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How To Use This Book 

Please take a moment to familiarize yourself with the formats used in this 
book. 

Organization. Each chapter in this book covers a different area of 
electrical engineering. Sections within each chapter highlight the use of 
each program. The sections are organized like this: 

• Description of the program, including equations and variables used. 

• Special remarks and limitations. 

• General instructions. 

• Keystroke examples. 

• Program listings. 

About the Examples. Unless otherwise stated, the keystrokes and 
displays shown in each section assume the following conditions: 

• The required programs have been keyed into the calculator. 

• The stack is clear and you're using the specified display format. 
Generally, this does not affect the results of the example, but your 
displays may not exactly match the ones in this book. 

• The SIZE is set to 25 registers (the default). The number of registers 
needed (if any) is listed under "Remarks." 

As you work the examples, remember that lowercase letters are displayed 
as uppercase letters when they appear in menu labels. 

How To Use This Book 5 



If You Have a Printer. Many of the programs in this book will produce 
printed output if printing is enabled. Press .IPRINTI [IJ to 
enable printing. 

If you are not using a printer, be sure to disable printing (IIIPRINTI [IJ 
IE'I;eE!Iff'ND to avoid losing results. 

About Program Listings. It is assumed that you understand how to 
key programs into your calculator. If you're not sure, review part 2, 
"Programming," in the owner's manual. 

If you print your programs, remember that the printer may print some 
characters differently than they are displayed. (For example, the .,. 
character is printed as I .... . ) Also note that some printers cannot print the 
angle character (~). 

About the Subject MaHer. Discussions on the various topics included 
are beyond the scope of this book. Refer to basic texts on the subjects of 
interest. Many references are available in university libraries and in 
technical and college bookstores. The examples in this book demonstrate 
approaches to solving problems, but they do not cover the many ways to 
approach general problems in electrical engineering. 

Our thanks to Dex Smith of TwentyEighth Street Publishing for developing 
this book. 
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1 
Circuit Calculations 

This chapter contains programs that solve for an unknown circuit 
parameter (when the other parameters are known), define a power 
triangle from voltage and current, and convert impedances between delta 
and wye circuit configurations. 

1: Circuit Calculations 7 
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Voltage Division ("V-;-.") 

For a circuit in the following general form, the "V+" program solves for 
any of the four complex values provided the other three are known. 

+ + 

Variables Used. 

In Equation Description In Program 

VT Terminal voltage (volts). \,IT 

V2 Voltage across impedance 22. 
11·-, 
','~ 

Zl Impedance (ohms). Zl 

Z2 Impedance (ohms). -, .-, 
.::...:::. 

Since any of these values can be a complex number, the Solver cannot be 
used. The following program ("V+") emulates the Solver by displaying a 
menu containing the four variables in the above equation. 

8 1: Voltage Division 



Remarks . 

• "V+" does not alter the angular and coordinate modes; you may use 
them as you wish when keying in complex values. 

• Flag 21 (printer enable) is set or cleared to match flag 55 (printer 
existence). This automatically produces printer output if flag 55 is set. 

Program Instructions. 

1. Key the "V+" program (listed on page 10) into your calculator. 

2. Press IXEO! (to run the "V+" program). 

3. Use the variable menu displayed by the program to store the known 
values. 

4. Press the key for the value you want to calculate. 

5. To work another problem, go to step 3; to quit, press IEXIT!. 

Example. Given the following circuit and voltage measurements, what 
must the impedance, Z2> be? 

15 (2 

+ 
+ 

8oLio° V 
70W 0 V 

Select Degrees and Polar modes, select the FIX 2 display format, and run 
the "V+" program. 

IIMODES! 
IIDlSP! 

Store the known values. 

80 IENTERI10 IlcOMPLEXI ,(:JK~&mm:n IVT -80.00 .!10.00 1 
1I'III~~.nI __ 
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IZ1=15.00 I 
"1IDIm.~ __ 

IV2-70.00 .!30.00 I 
"1IDIm.~ __ 

Now, solve for the unknown impedance. 

IZ2-37.71 .!79.29 I 
"1IDIm.~ __ 

The unknown impedance (22) is 37.71 .6,.79.29° ohms. 

"V+" Program Listing. 

Program: 

00 { 14:::-B'::It. e 
01 LBL 11\,1..:;-11 

02 t'l","AF.: ""','Til 
0::: t'l'",'AP II l,l2 " 

04 t'l'",'AP 1121" 
05 t'l","AF.: "2211 

06 CF 21 

09 LBL 00 
10 CLA 

Pt-':if"1 

11 ',/AF.:t'lEt·lU "'",'7" 
12 STOP 

10 1: Voltage Division 

} 

Comments: 

Defines menu variables. 

Sets or clears flag 21 to match flag 
55. 

Displays the variable menu and 
stops. 



1 :::: ATO::-:: 
14 ATO;:':: 
15 -
16 ;:'::EG! nm ST ::-:: 
17 GTO 00 

18 LBL ::::6 
19 F.:CL "22" 
20 F.:CL>:: "'·/T" 
21 F.:CL "21" 
22 LASn:: 
2:::: + 
24 
'-, e:" 
'::"'-' STO I I l.l2 II 

26 '·iIE~·l 11\.'211 

°1""" c..( F.:Tt-l 

2::: LBL 02 
2'3 PCL "21 " 
::::0 F.:CL+ 112211 
:::: 1 F.:CL::< III I '-,ll 

',''::' 
.-,.-, 

F~CL.;- 112211 .= . .::, 
:::::: STO II I",IT II 

::::4 '.,.' I E~'l II I,,"T II 
'-,e' 
'='0_1 F.:Tt-l 

::::6 LBL 40 
::::7 F.:CL "'·/2" 
:::::::: F~CU< "21" 
::::9 F.:CL "'·/T" 
4(1 LA:::;n:: 
41 -
42 
4-:' --' STO 1122" 
44 '·.·'IEH 112211 
45 F.:Tt-l 

Determines which variable was 
selected by subtracting the ASCII 
codes of the first two characters in 
the variable name. For example, 
when you press calculate 
Z1, the program branches to LBL 41 
because the ASCII code of "z" is 90, 
the ASCII code of "I" is 49, and 
90 - 49 = 41. 

Calculates V2. 

Calculates VT. 

Calculates Z2. 

1: Voltage Division 11 



46 lBl 41 Calculates Z1. 
47 PCl "Z2 11 

4':' '-' F.:Cl::< 11 \t'T II 

4'3 F.:Cl-:- 111,/2 11 

50 F.:Cl- IIZ2 11 

51 ::;TO "Zl " 
1:" '-, 
0_''::' o,,.'IEH IIZ1" 
C"-' ._1.:1 Et-m 

l 12 1: Voltage Division 



Current Division ("1-;.-") 

For a circuit in the following general form, the "1+" program solves for 
any of the four complex values provided the other three are known. 

Variables Used. 

In Equation 

IT 

12 

21 

22 

IT 

21IT 
12 = ---

21 + 22 

Description 

Terminal current (amps). 

Current in impedance 2 2. 

Impedance1 (ohms). 

Impedance2 (ohms). 

In Program 

1.T 

I2 

21 
-, .-, 
.::...:.: 

Since any of these values can be a complex number, the Solver cannot be 
used. The following program ("1+") emulates the Solver by displaying a 
menu containing the four variables in the above equation. 

1: Current Division 13 



Remarks. 

• "17" does not alter the angular and coordinate modes. You may use 
them as you wish when keying in complex values. 

• Flag 21 (printer enable) is set or cleared to match flag 55 (printer 
existence). This automatically produces printer output if flag 55 is set. 

Program Instructions. 

1. Key the "17" program (listed on page 15) into your calculator. 

2. Press IXEOI (to run the "17" program). 

3. Use the variable menu displayed by the program to store the known 
values. 

4. Press the key corresponding to the value you want to calculate. 

5. To work another problem, go to step 3; to quit, press IEXIT!. 

Example. Given the following circuit, what is the input current (IT) if 
the current (h) through the 100 resistor is 12 4450 amperes? 

17.50 100 

Select Degrees and Polar modes, select the FIX 2 display format, and run 
the 17 program. 

Key in the three known values. 

14 1: Current Division 

f: 0.00 I 1IDIm.m..m __ 

IZl-17.50 I 1IDIm.m..m __ 



12 IENTERI45 .ICOMPLEXI ii.' ............... . 

Now calculate the unknown current. 

IZ2-10.00 1 IIIJIlIFJIlHllmJI __ 

112-12.00 445.00 1 IIIJIlIFJIlHllmJI __ 

II.T-18.86445.00 1 IIIJIlIFJIlHllmJI __ 

The unknown current (IT) is 18.86 4450 amperes. 

"1-;.-" Program Listing. 

Program: 

O~] { 155-BI::Ite Pt-9P'1 
[11 LBL 111..;.-11 

02 t'l I.", A F.: "I. T" 
0::: t·l '·.·I AP "I2" 
04 t·l '· ... AF.: 11 2111 
[15 t·l '·.·I AF.: "2211 

[16 CF 21 
07 F'-"-' .=. :' c:-c:-

,_I._I 

08 SF 21 

09 LBL 00 
10 CLA 
11 \iAPt·lEt·jU "I """ 
1'-' .:::. STOP 

1::: ATO>:: 
14 ATO::,:: 
15 -
16 ::'::EC! I tom ST >:: 
17 [;TO 00 

" .. ' 
Comments: 

Defines menu variables. 

Sets or clears flag 21 to match flag 
55. 

Displays the variable menu and 
stops, 

Determines the selected variable by 
subtracting the ASCII codes of the 
first two characters in the variable 
name. For example, when you press 
IIIIIIlrI¥ImmrE, the program branches to 
LBL 27 because the ASCII code of 
"I" is 73, the ASCII code of "." is 46, 
and 73 - 46 = 27. 

1: Current Division 15 



1:::: LBL 23 
1'3 F.:CL "Zl" 
2~] F~CU< "I. T" 
21 F~CL "Z2" 
22 LASn:: 
2:::: + 
24 
25 STO " 12" 
26 ' ... ' I E~·J " I':'" '-

':'''7 F.:TH '- , 

2::: LBL .-.-, 
c..( 

29 F.:CL 117·:·11 
.:....:... 

::::0 F.:CL+ "Zl " 
:::: 1 F.:CLx " 12" 
.:.":. "_Is:... F.: C L"" "Zl " 
.-.. , STO " I T" .:,.:. . 
::::4 '·nE~·J " I T" . 
.-.t:' 
.: •. J RTH 

::::6 LBL 40 
::::7 F.:CL "Z 1" 
:::::::: F.:CU< "I. T" 
::::9 F.:CL"" "12" 
4[1 F.:CL- "Zl" 
41 STO "Z2" 
42 '·nE~·J "Z2" 
43 F.:Hl 

44 LBL 41 
45 ~:CL II 12" 
46 F.: CU':: "Z2" 
47 F.:CL "I.T" 
4:::: LASn:: 
4 q -

50 
51 STO 
52 '·nnJ 

Et·j[:o C"-' 0_1.:. 

"2111 
"2111 

16 1: Current Division 

Calculates 12. 

Calculates I. T. 

Calculates Z2. 

Calculates Z1. 



Power Triangle ("PWR3") 

The "PWR3" program calculates any value for the power triangle, 
provided that certain other values are known. 

p = V/cos e 

Variables Used. 

In Figure 

V 

I 

P 

Q 

S 

Remarks . 

Q = Vlsin e 
Lagging 

Q = Vlsin e 
Leading 

p = V/cos e 

Description In Program 

Voltage (volts). 1,/ 

Current (amperes) . I 

Average power (watts). P 

Reactive power (vars) . 0 

Apparent power (watts). c 
~. 

Power factor (cos e). pf 

• Be sure to enter V and I as complex numbers. If the values in V and I 
are not complex numbers, the program will stop and display 
I n'·} .:i 1 i oj T'::Ipe. If you generate this error, restart the program by 
pressing IEXITllxEOI 

• The "PWR3" program sets Degrees and Polar modes. 

1: Power Triangle 17 



• The "PWR3" program uses flag 10 to control the calculations of V 
and I . 

• A minus sign preceding a (result or input) value for power factor 
indicates a lagging power factor. 

Program Instructions. 

1. Key the "PWR3" program (listed on page 20) into your calculator. 

2. Press IXEOI (to run the "PWR3" program). 

3. Use the variable menu displayed by the program to store the known 
values and to calculate the unknowns: 

To calculate P, Q, S, or pi: 

a. Key in the voltage (in polar form) and press II ImaIIIII· 
b. Key in the current (in polar form) and press 

c. Calculate any of the four values by pressing MUg fimXIIII, 
SnMIIS; II¥II, or 

To calculate the voltage, V: 

a. Key in the current (in polar form) and press :mIIIIIIIIIIIII. 
b. Key in the apparent power and press 

c. Key in the power factor and press IIIIIStfEl II. 
d. Calculate the voltage by pressing 

To calculate the current, I: 

a. Key in the voltage (in polar form) and press SIB Vi iIi. 
b. Key in the apparent power and press II ISUmm1M · 
c. Key in the power factor and press 

d. Calculate the current by pressing IIIIIIIIIII. 
4. To work another problem, go to step 3; to quit, press IEXITI. 

18 1: Power Triangle 



Example. For a circuit with an applied voltage of 100 410° volts and a 
resulting current of 2.85 4 - 40° amperes, determine the power triangle 
and the power factor. 

Select the FIX 2 display format, and run the "PWR3" program. 

100 IENTERI10 IlcOMPLEXI SEdE~tmiff£f 

2.85 IENTERI 40 1+/-1 
II COMPLEX 1 Mll )[1&' g 

The average power is 183.19 watts. 

IV=100.00 &10.00 1 ........ -~ 
11-2.85 &-40.00 1 ........ -~ 
IP-183.19 1 ........ -~ 
00=218.32 1 ........ -~ 

The reactive power is 218.32 vars. (The sign of the power factor (pf) 
indicates if G! is a leading or a lagging value.) 

The apparent power is 285 watts. 

Ip f--0.64 I ........ -~ 
The power factor is 0.64. Because a minus sign indicates a lagging power 
factor, the reactive power, Q, is also lagging. If all other variables remain 
unchanged, what voltage would be required to increase the apparent 
power to 300 watts? 

18-300.00 1 ........ -~ 
1: Power Triangle 19 



f-105.26 ~10.00 I 
.... IDI .... ~ 

The required voltage is 105.26 410.00° volts. 

"PWR3" Program Listing. 

Program: 

00 { 19:::-B'::It. o? Pt-9VI } 

01 LBL IP~·lF.:3" 

~:::12 N',.·' A F.: IIV II 

03 t'l ' ... ' A F.: II I II 

04 t·l'·.·'AR II F' II 

05 fol'·.·'AR IIG!II 

06 t·l'·.·'AF~ 11'-'11 .:> 

07 t'l ' ... ' A F.: "pf II 

0::: DEG 
09 POLAR 
10 CF 21 
1 1 F'-"-' .:. :' 

c"c" 
,_I._I 

1'-' .:::. SF 21 

F' '-' LBL A 
14 '· ... ARt·1Et·lU II P~.lF.:::: II 

15 CLA 
16 STOP 
17 ATO::·:: 
1':' '-' :":=O? 
19 GTO A 

20 ::·::TOA 
21 1 
22 AF.:OT 
2:=: R·~· 

24 "'7.-, ... :1 

26 ::-(EI) I t·lD ST ::.:: 

20 1: Power Triangle 

Comments: 

Declares the menu variables. 

Sets Degrees and Polar modes. Sets 
or clears flag 21 to match flag 55. 

Displays variable menu and stops. 
Pressing [BZ§] redisplays the menu. 

The ASCII character code of the 
first letter in the variable name is 
subtracted from 73 to determine 
which routine to execute. 



·-1-' 
.::.( A::;TO ST 
2::: STO Hm 
2 13 l,nE~'l Hm 
:::0 [;TO A 

::: 1 LBL 1·:' ._' 
·:1·: • 
• _1':'" F.:CL " I " 
:::::: ::;F 00 
:::4 ::·::EO B 
.-.1::" 
.:1._1 F.:Tt-l 

:::6 LBL 00 
·-1-' .:. ( PCL 111111111 

:::::: CF 00 
:::9 ::·::EO B 
40 F.:Tt-l 

41 LBL 07 
42 ::·::EO :::9 
4·:' ._' PCL II lV' II 

44 F.:CL::< " I " 
45 ABS 
46 F.:CL::< "pf" 

47 AB::; 

4° '-' F.:Tt-j 

49 LBL 0::: 
50 ::<EO :::'3 
51 ::·::EO C 
c:-.-. 
--I,::, F.:CL "pf" " 
c:- .-. 
._1.:. ACO::; 
54 ::; I t·j 
1::"1::" 
._1._1 >:: 

56 F.:Tt-l 

1::""":' ._1 ( LBL 10 
1::"1-1 
. _":' ;:'::EO ,-. 
59 ABS 
60 F.:Tt-j 

L 
ST L 

ST L 

" 

Stores the variable name into the 
Last X-register and displays the 
result. 

Calculates V. 

Calculates 1. 

Calculates P. 

Calculates Q. 

Calculates S. 

1: Power Triangle 21 



61 LBL B 
E.2 Cot'lPLE::'~ 

E.:=: RCL lip+", II 

64 F'~'-' ~:' (10 
65 +/-

66 ACOS 
67 + 
6:3 EtHER 
69 EtHER 
70 RCL "SII 

71 F.:·t· 
72 
7:=: ~.;<>Il 

74 C ot-l P L Ei-:: 
-,<::" 
( "_I FC?C 00 
76 +/-

77 RHl 

7'";) '-' LBL C 
-'q 
( o · RCL " I " 
::::(1 F.:CU< 111./ II 

81 ABS 
0 -':1 .... .:.. RHl 

:3:3 LBL 39 
84 RCL 111",111 

:::5 C ot-l P L Ei-:: 
86 RCL " I " 
87 COt'lPLE::':: 
-::-.=, ,_"..) ' .. " ...... ' .. ' , ... , ........ I 

89 R·.j.· 
90 -
91 COS 
'32 LA:=;T::(, 
93 SIGH 
94 + / -

95 >~ 

9E. STO IIpf"1I 

97 Et·j[) 

22 1: Power Triangle 

Calculates V if flag 00 is set, or I if 
flag 00 is clear. 

Calculates the magnitude of VI. 

Calculates pf. 



Frequency Response of Transfer Function 
("FQRS") 

For a transfer function of the form 

the "FQRS" program calculates G(S) and log I G(S) I for any input 
frequency w (where S = jw) . 

Variables Used. 

In Equation Description In Program 

K Transfer function parameter. V '. 

N Transfer function parameter. t·l 

Z1 Transfer function parameter. Zl 

Z2 Transfer function parameter. -,--. .::..c 

Z3 Transfer function parameter. -:0 '- , .::,. .: . 

Z4 Transfer function parameter. Z4 

wo Transfer function parameter. ( • .10 

w Input frequency, 2m (radians/sec). 1 •• .1 

Remarks. 

• For type 0 systems, enter N = O. 

• Z10 Z2, and Z3 can be entered as O. If there is no quadratic term, enter 
Z4 as 0 and Wo very large compared to 1/Z3, where Z3 is the smallest 
first-order term used (other than zero). 

• The "FQRS" program sets Degrees and Polar modes. 

1: Frequency Response of Transfer Function 23 



Program Instructions. 

1. Key the "FQRS" program (listed on page 26) into your calculator. 

2. Press IXEOI 'UED1%FEl§Kl (to run the "FQRS" program). 

3. The program prompts you for values of K, N, Zh Z2, Z3, Z4, and Woo 

At each prompt, key in the value and press IR/SI. 
4. The program displays G(S) and log I G(S) I and stops. Press ~ 

to go to step 3 for another problem. 

Example. Find G(S) and log I G(S) I for 

G (S ) _ 12 (S + 0.6) 
S(S +1)(S2+6S +36) 

The frequency, w, is 0.01 rad/sec. 

First put G (S) into proper form: 

G (S ) = .2 ( 1.67 S + 1) 

S(S +l)[[~r + [~l +1] 
Select the FIX 2 display format and run the "FQRS" program. 

Iioispi 02 IXEOI .. EiI~!EH$ l 

.2 ffiZ§) 

1 IR/sl 

1.67 ffiZ§) 

Iy: 0.20 
N?0.00 

Iy: 1.00 
Zl?0.00 

Iy: 1.67 
Z2?0.00 

24 1: Frequency Response of Transfer Function 



.5Ml 

.01 Ml 

Iv: 1.00 
Z3?0.00 

Iv: 0.00 
Z4?0.00 

Iv: 0.50 
w0?0.00 

Iv: 6.00 
w?0.00 

IG(S>=20.00 .!-89.71 
LOG IG(S>I=1.30 

G(S) and log I G(S) I for the given conditions are 20.00 4. -89.71° and 
1.30. 

1: Frequency Response of Transfer Function 25 



"FQRS" Program Listing. 

Program: Comments: 

00 { 159-B'::.lt.e Pt-';'P'I } 

01 LBL "FC!F.:::; " Prompts for each input value. 
02 It·lPUT "K" 
0::: It·lPUT "t·j" 
04 I t·lPUT "2111 
[15 It·lPUT 1122" 
06 It-lPUT II "":,11 

':"'-' 

07 I t·lPUT 112411 

OS It-lPUT II l1J (111 

~39 LBL 0~:::1 Calculates G(S). 
10 It·lPUT 11',1.1" 

1 1 DEG 
1'-' .::. F.:ECT 
1':' '-' 1 
14 ::.::<>\' 
15 F.:CL~ 111.,.1(1 11 

16 ::·::-t·2 
17 .-, 

.::. 

1° '-' F.:CL::< 1124" 
19 F.:CL::< 11 r •• .1 II 

20 F.:Cl~ III.IJ~) II 

21 + 
22 COt'lPlE::':: 
.:.-:' .:-.j 1 
24 F.:Cl 11 Z::: II 

'-Ie:' 
'::',-' F.:Cl::< 111.1.1 11 

26 COt'lPlE::':: 
.-.""";1 
.::..( ..... 

2::: 1 
29 F.:Cl 112211 
:::[1 PCl;< 111,1.1 11 

::: 1 COt'lPlE::':: 
:::2 ~< 

:::::: POlAF.: 
:::4 COt'lPlE::':: 
'-,E::" 
.:1 ,_1 9[1 

26 1: Frequency Response of Transfer Function 



:3E, RCLx liN II 
-::'7 '_'I + 

38 +/-

8'3 ~«)y 

4~3 RCL 111 .... 11 

41 RCL II t.~ II 

42 Y·t·;·!, 

4-::' '-' x 
44 1 .... ·:'·': 
45 ;·!,<>'l 
46 COt'lPLE:"': 
47 F.:ECT 
4':' '-' F.:CL 111<11 

4'3 E~nER 
50 RCLX IIZ1 11 

51 RCU< 11 1.,-' II 

CO ''j 
~I,- COt'lPLE:'< 
5::: x 

54 POLAF.: Displays results. 
c-c-
.J.J IIG(S):ff 
c- .-._11:, ARCL 8T ' .. ' {, 

5? AB8 
co,-, 
,_IC' LOG 
59 1-" LFLOG IG(S) 1=" 
60 ARCL 8T ::-:: 

61 AVIE~'J 

62 Et·m 
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RC Timing (URC") 

The "RC" Solver program computes any of the six variables in the 
following figure and equation, provided the other five are known. 

v 
,..----- V2 

R 

By rearranging terms, the equation can be written as: 

tC 
- R = O. 

where e is the base of natural logarithms. 

28 1: Re Timing 



Variables Used. 

In Equations Description In Program 

VI Voltage before step (volts). \ .. 1 

V2 Voltage after step (volts). 1'·-, 
',''::' 

Vi Instantaneous voltage (volts). './ i 

R Resistance (ohms). F.: 

C Capacitance (farads). ,-. 

t Time (seconds) . t. 

Remarks . 

• The "RC" Solver program uses only real-number inputs . 

• For voltages across the resistor and capacitor, VR + Vc = V applies 
at all times. 

Program Instructions. 

1. Key the "RC" Solver program (listed on page 31) into your 
calculator. 

2. Select the "RC" Solver program: press .ISOLVERI 

3. Use the variable menu to store the five known variables: key in the 
value and press the corresponding key. 

4. Press the key corresponding to the unknown variable. The Solver 
searches for the unknown and displays the solution (if one can be 
found). 

5. To work another problem, go to step 3, or press IEXITIIEXITI to 
quit. 

Example. A 555 type of integrated circuit timer uses an external RC 
configuration for time determination. When used as a one-shot, its output 
pulse terminates when the capacitor charges to two-thirds of the supply 
voltage. Until the pulse starts, the capacitor is shorted so Vl = O. Given a 
supply voltage of 12V and a 47 J-LF capacitor, what size resistor should you 
use to generate a one-second pulse? 
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Select the ENG 3 display format and the "RC" Solver program. 

1[Ql§f] 03 Ix: 0. 000E 0 I 
IlsOLVERI .1I'III.ul1mI ....... 

Use a 19.37 Kohm resistor. 

30 1: He Timing 

1',11-0. 000E 0 I 
1I'III.ul1mI ...... 

IV2-i2.00E0 I 
1I'III.ul1mI ...... 

IVi-S.000E0 I 
1I'III.ul1mI ...... 

IC-47.00E-6 I 
1I'III.ul1mI ...... 

It-i.000E0 I 
1I'III.ul1mI ...... 

IR=19.37E 3 I 
1I'III.ul1mI ...... 



"Re" Program Listing. 

0(1 .,-
'- 58-B':lte Pt-gP'1 ::- 1 ~, .:::. F.:CL IIV2 11 

01 LBL "RC" 1'=-'-' LAsn~ 

02 t'lVAR II I'l 1 II 14 
0::: t'l" ," AF.: 111'1,12 11 15 
04 t'l","AF~ 111",1 ill lEo -
05 t'l","AR II~:II 17 U·j 
OEo t'l"iAR lIe ll 18 +./-
07 t'l'.,1AR lit. II 19 F.:CL;{ II ell 
08 1 20 F.: C L..;. lit. II 

(19 RCL III'l ill 21 1.·..-;:·:: 
10 F.:CL 111",11 11 '-,0-, 

.:::..::. F.:CL- 1If;.: 1I 

11 .: .. :. 
'-0_' Et·j[:o 
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Delta-Wye Conversions ("DY") 

This program allows you to convert impedance values between delta and 
wye configurations. That is, given the three wye values (ZYl, ZY2, and 
ZY3), you can calculate any of the three delta values (Z12, Z23, and Z13)' 
Likewise, given the delta values, you can calculate any of the wye values. 

_--t:::::::::::.J---I' 2 

3 

3 

Variables Used. 

In Figure Description In Program 

ZYl Impedance (ohms). 2''(' 1 

ZY2 Impedance (ohms). 2'l2 

ZY3 Impedance (ohms). 2\':::: 

Z12 Impedance (ohms). 212 

Z13 Impedance (ohms). 213 

Z23 Impedance (ohms). -,.-,.-, 
~.::..=. 
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Remarks. 

• Flag 21 (printer enable) is set or cleared to match flag 55 (printer 
existence). This automatically produces printer output if flag 55 is set. 

• The program will give erroneous results ( original inputs) if the 
calculated outputs are used directly as inputs. 

Program Instructions. 

1. Key the "DY" program (listed on page 35) into your calculator. 

2. Select the coordinate mode you want to use: press .IMODESI 
Rectangular mode, or .IMODESI BlOUSE: for Polar 

mode. 

3. Press IXEOI run the "DY" program. 

4. The program displays a variable menu containing the six variables in 
the above illustration. 

To calculate wye values, 

a. Store each of the three delta values by keying in the value and 
pressing the corresponding menu key. 

b. Press the key for the wye value you want to calculate. (Repeat 
for each of the other two unknown wye values.) 

To calculate delta values, 

a. Store each of the three wye values by keying in the value and 
pressing the corresponding menu key. 

b. Press the key for the delta value you want to calculate. 
(Repeat for each of the other two unknown delta values.) 

5. You can work as many problems as you want. The menu stays active 
until you press IEXITI or select an application menu. 
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Example. Given the following delta circuit, determine the equivalent 
wye circuit. 

0+ i220 
0--_ .. --"_--02 

3 

Select the Rectangular mode and the FIX 4 display format, and run the 
"DY" program. 

II MODES l ilE~e l~mM II DISP I ;;0[~rji~if{{ 04 

~ 

Enter the delta values. 

o IENTERI 22 IlcOMPLEXI fii!¥mlW:I 

5IENTERI171+/-1 

II COMPLEX I mXi!':a;g;Um 

Now calculate each of the wye values. 

34 1: Delta-Wye Conversions 

1212=13.13131313 i22.13131313 I 
1m1I1HfJI1fHl1fHJl1fHI6DI 

B23=5.13131313 -i17.13131313 I 
1m1I1HfJI1fHl1fHJl1fHI6DI 

BY1=1.96134 i19.613413 1 
1m1I1HfJI1fHl1fHJl1fHI6DI 



"DY" Program Listing. 

Program: 

00 ( 21 9-B':lt. 0:- Pt-gr'l 

~3 1 LBL I I [)\I II 

02 t'lVAR "Z'll" 
0:=: t'l'",'AR 112'l211 

04 t'l',/AF.: II """;1'.,''-, 11 
.::.. I -=, 

05 t'l'",'AF.: 11 21211 

06 ~l "/AR "22:3 11 

~J7 t'lVAR "21 :3" 

VI':' - ... ' CF 21 
0'3 F'-"-' .=, -: 55 
113 SF 21 

11 LBL A 
1'-' .::. '",'AF.:t'lENU II [) \ ' II 

1::: !:nop 
14 ATO::·:: 
15 ::<:TOA 
16 ATO::'~ 

17 )'~TOA 

1':' '-' ATO::'~ 

19 ::·:: TOA 

20 + 
21 95 
22 -

} 

FY2-7.6238 il.4376 I 
6IIIlHfJItiD~tiBlIIBDI 

IZY3-2.9406 - i 15. 5941 I 
6IIIlHfJItiD~tiBlIIBDI 

Comments: 

Declares menu variables. 

Sets or clears flag 21 to match flag 
55. 

Returns the ASCII character codes 
of the selected variable name and 
restores the name in the Alpha 
register. 

Adds the ASCII codes of the last two 
characters of the selected variable 
and subtracts 95 to determine which 
subroutine to execute. 
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24 SF .-,1:' 
'::',-' 

25 
26 A:;:;TO ST L 
'-1~ 

.::.( FC?C 25 
2::: ::<EC! ~) ::: 

29 STO Hm :;:;T L 
:::0 FC? 50 
::: 1 "iIEl,l Hm :::;T L 
.: .. :. 
._I~ GTO A 

.:,.:' 
'-"-' LBL 4°:' 0_' 

34 F.:CL "212" 
'-Ie" .:_ ._1 F.: C L>:: IIZ1::: 11 

:::6 GTO 01 

. -,-,. 

.:. " LBL 44 
:::::: F.:CL 11212" 
:::9 GTO 0[1 

40 LBL 45 
41 F.:CL 1121::: 11 

42 LBL 00 
4°:' 0_' PCL::-=: 11...,·-,,-.11 .::....::...:1 

44 LBL 01 
45 PCL "21211 
46 F.:CL+ IIZl :::11 

47 F~CL+ 
11...,·-,,-.11 .::...::..:, 

4':' '-' F.:Tt-l 

4q LBL 04 
50 F.:CL II Z'l ::: II 

51 GTO ~~12 

£:".-, LBL 05 ,_I'::' 

1:'.-, ,_I.:, PCL 112\12" 

54 GTO 02 

"'''' ,_I._I LBL 06 
5E. F.:CL IIZ'l1 11 

36 1: Delta-Wye Conversions 

Stores the variable name in the Last 
X register and displays the result. 
Division by zero is detected with flag 
25 (error ignore) and an appropriate 
message is displayed. If this happens, 
line 31 is skipped because flag 50 
(message) is set. 

Calculates ZYI. 

Calculates ZY2 . 

Calculates ZY3. 

Shared subroutines. 

Calculates Zu. 

Calculates Z13. 

Calculates Z23. 



57 LBL (12 
5::: F.:CL II Z'll 11 

5'3 F~CU< II Z'l2 II 
60 LAST)-:: 
61 F.:CU< II Z\'::: II 

62 + 
6 ::: F.:CL II Z'l2 II 
64 F.:CU< II Z\' ::: II 

E.5 + 
E,6 ::.~< > '/ 

6::: LBL 0:3 
6'3 I- II =Open Cin=uit.1I 
70 '3. '3'3E 4'3';' 
71 A',nHl 
72 HlD 

Shared subroutine, 

Division by zero indicates an open 
circuit (infinite resistance), Infinity is 
approximated with 9,99 x 1(f99. 
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2 
Network Analysis 

This chapter contains programs for performing mesh and nodal network 
analyses for circuits containing any combination of resistors, capacitors, 
inductors, and general impedances. Circuits for mesh analysis may also 
contain voltage sources and circuits for nodal analysis may contain current 
sources. 

Circuits are entered into the calculator using the "CIRCT" program and 
then processed by running the "MESH" or "NODAL" program. 

38 2: Network Analysis 



Using the Circuit Editor (UCIRCT") 

"CIRCT" is a menu-driven program that allows you to add, delete, and 
print elements in a circuit. The circuit elements are stored in a matrix 
named CIRCT, where each row in the matrix contains an element. 

Required Programs. "CIRCT" (page 45), "EL?" (page 151), and 
"Y?N" (page 157). 

Starting the "CIRCT" Program 

If there are no elements stored in CIRCT (if no circuit exists), you'll see 
this display when you run the "CIRCT" program: 

I{ a-Element Circui t } I IIE!..I ____ _ 

Or, if the matrix CIRCT exists, the program assumes that it contains n 
circuit elements (where n is the number of rows in the matrix), and you'll 
see a display like this: 

I{ 7-Element Circui t } I 1IE!..I1:mIIIII __ 1iliIm111I1I11 

You can view the elements in the circuit by using the [IJ and [!] keys. 

Note 

If the CIRCT matrix exists but does not contain circuit 
information that the "CIRCT" program recognizes, the 
program can be thrown far off course. To prevent this from 
happening, either clear the CIRCTvariable ~ICLEARI 

lWIZIE:I]):m) before starting the program, or initialize the circuit as 
shown in the next section. 
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Initializing the Circuit 

To initialize CIRCT (that is, to delete the CIRCT matrix), press ~t'l.1HX;n%m 

IINITIALIZE Circui t? I 1IlBI ____ EIIII 

I{ 0-EleMent Circui t } I 1IilD ____ _ 

When there are no circuit elements, note that the 
keys are not displayed or active. 

Displaying Circuit Elements 

Use the 00 and [!] keys to move up and down through the list of 
elements. 

Here's a typical display: 

Element Number Element Location 

Element Type -+'='="~ 

Element Value 

For nodal analysis this display reads: "The third circuit element is a 
voltage source connected between node 2 and node 4 with a value of 
120.00 460.00° volts." (For mesh analysis, the location numbers would 
represent meshes 2 and 4.) 

When a circuit element is displayed, the menu keys "ii#",",,'h\"~~ " \"',i' ~fCiEl:I$;IIII , 
FEE:!lX!,!;t;, and active even though they are not visible. (If you 
press @ to clear the message, you'll see that the menu is active.) 
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Adding Circuit Elements 

1. Use the 00 and [!) keys to move to the position in the list of circuit 
elements where you want to add an element. The new element will 
be inserted after the displayed element. 

2. Press the first menu key. (The menu keys are active, even 
though the message temporarily covers them.) The program 
displays Loc.:.t. ion: # [EtHEr::] # and a menu of the six types 
of circuit elements. 

3. Key in the location of the element. 

For mesh analysis: mesh# IENTERI mesh#, where the two mesh 
numbers indicate the meshes that share the element. For an 
element in a single mesh, press mesh# ~. 

For nodal analysis: from-node# IENTERI to-node#, where the 
circuit element is connected from the first node to the second. 

The order of the location numbers is important only when entering 
a voltage or current source. For example, the illustration on page 
40 shows a voltage rise from node 2 to node 4. If the node numbers 
had been entered in the opposite order, the value should be 
negative to represent a voltage drop from node 4 to node 2. 

4. Press a menu key to specify the type of element you want to add: 

gf&i0Efmal (resistor, ohms) 

IIIIli1Z.III (capacitor, farads) 

mmfi;';MlEi (inductor, henrys) 

1Jzr1@~Mm.I I (general impedance, ohms) 

I 1M Ilml (voltage source, volts) 

li1J;mlMimm (current source, amperes) 

5. The program displays a menu of the common units for the element 
you're entering. Key in the value of the element and then press the 
appropriate key. (For example, to enter a 1,OOO-ohm resistor you 
could press 1000 or 1 

All elements are converted to their default units (see the table on 
page 44) before being added to CIRCT. 
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To add another element, go to step 3. To return to the main menu, press 
IEXITI. 

Examples later in this chapter demonstrate how to use the "CIRCT" 
program for entering circuit elements for mesh and nodal analyses. 

Deleting a Circuit Element 

To delete a circuit element: 

1. Use the 00 and ~ keys to display the element you want to delete. 

2. Press the second menu key. (The menu keys are active, 
even though the message temporarily covers them.) 

3. To prevent accidentally deleting an element, the program displays 
DELETE E 1 E'f'"IE'nt.? Press to complete the operation. 
(Press IEXITI if you change your mind.) 

Printing the Circuit 

If you want a printed record of the circuit, press ElE: l USn, the fifth menu 
key. Note that this printing is slower than most other printing operations 
because it involves printing graphics in the display. 

The following sample output was printed after entering the circuit 
on page 54: 

{ 7-EleJllent Cit-cui t } 

(1):1-:.-:;1 
150.1313 .!10.00 

(2): 1--1 
16.00 
(3) : 1 -<3- 2 
0.00 i20.00 
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Quitting "CIRCr' 

Press IEXITI to exit the "CIRCT" program. After exiting, if you don't run 
any other programs (or move the program pointer in any other way), you 
can restart "CIRCT" by pressing !BZ§]. 

Saving Circuits 

To save a copy of your circuit: 

1. Press IEXITI to quit "CIRCT". 

2. Press IRCLI !2tlXmll!f1! to recall a copy of CIRCT. 

3. Press ISTOIIENTERI name IENTERI to store a copy of CIRCT 
(where name is the name of a new variable). 

4. Press!BZ§] to restart the "CIRCT" program. 

To restore a saved copy of a circuit: 

1. Press IEXITI to quit "CIRCT". 

2. Press IRCLI recall a copy of a circuit that's been saved. 

3. Press ISTOI to store a copy ofthe matrix into CIRCT. 

4. Press!BZ§] to restart the "CIRCT" program. 

Storing Elements 

The CIRCT variable contains a three-column matrix. Each row in the 
matrix represents a single circuit element: 

• The first column contains a number in the form tt.mmnn where tt is 
the type code for the element (see the table below), mm is the first 
location number, and nn is the second location number. If tt.mmnn is 
negative, the value for the element is complex. 

• The second column contains the real value of the element in the 
default units (see the table below). Voltage and current sources are 
stored in Polar form; all other elements are stored in Rectangular 
form. 

• The third column contains the imaginary part of the element value. 
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Element Type Units Type Code 

Resistor Ohms 82 
Capacitor Farads 67 
Inductor Henrys 76 
General impedance Ohms 90* 
Voltage source Volts 86* 
Current source Amperes 73* 
"If the element value is a complex number, the type code is negative. 

Remarks. 

• CIRCT is an n x 3 matrix containing the circuit elements. An example 
of entering the elements of a circuit is contained in the next section, 
"Mesh Analysis." 

• Values for all elements are displayed using the default units (see the 
table above). 

• Flag 09 is set when the editor is extracting a complex value from 
CIRCT. 

• Flag 10 is set if there is no variable CIRCT. 

• Flag 25 is used to determine if CIRCT exists. 

• Register Roo contains the current circuit-element number. 

• Register ROl contains the total number of circuit elements. 
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"CIRCT" Program Listing. 

Program: 

00 { 626-Byte PrQM } 
01 LBL "CIF.:CT" 
02 PF.:OFF 
0::: CLX 
04 STO 00 
(15 STO 01 
06 CF 1(1 
07 SF 25 
08 HlDE>:: "C I F.:CT" 
09 FC?C 25 
1(1 SF 10 
11 FS? 10 
12 GTO A 
1::: F.:CL "CIF.:CT" 
14 DH1? 
15 ::.::<:> \' 
lE, STO 01 

17 LBL A 
18 CU1H1U 
19 "ADD" 
20 KE'"j' 1 GTO [11 
21 "DEL" 
22 FC? 1(1 
2::: KEY 2 GTO 02 
24 "PF.:ItH" 
25 FC? 10 
26 KE'"j' C" 

'-' ::'::EC! 1'-' .::. 

" HHT" 
FC? 10 
KE\' 6 GTO 06 
KE'"j' 7 ::'::EC! 07 
KE\' ::: ::·::EO 08 
KE\' 9 GTO '39 

Comments: 

Initializes the program. 

Defines the menu for the program. If 
flag 10 is set (no circuit), defines 
only the "ADD" key. 
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:3:::: LBL B 
:::4 :X:EQ (10 
'-IC": 
'::1--' MEt·1U 
:::6 STOP 
:37 GTO B 

-::10 
"oJ' ... LBL 01 
:::'3 ~·~EO "EL?" 
40 FC?C 08 
41 GTO A 

42 FS? 10 
4-=-~, 1 
44 FS? C 1(1 

45 GTO Et::: 
46 F.:CL 00 
47 ~<'=€1? 

48 GTO 11:3 
4'3 F~CL 01 
50 )·::~'l? 

51 GTO 05 
C"~, 

'- ' '::' R·} 
co ,- , 
._'.:' F.:", 
54 F.:CL "CIRCT" 
55 [:0 I t'l? 
56 R", 
57 1 
C".-. ,_I.:. + 

51;" LBL 0::: 
60 .-, 

-=-
61 [:0 I t'l " CIF.:CT" 
62 It-l[:OE::·:: "C1F.:CT" 

6:3 LBL 04 
64 CD:: 
~C" 1:.,_1 1 
EI6 STOI,J 
1:1 { R ·~· 

6::: F.: .~. 
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Displays the menu and stops. 

Inputs a circuit element using the 
"EL?" utility on page 151. 

Inserts the new circuit element into 
the CIRCT matrix. 

Increases (or creates) the CIRCT 
matrix for the new element. 

Stores the new circuit element into 
CIRCT. 



69 
70 
71 
...,..-, 
(.::. 

-,.-. .. . :, 

74 
-:0'" .. ,_I 

{I:-

77 
7:3 
7'3 
:::0 
81 
,-,'-, .: . .:::. 
,-,,-, 
': .. :' 
84 
,-.e' 
':'--' 

86 
:37 
·:, c-,_11_, 

89 
'30 
91 
92 

'3::: 
'34 
'35 
9E. 
97 
I~::: 

99 

::·:: <> 'l 
-:0 

::.~<>\' 

REAL? 
[;TO 11 
COt'1PLE::< 
~.:: <>Il 

-:0 

~.~ <> tl 

LBL 11 
STOEL 
F.:CLI,J 
... I ...... '.} , ............ I 

STO 00 
1 
STO+ 01 
[;TO [11 

LBL 05 
1+ 
I t·l S F.: 
R·,· 
R,· 
F~CLI,-' 

[;TO 04 

LBL 10 
F.:.,. 
1 
EtHEl<: 
STOI,-' 
I t·l S F.: 
[;TO (14 

Inserts a new row into the CIRCT 
matrix. 

Inserts a new row at the top of the 
CIRCT matrix. 
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100 LBL 00 
101 F.:CL ~~1[1 

102 IF' 
10::: >::=[1? 
104 GTO C 
105 F'-··-' ,.:. :" 10 
106 GTO C 
107 II ( II 

10::: AIF' 
109 1-"): II 

11 [1 1 
111 STOI,J 
112 F.:CLEL 
11:3 CF 09 
114 ::-:; < 0 ·;:-
115 SF ~39 

116 ABS 
117 IF' 
11::: LASn: 
119 FF' 
120 10[1 

121 ::< 
1·-'·-' .::=..:::. IF' 
1·-'·-' .:::..:- AlP 
124 LAST::·( 
1·-'0::" ':::'--1 FP 
126 1 [10 
1·-...., .:::.( )( 

12::: 1-" II 

l ·'Q AlP 
1:3[1 I- II LI" 

1 ::: 1 ,J+ 
1·-'·-' .:-.::, F.:.,. 
1·-'·-' .:,.:. F.:.,. 
1:34 F.:ECT 
1:::5 :::6 
1:::6 ::.::= '"('? 

1·-''''' .:. ( POLAF.: 
1 :::::: F.:.,. 
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Displays the current element. If 
Roo = 0, then displays top-of-list 
message. (Note that line 128 
contains three blank spaces between 
the double quotes.) 



1 :=:9 73 
140 ::·~=·l? 

141 POLAF: 
142 F:~· 

143 F.:CLEL 
144 EtHEl': 
145 FS? 0'3 
146 .;0-

147 FS?C (19 
148 CCIt'1PLE::·!' 
149 AF.:CL ST ::.:: 

150 AVIEl,j 
151 F.:EAL? 
152 R·~· 

153 F.:.~. 

154 1 
155 EtHEl': 
156 32 
157 POSA 
158 E. 
159 >:: 

160 4 
161 + 
162 )·::EG! Hm :::T 
163 AGRAPH 
ltA F.:m 

It,5 LBL r· 
166 F:CL fH 
167 II.'" 

.~ 
II 

168 AlP 
169 f-II-E 1 er'lent 
170 f-IICin:ui t 
171 A',,.. I El,j 
1""~' ( .::.. F:n~ 

17::: LBL 82 
174 II..;....;..,~ . ..;.. ";"I~.f-

175 RTt·j 

T 

II 
}II 

f-f-" 

Displays top-of-list message. 

Alpha string to produce graphic 
resistor. 
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176 LBL 67 
177 II..;-..;-..;-..;- I ~I..;-..;-..;-..;-II 

17:3 RH~ 

17q '0· LBL 76 
1:30 II~~EII 

1:31 4 
U::2 )<:TOA 
1 :::::: I-"E" 
1:34 XTOA 
1:35 I-"E";-";-" 
1:36 F.: ..... 
1'-'~ I:, ( F.:Hl 

1:3:3 LBL 9~~1 

1'30 RHl 

191 LBL :36 
1 q .;, II fff:3D[)D:::f~f II 

19::: F~Hl 

194 LBL 7::: 

1% F.:Hl 

197 LBL 02 
1'3::: RCL 00 
199 )·::=0··;-
200 GTO A 
201 II DELETE E 1 eP"lent. ? II 

202 )·::EG! II \ '?H II 
2[1::: ::·::=o? 
2~)4 GTO A 
205 SF 25 
206 DELI': 
207 FC?C 25 
20:3 GTO 14 
20'3 F.:CL I ,J 
210 ;:.::< >- \' 

50 2: Using the Circuit Editor 

Alpha string to produce graphic 
capacitor. 

Alpha strings to produce graphic 
inductor. 

Alpha string to produce graphic 
impedence. 

Alpha string to produce graphic 
voltage source. 

Alpha string to produce graphic 
current source. 

Deletes the current circuit element. 



211 STO 00 
212 1 
213 STO- 01 
214 GTO A 

215 LBL (16 
216 II HHTIALI ZE 
217 f-"Cit-cui t.?" 
218 )·::EQ """?t·~" 

219 )<=0? 
220 GTO A 
221 LBL 14 
..,..,.? 
.:...:...'- CLV "CIF.:CT" 
22:=: CD:: 
224 STO [10 
225 STO 01 
226 SF 1[1 
.j.;."? 
':"'~I GTO A 

22::: LBL 07 
22'3 RCL [H) 

230 1 
231 -
"'-:--'j .::..,._,"- )-::<O? 
':I'=-'~ .:..,._1._' F.:CL (11 

2:::4 STO 00 
2:35 RTt-~ 

2:::6 LBL 08 
2:::7 1 
.-.-=-.-, '::"_":' STO+ 0~~1 

23':;' F.:GL 01 
24[1 RCL ~)O 

241 ::·~>'l? 

242 CU< 
24::: STO 00 
244 RTt-~ 

II 

Initializes the pointers and deletes 
CIRCT variable. 

Decrements the element pointer. 

Increments the element pointer. 
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245 LBL 1--' .:::. 

246 RCL 01 
247 1E-:3 
24::: :x: 
24'3 ::HO 00 
25~~1 LBL 1-:' --' 
251 ::-::EG! ~~Hj 

252 P F.: ot-1 
25::: PRLCD 
254 CLA 
.-.C"C' .:::,._1._1 PF.:A 
25ET PF.:OFF 
257 I::;G 00 
258 GTO 1-:' --' 
25'::- CL>:: 
260 STO 00 
2E,1 F.:H1 

262 LBL 99 
26:3 E::-(ITALL 
264 Et-1D 
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Prints the graphic display for circuit 
elements in CIRCT. 

Exits all menus. 



Mesh Analysis ("MESH") 

The "MESH" program (listed on page 57) calculates the mesh currents of 
a circuit containing any combination of resistors, capacitors, inductors, 
general impedances, and voltage sources. (If the circuit you want to 
analyze contains current sources, convert them to voltage sources.) 

How "MESH" Works. "MESH" uses the elements in the CIRCT 
matrix to create the following matrices: 

Z MATA 
1= - = = MATX 

V MATB 

Variables Used. 

In Equation Description In Program 

n x 3 matrix containing circuit CIF.:CT 
elements. 

Z Impedance matrix, Z. t'lATA 

V Voltage matrix, V. t'lATE: 

I Solutions matrix. t'lA T::·:: 

Radian frequency, 2nf (radians/sec). 1 •• .1 

Since the variable names MA TA, MA TB, and MA TX are used, you can 
use the Simultaneous Equations application to work with the data after 
using "MESH". Press .'MATRIXI @);f/f:TIllIt01 nn (where nn is the number of 
mesh currents). 

Remarks. 

• Flag 08 is cleared for mesh analysis. 

• Flag 10 is set when the location numbers are equal (for mesh 
analysis). 

• "MESH" leaves the calculator in the Polar mode. 

• Register Roo contains the element counter. Register R02 contains the 
number of mesh currents. Register R03 is used for intermediate 
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results. Be sure to set the SIZE to at least four registers (lIMODES I 
[!] IENTERI) before running "MESH". 

Programs Required. "MESH" (page 57), "CIRCf" (page 45), 
"C-+Z" (page 148), "EL?" (page 151), "FQ?" (page 149), and "Y?N" 
(page 157). 

Program Instructions. 

1. Enter the circuit elements using the "CIRCf" program. Press 
IEXITI when you are finished. 

2. If you want the results to be printed, press .IPRINTI 00 to 
enable printing. If you're not using a printer, be sure to disable 
printing (press .IPRINTI OO81='5'5' J). 

3. Press IXEOI mt!IE~$If.JI!I (to run the "MESH" program). 

4. When you see t·lo. ~lesh Cun-ent. s?, key in the number of 
mesh currents and press ffiZ§]. 

5. When you see F~ad i an Ft-equenc',j ( 21Tt" )?, key in the radian 
frequency and press [flZ§]. (This value is used only if the circuit 
contains capacitance or inductance.) 

6. The mesh currents are then calculated and displayed. If you're not 
using a printer, press [flZ§] after each result is displayed. 

Example: Calculating Mesh Currents. Use the "CIRCf" program 
to enter the following circuit. Then execute "MESH" to calculate the 
mesh currents, Ii> h, and 13• 

160 

+ 
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First, select FIX 2 display format and then enter the circuit elements using 
the "CIRCf" program. 

I{ 7-Element Circui t ) I 1mlII1mI __ ~EIIII 

If the circuit contains any elements, delete them by initializing it. 

Now, add the new elements to the circuit. 

I{ a-Element Circui t ) I 1mlII ____ _ 

ILocation: # [ENTER] # I ............. 
Enter all of the elements in mesh 1. Since the voltage source isn't shared 
by another mesh, its location is entered like this: 

1 IENTER! IValUe? I .1mJI .. n. ___ . 

Enter the value for the voltage source. 

150 IENTER!10 IlcOMPLEX! tUWP'.§fJN:M! ILocation: # [ENTER] # I ............. 
Enter the location and value for the 16-ohm resistor. Like the voltage 
source, the resistor is unique to mesh 1, so its location is entered the same 
way (1 IENTERI). 

ILocation: # [ENTER] # I ............. 
Since a complex impedance is provided for the inductor, enter it as a 
general impedance. This element is shared between mesh 1 and mesh 2, 
so enter both location numbers. 

1 IENTER!2 @ 
II COMPLEX! '''''eoFt •.• ' 

focation: # [ENTER] # I ............. 
Enter the capacitor shared by mesh 1 and mesh 3 in the same way. 

~N~~~~~~~~~! ii 0 IENTER!24 I~~~~~~I 
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Now enter the elements in mesh 2 that have not already been entered. 

ILocation: .. [ENTER] .. I 
1IiII .......... 

ILocation: .. [ENTER] .. I 
1IiII .......... 

Enter the last element, which is the capacitor unique to mesh 3. (Note 
that you could have entered these elements in any order.) 

31ENTERI OlENTERI16 
1+/-lllcOMPLEXI ;';i'ji.So';JcHEiB 

ILOCation: .. [ENTER] .. I 
1IiII .......... 

Press IEXITI to return to the main level. You'll see the last element that 
you entered. 

At this point you can use [I] and [!] to view the elements in the circuit. 

Exit from the "CIRCT" program and calculate the mesh currents. If you 
want the results printed, press IlpRINTI [I] to enable printing. 

Key in the number of mesh currents. 

3 ffiZID 

Iv: 1.00 
x: 34.00 

INo. Mesh Curren ts? 
.x: 0.00 

Radian Frequency(2wf)? 
x: 0.01 

Since the inductor and capacitors were given as complex impedances, the 
frequency will not be used. Press ffiZID to display the current in mesh 1. 

1
11-
x: 6.28 -'4.72 
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If you're not using a printer, press ffiZ§] to display the current in mesh 2. 

112-x: 2.61 .!53.37 

If you're not using a printer, press ffiZ§] again to display the current in 
mesh 3. 

1
13-x: 3.09 .!-2.73 

"MESH" and "NODAL" Program Listing. 

Program: 

00 { 491-Byte PrgM } 
01 LBL "t'lESH " 
02 CF 0:::: 
0::: "t·lo. t'lesh " 
04 1-" ClJn-ent s?" 
05 GTO A 

06 LBL "t·lODAL" 
07 SF 0::: 
0::: "~lo. t·lodes?" 

~~19 LBL A 
10 F.:CL 02 
11 PF.:Ot'lPT 
1·-' .::. STO [12 

F' ._' EtHm 
14 t·l E ~,lt'l AT 
15 Et-lTEF.: 
16 COt'lPLE>:: 
17 STO "t'lATA" 
1-=' '-' DH1? 
19 1 
20 STO 00 
21 t·l E ~,lt'l AT 
22 EtHEF.: 
2::: COt'lPLE::·:: 
24 STO "t'lATB" 
·-11:" 
Cod ::·::EG! II FG!? II 

Comments: 

Clears flag 08 (to indicate mesh 
analysis) and prompts for the 
number of mesh currents. 

Sets flag 08 (to indicate nodal 
analysis) and prompts for the 
number of nodes. 

Stores the number of mesh currents 
or nodes. 

Creates the complex matrices MATA 
andMATB, and prompts for a 
frequency. 
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2E, CF 21 
27 "~'l od:: i no:.. 
2::: A 1.,,1 I E~IJ 
2'3 FS? 55 

:::1 LBL a 
:::2 HlDE::':; "CIF.:CT" 
:::::: F.:CL 00 
:::4 1 
:::5 ~:;F 25 
:::6 STOI,J 
:::7 FC?C 25 
:::::: GTO [:0 

:::'3 F.:CLEL 
4 (1 ::.:: E G! I t·lD S T ::.:: 

41 1 
42 STO+ 00 
4·:' ._' GTO a 

44 LBL B 
45 F'-··-' .:. :' 0::: 
46 1,···::·:: 
47 EtHEl': 
40:' '-' F.:.,. 
4'3 F.:.,. 
50 It·lDE )·:: " t'lATA" 
51 STOI ,j 
1:' .-. 
... 1'::' F.:CLEL 
C'.:. ,_1._, F~ ·t· 

54 F'-··-' .:. :' 10 
1::"1::" GTO to "_I ._I 

Displays a "working" message and 
sets or clears flag 21 to match flag 
55. 

Sets the index pointer to the current 
element (identified in Roo). If this 
generates an error, then the end of 
the CIRCT matrix has been reached. 

Recalls the element type code and 
executes the appropriate subroutine 
to add the element value to MATA 
andMATB. 

Increments the element pointer and 
repeats the loop for the next 
element. 

Accumulates an element value into 
MA TA . If flag 10 is set (indicating an 
element shared by two meshes or 
connected to the reference node), 
adds the value only to the matrix 
element on the main diagonal. If flag 
10 is clear, the value is accumulated 
to the appropriate matrix elements 
not on the diagonal. Note that values 
accumulated along the diagonal are 
positive; values accumulated in other 
matrix elements of MATA are 

56 - negative. 
1::"-' 
,_I ( STOEL 
C",-, ,_I.:. F.:.,. 
5'3 ::·::<>'l 
6[1 STOI ,j 
61 F.: ·t· 
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.-~ 

br:::. STOEL 
E.3 CL>:: 
64 LAST~< 
65 R1"-
66 STO 03 
67 F.: 1"-
6::: EtHEF.: 
69 STOI,-' 
70 R·} 
71 F.:CLEL 
...,.:-
(.:... R·t· 
7:=: ~·::EG! b 
74 RCL 03 
75 EtHER 
76 STOld 
77 F.:CLEL 
78 LAsn~ 

79 LBL b Stores a value into the matrix. 
80 + 
:31 STOEL 
:::2 F~n~ 

Po ·:' ..... _, LBL '-·oJ 0.:... Stores a resistor value. 
84 ~·::EG! F 
85 >(EG! eo 
:36 GTO B 

87 LBL .-..., 
tit" Stores a capacitor value. 

CIC' 
'-''-' >(EG! F 
o q 
v~ ~·::EG! eo 
90 ;:'::EG! "C~ZIl 

'31 GTO B 

'32 LBL 76 Stores an inductor value. 
'33 >(EG! F 
94 :":EG! eo 
'35 ~.~EG! IIL~ZIl 

'36 GTO B 

97 LBL 90 Stores a general impedance value. 
98 XEG! F 
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99 ::<EG! e 
100 ::'::EG! e 
101 F.:ECT 
102 COt'lPLE::':: 
H~1::: GTO B 

104 LBL ...., .-, 
t' .:. 

105 LBL :::6 
106 ::'::EG! F 
107 ::'::EG! e 
10:::: ::<EG! e 
109 POLAF.: 
110 COt'lPLE>:: 
1 1 1 It·1DE>:: "t'lATB" 
1 1'-' .:::. F.:CL ST Z 
1 1'=' '-' FC? 0:::: 
114 GTO c 
115 FC? 10 
116 GTO c 
117 ::·::;to? 
11 ::: GTO r' 
1 19 ::.::<> ::;T Z 
120 ::.::<>\' 
121 -1 
1'-"-' a::..::. ::< 
1'-"-' .:....._. ::«> '/ 

124 LBL r' 
l '-'c-.::,._1 1 
126 ::HOI,J 
1'-'-:' .::., F.:CLEL 
12::: F.:·t· 
l';'Q 
~-' + 

1:=:>71 ::;TOEL 
1 ::: 1 F.:Hl 

1'-"-' .:,a::. LBL c 
1'-"-' .: .. :. 1 
1:::4 STOI,J 
1:::5 CL::·:: 
1 :::6 F.:CL ::;T T 
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Stores a current or voltage source 
into MA TB. Since the two types are 
not distinguished, all sources are 
assumed to be voltage sources for 
mesh analysis or current sources for 
nodal analysis. 

Adds a current source connected to 
the reference node. 

Adds a voltage source (mesh 
analysis) or a current source not 
connected to the reference node 
(nodal analysis). 



1:=:7 EtHER 
1 :3::: F.:CLEL 
1:=:9 R·t-
14(1 + 
141 STOEL 
142 F.: .•. 
14:3 ::·::=Y? 
144 F.:Hl 
145 1 
146 STOI,-' 
147 F~CLEL 
14::: LAST~·\ 

149 -
15(1 STOEL 
151 RHl 

152 LBL [:0 

15::: POLAF.: 
154 F.:CL " t'lATB" 
155 RCL..;. "t'lATA" 
156 STO "t'lAn::" 

157 SF 21 
15::: I t·lDE::·:: " t'1A no: " 

159 LBL d 
16(1 F.:CLI ,-' 
161 F.: .•. 
lE,2 "1" 
16::: FS? [1::: 

164 "'",'" 
165 AlP 
16E, f-"=" 
lE,7 F.:CLEL 
16::: FS? 55 
16'3 AF.:CL ::;T ::-:: 
17(1 AV I E~'J 

171 I+ 
172 FC? 77 
17::: GTO d 
174 RHl 

Calculates the results using matrix 
division. 

Prepares to display the results. 

Recalls each result from MA TX and 
displays it with the appropriate label. 
If a printer is being used (flag 55 
set), the value is appended to the 
label. 

Flag 77 is tested to determine when 
the end of MA TX has been reached. 
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1"?t:" . ~. LBL Eo 

176 ,.J+ 
177 RCLEL 
1-;0,-, ( c, F:Tt-l 

17'3 LBL F 
1:::0 ABS 
1:::1 FP 
1°':-,-IL.- 100 
l c,-:-'j...., x 
1:::4 IP 
1:::5 LAST)'~ 

1:::6 FP 
1:::7 100 
1°c, '.' '-"'oJ " 

1:::'3 CF 10 
190 I.J_I •• ''-' 

0",-1 :' 

191 SF 1[1 
l c,,:-• • <", FC? 0::: 
193 RTt-l 

194 F'~'-' .';} :. 10 
195 GTO ,.J 
196 :x:EQ G 
197 )·::EQ G 
19::: x<>y 
199 FC? 10 
200 RTt-l 
2(11 + 
202 E~nER 
20::: IHt·l 

204 LBL G 
205 :x:=0? 
206 SF Hl 
207 ~.::<>\' 

20::: IHt·l 

209 LBL oJ 
210 "In'.).:d id Dat.a" 
211 PF.:Ot'lPT 
212 Et'lD 
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Increments the column pointer and 
recalls a matrix element. 

Decodes the element location into 
two mesh or node numbers in the X­
and Y-registers. 

Sets flag 10 to indicate that the two 
location numbers are the same. 

For nodal analysis (flag 08 set), 
displays an error message if the 
location numbers are equal. (The 
numbers do not make sense if 
they're equal.) 

Sets flag 10 if the reference node is 
used. 

Error message. 



Nodal Analysis ("NODAL") 

The "NODAL" program (listed on page 57) calculates the node voltages 
of a circuit containing any combination of resistors, capacitors, inductors, 
general impedances, and current sources. (If the circuit you want to 
analyze contains voltage sources, convert them to current sources.) 

How "NODAL" Works. "NODAL" uses the circuit information in the 
CIRCT matrix to create the following matrices: 

Z MATA 
V= - = =MATX 

I MATB 

Variables Used. 

In Equation Description In Program 

n x 3 matrix containing circuit CIRCT 
elements. 

Z Impedance matrix. t'lATA 

V Voltage matrix. t'lA T::·:: 

I Current matrix. t'lATB 

Radian frequency, 2111 (radians/sec). I .• ) 

Since the variable namesMATA, MATB, andMATX are used, you can 
use the Simultaneous Equations application to work with the data after 
you've finished using "NODAL". Press .IMATRIXI§lhXTf~n7:!Y' nn (where 
nn is the number of nodes). 

Remarks. 

• Flag 08 is set for nodal analysis. 

• Flag 10 is set when one location number is zero (for nodal analysis). 

• "NODAL" leaves the calculator in Polar mode. 

• Register Roo contains the element counter. Register R02 contains the 
number of nodes. Register R03 is used for intermediate results. Be 
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sure to set the SIZE to at least four registers ~IMODESI [!] 'T$-ll'ZS 
4 IENTERI) before running "NODAL". mm . 

Programs Required. "MESH" (page 57), "CIRCT" (page 45), 
"C--+Z" (page 148), "EL?" (page 151), "FQ?" (page 149), "Y?N" (page 
157). 

Program Instructions. 

1. Enter the circuit elements using the "CIRCT" program. Press 
IEXIT! when you're finished. 

2. If you want the results to be printed, press .IPRINTI [!] to 
enable printing. If you're not using a printer, be sure to press 
.IPRINTI [!] We;gWl?l? Jto disable printing. 

3. Press IXEQI HgCi8[$' (to run the "NODAL" program). 

4. When you see Ho. Hodes?, key in the number of nodes and 
press (RZ§]. 

5. When you see F.:.ad i .::In Ft-equenc'::cl ( 21Tf )?, key in the radian 
frequency and press (RZ§]. (This value is used only if the circuit 
contains capacitance or inductance.) 

6. The node voltages are then calculated and displayed. If you're not 
using a printer, press (RZ§] after each result is displayed. 

Example: Calculating Node Voltages. Use the "CIRCT" program 
to enter the following circuit. Then execute "NODAL" to calculate the 
node voltages, Vh V2, and V3• 

80 
1 
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Begin by selecting FIX 2 display format and running "CIRCT". 

IIDISpl 02 IXEQI IZX:F;:anrm I{ 7-ElelYlent Circui t ) I IIa!JIEBI __ ~1I:D 

If "CIRCT" has any elements stored in it, delete them by initializing it. 

Now, add the new elements to the circuit. 

I
{ a-ElelYlent Circui t ) I .1Ia!JI-----. 
ILocation: # [ENTER] # I ............ 

Enter the current source from node 0 to node 1. 

o ~IE~NT~E~R~I ~1 Jm:::;ilill:;;:t~3IENTER'35 IlgOMPLEXI 

Enter the resistor from node 1 to node 2. 

ILocation: # [ENTER] # I ............ 
ILocation: # [ENTER] # I ............ 

Enter the impedance from node 0 to node 2. 

o ~IE~N~TE~R~I ~2~::::.::.ii!ilj:.; ... ~4IENTERI9 
II COMPLEX I .. ~ ... J.'.'.' ...•....•• 

Enter the resistor from node 0 to node 3. 

ILocation: # [ENTER] # I ............ 
ILocation: # [ENTER] # I ............ 

Enter the current source from node 3 to node 2. (Note that if you entered 
this source from node 2 to node 3, the sign is reversed: -10 ASA.) 

31ENTERI2 10lENTERI ILocation: # [ENTER] # I 
511cOMPLEXI ............. . 

Enter the impedance from node 2 to node 3. 

21ENTERI3 :6~IEHN~TiER~1 
4 I+!-IIICOMPLEXI }{ 

ILocation: # [ENTER] # I ............ 
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Press 'EXIT I to return to the program's main menu. 

At this point you can use [I] and [!J to view the elements in the circuit. 
Exit the "CIRCT" program and calculate the node voltages. If you want 
the results printed, press .'PRINT! [I] to enable printing. 

Iv: 1.00 
x: 34.00 

INO. Nodes? 
x: 0.00 

Key in the number of nodes. (Do not include the reference node). 

3 [Bl§] IRad i an Frequency (211' f) ?I 
x: 0.01 

Since no capacitors or inductors were entered, the frequency is not 
needed; press [Bl§] to calculate the results. 

IV1-x: 68.66 ~47.03 

If you're not using a printer, press [Bl§] to display the voltage at node 2. 

IV2-x: 45.46 ~53.34 

If you're not using a printer, press [Bl§] again to display the voltage at 
node 3. 

IV3= 
?<: 58.07 ~126.80 

66 2: Nodal Analysis 



Impedance of a Ladder Network ("LADDR") 

This program calculates the input impedance, Zin, of a ladder network. 
Elements are added one at a time starting with the element furthest from 
the terminals where Zin is measured. The first element must be connected 
in parallel. 

Given an input admittance of Yin, adding a shunt (parallel) R, L, or C 
results in a new input impedance: 

lin + (}p + jO) 

Ynew lin + (0 - j w~J 
lin + (0 + jwCp ) 

Adding a series R, L, or C, we have: 

(~ + (R, + jO»)-1 
Yon 

Ynew (~ + (0 + jWL,»)-1 
Yon 

[~ + (0 - j_1 )]_1 
Yon wC, 

where Y = l/Z and w = 21if. 

Variable Used. Z i n is the impedance looking into the ladder network. 

Remarks . 

• Elements are entered in rectangular form; however, the input 
impedance is displayed in polar form. (If you want the impedance 
displayed in rectangular mode, you can change line 29 of the 
"LADDR" program listing to 2"3 F.:ECT and then delete line 31.) 
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• If a circuit element is given as a complex impedance, key in the 
complex value and then add it to the circuit using t E-lF ) and 

• Flag 00 is set when Zin = o. 
• Flag 21 (printer enable) is set or cleared to match flag 55 (printer 

existence). This automatically produces printer output if flag 55 is set. 

Programs Required. "LADDR" (page 70), "C-+Z" (page 148), and 
"FO?" (page 149). 

Program Instructions. 

1. Key the required programs into your calculator. 

2. Press IXEal J¥lag~;t:f8 (to run the "LADDR" program). 

3. When you see Rad i an Ft-e '=luenc';:I 0:: 2TTf ::O?, key in the radian 
frequency and press MJ. (If the correct frequency is already in the 
X-register, just press MJ.) 

4. The program displays a menu of the elements that can be added. 
For each element in the network (starting with the element furthest 
from the terminals where Zin is measured), key in the value of the 
element and then press the corresponding key. 

SIEt@ i (parallel resistor, ohms) 

Iggt@E'iMII(parallel inductor, henrys) 

c;V!4:EFX; (parallel capacitor, farads) 

mgEl;~@I (series resistor, ohms) 

VFFfillfEi;@ (series inductor, henrys) 

capacitor, farads) 

The series elements are not displayed until the first parallel element 
has been entered. Each time you add an element, the new 
impedance is displayed. 

5. To quit, press IEXIT!. After quitting, you can restart "LADDR" by 
pressing MJ. 

68 2: Impedance of a Ladder Network 



Example. Find the input impedance of the following circuit at a 
frequency of 1 MHz: 

650pF 

10000 120 JLH 1000 

Select the FIX 2 display format and run the "LADDR" program. 

Iioispi 02 IXEOI IRadian FreQUenCY(21Tf}?1 
.x: 0.01 . 

The frequency is given in Hz. Convert it to radians/second. 

IZin=0.00 ~0.00 I .:iIlIIII~~ __ _ 

Enter the four elements (working right to left). Notice that the current 
value of Zin is displayed after each element is entered. 

IZin=264.49 ~-67.78 I 
.:iIlIIII~~"IIDI" 

IZin=384. 34 ~-56. 67 I 
.:iIlIIII~~"IIDI" 

IZin-306. 73 ~-41. 82 I 
.:iIlIIII~~"IIDI" 
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The input impedance is 306.73 .4 -41.82° ohms. 

"LADDR" Program Listing. 

Program: 

00 { 154-B'::Jt.e Pt-':tP'1 ::-
01 LBL "LADDR" 
02 ::·::EO "FO?" 

03 ::::;F 00 

04 CD:: 
[15 EtHEl': 
06 COt'lPLE::':: 
07 ::::rO "Zinll 
0::: CF 21 
09 F'::-" .... : 

C'C' ,_1._' 
10 SF 21 

11 CLt'lEt'lU 
1'-' .:::. LBL A 
1':' '-' "F.:P" 
14 KE'l 1 ::'::EC! 01 
15 "LP" 
16 KE\' 2 ::·::EO 02 
17 II eF' II 
1 ,-, KE',!, .:. ::·::EO 0::: .:. '-' 

19 F'-"-' .:. :' 00 
20 GTO B 
21 II F.:S II 

22 KE\' 4 ::·::EO 04 
,-, ,-, 
.::,.:- IILS" 

24 KE'l C' 

'-' ::'::EC! 05 
'-It:" 
'::',-' "CS II 

26 KE'l 6 ::'::EC! 06 

Comments: 

Inputs the frequency using the 
"FQ?" utility on page 149. 

Sets flag 00 (until the first element is 
entered). 

Initializes Zi.. and sets or clears flag 
21 to match flag 55. 

Defines the menu keys for entering 
elements in parallel. 

If flag 00 is clear, declares the menu 
keys for entering elements in series. 

Decodes the element location into 
two mesh or node numbers in the x­
and Y -registers. 
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27 LBL B Displays the menu and the input 
·':tt~ 
~,_t t'lEt·1 U impedance. (If you want the 
2'3 POLAR impedance displayed in rectangular 
:::0 'nEL,j IIZinll mode, you can change line 29 to 
:31 F~ECT 2'3 F.:ECT and delete line 31.) 
'-1 '-1 
.:'t::. STOP 
:::::: GTO A 

:34 LBL ~~1l Converts a resistance to admittance. 
~,C" 

-=,"-' 1 ," ,.'("1 

:36 GTO (17 

87 LBL 02 Converts an inductance to 
'-1("" 
.:11=1 :":EQ IIC-:.Z " admittance using the "C-+Z" utility 
:::'3 GTO 07 on page 148. 

4[l LBL 0::: Converts a capacitance to admittance 
41 )·::EG! IIL-:.Z II using the "L-+Z" utility on page 148. 

42 LBL 07 Adds a parallel element. 
4-:' ._' RCL IIZinll 
44 FC?C (H) 

45 1 ..... )-:: 
46 + 
47 1/::·:: 
4 0 

'-' STO IIZinll 
4'=l o· RTt-l 

5(1 LBL 0E, Converts a capacitance to 
51 ::·::EQ "C-:.2" impedance. 
C"'-, ,_It::. GTO 04 

t:"~, 

._1 .=1 LBL 05 Converts an inductance to 
54 )-::EQ IIL-*ZII impedance. 

c"c" 
,_I._I LBL 04 Adds a series element. 
C" .0 

._11:1 STO+ "Zin" 
57 EHD 
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Filter Design 

This chapter contains programs for calculating component values for 
standard active filters and for Butterworth filters between equal 
terminations. 

72 3: Filter Design 
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Active Filter Design (" AF") 

This program calculates element values for the standard active filter 
circuits shown below. You must provideF (the corner or center 
frequency), G (the midband gain), PF or Q (the peaking factor), and C (a 
capacitor). The program then displays (and optionally prints) the list of 
elements that form the desired filter. 

Low Pass Filter. 

+ 

Cs = C 

C
2

=4C(G+1) 
PF2 

PF R 1 = ----
4G7rf oC 

PF R 3 =------
41rf oC (G + 1) 

G R 
G + 1 1 
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High Pass Filter. 

~ 
V,; 

C 1 

C4 

R2 

R 
_ 2G + 1 

5 -
PF 27rf oC 
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Bandpass Filter. 

+ 

1 R 1 = ----=---
G 27r f oCPF 

1 R2 = ------=-----

(P~2 -G]27r f oCPF 

2 
R5= ---­

PF 27rf oC 
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Variables Used. 

In Equations Description In Program 

10 Center frequency (Hz). 

G Midband gain (db). 

PF Peaking factor. 

C Capacitor (farads). 

Remarks. Flag 21 (printer enable) is set by the program. 

Program Instructions. 

F 

G 

PF 
I~ 

1. Key the "AF" program (listed on page 78) into your calculator. 

2. Press !XEOI (to run the "AF" program). 

3. Press fJ:1IJ,\:};;'\\> The calculator prompts for F, G, PF, and C. 

a. Key in a frequency, F, in Hertz; press ffiZID. 
b. Key in the midband gain, G; press !R/SI. 

c. Key in a peaking factor, PF; press !R/SI. 

d. Key in a capacitance, C, in Farads; press ffiZID. 

After entering these values, the program returns to the main menu. 

4. Press (low pass), (high pass), or {~::8HIfffJ (band 
pass) to calculate the elements needed to build the particular filter. 

5. When all of the elements have been displayed, press ffiZID to return 
to the main menu. Then go to step 3 to work another problem or 
press IEXITI to quit. 

Example. Design a high-pass active filter with the following 
characteristics: F = 10 Hz, G = 10, PF = 1, and C = 1 Ji-F. 

Select the ENG 3 display format and run the "AF" program. 

Iioispi o31xEOI Ix: 0. 000E0 I 1!!Im1lII!lffilu:cmr __ !Im!IJ 
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10 [RZ§J 

10 [RZ§J 

Iv: 0.000E0 
F?0.000E0 

Iv: 10.00E0 
G?0.000E0 

Iv: 10.00E0 
PF?0.000E0 

Iv: 1. 000E0 
C?0.000E0 

IR2-
x: 7.S79E3 

If you're not using a printer, press IRIS I after each result. 

IRS-x: 334.2E3 

IC1=C3=C= 
x: 1. 000E-6 
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OlAF" Program Listing. 

Program: 

00 { 309-Byte Pr gM } 
01 LBL "AF" 
02 ::W 21 
0::: CLt·lEt·1U 
04 "Lm.JP" 
05 KE .... · 1 )·::EQ A 
06 "HIGHP" 
07 KE'l 2 ::·::EQ B 
08 "BAt·l[:o" 
0'3 KE\' 3 ::·( EG! r· 
10 "It·lPUT" 
11 KE'I' 6 ::·::EQ I 
12 KE'l 9 GTO 09 

1·:' ._. LBL 00 
14 CLD 
15 t·lEt·1U 
16 STOP 
17 GTO 00 

1':' '-' LBL A 
19 "Rl" 
20 RCL "PF" 
21 4 
22 F.: CL~< II Gil 

2::: ::-::EQ (14 

24 
'-It:' 
'::',_1 )·::EQ 08 
2E. II Ra il 
'-.. -, 
'::'1" RCL>( II GH 

2::: EtHER 
29 Et-lTEF.: 
:::0 LAST::·:: 
31 1 
':"::1 
._I~ + 
:::::: 
:34 ::·::EG! 08 
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Comments: 

Defines the menu for selecting a 
filter type. 

Clears any message that may be 
displayed, displays the menu and 
stops. Pressing IBZ§] redisplays the 
menu. 

Calculates the elements for a low 
pass filter. 



~:5 

::::6 
--..., 
-=-( 

:::8 
:3'3 
40 
41 
42 
4-:-.' 
44 
45 
46 
47 
4° '-' 
49 
5(1 

51 

C"'j 
-J.:... 

5::: 
54 
c"c" .Jo_1 

5E, 
57 
C' ,-, ._1.:. 

5 '3 
6~3 

61 
62 
6:::: 
64 
~C" 
1:10_1 

6E, 
EI7 
E.::: 
69 
70 
71 
72 
7-=' I "_, 

74 

"1':4" 
P -~-

~<EO ~3:3 

IIC2 11 

1 
PCL 11(;11 

F.: CL >:: lIe ll 
4 
::< 

F~CL "PF" 
::<·t·2 

::<EO 0:3 
II (:5=CII 

LBL 10 
F.:CL "e ll 

GTO 0:3 

LBL B 
1I~:211 

--, .::. 
::-::EG! 04 
F~CL II Gil 

l/~-; 

2 
+ 
>:: 

F~CL-:- "PF" 
1 ..... ::·:: 
;-::m 0:3 
11 F.: 5 II 

--, .:::. 

F.:CL::< 11(;11 

1 
+ 
~, 

.:::. 

::-::EO 04 
F.:CL:x: "PF" 

~<EO 0:3 
"C1=C:3=C" 

Calculates the elements for a high 
pass filter. 
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75 ::'::EG! 10 
(I::, "C4" 
77 F.:CL~ "G" 
78 GTO OB 

79 LBL C 
80 "1':1" 
:::1 2 
82 ::'::EG! 04 
8::: F.: CU':: "G" 
84 EtHEl': 

86 F.: CU·:: "G" 
:::7 1.·..-::·:: 
:::::: ::'::EG! 08 

90 CU:: 
91 2 
92 F.:CL "PF" 
9::: ::·::·t·2 
94 
95 F.:CL- "G" 
I=='6 >:: 
97 1.····::·:: 
9::: ::'::EG! 08 

100 CU:: 
101 2 
102 ::.::< :> 'f' 
10::: 
104 ::'::EG! 0::: 
105 "C:::=C4=C" 
106 GTO 10 

107 LBL 04 
10::: PI 
to '3 F.:CL>:: "F" 
lto F.:CL::< "ell 
111 ::< 

112 F.:m 
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Calculates the elements for a band 
pass filter. 

Calculates 1rFC. 



1 1:::: 
114 
115 
116 
117 
llB 
11'3 

120 
121 
1'-"-' .::..::. 
1 ~ .. -. .::,.:-

124 
l'-'C:-,::,-_1 

126 
1·-·..., .::.( 

LBL I 
E:X:ITALL 
INPUT IIFII 

It·WUT II Gil 

INPUT "PF" 
It·WUT lIe ll 
F.:TN 

LBL OB 
E~-::ITALL 

1-"=" 
F'-"-' .::. :" 

c:-c:-
... 10_1 

AF.:CL ST ::.:: 

AV I E~'l 

LBL 09 
Et·jCo 

Exits all menus and inputs F, G, PF, 
andC. 

Exits all menus. If results are being 
printed (flag 55 set), puts label and 
value on the same line. 

Ends program. 
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Butterworth Filter Design ("BF") 

This program calculates component values for Butterworth filters 
between equal terminations. Inputs are termination resistance, passband 
characteristics, and attenuation at some out-of-band frequency. 

Before the filter elements can be calculated, a normalized frequency must 
be computed from the desired cutoff or center frequency and passband 
characteristics. The normalized frequency is computed by one of these 
formulas: 

Low Pass 

W 
W = ­n 

Wo 

Band Pass 

W = n 
uJ - w6 
BWw 

High Pass 

Wo 
W =­n 

W 

Band Elimination 

BWw 
Wn = 2 

Wo - uJ 

The basic form of the filter is this low-pass prototype: 

whose elements are given by the following set of formulas: 
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where: 

C 
1. ( 2i - 1) 11" ._ 

i = -- sm , , - 1, 3, 5, ... , n - 1 
1I"fc R 2n 

L,. = ~ sl·n (2i - 1) 11", ,. 2 4 6 n = , , , ... , 
1I"fc 2n 

[
1 + In(2x lO - adB/lo - 1)] 

n =INT 
2In(w/wo) 

Once the low-pass values have been calculated, if another passband 
characteristic is desired, the filter components are changed by one of the 
frequency transformations shown on the next page. 
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Passband Circuit Elements 
Characteristic 

Low pass 0----1 ~ ~ 

High pass 

Band pass 

Band elimination o----fYYY\--j r-a 
GnBW 
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Variables and Storage Registers Used. 

In Equations Description In Program 

R Resistor (ohms) . F.: 

Fo Center frequency (Hz). FO 

Wo Center frequency (radians/sec.). ROl 

Fl Attenuation frequency (Hz). Fl 

Amount of attenuation (dB). A 

BW Band width (Hz). B~'l 

Band width (radians/sec.). R02 

Filter type (1-4) . R07 

n Filter order. R09 

i Element counter. Rll 

Remarks. 

• Flag 01 (set and cleared by the program) is used for branch control. 

• Flag 21 (printer enable) is set by the program. 

• Registers Ro8, R lO, R 13, and R14 are used to store intermediate results. 
Be sure to set the SIZE to at least 15 registers (.IMODESI [!] 
m:2;2Xci~: !;II 15 [EN!ffi)). 

• The "BF" program sets Radians mode. 

n~1 ., 
Note 

The program will give erroneous results if asked to 
calculate a filter order when A is small (when ~dB is close 
to Loss (wo)). 
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Program Instructions. 

1. Key the "BF" program (listed on page 88) into your calculator. 

2. Press IXEal (to run the "BF" the program). 

3. The program displays a variable menu containingR, FO, F},A, and 
BW. Store a value into each variable by keying in the value and then 
pressing the corresponding menu key. 

4. After each of the five values has been stored, press [BZ§]. 

5. The program displays T'::Ipe? and a menu containing the four types 
of filters. Press one of these keys to select a filter type: 

i::::L;;; .. ~ ••• t·j E'!E (lOW pass) 

EEtt~HB (high pass) 

~:E.a :;;$ (band pass) 

,"':.,.... .... ,"',.!.,.} .. ' (band elimination) 

6. The program then calculates and displays N and the filter elements. 
If you're not using a printer, press [BZ§] after each result is 
displayed. 

Example. Design a lOO-Hz wide Butterworth filter centered at 800 Hz 
with a 3O-dB attenuation at 900 Hz. Ro is 50 ohms. The termination 
resistance, R, is also 50 ohms. 

Select ENG 3 display format and run the "BF" program. 

Ilolspl o31xEal Ix: e.eeeEe I 
..... tiWI .. .0_. 

Store the five inputs. 
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IR-5e.eeEe I 
.... tiWI .. .o_ 

IFe=see. eE 13 I 
.... tiWI .. .o_ 

IFl-gee.eEe I .... 11111 .. .0_ 



Continue with the program. 

MJ 

IA-30. 00E 0 I 
.... IIDI 101 0._ 

IBW=100.0E0 I 
.... IIDI 1010._ 

Select a band-pass filter. If you are not using a printer, press MJ after 
each result is displayed. 

I~;-6. 000E 0 

IC1=16.48E-6 
U=2.402E-3 

IL2-112.SE-3 
C2=3S1.7E-9 

IC3=61.49E-6 
L3=643.6E-6 

IL4=lS3.7E-3 
C4=2S7.SE-9 

fS=4S.02E-6 
LS=879.2E-6 
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IL6-41.19E -3 
C6=960.8E-9 

Therefore, the filter you've calculated looks like this: 

500 113mH 154mH 41mH 

500 

UBF" Program Listing. This program demonstrates that local labels 
do not have to be unique within a program as long as careful 
consideration is given to the local label search order (described in the 
owner's manual). 

Program: 

00 { :3'34- B'Jt e Pn:1f"1 } 

~) 1 LBL "BF " 
02 t'l I.", AF.: II f;,: II 

~) ::: t'N A F.: "FO" 
04 N ' ... ' A F.: "Fl" 
05 t'l ' ... ' AF.: " A" 
OEo t'l ' ... ' A F.: "BH " 
07 F:AD 

(18 LBL A 
09 VAF.:t'lEt·jU " BF" 
10 CLA 
11 STOP 
1'-' .:. ALEt·jG 
1':' '-' ::-:; :t:.0? 
14 GTO A 
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Comments: 

Declares the menu variables and sets 
Radians mode. 

Displays the variable menu and 
stops. Pressing ffiZID is the only way 
to continue the program. 



15 F.:CL "FO" 
16 i-::EO 10 
17 :::;TO 01 

1 -:' '-' Clt'1EHU 
1 ';:' "LOHP" 
2~] KE'l 1 GTO 
21 "HIGHP" 
.-, .-. 
.::..c. KE'l .-, 

.:::. GTO 
-":,.:. 
~._I "BPASS" 
24 KE't' a GTO 
25 "BELIt'1" 
26 KE'l 4 GTO 
27 KE'l 9 GTO 

'-. .-. 
c·:· LBL B 
2'3 t'1Et·1U 
30 "T'::!pe?" 
:::1 PF.:Ot'1PT 
.-, ..... .: . .::. GTO B 

-=--::. ,_' __ I LBL C 
34 1 
85 GTO 01 

36 LBL D 
'-,-, .: . .- ~, 

.:::. 
'-11-' .:11:' GTO m 
::::9 LBL E 
40 .-, 

.:;, 

41 GTO 01 

4·:-'- LBL F 
4-:' ._' 4 

44 LBL 01 
45 E:X:ITALL 
46 STO 07 
47 SF 21 

,-. 

D 

E 

F 
A 

Converts the center frequency to 
radians/second. 

Defines the menu for selecting a 
filter type. The IEXITI key is defined 
to return to the variable menu. 

Displays the menu and prompts for a 
filter type. Pressing ffiZID redisplays 
the menu. 

Calculates the elements of a low pass 
filter (type 1). 

Calculates the elements of a high 
pass filter (type 2). 

Calculates the elements of a band 
pass filter (type 3). 

Calculates the elements of a band 
elimination filter (type 4). 

Exits all menus, stores the filter type, 
and sets flag 21 for proper output. 
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40:' '-' F.:CL II B~'J II 

4q ::<EC! 10 
50 STO 02 

51 LBL 00 
t:" .-. 
,_I'::;' F.:CL "Fl II 
C"'-' ,_1.:- F.:CL IJA" 

54 10 
C-C-
,_I ._I 

56 10-t-)-:: 
57 2 
1:'.-. ,_I,:. " 
5'3 1 
60 -
61 Ul 
62 STO 0::: 
6::: :x:<>'/ 
64 >::EC! 1 (1 
-- c-1: •. _' ::-::EG! 07 
66 RCL 08 
67 ::.::<>'/ 
68 Lt-l 
~q -' .' ABS 
70 
71 1 
..., .-. . .::. + 
7::: 2 
74 
-:oc-
( ,_I IP 
(I:. STO (1'3 

77 STO 10 

7::: II t-l= II 

7'::- F'----' .:. :' 
c-c-
,_I ._ I 

80 AlP 
81 A',,IIE~'J 

:::2 AD'",' 

:::::: LBL 08 
84 F.:CL 09 
'-Ie:' ,:,,_1 F~CL- 10 
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Converts the band width to 
radians/second. 

Calculates the filter order. 

Displays the filter order. If results 
are being printed (flag 55 set), the 
label and result are displayed on the 
same line. 

Evaluates the Butterworth equations. 



87 + 
:3::: STO 11 
:39 2 
9~~1 .". 
91 1 
92 -
9::: PI 
94 x 
95 2 
96 
97 F.:CL -0- 09 
9 :3 SIt·l 
99 2 
1130 
101 
1'J2 
1~]::: 

104 
1(15 
H)6 
107 
10:3 

~< 

LBL 
STO 
F.:CL 
-1 
RCL 
'"('-t-::.:: 

'l·t·::·:: 
~< 

0'3 
14 
IIH " 

11 

109 [;TO I t·m 137 
110 LBL 131 
111 F.:GL -0- 131 
112 >::EG! 136 
11 ::: [;TO 013 
114 LBL 132 
115 F.: Cu·:: (11 
llE, 1..'-;:,:: 
117 ::O:: EG! 136 
11::: +/-
119 [;TO [H) 

120 LBL 13::: 
121 SF 131 
122 F.:CL -0- 132 
12::: )'::EG! 06 
124 ::'~EG! 00 
125 ABS 

Calculates the frequency 
transformation for the particular 
filter type. 
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126 1 /<.-' " ,", 

1':'7 .:..., RCL ~.H 

12::: >::·t·2 
1-::"::' 
130 ~<:EG! (16 
1:=: 1 +/-
1:::::2 GTO 00 
1'-"-' .: .. =. LBL (14 

1:::4 SF 01 
1:=:5 F.:CU{ 02 
1:=:6 RCL ~31 

1'-'''' :::. ( ~<·t·2 

1'=11=' '-"-' 
1:=:9 >::EG! (16 
140 ~-'::EG! 00 
141 ABS 
142 F.:CL (11 
14::: X-t·2 
144 >:: 

145 1 .",.' .1,", 

146 ~<:EG! 06 
147 +/-

14::: LBL 00 Displays a pair of filter elements. 
149 F'-"-' .:. ~ 01 
150 CLA 
151 ::·::~O? 

10:::-':' '-'.:.. I-"L" 
15::: ~'::«1 ? 

154 I-"C" 
155 F.:CL 11 
156 AlP 
157 1-"=" 
15::: F.:.,. 

159 AB8 
160 AF.:CL 8T ::.:: 

161 J- II LF II 

162 FC? 01 
16:=: AVIHJ 
lEA FS?C 01 
lE.5 F.:Tt-l 
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166 DSE 10 
167 GTO 0::: 
16:::: Int·~ 

169 LBL (17 

170 STO 14 
171 GTO Hl[:o 
1"'·-' (.::. LBL 04 
1"'·-' .. .':J ::·::EG! ~)3 

174 GTO 00 
175 LBL (12 
17E, >::Er~ (11 

177 LBL 00 
17::: 1/::·:: 
1"q I,· + ..... -
1:::(1 GTO 05 
1:::1 LBL 01 
1 ':'.-:0 '-'':- RCL 14 
1 c'-=:' '-"-' F~CL-:- (11 

1:::4 GTO 05 
1:::5 LBL 0:::: 
18€. F.:CL 14 
187 X-t·2 
1 c .. :-I..JI-' F~CL (11 

1:::9 ::·::·t·2 
19(1 -
1 '31 RCL-:- 14 
1'32 RCL-:- ~~12 

193 LBL 05 
194 ABS 
195 STO 1·-' .:' 
1 '36 F.:n~ 

197 LBL 06 
19::: -1 
199 F.:CL 11 
200 '"('.t-).:: 

201 ){ 
202 Rn~ 

Repeats the Butterworth calculations 
for each element. 

Calculates the normalized frequency 
for the particular filter type. 

07 

Multiplies by _Ii. 
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20::: LBL 1(1 

204 .J 
'-

2~:::15 x 
2(16 PI 
207 >:: 
20:3 Et·jD 

94 3: Butterworth Filter Design 

Converts the frequency in the x­
register (in Hz) to radians/second. 



4 
Transmission Lines 

This chapter contains programs that calculate the impedance of a lossy 
high-frequency transmission line and the high-frequency characteristic 
impedances for five types of transmission line configurations. 

4: Transmission Unes 95 



Transmission Line Calculations ("LINE") 

This program calculates the input impedance of a lossy transmission line 
terminated in Z L. The program provides an exact solution when the 
distributed line parameters Ro (defined as vi L +C ), R, and G are given. It 
provides an approximate solution when Ro and the conductor and 
dielectric losses are given. 

:Zin ~ 
• X .1 
• e • 

The transmission line shown has a lumped model composed of elements 
L, C, R, and G as follows: 

L R 

~------~ - - - -

c 

____________ .1...-_--1. ____ _ 

!J.X 
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From this model the following equations can be derived: 

RO=~ 
R vR r =-=-
L Ro 

G 
g = - = v RoG 

C 

where: 

L = inductance/unit length. 

C = capacitance/unit length. 

G = conductance/unit length. 

R = resistance/unit length. 

v = 3 x lOS Yr' 

Vr = relative phase velocity. 

f = frequency, Hz. 

w = 211jradians/second. 

and 

1 [ ]1/2 
a = .~ rg - c..l- + J (r2 + c..l-) (g2 + c..l-) 

v2v 

1 [ ]1/2 
{3 = .~ c..l- - rg + J (r2 + c..l-) (g2 + c..l-) 

v2v 
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The approximate solution is: 

Re{Z,l = R, [1 + ~ [ "c ;, aD 1 [ 3aD ~ "c 1] 

[ 
aD - a.a ] 

1m {Zo} = Ro f30 

P = Po [ 1 + ~ [ "c ;, aD r] 
where: 

a.a = conductor loss, nepers/unit length = O.5(R/Ro) 

aD = dielectric loss, nepers/unit length = O.5(GR) 

130 = w/v 

Then 

where: 

I = line length 

Z L = impedance of termination ( ohms) 

Zo = characteristic impedance of line = Re{Zo} + j Im{Zo} (ohms) 

I = propagation constant of line = a + j f3 
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Zo and"f are computed differently depending on which solution is 
selected. 

The + sign is chosen when g ~ r and the - sign is chosen when g < r. 

Variables Used. 

In Equations Description In Program 

! Frequency. +" 

Vr Relative phase velocity. 1',.l t-

Ro Characteristic impedance. 1':0 

I Line length. 1 

ZL Impedance of termination. ZL 

Remarks. 

• Flag 21 (printer enable) is set or cleared to match flag 55 (printer 
existence). This automatically produces printer output if flag 55 is set. 

• Registers Roo thru R06 are used for storing intermediate results. Be 
sure to set the SIZE to at least seven registers ~IMODESI [!J 
rg:tl'i£ilitJ 7 IENTERI) before running "LINE". 

Program Instructions. 

1. Key the "LINE" program (listed on page 102) into your calculator. 

2. Select the desired angular and coordinate modes. 

3. Press IXEOI (to run the "LINE" program). The program 
displays a variable menu containing!, Vro Ro, I, and ZL (displayed as 
F, YR, RO, L, and ZL). 

4. Store a value into each variable by keying in the value and pressing 
the corresponding menu key. 
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5. After all five variables have been stored, press ffiZ§). 

6. Select an exact or approximate solution. 

For an exact solution: 

a. Press J,$HEHPll1. 
b. The program prompts for G. Key in the conductance value 

and press ffiZ§). 

c. The program then prompts for R. Key in the resistance value 
and press ffiZ§]. 

For an approximate solution: 

a. Press mER:iZlU. 
b. The program prompts for the conductor loss. Key in the value 

and press ffiZ§). 

c. The program then prompts for the dielectric loss. Key in the 
value and press [BZID. 

7. The value for Zin is calculated and displayed. To calculate another 
solution, go to step 6. To work a new problem, press IEXITI and go 
to step 4. 

Example. A transmission line has the following properties: 

R = 1.2664 ohms/cm. 

G = 0.00004187 siemens/cm. 

Ro = 55 ohms. 

Vr = 0.85. 

What is the input impedance of 3.5 cm of this line at 2 GHz if it is 
terminated inZL = 754-300 ohms? 

Select Degrees and Polar modes, select FIX 2 display format, and run the 
"LINE" program. 
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75 IENTERI30 1+/-1 
II COMPLEX 1 MMSEiIJ1ISn 

4.187 ~ 51+/-IIR/sl 

1.2664 Ml 

Ivr=0.85 1 
IDllEiII .... WBII_ 

IR0=55.00 1 
IDllEiII .... WBII_ 

11=3.50 I IDllEiII .... WBII_ 

FL-75.00 ~-30.00 I 
IDllEiII .... WBII_ 

~:2.75 I ~ ____ r:IiIEII 

Iv: 2.75 
G?0.00 

Iv: 4. 19E-5 
R?0.00 

Fin=48.01 ~28.48 I £Em ____ r:IiIEII 

The required input impedance is 48.01 428.48° ohms. 
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"LINE" Program Listing. 

Program: 

~~1(1 { 404-B'::!t.e Pt-9P', } 

~~1l LBL "LIHE" 
02 t'l',,IAF.: II f' II 

0::: t'l ',,I A F.: "I,it_11 

04 t'l","AF~ " RO" 
05 t'l ',,I AR " I" 
06 t'l","AF.: II ZLII 

07 CF 21 
[1::: F'-"-' .=, ~ C'C' ,_1._' 
0'3 ::;F 21 

10 LBL A 
1 1 CLA 
1'-' .:::. '",'AF.:t'lEHU "LH1E" 
1 ::: STOP 
14 ALEt·1G 
15 ::<:t:.0? 
16 GTO A 

17 F.:CL "f " 
10:-'-' lE 10 
19 
20 STO 04 
21 ~, 

.:::. 

22 PI 
.-,'-, .::,.:- ::< 

24 ::< 
..... C' 
';;',_1 STO 0::: 
26 F.:CL " I" 
.-,-, 
.::.( 2 
2::: >:: 
29 .-, .: . 

:30 F.:CLx II ''._It_ 11 

::: 1 STO 0[1 
:::2 
.-, ,-. .: .. : . STO 02 

Comments: 

Defines the menu variables and sets 
or clears flag 21 to match flag 55. 

Displays the variable menu and 
stops. The program continues only 
when [Bl§] is pressed. 

Calculates intermediate results used 
by both solutions. 
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::::4 
'-It:' 
.: •• _1 

:::t. 
.-,""'" . :- .-

:::::: 
:::9 
40 
41 
42 
4-:' --' 

44 
45 
46 
47 
4::: 
4'3 
5(1 
51 
1::'.-, 
--I'::' 

5:::: 
54 
c;-c;-,_1._' 
c;- --._' 1:. 
c;--:o ._1'-
C".-, ,_11:-

59 
60 
61 
62 
6::: 
64 
t.5 
66 
EI7 
tiS 
t=q 
..)~ 

70 
71 
72 

LBL B 
CLt'lEt-1U 
"E::-::ACT " 
KE'l 1 ::<EO 
"APF.:O::<" 
KE\' 6 ::-::EO 
KEY 9 GTO 
t'lEt-1U 
STOP 
GTO B 

LBL r-
E::-:: I TALL 
It-1PUT "[;11 

It-lPUT II F.: II 

F.:CL>:: 00 
F.:CL.;. " F.:O" 
STO 01 
F~CL 11[;11 

RCL>:: "F.:O" 
STOx 0(1 
F.:CL 0--' -.:-

F~ CL 01 
""POL 
SG!F.:T 
STO (11 

;.::<>\' 
2 

STO ~3E, 

F~CL 0:::: 
F~CL 00 
""POL 
SOF.:T 
STO 0~3 
'.) .. •• •• ' •• 1 (., ........ I 

2 

STO 0:::: 
F~CL+ 06 

r-

[:0 

A 

Displays a menu for selecting the 
type of solution. The IEXITI key is 
defined to go back to the variable 
menu . 

Calculates the "exact" solution. 
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...,.-. 
I" ;:". STO 05 
74 F.:CL 06 
-:oc:-
... _1 F.:CL- 03 
... 1:, STO 1I1'1·lt_1I 

77 F.:CL 01 
7::: F.:CL~ 00 
79 ::;;TCe< II F.: 0 II 
:::0 F.:CL 01 
:::1 F.:CL:x: 00 
".-, c·.::. STOx 02 
:::::: [;TO E 

:::4 LBL [:0 

:::6 CU'lEt-1U 
:::7 lie loss?" 
:::::: PROt'lPT 
:::'3 STO 00 
'30 "[:0 loss?" 
'31 PF.:ot'lPT 
'32 STO 0::: 
'3::: F.:CL II 1" 
'34 F~CL II "it- II 

'35 F.:CL 04 
'36 PI 

'3::: 1.5 
'3'3 
100 ::.::< > \' 
1(11 

1~:::12 STO 06 
10::: ::-:: 
1(14 2 
105 ::-:: 
106 ::;TO (12 
107 F.:CL 0::: 
1(1::: 10 
10'3 Ul 
110 20 
111 

Calculates the "approximate" 
solution. 
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112 F~CL-:- 06 
11 ::: STOx 00 
114 STO::< 0::: 
115 F.:CL 0::: 
116 RCL- 00 
117 EtHEl': 
11::: STO 01 
119 RCL ~Z1::: 

120 '=' ~. 

121 >~ 

122 RCL ~3~Z1 

1'-"-' .::,.=- + 
124 .". 

1'="C' .:....._1 2 
126 
127 + ..... -
12::: 1 
1';":' 
~.' + 

1 :::0 "'POL 
1::: 1 STO ::':: II 1':0" 
1:::2 ~.~<>\I 

1 :::::: STO 111,l t_ 11 

1:::4 RCL 01 
135 >(·t·2 
1:::6 2 
1 ':--7 ,_II 

1:::::: 1 
l-=·Q o,.} •• + 
140 F~CL 0~Z1 

141 F.:CL+ 0::: 
142 "'POL 
14::: STO>:: 02 
144 .. . 1 ... • ....... 1 

( ......... I 

145 STO 05 
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146 LBL E 
147 POLAF.: 
14::: F.:CL "ZLII 
149 COt'lPLE::·:: 
150 STO 
151 ::-::< > $"f' 

1 "' .J ,_1.:- STO 
15::: RCL 
154 F.:CL 
155 -*REC 
156 +/-

157 E·t·::·:: 
15::: STO 
159 ::'::<>"1) 
160 1 :::0 
161 ." / .. 
162 PI 
16::: 
164 STO 
165 F.:CL 
166 RCL-
167 F.:CL 
168 RCL-:-
169 -*F.:EC 
17~~1 1 
171 + 
1-'·-' IC -*POL 
17::: 1 ...... 

,","', 

174 -2 
175 >~ 

176 ;.~<> I'fl 

177 + ..... -
17 .:' I '_I ::«>' .... 
179 -*F.:EC 
180 1 
1:::1 + 
1:::2 -*POL 

06 

01 
05 
02 

02 

(1::: 
06 

IIlllt- 1I 

(11 

II F.: 0 II 

1:::::: F.:CL ::< ~~12 

Completes the calculations for both 
solutions. 
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1::::4 1 , .... 
.'" ," ', 

1::::5 ;:.::<>\' 
1::::6 F.:CL- 0:::: 
1:::7 + ..... -
1 :::::: ::.::<> '.,' I 

1::::9 -*REC 
190 1 
191 -
1 q.;. -*POL 
19:::: 1,"-;:,:: 
194 ~ . 

.::. 

195 ::< 

196 ... , ...... , .. , 
, ... , ........ I 

1q7 
0'1 + ..... -

19:::: ;:.::<>\' 
1'39 -*F.:EC 
200 1 
201 + 
202 -*POL 
20:::: F.: CL>:: II F.: 0 II 
204 ::.::< > I'l 
205 F.:CL II lilt_II 

206 + 
207 COt'lPLE:": 

20:::: IIZin=1I 

209 AF.:CL ST '.,.' ,", 

210 A'·.·IIE~·l 

211 HlD 

Displays the result and returns to the 
menu at LBL B. 
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Transmission Line Impedance ("TLI") 

This program calculates the high frequency characteristic impedance (Zo) 
for five types of transmission lines: 

Open two-wire line: 
Zo = 120 In ( w) 

..;;; d 

Single wire near ground: 
138 (4h) Zo = ..;;; log d 

Balanced wires near 
ground: 

Wires in parallel near 
ground: 

z,= ~log{~ [1+ [~lr} 

z, = ;.; log{ ~ [1 + [ ~ If} 
Coaxial line: 

Variables Used. 

In Equations 

D 

d 

h 

er 

60 D 
Zo = --In-

..;;; d 

Description 

Wire spacing. 

Wire diameter. 

Height of wire (above ground). 

Relative permittivity. 
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In Program 

[:0 

dia 

h 

€' 



Remarks. Flag 21 (printer enable) is set or cleared to match flag 55 
(printer existence). This automatically produces printer output if flag 55 is 
set. 

Program Instructions. 

1. Key the "TLI" program (listed on page 111) into your calculator. 

2. Press IXEOI (to run the "TLI" program). 

3. Use the variable menu displayed by the program to store the 
required inputs for the particular line configuration you're working 
with. 

4. Press [BZ§]. 

5. The program displays Line Conf i 9? and a menu containing the 
five types of line configurations. Select a configuration by pressing 
the corresponding menu key: 

UMmmffiMi:uti (open two-wire line) 

\;<Rl/,//(single wire near ground) 

tIImtflli$Mi (balanced wires near ground) 

&MU;;icfffUnim:m (wires in parallel near ground) 

(!nim:m:~@iII (coaxial line) 

6. The value of Zo is displayed and the program returns to the input 
menu (step 3). 

Example. Calculate Zo of RG-218jU coaxial cable with wire spacing, 
D = 0.68 in., wire dia = 0.195 in., and Cr of the polyethylene 
insulation = 2.3. 

Select FIX 2 display format and run the "TLI" program. 

Store the inputs . 

. 68 MlilitWlliIl 

Ix: 0.00 I 
.. mJjW ..... _-

ID=0.68 I 
.. mJjW ..... _-
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Calculate Zo for the coaxial configuration. 

Idia-0.20 I .. ~ .... --
le=2.30 I .. ~ .... --
ILine Confi9? I 1IIIiII1ImII ...... _ 

IZ0=49.42 I .. ~ .... --
Now calculate Zo for an open two-wire (air) line with D = 6 in. and 
dia = 0.0808 in. (er of air = 1). 
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ID=6.00 I .. ~ .... --
Idia=0.08 I .. ~ .... --
le-i.00 I .. ~ .... --
ILine Confi9? I 1IIIiII1ImII ...... _ 

60-600.08 I .. ~ .... --



This time, calculate Zo of an air line (€, of air = 1) consisting of a single 
0.1285 inch diameter wire 6 inches from a ground plane. 

"TU" Program Listing. 

Program: 

00 { 225-B';:It.e Pt-gP"1 } 

01 LBL "ILl" 
02 t'l","AF~ lIel li 

0 ::: t'l","AF~ "dia" 
04 t'l "," AR "h" 
05 t'l","AF.: lIeli 

06 CF 21 
07 F.-· .... .=- :' c-c-

,_I._I 

08 SF 21 

Mia-0013 I ... IID .... __ 

Ih-6000 I ... IID .... __ 

le-l000 I ... IID .... __ 

fine Confi9? I 
IILW~"""_ 

60=313044 I ... IID .... __ 

Comments: 

Declares menu variables and sets or 
clears flag 21 to match flag 55. 

4: Transmission Une Impedance 111 



(19 
1(1 
11 
1 ~ . .:::. 

13 
14 
15 

16 
17 
1'::-..... 

1'3 
2(1 
21 
22 
.-,,-, 
Co·:' 

24 
'-It::" '::"-' 
26 
'-:'7' 
'- 1 

2:::: 
29 
:::~) 

31 

.-,.-, .:-.:::. 

:::::: 
34 
'-It::" .:.,_1 

:::E, 

.-,-, 

.:. I" 

:::::: 
:::9 
40 
41 

LBL A 
1 ••• IAF.:t·lEt-~U "TLl" 
CLA 
STOP 
ALEt-lG 
::-~*0? 

GTO A 

CU'lEt-~U 

"OP" 
KEY 1 ;'::EQ 01 
" S~·J" 
KE· .... 2 )-::EQ 02 
IIBII 

KE· .... ~ . . :. )-::EG! 0::: 
"P" 
KE· .... 4 ::-::EQ 04 
lIe ll 
KE .... · C" __ , )-::EQ 05 
KE· .... 9 GTO A 

t'lEt-~U 

"Line Conf i·;:.?" 
PF.:lJtolPT 
GTO A 

LBL 01 
;'::EG! 07 
Lt-l 
120 
GTO 06 

LBL 02 
::-::EG! 08 
LOG 
1--"-' .:, .:. 

GTO ~Z1E. 

Displays the variable menu and 
stops. 

Defines the programmable menu for 
the five configurations. The IEXITI 
key is defined to return to the 
variable menu. 

Displays the menu and prompts for a 
selection. After the appropriate 
routine is executed, returns to the 
variable menu. 

Calculates 20 for an open two-wire 
configuration. 

Calculates 20 for a single wire near 
the ground. 
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42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
5 '-' ,_':::' 

0:::-0:-,_1--, 

54 
55 
0:::-'-
--II::-

57 
5::: 
5';" 

E,0 
61 
62 
63 
64 

'-0:::-
1:- ... -

66 
67 
E.::: 
69 

70 
71 
72 
73 
74 
-:00:::-
( ,_I 

7EI 
77 
7':' '-' 

LBL 03 
XEQ 09 
1/~'( 

1 
+ 
SQRT 
1/)-( 

>(EQ 07 
x 
LOG 
276 
GTO ~JE, 

LBL 04 
:'(EO 09 
1 
+ 
)·(EG! 08 
SORT 
)·::EO 0::: 
>:: 

LOG 
6'3 
GTO 06 

LBL 05 
RCL "D" 
RCL.;. "d i.;:. " 
u·~ 

60 

LBL 06 
RCL lIe" 

SG!F.:T 

>:: 
IIZ~~1=1I 

ARCL ST I .... ,', 
AVIE~'J 

F.:Tt·~ 

Calculates Zo for balanced wires 
near the ground. 

Calculates Zo for wires in parallel 
near the ground. 

Calculates Zo for a coaxial line 
configuration. 

Completes the calculation and 
displays the result. 
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7q 
I.- LBL 07 Calculates an intermediate result. 
80 -:-.:... 

::: 1 F~CL::< IIDII 
.-,'-, 
O~ F.:CL~ "dia" 
.: .. :. 
'-' ... ' RHl 

84 LBL 08 Calculates an intermediate result. 
.-.1:' .:.,_1 4 
86 F~CU< "h" 
:::7 F.:CL~ "dia" 
,-.. -. F.:Hl . : .. :. 

89 LBL ~)9 Calculates an intermediate result. 
90 ~, 

.:::. 

'31 F.:CL)< "h" 
'32 F~CL~ IIDII 

9::: ~·::·t·2 

94 Et-l[:o 
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5 
Amplifier Analysis 

This chapter contains programs that calculate small-signal properties of a 
transistor amplifier and automate a method of transistor bias 
optimization. 
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Transistor Amplifier Performance ("TAP") 

This program calculates certain small-signal properties of a transistor 
amplifier given the h-parameter matrix and the source and load 
impedances. The program calculates current and voltage gains, and input 
and output impedances. 

Zs '1 --+ '2 
~ 

+t +t 
Vs V1 [HI V2 

ZL 

-~ -~ 
Zin Z out 

Equations. The definition of the h-parameter matrix is: 

The current gain is: 

A· • 

The voltage gain is: 

The voltage gain with a source resistor is: 
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The input impedance is: 

The output impedance is: 

hi + Zs 

Variables Used. 

In Equations Description In Program 

hi Matrix h-parameter. hi 

hr Matrix h-parameter. ht-

hI Matrix h-parameter. hf 

ho Matrix h-parameter. ho 

Zs Source impedance. Zs 

ZL Load impedance. 21 

Remarks. Flag 21 (printer enable) is set or cleared to match flag 55 
(printer existence). This automatically produces printer output if flag 55 is 
set. 

Program Instructions. 

1. Key the "TAP" program (listed on page 120) into your calculator. 

2. Press IXEal (to run the "TAP" program). 

3. Use the variable menu displayed by the program to store the four 
h-parameter values (hi, hr' hI' and ho) and the source and load 
impedances (Zs andZL ). 

4. Press [BZ§] to display the result menu. 

5. Press the appropriate menu key for each result you want to 
calculate: 

display the current gain, Ai . 

display the voltage gain, At! . 
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• to display the voltage gain with a source resistor, Avo . 

• to display the input impedance, Zin' 

• display the output impedance, Zout . 

6. Press IEXITI to return to the variable menu (step 3). 

Example. What are the small-signal properties of a transistor that has 
the following h-parameter matrix and has source and load impedances of 
1,000 and 10,000 ohms, respectively? 

_ [1100 250E - 6] 
h - 50 25E-6 

Select the FIX 4 display format and run the "TAP" program. 

Using the variable menu, enter each of the six input values and then press 
IRlsl. 
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Ihi=l, lee. eee0 I 
"~.:IJI.am.~ 

IhO=2. 5eeeE - 5 I 
"~.:IJI.am.~ 

IZS= 1 , €lee. eee0 I 
"~.:IJI.am.~ 



For each ofthe outputs you want to calculate, press the corresponding 
menu key. 

Press IEXITI to return to the input menu. 

IEXIT! 

IAv=- 400. 0000 I 
.:lllUIIGBIfEllIE!II_ 

IAVS=-200. 0000 I 
.:lllUIIGBIfEllIE!II_ 

IZout=52, 500. 0000 I 
.:lllUIIGBIfEllIE!II_ 

f: 52,500.0000 I 
".::IiII~EI!II"~ 

From here you can work another problem or press IEXITI again to quit. 
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"TAP" Program Listing. 

Program: 

013 ( 227-B'::It.e Pt-gr) } 

(11 LBL "TAP" 
(12 t·l'·.·'AR "hi" 
03 M'· ... AR "ht-" 
04 t·l'·.·'AR "hf" 
05 t'lVAR "ho" 
06 t·l'·.·'AR IIZSII 

(17 MVAR "Zl" 
08 CF 21 
0'3 Fe·? ...., . c"c" 

... 1 ... 1 

10 SF 21 

11 LBL A 
1'-' .::. '·.·'AF.:t·lEHU "TAP" 
1 ~. :;, CLA 
14 STOP 
15 ALEHG 
16 ::·::~O? 

17 GTO A 

1':' .... CLt'lEHU 
1'3 "Ai" 
20 KE'l 1 ~·:: EC! 01 
21 II AI.) II 

22 KE'l .:. ~'::EG! (:12 <-
.-,,-. .:::..=, II A I.) S II 

24 KE'l ::: ~'::EG! 133 
.-.t:' 
':::',_1 "2in ll 

2E. KE'l 4 ?::EG! 04 
.-. ..., 

II ZClu t. II "::'f 

'1'-' .::..;:, KE"( C" 
.J ::'::EG! 05 

2'3 KEY 9 GTO A 

:::0 LBL 130 
31 t·lEt·1U 
.: .. :. ,_1,- STOP 
:=::=: GTO 00 

Comments: 

Declares the menu variables and sets 
or clears flag 21 to match flag 55. 

Displays the variable menu and 
stops . 

Defines the programmable menu for 
displaying the results. The IEXITI key 
is defined to return to the variable 
menu. 

Displays the programmable menu 
and stops. The menu is redisplayed 
after each result. 
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E:4 LBL 01 Calculates Ai . 
35 >!.Hl 07 
E:6 "Ai" 
37 GTO 06 

.-.~ .:,1:' LBL 02 Calculates A" . 
39 ~<H! (18 
40 
41 "A'.)" 
42 GTO 06 

4:=: LBL 0E: Calculates A". . 
44 >::EO 08 
45 F.:CL+ 11'7._11 

..:....,:. 

46 
47 "AI . ..'s" 
4'-' c· GTO 06 

49 LBL 04 Calculates Zm . 
5(1 >!.EO 08 
51 IIZinli 
52 GTO 06 

5::: LBL 05 Calculates ZOIIt . 
54 F.:CL "hi" 
55 F.:CL+ IIZSII 

56 LASn=: 
57 F.:CL "ho" 
""0 "_'1_' ~< 

51;" LAST>!. 
60 F.:CU< IIZSII 

61 + 
t.2 F.:CL "hf" 
6E: F.:CU< "tn-" 
64 -
~"" 1::_0_' 

E.E. 1120ut.. 11 
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I;:,{ LBL OEo Displays a result. 
E,e: 1-"=" 
h q _1.0 AF<:CL 8T .., 

,"0, 

7(1 AVIE~'J 

71 F<:TH 

72 LBL 07 Calculates Ai . 

7::: RCL "hf" 
74 +/-
75 1 .., ,-
( 1:- F<:CL "ho" 
77 F<:CU< "2111 
78 + 
-:oq 
( -' 
80 RTt-l 

::: 1 LBL 08 Calculates Zin' 

82 )'::E(.! 07 
8::: F<:CLx "21" 
84 EtHEl': 
I-Ie:" 
C'o_1 F<:CLx "hr-" 
8E, F~CL+ "hi" 
C'"7 '_'I Et,j[) 
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Transistor Amplifier Bias Optimization 
("BIAS") 

This program automates the method of bias optimization described in 
"Designing Class 'A' Amplifiers to Meet Specified Tolerances," by Ward 
J. Helms (Electronics, August 8,1974). The program requires you to 
specify a set of parameters from which it determines, by an iterative 
technique, the optimum values for Rb R2, RE , and RL • The minimum 
power gain is also computed. 

~------------~------o Vee 

.---~OUT 

INri ~""----I 

How "BIAS" Works. First, values are input for the variables listed in 
the table on page 126. Then, the transistor's thermal resistance is 
calculated: 

and the minimum load resistance and emitter resistance are estimated: 
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Next, the quiescent, maximum, and minimum collector currents are 
calculated: 

Vcc 

2(RLn. +REn) 

Ic max == ICQ (1 + IlICQ ) 

ICmin == ICQ (1 - IlIcQ ) 

From these, we can calculate the base-emitter voltage under hot, high­
current conditions (VBEX ) and under cold, low-current conditions (VBEN ). 

T max == 8JA ICQ (VCC /2) + TAmax 

VBEX == VBE1 min + /l VBE log (Ic max / 11) - 0.D022 ( T max - 25°C) 

VBEN == VBE1 max + Il VBE log (Ic min / 11) - 0.D022 ( T min - 25°C) 

Now, a better estimate of the emitter resistance can be made: 

-2(VBEX - VBEN ) 
RE (n + 1) == -------­

ICmax - ICmin 

From this point, if VBEX > VBEN , then RE is set to zero, RL is increased 
by 10% and the design procedure is repeated. Iterations continue until 

RE(n + 1) - REn --'---'---- < 0.5% 
REn 

If at any time the condition T max > TJ max occurs, RL is increased by 10%. 

When the iterative procedure is complete, T max, Ic max' T mim and Ic min are 
displayed. 
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Values for 

hFE max = maximum worst -case current gain at T max or T min and Ic max 

or I Cmin 

and 

hFE min = minimum worst -case current gain at T max or T min and Ic max 

or I Cmin 

are determined from the transistor's data sheet. The Thevenin-equivalent 
resistance (RB) and voltage (V BB) of the amplifier's bias network are 
calculated: 

hFEmaxhFEmin [RE(n + 1) (lCmax - I Cmin ) + V BEX - VBEN] 

hFEmaxICmin - hFEminICmax 

Now the bias resistors are calculated: 

RB VCC 
R 2 = ----­

VCC - V BB 

Finally, the mininlUm power gain and minimum signal power are 
calculated: 

Ap 
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Variables Used. 

In Equations Description In Program 

Vcc Source voltage (volts) . vee 

!:l.IcQ Maximum desired percentage dlCO 
variation of quiescent current. 

TA max Maximum ambient temperature THf'"la >:: 
(use the maximum case 
temperature for a transistor 
mounted on a heat sink). 

TA min Minimum ambient temperature. TAp'l i n 

TJmax Maximum junction temperature. T.Jr'la::< 

PD Maximum rated power Pc. 
dissipation at 25°C. 

II Collector current, usually 11 
selected for convenience so that 
11 and 1011 at 25°C bracket the 
expected operating point. 

!:l.VBE Typical base-emitter voltage d".·'BE 
change over the range of 11 to 
1011 at 25°C. 

VBElmin Minimum base-emitter voltage at I·iBE 1 P'I i n 
11 at 25°C. 

VBElmax Maximum base-emitter voltage I·iBE 1 Pla::< 
at 11 at 25°C. 

hFE max Maximum worst-case current ROl 
gain at T max or T min and Icmax or 
ICmin ' 

hFE min Minimum worst-case current R02 
gain at T max or T min and ICmax or 
ICmin . 
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Remarks. 

• Flag 01 is used for branching control. 

• Flag 02 is used to control the labels given to results. 

• Flag 21 (printer enable) and flag 55 (printer existence) control printer 
output. 

• Registers Roo through Ro9 are used for storing intermediate results. 
Be sure to set the SIZE to at least 10 registers ~I MODES I [!] 
Nt~lm1AIfitII 10 I ENTER I) before running "BIAS". 

Program Instructions. 

1. Key the "BIAS" program (listed on page 130) into your calculator. 

2. Press IXEQI (to run the "BIAS" program). 

3. Input the variables as prompted; press [BZ§] after each entry. 

4. After the last input, the program calculates and displays T max and 
Imax. The program then calculates and displays T min and l min• 

5. When you see Hp"lax?, key in a value for the maximum worst-case 
current gain at T max or T min and Iamaz or Iamin. Press [BZ§]. 

6. When you see Hp"1 in?, key in a value for the minimum worst-case 
current gain at T max or T min and Iamaz or Iamin. Press [BZ§]. 

7. The program then calculates values for RE , RL , Rb R2, andAp . 
If you are not using a printer, press [BZ§] after each result is 
displayed. 

Example. A single-stage class "A" amplifier is connected to a 3O-volt 
power supply. Calculate the maximum power output and maximum power 
gain obtained from a transistor over an ambient temperature range of O°C 
to 70°C, with a maximum quiescent-current variation of ±20% (or .2). 

From the transistor's data sheet, 

PD = O.36W 

6. VBE = 0.10 v from 3 to 30 rnA 

VBElmin = 0.52 v at 3 rnA at 2YC 

VBElmaz = 0.72 v at 3 rnA at 2YC 
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II = 0.001 A 

h FEmaz = 600 

h FEmin. = 100 

Select ENG 2 display format and run the "BIAS" program. 

30~ 

.2~ 

70~ 

O~ 

150~ 

.36~ 

.001~ 

Iv: e.eeEe 
vcC?e.eeEe 

Iv: 313. eEe 
dICQ?e.eeEe 

Iv: 21313. E-3 
TAlYlax?e.eeEe 

Iv: 7e.eEe 
TAlYIln?e.eeEe 

Iv: e. eeEe 
TJlYlaX?e.eeEe 

Iv: 1513. Ee 
PD?e.eeEe 

Iv: 3613. E-3 
I1?e.eeEe 

Iv: 1. eeE-3 
dVBE?e.eeEe 
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.1 [BZ§] 

.52 [BZ§] 

.72 [BZ§] 

IY: lee. E-3 
VBE1Mln?e.eeEe 

IY: 5213. E-3 
VBE1IY1ax?e.eeEe 

ITlYlax-148. Ee 
IlYIax=18.eE-3 

ITlYlin-74.8Ee 
IlYIin=12.eE-3 

IHlYlaX? 
x: 5ee.E-3 

Refer again to the transistor's data sheet and input hFFJrnaz • 

600 [BZ§] 

Now, input hFEJrrUn • 

100 ffiZID 

IHlYlin? 
x: 6ee.Ee 

IRE-x: 115. Ee 

IRL-x : 888.Ee 

IR2= ?<: 4. 18E3 

IR1= x: 45.eE3 
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"BIAS" Program Listing. 

Program: 

0(1 { 553-Byt.e Pt-':.P) } 

01 LBL "BIA!:;" 
02 It-lPUT "'.ICC" 
03 It-lPUT "dICG!" 
04 It'lPUT ITAr"I,:l>~" 

(15 STO 07 
06 It-lPUT "TAp'lin" 
~37 STO 08 
08 It'lPUT IT,Jr'I.:l>::" 
09 It'lPUT "PD" 
10 STO 09 
11 It'lPUT II I 1" 
1'-' .:::. It-lPUT "d',,1BE" 
1'=' '-' It-lPUT II '",' BE 1 ['I in" 
14 It'lPUT 1I1,,1BE 1 P'I.:l::<" 

15 CF 01 
16 SF ~32 

17 SF 21 
1° '-' F.:CL IT,Jp'I.:lX" 

19 .-.1:' 
';:',_1 

2~~1 -
21 F.:CU- (19 

22 STO 09 
':1':' ':"--' F.:CL Illv·ce ll 

24 :,(,t'2 

25 ::< 

2E, F~CL "T,Jp).:l~<" 
'-I~ .:::.( RCL- "TAp'I,:l>::" 
'-11-' 
'::'I:=t 4. 4 
29 ~< 

:::0 

IAP-::<: 22.9EO 

Comments: 

Inputs values. 

Initializes values for iterative 
process. 
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:::: 1 STO 0:::: 
. -,.-, .: . .::, o . 1 
.-,--, .:: . .:. -'< 

::::4 STO 04 
~,C" 

-:'-J LBL 00 
:::E. RCL "VCC" 
:::7 2 
-:-.:. 
'-"-' 

3'3 EtHER 
4(1 Et-HEF~ 

41 RCL 0:::: 
42 RCL+ 04 
4-:' --' 
44 STO 00 
45 F.:CLx 0'3 
46 ~< 

47 F.:CL+ 07 
4':' '-' RCL "T.Jp-I.:l>::" 
4'3 ::.::< >\' 
50 ::<>'y'? 
51 GTO 05 
C"-' 
,-'''::' ~-::E!) 0:::: 
C"~, ._I .=- +/-
54 F.:CL "dIC!)" 
c"c" --' ._1 1 

57 )-::m 04 
58 RCL+ ""/BElfo"lin" 
5'31 STO ~35 

6(1 1 
61 RCL "d IC!)" 
62 ::·~·t·2 

6:::: -
64 ~, 

.::. 

E.5 
6E. F.:CL)< 00 
E.7 RCLx 0'3 
E,::; F.:CL>:: II I.,"CC II 
E,'3 F.:CL+ 08 
70 ::-::E!) 0:::: 

Begins iterative loop. 
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71 + ..... -
72 1 
7::: F~CL- "dICO " 
74 )·;EO [14 
75 F.:CL + ""iBE 1 ['"1-3 >:: " 

76 STO 06 
77 RCL 05 
7::: ~.~> '. .. '? 
79 GTO ~]2 

:::0 -
::: 1 F.:CL.;- 00 
:::2 F.:CL.;- "dICO" 
:::::: F~CL ~~14 

:::4 ).::<> .... ' 
:::5 STO [14 

:::6 ;·:CH 
:37 O. co 

~I 

::::3 ::-:::::; ' .... ? 
:::9 GTO 00 
90 F'-··-' .=, :" ~~11 

91 GTO [11 
'32 SF 01 
9::: GTO 00 

94 LBL 01 
95 CF 01 
96 II Hr"I':' >:: ? II 

'37 PF.:ot'1PT 
9::: STO ~] 1 
99 "Hvl in?" 
WO PF.:Ot'1PT 
Wl STO 02 

W2 ::·::<> 'l 
10::: F.:CL "dICO " 
104 ~, 

.::. 

W5 A 

W6 F.:CL::< 00 
W 7 F.:CL::< 04 
10::: RCL+ 05 

Repeats iterative loop as needed. 

Prompts for hFEm= and h FEmin . 

Calculates R B • 
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1 (19 
11(1 
111 
112 
11 :::: 
114 
115 
116 
117 
118 
119 
120 
121 

1'-'~' .::..::. 
1'-"-' .::, .:. 

124 
1~'C:-'::"-' 
126 
1·-·..., .::.( 

12::: 
1';"::' 

1:::0 
1 ::: 1 
1 ~ .. -. -= . .::. 
1'-"-' .= .. :-

1:::4 
l '-'C:-':'0_' 

B6 
1 ~ . ..., .::.( 

1 :::::: 

1::::9 
140 
141 
142 
14::: 
144 
145 
146 

F.:CL- 06 
F:CLx 02 
F:CL~< 01 
1 
RCL- "dICO" 
F.:CLx 01 
1 
F.:CL+ "dICO" 
RCU< 02 
-

F.:CL~ (10 
STO 07 

F.:CL~ 02 
F.:CL+ ~:34 

F:CL>( 00 
1 
F.:CL- "dICO" 
~< 

F.:CL+ (16 
::;TO (18 

RCL 11\_'CC11 

::.::<>\' 

F.:CLx 07 

F:CL Ilvee ll 
RCL::< 07 
LAsn~ 

F:CL- 08 

F.:CL 0::: 
F.:CL 04 
"F.E" 
::·::EO 02 
"F.:L" 
i·::EO 02 
II F.: 2 II 
;'::EO 02 

Calculates VBB • 

Calculates R l' 

Calculates R2• 

Recalls RL and RE , and then 
displays each of the four values in 
the stack. 

5: Transistor Amplifier Bias Optimization 133 



147 
148 

14'3 
150 
151 
1 r;:-.-, 

--I':::' 

1 r;:-.-, ,_1.=, 

154 
155 
156 
157 
15::: 
159 
160 
161 

162 
11':,::: 
164 
165 
166 
167 
168 

169 
170 
171 
172 
1 -, .-, 

I" .: . 

174 
175 
1 ?Eo 

177 
178 
17q '0' 
180 
181 
1 :::2 
18:3 

"R1" 
::·::EQ (12 

F.:CU< 02 
F.:CL 07 
.... ..... 

LA :;;;T ::.~ 
F.:CL 04 
F.:CL>:: 02 
+ 

LOG 
10 
::< 

"AP " 

LBL ~~12 

f-":" 
F'-"-' .:- :' 

r;:-r;:---1 ._' 
ARCL ST 
A',,.. I E~,J 
R ·~· 

F.:Hl 

LBL 0:3 
F'-" -' .: . :' (11 

::·::EQ A 
'''jl:' 
L., ._I 

-
2.2E-::: 
>~ 

RHl 

LBL A 
"Tp·I.:l>:::" 
FC? 02 
"Tr"lin:" 
AF.:CL ::;T 
f-" LF " 

F.:Hl 

::.:: 

::.:: 

Calculates and then displays the 
power gain. (When the F.:Hl at line 
168 is reached, the program ends 
because there are no pending 
subroutine calls.) 

Displays a result and rolls the stack 
down one register (for the next 
result). 

Calculates temperature. 

Displays proper label and 
temperature. 
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184 LBL 04 Calculates current. 
185 RCLx 0~3 

186 FS? 01 
187 >~EQ I 
188 RCL-:- II I 1" 
189 LOG 
190 RCLx IdVBE" 
1 ':;'1 + 
192 Rn~ 

19:=: LBL I Displays proper label and current. 
194 FS? 02 
195 f-II I r"lax= II 
196 FC?C 02 
197 f-" Iplin=" 
198 ARCL ST ' ... ' , .. , 

199 AVIHl 
200 Rn~ 
201 STO 07 
2(12 CU<: 
20:=: STO 04 

2(14 LBL (15 Increases RL by 10%, 
2~j5 1.1 
206 STO;< 0;:: 
207 GTO (10 
2~~1:3 Et-lD 
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6 
Truth Tables 

This chapter contains two programs for testing logical expressions. The 
first program, "PTTBL" (print troth table), allows you to print a complete 
truth table. The second program, "ITTBL" (interactive truth table), allows 
you to display any row of a truth table. 
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Writing a Logical Expression as a Program 

Before using "PTfBL" or "ITTBL" you must enter a logical expression. 
This is done by writing a program that represents the expression. 

Each of the storage registers Roo through R05 holds a 1 or O. These are the 
inputs to the function that you write. In your program recall each register 
as it's needed and use the Boolean logic functions (AND, OR, and XOR) 
to create the expression. 

Here's a simple example. This program represents the expression A OR 
B, whereA is stored in ROl and B is stored in Roo. 

(H) { 1(1-B':;clt.e Pt-gp', } 

01 LBL "OR" 
~~12 F.:CL (11 

03 RCL 00 
~)4 OR 
(15 Et·j[) 

The calculator's built-in NOT function returns the 36-bit logical NOT of 
the number in the X-register. To perform a single-bit logical NOT, 
execute these three functions: 

::; I Gt·j 
LASTX 

The logical expression 

(A ANDB AND C) OR (A ANDB AND C) 

can be represented with the following program (assuming A is in Ro2, B is 
in ROh and C is in Roo). 
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"EXMPL" Program Listing. 

Program: Comments: 

1313 
131 
132 
~Z13 

134 
135 
~36 

137 
~Z1::: 

(19 

113 

11 
12 
13 
14 

15 

16 
17 

1'-' c' 

1'3 

{ 31-B'::It.e Pt-9VI } 

LBL II E)-::t'lPL II Calculates A AND B AND C. 
RCL 132 
RCL 131 
At·m 
F~CL (113 
A~m 

F.:CL (113 
SIGt·l 
LASn: 
-
F.:CL 131 
SIGN 
LASn: 
-

At·1D 

RCL 132 
At·m 

OF.: 
Et~D 

" Note 

Calculates C . 

Calculates B . 

Calculates B AND C. 

Calculates A AND B AND C. 

Calculates (A AND B AND C) OR 
(AANDB ANDC) 

Since the name of your program is stored in a variable 
(FCN), do not use a global label longer than six characters. 
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Printing a Truth Table ("PTTBL") 

This program prints a truth table for a logical expression written as 
previously described. You must provide the name of the function (global 
label) and the number of the most significant input bit. (Bits are 
numbered right to left; the right-most bit is number 0 and is stored in 
Roo·) 

Required Programs. "PITBL" (page 141) and "FCN?" (page 156). 

Variables Used. 

Description In Program 

Function name. FCtoj 

Loop counter. count. 

Most significant bit. pOlsb 

Remarks. 

• Registers Roo through R05 are used as input registers (bits) for the 
Boolean expression. Be sure to set the SIZE to at least six registers 
~IMODESI [!] IENTER!) before running "PITBL". 

• This program clears all of the storage registers. 

• Flag 12 is used to produce double-wide output from the printer. 

Program Instructions. 

1. Key the "PITBL" and "FCN?" programs into your calculator. 

2. Key in the program that represents the logical expression (described 
in the "Writing a Logical Expression as a Program" section on page 
137). 

3. Press IXEQI Eftn]e!e (to run the "PITBL" program). 

4. When you see Fund, ion Ho::wle?, use the ALPHA menu to type 
the name of the function (global label). Press IR/si. 
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5. The program then prompts you for the most significant bit (fo°lsb?). 

Key in the number of the highest register you want to use as an 
input to your function (1:5 msb :5 5). 

6. Press rn:zID to print the truth table. 

Example. Print a truth table for the expression on page 137. (If you 
haven't done it already, key in the "EXMPL" program on page 138.) 

Run the "PTTBL" program. 

IXEclli'1!l1nmefU IFunction NalY\e? I 
I:IImIEllllMlmcrnilliftI!l11mim 

Key in the name of the logical expression you want to print. 

EXMPL 

Since the logical expression uses three inputs (A, B, and C), the most 
significant bit is stored in Ro2• 

Printer Output. 

2 1 a 
131313 
13131 
~l~ 
11313 
1131 
1113 
111 
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"PTTBL" Program Listing. 

Program: 

00 .r 
'. 168-8':Jt.e 

01 L8L "PTT8L" 
02 i·:: EQ "FCt-l?" 
0::: P F.: 0 t·j 
04 CF 1'-' .:::. 

05 CLST 
06 ALL 

07 HlPUT "p'lsb" 
08 1 
09 + 
10 2 
1 1 ::·~<>V 

12 \I ·t·::·:: 
1':' '-' 1 
14 -
15 lE::;: 
16 
17 STO 

18 CLA 
1'3 PF.:A 

"count." 

20 F.:CL "p'lsb" 
21 L8L 00 
22 AF.:CL !::T ::.:: 
2:::: 1-11 II 

24 DSE ST >:: 
25 GTO (H) 

26 AF.:CL !:::T ::.:: 
27 1-11 II 

28 AF.:CL "FCt·j" 
29 I-IILI=II 

:::0 PF.:A 
:::1 SF 12 

Pt-9P'1 } 

Comments: 

Prompts for a function name using 
the "FeN?" utility. Printing is 
enabled. 

Prompts for the number of the most 
significant bit and sets up the loop 
counter. 

Prints a single blank line. 

Prints a table header. (Note that line 
27 has seven blank spaces between 
the double quotes.) 
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.-.. -. .: . .::: LBL 01 
'-"1 .: . .:. CLF.:G 
34 RCL "count." 
.-.1::' .::.--1 IP 
36 F~CL "folsb" 

:::7 LBL ~J2 

·::-c' --11_' BIT? 
:::9 XEQ 04 
40 DSE ST '.' ..... 

41 GTO A::' 

42 BIT? 
4:3 ::.::EI~ ~)4 

44 :X:EQ HlD "FCt·l " 

45 CLA 
46 RCL "r)sb" 
47 LBL 03 
4'::-'-' ARCL I t·lD ST ::.:: 

49 DSE ST :x: 
50 GTO 03 

51 ARCL IHD ST ', .. ' 
I" , 

C"~, __ I.e. f-" " 
1::'.-. ._1.:. AF.:CL ST 'l 

54 PF.:A 
c"c" '-'._' ISG "count-" 
C"r ._11::, GTO 01 

57 CF 1'-' .::. 
c".-, 
'-":' F.:Hl 

5 '3 LBL 04 
60 1 
61 STO HlD ST \. 

62 R·,· 
6::: Et-lD 
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Initializes the inputs (storage 
registers) and prepares to print a 
row in the truth table. 

Stores the input bits into the 
appropriate storage registers. 

Evaluates the expression for the 
given inputs. 

Accumulates the input bits into the 
Alpha register. 

Accumulates the output bit into the 
Alpha register. (Note that line 52 
has four blank spaces between the 
double quotes.) 

Prints a line in the truth table and 
completes the loop. 

Resets the double-wide flag and 
ends. 

Stores an input bit into the storage 
register identified in the Y -register. 



An Interactive Truth Table ("ITIBl") 

This program allows you to change any of the inputs and display the 
corresponding output. Here's a typical display: 

Given these inLPuts, ;e expression produces this ~utput 

I~ .......... I 
R05 R04 R03 R02 R01 ROO 

Required Programs. "ITTBL" (page 145) and "FCN?" (page 156). 

Remarks. 

• FeN (the function name) is the only variable used by this program. 

• Registers Roo through R05 are used as input registers (bits) for the 
Boolean expression. Be sure to set the SIZE to at least six registers 
(II MODES I [!] IENTERI) before running "ITTBL". 

• This program clears all of the storage registers. 

• This program does not produce printed output. 

Program Instructions. 

1. Key the "ITTBL" and "FCN?" programs into your calculator. 

2. Key in the program that represents the logical expression (described 
in the "Writing a Logical Expression as a Program" section on page 
137). 

3. Press IXEOI rmPll1e:.uw. (to run the "ITTBL" program). 

4. When you see Fund. i on t~af'·le ? , use the ALPHA menu to type 
the name of the function (global label). Press [BZID. 

5. The program enters an interactive mode. The menu labels represent 
the inputs (Ros through Roo) as shown above. 
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To change one of the inputs, press the corresponding menu key. 
The program returns the result to the X-register. By toggling the 
inputs you can view the value of the expression for any combination 
of inputs. 

6. To quit, press IExlT!. 

Example. Change the inputs and view the value of the expression. (If 
you haven't done it already, key in the "EXMPL" program on page 138.) 

Run the "ITTBL" program. 

I XEQ I ;mmrtmlEfl$ jFunction NaMe? I 
CllmmrnJmmCJIlilil~rmm 

Key in the name of the logical expression you want to print. (If you just 
worked the example in the previous section, FeN probably still contains 
"EXMPL". Press [!]; if you see E>::tolPL, then simply press MI to 
continue.) 

EXMPL 

Toggle the most significant bit (bit 2 for this example) by pressing the 
fourth menu key. 

Notice that the output (X-register) is now 1. Now toggle bits 1 and 0 (the 
fifth and sixth menu keys). 

ug:M.e$I (the ~ key) Ix. e I 
.......... IDII! 

I~ .......... I 
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When you're finished, press IEXITI to quit. 

IEXITI 

UITTBL" Program Listing. 

Program: 

(10 { 125-B'~te Pt-'3r·1 } 

01 LBL "ITTBL" 
02 )<EG! IFC~l?" 

(13 ALENG 
04 ::<=0? 
05 GTO 0'3 

06 BHH1 
07 ALL 
0::: CLRG 
0'3 CL~lENU 

10 KE'!"' '3 GTO 0'3 
11 LBL A 
12 CLA 
1:3 AF~CL (15 
14 KEY 1 )·~EG! 01 
15 CLA 
16 AF.:CL 04 
17 KEY ~, 

.::. ).~EG! (12 
1 '::0 '-' CLA 
1'3 AF.:CL 1-'1"=' - ·oJ 

20 KE'!"' .-, 
.:;0 ::·::EG! ~:::1::: 

21 CLA 
.-,--. .::..::. AF.:CL 02 
.::.":. 
':""-' KE'"f' 4 )·~EG! 04 
24 CLA 
25 ARCL 01 
26 KEY t::" .' ::·::EG! 05 
27 CLA 
·-.il .:::,.:. ARCL O~) 

29 KE'"f' 6 ::·::EG! 06 

Comments: 

Prompts for a function name using 
the "FeN?" utility. 

Initializes by selecting Binary mode, 
selecting ALL display format, and 
clearing the storage registers and 
programmable menu definitions. 

Defines the I EXIT I key to branch to 
LBL 09. Defines the six top-row 
menu keys using the numbers in the 
corresponding storage registers as 
menu labels. 
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:3[1 )-(EQ H1D "FCN" 

:31 t'lENU 
o:J o? 
"-''- STOP 
.-,'-, 
.::':;,. GTO A 

:34 LBL 01 
.-.c:-
': '--' 5 
:=:6 GTO 07 
.-.""" :; ... LBL 02 
--.. -. 
.: •• j 4 
:3'3 GTO 07 
40 LBL (1::: 

41 .:. 
~, 

42 GTO 07 
4':' '-' LBL [14 
44 2 
45 GTO 07 
46 LBL 05 
47 1 
4':' '-' GTO 07 
4'3 LBL [1E, 
5~~1 CU< 

51 LBL 137 
C"'-' RCL IND !::;T I .. ' 
"_I'::' ,"', 
C"'-' --I.:. SIGt·l 
54 LAST::·( 
55 -
5E, STO HlD ST ''(' 
c:-"':' 
"_I .. IHt·l 

5::: LBL [1'3 
5'3 E::<ITALL 
60 Et-lD 
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Evaluates the logical expression and 
leaves the value in the X-register. 

Displays the menu and stops. 
Pressing ~ redisplays the menu. 

Produces the appropriate register 
number, depending on which menu 
key is pressed. 

Toggles the bit in a particular 
storage register. 

Exits all menus and ends. 



7 
Utilities 

The programs in this chapter are general-purpose utilities and subroutines 
used by other programs in this book. You may also find them useful when 
writing your own programs. 
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Circuit Calculation Utilities 

Impedance of an Element ("C---+Z" and "l---+Z") 

This program converts the value for a capacitor or inductor in the 
X-register to a complex impedance. Before executing "C-+Z" 
(capacitance to impedance) or "L-+Z" (inductance to impedance), 
store the radian frequency in the variable w. 

Remarks . 

• w is the radian frequency, 2nf radians/second. (A lowercase "W" is 
used because the HP-42S does not have a lowercase omega 
character.) 

• This program sets Rectangular mode. 

"C-+Z" and "L-+Z" Program Listing. 

Program: 

0[1 { ::;:O-B'::It.e 
~] 1 LBL II C"*2" 
02 ::':: EG! [10 

0::: 1 -'.' ." (°1 

04 PTt-l 

[15 LBL II L..:.-Z II 

06 LBL ~](1 

07 f<:ECT 
[18 f<: CL~< 11 1.1.1 11 

0'3 (1 

1[1 X<> "(, 
11 COt'lPLE::':: 
1'-' .:::. Et-lD 

Pt-9f'"1 } 

Comments: 

Calculates the impedance for the 
given capacitance (which is the 
reciprocal of impedance for 
inductance). 

Calculates the impedance for the 
given inductance. 
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Combining Parallel Impedances ("ZP") 

The "ZP" program takes two complex impedances (in the X- and 
Y-registers) and returns the combined impedance for the two elements 
connected in parallel. 

"ZP" Program Listing. 

00 { II-Byte PrgM } 
01 LBL "ZP" 
02 1/?~ 

0::: ::.:: < > 'l 

04 1 /::'~ 

05 + 
06 1 ./ ?~ 

07 Et-m 

Entering Radian Frequency ("FQ?") 

The "FQ?" program prompts for a value of w, the radian frequency value 
used by several programs in this book. Whenever you see F.: .::sd i an 
Frequency 0:: 2rrf ::O?, key in the frequency and press rn:zID. 

Remarks . 

• w is the radian frequency, 21rf radians/second. (A lowercase "w" is 
used because the HP-42S does not have a lowercase omega 
character.) 

• The program sets flag 25 (e"or ignore) to prevent an error from 
stopping the program if w doesn't exist. 

"FQ?" Program Listing. 

00 { 44-Byte PrgM } 
~~1l LBL "FO?" 
~32 "F.:adian Ft-e'=!uenc" 
0::: !-"'::I(2rrt' ) ?" 
04 SF 25 
05 CD:: 

06 F.:CL 111.1.1" 

07 CF ~, O:::" 

';:"-' 
0::: PPOt'lPT 
09 STO 111.1.1 11 

10 Et·m 
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Circuit Element Input Utility ("EL?") 

This program displays a menu for entering six types of circuit elements. It 
is designed to be used by other circuit analysis programs, such as the 
"CIRCf" program on page 45. 

Each routine in this program displays a menu for entering an element 
using common units. For example, when you enter a resistor, the 
calculator displays: 

You can enter a 2,OOO-ohm resistor by pressing 2000 

,'i'"'",',','""",,,',i,.,,',,'i',i' or .002 

The program returns two numbers to the stack: 

.'( : ee.y'yxx 
::<: element value 

where the X-register contains the element value you keyed in adjusted to 
the default units shown in the following table. ee is the element type in the 
table, and y.y and xx are the location numbers entered into the stack. 
These numbers are used by programs such as "CIRCf" to indicate where 
a particular element occurs in a circuit. 
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Element Type Units Type Code 

Resistor Ohms 82 
Capacitor Farads 67 
Inductor Henrys 76 
General impedance Ohms 90* 
Voltage source Volts 86* 
Current source Amperes 73* 
*11 the element value is a complex number. the type code is negative. 

Remarks . 

• The type code is temporarily stored in a variable named TYPE. 

• Flag 08 is set to indicate when an element has been entered 
successfully. 

"EL?" Program Listing. 

Program: Comments: 

(10 { 374-B'::It.e Pr9r"1 } 

01 LBL "EL? " Defines menu for entering location 
171';- LBL A and type of element. The IEXITI key 
03 RECT is defined to cause a branch to the 
04 CF 08 "END" (which causes a return to the 
05 "R" calling program). 
06 KEY 1 GTO 09 
~~17 "C" 
~38 KEY 2 GTO 1· ... .::. 

0'3 "L" 
10 KEY 3 GTO 1'=-~. 

11 IIZ I1 

12 KE't 4 GTO 10 
1'=-~. 

111..-1 11 

14 KEY C' 
~, GTO 14 

15 " I " 
16 KE .... · 6 GTO 15 
17 KEY 9 GTO 99 
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1'=' '-' 
19 
20 
21 
--.,-. .::.c.. 

'-I~ .::.::. 

24 
,?C' .:,...._, 

26 
' . ..., 
.::.( 

2::: 
29 
:::(1 
:::1 
'-"J :: . .::, 
'I'. .: .. :. 
:::4 
~.'" '=-'-' 
:::6 
.:."" .... ( 

:::8 

:::9 
40 
41 
42 
4::: 
44 
45 
46 
47 
4'=' '-' 
49 
50 
51 
",.-. 
,_I':::' 

"LclI=at. ion: " 
1-"# [EtHER] #" 
t'lEHU 
PRot'1PT 
GTO A 

LBL (19 
82 
GTO 11 

LBL 1(1 
90 

LBL 11 
)·::EG! ~)O 

"OHt-1" 
KE'y' 1 )';EG! m 
"KOHt'l" 
KE··I' 2 ::·::EG! 02 
"t-10Ht'1" 
KE· .... ::: )·::m (1 ::: 
lie-II ...., 

KE .... · 6 ).;m 08 
GTO B 

LBL 1'=' .:... 

tit" 

;<:EG! 00 
"pF " 
KEY 1 ::·::EG! 07 
"nF" 
KE· .... . -. .::. :=<:EG! 06 
"pF" 
KE'I' ~. 

-=. :x:m ~~15 

"r··I F" 
KE· .... 4 ::';EG! 04 
"F" 
KE· .... '" ~I )<:EG! 01 
GTO B 

Displays the input message and the 
menu. Pressing lBZID redisplays the 
menu. 

Enters the code for a resistor. 

Enters the code for a general 
impedance. 

Defines a menu for entering units 
for a resistor of general impedance. 
(The S in line 36 refers to the SI 
unit "siemens.") 

Enters the code for a capacitor and 
defines a menu for entering units of 
capacitance. 
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53 LBL 1':' '-' Enters the code for an inductor and 
54 76 defines a menu for entering units of 
55 XEG! 00 inductance. 
56 If'"IH" 

57 KE'l 1 )'::EG! 04 
r:::I"', --II:' "H" 
59 KE,)' .:-

"- ::'::EG! 01 
60 "KH" 
61 KE"f' 3 ~'::EG! (12 
62 "t'lH" 
6::: KE'l 4 )<EG! 0:3 
64 GTO B 

.-r::: 
b ·J LBL 14 Enters the code for a voltage source 
66 POLAF.: and defines a menu for entering 
67 :::EI voltage units. 
6:3 ::'::EG! (H3 
EI 13 II r.olli/ll 

70 KE'l 1 ::·;EG! 04 
71 11'.1 11 

72 KE'l 2 ::'::EG! (11 

73 IIKII/ II 

74 KEY ::: )'::EG! 02 
75 GTO B 

76 LBL 15 Enters the code for a current source 
77 POLAF.: and defines a menu for entering 
78 7::: current units. 
7 13 )'::EG! 00 
8(1 "r-'IA" 
81 KE'l 1 ::'::EG! 134 
82 "A" 
8::: KE'l .-, 

.::. ::'::EG! 01 
84 "KA" 
'-IC' .:1 oJ KE'l .-, .::- :x:EG! 02 
86 GTO B 
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.-,.., 
-;:.( LBL 08 
'-1'-' .:..:. 1/~·!. 

8'3 IHt·l 
'30 LBL 07 
'31 )';EG! (14 
'32 LBL 0E. 
9:::: ).::EG! 04 
'34 LBL 05 
q£::' 
.. " 0_1 ::·:: Er.! 04 
% LBL 04 
'37 1E3 
'38 
'3'3 IHt-l 
l[n) LBL ~Z1 :3 

HZll )<EG! 02 
102 LBL 02 
10::: 1 E ::: 

H34 ::< 

H35 LBL 01 
H3E. F~Hl 

H37 LBL 0~) 

108 ::·::<> 'l 
to '3 1 
110 ., 

'. 
111 F.:·t· 
112 + 
113 1 
114 ., 

'. 
115 R·t· 
llE. + 
117 STO 11 T'lPE 11 

118 CLt'lEt·1U 
11 '3 KE'l '3 GTO 
120 F.:Hl 

A 

Adjusts the element value to be 
expressed in the default units. 

Combines the location number and 
element type code into a single 
number and stores it in the variable 
TYPE. 

Clears the programmable menu and 
defines the IEXITI key to return to 
the first menu. 
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121 
122 
12::: 
124 
1·~·C" .:-,_1 

126 
1·-· ..., C-( 

12::: 
l·; .. ::j 
~-. 

1:::0 
1 ::: 1 
1:::2 
1·-'·-' .: .. :. 
1 :::4 

1:::5 
1:::6 

lBl B 
t·lEt·1U 
1 
III'/a 1 ue? II 

PF.:Ot·lPT 

SF 0:3 
F.:Cl II T\'PE II 
Cl'",' II T'lPE II 
::·::<>·l 
PEAL? 
F.:Hl 
::.::< > '"(' 
+/-
::.::<>1/ 

lBl '3'3 
Et-lD 

Displays the units menu and prompts 
for a value. Pressing IRlsl causes 
the default value of 1 to be used. 

Sets flag 08 to indicate an element 
has been entered. Returns the type 
code in the Y-register and the 
element value in the X-register. If 
the element value is complex, the 
type code is made negative. 

Ends the program. 
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Function Name Utility ("FeN?") 

This program prompts for a function name and then stores the name into 
a variable named FeN. If FeN contains a string, it is recalled into the 
Alpha register (press [!] to clear the Fund. ion t·la r'II:O? message). Use 
the ALPHA menu to type the name of the function (global program 
label) and then press IR/sl to continue. 

Remarks. 

• FeN contains the variable name (up to six characters). 

• Flag 21 (printer enable) is cleared by the program. 

• Flag 25 (e"or ignore) is used to prevent the program from stopping if 
FeN doesn't exist. 

• The plotting programs in the owner's manual use a similar technique 
to prompt for a function name. If you have the "FeN?" program in 
your calculator, you can shorten one or both of the plotting programs 
by calling "FeN?" as a subroutine (::·::m "FCH?"). 

"FCN?" Program Listing. 

Program: 

00 { 48-Byte PrgM } 
(11 LBL "FCH?" 
(12 "Funct ion t-l.:=.r··I1:/?" 
0::: CF 21 
~]4 A',,.. I E~'l 

05 SF 25 
0E, RCL "FCH" 
07 CF ~, C' 

.::,._1 

08 CLA 
0'3 STF.:? 
10 AF.:CL 

11 Aot-l 
12 STOP 

1':' '-' AOFF 
14 ASTO 
15 Et·l[:' 

ST ::.:: 

"Fell" 
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Comments: 

Displays the prompt. 

If FeN exists and contains an Alpha 
string, recalls that string to the Alpha 
register. 

Turns on the ALPHA menu and 
stops. 

Turns off the ALPHA menu and 
stores the first six characters in the 
Alpha menu into FeN. 



Yes/No Utility ("Y?N") 

This program displays a menu for a Yes/No decision. It returns a zero if 
you press M), or IEXITI; it returns a 1 if you press 

If you want to use this utility in your own programs, simply place a 
message in the Alpha register and then execute the utility (::'~ EG! "' .... ?t·j"). 
Your program can then test the X-register to detect a "yes" (1) or a "no" 
(0). 

Remarks . 

• Flag 21 (printer enable) is cleared by this program. 

• This program redefines the programmable menu. 

"Y?N" Program Listing. 

£1(1 r '. 41 - B'::Ite Pt-9P"1 } £19 KE' .... 9 GTO 00 
£11 LBL "' .... ?t·j" 10 t'lEt·jU 
~)2 CF 21 11 STOP 
£1:3 A"iIE~l 12 LBL £1£1 
£14 CU1EHU F' ._' 0 
£15 II I .... ES II 14 PTt·j 
06 KE' .... 1 GTO ~) 1 15 LBL 01 
[17 "HO" 16 1 
(1:::: KE' .... 6 GTO [1[1 17 Et·jCo 
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Product Over Sum Utility (UP /5") 

This routine is quite useful for many electrical engineering applications. It 
simply takes two values (in the X- and Y-registers) and returns the 
product of the two values divided by the sum of the two values: 

2L 
x + y 

'i If x + y = 0, the program will error at line 05 
([) i , .... i de b'=, 0). 

Note 

"PIS" Program Listing. 

00 { 15-Byte Prg~ } 
01 LBL "P/ S" 
02 F.:CL>( ST 'l 
0::: i·:: < > 'l 
04 F~CL+ ST L 
05 
(1':' Et·m 
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Size Utility ("SIZE?") 

This program returns the number of storage registers available. 

"SIZE?" Program Listing. 

00 { 27-Byte PrgM } 
~~1l LBL II ::::1 ZE°;:- II 

~12 ::;F 25 
0:::: F.:CL II F.: EC:i::; II 
[14 FC? 25 
05 0 

06 
07 
0::: 
09 
1[1 

FC?C 25 
F.:Hl 
[:OHl? 
::{ 

EH[:O 
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Step-by-Step Solutions for Your 
HP-42S Calculator 

Electrical Engineering contains a variety of programs and examples to pro­
vide solutions for electrical engineers and engineering students. 

• Circuit Calculations 
Voltage Division. Current Division. Power Triangle. Frequency 
Response of Transfer Function. RC Timing. Delta-Wye ' 
Conversions 

• Network Analysis 
Using the Circuit Editor. Mesh Analysis. Nodal Analysis 
• Impedance of a Ladder Network 

• Filter Design 
Active Filter Design. Butterworth Filter Design 

• Transmission Lines 
Transmission Line Calculations. Transmission Line Impedance 

• Amplifier Analysis 
Transistor Amplifier ~erformance • Transistor Amplifier Bias 
Optimization 

• Truth Tables 
Writing a Logical Expression as a Program. Printing a Truth Table 
• An Interactive Truth Table 

• Utilities 
Circuit Calculation Utilities. Circuit Element Input Utility. Function 
Name Utility. Yes/No Utility. Product Over Sum Utility. Size 
Utility 
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