
Circuit Analrsls 
·with your 

TBS-80 Computer 
Here are five programs to simplify electronic design work. 

AC Formulas 

:; ClS 
29 PRINTTFII<1S); ''M!HlJS A. C. FIJM.lAS' :PRINT 
35 PRINT 'amR NJt3ER I£XT TO lH<lOfl ':PRINT 
40 PRINT 'PEIIC vct TS--1'., 'PERiro-FREilEII:V--4' 

BY ROY BABYLON 

T HE first program in this group deals 
with six areas of general interest in 

ac circuit design. The first three have to 
do with the relationship among peak 
voltage, instantaneous voltage, and the 
angle of the sine wave. The next two in­
volve the relationship between frequency 
and wavelength. Anyone working with 
tuned circuits or antennas will find these 
sections useful. A unique feature of the 
program is that it gives answers in both 
feet and meters. This part is also helpful 
in converting scope readings. Normally 
measured in time (period), these readings 
are converted into the more familiar and 
useful frequency equivalents. The final 

240 IF U=1 OOT0278 
250 IF U=2 OOT0118 
260 IF U=3 OOT0368 

part of the program handles conversion 
between the various relationships of rms, 
peak, peak-to-peak, and average ampli­
tude values. 

The program was converted from a 
Level I to a Level II format (which ex­
plains its layout), and it is directly com­
patible with either one. The main differ­
ence between the two formats is that 
Level II has subroutines such as square 
root, angle functions, etc., built in. This 
is why all the subroutines were placed at 
the end of the program. For a Level I ma­
chine, enter the program as written. It 
must be modified accordingly for a Level 
II machine. 0 

270 ltfUT'ENTER M RIIS vct TIG'; X 
41 PRINT 'l!fSTFM'II£005 vct TIG=2', 'IIMLEI«l'lli (I£TERS CR FEET>=S' 280 PRINT'M PEIIC TO PEIIC YO.. TOO: IS'; 2. 828*X; 'vct TS' 

298 PIUNT"M PEAK vet TOO£ IS'; 1. 414•X; 'vctTS' 4~ .PRINT 'ffG..E POINT C11 WAYE=3', 'Rt15-PEIIC-AYERIG: a:w.'ERSICIIS=6' :PRINT 
50 III'IJT'REilfSTEO FIJM.lA IS '; U 
68 IF U=1 OOT098 
65 IF U=2 OOT0140 
78 IF U=J OOTM18 
7S IF U=4 OOT0460 
80 IF U=S OOT0568 
85 IF U=6 OOT0198 
98 III'IJT'ENTER INSTFM'II£005 vct TIG'; I 
109 ltfUT'ENTER FHJLE IN ~GREES' ; X 
110 ~ 38376 
128 PRINT"PEIIC vct TIG EIH\.S '; II'/; 'vct TS' 
130 EN) 
140 ltf'\JT'ENTER PEIIC vct TOO: IN vet TS' ; E 
159 J!f'UT'ENTER ~E IN DEGREES'; X 
160 OOS\B38376 
178 ~INT'M INSTFM'FH:OUS vetTfG IS' ;E*I'; 'vetTS' 
180 END 
198 PRINT'ENTER M NJt3ER I£XT TO M l(lOij vet TOO£' 
208 PRJ Nr'Ri!s <EFFECT!','!) vet TOO: 1' . 
218 PRINT'PEAK vct TOO£ 2' 
pe PRINT'AYERAGE vct TIG 3' 
230 ltfUT'M l(lOij YO.. TIG IS' ; U 
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309 PRINT'M AYERfG vctTAGE IS'; 9*X; 'vctTS' 
3eS Ell> 
310 INPUT'ENTER PEAK vetTS';P 
328 PRINT"M PEIIC TO PEAl< YO.. TOO£ IS';2*f'; 'vctTS' 
:m PRINT"M RIIS VOLTAGE IS' ;. 707*P; 'vetTS" 
340 PRINT"M AYERAGE VALUE IS'; 636*f'; 'vctTS' 
345 Ell> 
360 ltfUT'ENTER AYERAGE VOl.TIG';A 
:m PRINT"M PEAK vctTAGE JS";1.S7*A; 'YOLTS' 
380 PRINT'M PEAK TO PEAK VOl. TOO: JS';314*A; ' YOLTS' 
:!98 PRINT'M RIIS vct TiG IS'; 1. 11*A; 'vct TS' 
400 Ell> 
410 III'IJT' ENTER PEAK vct TAGE'; P 
420 III'IJT'ENTER INSTANTAI£005 vct TIG'; I 
438 S=IIP 
435 GOSUB 38559 
448 PRINT~M Alfi.E Cll M SINE WAVE IS'; Y; 'DEGREES' 
442 00 
444 ltfUT'ENTER PEAK vct TIG'; P 
445 ltfUT'ENTER PHASE lm..E IN DEGREES'; X 
446 GOStJJ 38376 
448 PRINT"M INSTFM'AI£005 '.'QTffiE IS';P*I'; 'vetTS' 
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450 END 
468 PRINT' P£RI00=1 , FREOOENCY=2 ' 
470 Itf'UT'FOOU.A DESIRED IS'; X 
480 IF X=1 OOTO 509 
491l IF X=2 OOTO 530 
500 Itf'IJT'ENTER FREfHNCY IN HERTZ'; F 
518 PRIIWTHE P£RIOO OF';F; 'HERTZ IS';1/F; 'SECONOS' 
520 ENO 
530 llf'UT'ENTER P£RIOD IN SECOOS'; T 
548 PRINT'THE fREQl(NC',' IS'; 1/T; 'HERTZ' 
550 END 
568 PRINT' WAYELENGTH=1 , FREillRI:'/=2 " 
S7ll llf'UT'DESIRED FIHTION ?';X 
588 IF X=i OOTO 609 
590 IF X=2 OOTO 650 
68e INPIH'ENTER F IN HERTZ'; F 
611! V=JES/F 
620 X=904ESIF 

700 PRINT'TI£ fREQl(NC',' OF"; W; 'FEET IS'; 984E8/\ol; 'HERTZ' 
710 ENO 
31B76 Z=ABS<Xl/X : X=Z•X 
38188 IF )()360 THEN X=X/368 · X•<X-INT<Xll*:l60 

· 38398 !Fl090Tf£11X=X/90 : ·~=!NT <Xl X=<X-Yl*90-'!Nr'GOT039410, 39420, 39438 
39400 X=~7. 29578 :IF ABS(X)(2. 48616E-4 Y=O: RETURN 
38405 OOT038440 
10410 X=99-X · OOTO 10400 
39420 X=-X : OOTO 10400 
39438 X=X-90 : OOTO 10400 
38448 Y=X-X•X•XI6+X*X*X*X*X/120-X*X*X*X*X*X*Xt'5040 
38455 RETlRH 
30590 REl1 *ARCCOS* Ilf'UT S, OOTPUT Y, W 

10510 REl1 Y IS IN DEGREES, W IS IN Rfll!ANS 
10520 OOSUl 39550 : Y=99-Y : W= 1. 570796-W : RETI.I<N 
38558 X=S : IF ABS<Sl<=. 707107 TI£N 38610 
39568 X=i-% · IF X<0 TI£N PRINT S; 'IS OOT OF R!HIE' : STlJ' 
30570 W=X/2 · Z=0 

638 PRINT'THE WfNELENGTH<LAI'IBDAliS Ell\R TO'; 'i; '1£TERS !:R'; X; 'FEET' 38588 Y=<XIW-Wl/2 : IF (Y=0)+(Y=Zl TI£N X=W · OOTO 38610 
640 END 
651! ltf'UT'ENTER WA\'ELENGTH'; W 

660 ltf'UT' IUERS=1, FEET=2 ';C 
670 IF C=1 OOTO 690 
688 IF C=2 OOTO 709 
691l PRINT'FREfHNCY='; JESI\ol; 'HERTZ' 
695 ENO 

38609 W=W+Y . Z~ . OOT010588 
38610 Y=X+X•X•XI6+X*X*X*X*X*. 875+X•X*X•X•X•X•X*4. 464286E-2 
38620 W=Y+X•X•X•X•X•X•X•X•XH 818194E-2 
3ll6li IF RBS<Sl} 707107 TI£N W=i. 570796E-2 
39638 ','--11*57 29578 . RETli<N 

Impedance Matching 

0 
18 as 

T HIS short program for the TRS-80 
Level II was designed to furnish the 

proper values of resistors for an L-type 
impedance-matching network and also 
draws the circuit diagram and figures out 
the system loss in decibels. 

The program is self-prompting and 
uses no subroutines. Lines 20 and 30 ask 
the designer for the two impedances to be 
matched . Lines 40 through 70 are the 
"working" lines and operate on the data 
supplied in lines 20 and 30. The working 
lines are self-explanatory. Lines 90 

15 PRINTIAB<:t5)"L T'11PE IMPEDANCE MATCHING I£TWORK" 
20 !Nf'IJT"ENTfR HIPIJT IMPEDANCE"; Z1 
:;-e HIPIJT"ENTER tliTPUT IMPEDANCE"; Z2 
40 R1=Zt~<SQR(1-(Z2/Z1)) 
5ll R2=Z2/5QR(HZ2/Zm 
60 I'I=S(X:I<Z1/Z2)+SQR(<Z1/Z2H.) 
78 L=2fl*(L0G(M!/LOG<10)) 
fll a.s 
90 PRINT@520, "Z IN )))" 
100 PRJIH!i0.l5, "Ri="; RL "OHMS" 
110 PR!tH~60, "Z (dJT «<" 
120 PRIUT@920, "LOSS IN DBS IS" ; L 
Ell PRINT@595, "R2="; R2.• "OHI'IS" 

through 130 print component identifica­
tion and values for the circuit drawn by 
lines 140 and 150. Line 140 draws all the 
horizontal lines, and line 150 takes care 
of the vertical. Line 160 is a simple clock, 
which keeps the drawing on the screen 
for a predetermined amount of time. 
With the value used, the drawing re­
mains for about 35 seconds. (To increase 
this time, increase the value of"N.") Af­
ter the clock in line 160 times out, the 
computer goes to line 170 which returns 
it to line 10 to await the next problem. <> 

140 '/::15 FORX=10TCG0: SET< X .• ',') 1-IEXTX ~'=12: F(l(;:X=10T058: SEHX, ~') NEXTX: 'r'=18 FORX=33T053 : SET< X,~') : NEXTX : ·~=tS : FORi\=5BT0100 : SEHX, '/): t-IE~:TX 
. Y=21 FOR',i=74TOB7 SEW<:, 'r') : NEXTX Y=32: FORX=74T087 SET< X,'~): NEXT:<: ~'=36 FORX=1.0T0100 SET< X,',') t-IEm: 

151?1 X=30 FOR'r'=12T018 SET<X, '~) NE~:T'n:=~.S FOR'~=12T018 SET<X, '~) NEXT'r' :X=80:FOR'r'=15T021 SEW{, 'r'J :1-IEi<T'r' :)\=74 FOR't'=21T03:2 SEHX, ~') NEXW : 
~:=87: FORY=2H032: SET< X,'~): NEXW: X=80 : FOR'r'=:S2T036 : SEHX .. '{> : Nf.XW · 
l68 FORN=1 T010000 : lfXTN 
170 GOTO 10 
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circuit analysis 

Gapacitance Networks 

18 Q5 
28 PRIHTTm<15) '~l(IJ5 CAPACITII'E FORIU.I£' 
10 PRIHT'CIH1GE 00 A CWR:IT~ 
40 PliiNT'\'Illi OF A CWR:ITOR <PHYSICAL F~T~) 
58 PRIHT'ENERG'l' IN ~ ElECTROSTATIC FlElO 
6e PlilHT"R£515T~ & CWR:IT~ Tli'E CONSTANTS 

u· 
12' 
11" 
14' 

78 PRIIIT'5ERIES & PARALLEl R£~TANCES 15' 
80 PRlNT'CAPACnii'E R£fi:T~ 16' 
90 PRINT' I~ 17' 
100 PRIHT"5ERIES/P~.LEL CAPACIT~ 18' 
129 Ilf'UT U 
B8 00 U GOTO 115, 290, IlS, :>75, 515, 565, 605, 645 
E5 Cl5 
149 llf'1JT' EHTER IH(I()Ifl Q=1 , C=2 , E=1' ; X 
150 ON X lllTO 160, 21 0 .. 250 
160 lll'l~"EHTER Cl1Pfr:IT~ I'ALUE IN U-F~'; C 
170 lN!'UT'EHTER VOl TIIJE' ; V 
100 PRIHT'TI£ ClR!GE 15"; <C*'I)/ (1E6); "lXU.CK!5 OF ElECTROOS ' 
190 Ell!) 
219 lh'!'UT'EHTER 1\J..TIIJE"; V 
120 lii'1JT'ENTER ClR!GE IN OOJLCfllS"; Q 
210 Pl1INT'TI£ CAPACITANCE IS'; (QIV)•<1E6), 'MlCROFARroS' 
240 fNO 
250 llf'IJT' FHTER CAPAC:lTR!I('f IN U-FAROOS" , C 
160 li.!'IJT'tHTER ClR!GE (Q) IN lXUCfllS";Q 
278 PRIHT"TI£ VOL TIIJE IS"; (QIC)*1E6, ' VOlTS' 
280 BID 
298 llf'UT"EHTER AREA OF PlATES IN SQ. METERS'; A 
:>00 lii'UT"EHTER DISTPIU BETlEEN PlATES IN I'{TERS'; D 
118 llf'UT"EHTER DltLECTRlC CON5TANT <FR!ll TRBI.E> ' ; K 
:l2e PRIHT"TI£ CAPAC IT~ '.!I.UE IS'; K•(R/0)08. 85; "li-U FARROS' 
ne ENO 
:>35 QS 
140 li.!'IJT'EHTER Tl£ 1\J..TIIJE I'Alli"; 'I 
:>59 lii'UT"EHTER CAPAC IT~ \'All{ Ill U-FRRro$'; C 
:l60 PRIHT"TI£ EI£RG\' IN Tl£ ElECTROSTATIC FIELD 15' ; 11<2*C>•<I'{2)• <1E6), "J!l.lES" 
170END 
:;75 a..s 
300 IN!'UT "ENTER lmolf , Tli'E=1 , RE515TOR=2 , CWR:ITOR=3' ; X 
:>90 011 X GOTO 400, 440, 480 
400 lii'LIT"EHTER R£5ISTOR I'ALli llf ~"; R 

l19 llf'IWfHTER CRPRCITOR \'ALUE IN U-FARRD5' ; C 
421l PRIHT'THf Tltll' CON5TRNT 15' ; R*C•1E-6, ' SECO!lOS" 
" 0 EIID 
435 (15 
440 llf'\IT'EHTER Tli'E Ill SECOODS", T 
450 li.!'IJT"EHTER CRPRCIT~ IN U-FIIRROS"; C 
460 PRINT ' TI£ R£5151~ I'ALl{ IS' ; TIC•1E6; "OffiS' 
470 ENO 
4/0QS 
480 l i.!'IJT"FHTER Tll1t Ill SECONDS", 1 

78 

I 

0 

H ERE is a Level II program cover­
ing eight different areas in the de­

sign of capacitance networks. The first 
three areas are of primary interest to stu­
dents taking a course in electronics and 
will probably be of little use to experi­
menters. The other five areas, however, 
will be useful for both groups. 

The program is self-explanatory and 
self-prompting when run. One unique 
feature of the program (section 8) allows 
you to change the total capacitance of a 
network by a specific amount. This sec­
tion of the program not only tells you 
what value to add, but also tells whether 
to put the added capacitance in series or 
parallel. <> 

490 li.!'I.IT'EHTER R£.SlSTRilCE IN Off15'; R 
58ll PRllll"THf CAPACITOR I'ALUE IS"; T/R•1E6, "li-FRRro5' 
510 ENO 
515 ClS 
529 lii'\IT'EHTER CRPRI:JTI\'f R£ACTR!lCE <XCI)'; R 
530 li.!'IJT'EHTER <xc2>";8 
548 PRIHT'TI£ <;ERIES R£ACTR!lCE 15", R+8; 'OHIIS CRPRC!Tli'E' 
513 PRINT'TI£ PARALLEL REACTANCE IS' ; (A*!i)/(R+8); ' OffiS' 
560 EIID 
565 ClS 
S78 lii'\IT' EHTER CRPRCITOR VRI.li IN li-FRRroS'; C 
580 llf'LIT'OOER FR£QIJENN IN HfRTZ";F 
590 PRIHT'THE R£~TANCE IS'; (1/(6. 28<F*C*1E-6)); "Oh!IS OF XC' 
600 ENO 
685 o..s 
61 0 INPIJT'EHTER REACTANCE (X() IN Off15' ; 8 
620 JNPUT' EHTER R£SlSTRNCE IN ~"; R 

6lll PRIHT' lr.>EDANCE <Zl Ellllll5'; SQil( (8[2)HR! 2)); 'Off15' 
649 EIIl 
645 CLS 
656 lNPUT"EHTER 1 FOR TOTAL I'ALUE • 2 FOR CHfiNGllfG TOTAl. 'IRUJE"; Q 

660 ON Q lllTO 670, 848 
665 QS 
678 lii'UT"ENTER NI.~R OF CAPACIT~ USED, 2 , } , OR 4"; X 
680 00 X GOTO, 685. 725, 775 
685 Cl5 
690 l ii'LIT'EHTER 'lfllUE OF C1"; A 
700 INPIJT'EHTER I'ALUE OF C2'; 8 
718 PRINT'TI£ <;ERIES \'ALII IS' ; (R*l!)/(A+Bl; "AND THE PRRRLLEL I'ALUE 15"; A+B; "U-FRRroS" 
720 ENO 
725 QS 
m JN!'UT'EHTER VIlli OF C1 "; R 
740 lN!'UT'EHTER \'ALII OF C2' ; B 
750 li.!'IJT'OOER \'llUE OF O';C 
700 PRINT'TI£ <;ERIES 'IALUE IS"; 1/(1/R+Ml+i/C); 'AND THf ~LEl l'fl.li 15'; A+B+C; ' li-FRR110S' 
7713 END 
775 QS 
780 lh'!'UT'EHTER VIlli OF C1"; A 
799 Ih'!'UT'EHTER VRI.li OF C2'; 8 
Bee lii'1JT'EHTER I'ALli OF C1' ; C 
810 IN!'UT'EHTER \'ALII OF C4'; D 
020 PRINT' TI£ SfRJE5 \'ALII l5';1/(1/R+11B+1/C+!/O); 'RND THE ~LEL VIlli 15' ; A+B+C+D; ' IH RRroS' 
1!30ENO 
835 !l..S 
849 llf'UT-''EIITER PRESENT TOTAL \'llUE OF CAPAC IT~'; T 
1!50 ltf'IJT'EHTER DESIRED l'fl.li"; D 
tl69 IF TlD GOTO 070 ELSE B8e 
870 PRlHT' TO,OOTAIN';D; 'AS A Fllfl \'ALII , If)()'; ((100)/ (T-0)); 'IN SERIES Wlllf ~ PRESENT ClRC\IIT' 
875 END 
800 PIUNT'TO OOTAIN';D; "AS A FliR \'AI.UE ff)()' ; D-T; 'JN ~LEL WIT!f 'l(lR PRESENT CIRC\IIT. ' 
090 END 
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Common-Eminer Amp Design 

28 PRINT"~ EI1ITTER FIRIFIER" 
38 IIRIT"ENTER IR<. C!UECT~ Ct.RRENT"; A 
48 IlflUT"ENTER BETA"; B 
58 IlfliJT"ENTER YCC YOC. TOO£"; C 

I F YOU are designing a common­
emitter amplifier such as that shown 

in the diagram and have only minimum 
information about the transistor, this is a 
useful program to have. The only data 
needed is the maximum collector cur­
rent, maximum collector voltage, beta, 
and type of transistor (silicon or germa­
nium). The layout of the program is 
straightforward and it is self-prompting 
when run. 

vee 

Rl R3 

Ql 

R2 R4 

68 IIRIT"ENTER TYPE: SILl caM , IB!fiNII1'=2"; D 
79 IIRIT"ENTER UlEST FRE~ TO BE AIRIFIED";K 
88 E=. Stfl'IC 
90 F=. 45*C'YC 
198 G=. 1*C'YE 
119 I~'IB 
129 IF D=1 H=G+. 6 ELSE H=G+. 3'YB 
138 J=<C-F>II 'Ri 
148 L=. 1•<GIE>:M=<11<6.28$K*L))*1£6 
158 PRINT"Ri=";J;•~· 
168 PRINT"R2=";(GIC)*J; •~· 

179 PRINT"R3=";<C-F>IEJ"~ 
188 PRINT"R4="; GIEi "(HIS" 

199 PRINT"CI="; It "11ICRO FARR>S" 
298 Ilfli.IT"IS A SC1£11ATIC DESIRED ? YES=1 , t«l=2"; R 
219 IF R=1 GOT0238ELSE 228 
228 00 
238 CLS 

Lines 30 through 70 ask for informa­
tion needed for the calculations in lines 
80 through 140. Lines 150 through 190 
print out the results of the calculations 
and label what they are. These values are 
the "ideal" and it is up to the designer to 
pick the closest standard values 
available. 

The remainder of the program draws a 
schematic of the circuit and labels all 
parts values. Line 200 begins by asking if 
a schematic is necessary. If not, the pro­
gram jumps to line 220 which ends it. If a 
schematic is desired, the program jumps 
to line 230, which begins the graphics by 
clearing the screen and then printing the 
parts values and labels. Lines 250 
through 310 draw the rest of the 
schematic. 

Line 320 is a simple clock. With the 
value of "N" used, the graphics remain 
on the screen for about 20 seconds. To in­
crease this time, make "N" a larger num­
ber. After the clock times out, the screen 
is cleared and the program is sent back to 
line 20 to await the next problem. 0 

248 PRINT@294,"R1":PRINT@218,"R3":PRINT~, "YCC":PRINT@349,"C":PRINT@469,"B":PRINT@549,"E":PRINT@716,"R2":PRINT@738,"R4" :PRINTf743," 
C1 =": PRINT@914, "GRCOI)": PRINTH92.; J; : PRINT@219,; <C-F>IEJ : PRINT@705,;. 25*J; : PRINT@723,; GIEi : PRINT@747, ; 11; " 11ICRO FARff)S" 
258 X=48:FORY=17T026:5ET()(, Y> :IEXTY: 
268 X=49: Y=28: SET <X. Y> : X=48: Y=28: FORN=1 T019: SET< X, Y> : X=X+1. 5: Y=Y-. 5: IEXTN: X=53: F~=14T016: SET (X, Y> : IEXTY: X=53: FORY=28T038: SET <X. Y> : 
IEXTY: X=48: Y=24: SET()(, Y) : X=48: Y=24: FORN=1 T019: SET <X. Y> : X=X+1. 5: Y=Y+. 5: NEXTN: 
279 \'--4 : FORX=26T053: SET <X, Y> : IEXTX: Y=6: Ft:RX=22T038: SET <X. Y) : r£XTX: Y=6: FORX=49T057: SET <X, Y) : 1EXTX: Y=14: FORX=22T038: SET <X. 'I> : IEXTX: Y=1 
4: Ft:RX=49T057: SET <X. Y> : IEXTX: Y=22: Ft:RX=26T048: SET <X. Y> : IEXTX: Y=38: FORX=22T038: SET< X, Y> : IEXTX: 
288 Y=38:FORX=49T057:SET<X. Y> :IEXTX:Y=28:Ft:RX=53T069:5ET(X. Y) :IEXTX:Y=33:Ft:RX=64T074: SET()(, Y) :NEXTX:Y=35:Ft:RX=64T074 :SET<X. Y): IEXTX: 
Y=38:Ft:RX=49T057: SET<X. Y> :IEXTX:Y=38:FORX=22T038:SET(X. Y> :NEXTX:Y=38:Ft:RX=49T057:SET<X. Y> :NEXTX: 
299 Y=48:FORX=26T069:SET<X. Y) :NEXTX: Y=6:Ft:RX=22T039: SET<X.. Y> :IEXTX:'t'--6:FORX=49T057: SET<X. Y> :IEXTX: X=39:FORY=3T04 :SET<X. Y) :IEXTY:X=22 
:F~014 :SET< X. Y) :IEXTY :X=26:FORY--4T06:SET<X. Y) :IEXTY:~=26:FORY=14T038:SET<X, Y> :IEXTY: 
398 X=26:FORY=38T048:SET(X, Y) :IEXTY:X=49:F~014 :SET<X.. Y> :IEXTY:X=49:FORY=38T038:SET(X, Y) :IEXTY :X=53:FORY--4T06:SET<X, Y> :IEXTY:X=5 
3:FORY=38T048:SET<X. Y> :IEXTY:X=57:F~014 :SET<X. Y) :IEXTY:X=57: FORY=38T038:SET<X. Y) :IEXTY: 
319 X=69:FORY=28T033:SET<X. Y> :IEXTY:X=69:FORY=35T048:SET<X, Y) :IEXTY:X=48:FORY=48T042:SET<X. Y> :I£XTY:X=38:FORY=61014:SET(X, Y> :IEXTY:X 
=22:FORY=38T038:SET<X. Y> :I£XTY:X=38:FORY=38T038:SET<X. Y> :IEXTY: 
328 FORN=1 T019988: I£XTN: CL5 
338 GOT020 
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circuit analysis 

Voltage-Regulator Design 
T HIS final program can be used in 

the design of three different types of 
zener-diode voltage-r~gulator circuits. It 
was designed and tested with TRS-80 
Level U, but is directly compatible' with 
TRS-80 Levell. 

The program is applicable to all three 
of the circuits shown in the diagram. 
Lines 30 through 70 ask for information 
common to all three. Lines 100 through 
110 are used only in the first circuit. (We 
really don't care about the diode's im­
pedance ip the other circuits since it isn't 
~een by the load.) 

Line 120 asks which circuit is of inter­
est and lines 130 to 150 branch to the re­
spective graphic "subroutines," which 
draw the cjrcuits. Lines 860, 1060, and 
1250 are simple timing clocks to hold the 
schematic of the regulator on the screen 
for a specified amount of time. With the 
value shown, the display remains for 
about 20 seconds. 

After the clock times out, the com put-

UNREG 
INPUT. 

Ql 

REG UNREG 

er goes to the next line which directs the 
computer to the proper line number for 
the start of that particular part of the 
program. The first few lines of each indi­
vidual circuit program query the design­
er for any additional (jata that is needed. 
Following these query lines are a number 
of data-operation or formula lines. 

Following these ca:lculations, the com­
puter prints the results. Unfortunately 
these results are "ideal" values, and it is 
up to the designer to pick the nearest 
standard value. Another set of values is 
calculated with a 50% safety factor. 

One change you may want to make in 
the program is in lines 60 and 70. Instead 
of entering power in these two lines, you 
may want to enter the maximum and 
minimum current. By doing this, you can 
eliminate lines 80 and 90. (However, use 
" J" as the variable in line 60 and "K" in 
line 70 so that you don't have to rewrite 
these factors in the remainder of the 
program. 

Ql 

REG 
OUTPUT 

<> 

OUT·P~T INPUT o-------.------o o-----~~---------o 

A B 
The program here is applicable to any one of these circuits. 

10 CLS 
20 PRINT@16,"VOLTAGE REGULATOR CIRCUITS" 
30 INPUT"EN TER REGU LATED OUTPUT VOLTAGE DESIRED"; A 
40 I NPUT"ENT ER MINIMUM VOLTAGE FROM PO WE R SUPPLY FILTER " •B 
50 I NPUT" ENTER MAII MUM VOLTAGE FROM POW E~ SUPPLY FILTER " ;C 
60 I NPU,"INTER MAXIMUM POWER OF LOAD";D 
70 I NPUT"ENTER MINIMUM POWER OF LOAD" ; E 
80 J • D/A 
90 K•E/A 
1 00 L• A/ . 1 • J 
110 F• A/ .1•K 
120 INPUT"ENTER 
130 IF M• 1 THEN 
140 IF M·2 THE N 
1 50 IF M•3 THEN 
160 CLS 

CIRCUIT DESIRED 1 , 2 OR 3 ";M 
720 
880 
1080 

c 

:~g :~~~~:;~~ , ~~=~~IT YOU HAVE PICKED WILL REQUIRE ONE ZENER DIODE AND ONE SERIES RESISTOR . REFER TO CIRCUIT # 1 . " 

190 I•(C -A ) • ( 1 .1•J) 
200 H•A• (J-K) 
2 10 PRINT " CeLCULATED VALUE OF R1 IS";G ;"OHM S (PICK NEXT STANDARD LOWER VALUE) " 
220 PRINT " CALC. WATTAGE OF R1 I S" ; I ;"WATTS " 
230 PRI NT" CALC. VALUE OF D1 IS "; A; " VOLTS @" ;H ;"WATTS" 
240 PRI NT'' MAX. LOAD CURRENT IS";J;"AMPS . ~ 
250 PRI NT" MIN. LOAD CURRENT I S";K ;"AMPS ." 
266 PRI NT"M IN . DIODE IMPEDANCE IS "; F;"OHMS " 
270 PRINT"MAX. DIODE IMPEDANCE IS";F; " OHMS" 
2'i5 PRI NT" <> <> <> <> 
280 PRINT"FOR A SAFETY FA CTOR OF 501•" , 
290 PRINT " R1 SHOULD EQUAL ";G;" OHMS AT";1. 5 • I ;"WATTS " 
300 PR I NT" ZENER DIODE Dl SHOULD EQUAL" ; A; " VOLTS AT" ; 1. 5 • H; "WATTS " 
3 10 END 

320 PRINT " THE CIRCUIT YOU HAVE CHOSEN WILL REQUIRE 1 ZE NER DIODE, 1 SERIES RESISTOR , AND 1 TRANSIST OR. REFER TO CIRCUIT #2 ." 
330 INPUT" ENTER BETA OF Q1" ; N 
340 INPUT"ENTER IF Q1 IS SILICO N• l , GERMA NIUM • 2 " ; L 
350 I •J/ N 
360 IF L•1 THEN H• A+ . 6 ELSE H• A•. 3 

80 
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3'70 G• (B- H)/I 
380 O•(B- H) * I[2 
390 P•(C - H)/G 
400 Q• H*P 
410 R•C - A 
420 S•J*R 
421 PRINT " RESISTOR R1 CALC ULATES TO"; G; " OHMS (P I CK NEXT LOWEST ST AN DARD VALUE), AT";O;"WATTS" 
422 PRINT"ZENER DIODE D\ . CALCULA TES TO";H ; "VOLTS AT " ;Q; " WATTS" 
423 PRINT " TRANSISTOR Q1 CALCULATES TO " ;R; " VOLTS (VC E) , AT" ;S;"WATTS" 
430 PRINT" <> <> <> • 
440 PRINT"FOR A SAFETY FACTOR OF 501: " 
450 PRINT " R\ SHOULD BE"; 1. 5* 0 ; "WATTS ' ";G; " OHMS " 
460 PRINT " ZENER D1 SHOULD BE " ; 1 . 5* Q; "WATTS @ " ; H; " VOLTS" 
470 PR IN T"Q 1 SHOULD BE " ;1 . 5* S; "WATTS@ " ; 1 .5*R ; " VOLTS" 
480 END . 
490 CLS 
500 PRINT " THE CIRCUIT YOU HAVE CHOSEN WILL REQUIRE 1 ZENER DIODE , 1 RESISTOR , AND TWO TRA NSISTORS . REFER TO CI RCUIT # 3" 
5 10 INPUT"ENTER THE BETA OF Ql ";N 
520 INPUT"ENTER THE BETA OF Q2 " ;T 
530 INPUT"ENTER IF Q1 & Q2 ARE SILICON• \ , GERMANIUM•2 " ;L 
540 IF L• 1 H=A+\. 2 ELSE H•A+.6 
550 U=N *T 
560 I =J/N 
570 V=C-A 
580 S=I / T 
590 G=(C-H)/S 
600 W•(C - H)/G 
610 Q•H*W 
620 O•(C-H)*I[2 
630 P•C - A 
64 0 R•(C - A) * J 
650 X• (C - A)*I 
661 PRIN!"THE CALC. VALUE OF R1 
6 62 PRINT"THE CALC. POWER OF R1 

IS";G;"OHMS (PIC K THE NE XT STANDA RD LOWER VA LUE) " 
IS";O;"WATTS" 

. 66 3 PRINT" THE CALC. VALUE OF D1 
6 64 PRI NT"THE CALC. VALUE OF Q1 
665 PR I NT"THE CALC. VALUE OF Q2 
667 PRI NT" <> <> 

IS";H;"VO LTS ®" ; Q; '' WA TTS" 
I S";R;"WATTS@ A VCE OF";P;"VOLTS" 
IS " ; X; "WATTS@ A VCE OF" ; (C - A); " VOLTS" 

668 PRINT"FOR A SAFETY FACTOR OF 501:" 
670 PRINT"R1 SHOULD BE " ;1. 5*0; " WA TTS · @ 
680 PRINT"Z1 SHOULD BE"; 1. 5*Q; " WATTS@ 
690 PRINT " Q1 SHOULD BE"; 1 . 5* R; "WATTS @ 
700 PRINT " Q2 SHOULD BE" ; 1 .5* X; "WATTS @ 
71 0 END 
7 20 C LS 
730 PRINT@1 3 5,"RES ISTOR" 
74 0 PRI NT@12 , " COPY THI S CIRCUIT DOWN" 
7 50 PRI NT@67 ," R1" 

<> <> " 

" ;G;"OHMS " 
";H;"VOLTS" 
A VCE OF " ; 1. 5*P ; "V OLT S " 
A VCE OF " ;J.5* (C -A );"VOLTS" 

760 PRI NT@45 4," ZENER DIODE D1" 
7 70 PRI NT®4 90 "LOAD" 
780 PR I N T®3 2 0 : " UNR~ GULATED INPUT VOLTAGE " 
790 PRINT@499,"REGULATED" 
800 PRINT®564,"0UTPUT " 
810 Y•7 : FORX•6T012:SET(X,Y):NEXTX : Y• 5 : FORX• 12T032:SET(X,Y) : NEXTX:Y•9 :FORX • 12 T032:SET( X, Y) : NEXT X:Y•7 : FORX•32T088 : SET(X, Y'):NEXTX : Y• 3 7: 
F ORX•7T088:SET(X,Y ) :NEXTX:Y•32:FORX•80T098:SET( X, Y) :NEXTX : Y• 1 5:FORX•80T098:SET (X,Y) : N E~TX : 
820 Y= 26:FORX=44T0 64: SET(X,Y) : NEXTX : Y• 21 :FORX• 44 T064:SET(X,Y):NEXTX : 
8 30 X•1 2 :FORY•5T09 : SET ( X,Y):NEXTY:X•32:FORY•5 T09 : SET(X,Y): NEXTY: X•88 : FORY•7T015:SET(X,Y): NEXTY:X • 80:FORY•15 T032 : SET(X , Y):NEXTY:X •54 : 
FORY= 7T020 : SET(X,Y ) :N EXTY:X•54:FORY•2 6T03 7 : SET(X,Y):NEXTY:X•98:FORY• 15T032:SET(X,Y):NEXTY': 
8 40 X• 43: FORY•2 1T026 : SET( X,Y ):N EXTY:X •88 : FO RY•33T037:SET( X,Y):N EXTY:X • 6 4 :FORY• 21T026 :SET(X,Y):NEXTY : 
850 PRI NT@826 ," CRKT#1" 
8 60 FORN• 1T0 10000: NEXTN : 
87·0 GO T0 \ 60 
880 CLS 
885 PR I NT@ 1 2 , " COPY THI S CIRC UI T DOWN" 
890 PRIN T@80 ," TRANS IS TOR Q1" 
900 PRINT®3 90 , " RESI STOR R1 " 
9 10 PRINT@462 , "ZENER D1" 
920 PRINT@200,"COLLECTOR" 
93 0 PRINT®285,"BASE" 
940 PRINT®226 , "EMITTER" 
95 0 PRI NT@5 12 ,"UNR EGULATED INPUT" 
960 PRI NT®54 2 , " REGU LATED OUTPUT VOLTAGE" 
970 Y• 8 :FORX •6T035: SET( X,Y) : NEXTX : Y•6 : FORX•3 5T065 : SET( X, Y) : NE XTX:Y• 10:FORX• 3 5T06 5 : SET( X,Y):NEXTX : Y•8 : FOR X•65T088 :SET(X,Y ): NEXTX: Y• 15 
: FORX =10T0 16 : SET( X,Y) : NEXTX: 
98 0 Y=32: FORX=6T088 :SET(X,Y) : NEXTX: X•35 :FORY • 6T010 : SET(X,Y) : NEXTY:X•6 5 : FORY•6T010 : SET(X,Y):NEXTY:X • 10:FORY •8T0 15 : S ET( X,Y) : NEXTY : X• 16 
:FORY =13 T0 17 : SET(X , Y) : NEXTY: X•32 :FORY• 13T017:SET(X, Y) : NEXTY: 
990 X•50 : FORY• 10 T01 8:SET(X,Y) : NEXTY: X•4 6 : FORY• 18T026 : SET( X, Y) : NEXTY:X• 55 :FORY • 18 T026 : SET(X,Y) : NEXTY: X•50:FORY •26T032 :SET( X,Y) : NEXTY: 
1000 Y• 13 :FORX • 16T0 31 :SET(X,Y):NEXTX: . 
10 10 Y• 17:FORX• 16T03 1 :SET(X ,Y ):NEXTX : 
1020 Y•18:FORX • 46T0 55:SET ( X,Y):NEXTX: 
1030 Y•26 : FORX•4 7T0 55:SET(X,Y):NEXTX : 
10 40 Y• 15 :FORX •32T050:SET(X,Y):NEXTX : 
1050 PRI NT@82 4,"CRKT# 2 " 
10 60 FOR N• 1T0 10000:N EXTN: 
1065 CLS 
107 0 GO T0320 
1080 CLS 
108 5 PRI NT @ 5 , " COPY TH I S CIRC UIT DOWN" 
1090 PRINT®396 , "R1 " 
11 00 PRI NT®620, " REGU LATED OUTPUT" 
111 0 PRI NT@3 6 , " TRANS ISTOR Q1 " 
11 20 PRINT@640 , " UNREGULATED INPUT" 
1 130 PRINT@180,"EMITTER" 
1140 PRINT@222 ,"Q 2 " 
11 50 PRINT@237 ,"BASE" 
11 60 PRI NT@27 9 ," C" 
11 7 0 PR INT®4 16,"BAS E" 
11 80 PR INT®590, " ZENER DIO DE D1" 
11 90 Y• 5 :FORX • 6T072: SET( X, Y) : NEXTX:Y • 3: FORX• 73 T0 100 : SET (X ,Y ) : NEXTX: Y•5 :FORX• 10 1 T0111 :SET(X,Y) : NEXTX : Y•7 : FOR X•73T0 100: SET(X, Y) :NEXTX: 
Y=20 : FOR X•29 T047 : SET(X,Y) : NEXTX : Y• 24:F ORX • 29 T047 : SET(X,Y):N EXTX:Y • 17 :FORX• 50T075 : SET( X, Y):N EXTX :Y•2 2: FORX •20T027 : SET(X , Y):NEXTX: 
1200 Y• 13 : FORX• 50T075 : SET( X,Y):NEXTX: Y• 15: FORX•7 6T087:SET(X , Y): NEXTX: Y• 15: FORX• 4 0T049 : SET(X,Y) : NEXTX:Y• 26:FORX •58T 067:SET(X ,Y): NEXTX 
: Y• 34: FORX • 58T067 : SET(X , Y) : NEXTX:Y• 40 :FORX•6 T01 11 :SET(X ,Y ):NEXTX: Y•22: FORX• 20 T0 28 : SET( X, Y) : NEXTX : 
1 210 X•20 : FORY• 5 T0 22 :SET(X,Y) : NEX TY : X• 29 : FORY• 20 T0 24: SET(X, Y) : NEXTY:X•40 : FO RY• 6 T015 :SET(X , Y):N EXTY: X•47: FORY•2 0T0 24 :SET( X, Y) : NEXTY: X 
•50 : FORY• 1 3 T0 1 7 : SET ( X,Y) : NEXTY : X •58 : FOR Y• 2 6T03 4 :SET (X, Y ) : NEXTY : ~·67:FORY•26T034 :SET(X , Y):N EXTY : ' 
1 220 X•62 : FORY • 18 T02 5 : SET(X , Y) : NEXTY:X•75 :FORY • 13T0 17: S ET(X, Y) : NEXTY: X•87:FOR Y• 8 T015:SET(X , Y) : NEXTY : X•73 : FORY• 3T07 : SET(X ,Y ): NEXTY: X• 
100: FORY• 3T07: SET ( X,Y):NEXTY : 
12 30 Y•22: FORX • 48 T062 :SET (X ,Y) : NEXT X:X• 6 2 :FORY•3 5T040 :SET ( X, Y):NEXTY: 
12 40 PRI NT@93 0,"CR KT#3 " 
1250 FORN• 1T010000: NEXTN : 
1260 GO T0 490 
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