 I 22 
22! 13l:l 53 I 57 2 23 I 21 
23 130 54 56 2 30 I 20 
23! 127 55 

I 
55 

I 
a 82668. c 
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Measure- · As at high speeds-some difficulty is experienced 
m~nt of in estimating intervals including half~seconds, a 
Htgh Speeds. greater length of slip may be taken with a fixed 

Interchange­
able parts. 

time, (say) 25 seconds, when words per minute 
can be obtained in inches of paper, 10 feet of 
slip being equal ~o 10 X 12 = 120 words per 
minute, or 38 feet 4 inches equal to 400 words 
per minute. 

AUTOMATIC PARTS. 

All the moving parts of the Perforator are 
very accurately made, so as to be interchangeable. 
The several parts are numbered as " Automatic 
Parts," which include also the Jewelled Pivot­
springs for Receiver and Transmitter (Nos. 8 
and 11), and they are supplied for purposes of 
repair under the several numbers, which are 
shown below. 

1. Front Puncher"plate. 
2. Back 

" " 
3. Back Guide to Punchers. 
4. Back spring acting on Star-wheel-Click Lever. 
5. Vertical Spring on which Guide roller is pivoted. 
6. Guide-roller. 
7. Star-wheel. 
8. Jewelled Pivot-spring of Receiv6r. 
9. Star-wheel-Click Lever. 

10. Star"wheel Click. 
11. Jewelled Pivot-spring of Transmitter. 
12. Lever regulating play of Star-wheel-Click Lever. 
13. Centre-punch (for dot, dash, and space). 
14. Top-punch (for dot and dash). 
15. Bottom-punch (two of these-one for dot, other 

for dash). 
16. Centre-punch (for dash). 
li. Socket Lever. 
18. Adjusting Lever (when required with cock and 

screws, say " complete ''J. -~ 
~· 
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IN D E.X. 

Apparatus required 
Armatures -

Bridge connections 

Chains, driving weight 
Coils, arrangement of, 

various conditions -
Coil resistance 
Condenser, action of -
Condensers, shunted 
Cores, receiver 

Page. 
1 

- 20 

- 31 

17 
for 

- 23 
- 22 
- 27 
- 26 

20 

Duplex - 31 
Dot and dash, proportion of II 

Edison's magnetic leak 

Figure of merit_ 

Galvanometer shunt 

Ink wheels and ink wells 
Interchangeable parts 

Jockey wheels 

- 32 

- 26 

1 

18 
- 34 

8 

Keyboard perfo1·ators 

Levers, bell-crank 
Lever, play of 

Page. 
5 

8 
12 

Magnetic bridge - 31 
Marks, standard breadth of 26 
Measurement of high speeds 34 
Mechanieal alarm - 25 

Paper cables 
, dimensions of -
, roller 
, standard thickness 

Perforations, gauge of 
Perforator, the 

, · action of 
, adjustment of 

Perforators. covers of 
Practical conditions 

- 31 
7 
9 

of 2G 
5 
1 
2 
4 
6 

- 28 

Receiver, the - 18 

, adjustment of - { ~~ 

" 
cores - 20 

" grease 
discs, Absence of 

Receiver dis(ls, action of 
, speed of 

Rocking beam 

17 
16 

- 23 
9 



Screws, adjusting 
Self-Induction 
"Signalling Condenser.'!" 
Signalling speed 
Simplex adjustments -
" Slip," speed of 

Pn.ge. 

, transmission without. 

6 
28 
30 
30 
29 
12 
10 
13 
30 

Speed conditions, local 
, f<'rmula 
, of triJ,nsmission, t.able 

for ascertaining - 33 

Speed regulator 

Spiral springs 

Star wheel 

{ 14 
- 17 

{
. 9 

- 12 
f 6 

- l 9 
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Page. 
Time constant 27 
Train and motor connections 23 
Transmitter, the 7 

, action of- - { 1~ 
, adjustment of - ll 

" 
connections 17 

" 
switch 17· 

Unpunched paper, action 
with 10 

Vertical rods 12 
, , mljuRtment of - 12 

-~ 
.J 

-~ 
i;..· 


