
The Post Office 
Electrical Engineers' 
Journal 

V O L 7 3 P A R T 1 A P R I L 1 9 8 0 



Teleprinter No. 23: A New Teleprinter for the 
Telex Service 
W . F . G A R R E T T , B.SC. ( E N G . ) , C . E N G . , M . I . E . R . E . , A . M . I . E . E . ) 

U D C 621.394.625.3: 621.394.34 

A high proportion of the annual capital investment in the UK Telex service is devoted to the customers' 
equipment; the introduction of a new teleprinter is therefore a significant event in the evolution of that 
service. The Teleprinter No. 23 is only the third teleprinter terminal to he supplied by the British Post Office 
for Telex and represents a revolutionary technological advance over its predecessors. The article details the 
main features of this first generation electronic teleprinter. 

I N T R O D U C T I O N 

Telegraphy, the oldest f o r m o f long-distance electrical c o m ­
m u n i c a t i o n , is notable for the evident increase in complex i ty , 
w i t h t ime , o f the line t e rmina t ing apparatus. The achievement 
o f a wide range o f facilities t h r o u g h the development o f 
complex mechanisms, and the ab i l i ty to produce terminals 
in large quanti t ies at l ow cost and w i t h h igh re l iab i l i ty , made 
possible the i n t roduc t ion o f Telex—by far the most successful 
o f the non-speech c o m m u n i c a t i o n services in t roduced to date. 

Telex is a wor ld -wide service, the basic characteristics being 
defined by the In te rna t iona l Telegraph and Telephone 
Consul ta t ive Commi t t ee ( C C I T T ) ; this service continues to 
show considerable g r o w t h despite the i n t r o d u c t i o n o f c o m ­
pet ing services. W i t h i n the U K , there are 79 500 Telex 
connexions and g r o w t h in 1978-79 was 1 1 % ; system g r o w t h 
in 1979-80 is expected to be nearly as good . 

W i l h home and export markets o f such long-s tanding 
poten t ia l , the i n t r o d u c t i o n o f electronic technology, w i t h i ts 
capacity for reducing complex mechanisms and c o n t r o l 
sequences to silent, easily manufac tured modules , m igh t have 
been expected t o take place in the early-1960s. However , 
a l though developments i nvo lv ing electronic tube and t ransis tor 
c i rcu i t ry were under taken by a number o f companies w o r l d ­
wide , very few came on the marke t . Th i s was because o f the 
highly-developed state o f the mechanisms used in the w e l l -
established page-print ing teleprinter products , and the vo lume 
o f the electronic c i r cu i t ry needed to achieve equivalent 
funct ions. 

A l t h o u g h integrated c i rcui ts offered an improvemen t in the 
cost-reduction o f electronics, i t was no t u n t i l the ava i l ab i l i ty 
o f large-scale integrated ( L S I ) c i rcui ts tha t electronics c o u l d be 
used in place o f complex mechanisms on a cost-effective basis. 
Thus , teleprinter technology is unusual in tha t i t has changed 
f r o m the t rad i t iona l (electro-mechanical) to the modern ( L S I 
electronics) w i t h l i t t le evidence o f the in termedia te stages 
seen elsewhere. 

The extent to w h i c h electronics can be subst i tuted for 
mechanical systems is determined by pract ical considerat ions, 
such as the need t o move paper and the necessity for an i m ­
pact p r i n t i n g me thod where more than one copy o f recorded 
i n f o r m a t i o n is required, as is usually the case. E v o l u t i o n in 
the office env i ronment and practice may lead t o changes i n 
bo th these areas, but the first-generation o f electronic tele­
printers give m u c h the same customer facilities as their 
predecessors, a l though w i t h some enhancements. 

The Br i t i sh Post Office (BPO) Telepr in ter N o . 23 is a 
first-generation electronic teleprinter, wh ich is cur ren t ly being 
in t roduced to U K Telex customers ' use after considerable 
evaluat ion and f ie ld- t r ia l experience. I t replaces the Tele-
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pr in te r N o . 15, w h i c h was in t roduced in 1968 and w h i c h is 
now being phased ou t o f p roduc t ion . 

T E C H N I C A L F E A T U R E S O F T E L E P R I N T E R 
N o . 23 

T e r m i n a l C o n f i g u r a t i o n a n d C o n s t r u c t i o n 

Where electro-mechanical technology is used, most Telex/ 
telegraph terminals comprise a te leprinter aftd a separate 
c o n t r o l un i t j o i n e d by a s ignal l ing and power-supply co rd . 
The teleprinter performs on ly the very basic funct ions, wh i l e 
the c o n t r o l un i t carries a l l the opera tor cont ro ls , c o n t r o l 
c i r cu i t ry , power supplies a n d s igna l l ing components . F l e x i ­
b i l i t y is achieved by associating a range o f c o n t r o l uni ts 
w i t h a c o m m o n teleprinter . I n the Telepr in ter N o . 23, the use 
o f electronics has enabled the te lepr inter and c o n t r o l un i t to 
be integrated in to a single un i t o f modest size and we igh t ; the 
l ine-signall ing supply and associated components ( tha t is, 
barret ter and line filter) are, however, m o u n t e d in a small 
external un i t . F l e x i b i l i t y is achieved firstly by the presence or 
absence o f diode straps on a p r i n t ed -wi r i ng b o a r d ( P W B ) , 
and secondly by exchanging the P W B car ry ing the l ine 
interface components fo r another hav ing a different capabi l i ty . 

The n o r m a l arrangement at a customer 's premises ( F i g . 1) 
is for the Telepr in ter N o . 23 t o be m o u n t e d on a purpose-
designed p l i n t h ( P l i n t h , Telepr in ter N o . 1), w h i c h has an 
internal shelf t o accommoda te the line s ignal l ing un i t ( U n i t , 
T e r m i n a t i n g N o . 11). A card ca l lmaker ( A u t o - d i a l N o . 302)' 
can be a t tached t o the r igh t -hand side o f the p l i n t h . I f the 
customer does no t wish t o use the p l i n t h , the teleprinter can 
be moun ted on a table and the l ine s ignal l ing un i t fixed t o a 
wal l or to some other suitable surface. 

I t is cur ren t ly intended that a l l Teleprinters N o . 23 supplied 
t o the BPO w i l l be t o the a u t o m a t i c send-receive ( A S R ) 
conf igura t ion and w i l l therefore have paper-tape ancillaries 
as s tandard. 

Cons t ruc t ion is modu la r , and the un i t s are m o u n t e d on a 
r i g i d ca s t - a lumin ium base. Overa l l p ro tec t ion is effected by 
a single-piece mou lded N o r y l thermoplas t ic cover, having a 
clear polycarbonate visor designed to min imize sound 
emission and spurious l ight reflections. 

Opera to r access is t h r o u g h a l i f t -up l i d , to w h i c h a po ly­
carbonate lectern is fitted. The page-printer paper is moun ted 
in ternal ly , and the paper tape for the punch is m o u n t e d 
external ly. Tape punch cut t ings (chads) are collected i n an 
externally m o u n t e d see-through plastics box. L i g h t and m i d -
grey, the B P O house-style colours for telegraph apparatus, 
are used on the cover and base respectively; the p l i n t h is 
mid-grey overa l l . 

P r i n t e r 

The page pr in te r ( F i g . 2) is the ma jo r mechanical un i t o f the 
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F I G . 2—Page printer unit 

te lepr inter . I t includes the c o m m o n dr ive m o t o r , paper-tape 
punch and the m o u n t i n g for the in ternal ly-s towed paper r o l l . 
R e m o v a l is effected by w i t h d r a w i n g the cover and' power-
supply plugs and the connector to the main electronic logic 
boa rd , whereupon the uni t can be l i f ted upwards away f r o m 

the base. The punch uni t is moun ted on this un i t , so as t o 
derive m o t i v e power and synchronism f r o m the pr in te r ; its 
presence or absence does not affect pr inter opera t ion . 

The p r i n t i n g me thod incorporated in the Teleprinter N o . 23 
is k n o w n as printing-on-the-fiy. A hor izonta l , cont inuously-
r o t a t i n g p r in t wheel, w i t h fu l ly - fo rmed symbols facing ou t ­
wards at the periphery, is posi t ioned in f ront o f the paper. A t 
the t ime required to p r in t a given character, an electronically-
con t ro l l ed hammer , located behind the paper, impacts on the 
selected character face t h r o u g h the single or mul t i -p ly paper 
m e d i u m . As the fount is con t inuous ly inked, the l op (ou tward-
facing sheet) is i m p r i n t e d w i t h the character; undercopies are 
produced t h r o u g h the impac t on interleaved carbon or 
pressure-sensitive papers. Because the paper is trapped 
between the m o v i n g type foun t and the hammer for only a 
short t ime , no paper drag or perceptible smearing o f the 
p r i n t i n g occurs. 

The p r in t wheel and hammer assemblies are mounted on 
carriages on either side o f the paper. The carriages are l inked 
t h rough a c o m m o n t o w i n g wi re , and move across the paper, 
one character p i t ch (2 -54 m m ) at a t ime. A feed-and-print 
ac t ion is used, this being completed in one revo lu t ion o f the 
p r i n t whee l ; i f p r i n t i n g stops for more than 500 ms, the pr in t 
wheel drops so that the last character pr inted is visible. 

Because the paper must be fed behind the paper feed-roller 
and upwards between the p r in t wheel and the hammer, the 
c o m b i n e d paper-guide/feed assembly and hammer carriage 
can be unlatched and ro ta ted to simplify loading o f paper. 
Th i s a l lows the paper leading-edge to be fed in to a slot in the 
paper guide so that when the assembly is restored to its no rma l 
w o r k i n g pos i t ion , and the paper t o r n off by the saw-tooth 
kni fe edge, it is accurately placed ready to feed upwards 
t h rough a slot in the cover. Con t inuous rolls o f paper o f 
w i d t h 210 m m ( A 4 ) and 216 m m , f r o m either the internal ro l l 
o r an external dispenser, can be used w i t h o u t resetting the 
paper guides. 

I n k i n g o f the fu l ly - fo rmed type faces is achieved th rough 
the use o f a porous, ink- impregnated plastics rol ler , which 
rests against the p r in t wheel and is enclosed in a simple 
cassette. Renewal o f the cassette is substantial ly less frequent 
than that usually associated w i t h ink r ibbons and it only 
requires the operator to c l ip in a replacement. 

D i s c r i m i n a t i o n between the text o f i n c o m i n g and ou tgo ing 
calls is usually achieved using a 2-colour ink r i b b o n . A s an 
ink- ro l l e r can provide on ly single-colour p r i n t i n g , an alterna­
t ive me thod o f m a r k i n g is required. The me thod adopted in 
the Telepr in ter N o . 23, as a customer o p t i o n , is to p r in t 
4 hyphen-l ike marks beneath the first 4 character posi t ions o f 
each line where the related p r i n t i n g is the local copy o f 
t ransmi t t ed i n f o r m a t i o n (see F ig . 3). Th i s has the advantage 

C H A I . R M A N ' S S T A T E M E N T ( E R O M 1 9 7 8 / 7 9 R E P O R T A N D A C C O U N T S ) 

T H E . P O S T O F F I C E H A D A D I F F I C U L T Y E A R B U T M A D E S O L I D P R O G R E S S 

I . H . H A N Y F I E L D S W H I L S T H A V I N G T O O V E R C O M E A N U M B E R O F T R A N S P O R T . 

W E A T H E R A N D I N D U S T R I A L R E L A T I O N S P R O B L E M S . 

I N T H E Y E A R E N D I N G 31 M A R C H 1 9 7 9 , WE A C H I E V E D A T O T A L P R O F I T 

0 _ E . £ 3 7 5 . 1 M I L L I O N ( L A S T Y E A R E 3 6 7 . 7 M I L L I O N ) . T H E T H R E E B U S I N E S S E S , 

T E L T C O M M U N I C A T I O N S , P O S T S A N D N A T I O N A L G I R O B A N K , E A C H T R A D E D 

P I R Q F I T A B L Y A N D M E T T H E F I N A N C I A L T A R G E T S S E T B Y T H E G O V E R N M E N T . 

(«) Transmitted message print-oul 

C H A I R M A N ' S S T A T E M E N T ( F R O M 1 9 7 B / 7 9 R E P O R T A N D A C C O U N T S ) 

T H E P O S T O F F I C E H A D A D I F F I C U L T Y E A R B U T M A D E S O L I D P R O G R E S S 

I N M A N Y F I E L D S W H I L S T H A V I N G T O O V E R C O M E A N U M B E R O F T R A N S P O R T ! 

W E A T H E R A N D I N D U S T R I A L R E L A T I O N S P R O B L E M S . 

I N T H E Y E A R E N D I N G 3 1 M A R C H 1 9 7 9 , W E A C H I E V E D A T O T A L P R O F I T 

O F £ 3 7 5 . 1 M I L L I O N ( L A S T Y E A R £ 3 6 7 . 7 M I L L I O N ) . T H E T H R E E B U S I N E S S E S , 

T E L E C O M M U N I C A T I O N S , P O S T S A N D N A T I O N A L G I R O B A N K , E A C H T R A D E D 

P R O F I T A B L Y A N D M E T T H E F I N A N C I A L T A R G E T S S E T B Y T H E G O V E R N M E N T . 

(ft) Received message print-out 

F I G . 3—Illustration of the two types of print-out obtained 
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tha t , where m u l t i - p l y paper is being used, each copy has the 
dis t inguishing marks , un l ike the 2-colour i n k r i b b o n system 
where on ly the t op copy carries this d i s t inc t ion . 

T a b u l a t i o n is assisted by the use o f a p r in t -whee l re ta in ing 
nu t hav ing an extension that serves as a pointer . The related 
scale mark ings at 2- 54 m m intervals are located at the b o t t o m 
o f the visor . 

Pr inter O p e r a t i o n 

The m o t i v e power for the page pr in te r (and the paper-tape 
punch) is derived f r o m a single-phase fan-cooled i n d u c t i o n -
type m o t o r . U n l i k e most electro-mechanical teleprinters, 
where the m o t o r speed determines the t ransmission and signal 
recept ion performance, the m o t o r speed does no t have to be 
closely con t ro l led because the t i m i n g for sending and receiving 
l ine signals is p rov ided by the c rys ta l -cont ro l led electronic 
logic. The pr in ter m o t o r must ro ta te the pr in te r mechanism 
sl ight ly faster than the rate o f i n c o m i n g characters; a l though 
this is not c r i t i ca l , i t is essential tha t opera t ion o f the h a m m e r 
is kept i n phase w i t h the p r in t wheel. Th is is achieved by a 
ferrous too thed wheel , located on the same shaft as the p r in t 
wheel, w h i c h gives t i m i n g pulses to the electronic logic v ia a 
p ick -up coi l near its edge. The correct t ime for f i r ing o f the 
electro-magnet act ivated hammer is determined by a character-
pos i t ion m o n i t o r , w h i c h counts the pulses derived f r o m the 
67- tooth ferrous wheel . Star t and finish o f each pr in t -whee l 
cycle is indicated by the modi f i ed p ick -up co i l w a v e f o r m 
arising f r o m a 5- too th gap. 

The alphabetic (upper-case), numer ic , punc tua t i on and 
graphic characters used in the U K na t iona l var iant o f In te r ­

na t iona l Telegraph A l p h a b e t N o . 2 ( I T A 2 ) 2 are co ld fo rmed 
o n a steel disc us ing the coining process. They are arranged i n 
the 2 groups assigned to letter-shift and figure-shift. The 
h a m m e r is manufac tured f r o m hardened steel and the impac t 
surface is squared of f and flat. 

Paper and pr in t -head movemen t is achieved t h r o u g h a 
func t i on un i t w h i c h is located adjacent t o the r igh t -hand side 
plate (see F i g . 4) , and w h i c h consists o f 3 independent ly 
opera t ing mechanisms cycl ing on a c o m m o n drive-shaft. A s 
the p r i n t i n g ac t ion can take place i n either ha l f o f a p r i n t -
wheel r e v o l u t i o n , the func t i on mechanisms cycle at twice the 
pr in t -whee l rate, so tha t they operate before p r i n t i n g takes 
place. The func t ion u n i t , t h r o u g h 3 separate electromagnets, 
cont ro ls 

(a) the feeding o f the type-wheel and hammer carriages, 
one character p i t ch at a t ime , and l i f t i n g the p r in t wheel t o 
the opera t ing level, 

(b) the t r i p p i n g o f the carr iage-return, and 
(c) the feeding o f the paper, one line at a t ime. 

I n each case, the mechanism cycles freely w i t h its funct ional 
o u t p u t i nh ib i t ed u n t i l the selecting magnet is energized, 
whereupon the resul tant func t ion is comple ted w i t h i n one 
f u l l t u r n o f the func t i on -un i t dr ive shaft. L o w e r i n g o f the 
p r in t wheel to give p r i n t v i s ib i l i t y is under the c o n t r o l o f the 
electronic logic and is effected by a f o u r t h electro-magnet. 

The pr in t -wheel and p r i n t - h a m m e r carriages are moved 
a long together by separate steel wires, connected to c o m m o n 
carriage-feed d rums act ivated by a feed wheel—the wires w i n d 
of f the lef t -hand d r u m on to the r i gh t -hand d r u m d u r i n g the 
carriage-feed ac t ion . The carr iage-return spr ing, ac t ing 

CARRIAGE 
RETURN RATCHET 

F I G . 4—Outline of printer design 
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against the feed movement , is coi led inside the lef t-hand d r u m , 
and each feed movement is held by engagement o f a re ten t ion 
p a w l o n the r i gh t -hand d r u m ; disengagement o f this pawl 
tr iggers carr iage-return. End-stop r e t a rda t ion o f the carriage 
is effected t h r o u g h a combined f r i c t i o n brake, ac t ing o n the 
inside surface o f the lef t-hand d r u m , and an air dashpot . 

K e y b o a r d 

The Telepr in ter N o . 23 keyboard modu le is readi ly removed 
for maintenance and is basically mechanical in ope ra t i on ; 
tha t is, a smal l number o f transducers is shared by mechani­
cal means between a l l the keys, ra ther than by each key 
hav ing an ind iv idua l transducer, as is usual ly the case w i t h 
'e lectronic ' keyboards. Designs o f the shared-transducer type 
are relat ively cheap; they also have the opera t iona l vir tues 
tha t the key forces can be easily changed and the keyboa rd 
can be physically locked in those circumstances where it is 
required t o be ineffective. 

The pr inc ip le o f opera t ion is tha t 6 ident ica l , f ree ly-moving , 
castellated bars are d r a w n by a single electromagnet towards 
the lef t-hand end o f the keyboa rd , against the ac t ion o f 
6 springs. W h e n any one key is depressed, the edge o f a meta l 
plate, w h i c h fo rms par t o f each key, enters the slots in the 
castellated bars. A f t e r a t o t a l movement o f 4 m m against an 
average key force o f 2 N , a m i c r o s w i t c h operates, causing 
the electromagnet t o release and a l l o w i n g the bars t o move 
in the d i r ec t ion o f the spr ing p u l l . The b o t t o m edge o f each 
key plate is s lot ted t o represent a pa r t i cu la r code c o m b i n a t i o n ; 
consequently, each key when depressed al lows some bars to 
move whi l e imped ing others, the c o m b i n a t i o n being unique 
to each key. Those bars tha t move s tr ike piezo-electric crystals 
in a m o u n t i n g b lock located at the r i g h t - h a n d end o f the 
keyboard . The resul t ing s imul taneous pulses f r o m the s t ruck 
crystals, hav ing an ampl i t ude o f abou t 18 V peak, correspond 
to the code c o m b i n a t i o n for the depressed key, and are fed 
t o a storage stage in the electronic logic. 

T o generate the requi red I T A 2 code c o m b i n a t i o n , 5 m o v i n g 
bars are requ i red ; the s ix th is used to indicate whether the 
t r ansmi t t ed code c o m b i n a t i o n needs t o be preceded by letter-
shift o r figure-shift. Used in associat ion w i t h a 7-character 
keyboard store, this permits au toma t i c case inser t ion, thereby 
r e m o v i n g the need for the opera tor t o key the shift separately. 
Th is same store also permits the new-line fac i l i ty , and caters 
for bursts in opera tor key ing speed when the shor t - te rm 
generation o f characters exceeds the cadence rate t o l ine ; i f 
the store becomes f u l l , the keyboa rd is locked u n t i l the store 
has empt ied . D u a l opera t ion o f adjacent keys on the same 
r o w , a ma jo r cause o f opera tor key ing er ror , is mechanical ly 
prevented b y means o f a saw- too th slider at the f ront o f the 
keyboard assembly. 

O p e r a t o r C o n t r o l s 

Opera tor c o n t r o l o f a Telepr in ter N o . 23 t e rmina l is effected 
p r i m a r i l y t h r o u g h the r o w o f push-bu t ton switches (see F i g . 5) 
m o u n t e d on an acoustic baffle immedia te ly behind the 
keyboard assembly. The switches have ( i n most cases) in tegral 
lamps, w h i c h serve t o indicate the facil i t ies selected, ca l l ing 
state or a l a rm c o n d i t i o n ; the switches are arranged i n func­
t i ona l groups t o assist opera tor selection. The funct ions o f 
the push-but tons and associated l a m p indica tors are shown 
in Tab le 1. 

I n a d d i t i o n t o the m a i n opera to r con t ro l s , there are 
3 anc i l la ry cont ro ls located under a flap cover at the r i g h t -
hand end o f the keyboa rd . The swi tch at the f ron t con t ro l s 
the i n c o m i n g cal l a l a r m , the central one gives single o r doub le 
line spacing o f the p r in ted text , and the swi t ch at the rear 
can be used to c o n t r o l o ther o p t i o n a l faci l i t ies . 

E l e c t r o n i c L o g i c 

The electronic c o n t r o l system (excluding electronics i n the 
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power-supply u n i t ) is m o u n t e d on 4 P W B s ( F i g . 6), wh ich 
are ident if ied as f o l l o w s : 

(a) Main Board 
This boa rd embodies the t e rmina l c o n t r o l and uni t interface 
logic, the most complex parts o f w h i c h are realized in h igh-
th reshold meta l oxide s i l icon ( M O S ) custom-designed L S I 
c i rcu i t elements. F ive M O S / L S I chips are used, each having 
separate funct ions as f o l l o w s : 

I C N o . 1—logic c i r cu i t ry associated w i t h the paper-tape 
punch , 

I C N o . 2—logic c i r cu i t ry associated w i t h the t ransmit ter 
and paper-tape reader, 

I C N o . 3—logic c i r cu i t ry for Telex and machine c o n t r o l , 
I C N o . 4—logic c i r cu i t ry associated w i t h the keyboard uni t 

and answer-back boa rd , and 
I C N o . 5—logic c i r cu i t ry associated w i t h the pr in ter un i t . 

T o l i n k the funct ions performed by the different chips, a 
t ime-d iv i s ion mul t ip l exed data bus system is used. Six bus 
lines car ry data, and a seventh is the flag line, w h i c h carries 
the signal for data transfer. The who le logic operates f r o m 
signals generated by a crys ta l -control led osci l la tor , except for 
the p r i n t i n g and associated mechanical funct ions where con t ro l 
is synchronized by a pulse t r a in derived f r o m pr in t -wheel 
r o t a t i o n . The crys ta l -cont ro l led osci l la tor has a fundamental 
frequency o f 200 k H z . 

Discrete electronic components are used on the ma in board 
t o provide interface amplif iers ( for example, w i t h the keyboard 
piezo-electric transducers), and drives to the various electro­
magnets on the pr in te r and paper-tape units . A l s o included 
are the edge-connector sockets for the answerback, line iso­
la to r and under- l ine marke r boards. 

B y assembling al l the L S I and interface components on a 

On Off Run Out On Off Step Skip CR-LF Alarm Call Cleat Local Prep Reset 

F I G . 5—Primary operator controls and keyboard 

F I G . 6—Printed-wiring boards used in Teleprinter N o . 23 
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T A B L E 1 

Push-But ton Controls and Assoc ia ted Lamp Indicators 

Position 
Left to 
Right 

Designation Function of Push-Button 
control 

Colour Condit ion for Lamp 
Operation 

1 ON OFF 
(Note 1) 

Control of the paper-tape 
punch 

Clear Tape punch switched 
on 

2 RUN OUT 
(Note 1) 

When held operated, 
punches continuous letters 
(FTA2 Combination N o . 
29) into tape for start and 
finish identification 

Clear No lamp fitted 

3 ON O F F 
(Note 2) 

Control of the paper-tape 
reader when terminal is in 
off-line or on-line modes 

Clear 
. . 

(/) Reader switched 
on wi th tape present 
07) Each time STEP 
control is operated 

4 STEP 
(Note 2) 

Steps tape one character 
through reader each time 
it is operated 

Clear N o lamp fitted 

5 SKIP 
(Note 2) 

Steps tape one character 
through reader, without 
transmission or printing, 
each time it is operated 

Clear N o lamp fitted 

6 C R — L F Gives one C R — L F action 
on printer when pressed 
and released; gives 
continuous LFs when 
operated for more than 1 s 

Red Printing positions 
55-69 for end-of-line 
indication 

7 ALARM To draw operator's 
attention to terminal 

Amber (/') When the paper 
tape low, 
tape tight, and 
tape out 
sensors are 
operated (Note 
3) 

(//) Incoming call 
while in local 
prep mode 

077) J/Bell received 
from line 

(iv) Incoming call 
alarm (optional) 
(Note 4) 

8 C A L L Initiates call establishment Green (/') Proceed-to-select 
received from 
exchange 

07) Incoming call 
077) Call established 

following 
interruption of 
local prep mode 

9 C L E A R Disengages terminal from 
line 

Clear N o lamp fitted 

10 L O C A L P R E P Allows off-line use for 
practice and tape 
preparation 

Clear I n local prep mode 

11 R E S E T Resets terminal to stand-by 
from local-prep mode; 
cancels (optional) 
incoming call and 
J/Beii alarms 

Blue Incoming call while 
in Local Prep mode 

Incoming signal while 
in tape prep mode 

Notes: 1. The label has a blue background corresponding with a marker on the paper-tape punch 
2. The label has a yellow background corresponding with a marker on the paper-tape reader 
3. The lamp glows steadily and the terminal emits an audible interrupted tone; thescconditions remain until the cause of the alarm condition is removed 
4. The lamp flashes in synchronism with an audible tone alarm 
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single board , the use o f cable fo rms , w i t h their inherent 
l i a b i l i t y t o p ick-up unwanted signals, is avoided. Three socket 
connectors are located at the f ron t o f the m a i n b o a r d for the 
r i b b o n cable plugs associated w i t h the tape punch , tape 
reader and keyboard uni ts . 

(b) Answerback and Option Board 
Thi s boa rd carries the 20-character answer-back i n f o r m a t i o n 
and the fac i l i ty o p t i o n m a t r i x . Selection is effected by c u t t i n g 
ou t diodes t o give the required answer-back f o r m a t and 
t e rmina l conf igura t ion . 

(c) Line Isolator Board 
This carries al l the c i rcui ts tha t interface the external trans­
mission and con t ro l lines w i t h the te rminal ' s electronic 
con t ro l system. I so la t ion f r o m high external voltages is 
provided . The external connexions are t h r o u g h a P W B -
m o u n t e d D-type connector . 

(d) Underline Marker Board 
D i s c r i m i n a t i o n between i n c o m i n g and o u t g o i n g text is 
n o r m a l l y p rov ided . I f this fac i l i ty is no t required by the 
customer, removal o f a l i n k inh ib i t s the opera t ion . Th is boa rd 
also carries components that e lectronical ly min imize the 
possibi l i ty o f carriage bounce by delaying the resett ing o f the 
carriage feed pawl . 

The ma in boa rd is moun ted ho r i zon ta l l y beneath the p r in t 
u n i t ; the o ther three boards are m o u n t e d ver t i ca l ly under a 
removable cover at the rear o f the p r in t u n i t and cannot be 
interchanged because o f offset connectors. 

Dis tor t ion a n d Marg in 

A s b o t h the t ransmi t t ed and received signals are processed 
electronical ly by using a c rys ta l -cont ro l led time-base, trans­
mi t t e r d i s to r t i on and receiver marg in are precisely de termined 
and are not subject to change because o f componen t wear, 
adjustment or lubr i ca t ion state. The t ransmi t te r d i s t o r t i o n is 
less than I % , whi le the receiver marg in is in excess o f 4 5 % . 

P o w e r - S u p p l y Un i t 

This u n i t is self conta ined and t o t a l l y enclosed, except for the 
ven t i l a t ion apertures. Access to the electronics and connexion 
strips is t h r o u g h removeable covers. The equipment A C mains 
supply terminates w i t h i n this un i t and is d i s t r ibu ted , v ia 
external connectors, to the elapsed t ime-meter (f i t ted as an 
aid t o maintenance) and the i n d u c t i o n m o t o r ; the la t ter is 
con t ro l l ed t h rough the internal moto r - s t a r t relay contacts and 
the external start and run capaci tor box. 

A t o t a l o f 8 stabil ized, over load and over-voltage protected 
D C ra i l voltages are available f r o m the power un i t , t h o u g h 
no t a l l are used when the t e rmina l is configured for + 8 0 V 
double-current s ignal l ing. The rai l voltages and uses are 
given in Table 2. 

The t e rmina l operates on an A C mains supply having a 
voltage in the range 210-240 V , 50 Hz , and power consump­
t i o n in the quiescent mode is app rox ima te ly 30 W . W h e n 
operat ing, the power c o n s u m p t i o n is about 100 W . 

T A B L E 2 
Power-Uni t D C Rai l Vol tages and Use 

Voltage Use 

+ 12 V Positive rail for logic system, including LSI 
12 V Negative rail for logic system, including LSI 

+ 5 V Supply for ICs 
+ 30 V Supply for keyboard resetting magnet 
+ 32 V Constant-current supply to charge print-hammer 

capacitor 
H 14 V Supply for energizing function unit, tape punch, 

and tape-punch and tape-reader magnets 
1 5 - 0 - 1 5 V Signalling supply for optional low-level output 

A N C I L L A R I E S 

T a p e R e a d e r 

The paper-tape reader (see F i g . 7) is a comple te ly self-
conta ined un i t , m o u n t e d t o the left o f the keyboard and in 
l ine w i t h tape issuing f r o m the p u n c h ; i t incorporates spr ing-
loaded taut- tape and tape-out sensors, and the character 
being read can be seen t h r o u g h slots in the tape gate. The 
tape hole/no-hole character code i n f o r m a t i o n is read mech­
anical ly t h r o u g h l igh t ly sprung lever sensors, wh ich di rect ly 
activate single-pole t w i n contacts ; the resul t ing 5-unit parallel 
o u t p u t is fed to the electronic logic. 

The mode o f opera t ion o f the reader is read-before-feed, 
bu t the state o f the code contacts is no t transferred to the 
electronic logic un t i l the feed electromagnet actual ly receives 
an energizing pulse; this a l lows the contacts m a x i m u m t ime 
to settle f o l l o w i n g tape movement . Opera t ion o f the electro­
magnet activates a feed pawl at tached to the a rmature , wh ich 
engages w i t h a ratchet wheel on the same shaft as the tape 
feedwheel. Each opera t ion o f the a rmature advances the tape 
by one hole p i t ch (2-54 m m ) . 

P a p e r - T a p e P u n c h 

The paper-tape punch uni t is a separate ent i ty wh ich is 
at tached to the left-hand side o f the page pr in ter (see F ig . 7), 
and is operated independently o f the pr in te r except for using 
the same mot ive system and source o f c o n t r o l signals. Dr ive 
f r o m the pr in ter m o t o r is t h rough too thed belt reduct ion 
gear t rains, w h i c h cycle the punch cont inuous ly at the 
character rate, in synchronism w i t h the p r in t wheel . 

Rotary- to- l inear m o t i o n for punch ing and stepping the 
17-46 m m wide paper tape is obta ined f r o m an eccentric on 
the dr ive shaft. Punching and stepping occur at different 
points o f the cycle t o give a punch-before-feed ac t ion sequence, 
w h i c h a l lows v iewing o f the last character punched. 

Six electromagnets con t ro l the punch ing o f the 5 code holes 
and the smaller feed hole. A cam on the eccentric presents 
the electromagnet armatures to the pole-faces on each cycle; 
therefore, only a small h o l d i n g current is required to ma in t a in 

F I G . 7—Paper-tape reader and punch units 
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the magnet(s) operated and effect punch ing ac t ion . Tape 
advance is by means o f a f r i c t i on dr ive , w h i c h impels the tape 
against the punch reference edge, and is l i nked t o the ac t i on 
o f the feed hole punch so that no movement occurs w i t h o u t 
a feed hole . 

F o r w a r d movement o f the central bar lever parts the feed 
rol lers so tha t a new tape can be passed un impeded t h r o u g h 
the punch f r o m the tape reel. Opera t ion o f a second lever at 
the rear moves the tape backwards , one character p i t ch at a 
t ime , to provide for tape cor rec t ion by overpunch ing . Paper 
cut t ings f r o m the punch are collected in a see-through plastics 
box, w h i c h can be readi ly removed for e m p t y i n g . 

L I N E T E R M I N A T I N G U N I T 

F o r double-current s ignal l ing t o the U K Telex n e t w o r k , an 
external t e rmina t ing un i t must be associated w i t h the Tele­
pr in te r N o . 23; the uni t is compact and is connected to the 
telepr inter l ine isola tor P W B by a signal co rd . I ts 80-0-80 V 
signal l ing supply is electronical ly stabil ized and protec ted 
against over load by fuses and a resistor b u l b (barret ter) . The 
t ransmi t ted signal passes to the S E N D wi re t h r o u g h a s tandard 
B P O low-pass T fi l ter . 

Connex ion o f the t e rmina l t o A C mains power is t h r o u g h 
the mains lead o f the t e rmina t ing un i t , f r o m w h i c h the power 
supply is d i s t r ibu ted t o the teleprinter and card ca l lmaker 
(where f i t ted) by separate cords. 

The t e rmina t ing u n i t provides a suitable po in t for t e r m i ­
na t ing the S E N D , R E C E I V E and S I G N A L E A R T H wires o f the 

exchange l ine, and those wires used for remote c o n t r o l and 
signal l ing f r o m the card cal lmaker . A test f ac i l i ty disconnects 
the t e rmina l f r o m line, at the same t ime i t switches in a local 
l o o p test c i rcui t for fu l l service checks. 

O P E R A T I O N A L F E A T U R E S O F T E R M I N A L 

K e y b o a r d L a y o u t 

There are clear opera t ional advantages to be gained, pa r t i cu­
lar ly i n terms o f opera tor t r a i n ing and convers ion t imes, 
f r o m having the keyboards o f typewri ters and Telex terminals 
as al ike as possible. W h e n the Telex service commenced in 
the U K , the teleprinter used (Teleprinter N o . 7) incorpora ted 
a 3-row keyboard , w h i c h had on ly a very basic s im i l a r i t y t o 
the, then, generally accepted typewri te r keyboard l ayou t . I t s 
successor (Teleprinter N o . 15), in t roduced in 1968, con fo rmed 
w i t h the BPO pol icy o f t r y i n g t o achieve the highest degree o f 
c o m m o n a l i t y between the keyboards o f these 2 classes o f 
office machine ; the 4- row keyboard used assigned one 
character per key and no var ia t ions in the or ig ina l l ayou t 
have been in t roduced . 

The Telepr inter N o . 23 has a refined version o f the earlier 
4-row keyboard , i n w h i c h the typewr i te r practice o f assigning 
2 characters to some keys is incorpora ted , the uppermost 
character being selected by coincident opera t ion w i t h the 
S H I F T key. The l ayou t (see F ig . 5) corresponds closely w i t h 
the Bri t ish S t anda rd 3 for typewr i te r keyboards , a notable 
exception being the loca t ion o f the + (plus) key i n the 
numerals row because o f its use in Telex as an end-of-selection 
signal. 

Keys having a c o n t r o l func t ion that relates d i rec t ly to the 
line signal are integrated in to the keyboard , but are differ­
entiated by co lour . The symbols incorpora ted are those 
specified by C C I T T 2 and represent a departure f r o m the 
previous B P O practice o f using abbreviat ions. Those charac­
ters that are inadmissabie for in te rna t iona l Telex c o m m u n i ­
c a t i o n — I T A 2 C o m b i n a t i o n N o s . 6, 7 and 8 (corresponding 
to %, @ and £, respectively i n the U K ) — h a v e their symbols 
coloured red. The dist inct ively-shaped N E W L I N E key has the 
same effect as the corresponding key on an electric typewri te r , 
but the generated character sequence to line is carriage-return, 
line-feed, carriage return. 

F a c i l i t y O p t i o n s 

I t is expected tha t the Telepr in ter N o . 23 w i l l be p r i m a r i l y 
used on Telex by the B P O , bu t tha t some terminals w i l l be 
used in-house and on pr ivate-c i rcui t telegraphs. A range o f 
opt ions is catered for , so a l l o w i n g the t e rmina l t o be con­
figured t o meet many system and customer needs. 

Faci l i t ies are selected t h r o u g h the presence or absence o f 
specified diodes i n the answer-back and o p t i o n P W B . T o save 
t ime and the need for soldering operations, the answer-back 
section o f new boards is fu l ly equipped w i t h diodes; i t is 
therefore on ly necessary t o cut ou t the appropr ia te ones t o 
give the required answer-back sequence. The diode arrange­
ment i n the fac i l i ty section is w i r ed to suit terminals for 
U K Telex ope ra t ion ; a l ternat ive system requirements are met 
t h r o u g h appropr ia te rearrangement o f the diode straps. 

The t ransmission rate to and f r o m line may be at 50, 75 
or 100 bauds and pr in ter speed can be varied by changing the 
m o t o r gear. The pr in te r opera t ion in the local mode can be 
at a higher rate than that d ic ta ted by the line signal, thus 
p e r m i t t i n g consistently faster opera t ion o f the keyboard and 
punch d u r i n g message prepara t ion . F o r example, when 
sending o r receiving a message over a 50 b a u d c i rcu i t , the 
p r in t e r w o u l d operate at 6j characters/s; in the local and tape 
prep modes, i t c o u l d be made t o operate at 10 characters/s. 

Effect of Interrupt ing C a l l s 

I f an i n c o m i n g cal l occurs whi le the t e rmina l is being operated 
in the local mode , the keyboard is immedia te ly locked to 
prevent any fur ther characters f r o m being keyed. The punch 
is also switched o f f ( w i t h the last character punched corre­
sponding to the last character pr in ted) , and the paper is 
advanced by 4 lines to separate the exis t ing local record f r o m 
the record associated w i t h the i n c o m i n g cal l . This safeguards 
the paper tape under p repara t ion against c o r r u p t i o n , and 
enables the te rmina l to acknowledge the cal l and to send 
the answer-back signal on receipt o f the who-are-you signal 
w i t h o u t delay. 

S i m u l t a n e o u s T a p e P r e p a r a t i o n a n d T r a n s m i s s i o n 

W h e n a connexion has been established an exist ing message 
tape can be t ransmi t ted in the n o r m a l way by using the paper-
tape reader. I f the L O C A L P R E P b u t t o n is operated, the key­
board , pr in ter and punch (switched on au toma t i ca l l y ) can be 
used to prepare another tape, w i t h o u t any interference w i t h 
this t ransmission. This s imul taneous opera t ion in on-line and 
local modes is k n o w n as the tape prep mode , and is main ta ined 
for as long as the connexion remains established, or u n t i l the 
local mode opera t ion is cancelled by opera t ing the R E S E T 
b u t t o n . I f an i n c o m i n g signal is received f r o m line, the blue 
a l a r m lamp is switched on , the reader and punch are stopped 
( w i t h o u t m u t i l a t i o n o f characters), the keyboa rd is locked 
and the carriage re turned, s imul taneously w i t h the paper 
being advanced by 4 lines. 

T r a n s f e r a b i l i t y of A n s w e r - B a c k a n d O p t i o n P W B 

I f i t becomes necessary to exchange Teleprinters N o . 23 for 
any reason, the answer-back and o p t i o n P W B can be trans­
ferred to the al ternat ive equipment t o produce the same 
answer-back response and te rmina l con f igu ra t ion . 

S a f e t y 

I t has long been BPO pol icy to make its teleprinters as safe 
as is reasonably pract icable, so that opera tors , maintenance 
staff and the ne twork are no t subject t o avoidable risks. A 
heightened awareness o f safety needs has been created by new 
legislat ion, no tab ly the Heal th and Safety at W o r k A c t ; this, 
in con junc t ion w i t h the new technology used in the Tele­
pr in te r N o . 23, has resulted in the inco rpo ra t i on o f safety 
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features not previously f o u n d in s imi la r office equipment . 
A l t h o u g h the electro-mechanical content o f the t e rmina l 

has been m u c h reduced, a few hazards remain t o ca tch the 
u n w a r y ; these have been guarded against by opera t iona l 
safeguards and by the careful use o f w a r n i n g labels. I f an 
opera to r raises the l id w i t h o u t first hav ing disconnected the 
A C mains as ins t ruc ted , possibly t o replace the paper r o l l , 
then the dr ive t o the m o t o r is cut before a finger-sized gap 
appears. I f access is a t t empted whi l e an established cal l is in 
progress, this also has the effect o f c lear ing d o w n the cal l and 
ex tend ing the ABS c o n d i t i o n t o the exchange, thereby pre­
ven t ing i n c o m i n g calls. N o r m a l t e rmina l opera t ion , in any 
mode , is possible on ly when the l i d has been fu l ly lowered. 

Hazards t o maintenance staff can never be ent i re ly e l i m i ­
nated, but their t r a i n ing makes them aware o f the nature and 
l oca t i on o f the l ike ly danger poin ts . However , t o m i n i m i z e 
inadvertent contact , in ternal covers are p r o v i d e d ; these must 
be removed before access to po ten t ia l hazard areas is possible. 

I n order tha t a t e rmina l can be operated fu l ly d u r i n g a 
maintenance examina t ion , it is necessary to have an over-r ide 
for the in te r lock that prevents opera tor access. A special 
swi tch has been prov ided fo r this purpose ; the swi tch is 
inaccessible to an opera tor and cannot be left operated by 
maintenance staff when the m a i n equipment cover has been 
replaced. A guard against possible non- inser t ion o f the cover 
p lug associated w i t h the l i d in te r lock is p rov ided by the 
swi tch ing on o f the red l a m p associated w i t h the C R - L F c o n t r o l 
and d isconnexion o f the d i a l ; on ly when this p lug is restored 
does the t e rmina l present its n o r m a l opera t ing state. 

Electr ical safety is achieved t h r o u g h close a t t en t i on t o 
in te r -un i t ear th bond ing , and careful specif icat ion and con­
ta inment o f those i tems ca r ry ing A C mains . I so la t ion f r o m 
the lines and c o n t r o l leads is t h r o u g h transformers and o p t o -
couplers. M o t o r damage f r o m over-heat ing is prevented by 
means o f a thermal cu t -ou t in the s ta tor w i n d i n g . 

T E S T E R 

A special-purpose tester ( F i g . 8) is available as an a id t o the 
maintenance o f the Telepr in ter N o . 23. K n o w n as the Elec­
tronic Maintenance Analyser ( E M A ) , it has the BPO desig­
na t ion Tester N o . 266A. The E M A is subst i tu ted for the 
ma in board in the base o f the teleprinter , and a l lows testing 
o f the mechanical uni ts (pr in ter , punch , keyboard and tape 
reader), correct func t ion ing being indicated by means o f a 
meter and lamps. I t can also be used to test the vol tage and 
r ipple levels o f the D C supplies f r o m the power u n i t , bu t does 
no t pe rmi t the testing o f the PWBs. Pro tec t ion is p rov ided 
against fault condi t ions or mal funct ions , w h i c h migh t other­
wise cause damage to a P W B . 

T . i ; E M A is intended as an a id to servicing and ma in ten ­
ance o f the Telepr in ter N o . 23 under w o r k s h o p condi t ions . I t 
assists in de te rmin ing whether a faul t is mechanical or 
e lectronic in nature, and can be used to check a un i t s ta t ical ly 
and dynamica l ly for correct func t ion ing f o l l o w i n g adjust­
ment or replacement. These tests can be made to a more 
onerous specification than that required for correct opera t ion 
using the ma in board . 

A l l the accessories necessary to enable the E M A to be used 
w i t h the Te lepr in te r N o . 23 are housed w i t h i n the l i d cover, 
wh ich also carries the opera t ing ins t ruct ions . 

C O N C L U S I O N 

A high p r o p o r t i o n o f the t o t a l U K annual capi ta l investment 
i n Telex is a l located to the cus tomer t e rmina l appara tus ; the 
i n t r o d u c t i o n o f a new telepr inter is therefore a significant 
event in the evo lu t i on o f the na t iona l Telex service. A new 
Telex t e rmina l (Telepr in ter N o . 15) was last i n t roduced in 
1968 and is cur ren t ly being replaced by the Telepr in te r N o . 23. 

W i t h the i n t r o d u c t i o n o f the Telepr in ter N o . 23, a number 

F I G . 8—Electronic Maintenance Analyser (Tester No. 
266A) 

o f benefits are expected to accrue to b o t h the Business and its 
customers. I n par t icular , the use o f modern technology has 
pe rmi t t ed the cost-effective subs t i tu t ion o f electronics for 
complex mechanisms—except for those basic funct ions 
related t o p r i n t i n g , paper movement and tape punching / 
reading. Consequential improvements in re l iab i l i ty and 
versat i l i ty , accompanied by reductions in size, weight , sound 
emission, rou t ine maintenance and first cost, have fo l lowed . 

The Telepr in ter N o . 23 is the first fu l l -capabi l i ty electronic 
teleprinter t o be provided by the BPO for Telex customers ' 
use. I t is a first-generation electronic te rminal g iv ing some 
enhancement in features and facilities over the equipment i t 
supersedes, bu t , at the same t ime, re ta ining the vir tues o f 
s imp l i c i t y o f opera t ion and giv ing good-qual i ty p r in t i ng . 

Because o f the pace o f technical advances in electronics, 
and marke t i ng pressures arising f r o m the development o f 
office systems and new services that w i l l compete w i t h Telex, 
the Telepr inter N o . 23 is un l ike ly to be in p r o d u c t i o n for as 
long as its predecessors; however, i t is expected to give good 
service for many years, and to be a most useful machine in 
m a k i n g the t ransi t ion f r o m the electro-mechanical teleprinters 
p redominan t today to the advanced electronic technologies 
tha t w i l l be used in future Telex terminals . 

A C K N O W L E D G E M E N T S 

T o meet the par t icu lar requirements o f the B P O , the Tele­
pr in ter N o . 23 is a var iant o f p ropr ie ta ry equipment designed, 
developed and manufactured by I T T Creed L t d . to a C o m p a n y 
specification. The au thor wishes to acknowledge the assistance 
o f colleagues and I T T Creed in the prepara t ion o f this art icle. 
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