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. CHAPTER 1

.. INTRODUCTION

An imgorﬁanf cgmponqnt in the communication of information .
to the user of a digitalicompﬁter ié the outpub equipmento Ofteﬁ
the speed at which daba is obbained is limited by this equipment.

In addition, the nature of the data at the oubpubt may not be in a
form which is readily analyzed and intérpretedo For these reasons,
considerable interest recent;y has been in the output devides re= |
Quired for digital cbmpﬁterso Many solutions to the problem of
high speed readout with acquraéy and flexibility havé been proposed,
‘are in existencép and areibeing_develOpedo Among these are s&steﬁs

using cathode‘ray tubes.

1.1 Cathode Ray Tube DisP1wys

Two approaches u31ng cathode ray tubes (crt) have been
’puréuedo Tubes, such as the. CharaCuron and Typotron, have been develm
opedlwhic@ enable rap;d'codlng of characters and positional informa-—.
tion upon the tube face. These devices use electr§ns shot through

"8 matrix of cuboubs in the shape of fhe characters within the tube
to display these symbolso The other approach, similar to the IBU 750
and 780 units, displays output information by conversion of dlgltal=
to=anslog data which is then dlsnlayed on an oscilloscope. Alpha=
betic and numeric characters are generated by the display of points

1



2
under caﬁtrolyof r§uﬁines; The IBM 740 crb fecorderl is a’digital=' .”'
thanalog;con§efter comsisting4of a seveneipch cathode ray tube and
control-circuitfy used'with a‘fi;m récordero‘ The 780 display is a
,2lwinch cathode réyvtube sYstem'whigh_provides visual diéplay of
data being recorded in_the 7h0vunit° The‘data to be displayed is
transfe?red from the computer'to the defléction registers of the
display. The reecrder?(7h0) first converts the data to dual de—
‘flection-voltagesg Aﬁfter.the voltages reach the desired accuracy,
the crt's are unblaﬁked and the coérdinate point is di3playedo

Thus, the IBM dlsplays are of the Spot positioning and
prlntlng typeo A,clrculﬁ used‘W1th‘IBM display systems has been |
described in literatﬁ:ezo ' The circuit provides the conversién of

positional’infofmatidn‘from digital=tdfanélog in a mégnetic de=

. flection system by the use bf binary'Weightedg'Constant cﬁrrent soufcééovf‘:

Ouﬁputs from the swmtch tubes used are tied in parallel and fed to the
deflectlon yokeo The eXperlmental system requlres seleeted tubes and .: .
preclslon r331sﬁorso Over_a;perlod Of.BO hours the system remalnq to
- within an.accuraqy’bf pqsitioniﬁg of 0.1% with no visible evidence'of

drift. i T

l1BM 70l Blectronic Data Proce331ng Machine Manual of
Opersbions - International Business Machine Corporation — L95L-~55,
Pp. 65 350

25, J. Smura, A Blnaryawelghted Current Decoder, IBM Journal
October, 1957, ppo 556=3620




1.2 Statement of Problem

"~ This the51s presents another orlglnal approach to the
display of digitally processed data. The display system oubputb
would consist of a commercial v1deo monitor system. The picture
ﬁube'would'be convehtioﬁally swept-in.the horizontal and vertical
directions. However, the sweep.signalS'would_be elgctrically4divided
‘ into segments by thé équipment'of-this‘thasiso |

:These segments would be cognfad iﬁ binary counters. For a
particular pqiﬁt‘tqibe’diéplqyed; thevcdo?dinate information'wéuld
be coﬁpared with the count in logic-circuitso A coincidence of +the
- resulbant abscissa an&-ordinaté pulseé woﬁld provide aﬁ unblanking
pulse for the print axis of the cathode ray tube.

The problems of prdvidihg such a aisplay are thbse of anal-
ysis of the system requirementsg the design and mechanization of the
glectric circuibtry to perfofm the dési?ed quantizing’and point selec=
'5:‘3‘}’_on.9 and the evaluation of the system.

The equipment<of this thesis wes designed to be'compatible
Wlth ‘the ex1st1ng Special Purpose Arizona Computer, Experimental
(SPACE) equlpment and conceptso‘ Flgure~1ﬁ1 shows the equlpment‘ '
involved. The ex1solng SPACE eqpipﬁeni coﬁsiSts of input=§ﬁtput
_eqﬁipmeﬁiuwihhitapé’memory; Binafy’signals ffom'the typewriter are
converted to gated audio tores and stored in this memory. This data
can be taken from memory. and decoded into blnary signals for byping
out information or to pr9v1de point information to the dlsplay

equipment of this thesis,



TYPEWRITER

MAGNECORD
TAPE RECORDER

48 CH. ICH I CH. 48CK
RELAY .., DECODER MULTI- ..  DIODE
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(SEE NOTE)
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NOTE: The converter

exists in the con- SYNCHRO-
ceptual state only.
However, future NIZER

plans are to couple
the IBM 60B to the
other SPACE equipment.

FIGURE 1.1 SPACE



' 5
The concepts iﬁvolfed in the SPACE program are to provide a
digita1100mputer_sysfem'whiqh'will function for demonstration, re-
‘ search evaluation; and:educétioﬁalbpufposeso 'The demonstration and -
educational-values of & display of‘digital précédure are obvious.
Théwmany'uses of the diSplay‘for'reéearoh evaluation and experimenta-

tioh.are listed later.



GHAPTER 2

s -:‘SlYSTEM/AKAiYS:IS;‘. M‘vﬁ'?pESiGN o

'; gf2 1 General Descrlptlon of ﬁpproach

o ’Qy The baSlC 1dea 1nv01ved 1n the dlSplay system . developed is-
 ?the ﬁtlllzatlon of the sweep features of a standard televxslon |
:recelverq ThlS would be eccompllshed by quantlzlng the sweep 1nter= =
vals 1nto “bime segmentso’ A count of these segments can be compared
w1th the 1nput datao“ A 001ncldence of 51gnals would prov1de the
X‘AVnecessary‘gatlng 31gnal for the dlSplay tubeo-‘ o _v |

| S ThlS scheme prov1des 3 dlSplay of po:nntso A.detailed de=

e scrlptlon of the evolved system followso o

"v¥;202 Méﬁhod of Telev131on Scannlngl

In order to facllltate a descrlptlon of the dlsplay systemg s

'-ela brief dlscusswon of the telev181on dlSplay process Wlll be preu e

o sented°

The phosphorus screen of ‘a telev151on plcture tube is llnearly

‘scanned by a beam of - electronso‘ Sawtooth 31gnals of dlfferent frea -

-_quen01es are applled to the horlzontal and vertlcal deflectlon plates e; f'fH

. 181d Deutsch9 Theory and DeSLgn of Telev1smon Recelversg
‘ MbGraw~H111 Book Coog Ineeg 19513 pp° 5—17

4 ._




or coils. With thg applicationvof,the sawtooth'wavefbrms to both
sets of plates or coils, the beam is moved rapidly across the screen.
At the sém.e'timeg it is moved slowly down the screen by the slower
verticai sweep. The downward tilt is not discernible because the
horizontal sweep is so0 mich faster-than the vertical sweep. The
tilt is juét sufficiént to oaﬁse each horizontal line %o begin‘
slightly below theﬂpfevious one. .When tﬁe beam reaches the right
side of the pidture ﬁubg, a horizontal blanking pulse appears on the
grid of the bicture tube and cuts off the beam. Shortly after the
beanm has been blanked, a horlzontal synchronizing pulse is received
by‘the'horizontal'sweep system0 This sync pulse initiates the start
oflthg Snapback.of thevhorizontal sawbtooth. The beam returns to:the‘
left side of the screens This prooess’is_continued until ﬁhe beam
reaches the bottbm of the écanﬁing fastero Then, itiis'returned to -
| the top by the abrupt rise of the vertical sawbootho |

| Another feature vused in commercial telev151on conccrned'w1%a
the réduCulon,of required video bandw1dth and assoc;ated'w;th the
| picture,presentatidn‘is that of:interlaced éqanningav‘The‘hbrizbnﬁal’
ines are nqt scanned in sequence. By ﬁhe proper sélection'of the
‘ hofizonﬁal and verticél scanning frequencies, every other line is

scammed o

03 System Requlremenus and Concephg

Hav1ng establlshed the mannev by Whlch television rasters
are 1ormed tha general requlrements for the dlsplay &ystem conld

'then be de‘termlnedo



Slnce a dlsplay of p01nts was desmrea, the electron beam

.had to be cut off and gateﬂ on.wnen the p01nbs were to be prlntedo\

'»«iThls mebhod 1s dlfferent from telev1510n dlsplay of 1nformat10no

iIn that medlum, the-beamsls}permltted to ‘excite the pnosphorus when;'
’ no v1deo 51gnal is preseni, and is turned 01f or to 1ess 1ntens1ty
":by v1deo 1nformat10no’._ it ‘ o
: Another requlrement whlch had to be satlsfled oeforo the o

"dlsplay system.could be esnabllshed'was the need for synchronous ‘

 ' f; 31vnalso» The horlzontal and vertlcal sweeps had to be properly

”tlmedav' b8818 tlmlng source'was neededo

| o In addltlon, a method of d1v1d1ng the sweep 1ntervals 1nto
;segmenbs was requlrede Thls lelSlon had to be the same for each |
k sweep, that is;. 1n synchron13m.w1th the sweep 51gnalse |

b, Addltlonal requlrements were 1mposed by the nature of the

‘_1nput 51gna13‘whlch were avallableo' Slnce ‘the dlsplay equlpment 1s

"‘Lto be used Wlth a serlalnparallel machlne, “the 1nput 01rcu1try‘was

de51gned to permlt max1mum use of avallable featureso (A ser1al= .

n_parallel machlne is deflned as one 1n whlch the blts representlng a j

"’dlglﬁ are’ senu from one locahlon to another on parallel llnese Suca Jf“'“l”b

ﬂ‘06351ve dlglts are sent 1n tlme sequenceo)% , 
With the above requlrements as ' a gulde9 the dlsplay system '
Hl;was conce:s.‘vedo Flgure 291 shows 2 block dlagram of the systemo

“;'Flgure 202 shGWS'Waveforms of the 31gnals 1nvolvedo o
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Horizontal Timing Waveform
« - A-. - 16,66%xis

————— H
/. sweep nx _ o
L /interval \—  -———-- » Vertical Timing Waveform
V 580M, j
1.008
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X Counter Signal
I6,667x<s —-——-——--—-
3937.5 cps
pulses

Y Counter Signal

X Coincident Pulse from comparison of X
stored data and X counter

Y Coincident oulse from comparison of Y
stored d?ta and Y counter

Coincident Point Pulse

FIGURE 2.2 TIMING DIAGRAM
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Sixvchannéls of binafy information are évailableo ‘A seventh
chanpel presents a pulsé each time data is transmitted. S&ince the
.data is presented in serial-parallel fashionﬁvgates are reqﬁiredvtp
pfoperly direc% these signals to either the X or ¥ input registers. -
The sevenih channel signal is used to open and close these gates.

From six lines carryiﬁg binary information, 26 or 6l different
nﬁmbers méy be represented. Since the hofizonﬁal scanning freguency
is 15,750 éycles per secohds thexquantizing frequency'was determined
to be &b x 15,750 = ioOOS megacycles per second. Using this quanti-
zing frequency, the horizonﬁai swéep and retrace signal can be divided
in éli segments. At’each segment then, an electrical pulse occurs.
These pulses are}counted in a binary counter. 'When the coﬁnt compares
exactly with the input data which has been placed in temporary storage,
a coincidence can be obfainedo - |

© The interlaced‘scanning property of standard television re-—
ception'wasAomitted from this initial approach. There are ways of
using this display system and inﬁerlaced scanning. One of these
, Would’be'to divide fhé ffequen¢y from 15,750 cps in a different mammner
than indicated and ébfain the standard vertical scanning freduency.
Then ﬁhevdisplay daﬁa.déﬂ'bé gated.onffor every other field.

‘Having debermined the horizontal quantizing frequencygbthe
- selection of the Veffical frequencies followed. Since all éignals
'Were‘to,be synchronous;lit was decided to generate the 1.008 mega= '
¢ycle per second signalfin a cryst'al‘oscilla’oor0 As iﬁdicated in
‘Figure 2.1, this oscillator frequency was divided by 6L to give %he .

" horizontal scanning ffequency of 15,750 CPS o This_freQuencyg in
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lturn; was lelded by h to give the verﬁlcel quantlzlng frequency‘of
‘. 3937 5 cps,; D1v1d1ng agaln by 6h gave the vertlcal scannlng frequency'fs

’ of 6105 cpso | | ‘ | |
Also shown in Flgure 2 1 lS the“generetlon of a comp031te o
1nsure proeer tlmlng of the swoepsafwle
- 3 As mentloned earller, the 1nput data is sﬁofeduln an elecu .
x ,tronlc memory called a reglsteroi The time of s%orege depends on the '

'émanner of usageoi For 1n1t1al tests it Was selected to be h5 mllll—"

lfsecondso ThlS 1s a’ tlme greater than that requlred to read the data,',e(i"w

H"f‘lnto both the l and'Y reglsters and to comolete one’ vertlcal sweepo

' The count 1s then compared w1th the 1nput datao A cOlncldence,'
g of the X data and 1ts counter'would generate a pulse in 1ts 1oglc '
clrcultor Thls pulse, howeverg is not apnlled to the % or prlnt axis

' ,of the cathode ray tube unless the Y data 1s 001n01dent Wlth 1ts f

'countero ”

ieratlon of the X and Y axes 1s p0381ble by obtalnlnv the counter :
‘:status for these oo:l.ntso Also, a capablllty of resettlng the counters
is neededo Slnce the sawtooth sweep 31gnals epplled to the deflectlon

j coils or- plates requlre tlme o sweep backs ‘the entlre scan 1nterval

tilrcannot be usedo Hences the counters musﬁ be reset to zero for the y{f‘

Addltlonal features are 1nd1cated on the block d:.agramo Geﬁé‘ﬁuﬁf

1fstart of each sweepe_ The reset swgnal is derlved from the same source“f:,lrw

- whlch prov1des the horlzontal and vertlcal gatlng s1cnalsovg‘



CHAPTER 3

SYSTEM DESIGN

3.1 Properties of Digital Circuits”®

Digital circuits are characterized by input and outputs
which have two states usually defined as zero and one in binary
notation. Depending on the specificcomponents used, the two states
may be represented by a contactopen or closed, a voltage level
high or low, or a pulse presentor absent, magnetization in one
direction or the other, etc.

The number of b”sic digits! logic circuits is small. The
"and", "or", and "not" operations are used in this thesis.

The "and" circuit, also called the coincidence circuit or
gate, h”s an output of one if and only if its inputs are one. For
a two-input "and" circuit, the following table can be constructed to
illustrate the properties.

TABLE I

INPUT INPUT OUTPUT

Rrroow
roroWw
»—-ooog

A. K. Susskind, Notes on Analog-Digital Conversion Techniques,
Technology Press of MIT and John Wiley and Sons, Inc., pp.L.1-L.3%

13



The lorll circuit, also called mixer, has an output of one
if any of its inputs is one. For a two-input "or" circuit, the

following table can be constructed.

TABLE II
INPUT INPUT OUTPUT
A B A+B
0 0 0
0 1 1
1 0 1
1 1 1

The "or" and "and" operations may be realized by either
diode or vacuum tube circuits.

The "not" operation is obtained in any circuit which inverts
the polarity of the input pulse.

Another circuit used in digital application is the bistable
multivibrator or flip-flop. This is an electronic circuit contain-
ing two tubes which can exist only in one of two stable states and
which can be put into one or the other of the stable states by means
of an external signal, usually a trigger pulse. After occurrence of
the signal, the flip-flop remains in the newly acquired stable state
until another external signal occurs which causes the flip-flop to
return to the first stable state. The bistable multivibrator is
used for the generation of square wave pulses, counting, and to pro-

vide electronic memory.
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1 3.2 Input Glrcultry

The . inputb c1rcu1try, as seen in Flgure 2,1, is defined to
con51st of the inpub gatesy gate generator9 and reglsterso |
The data to be dﬂsplayed'W1ll be Dresented +o the dlsplay
unlﬁ in’ parnlle1=ser1al fashlonc -Elther the X or Y data may be
presented firsto: 5ix binary channels of infofmaﬁion are'availablea
A seventh channel’ presonts a blnary ﬁone“ signal whenever any data
is belng processedo These signals are used to generate the gatlng
signals which determine Where the data is to be placed.
| The inputb gatéé,‘shown in Figﬁre 3.1 were designed to accom-
nodate positive input signals. Since an inversion takes place, the.
Jinput registers, Figdre.3553ﬁwere designed to trigger on negativel
signals. |
| The in@ut'registefs are feqﬁired to store the data for a
time dépendenﬁvonwthélﬁég'of the display. If-dafa‘is inserted in
- ‘thé X régisters;firSﬁ;anﬁ,yﬁhen;‘into the-Y,vand neither the X nox ¥
is‘increééed.by inéréméhtss thén»the'fiﬁe that the data is in storage
mrst be gfeater than théffiﬁe to make one vertical sweep. -If data is
“t; be'displa&ed‘with oné parameﬁer, probably the Y, varying in incre%.
ments,‘thén the registers would only be required to hold the data for‘
the length of one horizbntél sweep. In"the equipment'desivned to
vevlfy the theory and logic 1nvolved the tlme of holding the data in
“the registers was selected to be 45 milliseconds. In the discussion
of applications, the time that,data,is in a register‘is chosen to be.

the horizontal sweep. bime of approximately 50 microseconds. Since
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FIGURE 3.1 INPUT GATE
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the input registers asre mondstable multivibrators, only one condi-
tion can be satisfied.

1 were used to design the

Conventional graphical methods
monostable multivibrator used in the input registers. The final
circuit is shown in Figure 3.2. Complement signals are available

for use in the_logié circuits which follow the registers.

%05 Counter.

| The bistable multivibrator or bingry has been described as
a tﬁo=$ﬁk€regenerativevcircuit which can exist indefinitely in
eithervof o sﬁates-and'which éanAbe caused to make an abrupt
transition from one state to the other. Thebbinary has two out-
pus one of which is the complemeﬁt'of the other. Rscalliﬁg that
voltagé leveié‘qagvbe givén the value of 0O of i'whetherﬁthe lével is
‘low or high,‘iﬁ‘is'seen that a bistable multivibrator prb#ides such
éignélso If”one'ou%put iszcélled B;'ﬁhe other will be not B or in
Boolean ﬁotéti&ng Elv Théée are the signals referred to latér in

thé discussionibf the iogic circuito |

| | éélfééiaséé binafies with symmetriéal triggering are qsed in
- the cqunter designeda The deSigﬁ2rcf a typical binary stage as
-showh in Figure 3;3‘was as follows. The design is‘presénted in detail
' since it‘differé‘from ﬁhé reference in'acéounting for the method of_

tfiggéringa' The values of Ry and R were selected to be‘}égOOO ohms o
e o _ 4

15, ¥illman and H. Taub, Pulse and Digital Circuits,
McGraw-Hill Book Co., Inc., 1956, pp. 145=-20L. ,

“Tbid., p. 15,
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The ’Gub"e Wé's’ chosen to be a 6211, _:'The cathoae resistor, Ry was
selected‘to_be 10k, Since: the time constant of the cathode resistor
and by-pass capacitorsiRk:C9 must‘bé,greater than fhe transitionvtime
which would be sbout one microsecond, C was made 0.02 microfarad.
Tube Tl of Figure 3.5 was then assumed‘to be cut off and tube
T, clamped with a grid to cathode voltage equal to zero. The élamped .
current I 6f Tp was de"cezﬁined by drawing a load line which‘ passed V
through a supply vol@age.of 150 - RIz'énd had a slope corresponding‘
“ fo Ry, +.Rko Severa1 graphical trials were made before an Io of 106
milliamperes was obtained. | | _ ‘
This value provided a cathode voltage, Ep = 10 x 1.6 = lé‘voitsc
The plate to ground \foltage s Hpps of Tp became 150 - RIp = Bylp = 55.
 'vo1ts; Eﬁb;* 150 - RIé’= R .5 volbs.
' ~ The gridmtongréund voltage of Ty was found as
Begnl = By X350
Bt R
- Ry and Rp were selected equal to 270k and IOOk-respectifelyo
‘Then, - | |
E 100 x 35 = 9.5 volts,
370 |

gnl =

The grid-to-cathode voltage of Ty was

Boxl = 965 = 16,0 = = 655 voltso
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The cutoff voltage is approximately.ua voits for the plate
voitage of Tq as given. Hences Ty is truly not conductlnge

Wlthout grld current, the voltage at the arld of Tp Would be

Egnp = ®R5 % 100 = 22,5 volts.
: | 36+ 270 + 100
However9 since the cathoée voltage is at 16 vol%sg this |
'grla is clampea and the orlglnal assumptlon is trueo4 |
The actual value of the plaue voltage9 Epy of Ty ean be i

obtained by writing the\nodal equatlon at that point. Theny

Bop = R5 + By =16 =
36;000 - 270,900‘

Ebl & vol%so R E o
The plate sw1ng 1s 83 - 55 hg VOltSo.
7 ’ The cap801torsg 013 ave needed to ccmpensate for the input -
: capaclty o? the tubeso> The M1llef effect may make ‘this capacity as r -
large as‘25:to 50’m1groam1crg£aradsa -Due to an ample supply'anq-
‘suiﬁébilityg 337micrééﬁicrbfarads-da@acitorS'were use&b

Trlggerlng 1s performed,w1th a negatlve pulse coupled 0 R
as snown in Flﬂure 3030
,,gqnnectlon>qf‘th§ binaries in thé'arrangement sﬁown in

; Figufe Boh‘provided thelcpuﬁﬁérb“ The method of coupllng from one

binary to. another is'symmet:icalp ‘The first blnary is driven by a N

o 3Vpul$éfamp1ifier; The binary chain shown constltuteS'a scalewofméh

 cqunter; The circuit hag 6h’possiblé different states and at the
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l‘ecca81onvof each inpuf puise ﬁhe clroult Wlll make a tran31t1an
' iprogress1ve1y from state to statew_ After 6h pulSe59 the 01rcuxt
“vw111 return 10 1ts orlglnal s%ateo .
To read the count of the blnary chaln, the state of each :

1nd1v1dual blnery must be determnedo The counter of Flgure 3ol is
eln the reset or zero stateo“ | »
L 3 h Loglc
: | The 1og10 whlch-must bebsatlsfled before a p01nt can be
~Adlsplayed is. developed 1n tnls sectlono‘ A Boolean expre331on which-
f‘relateo “the counter to the 1nput da%a'was requlredo
Two_repyesentatlons of a_b;nary numoer'whlchvare compared
will be squal and true only if each digit of that number’iéféqﬁai’in"‘

. both representations simultaneously. - Since two Boolsan quantities =

) g may Be equal if ﬁhey~ere both zero or“both"one,'both eases mst be

. :conSJ.dered° Thls can be done by expressing the terms in an mor“s
.fae@;ono. Further, all diglts must be 001nc1dent for the proper out=
4 puﬁbU;The_Bopleanﬂexpresslon'for,the,pplnc1den¢e of two blnary'repreaf,
' sentatlons is o : K_ | ‘ | | |
| X = (AlBl AlBl)(AeBe + A2B2)(A3B3 + AﬁBa)
(AhBh * AhBh)(ASBS * A5B5)(A6B6 + AéBé)

: The valldlty of thls expres31on can be proven by con31der1ng'f~ﬁ

{"‘: vthe comparlson of a two-dlglt binary number wmth a two=stage blnary

‘ counters The follow1ng table 1llustrates ﬁhat an output Wlll be
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obtained only when the conditions of the Boolean expression are
satisfied. This occurs after the counter has received three signals.

TABLE III

INPUT STORED COUNTER COUNTER READING
BOOLEAN BINARY BOOLEAN 0 1sT 2ND 3RD UTH
SYMBOL NUMBER SYMBOL COUNT COUNT COUNT COUNT COUNT

a1 i Bl 0 1 0 1 0
1 0 % 1 0 1 0 1
A. 1 B2 0 0 1 1 0
a2 0 52 1 1 0 0 1

The Boolean expression derived above is shown in symbolic
representation in Figure Figure 3.6 shows the actual diode

circuit which was mechanized to prove the logic.

3.5 Definition of the Display System

Having given the logic, the basic requirements and the com-
ponents, the display system can now be defined. Figures 3«7 and
3.6 show the required organization of electronic circuitry to provide
a display of the type discussed.

The data would be read into either the X or Y subsystems through
gates which are opened and closed by a generator triggered off the
seventh channel. The data would be held in storage for a length of
time dependent on the usage of the system. Meanwhile, the counters
would be counting signals derived from the synchronizer unit to be
described in Section 3*6. A comparison of the input and the count

would be made in the diode logic circuit. A coincidence of the
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SYMBOL 1C NETWORK OF THE BOOLEAN EXPRESSION
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X and Y 51gnel'wouldvprov1de an outpuﬁ rhlch'would be used to %uﬂn
'”von the beam of the telev151on v1deo monltoro. The sweep 31gnals of -
the telev131on monltor ars driven in. synchronlsm‘Wﬂth the quanﬁlzlng:
v51gnalso The resultqnt dlSplay p01nt tnen'would occur at the Same -
' ,sp0u on each’ fulT coverage of the screeno‘ c
: As mentloned earller9 a resettlng of the counters is re-
qu:«.rede Th:.s 1s aCGOm'Dl‘_LShed through the use o_f' ’crxodes Whose pla*ses, :
are dlrectly connected,to hhe sectlon of the blstable mult1v1brators

whlch'was deflned to be. the Zero condltlono' The . horlzontalvand

o vertlcal reset pulses are derlved in the synchronlzer unlt dlscussed [

in Sectlon )960
The 51gnals requlred o prlnt out the axés is obtalned from -
.-the coun% corresp01nd1ng to the axes p01nts° Dlode “?endm clrcu1ts ;’

'uare used to select the Droper counter 1ndlcat10no o

;‘3 6 Synchronlzer ;,V
The dlSoley system eAtended requlres the b331c waveform
' generators to run SJnchronously9 that 189 in step'W1th one another,' '

f;_so that each 31gnal arrxves at some reference p01nt 1n its cycle at'

'3lithe same tlmeo The frequency s%eblllty of'waveform generators is

'5ﬂnever adequate to ensure synchronlsme Therefore, some method, such
.'as frequenqy lelSlon, must be usedo

| A synchronlzer unlt was de51geea and construcﬁed to §r0v1de

 the needed smgnalso A block dlagram 1s shown in Flgure o 9o

) complete schematlc is glven 1n Flgure 3010°



V-| V-2 V-3 V-4 V-5 V-6 V-7 V-8 V-9 V-io

1me. —# Buffer —# Dvdr — Dvdr — Dvdr — Dvdr —+ Dvdr — Dvdr Dvdr — Dvdr
Osc- Shaper 1: 8 |:4 h2 12 1*2 1*8 1*4 1*2
008 mcs 15750 cps 3937.5 cps 61,
Mono- Mono-
Invert stable Invert stable
V-15
Cothod
V-14
X Counter X Counter Composite Y Counter Y Counter
Signal Reset Sync. Signal* Signal Reset

FIGURE 3.9 SYNCHRONIZER BLOCK DIAGRAM
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A crysﬁal osolllator, connected 1n a Butler 01rou1t and shown .

"f-@?as the clfcult riﬁof T*":Lgure 5010 s, used to prov1de a baSlG clock E

“4source of 1 008 megacycles per secondQ, Thls smgnal 1s d1v1ded by 8
'1n the 01rou1t 01 Vgor ThlS 01rou1u 1s aa astable multlvlbrator whlch,:‘”‘
'jlf permlttedg'would osclllate at aoout 90 kllocyoles per secondo

‘ ﬂowevers t e pulses from the clook buffer, Vé, are superlmposed oﬁ o

fothe grld return 31gnals to prov1de a synchronous output whloﬁ scales

’the 1nput down by elgh ' '

The next lelSlon 1n the chaln 1s eccomnllshed by the leldeu‘

"by-four cmrcult of Vh Agaln, thls 01rcu1t is an ashable mult1v1bra=

’ tor which normally Would operate at a 1ower frequency than occurs‘
s When it is drlven synchronouslyba | b_ A . |

’ The blstable multivibrabor of Vé prov1des an output at the .
bhorlzontal frequency of 15 750 cycles per second° ThlS smgnal tr1gger8-\5we

a ohaln of two more blnary‘01rcu1ts of V6 and V?o The vertlcal quann 1”1"f-

’ﬂoettlzlng ;requency of 593795 cycles per second 1s obtalned from Vge  'w.‘€
R Addltlonal leldlng by 8 in the 61rcu1t of - Vg and agaln, by 15f7‘13
:;h 1n)the 01rou1t of Vg 1s accompllshed° These 01rcu1ts are also v
 vastab1e mulb1v1brators whwch are trlagered 1nto synchronlsmo_;.
| : The 1ast lelSlon 1n  the oheln is in. the blstable mnlt1v1bramf7o' :
ftor c1wcu1t of Vj_o0 The output 1s the verblcal scannlng frequenqy -
of 6105 cycles oer Secondu‘ 7 |
The outpuus of - 45 and’ VlO elso trlgger monostaole mult1v1bfan’

’ftor 01rcu1ts of V11 and Vj_5° These mult1v1brators are used to



l:‘obba:x.n bhe properly shaped waveforms needed to gate V12 and Vlé and
to f’om the compos_d;e S:Lcnal needed for synchron:\.zlng the telev:.s:.on
;sweep ~rsn.gnals,, The outputs of V12 and Vlé are tra:\.ns O.L oulses o :
-‘occum.ng dun:*:;.;ncr 'bhe acﬁ:.ve porﬁ:.on of the belev:.s:.on sweepse These
51gnals would be used .in "bhe counters of ’che X and Y s:.gnal genera-~ o
v tor‘sp | A | |
| Addl’clonally9 the outputs of V5 and VWO prov:.de the rese'b
“gignals requlred ’co rese’c the counﬁers durlng the re'trace or 1nac-

_t:Lve portion of the ﬁ_elevmlon sweepso,



'CHAPTER U

- EXPERIMENTAL EESULTS

Lol Eguipment Description
The system presented was verified to the exbent that the
syﬁéhfonlzer and vertlcal unlts were construcbed and testedj The’
equlpment was d951gned for rack mountlng and 1s compatlble‘w1th the
other components of the SPAC@ systemo |
Flgures hol and 1.2 show photographs of the synchronlzer and
Y-signal generator units respectively. Among the ‘construction de=‘
tailsyto e noﬁed are the use of turret sockets.aﬁd<ﬁhé<160ation of
fllament trans;ormers on the 1ndxv1dual chassn.so
In Flgure h@l the 1ayout of the synchronizer 1s such that
the crystal oscillator is located at the lower rlght 51de of the
'cqa531so The frequency lelSlon proceeds to the left and ‘then back
through the center row of c;rgultso The back row contalns the gates
"and cathode followers'iﬁdicétéd'in the schemabico
" Four rows of tube 01rcu1ts ar@ evident 1n Flgure hme the
ohotovraph of the Y=31gna1 generguoro‘ The- nop row of the plcture is
comnosed of the input cra’cesl, The next row is made of the input reglsm
ters. Neon 1nd1cators are used'w1th tne mult1v1brators to provide a .
v1sual dlSplay of the reglster staﬁuso‘ The dlode loclc clrcult is
mounted on the ﬁWO’termlnal‘poards in the center‘offthe ghasslso -Tﬁe'
. next row down in‘the"picﬁﬁfe_is-tﬁe six-stage binaﬁy‘cotﬁﬁef; ;Tﬁé’* o

3l



FIGURE .1 SYNCHRONIZER

FIGURE H.2 Y-SIGNAL GENER/vVTOR
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-'botnom rcw contalnu the counter drlve tubes the reset tube89 and &

'%ermlnal board,holdlng the ‘diode “and* cmrcult used for the axis

. prlntlngo,

- hoz Test ResulLs

After proper operaflon hac been establlshed the individual
. 01rcu1ts of the. unltS'were tested by obsewvlng the results of Vary=—
1ng the supply volte.geso Addltlonally9 the units Were,monltored
While o§ereting continuously for several hcufso Any dfift noticed
was remedledo ‘ | : -
| The performance of the units constructed can be best 111usnram

. ted by'waveforms?v

"Fiﬁﬁre Le3 presents'the one ﬁegacycle per second signal, a
train of one=megacycle pulsesg and ﬁhe output of the d1v1de=bye8
circuit. The lelSlon 1s reaally verlfleoo

The aeneral behav1or of the leldewby=h.clrcu1t next is shown
:1n Flgure hqhao Flgure blhb presents the horizontal scan’ frequencyo ’
_ Flgure lLiolic gives “the output of the blnary that follcwso |
The next lelSlon of 2 #1ves uhe vertlcal ouant1z1ng of
' 3937 5 cps and is 1llusnrated in ﬁlgure A@Eae Thevoperation of the

d;v1de%by-8 c1rcu;t that follows is showg and verified‘in Figﬁre

Lie5bo  The divide-by-li output is given in Figure L.5co - -

The‘élOBecps verticé} scancfreqﬁency signal is seen in
Figure Lo6a., Figure Lo6b shows the vertical syne pulses. Figure
h Li.6c showO the vertical count s:_gnal0 The'waveform does noﬁ show too

" clearly that the 31gna1 is composed of a number of 3937 H5=Cps pulseso k
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FIGURE I*.3 SYNCHRONIZER SIGNALS I
(sweep = 1>r s/cm)
(amplitude = 5v/cm)
a. 1.008 mops Sine Wave

b. 1.008 mcps Horizontal
Quantizing Signal

c. 126 kcps Pulse

FIGURE R .t SYNCHRONIZER SIGNALS II
(sweep = 20/* s/cm)
(amplitude = 20v/cm)
a. 31*5 kcps Square Wave

b. 13.75 kcps Horizontal
Scan Frequency

c. 7.#75 kcps Square Wave
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FIGURE U«5 SYNCHRONIZER SIGNALS III
(amplitude = 20v/cm)

a. 3937*%5 cps Vertical
Quantizing Frequency
(sweep = 500* s/cm)

b. U92.3 cps Pulse
(sweep = s/cm)

c. 123.0 cps Pulse
(sweep = 2AAs/cm)

FIGURE U -6 VERTICAL SIGNALS
(sweep = 5Ms/cm)
(Scope sync. with
vertical sync pulse)

a. 6I.5 cps Vertical Scan
Frequency
(amplitude = 20v/cm)

b. 61.5 cps Vertical Sync
and Reset Pulse
(amplitude = 50v/cm)

c. 6I.5 cps Vertical Count
Signal
(amplitude = 20v/cm)
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FIGURE 14.7 HORIZONTAL SIGNALS

a. Composite Sync Signal
(sweep = 5~ s/cm)
(amplitude = 2v/cm)
(Scope sync. to vertical
sync pulse)

b. Horizontal Sync and Reset
Pulse
(sweep = 20/4 s/cm)
(amplitude = "Ov/cm)
(Scope sync. to horizontal
sync pulse)

c. Horizontal Count Signal
(sweep = 20/£fs/cm)
(amplitude = 20v/cm)

(Scope sync, to horizontal
sync pulse)

FIGURE ii.S LOGIC SIGNALS
(sweep = 2uM s/cm)
(Scope sync, to
vertical sync pulse)

a. Vertical Sync Pulse
(amplitude = “~Ov/cm)

b. Logic Circuit Output
(amplitude = “v/cm)

c. Vertical Axis Pulse
(amplitude = 20v/cm)
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Howeverpwuhese pulseé cause the two llne appeeranceol
The comp051te sync 31gnal is shcwn 1n Figure hiTaq ‘Againgx'
the harlzontal SJnC pulses are not shown too clearlyo Aipicture'
of the horlzontal sync pulses is shown in Fl@ure L. Tb. The last
rplcture of Figure ho7c‘shcws the cemposltlon of the horizonbal
count 51gnalo , |
The verlfluatlon of the 1oglc of dlsplaylng data 1n the
E,manner deSCflbed s shown in Flgure hogao The 0301lloscone, in thls
ases was synchronlzed to the vertlcal sync pulseo‘ lhlS pulse 13
also shown in bhe photograph to. provmde a2 bime referencea ‘The twc
important results are shcwn‘ln b and ¢ of Figuro hogo ‘ |
| ‘ Flgure hegb shows the output of the diode logic circult for

1,a 31¢na1 placed 1n on channel 30 Glose examlnatlon'W1ll show the

‘fnlme When the oounter 18 reset to zero and the swmtchlng performance -

og the»}gglc‘elrcultse. The largest pulse represents the point to be
Driﬁﬁedof-ft"cen‘be.removed from tae other extraneous signals by
‘b1a51ng the follew1ng stages propeflyo:_ |

The pulse of Figure Lo&e represents the Y—ax:.sO Siﬁce‘this
':31gnal 1s derlved ﬁhrouvh one 1eve1 of dlodes, it is. coh81derably

_clearero

Loz De51an leltatlons and Problems  1->‘

Thws sectlon 13 presented to 1nd1cate the nature of problemsr'
‘whlch'were observed durlng consbructlon and testlngQ' The synchro= .-
nlzer uses d1v1deaby=8 and h 01rcu1ts whlch are astable mult1v1bra=.‘

"tors drlvenu;p,synchronlsmq The -design of these 1s‘sub3ect to tube.i'
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o cxit ‘of'f'{ éhara ‘berls'tlcs Whlch vary from. tu‘be to uube and with c.glngg
-These c:chul'bs are also very sensrb:u.ve 0. the amplr’oude of uhe .
..trlgger signalo A complebe inves blga’ulon :Lnto these d:Lv:Ls:Lon Cl‘f’m
cui.ts. ,:‘i.s‘v War'r'anted :1i'~ op'blmlza‘blon and rel:x.ab:.ll'by are to’ be ach:.evedo :
o The d:.ode c:.rcui‘ts connected 1n cascade Wlll requ:re a lcw '
mpedance derlnD' source 1f used at ‘che hlgher frequenc:c_es requlred
for 'bhe X»s:.o"nal gener’a‘toro ” Add:.tlonal Droblems of waveform preserm
va:blon or generat:.on are to be expected a'b hlgher frequenc:.eso |
- The method of rese'ttlng ’che coun’cers used is not- a‘btractl\re '
_since a tube is requlred for ever'y blnary usedo Another method -
dlscover'ed after constructlon had been completed is to connect 'F:.he"
: grld_return of all the_ binaries to a caphode follower of low mped-=» A

‘ance. A positive pulse would provide rese‘btiﬁga



. CHAPTER 5

" A PRACTICAL APPLICATION

501 Introduetory Remarks

In order to appreclate the value of the dlsplay exﬁended
a dlscu581on is offered here on the me%hod and type of dlsplay'whlch
'vmlght be obﬁaﬂned for a partlcular des1gn problemo-

| The pracﬁlcal problem selected'was an analy81s of the pulse

wéveform-pf‘a harqitube modulatpra_ The appendlx coetalns the maﬁh=
,femetidai derivationiof theﬂequations which describe the'bulseo
- Tnspectlng the equatlons and their restrlcﬁlons w111 show that this
»problem'would be dlfflcult to program on an analogue computero A
digital computer can perform ‘the colculatlons reedlly and accuratelyo
ﬁThe’resultant output'would be a number of p01ntsog The dlsplay de=
fv1ce described could presant these’ points in an accurate repreSenﬁaw' 
etlon of tne waveformo | |

Once the waveform is ob’aalned9 the design englneer must
analyze 1t to obtaln the 1nformatlon needed to 1nte111gently select |
»cmrcult components to perform the modulation. The mexinmm excur51onse
‘define the peak ratingS'which the comnonents must'Withstendo - The
"pcwer requlrements and dlSSlpatlons can be obtelned by 1ntegratlon ;
.01 the area under the wlven curve and others of the clruulﬁ which
cquld be,calculeted-ln_a similiar fashion.

2
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502 Descrlptlon of the D:_splay
| ‘The Waveform which would be printed on the cahhode ray ‘bube
by po:.nts obte:med 1n the manner descrlbed Would appear s:.m:.lar to
‘*bhe one m Figure 5010 The ‘br’ue plot ‘of the waveform appears in.

F‘lgure 5620 - The. appearance of the dlsplay curve was ob’oalned by the

B followmg 3na1ys:r.so

A 17==:anh televa_sn.on seu has a plc’cure area Wh:.ch can be
‘approm.mated by cons:.dex‘lng the p:.c Tture’ eq_ual 0 'Lhat deflned by

' the aspect ratio. Then9

<3x>2 (P = 1P

lI

. 25_::2 = 172
x =17
| 5 .
- where. - S :
, height = 3 x 17 = 10,2 . inches
. N N . 5 . N V
. width =1 x 17 = 13.6 inches.

The 'plot Wa$ ‘s‘caled by 1/2 :Ln order to fit the _curve"oh the
_pefere ‘The display area of Figure 5.1 would be about 5.1 inches by
, ‘6;;8 .inc.:heso' This area was bthen subdlvded 1nto a matrix of 50 x 50,
 The po:Ln"b dn.Splay was genefated by superimposing 'bhe true cux've on
ﬁne maﬁrlx and now‘:.:mg a com01dence oi‘ the X and ¥ ]_:n_nes0 ‘This |
mplles that only Whole numbefs of z and Y are processed from the
‘ computer and ‘represents a condltlon of a few number of po:m:ts dlS-
plxayed‘o‘ This method of dlsplaymg pomts is sm:.lar to the manner S

in Whicn‘curves are manually plotted.
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FIGURE 5,1 DISPLAY OF HARD TUBE MODULATOR PULSE
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FIGURE 5.2 COMPUTED HARD TUBE MODULATOR PULSE
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‘ Increa31n¢ ‘the number of quant1z1ng 1ntervals'would prov1de
a smoother and more deflned curveo Howevers mechanization problems'

would increase.

505 Data Transfer:

For the use described here,‘hhe‘da£a is visualizéd_es being
caleulated and iransfefred to the display unit in %he'following
fashion. . | | S

The‘coméutef would be Drogremmed to pefform‘the oﬁeratiens

of the mathematical equat1ons over the range of O 0 5 mlcrosecondso

Since 50 1ntervals are d881red, the ¥ 1ncrement'would.be 2 .= 0.1
4_m1erqseeondo' The eqmputer would‘start at ¥ = 0 and proceegéto calcu= '
late the K5or‘pelse voltace Valueo.'The time requlred-to perform the
calculatlon depends on. the number of " maﬁnematlcal operatlonS'whlch
have to be performed° These calculatwons can be perxormed durlng
‘the actxve portlon of the norlzontal sweeps and the results transm
ferred to the alsplay 1nput reglsters during the retrace 1n$ervalo
‘ If more tlme to perform the calculatlons is required, the vertlcal
sweep lﬂteral can be usede The X datba then would be transferred
on su009531ve sweeps s

Aoy scalihg required'would be aecomplished in the digital

computer.



CHAPTER 6

CONCLUSIONS

6.1 Review of Approach

‘A display system cépabable gf'displaying digiﬁaliy processed
;daﬁé'was defined. The’system feQuiféméntS'were examined and the de-
sign establishedo The'lqgic which was neéded'for méchgnizaﬁion’was
de#eloﬁedg'cbnStructeq, and tested. Finalljs'a pfactical’usé of the

display'was‘preSenﬁedo

6.2 - Conclusive Statements

- The sﬁudy made on the display system‘baSed on qnantizina,the ,
horlzontal and vertlcal sweep 31gnals of a televwslon cathode ray -
tube shcwed that the idea is feasible and practlcalab The mechanlza%
tion of the logic c1rcu1ts pr9v1ded 51gnalS'Wh1ch'were gommensurate
Wlbh the bneoryo '

Several apparent advantages ex1st for ﬁhe dlsplay systenm

"descrlbed over those u51ng dlgltalato-analog conver51ona One such

. advantage would be the use of an ex1st1ng dlsplay dev1ce9 the telem

vision cathode ray tube; to presenﬁ.data_from‘dlgltallsyﬁ@emso o
special deflection ana,displaj‘system has,to:be‘developed;
"Anoﬁhef,advaﬁtagé\oVér analog'sjstems,is'that"prééiéionboomm’
@onentélaréiﬁot réquirgdof Thusy the display drift‘aﬁd~stabiliiation
problems are minimized. | | |

7
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Other.compérisdnslwith analog display s&stemé as to the
speed’ofv‘pfc;éessing9 ﬁhe:ease of mechanization} the lihearity and
accuracy,of.the.diSplay,vwould be~r§veéled b& the evaluation of a
éompleté'systémo
| The Systéﬁ.eXtended provides. meny new possibilitiés for
eyPerlmentatlonox The use of the dev1ce as the output of a dlgltﬂl
system in the fleld of graphlcal dlsplay aﬂd analv515'would be a

' great.ald-ln‘uhe3¢ommun1catlon of” 1nformatlono



- CHAPTER 7

SUGGESTIONS FOR FURTHER STUDY

701 ”raphical~Inte@pretaﬁions of Comnﬁter Results

Additional work 1s requlred in ordeg to fully reallze the
_ display system concexvedo Some of the problems assoplated.w1th ‘
the: mechanlzatlon of the entlre system.have been dlscussed in
Ghapter by, Sectlon LOBO

Once the System is establlshed, experlmentatlon can be con=
ducted 1nto the many areas of :Lnteresto Thls the31s has beenemalnly
concerned w1th the grephlc 1nterpretat10n of computer resultso Be=—
51des 1nveat1gatlon into dlfferent technloues of dlSplays equipment
1nvest;gatlon can.be~qopducted7, A p0531b11;ty,ef obbaining the
integral of a;function‘ﬁy:the counting of the'cbincidentp’Weighﬁed:

pulses exists, . -

702 Addlulonal Areas‘
\ Other areas*whlch may be 1nvest1gated for pOSSlble uses of
the dlsplay system are°‘ | | !
(1) Mnltlple representatlon or overley of 1n;0rmet10no -
Siheeeﬁhe cathode ray tgbe 1s_scanned9~1t‘1s concelvable that 1nform
matipﬁ ffom variouSZSOufeeé can Be‘éresented'overionexanofhef by -
time'sharinv techﬁi@ﬁéso A possiblllty of superlmpOQ1ng v1deo and
.‘oomputer 51gnals ex1stso.,; Lo | o
: S o ‘

" Univ. of Arizona Library -



. : | 20
(2) Real bime display. Flight patterns and traffic .
flow can be displayed. | ’ - |
(3) Alphanumeric readoutiof computer data. - Computer
‘ egtpﬁt information can be visuvally observed§
y (ﬁ? Tabulation of compuber reséltso
(5) ,Reduqtion of hest'déta by elimination of undesir-
able bf‘uﬁwantedgdatao |
| (6) ‘Hamah‘e#gineeriﬂg"invéstigation in visual percep-
tion é‘ﬁd related tbpi’c._sro. ‘ | B

(7) Simulation of video presentations.



APPENDIX

WAVEFORM ANALYSIS

A familiar circuit in radar systems which require multiple
pulses at short time intervals is the hard tube modulator. This
circuit supplies the high voltage video pulse needed by either mag-
netrons or klystrons to generate the radio frequency pulses.

In the development of any new radar system requiring hard
tube modulators, it is essential to analyze that circuit in order to
be able to specify the components needed. Such an analysis is neces-
sary since the components are usually special items which are not
normally available or which must be designed.

The analysis which follows is original. However, reference
was made to the excellent treatment of modulators by Glasoe and
lebacgz-L. The circuit of a hard tube modulator can be represented
as:

+E
- Klystron

2L 2L

JTH

d.c.
Filament Power

k. N. Glasoe and J. V. Lebacqz, Pulse Generators, Vol.
Radiation Laboratory Series, McGraw-Hill Book Co., Inc., I9BS
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The circuit components and parameters are:

‘Vl‘ _

K
L}

Switch tube

Inverse diode

= Klystron

Stray capacity

Goqpling.capacity
Shunt inductors - permits development of pulse
across the klystron while permitting d.c. filament

flow ..

= Load resisbance offered by V3

Plate resisbance of Vi

Charging inductor

In the anal‘y31s9 the nonllnearltnes of the By and rp were

"ﬁeglec%edo In addltlon} I? was assumed to be s0 large that no

cﬁrrenﬁ-flows from the power supply diring the pulse time. Alsos

Cc'was gsSumed‘to bé large. Therefore, it could be replaced by a

'batteryo

, Thls circuit can be analyzed by cénsidering the ithree

Sequenﬁlal modes of operation. They are as follows:

)
(2)
3)

The switch tube is turned on
The switch tube is turned off

The inverse diode conducts.



(1) Switch tube on

The equivalent circuit becomes:

X
E -
E -e 1 + csp + 1 \ eo
Ri
then
-— A
co = E where Req = rpR
rp rl + csP + 2 ro + Rk
R
h eq.
Using Laplace Transforms,
EO (s) - _2.
rpCs fs* + s + 1
“eqCg GgL
let
+
2 RgqC; 2
2



then
EO (s) = E — t— + S.

fpCg \s + a s +

- - ~ a

rpGs \s + a s + b,
or

(t) E
fs - "T&r [e-at - e-btj (i)

(2) Switch tube off

where
I* = LLp }  Ep = value of voltageacross Cat

Ip+ L timeofswitching, and ">= pulse width

iL' + ic +Si =0

g0 *pCgp+ gp=0
1l'p r



. let e

5

4 ; (7") d’c. £3 o SCE (s) - CEP + E (s) =0
A Lt (s) lf Rk

;' CEp ﬁo (7») at

Ls,’

where Is is the value of' 'bhe first 1ni;egra*hm@n of Eo (%) o’o’oalned

| f{:Ln part (1) evaluated at ‘b =7 Then, -

muo

[

<+

.

o+
o | L
\_/P:D

§

=
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and

EpCL'

EQ (s) = Ep (s + q)

(s + a*)(s + bl)

el (t)

Ep (@-a’)e-&'t _ (@-bl) e"D* )
bl_al

(3) Inverse diode on

e0 + Cpe0 + e0 =0
Lfp

EO (s) + CSEO (s) + EO (s) + ée() (t) a8 =0

Rd L's Ls

x-4
Eo (s) "J el (tg) dt

L'’s 1 + Cg +
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‘ '%u . ‘ '
cfmeoe
o' 2+ s o+ 1
| OBy L'C

where %y is evaluated from considering the e, (t) of (2)

or ,
. 1 .
0=(a-2"Yeat - (q-1)edh
0=1n(g-a")-a'ty-1n(g-b")+b'y
and b =1n (g -a')
- (@ =b")
b’ - a'

t, , _ ' ¢ ‘ %
hai \ , ' + (g-a')+edl
th f t1) a6 = Ky + E_ | s 2

e oec_' (1) 1 Pl a'b’ a’ (a'=bd")

+(qg=Dp') et | o K,

.bﬂ» (bﬁ - aﬂ)
then S : - _
By (8) = =Ko 1 ' |
& | (ra)s+n) |
oo (8).= K bRt w2t N\
CL. \.,\azﬂ’be / , .

~ Equations (1), (2) and (3) describe the owtput pulse which

xﬁll be obtained. Other equations for currents and voltages through



the other compo:nen'ts can also be derlved; A complete analy31s would‘. R
:presenb de‘ta:t.led 1nformat10n needed 130 speclfJ Such T,hlngs as tube

.‘ x‘aft::.ngfs:7 i‘i‘:.c:.ency, power requlremen’os s etco e
Us:.ng the volta,ge equatlons aerlvedsl‘ahe outpu'b waveform for i

. the follcv:mﬁ ty‘plcal ;;_aemameterq was calcula'bedo/

-ll"

" Lt b s 100 G, - Coes

p = 100 o hOOO mmro-m:.crofarad

“F=1 microsecond  E = 15,000 volts ‘
"~‘ka=:. 12 OOO "ohlx'ns’ S Cqy ‘.-‘11,5’0 mlcroemlcrofaré.d. o
L = 13 mllllhenrles Ry = ','»_7~OIOO ohms (G‘ri’oic_aliy -

Lp L;_O mllllhenrles . damped caé"e_‘) o

The -outpub waveforn is shiow plotted in Figure 5.2,
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