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PROGRAM DESCRIPTION       

TRANSISTOR AMP EVALUATION

Given supply voltage (Vcc), the five resistor values R(1)-R(5), and transistor Beta,
operating parameters are computed from the formulas:

(See schematic for resistor labels)

Temporary values R= R(1) » R(2) / (R(1) + R(2))

Vg= V * (R(1) / (R(1) + R(2)))

K== V@ - % .7

D= 026 / A(3) + 2

T= B * (R(4) + D)

V=Vcc B=Beta

R(1) thru R(5) input as values from Schematic

Displayed values

Ig = A(1)=K/ (B * (R (4) + R(5)) +R)
Ve = A(2)= V@ - A(1) =

Ic = A(3)= B A(1)

Vo = A(4)=V A(3) * R(3)

Ve = A(5)= A(1) + A(3) * (R(4) + R(5))
Gain = A(6)= R(3)/ (R4) + D)

Rin = A(7)=R * T/ (R+T)

Answers are rounded to two digits and displayed with proper units and unit multiplier.

 



 
 

 

 

 SAMPLE PROBLEM   
 

 

Using the schematic and sample problem values, find Iz, Vg, I, Vo, Vg, Gain
and input resistance for a Beta of 30, then for a Beta of 300.

Answers: Gain varies 18.96 - 19.2

Rin varies 946 - 2050
Collector current varies by 1.5 m Amps

Vee
Sample Problem Values
 

R1 = 8200

R2 = 3300

R3 = 1000

(Qout R4 = 47

R5 = 270

R Vcc = 12

First Beta; 30

Second Beta, 300

-M
F0
<+   
 
 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

  

" LT

ISOLUTIONL

STEP INSTRUCTIONS DISPLAY INPUT

Run program * TRANSISTOR AMP EVALUATION *

1 Enter supply volts Vce = 12 [RTN]

2 Enter supply R1 R1 = 8200 [RTN]

3 Enter supply R2 R2 = 3300 [RTN]

4 Enter supply R3 R3 = 1000 [RTN]

5 Enter supply R4 R4 = 47 [RTN]

6 Enter supply R5 RS = 270 [RTN]

7 Enter supply Beta Beta = 30 [RTN]

8 Answers I, = 231.26 pu AMPS [RTN[

9 V, = 2.9 VOLTS [RTN]

10 I. = 6.94 m AMPS [RTN]    

 

 



 
 

 

 

ISOLUTION|
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

STEP INSTRUCTIONS DISPLAY INPUT

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 'B' New Beta, Run again, or End? B |[RTN]

16 Enter new Beta Beta = 300 [RTN]

I}, = 28.15  AMPS [RTN]

Vi, = 3.38 VOLTS [RTN]

I. = 8.45 m AMPS [RTN]

Ve = 3.55 VOLTS [RTN]

Vo = 2.68 VOLTS [RTN]

Gain = 19.2 [RTN]

Rin = 2.05K OHMS [RTN]

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

 

 



 

 

 USER INSTRUCTIONS  

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

STEP INSTRUCTIONS DISPLAY INPUT

1 Run program * TRANSISTOR AMP EVALUATION *

2 Enter values:

2a Enter Vcc in volts Vce = Vcc [RTN]

2b Enter R1 in ohms R1 = R1 [RTN]

2¢ Enter R2 in ohms R2 = R2 [RTN]

2d Enter R3 in ohms R3 = R3 [RTN]

2e Enter R4 in ohms R4 = R4 [RTN]

2¢ Enter R5 in ohms R5 = R5 [RTN]

2g Enter Beta Beta = Beta [RTN]

3 Display answers: I = value AMPS [RTN]

V. = value VOLTS [RTN]/[BACK]

I = value AMPS [RTN]/[BACK]

V. = value VOLTS [RTN]/[BACK]

V. = value VOLTS [RTN]/[BACK]

GAIN = value [RTN]/[BACK]

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

4 Program options: New Beta, Run again, or End? [RTN]
 

If 'B' then goto 2g
 

If 'R' then goto 1
    If '"E' then end program   

 

 



 

 

   VARIABLE NAMES
 

  
 

 

 

 

 

 

 

 

 

 

 

     

NAME DESCRIPTION NAME DESCRIPTION

Computed answers A(1)=IB,
A(x) A(zg-vB, A(3)=Ic, A(4)=Vc, V Supply voltage V

A(5)=Ve, A(6)=Gain .
A(7)=Rin V) Intermediate value

Same as A(x% but adjusted
B(x) for unit multiplier F$ X For loop counter

Input resistance values
R(x) R1-R5 AS Labels for prompts

Always A=VAL(X$) in non-
A error input subroutine BS Units for answers

Unit multiplier
B Beta F$ from FNF(F)

Intermediate value saved ’ .
D for further computation K$ Single key input

Value passed to function o
F FNF(F) and FNR(F,J) Q$ Query option input

Value passed to function String input always
J FNR(F,J) X$ changed to A=VAL(X$) and

negative values not
K, T Intermediate values allowed.
 

 
 

   NOTES AND REFERENCES

 

 
 

    

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

Resistance values of zero ohms are allowed for R4 and R5 only. ATl inputs
in common units and must be positive.

Program designed to be most useful as computing parameters based on fixed
resistor values and changing Beta.

Invalid inputs are ignored and user is re-prompted until valid input is
received.

Refer to schematic for transistor configuration and resistor labels.

From HP Users' Library #3970D.



 
 

 IPROGRAM LISTINGI
 

 

 

10

20

30

40

"0

&HO

70

&0

70

100

140

120

130

140

150

160

170

1680

190

200

2410

230

240

250

6

270

260

250

300

J10

3

330
340
350
360
370

380

390

400

4140

420

430

441

4%0

4610

470

460

490

TEANSISTOR AMP
Computes transistor

| EVALUATION

! amp
P operating parameters as a
P function of transistor

I Reta.

' Revision 14/04/82
|

DELAY 2
DIM ASL281,R41361
DIM R(S),A(7),B(7)
' DEFINE FUNCTIONS
' Fix answer 10 common
DEF FMNF(F)
Fe="MK m"&CHR$(L2)&"np"
J=3

IF FCL000 AND Fr=41 THEN 240
IF F<I THEN 210
IF F=41 THEN 240
F=F/1000 & J=J-{i
GOTO 160
IF I=7 THEN 240
F=F¥1000 @ J=J+1
GOTO 160
Fe=F4$LJT,T]
FNF=F
EMD DEF
|

P Single,
DEF FHNK$

unit

upper case key in

Ké=KEYS @ IF K$="" THEN 200
FNK$=UPRCE (K$)

END DEF
|

P Round “F’ to

DEF FNR(F,ID)

F=INT(FXL102T+.5)/40")
FNR=F

‘T digits

EEND DEF
I

I lLabels

Ad="  Ibh Vb TIc Vo
P Units

Be=" AMPSVOLTS AMPSVOLTSVOLTS 0

HMS "

DIsp o

X"

Po="VUce = " & GOSUER 820 @

FOR X=41 TO %

PH="R"EHTRS(CXIA" =

GOSUR 830

VelGATN Rin®

X TRANSISTOR AMFP EVALUATION

Vs fy

ROXI=A  
~FHNK4 returns single uppercase
input

~FMRAF,T) rounds F to J digits

~FNFC(F) returns F between 1 and

100 with unit F%

~Prompts and labels

-Unite for answers

=S3ilgn on message

-Get supply voltage Voo

five resistor valuves R(1)

R{%)
-Get

through

 



 

 

   PROGRAM LISTING
 

   
 

500

%410

520

530

40

550

560

570

a0

590

600

610

H20

6HA0

640

&HH 0

660

6710

680

650

700

740

20
%03

~
d
3

~ £

7410
750

760
770

780
750

800
1.0
g0

830
G40
%0
860
870
880
890

IF R(OX)Y THEN %20
IF X=4 QR X=% THEN
NEXT X
' Loop here for new Beta
P¢="Reta = " & GOSUR 820 @

I Compute results

R=RCIDKRE (I Z(RILI+R(2))
VO=UHIR(ZI/Z(RCII+R(2)))
K=0- 7
ACLY=K/(HKX(R{(4)+R(S5))I+R)
AC3)=R¥A(1)
ACS)I=ACE)+A(3IIX(R(AI+R(S))
AL2)=V0-ACL)XR
ACY) == (3)XR(3)
D 026/A(3)+2
ACHI=RCBI/Z(R4)+D)
T=BX{R(4)+D)
AC7)I=R¥T/(R+T)
I Show results
FOR X=4 TO 7
RO =FNF (A(X))
DISP ASTAKX-3,4kX 14" "=
EE&Y ARSI X¥S -4, XS]
Kh=FNK %
IF NUMKEIEL3 AND NUMKE)Y 8
0

IF NUMKS) =43
r=X-2 @ 1F X0

520 ELSE 480

E=A

WIFNRCEOX) 8

THEN 72

THEN
THEN

760

X=0

NEXT X

DISP "MNew ";CHR$(194);"eta, ";CHR$C
2500 "un again, or ";CHR$(L97)

INPUT "nd? ", "E"; Q% €@ Ge=UPRCH(Q$)
IF Q@&="R" OR GF="K" OB QH="E" THEN
800 ELSE GOTO 770

TF Q4="R" THEN 4%0
IF @$="R" THEM %40 ELSE 820
' Non-error input

DISP P$;
INPUT """ ;X4
ON ERROR GOTO 830
A=VAL (XS @ OFF ERROR
IF Aadl THEN 830

RETURN
DISF & DELAY 1 € STOP  

~0Only R4 and RS can be zero

-Get transistor beta

~Compute all parameters

~BCX) = Fixed value of &(X)

~Wait for RTN or BACK keye

-Gtep forward on RTN
=HGtep back on BACK but no

further than 0

~Gontinuvatiaon andl

~Wait For

prompt
valid input

input

~Non-error input prompt from P$
returning A

~Require positive input

~Program stops to preserve
variables for dinspection



 

 
 

 PROGRAM DESCRIPTION  

   

COMMON COMPONENTS FOR 555 & 567 IC’S

Trial and error is usually used to find values for common components for use
with a 555 oscillator and 567 tone decoder which yield an acceptable tolerance
about a given frequency.

This program completes the trial-and-error method by stepping through all com-

mon values of components and testing each combination to see if it is within
specified tolerance.

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

" I555 C

567 = C

1.433 / (R(A) + R(B) + R(B)) * F

1/(R(A) * F)

Component values are displayed along with the computed operating frequency.

Upper tolerance is held in variable 'U'.

Lower tolerance is held in variable 'L'.

.95 -5%
1.05

i.e.: 0
+57 + 5% tolerance

L
U

 



 
 

   SAMPLE PROBLEM
 

 
 

 

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

 
 

  
 

 

 

 

 

 

 

 

 

 

  

1JSOLUTIONL

STEP INSTRUCTIONS DISPLAY INPUT

A1 Run program, select 567 Select: 555 or 5677 555 567 [RTN]

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

3 Enter frequency Frequency in Hz = 1200 [RTN]

4 Step and test Searching for first combination

5 Show components R(A)=180% C=4.7ufd [RTN]

6 Now show computed frequency Frequency is 1.82KHz [RTN]

7 End program View again, More, or End? E [RTN]    
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 SAMPLE PROBLEM   
 

 

B) What values of R(A), R(B) and C are suitable for the
operation of a 3.3 KHz oscillator?

 
 

 

 

  

 

 

 

 

 

 

 

 

 

     

ISOLUTION/

STEP INSTRUCTIONS DISPLAY INPUT

B1 Run program select 555 Select: 555 or 5677 555 [RTN]

2 Sign-on message **x% 555 OSCILLATOR ***

3 Enter frequency Frequency in Hz = 3300 [RTN]

4 Step and test Searching for first combination

5 Show component values R(A)=100% R(B)=180% [RTN]

6 Sow capacitor C=1ufd [RTN]

7 Show computed frequency Frequency is 3.137 KHz [RTN]

8 End program View again, More, or End? E [RTN]
 

 

 

 



 
 

  
 

USER INSTRUCTIONS
 

   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

STEP INSTRUCTIONS DISPLAY INPUT

1 Run program, select operatijon |[Select: 555 or 5677 555 ES$N3F >0

2 |If 567 then goto 14

3 555 selected **555 OSCILLATOR**

4 Input frequency Frequency in Hz = EE%fij

5 |Searching array Searching for first combination

6 |Display resistor values R(A)=1000 R{B)=220% [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? %fiij E

10 If View then 6

11 If End then 24

12 More - continue search

13 Goto 6 Searching for more combinations

14 567 selected **567 TONE DECODER**

15 Input frequency Frequency in Hz = EE%flj

16 Search for ccmbination Searching for first combination

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

18 Display frequency Frequency is 2KHz [RTN]

19 Continuation options View again, More, or End? ¥§TN] E

20 If V then 17

21 If E then 24

22 More - continue search Searching for more combinations

23 |Goto 16

24 Stop    
 

11
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   VARIABLE NAMES
 

   
 

 

 

 

 

 

 

 

 

 

 

  

NAME DESCRIPTION NAME DESCRIPTION

Array pointer and
A loop counter N Value passed to function

B Loop counter P Function pointer

Operation flag
C Capacitor value Q 1=555 (=567

D Temporary capacitor value U Upper tolerance

F Frequency selected / Computed frequency

H Range exponent for C R1 R(A) from formula

I Loop counter R2 R(B) from formula

J Loop counter F$ Temporary string

L Lower tolerance K$ Single key input

Q$ Option string input     
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NOTES AND REFERENCES

 

  

 

 

 
Schematic for component values:

 

R(A)
G,
Wm

ouT 1L

 
 

 
 

.,|
||_

>

 

 

R(A)

 
  

R(B)

 
 

 

 

 

 

 

/I
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   PROGRAM LISTING
 

   
 

10

20

30

40

S0

&0

70

G0

&0

100

110

120

130

140

%0

160

170

180

190

=00

240
0
Lob

230

240

2%0

260

270
280
290
300
310
320
330
340
350
360
$70

360
190
400
440

420
430
440
4510
441

471
460

490

P %67 TONE DECODER

boand 555 08CILATOR

P Find the common resistor

P and capicator combinations
P for either of the

P two circuits.,

' Revision 14/04/82

DEL.aY 2

DIM AL2%) ,R(77)

P Define Functions
I

P Wait For ‘RTNY key

DEF FNK%

Ké=KEY$ & IF Ko="" THEN 140

IF NUMKEYHLZ THEN 140

FNK$=K%$

END DEF
i

' Round ‘N’ to ‘P’

DEF FNR(N,P)

N=ITNTINXLO P+ .

FNR=N

END DEF
!

P Fix ohwms to
DEF FNF(N)

digits

B)/40%P

common units.

Fé="MK "
P=3
IF N<L000 AND NY>=i
N=N/1000 & P=pP-4
IF P#1 THEN 290
IF P=3 THEN Fé$="" ELSE F$=F$IP,P]
FNF=N
END DEF
I

P Which chip? 1=9%% 0=%&67
INPUT "Select: LSS or HEY M, "S
BHY; Q%
IF QF4"55%" AND Q$3"9D67" THEN 370
IF Q4="%467" THEN Q=0 ELSE =41
b Main program loop

IF G THEN DIGE " % X % %5% 08CILLA
TOR % % %" ELSE DIGP " X X X &7
TONE DECODER X% % %
Ri,C=0 @ IF Q@ THEN R2=0
P Set upper & lower tolerance

U=4.0% & L= 9%
P Non—error input

INPUT "Frequency in Hz = "; F$ @ 1F
Foha="" THEMN 460

UN ERROR GOTO 460
F=ARS(VAL(FS$)) & OFF ERROR
DELAY 0

THEN 320

 
~FNF{N) sets N =
valueli, sets

smallest

multiplier

~f=1 for 555 and Q=0 for S&7

~Tolerance set to %9%

~Wait fFor valid frequency
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  PROGRAM LISTING
 

   
  

540
520
540
540
©50
560

S70
580

550
600

640

620

6310

640

650

660

&E70

680
670

700
710
70
730
740
750
760
770
7610
790
800

810
820
€30
840
650
860
&6

850

870
%00

§1.0
G20

DISP

on."

I Search for

FOR I=4 TO 413

READ ACI)

MEXT I

' Common values

DATA 5,10,4,2.2,3.%,4.7,1.2,1.5,1.8

2. 9,9.6,6.2,8. 1

b Load resistor
A=y

FOR J=2 TO 7
FOR I=3 T0O 13

R(AY=ACTIXILI0*T

"HYearching for first combinati

values

array

A=A+1

NEXT I

NEXT J

I Possible combinations

FOR a=1 TO 66

IF NOT @ THEN 690

FOR E=f TO &b
IF @ THEN C=1.443/ ((R(A)+R(RBIHR(R))
¥F) ELSE C=4/(ROAYRF)
1E CCi04¢~%) THEN 840
' Range C

FOR H=4 TO 9
D=C/40%C-H)
IF 4>D THEN 760
IF D<CL0 THEN 780

NEXT H

I Check tolerance

FOR T=4 TO &

IF LXACEI2D THEN 810
IF DAOXRACT) THEN 870A

A

NEXT I

IF NOT @ THEN 840
NEXT H
NEXT A
GOTO 10%0
I Display results
DISF "RAAY=";FNFIR(A))) ;FHECHRS(17)

>

IF @ THEN DISP "RIOE)=";FNF(R{EY);F4%
ACHR$C17)

LG THEN Ke=FNK%
DIGP " C=";A010%102C6-H) ;CHRS(A2) &
L _‘) (j n

K=FNK%
DISPF "Frequency is ",

IF NOT Q@
)

THEN Z=1/(R{AIYXAHCTIXRL0* (~H  

-L.oad data values into array A

-l.oad values with exponent
multiplier into array R

-Skip search for REY 1 in 967
Mmode

~Display
within

values 1if they fall
tolerance

~Compute frequency as a
function of componant value
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740

%0
260
Y70
$80

Y70

1000
1040
1020
1030

1040
10%0

IF Q@ THEN Z=1 443/((R{(AY+R(BY+R(K))
XACIHIXL0*(—H))

Z=FNR(FNF(Z),3) @ DISP Z;F$A&"Hz"
Ko=FNK%
I Continvation options

DISP CHR$(214);"iew again, ";CHR&(Z
0%);"%o0re, or ";CHR$(L97);
INPUT "nd? ","M"; Q% & Q4=UPRCH(Q%)
IF Q%="M" THEN 1030
IF Q%="U" THEN 870
IF @QhE"E" THEN 980 ELSE 10%0
DIGF "Searching for more combinatio
l‘ S 1"

GOTO 840
DELAY 1 @ DISP & STOP

 

  PROGRAM LISTING 

 



 

 

 

 

PROGRAM DESCRIPTION      

 

OHMS LAW WITH dBm CONVERSION

dBm Section: Given watts computes dBm by the formula dBm=30+10*L0G1p (watts).

Given dBm computes watts by the formula watts=10"((dBm-30)/10).

 OHMS Law Section: Given any two of four inputs, computes volts, Ohms, amps

and watts.

Variables Are: Volts = E  Current =1 = R Watts =P

Formulas Are:

Given E & R I = E/R P =E2?/R

Given E & 1 R =E/I P = E*I

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

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

Given P & R E=+v P*R I =v P/R

Given P & 1 m I P/1 =

|= P/1°?

Answers are displayed one at a time and scanned forward by pressing the

[RTN] key or backward by pressing the [BACK] key.
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   SAMPLE PROBLEM
 

 
 

 

A) How many watts are represented by -13.5 dBm?

 
 

 

 

  

 

 

 

 

 

 

 

 

    

Answer: -13.5 dBm is 44.67 uwatts.

_ISOLUTIONL

STEP INSTRUCTIONS DISPLAY INPUT

A Run program

1 |Select dBm function Select: 0=0hms law or D=dBm ? D [RTN]

2 Sign-on message dBm TO WATT(s) to dBm CONVERSION

3 |[Watts prompt (skip) Watt(s) = [RTN]

4 dBm prompt dBm = -13.5 [RTN]

5 Answer displayed -13.5 dBm IS 44.67 uWATTS [RTN]

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

 

 

 



 

  

SAMPLE PROBLEM       

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

Answer: 654.55 m watt - use a 1 watt resistor

 

 

 

 

    

 

 

 

 

 

 

 

 

 

 

  

]SOLUTION |

STEP INSTRUCTIONS DISPLAY INPUT

5 Run program

1 Select Ohms function Select: 0=0Ohms law or D=dBm 0 [RTN]

2 Sign on message ** OHMS LAW CALCULATOR **

3 Input volts VOLTS = 12 [RTN]

4 Input Ohms OHMS = 220 [RTN]

5 Answer: volts: 12 VOLTS [RTN]

Ohms: 220 OHMS [RTN]

amps: 54.55 m AMPS [RTN]

(Use 1 watt resistor) watts: 654.55 m WATTS [RTN]

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

19
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   USER INSTRUCTIONS
 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

STEP INSTRUCTIONS DISPLAY INPUT

1 Run program

2 Select Ohms or dBm function Select: 0=Ohms law or D=dBm ? 0 or D [RTN]

D=dBm selected dBm to WATTS to dBm CONVERSION

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

3 If value for watts then goto 5

D [RTN]
4 Enter dBm value if known dBm = or [RTN]

5 Answer stays until [RTN] D dBm is W WATTS [RTN]
R, V, or E

6 Programs options: Run again, View again, or End? [RTNj

/ If 'V' then goto 5

8 If 'R'" then goto 2 else 14

(0=0Ohms selected) ** OHMS LAW CALCULATOR *=*

value [RTN]
9 These four prompts will Tloop VOLTS = or [RTN]

value [RTN]
through until two are answered| OHMS = or [RTN]

value [RTN]
with values. ([RTN] skips to AMPS = or [RTN]

value [RTN]
next prompt) WATTS = or [RTN]

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

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

to next answer, [BACK] steps AMPS = answer [RTN]/[BACK]

back to previous answer WATTS = answer [RTN]/[BACK
R, V, or E

11 Program options: Run again, View again, or End? [RTN]

12 If 'V' then goto 10

13| If 'R' then goto 9

14 If '"E' then end program     

 



 

 

   VARIABLE NAMES
 

   
 

 

 

 

 

 

 

 

 

     

NAME DESCRIPTION NAME DESCRIPTION

C Input counter (Z-0) V(4) Watts (for OHMS Taw)

D dBm W Watts (for dBm conversion)
Variable passed to

F function FNF(F) X For loop counter
Variable passed to

J function FNR(F,J) A$ Labels and units

N Binary computed pointer F$ Units prefix "MK munp"

V(1) Volts K$ Single key input
Value input always

V(2) OHMS X$ converted to numeric
Input needs to be

V(3) Amps Q$ followed by [RTN]   
 

 

   NOTES AND REFERENCES
 

   
 

When viewing OHMS law answers [RTN] steps to next answer, [BACK] steps to
previous answer.
ation prompt for program options.

[RTN] after last (WATTS =) answer will fall into continu-

21
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   PROGRAM LISTING
 

  
 

10
o
L.

30

40

-0

&H0

70

al

@0

100

110

120

130

140
1%0
160

170
180
1.9
200
=40
=
230
<40
250
260
270
280

290
300
310
3
330
340

50
360

370
350
390
400
4140
420
430

441

4% 0

460

470

480

bOORMS AW & dim CONVERSTON
P Computes VOLTES, AMPS, OHMS &
P UATTE using Ohms Law and
Pogiven any twoe Known inputs

P odEm converts WETTS to dBM &
bodlim

I Revision
|

To WATTS.
14701782

DELAY &
DIM ABL24]
I Define Functions
P Fix answer to comron unit

DEF FNFC(F)

Fe="MK m"&CHR$(L20&"np"
J=3
1IF FCL000 AND F>=1 THEN
IF F<{4 THEN 240

IF F=1 THEN 240
F=F/4000 @ J=J-{
GOTO 160
IF J=7 THEN 240
FeF2i000 @ J=J+4
GOTO 160
Fé=F¢LJ,T]
FNF=F
END DEF

|

I Single,

2410

upper case key in

DEF FNK%
Keé=KEY% & IF K®=""
FNKS=UPRCH (K$)
END DEF

!
' Round “F’ to *J7

THEN 300

digits

DEF FNR{F,I)

F=INT(FX410*T+ .5)/40*T

FNR=F

END DEF
1

P Prompt and label strings
A=" VOLTS OHME  AMPS  WATTS®

b Selection Ohme or dEm

DISF "SBelect: ";CHRE$EC207);"=0hms la

W oor "S;CHRS(L98) ; "=dBm ";

INPUT "%, K$ & K$=UPRCHKS[14,41)

IF K$="0" THEN &70

IF K$4"D" THEN 430

P Fall into dBm routine.

DISF "dBEm T0 WATT(s) T0

TON"
dim CONVERS  

~FNF(F)Y CHANGES F TO

VALUE >4 AND

~ASHITERNS A UNIT PREFIX F¢ OF

M,K,7 “L,m,u,n, or p

GMALLEST

~FHNK$ RETURNS SINGLE
KEYROARD INPUT

UPPERCASE

~FHRAF,J) Round of F to J
digits

~Eipected entries

underlined when

are
prompted

routine

‘B’

Ohms law

again if not
-Gato

-Try
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  PROGRAM LISTINGL

 

  
 

490

11
t

3%
U
L

.
‘
_
\
\
-
f 0

0

520
530
H40

5%0

560

570
580

L5940
6H00

640
H20

630
640

650
660
670

680
&9 0

700

7410

INPUT "WATT(s) =
HEN %40

ON ERROR GOTO 49
W=VARL(X$) & OFF

N 470
D=30+40X%.0GL0CW)
GOTO %0
INPUT "dBm = ";
IF X$="" THEN 1

ON ERROR GOTO 5S4
D=VALIX$) @ OFF

W=40*¢(D~30)/40)

"yOX$ B OIF X$=U0

0
ERROR

X% @
260
{

ERKOK

@ 1F Wd=0 THE

XE=UPRCE(XS) @

D=FNRK(D,2) @ W=FNR{FNF{W) ,2

DISH D;"dbm IS ";W;FE&"WATT";
ELSE DIGPF "&*1F W=1 THEN DISPF

Ke=FNK%$

GOSUR 1250

IF Q&="U" THEN 5
IF Q4="R" THEN 4

20
20 El.SE 1260

I Begin OHMS LAW routine.
DISE " % X% OHMES LaW CALCULATOR X X

I Data entry loo
P Get € and clea
C
X

FOR X=3% T0 4

P
rovar iables

.xfi @ FOR X=1 TO 4 & VIX)=0 & NEXT

DISP ABLXKL~S5, XK6IAY = ")
PoUCK)IF vOXO) THEN DIS

B=S5GNIVIX))
INPUT "M X4 @ 1
IF X4="Q" THEN 1
ON ERROR GOTO 7%
VXD =VaL(X$) @ 0
DISF "OQOFS.. ";
C=C+ (B-5GNVIX))
IF NOT € THEN X=
NEXT X
IF € THEN 7410

P Compute answer

GOSUR <440

I Display the results

GOsuk fi40
P Loop back for
GOTO 680

!

FoXg=
260

0

FF ER

OTHEN 820

ROR ® GOTO 800
& GOTO 720
)
4

&

fore inputs  

~Skip to dbm entry if no watts

-Wait for positive non-zero
value for watis

~Compute dBEm given watts
~Goto answer displavy

~Wait for any numeric value for

dEm

~Compute watts given dlim

~Round of dbm and watts 1o two

places
~Display single line answer

~Wait for any key press

~Prompt continue menu and

return entry as (%
-Go back and view again
~Go run again or else stop

Progran

=FPrompt for 4 entries and loop

until 2 are entered

=~When C=0 1twoe values are in

array V)

~Find formulas and compute

ANGWET S

~Dieplay the results

~Loop back fTor more variables
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PROGRAM LISTINGL
 

 

 

¥10
920
Y30
540
550

60

70

7&0

1000

1010
1020

1030
1040

1050
1060

1070
1080

1090
1400

14410
1420
1130
1140

1450

1460

1470
1160
14920
1200

1240

Subroutines Follow

Find proper formulas

0@ FOrR X=1 TO 4

I
I
!

N==
Z (X-4) & IF VOO= THEMN N=N+Z

IPMN/Z2)

1000,1020,

NEXT X @8 N=
ON N GOSUR
;1400
RETUKN

1040,41060,5080

b Given E AR

V(3)=\V(1)/VU(
RETURN

b Given E & 1

V2)=U(L)/V(3)

ETURN

P Given B & 1

VL) =P(2)y%V(3E) @

RETURN

P Given P & E

V2=05 22/004) @ Vi3)=U(4)/U(1) @

REZTURN

b Given P & R

VL) =80R(V4) KV (2

V(2 B RETURN

I Given P & 1

VL=V (4) /V(3) @

RETURN

' Display results

FOR X=1 TO 4

V=FNR FNMF (VX)) , 2

DISH Vs F4&AF LKL~

) B V4= 01)2/U02) #

@ V=0HV(E) @ K

V(4= (3 " 2%uil) ®

1) B V3 =HARIV4)

V2=V (4)/V{3E)*2 W

XXb ]

GE=FNKY$
IF NUMOQEIRE AND NUMIGSIELS
%0
1F NUMOQEOIH8 THEN
X=¥X=-2 & TF X0
NEXT X
GOSUR 1230

THEN 11

11490
THEN X=0

IF Q=g
IF Q%="R" THEN 700
DISE CHR$(2400;"un again, ";CHR$(21
4);"1lew again, o " CHR%FOL97)

INFUT "nd?","K"; Q8 & Q$=UPRCH Q%)
TF @E="0" OR QE="R" OF QF="E" THEN
RETURN
DELAY 4 & DISP

THEN 1120
ELSE 1260

¢ STOP  

-Use array VO) to create table
to point to formula

=Return from computation
subroutine

-Hix possible formula pairs
follow

fix each

and unit

=KRound off and

—Show value V

and unit “%

answenr

predfix

=Wait for RTN or BACK key

-1+ BACK key adjust counter

~Prompt continuation options

ant return 0%

~View answer again
~Run again else stop program

~Wait for K, \, or L before
returning

~Frogram alwavs stops here.
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 PROGRAM DESCRIPTION
 

   
 

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 all be computed from the following
formulas:

R =17 % Cos (9) X =27 %= SIN (8)

R(n) = R/characteristic Z X(n) = X/characteristic Z

 

Reflected Angle = 'VQR(n)-l)Z + X(n)°
V(R(n)+1)2 + X(n)?2

Reflection Coefficient = (57.2958 = ATN (X(n)/R(n))-1)-(57.2958 * ATN (X(n)/R(n))+1)

VSWR = (Reflected Angle + 1) / (1 - Refliected Angle)

Return Loss =-20 * .434294 x LOG (Reflected Angle)
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   SAMPLE PROBLEM
 

  
 

What is the VSWR and return loss on a 5092 Tline with a characteristic
impedance of 50Q and a phase angle of +36.9 degrees?

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

  

IJSOLUTION/|

STEP INSTRUCTIONS DISPLAY INPUT

1 Run program #%% IMPEDANCE CONVERS IQN***

2 Enter impedance Enter Impedance Z = 50 [RTN]

3 Enter phase angle Enter angle = 36.9 [RTN]

4 Display R & X R=39.985 X=30.021 [RTN]

5 Enter characteristic Z Characteristic impedance = 50 [RTN]

6 |Display R(n) & X(n) R(n)=.8 X(n)=.6 [RTN]

7 Reflected Coefficient & theta Ref Cof=.334 angle=89.999 [RTN]

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

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

 

 

 



 

 

   USER INSTRUCTIONS
 

   
 

 

 

 

 

 

 

 

 

 

 

STEP INSTRUCTIONS DISPLAY INPUT

1 Run program *** [MPEDANCE CONVERSION ***

2 Enter impedance Enter Impedance 7 = Z [RTN]

3 Enter phase angle Enter angle = Angle [RTN]

4 Display R & X R=value X=value [RTN]

5 Enter characteristic Z Characteristic Impedance = %g?fi?ance

6 Display R(n) & X(n) R(n)=value X(n)=value [RTN]

7 Reflected coefficient & angle Ref Coef=value Angle = value [RTN]

8 Display VSWR & R.L. VSWR=value R.L.=value [RTN]

9 Program options Run again, View again, or End? R Ffiij or t
 

IT 'R" then goto 2
 

If 'V'" then goto 6
   If 'E' then end program     
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   VARIABLE NAMES
 

   
 

 

 

 

 

 

 

 

  

NAME DESCRIPTION NAME DESCRIPTION

I Function variable P3-P6 Intermediate values

J Function variable V4 Reflection coefficient

K Formula constants V5 Angle

L Formula constants Y3 VSWR

M Formula constants Y4 Return Loss

P1 R(n) K$ Single key input

P2 X(n) 0% Continuation input     



 

 

   PROGRAM LISTING
 

   
 

10

30

4(1

=

&0

70

@0

20

100

140

120

1730

140

190

160

170

130

150

200

240

22

2350

240

250

260

VD IMPEDANCE CONMVERSTONS

!

b Convert 2 and Theta to

FPROA X, Rin) & X(n),

! and Rho & USUWR.

b Revision 14704762
i

OPTION ANGLE RADIANSG

P Define Functions
|

P Single,
DEF FNK%$

K=KEY$ & 1F KHh=""

FNK$=UPRCH{KE)

END DEF
I

P Round 717 to

DEF FMRCT, T

Ta=TNTCTHL 0T+

FMR =1

END DEF
|

' Fortula

K 4E425

PoSGign on

DISE "% % X

¥ x"

INPUT "Enter Impedance =

INFUT "Ernter angle = ", U2
V=WVtkM

YAi=FNROIEKRCOGVE) ,3) B Ya2=FRR(VLXS]
N{VE)Y ,3)

DISP "R=";Y¥41,;"

Ka=FNK$

INFUT "Characterastic

3 V3

Pi=YL/V3 @ P2=YZ/VE

DISF "Rin)=";FNR(FL,3);"

FNRE(P2,32)

FAR=GER (P44 A2+ ENE)

IF PL+40 THEN PA=NTN(P2/7(PLI+1)Y) EL

SE PA4=ATN(P2/7(PL+1))~-P1

Pa=p 4kl

PO=GRR(C(PL-4)22+P222)

IF PL-450 THEN FPoO=ATN(P2/(F1-1)) EL

SE PoHE=ATN(P2/(PL-1))-P]

Féh=P &XL.

Va=pPLh/P3 @

upper case key in

THEN 130

T digits

By /80rd

constants
@ L=5%7.295%8 @ M=.01745%3
MEsSSaqe

IMPEDANCE CONVERSTION X

"5 V4

ML eATyl

Impedance = "

Kiny=",

Vh=PbH-4

IF US¢=160 AND VS =-480 THEN 4%0

IF V52180 THEN VHh=Uh-360 ELSE
+360
Yi=FNR(V4,3) @

VS=US

2=FNR (VS ,3)  
-fAd just phase anqgle

~LGompute K and X

~Gompute RIONY and XN

~Compute intermediate values

~Compute reflection coefficient

and angle
~Adjust angle 1if not 1in
or fourth guadrant

-fd just angle

first
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   PROGRAM LISTING]
 

 

 

460

470
4810
490
500

540
520
%30
540
5590

60

570

S80

590

600

Y3=FNR((V4+1)/(1-V4) ,3)
Y4=FNR (-2 0XKKXLOG(V4) ,3)
K% =FNK$
DISP "Ref Cof=";Y4i;" angle=";YZ
K$=1"NK$
DIGP "USWR=";Y3;" R.oL.=";Y4
KE=FNK$%
|

' Continuation options

DIGF CHR#%(210);"un again, ";CHR$(21
4);"iew again, or ";CHRH%(197);
INPUT "nd?","R"; Q% @ Q%=UPRCH(Q%)
IF GHE"V" AND QSE"R"™ AND Q$&"E" THE
N 550
1F Qg="U" THEN 3%0
IF Q4b="R" THEN 270
STOP

 

-Compute return lows
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   PROGRAM DESCRIPTION
 

   
 

SMITH CHART CONVERSION

Rho, VSWR, and Return Loss are related by the followinag diagram.

 

 

 

 

Rho = 100 R+L+/20) Rho = ¥§fi§l%
> - - @ —<

- < > < >

R.L. = Z0 * LOG,o (1/Rho) VSWR = EEEL%

Given any value the other two are computed.

Practical operatina range:

0O< Rho <1

0< VSWR <Z0

1< R L <70

A11 three are displayed on a sinale display line.
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 SAMPLE PROBLEM   

 

 

If the measured VSWR is 1.6, what are Rho and the return loss?

 

 

 

 

   
 

 

 

 

 

 

 

  

_ISOLUTION

STEP INSTRUCTIONS DISPLAY INPUT

1 Run program * SMITH CHART CONVERSION *

2 Skip Rho Rho = [RTN]

3 Skip R L Return Loss = [RTN]

4 Enter VSWR VSWR = 1.6 [RTN]

5 Display results Rho-.23 R L=12.74 VSWR=1.6 [RTN]

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

 

 



 

 

   USER INSTRUCTIONS
 

    

 

 

 

 

 

 

 

 

 

 

 

 

STEP INSTRUCTIONS DISPLAY INPUT

1 Run program * SMITH CHART CONVERSION *
Value [RTN]

2 Rho = or [RTN]

3 If Rho was entered then 9

Value [RTN]
4 Else Return loss = or [RTN]

5 If R L was entered then 9

Value [RTN
6 Else VSWR = or [RTN]

7 If VSWR was entered then 9

8 Else goto 12

9 Compute results

10 Display results Rho=R R L =L VSWR=V [REN] ]
E [RTN

11 Program options Run again or End? R or [RTN]
 

If [RTN] then 2
   If 'E' end program     
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VARIABLE NAMES
 

   
 

 

 

 

 

 

 

  

NAME DESCRIPTION NAME DESCRIPTION

A Temporary value V VWSR

B Temporary value K$ Single key input

F Variable passed to function Q$ Response to program options

- d - String input alwaysJ Variable passed to function X converted to A by

L Return loss (R.L.) A=VAL (=03)
Prompt string passed to

R Rho P$ non-error input subroutine    
 

 
 

   NOTES AND REFERENCES
 

   
 

Reference:

Practical Timits: 0 Rho 1

0 VSWR Z0

1 R.L. Z0

From Hewlett-Packard Users' Library program number 00031D



 

 

   PROGRAM LISTING
 

   
 

10
20
30
40
50
H

70
&0
g0

100
10

120
130
140
150
160
170
180
190
=00
240
220
230
240
245

2% 0
260
270

280
250

S00
3410

A0

220

240

350

J&E0

370

330

2490

400

440

420

430

4410

4% 0

460

470

480

P SMITH CHART CONVERSION
I VSWR, Rho and Return Loss
' are each related and given
' any one the other two will
' be computed.
' Revigsion 14/04/82
I

DELAY 2

DIM P$120]
P Define Functions
I

' Single,
DEF FNK4%
K$=KEY$ & IF Kg=""
FNK$=UPRCS$ (K$)
END DEF
I

' Round “F’° to
DEF FNRC(F,J)
F=INT(FXi0*J+.5)/40%)
FNR=F
END DEF
I

b Main program loop
DISE " ¥ SMITH CHART CONVERSION X

R,V,L=0
P$="Rho = " & GOSUR
IF A THEN 330

upper case key in

THEN 140

‘Y digits

550

Lose = " @& GOBUR %5
THEN 330

Pe="Return

IF &

PHs"UGWR = " @
IF & THEN 430

GOSUR %50
ELSE SO0

I Compute VSWR & R .L.
R=ufy

A=R+i @ R=R-{ & VU=-A/R
=20XL0OGL0CL/R)

GOTO 470
b Compute Rho X
L=A

R=40"(~L/20)
A=R+L @ H=R-1 @

GOTO 470
I Compute Rho

V=0
A=U-4 @
GQTO 3%0
I Display results
DISP "Rho=";FNR(R,Z
15" VEWR=";FNRV, 1)

Ka=FMNK%$

VSUWR

V-0/]

H=U+4 @ R=4A/RK

;" ORL="FNR(L, 2  
=14 Rho input®o
and VSWR

then compute RL

-1+ RL#O
VEWR

then compute Rho and

-1+ & then

continue

compute else goto
options

-Goto display

~oto display

~{z0 compute RL

35
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  PROGRAM LISTINGI

 

 

 

490
500

510
%0
5350
540
550
560
%70
580
59
6500

P Continuvation options

DISKF CHR%(210);"un again or ";CHR%C
1975,
INPUT "nd ","R"; Q% @ Q%=UPRCH(Q%)
IF QHE"R" AND Q64 E" THEN %S00
IF Ge="R" THEN 2%0 ELSE &00
I Nen=—error input
DISP P4
INPUT "5 X% @ IF X$="" THEN X$="0"
ON ERREOR GOTO %%
A=VALIXS) @ OFF ERROR
RETURN
DELAY 1 & DISP & ST0OP

 

-Return aA=0 for null input

 



 
 

 

 
 PROGRAM DESCRIPTION  

  
 

MISMATCH

Mismatch uncertainty in dB can be computed given two VSWR's and the constant K=.434294
using the following formulas:

Rhol P1 (VSWR1-1) / (VSWR1+1)1 I

Rho? P2 (VSWR2-1) / (VSWR2+1)1 Ii
Positive error 20xK*L.OG(1+P1%P2)

20xK*LOG(1-P1%P2)1lNegative error

37
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 SAMPLE PROBLEM   
 

 

What is the mismatch uncertainty in dB of two VSWR's V1=2.43

 

 

 

 

 

 

  

 

 

 

 

 

 

 

   

and V2=4.567

Answer: +2.055 dB
-2.697 dB

ISOLUTION/|

STEP INSTRUCTIONS DISPLAY INPUT

1 |Run program ***MISMATCH***

2 |Enter first VSWR Enter first VSWR? 2.43 [RTN]

3 |Enter second VSWR Enter second VSWR? 4.56 [RTN]

4 |Display positive error Plus 2.055 dB [RTN]

5 |Display negative error Minus 2.697 dB [RTN]

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

 

 



 

 

   USER INSTRUCTIONS
 

   
 

 

 

 

 

 

 

 

STEP INSTRUCTIONS DISPLAY INPUT

1 Run program **x*x MISMATCH ***
First VSWR

2 Enter first VSWR Enter first VSWR [RTN]
Second VSWR

3 Enter second VSWR Enter second VSWR [RTN]

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

5 Display negative error Minus -value- dB [RTN]
R, V, or E

6 Program options Run again, View again, or End? Rf[[RTN]
 

If 'R'" then step 2
 

If 'V' then step 4
   If 'E' then end program    
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VARIABLE NAMES
 

   
 

 

 

 

 

 

 

      

NAME DESCRIPTION NAME DESCRIPTION

I Function variable V1 VSWR 1

J Function variable V2 VSWR 2

K Formula constant (.434294) Y1 Positive error

P1 Rho of VSWR 1 Y2 Negative error

P2 Rho of VSWR 2 K$ Single key input

| Q% Continuation option input   
 
 

   NOTES AND REFERENCES
 

  
 

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

 



 

 

   PROGRAM LISTING
 

   
 

10

20

30

40

%0

&0

70

g0

Y0

100

140

120

130

140

150

160

170

180

190

200

240

22

250

240

2%0

a6l

270
260
290
300
4.0

20

330
340
350
360
370
380

390
400

410
420
430

Compute the mismatch
uncertainty in dR based

on two VUSWR 4.
Kevision 11/041/82

P MISMATCH
.

.

DELAY 2
I' Define Functions
l

I Bingle, upper case key in
DEF FNK4%
Ke=KEY$ & IF K$="" THEN 130
FNK$=UPRC%H (K%$)
END DEF
i

' Round ‘1’ to “J’ digits
DEF FNR(I,I)
T=1INTC(IX10%T+ . 5)/740*]
FNR=T
END DEF
I

I Formula constant
K=.434294
P Sign on messaqge
DIGH " X X ¥ MI S MATOCH X% X

}kll

INPUT "Enter first VGWR 7 " V4
Pi={Vi-4)/(Vi+1)
INPUT "Enter second VSHWR 7T ";V2

Pa={V2-4)/(V2+1)
Y4=ARS(FNR (Z0XKXLOGCL+PANP2) ,30)

Y2=ARG (FNR (20KKKLOG(L-FAXFE) ,3))

DISP "Plus ";Y4i;"dR"
Ke=FNKS
DISF "Minus ";Y2Z;"dR"
K$=FNK%
P Re-run option select

DISHF CHR$(2100;"un again, ";CHR${(21
4);"iew again, or ";CHR$(197);
INPUT "nd?","R"; Q4% € Q$=UFRCH Q%)
IF QsE"V" AND Q%EF"R"™ AND Q&%4"E" THE
N 380
IF GQ&E="VU" THEN 330
IF Q$b="R" THEN 270
DELAY 4 & DISP & &TOP  

~Drop sian as answer

proper sign
-Drop sian
the proper

a%s ancswer

51.gn

14 the

label is

41



 

 

 

 

PROGRAM DESCRIPTION      

 

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 formulas:

P2= 10+ (D/10) Pl= / P2  D=dB

100*(P1-1)

100*(P1-1)/P1

Voltage % increase

Voltage % decrease

100*(P2-1)

(P2-1) /P2

1lPower % 1increase

Power % decrease

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

Vi= |(20*L0G10 (1/(1+P/100)) |
V2= | (20*L0G1go (1/(1-P/100)) |

Voltage dB increase

Voltage dB decrease

P1

P2

Power dB increase V1/2

V2/2Power dB decrease

Limited range is: 0<dB <30

For % a value > = 100 will not compute a decrease as decreases can not exceed 100%.



 

 

   SAMPLE PROBLEM
 

    

A) What is the % of power increase for a dB increase of 4.8?

 

 
 

     

 

 

 

 

 

 

  

ISOLUTION/

STEP INSTRUCTIONS DISPLAY INPUT

A1 Run program ** dB to % to dB Conversion **

2 Select operation D Select: % >dB or dB >%? % D [RTN]

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

4 Display voltage % Voltage = +73.78% -42.46Y% [RTN]

5 Display power % Power = +202% -66.89% [RTN]

6 End program Run again, View again, or End? R|E [RTN]    
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 SAMPLE PROBLEM  
   

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

 

 

 

 

 

    

 

 

 

 

 

 

   

ISOLUTIONL

STEP INSTRUCTIONS DISPLAY INPUT

Bl Run program ** dB to % to dB Conversion **

2 Select default % Select % >dB or dB >%? % [RTN]

3 |Enter % of change Enter: Percent = 45 [RTN]

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

5 |Display power, dB Power = +1.61dB -2.59dB [RTN]

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



 

 

   USER INSTRUCTIONS
 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

STEP INSTRUCTIONS DISPLAY INPUT

1 Run program ** dB to % to dB Conversion **
[RTN] or

2 Select operation Select: % >dB or dB >%? % D [RTN]

3 If D then goto 8

4 Enter % of change Enter: Percent = %value [RTN]

5 Display voltage dB Voltage = +Val dB -Val dB [RTN]

6 Display power in dB Power = +Val dB -Val dB [RTN]
R, V, or E

7 Program options: Run again, View again, or End? R [RTNj

If 'R' then 4

If 'V' then 5

If 'E' then end program

dB value
8 Enter dB ratio Enter: dB = [RTN]

9 Display voltage % Voltage = +Val % -Val % [RTN]

10 Display power % Power = +Val % -Val % [RTN]
' . . R, V, or E

11 Program options Run again, View again, or End? R] [RTN]

If 'R' then 4

If 'V' then 5
   If 'E' then end program     
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  VARIABLE NAMES

 

  
 

 

 

 

 

 

 

 

 

 

     

NAME DESCRIPTION NAME DESCRIPTION

D dB input V3 Power dB increase

I Function variable V4 Power dB decrease

J Function variable V7 ¥§l$§§?e1"termediate

P1 Intermediate voltage Y1 Voltage % increase

P2 Intermediate power Y2 Voltage % decrease

Q Flag 1=%>dB 0=dB>% Y3 Power % increase

V1 Voltage dB increase Y4 Power % decrease

V2 Voltage dB decrease K$ Single key input

0 gggfiinuation options

 

 

 



 

 

   PROGRAM LISTING
 

    

10
a
30
410
50
60
70
0
0

100
140
120

130
140
1%0
160
170
180
190
200
2410
220
230

260
270

280
290
00
310

320
BAE0
340
340
360

270
300
390
400

410

420
430

440

4%

460
4710

to dB CONVERSION

a diF ratio to a

I dB to %

' Convert

b %Z of voltage and current
I increacse and decrease and

I visa-versa.

I Revision 141/041/82
i

DEL.AY 2

I Define Functions
i

b Single, upper case key in
DEF FNK%

K$=KEY$ & IF Ké=""

FNK$=UPRCH (K%

END DEF
I

b Round ‘1’ to

DEF FNRCI,I)

T=INTOIXL02T+ .5 /407T

FNR=T

END DEF
I

P Sign on message

DISGF "% % dB to % to
}k *ll

DISP "Select:

or "SCOHR%(228) ;"R

INPUT "2","%"; Q% @

TF G4 "%" AND QsE"D"

THEN 130

*T’ digits

di Conversion

"SOHR$046%) ;" dR
> % ll}

QP=UPRCSH (G
THEN 250

THEN 4%0
1o percent
"Enter:  dB o= ", D

D>30 THEN 300

IF QE="%"

P Convert dR

B=0 @ TNPUT

D=ARS(D) & IF

P2=402C¢(D/40)
Pi=SQR (P2
b Convert + & - Voltages
V7=F4 & GOSUER 430
Yi=FNR(VE,2) & Y2=FNR(V4,2)
P Convert + & ~ Powers

V7=p2 & GOSUR 430
Ya=FNR(VZ,Z2) & Y4=FNR(V4,2)
DIGF "Voltage = +MYL ;A
e K$=FNKE

DISP "Power = -+

Ké$=FNK$

GOTO B30
V3=400%(V7~1) @
RETLRN

I Convert percent to dl8

(=4 @ INFPUT "Enter: Percent =

Vi=ARS{20%L0GL0CE/7CA+P /40000
IF P>=400 THEN P=Q0

YR

WoUNS TR Bm
3 Al o

1 }.T"(%j H‘I'{'H @

V4e—f 00K V7-4)0 /707 @

N}P  
-Wait

@i ther

for proper selection,
‘AT o DY

~Keep dB positive and (=30 else
answer too long

~Disaplay
for key

~Display pouwer as %

for key

~Goto continuvation options

-Subroutine for dB to %

voltage as Z and wait

and wait
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   PROGRAM LISTINGL
 

 

490
490

500

560
570

%80
%90

&EOOD

0 DISKF CHR$(210);"un again,

Va=ARS(20XL0GLOCL/CA-P/400) )
V3=FNR(VL/2,2) & VA=FNR(VE/2,3)
1=FNR(VL,2) @ V2=FNRV2,2)
DISP "Voltage = +";Vi;"db ="
AR B KBEFNKS
DISF "Power =  4+";U3%;"dk  -";V
diE" @ K$=FNK%$

P Continuvation options

4 5 U@y agaé in ; onr " ,CHH(’)( 197) 3

INPUT "nd?","R"; 6% @ QF=UPRCH(Q
IF Q$E"V" AND Q%4"R"™ AND GQHE"E"
N 530

1E Q$E"V" THEN 580
IF 6 THEN $00 ELSE 400

IF GEE"R" THEN 600
IF @& THEN 450 ELSE 300

DELAY 4 @ DIGP & HTO0P

" CHRE

@V

Ve

"
5

(24

%)
THE

 

~Display
for key

~Display power in dB and wait
FTor key

voltage in dBE and wait

~Goto proper view routine based
on @

hased~Gato routine

on @

proper »~un
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 PROGRAM DESCRIPTION       

BUTTERWORTH FILTER DESIGN

The common Butterworth Filter (BF) is made up of an odd number of components with
each section of a low pass filter looking like this:

 

   
 

Y_4Y YY o@
Lk T

L'N IN ] —l I
CK PlS CIN /\CK I T

And each section of a High Pass filter 1ike this:

?“'{ e

Where 'T' is the final terminating element.

Lx & Cx coefficients are determined by:

Qg = Z * sin (2%K-1) * P1/2*N where K is each element number 1 thru N and N is

total or last element number.

Actual component values are determined by:

Qg / (R*W) Lk

1/(Qx *R+W)  Lg

| I}Cx Qg * R/W for low pass.

Rx(1/Qx /W)

In this program 3 < N < 19 and is always ODD.

Cx 1 I

To use the program provide the number of elements, cut-off frequency, and
terminating impedance. Choose between a Tow pass or high pass filter. The
program will display values for all the C;, sections followed by the single
termination value. The program will then display the corresponding values
for Linh, and the termination value.

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

Negative values on any component means the filter cannot be designed pro-
perly around the given parameters.
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   SAMPLE PROBLEM
 

  
 

Design a Low Pass filter with a cut-off frequency of 10 MHz and five ele-
ments as shown in the schematic.

 

Assume a 50Q terminating impedance.

 
 

   

 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

Cin

O— . L —O

~T~CcC c ~T~co T T T
Lin

—T~C; TG

O —O

1SOLUTION/|

STEP INSTRUCTIONS DISPLAY INPUT

1 |Run program *BUTTERWORTH FILTER DESIGN*

2 Set number of element Number of elements (<=19)? 5 [RTN]

3 |[Select Low Pass Low Pass or High Pass? L [RTNT

4 Set cut-off frequency Cut-off frequency? %89%%000

5 |Set terminatina impedance Terminating impedance? 50 [RTN]

6 Low pass filter [RTN] to VIEW [RTN]

7 |Display values: C(in) 1 196.73pfd 1.29uH [RTN]

8 C(in) 2 636.62pfd 1.29uH [RTN]

9 C(in) 3 196.726pfd [RTN]

10 L(in) 1 491.82nH 515.04pfd [RTN]

11 L(in) 2 1.59uH 515.04pfd TRTN]

12 L(in) 3 491.816nH [RTN]

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

 

 

 



 

 

   USER INSTRUCTIONS
 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

STEP INSTRUCTIONS DISPLAY INPUT

1 Run program *BUTTERWORTH FILTER DESIGN*

2 Enter number of elements Number of elements (<=19)? N [RTN]

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

4 Enter cut-off frequency Cut-off frequency? W [RTN]

5 Enter terminating impedance Terminating impedance? R [RTN]

6 Display output section High pass filter..[RTN] to view [RTN]

7 or Low pass filter..[RTN] to view [RTN]

8 First C input element C(in)l1 C1 L1 [RTNT/[BACK]

9 Continue display on [RTN]

10 Termination element Clin)n C,

11 First L input element L(in)1 L1 C1 [RTN]/[BACK

12 Continue display on [RTN]

13 Terminating L element L(in)n Ly [RTN]

14 Program options Run again, View again, or End? R F§¥fi]0r -

15 If 'V' goto 6

16 IT 'R' goto 2

17 If 'E' then end program   
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 VARIABLE NAMES  
   
 

 

 

 

 

 

 

 

 

     

NAME DESCRIPTION NAME DESCRIPTION

C(n) Capacitor array W Cut-off frequency

F Value passed to functions Z ON Z GOTO pointer

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% String inputs

R Termination impedance M$ Display header string

N Number of elements
 

 
 

 
 

 NOTES AND REFERENCES     

 

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

From Series 80 Electrical Engineering Solution Book.

 



 
 

 IPROGRAM LISTING
 

   
 

460

470

460

P PASBSTVE BUTTERWORTH
P FILTER DESIGN
I Compute the inductor and

b capicator combinations,
P required to construct a

' passive butterworth filter.

' Revision 11/01/82
DELAY 2
' Define Functions
I

b Wait for a

DEF FNK%

Ké=KEY$ & IF Kd=""
ITF NUMK$)YH43 THEN
FNK®=K%
END DEF
)

' Round ‘F’ +to
DEF FNR(F,T)
F=INTFXL042T+ . %)/740%)
FNR=F
END DEF
I

' Fix values to
DEF FNF(F)
J=3 @ Fe="MK m"&CHR$ (A2)4 " np "
IF FCL000 AND F>=1 THEN 320
IF F>1000 THEN 300
F=FX1000 @ J=J+1 @
F=F/4000 €@ J=J-1
IF J41 AND J#7 THEN 270
IF J=3 THEN F$="" ELSE F$=F$1),TJ]
FNF=F
END DEF
I

DIM CC20),G{20) ,L.¢&0)
' Main program loop
DIGF " X  RUTTERWORTH FLLTER DESIGN

*ll

DEL.AY 0
INPUT "Number of
N OB N=AREIN)
IF N/Z2=TNT(N/2) OR N>LY OR
400

FOR I=41 TO N
GOL)=2XEIN2XL4PI/ {2XMN))

‘RTN

THEN 130
130

‘3 digits

comMmmon units,

GOTO 310

elements ( (=19 )?

N{CE THEN

NEXT 1
DISP CHR$<Z204);" 0w pass or
00);"igh pass ";
INPUT "7 Q% @
IF QeE"H"
1 r’ (4 fum W L n

"LCHRS (2

Be=UPRCH(Q%)
AND GBE"L" THEN 4%0
THEN Z=1  

~CHR$CL42) is micro symbol

- 18 coefficient of Ck and Lk

~He sure that M is positive

-N must be odd

-set coefficient for each

element

H or L7
for High Pass or Low

tor
flaqg

-Walt

-7 16

Pasys
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   PROGRAM LISTING
 

   
 

0 DIGF CHR$(21i0);"un again,

IF Q&="H" THEN Z=2
INPUT "Cut~off frequency?";u
W=2%XP ITxW
INPUT "Terminating impedance?";R
ON Zz GO0 S%0,610
I Low pass

FOR I=4 TO N
CCI)=G(I)/(R%W) & L{I)=G(I)XR/W
NEXT I
Mé="Low pass filter..."
GOTO 660

' High pass
FOR I=4 TO N
CCI)=41/(G(I)XR%W) @
W)
NEXT I
M$="High pass filter.."
! Display results
DISP ™M4%;

LCI)=R¥(4/G(1)/

INPUT "IRTNI to view";Q%
FOR I=1 70 N-2 STEP 2

A=IP(I/2)+1
DISP "C(in)",0;
DISP FNR(FNF(G(IN),2);F$arfd "
DISP FNRCENF(LCI+1)),2) ;F$A"H"
K$=KEY$ & IF K&="" THEN 730
IF NUM(K$)E8 AND NUMCK$)I#13 THEN 73
0
IF NUM(K$)=13 THEN 770
I=1-4 @ IF I<0 THEN I=-1
NEXT 1

DISP "CCin)";Q+4;" "SENROFNFCCOND
2,3 FE&"Fd”
K&=FNK$
FOR I=1 70 N-2 STEF 2

E=IP(I/2)+4
DISP "L(in)";0;
DISP FNRCENF(LCIN),2);F$a&MH "
DISP FNRCENF(GCCI+1)),2) ;F$anfd"
K$=KEY$ @ IF K$="" THEN 850
IF NUMCKEYEL3 AND NUM(K$)Y$E THEN 8%
0
IF MUM(K$)=13 THEN 890
IT=1T-~4 @ IF I<0 THEN I=-{
NEXT T
DISF "LCin)";Q+4;" "HENROFNF C(LOND
Y, 3 FSAMHY

Ke=FNK%$

I Continuation options

"SCHR$ (24

4);"iew again, or ";CHR$(197);

INPUY "nd?","R"; Q% @ Q$=UPRCS(Q%)

ON FOSC/RVE’ ,Q)+1 GOTO 930,400,650
760

DELAY 4 & DISPF & S70R

 

-Select filter type

=Display header message

=Display header message

=l.oop to display Clinput)

valuas

~@ 1% the section counter

-otep back to previous values

~L.oop to display L{input)
values

=Step back to previous answer
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    PROGRAM DESCRIPTION  
 

ACTIVE FILTER DESIGN

Using constants from a published data table, resistors for high pass filters or
capacitors for low pass filters can be computed using the formulas:

High Pass RA=K/(12.56 * F = C) » 2 & RB=1/(RA * C2x(2PI * F)2)

Low Pass CA=1/(R % (2PI = F) % K) & CB=K/(2PI = F x R)

K=constant

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

Single stage  K=K(1)
Two stages K=K(2)-K(3) Array K is loaded with the proper
Three stages  K=K(4)-K(6) values one time early in program
Four stages K=K(7)-K(10) initialization.

Results are computed into array A(x) and displayed two at a time for each stage.
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  SAMPLE PROBLEM     
 

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.

R4

AAA
  IN |/ |/ _
T + |out

 
R2

To cascade stages, change the component labels to their label plus the stage

 

  

    
 

 

 

 

 

 

 

 

 

 

 

 

number. 1i.e.: for three stages:

Stage 1 Rl R2
Cl C2

Stage 2 R3 R4
C3 (4

Stage 3 R5 R6
C5 C6

ISOLUTION/

STEP INSTRUCTIONS DISPLAY INPUT

1 |Run program ** ACTIVE FILTER DESIGN **

2 Enter cut-off frequency Cut-off frequency in Hz? 1000 [RTN]

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

4 |Select att. per octave Attneuation (12,24,36,48)? 12 48 [RTN]

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

6 |Display section values for S1: R1=31.1KQ R2=816.2KR [RTN]

each section S S2: R3=88.5KQ R4=286.6KD [RTN]

S3: R5=132.4KQ R6=191.5KQ [RTN]

S4: R7=156.2KQ R8=162.4KQ [RTN]

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



 

 

   USER INSTRUCTIONS
 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

STEP INSTRUCTIONS DISPLAY INPUT

1 Run program ** ACTIVE FILTER DESIGN**

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

3 Enter High or Low Pass High Pass or Low Pass? L gr[%£¥%]

4 Enter attenuation per octave Attenuation (12,24,36,48)? 12 Select [RTN]

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

6 If High Pass C in microfarads = C [RTN]

/7 Display results:

8 If Low Pass S#: C#=value C#+l=value [RTN]

9 If High Pass S#: R#=value R#+1=value [RTN]

10 Repeat for number of sections

based on attenuation per

octave

R, V, or E
11 Program options Run again, View again, or End? R[[RTN]

If 'R' goto 2

If 'V' goto 7
   If 'E' end program    
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  VARIABLE NAMES    

 

 

 

 

 

 

 

 

 

 

     

NAME DESCRIPTION NAME DESCRIPTION

A Attenuation token Z Constant K(z) pointer

F Cut-off frequency Al ) Answer array

I Function variable K( ) Constant array

J Function variable F$ Function string
High Pass=1 F1a

p Low Pass=0 g K$ Single key input

S Section number for display LS Label string

Capacitor Value on High .
V Pass, Resistor Value on ‘ P$ Prompt string

bl Us$ Units string

X Loop counter Q$ Options input
 

 

 

   

 
 

 NOTES AND REFERENCES 
 

When viewing results, step forward with the [RTN] key and backward with the
[BACK] key.

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

 



 

 

   PROGRAM LISTING
 

   
 

10
20

30
40
50
&H0

70
&0
50

100

110

120
130
140
150
160
170
180
190
200
210
e
230
&40
2% 0
260
270
280
290
S00
310
320
330
340
350
3650
370
380
390
4040
440
420

4350
440

450

460
470
4610

P ACTIVE FILTER DEBSIGN
P Computes resistor and
P capacitor combinations
' needed to design an
P active, 0P AMP filter.
' Revigion 14/01/82
!
DELAY 2
DIM AC8),K(10) ,P$L201,L$151,Us121,Q
$L4]

FOR X=1 TO 10 & READ K(X) & NEX1 X

DATA 707, 3827, . 9239, .2%88, .7074, .
9659, 1951, 9556, .831%, .9808
P Define Functions
' Fix answer 1o common unit
DEF FNF(I)
Fo="MK m"&CHR$(12)7&"np"
J=3
IF I<5000 AND 1>=41 THEN 2%0
IF I<(4 THEN 220
IF TI=1 THEN 2%0
I=1/1000 @& J=J~4
GOTO 170
IF JI=7 THEN 2%0
I=TX1000 @& J=J+1§
GOTO 170
Feé=F4LJ,J]
FNF=T
END DEF
!

P Single, upper case key in
DEF FNK%
Ke=KEYS & IF K$="" THEN 340
FNK$=UPRCH(K$)
END DEF
|

P Round “F’ to *J’ digits
DEF FNR(I,I)
IT=INTC(IXL0 T+ .5)/40%)

END DEF
|

P Sign on message

DISP " % X ACTIVE FILTER DESIGN X
x{ 1

INPUT "Cut-off frequency in Hz? ";F
DISF CHR$C(200);"igh pass or ";CHR$(
S04 ;

INPFUT "ow pass ?","L"; Q% & Q4=UPRC
BCA%)
1E Q4F"H" AND Q$F"L"™ THEN 440
b Set Hi 7/ Lo flag P
IF @$="L" THEN FP=0 ELSE P=i  

~l.oad ¢

vales

~CHR% (4

~Select

onstant array K(X) with
from DATA stmt

@) de symbol for micro

High-Pass or LLow—-Fass
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IPROGRAM LISTINGL

 

 

 

490
500

540

52

%30

540

550

560

570
580
590
&00

640

6H20

HA0

6410

650

&0

670

680

690

700

740
70

730

740

750
760

770

780

790

800

610

820
@30

840
&850

g360
£70
GH0

I Set prompt label P%
IF P THEN P4$="C in microfaradsg = "

ELSE P%$="R in ohmsg = "

I Set answer label L4

IF P THEN L$="R" ELSE L$="C"

' Set answer units U%

IF P THEN U$=CHR%(417) ELSE U$="fd"

INPUT "éAttenuation (12, 24, 36, 48)
?","12"5(}

IF AZ124TP CA/Z42) THEN 5%0 ELSE A=//
e

IF A<1 OR A>4 THEN S50
DISF P%; @ INPUT """,V
IF P THEN V=U¥ . 0000014
Z=0 @ FOR X=41 70 A @& Z=X+Z-i @
X @ Z=7+4

FOR X=41 TO AX2
IF F THEN 6%0
ACX)=1/(VK(H 28XFIXK(Z))
ACX+1)=K(Z) /(6. 28%FXV) €& COTO 670

AX)Y=K{Z)/ (L2 . S6XFXV) %2
ACXHID =17 (A XVAEX(H . 28%F)~2)
Z=7+1

NEXT

STEP 2

NEXT X
I Display the answers
5=1
FOR X=1 T0O A%X2 STEP 2
DISF "SU"AOTRE(HIA": ")
DISF L$ASTRSCXI&"=";FNR(FNF{(&(X)), 14
) FRAUSAY "
DISP L$ASTRS(XALIX"=" S FNRIFNF (A X+
)L, 1) FeAUS
K$=FNK$
IF NUMGKEIHLB AND
0

IF NUMK$)»=43 THEN
I Step backwards

NUMIK$EIEE3 THEN 7%

310

X=X-4 @ IF X<{0 THEN X=-1

S=H-2 @ 1F <1 THEN $=(

S=8+4 @ NEXT X

' Re-~run option select

DISF CHREC(Z210);"un
4);"iew again, onr

again, ";CHR% (21
"SCHR$C197);

INPUT "nd?","R"; Q% @ Q$=UPRCE(Q$)
IF Q4E"V" AND Q$EF"R" AND QF%"E" THE
N 830
IE QE="U" THEN 700
IF Q@#="R" THEN 430

DELAY 1 @ DIGP & HTOF  

=Het units string to ohmg if
high pass else “£d

-Set attenvation level

-1+ High-Pass adjust to farads

~Select formula

~IncCrement constant pointer

-& = gection pointer

~Wait for keyvboard entry

~Pecrement and section

number

loop

section number

counter

-Increment

lLoop
and
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  PROGRAM DESCRIPTION  
   

LOW PASS FILTER

Component values in a single section Low Pass Filter without attenuators
are related by the following formulas and schematic. Given cut-off fre-
quency and impedance, the program calculates the component value.

 

R F = Cut-off Frequency

R = Characteristic Impendance

(“_ L@ = R/PI * F

L C1 L = .64 = 1L@/1.2

L, L1 = L@/2 + L2

L2 = .6 % L@/2

I( C = 1/(PIxF%R)

c Cl = .6 x C/2

Ly

T 
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 SAMPLE PROBLEM     

 

What components are required to construct a Tow pass filter
with a 1MHz cut-off frequency and a characteristic impedance
of 50 ohms? (see schematic)

 
 

 

 

 
 

 

 

 

 

 

 

 

 

  

_ISOLUTIONI

STEP INSTRUCTIONS DISPLAY INPUT

1 Run program * |LOW PASS FILTER DESIGN *

2 Enter cut-off frequency Cut-off Frequency in Hz? 1000000[ RTN ]

3 Enter characteristic impedance Impendance in Ohms? 50 [RTN]

4 Display L and Cl L=8.49uH Cl=1.91nfd [RTN]

5 Display L1 and L2 L1=12.73uH L2=4.77uH [RTN]

6 Display C C=6.73nfd [RTN]

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

 

 

 



 

 

   USER INSTRUCTIONS
 

    

 

 

 

 

 

 

 

 

 

 

       
 

 

   

 

    

 

 

 

 

 

 

 

STEP INSTRUCTIONS DISPLAY INPUT

1 Run program * | OW PASS FILTER DESIGN *

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

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

4 Display L and Cl L=value Cl=value [RTN]

5 Display L1 and L2 Ll=value L2=value [RTN]

6 Display C C=value [RTN]
R, V, or E

7 Continuation options Run again, View again, or End? R|[RTN]

If 'R' goto 2

If 'V' goto 4

If 'E' end program

NAME DESCRIPTION NAME DESCRIPTION

Circuit components
F Function variable Cl See schematic

Circuit components
J Function variable R See schematic

Circuit components
L See schematic F Cut-off frequency

Circuit components
L1 See schematic K$ Single key input

Circuit components
L2 See schematic 0$ Option string inputs

Circuit components ) )
C See schematic F$ Function string      
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 PROGRAM LISTING  

   

10

20

30

49

50

6HO

70

80

?0

100

140

120

130

140

150

160

170

180

190

200

240

2210

250

2410

250

=260

270

2380

290

300

340

220

230

a4

3%0

360

370
380
390

400
4410
420

430
440
450
460

470
480
490

500
%40

P LOW PASS FILTER DESIGN
I Compute the inductor and
I capicator combinations,
' required to construct a

' a low pass filter.
I Revision 11/04/82
DELAY 2
I Define Functions
I
I| Wait for a ‘RTN’
DEF FNK$
K$=KEY$ @ IF K#="" THEN 120
IF NUM(K$)#43 THEN 4120
FNK$=K%$
END DEF
!
' Round ’‘F’ to “J’ digits
DEF FNR(F,J)

F=INT(FX40*J+.5S)/40*J

FNR=F

END DEF
1

P Fix values 1o common units.

DEF FNF(F)

J=3 @ F$="MK m"&CHR$I12)&"np"

IF F<1000 AND F =1 THEN 310

IF F>5000 THEN 290

F=F%1000 & J=J+1 @ GOTO 300

F=F/4000 @ J=J-1

IF J43% AND J%7 THEN 260

IF J=3 THEN F$="" ELSE F$=F4%$1[),J)

FNF=F

END DEF
|

I Main program loop
DIGE " X LOW PASS FILTER DESIGN

*II

L,Li,La,C,040 k=0 ~Clear variables
DELAY 0

INPUT "Cut-off Frequency in Hz 2?2 ",
F’

INPUT "Impedance in Chms? ";R
I Compute values

LO=R/Z(PIXF)
C=1/(PIXFXR)
La=_ 6X%L0/2
L=.64%L.0/4.2
Ci=_ &6X%XC/2
Li=L0/2+1.2
I Display values
DIGF "L=" ;FNR(FNF(L),2);F$&"H Ci
=YOFNROFNFCCL)Y ,3) sFE&"Fd”
KE=FNK% ~Wait for ‘RTN’
DISF "LA=";FNR(FNF(L1),2);Fs&"H L.
2= S FNRCFNF CL2),2) sF$&"H"  to continue

 



 

 

 

PROGRAM LISTING        
~
—
~

1] Kb=FNK$ ~Wait For ‘RTN’ to continue

display
52

%30 DISKF "C=" ;FNR(FNF(C),2);F$&"Fd"
540 V' Continuvation options
550 K$d=FNK4% ~Wait for ‘RTN‘ to continue

displavy
“60 DISF CHR$(210);"un again, ";CHR$(21

4);"iew again, or ";CHR%(197);

S70 INPUT "nd?","R"; Q% @ Q$=UPRCH(Q%)
S80 IF G%="R" THEN 390
“90 IF @%="E" THEN &10
600 IF G4="V" THEN 490 ELSE %60
610 DELAY 4 @ DISP @ STOP
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  PROGRAM DESCRIPTION    
 

COIL DESIGN

The approximate inductance of a single-layer, air-core coil can be calculated
from the simplified formula:

L (uH) = A% % N2/(9%A+10%B)

Where:

L = Inductance in microhenrys

A = Coil radius in inches

B = Coil length in inches

N = Number of turns

Likewise, to approximate the number of turns of a single-layer, air-core coil
for a specified inductance use the formula:

 
N = L*(9*A+10%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).



 
 

 

   SAMPLE PROBLEM     

What is the approximate inductance of a single-layer, air-core coil with
a diameter 3/4", a length of 11" and 48 turns?

 
 

 
 

 
 

 

 

 

 

 

 

 

 

  

_ISOLUTIONL

STEP INSTRUCTIONS DISPLAY INPUT

1 |Run program ** COIL DESIGN **

2 |Select inductance Find: Turns or Inductance? I [RTN]

3 |Enter diameter Coil diameter in inches = .75 [RTN]

4 |Enter length Coil length in inches = 1.5 [RTN]

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

6 |Display results Inductance is 17.6 uH [RTN]

7 End program Run again or End? R E [RTN]    
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   USER INSTRUCTIONS
 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

STEP INSTRUCTIONS DISPLAY INPUT

1 Run program ** COIL DESIGN **

T [RTN]
2 Select option Find: Turns or Inductance? I or [RTN]

3 If 'I' then goto 8 else
Inductance

enter inductance Inductance in pH = [RTN]
Diameter

4 Enter coil diameter Coil diameter = [RTN]

5 Enter coil length Coil length = Length [RTN]

6 Display results N turns [RTN]

/7 Goto 12
Diameter

8 Enter coil diameter Coil diameter in inches = [RTN]

9 Enter coil length Coil length in inches = Length [RTN]

10 Enter turns Total turns = Turns [RTN]

11 Display results Inductance is L uH [RTN]

E [RTN]
12 Program options Run again or End? R or [RTN]
 

If [RTN] goto 3 or 8
   If 'E' then end program    

 

 



 
 

   VARIABLE NAMES
 

   
 

 

 

 

 

 

     

NAME DESCRIPTION NAME DESCRIPTION

A Coil diameter I Function variable

B Coil length J Function variable

L Inductance in uH K$ Single key input

N Number of turns in coil Q$ Continuation option input

Flag Q=1=Turns
Q Q=0=Inductance  
 

 
 

   NOTES AND REFERENCES
 

   
 

This is a simple approximation program for common values of inductance found in
Amateur Radio Projects. Practical 1imit is less than 100 pH.

Formulas are from: Robert Myers (editor)
The RADIO AMATEUR'S HANDBOOK
American Radio Relay Leaque, 1975, Page 26
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   PROGRAM LISTING
 

  
 

10

20

30

40

%0

60

70

80

70

100

140

120

130

140

1%0

160

170

180

190

200

2410

2e2()

230

240

250

260

270

280

290
300
310
320
330

340
350

360
370

380
390

400
440

420
430
440
4%50

4610

COIL DESIGN
Compute the inductance of
a coil given diameter,
number of turns,
and length OR compute the
number of turns given the
inductance, diameter and

1
I
I
I

|
!
' length of a coil.
)
|

!
I

1

Revision 11/041/82

DELAY 2

Define Functions

I Single, upper case key in
DEF FNK$
Ke=KEY$ & IF K#="" THEN 160
FNK$=UPRCH (K%)
END DEF
}

' Round ‘I’ to 'J’ digits
DEF FNRC(I,I)
IT=INT(IX40 T+ .5)/40*7T
FNR=T
END DEF
I

P Sign on message

DISF " X ¥ C 0 I L DESICGEGNX
*Il

DISP "Find: "SCOHR% (242 "urns or
"SCHR% (204) ; "nductance ";
INPUT "2","T"; 0% & Q4=UPRCH QS
IF Q%="1" THEN 4410
IF Q$F"T" THEN 280
I Compute number of turns
B=4 @ DISF "Inductance in ";CHR$ (i
) ; uH L 3

INPUT "";L

INPUT "Coil diameter in inches =
AR A=A/2

",
’

INPUT "Coil length in inches = "R
N=FNR(GAR (LX(YXA+L OXRY/7A22) , 1)

DISF N;"turns" & K$=FNK$
GOTO 480

' Compute inductance

Q=0 & INPUT "Coil diameter in inche
5 o= Mo A @ A=A/
INFUT "Coil length in inches = "B
INFUT "Total turns = ";N
L=A* 23N27 (9%A+10XR)
DISF "Inductance is ";FNR(L,41);"
CHR% CLE2I&M"HY
K$=F NK%

H ‘&  
-Select operation

=1f @%=’1‘ compute inductance

-Formula to compute numher of
turns

=~Goto continuation options

after viewing answepr

-Formula to compute inductace
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   PROGRAM LISTING
 

   
 

470
480

490
500

510
50

%350

I Continue option select

DISF CHR%$(210);"un again or
197);
INPU"I Hnd?")"Rflj

IF Q& "R"
IF Q%F"R"
IF G THEN

" CHRSC

B @ Q$=UPRCSH Q)
AND QF4"E" THEN 480
THEN 530
330 ELSE 410

DELAY i & DISP @ STOP

 

-Gelect continuation option

-1 Q=4 else

COMpute
then compute turns
indvctance



NOTES



NOTES



NOTES



NOTES



NOTES
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