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Computer Analysis of Linear Electric Circuit with a Storage

Tube Graphical Display and Rand Tablet Device

By Toshio ISOBE

This report describes the digital computer program of linear electric circuit analysis for
CAD (Computer Aided Design). It is the purpose of this report to show how to process data of
CAD programs and to have man-machine communication. It utilizes an on-line computer with a
graphic terminal consists of a storage tube graphical display and Rand tablet device. The input to
the program is given by drawing the network diagram on the face of the graphical terminal.

The output of the program is displayed on the tube.

In this program, the nodal analysis using node elimination method is employed, and a
short element to make the description and process of data flexible is suggested.
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1 0 1 0. 1000000 E + 01 0.3323411 E—08
2 0 0 0. 1000000 E—03 0. 0000000 E—40
3 0 ] 0. 8509845 E— 04 0.311658E—04
4 0 7 0. 1066458 E—03 —0.3323057E—08
5 1 7 0. 808198 E— 04 0. 3115697 E—04
6 0 0 0. 6666667 E— 05 0. 0000000 E— 40
7 0 0 0.9999993E—01 0.0000000 E— 40
8 0 0 0. 2127660 E—02 0.5717698 E— 01
9 0 0 0. 000000CE— 40 0.5717698 E— 01
10 0 0 0.9999993E—01 0. 0000000 E—40
11 0 0 0. 5090906 E—01 —0.4890758 E—04
12 10 20 —0.2911248E—05 0.1157013E—02
13 0 0 0. 0000000E— 40 —0.1369362E— 02
14 0 20 0. 2000000E—03 0. 2858849 E— 01
15 0 0 0. 0000000 E—40 0. 2858849 E—01
16 20 21 0. 6832844E—03 —0.7958345E—02
17 0 0 0. 6666667 E—03 0. 0000000E—40
18 7 30 0. 7142858E— 03 0. 0000000 E—40
19 0 30 0. 2462915E-—01 0. 1403453E—01
20 10 30 0. 3003003E— 04 0. 1000597 E—03
21 0 0 0. 0000000 E— 40 0. 1000597 E—03
22 10 21 0. 4008698 E—05 —0.1369344 E—02
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AL NEE = 660 L 2B KO BT 11

o7 HBRICANT L HREETSH 2, ECNAP 702735 4T
(B=% B, oy FHOTF—2%2 - HA— VT IbAHTZA—F
Eh B ECSDRD ¢EBRBICRT &5 V- 27 vy b 242

EEANEALDER-EHL, A~ 51 CEHEBNL
BHRXMIETE LA —F > INPUTG 2FB#¥ L,
LNOEZDOOr—F 21, ThENROANT — 2% HBR
LECNAPHANT -2 CE®L, ECNAPa >~ - 7
-5 -2} TEEREALID TH S,

4.1 RNy FRTF-—2AXHhr—FECSDRD
EL{ORBRREBE I v—var-Tarsaid, B
BeLvoEXTEbhTn3d, EBEATHELATVA
E, TOEBOABRTMAELXT T, TORIOEHERIT
B2 LR BRI v— v 5
T abh, BRAOKIM—D L2020 TE L L

BAN , N, MOBEE,, .,
En,ne=Ep i~ Epp
Y, ne DEFICHN LB 1Yn1, 22 &
Iyar, ne= CEnv™ En2) Yoy as
Td5,
RO (Y), (B) 27T, ET5OEKFL, 2, -
63 108K, 7,10, 20, 21, 30 CHGT 5, &
NCEBROBEEL TS,

4. AHNHRER
CAD e 75T, =710 %2ED L 9% TE

#10 X)#iU(B)

1 J Y(I,d) B(1,J)

1 1 ( 0.10000891E +01, 0.31160298E—04 ) (  0.00000000E—40, 0.00000000E—40)
1 2 ( —0.89081979E—04, — 0.31156975E—04) ( 0.00000000E—40, 0.00000000E—40)
1 3 (  0.00000000 E— 40, 0. 00000000 E— 40 ) ( 0.00000000E— 40, 0.00000000E—40)
1 4 ( 0.00000000 E—40, 0. 00000000 E— 40 ) ( 0.00000000E—40, 0.00000000E—40 )
1 5 ( 0.00000000E—40, 0. 00600000 E—40 ) ( 0.00000000E—40, 0.00000000E—40 )
1 6 ( 0.00000000 E—40, 0. 00000000 E—40 ) ( 0.00000000E—40, 0.00000000E—40 )
2 1 ( —0.89081979E—04, — 0.31156975E—04 ) {  0.00000000E—40, 0.00000000E—40)
2 2 (  0.91001354 E—03, 0.31153652E—04 ) ( 0.00000000E—40, 0.00000006E—40)
2 3 ( 0.00000000 E—40, 0. 00000000 E— 40 ) (  0.00000000E—40, 0.00000000E—40)
2 4 ( 0.00000000 E— 40, 0. 00000000 E—40 ) ( 0.00000000E—40, 0.00000000E—40)
2 5 ( 0.00000000 E— 40, 0. 00000000 E— 40 ) (' 0.00000000E—40, 0.00000000E—40)
2 6 ( —0.71428576 E—03, 0. 00000000 E— 40 ) (  0.00000000E—40, 0.00000000E—40)
3 1 (  0.00000000 E— 40, 0. 00000000 E— 40 ) {  0.00000000E—40, 0.00000000E—40 )
3 2 (  0.00000000 E— 40, 0. 00000000 E—40 ) ( —0.35714291 E—01, 0.00000000E—40)
3 3 ( 0.31127481E—04. — 0.11227181E—03) ( 0.00000000F—40, 0.00000000E—40)
3 4 ( 0.29112475E—05, — 0.11570128E—02) ( 0.00000000E—40, 0.00000000E—40)
3 5 ( — 0. 40086979 E—05, 0. 13693443E—02) ( ©0.00000000E—40, 0.00000000E—40 )
3 6 ( —0.30030031 E—04, — 0.10005973E—03) (  0.35714291E—01, 0. 00000000E—40 )
4 1 (  0.00000000E— 40, 0. 00000000E— 40 ) (  0.00000000E—40, 0.00000000E—40)
4 2 (  0.00000000E— 40, 0. 00000000 E— 40 ) (  0.00000000E—40, 0.00000000E—40)
4 3 (  0.29112475E—05, — 0.11570128E—02) (  0.00000000E—40, 0. 00000000 E—40 )
4 4 ( 0.88037313E—03, 0. 21787160E—01 ) {  0.00000000E—40, 0.00000000E—40)
4 5 ( —0.68328436 E— 03, 0. 79583451 E— 02 ) (  0.00000000E— 40, 0.00000000E—40)
4 6 (  0.00000000E— 40, 0. 00000000E—40 ) {  0.00000000E—40, 0.00000000E—40)
5 1 (  0.00000000E— 40, 0. 00000000 E— 40 ) {  0.00000000E— 40, 0.00000000E—40 )
5 2 (  0.00000000E— 40, 0. 00000000 E— 40 ) (  0.00000000E—40, 0. 00000000E—40 )
5 3 ( — 0. 40086979 E— 05, 0.13693443E—02 ) {  0.00000000E— 40, 0.00000000E—40 )
5 4 ( —0.68328436 E— 03, 0. 79583451 E—02 ) ( 0.00000000E—40, 0©.00000000E—40)
5 5 (  0.68729306E—03, — 0.93276894E—02) (  0.00000000E— 40, 0. 00000000E— 40 )
5 6 (  0.00000000 E—40, 0. 00000000E—40 ) ( 0.00000000E—40, 0.00000000E—40 )
6 1 (  0.00000000E—40, 0. 00000000 E— 40 ) ( 0.00000000E—40, 0.00000000E— 40 )
6 2 ( —0.71428576 E—03, 0. 00000000E—40 ) {  0.35714291E—-01, 0.00000000E—40)
6 3 ( —0.30030031E—04, — 0.10005973E—03) (  0.00000000E—40, 0.00000000E—40 )
6 4 ( 0.00000000E— 40, 0. 00000000 E—40 ) ( 0.00000000E—40, 0.00000000E— 40 )
6 5 {  0.00000000E— 40, 0. 00000000 E—40 ) ( 0.00000000E—40, 0.00000000E—40)
6 6 (  0.25373469E—01, 0. 14134588 E—01 ) (  0.35714291E—01, 0.00000000E—40 )
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A # % = E
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7 ( 9.24966X10°, 1.18612X10 ")
10 (—-2.81817 ,  2.62667 )
20 ( 2.55863x10 °, 3.33630X10 )
21 (—3.82256X10 ", 4.13036X10 )
30 (—7.38077x10", —2.44672X10 ")
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FEBXTEBCELETFR, R, 15252,
R, HEREER, BRERE XKEER, XMNEK
B, BEBRE, BEA  £28 2, GKETFS IV
WHFFHE— b+ THb, EFEATELEThOESFOEEY
fEETHROOTE TIHE b, UTEFLHFT 85
AT 5 XFEHRDOILETEAIN S, HMOET
ERINTALBOENY DR, RIEKS2HT I LBR
B\o HEA X522 AEHED EER, M, N2 (348
EFSERA* BT A-DO01 822 2L 5F(, X
REFETH, tOEREREEORBL AT (&S,

A8 ) Vo TRIT 5, (1A 7 ¥ 7 TEbDT,
ANAEROD 2R EB LT R BEETHEN OF
ANE, ¥, OFRPrACRHEL L, BRECTHEM
H OBESATNE TR EN, ~Eo T 5, RBERE
OB MER
V*EF&

TRHLIND, Thid, RFETRINALEFCHENT
WAHERDVEDE LA LN T ETHE,

HWEA 528 2AMEREKERcBE LA ¥
XL, MHEA Y22 8 2MZ X0 2 TCERTDLY
DThh, KERGEEREL TEETHOTH %,
kEMEBROBKLD %,

k=ML L, <1
GREFEL, ZO0H/RN,, N2 BEHELWC L
EFRTOT

SHORT =N, , M
oA TE

PuiFF— b EET
PORT (M, M2, N3, M) =F— %

EVOIFERTEC BAM, M2, M3, M ITF— M ED
T AR I W TWw5bZ & EmRTo MEHFIEPORT
EEXTEBIN 5o

P I8TE XL

HOEEXR, BEEAELEREEO_DOTH5, &
FEfErR, Ko otTrEBOBEAMN, 2 MEiEE
T 50, R

E=M, M
Td b, BffEEORAL
I1=%F4%
Td b, BEFLCELNARTFCHRNLZERERO LN
o BT L, ORTLRATES L SRFEE L4
FonadOThAThiEA b%hV, ZZTHEETESHE
FER, C, LT®h, LEMEA 228 2% 45T
WiEWIDIR %,
PORT E&X
st +— rOEHZETH DT
K— +E&=Np,Np2, Nps, Nps
ORATEC, F— 2R, URFEEXOF— AL
—FE L TnwETREL%RNWD, Np, Np2, Nps, Nps
E, M, Mo, Ny, N ERIEL TV hid B RO
THEL, OBRERETEBEL X ~TH<, CzTREAE
BEFRIELZ V.

PEND X

WA FOTEDK Y £7R7 7o PORT EHEX TS
PENDX Z 1T 2T UuTI% LA\,
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DA N &« 6 L 28 KR W7 13

I AP

TAYNXRB A= VD1 A5 2BHCTEETALDT
A= VRPN TVERIOHGHIFINAKT TH 5,

ENDX

7T—2ORYE END T/RTo. END 2HIAL S,
TNt TURAKT— 2R, T—-25B%2 T4\,
A4 7075 ailRAb,

RIZAEBIUELAXERC LAIVDTHL, &,
TACMXEBCT, T2 A—FO 255488
ZOHECHLBELITHIRN, 752349 bEC
SEALRT,

100K % ECSDRD »~F O F - 2R THEW
b OB THE, b3 Ux AN 2 —b O%MED
BTHo0INL30LLT, TREVSZROMBT
HTER LA

4.2 HEAHNERICESAHHAL-FVINPUTG

ChBREALNEBEE ST, A~ 51 CEHEHR
EBRERXBRET 2V 2 LERORET 2T 2o r— 7
“INPUTG T %, CZCHIREAHRNEREI, H
&L TERE CRT L HERCERYfFTR4D0 5~

>

*— o7 bOTH5BH, CRT FEYEEKS X541~
FOLD, ANFF vy A 10X 104 v FTHELER
1024 (=2'°) X VA DOBRFA/ATHEIN, 2545 =2
NS, THEOEBROUBIETEBCAN TE LY
OTHh, £#7vy tEE CRT OREH—H—IZHIE
LTvbd, 7F—3 0~9OBFEL IV IBKOLS
BANTE L, ChOEOANOERIE, 74—+ 500
YT r—F A THELN T 225 4GRFSUB Tl
waEh s,
LD7a2said, BIIKEID 12— CRT
bbbhi, 22— OLHITE, INPUTG TEHT
2 2FF BEOvyFrik, FOELEFEEX14
FREIVHERBIEE A1 FRD 14 &, 12—~
O LRTCCEREHEIEE A1 o F 9 A, FLTHRIC
121 BOBFEALBObN D, BFAIHACHEYL,
XA FSMICE&EIN L, ZOr—F > TIEETE
BEFE, HBH, 3T >¥, 24, HEA 524
PR, XKERE, RREER, BRE
ER, S8EF, #-37r, 2IUVEHTH D, O
RROLOSCLTE&EIN D,

vz,

7T (HBLAMP t M, &5 > 7OSMTORER 0~15 (1) RFRA4 9 F7ACHELETL 27V, bOBIC=

DBTET), ANELTI ¥ V- 8Tvy b T FASR N o TWRANT o RFHA— 3 F
£12 F—2ER
X i Z & B Ofr

E:i4 | R — (N1, N2)=V Q
4 v & 2 2 » & L — (N1, N2)=V H
= B| C — (N1, N2)=V F
HE ® ®E E ®| D-— (N1, N2)=V v
E i & ®H #®| DI- (NI, N2)=V A
X Wk ® E ®| A— (N1,N2)=(V1, V2) v
X Hm & o W| AI- (N1, N2)=(V1 V2) A
% & ® W ®| T — (N1, N2)=(V1, V2) +%F% A

M= (A8 22228, A¥F222% )=V H

K—(4v82228, A>8F2822 )=V

<) #%| SHORT = N1, N2

B % F # — +| PORT (NI, N2, N3, N4 ) =447
i 8 ¥ & E| E=Nl, N2

B h 8 & BHR| I=RF2&

P4 — b EHEAA| ABT=N1/ N2/ N3/ N4
WaHF+—rEHERT| PEND

3 A >~ b Fg1r52BCC
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C EXAMPLE
A(2,0)=01
R(2,1)=1.0
R1(1,3)=10E3
C1(3,5)=100E—12
R2(5,0)=10E3
R3(5,7)=10
R4(5,9)=1500E3
R5(11,13)=10
R6(13,6)=4700
C2(14,0)=002E—6
R7(10,15)=10
SHORT=15, 17
C3(17,20)=207E—12
R8(17,19)=1
LA(19,20)=580E—6
R10(20, 24)=5E3
C4(23,0)=001E—6
LB(21,22)=50E—6
K(LA, LB)=05
ROUT(21,22)=15E3
D(25,0)=9
SHORT=9.26
SHORT=26, 25
SHORT=24, 25
SHORT=13, 14
SHORT=20, 23
PORT(7,10,11,0)=TR
TR=1,2,3,0
RT(1,4)=14E3
R(4,3)=20
R(4.2)=333E3
C(4,2)=35E—12
T(4,2)=50*RT
PEND
I=ROUT
E=21,22
END

X8 HIDECSDRD A —F AT — £

n, BHOL2ELAMP 21 A B, b 392 2DE
A ZLAMPA3 WK%Y, TOMODEFOEEED 21CH 5,
LAMPOERIEE T X 2B FROBL & 5,

(2 MTHEELAETFHORNINEBTALEET
bo ANTNERFAOEIE, LAMPTRAIN—HEAS
T A5 LK LAMPR 1 S5D8Ih b, 54X bh7iRFIC
WL TLBEZEKTOBFREANTHE, TOBFAM

CEFOy>Kriefii KT, Hrhi vy FrOoRK
FOERFRETTHIAODO R4 9 FBEEFESHET
ANb, TLTLAMPH 156 RE D, ZFEFHR L T~

PALDLER, BFROEER, -2, Fv7 2,
iy FORIITE 9,

3 @QTANINARTOMET ¥ ¥~ OANT %o
EHAEEINLLERFES L TOEPEROAMICER
ANb, BEFNHINF 2220 LEE, +F2 220D
BRESYANT A, + 52233060 LDFD%
EEBE ZERL T+ (o

4 QOBELRTLEVEETRFAOANKEAD
LRG3 ERDET,

(BY (2F#2ITEVERT LAB1)TERE LO~HEATYE
Iwvo, ZOLEEFE, BIRKEEBLTHS530LEL S

DELTHRET S,

(6) #E1 4522 2DEETH, LAMPEZ 12 &
b, HEA 2282302003 {0 EHEET
Ao CZLTOMEA ¥ £ 24 23 MBXTHE,

() < A—2NELBE( V> FriH)THE
LAMPIZ 4 L %2, {E%PIEN T LR FELIEET 5, 48
B4 #2822, b3 ARRE, CTOLEIEETE
Ko COBERLABTAX —DDETICLHBHT
T, 2D EEELALER, BRECANINALO
VEREER D, T A— FUELIBESI NAEFOMA,
EFHEFOLEFTOETFOTRELTANDL, <724 —2
AT E D LB EA DT S,

(8) HEEE (v HFrx YL LAMPA 4R B, 8
ETREEFRIEET AL, FOERTFO L xvsEH N,
FOEFICHET AEHRAHEIN 5,

(9) LAMP#: 15 THWE BT *—0bANIT AL,
KDL 9% Do

0F— AN A4 v7u27r5slRb,

1~9%—Af) MOERFHEELELHR

11 #— (55000 ) BEANER, +4%bHb CRT
T TBINTH2ETFEEE TS L, TOEFD
ExT v *x—HbANTHTLENTE B,

12 %— (ELBCLE) AZAN LAT— 222 THE
L, lonbebET.

INPUTG THALL TR LR A3 DE, FEOZ
BEAMOEL, 1 ¥—Fr2¥kid, EEOETFWHR
hEERBDPLNEABRENDOILDO—DOTHB, EN%E
RR+T 5242, CRT ORI WAEIHEERITL
STl T% 90 BE, 41— 2%i8ET 5L LAMP
deokxib, ROL9ETLBMUODL DU DHHALIE
ET A Bit, BRENLEFTTHL LAMPH 4T D,
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16 L2 FEBA PR IRE 365 &

[, a0 *i2.50 25,00

311

Kb k9 ETABROHEN THAEFRIEFET 5, BH
BT R efERT 5 ELAMP R 15 KA D, XHEBEO
BEBET > *—LVANT 5. BEHEEZELI LN
LEd, BREEEEROERCS L AxfERT 5 EBE
Ko LREZXANTE 2, fiffEERcfEnT 5L, #
T AUMnENEN G, BHEERE CRT LiKER
ANt AERSLIVCEAEFOEVESTHLEE S
57 Cmadnb, COLE LOG BERDX 2iEET 4
EXENIKHERE 2D, Y R IBET S L VEITEE S
hhbo X, YEHFEELTD L\,

ETERERIES AOERTEEI L, &R ORT KX
RAN Do FTEMBKTTHELAMPE TICAR D, T %
—ANHBERT S, T F—ANBROEKRE D,

1*¥—AN BERFHREFTOE EBREIN, HOEE
OB HERHC 7 5o

2x— AN [EEFR HOEELLCED

3F—AS] EEOF—EHAHEEINFLLIRLVE
o

1, 2ANOHE, BICAN L7cERg 7 — 24 CRT K
BUERRIN, EROEM, EE, 7 A= 20KEEH
%4 %0

Hiodcorsll L TANThHK 1 OREKET— £

7.5 mmm
FrouneY Taar*

e By St
E2.50 LER LR 500,00

FTEERL DA

Tdb, HHECRIT 10 T4 Lt EHRINAERO @ ¥
DEE % BEH 400kHz 22 5 500k Hz £ TO#EH TETE
‘?641 6‘#8:7w]%t/f'€o [z] 11 @C@%%’Cééo

5. INPUTGTOF—4

INPUTG &) 2HH hEBORT®ENZ, AMH
[l o R & & |

1) ETEHMORELY RT,

2) HEBCEREANT 2RBTOE=2Y) v

3) FEEROFR
D3DThb, N bIFINPUTG KELT, —iCA
D TR A L THRAL ISR E A L CE
BB R TOBEOMKHNEBLIELLTETS
bo 1) E3)HEE#LOL—FNCT— 25T 5K
FTdb5, 2) TAANINTEAT— 2% L, *
NG LB AT A Vv, BEBCGLTARNT — 2%
22— {LLFERT Ao INPUTG Tk, ANEEHL LA
2T ABTF—2E, Trx—ANT—2L271vy A
NF—2020Te 5, 2hbid

D Fre—ANF—4%

(a BEEOXFT— 2

2) £7Vvy b ANT—2

Y54,
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(o) EFERBET — £

© HHEBREET — 2%

@ BFREET— 2

(&) EFIEET— 4
DS DLRTTHbB, £7vy bHIED, 7282754 T
B7Vvy b ANNTF— 2D 4 DDHEBLBED LN Twhb,
COPTRFIBEDL, RFHEBRINLILIEDET
FRTHBOEEIND, L bOABRKKE&RIN TV
FREEARLC LA RV, T 075 aid, BICADED
RECZ S Twbd, ANEBLHLT—2H8ANINES,
TTEQLOLBEREOT—2T2502HET 5o (A~
VT TORBMIALENT — 2L, BHERDODEWF— 2T
b, COLEIEIANEBIA»?AX>OGSHEY
RaAhb, BRDDLT7T—20&L31E, TOUBZITA,
RKICANL TR LWTF—20BBIIEY T2 - %
LAMPIZE Y, ZRPAHXGH 2 ANEBITH T AN
F-2OMBEROEY T A,

EFeHEE (MhEREE ) 724
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