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INPUT AND OUTPUT OP IKFOIHATIÖ1 IN 
HIGH-SFEEB DIGITAL COMPUTERS. 

/"FollowiBK is the translation of an article by N. V. Trabiukw, 
entitle! «Vvod i Vyvod Infonaatsii v Bystrodeyatvoyushchikh TsifJcovysn 
V»ehiBlitel*iwich Mashinafch" (Esglisfe version above) in Avtomatiches- 
koye tfpravleniye 1 VyehisMtelhiaya Tefchnilca (Automatic Control and 
Computer Technique}» Moscow,, 19$B,JJ 

XKPOBMA.TIOH CABREßS.    üeed most widely at the-present tiae" as 

the carriers are the punch cards, puECh taps and Bis-gsetic tape,    üsecl j 

considerably less -widely are the magastio wire asd the elBe-film»     '    | 

Basically, the punch, cards and panoh tape s^e equivalent and     j 

their application is. the computers Is explained by th© availability     j 

of the* pmah. card thoroughly investigated and widely «sed ia the cal- 

culating mä s,m2:pi±m machines a»d also by the afails.bJJ.ity of th© 

telegraph pxtach tapes.    The equipasHfc for these carriers differs • 

little froa the devices libldh. have already bee» used for several de- 

cades * 

The comparatively recently developed technique of sound record- 



i ia« on magnetic tape has a number of advantages in comparison with the 

. T,«,^for*«os and therefore, it has secured wide application in. the com- 

i outer techaique. Wire recording is characterized by som6 design dis- j 
) * *' * > * | 

j advantages ana Is little used*    Beeordisg OR the clce-film has act ob-j 

fcalnad ^ids application either owing to the inconvenience of working    j 

is darkness (vfaen recording), the duration of the film processi»g> ins 

^possibility of erasing and repeating the recording*    At the same 

I time, owing to its macbaxical strength the eiiie-film may be success». | 

fully used for program recording with repeated cyclical feeding into j 

the machine. In this case the programs is recorded on the filro by the ; 

mrforation method* i 
i 

Incited among the requirements which a carrier has to meet   j 

should be the low cost, small size, long life and the feasibility of j 
t 

repeated vse3 inerasabilifcy of the recording during long storage,  the ; 

feasibility of easy, checking of the recording and of the correction      j 

of incorrect recording, reliability of reading and also the feasibil- i 

j ity of ihfi assembling a complete set of the initial documents from       j 

I  separate tdeces*. i 
_ i 

The term « carrier siae« should be uMerstood as its geometric«! 

ai dimension (length, area* volume) related to a unit of information, 

for example to one binary digit.    Bm^rer,  it is sore convenient to 

use tie inverse magnitude - »the recording density« - defined as the 

: Ktttrt'ber of digits recorded on a «nit of length, area ©r volume. 

The choice of the carriers depends also on the characteristics 
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L ._--_________. „_JL   
of the equipment beiag used. 

! FINCH CÄRBS,    Up to <?60 binary digits or 2lt nxmhere eas be set   . 
i " * 
) ©a ©as paieh card*    IM practice, from on© to twelve muabers are set os ] 

j a pimch card.    Im addition to technical 'difficulties, the iacejapleie.    , 

j -ütlltoatiöB of tfe-a pras,ch cards is explained by the necessity of pattis^ 
I I 
j 0m thes the supplementary information - the sequence mmber of the        j 
I *"" ' ,. / i 
? card* the s^atool of the problem» etc,  (Figure ;1 and 2).'- j 
, * j 
I mmi recording twelve numbers, the maxims density os the ptstehj 

■        " ■ i 
I 

I card cosiprises 3 „ ^ j 
! " 960 > ,..,  digit* 6.3U   -r-H jäigttn-1"'! 
j I8t7ii • 8*25 era» 0*018 .«a*      . 

■ '■ 
If 

The foläsk and the filled-out punch cards cass, be stored a -very    j 
I " '   " I 

X©B.g time when clefltdie h/uaidity &ad temperature are maintained ia the] 
I       " « *      ! 
j storage space*    The istfoMaitoB oaa be read several hmdred tisaes j 

I -sltheüt appreciable ehaags in the qmlitj of the pasch eara/'eiarisig        | 

1 tb.ii? p!Toss5SS» i 

I The res.cH.mr is accoatlished' by the method geser&Hy used Is, the; 
I 

I ä'«.loü.etl?>>;-»a-aa3.;rfc5.c isühsicrass bv the contact brushes feeling throu$a! 
-   ' ' ■ i 

! ifes pr»Bched hols» (Figure 3) or with the aid of photocells or photo- ■ j 

j aisles*    In both cs.ses iha reliability of readisg is sufficissatly M#. 

I fit® correctness of the perforations is cheeked vlav&llj gr urith 

1 ths aid of deiiteea*    The ijaeorreet perforations oaanot be changed» 

t 

I lT^^eca?dIiiFl^"^irTAn-l^öioE State Standards) 6198-5'2 the diaea- 
j   aiens of"the punch card ares length L*18?.a*?.l, tiidth B*82.£*°»l, 
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la this case a mm card is perforated which does not"present special 

dlff.ictiJ.ties since only a small, amount of infcnsatle/i is put on a 

Ihe pnnch cards are very convenient tö assemble in the most 

diverse combinations.    They may be used both for the input of the ini- 

| tial data, and for the output of the resrults of the solution. 

| SquipsTsent used in the processing of the punch cards is cMrae- 
I 
j terissd by a relatitrely high cost and large dimensions    The handling 

X 
I 

I ox  ulas punch c&r-d äexriees reotix'os a coapa.rati.Yely fr&oucmt intervBti*- 

j tion OB. the part of the operator since the capacity of a single stip- 

I ply of äe punch cards in the existing • desigas does not exceed one 

| thousand cards,    Tb/s Kiaiateriamce technique is sufficiently simple. 
3 

j' The settiag«api?  inspection and repairs do not present special dif.fi- 

The iiBxinrus efficiency of the automatically operated devices 

I during pinching comprises 100 cards per minute,  or 15 to SO numbers 
I 
! 'oar second« 

f 
i. The rear trig rate- 'Bheia iiHly^ g photo-diocies inste ad of brushes        1 

i 

j 
fcrcv ugM in p raeti 9 or cards per xdr»ute or 1 ?Jf\     .a,,.,,,t». xrs 

|  (comma 
1 

/id;j j per ssee Hü e 'I'he r< ite of printing amounts ni to© CS.f ;e of      j 

j   6 tSEdii irci £' 3i.ii.pff ent to 1< •2   KIM1 3S1''G per second» 
j 

I 

i 

! 
The cper SX.XC rial i eliab Hit j of the devices is -raffieierd ly       i 

1 nasti, 
: 

B u 0£ oa.ff© of t he de' /ice ■s for 0»{?-»! hours in every 7h,- •hour 

: per5,od is -leces sary for preve» itiv s maintenance» 
| 
j 



__ _ .— L__ . . . -  

All devices used for processing the cards may "be reduced to 

' to two types - reading devices and punching devices having differeat 

I ©lectrie circuits. This facilitates the standardization of these de- 

vices . 

Among the drawbacks of the devices for work with the punch sards 

should he Included the impossibility of repeated reading or of chaag-- 

iag the reading sequence without the intervention by the operator. 

*£a 
$ 

Figure 3. Beading the numeric material from the 
punch cards with the aid of brushes. 

(1) « volts 
(2) » kilohias 
(3) - Output 
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HJSOH TAPE,    The punch tapes used in computer technique differ 

chiöfly iji the width on which the ma-slao® ntsrber of perforation« in thg 

lateral, direction depend  (the number of channels), -' . 

Tapes of 5-6 mxllliniiers in width (one channel) -to 162 railli- j 

meters width (80-90 channels) are used. Most widely used are the tapes] 

of 12 millimeters in width for two channels3 \'U$ millimeters - for $ j 

channels and 3!? inilliiaeters for 12 channels» 

Storage conditions, the ntrnber of times a taps can be made use 

of and the feasibility of restoring the information from damaged tape 
i 

are about the same as in the case of punch cards« j 

The correctness of punching is easily- checked automatically or   \ 

visually.    The correction or a change in the perforations of a tape      j 
,   . '    i 

are possible by means of second punching of another tape and by gluingj 

• 
together if appropriate devices are adapted for the processing of th 

i 

tapes glued together» If however, the devices are not adapted for 

this, -then the tape has to be punched once more (this is an automatic 

operation. 

The reading from the punch tapes say be accomplished by the 

some methods as in reading from the punch cards (Figure U). However, 

because of the lower mechanical strength of -the -punch tape in compar- 

ison with the punch card, and because of the great difficulties of re- 

storing when damaged, the use of the contact brushed is permissible 

only when the number of times the tape is to be used is snail. 



xhixü8 

Figure It*    Reading msseric material fron1 a punch. 
tape with the aid of contact feelers» 

(1)  - Output 
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Figure 5*    Beading numeric material from a ptmch 
tape with the aid of photo-diodes. 

(1) « F*D* - photo-diode 
(2) ■- volts 
(3) » Base 
(/4.)  - Output 
($) - Bssitter 
(©} - Collector 

10 



"Standard telegraph equipment provides for the start-stop move- 

ment of the tape* the pressing of the brush or feeler against the tape > 

taking place only during the stop period, ■• j 

The complexity of the equipment depends on the width of the        j 

tape.    The equipment used for very fti.de tapes does not differ substan- 

tially from the equipment for punch tapes»    The narrow tapes are pro- 

cessed with the aid. of equipment similar to the telegraph equipment. 

The cost of this equipment is comparatively-low and the dimensions-are 

small, The electric energy constaptioa araotmts to about 30-50 watts 

per device»    The setting-up* inspection and repairs do not present 

■ special difficulties.    The efficiency of the automatic devices operate 

ing -with telegraph pimeh tapes comprises 20-30 perforations per second. 

The rate of reading with the aid of photocells or photo-diodes F.D. 

(Figure 5)  (contactless reading) may -reach- 5-7 meters per second "«shichj 

in the case of a five-channel tape and with forty binary digits- in a    j 

rrajfoer comprises 150-200 msrhers (10,000 digits), per second ?fcile the  j 

rats of printing is 7-8 decimal numerals per second, j 

,   figure 6»    A. sample of- punch taps showing 
number codes» 

11 
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Among.the advantages of■ this equipment should be also included 

tfaa high, reliability of the operation and the.feasibility of related 

automatic input of material by meaaa of reversing or by means of glu- 

lag the tape into a ring. The disadvantage is the complication of. 

the design when incraasing the width of the tape. 

The s.xT&ageaeitt of the numeric- material on. a five-chanael tap« 

is shown isx Figure 6. One digit of a decimal 'number expressed, is bi- 

nary cede is arranged on each Urse» 

MAGNETIC TAPE AND MAÖliEf XC WIRE. The recording of number codes 

oi* a magnetic-taps or 'wire ±s  accomplished by means of local magnetic-j 
i 

isg of separate parts of the carrier. - - j 

» £6 
4a^Kcfl■J'*■K^SKM««K.*■,» 

Figure 7. Relation of th© residual induction B 
to ths magnetic field intensity H for 
ferröwcoatißg of the magnetic tape- 

IS 



The principle of magnetic-recording is based cm the property 

of acme ferromagnetic materials to retain the roagaetiaad state after ' 

the removal cf the magnetic field. Includsd among such Materials are . 

the magnetite fs^Ck ( v-phase), cobaltie oxide CogCH and a number of; 

others* The following relation is -characteristic of these materials - 

B»£(h)  (figure ?). j 

TH<% rtrwBical medium characterised by s*ach a relation may assume 
" 1 

a number of stable discrete states of the residual induction B-,_s B2, 

Bv.. each of which corresponds to the value of the external action 

of the roagnetic field baring the intensity Ep H^ H^»*.    However*       j 

it is very difficult to fix the boundaries of these states of the   ■     j 
i 

medium in practice, ] 

It is possible to create ami distinguish three magnetic states j 

of a medium with the simplest methodsj 

1) The medltaa is deraagnetiaed (B^g00)* 

2) The xm&ixm is magnetised ±n the positive direction (\@s
a 

3) The meditsrn is magnetised ia the negative direction (Bre£ 

* +Br). 

Such magnetic media may be used in the devices for the storagej 

of the codes of the numbers the base of the notation scale of which j 

is ecrual to or- smaller than three. The carrier is usually made.in 

the form a ferromagnetic tape or drum. The ferromagnetic tape re- 

presents a thin (UO-100 microraillimeters) acetyl cellulose base to 

13 
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which ferro-coating has been applied * j 
1 -...,., ... i Theracordirr of the electric pulses and i-neir reproauction are • 

j accomplished with. the aid of special magnetic heads  (figure 8)»    The    , 
i j 
I head consists of winding and a magnetic circuit«    It has two gaps -      j 
i i 

I the operating gap <;  and the back gap *'..« The back gap should be asj 

I ' i 
I small as possible since its presence determines the decrease in the  j 

1 i 
( efficiency of the reproducing heads and an increase in the current in • 

I the recording heads« i 

The current pulse delivered to the winding of the recording j 

magnetic head creates is the operating gap a field which is proper»« I 

tional to the magnetieing ampere-turns (Figure 9} and the parts of the; 

I carrier passing at this instant underneath the operating gap become 

f magnetized» Thus, the pulse is fixed or the carrier in the form of 
I 
6 

I a magnetic imprint having definite parameters, 
f 
I The combirwtion shor/iisg zero and unity on a. magnetic carrier 
s 

represents a ntrdber code*    The discrete states of the parts of a roag- 

| aeiie carrier are sectored by different methods,    Used most widely at 
i 

\  the present time are two «-level recording; three-tie?©! recording and 

I recording on two levels without s. space between the numeric iGia^es, 

In the case of iv?o«d,erel recording, the tape is magnetised in 
I 
a definite direction« For this p«poses a constant magnetic fisld hav- 

! ins intensity EL (Figure 10) is applied to it with the aid of the J ~ •        u 
I 

erasing .magnetic head«    This magnetic state corresponds erbher to zero 
i. 

JiX|. 
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I _u— , -____i___ _  
! or to the absence of a mperal. For the representation of unity* the 

tape is subjected to the action of the pulse of the external magnetic 

field having intensity B by means of the recording irtagnetie heads» 

As the result of this, a magnetic imprint forms on the tape.» "the maxi- 

mum residual induction, of the imprint reaching the value of Br* 

Ihen employing the two-level recording, there arises the neces- 

sity of distinguishing the state corresponding to zero from the state 

which indicates the absence of a numeral on a given portion of the 

tape» -: 

All these different mathematical states are characterised by 

the residual induction of the tap©, for example, *!l> It is possible 

to draw the distinction between them with the aid of the so-called 

marking pulses recorded on a. parallel channel. The image of. the num- 

bers consisting of unities and seross is accompanied "without fail 

by marking pulses which are Similar to the image of unity." 

It is known thst the electromotive force developing in. the 

winding of the reproducing magnetic head is proportional in time to 

the rate of the magnetic flux passing along its magnetic circuits 

dt dx (1) > 

where v is the speed of the motion of the tape relative to the 
magnetic heads $ 

A - factor- of proportionality. 

The rate of change in the induction flux of the" magnetic im- 

print Y/hea this method is «sea is higher in comparison with other 

16 
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i methods»    The length of the magnetic imprint is also greater which de~ J 

i : creases the density of the recording« . ? 

' The three «*le?el recording (Figtff-s 11) is chsiractes'Ised by three j 

I states of the residual intensity of the tape siagnetiisation,    The ab-    ; 
| ^ I 
j sews© of a msneral is represented by the &ero remaaent induction ia      ] 

! ' I 
| the case when the tape is demagnetised* Unity is recorded by mean»  j 

1 i 
öf siagnetiEing the tape in on© direction, for example to the ma gait Me! 

4;B„S and aero- is recorded by means of magrietiäing ia the opposite di~ ! 

reetion correspondingly to -11,,,, With this method of recording the 

necessity of marking pulses 'is eliminated« 

With other conditions being equal, the length, of 'the magnetic 

imprint «he» using this method of recording is 20-30$ less than the 

I length of the magnetic Impvi&t obtained •with two «-level recording am 

the amplitude of the signal betag reproduced is approximately 30*1 

I     Q&in>? to the circumstance that the magnetic material is ia the i 

i i 
| demagnetized atäte, the amplitude ©f the pulses originating because of; 

ithe magnetic tape defects, drops sharply« This considerably increases! 

1 . • . i 
Wits    'ViX&HaXmWmXtlb&rxi£resfi\',&"   I&&J.O* ; 

f * 

I      The two-level recording without an interval between tha xaxraerlc 

| linages is characterized by two distinct states of the tape» these 
j 
states representing groups of unities and zeroes (Figure (12)* 

Wies, reproducing the code recorded by this methods it is neces- 

sary not only to distinguish the zero state from the absence-of-a-mim.- 

18 
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Bigare 12«    Two-level recording of nunsbsr codes 
OB a magnetic tape without a space 
between the numeralsj 

(I) 
(2) 
(3) 
(h) 
(5) 
(6) 

« G.V. - Reproduction headj 
- U.V. - Reproduction amplifier? 
- Tg - Trigger; 
~ Gm - Coincidence circuit? 
■» M,l. - Marking pulses j 
- Output. 

19 



Jbssr state but it is also aeeesaaiy to know the number of unities and. 

asroes corresponding to the length of ..the msg&atisÄä. portion of. the 

tape* This is achieved with th© aid of the marking signals recorded 

on a special chaanel and spaced at internals ecpsl to the spacing of 

the reeoräiißg of numbers (parallel and parallel-series recording) or 

of the number digits (series recording). The marking pulses can be 

shaped from both half-waves of the signals being reproduced» 

The omioxiB  advantage of this method'of recording is that the 

saarLmum density, of the reeording is increased approximately twofold. 

It should be noted that the advisability of using one or the other 

method of recording numeric: images depends on the concrete conditions 

■of the utilisation of the ferromagnetic tapes in the storage devices. 

In  the overwhelming majority of cases the recording at öle- 

creto i&foriB&tion on a magnetic tape is accomplishea simultaneously 

along several parallel chasmsIs* 

The mod.®ra. raagaetic tapes have different ttl&ths and a correa* 

poaaingl/ ciifferent number of chamois» fh© wiäest tape usecL ia the 

automatic high-speed digital computers has © width of 125 Millimeters 

aad is designed for a simultaneous recording and reading along $Q 

channels» Tim  narrowest tape has a width of 6*35 millimeters and is 

.-designed for 1~3 channels. Most widely used ar© the magnetic tapes 

of 17,5 and r^j millimeters in width with parallel-series method of 

recording the numbers (figures 13 and 145* 

20 
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Sfhsn HöTed by the tape^üMißg ■jsaehajjismj the ferrociagaetic 

äeforseci as the rsshli of the stresses applied to it and 

as? the result of 'the unavoidable presence of skewing and'"conic it y of 

the generators of the gul.de rollers.    The deformation of the tape is 

expressed, 'by the appearance of skewing in the generatrix asd in its 

defl.sct.ioa. 

Th'e misalignment of the tape generatrix leads to th© develop«" 

msnf of Kisallgprnent of the lijie vt, and the 'deflection' of the genes?- 

j atrlx leads to the deflection of the lin% i.e, to the mäxiroum. ciefleo« 
! 
j tion or im magnetic iramlnts from the lise of the row 'by magnitude £ 
s 

[ The bias   %. and deflection   &• change with re-soect to the iuftenitttde 
J 
f s.<ic! the sign, during the process of the operation of the device (Fig- 
i 
I 

f 
I 
I      For recording along mariy channels., a corresponding number of 

I ©agnetic heads assembled iato a single imit are -used» The operating 

! 
I gaps of -t;he magnetic heads assembled into e. mit say have deflections 

| ft-cffi the straight line of the ga.ps isv magnitude    + c» 
I 
|      Ix,  is retry difficult to. set the line of the operating gaps of 
I 
f the u&it exactly perpendicular to the direction of the tape movement.« 

j This leads to the appears.nee of a bias is the line of the gaps by mag«. 

I nii'ude  * y* The bias is characterised by the angle «t> between the 

\ 
I direction of the tape Hsovesent suaü the liiie of the gaps.    In sojiie 
t .     . " 
i 
j eases the recording is accomplished with the aid of oae apparatus and 

j the reproduction -with the aid of another. Sometimes, several units 
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i 
I of'magastic heads are counted on one apparatus,, these units reading 

'; in sories the codes recorded on the tape, 

1      ^accuracies in the position of th@ operatiag gaps m in  dif- 

ferent waits differ both with respect to the sign and the asagnitude. 

It is obvious that magnetic-head units proper on different magnetic 

recording apparatuses cannot he set absolutely identically* As the 

result of -this the ahoTenaerdvionsd inaccuracies will be different for 

diffares! units,' The iM.ccura.cies pointed-out, lead to the appearance. 

of the deformation iR the code line by magnitude; 

v   + y, JU v, 4. y Ct 12) 

The deflections of the laagnetic imprints on a liae produced by 

the defamations and the lias of 'the tape hf magnitude AL lead te« thsj 
5 

decrease ia-the maxtamin density of the recording: I 

P raa» T +"il 
(3) 

ivhere    L    is the length of the jasgnetie iaprtn* of an electric phLse, 

'    Pre® 'the experience IK designing storage devices with a magnet- 

ic tat>e, it is loam that the magnitude of the defonnatixm of the 

cote lines      L increases with the increase is the mamber of the paral- 

lel Channels and. IJX the width cf the tape»   A reduction in the deform- 

ation of tie code liaes is achieved fey mea&s of increasing the preci- 

sion in the manufacture of"the components of the tape-windi»g track, 

?  
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the nsagaetic. head waits and their rousting OB, the magnetic recording 

1 ! apparatuses*    jfe, th® modern, storage devices the errors is the Bjanufac»! 
! 

I tar© and the asaesibly of the eomposeats do sot exceed a few tens of  i 
I 
] Eiierä&s. In order to reduce the magnitude ^Lj it is advisable to  : 

use units of the universal magnetic heads for the recording and repro- 

duction of the informtion from the tape and to increase the mechanic«' 

al strength of the magnetic taps base. 

bo*~   4 4' lit -*»{ 

Figure l£«    Deformation of the magnetic tape» 

The aggregate defermation of the tape resulting from the action 

of the stresses on it during the jEovesietvb mvst not exceed 5 fr 10$ of 

the laagaitude of the magnetic 'imprint«    The infraction of this condi» 

v--. 
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1 
! tion leads to* a reduction in the maximum density of the recording. 

;      At the present time the electromagnetic parameters of the 

channel »recording-reproduction* allow the recording of the pulses 

on the ferromagnetic tape along a single Channel with the maximum 

density of 30~u0 pulses per millimeter. However» due to the existence 

of the above-mentioned inaccuracies in the tape-grinding mechanism, in 

the magnetic head -units and also owing to' the poor mechanical para-  j 
i 

meters of the tape in raulti-channel recording, it is very difficult  j 

to achieve a high degree of density« j 

It is known that the representation of the number codes may be j 

recorded on the magnetic tape by the parallel, serial or parallel-«er-j 

ial methods. It -would seem that the parallel method of recording the J 
I 

information should produce an increase in the operational rate of the j 

storage device by n times where n is the number of pulses per   j 
l 

line« In reality no euch increase in the rate results because of the j 
I 

deformations of the code lines, these deformations increasing with  j 

the Increase in the tape width* The deformations lead to an increase j 

in the spacing of the recording and consequently, to a decrease in 

its density, 

For a correct choice of the recording method in every concrete 

case it is necessary to take into account the effect of the mechanical 

inaccuracies in the equipment of the storage device on the rate, and 

it is also necessary to take into account the performance reliability 

of this device. 
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The reading of the number codes from the magnetic taps is ac- 

complished by memis of inducing electric pulses in the magnetic heads, 

these pulses arriving Iran the magnetised tape sections travelii.ru;; 

past the heads«    Afterwards, these pulsea are amplified (Figure 16),     : 

The amplitudes of the pulses being read depend on the type of j 

the magnetic hap-e and ön the design, of the reading heads and. saount to! 

fractions; of a i;dlliv«ii to several tens millivolts. Therefore, both j 

the reading heads and the amx>lifier3 must be well shielded from the       ! 

| action of external elechroma^riehic fields, 

_,/, 

Ä— 

J 4 

r 
©►- 

full? 

Vt\ 

/]. 1 

"'*~.,:.ü»:^'*^ 

-»-£* 

u*h 

figure 16,    Reproduction of number codes recorded 
on lasjErieilc tape? 

1 - magnetic headj 2 - magnetic ijupriniss 3 ~ base; 
iu - ferromagnetic coating. 

(1) millivolts; (2) - Output- (3) - volts. 
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A substantial drawback of the reading process is the■linear 

dependence of the signal amplitude on the speed-ef-the -taps movement. 

Therefore, not only the upper speed limit is restricted bat. also the 

| lower speed limit. The upper speed limit depends on the precision in I 

the luaimfacttjre of the tape-wiading mech&niftsL and the lower speed limit 

is restricted «dag to the inadequate efficiency of the magnetic tapes. 

The reliability of raadl^g is also affected by those defects of the 

tape which so far it hasW been possible to eliminates the lack of 

uniformity in the magnetic properties of the separat© portions of the j 

tapef the presence of separate extraneous connections producing a. var- 

iation in the distance of the tape from the magnetic heads or charac- i 

terized by magnetic properties different from the rest of the tape 

surface» j 

i 
The mgmiU heads KKG«2 uesd heretofore in the computers have  | 

the following parameters» the height of the core assembly made of the   j 

annealed pemalloy   h*0«6 millknetersj the width of the channel (of      j 

the Magnetic mark) b*2 ifdllimeters 5 the B/uaber of the fading ttirus      I 
i 

w«200j  the 'width of the operating gap     SaO.QUQ ailHaeters. j 

With the recording cwreat. of 60-70 luilUftiaperes, the output of ] 

these heads comprises    ^^«200 aiicrovolts and    «^«800 microvolts 

trith the pulse repetition rate 1**000 cycles per second. 

The roagnetic heads performing simultaneously' the recording and 

reproduction along several parallel channels are combined into a single 

fl-MaEI'«!»H9l'S«IVt m ÜifllfWllP 
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unit of magnetic heads with shields being set up between the individ- 

ual heads * 

In one of the design bureaus of the instrxsttent-^aanufaotia-ing 

industry there has been developed a design and studies have been made 

of a .magnetic head unit in which zero deflection of the operating gaps 
i 

is secured in practice« 

?hJö unit secures the recording of the electric pulses arriving} 
! 

simultaneously at the magnetic heads windings -without deflections fromj 

an imaginary ideal line.    In the reproduction of the recording by the 

other units of this design (in the case-when the units are replaced) 

Figure 1?»    Design of the .drop-type magnetic 
head KiCG-2 
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öwte 

Figure 18«    Design of an assembled unit consisting of 
U7 sera rate magnetic heads. 

or when the tape is transferred from one magnetic recording apparatus  j 
t 

onto another, the line pulses are also reproduced simultaneously«    ! 

The minimum distance between the adjacent heads of the unit is j 

determined by the magnitude of interference created by the magnetic 

flux of the heads, -When there is a permalloy shield between the heads, 

the interference does not exceed »50 decibels and this distance is 

equal to about 1 millimeter. Such a design of magnetic heads secures 

zero errors with respect to the spacing and position of the operating 

gaps on one magnetic recording apparatus. 
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Ja the table below are shown the results of the study of a unit 

j of heads with different magnetic tapes. 
i 

Tested simultaneously with the heads were the magnetic tapes. 

The tests were conducted at the tape anovement speed v=1.5 aseters per 

second and the pulse repetition rate f=*10,000 pulses per second* 

The studies showed that with different cross sections, the 

tapes Bust havo a mechanical strength of not less than $  kilograms re« 

lated to a tape of 6*35 millimeters in width, and elasticity of not 

more than 0.1$ per unit of length« 

The physical and geometrical parameters of the tape must he ; 

homogeneousj.the presence of extraneous admixtures, impregnations, j 

gluing-together, slight tears, punctures etc» is not allowed.       j 

the ohysicai heterogeneity of the material leads to a change in I 
*■        * v» , j 

the remanent induction (when the magnetising field is constant) in the j 

direction of the tape movement. The geometric heterogeneity- shows it-j 

■ self firstly in the concentration and grain .eiaes of the magnetic pcw-j 
j 

der and, secondly, in the variation of the cross-sect ion of the »sag- J 

netic layer» The sisse of the grains must not exceed 0.1 micromilli- j 

meiere* It is also desirable that the surface of the magnetie tap« 

be polished* mien these conditions are satisfied, the amplitude 

• spread of the pulses being read is considerably reduced (at the present 

time this spread reaches up to 100 - 200$), the amplitude of the sig- 

nals heiig read increases by 15 - %>% and the wear of the heads is 

considerably reduced. The recording density can be brought to 25-30 
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ses on 3 millimeter* ' Meanwhile, the Type 1 and 2"ferromagnetic 
! 
S 

tapes of the Kharkov Sovnarkhoz Factory No,  3 used at    the present      [ 

time anri also the tapes G and CH of the firs «AGFA« do not satisfy 

completely the requirements demanded and at the present time ns?/ types 

of tapes for the recording of pluses are being developed. 

-   ■ i 

OPERATIONAL CHARACTERISTICS OF THE fERiÖi/iGhEFlC CARRIERS.    The j 

cost of magnetic tape or v?ire has no substantial significance because   j 
I 

of the feasibility of their repeated use*    The recording density on a   \ 

I -tape is very great arid comprises 100-^00 binary digits on 1 e©*'   or      j 

| 5000-50ÖOO on 1 <sr,3 with the tape thickness of 0805~0912 millimeters.,   ; 

I the recording spacing of 0.5-0»08 millimeters and the channel width      j 
I _ i 

\ 
With the proper temperature and humidity, the tapes may he \ 

stored for eeverai years -without losing their properties, -The spon- : 

taneotis erasing or a change in the quality of the sagrtetio recording ; 

| is hardly pro liable during long storage» ; 

Informsiion deposited on the tape or wire may be developed for   : 
I . \ 
I visual cheek bat this method should not be recommended to noraa! oper-; 

Uti^n bftoanse of its complexity arid lack of reliability»    For checking! 
|"  '  * .   J 
| the correctness of the recording one may reeoisnenü the reproduction oi 
i 
S 'the in-foxvßtion recorded on the tape with the subsequent printing oi 
}  • 

! ,. ( it on paper or recording on puncn cards, 

The recording on the tape car. easily he erased partially or 
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i 

i completely and'new recording can be put In its place. The technical 

: difficulties arise vihen erasing small, precisely bounded portions of 
i 

the tape« Therefore^ groups of material which may .he subjected to a 

simultaneous erasing should be separated by spaces of not less than 

3-6 millimeters* 

The* reading from the magnetic materials is accomplished by 

Timms  of inducing electric pulses in the magnetic heads from the aag- 

netised portions of the tape ■travelling past the heads and by an ap- 

propriate amplification of these pulses, 

The magnetic tape may be utilised both for the input of the | 

Initial data, and for the output of the final results of the solution, j 

The reading of the results from the tape and the printing of them on j 

paper according to the decimal amber system, are accomplished with j 

the aid of a printing device placed outside the machine. Magnetic | 

tape is used widely for recording on it those results of a solution j 

which are to be fed into the machine the second time, ! 

Equipment used for the magnetic tapes is essentially similar  j 

to the equipment 'for magnetic sound recording, 0n2y the electric partj 
t 
i 

is considerably different because of the special requirement» demanded; 
• i I 

of it» i 

The cost depends on the width of the tape and in the case of 

wide tapes is very high, The dimensions also dapend on the tape width 

and correspond approximately to the dimensions of the machines for 

punch cards«, Electric  energy consumption is insignificant. 
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The handling' of the automatic devices is comparatively uncom- 

plicated sM is reduced to the setting the t?.ast V&eXß m&. to the fix- f 
*    . ^ i 

ing-in of the end before the'start.of the operation* 

The efficiency of the atttomatically operating devices together  j 

with the machine comprises both in reading and recording' from 1000 to  j 
- •       i 

20,000 lines per second (50,000 to 100,000 digits per second) depend 

ing on the width of the tape and density of the recording. The designs 

of the magnetic tape devices are not complicated in principle trat re~ 

quire high precision in the laanufactare and assembly.    Considerable 

teclmical difficulties arise in the manufacture of the magnetic heads 

and of the components connected with them*    The setting-up and the 

repairs of the devices operating with Magnetic tape &re, very complic- 

ated in vies? of the" «rhre'm&ly hi$i precision in the adjustment of the 

tape-winding mechanisms. 

The. check of the correctness of the recording and reading is 

also difficult«    In order to secure control precision, it is necessary 

to make the equipment more complicated ox* lower the density of the re~j 

cording« 

Devices for the primary recording on the magnetic tape and de- 

vices for the input of information from the Magnetic tape into the 

machine nay be similar in principle and differ only in the speed of 

the tape movement and the. electric circuit» 

The tape can be moved during the reading both in the forward 

and reverse directions and'it can be glued into a ring for'repeated 
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reading,    k big disadvantage is the presence of the lower speed limit 

which daring the starting,, stopping and revsrsircg.produces the.omis- 

sion of the acceleration, and. braking sections passed at an tnsuf ficietij 

speed*    Therefore, the demlopraent of reliable'means for quick accel- 

eration and braking is very important« 

The studies earried-cmt, and also the experience In the opera- 

tion of computers is the USSR and abroad shour that in order to raise 

the.operational reliability of the magnetic.tapes, the quality of the 

tapes being produced should be improved, the magnetic heads unit 

should bs made in one piece and not assembled, a tape of not more than 

35 Enllimstorss in width should be used, and tape-grinding mechanisms 

with a constant linear speed and a folioT-Ttp system, for -taking up the 

SJS ok and the tightening qf the tape should be used to reduce" the « 

startlag, acceleration,, stopping and reversing time» 

Cim-aPXEM*    The »ovie filia has advantages over the magnetic       j 

tape "with respect to the density .and speed of recording*    The avail-   j 

ability of the -«rell-iavestigated and reliable cinematographic eqnip-   j 
I < 
| siont umkes it peesibie to achieve very high speeds of the .film isore»   \ 

' I 
[ Bxirii*    An important advantage of the film is also its high iReohaaieal j 

| strength»    The Htovie fila is convenient for recording a large amount   j 
I * I 
j  of the reaosatediy "used constant initial date or ccsanands recorded       } 

i 
i 

by the photographic or perforation method. 

(      The basic drawback of the filet is the impossibility of the 
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' immediate reading of a recording that has just beea ffiade.    For texs      » 

1 purpose, a ctrcbersone and long process of developing and drying is 
I 

j n.sc8:5ssr"y« I 
i , i 
( fhms not a single one of the three information carrier groups   » 

I considered, satisfies fully the modern requirements and,, therefore,,  it 

i* rofpccpw to work OB the search for new, sore efficient materials 

! * ! 1 jqqr} nn tV>  fVwlooment of sore improved equipmuirt* i 
\   "' " ! 

I I 
„ W,-D f^xTTPTTT DKVTCH&«,    The input devices are tiesxgnea XüA*     ; 

| '"""*' '     '      '  '   ' I 
I the preparation of the initial data and of the progpw. of trie soititxoiv 

I of * r)rc'hlem and feeding there into the machine. The output devices are; 

- i^'hetH^ fctf* the rierlvahiotu  fixation and the duplication (in case of  | 
i""" " ' ! 
necessity)  of the revolts of the solution of a problem* <, 

Ihile the operation of the roachine is fully automatic and its , ; 

rate may reach 200 thousand operations per second» the operation of ; 

the innt.it aid output devices  is  carried out v?ith the participation of '. 

an operator and,  therefor©,  at lira ted speeds» ; 

The initialere assembled, aa a rule,  on the keyboard. Tiers- ; 

fore,  the average rate of the operation of the input device« depends ; 

! on the physical eatebilities of the operator. : 
f;   ^ i 

} i 
I TV*.-? vp a  ra^hpr of ca^es for the input and output devices are   j 
i       "" "  .,    ! 
I mechanical systems the rates of the operation of which are consider-    j 

ably lower than that of the electronic devices, 

| The process of the performance of a program-controlled computer 
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! consists"of the following' operations« 

' First of all, the initial data, s.re prepared and the program is 

drs^ii up* i*e„ the sequence of the connnanoSj the position of the 

switches on the control panel, the selection of the removable unite 

of the machine, etc. are determined. All of this is set on & coded 

handwritten or printed list of commands» The initial data.and the 

program are transferred onto a carrier adapted for insertion in the j 

machine. This operation is performed by the operator by means of a , 

keyboard with an automatic coding of the numeric material. After thisJ 

records necessary for the solution of a given problem are assembled j 

and then the operator loads the input and the peripheral storage de- 

vices with the initial records* 

Ths input of the program into the machine and the solution of 
i 

the problem according to this program, or the control of the process  j 

■ are par formed automatically*"" The results of the solution are auto«« j 

'matically taken out from the machine and set on the output carrier, j 

I FroBi the output carrier 'the results of the solution are trans- j 

ferred}  if necessary» onto the final record, 

A thorough check guaranteeing the correct result must be pro- 

vided for every one of these operations, For the performance of each 

one of the operations, it is necessary to use special equipment the 

efficiency of which may be different at exmrj stage* 

flie equipment must be economical., characterized by small dimen 

sionsj low energy capacity,' convenient maintenance, ease of setting-up, 
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j inspection and repairs and finally it must' be characterized by high 

; efficiency at clifferent stages.     ... .   .-*.--,-   .- 

The reliability and the stability of the equipment during oper- 

ation are of special importance inasmuch as in the case of the high- ■ 

speed program-controlled machines the reliability mast be many times 

higher than in any other machines. This is achieved by the develop- 

ment of sir®!© designs,'by providing the feasibility of automatic con- 

trol and- signaling of incorrect performance,- and by the uniformity of 

different devices* 

The ijisportaxit requirements are the possibility of • utilizing the 

equipment used in other technical' branches and also the feasibility of 

automatic setting of the constant indices on the carrier» j 
I 

Part of the composition of the input and. output devices for the j 

automatic high-speed digital computers are no fewer than three fane- | 

tion&IIy different elements * a device for the primary recording on the \ 
l 
f 

carrier, the reading device and the printing .'device» Used for the   j 
i 

primary recording is a perforator or a device for primary recording on! 

a magnetic tape of the start-stop type controlled from a keyboard« 

This device can be designed tooth .in the form of a. single unit or in 

the form of two units - the keyboard and the recording unit proper. 

Actually j. the make-up of the input and output devices is fre- 

quently considerably broader« It includes devices for the duplication 

of the recording, copying the material from one carrier onto another» 

sometimes with the simultaneous change in the recording code, and also 
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the control devices. Borne machines are adapted for the operation with 

several carriers at once« Such machines have to be equipped with sev- ! 

jeral devices performing identical functions* Iß addition, part of the 

machine assembly may he the continuous-discrete converters which trans 

form a continuously changing magnitude into a sequence of numerical 
i 

ivalues, and the discrete-continuous converters -which make it possible 
! 1 
to present the results of the soitition In graphic form» For the pur- j 

pose of reducing the nomenclature of the devices, sorae of them may per-* 

font, several function« at once. For example, one and the same perfor- 

ator EIST be used both for punching of the primary data and for bringing; 

out the- results and their duplication* 

The basic set of the equipment of the input- aid output devices 

•necessary for a normal operation of the machine must secure the rer  j 

cording of the initial data and the program of the solution, duplica- i 
i 

tion of the information, a check of the initial data, input of the iai-j 

tial data and of the program of the solution into the machine, bring- 

ing out the results onto the output carrier and the printing of the re~j 

la -vim of the great diversity of the Eachines with respect to 

1 
[the purposes and also in vier of the great diversity of the problems 
\ 

Isolved on them, it is difficult to create a single set of equipment 

» . 
land to develop a single system of the input and output devices, and it 

is doubtful if this may be recognized as being technically and eooncoe 

ioaliy justified. 
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i On the basis of the natiw and foreign experience in the opera- 

1 tion of the automatic high-speed digits! computers, a system of input   ■ 

and output ctevicea independent of the machine eatcept fo*\*the lead-In 

and lead-out devices should be recommended for'large gsnöral-pisrposö 

machines at ih6 coBiputer centers where the drbmnsiom of a. machine 

have not particular significance»    In this case it is advisable to use 

pTtneb eaxtls and magnetic tape as carriers. 

The input and output devices of euch Eäohines may consist of 

a keyboard device for the setting and coding of the numeric materialj 

the card perforator for recording the numeric Katerials the verifier    j 

of the punch cardsj device ■ few copying the numeric material from the j 

■nunch cards onto magnetic tapo in the rsquired sequence (when the j 

amount of the initial data, is large)5 the lead-in device: with photo» j 

I diode reading for feedißg the initial date into the xoaohine from the    j 

I punch cards (when the anüunt of the initial data is snail) and also      j 

) for the feeding of the test programs, etc; d©Ti.cs    for the lead-** 

I of the initial data from a magnetic tape vhrni the amount of infanaa-   ! 

j tlon is large (peripheral storage device); perforator of the results 

| for bringing out the filial or intermediate results of the solution 
I ' " 

osxbo the pxinoh cards; device ■ for a slow reproduction from a raagnetxc 
f 
I tape, this dsTice being designed for the combined operation with the 
1 
j priniing ae-ri.ee when the amount öf the results? of th« solution 'brought 

J out onto the magnetic taps with 'the aid of tbs peripheral storage de- 
( ' " 
{ vice is large§ the printing device which must operate at the rate of 
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i 
I 20-30 numbers'per second and the graphing device for bringing out the 

, results of the solution from the machine in the form of a graph as a 

I final record, aad also for checking the progress (process) of the solu- 

tion of a probten. The printing device has to bring out the results 

of the solution directly from the machine if these results are not 

many (bringing out the control points or sums) and also to print the 

j results of the solution much are read from the punch cards or from a 

i < ■ 
TCeiPneixc tape outside the raa crime«. 

! •» B'or the general-purpose machines where dimensions pray ufte de- 

ciding role,  it is possible to raconwend the five-channel standard 

j telegraph tape as the infox-nation carrier. 

In special machines designed for the solution of problems of 

a definite scope or for the control of definite processes and object, 

\ the structure of the input and output devices ard the type of the car- 

rier deyend on the tyre of the problems to be solved,  the form of the 

technological process and on the progrsr: of controlling an object. 

At the present time,, the accumulated experience in the manufac- 

ture and operation of the input and output devices makes it possible 

to carry out their standardisation ard to create e number of unified 

sets of these devices for different types and classes of the machines. 
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