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NOTICE 

The program material contained herein is supplied without 
representation or warranty of any kind. Hewlett-Packard 
Company therefore assumes no responsibility and shall 
have no liability, consequential or otherwise, of any kind 
arising from the use of this program material or any part 
thereof. 
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IPROGRAM DESCRIPTION I 

TRANS ISTOR AMP EVALUATI ON 

Given supply voltage (Vee), the five resistor values R(I )- R(5), and transistor Beta, 
operating parameters are computed from the formulas : 

(See sc hematic for resistor label s) 

Temporary values 

V=Vee 8=8eta 

R= R(l) * R(2) / (R(l) + R(2)) 
V0= V * (R(1) / (R(1) + R(2))) 

K= V0 - * .7 
0= .026 / A(3) + 2 
T= 8 * (R(4) + 0) 

R(l) thru R(5) input as values from sc hemati c 

Di splayed values 

) IB = A(1)= K / (8 * (R( 4) + R(5)) + R) 
VB = A(2)= V0 - A(l) * R 

I 

Ie = A(3)= 8 * A(l) 
Ve = A(4)= V - A(3) * R(3) 
VE = A(5)= A(l) + A(3) * (R(4) + R(5)) 

Gain = A(6) = R(3) / (R4) + 0) 
Rin = A(7)= R * T / (R+T) 

Answers are rounded to two digits and di splayed with proper units and unit multip l ier. 
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ISAMPLE PROBLEMI 
Using the schematic and sample problem values, find Is . VB' rc ' Ve ' VE t Gain 
and input resistance for a Beta of 3D, then for a Beta of 300 . 

Answers: Gain var ies 18 . 96 - 19.2 
Rin varies 946 - 2050 
Col l ec tor current vari es by 1. 5 m Amps 

1o:=---()OUT 

Sample Problem Values 
RI = 8200 
R2 = 3300 
R3 = 1000 
R4 = 47 
R5 = 270 

Vee = 12 

First Betal 30 
Second Beta, 300 

f==========iI;C;SorO>TLTUTnTrnI:;:;O;-;O:N""I==========11 

STEP INSTRUCTIONS DISPLAY INPUT 

Run program * TRANSISTOR AMP EVALUATION * 

1 Enter supply volts Vee = 12 [RTN] 

2 Enter supply RI RI = B200 [RTN] 

3 Enter supp ly R2 R2 = 3300 [RTN] 

4 Enter supply R3 R3 = 1000 [RTN] 

5 Enter supply R4 R4 = 47 [RTN] 

6 Enter supply R5 R5 = 270 [RTN] 

7 Enter supply Beta Beta = 30iRTN] 

8 Answers Ib = 231.26 ~ AMPS [RTN[ 

9 V = 2.9 VOLTS [RTN] 

10 Ie = 6.94 m AMPS [RTN] 

) 

) 
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I SOLUTION I 

STEP INSTRUCTIONS DISPLAY IN PUT 

11 V = 5.06 VOLTS [RTN] 

12 V = 2.2 VOLTS [RTN] 

13 Gain = 18.96 [RTN] 

14 Rin = 946. 14 OHMS [RTN] 

15 Press [RTN] to default to '8 ' New Beta, Run again, or End? B [RTN] 

16 Ente r new Beta Beta = 300 [RTN] 

Ib = 28.15 AMPS [RTN] 

Vb = 3.38 VOLTS [RTN] 

Ie = 8.45 m AMPS [RTN] 

) Vc = 3.55 VOLTS [RTN] 

V. = 2.68 VOLTS [RTN] 

Gain = 19.2 [RTN] 

Rin = 2.05K OHMS [RTN] 

17 End program New Beta, Run again, or End? B E [RTN] 

J 
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IUSER INSTRUCTIONS I 

STEP INSTRUCTIONS DISPLAY INPUT 

1 Run program * TRANSISTOR AMP EVALUATION * 

2 Enter va 1 ues : 

2a Enter Vee in volts Vee = Vee [RTN] 

2b Enter Rl in ohms Rl = Rl [RTN ] 

2e Enter R2 i n ohms R2 = R2 [RTN] 

2d Enter R3 ; n ohms R3 = R3 [RTN] 

2e Enter R4 i n ohms R4 = R4 [RTN] 

2f Enter R5 in otuns R5 = R5 [RTN] 

20 Enter Beta Beta = Beta [RTN] 

3 Display answers: I = value AMPS [RTN] 
) 

V = val ue VOLTS [RTN]/[BACK] 

I = va 1 ue AMPS [RTN]/[BACK] 

V = value VOLTS [RTN]/[BACK] 

V = value VOLTS [RTN]/[BACK] 

GAIN = value [RTN]/[BACK] 

Rin = value OHMS I [RTN]/[BACK] 
B. R, or E 

4 Program options : New Beta, Run again , or End? rRTNi 

If 'B' then goto 2g 

If ' R' then ooto 1 

If ' E' then end Drooram 

) 
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NAME DESCRIPTION NAME DESCRIPTION 

com)uted answers A(l)-]B. 
Supply voltage V A( x) ~~~~ - VB' A(3)=Ic: A(4)=Vc• V 

A 5 =Ve • A(6)=Ga,n 
V0 Intermediate value A 7 -Ri n 

B (x) 
Same as A(xl ~~t adjusted 
for unit mu ti lier F$ X For loop counter 

R (x) 
Input resistance values 

A$ Labels f or prompts RI-R5 
Always A-VAC\X$1 in non -

A error i nput subroutine B$ Units for answers 

B Beta F$ 
Umt mUlt~)"er 
from FNF(F 

Intermediate va l ue saved 
0 for further computation K$ Single key input 

F 
va~(F)passed to function 
FNF F and FNR(F.J) Q$ Query option input 

J 
va~~~ ~)ssed to function 
FNR F J X$ 

String input always 
changed to A=VAL(X$) and 

K,T Intermediate values 
nerative values not 
a1 owed. 

INOTES AND REFERENCESI 

1. When viewing answers [RTN] key steps forward to next answer and [BACK] key 
steps to previous answer. 

2. Resistance values of zero ohms are allowed fo r R4 and R5 only. All in puts 
in common un i ts and must be pos i tive. 

3. Program designed to be most usefu l as computing parameters based on fixed 
resistor va l ues and chang i ng Beta. 

4. Inva l id inputs are ignored and user i s re- prompted until valid input is 
recei ved. 

5. Refer to schematic for transistor configuration and resistor labels . 

6. From HP Users ' Library #39700 . 

5 
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IPROGRAM LISTING I 

10 I I RANSISTOR AMP EVALUATION 
20 COMputes transistor aMp 
30 , op(!rating paraMeters as a 
40 ! function of transistor 
~:';O ! B(~·ta. 

60 ! Revision 11/01/82 
7n I 

80 DE.LAY 2 
90 DIM A$[28]/B$[361 

tOO DIM ReS) ,A(7) ,B(7) 
110 ! DEFINE FUNCTIONS 
120 ! fix answe~ to COMMon unit 
no DEF FNF(F) 
140 F$~I'M K M"&CHR$(12)&"np " 
ISO :r=3 
160 IF FC1000 AND F)-I THEN 240 
170 IF F(t THEN 210 
180 IF F~l THEN 240 
190 F-F/IOOO e J.J-l 
200 GOTD 160 
210 IF Jo, THEN 240 
220 F=F*1000 ~ J=J+1 
~:~3() GOT() 160 
240 F$=F<.I>[J }JJ 
~:~50 FNF::::F 
'.!60 END ])EF 
?'70 
280 ! Si.nqle J lIppE'f' ca~;e key in 
27' 0 DFF FN!< '1; 

300 KI-KEY' I IF II·"" THEN 300 
310 FNK$·UPRCICKI) 
320 [Nt) l)EF 
330 ! 
:140 I Round 'F' . ., '3' digi", 
:~SO DEF FNR(f In 
360 F=INTCF*10 A J+.S)/iO A J 
3'/0 FNr~=F 

3130 END DEF 
390 
400 ! Labels 
410 AS =" Ib Vb I e Vc VeGAIN Rin" 
420 ! Units 
430 B$=~ AMPSVOLTS AMPSVOLTSVOL1S 0 

HMS ~ 

440 DISP" * TRANSISTOR AM P EVAI,_UATION 
*~ 

450 P$= "Vcc = " @ GOSUB 820 @ V=A 
460 FDR X=l TO 5 
470 P$~"R"&STR$(X)&~ - " 
4<)0 GOSUl{ 0:10 

- FNKt returns single uppercase 
input 

-FNRCF,J) rounds F to J digits 

-FNFCF) returns F between 1 and 
lOO with unit F$ 

-ProMpts and l abels 

-IJn i ts for answers 

-"Siqn on M('~ ssage 

-Get supply voltage Vee 

-Ge t f iv e resistor values RCi) 
throu9h Re":";) 

) 

) 
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SOD 
StU 
520 
S30 
540 
SSO 
S60 
,70 
1580 
590 
600 
610 
620 
6~O 

640 
650 
660 
670 
680 
6,'0 
'700 
710 

720 
) 730 

740 
750 

760 
770 

780 
790 

800 
(; 10 
820 

030 
840 
BSO 
U/,O 
8'/0 
880 
090 

IPROGRAM LISTING I 

IF r~(x) THEN S;.~O 

IF X=4 OR X~S lHEN S20 ~LSE 480 
NEX T X 
! Loop here for new Beta 
P$~"Beta = " e casus 820 @ B=A 
1 COMpute results 
R=R(1)*R(2)/(R(1)+R(2» 
VO~V*(R(2)/(R(1)+R(2») 

K=VO-.7 
A(1)=K/IB*IRI4)+RIS))+R) 
A(3)=B*A(1) 
A(S)=A(i)+A~3)*(R(4)+R(5» 
A(2)=VO-A(1)*R 
A(4)=V-AI3)*RI3) 
l) :::. 026/A(3)+2 
A(6)=RI3)/IRI4)+D) 
T=B*IR(4)+D) 
A(7)=R*T/(R+T) 
! Show results 
FOR X=l TO 7 
BIX)=·FNFIAIX) ) 
DISP A':H4*X-3,4*X]O\ "c,: "iFNr~ (IHX) ,2) 
~F$& " "~B$[X*5 - 4 ,X*S ] 
IC$ =F NK$ 
IF NUMIKS)t1 3 AND NUMIKS)t8 THEN 72 
o 
IF NUMIK$)=13 lHEN 760 
X-X-2 @ IF XIO THEN X- O 

NEXT X 
DISP "New "j CHf<~t;(194)j"eti:l, "iCHR$( 
2tO);"IH\ a(Jain, or "iCHI~$(lrl7) .. 
INPUl lind? " , "I~ " j f~~~ @ G!~;:""UPRC$(O$) 
IF Q$::lIR" DR r~$="n" OR Q1i:::;"E" THEN 
80 0 ELSE GOTD 770 
it Q$'"R" THEN 450 
IF Q$ ' "B" 1 HEN 540 ELSE 890 
l Non-error input 

DISP P$, 
INPUT ""jX$ 
ON ~RROR COl O 83 0 
A'VALIXS) e OFr ERROR 
IF AIO THLN 830 
RETURN 
DISP ~ DELAY I eSTOP 

- Only R4 and RS can be zero 

-Get tran sis tor betd 
-COMpute all paraMeters 

-B(X) = fixed value of ACX) 

-W ait for RTN or BACK keys 

-Step forw ard on RTN 
-Step back on BACK but no 

{-'urther than 0 

- Con ti n uation pr'o Mp t arId input 
-Wai t for valid input 

-Non-error input proMpt froM P$ 
r'eturning A 

--Require positive input 

-PrograM STOps to preserve 
var iables for inspection 

7 
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IPROGRAM DESCRIPTION I 

COMMON COMPONENTS FOR 555 & 567 IC 'S 

Tria l and error i s usua l ly used to find values for common components for use 
with a 555 osci l lator and 567 tone decoder which yield an acceptable tolerance 
about a given fre quency. 

This program completes the trial-and-error met hod by stepping through al l com­
mon values of components and te st ing each combination to see if it i s within 
specified to l erance. 

Every value in array A(I) is tested by one of the two formulas : 

555 = C = 1.433 / (R(A) + R(B ) + R(B)) * F 
567 = C = 1/(R (A) * F) 

Component values are displayed along with the computed operating frequency . 

Upper to l erance is held in variable 'U ' . 

lower tolerance is held ; n variable ' Lt, 

; . e . : l = . 95 
U = I. 05 

= -5% 
= +5% ± 5% tolerance 

) 

) 

) 



STEP 

Al 

2 

3 

4 

5 

) 6 

7 

ISAMPLE PROBLEMI 

A) What values of Rand C should be used to decode 1200 Hz ±5% 
in a 567 tone decoder? 

I SOLUTION I 

INSTRUCTIONS DISPLAY INPUT 

Run program, select 567 Select : 555 or 5677 555 567 [RTN ] 

Sign-on message *** 567 TONE DECODER *** 

Enter frequency Frequency in Hz :: 1200 [RTN] 

Step and test Searching for first combination 

Show components R(A)=180n C=4.Nfd [RTN] 

Now show computed freauency Freauency ; s I. 82KHz [RTN] 

End proD ram View again, More, or End? E [RTN] 

9 
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STEP 

BI 

2 

3 

4 

5 

6 

7 

8 

ISAMPLE PROBLEMI 

B) What va lues of R(A). R(B) and C are suitable for the 
operat i on of a 3. 3 KHz osc i llator? 

I SOLUTION I 

INSTRUCTIONS DISPLAY 

Run program select 555 Select: 555 or 5677 555 

Si gn - on message *** 555 OSCILLATOR *** 

Enter freque ncy Frequency ;n Hz = 

Step and test Sea rching for first combination 

Show component values R(A)=IOOn R(B)=180n 

Sow capac; tor C=I~fd 

Show computed frequency Frequency is 3.137 KHz 

End proqram View again, More, or End? 

) 

INPUT 

[RTN] 

3300 [RTN] 

[RTN] 

[RTN] 
) 

[RTN] 

E [RTN] 

) 
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IUSER INSTRUCTIONS I 
) 

STEP INSTRUCTIONS DISPLAY INPUT 

1 Run program, select operation Select: 555 or 5671 555 I ~55 or 567 RTNl 

2 If 567 then aoto 14 

3 555 sel ected **555 OSCILLATOR** 

4 Input frequency Frequency in Hz = tmi 
5 Searching array Searching for first combination 

6 Display resistor values R(A)=100~ R(B) =220Q [RTN] 

7 Display capacitor value C=2.2 [RTN] 

8 Show actual frequency Frequency is 1. 215 KHz [RTN] 

9 Continuation options View again, More, or End? ¥, ~i E RTN 

10 If View then 6 
) 

11 If End then 24 

12 More - continue search 

13 Goto 6 Searchinq for more combinations 

14 567 sel ected **567 TONE DECODER** 

15 Inout freauencv Freauency in Hz = 
tre~. RT ] 

16 Search for combination Searching for first combination 

17 Display results R(A)=100 C=5 [RTN] 

18 Display frequency Frequency i s 2KHz [RTN] 

19 Continuation options View again, More, or End? ¥, ~i E RTN 

20 If V then 17 

21 If E then 24 

22 
) 

More - continue search Searching for more combinations 

23 Gato 16 

24 Stao 



I VARIABLE NAMES I 
) 

NAME DESCRIPTION NAME DESCRIPTION 

A 
Array po inter 
1000' counter 

and 
N Va lue passed to fu nction 

B Loop counter P Funct i on Dointer 

C Capac itor value Q 
Operat i on f l ag 
1=555 ~=567 

0 Temoo rarv canacito r value U UnDer tolerance 

F Frequency selected Z Computed frequency 

H Rance eXDonent for C Rl R(A) from formula 

J Loop counter R2 R(B) f rom formu l a 

J LOOD counter F$ Temoor arv strina 

L Lower to l erance K$ Singl e key i nput 

Q$ Option string i nput ) 

) 
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INOTES AND REFERENCESI 
) 

Sc hematic f or component values: 

IN 

555 

IC 

, 
, 

) 

"," 

5 4 

7 

567 3 
OUT~ 

RIO I C 

6 

2 
5 

C:::c 
~ 

-
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IPROGRAM LISTING I 

10 1 S67 '"ONE DECODER 
20 and SSS OSCILATOR 
30 Find the COMMon resistor' 
40 I and capicator cOMbinations 
SO I for either of the 
60 ! two cir'cuits. 
70 ! Revision 11/01/82 
no DELAY :-~ 

~O VIM AC2S) ,R (77) 
100 ! Define Functio n s 
110 ! 
120 Wait for "RTN' key 
130 DEF FNK$ 
140 KI'KEY' ~ IF K.··· THEN 140 
150 IF NUMC](S)t13 THEN 140 
160 FNK$=K$ 
170 END DEF 
180 ! 
190 ! Round 'N' to 'P' digits 
200 DEF FNRCN;P) 
210 N=INTCN*10 A P+.S)/l0 A P 
~:~20 FNR==N 
230 END DEF 
240 ! 
2S0 ! Fix OhMS t o COMMon units. 
260 DEf FNF(N) 

270 F$::="MK " 
;:~80 P =3 
290 IF NeiDOa AND N):::l THEN 320 
300 N=N/l000 @ P::P-i 
310 IF Pit THEN 290 
320 IF P-3 THEN Fl··· ELSE FI-FI[P,P] 
330 FNF'N 
340 END DEF 
350 ! 
360 ! Which c hip? i~SSS 0=567 
370 INPU1- "Select: SSS or 567 ?") "5 

~':)S" j Q$ 

380 IF QSI"SSS" AND Q$t"S67" THEN 370 
390 IF Q$="S67" lHlN Q=O ~LSE Q=1 
400 ! Main prograM loop 
410 IF Q THEN DISP " * * * 555 OSCILLA 

fOR * * *" ELSE DISP" * * * 567 
lONE DECODER. * •• 

420 R1,C=0 @ IF Q THEN R2=O 
430 ! Set upper & l ower tolerance 
440 U=1.0S @ L=.9S 
450 ! Norl -e rror input 
46() INPlrJ "Fre.'q uency in Hz - " F$ E' IF 

F$"" '''' THEN 460 
470 UN ~RROR GOTD 460 
480 F-ABSIVAL IFI» @ OFF ERROR 
49() DELAY () 

-FNF CN) sets N = sMallest 
value)i, sets MulTiplier 

-Q=1 for SSS a rl d Q=O for 567 

-Tolerance set to SZ 

-Wait for valid frequency 

) 

) 

) 
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IPROGRAM LISTING I 

500 

510 
520 
5:'<0 
540 
SSO 
560 

570 
S80 
55'0 
600 
610 

620 
630 
640 
650 
660 
670 

680 
690 

700 
7 10 
720 
730 
740 
7S0 
760 
770 
780 
7 flO 
BOO 

8 1 0 
820 
B30 
H40 
850 
860 
870 

S80 

890 
900 

DISP "Sear c hing for first cOMbinati 
() n . " 
, Search for values 
FOR 1=1 TO 13 
READ A(I) 
NEXT I 
! COMMon values 
DATA SI10}i,2.2,3.3}4.7, 1 .2,i.S,1.8 
>3.9,S.b,6.2 / 8.::! 
! Load resistor array 
A~1 

FOR J=2 TO 7 
FOR 1=;3 TO 13 
R(A)"A(Il*10'J 

A=A +l 
NE XT I 
NEXT J 
! Po ssible COMbinations 
F(]R A= 1 TO 66 
IF NOT Q THEN 690 

fDR B::::i TO 66 
IF Q lHEN C=i.443/«RCA)+R(B)+RCB» 
*~) ELSE C= i/(R(A>*F) 
1, C<10'(-9) THEN 840 
! Range C 
FOR H=1 TO 9 
D=C/10'(-H) 
IF 1)D THEN 760 
IF 1)(10 THEN 780 
NEXT H 
! Check tolerance 
FOR 1=1 TO 6 
IF L*A(l»D THEN 810 
IF U<O*A(I) THEN 870 

NEXT I 
IF NOT Q THEN 840 
NEXT B 
NEXT A 
COTD 1050 
! Display rS5ultD 
DISf' "RCA)="jFNFCRCA»;F1'&CHIH'(17)j 
" II ; 
IF Q l HEN DISP "ROn="jFNFCRUI) .. f"$ 
~CHR$(17) 

1, Q THEN K$=FNK$ 
DISP" C= "jA(1)*10~(b-H)jCHR$(i2)& 
"fd " 

910 K$=FNK$ 
920 DISP "Frequency ,·•e " . . , , 
no If NDl Q lHEN l~'1/(R( A)*A(I1*1()'( -H 

) ) 

-Load data values into array A 

-Load valUES with exponent 
Multiplier into array R 

-Skip search for R(B) if in 567 
Mode 

-Display values if they fall 
within toler'a nce 

-COMpute fr'oqlJency as a 
fun(:tion of COMpofl 8nt value 

15 
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IPROGRAM LISTING I 

940 IF Q THEN Z-I.443/1IRIA)+RIB)+R IB )) 
*A I I ) * 10 ' I - H) ) 

950 Z-FNRIFNFIZ),3) @ DISP Z,FI' "Hz" 
960 K~;·FNKI 

970 ! Conti nu ati on option s 
980 DISP CHR$(214);"iew again, ";CHR$(2 

OS); "or(;:" , or "; CHI~$(i97)i 

990INP Ul "nd? ", "M"; Q$ E! Q$=UPRC$(Q$) 
1000 IF QI · "H" THEN 10 30 
1010 IF QI-"V" THEN 870 
1020 IF Q'."E" THEN 980 ELSE 1050 
1030 DISP "Searching fo r More cOMbi natio 

!'I S " 

1040 GO TO 84 0 
1050 DELAY 1 @ DISP @ ST OP 

) 

) 
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IPROGRAM DESCRIPTION I 

dBm Section: 

OHMS LAW WITH dBm CONVERSION 

Given watts computes dBm by the formula dBm=30+]O*LOGIO (watts). 
Given dBm computes watts by the formula watts=IO"((dBm-30)/IO). 

OHMS Law Section; Given any two of f our inputs, computes volts, Ohms, amps 

and watts. 

Variabl es Are : Volts = E Current = = R Watts = P 

Fonnulas Are: 

Given E & R I = E/R P = E' /R 

Given E & I R = Ell P = E*I 

Given R & I E = I*R P = IhR 

Given P & E R = E' /P I = PIE 

Gi ven P & R E = / P*R I = / P/R 

Given P & I E = P/I R = P/I ' 

Answers are displayed one at a time and scanned forward by pressing the 
[RTN] key or backward by pressing the [BACK] key. 

17 
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ISAMPLE PROBLEM I 
) 

A) How many watts are represented by -13 . 5 dBm? 

Answer: -1 3.5 dBm is 44.67 ~watts . 

I SOLUTION I 

STEP INSTRUCTIONS DISPLAY INPUT 

A Run program 

1 Select dBm fu nction Select: Q=Ohms law or D=dBm ? D [RTN] 

2 Sian- on messaae dBm TD WATT(s) to dBm CONVERSION 

3 Watts prompt (skip) Wattls) - [RTN] 

4 dBm promot dBm = -13.5 [RTN] 

5 Answer displayed -13.5 dBm IS 44.67 ~WATTS RTNl 
) 

6 End orooram Run again, View again. or End? E [RTN] 

) 



) ) 

STEP 

B 

1 

2 

3 

) ) 4 

5 

6 

) 

ISAMPLE PROBLEM I 

B) What power rating ;s required for a resistor of 
220 Ohms across a 12 volt power supply? 

Answer: 654 . 55 m watt - use a 1 watt resistor 

I SOLUTION I 

INSTRUCTIONS DISPLAY 

Run program 

Select Ohms function Select: O=Ohms law or D=dBm 

Sign on message ** OHMS LAW CALCULATOR ** 

Input volts VOLTS = 

Input Ohms OHMS = 

Answer: volts: 12 VOLTS 

Ohms: 220 OHMS 

amps: 54.55 m AMPS 

(Use 1 wat t resistor) watts: 654.55 m WATTS 

End program Run again, View again, or End? 

19 

INPUT 

o [RTN] 

12 [ Rnl] 

220 [RTN] 

[RTN] 

[RTN] 

[RTN] 

[RTN] 

E [RTN] 
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IUSER INSTRUCTIONS I 
) 

STEP INSTRUCTIONS OISPLAY INPUT 

1 Run program 

2 Select Ohms or dBm funct i on Select: O=Ohms law or D=dBm ? o or 0 [RTN] 

O=dBm selected dBm to WATTS to dBm CONVERSION 

2 Enter value of [RTN] WATT(s) = W or [RTN] 

3 If va l ue for watts then gate 5 

4 Enter dBm va l ue i f known dBm = o [n~~l or RTN 

5 Answer stays unti l [RTN] o dBm is W WATTS [RTN] 

6 Proarams ootions; Run again. View again, or End? 
R, V j or E 
[RTN 

7 If ' V' then goto 5 

B If ' R' then gate 2 else 14 ) 
(O=Ohms se lected) ** OHMS LAW CALCULATOR ** 

9 These four prompts wi ll loop VOLTS = 
va 1 ue ~RTNJ 
or [RT ] 

throuQh until two are answered OHMS = 
va 1 ue ~~TN] 
or [RTN 

with va l ues. ([RTN] skips to AMPS = va 1 [r ~~TN] or RTN 

next prompt) WATTS = valu"r~~TNJ or rRTN 

10 After two entries the answers VOLTS = answer [RTN]/[BACK 

are displayed: rRTNl steps OHMS = answer [RTN]/[BACK 

to next answer rBACKl steps AMPS = answer rRTN ] /rBACK 

back to previous answer WATTS = answer [RTN]/[BACK 

II Proqram options : Run aga i n. View again. or End ? 
R, V j or t 
[RTN 

12 If ' V' then goto 10 

13 If ' R' then goto g 

14 If ' E' then end program ) 



) 

) 

)~I ======~IV~A~R~IA~B~L~E~N~A~M~E~S~I ====~ 

) 

) 

NAME DESCRIPTION NAME DESCRIPTION 

C Input counter (2-0) V(4) Watts (for OHMS law) 

0 dBm W Watts (for dBm conversion) 

F 
Variable pass~9, to 

X For loop counter function FNF(F) 

J 
Variable 
function pa~(~dJ;O FNR F J A$ Labels and units 

N Binary computed pointer F$ Units prefi x "MK mJ-lnp" 

VO) Volts K$ Single key input 

V (2) OHMS X$ 
Value input always 
converted to numeric 

V(3) Amps 0$ 
Input needs to be 
followed by [RTN] 

FI ==~IN~onmT~E~S'A~N~D~R~ErrFnEnR~EmNuC~E~srl ==~ 

When viewing OHMS law answers [RTN] steps to next answer, [BACK] steps to 
previous answer . [RTN] after last (WATTS =) answer will fall into continu­
ation prompt for program options . 
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IPROGRAM LISTING I 
10 ! OHMS LAW & dUM CONVERSION 
20 ! COMPutes VOL1S, AMPS J OHMS & 
30 WATTS using OhMS Law and 
40 giuen any two known inputs 
SO , dBM converts WATTS to dBM & 
60 ! dUM to WATTS. 
70 ! Revision 11/01/82 
80 , 
(70 DELAY 2 

lOa DIM A$[24) 
i10 ! Define Functions 
120 ! Fix answer to COMMon unit 

LID DEF FNF(F) 

140 F$::::"MK M"&CHR$(12)&"np" 
i SO J=3 
160 IF ~(1000 AND ~)=1 THEN 240 
170 IF F<i THEN 210 
180 IF r-l THEN 240 
190 F-F/1000 e JoJ-l 
;.:.~OO COTO 160 
210 IF J=7 THEN 240 
220 F=F*1000 8 J=J+1 
230 GOTD 160 
'!.40 F$::::F$[J,Jl 
;:?SO FNF=F 
,.'60 END DEF 
2'7 0 ! 
280 ! Single, upper case key in 

290 DEF FNI($ 
300 K$::::K~Y$ @ IF K$="" THEN 300 
310 FNKI-UPRCI(K$) 
320 END DEF 
330 ! 
340 ! Round 'F' to 'J' digits 

~so DFF FNI~(F,J) 

:~6() F=IN"I (F*10"J+.S)/l0"J 
370 FNR-F 
3:30 END OEF 
390 ! 
400 ! PrOMpt and label strings 
410 A$~" VOllS OHMS AMPS WATTS" 
420 ! Selection OhMS or dBM 
430 Dlbf' "~:)elect' "jClhH~$<::~ 07)j" = nhM~-> la 

w or l'jC~1R$(196)j"=dBM " j 
440 INPUT "?"j K$ ~ K$~UPRC$(K$[iJ1]) 

4S0 IF K$="O" lHlN 670 
460 If- KH"j)" lHl.N 430 
4'70 ! Fall i.nto dl<M coutin". 
480 DISP "dBM 1 () WATT (s) 10 dBM CONVERS 

IDN" 

-FNF(f) CHANCES F TO SMALL~ST 
VALUE) I AND 

·-ASS ICNS A UNlf PREf~IX F$ OF 
M/K/' ',M,u,n/ or p 

-FNK$ RF1URNS SINGLE lJPPERCASE 
KEYB()AI~D INPUT 

--FNI~(F,J) Round of F to .1" 
d ig:i."l"s 

-Expected entries ar'e 
\lnderlined when proMpted 

-Got o OhMS law routine 
-Try iHJain if not 'dBM' 

) 

) 

) 



) 

) 

IPROGRAM LISTING I 
) 

490 

500 
:"10 

520 
S30 
540 

550 
S60 

INPLI"I "WATl (5) = "j X$ ~ IF X$="" 1 
HEN 54 0 
ON ~RROR GOTO 490 
W=VALeX$) @ OF~ ERROR @ IF we=o THE 
N 4 <70 
U=30'IO*LOC10(W) 
GOlD SBO 
INPll1 "dBM = " ; XI e X$=llPRC$eX$) e 

IF XI=" " THE N 1260 
ON ~RROR GDTD 540 
D=VALeX.) e DF~ ERROR 

570 W=1 0"eeO - 30)/IO) 
580 D=FNRCD t 2 ) @ W=FNR(~NF(W),2) 

590 
600 
610 

DISf' Dj"dBM 
I F W=1 THEN 
K$=FNK$ 

I S "iWjF$.!-."WAT1" j 

DISP ELS~ UI SP " 5" 

630 IF Q$="V" THEN 590 
640 IF Q$="R" THEN 490 ELSE 1260 

650 

) 
660 
670 

Begin OHMS LAW routi ne. 
DlSf' " * * OHMS LAW CALCULATOR * * 
" 

680 ! Uata entry loop 
690 ! Set C and clear variables 
700 C=2 @ FOR X=i TO 4 @ V(X) =O @ NEXT 

X 
710 ~DR X- I TO 4 

720 DISP A$(X*6-·S,X*61&" = " 
73 0 IF VeX) THEN DISP vex) j 

740 B=SGNeVeX» 
7'S0 INPUl "" j X$ @' IF X$= " " THEN 820 
760 IF X$= "Q" THEN 1260 
770 ON ~RRDR GOTD 790 
~80 VeX)-VALeX$) e OFF ERROR e GOTD 800 
'/90 DlSf' "om's .. "i @ COTO 72() 
800 C=C+(D-SGN( V(X») 
810 IF NOT C THEN X=4 
820 NEXT X 
830 IF C THEN 710 

1340 ! COMpU"~'~ answ~~r's 
W;O Gasul.< 9 4() 

860 ! Displ ay the res ult s 
8"/0 GOSlll:!. iii 0 
880 ! Lo op back for More input s 
B90 GDTO 6BO 
(1' () () ! 

-Skip to dBM entry i~ no watts 

- Wait fo r po si tive non - zero 
valu(~ fOf' w,C1tt-::-. 

-COMpute clBM given watt s 
-G oto answer display 

-Wait for any nUMer ic val ue for 
dBM 

-CO Mpute watt s giuen clBM 
-Rou nd of dBM and wa tt s to two 

places 
- Di s play s ingle line an s wer 

- Wait for any key pre s s 
-Pr OMpt continue Menu and 

f'etUl"n entry as Q1; 
- Go b ack and view again 
-Go run again or else sto p 

progr'aM 

- PrOMpt for 4 entries and loop 
until 2 are entered 

- When C~O two values are in 
,3rray V() 

-Fi nd forMulas and COMpute 
,:lnswer's 

-Display the results 

- Loop back for More variables 

23 
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IPROGRAM LISTING I 
910 ! Subroutines Follow 
920 
930 Find proper forMul •• 
940 N-O e FOR X=I TO 4 
950 Z=2"IX- I) e IF VIX) TH~N N=N+Z 

960 NEXT X @ N=I P(N/2) 
970 ON N GOSUB 1000,1020,10 4 0,1060,1080 

,ii. OO 
980 RETU~N 

990 ! Given ~ & R 

1000 V(3)=V(1)/V(2) ~ V(4)=V(1)A2/V(2) e 
RETURN 

1010 , Given E ~ I 
1020 V(2) =V III/VI3) e V(4)=VI I )*VI3) e ~ 

E rURN 
1030 ! Given R ~ I 
1040 VI I) =VI2)*VI 3 ) e V(4)=V(3)A2*V(2) e 

IlETURN 
105(1 ! Given P ~ E 
1060 V(2) = V(1)"'2/V(4) e V(3)=VI4)/VII) e 

,l ET URN 
1070 ! Given P & R 
1080 VI I) =SQRIVI 4)*VI2» e V(3)=SQRIVI4) 

IV(2» e RETURN 
1090 ! Given P & I 
1100 VII) =VI4)/VI3) ~ V(2) =VI4)/VI 3)"2 e 

RETURN 
1110 ! Display res ult s 
1120 FOR X=I TO 4 
j.130 V=F NR(FNF- (V(X» /2) 
1140 DISP VjFS'A$[ X*6-S,X*6 1 

11 50 Q$=FNK$ 
1160 IF NUMIQI)*8 AND NUMIQI)*13 THEN 11 

50 
1170 IF NUMIQI)tB THEN 1190 
1180 X=X-2 e IF X(O THEN X=O 
1t90 NE X T X 
1200 GOSUB 1230 

1210 IF Q$="V" THEN 1120 
1220 It Q$="R" 1HtN 700 ~LSE 1260 
1230 DISF' CHr~$(210) l"un again, " ,CHR$(21 

4)j"iew again , or " j CHR$(197)j 
1240 INPUT "nd?"/"R"i Q$ e Q$=lIPRC!t,(QI) 
125 0 IF Q$= "V" OR Q$="R" OR QS="E" THEN 

r<ETUI~N 

1260 DELAY I e DI SP @ STOP 

-Use array V() to create table 
to point to forMula 

-Ret urn frOM cOMputation 
subroutine 

-Six po ss ible forMula pairs 
follow 

-Round off and fix each answer 
-Sh ow value V and unit prefix 

a nd unit A$ 

-Wait for RTN or BACK key 

- If BACK key ad j ust counter 

-PrOMpt continuation options 
and r.?t Uf'n Q$ 

- View answer again 
-Ru n again else s top prograM 

- Wait for R, V, or E befor'e 
returning 

- PrograM alway s stops here . 

) 

) 

) 



) ) 

) 

IPROGRAM DESCRIPTION I 

IMPEDANCE CONVERSION 

Given impedance Z and Phase Angle Theta, the Resistance and Reactance. (R & X), 
Normalized Resistance and Reactance, R(N) & X(N). Reflection Coefficient and 
Associated Angle , VSWR and Return Loss can al l be computed from the following 
formul as : 

R = Z * Cos (8) 

R(n) = R/characteristic Z 

Reflected Angle = 

x = Z * SIN (8) 

X(n) = X/characteristic Z 

Y( R(n)-1)2 + X(n)2 
~( R(n)+1)2 + X(n)2 

Reflection Coeffic ient = (57.2958 * ATN (X(n)/R(n)) -I)- (57 . 2958 * ATN (X(n)/R(n))+I) 

VSWR = (Refl ected Angle + I) / (I - Reflected Angle) 

Return Loss =-20 * .434294 * LOG (Reflected Ang le) 

25 
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STEP 

1 

2 

3 

4 

5 

6 

7 

8 

9 

ISAMPLE PROBLEMI 

What is the VSWR and return loss on a son line with a characteristic 
impedance of son and a phase angle of +36.9 degrees? 

I SOLUTION I 

INSTRUCTIONS DISPLAY INPUT 

Run program ***IMPEDANCE CONVERSION*** 

Enter impedance Enter Imoedance Z = 50 [RTNl 

Enter phase angle Enter anal e = 36.9 [RTN] 

Oisplay R & X R-39.985 X=30.021 [RTN] 

Enter characteristic Z Characteristic impedance = 50 [RTN] 

Oisplay R(n) & X(n) R(n) =.8 X(n) -. 6 [RTN] 

Reflected Coefficient & theta Ref Cof=.334 aI19le=89 .999 [RTNl 

Display VSWR & R.L. VSWR=2.001 R.L. -9.535 [RTN] 

End program Run again, View again, or End? R E [RTN] 

) 

) 

•• 
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I [USER INSTRUCTIONS I )~====~~~~~~~~====~ 
) 

STEP INSTRUCTIONS DISPLAY INPUT 

1 Run program *** I MPEDANCE CONVE RSION *** 

2 Enter impedance Enter Impedance Z = Z [ RTN] 

3 Enter phase angl e Enter angl e = Angle [RTN] 

4 Display R & X R=va 1 ue X=value [RTN] 

5 Ente r characterist i c Z Characteristic Impedance 
I !mpe9ance 

= [RTN] 

6 Display R(n) & X( n) R(n)=value X(n)=value I rRTN] 

7 Ref l ected coefficient & anql e Re f Coef=val ue Anqle = va lue rRTN] 

8 Di sp l ay VS WR & R. L. VSWR=val ue R.L.=value rRTNl 
R, V 1 or E 

9 Proqram options Run again, View again, or End? R [RTN 

) ) 
If ' R' then qoto 2 

If ' V' t he n goto 6 

I f ' E' then end proqram 

) 
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I VARIABLE NAMESI 
) 

NAME DESCRIPTION NAME DESCRIPTION 

I Function variable P3-P6 Intermediate values 

J Function variable V4 Reflection coefficient 

K Formula constants V5 AnQle 

L Formula constants Y3 VSWR 

M Formul a constants Y4 Return loss 

PI R(n) K$ Si nQl e key input 

P2 X (nJ Q$ Continuation input 

) 

,. 

) 



) ) 

) ) 

IPROGRAM LISTING I 

10 IMPEDANC~ CONVERSIONS 

30 ! Convert Z and Theta to 
40 ! R & X. Ren) & XCn), 
SO I and Rho & VSWR. 
60 ! Revision 11/01/82 
70 
80 OPTION ANGLE RADIANS 
9 0 ! De~ine Functions 

1.00 ! 
110 ! Single, ~pper case key in 

DEF FNI<'~ l20 
DO 
1.40 
150 
160 
170 
180 
190 
200 
210 
220 
230 
~~40 

2S0 
260 

270 
28 0 
2S'O 
300 

310 
320 
330 

340 
3S0 

360 
370 

31)0 
3 1,0 
4110 

410 
420 

K$~KEY$ @ IF KS="" THEN 130 
f-NI(1;:::UPRC$(I{S) 
END DEF 
I 

! Round 'I' to 'J' digits 
DEF FNR(I,J) 
I-IN1(I*10"J+ . S)/10"J 
FNR-I 
END DEF 
I 

! ForMula constants 
K=.434294 @ L~S7.29S8 @ M~.0174S3 
! Sign on Message 
DISP "* * * IMf·EDANCE CONVER SIIlN * 
* *" 
INPUi "Enter IMped ance Z= " j Vt 
INPUT "Enter angle = "jV2 
V2:::;;V2*M 
Yl=FNR(Vl*COS(V2),3) ~ Y2=FNR(Vl*SI 
N(V2),3) 
IJlSP "R=";Ylj" 
K $-FNK 1; 

X::::"; Y2 

INPUT "Characterastic IMpedance = " 
jV3 
Pl=Yl/V3 ~ P2=Y2/ V3 
DISP "R(n)=" ;foNR(Pl ,3»)" X(n)=" j 

FNR(P2,3) 
P3=SQR«Pl+1)A2+P2 A 2) 
IF P1+i)O THEN P4=A1NCPZ/CP111» EL 
SE P4=ATN(P2/(P1+1»-PI 
P4~'P 4 *L 
PS=SQRCCP1-l)A2+P2 A2) 
IF Pl-1)0 THEN P6-A1N(P2/(Pl - l» EL 
SE P6=AfN(P2/(Pl-i»-PI 
P6-P6*L 
V4-PS/P3 ~ VS- P6-P4 

430 IF VS(-180 ANU VS>--180 THEN 450 

440 IF VS)iBO lHEN VS::.~V~·) -360 ELSE VS=VS 
+360 

4S0 Yl=F NR(V4,3) ~ Y2=FNR(VS,3) 

-Adjust pha se angle 
-COMpute R and X 

-COMpute RCN) and X(N) 

-COMpute interMediate values 

-COMpute reflection coef~icient 
and angle 

-Adjust angle if not in first 
or fo urth quadrarlt 

-'Adjust angle 

29 
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IPROGRAM LISTING I 

46 0 Y3-~NR«V4 + 1) /(1-V4). 3 ) 
470 Y 4 =~NR( -2 0*K*LOG ( V4 ),3) 
48U K$ - FNI($ 
490 DI S P "Ref Cof= ";Yl j " a ngl e= Hj Y2 
SO D K$ = I:'- NK$ 

510 DISP "VSWR = " jY3j" R. L.="jY4 
S2 0 K;;=FNK1; 
S30 ! 
540 ! Continuation option s 
SSG DISP CHR$(210)j"u n a ga i n, "jCHR $ ( 21 

4) i " i(~w ... lqatn) or " jCH r~ '.~ (197) j 

'::i6 0 INPln "nd ? ,;',"R"; Q$ @ Q$=LJPRC1;({~$) 
S70 IF Q1it "V" AND Q$t"R" AND Q$* " ~ " lHE 

N SS O 
580 l~ Q$~ " V" THEN 350 
S90 IF QS·"R " THEN 270 
600 STOP 

-COMpu t e return loss 

) 

• 

) 

" 

) 



) ) 

) ) 

) 

IPROGRAM DESCRIPTION I 

SMITH CHART CONVERSION 

Rho, VSWR, and Return Loss are related by the fol1ow;n~ dia9ram. 

Rho = lO(-R.L./20) 

• • • rn IRhol 
~ • • 

R.L. = ZO * LOG1O (l/Rho) 

Given any value the other two are computed. 

Practical operatin9 range: 

0< Rho <1 

0< VS\~R <ZO 

1 < R L <ZO 

All three are displayed on a sin91e display line. 

Rho = VSWR-l 
VS~R+l 

• 
• 

VSWR = Rho-l 
Rho+l 

• 
IVSWRI 

• 
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ISAMPLE PROBLEMI 
) 

If the measured VSWR ;s 1,6, what are Rho and the return loss? 

I SOLUTION I 

STEP INSTRUCTIONS OISPLAY INPUT 

1 Run program * SrU TH CHART CONVERS roN * 

2 Skip Rho Rho = RTNl 

3 Skip R L Return loss = RTN] 

4 Enter VSWR VSWR = 1.6 [RTN] 

5 Display results Rho-.23 RL=12 .74 VSWR=1. 6 [RTN] 
) 

6 End program Run again or End? R E [RTN] 

) 
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IUSER INSTRUCTIONS I 
) ) 

STEP INSTRUCTIONS DISPLAY INPUT 

1 Run program * SMITH CHART CONVERSION * 

2 Rho ~ 
Va '[f .~RTNJ 
or RTN] 

3 If Rho was entered then 9 

4 Else Return 1 ass ~ 

val[~ WNJ 
or RTN 

5 If R L was entered then 9 

6 Else VSWR ~ 
Va I [~ •• \~TN] 
or RTN 

7 If VSWR was entered then 9 

8 Else .90to 12 

9 Compute results 

) ) 
10 DisDlav results Rho-R R L -L VSWR-V rRTNl 

E LRT~~ 
11 Proqram options Run again or End? R or [RTN] 

If [RTN] then 2 

If lEI end program 

) 
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NAME 

A 

B 

F 

J 

L 

R 

I VARIABLE NAMES I 

DESCRIPTION NAME DESCRIPTION 

Temporary val ue V VWSR 

Temporary va 1 ue K$ Single key input 

Variable passed to functior Q$ Response to program option 

Variable passed to function String input always 
X$ converted to A by 

Return loss (R .L. j 
A=VAL( =O$) 

Prompt string passed to 
Rho P$ non-error input subroutine 

INOTES AND REFERENCESI 

Practical l imits: o Rho 1 

o VSWR ZO 

1 R.L . ZO 

Reference: From Hewlett-Packard Users' Library program number 000310 

) 

) 

) 



) ) 

) 

IPROGRAM LISTING I 

10 , SMITH CHAIH CONVERSION 
;?O , VSWR, Rho and Return Loss 
:,\ 0 are E-~ a c h re.·la t ed and given 
40 , an y one the other two wi 11 
SO , be cOMputed. 
60 Revision 11/01/82 
70 
80 DELAY ~ 

~ 

90 DIM P$[20] 
100 De-fine Functions 
UO 
120 , Single, UpPfH' case key in 
no DEF FNK$ 
140 K$=KEY$ @ IF 1( ~1;=" " THEN 140 
150 FNIO=UPRC$CK$) 
160 END DEF 
170 
180 I Round ' ~ , to ' J ' digits 
1,90 DEF FNR(F,J) 
20 0 F=INTCF*10"J+,S)/l0"J 
,,~ 1 0 FNR=F 
~~2() END DEF 
;~30 ! 
:~40 , Main pr' oqraM loop 
245 DISP " * SMITH CHART CONVERSION 

" 
250 R,V,L=O 
260 P$="Rho = " @ GOSUB SSO 
270 IF A THEN 330 

280 P$="Returrl Loss '= ., e GOSUB SSO 
290 IF A THEN 380 

300 P$="VSWR = ,. @ COSUB SSD 
3 10 IF A lliEN 430 ELSE SOD 

320 ! COMpute VSWR ~ R.L. 
330 R=A 
340 A=R+l @ B-R-l @ V=-A/B 
3S0 L=20*LOG10Ci/R) 
3t,0 GOTO 470 
3'/0 ! (;OMput~? Rho ~ VSWR 
380 L='A 
390 R=10 A (-L/20) 
400 A=R+l @ B=R-l @ V=-A/B 
410 GOTO 470 
420 ! COMpute Rho 
430 V=A 
440 A=V-l @ B=V+l e R=A/B 
450 GOT 0 3S0 
460 ! Uisplay results 

* 

470 DISP IRh() ::."";FNR(R ~2»)" RL="jFNR(L , 2 
)j" VSWR = " JFNI~(V,1 ) 

4B() 1(",~fNK$ 

-If Rho inputlO th en COMpute RL 
and VSWR 

-If RL40 then COMpute Rho and 
VSWR 

-If A then COMpute else goto 
con t i rlu e optiorls 

--Coto display 

_·Coto di~:;pli:ly 

-Go COMpute RL 

35 
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IPROGRAM LISTING I 

490 ! Continuation options 
sao DISP CHRS(210)j"un again or "jCHR$( 

197) j 

S10 INPU) lind ","R" i Q$ @ Q$=UPRC$(Q$) 
520 IF QSt"R" AND Q$t"E" THEN sao 
S30 IF QS="R" THEN 250 ELSE 600 
540 ! Non -error input 
SS O DISP PI ; 
560 INPUT ""; XI ~ IF XI- "" THEN XI-"O" 
S70 ON ERROR GOTD SSO 
580 A-VALIXI) e OFF ERROR 
S90 RETur~N 
600 DELAY 1 @ DISP @ STOP 

-Return A=O Tor null input 

) 

) 

) 



) 

) 

) 

IPROGRAM DESCRIPTION I 

MISMATCH 

Mismatch uncerta i nty in dB can be computed given two VSWR ' s and the constant K=.434294 
usi ng the following fonmulas : 

Rhol = PI = (VSWRI-I) / (VSWRI+I) 

Rho2 = P2 = (VSWR2-I) / (VSWR2+I) 

Positive error = 20*K*LOG(I+PI*P2) 

Negat ive error = 20*K*LOG(I-PI*P2) 

37 
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STEP 

1 

2 

3 

4 

5 

6 

ISAMPLE PROBLEM I 

What is the mismatch uncertainty ;n dB of two VSWR's Vl=2.43 
and V2=4.56? 

Answer: +2.055 dB 
-2.697 dB 

INSTRUCTIONS 

Run program 

Enter first VSWR 

Enter second VSWR 

Display positive error 

Display negative error 

End program 

I SOLUTION I 

DISPLAY 

***MISMATCH*** 

Enter first VSWR? 

Enter second VSWR? 

Plus 2.055 dB 

Minus 2.697 dB 

Run again, View again or End? R 

INPUT 

2.43 [RTN) 

4.56 [RTN] 

[RTNl 

[RTN] 

E [RTN] 



39 

IUSER INSTRUCTIONS I 

STEP INSTRUCTIONS DISPLAY INPUT 

1 Run program *** MISMATCH *** 
2 Enter first VSWR Enter first VSWR 

I ~1 rst VSWK 
[RTN] 

3 Enter second VSWR Enter second VSWR 
Seco~o vSWR 
[RTN] 

4 Display positive error Plus -value- dB I [RTN] 

5 Display negati ve error Minus - value - dB I [RTN] 

6 Program options Run again. View again, or End? I ~j ~i or E R RTN 

If ' R' then step 2 

If ' V' then step 4 

If ' E' then end proqram 

) 

) 
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I VARIABLE NAMES I 
) 

NAME DESCRIPTION NAME DESCRIPTION 

I Function variable VI VSWR I 

J Function variabl e V2 VSWR 2 

K Formula constant ( . 434294) Yl Pas iti ve error 

PI Rho of VSWR I Y2 Neaative error 

P2 Rho of VSWR 2 K$ Sinqle key input 

Q$ Continuation option input 
-- --

INOTES AND REFERENCESI 

Accuracy for VSWR >15 uncertain. From Series 80 Electrical Engineering Solution Book. 



) 

) 

IPROGRAM LISTING I 
1. 0 I MISMATCH 
20 ! 
30 COMpute the MisMatch 
40 uncertainty in dB based 

on two VSWR's . SO 
60 
70 
80 
9 0 

100 
11.0 
120 
130 
140 
150 
160 
170 
1.80 
190 
200 
21.0 
220 
~~3 0 
240 
250 
260 

kevision 11 /01/82 

DE.LAY 2 
Vefine Fun ctio ns 

Single, ~pper ca se key in 
DEF FNI< $ 
K$ - I<EY$ @ IF KS-"" THEN 130 
FNK$-UPRC$(K$) 
END DEF 
! 
! Round '1' to 'J' digits 
DEF FNR(I,J) 
I - 1NT(I*10'J+.5)/10'J 
FNR=I 
END DEF 

! Fo rMul a cons tant 
K=.434294 
! Sig n on Message 
DI SP II * * * MIS MAT C H * * 

*" 
270 INPUl "Ent er first VSWR ? "jU1 
280 Pl=(Vl-1)/(Vl+1) 
290 INPUl "Enter second VSWR ? " i V2 
300 P2= (V2- 1)/(V2+1) 
3iO Yl=ABS(FNk(20*K*LOG(1+Pl*P2),3» 

330 DISP "p 1 us " ; Yl" "dB" 
340 K$ -F NK$ 
350 DISP "Minus " iY2~"dB " 
360 K$=FNK$ 
37 0 ! ke-run option select 
380 DISP CHR$(210);"un again, " ;CHR$(21 

4) .. "i ew again, 0" "jCHR$(197) j 
390 INPUl "nd?","Rh} Q$ @ Q$=UPRC$(Q$) 
400 IF gl."V" AND Qlt"R" ANU Qlt"E" THE 

N 380 
410 IF Q$ = "V" THEN 330 
420 IF QI="R" THEN 270 
430 DELAY i @ DISP @ STOP 

-Dr op sign as answer i s the 
propl~r s:i.qn 

-Dro p sign as an s wer label is 
the proper si gn 

41 
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IPROGRAM DESCRIPTION I 

dB TO % TO dB CONVERSION 

It is sometimes necessary to convert a voltage or power change expressed as a 
percentage to a change expressed as a dB ratio. 

1. To convert dB to % use the following formu l as : 

P2= lOt (0/10) PI= ,I P2 O=dB 

Voltage % increase = 100*(PI - l) 

Voltage % decrease = IOO*(PI-I)/PI 

Power % increase = IOO*(P2-1) 

Power % decrease = (P2- l)/P2 

2. To convert % to a dB ratio use the following P=% change 

Voltage dB increase = VI= I (20*LOGIO (1/(I+P/lOO)) I 
Voltage dB decrease = V2= I (20*LOGIO (l/(l -P/lOO)) I 
Power dB increase = PI = VI/2 

Power dB decrease = P2 = V2/2 

l i mited range is : O<dB <30 

For % a va lue> = 100 wi ll not compute a decrease as decreases can not exceed 100%. 



) ~I ======~IS~A~M~P~L~E~P~R~O~B~L~E~M~I====~ 
A) What is the % of power increase for a dB increase of 4.8? 

ISOLUTIONI 

STEP INSTRUCTIONS DISPLAY INPUT 

Al Run prog ram ** dB to % to dB Conversion ** 
2 Se l ect operation D Select : % >dB or dB >%? % D rRTNl 

3 Enter dB ratio Enter : dB = 4.8 [RTN] 

4 Display voltaoe % Voltaoe = +73 . 78% -4 2.46% IrRTNl 

5 Displav power % Powe r = +2D2% -66.89% I rRTNl 

6 End Drooram Run again, View aga in , or End? R E [RTN] 

) 

) 
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ISAMPLE PROBLEM I 
) 

B) What is the dB change for a 45% change in voltage? 

I SOLUTION I 

STEP INSTRUCTIONS OISPLAY INPUT 

BI Run program ** dB to % to dB Conversion ** 

2 Select default % Select % >dB or dB >%? % RTNl 

3 En ter % of change Enter: Percent = 45 fRTNl 

4 Display voltage, dB Voltage = +3.23dB -5.19dB [RTN] 

5 Oi sp 1 ay power 1 dB Power = +1.6I dB -2 . 59dB [RTN] 

6 End program Run again, View again, or End? R E [RTN] 
) 

) 
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IUSER INSTRUCTIONS I 

STEP INSTRUCTIONS OISPLAY INPUT 

I Run DrDqram ** dB to % to dB Conversion ** 
2 Select operation Se lect: % >dB or dB >% ? % RT~d~lr 

D fRTN 

3 If D then ooto 8 

4 Ent er % of cha nqe Enter: Percent = I %va 1 ue fRTNl 

5 Disp l ay volta~e dB Vo ltaoe = +Val dB - Va 1 dB IfRTNl 

6 Display power in dB Power = +Val d8 - Val dB [RTN] 

RI bh~ j or 
E 

7 Program options : Run again, View again, or End? 

If 'R ' t hen 4 

If ' V' then 5 

) 
If 'E ' t hen end prog ram 

I ~o _ v~ I ue 
8 Enter dB rat i o Enter : dB = [RTN] 

9 Display voltage % Vo ltage = +Va 1 % -Va 1 % I fRTN] 

10 Display power % Power = +Val % -Val % i [RTN] 

i ~i~jor E 
11 Program options Run again , View again, or End? R RTN 

If ' R' then 4 

If ' V' the n 5 

If 'E ' then end program 

) 
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I VARIABLE NAMESI 
) 

NAME DESCRIPTION NAME DESCRIPTION 

D dB input V3 Power dB increase 

I Functi on variabl e V4 Power dB decrease 

J Fun cti on vari ab l e V7 
Voltage i ntermediate 
varia l e 

PI Intenned i ate vo ltage VI Voltage % in crease 

P2 Intennediate power Y2 Voltage % decrease 

0 Flaq I=%>dB O=dB>% Y3 Power % i ncrease 

VI Voltage dB increase Y4 Power % decrease 

V2 Voltage dB decrease K$ Single key i nput 

Q$ 
Cont in uation options 
i nput 

) 



) 

) 

) 

IPROGRAM LISTING I 

10 dB to Z to dB CONVERSION 
20 Co rl vert a dB 
30 ! Z of .01 •• gB 
40 ! increase and 

f'atio to a 
and current 
d rae r' ea se and 

SO ! visa-·versa. 
60 ! Revision 11/01/82 
70 
aD DELAY 2 
90 ! Defirle Functions 

i. 0 () I 

110 ! Single} upper' case key in 
DEF FNI( $ 120 

130 
1.4 0 
1.50 
1.60 
170 
H.:O 
190 
~:.~ 0 0 
21U 
;.~20 

;.~30 

~:~4 0 

2S0 

260 
~?70 

280 
290 
':100 
3to 

320 
:1:10 
340 
3':..0 
:~60 

370 
380 
3.90 
400 

K$-KEYI ffi IF K$-"" THEN 130 
FNI($-llPRC$(K$) 
END DLF 

! Round 'I' to 'J' digits 
DCF FNI~(I}J) 

I-INT(II1.0"J+,S)/10"J 
FNR~1 

END DEF 

I Sj.gn on Message 
DISP H* * dB to X to dB Conversion 

* *" 
DEW "Sel~;!ct: ";CHR$(16S);") dB 
of' ")CHR1;<:':~28); "II> % "j 

INPlrl "'?", " /,;") I~!t> (i! Qt=UPRC$«U) 
IF Q$t"%" AND QSt"D" lHEN 250 

IF QS="%" THEN 450 
1 Convert dB to percent 
(~=O Ii) INPUT "En ter : tiD::::" if) 

D=ABS(D) @ IF 1»30 lHEN 300 

P;~=iOA(D/l0) 

Pl="SQR (P2) 
! Convert + ~ - Voltages 
V7~Pi e eOSUB 430 
Yl=fNR(V3,2) @ Y2=FNR(V4,2) 
! Convert + & - Powers 
V7~P2 @ eOSUE 430 
Y3=FNR(V3,2) ffi Y4=FNR(V4,2) 
DISP HVoltage - +"jY1i"X ";Y2i"X 
" (~ K$=:FNK~~ 

410 DISP "Power' = "f";Y:~i"% "jY4i"%" @ 

K$=FNK~; 

420 GOTO 53-() 
~30 V3-100*(V7- 1 ) e V4--100*(V7-1)/V7 I 

RETlJrlN 
440 ! Convert percent to dB 
450 Q~l @ INPUT "Enter: Percent = ",P 
460 Vi=ABS<20*LOGiO(i/(1+P/iOO») 
~70 IF P)-lOO THLN P=O 

-Wait for proper selection, 
eithi~'r ';;:' or '1)' 

-Keep dB positive and (=30 else 
answer' too lonq 

-Display vol"rage as X and wait 
f I) T' I«:~ y 

-Display power as % and wait 
for key 

-Goto continu~tion options 
-Subroutine for dB 10 X 

47 
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IPROGRAM LISTING I 

480 
490 

V2=ABS(20*LOG10(i/(i-P/l00») 
V3=fNReVi/2/2) @ V4=FNR(V2/2 ,3) ~ V 
1=FNR(Vl,2) @ V2=FNR(V2,2) 

500 DlSP "Voltage = +"jVij"db - " jV2j 

StO 
"[IB n @ 1<1>'"'FNI{$ 
DISP IIp owe,' ;:: 
dB" @ K$=::l~-NK$ 

+"jV:3j"dB 

520 1 Continuation options 

- "; V4 i" 

530 DISP CHR$(210)j "u n again, "jCHR$(21 
4)j"t€~'..J agi:i in, or' ";;CH I~1>(197 )j 

:i40 INPUT "nd?'~,,"R" j Q$ @ Q$=UPRC$(Q$) 
55 0 IF Q$'''V'' AND (~M"R" AND Q'~t"E" THo 

N 530 
S60 l~ QSt "V" THEN S80 
570 IF Q THEN SOD ELSE 400 

580 IF QSl"R" THEN 600 
590 IF Q THEN 450 ELSE 300 

600 DELAY 1 @ DISP ffi STOP 

-Dtsplay 
.for key 

-DisplclY 
for key 

voltage in dB and wait 

power in dB and wait 

-Go to proper view routine based 
on Q 

-Goto proper run routine based 
nn Q 

) 



) ~I ==~I~P~R~O~G~R~A~M~D~E~S~C~R~I~P~T~I~O~N~I==== 

) 

) 

BUTTWIORTH FILTER DES IGN 

The common Butterworth Fi l ter (SF) ;s made up of an odd number of components with 
each section of a low pass filter looki ng like this: 

I~~ 
• CKT. • • 

And each sect ion of a High Pass filter l ike th i s: 

>-----r-----I t--
L" 

Where I TI is the fina l terminating el ement . 

LK & CK coeffici ents are determined by : 

CON 

• • 

OK = Z * si n (2*K- l) * Pl/2*N where K i s each element number 1 thru Nand N ; s 
total or last element number. 

Actua l compo nent values are determined by: 

CK = QK / (R*W) 

CK = l/(QK *R*W) 

LK = QK * R/W for l ow pas s . 

LK = R*(l/QK /W) 

In this program 3 < N < 19 and ;s always ODD. 

To use the program provide the numb er of elements. cut-off frequency, and 
terminating impedance . Choose between a low pass or high pass filter . The 
program will display val ues for al l t he Cin sections followed by the single 
termination value. The program will then di spl ay the correspond ing values 
for Lin , and the terminati on value. 

The display can be stepped forwar d with the [RTN] key or backward with the 
[BACK] key . 

Negative values on any component means the filter ca nnot be designed pro­
perly around the give n parameters. 

49 
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ISAMPLE PROBLEM I 

Design a Low Pass filter with a cut-off frequency of 10 MHz and five ele­
ments as shown ;n the schematic. Assume a 50n terminating impedance. 

C" 
L, L, 

0 
TC' TC' TC' 

0 

L" 

L, L, L, 

0 
TC' TC' 

0 

I SOLUTION I 

STEP INSTRUCTI ONS DISPLAY INPUT 

1 Run oroaram *BUTTERWORTH FILTER OESIGN* 

2 Set number of element Number of elements «=19)? 5 rRTNi 

3 Select Low Pass Low Pass or Hiqh Pass? L [RTNl 

4 Set cut- off freauencv Cut-off freouencY? ! Iro~~OOO RTN 

5 Set terminating im~edance Terminating impedance? 50 [RTN] 

6 Low pass fi lter [RTN] to VI EW [RTN] 

7 Display values: C (i n) 1 196.73pfd 1. 29~H [RTNJ 

8 C( in) 2 636.62pfd 1. 29~H [RTNJ 

9 C(in) 3 196. 726Dfd [RTN] 

10 L (i n) 1 491. 82nH 515.04pfd [RTNJ 

11 L ( in) 2 1.5~H 515.04ofd [RTN] 

12 L (i n) 3 491.816nH [RTNJ 

13 End program Run again. View aqain, or End? R E [RTN] 

) 

) 
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) ~I ====~IU~S~E~R~IN~ST~R~U~C~T~I~O~N~S~I====~ 

STEP INSTRUCTIONS DISPLAY INPUT 

1 Ru n program *BUTTERWORTH FILTER OESIGN* 

2 Enter number of el ements Number of elements «=19)? N rRTNl 

3 Enter Low or High Pass Low Pass or Hiqh Pass? L or H [RTN 

4 Enter cut-off frequency Cut-off freouencY? W rRTNl 

5 Enter terminating impedance Terminatinn impedance? R [RTN] 

6 Oi splay output section High pass fil ter .. [RTN] to view [RTN] 

7 or Low pas s filter .. [RTN] to vi ew rRTNl 

8 First C i nput el ement C( in)1 C1 Ll rRTN1/[BACK 

9 Continue display on rRTNl 

) 10 Termination element Cl in )n Cn 

11 First l input el ement L(i n)1 Ll C1 rRTNl /rBACK 

12 Continue display on [RTN] 

13 Tenminat i ng L element L(in)n Ln [RTN] 

14 Program options Run again, View aqain, or End? R ~"v~lor E RTN 

15 If ' V' goto 6 

16 If ' R' got o 2 

17 If 'E' then end proqram 

) 
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I VARIABLE NAMESI 

NAME DESCRIPTION NAME DESCRIPTION 

ern) Caoacitor array W Cut-off frequency 

F Value passed to functions Z ON Z GOTa poi nter 

G( n) Coefficient array Q Section counter 

I Loop counter F$ Returned from function 

J Value passed to function K$ Single key input 

L(n) Inductance array 0$ Stri ng inputs 

R Termination impedance M$ Oi sp 1 ay header string 

N of ell 

INOTES AND REFERENCESI 

NOTE: Any negative computed value indicates the filter can not be desiqned properly 
with the parameters given. 

From Series 80 Electrical Engineering So lution Book. 

) 



) 

) 

10 
2 0 
30 
40 
50 
60 
70 
00 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
2 00 
210 
220 
::~3 0 
240 
25 0 
260 
2 "/0 
28 0 
2 90 
3 00 
3 10 
3 20 
3 30 
34 0 
350 
36 0 
3'/0 
380 

39 0 
4 0 0 

410 

420 
430 

440 
4S0 

) 460 
470 
480 

IPROGRAM LISTING I 

f PASSIVE BUT TERWO RT H 
I FILTER DESIGN 
! COMput e t he i ndu ctor and 

ca pic ator cO Mbina t io ns, 
required to con s tr uc t a 
pa ssi ve butterworth filter . 

! Revision 11 / 01 /82 
DELAY 2 
! De~ine Function s 

Wai t for a ' RTN' 
DEF FNI(" 
K$ =KEYI @ IF K.··· TH EN 130 
IF NUM (KI) t 13 TH EN 130 
FNK$=K I 
END DEF 
! 
! Round 'F I to 'J' digits 
DEF FNR(F ,J) 
F=lNT(F* 10'J+.5)/10'J 
FNR=F 
END DEF 

! Fi x va lues to COMMon unit s. 
DEF FNF(F) 
J =3 e F$ = "MK M"6CHR$ ( 1 2)~ "np" 

IF F (1000 AND F)=1 THEN 32 0 
IF F ) 1000 TH EN 300 
F- F* 10 0 0 e J oJ+l e GO TD 31 0 
F=F/ 1000 e .1 =J- 1 
I F HI ANI! n7 THEN 27 0 
IF J=3 THEN F $~"" ELSE FS =FS [J, Jl 
FNF =F 
END DEF 

DI M C(2 0 ) ,G(20) , L( 2 0) 
! Mai n pro graM l oop 
DI SP • * BLin ERWDR1 H (·lL TER DESIGN 

*. 
DELAY 0 
INP UT "N uMber o~ eleMe nt s ( (=1 9 )1 
" j N e N=:AHS (N) 
IF N/2~lNT (N /2) OR N)19 OR NC3 lH EN 

400 
F OR 1=1 TO N 
G(1 )=2*SlN«2* 1- 1 )*PI/(2*N» 

NEXT I 
DISP CHR$(204)i"O W pa ss or " iC HR $(2 
OO) j "igh pa s~;; "j 

INPUT "7"; Q$ e Q$ =UPRC$ (Q$) 
IF Q$t·H· AND Q$t·L· THEN 45 0 
I F Q$= ·L· TH EN Z=1 

- CHR$(12) is Mic ro SYMbol 

-G i s coeff ic ien t of Ck and Lk 

-Be s ure that N i s positive 

- N Mu s t b f~ odd 

-Se t coefficient for each 
e leMen t 

- Wait 
- z is 

Pa ss 

for 'H' or ' L' 
flag for High Pas s or Low 

53 
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IPROGRAM LISTING I 

490 IF Q$="H" THEN Z=2 
'Soa INPU l "eut'·'off frequency?" ,'" 

S20 INPUT "TerMinating iMpedance?"iR 
SJO ON L GO l D 550,610 
540 f Low pas s 
5S0 FOR 1=1 TO N 
S60 CII)=GI1)/IR*W) e LII)=GI])*R/W 
570 NEXT I 
S80 M$ = "Low pass filter .. , II 

590 GOTD 660 
600 ! High pa ss 
610 FOR 1=1 TO N 
620 CII)=1/IGII)*R*W) @ LII) =R*11/G I])1 

W) 
630 NEXT I 
640 M$="High pass filter . " 
6S0 ! Display results 
660 DISP M$j 
670 INPUT "[R1N] to vie w"jQ$ 
680 FOR 1=1 TO N-2 STEP 2 

6(10 (~ ::: IP (1/2)+1 
700 DISf "C(in)" j Qj 
710 DISP FNR(fNF(C(I» )2)i F$~" fd II 

720 DISP FNR(F NF(LCI+l»,2)jF$&"H" 
730 K$=KEY$ e IF K~; = '''' THEN 730 
740 IF NU M IK')~8 AND NUMIKI)t13 THEN 73 

o 
7S0 IF NUMIK$)=13 THEN 770 
760 1=1-4 e IF 1 (0 THEN 1=-1 
770 NeXT I 
780 DISP "CCin)"jQ+lj" "jFNRCFNF(C(N) 

),3) jF$&"f'd" 
790 K$=FNK$ 
800 FOR 1=1 10 N-2 STEP 2 

BiO Q=lP(!/ 2 )+i 
820 
830 
840 
850 
860 

870 
880 
890 
900 

910 
920 
930 

940 
950 

960 

DISf "L(in)"jQj 
DISP FNR(FNF(L(I» ,2)j F$ ~ "H "i 
DISP FNR(FNF(C Cl+l» , 2)jF$& "fd" 
K$=KEYS e IF K. · ·· THEN 850 
IF NUMIK$)t13 AND NUMIKI)1 8 THEN 8S 
o 
IF NUMIKI) =13 THEN 890 
1=1-4 @ IF 1 (0 THEN 1=-1 
NEXT I 
DISP "L(in)";Q+l;" 
)1,5).iF$~"H" 

K$=FNK$ 

"; FNR(FN F (L(N) 

! Continuation options 
DISP CHR$( 2iO ) ;" un again, "j CHR$(21 
4» ) "iew aga:i.n, or " ;CHF<$(197) ; 
INPUI "nd?"I "R"; (~$ e Q$=UPRC$(Q$) 
ON POSC'f\VE' , Q$)+l COlO 930,400,650 
,960 
bELAY 1 @ DI SP @ STOP 

-Select fil ter type 

-Display header Me ssage 

- Display header Message 

-Loop to display CCinput) 
value s 

-Q is the section COllnter 

-Step back to previ ous va lves 

-Lo op to display L(input) 
valu(~~; 

-Step back to previous a n s wer 

) 



) 

) 

ACTIVE FILTER DESIGN 

Usin g con stants from a publi shed data table, resistors for hi gh pass fi lte rs or 
capacitors for low pass filters can be computed using the formu la s: 

High Pass 
Low Pass 

RA =K/( 12.56 * F * C) * 2 & RB=I/(RA * C2*(2PI * F) 2) 
CA= I/(R * (2PI * F) * K) & CB=K/(2PI * F * R) 
K=constant 

In this program. limited to four stages or less, K is a selected set of values 
based on t he number of stages. 

Si ngl e stage 
Two stages 
Three stages 
Four sta~es 

K=K(1 ) 
K=K(2) -K(3) 
K=K(4) -K (6) 
K=K(7)-K( IO) 

Array K ; s l oaded with the proper 
values one time early in program 
initialization. 

Results a re computed into array A(x) and displayed two at a time for each staqe. 

55 
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ISAMPLE PROBLEM I 
Using the schematic, design a high pass filter with a cut-off frequency of 
1KHz, attenuation of 48 db per octave and a capacitor value of .001 mfd. 

R, 

>-+- OUT 

To cascade stages, change the component labels to their label plus the stage 
number. i . e. : for three stages: 

Stage I RI R2 
Cl C2 

Stage 2 R3 R4 
C3 C4 

Stage 3 R5 R6 
C5 C6 

I SOLUTION I 

STEP INSTRUCTIONS DISPLAY INPUT 

I Run nroqram ** ACTIVE FILTER DESIGN ** 

2 Enter cut-off freauencv Cut-off freauencv in Hz? 1000 fRTNl 

3 Select filter mode High pass or Low pass? L H [RTN] 

4 Select att . per octave Attneuatian (12,24,36,48 )1 12 48 [RTN] 

5 Enter value far C C in microfarads = .001 [RTN] 

6 Display section va 1 ues for SI: RI=31.IKn R2=816 . 2Kn [RTN] 

each section S S2 : R3=88.SKn R4=286.6Kn [RTNl 

S3: RS=132.4Kn R6=191. SKn RTN] 

S4: R7=156 . 2Kn R8=162.4Kn IrRTNl 

7 End proqram Run again, View again, or End? R E [RTN] 
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) t::::1 ===I~U~S~E~R!:...:'I~N~S~T~R~U~C~T:!:....:I~O~N~S~I=====:::J 

STEP INSTRUCTIONS DISPLAY INPUT 

1 Run program ** ACTIVE FILTER DES IGN** 

2 Enter cut-off frequency Cut -off frequency in Hz? F [RTN] 

3 Enter Hi gh or Low Pass High Pass or Low Pass? L H .L~TN~ or [RT ] 

4 Enter attenuation per octave Attenuation (12 . 24 .36.48)1 12 Select [RTN' 

5 If Low Pass R in Ohms = R [RTN] 

6 If High Pass C in microfarads = C rRTN l 

7 Disp l ay results: 

8 If Low Pass S#: C#=va 1 ue C#+l=val ue RTNl 

9 If High Pass S# : R#=val ue R#+l=value RTNl 

) 10 Repeat for number of sections 

based on attenuat ion per 

octave 
R, V, or E 

11 Program opti ons Run again, Vi ew again, or End? R [RTN] 

If 'R' go to 2 

If 'V' gato 7 

If ' E' end program 

) 
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I VARIABLE NAMESI 

NAME DESCRIPTION NAME DESCRIPTION 

A Attenuation token Z Constant K(z) pointer 

F Cut-off frequency A( ) Answer array 

I Function variable K( ) Constant array 

J Function variable F$ Function string 

P 
High_pass:l Flag 
Low Pass=O K$ Single key input 

S Section number for display L$ Label string 

Capacitor Va l ue on High 
P$ Prompt string V Pass. Resistor Value on 

low Pass U$ Units string 

X loop counter 0$ Options input 

INOTES AND REFERENCESI 

Whe n vi ewing results , step forward with the [RTN] key and backward wit h t he 
[BACK] key. 

Answers greater than 999M will "spill tl off the display. 



) 

) 

) 

IPROGRAM LISTING I 

10 
;~O 

30 
40 
50 
60 
70 
80 
90 

100 

110 

120 
130 
1,4 a 
t ~;() 
160 
170 
tUO 
i?O 
~~ 0 0 
210 
;?20 
~~30 

;':~40 

2S0 
~·!6 0 

ACTIVE FILTER DESIGN 
COMputes resistor and 
capacitor cOMbinations 
needed to design an 
active, OP AMP filter. 
Revision 11/01/82 

DELAY 2 
DIM A(8) ,K (10) ,P$[20] ,LS [ S ] ,U$[2J ,Q 
,~[ 1] 

FOR X-I TO 10 & READ KIXI @ NEXT X 

DATA .707, .3827, .9239, . 2588, .7071,. 
9659,.1951, .5556, .8315, .9808 
! Define Functions 
! fix answer to COMMon unit 
DEF FNFIII 
F$="MK M"~CHR$(i2)&"np" 

J=3 
I F 1(1000 AND l)~i THEN 2S0 
IF I (i THEN 220 
IF 1=1 THEN 250 
1-1/1000 e :1 = J'-1 
GOTO 170 
IF J==7 THEN 250 
1=1*1000 (~) :/":=:J+1 
GOTD 170 
F$=F!t>[J ,Jl 
FNE=I 

~~70 END DEF 
2BO ! 
290 ! Single, upper case key in 
300 DEF FNI($ 
310 KI=KFY. I IF K$'"" THEN 310 
320 FNKI-UPRC$IKII 
;.130 END DEF 
340 ! 
3S0 ! Rourld 'F' to 'J' digits 
360 DEF FNRII,JI 
370 I-INTlIll0"J+.SI/10"J 
:180 FNR-I 
390 E.ND OEF 
400 ! 
410 ! Sign on Message 
420 DIS?" I * ACTIVE FILTE.R DESIGN * 
4:1 () 
~40 

450 

460 
470 
400 

*,. 
INPUl "eut ·- off frf-~qu€.'nc:y in Hz? "iF 
DISP CH1<$(200) i "igh pass or' "i CHR$( 
t.~04» 

INPUT "ow pass ?")"L"i Q$ @ Q$=UPRC 
'HQII 
IF QSt"H" AND QS~"L" THEN 440 
! Set Hi / La flag P 
IF gl-"L" THEN p-o ELSE P= 1 

-Load constant array K(X) with 
vales frOM DATA st Mt 

-C HR$(12) is SYMbol for Micro 

-Select High-Pass or Low - Pass 
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IPROGRAM LISTING I 

490 ! Set proMpt label P$ 
sao IF P TH~N P$~"C in Microfarads = " 

~LSE P$= "R in OhMS = II 

SiD ! Set answer label L$ 
S20 IF P THEN L$="R" ELSE L$~I'C" 

S30 ! Set answer uniTs U$ 
S40 IF P THEN U$=CHR$(17) ~LSE U$="fd" 

S:;O INPUT "t,ttenuation (12, ~~4, 36) 48) 
?", " 12", A 

560 IF A/12fJPIA/12) TH~N S50 ELSE A-AI 
12 

S'lO IF A(l OR A)4 THEN SSO 
'S80 DISP P$; e INPUT "";V 
590 IF P THEN V=V*.OOOOOl 
600 ZoO @ FOR X-I 10 A @ Z-X+Z-I @ NEXT 

X e Z-Z+I 
6iO FOR X=i TO A*2 STEP 2 
620 IF P THEN 650 
630 A(X)=1/(V*Cb.28*F)*KCZ» 
640 AeX+l)=KCZ)/(6.2S*F*V) @ COTO 670 
650 AIX)-KIZ)/112.56*F*V)*2 
660 A(X+l)=1/CA(X'*V A 2*(6.28*F)A2) 
6'10 Z=2+1 
680 NEXT X 
690 1 Display the answers 
700 5-1 
710 FOR X:=l TO A*2 STEP 2 
720 DISP "S"&STRS(S)&": " j 

730 DISP L$&STRS(X)&":::=";FNRCFNFCA(X»,i 
);f$1..U$~" "; 

740 DISP L$&SlR$(X+l)1.. " ~"jFNR(FNF(A(X+l 
) ) J i) ; l::'t.&U$ 

750 K$"',NI($ 
760 IF NUM(KS)ti3 AND NUM(K$)t8 lHEN 'lS 

o 
770 1, NUMIKS)=13 THEN 810 
780 ! Step backwards 
790 X-X-4 e I, XIO THEN X--I 

800 S~S-2 @ IF SCi THEN 5=0 
810 S-S+I • NEXT X 

820 ! Re-run option select 
830 DISP CHRS(2iO);"un again, "jCliR$(2i 

4)j"i£:!w again, or' "jCHF~$(j.97); 

840 INPUl "nd?","R"j Q$ @ Q$=UPRC$(Q$) 
850 IF Q$i"V" AND Q$t"R" ANV Q't"E" lHE 

N S:30 
860 1, Qt.·V· THEN 700 
870 IF QS· " R" THEN 430 
880 DELAY 1 @ DISP @ STOP 

-Set units string to OhMS if 
high pass else 'fd' 

-Set attenuation level 

-If High-Pass adjust to farads 

- Selec'\' forMula 

-IncreMent constant pointer 

-5 - section pointer 

-Wait for keyboard entry 

-DecreMent loop and section 
n lJ Mber 

-IncreMent section nUMber and 
loop counter' 

) 



) 

) 

LOW PASS FILTER 

Component values in a si ngle section low Pass Filter without attenuators 
are related by the fo ll owi ng f ormul as and schematic. Gi ven cut-off fre­
quency and impedance, the program calculates the component value. 

R 
F = Cut-off Frequency 

R = Characteri stic Impendance 

L0 = RIP! * F 
L c, L = .64 * L0/1.2 

L, L1 = L0/2 + L2 

L2 = .6 * L0/2 

C = 1/(Pl*F*R) 

c C1 = . 6 * C/2 
L, 

L c, 

R 
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STEP 

I 

2 

3 

4 

5 

6 

7 

ISAMPLE PROBLEM I 

What components are required to construct a low pass filter 
with a IMHz cut- off frequency and a characteristic impedance 
of 50 ohms? (see schematic) 

I SOLUTION I 

INSTRUCTIONS OISPLAY 

Run prog ram * LOW PASS FILTER DESIGN * 

Enter cut-off frequency Cut-off Frequency in Hz? 

Enter character; stic impedance Impendance in Ohms? 

Display Land Cl L=8.49uH Cl=J. 91nfd 

Display LJ and L2 LJ =12.73uH L2=4.77uH 

Display C C=6 .73nfd 

End program Run again, View again, or End? 

INPUT 

IDDDDDOrRTN' 

50 [RTN] 

RTNl 

[RTN] 

[RTN] 

E [RTN] 



I IUSERINSTRUCTIONSI )~====~~~~~~~~~==~ 

STEP INSTRUCTIONS OISPLAY INPUT 

1 Run program * LOW PASS FILTER DESIGN * 

2 Enter cut -off frequency Cut-off Frequency in Hz? Freo [RTN] 

3 Enter characteristic impedance Impedance in Ohms? Zc [RTN] 

4 Disolay Land Cl L=val ue Cl=va lue I fRTNl 

5 Display Ll and L2 Ll=value L2=value [RTN] 

6 Oi splay C C=va lue [RTN] 

7 Continuation options Run again, View again, or End? R ~Ih~l or E 

If ' R' goto 2 

If ' V' goto 4 

If 
) 

' E' end program 

I VARIABLE NAMES I 

NAME OESCRIPTION NAME OE SCRIPTION 

F Function variable Cl 
Circuit components 
See schematic 

J Function variab l e R 
Circuit componen t s 
See schematic 

L 
Circuit components 
See schematic F Cut-off frequency 

11 
Circuit components 
See schematic K$ Sinal e key input 

L2 
Circu i t components 
See schemati c 0$ Option stri nQ inputs 

C 
Circuit components 
See schematic F$ Function string 

) 
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IPROGRAM LISTING I 

10 LOW PASS FILTER DESIGN 
20 COMpute the inductor and 
30 capicator cOMbinations t 

40 1 required to construct a 
SO I a low pass filter. 
60 ! ~ ev i s ion 11 /01/82 
70 DELAY 2 
80 ! Define Functions 
90 1 

'RTN' 

THEN 120 

100 
110 
j,20 
DO 
140 
ISO 
160 
170 
IBO 
190 
200 
210 
220 

Wait for a 
DEF FNK$ 
K$~KEY$ e IF 
IF NUM(I($) 4 13 
FNK$=K$ 

THEN 120 

END DEF 
I 

! Round ' f. ' to 'J' digits 
DEF FNR(F,J) 
F=INT(F'10"J+.5)/10"J 
FNR=F 
END DEF 

2JO 1 Fix va lues to COMMon units. 
2411 DEF FNF(F) 
250 J=J @ F$~I'MK M"&CHR$(12)&"np" 
260 IF F ( IO OO AND F)=I THEN 31 0 
270 IF F}1000 THEN 290 
280 F=F.l000 ~ J=J+l e GOTO 300 
290 f. =F/iOOQ @ J=J-1 
JOO IF J~l AND J~7 THEN 260 
310 IF J=3 TK~N F$="" ELSE FS=FS[J ,Jl 
320 fo-NF=F 
3:10 END DEF 
3 40 ! 
3S0 ! Main prograM loop 
360 DISP" • LOW PASS FILTER DESIGN 

*" 
370 L,Ll,L2,C,Cl,R=O 
380 DELAY 0 
390 INPU, "Cut -off Frequency in Hz ? " . 

F 
400 INPUI "IMp eda n c,,~ in OhMS? " ;R 
410 ! COMpute values 
420 LO=R/(PI*F) 
430 C=I/(PI*F*R) 
440 L2=.6*LO/2 
450 L=.64'LO/I.2 
460 Ci=.6*C/2 
470 Li=LO/2+L2 
480 ! Uisplay values 
490 DISf' "L=" iFNR<f.NFCL) ,2) jf$~"H Ci 

="irNRCFNF C(1) ,3) iF$~"fd " 
SOO l{$=FNK$ 
SiO DISf' "L1:::" ;FNrHFNF(LU ,2) ;F$~."H L 

2= "jFNRC FNFCL2),2)jF$&" I'i" 

-Clear variables 

-Watt for' 'RTN' to continue 

) 



) 

) 

) 

IPROGRAM LISTING I 
520 K$=FNK$ 

S30 D15P "C="jFNR(FNF( C),2)JF$"'~d" 
540 1 Continuation options 
SSO K1;.FNK$ 

:-;60 DI Sf' CHr~$(210)j"un again, ";CHR$(21 
4)j"iew aga i n~ or " i CHR$(197)J 

Si'O INP Ul "nd ? " , "R " j Q$ @ Q$=UPRC$(Q$) 
580 I F Q$·"R" THE N 39 0 
S90 IF QS."E" THEN 6 10 
600 IF Q$="V " lHEN 490 ELSE 5&0 
610 DELAY 1 @ DISr @ STOP 

-Wait fo r 'RTN' t o con tinu e 
di sp lay 

- Wai t f ()r 'R TN ' to cun1'tnue 
rJi5pl i~Y 
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IPROGRAM DESCRIPTION I 

CO IL DESIGN 

The approximate inductance of a single-layer, air-core coil can be calcu l ated 
from the simplified formu l a: 

L (~H) = A' * N' /(9*A+l0*B) 

Where: 

L = Inductance ;n microhenrys 

A = Coil radi us in inches 

B = Coil length in inches 

N = Number of turns 

li kewise . to approximate the num ber of turns of a si ngl e- layer, air-core coil 
for a specified inductance use the formula: 

N = I L*(9*A+l0*B)/A' 

Given A, B, and N the program calculates inductance (L). 

Given A, B, and L the program calculates the number of turns (N) . 

) 



) 

) 

ISAMPLE PROBLEM I 
What is the approx imate inductance of a single-l ayer. air-core coil with 
a diameter 3/4", a length of H n and 48 turns? 

I SOLUTION I 

STEP INSTRUCTIONS DISPLAY INPUT 

1 Run program ** COIL DESIGN ** 

2 Se lect inductance Fi nd: Turns or Inductance? I [RTN] 

3 Enter diameter Coil diameter in inche s = .75 [RTN] 

4 Enter length Co il length in inches = 1.5 [RTN ] 

5 Enter number of turns Total turns = 48 [RTN] 

6 Display results Inductance is 17.6 ~H [RTN] 

7 End prooram Run again or End? R E [RTN] 
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IUSER INSTRUCTIONS I 
) 

STEP INSTRUCTIONS DISPLAY INPUT 

1 Run program ** COIL DESIGN ** 
2 Select option Find: Turns or Inductance? I T [RT~~ or [RT, ] 

3 I f I I I then goto 8 else 

enter ; nductance Inductance in ~H 
!nau<;tance 

= [RTN] 

coil diameter Co i 1 
92ameter 

4 Enter diameter = [RTN] 

5 Enter co; 1 length Co i 1 length = Length [RTN] 

6 Display results N turns fRTNl 

7 Goto 12 

8 Enter CO; 1 diameter Coil diameter in inches = 
Oi a~iter 
fRTN 

g Enter coil lenath Coi 1 length in inches = Length [RTN 

10 Enter turns Total turns = Turns fRTNl 

11 Display resul ts Inductance is L vH [RTN] 

12 Program options Run again or End? R 
E [RT~!, 
or [RTN] 

If [RTN] goto 3 or 8 

If ' E' then end program 



JF====~I~V~A~R~I~A~B~L~E~N~A~M~E~S~I======~ 

) 

) 

NAME DESCRIPTION NAME DESCRIPTION 

A Coil diameter I Functi on variable 

B Coil 1 en9th J Function variab l e 

L Inductance in UH K$ Single key input 

N Number of turns i n coil Q$ Continuation option input 

Q 
Fl a9 Q-I-Turns 
Q=O=Inductance 

, INOTES AND REFERENCESI 

Thi s i s a si mple approximation program for common va l ues of inductance found in 
Amateur Rad i o Projects. Practica l limi t is l ess than 100 UH. 

fonnulas are from: Robert Myers (editor) 
The RADIO AMATEUR ' S HANDBOOK 
American Radio Rel ay League. 1975. Page 26 

" 
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IPROGRAM LISTING I 

10 COIL DESIGN 
20 CO Mpute the inductance of 
30 a coil giuen diaMeter} 
40 nUMber of turns, 
SO and lengt h OR COMpute the 
60 nUMber of turns given the 
70 inductance, diaM(~ter and 
80 f length of a coil . 
90 Revision 11/0 1 /82 

100 
1 10 DELAY 2 
120 Vefine Functions 
130 
140 Single, upper case key in 
1S0 DEF FNK$ 
1 60 K$=KEY$ ~ IF K$="" THEN 160 
170 FNK$=UPRC$(K$) 
180 END DEF 
190 ! 
200 ! Round 'I' to 'J' digits 
210 DEF FNR(I,J) 
220 l=lNl (1*10"J+.5)/10"'J 
230 FNR=I 
240 END DEF 
250 ! 
260 ! Sign on Message 
270 DISP" * * COl L 

*" 
DES I G N * 

:~80 DISP "Find: " iCHR$(212) j "ur'ns or 
",CHR$(20i.).i "nduct ance " .i 

290lNPUl "?","1"; Q$ @ Q' =UPR C$(Q$) 
300 IF Q$="I" lHEN 410 
310 IF Q$t"T" THEN 280 
320 ! COMpute nUMber of turns 
330 Q=1 @ DISP " Inductance in " jCHR$(12 

) .i "H == " .i 
340 INPUT " ";L 
350 INPUT "Coil diaMeter in inches - " 

A I!! A=A/2 
360 INPUl "Coil length in inches = ";B 
370 N=FNR(SQR(L*(9*A+10*B)/A ~2), 1) 

380 DISP Nj"turns" @ K$=FNK$ 
390 Gill [j 480 

400 ! COMpute inductance 
410 Q=O e INPUT "Coil diaMeter in inche 

s = ".; A (~ A::::t-\/2 
420 INPtn "Coil l .:~ngt h in inches ::-" ";I! 
430 INr~UT "Total tur'ns = "iN 
440 L=AA2* NA 2/(9*A+10*B) 
450 DIS£-' "Ind uctance is "iFNRCL,l)j" " o!l. 

CHR1i (12)~"H" 
460 K$ =FNK~~ 

-Selec t operation 
-I" Q$='!' COMp ute inductance 

- ForMula to COMpute nUMber 0" 
turn s 

- Coto continuation options 
a"ter viewing a nswer 

-ForMula to COMpute indu ctace 



) 

) 

) 

IPROGRAM LISTING I 

470 ! Conti nu e op tion . elect 
48 0 DISP CHR$(210) j "un again or "jCHR$( 

197} .. 
490INPUl "nd?","R" .. Glt> @ Q~;=UPRC$(Q$) 
SOO IF Q'~·R· AND Q""E" THEN 48 0 
5 10 IF Q' ."R" THE N 53 0 
52 0 IF Q THEN 330 ~LSE 410 

S30 DELAY 1 @ DISP @ STOP 

-Select con t inuation option 

-If Q= l th en CO Mpute turn s elSE 
COMput e inductance 
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